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FIELD OF THE INVENTION

The present invention relates to a novel ethylene-

a-olefin copolymer having excellent physical properties and

workability.

Particularly, the present invention provides an

ethylene-a-olefin copolymer, which has a relatively broad

composition distribution despite its narrow molecular weight

distribution, and a low content of low molecular components

and amorphous components; exhibits excellent mechanical

properties, moldability, optical properties, and heat

resistance; and is suitable for production of films produced

by extrusion molding (such as wrapping films and raw films

for laminates), vessels produced by blow molding, vessels,

lids and containers produced by injection molding, sheaths

for wires, cables and steel plates, and electrical insulating

materials.

The present invention also provides a resin

composition comprising the foregoing ethylene-a-olefin

copolymer and other polyolefin resins, which is suitable for

the foregoing extrusion molding, blow molding and injection

molding.

More particularly, the present invention provides

films suitable for wrapping films produced by T-die molding .

or inflation molding of the foregoing ethylene-a-olefin

copolymer or a resin composition comprising the same, and

This Sheet Has Bee een Rep

NN



The present invention relates to a novel ethylene- [err]-olefin copolyner
havi ng excel | ent physical properties and workability. Particularly, the
present invention provides an ethylene-[err]-olefin copolymnmer, which has a
relatively broad conposition distribution despite its narrow nol ecul ar

wei ght distribution, and a | ow content of | ow nol ecul ar conponents and
anor phous conponents; exhibits excell ent nechani cal properties,

gﬂ)ggg{ ! i)tn y%x?pxgﬁ&n%' %@ﬁo%ﬁgge%igesth@rﬁﬂﬁat THE U AUHE 1 AR o Sors Wil A f O
provides an insulating material comprising the foregoing
ethylene-a-olefin copolymer or the resin composition, and a
power cable comprising a conductor having thereon an
insulating layer comprising the foregoing ethylene-c-olefin
copolymer or a resin composition comprising the same, which

may be crosslinked or non-crosslinked.

BACKGROUND OF THE INVENTION

Linear low density polyethylene polymers (LLDPE)
polymerized by using conventional Ziegler catalysts are used
as various articles, such as films, sheets, blow-molded
articles, injection-molded articles and the like, because of
their excellent moldability, transparency, strength and heat-
seal strength. 1In the field of films and sheets, they are_
widely used as various wrapping maté&ials (as disclosed in
JP-A-52-135386 and JP-A-61-284439). (The term "JP-A" used
herein means an "unexamined published Japanese patent
application”".) Recently, however, higher transparency and
film strength have been demanded. Further, films adapted to
be processed by an automatic bag making machine have needed
to be processed at a higher speed. Thus, films having
excellent low temperature heat-seal properties have been
demanded.

When a film is heat-sealed at a high speed, it must
be processed in a short period of time that tends to cause

the film to be fused insufficiently. The resulting product
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by extrusion nolding (such as wapping filns and raw films for [am nates),
vessel s produced by bl ow nol ding, vessels, lids and containers produced by

i njection
el ectrical

nol di ng, sheaths for wires, cables and steel plates, and
insulating materials. The present invention also provides a

resin conposition conprising the foregoing ethylene-a-olefin copolyner

and ot her

polyolefin resins, which is suitable for the foregoing extrusion

mol di ng, b@@“l&%&ﬂ%ﬂ%oa%ﬂoEka%tE?“stgghgkﬂg' In order to eliminate

this difficulty, a method may be employed which comprises the
risé in the temperature of the heat seal bar. However, this
method is disadvantageous in that the laminated film is
curled. Another method is to lower the resin density and
hence to lower the melting point of the resin. However,
conventional linear low density polyethylene (LLDPE) is
disadvantageous in that when the density thereof are lowered,
it raises the content of highly branched low molecular
components which are partly eluted on the surface thereof,
rendering the film sticky and less peelable. The eluate also
can migrate into the content of the bag.

Further, LLDPE films have wider application. For
example, LLDPE films can be laminated with a resin having |
excellent gas barrier properties such as polyamide, polyester
and saponification product of ethylene-vinyl acetate or a
resin having a high rigidity such as high density
polyethylene and polypropylene, to form a laminate having
good heat-seal properties as well as high gas barrier
properties or high nerve, which can be used as a bag-forming
material adapted for high speed processing, such as a food
wrapping material and bag, a food container and a medicine
container.

The LLDPE films have been widely used as heat-sealing
films (sealant film) for these laminates. These laminates

may be laminated on a base material (base film) by extrusion

Tmee—
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More particularly, the present invention provides filns suitable for
wrapping filnms produced by T-die nolding or inflation nolding of the
foregoing ethylene-[err]-olefin copolyner or a resin conposition
conprising the sanme, and 2

lamination process, dry lamination process, sand lamination
process, co-extrusion T-die process, co-extrusion inflation
process or the like. Among these lamination processes, the
dry lamination process is conducted with a polyether
adhesive, a polyurethane adhesive, a vinyl acetate adhesive,
an isocyanate adhesive, a polyethyleneimine adhesive or the
like. Some of these adhesives are subjected to heat
treatment after lamination to undergo curing. During this
heat treatment process, the lubricant incorporated in the
film can migrate to the adhesive layer, problems arise as
rendering the surface of the laminate less peelable and less
lubricating and hence causing troubles in the bag making
process and filling process.

In recent years, in order to meet the above
requirements and remove the disadvantages, a high strength
ethylene-a-oclefin cbpolymer having a very narrow molecular
weight distribution and a very narrow composition
distribution has been developed by employing a preparation
process in the presence of a metalocene catalyst. However,
such an ethylene-a-olefin copolymer has some disadvantages.
Such an ethylene-a-olefin copolymer has a very narrow
composition distribution and thus shows a very sudden change
of viscosity and strength with temperature. Thus, the
applicable temperature and extrusion conditions under which
such an ethylene-a-olefin copolymer is molded is restricted ,

making it difficult to mold such an ethylene-c-olefin
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| am nates conprising the film The present invention further provides an
I nsulating material conprising the foregoing ethylene-[err]-olefin
copolymer or the resin conposition, and a power cable conprising a
conductor having thereon an insulating |layer conprising the foregoing
ethylene-[err]-olefin copolymer or a resin conposition conprising the
sane, which nmay be crosslinked or non-crosslinked. .

BACKGRCUNEESEBﬂ}ﬁEfP“E%ﬂ}éﬁﬁr, such an ethylene-a-clefin copolymer is

disadvantageous in that it gives a molded product which can
exhibit a sufficient heat resistance, a proper heat-seal
strength or a good hot tack strength only in a narrow
temperature range. For example, when applied to the field of
film, sheet or the like, such an ethylene-a-olefin copolymer
can be easily heat-sealed. Accordingly, such an ethylene-
a-olefin copolymer is often heat-sealed and used in the forml
of bag. In this application, sufficient hot tack properties
are required. In other words, when such a bag is filled with
a content, the seal area which has been heat-sealed is
immediately pulled under load and may be peeled. 1In this
application, a heat-sealable ethylene-a-olefin copolymer
which can be heat-sealed in a wide température range to show
a high resistance to peeling shoitly after sealing is
desirable.

As means for improving moldability of such an
ethylene-a-olefin cdpolymer having a véry narrow composition
distribution, an attempt has been made to improve the melt
properties of the resin while keeping the composition
distribution narrow by using a metalocene catalyst having a
plurality of ligands (as disclosed in JP-A-6-206939).
However, this method is disadvantageous in that it gives a
wider molecular weight distribution or produces long-chain
branches, causing decrease in strength. Further, an attempt

has been made to improve the moldability by using a mixed
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Li near | ow density polyethylene polynmers (LLDPE) polynerized by using
conventional Ziegler catalysts are used as various articles, such as
films, sheets, blownolded articles, injection-nolded articles and the

| i ke, because of their excellent noldability, transparency, strength and
heat- seal strength. In the field of filns and sheets, they are wdely
used as various wapping materials (as disclosed in JP-A-52-135386 and

A R " d
0P A 61 264439)yst ThpeLah B 'Pr 5145k el (MR A P N

JP-A-6-157631). However, this method gives a wider molecular
weight distribution that impairs the strength.

In the field of electrical insulating materials for
high voltage power cable, there have heretofore been widely
used a high pressure process polyethylene, crosslinked
polyethylene, etc. because they have excellent electrical
properties.

One of difficulties with high voltage power cable is
power loss developed during power transmission. The
reduction of power loss is an important demand to be met.

The reduction of power loss can be accomplished by
enhancing the high voltage properties, particularly volume
resistance,.of the insulating material. However, the
insulating material for power cable is heated to high
temperatures (about 90°C) by Joule’s heat generated by the
passage of electric current in the vicinity of the inner
conductor but is kept at the ambient temperature (about 20°C)
in the vicinity of the outer conductor. The conventional
polyethylene shows a marked volume resistance drop with the
rise in temperature. Accordingly, the polyethylene shows a
marked volume resistance drop in the vicinity of the inner
conductor through which electric current flows. Thus, an
electric field is concentrated in the wvicinity of the
interface of the outer conductor with -the insulating

material, lowering the breakdown strength of the insulating
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application".) Recently, however, higher transparency and filmstrength
have been demanded. Further, filns adapted to be processed by an automatic
bag meki ng machi ne have needed to be processed at a higher speed. Thus,
films having excellent |ow tenperature heat-seal properties have been
demanded. When a filmis heat-sealed at a high speed, it nmust be
processed in a short period of tinme that tends to cause the filmto be

fused insufbieiredily. THDE PREHLALAGN PpPENCAts a great problem

particularly with direct current power cab;es. Therefore,
insulating materials having a small temperature dependence of
volume resistance have been desired.

When a high pressure process polyethylene is used as
an insulating material for high voltage cable, its low
melting point gives poor electrical properties. On the other
hand, the conventional low pressure process polyethylene,
which exhibits a high melting point, does not necessarily
have excellent electrical properties, probably due to the
effect of catalyst residue. The conventional low pressure
process polyethylene is also disadvantageous in that it
exhibits a poor flexibility.

In order to improve the electrical properties of the.
low pressure process polyethylene, a method has been proposed
which comprises grafting maleic anhydride onto the
polyethylene (as disclosed in JP-A-2-10610). However, this
method cannot necessarily give full solution to the foregoing
problems, including flexibility.

As a high volume resistance material having excellent
heat resistance and flexibility there have been disclosed an
insulating material obtained by blending 100 parts by weight
of a low density polyethylene having a density of 0.92 g/cm?
with from 0.5 to 20 parts by weight of a linear low density
polyethylene having a density of from -0.91 to 0.94 g/cm® (as

described in JP-A-5-266723). However, the foregoing

o e
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3 is liable to shortage of strength. In order to elimnate this
difficulty, a nethod may be enpl oyed which conprises the rise in the
tenperature of the heat seal bar. However, this

composition leaves something to be desired because it has a
great temperature dependence of volume resistance in the
vicinity of the inner conductor.

SUMMARY OF THE INVENTION

An object of the present invention to provide an
ethylene-a-olefin copolymer excellent in various properties
such as mechanical strength, moldability, thermal stability,
chemical stability, electrical properties, transparency,
flexibility, and impact resistance.

The ethylene-a~olefin copolymer of the present
invention exhibits, when used as a film, excellent
transparency, impact strength, hot tack property, heat seal
property, and anti-blocking property. By laminating the film
comprising the ethylene-a-olefin copolymér:of the present
invention with a resin.film having gas-barrier property or
heat resistance, a laminate -suitable for wrapping films and
containers, which is excellent in heat seal property and can
be scarcely eluted with the content of the container.

Another object of the present invention is to provide
an electrical insulating material which exhibits a high
volume resistance and a small temperature dependence of
volume resistance. |

These and other objects of the present invention will
become more apparent from the following detailed description

and examples. .
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met hod i s di sadvantageous in that the lamnated filmis curled. Another
nmethod is to lower the resin density and hence to | ower the nelting point
of the resin. However, conventional l|inear |ow density polyethylene
(LLDPE) is disadvantageous in that when the density thereof are | owered,
It raises the content of highly branched | ow nol ecul ar conponents which
are partly eluted on the surface thereof, rendering the filmsticky and

less peel abl e. Thepgbuglgs@hEOinfdile (B8 AL fatdd Ocd hea SOt £t Ofad e 20

an ethylene-a-olefin copolymer having:
(A) a density d of 0.86 to 0.96 g/cm’;
(B) a melt flow rate MFR of 0.01 to 200 g/10min;

(C) a molecular weight distribution Mw/Mn of 1.5 to

4.5;

(D) a composition distribution parameter Cb of 1.08

to 2.00; and

(E) an orthodichlorobenzene-soluble content X (wt%),

a density d (g/cm’) and a melt flow rate MFR (g/10min) at

25°C satisfying that:
(i) when the density d and the melt flow
rate MFR satisfy relationship (I):

d - 0.008 x logMFR 2 0.93 (I)

the orthodichlorobenzene-soluble content X

satisfies relationship (II):
X < 2.0 (II)

(ii) when the density d and the melt flow

rate MFR satisfy relationship (III):

d - 0.008 x logMFR < 0.93 - (111)
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Further, LLDPE filnms have wi der application. For exanple, LLDPE filns can
be lamnated with a resin having excellent gas barrier properties such as
pol yam de, polyester and saponification product of ethylene-vinyl acetate
or a resin having a high rigidity such as high density polyethylene and
pol ypropyl ene, to forma | am nate having good heat-seal properties as well
as high gas barrier properties or high nerve, which can be used as a

bag-forming material adapiRd Jrdhddi¢hI1SRLB-NVRCLTD1RB 1S LoR R L2 X 00d

satisfies relationship (IV):
X <9.8 x 10®> x (0.9300 - d + 0.008 x logMFR)? + 2.0 (IV)

In the ethylene~-a-olefin copolymer of the first
"aspect, the molecular weight distribution Mw/Mn is preferably
from 1.8 to 3.5, and further preferably the composition
distribution parameter Cb is from 1.10 to 2.00.

In the ethylene-a-olefin copolymer of the first
aspect, it is also preferred that the copolymer has (F) a
number of peaks on an elution temperature-eluted amount curve
determined by continuous temperature rising elution |
fractionation method TREF or 2 or more, and/or (G) an |
electrical activation energy of not more thén 0.4 ev.

The present invention also relates to, as a second
aspect, a polyolefin resin composition comprising not less
than 2% by weight of the ethylene-a-olefin copolymer
according to the first aspect and not more than 98% by weight
of a polyolefin.

The present invention also relates to, as a third
aspect, a film comprising the ethylene-a-olefin copolymer
according to the first aspect or the resin composition
according to the second aspect.

The present invention also relates to, as a fourth

aspect, a laminated material comprising the film according to

- 10 - .
This Sheet Has Been Replace

T



wr appi ng material and bag, a food container and a nmedi ci ne container.

The LLDPE filnms have been widely used as heat-sealing filns (sealant film
for these | am nates. These |l am nates may be | am nated on a base nateri al
(base filnm by extrusion

the third aspect. The léminated material of the present
invention preferably comprises a layer comprising the
ethylene-a-olefin copolymer of the first aspect or the resin
composition of the second aspect, and a gas barrier material
layer.

The present invention also relates to, as a fifth
aspect, an electrical insulating material comprising the
ethylene-a-olefin copolymer according to the first.aspect or
the resin-composition according to the second aspect.

The present invention also relates to, as a sixth
aspect, a power cable comprising a conductor having thereon
an electrical insulating layer comprising the insulating
material according to the fifth aspect.

BRIEF DESCRIPTION OF THE DRAWINGS.

By way of example and to make the description more
clear, reference is made to the accompanying drawings in
which:

Fig. 1 is an elution temperature-eluted amount curve
determined by TREF of a copolymer according to a particularly
preferred embodiment of the present invention;

Fig. 2 is an elution temperature-eluted amount curve
determined by TREF of a copolymer having a very narrow
composition distribution;

Fig. 3 illustrates a volume resistance meter; and

Fig. 4 is a graph illﬁstrating the results of

examples and comparative examples set forth in Table 15.
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4 | am nati on process, dry |am nation process, sand |am nation process,
co-extrusion T-die process, co-extrusion blown film process or the |ike.
Anong these | am nation processes, the dry |am nation process i s conducted
wi th a polyether adhesive, a polyurethane adhesive, a vinyl acetate
adhesive, an isocyanate adhesive, a pol yethyl enei m ne adhesive or the
l'ike. Some of these adhesives are subjected to heat

DETAILED DESCRIPTION OF THE INVENTION

The ethylene-d—olefin copolymer according to the
first aspect of the present invention will be further
described hereinafter.

The ethylene~a-olefin copolymer according to the
present invention is a copolymer of ethylene with one or more.
selected from C;_,y a-olefins. (The expression "Cp." used
herein means "having from m to n carbon atoms".) The Cji_y
a-olefin preferably has from 3 to 12 carbon atoms. Specific
examples of such a Cj, a-olefin include propylene, l-butene,
l-pentene, 4-methyl—1-pentene,.1—hexene, l-octene, l-decene,
and l-dodecene. The total content of such an a-olefin in the
copolymer_is generally not more than 30 mol%, preferably from
3 to 20 mol%.

The density of the efhylene-a—olefin copolymer
according to the present invention (A) is from 0.86 to 0.96
g/cm®, preferably from 0.88 to 0.95 g/cm®, more preferably
from 0.90 to 0.930 g/cm®. If the density of the ethylene-
a~olefin copolymer falls below 0.86 g/cm®, the ethylene-
a-olefin copolymer exhibits a reduced rigidity and heat
resistance. If the density of the ethylene-a-olefin
copolymer exceeds 0.96 g/cm’, the ethylene-a-olefin copolymer
exhibits an insufficient impact resistance.

The MFR of thé ethylene-a-olefin copolymer according
to the present invention (B) is from 0.01 to 200 g/10min,

preferably from 0.1 to 100 g/10min, more preferably from 0.2

- 12 -
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treatnment after lamnation to undergo curing. During this heat treatnent

process,

the lubricant incorporated in the filmcan mgrate to the

adhesive |l ayer, problens arise as rendering the surface of the |am nate
| ess peel able and |l ess |ubricating and hence causing troubles in the bag
maki ng process and filling process. In recent years, in order to
neet the above requirenents and renove the di sadvantages, a high strength

et hyl ene-[€5 1o & £f O£ OPOL & "Ble WM F SRS HIAHRN Y 1834 P copolymer

falls below 0.01 g/10min, the ethylene-a-olefin copolymer
exhibits a reduced moldability. If the MFR of the ethylene-
a-clefin copolymer exceeds 200 g/10min, the ethylene-a-olefin
copolymer exhibits decrease in mechanical strength such as
impact resistance.

For the calculation of the molecular weight
distribution Mw/Mn of the ethylene-a-olefin copolymer
according to the present invention (C), the weight-average
molecular weight (Mw) and number-average molecular weight
(Mn) of the ethylene-a-olefin copolymer are determined by gel
permeation chromatography (GPC). The ratio Mw/Mn is then
determined.

The Mw/Mn of the ethylene-a~olefin copolymer
according to the present invention is from 1.5 to 4.5,
preferably from 1.8 to 3;5, more preferably from 2.0 to 3.0,
particularly from 2.2 to 2.8. If Mw/Mn falls below 1.5, the
ethylene-a-olefin copolymer exhibits a reduced moldability.
If the Mw/Mn exceeds 4.5, the ethylene-a-olefin copolymer
exhibits a reduced impact resistance.

The composition distribution parameter Cb of the
ethylene-a-olefin copolymer according to the present
invention (D) is from 1.08 to 2.00, preferably from 1.10 to
2.00, more preferably from 1.12 to 1.70, particularly from
1.15 to 1.50. If the composition distribution parameter Cb

of the ethylene-a-olefin copolymer falls below 1.08, the
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wei ght distribution and a very narrow conposition distribution has been
devel oped by enploying a preparation process in the presence of a
net al ocene catal yst. However, such an ethylene-[err]-olefin copolynmer has
sone di sadvantages. Such an ethylene-[err]-olefin copolyner has a very
narrow conposition distribution and thus shows a very sudden change of
viscosity and nodulus wth tenperature. Thus, the applicable tenperature

B o ey S LRI LOTe ARl dflt DAL ARG bk Tk
properties. If the composition distribution parameter Cb of
the ethylene-a-olefin copolymer exceeds 2.00, the ethylene-
a~-olefin copolymer exhibits a reduced transparency, and
further the resulting molded product comprises a high
molecular gel developed therein. |

The composition distribution parameter Cb of the
ethylene-a-olefin copolymer according to the present
invention can be measured by the following method.

To the specimen is added a heat-resisting stabilizer.
The mixture is then dissolved in orthodichlorobenzene (ODCB)
at a temperature of 135°C in such a manner that the specimen
concentration reaches 0.2% by weight. The solution'thqs
heated is then transferred to a column filled with a
diatomaceous earth (Celite 545). After fully impregnated
with the solution, the column is cooled to 25°C at a rate of
0.1°C/min so that the specimen is deposited on the surface of
Celite. The temperature of the column is then stepwise
raised to 120°C at intervals of 5°C while ODCB is being
passed therethrough at a constant rate. At the various
temperatures, solutions of the specimens are sampled. After
cooled, these solutions are each subjected to reprecipitation
with methanol, filtered off, and then dried to obtain the
specimen at the various temperatures. The specimens thus
fractionated are then measured for weight fraction and degree

of branching (number of branches per 1,000 carbon atoms).

e
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making it

copol yner.

difficult to nold such an ethylene-[err]-olefin
Further, such an ethylene-[err]-olefin copolyner is

The measurement of degree of branching is determined by
C~-NMR.

For the various fractions thus sampled at
temperatures of from 30°C to 90°C, tﬁe following correction
is made for degree of branching. The degrees of branching
thus measured are then plotted against the elution
temperature. The correlation between the degree of branching
and the elution temperature is then linearly approximated by
the least squares method to make a calibration curve. The
coefficient of correlation of this approximation is
sufficiently great. The value obtained from the caiibration
curve indicates the degree of branching of the fraction. The
fractions obtained at an elution temperature of not lower
than 95°C do not necessarily have a linear relationship
between the elution temperature and the degree of branching'
and thus are not corrected for degree of branching.

The weight fraction wi of the various‘fractions are
each divided by the change of the degree of branching
(b;j-b;_;) per 5°C elution temperature to determine a relative
concentration c;. The relative concentrations are then
plotted against the degree of branching to obtain a
composition distribution curve. The composition distribution
curve is then divided into predetermined widths. The
composition distribution parameter Cb is calculated from the

following equation:
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di sadvant ageous in that it gives a nolded product which can exhibit a
sufficient heat resistance, a proper heat-seal strength or a good hot tack
strength only in a narrow tenperature range. For exanple, when applied to
the field of film sheet or the like, such an ethylene-[err]-olefin
copolymer can be easily heat-seal ed. Accordingly, such an ethyl ene-
[err]-olefin copolyner is often heat-sealed and used in the form of bag.
In this application, sufficient hot tack properties are required. |In other
wor ds, when such a bag is filled m”§ECLb2 E:C

Y ob, L ob

wherein c; and b; indicate the relative concentration and the
degree of branching of the j-~th section, respectively. The
composition distribution parameter Cb is 1.0 if the
composition of the specimen is uniform. As the composition
distriﬁution becomes wider, this parameter becomes greater.

In the ethylene-a-olefin copolymer according to the
present invention, ODCB-soluble content X at 25°C (E)
indicates the ratio of highly-branched components and low
molecular components incorporated in the ethylene-a-olefin
copolymer and is preferably small because it causes decrease
in heat resistance and causes the surface of the molded
product sticky. The amount of ODCB-soluble content is
influenced by the total a-olefin content in the copolYmer and
the average molecular weight of the copolymef, i.e., density
and MFR.

Accordingly, (i) when the density d and the melt flow

rate MFR satisfy relationship (I):
d - 0.008 x logMFR 2 0.93 (I)

the ODCB-soluble content X (% by weight) satisfies
relationship (II), preferably relationship (II’), more

preferably relationship (II’’):

- 16 - This Sheet Has Been Rep

T



a content, the seal area which has been heat-sealed is immedi ately pulled
under | oad and may be peeled. In this application, a heat-seal able
ethylene-[err]-olefin copolymer which can be heat-sealed in a w de
tenperature range to show a high resistance to peeling shortly after

sealing is desirable. As neans for inproving noldability of such
an ethylene-[err]-olefin copolyner having a very narrow conposition
distribution, an attenpt has beengngdg o inprove the nelt (II)

X < 1.0 (I1')

X < 0.5 (117 7)

Further, (ii) when the density d and the melt flow

rate MFR satisfy relationship (III):
d - 0.008 x logMFR < 0.93 (III)

the ODCB-soluble content X (% by weight) satisfies
relationship (IV), preferably relationship (IV’), more

preferably relationship (IV’’):

X < 9.8 x 10° x (0.9300 - 4 + 0.008 x logMFR)Z + 2.0. (fV)
X < 7.4 x 10%> x (0.9300 - d + 0.008 x logMFR)? + 1.0 (IV')
X < 5.6 x10°x (0.9300 - d + 0.008 x logMFR)? + 0.5 (IV' ")

When the density, MFR and ODCB-soluble content
satisfy the foregoing relationships, it indicates that
a-olefin incorporated in the entire copolymer is not

maldistributed.
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properties of the resin while keeping the conposition distribution narrow
by using a netal ocene catalyst having a plurality of ligands (as discl osed
in JP-A-6-206939). However, this nmethod is disadvantageous in that it
gives a w der nol ecul ar weight distribution or produces |ong-chain
branches, causing decrease in strength. Further, an attenpt has been nade
to inprove the noldability by using a m xed

ODCB-soluble content X at 25°C is measured by the

following method.

0.5 g of the specimen is added to 20 m¢ of ODCB. The
mixture is then heated to a temperature of 135°C for 2 hours
so that the specimen is thoroughly dissolved in ODCB. The
solution is then allowed to cool to a temperature of 25°C.
The solution is then ailowed to stand at the same temperature
overnight. The solution is then filtered through a teflon
filter to obtain a filtrate as a specimen solution. The
solution is then measured for absorption peak intensity in
the vicinity of 2,925 cm!, which is the wavenumber of the
asymmetric stretching vibration of methylene, by means of an
infrared spectrometer. The specimen concentration in the
filtrate is then calculated from a calibfation curve -
previously prepared. ODCB-soluble content at 25°C is.then
determined from this value. |

The ethylene-a-olefin copolymer according to the
present invention preferably has a plurality of peaks on the
elution temperature-eluted amount curve determined by the
continuous temperature rising elution fractionation method
(TREF) (F). In particular, the peak on the high temperature
side preferably lies between 85°C and 100°C. The existence
of this peak gives a higher melting point and an increased
crystallinity. The resulting molded product has an enhanced
heat resistance and rigidity. Fig. 1 dillustrates the elution

temperature-eluted amount curve of a copolymer according to a

——— .
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6 catal yst system of Ziegler catalysts (as disclosed in JP-A-6-157631).
However, this nmethod gives a w der nolecular weight distribution that

i mpairs the strength. In the field of electrical insulating
materials for high voltage power cable, there have heretofore been w dely

particularly preferred embodiment of the present invention.
Fig. 2 illustrates the elution temperature-eluted amount
curve of a copolymer having a very narrow composition
distribution.

The copolymer shown in Fig. 2 has a very narrow
composition distribution and thus shows a very sudden change
of viscosity and strength with temperature. Thus, the
applicable temperature and extrusion conditions under which
such an ethylene-a-olefin copolymer is molded is restricted ,
making it difficult to mold such an ethylene-a-olefin
copolymer. Further, such an ethylene-a-clefin copolymer is
disadvantageous in that it gives a molded product which can
exhibit a sufficient heat resistance, a proper heat-seal
strength or a good hot tack strength only in a_narrow-j
temperature range.

TREF is conducted in the following manner. A heat-
resisting stabilizer is added to the specimen. The mixture
is then dissolved in ODCB at a temperature of 135°C to obtain
a specimen concentration of 0.05% by weight. 5 m¢ of the
solution thus heated is then poured into a column filled with
glass beads. The column is then cooled to a temperature of
25°C at a rate of 0.1°C/min so that the specimen is deposited
on the surface of the glass beads. The column is then heated
at a constant rate of 50°C/hr while ODCB is being passed
therethrough. At the various temperatures, the specimen

-soluble in the solvent is sequentially eluted with ODCB.
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used a high pressure process |ow density pol yet hyl ene, crosslinked

pol yet hyl ene, etc. because they have excellent electrical properties.

One of difficulties with high voltage power cable is power |oss devel oped
during power transm ssion. The reduction of power |oss is an inportant
demand to be net. The reduction of power |oss can be acconplished
by enhancing the high voltage properties, particularly volune resistance,

of the insphalinhgdthBEepr8bedlit¥eVehe &Bfcentration of the specimen in
the solution is continuously detected by measuring the
absorption with respect to 2,925 cm!, which is the
wavenumber of the asymmetric stretching vibration of
methylene. From these concentration values, an elution
temperature-eluted amount curve can be obtained.

TREF analysis allows the continuous analysis of the
change of elution rate with temperature from an extremely
small amount of a specimen. Thus, the detection of
relatively fine peaks that cannot be detected by the
fractionation method can be made.

As another preferred characteristics of the ethylene-
a-~olefin copolymer according to the present invention, it
preferably exhibits an electrical activation energy of not
more than 0.4 eV (G), preferably not more than 0.3 eV, more
preferably not more than 0.25 ev. If the electrical
activation energy of the ethylene-a-~oclefin copolymer exceeds
0.4 eV, the quantity and mobility of charged carriers such as
ion and electron show a great increase that tends to
deterio:éte the thermal and chemical stability with the rise
of temperature.

The above electrical activation energy is very small
as compared with that of the conventional polyethylene
materials. It is thus considered that the ethylene-a-olefin
copolymer according to the present invention has a special

structure such that the quantity and mobility of charged

o

T —
—
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i nsulating material for power cable is heated to high tenperatures (about
90[err] C) by Joul e heat generated by the passage of current in
the vicinity of the inner conductor but is kept at the anbient tenperature
(about 20[err]C) in the vicinity of the outer conductor. The conventiona
pol yet hyl ene shows a marked vol une resistance drop with the rise in
tenperature. Accordingly, the polyethylene shows a marked vol une

resi st anceoppedd d éé}&éfi&&ﬂéﬁ@ﬂl& N&d MR usRPIdYALOT o REQUAE sl

current ro
temperature .

The activation energy is one of constanté included in
Arrhenius’ equation, which represents the change of rate !
constant with temperature in the process of transport
phenomenon. It corresponds to the difference in energy
between transition state and original system in the process
toward the produced system from the original system wvia the
transition state. In particular, the electrical activation
energy is used in Arrhenius’ equation representing the
temperature dependence of electric current. The smaller the
activation energy is, the smaller is the temperature
dependence of electric current.

The electrical activation energy according to the
present invention can be determined from the following |
equation (Arrhenius’ equation):

wherein I is electric current; U is activation energy; k is
Boltzmann’s constant; and T is absolute temperature.
Substituting the electric current wvalue at room
temperature (20°C) and at 90°C for I in the foregoing
equation yields the electrical activation energy according to

the present invention. -
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electric field is concentrated in the vicinity of the interface of the
outer conductor with the insulating material, |owering the breakdown
strength of the insulating

The ethylene-a-olefin copolymer according to the
present invention has.an electrical activation energy of not
more than 0.4 eV as defined above to exhibit remarkably
excellent electrical propertieg. for example, the ethylene-
a-olefin copolymer according to the present invention can
exhibit a volume resistivity of not lower than 10! Qcm,
preferably not lower than 10! Qcm, more preferably not less
than 10!% Qcm, at 20°C. The fact that the ethylene-a-olefin
copolymer according to the present invention has a high
volume resistivity and a small activation energy shows that
the ethylene-a-olefin copolymer according to the present
invention has a structure such that the content or mobility
of charged carriers such as ion and electron is small.

The ethylene-a-olefin copolymer of the present
invention is preferably a copolymer obtained by polymerizing
an olefin in the presence of a catalyst (H) produced by |
allowing the following components (1) to (4) to come into
mutual contact with each other:

(1) a compound represented by Me'RLR! (OR®)X'i . qr/
where R! and R?® each independently represent a C;_
hydrocarbon group or trialkylsilyl group; R? represents a
2,4-pentanedionate ligand, a dibenzoylmethanate ligand, a
benzoylacetonate ligand, or derivative thereof; X! represents
a halogen atom; Me! represents Zr, Ti or Hf; and P, g ahd r
each represents an integer satisfying the relationships

0<p<4, 0<qg<4, 0<r<4, and 0L(ptg+r)=<4;

- 22 -
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material. This phenonenon presents a great problem particularly with
direct current power cables. Therefore, insulating materials having a
smal | tenperature dependence of volune resistance have been desired.
When a high pressure process |ow density polyethylene is used as an
insul ating material for high voltage cable, ,its low nelting point gives
poor electrical properties. On the other hand, the conventional |ow

pressure process RolyebhgbfBBund"RbpPeshtBii! Byaubioh &) NG poileraloes
not necessarily

Me? represents Group I, II, or III element; R* and R® each
independently represent a C,.,, hydrocarbon group; X2
represents a hydrogen atom or a halogen atom, provided that
when X? represents a hydrogen atom, Me? represents a Group
III element; z represents the valence of Me?; and m and n
each represents an integer satisfying the relationships
0=ms<4, 0=2n<4, and 0<(m+n)<z;

(3) an organic cyclic compound having two or more
conjugated double bonds; and

(4) at least one of a modified organic aluminum oxy
compound and a boron compound each having an Al-O-Al bond.

Me! in the compound represented by the general
formula Me'R'R! (OR%*)X!, ... as the foregoing catalyst
component (1) indicates Zr, Ti or Hf. The kind of such a
transition metal is not limited. A plurality of such
transition metals may be used in combination. It is
particularly preferred that 2Zr, which renders the copolymer
well weather-resistant, be included. R! and R3 each
represent a C,;,,, preferably C,.,, more preferably C;
hydrocarbon group. Specific examples of such a hydrocarbon
group include an alkyl group such as methyl, ethyl, propyl,
isopropyl and butyl, an alkenyl group such as vinyl and
allyl, an aryl group such as phenyl, tollyl, xylyl, mesityl,
indenyl and naphthyl, and an aralkyl group such as benzyl,
trityl, phenethyl, styryl, benzhydryl, phenylbutyl and

- 23 - e
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have excellent electrical properties, probably due to the effect of

catal yst residue. The conventional |ow pressure process polyethylene is
al so di sadvantageous in that it. exhibits a poor flexibility. In
order to inprove the electrical properties of the |ow pressure process
pol yet hyl ene, a nethod has been proposed which conprises grafting maleic
anhydri de onto the polyethylene (as disclosed in JP-A-2-10610). However,

this methRdopAPNOt PREESSAYAIYcHNEN TPhbus! i) Be Ld i d P! e9ei N
represents 2,4-pentanedionate ligand, dibenzoylmethanate
ligand, benzoylacetanate ligand, or derivatives thereof. X!
indicates a halogen atom such as fluorine, iodine, chlorine
and bromine. The suffixes p, q and r satisfy the
relationships 0<p<4, 0<g<4, 0<r=<4, and 0s(pt+g+r)<4.

Examples of the compound represented by the general
formula as catalyst component (1) include tetramethyl
zirconium, tetraethyl zirconium, tetrabenzyl zirconium,
tetrapropoxy zirconium, tripropoxy monochlorozirconium,
dipropoxy dichlorozirconium, tetrabutoxy zirconium, tributoxy
monochlorozirconium, dibutoxy dichlorozirconium, tetrabutoxy
titanium, and tetrabutoxy hafnium. Examples of the:compoﬁnd
containing 2,4-pentadionate ligand include zirconium
tetra(2,4-pentadionate), zirconium
tri(2,4-pentadionate)chloride, zirconium
di(2,4-pentadionate)dichloride, zirconium
(2,4-pentadionate)trichloride, zirconium
di(2,4-pentadionate)diethoxide, zirconium
di(2,4—pentadionate)di—n-proppxide, zirconium
di(2,4-pentadionate)di-n-butoxide, zirconium
di(2,4-pentadionate)dibenzyl, and zirconium
di(2,4-pentadionate)dineophyl. Examples of the compound
containing dibenoylmethanate ligand include zirconium
tetra(dibenzoylmethanate), zirconium

di(dibenzoylmethanate)diethoxide, zirconium
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probl ens,

mat eri al

including flexibility. As a high vol une resistance
havi ng excellent heat resistance and flexibility there have been

di sclosed an insulating naterial obtained by blending 100 parts by wei ght
of a high pressure process | ow density pol yethyl ene having a density of

0.92 g/cnferr] with from0.5 to 20 parts by weight of a |inear |ow density
pol yethyl ene having a density of from0.91 to 0.94 g/cnferr] (as described

in JP-A-5- c?ﬁpgl%@nzoyliovﬁ\f'tanater}%lf-%r-% %b%%lde , and zirconium

di(dibenzoylmethanate)di-n-butoxide. Examples of the
compound containing benzoylacetonate ligand include zirconium
tetra(benzoylacetonate), zirconium

di (benzoylacetonate)diethoxide, zirconium
di({benzoylacetonate)di-n-propoxide, and zirconium
di(benzoylacetonate)di-n-butoxide. These compounds may be
used in admixture.

Me? in the compound represented by the general
formula Me?R% (OR%).X?, .. as the foregoing catalyst component
(2) indicates an element belonging to Groups I, II, and III
such as lithium, sodium,.potassium, magnesium, calcium, zinc,
boron and aluminum. | R* and R’ each represent a Cj.,
preferably C,.;;, more preferably C, s hydrocarbon group.
Specific examples of such a hydrocarbon group include an
alkyl group such as methyl, ethyl, propyl, isopropyl and
butyl, an alkenyl group such as vinyl and allyl, an aryl
group such as phenyl, tollyl, xylyl, mesityl, indenyl and
naphthyl, and an aralkyl group such as benzyl, trityl,
phenethyl, styryl, benzhydryl, phenylbutyl and neophyl.
These hydrocarbon groups may be branched. X? indicates a
hydrogen atom or a halogen atom such as fluorine, iodine,
chlorine and bromine, provided.that if X% is a hydrogen atom,
Me? is limited to an element belonging to Group III such as
boron and aluminum. The suffix z indicates the valence of

Me?. The suffixes m and n each represent an integer
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8 conposition | eaves sonething to be desired because it has a great

t enper at ure dependence of volune resistance in the vicinity of the inner
conduct or. SUMVARY OF THE | NVENTI ON An obj ect
of the present invention to provide an

satisfying the relationships 0s<m<z and 0<n<z, and 0<(m+n)<z.

Examples of the compound represented by the general
formula as catalyst component (2) include organic lithium
compounds such as methyl lithium and ethyl lithium, organic
magnesium compounds such as dimethyl magnesium, diethyl
magnesium, methyl magnesium chloride and ethyl magnesium
chloride, organic zinc compounds such as dimethyl zinc and
diethyl zinc, organic boron compounds such as trimethyl béron
and triethyl boron, and organic aluminum compounds such as
trimethyl aluminum, triethyl aluminum, triisobutyl aluminum,
trihexyl aluminum, tridecyl aluminum, diethyl aluminum
chloride, ethyl aluminum dichloride, ethyl aluminum
sesquichloride, diethyl aluminum ethokide and diethyl
aluminum hydride.

Examples of the organic cyclic compound having two or
more conjugated double bonds as catalyst component (3)
include a C,.;, preferably C,.,; cyclic hydrocarbon compound
having one or more cycles having two or more, preferably two
to four, more preferably two or three cyclic conjugated
double bonds; a cyclic hydrocarbon compound having the
foregoing cyclic hydrocarbon compound partially substituted
by 1 to 6 hydrocarbon residues (typically, C,.; alkyl or
aralkyl group), organic silicon compound having C,_z,
preferably C,;, cyclic hydrocarbon group having one or more
cycles containing two or more, preferably two to four, more

preferably two or three conjugated double bonds; and an
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ethylene-[err]-olefin copolynmer excellent in various properties such as
mechani cal strength, noldability, thermal stability, chemcal stability,
el ectrical properties, transparency, flexibility, and inpact resistance.
The ethylene-[err]-olefin copolymer of the present invention exhibits,
when used as a film excellent . transparency, inpact strength, hot tack
property, heat seal property, and anti-blocking property. By |amnating

the film gogppisi 0911860 cIMbEN Rl nd! &ld TSR M cly e present
hydrocarbon group partially substituted by 1 to 6 hydrocarbon
residues or alkaline metal salts (sodium or lithium salt).
In particular, organic:cyclic compounds having a
cyclopentadiene structure anywhere in its molecule are
preferred.

Preferred examples of the foregoing compound include
cyclopentadiene, indene, azulene, and alkyl, aryl, aralkyl,
alkoxy, aryloxy, and derivatives thereof. Further, compounds
obtained by bonding (crosslinking) these compounds via an
alkylene group (having 2 to 8, preferably 2 to 3 carbon
atoms) are preferably used. |

| The organic silicon compound having cyclic
hydrocarbon group can be represented by the following géneral

formula:
ALS iR4_L

wherein A represents the foregoing cyclic hydrocarbon group
such as a cyclopentadienyl group, a substituted
cyclopentadienyl group, an indenyl group and a substituted
indenyl group; R represents a hydrogen atom or a C;_,,
preferably C, ;, hydrocarbon residue such as an alkyl group
(e.g., methyl, ethyl, propyl, isopropyl and butyl), an alkoxy
group (e.g., methoxy, ethoxy, propoxy and butoxy), an aryl

group (e.g., phenyl), an aryloxy group (e.g., phenoxy) and an
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i nvention with a resin filmhaving gas-barrier property or heat
resistance, a lamnate suitable for wapping filns and containers, which
is excellent in heat seal property and can be scarcely eluted with the
content of the container. Anot her obj ect of the present invention
Is to provide an electrical insulating material which exhibits a high

vol unme resistance and a snall tenperature dependence of volune resistance.

These and oihgkyPPieSLs pL.4NE BEASPNY; I Ak Mities the
relationship 1sL<4, preferably 1<L<3.

Specific examples of the organic cyclic hydrocarbon
compound as component (3) include a Cs.,; cyclopolyene or a
substituted cyclopolyene such as cyclopentadiene, methyl
cyclopentadiene, ethyl cyclopentadiene, 1,3-dimethyl
cyclopentadiene, indene, 4-methyl-l-indene,
4,7-dimethylindene, cycloheptatriene, methylcycloheptatriene,
cyclooctatetraene, azulene, fluorene and methyl fluorene,
monocyclopentadienylsilane, biscyclopentadienylsilane,
triscyclopentadienylsilane, monoindenylsilane,
bisindenylsilane, and trisindenylsilane.

The modified orgénic aluminum oxy compound containing
Al-0-Al bond as catalyst component (4) is obtained by the
reaction of the organic aluminum compound with water, which- '?;
is a modified organic aluminum oxy commonly called
aluminoxane obtained by the reaction of an alkyl aluminum
compound with water. The modified organic aluminum oxy
compound generally has from 1 to 100, preferably from 1 to 50
Al-0-Al bonds per molecule. The modified organic aluminum
oxy compound may be linear or cyclic.

The reaction of the organic aluminum compound with
water is generally effected in an inert hydrocarbon.
Preferred examples of the inert hydrocarbon include

aliphatic, alicyclic and aromatic hydrocarbon such as
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becone nore apparent fromthe féllomﬁng detail ed description and exanples.
9 The present invention relates to, as a first aspect,

pentane, hexane, heptane, cyclohexane, benzene, toluene and
xylene.

The ratio of water to organic aluminum compound to be
reacted (water/Al molar ratio) is generally 0.25/1 to 1.2/1,
preferably 0.5/1 to 1/1.

In the present invention, the catalyst obtained by
allowing the foregoing catalyst components (1) to (4) to come
into mutual contact with each other may be supported on an
inorganic carrier and/oxr particulaté polymer carrier to
provide a catalyst for the polymerization reaction. The
inorganic carrier may be in any form such as powder, grain,
flake, foil and fiber so_far as the predetermined shape can
be maintained in the process for the preparation of the
catalyst of the present invention. - Whatever the form of thef;':ﬂ”
inorganic carrier is, the maximum length of thé inorganic.
carrier is generally from 5 to 200 um, preferably from 10 to
100 pm. The inorganic carrier is preferably porous. 1In
general, the inorganic carrier generally has a surface area
of from 50 to 1,000 m?/g and a pore volume of from 0.05 to 3
cm®/qg.

Examples of the inorganic carrier of the present
invention include a carbon substance, metal, metal oxide,
metal chloride, metal carbonate or ﬁixture thereof. Such an
inorganic material is generally calcined at a temperature of
from 200°C to 900°C in air or an inert gas such as nitrogen

and argon before use.
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an ethylene-[err]-ol efin copolymer having: (A) a density d of 0.86

to 0.96 g/cnferr]; (B) anelt flowrate MFR of 0.01 to 200

g/ 10m n; (© a nolecular weight distribution MV vnh of 1.5 to

4.5; (D) a conposition distribution paraneter Cb of 1.08

to 2.00; and (E) an orthodichl or obenzene-sol uble content X (W%,

at 25[err]C a density d (g/cnferr]) and a nelt flow rate MFR (g/10m n)
satisfying that:ggzamples of metals to be incorporated in the

inorganic carrier include iron, aluminum, and nickel.
Examples of the metal oxide include simple oxides or
composite oxides of Groups I to VIII metals. Specific
examples of these metal oxides include Si0Q,, Al,0;, MgO, CaoO,
B,0;, TiO;, Zr0O,, Fe,0;, Si0,-Al,0;, Al,0;-Mg0, Al,0,-CaO0,
Al,0;~-MgO~Ca0, Al,0;-Mg0-S5i0,, Al,0;-Cu0O, Al,0;~Fe,0;, Al,0:;-NiO,
and SiO,-MgO. The foregoing formulae representing metal
oxides are not molecular formulae but only indicate the
composition of the metal oxides. In other words, the
structure and composition of the composite oxides to be used
herein are not specifically limited. The metal oxide to be
used herein may have a small amount of water content édsorbed
thereto, and may contain a small amount of impurities.

Preferred examples of the metal chloride include
chlorides of alkaline metal and alkaline earth metal. 1In
particular, MgCl, and CaCl, are preferred. Preferred
examples of the metal carbonate include carbonates of
alkaline metal and alkaline earth metal. Specific examples
of such metal carbonates include magnesium carbonate, calcium
carbonate, and barium carbonate. Examples of the carbon
substance include carbon black and activated carbon.

Any of the foregoing inorganic carriers may be
preferably used in the present invention. In particular,

metal oxides such as silica and alumina are preferred.
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(i) when the density d and the nelt flow rate MFR satisfy

relationship (1): d - 0.008 x logMR [err] 0.93
() t he orthodi chl orobenzene-sol ubl e content X
satisfies relationship (11): X< 2.0

(rn)

On the other hand, the.particulate polymer carrier
employable herein may be either a thermoplastic resin or
thermo-setting resin so far as it does not melt but stays
solid during the preparation of catalyst and the
polymerization reaction. The particle diameter of the
particulate polymer carrier is normally from 5 to 2,000 um,
preferably from 10 to 100 um. The moleéular weight of the
polymer carrier is not specifically limited so far as the
polymer can occur in the form of solid substanée during the
preparation of catalyst and the polymerization reaction.
Thus, the molecular weight of the polymer may range from a
low value to an ultrahigh value.

Specific examples of the polymer to be used as
particulate polymer carrier include ethylene polymer,
ethylene-a-olefin copolymer, propylene polymer, propylene
copolymer, various polyolefins such as poly-l-butene
(preferably having from 2 to 12 carbon atoms), polyester,
polyamide, polyvinyl chloride, polymethyl (meth)acrylate,
polystyrene, polynorbornene, various natural high molecular
compounds, and mixture thereof.

The foregoing inorganic carrier and/or particulate
polymer carrier may be used as it is. Preferably, these
carriers are previously brought into contact with an organic
aluminum compound or a modified organic aluminum oxy compound

having Al-0-Al bond before use. -
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when the density d and the nelt flow rate MFR satisfy
tonship (111): d - 0.008 x |l ogMR < 0.93

The preparation of the ethylene-a-olefin copolymer of
the present invention can be accomplished by a gas phase
process, a slurry process, a solution process or the like and
is not limited to a single-stage process, a multi-stage
process, etc. The gas phase process is preferred.

The ethylene-a-olefin copolymer of the present
invention has a relatively broad composition distribution
despite its narrow molecular amount distribution; exhibits
excellent mechanical properties, moldability, optical
properties, electrical properties, and low temperature seal
properties; and is suitable for preparation of films and
various molded articles. Particularly, the copolymer is
preferably used as films produced by T-die molding and
inflation molding, such as wrapping films and raw films for
laminates; a heat seal layer of the laminate; electrical
insulating materials; and materials for various vessels.

The ethylene-a-olefin copolymer of the present
invention produced by polymerization using the foregoing
catalyst (H) exhibits particularly excellent thermal
stability and chemical stability. The results of the rust
test of such copolymers are lower than conventional resins
and is generally 5.0 mg or less, preferably 3.0 mg or less.
Accordingly, such copolymers exhibit excellent properties
when used as wrapping material and container adapted for use
with microwave oven or as electrical member, electrical

parts, etc. Further, this copolymer is excellent in chemical
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10 t he orthodichl orobenzene-sol ubl e content X

satisfies relationship (1V): X < 9.8 x 10[err] x (0.9300 - d + 0.008 x
logMFR)2 + 2.0 (1v) In the ethylene-[err]-olefin copol yner of
the first aspect, the nolecular weight distribution MV Vnh is preferably

stability required for ordinary use. Thus, this copolymer is
suitable for food, hygienic and medical use.

The rust test used herein is conducted in the
following manner :

The pelletized specimen is melted over a 230°C oil
bath in a stream of nitrogen for 3 hours. A soft-iron plate
having a surface area of 50 cm? is then dipped in the molten
resin for 2 hours. The soft-iron plate is then withdrawn
from the molten resin. The resin attached to the iron plate
is then peeled off. The iron plate is then allowed to stand
in a 80°C-90%RH constant temperature-humidity bath for 20
hours to accelerate rusting. The iron plate is then dried in
a desiccator with silica gel for 1 day. The weight increase
(mg) of the soft-iron plate is determined as the genérated
amount of rust.

The second aspect of the present invention is a
polyolefin resin composition comprising (a) not less than 2%
by weight of an ethylene-a-olefin copolymer according to the
first aspect of the present invention and (b) not more than
98% by weight of a polyolefin. The foregoing polyolefin (b)
is preferably an ethylene polymer or copolymer (b) which
differs from the ethylene-a-olefin copolymer satisfying the
requirements (A) to (E).

The other ethylene polymer (b) of the present
invention may be an ethylene-a-olefin topolymer or an

ethylene polymer or copolymer obtained by high pressure
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from1l.8 to 3.5, and further preferably the conposition distribution
paraneter Cb is from1l.10 to 2.00. In the ethylene-[err]-olefin
copolymer of the first aspect, it is also preferred that the copol yner has
(F) a nunber of peaks on an elution tenperature-eluted anmount curve
determ ned by continuous tenperature rising elution fractionation nethod
TREF is 2 or nore, and/or (G an electrical activation energy of not nore

than 0.4 eYagical polyﬁ@?igéﬁﬁgﬂt iﬂVfELEQnp@éf8r£gba£§§mbfe 81§ ggcond _

such an ethylene polymer is an ethylene homopolymer and an
ethylene-a~olefin copolymer each having a density of from
0.86 to 0.97 g/cm’® obtained by conventional ionic
polymerization in the presence of a Ziegler catalyst or
Phillips catalyst (hereinafter genericaliy referred to as
"Ziegler catalyst"). Specific examples of such an ethylene-
a-olefin copolymer include high density polyethylene (HDPE),
middle density polyethylene (MDPE), linear low density
polyethylene (LLDPE), and very low density polyethylene
(VLDPE).

The high density polyethylene, middle aensity
polyethylene and low density polyethylene (HDPE, MDPE, LLDPE)
of the present invention obtained in the presence of a
Ziegler catalyst have a density of from 0.91 to 0.97 g/cm?®,
preferably from 0.91 to 0.94 g/cm® (LLDPE), MFR of from 0.1
to 20 g/10min, preferably from 0.5 to 15 g/10min, more
preferably from 0.7 to 10 g/10min and Mw/Mn of from 2.5 to 7,
preferably from 3 to 5.5. ‘

The very low density polyethylene (VLDPE) of the
present invention obtained in the presence of a Ziegler
catalyst has a density of from 0.86 to 0.91 g/cm®, preferably
from 0.88 to 0.91 g/cm® and MFR of from 0.1 to 20 g/10min,
preferably from 0.5 to 15 g/10min.

The very low density polyethylene (VLDPE) contains a

polyethylene which exhibits properties intermediate between
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aspect, a polyolefin resin conposition conprising not |less than 2% by
wei ght of the ethylene-[err]-olefin copolyner according to the first
aspect and not nore than 98% by wei ght of a polyol efin. The
present invention also relates to, as a third aspect, a film conprising

the ethylene-[err]-olefin copolyner according to the first aspect or the
resin conposition according to the second aspect. The present

invention al9Rd21hf adn®it3S pB1iRhiene (LLDPE) and ethylene-a-olefin

copolymer rubber (EPR, EPDM). It is preferably a specific
ethylene-a-olefin copolymer having a density of from 0.86 to
0.91 g/cm®, a maximum peak temperature (Tm) of not lower than
60°C as determined by differential scanning calorimetry and a
boiling n-hexane-insoluble content of not less than 10% by
weight. It is a resin comprising a high crystallinity moiety
formed by linear low density polyethylene and an amorphous
moiety formed by ethylene-a-olefin copolymer rubber in
combination, obtained by the polymerization in the presence
of a catalyst made of at least a solid catalyst component
containing titanium and/or vanadium and an organic aluminum
compound. This resin exhibits excellent mechanical strength
and heat resistance inherent to the former moiety.and
excellent rubber elasticity and low temperature impact
resistance inherent to the latter moiety which are well
balanced.

The a~olefin to be incorporated in the ethylene-
a-olefin copolymer prepared in the presence of a Ziegler
catalyst has from 3 to 12, preferably from 3 to 10 carbon
atoms. Specific examples of such an a~olefin include
propylene, butene-1,4-methylpentene-1l, hexene-1, octene-1,
decene-1, and dodecene-1l.

The content of such an a-olefin in the copolymer is

preferably not more than 40 mol%.
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aspect, a lamnated material conprising the filmaccording to
the third aspect. The |lam nated material of the present invention
preferably conprises a |ayer conprising the

The second preferred example (b2) of the other
ethylene polymer of the present invention is a low density
polyethylene, ethylene-vinyl ester copolymer, or copolymer of
ethylene with «o,f-unsaturated carboxylic acid or derivatiwve
thereof, obtained by high pressure radical polymefization.

The foregoing low density polyethylene (LDPE)
generally has MFR of from 0.1 to 20 g/10min, preferably from
0.2 to 15.g/10min. If MFR of the low density polyethylene
falls within this range, the resulting composition exhibits a
melt tension suitable enough to be formed into film. The
foregoing low demnsity polyethylene generally has a density of
from 0.91 to 0.94 g/cm’, preferably from 0.912 to 0.935
g/cm?, more preferably from 0.912 to 0.930 g/cm® and a melt
tension of from 1.5 to 25 g, preferably from 3 to 20 g. The
melt tension is one of elastic properties of a resin. A
resin having a melt tension falling within this range can be
easily formed into film.

The foregoing low density polyethylene generally has
Mw/Mn of from 3.0 to 10, preferably from 4.0 to 8.0.

The ethylene-vinyl ester copolymer which can be used
in the present invention is a copolymer of a vinyl ester
monomer mainly comprising ethylene prepared by high pressure
radical polymerization, such as vinyl propionate, wvinyl
acetate, vinyl caproate, vinyl caprate, vinyl laurate, vinyl
stearate and vinyl trifluoroacetate. -Particularly preferred

among these vinyl ester monomers is vinyl acetate (EVA). A
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ethylene-[err]-olefin copolymer of the first aspect or the resin
conposition of the second aspect, and a gas barrier material |ayer.

"The present invention also relates to, as a fifth aspect, an electrical
insulating material conprising the ethylene-[err]-olefin copolyner
according to the first aspect or the resin conposition according to the
second aspect. The present invention also relates to, as a sixth

aspect, a RJYMY1vrRl eorPIRSiAGNEr8mC8adLS! 85 BaVLPIWLAGHEOsE ethylene,
from 0.5 to 50% by weight of vinyl ester and from 0 to 49.5%
by weight of other copolymerizable unsaturated monomers is
preferred. In particular, the content of vinyl ester is from
3 to 20% by weight, preferably from 5 to 15% by weight.

These copolymers generally have MFR of from 0.1 to 20
g/10min, preferably from 0.3 to 10 g/10min, and a melt
tension of from 2.0 to 25 g, preferably from 3 to 20 g.

Representative examples of the copolymer of ethylene
with o,B-unsaturated carboxylic acid or derivative thereof
which can be used in the present invention include ethylene-
(meth)acrylic acid or its alkylester copolymer. Examples of
the comonomers include acrylic acid, methacrylic acid, méthyl_
acrylate, methyl methacrylate, ethyl acrylate, ethyl e
methacrylate, propyl acrylate, propyl methacrylate, 1sopropyl
acrylate, isopropyl methacrylate, n-butyl acrylate, n-butyl
methacrylate, cyclohexyl acrylate, cyclohexyl methacrylate,
lauryl acrylate, lauryl methacrylate, stearyl acrylate,
stearyl methacrylate, glycidyl acrylate, and glycidyl
methacrylate. Particularly preferred among these comonomers
are alkylesters such as methyl (meth)acrylate and ethyl
(meth)acrylate (EEA). In particular, the content of ester
(meth)acrylate is from 3 to 20% by weight, preferably from 5

to 15% by weight.
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an electrical insulating |ayer conprising the insulating materi al
according to the fifth aspect. BRI EF DESCRI PTI ON OF THE

DRAW NGS By way of exanple and to make the description nore

clear, reference is made to the acconpanying draw ngs in which:

Fig. 1 is an elution tenperature-eluted amount curve determned by TREF of
a copol yner according to a particularly preferred enbodi nent of the

present invention; ppege copolymers generally have MFR of from 0.1 to
20 g/10min, preferably from 0.3 to 10 g/10min, and a melt
tension of from 2.0 to 25 g, preferably from 3 to 20 gq.

The mixing ratio of the polyolefin resin (b) may vary
depending on the usage of the resin composition. For
example, the ethylene-a-olefin copolymer (a) may be the main
component in the field where the excellent strength, heat
seal property and elecfrical property of the ethylene-
a-olefin copolymer (a) is particularly required, whereas a
large amount of the poiyolefin resin (b) may be used in the
field where the economical efficiency and moldability are
important.

The third aspect of the present invention is a film
comprising an ethylene-a-olefin copolymer accordiﬂg to the
first aspect of the present invention or é resin compositioh
according.to the second aspect of the present invention.

When it is desired to provide the film of the present
invention with improvements in transparency, low temperature
heat-seal properties, strength, blocking resistance and anti-
elution properties, the film preferably comprises -(a) an
ethylene-a-olefin copolymer according to the present
invention alone or a composition comprising the copolymer as
a main component. When it is desired to consider moldability
and economy while maintaining these properties to some
extent, the component (a) is preferably blended with the

component (b). 1If the component (a) is blended with the
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Fig. 2 is an elution tenperature-eluted anmount curve determ ned by TREF of
a copol yner having a very narrow conposition distribution; Fig. 3
illustrates an el ectrode system and Fig. 4 is a graph
illustrating the results of exanples and conparative exanples set forth in
Tabl e 15.

component (b), the component (a) may be used in an amount of
not less than 20% by weight while the component (b) may be
used in an amount of not more than 80% by weight. If it is
desired to provide the film with a well-balanced moldability
while maintaining the mechanical strength, low temperaﬁure
heat-seal properties and transparency, the component (a) is
incorporated in an amount of from 50 to 98% by weight,
preferably from 60 to 90% by weight while the component (b)
is incorporated in an amount of from 2 to 50% by weight,
preferably from 10 to 40% by weight. If the content of the
component (a) falls below 20% by weight and the content of
the component (b) exceeds 80% by weight, it may be
disadvantageous in that the resuitinq film cannot fulfill its
low heat-seal properties and blocking pioperties. |

The film of the present invention can be produced.by
processing the foregoing component (a) and/or component (b)
by an inflation molding method, a T-die extrusion molding
method or the like. The film thus molded exhibits excellent
lubricating property, blocking resistance, low heat-seal
properties, transparency and mechanical strength. The film
is little apt to migration of resin components to the content
wrapped. The film can be singly formed into various wrapping
materials, wrapping bags or containers. By making the best
use of its excellent heat-seal properties, the film can find

apélication in heat seal. The thickness of the film
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12 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The

et hyl ene-a-ol efin copol yner according to the first aspect of the present
invention will be further descri bed hereinafter. The
ethylene-[err]-olefin copolynmer according to the present invention is a
copol ynmer of ethylene with one or nore

generally ranges from 3 to 500 um, though depending on the
purpose.

The fourth asﬁect of the present invention is a
laminate comprising an ethylene-a-olefin copolymer according
to the first aspect of the present invention or a resin
composition according to the second aspect of the present
invention. The laminate of the present invention is a
multilayer laminate comprising a layer of the ethylene-
a~olefin copolymer or the resin composition with a layer of
other materials, preferably a gas barrier.material layer.

The other materials to be laminated may vary with the
purpose required. Examples of thése materials which have gas |
barrier properties such as those for food wrapping include
gas barrier materials, e.g., polyamide resin such as 6-nylon
and 6,6-nylon, polyester resin such as polyethylene
terephthalate and polybutylene terephthalate, saponification
product of ethylene-vinyl acetate copolymer, vinylidene
chloride resin, polyvinyl alcohol resin, polycarbonate resin,
material obtained by metallizing these resins with aluminum,
and metal foil such as aluminum and copper. The laminate
comprising the ethylene-a-oclefin copolymer or the resin
composition and such a gas barrier material is suitable for
producing containers for foods, medical drags, clothes, etc.
Examples of other materials to be laminated include materials
for enhancing nerve, e.g., for making -self-supporting

container or making bag at a high speed, such as high density
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selected fromCerr] [err]-olefins. (The expression "Clerr]" used herein
means "having frommto n carbon atons”.) The (Jerr] [err]-olefin
preferably has from3 to 12 carbon atons. Specific exanples of such a
Clerr] [err]-olefin include propylene, 1-butene, 1-pentene,

4- et hyl - 1- pent ene, 1-hexene, 1l-octene, 1-decene, and 1-dodecene. The
total content of such an [err]-olefin in the copolyner is generally not

more than %%l?%%ﬁ?l@ %fe%%ggérpgﬁgbng tgngopg?y%%tene 1. Fur eg?n3|ty of

t he et hyl ene
or more of these materials may be properly laminated with

each other.

Examples of methods for laminating these materials
include extrusion lamination method, dry lamination method,
sand lamination method, T-die co-extrusion method, and
co-extrusion inflation methed. For the film of the present
invention, dry lamination method is particularly preferred.
When T-die co-extrusion method, co-extrusion method or the
like is used, LLDPE graft-modified with a monomer having a
polar group such as maleic anhydride or an ionomer resin, or
a mixture £hereof may be used as an intermediate adhesive
layer.

In the laminate of the present invention, the layer
of the ethylene-a-olefin copolymer or the resin composition
of the present invention is preferably a heat seal layer.
The heat seal layer needs to exhibit excellent low
temperature heat-seal properties and heat~sealing strength.
The laminated thickness of the heat seal layer depends on the
purpose. It is generally from 3 to 250 um, preferably from 5
to 200 pm, more preferably from 10 to 180 um. The film thus
laminated may be further laminated with a base film having a
thickness of from 3 to 200 um or a plurality of f£ilms having
a thickness similar to the base film.

Another embodiment of the lamimnate of the present

invention include a multi-layer film having excellent heat-
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according to the present invention (A is from0.86 to 0.96 g/cnferr],
preferably from0.88 to 0.95 g/cnferr], nore preferably from0.90 to 0.930
g/cmerr]. If the density of the ethylene- [err]-olefin copolymer falls
bel ow 0.86 g/cnferr], the ethylene- J[err]-olefin copolyner exhibits a
reduced rigidity and heat resistance. If the density of the
ethylene-[err]-olefin copolyner exceeds 0.96 g/cnferr], the

ool stanceseel 8x8pERe{RR I horFRCORRS: BEnbTH ! FH M) BF) shECEEPSsar

according jnyention as a surface layer and a middle density

polyethylene as an inner layer; an inexpensive multi-layer
film having excellent heat-seal properties comprising a film
of the present invention as a surface layer and a regenerated
polyethylene as an inner layer; and combinations thereof.

The film or laminate according to the present
infention preferably comprises an aliphatic amide (c)
incorporated therein in an amount of from 0.03 to 0.25 parts
by weight per 100 parts by weight'of the ethylene-a-olefin
copolymer according to the present invention or the resin
composition of the present invention comprising the ethylene-
a-olefin copolymer (a) and the polyolefin resin (b).

The purpose of the aliphatic amide (é) used in the
present iﬁvention is to improve the lubricating properﬁy of
the foregoing film. Thus, a laminating film which is not apt
to deterioration of peelability and lubricating property can
be provided.

When such an aliphatic amide is used, care should be
taken to prevent the aliphatic amide from having adverse
effects on the adhesiveness between the film of the copolymer
or resin composition of the present invention and the base
film. Among aliphatic amides, (cl) an unsaturated aliphatic
bisamide and (c2) an unsaturated aliphatic amide having a
melting point of from 65°C to 90°C may be blended in an

amount of from 0.01 to 0.2 parts by weight each, with the
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to the present invention (B) is from0.01 to 200 g/10m n, preferably from
0.1 to 100 g/10mn, nore preferably fromO0.2
13

proviso that the total amount of (cl) and (c2) is from 0.03
to 0.25 parts by weight, to provide the resulting film with
an enhanced lubricating property without impairing the
adhesiveness to the base film. Thus, thesé aliphatic amides
are preferably used to provide a film particularly suitable
for dry lamination.

| Examples of the foregoing unsaturated aliphatic
bisamide (cl) include ethylenebisoleic amide,
ethylenebiserucic amide, hexamethylenebisoleic amide,
N,N’'~dioleyladipic amide, and N,N’-dioleylsebacic amide.
Such an unsaturated aliphatic bisamide is generally
incorporated in an amount of from 0.01 to 0.2 parts by weight
per 100 parts by weight of the resin components. If the
amount of such an unsaturated aliphatic bisamide falls below
0.01 parts by weight, the resulting resin tends to exhibit
reduced lubricating property and blocking resistance. If the
amount of such an unsaturated aliphatic bisamide exceeds 0.2
parts by weight, the resulting resin tends to
disadvantageously exhibit a reduced adhesiveness to the
laminating materials described layer.

The melting point of the unsaturated aliphatic amide
having a melting point of from 65°C to 90°C (c2) is measured
by means of a differential scanning calorimeter (DSC) while
the temperature is being raised at a rate of 10°C/min.
Examples of such an unsaturated aliphatic amide include

erucic amide, and oleic amide. If the melting point of the
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to 50 g/10mn. If the MFR of the ethylene-[err]-olefin copolyner falls
bel ow 0.01 g/ 10m n, the ethylene-[err]-olefin copolyner exhibits a

reduced noldability. If the MFR of the ethylene- [err]-olefin copolyner
exceeds 200 g/ 10mn, the ethylene-[err]-olefin copolyner exhibits decrease
I n mechani cal strength such as inpact resistance. For the

cal cul ation of the nol ecul ar wei ght di stribution MV WMn of the

ethyl ene. | Sickiakld SIRBhATEL anfGECEE1TY Ho1LNCEBEES Phe! BUEN1 LN (O
resin tends to disadvantageously exhibit deteriorated
blocking resistance. If the melting point of the unsaturated
aliphatic amide exceeds 90°C, the resulting resin tends to
disadvantageously fail to exhibit sufficiently improved
lubricating property. The amount of the unsaturated
aliphatic amide (c2) to be incorporated is generally from
0.01 to 0.2 parts by weight per 100 parts by weight of the
resin components, with the proviso that the total amount of
the component (cl) and the component (c2) is generally from
0.03 to 0.25 parts by weight. If the amount of the component
(c2) falls below 0.01 parts by weight, the resulting resin
tends to exhibit an insufficient lubricating property. If
the amount of the component (c2) exceeds 0.25 parts by |
weight, the resulting resin tends to exhibit an insufficient
adhesivenéss to the laminating materials. If the total
amount of the component (cl) and the component (c2) falls
below 0.03 parts by weight, the resulting resin tends to
exhibit insufficient lubricating property and blocking
resistance. If the total amount of the component (cl) and
the component (c2) exceeds 0.25 parts by weight, the
resulting resin tends to exhibit an ihsufficient adhesiveness
to the laminating materials.

The fifth aspect of the present invention is an

electrical insulating material comprising an ethylene-

a-olefin copolymer according to the first aspect of the

s, e
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nol ecul ar wei ght (Ms) and nunber-average nol ecul ar wei ght (M) of the
ethylene-[err]-olefin copolyner are determ ned by gel pernmeation

chromat ography (GPC). The ratio MV M is then det er m ned. The
Mv Mh of the ethylene-[err]-olefin copolynmer according to the present
invention is from1l.5 to 4.5 preferably from1.8 to 3.5, nore preferably
from2.0 to 3.0, particularly from2.2 to 2.8. If Mv M falls below 1.5,

the ethyl gherslat hnQeflkliBnC@R0LY 7BE: £*BbRpLS 121 bRIUEEEAPhYRL! LAY
second aspect of the present invention.

The sixth aspect of the present invention is a power
cable comprising a conductor having thereon an insulating
layer comprising an electrical insulating material according
to the fifth aspect of the present invention.

In the electrical insulating material according to
the present invention, the amount of the other polyolefin (b)
to be incorporated is from 0 to 98% by weight based on the
total amount of the ethylene-c-olefin copolymer (a) and the
other polyolefin (b). When it is desired to maintain the
excellent electrical properties of the ethylene-c-olefin
copolymer (a), the ethylene-c-olefin copolymer (a) is
preferably blended in an amount of from 7Q to-lOO%:by weight.
When it is desired to make the bést use of the moldabilify'or
economy of the polyolefin (b), fhe ethylene~a-olefin
copolymer (a) is preferably blended in an amount of from 2 to
70% by weight.

If the electrical insulating material is crosslinked
before use as described later, it is preferred that the
ethylene-a~olefin copolymer (a) and the other polyolefin (b)
be incorporated in an amount of from 10 to 30% by weight and
from 70 to 90% by weight, respectively.

When the foregoing ethylene-c-olefin copolymer (a)
according to the present invention exhibits an eleétrical

activation energy of not more than 0.4 eV, it is useful as an
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If the MM Mh exceeds 4.5, the ethylene-[err]-olefin copolynmer exhibits a
reduced i npact resistance. The conposition distribution paraneter
Cb of the ethylene-[err]-olefin copolynmer according to the present
invention (D) is from1.08 to 2.00, preferably from1l.10 to 2.00, nore
preferably from1l.12 to 1.70, particularly from 1.15 to 1.50. If the
conposition distribution paraneter Cb of the ethylene-[err]-olefin

copol ymer Lf&é%r?@éf“&&sgfatiﬁg material. The ethylene-a-~olefin

copolymer having an electrical activation energy of not more
than 0.4 eV exhibits excellent electrical properties as
described foregoing.

The electrical insulating material according to the
present invention can be used as an insulating materials for
capacitors, high voltage parts in X-ray generators, various
measuring instruments, dry or wet battery containers, various
printed boards, various connectors, wiring cords, and globes
or tools for handling high voltage.

The power cable of the present invention comprises an
insulating layer comprising the foregoing electrical
insulating material, which is preferably crosslinked.

Specific examples of the foregoing power cable
include a power cable comprising a conductoxr coated wiih an
insulating layer comprising at least the crosslinked
electrical insulating material of the present invention. If
necessary, the conductor may be made of an assembly of wires.
A semiconductor layer may be provided interposed between the
conductor and the insulating layer. A fire retardant resin
layer may be provided outside the insulating layer.

The electrical insulating material of the present
invention can exert marked effects particularly on high
voltage.

In the power cable of the present_invention, the

insulating layer is preferably crosslinked upon coating. 1In
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14 ethylene-[err]-olefin copolymnmer exhibits deteriorated hot tack
properties. If the conposition distribution paraneter Cb of t he

et hylene-[err]-ol efin copol yner exceeds 2.00, the ethyl ene- [err]-olefin
copol ynmer exhibits a reduced transparency, and

order to crosslink the insulating layer, the insulating
material which has previously comprised a radical generator
incorporated therein may be heated so that it is crosslinked.
Alternatively, the insulating material may be radiation-
crosslinked.

Examples of the radical generator include peroxides
such as benzoyl peroxide, lauryl peroxide, dicumyl peroxide,
t-butylhydroperoxide, a-a-bis(t-butylperoxydiisopropyl)
benzene, di-t~butylperoxide, 2,5-dimethyl-
2,5-di-(t-butylperoxy)hexane, 2,5-dimethyl-
2,5~di-(t-butylperoxy) hexyne and azobisisobutylonitrile,
2,3-dimethyl-2,3-diphenylbutane, 2,3-diethyl-
2,3-diphenylbutane, 2,3—diethyl—2,3—di(p-methylphenyl)butane,
and 2,3-diethyl-2,3-di (bromophenyl)butane. | o

Preferred among the foregoing radical generato¥s.aré
2,5~-dimethyl-2,5-di-(t-butylperoxy)hexane, 2,5-dimethyl-
2,5-di-(t-butyloperoxy)hexyne, and dicumylperoxide. The
amount of such a radical generator to be incorporated is
normally from 0.01 to 5 parts by weight, preferably from 0.1
to 3 parts by weight per 100 parts by weight of the resin
components.

The insulating layer which has been molded may be
allowed to cool or forcedly cooled in a water bath or the
like. It is preferred that the insulating layer which has
been molded be cooled at a relatively-slow rate to prevent

the generation of voids in the insulating layer.
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further the resulting nolded product conprises a high nol ecul ar gel

devel oped t herein. The conposition distribution paranmeter Cb of
t he ethylene-[err]-olefin copolymer according to the present i nvention
can be measured by the follow ng nethod. The sanple is dissolved in

ort hodi chl orobenzene (ODCB) with a heat-resisting stabilizer at a
tenperature of 135[err]C in such a manner that the sanple concentration

reaches 0.2% by weirght c:J0g1 5 AREA" 1 A0 BUEnG oA E8r 1 31  HEBHA PR T EL T B 1O 2

colum filled w
present invention exhibits an excellent insulation properties

and elastic properties and is thus most suitable for
sheathing of electric cable. It can be widely used
regardless of whether it is applied to direct current or
alternating current power supply. The crosslinked insulating
material according to the present invention exhibits a small
temperature dependence of volume resistance and excellent
electrical properties and thus can be used for high voltage
direct current power cable.

The present invention will be further described in
the feollowing examples, but the present invention should not
be construed as being limited theretp.

The testing methods used in Ekampleé 1 to 10 and
Comparative Examples i to 8 are as follows:

Method for testing physical properties
Density:

Measured in accordance with JIS K6760
MFR:

Measured in accordance with JIS K6760
Measurement by DSC:

The specimen was molded by a hot press to prepare a
0.2-mm thick sheet. The sheet was then stamped out to
prepare a sample with a Weight of about 5 mg. The sample was
then allowed to stand at 230°C for 10 -minutes. The sampie

was cooled to 0°C at a rate of 2°C/min, and then heated to
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a di atomaceous earth (Celite 545). After fully inpregnated with the
solution, the colum is cooled to 25[err]C at a rate of O.1[err]C mn so
that the sanple is deposited on the surface of Celite. The tenperature of
the columm is then stepwi se raised to 120[err]C at intervals of 5[err]C
while ODCB is being passed therethrough at a constant rate. At the various
tenperatures, solutions of the sanples are collected. After cool ed, these

solutions aygopagh 2s¥RLECLECL %yﬁfﬁemﬂéa{%{gge%{&a%amé t%'éfred

of f, and hen dried to obtain the sanple at various tenperatures. The
the resulting maximum temperature peak indicated the maximum

peak temperature Tm.

Mw/Mn:

GPC Waters 150 Type

Solvent: ODCB  135°C

Column: GMHHR-H (S), available from Toso Co., Ltd.
NMR:

Measured by means of GX-270 available from Jeol Ltd.
with ODCB at 135°C

Inflation film molding

A copolymer powder obtained by polymerization was
granulated. The granular copolymer was then processed by a
LLDPE film molding machine (diameter: 50 mm) equipped with a
die having a diameter of 100 mm and a lip gap of 2 mm at a
blow ratio of 1.9, a take-off speed of 20 m/min and a molding
temperature of 200°C to provide a film having a thickness of
30 um.

Evaluation of film properties

Dart impact strength:

Measured in accordance with ASTM D 1709
Tensile modulus:

The specimen was set on a tensile tester. The
specimen was then pulled at a rate of 5 mm/min. The tensile
modulus was then determined from the stress and sectional

area developed when the specimen was elongated by 1%.
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sanples thus fractionated are then neasured for weight fraction and degree
of short chain branching (nunber of branches per 1,000 carbon atons).
The nmeasurenent of degree of branching is determned by [err] CGNWR

Haze:

Measured in accordance with ASTM D1003-561
Gloss:

Measured in accordance with JIS 28741
Hot tack properties:

An ether anchor coat agent was applied to a 15-um
thick nylon-based film. The copolymer film prepared by the
foregoing film molding method was then dry-laminated on the
nylon-based film to obtain a composite f£ilm. The film thus
obtained was then cut into a 25-mm wide web. The web was
then clamped by a hot-plate type heat-seal tester having a
seal bar width of 5 mm. A 45 g load was suspended from one
end of the composite film via a pulley. A stack of two
sheets of the composite film were then heat-sealed at a.seal’
pressure of 2 kg/cm? for 0.5 seconds. Sealing was then
finished by opening the seal bar. At the same time, the film
was loaded to peel the sealed area. The sealing was
conducted at various temperatures. The relationship between
temperature and peeled distance was then determined. The
wider the range of sealing temperature at which a sealed area
tha£ was peeled at a short distance can be made was, the
better were the hot tack properties.

Sheet molding method

The copolymer was homogenized by means of a roll, and
then cut into chips. The chips were then press-molded at a

temperature of 180°C to obtain a sheet.
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15 For the various fractions thus sanpled at tenperatures
of from30[err]Cto 90[err]C, the followng correction is nmade for degree
of branching. The degrees of branching thus neasured are then plotted
against the elution tenperature. The correlation between the degree of

br anchi ng

Conditions of molding of specimen by injection molding

machine

Injection molding machine: JSW100 (clamping force: 100 ton),
available from Japan Steel Works, Ltd.

Resin molding temperature: 220°C

Cushion molding mold temperature: 50°C

Evaluation of sheet and injection-molded specimen

Tensile impact test:

Determined in accordance with ASTM D1822
Tensile modulus:

The specimen was set on a tensile tester. The
specimen is then pulled at a rate of 5 mm/min. The tensile
modulus was then determined from the stress and sectional
area developed when the specimen was elongated bj 1%.
Tensile yield strength, breaking strength, tensile
elongation:

Determined in accordance with JIS K6760

The specimens Al to A5 used in Examples 1 to 5 were
prepared by the following polymerization methods: |

Preparation of solid catalyst

Purified toluene was charged into a catalyst making
apparatus (No. 1) equipped with an electromagnetically-
induced agitator in an atmosphere of nitrogen. 28 g of
dipropoxy dichlorozirconium (Zr(OPr),Cl,) and 48 g of
methylcyclopentadiene were then charged into the catalyst

making apparatus. 45 g of tridecyl aluminum was then added
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and the elution tenperature is then linearly approxi mted by the |east
squares nethod to nmake a calibration curve. The coefficient of correlation
of this approximation is sufficiently great. The val ue obtained fromthe
calibration curve indicates the degree of branching of the fraction. The
fractions obtained at an elution tenperature of not |ower than 95[err]C do
not necessarily have a linear relationship between the elution tenperature

and the degrgg, olebEANEHL "Gy B0 MLiRe Ao "BYs o FEL HhlQl HSH o5 of

br anchi ng
temperature of 0°C. After the completion of dropwise

addition, the reaction system was stirred while the
temperature thereof was being kept to 50°C-for 16 hours to
obtain Solution A. Separately, purified toluene was charged
into another catalyst making apparatus (No. 2) equipped with
an agitator in an atmosphere of nitrogen. 1Into .the catalyst
making apparatus were then poured Solution A and a toluene
solution of 6.4 mol of methyl aluminoxane to effect reaction.
Thus, Solution B was obtained.

Subsequently, purified toluene was charged into the
catalyst making apparatus equippéd with an agitator (No. 1)
in an atmosphere of nitrogen. To the system was then added
1,400 g of silica (available from Fuji Davison Co., Ltd.;
grade: #952; surface area: 300 m?/g) which had been calcined
at 400°C for a predetermined period of time.. To the reaction
mixture was then the total amount of Solution B. The
reaction mixture was then stirred at room temperature.
Nitrogen was then blown through the reaction mixture to
remove the solvent therefrom. As a result, a solid catalyst
powder having a good fluidity was obtained as Catalyst C.

Preparation of specimen Al

Ethylene and l-butene were copolymerized at a
polymerization temperature of 70°C and a total pressure of 20
kgf/cm?G by means of a continuous fluidized bed gas phase

polymerization apparatus. The gas composition in the system
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The weight fraction wi of the various fractions are each divided by the
change of the degree of branching (b[err]-b[err]) per 5 err]C elution
tenperature to determne a relative amount c[err] (where b[err] = 2b[err]
- b[err]). The relative anbunts are then plotted against the degree of
branching to obtain a conposition distribution curve. The conposition
distribution curve is then divided into predeterm ned w dths. The

gggggs'otn | ORafll $L5LRULEIBRPIBAE! RELER L8:£8' SF! 61 £Y LAERA "SenfPLASM N
concentration of 60 mol%. The polymerization process was
effected with Catalyst C being continuously supplied. In
order to keep the gas composition in the system constant, the
various gases were continuously supplied into the sjstem.

The physical properties of the copolymer thus
produced are set forth in Table 1.
Preparation of specimen A2

Polymerization was effected in the same manner as in
Al except that l-butene/ethylene molar ratio was changed.
The physical properties of the copolymer thus produced are
set forth in Table 1 together with the results of the

experiment.

Preparation of specimens A3 to AS

Polymerization was effected in the same manner as ih
Al except that the coménomer was changed to l-pentene,
l-hexene and 4-methyl-pentene-l to prepare specimens A3 to
A5, respectively. The physical properties of the copolymer
thus produced are set forth in Table 1 together with the
results of the experiment.

Preparation of specimens A6 to A9

Polymerization was effected in the same manner as in
Al except that l-butene/ethylene molar ratio was changed.
The physical properties of the copolymers thus produced are
set forth in Table 2 or 3 together with the results of the

experiment.
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16 Cb=[err] wherein c[err] and b[err] indicate
the relative concentration and the

Preparation of specimen B2

Into a 50-¢ pressure reactor with an agitator in
which the air had been replaced by nitrogen was charged 25 ¢
of purified toluene. To the contents of the reactor was then
added 183 g of butene-1. To the reaction mixture was then
added a mixture of bis(n-butylcyclopentadienyl)zirconium
dichloride and methyl alumoxane (MAO) (Al/Zr molar ratio:
500) in such an amount that the amount of Zr reached 0.33
mmol. The reaction mixture was then heated to a temperature
of 80°C. Into the reactor was then charged ethylene in such
a manner that the pressure reached 9 kg/cm’G where the
polymerization of the reaction mixtﬁre was initiated. The
polymerization process lasted for 1 hour while the total
pressure was béing kept to 9 kg/cm’G by continuously
polymerizing ethylene. Thus, a copolymer was prepared. The
physical properties of the copolymer thus prepared are set
forth in Table 1 together with the results of the experiment.
Preparation of specimen BS

The polymerization procedure of B2 was followed
except that 410 g of l-butene was added. The physical
properties of the copolymer thus prepared are set forth in
Table 3 together with the results of the experiment.

The other specimens Bl, B3, B4 and B6 were LLDPE or
VLDPE obtained by the gas phase or slurry copolymerization of
ethylene and l-butene in the presence -of titanium

tetrachloride or triethyl aluminum catalyst. The physical
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degree of branching of the j-th section, respectively. The conposition
distribution paraneter Cb is 1.0 if the conposition of the sanple is
uniform As the conposition distribution beconmes wi der, this paraneter
becones greater. In the ethylene-[err]-olefin copol ymer according
to the present invention, ODCB-soluble content X at 25[err]C (E)

I ndi cates the ratio of highly-branched conponents and | ow nol ecul ar

component s J-REARILI! 6¢ kRekBC BHBYLARE LALL] pRLELLBY §PBOLYECELALA 15

preferably®s ecausSe It caus
Tables 1 to 3 together with the results of the experiment.

EXAMPLES 1 TO 5

Table 1 shows the comparison of various physical
properties of film products obtained by the inflation
extrusion of granular material prepared by the foregoing
procedure.

COMPARATIVE EXAMPLES 1 TO 3

For comparison with Examples 1 to 5, the resins set
forth in Table 1 were processed in the same manner as in
Examples 1 to 5. The results are set forth in Table 1. As
can be seen in Table 1, Comparative Example 1 exhibited poor
dart impact strength and transparency. Comparative Example 2
exhibited a low melting point and a reduced heat resistance.
Further, Comparative Examples 3 was inferior to Examples 3
and 4 in dart impact strength and transparency taking into
account the kind of a-olefin used.

EXAMPLE 6 AND
COMPARATIVE EXAMPLES 4 AND 5

The film product obtained in Example 2 was measured
for hot tack properties. The results were then compared with
that of Comparative Examples 4 and 5 determined from the film
products obtained in Comparative Examples 1 and 2. The
results are set forth in Table 3. Example 5 exhibited a wide
sealing temperature range within which the sealed area can be

peeled at a short distance.
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I n heat resistance and causes the surface of the nolded product sticky.
The anpunt of ODCB-sol uble content is influenced by the total [err]-olefin
content in the copolyner and the average nol ecul ar wei ght of the

copolynmer, i.e., density and MR Accordingly, (i) when the
density d and the nelt flow rate MFR satisfy relationship (I):
d- 0.008 x logMR [err] 0.93 (n

EXAMPLES 7 AND 8 AND
COMPARATIVE EXAMPLES 6 AND 7

Sheets were molded by the foregoing method. These
sheets were then subjected to physical experiments. The
resuits are set forth in Table 3. Comparative Example 6
exhibited a poor tensile strength. Comparative Example 7
exhibited a poor heat resistance. |

EXAMPLES 9 AND 10 AND
COMPARATIVE EXAMPLE 8

Specimens were molded by the foregoing injection
molding method. These specimens were then subjected to
physical experiments. The results are set forth in Table 4.
Comparative Example 8 exhibited poor tensile impact strength

and tensile break strength.
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relatio

t he ODCB-sol ubl e content X (% by wei ght) satisfies
preferably relationship (Il1"), nore preferably relationsh
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18 ODCB- sol ubl e content X at 25[err]C is neasured by the
foll ow ng net hod. 0.5 g of the sanple is added to 20 nferr] of
ODCB. The mxture is then heated to a tenperature of 135[err]C for 2 hours

The testing methods used in Examples 11 to 20 and

Comparative Examples 9 to 11 will be described hereinafter.

Physical properties test

All the tests were conducted in the same manner as in

Examples 1 to 10 and Comparative Examples 1 to 8.
T-die molded film evaluation method

Haze:

Measured in accordance with ASTM D1003

Tensile modulus:

Measured in accordance with ASTM D882

Tensile impact strength test:

Measured in accordance with ASTM D1822. MD

(extrusion direction) strength was measured.

Blocking resistance:

Two sheets of 20-mm wide webs cut from the film weré

stacked over a length of 5 cm. The stack was then allowed to
stand under a load of 10 kg in an oven at 50°C for 48 hoﬁrs.
The specimen was the then conditioned at room temperature
(23°C) and a humidity of 50% for 24 hours. The specimen was
then pulled at a rate of 500 mm/min by means of a tensile
tester to measure the ioad.

Low temperature heat-seal properties:

By using a heat-seal tester (available from Tester

Sangyo Co., Ltd.), the specimen was heat-sealed at a seal bar

width of 1 mm and a pressure of 2 kg/cm? for 1 second at

-

intervals of 5°C, and then allowed to cool. The sealed area
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so that the sanple is thoroughly dissolved in ODCB. The solution is then
allowed to cool to a tenperature of 25[err]C. The solution is then all owed
to stand at the sanme tenperature overnight. The solution is then filtered
through a teflon filter to obtain a filtrate as a sanple solution. The
solution is then neasured for absorption peak intensity in the vicinity of
2,925 cnf erdds UL IS 1l VAVRATRAKO e  aRWNRY ispetli@hCihhly

vi bration of nethylene, by nmeans of an infrared spectroieter. The speci nen
concentrat igen pddled at a rate of 300 mm/min by means of a tensile

tester. The temperature at which the load required was 500 g
is determined by interpolation.

Container evaluation method

Flexibilitys

The contents-release characteristics are visually
observed.

A: Relatively good

C: Poor
Heat resistance:

The container filled with distilled water was
subjected to high pressure steam sterilization at a
temperature of 121°C for 20 minutes. The container thus
treated was then visually obsérved for deformation.

A: Not deforméd

B: Slightly deformed

C: Remarkably deformed
Drop test:

Ten containers filled with distilled water which had
been adjusted to 5°C were dropped from a height of 1.2 m.
The number of ruptured containers was determined.

A: No ruptured containers

B: 1 or 2 ruptured containers
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filtrate is then calculated froma calibration curve previously prepared.
ODCB- sol ubl e content at 25[err]Cis then determned fromthis value.

The ethyl ene-[err]-olefin copol yner according to the present invention
preferably has a plurality of peaks on the elution tenperature-eluted
anount curve determ ned by the continuous tenperature rising elution

fractlonatqqalgeggqg P61§%E? CBhailthoparticular, the peak on the high
t enperat uré en 85[err] C and 100[err]C. The
exi stence Make of apparatus used: Union Plastic Co., Ltd.
Extruder screw diameter: 30 mm
T-die: 300 mm face
Number of revolutions of screw: 80 rpm
Extrusion rate: 6.5 kg/hr
Die lip gap: 2.0 mm
Take-off speed: 1.7 m/min
Molded resin temperature: 220°C
Film thickness: 300 um
Chill-roll temperaturé: 40°C
Screen mesh: 80 mesh/120 mesh/80 mesh
Spécimens Al0 to Al5 were prepared by the following
polymerization methods:
Preparation of solid catalyst |
The procedure of Examples 1 to 10 was followed to
obtain Catalyst C.
Preparation of specimens
Polymerization was conducted in the same manner as in
specimens Al to A9. The properties thereof are shown in
Table 5.

Other ethvlene polvmers

HDPE:
High density polyethylene (prepared by slurry process
in the presence of a Ziegler catalyst) available from Japan

Polyolefins Co., Ltd.
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of this peak gives a higher nelting point and an increased crystallinity.
The resul ting nol ded product has an enhanced heat resistance and rigidity.
Fig. 1 illustrates the elution tenperature-eluted anmount curve of a

copol ymer according to a
VL:

Linear very low density polyethylene polymer
(prepared by gas phase process in the presence of a Ziegler
catalyst) (Comonomer: butene-1l) available from Japan
Polyolefins Co., Ltd.

HPLD:

High pressure process low density polyethylene
available from Japan Polyolefins Co., Ltd.
EVA:

High pressure ethylene-vinyl acetate copolymer (vinyl
acetate content: 5%) available from Japan Polyolefins Co.,
-Ltd.

EEA:

High pressure ethylehe—ethyl acrylate copolymer
(ethyl acrylate content: 5%) available from Japan PolYoléfiﬁ§
Co., Ltd. |

The properties of the above polymers are shown in
Table 6.

EXAMPLE 11

80 parts by weight of specimens Al0, 20 parts by
weight of HPLD, 0.24 part by weight of Irganox 1076
(available from Ciba Geigy Co., Ltd.), 0.12 part by weight of
Irgaphos 168 (available from Ciba Geigy Co., Ltd.), and 0.1
part by weight of calcium stearate (available from NOF
Corporation) were uniformly mixed by a Henschel mixer, and

the mixture was made into pellets. The pellets were molded
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19 particularly preferred enbodi nent of the present invention. Fig. 2
illustrates the elution tenperature-eluted anmount curve of a copol yner
having a very narrow conposition distribution. _ ~The copol yner
shown in Fig. 2 has a very narrow conposition distribution and thus shows
a very sudden change of viscosity and nodulus with tenperature. Thus, the

into a sheet having a thickness of 0.5 mm by pressing to
subject to measurements for tensile modulus, tensile impact
strength and haze. Separately, the pallets were subjected to
T-die molding under the above conditions to obtain a film
having a thickness of 50 um to subject to measurements for
blocking strength and low temperature heat-seal property.

The results obtained are shown in Table 7.

EXAMPLES 12 TO 16

The same ﬁfocedures as
except that the polymers shown

The results obtained are shown

in Example 11 were repeated
in Tables 5 and 6 were used.

in Table 7.

EXAMPLE 17

A container (content: 500 ml) was prepared- by usihg a
film obtained in Example 11 using specimen Al0 and HDPE by
heat-sealing. The resulting container was evaluated in_thé*
manner described above. The results obtained are shown in

Table 8.

EXAMPLES 18 TO 20

The same procedures as in Example 17 were repeated
except that the polymers shown in Tables 5 and 6 were used.
The results obtained are shown in Table 8.

COMPARATIVE EXAMPLE 9

The same procedures as in Example 11 were repeated
except that the polymers shown in Tables 5 and 6 were used.

The results obtained are shown in Table 7.
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applicabl e tenperature and extrusion conditions under which such an
ethylene-[err]-olefin copolyner is nolded is restricted, naking it
difficult to nold such an ethylene-[err]-olefin -copolymer. Further, such
an ethylene-[err]-olefin copolynmer is disadvantageous in that it gives a
nol ded product which has an insufficient heat resistance, and can exhibit

a proper heat-seal strengidMedrar960 &Rk stangnatzh only in a narrow

t enper at ure range. TREF T's conducted in the following manner. A
heat - The same procedures as in Example 17 were repeated

except that the polymers shown in Tables 5 and 6 were used.

The results obtained are shown in Table 8§.
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resisting stabilizer is added to the sanple . The mxture 1is then
dissolved in ODCB at a tenperature of 135[err]C to obtain a sanple
concentration of 0.05%by weight. 5 nferr] of the solution thus heated is
then poured into a colum filled with glass beads. The colum is then
cooled to a tenperature of 25[err]C at a rate of O0.1[err]C mn so that the

sanple is deposited on the surface of the glass beads. The columm is then
heated at a constant rate of SHLerr]Olohr whi e QDCR, is being passed
therethrough. At the various tefjer3tu s,.the sanpke
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soluble in the solvent is sequentially eluted with ODCB
20 During this procedure, the concentration of the sanple in the
solution is continuously detected by nmeasuring the

EEA
1.4
0.933

EVA
1'5

0.932

HPLD
.0
0.924

TABLE 6
(Other ethylene polymers)

VL
3.0
0.905
4.5
27.3
10.1
.2

HDPE
5.3
0.963

X (calculated) (wt%)

MFR (g/10min)
Density (g/cmd)
ODCB (wt%)

Cb
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absorption wth respect to 2,925 cnferr], which is the wavenunber of the
asymetric stretching vibration of nethylene by neans of an infrared
spectroneter. Fromthese concentration values, an elution

t enper at ure-el uted anount curve can be obtai ned. TREF anal ysi s
all ows the continuous anal¥sis of the change of elution rate with
tenperature froman extrerpl smal | anmobunt of a sanple . Thus, the
detection of relatively fa peéle that carotSbe det ectﬁd byu,t he
fracti onation nethod can HgE{fBde>S ! - i
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As anot her preferred characteristics of the ethylene- [err]-olefin

copol yner according to the present invention, it preferably exhibits an

el ectrical activation energy of not nore than 0.4 eV (G, preferably not
nore than 0.3 eV, nore preferably not nore than 0.25 eV. If the electrical
activation energy of the ethylene-[err]-olefin copolynmer exceeds 0.4 eV,
the quantity and nobility of charged carriers such as ion and el ectron
show a great increase that tends to deteriorate the thermal and chem ca

stability with the rise e~ EQ
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of tenperature. The above electrical activation energy is very

smal |

as conpared with that of the conventional polyethylene nmaterials.

It is thus considered that the ethylene-[err]-olefin copolymer according
to the present invention has a special structure such that the quantity
and nobility of charged

EXAMPLES 21 TO 29 AND
COMPARATIVE EXAMPLES 12 TO 15

The testing methods used in Examples 21 to 29 and
Comparative Examples 12 to 15 will be described hereinafter.

Phyvsical properties test

All the tests were conducted in the same manner as in

Examples 1 to 10 and Comparative Examples 1 to 8.

T-die molding film formation conditions

Make of apparatus used: Union Plastic Co., Ltd.
Extruder screw diameter: 30 mm

T-die: 300 mm face

Number of revolutions of screw: 50 rpm

Die lip gap: 1.2 mm

Take-off speed: 6 m/min

Molded resin temperature: 210 to 220°C

Film thickness: 50 um

Evaluation of T-die molded film properties

Haze (%):

Measured in accordance with ASTM D1003-61
Gloss (%):

Measured in accordance with JIS 28741
Low temperature heat-seal properties:

Using a heat-sealer available from Tester Sangyo Co.,
Ltd., the specimen was heat-sealed at a pressure of 2 kg/cm’G
for 1 second at some properly selected temperatures. This

film was then cut into a 15-mm wide web. The web specimen
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21 carriers contained therein are insusceptible to the effect of

t enper at ure. The activation energy is one of constants included in
Arrheni us' equation, which represents the change of rate constant with
tenperature in the process of transport phenonenon. It corresponds to the
di fference in energy

was then subjected to peel test at a peeling rate of 300
mm/min. The low temperature heat-seal properties were
represented by the temperature value at which the peel
strength of the specimen was 500 g, determined by
interpolation. The lower this temperature value was, the
better were the low temperature heat-seal properties.

Sheet molding methed

The copolymer was homogenized by means of a roll, and
then cut into chips. The chips were then press-molded at a
temperature of 180°C to obtain a sheet.

Evaluation of sheet specimen

Tensile impact strength:

Measured in accordance with ASTM D1822
Tensile modulus:

The specimen was set on a tensile tester. The
specimen was then pulled at a rate of 5 mm/min. The tensile
modulus was then determined from the stress and sectional
area developed when the specimen was elongated by 1%.

Rust testing method

To the specimen powder were added 0.10% by weight of
tetrakis-[methylene-3-(3’,5'-di-tertiary butyl)-4’-hydroxy-
phenyl)propionate]methane (trade name: Irganox 1010) as a
phenolic oxidation inhibitor and 0.10% by weight of
tris(2,4-di-t-butylphenyl)phosphite (trade name: Irgaphos
168) as a phosphite oxidation inhibitor. The mixture was

then granulated.
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between transition state and original systemin the process toward the

produced systemfromthe original systemvia the transition state. In

parti cul ar,

the electrical activation energy is used in Arrhenius

equation representing the tenperature dependence of current.
smal ler the activation energy i.s, the snaller is the tenperature

dependence of I r t t ergy
preses?gaﬁdan thus e%lg?i%eﬁ wal it h ﬁ%l‘t%ﬁ (e

according to the

I nventi on etern1ne on1the
230°C oil bath in a stream of nitrogen for 3 hours. A soft-

iron plate having a surface area of 50 cm® was then dipped in

the molten resin for 2.hours. The soft-iron plate was then
withdrawn from the molten resin. The resin attached to the
iron plate was then peeled off. The iron plate was then
allowed to stand in a 80°C-90%RH constant temperature-
humidity bath for 20 hours to accelerate rusting. The iron
plate was then dried in a desiccator with silica gel for 1

day. The weight increase (mg) of the soft-iron plate

- indicated the generated amount of rust.

Measurement of volume resistance

1. Preparation of specimen to be measured for volume
resistance

A blend of the ethylene-a-olefin copolymei to be
measured and a polyolefin was kneaded at a temperature of
160°C by means of a plast mill for 5 minutes; and then hot-
pressed to form a 0.3-mm thick sheet. Referring to the hot
pressing conditions, the non-crosslinked specimen was
processed clamped by aluminum sheets under the following
conditions:

1) The specimen was pre-heated to a temperature of
140°C for 5 minﬁtes;

2) The specimen was pressed to a temperature of

140°C under a pressure of 100kg/cm’ for 5 minutes;
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equation (Arrhenius' equation): | [err] exp[err]

wherein | is current; Uis activation energy; k is Boltzmann's
constant; and T is absol ute tenperature. Substituting the
current value at room tenperature (20[err]C) and at 90[err]C for | in the

foregoing equation yields the electrical activation energy according to
3) The specimen was cooled down to 30°C from 140°C

under pressure in 5 minutes.

If the specimen was crosslinked, it was previously
kneaded with 2 parts by weight of dicumyl peroxide at a
temperature of 120°C. The specimen was then processed
clamped by teflon.sheets under the following conditions:

1) The specimen was pre-heated to a temperature of
120°C for 5 minutes;

2) The specimen was pressed at a temperature of
120°C under a pressure of 100 jcg/cm2 for 5 minutes;

3) The specimen was cooled down to 30°C from 120°C
under preésure in 5 minutes (Specimens having voids are
excluded);

4) The specimen was again pre-heated to a
temperature of 120°C for 5 minutes;

5) The specimen was pressed at a temperature of
120°C under a pressure of 100 kg/cm? for 5 minutes;

6) The specimen was heated from 120°C to 160°C under
pressure;

7) The specimen was crosslinked at a temperature of
160°C under pressure for 30 minutes;

8) The specimen was cooled down to 30°C from 120°C
under pressure in 5 minutes.

2. Measurement of volume resistance
The electrode system shown in Figs. 3(a) and 3(b) was

used. Fig. 3({a) is a plan view of the electrode system.
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the present invention. 22
The ethylene-[err]-olefin copolyner according to the present invention
has an el ectrical activation energy of not

Fig. 3(b) is a side view of the electrode system. In Figs.
3(a) and 3(b), the reference numeral 11 indicates a main
electrode (diameter: 50 mm), the reference numeral 12
indicates a guard electrode (inner diameter: 75 mm; outer
diameter: 80 mm), the reference numeral 13 indicates the
specimen, and the reference numeral 14 indicates a high
voltage electrode (diameter: 80 mm). The main electrode was
connected to a vibrating reed ammeter via a cable. The high
voltage electrode was connected to a high voltage power
supply via a cable. These electrodes were made of stainless
steel plate. The surface of the electrodes which comes into
contact with the specimen was mirror-polished by a buffing
machine. |

In the measurement of volume resistance, the spécimen
was set in the electrode system at a temperature of 90°C in
an atmosphere of nitrogen as shown in Figs. 3(a) and 3(b).
Electric current was allowed to pass through the specimen
between the upper electrode and the lower electrodé for 5
minutes. The electric charge thus developed on the surface
of the specimen was then eliminated. Thereafter, the
measurement was conducted at room temperature and 90°C in an
atmosphere of nitrogen. For those to be measured at 90°C,
electric current was allowed to pass through the specimen for
7 minutes so that the specimen exhibited 90°C uniformly

thereinside.
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nore than 0.4 eV as defined above to exhibit remarkably excel | ent

el ectrical properties. For exanple, the ethylene- [err]-olefin copolyner
according to the present invention can exhibit a volune resistivity of
not |ower than 10[err] [err]Jcm preferably not |ower than 10[err] Qm
nore preferably not |ess than 10[err] [err]Jcm at 20[err]C  The fact

that the ethylene- gl Lpdheblinvo1€a88! ¥EB d2¢e0EdLAYbAL! REvPRESEN!

i nvention has a high €% lume resistivity ang a sna?F actlvatlgn ener gy

shows that volltdageetdty|3eneol & kkronl &f bAtE8RYLYMRE the measuring
instrument there is used a vibrating reed ammeter (TR8411,
available from Advantest Co., Ltd.). The measuring
instrument and the electrode were connected to each other via
a pipe cable to eliminate external noises. In this
measurement system, stable measurement could be made up to 3
x 10Y Qecm at room temperature and 3 x 10! Q.cm at a
temperature of 90°C. The thickness of the specimen was about
0.3 mm. Reading was conducted down to two places of
decimals. The effective electrode area was 19.6 cm’. The
survey of the current-time characteristics showed that stable
measurement of electric current free from current drop due to
absorption of current could not be made before 10 minutes
after the application of wvoltage. Accordingly, the electfic
current value developed 10 minutes after the application of
voltage was employed as a measured value. Héwever, if the
electric current did not becoﬁe stable even after 10 minutes
of voltage application, about 2 more minutes were passed to
stabilize the electric current so that stable measurement was
made possible. However, if further time was required to
stabilize the electric current, measurement was omitted.
From these measurements of electric current, the volume
resistance of the specimen was determined. The measurement
was conducted 10 times. The resulting measurements were then

averaged.
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has a structure such that the content or nobility of charged carriers
such as ion and electron is snall. The ethylene-[err]-olefin
copol ymer of the present invention is preferably a copol ynmer obtained by
pol ymeri zi ng an olefin in the presence of a catalyst (H) produced by
allowing the foll ow ng conponents (1) to (4) to cone into mut ual cont act

with each other: mThe g ecxﬁghsaAQ@”EQUﬁQ4r%BéﬁsiﬂtQﬁaﬂﬁles 21 to 29
Nb[err]R[err]R[err](CR[err])[err]X[err] where R err] and R err] each

i ndependentierd gricpaRid dyClteld following polymerization methods:

Preparation of solid catalyst C1

150 m¢ of purified toluene was charged into a 500-m¢
eggplant type flask equipped with an electromagnetically-
induced agitator in an atmosphere of nitrogen. 2.6 g of
tetrapropoxy zirconium (Zr(On-Pr),) and 1.3 g of
methylcyclopentadiene were then charged into the flask. The
reaction mixture was then stirred at room temperature for 30
minutes. 3.2 g of triisobutyl aluminum (Al(iBu)3) was then
added dropwise to the system while the system was being kept
at a temperature of 0°C. After the completion of dropwise
addition, the reaction system was returned to room
temperature where it was then stirred for 16 hours. To the
solution was then added 200 m¢ of a toluene solution of
methyl alumoxane (concentration: 1 mmol/m{). The reaction
mixture was then allowed to undergo reaction at room
temperature for 1 hour.

Separately, 50 g of silica (available from Fuji
Davison Co., Ltd.; grade: #952; surface area: 300 m?/g) which
had been previously calcined at a temperature of 600°C for 5
hours was charged into a 1.5-¢ three-necked flask with an
agitator in an atmosphere of nitrogen. Into the flask was
then poured the total amount of the foregoing solution. The
reaction mixture was then stirred at room temperature for 2

hours. Nitrogen was then blown through the reaction system
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hydr ocarbon group or trialkylsilyl group; R err] represents a

2, 4- pent anedi onat.e | i gand, a di benzoyl nethanate |igand, a benzoyl acetonate
| igand, or derivative thereof; X err] represents a halogen atom Me[err]
represents Zr, Ti or Hf; and p, g and r each represents an integer
satisfying the relationships O[err]p[err]4, Olerr]qg[err]4, Olerr]r[err]4,
and O[ err] (fuGrdndv il solvent therefrom. As a result, a solid

powdered catalyst Cl having a good fluidity was obtained.
Preparation of specimen Al6

Ethylene and l-butene were copolymerized at a
polymerization temperature of 70°C and a total pressure of 20
kgf/cm’G by means of a continuous fluidized bed gas phase
polymerization apparatus. The gas composition in the system
had l-butene/ethylene molar ratio of 0.10 and an ethylene
concentration of 60 mol%. The polymerization process was
effected with Catalyst Cl being continuously supplied. In
order to keep the gas composition in the system constant, the
various gases were continuously supplied into the system.
The adjustment of MFR was accomplished by controlling the
hydrogen concentration in the system. The physical
properties of the polymer thus produced are set forth in.;:f__"
Table 9. |
Preparation of specimen Al7

Polymerization was effected in the same manner as in
Al6 except that l-butene/ethylene molar ratio was changed.
The physical properties of the copolymer thus produced are
set forth in Table 9.

Preparation of solid catalyst C2

Purified toluene was charged into a catalyst making
apparatus equipped with an electromagnetically-induced
agitator in an atmosphere of nitrogen. 0.55 g of dipropoxy

dichloro zirconium (Zx(OPr),Cl,) and 1.6 g of

T———
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23 : (2) a conpound represented by
Me[err]Rlerr](ORlerr])[err] X err], where M[err] represents Goup I, II,

or Il elenent; R err] and R err] each independently represent a CJerr]
hydr ocarbon group; X err] represents a hydrogen atomor a hal ogen atom
provi ded that when X err] represents a hydrogen atom Me[err] represents a

G oup methylcyclopentadiene were then charged into the flask.

9.0 g of tridecyl aluminum was then added dropwise to the
system while the system was being kept at a temperature of
0°C. After the completion of dropwise addition, the reaction
éystem was stirred while the temperature thereof was being
kept to 50°C for 16 hours. To the solution was then added
200 m¢ of a toluene solution of methyl alumoxane
(concentration: 1 mmol/ml¢). The reaction mixture was then
allowed to undergo reaction at room temperature for 1 hour.
Separately, purified toluene was charged into another
catalyst making apparatus equiﬁped with an agitator in an
atmosphere of nitrogen. Subsequently, 50 g of silica
(available from Fuji Davison Co., Ltd.; grade: #952; surface
area: 300 m?’/g) which had been previously calcined at a |
temperature of 400°C for a predetermined period of tlme was'h
charged into the apparatus. To the reaction mixture was then.
added the total amount of the solution. The reaction hixture
was then stirred at room temperature. Nitrogen was then
blown through the reaction mixture to remove the solvent
therefrom. As a result, a solid powdered catalyst (C2)
having a good fluidity was obtained.
Preparation of specimen Al8

Ethylene and l-butene were copolymerized at a
polymerization temperature of §0°C and a total pressure of
20kgf/cm?G by means of a continuous fluidized bed gas phase

-

polymerization apparatus. The gas composition in the system
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1l elenment; z represents the valence of Me[err]; and mand n each
represents an integer satisfying the relationships O[err]nferr]z,
O[err]n[err]z, and O[err](mtn)[err]z; (3) an organic cyclic
conpound having two or nore conjugated doubl e bonds; and (4) at

| east one of a nodified organic al um num oxy conpound and a boron conpound

by tho. genePa 1~PBEROPARBYAPPPAPIPT REBFTT (OR &1 H)) Tof (XSG Che  —
foregoing %@h@E¥§£ation of 60 mol%. The polymerization process was
effected with Catalyst C2 being continuously supplied. In
order to keep the gas composition in the system constant, the
various gases were continuously supplied into the sfstem.
The adjustment of MFR was accomplished by controlling the
hydrogen concentration in the system. The physical
properties of the polymer thus produced are set forth in
Table 9.

Preparation of specimen Al9 and A20

The procedure of Al6 was followed to prepare
specimens Al9 and A20 except that the comonomer to be
polymerized was l-hexene. The physical properties of the
copolymers thus produced are set forth in Table 9.
Preparation of catalyst component C3

100 m¢ of purified toluené was charged into a 300-m!
three-necked flask equipped with an electromagnetically-
induced agitator in an atmosphere of nitrogen. 4.9 g of
tetrakis(2,4-pentanedionate)zirconium (Zr(acac),) and 7.4 g
of 1,3-dimethylcyclopentadiene were then charged into the
flask. The reaction mixture was then stirred at room
temperature for 30 minutes. To the reaction mixture was then
added dropwise 20 m¢ of triisobutyl aluminum (Al(iBu)jz) at
room temperature in 30 minutes. After the completion of
dropwise addition, the reaction mixture was stirred at room

temperature for 1 hour to undergo reaction. As a result, a
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conponent (1) indicates Zr, Ti or H . The kind of such a transition netal
is not limted. A plurality of such transition netals may be used in
conmbination. It is particularly-preferred that Zr, which renders the
copolynmer well weather-resistant, be included. R[err] and Rl err] each
represent a CJerr], preferably (Ierr] nore preferably C[err] hydrocarbon

O/ un LohRSOLIBED epehunisl 8 UGS ConogeHp bophidEgng L
such as Vi hHesaPd invention was obtained. The zirconium concentration

of the solution C3 was 0.076 mmol/m¢.

Preparation of specimen A21

The air in a 3-{ stainless steel autoclave equipped
with an agitator was replaced by nitrogen. Into the
autoclave was then charged 200 g of dried sodium chloride.
Into the autoclave were then charged 0.29 m¢ of the foregoing
catalyst component solution C3 and 2.2 m¢ of a 1 mmol/m¢
methylaluminoxane solution. The reaction mixture was then
heated to a temperature of 60°C with stirring. Subsequently,
a mixture of ethylene and l-butene (l-butene/ethylene molar
ratio: 0.25) was then charged into the autoclave at a
pressure of 9 kg/cm’G to initiate polymerization. The

- polymerization process lasted for 1 hour while the total
pressure of the reaction system was being kept to 9 kg/cm%;
by continuously supplying a mixture of ethyléne and l-butene
(1-butene/ethylene molar ratio: 0.05).

After the completion of polymerization, excess gas
was discharged from the reactor. The reactor was then
cooled. Sodium chloride was then removed from the reactor.
As a result, 81 g of a white polymer was obtained. The
catalytic efficiency was 40,000 g/gZr. The physical
properties of the polymer thus produced are set forth in

Table 9.
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allyl, an
napht hyl ,

benzhydryl,

aryl group such as phenyl, tollyl, xylyl, nmesityl, indenyl and
and an aral kyl group such as benzyl trityl, phenethyl, styryl,
phenyl butyl and 24

Preparation of catalyst component C4

50 m¢ of purified toluene was charged into a 100-m¢ three-
necked flask equipped with an electromagnetically-induced
agitator in an atmosphere of nitrogen. 4 g of
tributoxymono (trimethylsilanolate)zirconium and 12 g of
butylcyclopentadiene were then charged into the flask. The
reaction mixture was then stirred at room temperature for 30
minutes. To the reaction mixture was then added dropwise 34
m¢ of trihexyl aluminum (Al(n-Hx)3;) at room temperature in 30
minutes. After the completion of dropwise addition, the
reaction mixture was stirred at room temperature for 1 hour
to undergo reaction. As a result, a solution C4 containing a
catalyst component according to the present invention was
obtained. The zirconium concentration of the solution C4 was
0.101 mmol/m¢.

Preparation of specimen A22

0.11 m¢ (1 mg as calculated in terms of Zr) of the
foregoing catalyst component solution C4 and 1 m¢ of a 1
mmol/m¢{ methylaluminoxane solution were charged into a 50-m¢
flask with stirring in an atmosphere of nitrogen.

The air in a 3-¢ stainless steel autoclave equipped
with an agitator was replaced by nitrogen. Into the
autoclave was then charged 200 g of dried sodium chloride.
Into the autoclave were then charged the total amount of the
foregoing catalyst component solution. The reaction mixture

was then heated to a temperature of 60°C with stirring.
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neophyl. These hydrocarbon groups nmay be branched. R err] represents
2, 4- pent anedi onat e | i gand, di benzoyl nethanate |igand, benzoyl acetanate -
| igand, or derivatives thereof. X err] indicates a hal ogen atom such as
fluorine, iodine, chlorine and brom ne. The suffixes p, q and r satisfy
the relationships Qerr]p[err]4, Olerr]g[err]4, Jerr]r[err]4, and

O[err](p+qéﬁbg§§ﬁéﬁtlﬁfa?ys%xtg¥gqg£e tﬁﬁﬁéﬁgnéﬁﬁﬁéFgg%éqgresented by the

general fornu as ¢ conponen ranet hyl  zirconi um

tetraethyl (FLpaeBhEMEthEi EAORSYAr 4 €08 W 25) was then charged into
the autoclave at a pressure of 9 kg/cm’G to initiate
polymerization. The polymerization process lasted for 1 hour
while the total pressure of the reaction system was being
kept to 9 kg/cm’G by continuously supplying a mixture of
ethylene and l-butene (l-butene/ethylene molar ratio: 0.05).

After the completion of'polymerization, excess gas
was discharged from the reactor. The reactor was then
cooled. Sodium chloride was then removed from the reactor.
As a result, 190 g of a white polymer was obtained. The
catalytic efficiency was 190,000 g/gZr. The physical
properties of the polymer thus produced are set forth in
Table 9. |
Preparation of catalyst component C5
150 m¢ of purified toluene was charged into a 300-m¢

three-necked flask equipped with an electromégnetically—
induced agitator in an atmosphere Qf nitrogen. 3.9 g of
tetrabutoxy zirconium and 6.4 g of methylcyclopentadiene were
then charged into the flask. The reaction mixture was then
stirred at room temperature for 30 minutes. The reaction
mixture was cooled to and kept at a temperature of 0°C where
27.5 m) of trihexyl aluminum (Al(n-Hx);) was then added
dropwise thereto in 30 minutes. After the completion of
dropwise addition, the reaction mixture was stirred at room

temperature for 24 hours. Into a 3-m¢ flask the air in which
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tetrapropoxy zirconium tripropoxy nonochl orozirconium dipropoxy

di chl orozirconium tetrabutoxy zirconium tributoxy nonochl orozirconium
di but oxy di chl orozirconium tetrabutoxy titanium and tetrabutoxy hafnium
Exanpl es of the conpound containing 2,4-pentadionate |igand include
zirconium tetra(2, 4-pentadionate), zirconium

e B 2B LRl RuEABH e G ekaghang! R Thor o0

mmol as calculated in terms of Zr) of the foregoing solution
and 4 m{ of a 1 mmol/m¢ methylaluminoxane. The reaction
mixture was then stirred at room temperature for 30 minutes.
To the reaction mixture was then added 0.16 g (0.2 mmol) of
N,N-dimethylaniliumtetrakis (pentafluorophenyl)borate. The
reaction mixture was then stirred at room temperature for 3
hours. As a result, a solution C5 containing a catalyst

component according to the present invention was obtained.

Preparation of specimen A23

The air in a 3-{ stainléss steel autoclave equipped
with an agitator was replaced by nitrogen. Into the
autoclave was then charged 1,000 g of purified toluene. Into
the autoclave were then charged 0.2 m¢ (0.5 mg as calculated'
in terms of Zr) of the foregoing catalyst componeht'solution
C5. The reaction mixture was then heated to a temperature of
60°C with stirring. Subsequently, a mixture of ethylene and
l-butene (l-butene/ethylene molar ratio: 0.25) was then
charged into the autoclave at a pressure of 9 kg/cm’G to
initiate polymerization. The polymerization process lasted
for 1 hour while the total pressure of the reaction system
was being kept to 9 kg/cm?G by continuously supplying a
mixture of ethylene and l-butene (l-butene/ethylene molar
ratio: 0.05).

After the completion of polymerization, excess gas

was discharged from the reactor. The reactor was then
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di (2, 4- pent adi onat e) di et hoxi de, zirconium

di (2, 4- pent adi onat e) di - n- propoxi de, zirconium . .

di (2, 4- pent adi onat e) di - n- but oxi de, zirconium di (2, 4-pentadi onat e)di benzyl,
and zirconium di(2,4-pentadionate)di neophyl. Exanples of the conpound
cont ai ni ng di benoyl met hanate |igand include zirconium

tetra(di benggyl 8@t hapRd CQon i €O ML e(\gcl_cpc?if]az%llwneertehat%at e)wd:'th%cpr%)Snde’

zi rconi um
from the reactor. As a result, 72 g of a white polymer was

obtained. The catalytic efficiency was 36,000 g/gZr. The
physical properties of the polymer thus produced are set
forth in Table 9. |
Preparation of catalzét component C6

150 m¢ of purified toluene was charged into a 300-m¢
three-necked flask equipped with an electromagnetically-
induced agitator in an atmosphere of nitrogen. 3.9 g of
‘tetrabutoxy zirconium and 11 g of cyclopentadiene trimethyl
silane were then charged into the flask. The reaction
mixture was then stirred at room temperature for 30 minutes.
The reaction mixture was cooled to and kept at a temperature
of 0°C where Q.l-g of triethyl aluminum was then added
dropwise thereto in 30 minutes. After the cbmpletion'of
dropwise addition, the reaction mixture was stirred at room
temperature for 24 hours. Into a 50-m{ flask the air in
which had been replacéd by nitrogen were then charged 3.4 m¢
(0.2 mmol as calculatgd in terms of Zr) of the foregoing
solution and 4 m{ of a 1 mmol/m¢ methylaluminoxane. The
reaction mixture was then stirred at room temperature for 30
minutes. To the reaction mixture was then added 0.16 g (0.2
mmol) of N,N:dimethylaniliumtetrakis
(pentafluorophenyl )borate. The reaction mixture was then

stirred at room temperature for 3 hours. As a result, a
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25

di

(di benzoyl nmet hanat e) di - n- pr opoxi de, and zi rconi um o
di (di benzoyl net hanat e) di - n- but oxi de. Exanpl es of the conpound contai ni ng

benzoyl acetonate |igand include zirconi um

solution C6 containing a catalyst component according to the

present invention was obtained.

Preparation of specimen 224

The procedure of Example 23 was followed to effect
polymerization reaction except that the foregoing catalyst
component C6 was added in an amount of 0.19 m¢. The catalyst

efficiency was 150,000 g/gZr. The physical properties of the

polymer thus produced are set forth in Table 9.

Specimen (B7) was obtained by the gas phase process
copolymerization of ethylene and l-butene in the presence of
titanium tetrachloride and triethyl aluminum catalyst. The
physical properties of Specimen (B7) are set forth in Table
10 together with the results of evaluation.

Specimen (B8) was an ethylene-l-butene copolymer
(LLDPE) obtained by the slurry process COpolymerization éf
ethylene and l-butene in the presence of titanium
tetrachloride and triethyl aluminum catalyst. The physical
properties of Specimen (B8) are set forth in Table 10
together with the results of evaluation.

Specimen (B9) was an ethylene-l-hexene copolymer
(LLDPE) obtained by the gas phase copolymerization of
ethylene and l-hexene in the presence of titanium
tetrachloride and triethyl aluminum catalyst. The physical
properties of Specimen (B9) are set forth in Table 10

together with the results of evaluation.
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tetra(benzoyl acetonate), zirconium di(benzoyl acetonate)di et hoxi de,
zirconium di (benzoyl acet onat e)di - n- propoxi de, and zi rconi um

di (benzoyl acet onat e) di - n- but oxi de. These conpounds may be wused in
adm xture. Me[err] in the conpound represented by the genera
formula Me[err]Rlerr](ORerr])[err]X[err] as the foregoing catal yst

conponent  ydpd Fih G &SF g__{q&jﬁ{@ptmt@)el onging to Goups |, II, and I
such as |ithrum sodium potassium nagnesium calcium zinc,

25 ¢ of purified toluene was charged into a 50-1¢
pressure reactor with an agitator the air in which had been
replaced by nitrogen. 1Into the autoclave was then charged
330 g of 1-butene. To the reaction mixture was then added a
mixture of bis(n-butylcyclopentadienyl)zirconium dichloride
and methylalumoxane (MAO) (Al/Zr molar ratio: 500) in such an
amount that the amount of Zr reached 0.33 mmol. The reaction
mixture was then heated to a temperature of 80°C to prepare a
metalocene catalyst. Subsequently, ethylene was charged into
the reactor at a pressure of 9 kg/cm’G to initiate
polymerization. The polymerization process lasted for 1 hour
while the total pressure of the réaction system was being
kept to 6 kg/cm?G by continuously supplying ethylene to
prepare an ethylene-l-butene copolymer. The physical
properties of the copolymer thus prepared are set forth in-
Table 10. '

Results of evaluation

In Examples 21 and 22 according to the present
invention, ethylene-l-butene copolymers were prepared from
l-butene as a comonomer in the presence of a chlorine-free
catalyst. The results of evaluation show that these
ethylene-l-butene copolymers are little apt to rusting and
are excellent in dart impact strength, transparency and low
temperature heat-seal properties. In Example 23, an
ethylene-l-butene copolymer according-to the present
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boron and alumnum R err] and R err] each represent a (Jerr], preferably
Clerr], nore preferably C err] hydrocarbon group. Specific exanples of
such a hydrocarbon group include an al kyl group such as nethyl, ethyl,
propyl, isopropyl and butyl, an al kenyl group such as vinyl and allyl, an
aryl group such as phenyl, tollyl, xylyl, nmesityl, indenyl and naphthyl,

oy, B SIBERME S A on 1 bleon Sl RionBhte) iy org,

branched. . dddndd'HCa €atRlyst containing a halogen (chlorine). On
the other hand, in Comparétive Examples 12 and 13, ethylene-
l-butene copolymers were prepared from l-butene as a
comonomer in the presence of a Ziegler catalyst containing
the same halogen. These ethylene-l-~butene copolymers cause
much rust and exhibit poor dart impact strength, transparency
and low temperature heat-seal properties.

In Examples 24 and 25, ethylene-l-hexene copolymers
were prepared from l-hexene as a comonomer in the presence of
a chlorine-free catalyst. In Comparative Example 14, LLDPE
was prepared from l-hexene as a comonomer in the presence of
a Ziegler catalyst. The comparison of these copolymers shows
that LLDPE of Comparative Example 14 causes much rust and
exhibits poor dart impact strength, transparency and low
temperature heat-seal properties.

In Comparative Example 15, an ethylene-l-butene
copolymer was prepared-from l-butene as a comonomer in the
presence of the above-described catalyst. The ethylene-
l-butene copolymer thus prepared causes much rust and
disadvantageous in moldability as compared with Examples 21,
22 and 23.

In Examples 25 to 29 according to the present
invention, an autoclave was used as a polymerization reactor.
Ethylene-l-butene coéolymers were prepared by bulk

polymerization process from l-butene as a comonomer in the
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hydrogen atom or a hal ogen atom such as fluorine, iodine, chlorine and
brom ne, provided that if Xferr] is a hydrogen atom Meferr] is limted to

an el enment belonging to Goup Il such as boron and alum num The suffix z
i ndicates the val ence of Me[err]. The suffixes mand n each represent an
I nt eger

presence of a catalyst characteristic of the present
invention. These ethylene-1l-butene copolymers cause little
rust and exhibit excellent dart impact strength, transparency
and low heat-seal properties. This proves that the physical
properties of the polymers according to the present invention

are excellent regardless of preparation process.
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di et hyl zinc, organic boron conpounds such as trinethyl boron and triethyl
boron, and organi c al um num conpounds such as trinmethyl alumnum triethyl
al um num triisobutyl alum num trihexyl alum num tridecyl alum num

di et hyl alum num chloride, ethyl alum numdichloride, ethyl alum num
sesqui chl oride, diethyl alum num ethoxide and diethyl alum num hydride.
Exanpl es of the organic cyclic conpound having two or nore conjugated
doubl e bonds as catal yst conponent (3)
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include a CJerr], preferably CJerr] cyclic hydrocarbon conpound having one
or nore cycles having two or nore, preferably two to four, nore preferably
two or three cyclic conjugated double bonds; a cyclic hydrocarbon conpound
having the foregoing cyclic hydrocarbon conmpound partially substituted by
1 to 6 hydrocarbon residues (typically, Cerr] alkyl or aralkyl §roup),

organic silicon conpound having (Jerr], preferably Cerr] cyclic2

. ) . <
hydr ocar bon group having @nhe or nore cycles containing two or moHe,
preferably two to four nq&e 9 o o
o~ o]
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resi dues or

al kaline nmetal salts (sodiumor lithiumsalt). |In particular

organi ¢ cyclic conpounds having a cyclopentadi ene structure anywhere in

its nolecule are preferred. Preferred exanpl es of the foregoing
conpound i nclude cycl opent adi ene, indene, azul ene, and al kyl, aryl,
aral kyl, al koxy, aryloxy, and derivatives thereof. Further, conpounds

obtai ned by bond! ngyle s ak kagholioas SOTROMdRpYLd 38 <3l ¥ SRS OO

(having 2 to 8, prefe

Comparative Examples 16 and 17 will be described hereinafter.

Physical properties test

All the tests were conducted in the same manner as in
Examples 1 to 10 and Comparative Examples 1 to 8.

T-die film molding conditions

Make of apparatus used: Union Plastic Co., Ltd.
Extruder screw diameter: 30 mm

T-die: 300 mm face

Number of revolutions of screw: 50 rpm

Extrusion rate: 4.8 kg/hr

Die lip gap: 1.2 mm

Take-off speed: 6.1 to 6.3 m/min

Molded resin temperature: 210 to 240°C

Film thickness: 50 um

Chill-roll temperature: 40°C

Screen mesh: 80 mesh/120 mesh/80 mesh

Corona treatment: approx. 45 dyne/cm

Dry lamination conditions

Base: Biaxially-stretched nylon film (thickness: 15 um)
Laminating machine: Test Coater MGC-180, available from
Laboratory Co., Ltd.

Anchor coat agent: Polyether anchor coat agent 308 A/B
(mixing ratio: 1/1), available from Toyo Morton Co., Ltd.
Laminated face: Corona-treated

Ageing: 40°C for 2 days after laminated
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atons) are preferably used. The organic silicon conpound havi ng

cyclic hydrocarbon group can be represented by the foll owm ng general
formul a: 0 2 MAR 19"

Alerr]SiRerr]-L wherein A represents the foregoing cyclic hydrocarbon
group such as a cycl opentadi enyl group, a substituted

T-die molded film evaluation method

Tensile impact strength:

Measured in accordance with ASTM D1822
Low temperature heat-seal properties:

Using a heat-sealer available from Tester Sangyo Co.,
Ltd., the specimen was heat-sealed at a pressure of 2 kg/cm’G
for 1 second at some properly selected temperatures. This
film was then cut into a 15-mm wide web. The web specimen
was then subjected to peel test at a peeling rate of 300
mm/min. The low temperature heat-seal properties were
represented by the temperature value at which the peel
strength of the specimen was 500 g, determined by
interpolation. The lower this temperature value was, the
better were the low temperature heat-seal properties.
Haze: |

Measured by means of a direct-reading haze computer
HGH-2DP available from Suga Shikenki K.K. in accordance with
JIS K7105
Blocking strength:

Two sheets of film were stacked opposed to each
other. The stack was then conditioned under a load of 5
kg/10cm? at a temperature of 50°C for 2 hours. The specimen
was then pulled at a tensile speed of 500 mm/min by means of
a tensile tester available from Toyo Seiki K.K. at a
temperature of 23°C and 50%RH. The force required for
shearing peel was measured. .
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cycl opent adi enyl group, an indenyl group and a substituted indenyl group;
R represents a hydrogen atomor a (Jerr], preferably CJerr] hydrocarbon
resi due such as an al kyl group (e.g., nmethyl, ethyl, propyl, isopropyl and
butyl), an al koxy group (e.g., nethoxy, ethoxy, propoxy and butoxy), an
aryl group (e.g., phenyl), an aryloxy group (e.g., phenoxy) and an

Laminated film evaluation method

Blocking strength:

Two sheets of laminated films were stacked in such a
manner that the sealant face of the two sheets were opposed
to each other. The stack was then conditioned under a load
of 10 kg/25cm* at a temperature of 40°C for 5 days. The
specimen was then pulled at a tensile speed of 100 mm/min by
means of a tensile tester available from Toyo Seiki K.K. at a
temperature of 23°C and 50%RH. The force reQuired for
shearing peel was then measured.

Lubricating property:

Using a static friction coefficient measuring
instrument available from Shinto Kagaku Co., Ltd., the
lubricating property of sealant face with each other was
measured over a width of 35 mm and a length of 75 mm under é
load of 200 g. The angle of slip § was measured at a
gradient rise rate of 1.7°C. The lubricatiné property was
represented in tan6. The smaller this value was, the better
was the lubricating property.

Adhesiveness:

The laminated film was heat-sealed by a 5-mm seal bar
of a heat sealer available from Tester Sangyc Co., Ltd. at a
temperature of 140°C and a pressure of 2 kg/cm? for 1 second
in such a manner that the sealant faces were sealed to each
other. The film thus heat-sealed was then cut into a 15-mm

wide web specimen. The specimen was then measured for
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28 aral kyl group (e.g., benzyl); and L satisfies the relationship
1lerr]L[err]4, preferably 1[err]L[err]3. Speci fic exanples of the
organi ¢ cyclic hydrocarbon conpound as conponent (3) include a (err]

cycl opol yene or a substituted cycl opol yene such as cycl opent adi ene, net hyl
cycl opent adi ene, ethyl cycl opentadi ene, 1, 3-dinethyl

tensile break strength at a tensile break rate of 300 mm/min.
The tensile break strength of a biaxially-stretched nylon |
film was very greater than that of a f£ilm made of
polyethylene alone. Thus, the tensile strength of the heat-
sealed area of the laminated film was related to the
adhesiveness of the heat-sealed area that reflected the
tensile characteristics of nylon. In other words, a heat-
sealed area having a good adhesiveness exhibited a great
tensile strength. If the heat-sealed area had an
insufficient adhesiveness, it could only exhibit a strength
inherent to polyethyleﬁe and hence a reduced tensile
strength. When the heat-sealed area of the laminated film
had a tensile strength of not less than 4.5 kg/15mm width,
the adhesiveness was considered good (A). When the heat-
sealed area of the laminated film had a tensile stréﬁgth.of
less than 4.5 kg/15mm width, the adhesiveness was considered
poor (C).

Specimens A25 to A29 were prepared by the following
polymerization methods:

Preparation of solid catalvyst

The procedure of Examples 1 to 10 was followed to
obtain Catalyst C..

Preparation of specimen A25

Ethylene and l-butene were copolymerized at a
polymerization temperature of 70°C and a total pressure of 20

kgf/cm’G by means of a continuous fluidized bed gas phase
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cycl opent adi ene, indene, 4-nethyl-1-indene, 4,7-dinethylindene,

cycl oheptatri ene, nethylcycloheptatriene, cyclooctatetraene, azul ene,
fluorene and nethyl fluorene, nonocycl opentadienyl silane,

bi scycl opent adi enyl sil ane, triscycl opentadi enylsilane, nonoi ndenyl sil ane,
bi si ndenyl sil ane, and tri si ndenyl sil ane. The nodified organic

i e OPEARRUCAN AR Bl ihets St shosamengaL (4 1o
whi ch effected with Catalyst C being continuously supplied. In
order to keep the gas composition in the system constant, the
various gases were continuously supplied into the system.
The physical properties of the copolymer thus produced are
set forth in Table 11.
Preparation of sgeciméns A26 to A28
The procedure of A25 was followed to effect
polymerization except that the l-butene/ethylene molar ratio
was changed. The physical properties of the copolymer thus
obtained are set forth in Tables 11 and 12 together with the
results of experiment.

Preparation of specimen A29

The procedure of A25 was followed to effect
polymerization except that the comonomer to be éopdlyﬁerized'
was l-hexene. The physical properties of the copolymer thus
obtained are set forth in Table 11 together with the results
of experiment.

Other resins

Bll:

Linear low density polyethylene prepared in the
presence of a Ziegler catalyst (Slurry-polymerized from
butene-1 as a comonomer in the presence of titanium
tetrachloride and triethyl aluminum catalyst (density: 0.921

g/cm®*; MFR: 1.9 g/10min))
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I's a nodified organi c al um num oxy conpound conmmonly called alum noxane
obt ai ned by the reaction of an al kyl alum num conpound with water. The
nodi fi ed organi c al um num oxy conpound generally has from1l to 100,
preferably from1l to 50 Al -O A bonds per nol ecule. The nodified organic
al um num oxy conpound may be l|inear or cyclic. The reaction of

t he organi cgggg um num conpound with water is generally effected in an inert
hydrocarbon. Preferred exanples of the inert hydrocarbon include

Low density polyethylene obtained by high pressure
radical polymerization (Density: 0.925 g/cm®; MFR: 3.2
g/10min, available from Nihon Petrochemical Industries, Ltd.)
Lubricant
EA: Amide erucate (trade name: Neutron S, available from
Nihon Seika K.K.)

EBOA: Amide ethylenebisoleate (trade name: Slipax O,
available from Nippon Kasei Chemical Co., Ltd.)
SA: Amide stearate (trade name: Neutron 2, available from
Nihon Seika X.X.)
EBSA: Amide ethylenebisstearate (trade name: Slipax E,
available from Nippon Kasei Chemical Co., Ltd.)

EXAMPLE 30

Table 11 shows the results of evaluation éf-T—die..
films.

In Example 30, to 100 parts by weighf of a resin
component (A25) were added 0.24 parts by weight of Irganox
1076 (availablé from Ciba Geigy Inc.), 0.12 parts by weight
of Irgaphos 168 (available from Ciba Geigy Inc.), 0.07 parts
by weight of amide erucate (EA), 0.04 parts by weight of
amide ethylenebisoleate (EBOA), 0.1 parts by weight of
calcium stearate (available from NOF Corporation), and a
natural silica (trade name: Celite Super Floss, available
from Johns-manville Inc.). The mixture was homogeneously

stirred by means of a Henschel mixer for about 30 seconds,
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al i phati c,

alicyclic and aromati c hydrocarbon such as

29 pent ane, hexane, heptane, cycl ohexane, benzene, toluene and xyl ene.

and then pelletized. The pelletized material was then
processed by a press to form a 0.5-mm thick sheet. The sheet
was then subjected to tensile impact test (TIS). The
pelletized material was then subjected to T-die molding under
the foregoing conditions to obtain a 50-pm thick film (raw
film). The film thus obtained was then measured for low
temperature heat-seal properties, haze and blocking strength.
The results are set forth in Table 11.

EXAMPLES 31 TQ 37

T-die molded films were evaluated in the same manner
as in Example 30. The resin components set forth in Table 11
were processed and tested in the same manner as in Example
30. The results of evaluation are set forth in Table 11.

COMPARATIVE EXAMPLE 16

A T-die molded film was evaluation in the same. manner
as in Example 30. The procedure of Example 30 was followed
except that Bll was used as the resin componént and 0.5 parts
by weight of an anti-blocking agent was added as shown in
Table 11. The results of evaluation are set forth in Table
11.

The film of Comparative Exémple 16 exhibited poor TIS
and low temperature heat-seal properties and slightly poor
haze and blocking resistance.

COMPARATIVE EXAMPLE 17
A T-die molded film was evaluation in the same manner

as in Example 30. The procedure of Example 30 was followed
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The ratio of water to organi c al um num conpound to be reacted (water/Al
nolar ratio) is generally 0.25/1 to 1.2/1, preferably 0.5/1 to 1/1.

In the present invention, the catal yst obtained by allow ng the foregoing
catal yst conmponents (1) to (4) to cone into nutual contact with each other
may be supported on an inorganic carrier and/or particul ate polyner

Conr o o R A B il Lo B R ST ARet AR HoBuiee
of evaluation are set forth in Table 11.

The film of Comparative Example 17 exhibited poor TIS
and slightly poor haze.

EXAMPLE 38

Table 12 show the results of evaluation of laminated
films.

In Example 38, a T-die molded film formed under the
foregoing conditions was dry-laminated on a nylon film under
the foregoing conditions. fhe T-die molded film was then
measured for adhesiveness, lubricating property and blocking
strength with respect to the laminating film. The results

are set forth in Table 12.

EXAMPLES 39 TO 45

The resin components set forth in Table 12 were
processed and tested in the same manner as in Example 38.

The results are set forth in Table 12.
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Exanpl es of the inorganic carrier of the present invention include a
carbon substance, netal, netal oxide, netal chloride, netal carbonate or
m xture thereof. Such an inorganic material is generally calcined at a
tenperature of from200[err]C to 900[err]C in air or an inerf, gas such as

nitrogen and argon before use. o
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30 Exanpl es of netals to be incorporated in the inorganic
carrier include iron, alumnum and nickel. Exanples of the netal oxide
i ncl ude sinple oxides or conposite oxides of Goups | to VIII netals.
Specific exanples of these netal oxides include SiJerr], Aferr]Jerr],
MO, CaO, B[err]Jerr], TiQJerr], ZrJerr], Felerr]Jerr],
SiJerr]-Al[err]derr], A rrgCIerr]gl\/gO, WBWi[err]Jerr]-Ca0
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Alferr]Jerr]-MgO-Ca0, Alferr]Jerr]-MO-Siderr], Alferr]Jerr]-CuQ
Al[err]Oerr]-Fe[err](err], Alferr]Jerr]-NO and Sigerr]-MO The
foregoi ng formul ae representing netal oxides are not nol ecul ar formnul ae
but only indicate the conposition of the netal oxides. In other words, the
structure and conposition of the conposite oxides to be used hereing are

‘'not specifically limted. The netal oxide to be wused herein may hawe a
smal | anmount of vyater contentmadsorbed thereto and nmay contéaln a Smal |
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chlorides of alkaline netal and al kaline earth netal. In particular,

MyCl [err] and CaCl[err] are preferred. Preferred exanples of the netal
carbonate include carbonates of alkaline nmetal and al kaline earth netal.
Specific exanples of such netal carbonates include rmagnesi um carbonate,

cal cium carbonate, and barium carbonate. Exanples of the carkdn substance
I ncl ude carbon bl ack and activated carbon. Any of thé foregoing

i norganic carriers may be referably usgd in the presgqt invéption. In
particul ar, ot 2 ae — ~ R
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net al
31

oxi des such as silica and alum na are preferred.
On the other hand, the particul ate polyner carrier
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enpl oyabl e herein may be either a thernoplastic resin or thernp-setting
resin so far as it does not nelt but stays solid during the preparation of
catal yst and the polynerization reaction. The particle diameter of the
particul ate polyner carrier is normally from5 to 2,000 [err]m preferably
from10 to 100 [err]m The nol ecul ar meight of the polyner carrier is not

specifically I|n1tegh§ot£§£13§ &Q@h ¥g$y5¥ nﬁggﬁﬁ %O?égg?r F%%% solid

substance during the preparafion
reaction. comparative Examples 18 to 21 will be described hereinafter.

Measurement of volume resistance

The volume resistance was measured in the same manner
as in Examples 21 to 29 and Comparative Examples 12 to 15.

The specimens A30 to A32 used in Examples 46 to 48
were prepared by the following polymerization methods:
Preparation of specimen A30
(1) Preparation of caﬁalyst

150 m¢ of purified toluene was charged into a 500-m¢
eggplant type flask equipped with an electromagneticélly—
induced agitator in an atmosphere of nitrogen. 0.60 g of
tetrapropoxy zirconium (Zr(On-Pr),) and 1.0 g of indene were
then charged into the flask. The reaction mixture was then
stirred at room temperature for 30 minutes. 3.2 g of_f "'
triisobutyl aluminum (Al(iBu);) was then added dropwise to
the system while the system was being kept af a temperature
of 0°C in 30 minutes. After the completion of dropwise
addition, the reaction system was returned to room
temperature where it was then stirred for 24 hours. To the
solution was then added 200 m¢ of a toluene solution of
methyl alumoxane (concentration: 1 mmol/m{). The reaction
mixture was then allowed to undergo reaction at room
temperature for 1 hour.

Separately, 50 g of silica (available from Fuji

Davison Co., Ltd.; grade: #952; surface area: 300 nﬁ/g) which

- 1 0 8 - iy — ._.._.__,....-...... E
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Thus, the nol ecul ar weight of the polynmer may range froma |ow value to an
ul trahi gh val ue. Speci fic exanples of the polyner to be used as
particul ate polyner carrier include ethylene pol yner,

et hylene-[err]-ol efin copol ynmer, propylene pol yner, propylene copolyner,
vari ous pol yol efins such as poly-1-butene (preferably having from2 to 12

carbon at ongdd HelY §9t&Fioud S YK dihed Aty W r})émp@ﬂa%&%fp%'n\om%t 'Eé

(meth)acryl ate, polystyrene pol ynor bor nene, various natural high

nmol ecul ar hours was charged into a 1.5-¢ three-necked flask with an
agitator in an atmosphere of nitrogen. Into the flask was
then poured the total amount of the foregoing solution. The
reaction mixture was then stirred at room temperature for 2
hours. Nitrogen was then blown through the reaction system
to remove the solvent therefrom. As a result, a powder
having a good fluidity was obtained. |
(2) Polymerization

Ethylene and l-butene were copolymerized at a

polymerization temperature of 70°C and a total pressure of 20
kgf/cn’G by means of a continuous fluidized bed gas phase
polymerization apparatus. The gas composition in the system
had l1-butene/ethylene molar ratio of 0.08 and an ethylene
concentration of 60 mol%. The polymerization process was
effected with the foregoing catalyst being continuously
supplied. In order to keep the gas composition in the system
constant, the various gases were continuously supplied into
the system. The adjustment of MFR was accomplished by
controlling the hydrogen concentration in the system. The
physical properties of the polymer thus produced are set

forth in Table 13.

Preparation of specimen A3l

Polymerization was effected in the same manner as in

A30 except that the comonomer to be polymerized was l-hexene.

- 109 - e e E; 5
I‘hxs Sheet Has Been Replaced

i lIIIll |ll| II I




conpounds, and m xture thereof. The foregoing inorganic carrier
and/or particulate polyner carrier may be used as it is. Preferably, these
carriers are previously brought into contact with an organic al um num
conmpound or a nodified organic al um num oxy conpound having Al -O A bond
bef ore use.

The physical properties of the copeclymer thus produced are
set forth in Table 13.

Preparation of specimen A32

(1) Preparation of catalyst

150 m¢ of purified toluene was charged into a
catalyst making apparatus equipped with an
electromagnetically-induced agitator in an atmosphere of
nitrogen. 0.50 g of dipropoxy dichloro zirconium
(Zxr(OPr),Cl;) and 1.0 g of methylcyclopentadiene were then
charged into the flask. 9.0 g of tridecyl aluminum was
then added dropwise to the system while the system was being
kept at a temperature of 0°C. After the completion of
dropwise addition, the reaction system was stirred while the
temperature thereof was being kept to 50°C for 16 hours. To_
the solution was then added 200 m{ of a toluene'soiutioﬁ of
methyl alumoxane (concentration: 1 mmol/m{). The reaction
mixture was then allowed to undergo reaction at room
temperature for 1 hour.

Separately, purified toluene was charged into another
catalyst making apparatus equipped with an agitator in an
atmosphere of nitrogen. Subsequently, 50 g of silica
(available from Fuji Davison Co., Ltd.; grade: #952; surface
area: 300 m?*/g) which had been previously calcined at a
temperature of 400°C for a predetermined period of time was
charged into the apparatus. To the reaction mixture was then

added the total amount of the solution. The reaction mixture

- 110 - S
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32 The preparation of the ethylene-[err]-olefin copolyner of

the present invention can be acconplished by a gas phase process, a slurry
process, a solution process or the like and is not limted to a

singl e-stage process, a nulti-stage process, etc. The gas phase process is
preferred. The ethyl ene-[err]-olefin copol yner of the present

was then stirred at room temperature. Nitrogen was then
blown through the reaction mixture to remove the solvent
therefrom. As a result, a solid powdered catalyst having a
good fluidity was obtained.
(2) Polymerization

Polymerization was effected under the same conditions
as A30. The physical properties of the copolymer thus
produced are set forth in Table 13.
Specimen B13 (Linear low density polyethylene prepared in the

presence of a Ziegler catalyst)
This polyethylene was obtained by the

copolymerization of ethylene and l-butene in the presence of
titanium tetrachloride and triethyl aluminum catalyét.
(Density: 0.923 g/cm®; MFR: 3.0 ¢g/10min)

Specimen Bl4 (Low density polyethylene prepared by high -
pressure radical polymerization process)

Trade name: Nisseki Rexron W2000, available from Nippon
Petrochemical Industries, Ltd.; density: 0.919 g/cm®; MFR:
1.0 g/10min.

The other physical properties of the foregoing
specimens are set forth in Table 13.

EXAMPLES 46-TO 48

Table 14 shows the comparison of the volume
resistance and activation energy of non-crosslinked
specimens. Examples 46 to 48 show the measurements of

specimens A30 to A32, respectively.
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I nvention has a relatively broad conposition distribution despite its
narrow nol ecul ar anmount distribution; exhibits excellent nmechanical
properties, noldability, optical properties, electrical properties, and

| ow tenperature seal properties; and is suitable for preparation of filns
and various nolded articles. Particularly, the copolynmer is preferably

used as films produced by T-di egps v ExaAMt@tigen nol ding, such as
wrapping films and raw filns for Tam nates, a neat seal |ayer of the

| am nate; electricatomparative Example 18 show the measurements of the

linear low density polyethylene (specimen Bl3) prepared in
the presence of a Ziegler catalyst. The measurements are set
forth in Table 14. The linear low density polyethylene
(specimen B13) exhibited a high activation energy and
therefore a great temperature dependence. In particular, it
exhibited a high volume resistance at a temperature of 90°C
COMPARATIVE EXAMPLE 19

Comparative Example 19 show the measurements of the
low density polyethylene (specimen Bl4) prepared by high
pressure radical polymerization process. The measurements
are set forth in Table 14. The low density polyethylene
(specimen Bl4) exhibited a high volume resistance, a high
activation energy and a great temperature dependence.

EXAMPLES 49 TO 56

Table 15 shows the measurements of volume resistance
of an non-crosslinked mixture of specimen A30 and specimen
(Bl4). Table 15 also shows the comparison of Example 46 with
Comparative Example 19.

EXAMPLES 58 AND 59

Table 16 shows the measurements of volume resistance
of a mixture of 10% by weight of specimen A31 (Example 58) or

specimen A32 (Example 59) and 90% by weight of specimen B15.
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insulating materials; and materials for various vessels. The
ethylene-[err]-olefin copolyner of the present invention produced by
pol ymeri zation using the foregoing catalyst (H) exhibits particularly
excellent thermal stability and chemical stability. The results of the
rust test of such copolyners are |lower than conventional resins and is

generally 5.0 ng or |less, pref S Accordingly, such
copol ymer s exhi bi t excel | ent pgéggégégéggag%ﬂégégdigs wr appi ng materi al

container adapt ed féHmﬂE?Etlve Example 20 is a mixture of 10% by weight

of specimen B13 and 90% by weight of specimen Bl4. The
properties of the mixture are set forth in Table 16. The
mixture exhibited a low volume resistance.

EXAMPLE 59

Table 17 shows the measurements of a crosslinked
specimen. This crosslinked specimen was obtained by
crosslinking the specimen of Example 55 (mixture of 10% by
weight of specimen A30 and 90% by weight of specimen B14)
under the foregoing conditions.

COMPARATIVE EXAMPLE 21

Comparative Example 21 shows the measurements of
volume resistance of the crosslinked product of the specimen
of Comparative Example 19. As shown in Table 17, thé |
crosslinked product exhibited a low volume re;istance;

Fig. 4 is a graph illustrating the results of the
examples and comparative examples set forth in Table 15. 1In
Fig. 4, numerals 46 and 49 to 56 indicate the results of
Examples 46 and 49 to 56, respectively, and numeral 19

indicates the result of Comparative Example 19.
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suitable for food, hygienic and nedical use. The rust test used
herein is conducted in the follow ng manner : The pelletized
sanple is nelted over a 230[err]C oil bath in a streamof nitrogen for 3
hours. A soft-iron plate having a surface area of 50 cnferr] is then

di pped in the nolten resin for 2 hours. The soft-iron.plate is then
withdrawmn fromthe nolten resin. The resin attached to the iron plate is
then peeled off. The iron plate is then allowed to stand
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in a 80[err]CG90%H constant tenperature-humdity bath for 20 hours to
accelerate rusting. The iron plate is then dried in a desiccator with
silica gel for 1 day. The weight. increase (ng) of the soft-iron plate is
determ ned as the generated anount of rust. The second aspect of
the present invention is a polyolefin resin conposition conprising (a) not
| ess than 2% by weight of an ethylene-[err]-olefin copolynmer according to
the first aspect of the present invention and (b) not nore than
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34 radi cal polynerization. Afirst preferred exanple (bl) of such an

et hyl ene polyner is an ethyl ene honopol yner and an ethylene-[err]-olefin
copol ymer each having a density of from 0.86 to 0.97 g/cnjerr] obtai ned by
conventional ionic

As mentioned above, the present invention can provide
a novel ethylene-a-olefin copolymer which has a relatively
wide composition distribution and a low content of low
molecular components and amorphous components to exhibit
excellent thermal and chemical stability and electrical
properties in spite of its narrow molecular weight
distribution.

The copolymer of the present invention and the resin
composition comprising the copolymer of the present invention
exhibit excellent moldability or economical efficiency owing
the superior properties of the copolymer of the present
invention.

The film according to the present invention exhibits
a high impact strength and is little apt to elution of_resin
components. It is also excellent in transparénéy, blbcking
resistance and low temperature heat-seal properties. A heat
seal layer made of the film of the present invention retains
the foregoing excellent properties, and its adhesiveness to
the laminating base film shows no drop. The film of the
present invention exhibits well-balanced blocking resistance
and lubricating property and excellent low temperature heat-
seal properties and allows the high speed formation of bag.
It is thus suitable for the provision of a laminated product
having gas barrier properties.

Electrical insulating materials comprising the

copolymer of the present invention have a large volume
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pol ymeri zation in the presence of a Ziegler catalyst or Phillips catalyst
(hereinafter generically referred to as "Ziegler catalyst"). Specific
exanpl es of such an ethylene- [err]-olefin copolyner include high density
pol yet hyl ene (HDPE), mi ddle density polyethylene (MDPE), |inear |ow
density polyethylene (LLDPE), and very low density polyethylene (VLDPE)

The i densidot Rl y Shoy LR Y Qi IR R B0 Btk densi 1y

pol yet hyl ene (
resistance. The electrical insulating materials are

excellent in flexibility and moldability which maintain the
foregoing excellent electrical properties after crosslinked.
Thus, the electrical insulating materials is suitably used as
electrical insulators. When used as an insulating layer for
power cable, power loss during the transmission of high
voltage power can be reduced without increasing the thickness
of the insulating layer.

While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the

spirit and scope thereof.
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of the present invention obtained in the presence of a Ziegler catalyst
have a density of from0.91 to 0.97 g/cnferr], -preferably-from-0:-91 to

0.94 g/cnerr] (LLDPE), MFR of from 0.1 to 20 g/1 u 3ﬁ' from
0.3 to 15 g/10m n and MV Wn of from2.5 to 7, preﬂmm)l mﬁﬂﬂﬂ % _
The very | ow density polyethylene (VLDPE) of the pfesentt ifveftibn
obt ai ned i %ﬁigﬁfb Zlegler catal yst has a density of fromO0. 86
to 0.91 g/cgﬁ errfé pre erab*y

An ethylene-a-olefin copolymer having:
(A) a density d of 0.86 to 0.96 g/cm’;
(B) a melt flow rate MFR of 0.01 to 200 g/10min;
(C) a molecular weight distribution Mw/Mn of 1.5 to
4.5;
(D) a composition distribution parameter Cb of 1.08

to 2.00; and

(E) an orthodichlorobenzene-soluble content X (wt%),

a density d (g/cm®) and a melt flow rate MFR (g/lOmin) at

25°C satisfying that:
(i) when the density (d) and the melt flow

rate MFR satisfy relationship (I):

d - 0.008 x logMFR 2 0.93 (1)

the orthodichlorobenzene-~-soluble content X

satisfies relationship (II):
X < 2.0 (II)

(ii) when the density d and the melt flow

rate MFR satisfy relationship (III):

d - 0.008 x logMFR < 0.93 (I1II)

- 120 - This Sheet Has Been Rep

T



fromO0.88 to 0.91 g/cnferr] and MFR of from 0.1 to 20.9/l10mn; y
from0.3 to 15 g/ 10m n. The very |low density p mm&“j \
contains a polyethyl ene which exhibits properties intex :

35

the orthodichlorobenzene-soluble content X

satisfies relationship (IV):
X <9.8 x 10% x (0.9300 - d + 0.008 x logMFR)Z + 2.0 (IV)

2. An ethylene-c-olefin copolymer as claimed in
claim 1, wherein said molecular weight distribution Mw/Mn is

from 1.8 to 3.5.

3. An ethylene-a-olefin copolymer as claimed in
claim 2, wherein said composition distribution parameter Cb

is from 1.10 to 2.00.

4. An ethylene-a-olefin copolymer as claimed in
claim 1, wherein said copolymer has (F) a number of peéks on
an elution temperature-eluted amount curve determined by
continuous temperature rising elution fractionation method

TREF or 2 or more.

5. An ethylene-a-olefin copolymer as claimed in
claim 1, wherein said copolymer has (G) an electrical

activation energy of not more than 0.4 eV.

6. An ethylene-a-olefin copolymer as claimed in
claim 4, wherein said copolymer has (G) an electrical

activation energy of not more than 0.4 eV.
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linear |ow density polyethylene (LLDPE) and ethyl ene-{erri: ol ef.d
rubber (EPR, EPDM. It is preferably a spec \mu“ u U\i (“\Bx
ethylene-[err]-olefin copolynmer having a density of f

copol yner

g/cnerr],

a maxi mum peak tenperature (Tn) of not l'owetf than 60[err]C as

determ ned by differential scanning calorinmetry and a boiling

n- hexane- i nsol ubl e 7conk@Nk R 188k -LesS ek ﬂncggg%?%ﬁrwgggg alh%d'Ena resin

conprising a high crystallinity noiety or e

I hear ensity

pol yet hyl eraaamd 13N wAEHRROYS) said copolymer is obtained by

polymerization or copolymerization of olefins in the presence
of a catalyst obtained by contacting components (1) to (4)
with each other:

(1) a compound represented by Me'R! R (OR*)X!; . ..,
where R! and R?® each independently represent a C;.y
hydrocarbon group or trialkylsilyl group; R? represents a
2,4;pentanedionate ligand, a dibenzoylmethanate ligand, a
benzoylacetonate ligand, or derivative thereof; X! represents
a halogen atom; Me' represents Zr, Ti or Hf; and p, g and r
each represents an integer satisfying the relationships
0<ps<4, 0sqs4, 0sr<4, and O<(p+q+r)s<4;

(2) a compound represented by Me?R% (OR%).X?%, . ., where
Me? represents Group I, II, or III element; R* and.Rs each
independently represent a C;,, hydrocarbon group; x?
represents a hydrogen atom or a halogen atom; provided that
when X? represents a hydrogen atom, Me? represents a Group
III element; z represents the valence of Me?; and m and n
each represents an integer satisfying the relationships
Osm<4, 0sns<4, and 0<(m+n)<z;

(3) an organic cyclic compound having two or more
conjugated double bonds; and

(4) at least one of a modified organic aluminum oxy

compound and a boron compound each having an Al-O-Al bond.

——
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noi ety formed by ethylene-[err]-olefin copolyner ..wbbe—r-"'rrf""c"d@gﬁi on

obt ai ned by the polynerization in the presence of mmm‘\m‘m f ai
| east a solid catal yst conmponent contai ning titania (Sl um and

an organi c al um num conpound. This resin exhibits excef | ent nechani cal
strength and heat resistance inherent to the former noiety and excellent

rubber elasticity d lowt erature. npact_ resistance i.nherent, to the
|l atter noiety mhicﬁyar@QMﬁﬁi Srg&ferin copolymer as claimed in

claim 7, wherein said copolymer has (F) a number of peaks on
an elution temperature-eluted amount curve determined by
continuous temperature rising elution fractionation method

TREF or 2 or more.

9. An ethylene-a-olefin copolymer as claimed in
claim 7, wherein said copolymer has (G) an electrical

activation energy of not more than 0.4 eV.

10. A polyolefin resin composition comprising
not less than 2% by weight of an ethylene-a-olefin
copolymer as claimed in ‘claim 8 and

not more than 98% by weight of a polyolefin.

11. A film comprising an ethylene-a-olefin copolymer

as claimed in claim 8.

12. A laminated material comprising a film as

claimed in claim 11.

13. A laminated material as claimed in claim 12,
wherein said laminated material comprises a layer comprising
said ethylene-a-olefin copolymer and a gas barrier material

layex.
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The [err]-olefin to be incorporated in the ethylén

copol yner prepared in the presence of a Ziegler CEM &Eml
preferably from3 to 10 carbon atons. Specific ex

a-ol efin include propylene, butene-1,4-nethyl pentene-1, hexene-1,
octene-1, decene-1, and dodecene- 1. The content of such an

[err]-olefin in the£opql Wil Iomdigiaal ¥<ilh PRposilof0 atllca imed

in claim 10.

15. A laminated material comprising a film as

claimed in claim 14.

16. A laminated material as claimed in claim 15,
wherein said laminated material comprises a layer of said

resin composition and a gas barrier material layer.

17. An electrical insulating material comprising an

ethylene-a-olefin copolymer as claimed in claim 1.

18. An electrical insulating material as claimed in
claim 17, wherein said ethylene-a-olefin copolymér has (F) a
number of peaks on an elution temperature-eluted amount curve
‘NP % Jetermined by continuous temperature rising elution

fractionation method TREF or 2 or more.

19. An electrical insulating material as claimed in
claim 17, wherein said ethylene-a-olefin copolymer has (G) an

electrical activation energy of not more than 0.4 eV.

20. An electrical insulating material as claimed in
claim 17, wherein said ethylene-a-olefin copolymer has (F) a

number of peaks on an elution temperature-eluted amount curve
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pr esent
copol yrer

The second preferred exanple (b2) of the other ethylenefpﬁryner‘%g“&he

I nvention is a | ow density pol yet hyl ene, "et ‘l
, or copol ynmer of ““m

determined by continuous temperature rising elution

fractionation method TREF or 2 or more.

21. An electrical insulating material comprising a

resin composition as claimed in claim 8.

22. A power cable comprising a conductor having
thereon an electrical insulating layer comprising an

insulating material as claimed in claim 20.

23. A power cable comprising a conductor having

thereon an electrical insulating layer comprising an

insulating material as claimed in claim 21.
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ethylene with [err],[err]-unsaturated carboxylic acid or derivative
[ [ The

t hereof , obtained by high pressure radical polynerization.
generally has MFR of fromO0.1 to

foregoi ng | ow density pol yet hyl ene (LDPE)
20 g/ 10m n, preferably from 0.2 to 15 g/10mn. |If MFR of the |ow density
the resulting conmposition exhibits a

pol yethylene falls within this range,
nmelt tension suitable enough to be forned into film The foregoing |ow

density pol yethyl ene generally has a density of from0.91 to 0.94 g/cn8,
preferably from0.912 to 0.935

Fig. 1
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g/cn2, nore preferably fromO0.912 to 0.930 g/cnferr] and a nelt tension of
froml.5to 25 g, preferably from3 to 20 g. The nelt tension is one of
el astic properties of a resin. A resin having a nelt tension falling

within this range can be easily formed into film The foregoi ng
| ow density pol yethyl ene generally has Mwv My of from3.0 to 10, preferably
from4.0 to 8.0. The et hyl ene-vinyl ester copol ynmer which can be

used in the present invention is a copolyner of a vinyl ester

Fig. 3(a)
11
12
Fig. 3(b)
Ammeter

Power_sﬁpply
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nonomer
pol yneri zati on,
caprat e,

Vi nyl

TN

mai nly conprising ethyl ene prepared by high pressure - radical

such as vinyl propionate, vinyl acetate, vinyl caproate,
vinyl laurate, vinyl stearate and vinyl.trifluoroacetate.

Particularly preferred anong these vinyl ester nononmers is vinyl acetate

(EVA) .

A
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37 | copol ynmer conprising from50 to 99.5% by wei ght of ethylene, from
0.5 to 50% by weight of vinyl ester and fromO to 49.5% by wei ght of other
copol yneri zabl e unsaturated nononers is preferred. In particular, the

cont ent Of pyiime - &SHOBEF INS COPORTME B AND CARROSIYIOW BiT FIpv.efavmilry from5 to

20 of 10m A0 SyesTRiCAb: IV BRe BIEB I ARERAR S 2 el T © T

ABSTRACT OF THE DISCLOSURE

An ethylene-a-olefin copolymer having: (A) a density
d of 0.86 to 0.96 g/cﬁF; (B) a melt flow rate MFR of (.01 to
200 g/10min; (C) a molecular weight distribution Mw/Mn of
1.5 to 4.5; (D) a composition distribution parameter Cb of
1.08 to 2.00; and (E) an orthodichlorobenzene-soluble
content X (wt%), a density d (g/cm®) and a melt flow rate MFR
(g/10min) at 25°C satisfying that: (i) when tﬁe_density (4)
and the melt flow rate MFR satisfy relationship (I): .

d - 0.008 x logMER 2 0.93 | (1)
the orthodichlorobenzene-soluble content X satisfies
relationship (II): _ _

X < 2.0 (II) -
(ii) when the density d and the melt flow rate MFR satisfy
relationship (III):
d - 0.008 x logMFR < 0.93 (III)
the orthodichlorobenzene-soluble content X satisfies
relationship (IV):

X< 9.8 x 10% x (0.9300 - d + 0.008 x logMFR)? + 2.0 (IV)
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tensi'on of from2.0 to 25 g, préferably from3 to 20 g.

Represent ati ve exanpl es of the copol yner of ethyle
[err],[err]-unsaturated carboxylic acid or derivat
used in the present invention include ethylene- (
al kyl ester copol yner. Exanples of the conononers

nmet hacrylic acid, nethyl -acrylate, nethyl nethacr

acryl at e, THY ENE-oy-OUET INN COPOLYMERN KivDt €

LAMINATE AND ELECTRICAL INSY

e

60845+~ |

wi-t.h

COMPRISING SAME
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ethyl nmethacrylate, propyl acrylate, propyl methag C il
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FIELD OF THE INVENTION

The present invention relates to a novel ethylene-

a-olefin copolymer having excellent physical properties and

workability. Particularly, the present invention provides an

ethylene-a-olefin copolymer, which has a relatively broad

composition distribution despite its narrow molecular weight

distribution, and a low content of low molecular components

and amorphous components; exhibits excellent mechanical

properties, moldability, optical properties, and heat

resistance; and is suitable for production of films produced

by extrusion molding (such as wrapping films and raw films

for laminates), vessels produced by blow molding, vessels,

lids and containers produced by injection molding, sheaths

for wires, cables and steel plates, and electrical insulating

materials. The present invention also provides a resin

composition comprising the foregoing ethylene-o-olefin

copolymer and other polyolefin resins, which is suitable for

the foregoing extrusion molding, blow molding and injection

molding.

More particularly, the present invention provides

films suitable for wrapping films produced by T-die molding

or inflation molding of the foregoing -ethylene-a-olefin

copolymer or a resin composition comprising the same, and

i I"lllﬂll I I"I
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met hacryl ate, cycl ohexyl acryl ate, cycl ohexyl nethacrylate, |auryl
acrylate, lauryl nmethacrylate, stearyl acrylate, stearyl nmethacrylate,
glycidyl acrylate, and glycidyl nmethacrylate. Particularly preferred anong
t hese conobnoners are al kylesters such as_&ethyl (neth)acrylate and et hyl
(meth)acrylate (EEA). In particular, the content of ester (meth)acrylate
is from3 to 20% by weight, preferably from5 to 15% by wei ght.

laminates comprising the film. The present invention further
provides an insulating material comprising the foregoing
ethylene-a-olefin copolymer or the resin composition, and a
power cable comprising a conductor having thereon an
insulating layer comprising the foregoing ethylene-a-oclefin
copolymer or a resin composition comprising the same, which
may be crosslinked or non-crosslinked.

BACKGROUND OF THE INVENTION

Linear low density polyethylene polymers (LLDPE)
polymerized by using conventional Ziegler catalysts are used
as various articles, such as films, sheets, blow-molded
articles, injection-molded articles and the like, because of
their excellent moldability, transparency, strquth and heat-
seal strength. 1In the field of films and sheets, they are
widely used as various wrapping materials (as disclosed in
JP-A~52-135386 and JP-A-61-284439). (The term "JP-A" used
herein means an "unexamined published Japanese patent
application".) Recently, however, higher transparency and
film strength have been demanded. Further, films adapted to
be processed by an automatic bag making machine have needed
to be processed at a higher speed. Thus, films having
excellent low temperature'heat-seal propérties have been
demanded.

When a film is heat-sealed at a high speed, it must
be processed in a short period of time that tends to cause

the film to be fused insufficiently. The resulting product
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38 These copol yners generally have MFR of fromO0.1 to 20
g/ 10m n, preferably from0.3 to 10 g/10mn, and a nelt tension of from2.0

to 25 g, preferably from3 to 20 g. 3

is liable to shortage of strength. 1In order to eliminate
this difficulty, a method may be employed which comprises the
risé in the temperature of the heat seal bar. However, this
method is disadvantageous in that the laminated film is
curled. Another method is to lower the resin density and
hence to lower the melting point of the resin. However,
conventional linear low density polyethylene (LLDPE) is
disadvantageous in that when the density thereof are lowered,
it raises the content of highly branched low molecular
components which are partly eluted on the surface thereof,
rendering the film sticky and less peelable. The eluate also
can migrate into the content of the bag.

Further, LLDPE films have wider application. For
example, LLDPE films can be laminated with a resin having
excellent gas barrier properties such as polyamide, polyester
and saponification product of ethylene-vinyl acetate or a
resin having a high rigidity such as high density
polyethylene and polypropylene, to form a laminate having
good heat-seal properties as well as high gas barrier
properties or high nerve, which can be used as a bag-forming
material adapted for high speed processing, such as a food
wrapping material and bag, a food container and a medicine
container.

The LLDPE films have been widely used as heat-sealing
films (sealant film) for these laminates. These laminates

may be laminated on a base material (base film) by extrusion
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The mixing ratio of the polyolefin resin (b) may vary depending on the
usage of the resin conposition. For exanple, the ethylene-[err]-olefin
copolymer (a) nay be the nmain conponent in the field where the excellent
strength, heat seal property and electricél property of the ethyl ene-
[err]-olefin copolymer (a) is particularly required, whereas a |arge
anount of the polyolefin resin (b) my be used in the field where the
econoni cal efficiency and noldability are inportant.
lamination process, dry lamination process, sand lamination
process, co-extrusion T-die process, co-extrusion inflation
process or the like. Among these lamination processes, the
dry lamination process is conducted with a polyether
adhesive, a polyurethane adhesive, a vinyl acetate adhesive,
an isocyanate adhesive, a polyethyleneimine adhesive or the
like. Some of these adhesives are subjected to heat
treatment after lamination to undergo curing. During this
heat treatment process, the lubricant incorporated in the
film can migrate to the adhesive layer, problems arise as
rendering the surface of the laminate less peelable and less
lubricating and hence causing troubles in the bag making
process and filling process.

In recent years, in order to meet the above
requirements and remove the disadvantages, a high strength
ethylene-a-olefin copolymer having a very narrow molecular
weight distribution and a very narrow composition
distribution has been developed by employing a preparation
process in the pfesence of a metalocene catalyst. However,
such an ethylene-a-olefin copolymer has some disadvantages.
Such an ethylene-a-olefin copolymer has a very narrow
composition distribution and thus shows a very sudden change
of viscosity and strength with temperature. Thus, the
applicable.temperature and extrusion conditions under which

such an ethylene-o-olefin copolymer is molded is restricted ,

making it difficult to mold such an ethylene-a-olefin
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The third aspect of the present invention is a film conprising an
et hyl ene-a-ol efin copol yner according to the first aspect of the present
i nvention or a resin conposition according to the second aspect of the
present invention. Wien it is deSired to provide the filmof the
present invention with inprovenents in transparency, |ow tenperature
heat - seal properties, nechanical strength, blocking resistance and
anti-mgration properties, the filmpreferably conprises (a) an
et hyl ene- [ ecopodimeér n chpothyerr; suadorati rechyd dree-opicdsafin  dapediyiniean i one
or a conposition conprising the copol yner as
disadvantageous in that it gives a molded product which can
exhibit a sufficient heat resistance, a proper heat-seal
strength or a good hot tack strength only in a narrow
temperature range. For example, when applied to the field of
film, sheet or the like, such an ethylene-a-olefin copolymer
can be easily heat-sealed. Accordingly, such an ethylene-
a-olefin copolymer is often heat-sealed and used in the form
of bag. In this application, sufficient hot tack properties
are required. In other words, when such a bag is filled with
a content, the seal area which has been heat-sealed is
immediately pulled under load and may be peeled. 1In this
application, a heat-sealable ethylene-a-olefin copolymer
which can be heat-sealed in a wide temperature range to show
a high resistance to peeling shortly after sealing is
desirable.

As means for improving moldability of such an
ethylene-a-olefin copolymer having a very narrow composition
distribution, an attempt has been made to improve the melt
properties of the resin while keeping the composition
distribution narrow by using a metalocene catalyst having a
plurality of ligands (as disclosed in JP-A-6-206939).
However, this method is disadvantageous in that it gives a
wider molecular weight distribution or produces long-chain

branches, causing decrease in strength. Further, an attempt

has been made to improve the moldability by using a mixed
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a main conponent. Wen it is desired to consider noldability and econony
whi | e mai ntai ning these properties to sonme extent, the conponent (a) iIs
preferably blended with the conponent (b). If the conponent (a) is bl ended
with the & 39

catalyst system of Ziegler catalysts (as disclosed in
JP~A-6-157631). However, this method gives a wider molecular
weight distribution that impairs the strength.

In the field of electrical insulating materials for
high voltage power cable, there have heretofore been widely
used a high pressure process polyethylene, crosslinked
polyethylene, etc. because they have excellent electrical
properties.

One of difficulties with high voltage power cable is
power loss developed during power transmission. The
reduction of power loss is an important demand to be met.

The reduction of power loss can be accomplished by
enhancing the high voltage properties, particularly volume
resistance, of the insulating material. However, the
insulating material for power cable is heated to high
temperatures (about 90°C) by Joule’s heat generated by the
passage of electric current in the vicinity of the inner
conductor but is kept at the ambient temperature (about 20°C)
in the vicinity of the outer conductor. The conventional
polyethylehe shows a marked volume resistance drop with the
rise in temperature. Accordingly, the polyethylene shows a
marked volume resistance drop in the vicinity of the inner
conductor througﬂ which electric current flows. Thus, an
electric field is concentrated in the vicinity of the
interface of the outer conductor with -the insulating

material, lowering the breakdown strength of the insulating
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cohponent (b), the conponent (a) may be used in an anount of not |ess than
20% by wei ght while the conponent (b) may be used in an anobunt of not nore
than 80% by weight. If it is desired to provide the filmwth a
wel | - bal anced nol dability while nmaintainlhg the nmechanical strength, |ow
tenperature heat-seal properties and transparency, the conponent (a) is
I ncorporated in an anmount of from50 to 98% by weight, preferably from 60
to 90% by wei ght while the conponent (b)
material. This phenomenon presents a great problem
particularly with direct current power cables. Therefore,
insulating materials having a small temperature dependence of
volume resistance have been desired.

When a high pressure process polyethylene is used as
an insulating material for high voltage cable, its low
melting point gives poor electrical properties. On the other
hand, the conventional low pressure process polyethylene,
which exhibits a high melting point, does not necessarily
have excellent electrical properties, probably due to the
effect of catalyst residue. The conventional low pressure
process polyethylene ‘is also disadvantageous in that it
exhibits a poor flexibility.

In order to improve the electrical properties of the
low pressure process polyethylene, a method has been proposed
which comprises grafting maleic anhydride onto the
polyethylene (as disclosed in JP-A-2-10610). However, this
method cannot necessarily give full solution to the foregoing
problems, including flexibility.

As a high volume resistance material having excellent
heat resistance and flexibility there have been disclosed an
insulating material 6btained by blending 100 parts by weight
of a low density polyethylene having a density of 0.92 g/cm’
with from 0.5 to 20 ﬁarts by weight of a linear low density

polyethylene having a density of from-0.91 to 0.94 g/cm® (as

described in JP-A-5-266723). However, the foregoing
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I's incorporated in an amount of from2 to 50% by weight, preferably from
10 to 40% by weight. If the content of the conponent (a) falls bel ow 20%
by wei ght and the content of the conponent (b) exceeds 80% by weight, it

may be di sadvantageous in that the result8ng filmcannot fulfill its |ow
tenperature heat-seal properties and bl ocki ng properties. The film
of the present invention can be produced by processing the foregoing
conponent (a) and/or conponent (b) by a blown film extruding nmethod, a

T-di e extrudiomposition leaves something to be desired because it has a
great temperature dependence of volume resistance in the
vicinity of the inner conductor.

SUMMARY OF THE INVENTION

An object of the present invention to provide an
ethylene-a~olefin copolymer excellent in various properties
such as mechanical strength, moldability, thermal stability,
chemical stability, electrical properties, transparency,
flexibility, and impact resistance.

The ethylene-a-olefin copolymer of the present
invention exhibits, when used as a film, excellent
transparency, impact strength, hot tack property, heat seal
property, and anti-blocking property. By laminaping the film
comprising the ethylene-a-olefin copolymer of the present
invention with a resin film having gas-barrier property or
heat resistance, a laminate suitable for wrapping films and
containers, which is excellent in heat seal property and can
be scarcely eluted with the content of the container.

Another object of the present invention is to provide
an electrical insulating material which exhibits a high
volume resistance and a small temperature dependence of
volume resistance.

These and other objects of the present invention will
become more apparent from the following'detailed description

and examples.
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method or the like. The filmthus nol ded exhi bits excell ent | ubricating
property, blocking resistance, |ow tenperature heat-seal properties,
transparency and nechanical strength. The film is little apt to migration
of resin conponents to the content wrappe®d. The filmcan be singly forned
into various wapping materials, w apping bags or contai ners. By making
the best wuse of its excellent heat-seal properties, the filmcan find
application in heat seal. The thickness of the film
The present invention relates to, as a first aspect,
an ethylene-a-olefin copolymer having:
(A) a density d of 0.86 to 0.96 g/cm®;
(B) a melt flow rate MFR of 0.0l to 200 g/10min;
(C) a molecular weight distribution Mw/Mn of 1.5 to
4.5;
(D) a composition distribution parameter Cb of 1.08
to 2.00; and
(E) an orthodichlorobenzene-soluble content X (wt$%),
a density d (g/cm’) and a melt flow rate MFR (g/10min) at
25°C satisfying that:
(i) when the density d and the melt flow

rate MFR satisfy relationship (I):
d ~ 0.008 x 1logMFR 2 0.93 (I)

the orthodichlorobenzene-soluble content X

satisfies relatiohship (II):

| REPLACEMIENT SHEET

14 NOV 1996 X < 2.0 | (II)

(ii) when the density d and the melt flow

rate MFR satisfy relationship (III):

d - 0.008 x 1logMFR < 0.93 - (IIT)
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40 generally ranges from3 to 500 [err]m though

pur pose.

conprising an ethylene-[err]-olefin copolymer accordi

The fourth aspect of the present i

10

satisfies relationship (IV):

X < 9.8 x 10° x (0.9300 - d + 0.008 x logMFR)? + 2.0 (IV)

In the ethylene-a-olefin copolymer of the first
aspect, the molecular weight distribution Mw/Mn is preferably
from 1.8 to 3.5, and further preferably the composition
distribution parameter Cb is from 1.10 to 2.00.

In the ethylene-a-olefin copolymer of the first
aspect, it is also preferred that the copolymer has (F) a
number of peaks on an elution temperature-eluted amount curve
determined by continuous temperature rising elution
fractionation method TREF or 2 or more, and/or (G) an
electrical activation energy of not more than 0.4 eV.

The present invention also relates to, as a second
aspect, a polyolefin resin composition comprising not less
than 2% by weight of the ethylene-a-olefin copolymer
according tq the first aspect and not more than 98% by weight
of a polyolefin.

The present invention also relates to, as a third
aspect, a film comprising the ethylene-a-olefin copolymer
according to the first aspect or the resin composition

according to the second aspect.
The present invention also relates to, as a fourth

aspect, a laminated material comprising the film according to
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to the first aspect of the present invention or a resLi .CorpesHHorn

r e
according to the second aspect of the present inven igaPLAEE@ﬂ?"érﬁ"flﬁEYe
the present invention is a nultilayer |am nate conpni gtng-a’|layer o} |
ethylene- [err]-olefin copolyner or the_L&sin conpositii 0?4%‘5@ 1@96 ayel
other materials, preferably a gas barrier material |aydr. The

other materials to be lamnated may vary with the pur e.pequkredrj
Exanpl es of these materials which have gas barrier pyoperties such ast

——
oo

t hose for fddee hdpdl egpectl.ud8he laminated material &nt

invention preferably comprises a layer comprising the
ethylene-a-olefin copolymer of the first aspect or the resin
composition of the second aspect, and a gas barrier material
layer.

The present invention also relates to, as a fifth
aspect, an electrical insulating material comprising the
ethylene-a-olefin copolymer according to the first aspect or
the resin composition according to the second aspect.

The present invention also relates to, as a sixth
aspect, a power cable comprising a conductor having thereon
an electrical insulating layer comprising the insulating
material according to the fifth aspect.

BRIEF DESCRIPTION OF THE DRAWINGS

By way of example and to make the description more
clear, reference is made to the accompanying drawings in
which:

Fig. 1 is an elution temperature-eluted amount curve

of
he
of

determined by TREF of a copolymer according to a particularly

preferred embodiment of the present invention;

Fig. 2 is an elution temperature-eluted amount curve
determined by TREF of a copolymer having a very narrow
composition distribution;

Fig. 3 illustrates a volume resistance meter; and

Fig. 4 is a graph illustrating the results of

examples and comparative examples set forth in Table 15.
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gas barrier materials, e.g., polyanide resin such as 6-nylon — .
6, 6- nyl on, pol yester resin such as pol yet hyl ene terephthalafgﬂaﬂdﬁEMtN jffwf
pol ybut yl ene terephthal ate, saponification product of ethyl Ny ) }
acet ate copol yner, vinylidene chloride rd2in, polyvinyl alcqhgl {g%h ‘996 i
pol ycarbonate resin, material obtained by netallizing thesejrasins w l
alum num and netal foil such as al um num and copper. The | gnlnate

conprising the ethylene-[err]

-ol efin copolyner or the resin

conposition

and such a gas barrier LED DESSRIPEDON OBr THE INVENTION

The ethylene-a-olefin copolymer according to the
first aspect of the present invention will be further
described hereinafter.

The ethylene-a-olefin copolymer according to the

present invention is a copolymer of ethylene with one or more

selected from C; ,, a~olefins.

(The expression "C,." used

herein means "having from m to n carbon atoms".

)

The C3_20

a-olefin preferably has from 3 to 12 carbon atoms.

Specific

examples of such a C; 5 @-olefin include propylene, l-butene,

l-pentene, 4-methyl-l-pentene, l-hexene, l-octene,

l-decene,

The total content of such an a-olefin in the

and l-dodecene.
copolymér-is generally not more than 30 mol%, preferably from
3 to 20 mol%.

The density of the ethylene-a-olefin copolymer
according to the present invention (A) is from 0.86 to (.96
g/cm?®, preferably from 0.88 to 0.95 g/cm®, more preferably
from 0.90 to 0.930 g/cm®. If the density of the ethylene-
a-olefin copolymer falls below 0.86 g/cm®, the ethylene-
a-olefin copolymer exhibits a reduced rigidity and heat
resistance. If the density of the ethylene-a-olefin
copolymer exceeds 0.96 g/cm?, the ethylene-a-olefin copolymer
exhibits an insufficient impact resistance.

The MFR of thé ethylene-a-olefin copolymer according

to the present invention (B) is from 0.01 to 200 g/10min,

preferably from 0.1 to 100 g/10min, more preferably from 0.2
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produci ng contai ners for foods, nedical drags, clothes, etc. Exanples of
other materials to be lam nated include materials for enhancing nerve,
e.g., for making self-supporting container or naking bag at a hi gh speed,
such as high density 13

to 50 g/10min. If the MFR of the ethylene-a-olefin copolymer
falls below 0.01 g/loﬁin, the ethylene-a-olefin copolymer
exhibits a reduced moldability. If the MFR of the ethylene-
a-olefin copolymer exceeds 200 g/10min, the ethylene-a-olefin
copolymer exhibits decrease in mechanical strength such as
impact resistance.

| For the calculation of the molecular weight
distribution Mw/Mn of the ethylene-a-olefin copolymer
according to the present invention (C), the weight-average
molecular weight (Mw) and number-average molecular weight
(Mn) of the ethylene-a-olefin copolymer are determined by gel
permeation chromatography (GPC). The ratio Mw/Mn is then
determined.

The Mw/Mn of the ethylene-a-olefin copolymer
according to the presént invention is from 1.5 to 4.5,
preferably from 1.8 to 3.5, more preferably from 2.0 to 3.0,
particularly from 2.2 to 2.8. If Mw/Mn falls below 1.5, the
ethylene-a-olefin copolymer exhibits a reduced moldability.
If the Mw/Mn exceeds 4.5, the ethylene-a-olefin copolymer
exhibits a reduced impact resistance.

The composition distribution parameter Cb of the
ethylene-a-olefin copolymer according to the present
invention (D) is from 1.08 to 2.00, preferably from 1.10 to
2.00, more preferably from 1.12 to 1.70, particularly from
1.15 to 1.50. If the composition distribution parameter Cb

of the ethylene-a-olefin copolymer falls below 1.08, the
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41 pol yet hyl ene, pol ypropyl ene, and pol ybutene-1. Further, two or nore
of these materials nmay be properly |lamnated with each other.

Exanpl es of nmethods for |am nating these materials include extrusion

| am nation nmethod, dry |am nation nethod, 14sand | ami nation nethod, T-die
co-extrusion nethod and bl own f|In1co extrusi on nethod. For the film of

t he present
ethylene-a-olefin copolymer exhibits deteriorated hot tack
properties. If the composition distribution parameter Cb of
the ethylene-ca-olefin copolymer exceeds 2.00, the ethylene-
a-olefin copolymer exhibits a reduced transparency, and
further the resulting molded product comprises a high
molecular gel developed therein.

The composition distribution parameter Cb of the
ethylene-a-olefin copolymer according to the present
invention can be measured by the following method.

To the specimen is added a heat-resisting stabilizer.
The mixture is then dissolved in orthodichlorobenzene (ODCB)
at a temperature of 135°C in such a manner that the specimen
concentration reaches 0.2% by weight. The solution thus
heated is then transferred to a column filled with a
diatomaceous earth (Celite 545). After fully impregnated
with the solution, the column is cooled to 25°C at a rate of
0.1°C/min so that the specimen is deposited on the surface of
Celite. The temperature of the column is then stepwise
raised to 120°C at intervals of 5°C while ODCB is being
passed therethrough at a constant rate. At the various
temperatures, solutions of the specimens are sampled. After
cooled, these solutions are each subjected to reprecipitation
with methanol, filtered off, and then dried to obtain the
specimen at the various temperatures. The specimens thus
fractionated are then measured for weight fraction and degree

of branching (number of branches per 1,000 carbon atoms).

X
m
0
=
>
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invention, dry lam nation nethod is particularly preferred. Wen T-die

co-extrusion method, co-extrusion nethod or the like is used, LLDPE

graft-nmodified with a nononmer having a polar group such as naleic

anhydride or an iononer resin, or a mxtwse thereof may be used as an

I nt er nedi at e adhesive |ayer. In"the lam nate of the present

I nvention, the |layer of the ethylene-[err]-olefin copolyner or the resin

conposition of the present invention is preferably a heat seal |ayer.
The measurement of degree of branching is determined by
13C-NMR.

For the various fractions thus sampled at
temperatures of from 30°C to 90°C, the following correction
is made for degree of branching. The degrees of branching
thus measured are then plotted against the elution
temperature. The correlation between the degree of branching
and the elution temperature is then linearly approximated by
the least sgquares method to make a calibration curve. The
coefficient of correlation of this approximation is
sufficiently great. The value obtained from the calibration
curve indicates the degree of branching of the fraction. The
fractions obtained at an elution temperature of not lower
than 95°C do not necessarily have a linear relationship
between the elution temperature and the degree of branching
and thus are not corrected for degree of branching.

The weight fraction wi of the various fractions are
each divided by the change of the degree of branching .
(b;-b; ;) per 5°C elution temperature to determine a relative

concentration c;. The relative concentrations are then

plotted against the degree of branching to obtain a
composition distribution curve. The composition distribution
curve is then divided into predetermined widths. The |
composition distribution parameter Cb is calculated from the

following equation:
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The heat seal |ayer needs to exhibit excellent |ow tenperature heat-sea
properties and heat-sealing strength. The |am nated thickness of the heat
seal |ayer depends on the purpose. It is generally from3 to 250 [err]m
preferably from5 to 200 [err]m nore prederably from 10 to 180 [err]m
The filmthus lamnated may be further Tam nated with a base filmhaving a
t hi ckness of from3 to 200 [err]mor a plurality of filnms having a

t hi ckness simlar to the base film Anot her enbodi nent of the

| am nate of the pr
pr esent . Z Cij?X E e,
Y cib; Y csb;
wherein c; and b; indicate the relative concentration and the
degree of branching of the j-th section, respectively. The
composition distribution parameter Cb is 1.0 if the
composition.of the specimen is uniform. As the composition
distribution becomes wider, this parameter becomes greater.
In the ethylené-a-olefin copolymer according to the
present invention, ODCB-soluble content X at 25°C (E)
indicates the ratio of highly-branched components and low
molecular components incorporated in the ethylene-a-olefin
copolymer and is preferably small because it causes decrease
in heat resistance and causes the surface of the molded
product sticky. The amount of ODCB-socluble content is
influenced by the total a-olefin content in the copolymer and
the average molecular weight of the copolymer, i.e., density
and MFR.
Accordingly, (i) when the density d and the melt flow

rate MFR satisfy relationéhip'(I):
d - 0.008 x 1logMFR 2 0.93 (1)

the ODCB-soluble content X (% by weight) satisfies
relationship (II), preferably relationship (II’), more

preferably relationship (II’’):
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as a surface layer and a nmddle density

i nvention include a nmulti-layer film having excellent heat-

seal properties and nerve conprising a filmof the present invention

X < 2.0

X < 1‘0

X < 0.5

(11)

(I1%)

(I1"7)

Further, (ii) when the density d and the melt flow

rate MFR satisfy relationship (III):

d - 0.008 x 1logMFR < 0.93 (III)
the ODCB-soluble content X (% by weight) satisfies
relationship (IV), preferably relationship (IV’), more
preferably relationship (IV’’):

X < 9.8 x 10% x (0.9300 - d + 0.008 x logMFR)? + 2.0 (IV)
X < 7.4 x 10° x (0.9300 - d + 0.008 x logMFR)? + 1.0 (IV')

X < 5.6 x 10% x (0.9300 - d + 0.008 x logMFR)? + 0.5 (IV' ")

When the density, MFR and ODCB-soluble content

satisfy the foregoing relationships, it indicates that

a-olefin incorporated in the entire copolymer is not

maldistributed.
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pol yet hyl ene as an inner |ayer; an inexpensive nulti-layer film having
excel l ent heat-seal properties conprising a film of the present invention
as a surface layer and a regenerated polyethylene as an inner |ayer; and
conbi nati ons thereof. The filmol8l am nate according to the
present invention preferably conprises an aliphatic amde (c) '

I ncorporated therein in an anmount of from0.03 to 0.25 parts by wei ght per
100 parts by weight of the ethylene-[err]-olefin copolyner according to
the present inventi &PCSrsplablespantent X at 25°C is measured by the

following method.

0.5 g of the specimen is added to 20 m{¢ of ODCB. The
mixture is then heated to a temperature of 135°C for 2 hours
so that the specimen is thoroughly dissolved in ODCB. The
solution is then allowed to cool to a temperature of 25°C.
The solution is then allowed to stand at the same temperature
overnight. The solution is then filtered through a teflon
filter to obtain a filtrate as a specimen solution. The
solution is then measured for absorption peak intensity in
the vicinity of 2,925 cm!, which is the wavenumber of the
asymmetric stretching vibration of methylene, by means of an
infrared spectrometer. The specimen concentration in the
filtrate is then calculated from a calibration curve
previously prepared. ODCB-soluble content at 25°C is then
determined from this value.

The ethylene-a-olefin copolymer according to the
present invention preferably has a plurality of peaks on the
elution temperature-eluted amount curve determined by the
continuous temperature rising elution fractionation method
(TREF) (F). In particular, the peak on the high temperature
side preferably lies between 85°C and 100°C. The existence
of this peak gives a higher melting point and an increased
crystallinity. The resulting molded product has an enhanced
heat resistance and rigidity. Fig. 1 dllustrates the elution

temperature-eluted amount curve of a copolymer according to a
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conposition of the present invention conprising the ethylene- [err]-olefin
copolyner (a) and the polyolefin resin (b). The purpose of the
al i phatic amde (c) used in the present invention is to inprove the
| ubricating property of the foregoing fil$h Thus, a lam nating filmwhich
Is not apt to deterioration of peelability and l[ubricating property can
be provi ded. When such an aliphatic amde is used, care should be
taken to prevent the aliphatic am de from havi ng adverse

particularly preferred embodiment of the present invention.

Fig. 2 illustrates the elution temperature-eluted amount
curve of a copolymer having a very narrow composition
distribution.

The copolymer shown in Fig. 2 has a very narrow
composition distribution and thus shows a very sudden change
of viscosity and strength with temperature. Thus, the
applicable temperature and extrusion conditions under which
such an ethylene-a-olefin copolymer is molded is restricted ,
making it difficult to mold such an ethylene-a-olefin
copolymer. Further, such an ethylene-a-olefin copolymer is
disadvantageous in that it gives a molded product which can
exhibit a sufficient heat resistance, a proper heat-seal
strength or a good hot tack strength only in a narrow
temperature range.

TREF is conducted in the following manner. A heat-
resisting stabilizer is added to the specimen. The mixture
is then dissolved in ODCB at a temperature of 135°C to obtain
a specimen concentration of 0.05% by weight. 5 m¢ of the
solution thus heated is then poured into a column filled with
glass beads. The column is then cooled to a temperature of
25°C at a rate of 0.1°C/min so that the specimen is deposited
on the surface of the glass beads. The column is then heated
at a constant rate of 50°C/hr while ODCB is being passed
therethrough. At the various temperatures, the specimen

-soluble in the solvent is sequentially eluted with ODCB.
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effects on the adhesi veness between the filmof the copolynmer or resin
conposition of the present invention and the base film Anong aliphatic
am des, (cl) an unsaturated aliphatic bisam de and (c2) an unsaturated
aliphatic amde having a nelting point QROfrom65[err]Cto 90[err]C may be
bl ended in an anount of fromO0.01 to 0.2 parts by wei ght each, wi_th t he
During this procedure, the concentration of the specimen in
the solution is continuously detected by measuring the
absorption with respect to 2,925 cm™, which is the
wavenumber of the asymmetric stretching vibration of
methylene. From these concentration values, an elution
temperature-eluted amount curve can be obtained.

TREF_analysis allows the continuous analysis of the
change of elution rate with temperature from an extremely
small amount of a specimen. Thus, the detection of
relatively fine peaks that cannot be detected by the
fractionation method can be made.

As another ?referred characteristics of the ethylene-
a-olefin copolymer according to the present invention, it |
preferably exhibits an electrical activation energy of not
more than 0.4 eV (G), preferably not more than 0.3 eV, more
preferably not more than 0.25 eV. If the electrical
activation energy of the ethylene-a-olefin copolymer exceeds
0.4 eV, the quantity and mobility of charged carriers such as
ion and electron show a great increase that tends to
deterioréte the thermal and chemical stability with the rise
of temperature.

The above electrical activation energy is very small
as compared with that of the conventional polyethylene
materials. It is thus considered that the ethylene-a-olefin
copolymer according to the present invention has a special

structure such that the quantity and mobility of charged

REPLACEMENT SHEET
i I This Sheet Has Been Replaced

A

14 NOV 996 “",I

-




43 proviso that the total amount of (cl) and (c2) is from0.03 to 0.25
parts by weight, to provide the resulting filmwith an enhanced .
| ubricating property without inpairing the adhesiveness to the base film
Thus, these aliphatic amdes are preferably used to provide a film
particularly suitable for dry |amnation.
carriers contained therein are insusceptible to the effect of
temperature.
The activation energy is one of constants included in
Arrhenius' equation, which represents the change of rate
constant with temperature in the process of transport
phenomehon; It corresponds to the difference in energy
between transition state and original system in the process
toward the produced system from the original system via the
transition state. In particular, the electrical activdtion
energy is used in Arrhenius' equation representing the
temperature dependence of electric current. The smaller the
activation energy is, the smaller is the temperature
dependence of electric current.
The electrical activation energy according to the
present invention can be determined from the following
equation (Arrhenius’ equation):

I e exp(-—UIk’l‘)

wherein I is electric current; U is activation energy; k is
Boltzmann’s constant; and T is absolute temperature.
Substituting the electric current value at room
temperature (20°C) and at 90°C for I in the foregoing
equation yields the electrical activation energy according to

the present invention.
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Exanpl es of the foregoing unsaturated aliphatic bisamde (cl) include
et hyl enebi sol ei ¢ am de, et hyl enebi seruci ¢ am de, hexanet hyl enebi sol ei c
am de, N, N -dioleyladipic amde, and N, N -di ol eyl sebaci c am de. Such an
unsaturated aliphatic bisamde is generalRg incorporated in an anmount of
fromO0.01 to 0.2 parts by weight per 100 parts by weight of the resin
conponents. |If the anount of such an unsaturated aliphatic bisamde falls
below 0.01 parts by weight, the resulting resin tends to exhibit

The ethylene-a-olefin copolymer according to the
present invention has an electrical activation energy of not
more than 0.4 eV as defined above to exhibit remarkably
excellent electrical propertieél For example, the ethylene-
a-olefin copolymer according to the present invention can
exhibit a volume resistivity of not lower than 10! Qcm,
preferably not lower than 10! Qcm, more preferably not less
than 10!® Qcm, at 20°C. The fact that the ethylene-c-olefin.
copolymer according to the present invention has a high
volume resistivity and a small activation energy shows that
the ethylene-a-olefin copolymer according to the present
invention has a structure such that the content or mobility
of charged carriers such as ion and electron is small.

The ethylene-a-olefin copolymer of the present
invention is preferably a copolymer obtained by polymerizing
an olefin in the presence of a catalyst (H) produced by
allowing the following components (1) to (4) to come into
mutual contact with each other:

(1) a compound represented by Me'R',R'(OR*)X';i , ¢r/
where R' and R® each independently represent a C;.,
hydrocarbon group or trialkylsilyl group; R? represents a
2,4-pentanedionate ligand, a dibenzoylmethanate ligand, a
benzoylacetonate ligand, or derivative thereof; X! represents
a halogen atom; Me! represents Zr, Ti or Hf; and p, q and r

each represents an integer satisfying the relationships

0<p<4, 05q54, 0<r<4, and 05(p+q+r)s4;
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reduced |l ubricating property and bl ocking resistance. If the amount of
such an unsaturated aliphatic bisam de exceeds 0.2 parts by weight, the
resulting resin tends to disadvantageously exhibit a reduced adhesi veness
to the lamnating naterials described | ag2r. The melting point of
the unsaturated aliphatic amde having a nelting point of frome65[err]Cto
90[err]C (c2) is neasured by neans of a differential scanning calorineter
(DSC) Mﬂ&athetmmaaﬂueisbﬂngr&saim ary5021%ew]dmn.
(2) a compound represented by Me‘R‘;(OR’).X*,.n.n, wWhere
Me? represents Group I, II, or III element; R* and R’ each
independently represent a C;.;, hydrocarbon group; X2
represents a hydrogen atom or a halogen atom, provided that
when X? represents a hydrogen atom, Me’ represents a Group
III element; z represents the valence of Me?; and m and n
each represents an integer satisfying the relationships
0<m<4, 0sn<4, and 0<(m+n)<z;
(3) an organic cyclic compound having two or more
conjugated double bonds; and
(4) at least one of a modified organic aluminum oxy
compound and a boron compound each having an Al-0O-Al bond.
Me! in the compoﬁnd represented by the general
formula Me'R!R! (OR*)X!; ... as the foregoing catalyst
component (1) indiéates Zr, Ti or Hf. The kind of such a
transition metal is not limited. A plurality of such
transition metals may be used in combination. It is
particularly preferred that Zr, which renders the copolymer
well weather-resistant, be included. R! and R® each
represent a C,_;,, preferably C,,,, more preferably C,;
hydrocarbon group. Specific examples of such a hydrocarbon
group include an alkyl.group such as methyl, ethyl, propyl,
isopropyl and butyl, an alkenyl group such as vinyl and
allyl, an aryl groué such as phenyl, tollyl, xylyl, mesityl,
indenyl and naphthyl, and an aralkyl group such as benzyl,

trityl, phenethyl, styryl, benzhydryl, phenylbutyl and
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Exanpl es of such an unsaturated aliphatic ami de include erucic am de, and
oleic amde. If the nelting point of the
44 unsaturated aliphatic am de falls below 65[err]C, the resulting

24

- neophyl. These hydrocarbon groups may be branched. R?
represents 2,4-pentanedionate ligand, dibenzoylmethanate
ligand, benzoylacetanate ligand, or derivatives thereof. X!
indicates a halogen atom such as fluorine, iodine, chlorine
and bromine. The suffixes p, g and r satisfy the
relationships 0sp<4, 0<qg<4, 0s<r<4, and 0<(p+g+r)<4.

Examples of the compound represented by the general
formula as catalyst component (1) include tetramethyl
zirconium, tetraethyl zirconium, tetrabenzyl zirconium,
tetrapropoxy zirconium, tripropoxy monochlorozirconium,
dipropoxy dichlorozirconium, tetrabutoxy zirconium, tributoxy
monochlorozirconium, dibutoxy dichlorozirconium, tetrabutoxy
titanium, and tetrabutoxy hafnium. Examples of the compound
containing 2,4-pentadionate ligand include zirconium
tetra(2,4-pentadionate), zirconium
tri(2,4-pentadionate)chloride, zirconium
di(2;4-pentadionate)dichloride, zirconium
(2,4-pentadionate)trichloride, zirconium
di(2,4-pentadionate)diethoxide, zirconium
di(2,4-pentadionate)di-n-proppxide, zirconium
di(2,4-pentadionate)di-n-butoxide, zirconium
di(2,4-pentadionate)dibenzyl, and zirconium
di(2,4-pentadionate)dineophyl. Examples of the compound
containing dibenoylmethanate ligand include zirconium
tetra(dibenzoylmethanate), zirconium

di(dibenzoylmethanate)diethoxide, zirconium
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resin tends to di sadvant ageously exhibit deteriorated bl ocki ng
resistance. If the nelting point of the unsaturated al i phatic am de
exceeds 90[err]C, the resulting resin tends to di sadvant ageously fail to
exhibit sufficiently inproved lubricatif property. The amount of the
unsat ur at ed aliphatic amde (c2) to be incorporated is generally from
0.01 to 0.2 parts by weight per 100 parts by weight of the resin
conponents, with the proviso that the total anount of t he conponent (cl)

and the congfpebbefedylnétigenetd)dy-iiBpoxide, and zirconium
di (dibenzoylmethanate)di-n-butoxide. Examples of the
compound containing benzoylacetonate ligand include zirconium
tetra(benzoylacetonate), zirconium
di(benzoylacetonate)diethoxide, zirconium
di(benzoylacetonate)di-n-propoxide, and zirconium

~ di(benzoylacetonate)di-n-butoxide. These compounds may be_

used in admixture.

Me? in the compound represented by the general
formula Me’R%,(OR%),X%, ., as the foregoing catalyst component
(2) indicates an element belonging to Groups I, II, and III
such as lithium, sodium,.potassium, magnesium, calcium, zinc,
boron and aluminum. R* and R’ each represent a C,_,,
preferably C,_ ;,, more preferably C, s hydrocarbon group.
Specific examples of such a hydrocarbon group include an
alkyl group such as methyl, ethyl, propyl, isopropyl and
butyl, an alkenyl group such as vinyl and allyl, an aryl
group such as phenyl, tollyl, xylyl, mesityl, indenyl and
naphthyl, and an aralkyl group such as benzyl, trityl,
phenethyl, styryl, benzhydryl, phenylbutyl and neophyl.
These hydrocarbon groups may be branched. X? indicates a
hydrogen atom or a halogen atom such as fluorine, iodine,
chlorine and bromine, provided that if X? is a hydrogen atom,
Me? is limited to an element belonging to Group III such as
boron and aluminum. The suffix z indicates the valence of

Me?. The suffixes m and n each represent an integer
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0.03 to 0.25 parts by weight. If.the anpunt of the conponent (c2) falls
bel ow 0. 01 parts by weight, the resulting resin tends to exhibit an
insufficient lubricating property. If the amount of the component (c2)
exceeds 0.25 parts by wei ght, the resulReéng resin tends to exhibit an
I nsuf ficient adhesi veness to the lam nating naterials. If the total
anount of the conponent (cl) and the conponent (c2) falls bel ow 0. 03
parts by weight, the resulting resin tends to exhi bit insufficient
| ubri cati ng sptépdytingattieblretatiignships 0<m<z and 0<n<z, and 0<(m+n)<z.
Examples of the compound represented by the general
formula as catalyst component (2) include organic lithium
compounds such as methyl lithium and ethyl lithium, organic
magnesium compounds such as dimethyl magnesium, diethyl
magnesium, methyl magnesium chloride and ethyl magnesium
chloride, organic zinc compounds such as dimethyl zinc and
diethyl zinc, organié boron compounds such as trimethyl boron
and triethyl boron, and organic aluminum compounds such as
trimethyl aluminum, triethyl aluminum, triisobutyl aluminum,
trihexyl aluminum, tridecyl aluminum, diethyl aluminum
chloride,.ethyl aluminum dichloride, ethyl aluminum
sesquichloride, diethyl aluminum ethoxide and diethyl
aluminum hydride. |
Examples of the organic cyclic compound having two or
more conjugated double bonds as catalyst component (3)
include a C,, preferably C,,, cyclic hydrocarbon compound
having one or more cycles having two or more, preferably two
to four, more preferably two or three cyclic conjugated
double bonds; a cyclic hydrocarbon compound having the
foregoing cyclic hydrocarbon compound partially substituted
by 1 to 6 hydrocarbon residues (typically, Ci.; alkyl or
aralkyl group), organic silicon compound having C,_j,,
preferably C,_;, cyclic hydrocarbon group having one or more

cycles containing two or more, preferably two to four, more

preferably two or three conjugated double bonds; and an
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resi st ance.

If the total amount of the conponent (cl) and t he conponent

(c2) exceeds 0.25 parts by weight, the resulting resin tends to exhibit

an insufficient adhesiveness to the laminating material s. _ The
fifth aspect of the present invention is an el ectrical insulating
material conprising an ethylene- J[err]-olefin copolyner according to the

first aspect of the

organic silicon compound having the foregéing cyclic .
hydrocarbon group partialiy substituted by 1 to 6 hydrocarbon
residues or alkaline metal salts (sodium or lithium salt).

In particular, organic cyclic compounds having a
cyclopentadiene structure anywhere in its molecule are
preferred.

Preferred examples of the foregoing compound include
cyclopentadiene, iﬁdene, azulene, and alkyl, aryl, aralkyl,
alkoxy, aryloxy, and derivatives thereof. Further, compounds
obtained by bonding (crosslinking) these compounds via an
alkylene group (having 2 to 8, preferably 2 to 3 carbon
atoms) are preferably used.

The organic silicon compound having cyclic
hydrocarbon group can be represented by the following general

formula:

A;SiR,

‘wherein A represents the foregoing cyclic hydrocarbon group

such as a cyclopentadienyl group, a substituted
cyclopentadienyl group, an indenyl group and a substituted
indenyl group; R represents a hydrogen atom or a C;_j,
preferably C,.;; hydrocarbon residue such as an alkyl group
(e.g., methyl, ethyl,-propyl, isopropyl and butyl), an alkoxy
group (e.g., methoxy, ethoxy, propoxy and butoxy), an aryl
group (e.g., phenyl), an aryloxy group (e.g., phenoxy) and an
REPLAGEMENT SHEET
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45 present invention or a resin conposition according to the second
aspect of the present invention. The sixth aspect of the present
i nvention is a power cable conprising a conductor having thereon an
insulating |layer conprising an el ectricak8i nsulating material according

aralkyl group (e.g., benzyl); and L satisfies the
relationship 1<L<4, preferably 1<Ls<3.

Specific examples of the organic cyclic hydrocarbon
compound as component (3) include a Cs,, cyclopolyene or a
substituted cyclopolyene such as cyclopentadiene, methyl
cyclopentadiene,iethyl cyclopentadiene, 1,3-dimethyl
cyclopentadiene, indene, 4-methyl-l-indene,

4 ,7-dimethylindene, cyclcheptatriene, methylcycloheptatriene,
cyclooctatetraene, azulene, fluorene and methyl fluorene,
monocyclopentadienylsilane, biscyclopentadienylsilane,
triscyclopentadienylsilane, monoindenylsilane,
bisindenylsilane, and trisindenylsilane.

The modified orgénic aluminum oxy compound containing
Al-0-Al bond as catalyst component (4) is obtained by the
reaction of the organic aluminum compound with water, which
is a modified organic aluminum oxy commonly called
aluminoxane obtained by the reaction of an alkyl aluminum
compound with water. The modified organic aluminum oxy
compound generally has from 1 to 100, preferably from 1 to 50
Al-0-Al bonds per molecule. The modified organic aluminum
oxy compound may be linear or cyclic.

The reaction of the organic aluminum compound with
water is generally effected in an inert hydrocarbon.
Preferred examples of the inert hydrocarbon include

aliphatic, alicyclic and aromatic hydrocarbon such as
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to the fifth aspect of the present invention. In the .electrica

I nsulating material according to the present invention, the anount of the

ot her polyolefin (b) to be incorporated is fromO to 98% by wei ght based

on the total amount of the ethylene-[err33olefin copolyner (a) and the

ot her polyolefin (b). Wen it is desired to maintain the excellent

electrical properties of the ethylene-[err]-olefin copolynmer (a), the

ethyl ene-a-ol efin copolyner (a) is preferably blended in an anount of from

70 to 100% b§ntenghthexane, heptane, cyclohexane, benzene, toluene and
xylene.

The ratio of.water to organic aluminum compound to be
reacted (water/Al molar ratio) is generally 0.25/1 to 1.2/1,
preferably 0.5/1 to 1/1.

In the present invention, the catalyst obtained by
allowing the foregoing catalyst components (1) to (4) to come
into mutual contact with each other may be supported on an
inorganic carrier and/or particulate polymer carrier to
provide a catalyst for the polymérization reaction. The
inorganic carrier may be in any form such as powder, grain,
flake, foil and fiber so far as the predetermined shape can
be maintained in the process for the preparation of the
catalyst of the present invention. Whatever the form of the
inorganic carrier is, the maximum length of the inorganic
carrier is generally from 5 to 200 um, preferably from 10 to
100 um. The inorganic carrier is preferably porous. In
general, the inorganic carrier generally has a surface area
of from 50 to 1,000 m?/g and a pore volume of from 0.05 to 3
cm3/g.

Examples of the inorganic carrier of the present
invention include a carbon substancg, metal, metal oxide,
metal chloride, metal carbonate or mixture thereof. Such an
inorganic material is generally calcined at a temperature of

from 200°C to 900°C in air or an inert gas such as nitrogen

and argon before use.
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When it is desired to make the best use of the noldability or econony of
the polyolefin (b), the ethylene-[err]-olefin copolyner (a) is preferably
bl ended in an anmount of from2 to 70% by wei ght. If the
electrical insulating material is crosslidRed before use as described

later, it is preferred that the ethylené-Jerr]-olefin copolyner (a) and
the other polyolefin (b) be incorporated in an anmount of from 10 to 30% by

wei ght and from 70 to 90% by wei ght, respectively.

Examples of metals to be incorporated in the
inorganic carrier include iron, aluminum, and nickel.
Examples of the metal oxide include simple oxides or
composite oxides of Groups I to VIII metals. Specific
examples of these metal oxides include Si0,, Al,0;, MgO, CaoO,
B,0s, TiO,, 2Zr0,, Fe,0;, Si0,-Al,0;, Al,0;-Mg0, Al,0,-CaO,
Al,0,-MgO-Ca0, Al,0;-MgO-SiO,, Al,0;~Cu0, Al,0;-Fe,0;, Al,0;-NiO,
and Si0,-MgO. The foregoing formulae representing metal
oxides are not molecular formulae but only indicate the
composition of the metal oxides. In other words, the
structure and composition of the composite oxides to be used
herein are not specifically limited. The metal oxide to be
used herein may have a small aﬁount of water content adsorbed
thereto, and may contain a small amount of impurities.

Preferred examples of the metal chloride inclﬁde
chlorides of alkaline metal and alkaline earth metal. 1In
particular, MgCl, and CaCl, are preferred. Preferred
examples of thé metal carbonate include carbonates of
alkaline metal and alkaline earth metal. Specific examples
of such metal carbonates include magnesium carbonate, calcium
carbonate, and barium Carbonate.‘ Examples of the carbon
substance include carbon black and activated carbon.

Any of the foregoing inorganic carriers may be
preferably used in the present invention. In particular,

metal oxides such as silica and alumina are preferred.
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When the foregoing ethylene-[err]-olefin copolyner (a) according to the
present invention exhibits an electrical activation energy of not nore

than 0.4 eV, it is useful as an 46
31

On the other hand, the particulate.polymer carrier
employable herein may be either a thermoplastic resin or
thermo-setting resin so far as it does not melt but stays
solid during the preparation of catalyst and the
polymerization reaction. The particle diameter of the
particulate polymer carrier is normally from 5 to 2,000 um,
preferably from 10 to 100 um. The molecular weight of the
polymer carrier is not specifically limited so far as the
polymer can occur in the forﬁ of solid substance during the
preparation of catalyst and the polymerization reaction.
Thus, the molecular weight of the polymer may range from a
low value to an ultrahigh value.

Specific examples of the polymer to be used as
particulate polymer carrier include ethylene polymer,
ethylene-a-olefin copolymer, propylene polymer, propylene
copolymer, various polyolefins such as poly-l-butene
(preferably having from 2 to 12 carbon atoms), polyester,
polyanide, polyvinyl chloride, polymethyl (meth)acrylate,
polys®yrene, polyﬁorbornene, various natural high molecular
compounds, and mixture thereof.

The foregoing inorganic carrier and/or particulate
polymer carrier may be used as it is. Preferably, these
carriers are previously brought into contact with an organic
aluminum compound or a modified organic aluminum oxy compound

having Al-0-Al bond before use.

.__.\\—_.—
e —
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el ectrical insulating material. The ethylene-[err]-olefin copolyner having
an electrical activation energy of not nore than 0.4 eV exhibits excellent
el ectrical properties as described foregoing. The el ectrica
insul ating material according to the present invention can be used as an
insulating materials for capacitors, hi gh vol tage parts in X-ray
generators, various neasuring instrunments, dry or wet battery containers,
various printed boards, various connectors, wiring cords, and gl obes
' The preparation of the ethylene-a-olefin copolymer of
the present invention can be accomplished by a gas phase
process, a slurry process, a solution process or the like and
is not limited to a single-stage process, a multi-stage
process, etc. The gas phase process is preferred.

The ethylene-a-olefin copolymer of the present
invention has a relatively broad composition distribution
despite its narrow molecular amount distribution; exhibits
excellent mechanical properties, moldability, optical
properties, electrical properties, and low temperature seal
properties; and is suitable for preparation of films and
various molded articles. Particularly, the copolymer is
preferably used as films produced by T-die molding and
inflation molding, such as wrapping films and raw films for
laminates; a heat seal layer of the laminate; electrical
insulating materials; and materials for various vessels.

The ethylene-a-olefin copolymer of the present
inveﬁtion produced by polymerization using the foregoing
cétalyst (H) exhibits particularly excellent thermal
stability and chemical stability. The results of the rust
test of such copolymers are lower than conventional resins
and is generally 5.0 mg or less, preferably 3.0 mg or less.
Accordingly, such copolymers exhibit excellent properties
when used as wrapping material and container adapted for use

with microwave oven or as electrical member, electrical

parts, etc. Further, this copolymer is excellent in chemical
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or tools for handling high voltage. The power cable of the present
I nvention conprises an insulating |ayer conprising the foregoing
el ectrical insulating material, which is preferably crosslinked.
Speci fic exanpl es of the foregoing power &8ble include a power cable
conprising a conductor coated with an insulating |layer conprising at |east
the crosslinked electrical insulating material of the present invention.
I f necessary, the conductor may be made of an assenbly of wres.

stability required for ordinary use. Thus, this copolymer is

suitable for food, hygienic and medical use.

The rust test used herein is conducted in the
following manner :

The pelletized specimen is melted over a 230°C oil
bath in a stream of nitrogen for 3 hours. A soft-iron plate
having a surface area of 50 cm? is then dipped in the molten
resin for 2 hours. The soft-iron plate is then withdrawn
from the molten resin. The resin attached to the iron plate
is then peeled off. The iron plate is then allowed to stand
in a 80°C-90%RH constant temperature-humidity bath foxr 20
hours to accelerate rusting. The iron plate is then dried in
a desiccator with silica gel for 1 day. The weight increase
(mg) of the soft-iron plate is determined as the generated
amount of rust.

The second aspect of the present invention is a
polyolefin resin composition comprising (a) not less than 2%
by weight of an ethylene-a-olefin copolymer according to the
first aspect of the present invention and (b) not more than
98% by weight of a polyolefin. The foregoing polyolefin (b)
is preferably an ethylene polymer or copolymer (b) which
differs from the ethylene-a-olefin copolymer satisfying the
requirements (&) to (E).

The other ethylene polymer (b) of the present
invention may be an ethylene-a-olefin topolymer or an

ethylene polymer or copolymer obtained by high pressure
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A sem conductor | ayer may be provided interposed between the conductor and
the insulating layer. Afire retardant resin |ayer nmay be provi ded outside
the insulating | ayer. The electrical insulating material of the
present invention can exert marked effecBg particularly on high voltage.
In the power cable of the present invention, the insulating |layer is
preferably crosslinked upon coating. In

radical polymerization. A first preferred example (bl) of
such an ethylene polymer is an ethylene homopolymer and an
ethylene-a-olefin copolymer each having a density of from
0.86 to 0.97 g/cm® obtained by conventional ionic
polymerization in the presence of a Ziegler catalyst or
Phillips catalyst (hereinafter generically referred to as
"Ziegler catalyst"). Specific examples of such an ethylene-
a-olefin copolymer include high density polyethylene (HDPE),
middle density polyethylene (MDPE), linear low density
polyethylene (LLDPE), and very low density polyethylene
(VLDPE).

The high density polyethylene, middle density
polyethylene and low density polyethylene (HDPE, MDPE, LLDPE)
of the present invention obtained in the presence of a
Ziegler catalyst have a density of from 0.91 to 0.97 g/cm?,
preferably from 0.91 to 0.94 g/cm® (LLDPE), MFR of from 0.1
to 20 g/10min, preferably from 0.5 to 15 g/10min, more
preferably from 0.7 to 10 g/10min and Mw/Mn of from 2.5 to 7,
preferably from 3 to 5.5.

The very low density polyethylene (VLDPE) of the
present invention obtained in the presence of a Ziegler
catalyst has a density of from 0.86 to 0.91 g/cm®, preferably
from 0.88 to 0.91 g/cm® and MFR of from 0.1 to 20 g/10min,
preferably from 0.5 to 15 g/10min.

The very low density polyethylene (VLDPE) contains a

polyethylene which exhibits préperties intermediate between
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47 order to crosslink the insulating layer, the insulating material
whi ch has previously conprised a radical generator incorporated therein
may be heated so that it is crosslinked. Alternatively, the insulating

material may be radiation- 35
linear low density polyethylene (LLDPE) and ethylene-a-olefin
copolymer rubber (EPR, EPDM). It is preferably a specific
ethylene-a-olefin copolymer having a density of from 0.86 to
0.91 g/cm?®, a maximum peak temperature (Tm) of not lower than
60°C as determined by differential scanning calorimetry and a
boiling n-hexane-insoluble content of not less than 10% by
weight. It is a resin comprising a high crystallinity moiety
formed by linear low density polyethylene and an amorphous
moiety formed by ethylene-a-olefin copolymer rubber in
combination, obtained by the polymerization in the presence
of a catalyst made of at least a solid catalyst component
containing titanium and/or vanadium and an organic aluminum
compound. This resin exhibits excellent mechanical strength
and heat resistance inherent to the former moiety and
excellent rubber elasticity and low temperature impact
resistance inherent to the latter moiety which are well
balanced.

The a-olefin to be incorporated in the ethylene-
a-olefin copolymer prepared in the presence of a Ziegler
catalyst has from 3 to 12, preferably from 3 to 10 carbon
atoms. Specific examples of such an a-olefin include
propylene, butene-1,4-methylpentene-1, hexene-1, octene-1,
decene-1, and dodecene-1. '

The content of such an a-olefin in the copolymer is

preferably not more than 40 mol%.
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crosslinked. Exanpl es of the radical generator include peroxides
such as benzoyl peroxide, |auryl peroxide, dicunyl peroxide,

t-butyl hydroperoxide, [err]-[err]-bis(t-butylperoxydiisopropyl) benzene,
di -t-butyl peroxide, 2,5-dimethyl- 2,5-di36t-butylperoxy)hexane,
2,5-dimethyl- 2,5-di-(t-butylperoxy) hexyne and azobi sisobutylonitrile,
2, 3-di met hyl - 2, 3-di phenyl but ane, 2, 3-diethyl- 2, 3-di phenyl but ane,

2, 3-di et hyl -2, 3-di ( p- et hyl phenyl ) but ane,

The second preferred example (b2) of the other
ethylene polymer of the present invention is a low density
‘polyethylene, ethylene-vinyl ester copolymer, or copolymer of
ethylene with o,B-unsaturated carboxylic acid or derivative
thereof, obtained by high pressure radical polymerization.

The foregoing low density polyethylene (LDPE)
generally has MFR of from 0.1 to 20 g/10min, preferably from
0.2 to 15 g/10min. If MFR of the low density polyethylene
falls within this range, the resulting composition exhibits a
melt tension suitable enough to be formed into film. The
foregoing low density polyethylene generally has a density of
from 0.91 to 0.94 g/cm’, preferably from 0.912 to 0.935
g/cm?, more preferably from 0.912 to 0.930 g/cm® and a melt
tension of from 1.5 to 25 g, preferably from 3 to 20 g. The
melt tension is one of elastic properties of a resin. A
resin having a melt tension falling within this range can be
easily formed into film.

The foregoing low density polyethylene generally has
Mw/Mn of from 3.0 to 10, preferably from 4.0 to 8.0.

The ethylene-vinyl ester copolymer which can be used
in the present invention is a copolymer of a vinyl ester
monomer mainly comprising ethylene prepared by high pressure
radical polymerization, such as vinyl propionate, vinyl
acetate, vinyl caproate, vinyl caprate, vinyl laurate, vinyl
stearate and vinyl trifluoroacetate. ‘Particularly preferred

among these vinyl ester monomers is vinyl acetate (EVA). A
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and 2, 3-diethyl-2,3-di (bronmophenyl) but ane. Preferred anong the

foregoing radi cal generators are

2,5-di met hyl -2, 5-di - (t-butyl peroxy) hexane, 2,5-di nethyl -

2,5-di-(t-butyl peroxy)hexyne, and dicunyBperoxide. The anount of such a

radi cal generator to be incorporated is normally from0.01 to 5 parts by

wei ght, preferably from0.1 to 3 parts by weight per 100 parts by wei ght

of the resin conponents. The insulatin% | ayer which has been

nmol ded nmay beopolymer comprising from 50 to 99.5% by weight of ethylene,
from 0.5 to 50% by'weight of vinyl ester and from 0 to 49.5%
by weight of other copolymerizable unsaturated monomers is
preferred. In particular, the content of vinyl ester is from
3 to 20% by weight, preferably from 5 to 15% by weight.

These copolymers generally have MFR of from 0.1 to 20
g/10min, preferably from 0.3 to 10 g/10min, and a melt
tension of from 2.0 to 25 g, preferably from 3 to 20 g.
Representative examples of the copolymer of ethylene

.with a,B-unsaturated carboxylic acid or derivative thereof
which can be used in the present invention include ethylene-
(meth)acrylic acid or its alkylester copolymer. Examples of
the comonomers include acrylic acid, methacrylic acid, methyl
acrylate, methyl methacrylate, ethyl acrylate, ethyl
methacrylate, propyl acrylate, propyl methacrylate, isopropyl
acrylate, isopropyl methacrylate, n-butyl acrylate, n-butyl
methacrylate, cyclohexyl acrylate, cyclohexyl methacrylate,
lauryl acrylate, lauryl methacrylate, stearyl acrylate,
stearyl methacrylate, glycidyl acrylate, and glycidyl
methacrylate. Particularly preferred among these comonomers
are alkylesters éuch as methyl (meth)acrylate and ethyl
(meth)acrylate (EEA). In particular, the content of ester
(meth)acrylate is from 3 to 20% by weight, preferably from 5

to 15% by weight.
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allowed to cool or forcedly cooled in a water bath or the like. It is
preferred that the insulating | ayer which has been nol ded be cooled at a
relatively-slow rate to prevent the generation of voids in the insulating

| ayer .

38 48

These copolymers generally have MFR of from 0.1 to
20 g/10min, preferably from 0.3 to 10 g/10min, and a melt
tension of from 2.0 to 25 g, preferably from 3 to 20 g.

The mixing ratio of the polyolefin resin (b) may vary
depending on the usage of the resin composition. For
example, the ethylene-a-olefin copolymer (a) may be the main
component in the field where the excellent strength, heat
seal property and electrical property of the ethylene-
a-olefin copolymer (a) is particularly required, whereas a
large amount of the polyolefin resin (b) may be used in the
field where the economical efficiency and moldability are
important.

The third aspect of the present invention is a film
comprising an ethylene-a-olefin copolymer according to the
first aspect of the present invention or a resin composition
according to the second aspect of the present invention..

When it is desired to provide the film of the present
invention with improvements in transparency, low temperature
heat-seal properties, strength, blocking resistance and anti-
elution properties, the film preferably comprises (a) an
ethylene-a-olefin copolymer according to the present
invention alone or a compositioﬁ comprising the copolymer as
a main component. When it is desired to consider moldability
and economy while maintaining these properties to some
extent, the componént (a) is preferably blended with the

component (b). If the component (a) is blended with the
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The crosslinked insulating material according to the present invention
exhi bits an excellent insulation properties and elastic properties and is
t hus nost suitable for sheathing of cable. It can be w dely used
regardl ess of whether it is applied to diBect current or alternating
current power supply. The crosslinked insulating material according to the
present invention exhibits a small tenperature dependence of vol une
resi stance and excel | ent

component (b), the component (a) may be used in an amount of

not less than 20% by weight while the component (b) may be
used in an amount of not more than 80% by weight. If it is
desired to provide the film with a well-balanced moldability
while maintaining the mechanical strength, low temperature
heat-seal properties and transparency, the component (a) is
incorporated in an amount of from 50 to 98% by weight,
preferably from 60 to 90% by weight while the component (b)
is incorporated in an amount of from 2 to 50% by weight,
preferably from 10 to 40% by Qeight. If the content of the
component (a) falls below 20% by weight and the content of
the component (b) exceeds 80% by weight, it may be
disadvantageous in that the resulting film cannot fulfill its
low heat-seal properties and blocking properties.

The film of the present invention can be produced by
processing the foregoing component (a) and/or component (b)
by an inflation molding method, a T-die extrusion molaing
method or the like. The film thus molded exhibits excellent
lubricating property, blocking resistance, low heat-seal
properties, transparency and mechanical strength. The film
is little apt to migration of resin components to the content
wrapped. The film can be singly formed into various wrapping
materials, wrapping bags or containers. By making the best
use of its excellent heat-seal properties, the film can find

application in heat seal. The thickness of the film
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el ectrical properties and thus can be used for high voltage direct current

power cabl e. The present invention will be further described in
the followi ng exanples, but the present invention should not be construed
as being limted thereto. The tes#Ong net hods used in Exanples 1 to

10 and Conparative Exanples 1 to 8 are as follows: Method for testing
physi cal properties Density:

generally ranges from 3 to 500 um, though depending on the
pﬁrpose.

The fourth aspect of the present invention is a
laminate comprising an ethylene-a-olefin copolymer according
to the first aspect of the present invention or a resin
composition according to the second aspect of the present
invention. The laminate of the present invention is a
multilayer laminate comprising a layer of the ethylene-
a-olefin copolymer or the resin composition with a layer of
other materials, preferably a gas barrier material layer.

The other materials to be laminated may vary with the
purpose required. Examples of these materials which have gas
barrier properties such as those for food wrapping include
gas barrier materials, e.g., polyamide resin such as 6-nylon
and 6,6-nylon, polyester resin such as polyethylene
terephthalate and polybutylene terephthalate, saponification
product of ethylene-vinyl acetate copolymer, vinylidene
chloride resin, polyvinyl alcohol resin, polycarbonate resin,
material obtained by metallizing these resins with aluminum,
and metal foil such as aluminum and copper. The laminate
comprising the ethylene-a-olefin copolymer or the resin
composition and such a gas barrier material is suitable for
producing containers for foods, medical drags, clothes, etc.
Examples of other materials to be laminated include materials
for enhancing nerve, e.g., for making -self-supporting

container or making bag at a high speed, such as high density
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Measured in accordance with JI'S K6760 MR Measured in accordance
with JIS K6760 Measurenent by DSC. The speci men was nol ded by a
hot press to prepare a 0.2-mmthick sheet. The sheet was then stanped out
to prepare a sanple with a weight of aboit 5 ng. The sanple was then
allowed to stand at 230[err]C for 10 minutes. The sanple was cooled to
O[err]C at arate of 2[err]C mn, and then heated to

polyethylene, polypropylene, and polybutene-1. Further, two

or more of these materials may be properly laminated with

each other.

Examples of methods for laminating these materials
include extrusion lamination method, dry lamination method,
sand lamination method, T-die co-extrusion method, and
co-extrusion inflation method. For the film of the present
invention, dry lamination method is particularly preferred.
When T-die co-extrusion method, co-extrusion method or the
like is used, LLDPE graft-modified with a monomer having a
polar group such as maleic anhydride or an ionomer resin, or
a mixture éhereof may be used as an intermediate adhesive
layer.

In the laﬁinate of the presenf invention, the layer
of the ethylene-a-olefin copolymer or the resin composition
of the present invention is preferably a heat seal layer.

The heat seal layer needs to exhibit excellent low
temperature heat-seal properties and heat-sealing strength.
The laminated thickness of the heat seél layer depends on the
purpose. It is generally from 3 to 250 um, preferably from 5
to 200 pum, more preferably from 10 to 180 uym. The film thus
laminated may be further laminated with a base film having a
thickness of from 3 to 200 um or a plurality of films having
a thickness similar to the base film.

Another embodiment of the laminate of the present

invention include a multi-layer film having excellent heat-
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49 170[err]C at a rate of 10[err]C m n. The tenperature at the top of
the resulting HHX|nun1tenperature peak indicated the maxi num peak

tenperature Tm
42

meme———

seal properties and nerve comprising a film of the present
invention as a surf;ce layer énd a middle density
polyethylene as an inner layer; an inexpensive multi-layer
film having excellent heat-seal properties comprising a film
of the present invention as a surface layer and a regenerated
polyethylene as an inner layer; and combinations thereof.

The film or.laminaté according to the present
inﬁention preferably comprises an aliphatic amide (c)
incorporated therein in an amcunt of from 0.03 to 0.25 parts
by weight per 100 parts by weight of the ethylene-a-olefin
copolymer according to the present invention or the resin
composition of the present invention comprising the ethylene-
a-olefin copolymer (a) and the polyolefin resin (b).

The purpose of the aliphatic amide (c) used in the
present invention is to improve the lubricating property of
the foregoing film. Thus, a laminating film which is not apt
to deterioration of peelability and lubricating property can
be provided.

When such an aliphatic amide is used, care should be
taken to prevent the aliphatic amide from having adverse
effects on the adhesiveness between the film of the copolymer
or resin composition of the present invention and the base
film. Among aliphatic amides, (cl) an unsaturated aliphatic
bisamide and (c2) an unsaturated aliphatic amide having a
melting point of from_65°C to 90°C may be blended in an

amount of from 0.01 to 0.2 parts by weight each, with the
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Mn/ MVh: GPC Waters 150 Type Solvent: ODCB 135[err]C
Colum: GWHR-H (S), available from Toso Co., Ltd. NWR Measur ed
by neans of GX-270 available fromJeol Ltd. wth ODCB at 135[err]C
Inflation film nolding A copol yne43 powder obt ai ned by

pol yneri zati on was

proviso that the total amount of (cl) and (c2) is from 0.03

to 0.25 parts by weight, to provide the resulting film with

‘an enhanced lubricating property without impairing the

adhesiveness to the base film. Thus, these aliphatic amides
are preferably used to provide a film particularly suitable
for dry lamination.

Examples of the foregoing unsaturated aliphatic
bisamide (cl) include ethylenebisoleic amide,
ethylenebiserucic amide, hexamethylenebisoleic amide,
N,N’-dicleyladipic amide, and N,N’-dioleylsebacic amide.
Such an unsaturated aliphatic bisamide is generally
incorporated in an amount of from 0.0l to 0.2 parts by weight
per 100 parts by weight of the resin components. If the
amount of such an unsaturated aliphatic bisamide falls below
0.01 parts by weight, the resulting resin tends to exhibit
reduced lubricating property and blocking resistance. If the
amount of such an unsaturated aliphatic bisamide exceeds 0.2
parts by weight, the resulting resin tends to
disadvantageously exhibit a reduced adhesiveness to the
laminating materials described layer.

The melting point of the unsaturated aliphatic amide
having a melting point of from 65°C to 90°C (c2) is measured
by means of a differential scanning calorimeter (DSC) while
the temperature is being raised at a rate of 10°C/min.
Examples of such an uﬁsaturated aliphatic amide include

erucic amide, and oleic amide. If the melting point of the
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pell etized. The pelletized copolynmer was then processed by a LLDPE film
nol di ng machi ne (dianmeter: 50 nm equipped with a die having a dianeter of
100 mmand a lip gap of 2 mMmmat a blowratio of 1.9, a take-off speed of
20 Mmn and a nolding tenperature of 208ferr]C to provide a filmhaving a
thickness of 30 [err]m Evaluation of filmproperties Dart inpact

st rengt h: Measured i n accordance with ASTM D 1709

unsaturated aliphatic amide falls below 65°C, the resulting
resin tends to disadvantageously exhibit deteriorated
blocking resistance. If the melting point of the unsaturated
aliphatic amide exceeds 90°C, the resulting resin tends to
disadvantageously fail to exhibit sufficiently improved
lJubricating property. The amount of the unsaturated
aliphatic amide (c2) to be incorporated is generally from
0.01 to 0.2 parts by weight per 100 parts by weight of the
resin components, with the proviso that the total amount of
the component (cl) and the component (c2) is generally from
0.03 to 0.25 parts by weight. If the amount of the component
(c2) falls below 0.01 parts by weight, the resulting resin
tends to exhibit an insufficient lubricating property. If
the amount of the component (c2) exceeds 0.25 parts by
weight, the resulting resin tends to exhibit an insufficient
adhesiveness to the laminating materials. If the total
amount of the component (cl) and the component (c2) falls
below 0.03 parts by weight, the resulting resin tends to
exhibit insufficient lubricating property and blocking
resistance. If the total amount of the component (cl) and
the component (c2) exceeds (.25 parts by weight, the
resulting resin tends to exhibit an insufficient adhesiveness
to the laminating materials.

The fifth aspect of the present invention is an
electrical insulating material comprising an ethylene-

a-olefin copolymer according to the first aspect of the

caneny
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Tensi | e nodul us: The specimen was set on a tensile tester. The
speci nen was then pulled at a rate of 5 mmmn. The tensile nodul us was
then determ ned fromthe stress and sectional area devel oped when the

speci nen was el ongated by 1% 45

present invention or a resin composition according to the
second aspect of the present invention.

The sixth aspect of the present invention is a power
cable comprising a conductor having thereon an insulating
layer comprising an electfical insulating material according
to the fifth aspect of the present invention.

In the electrical insulating material according to
the present invention, the amount of the other polyolefin (b)
to be incorporated is from 0 to 98% by weight based on the
total amount of the ethylene-a-olefin copolymer (a) and the
other polyolefin (b). When it is desired to maintain the
excellent electrical properties of the ethylene-a-olefin
copolymer (a), the ethylene-a-olefin copolymer (a) is
preferably blended in an amount of from 70 to 100% by weight.
When it is desired to make the best use of the moldability or
economy of the polyolefin (b), the ethylene-a-olefin
copolymer (a) is preferably blended in an amount of from 2 to
70% by weight.

If the electrical insulating material is crosslinked
before use as described later, it is preferred that the
ethylene-a-olefin copolymer (a) and the other polyolefin (b)
be incorporated in an amount of from 10 to 30% by weight and
from 70 to 90% by weight, respectively.

When the foregoing ethylene-a-olefin copolymer (a)
according to the present invention exhibits an electrical

activation energy of not more than 0.4 eV, it is useful as an
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50 Haze: Measured i n accordance with ASTM D1003-61 (d oss:

Measured in accordance with JI'S Z8741 Hot tack properties: An
et her anchor coat agent was applied to a 15-[err]m
46

t————

electrical insulating material. The ethylene-a-olefin
copolymer having an electrical activation energy of not more
than 0.4 eV exhibits excellent electrical properties as
described foregoing.

The electrical insulating material according to the
present invention can be used as an insulating materials for
capacitors, high voltage parts in X-ray generators, various
measuring instruments, dry or wet battery containers, various
printed boards, various connectors, wiring cords, and globes
or tools for handling high voltage.

The power cable of the present invention comprises an
insulating layer comprising the foregoing electrical
insulating material, which is preferably crosslinked.

Specific examples of the foregoing power cable
include a power cable comprising a conductor coated with an
insulating layer comprising at least the crosslinked
electrical insulating material of the present invention. If
necessary, the conductor may be made of an assembly of wires.
A semiconductor layer may be provided interpdsed between the
conductor and the insulating layer. A fire retardant resin
layer may be provided outside the insulating layer.

The electrical insulating material of the present
invention can exert marked effects particularly on high
voltage.

In the power cable of the present invention, the

insulating layer is preferably crosslinked upon coating. 1In
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t hi ck nylon-based film The copolynmer filmprepared by the foregoing film
nol di ng nmet hod was then dry-lam nated on the nylon-based filmto obtain a
conposite film The filmthus obtained was then cut into a 25-nmm w de web.
The web was then clanped by a hot-plate_4Ype heat-seal tester having a
seal bar width of 5 mMm A 45 g | oad was suspended fromone end of the
conposite filmvia a pulley. A stack of two sheets of the conposite film
were then heat-sealed at a seal pressure of 2 kg/cnferr] for 0.5 seconds.
Seal i ng was éh&8r to crosslink the insulating layer, the insulating

material which has previously comprised a radical generator
incorporated therein may be heated so that it is crosslinked.
Alternatively, the insulating material may be radiation-
crosslinked.

Examples of the radical generator include peroxides
such as benzoyl peroxide, lauryl peroxide, dicumyl peroxide,
t-butylhydroperoxide, a-a-bis(t-butylperoxydiisopropyl)
benzene, di-t-butylperoxide, 2,5-dimethyl-
2,5-di-(t-butylperoxy)hexane, 2,5-dimethyl-
2,5-di-(t-butylperoxy) hexyne and azobisisobutylonitrile,
2,3-dimethyl-2,3-dipheny1bu£ane, 2,3-diethyl-
2,3-diphenylbutane, 2,3-diethyl-2,3-di(p-methylphenyl)butane,
and 2,3-diethyl-2,3-di (bromophenyl)butane.

Preferred among the foregoing radical generators are
2,5-dimethyl-2,5-di-(t-butylperoxy)hexane, 2,5-dimethyl-
2,5-di-(t-butyloperoxy)hexyne, and dicumylperoxide. The
amount of such a radical generator to be incorporated is
normally from 0.01 to 5 parts by weight, preferably from 0.1
to 3 parts by weight per 100 parts by weight of the resin
components.

The insulating layer which has been molded may be
allowed to cool or forcedly cooled in a water bath or the
like. It is preferred that the insulating layer which has
been molded be cooled at a relatively-slow rate to prevent

the generation of voids in the insulating layer.
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fini shed by opening the seal bar. At the sane tine, the film was |oaded to
peel the sealed area. The sealing was conducted at various tenperatures.
The rel ati onship between tenperature and peel ed di stance was then

determ ned. The wi der the range of seal 4§ tenperature at which a sealed
area that was peeled at a short distance can be nade was, the better were
the hot tack properties. Sheet nolding nethod The copol yner was
honogeni zed by neans of a roll, and

The crosslinked insulating material according to the
present invention exhibits an excellent insulation properties
and elastic properties and is thus most suitable for
sheathing of electric cable. It can be widely used
regardless of whether it is applied to direct current or
alternating current power supply. The crosslinked insulating
material according to the present invention exhibits a small
temperature dependence of volume resistance and excellent
electrical properties and thus can be used for high voltage
direct current power cable.

The present invention will be further described in
the following examples, but the present invention should not
be construed as being limited thereto.

The testing methods used in Examples 1 to 10 and
Comparative Examples 1 to 8 are as follows:

Method for testing phvsigal properties

Density:

Measured in accordance with JIS XK6760
MFR:

Measured in accordance with JIS K6760
Measurement by DSC:

The specimen was molded by a hot press to prepare a
0.2-mm thick sheet. The sheet was then stamped out to
prepare a sample with a weight of about 5 mg. The sample was
then allowed to stand at 230°C for 10 -minutes. The sampie

was cooled to 0°C at a rate of 2°C/min, and then heated to
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t hen cut

into chips. The chips were then press-nolded at a tenperature of

180[err]C to obtain a sheet. Condi ti ons of nol ding of specinen
by injection nolding

49

170°C at a rate of 10°C/min. The temperature at the top of
the resulting maximum temperature peak indicated the maximum

peak temperature Tm.

Mw/Mn:

GPC Waters 150 Type

Solvent: ODCB 135°C

Column: GMHHR-H (S), available from Toso Co., Ltd.
NMR:

Measured by means of GX-270 available from Jeol Ltd.
with ODCB at 135°C

Inflation film moldinq'

A copolymer powder obtained by polymerization was
granulated. The granular copolymer was then processed by a
LLDPE film molding machine (diameter: 50 mm) equipped with a
die having a diameter of 100 mm and a lip gap of 2 mm at a
blow ratio of 1.9, a take-off speed of 20 m/min and a molding
temperature of 200°C to provide a film having a thickness of
30 um.

Evaluation of film properties

Dart impact strength:

Measured in accordance with ASTM D 1709
Tensile modulus:

The specimen was set on a tensile tester. The
specimen was then pulled at a rate of 5 mm/min. The tensile
modulus was then determined from the stress and sectional

area developed when the specimen was elongated by 1%.
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machi ne
avai |l abl e from Japan St eel

220[ err] C Cushion nol ding nold tenperature:
and injection-nol ded speci nen

I nj ecti on nol di ng nmachi ne:

Wor ks, Ltd.

Tensil e i npact test:

JSWL00 (cl amping force: 100 ton),
Resi n nol di ng tenperature:
50[err] C Eval uation of sheet

Determned in

accordance with ASTM D1822 Tensil e noduTus:

Haze:

Measured in accordance with ASTM D1003-61
Gloss:

Measured in accordance with JIS Z8741
Hot tack properties:

An ether anchor coat agent was applied to a 15-um
thick nylon-based film. The copolymer film prepared by the
foregoing film molding method was then dry-laminated on the
nylon-based film to obtain a composite film. The film thus
obtained was then cut into a 25-mm wide web. The web was
then clamped by a hot-plate type heat-seal tester having a
seal bar width of 5 mm. A 45 g load was suspended from one
end of the composite film via a pulley. A stack of two
sheets of the composite film were then heat-sealed at a seal
pressure of 2 kg/cm’ for 0.5 seconds. Sealing was then
finished by opening the seal bar. Atlthe same time, the film
was loaded to peel the sealed area. The sealing was
conducted at various temperatures. The relationship between
temperature and peeled distance was then determined. The
wider the range of sealing temperature at which a sealed area
tha£ was peeled at a short distance can be made was, the
better were the hot tack properties.

Sheet molding method

The copolymer was homogenized by means of a roll, and
then cut into chips. The chips were then press-molded at a

temperature of 180°C to obtain a sheet.
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The specinmen was set on a tensile tester. The specinen is then pulled at a
rate of 5 mMmimn. The tensile nodulus was then determ ned fromthe stress
and sectional area devel oped when the speci men was el ongated by 1%
Tensile yield strength, breaking strengthsitensile elongation:

Determ ned in accordance with JI'S K6760 = The specimens Al to A5
used in Exanples 1 to 5 were prepared by the follow ng pol ynerization

met hods:
Conditions of molding of specimen by injection molding
machine
Injection molding machine: JSW100 (clamping force: 100 ton),
available from Japan Steel Works, Ltd.
Resin molding temperature:; 220°C
Cushion molding mold temperature: 50°C

Evaluation of sheet and inijection-molded specimen

Tensile impact test:

Determined in accordance with ASTM D1822
Tensile modulus:

The specimen was set on a tensile tester. The
specimen is then pulled at a rate of 5 mm/min. The tensile
modulus was then determined from the stress and sectional
area developed when the specimen was elongated by 1%.
Tensile yield strength, breaking strength, tensile
elongation:

Determined in accordance with JIS K6760

The specimens Al to A5 used in Examples 1 to 5 were
prepared by the following polymerization methods: |

Preparation of solid catalyst

Purified toluene was charged into a catalyst making
apparatus (No. 1) equipped with an electromagnetically-
induced agitator in an atmosphere of nitrogen; 28 g of
dipropoxy dichlorozirconium (Zr(OPr),Cl,) and 48 g of
methylcyclopentadiene were then charged into the catalyst

making apparatus. 45 g of tridecyl aluminum was then added
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Preparation of solid catal yst Purified toluene was charged into a
catal yst making apparatus (No. 1) equi pped with an el ectronmagnetically-

i nduced agitator in an atnosphere of nitrogen. 28 g of dipropoxy

di chlorozirconium (Zr(OPr)[err]C[err]) add 48 g of nethylcycl opentadi ene
were then charged into the catal yst naking apparatus. 45 g of tridecyl

al um num was t hen added

dropwise to the system while the system was being kept at a
temperature of 0°C. After the completion of dropwise
addition, the reaction system was stirred while the
temperature thereof was being kept to 50°C.for 16 hours to
obtain Sclution A. Separately, purified toluene was charged
into another catalyst making apparatus (No. 2) equipped with
an agitator in an atmosphere of nitrogen. Into the catalyst
making apparatus were then poured Solution A and a toluene
solution of 6.4 mol of methyl aluminoxane to effect reaction.
Thus, Solution B was obtained.

Subsequently, purified toluene was charged into the
catalyst making apparatus equipped with an agitator (No. 1)
in an atmosphere of nitrogen. To the system was then added
1,400 g of silica (available from Fuji Davison Co., Ltd.;
grade: #952; surface area: 300 m?/g) which had been calcined
at 400§C for a predetermined period of time. To the reaction
mixture was then the total amount of Solution B. The
reaction mixture was then stirred at room temperature.
Nitrogen was then blown through the reaction mixture to
remove the solvent therefrom. As a result, a solid catalyst
powder having a good fluidity was obtained as Catalyst C.

Preparation of specimen Al

Ethylene and l-butene were copolymerized at a
polymerization temperature of 70°C and a total pressure of 20
kgf/cm’G by means of a continuous fluidized bed gas phase

polymerization apparatus. The gas composition in the system

U
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dropwi se to the systemwhile the systemwas being kept at a

tenperature of O[err]C. After the conpletion of dropw se addition, the
reaction systemwas stirred while the tenperature thereof was bei ng kept
to 50[err]C for 16 hours to obtain Solutb®dn A Separately, purified

t ol uene was charged

had l-butene/ethylene molar ratio of 0.12 and an ethylene
concentration of 60 mol%. The polymerization process was
effected with Catalyst C being continuously supplied. In
order to keep the gas composition in the system constant, the
various gases were continuously supplied into the system.

The physical properties of the copolymer thus
produced are set forth in Table 1.

Preparation of specimen A2

Polymerization was effected in the same manner as in
Al except that l-butene/ethylene molar ratio was changed.
The physical properties of the copolymer thus produced are
set forth in Table 1 together with the results of the
experiment.

Preparation of specimens A3 to A5

Polymerization was effected in the same manner as in
Al except that the comonomer was changed to l-pentene,
l1-hexene and 4-methyl-pentene-1 to prepare specimens A3 to
A5, respectively. The physical properties of the copolymer
thus produced are set forth in Table 1 together with the

results of the experiment.

Preparation of specimens A6 to A9

Polymerization was effected in the same manner as in
Al except that l-butene/ethylene molar ratio was changed.
The physical properties of the copolymers thus produced are
set forth in Table 2 or 3 together with the results of the

experiment.
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I nto anot her catal yst nmaking apparatus (No. 2) equipped with an agitator

I n an atnosphere of nitrogen. Into the catalyst making apparatus were then
poured Solution A and a toluene solution of 6.4 nol of nethyl alum noxane
to effect reaction. Thus, Solution B was54ébtai ned. Subsequent |y,
purified toluene was charged into the catalyst making apparatus equi pped
with an agitator (No. 1) in an atnosphere of nitrogen. To the system was
then added 1,400 g of silica (available from Fuji Davison Co., Ltd.;

Preparation of specimen B2

Into a 50-¢ pressure reactor with an agitator in
which the air had been replaced by nitrogen was charged 25 ¢
of purified toluene. To the contents of the reactor was then
added 183 g of butene-1l. To the reaction mixture was then
added a mixture of bis(n-butylcyclopentadienyl)zirconium
dichloride and methyl alumoxane (MAO) (Al/Zr molar ratio:
500) in such an amount that the ambunt of Zr reached 0.33
mmol. The reaction mixture was then heated to a temperature
of 80°C. Into the reactor was then charged ethylene in such
a manner that the pressure reached 9 kg/cm’G where the
polymerization of the reaction mixture was initiated. The
polymerization process lasted for 1 hour while the total
pressure was being kept to 9 kg/cm’G by continuously
polymerizing ethylene. Thus, a copolymer was prepared. The
physical properties of the copolymer thus prepared are set
forth in Table 1 together with the results of the experiment.

Preparation of specimen BS

The polymerization procedure of B2 was followed
except that 410 g of l-butene was added. The physical
properties of the copolymer thus prepared are set forth in
Table 3 together with the results of the experiment.

The other specimens Bl, B3, B4 and B6 were LLDPE or
VLDPE obtained by the gas phase or slurry copolymerization of
ethylene and l-butene in the presence -of titanium

tetrachloride or triethyl aluminum catalyst. The physical

HEET
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grade: #952;

surface area: 300 n2/g) which had been calcined at 400[err]C

for a predeterm ned period of tine. To the reaction mxture was then the
total amount of Solution B. The reaction m xture was then stirred at room

t enper at ure.

Ni trogen was then bl own thrssugh the reaction mxture to

renove the solvent therefrom As a resulT, a solid catalyst powder having
a good fluidity was obtai ned as Catal yst C Preparation of specinen Al
Et hyl ene and 1-butene were copol ynerized at a

properties of these copolymer thus prepared are set forth in
Tables 1 to 3 together with the results of the experiment.

EXAMPT.ES 1 TO 5

Table 1 shows the comparison of various physical

_properties of film products obtained by the inflation

extrusion of granular material prepared by the foregoing
procedure.

COMPARATIVE EXAMPLES 1 TO 3

For comparison with Examples 1 to 5, the resins set
forth in Table 1 were processed in the same manner as in
Examples 1 to 5. The results are set forth in Table 1. As
can be seen in Table 1, Comparative Example 1 exhibited poor
dart impact strength and transparency. Comparative Example 2
exhibited a low melting point and a reduced heat resistance.
Further, Comparative Examples 3 was inferior to Examples 3
and 4 in dart impact strength and transparency taking into
account the kind of a-olefin used.

EXAMPLE 6 AND
COMPARATIVE EXAMPLES 4 AND 5

The film product obtained in Example 2 was measured
for hot tack properties. The results were then compared with
that of Comparative Examples 4 and 5 determined from the film
products obtained in Comparative Examples 1 and 2. The
results are set forth in Table 3. Example 5 exhibited a wide
sealing temperature range within which the sealed area can be

peeled at a short distance.
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pol ynmeri zation tenperature of 70[err]C and a total pressure of 20
kgf/cnferr] G by nmeans of a continuous fluidi zed bed gas phase

pol ymeri zati on apparatus. The gas conposition in the system

53 56

EXAMPLES 7 AND 8 AND
COMPARATIVE EXAMPLES 6 AND 7

Sheets were molded by the foregoing method. These
sheets were then subjected to physical experiments. The
results are set forth in Table 3. Comparative Example 6
exhibited a poor tensile strength. Comparative Example 7
exhibited a poor heat resistance.

EXAMPLES 9 AND 10 AND
COMPARATIVE EXAMPLE 8

Specimens were molded by the foregoing injection
molding method. These specimens were then subjected to
physical experiments. The results are set forth in Table 4.
Comparative Example 8 exhibited poor tensile impact strength

and tensile break strength.
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Al except that 1-butene/ethylene nolar ratio was changed. The physi cal
properties of the copol ynmer thus produced are set forth in Table 1
together with the results of the experinment. Preparation of specinens A3
to A5 Pol yneri zation was effectedd8 n the sanme manner as in Al
except that the compnomer was changed to “I-pentene, 1-hexene and

4- et hyl -pentene-1 to prepare speciner® A3 to A5, respectively. The

physi cal properties of the copol yn&i © o
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t hus produced are set forth in Table 1 together with the results of the
experinment. Preparation of specinens A6 to A9 Pol ynmeri zati on was
effected in the sanme manner as in Al except that 1-butene/ethylene nolar
rati o was changed. The physical properti®8 of the copolymers thus produced
are set forth in Tables 2 to 4 together With the results of the

experi nent .
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pressure reactor

i

Into a 50-[err]
had been replaced by nitrogen was

of purified tol uene.

To the contents of the reactor was
60

which the air

Preparati on of specinen B2
I n

with an agitator
charged 25 [err]
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added 183 g
of bi s(n-but
(MAO (Al Zr

of butene-1. To the reaction m xture was then added a m xture
yl cycl opent adi enyl ) zi rconi um di chl ori de and net hyl al unoxane
nolar ratio: 500) in such an anount that the anmount of Zr

reached 0.33 mmol. The reaction mxture 6@s then heated to a tenperature

of 80[err]C

Into the reactor was then charged ethylene in such a manner

that the pressure reached 9 kg/cnRG where the polynerization of the
reaction mixture wasTheitestiow methodsogedr inaExemppescédstbaglednéior 1

hour while t

he tot al
Comparative Examples 9 to 11 will be described hereinafter.

Physical properties test

All the tests were conducted in the same manner as in
Examples 1 to 10 and Comparative Examples 1 to 8.

T-die molded film evaluation method

Haze:

Measured in accordance with ASTM D1003
Tensile modulus:
| Measured in accordance with ASTM D882
Tensile impact strength test:

Measured in accordance with ASTM D1822. MD
(extrusion direction) strength was measured.

Blocking resistance:

Two sheets of 20-mm wide webs cut from the film were
stacked over a length of 5 cm. The stack was then allowed to
stand under a load of 10 kg in an oven at 50°C for 48 hours.
The specimen was the then conditioned at room temperature
(23°C) and a humidity of 50% for 24 hours. The specimen was
then pulled at a rate of 500 mm/min by means of a tensile
tester to measure the load.

Low temperature heat-seal properties:

By using a heat-seal tester (available from Tester
Sangyo Co., Ltd.), the specimen was heat-sealed at a seal bar
width of 1 mm and a pressure of 2 kg/cm? for 1 second at

intervals of 5°C, and then allowed to cool. The sealed area

€T
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pressure was being kept to 9 kg/cnferr]G by continuously polynerizing

et hyl ene. Thus, a copolyner was prepared. The physical properties of the

copol ymer thus prepared are set forth in Table 1 together with the results

of the experiment. Preparation of speciméd B5 The pol yneri zation

procedure of B2 was foll owed except that 410 g of 1-butene was added. The

phyS|caI properties of the co?olyner thus prepared are set forth in Table
3 toget her wwe§ thenreygl istef s hemmxpideneelps. The web specimen was

then peeled at a rate of 300 mm/min by means of a tensile
tester. The temperature at which the load required was 500 g
is determined by interpolation.

Container evaluation method

Flexibility:

The contents-release characteristics are visually
observed.

A: Relatively good

C: Poor
Heat resistance:

The container filled with distilled water was
subjected to high pressure steam sterilization at a
temperature of 121°C for 20 minutes. The container thus
treated was then visually observed for deformation.

A: Not deformed

B: Slightly deformed

C: Remarkably deformed
Drop test:

Ten containers filled with distilled water which had
been adjusted to 5°C were dropped from a height of 1.2 m.
The number of ruptured containers was determined.

A: No ruptured containers

B: 1 or 2 ruptured containers
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The ot her specinens Bl, B3, B4 and B6 were LLDPE or VLDPE obtained by the
gas phase or slurry copolynerization of ethylene and 1-butene in the
presence of a catalyst prepared fromtitaniumtetrachloride and triethyl
al um num The physi cal 63 55

T-die film molding conditions

Make of apparatus used: Union Plastic Co., Ltd.
Extruder screw diameter: 30 mm
T-die: 300 mm face
Number of revolutions of screw: éo rpm
Extrusion rate: 6.5 kg/hr
Die lip gap: 2.0 mm
Take-off speed: 1.7 m/min
Molded resin temperature: 220°C
- Film thickness: 300 um
Chill-roll temperature: 40°C
Screen mesh: 80 mesh/120 mesh/80 mesh
Specimens Al(Q to Al5 were prepared by the following
polymerization methods:

Preparation of solid catalyst

The procedure of Examples 1 to 10 was followed to
obtain Catalyst C.

Preparation of specimens

Polymerization was conducted in the same manner as in
specimens Al to AS9. The properties thereof are shown in

Table 5.

Other ethylene polymers
HDPE: |

High density polyethylene (prepared by slurry process
in the presence of a Ziegler catalyst) available from Japan

Polyolefins Co., Ltd.
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properties of these copolynmer thus prepared are set forth in Tables 1 to 4
together with the results of the experinent.

EXAMPLES 1 TO 5 Tabl e 1 shows the conparison of various physical
properties of film products obtained by tke inflation extrusion of
pellets prepared by the foregoing procedure.
COVPARATI VE EXAMPLES 1 TO 3

VL:

Linear very low density polyethylene polymer
(prepared by gas phase process in the presence of a Ziegler
catalyst) (Comonomer: butene-1) available from Japan
Polyolefins Co., Ltd.

HPLD:

High pressure process low density polyethylene
available from Japan Polyolefins Co., Ltd.
EVA:

High pressure ethylene-vinyl acetate copolymer (vinyl
acetate content: 5%) available from Japan Polyolefins Co.,
‘Ltd.

EEA:

High pressure ethylene-ethyl acrylate copolymer
(ethyl acrylate content: 5%) available from Japan Polyolefins
Co., Ltd.

The properties of the above polymers are shown in
Table 6.

EXAMPLE 11

80 parts by weight of specimens Al0, 20 parts by
weight of HPLD, 0.24 part by weight of Irganox 1076
(available from Ciba Geigy Co., Ltd.), 0.12 part by weight of
Irgaphos 168 (available from Ciba Geigy Co., Ltd.), and 0.1
part by weight of calcium stearate (available from NOF
Corporation) were uniformly mixed by a Henschel mixer, and

the mixture was made into pellets. The pellets were molded
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For conparison with Exanples 1 to 5, the resins set forth in Table 1 were
processed in the same manner as in Exanples 1 to 5. The results are set
forth in Table 1. As can be seen in Table 1, Conparative Exanple 1
exhi bited poor dart inpact strength and gsansparency. Conparative Exanple
2 exhibited a low melting point and a reduted heat resistance. Further,
Conparative Exanples 3 was inferior to Exanples 3 and 4 in dart inpact
strgngth andihtanspshestyhavkndoa i thickmesowt 0 J6 n iy drdsarirg aeefin
used.
subject to measurements for tensile modulus, tensile impact
strength and haze. Separately, the pallets were subjected to
T-die molding under the above conditions to obtain a film
having a thickness of 50 um to subject to measurements for
blocking strength and low temperature heat-seal property.
The results obtained are shown in Table 7.
EXAMPLES 12 TO 16
The same procedures as in Example 11 were repeated
except that the polymers shown in Tables 5 and 6 were used.
The results obtained are shown in Table 7.
EXAMPLE 17
A container (content: 500 ml) was prepared by using a
film obtained in Example 11 using specimen Al0 and HDPE by
heat-sealing. The resulting container was evaluated in the
manner described above. The results obtained are shown in

Table 8.

EXAMPLES 18 TO 20

The same procedures as in Example 17 were repeated
except that the polymers shown in Tables 5 and 6 were used.
The results obtained are shown in Table 8.

COMPARATIVE EXAMPLE §

The same procedures as in Example 11 were repeated

except that the polymers shown in Tables 5 and 6 were used.

The results obtained are shown in Table 7.
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EXAMPLE 6 AND COVPARATI VE EXAMPLES 4 AND 5 The film
product obtained in Exanple 2 was neasured for hot tack properties. The
results were then conpared with that of Conparative Exanples 4 and 5
determined fromthe film products obtained in Conparative Exanples 1 and
2. The results are set forth in Table 3" Exanple 6 exhibited a w de
sealing tenperature range within which the sealed area can be peeled at a
short di stance. COMPARATIVE EXAMPLES 10 AND 11

The same procedures as in Example 17 were repeated
except that the polymers shown in Tables 5 and 6 were used.

The results obtained are shown in Table 8.
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56 EXAMPLES 7 AND 8 AND
COVPARATI VE EXAMPLES 6 AND 7 Sheets were nol ded by the foregoing
met hod. These
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sheets were then subjected to physical experinents. The results are set
forth in Table 3. Conparative Exanple 6 exhi bited a poor tensile inpact
strength. Conparative Exanpl e 7 exhibited a poor heat resistance.
EXAMPLES 9 AND 10 AND 6 COVPARATI VE EXAMPLE 8

Speci mens were nol ded by the foregoing injéction nolding nethod. These
speci nens were then subjected to physical experinents. The results are set
forthin Table 4. Conparative Exanple 8 exhibited poor tensile inpact
strength

EEA

1.4
0.933

EVA

0.932

HPLD
.0
0.924

TABLE 6 :
(Other ethylene polymers)

7
10.1

VL
3.0
0.905
5
2

HDPE
5.3
0.963

e ————
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and tensile break strength.

57

9v1

8v1

LyT

LyT LYT 8V T LyT
029'T 095 069 0TL 029 0zZ€E 065
0S¥ 08% 009 066 0LS 06% 019
028 0TE’T 0621 09€’T 012’1 0TE'T 0€2'T
9° 1T Z2°0T T°0T 2°0T G°0T V€T 9°01
(o)}
O
(g¢) (oz) (o0z) (0z) (0z) (oz)
- a1dH vad YAR ar1dd ar1dd a1dH
(oo0T1) (g9) (08) (og8) - (o8) (08) (08)
TA VIV 0TvY 0TV - €TV ZIv 0TIV
6 B 6T A €1 AN T
NHQEMunm_ GHQmeM
aaT3eaeduo)

(wiTy FO uvOT3IENTRAY)

L HTIHYL

This Sheet Has Been Replaced

(Do) ZX3asdoad
Teas-3esy

(B) yabuexas
butyooTg

$Eo\Eomxv yabuaays

joedwT BTTSU,

$Eo\mxv

SONTNPOW STTISUI]

(%) ozeH

((3am) otaex)
uot3Tsodwo)

[T

14 NOV 1996




[err]

58

2 D
g d
Y Y
o) 9]
=
(gg) (o2)
d4d40H dddH
(59) (08)
TA TA
11 01
sTdmexy
aaTyexedwo)

Y ¥ v '
L4 Y L' ¥
Y L' L' L'
L4 v ' ¥
(g¢) (0z) (oz) (oz)
dddH dddH dddH d4ddH
(59) (08) (08) (08)
STV €TV 1Y 0TV
—0¢_ 61 81 _ AN
aTdwexy
8 @idvi

uoTlenTeAd TeIOoN

1s973 doaqg
AFTT1TqT®@Td

{jsuerlsisad 18l

((g3m) orzex)
uoT3Tsodwo)

I

|

i

This Sheet Has Been Replaced

LS

~
B

- REPLACEMENT 3i4:t

14 NOV 1996




59

[err]

71

msanrmp—

. EXAMPLES 21 TO 29 AND
COMPARATIVE EXAMPLES 12 TO 15

The testing methods used in Examples 21 to 29 and
Comparative Examples 12 to 15 will be described hereinafter.

Physical properties test

All the tests were conducted in the same manner as in
Examples 1 to 10 and Comparative Examples 1 to 8.

T-die molding film formation conditions

Make of apparatus used: Union Plastic Co., Ltd.
Extruder screw diameter: 30 mm

T-die: 300 mm face

Number of revolutions of screw: 50 rpm

Die lip gap: 1.2 mm

Take-off speed: 6 m/min

Molded.resin temperature: 210 to 220°C

Film thickness: 50 um

Evaluation of T-die molded film properties

Haze (%):

Measured in accordance with ASTM D1003-61
Gloss (%)s

Measured in accordance with JIS Z8741
Low temperature heat-seal properties:

Using a heat-sealer available from Tester Sangyo Co.,
Ltd., the_specimen was heat-sealed at a pressure of 2 kg/cm’G
for 1 second at some properly selected temperatures. This

film was then cut into a 15-mm wide web. The web specimen
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[err]

61 The testing

nmet hods used in Exanples 11 to 20 and Conparative Exanples 9 to 11 w |
descri bed hereinafter.

72

———

was then subjected to peel test at a peeling rate of 300
mm/min. The low temperature heat-seal properties were
represented by the temperature value at which the peel
strength of the specimen was 500 g, determined by
interpolation. The lower this temperature value was, the

better were the low temperature heat-seal properties.

Sheet molding method

| The copolymer was homogenized by means of a roll, and
then cut into chips. The chips were then press-molded at a
temperature of 180°C to obtain a sheet.

Evaluation of sheet specimen

Tensile impact strength:

Measured in accordance with ASTM D1822
Tensile modulus:

The specimen was set on a tensile tester. The
specimen was then pulled at a rate of 5 mm/min. The tensile
modulus was then determined from the stress and sectional
area developed when the specimen was elongated by 1%.

Rust testing method

To the specimen powder were added 0.10% by weight of
tetrakis-[methylene-3-(3’,5’'-di-tertiary butyl)-4’'-hydroxy-
phenyl)propionate]methane (trade name: Irganox 1010) as a
phenolic oxidation inhibitor and 0.10% by weight of
tris(2,4-di-t-butylphenyl)phosphite (trade name: Irgaphos
168) as a phosphite oxidation inhibitor. The mixture was

then granulated.
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Physi cal properties test Al'l the tests were conducted in the sanme
manner as in Exanples 1 to 10 and Conparative Exanples 1 to 8. T-die

nmol ded film eval uation nethod Haze: Measured in accordance with
ASTM D1003 Tensi | e nodul us: Meagdred in accordance with ASTM D882
Tensil e inpact strength test:

The specimen thus pelletized was then melted over a
230°C oil bath in a stream of nitrogen for 3 hours. A soft-
iron plate having a surface area of 50 cm? was then dipped in
the molten resin for 2 hours. The soft-iron plate was then
withdrawn from the molten resin. The resin attached to the
iron plate was then peeled off. The iron plate was then
allowed to stand in a 80°C-90%RH constant temperature-
humidity bath for 20 hours to accelerate rusting. The iron
plate was then dried in a desiccator with silica gel for 1
day. The weight increase (mg) of the soft-iron plate
indicated the generated amount of rust.

Measurement of volume resistance

1. Preparation of specimen to be measured for volume
resistance

A blend of the ethylene-a-olefin copolymer to be
measured and a polyolefin was kneaded at a temperature of
160°C by means of a plast mill for 5 minutes, and then hot-
pressed to form a 0.3-mm thick sheet. Referring to the hot
pressing conditions, the non-crosslinked specimen was
processed clamped by aluminum sheets under the following
conditions:

1) The specimen was pre-heated to a temperature of
140°C for 5 minutes;

2) The specimen was pressed to a temperature of

140°C under a pressure of 100kg/cm? for 5 minutes;
P g
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Measured in accordance with ASTM D1822. MD (extrusion direction) strength
was neasured. Bl ocking resistance: Two sheets of 20-nm w de webs
cut fromthe filmwere stacked over a length of 5 cm The stack was then
allowed to stand under a |load of 10 kg if4an oven at 50[err]C for 48
hours. The specimen was the then conditioned at roomtenperature
(23[err]C and a humdity of 50% for 24 hours. The speci nen was then
pulled at a rate of 300 Whenspebimenawas ofoaledmidyre to 30°C from 140°C
under pressure in 5 minutes.

If the specimen was crosslinked, it was previously
kneaded with 2 parts by weight of dicumyl peroxide at a
temperature of 120°C. The specimen was then processed
clamped by teflon sheets under the following conditions:

1) The specimen was pre-heated to a temperature of
120°C for 5 minutes;

2) The specimen was pressed at a temperature of
120°C under a pressure of 100 kg/cm? for 5 minutes;

3) The specimen was cooled down to 30°C from 120°C
under pressure in 5 minutes (Specimens having voids are
excluded);

4) The specimen was again pre-heated to a
temperature of 120°C for 5 minutes;

5) The specimen was pressed at a temperature of
120°C under a pressure of 100 kg/cm? for 5 minutes;

6) The specimen was heated from 120°C to 160°C under
pressure;

7) The specimen was crosslinked at a temperature of
160°C under pressure for 30 minutes;

8) The specimen was cooled down to 30°C from 120°C
under pressure in 5 minutes.

2. Measurement of volume resistance

The electrode system shown in Figs. 3(a) and 3(b) was

used. Fig. 3(a) is a plan view of the electrode system.
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tester to neasure the load. Low tenperature heat-seal properties:

By using a heat-seal tester (available from T Tester Sangyo Co., Ltd.), the
speci nen was heat-sealed at a seal bar wdth of 1 mmand a pressure of 2
kg/cnferr] for 1 second at intervals of Hperr]C, and then allowed to cool.
The seal ed area -

Fig. 3(b) is a side view of the electrode system. In Figs.
3(a) and 3(b), the reference numeral 11 indicates a main
electrode (diameter: 50 mm), the reference numeral 12
indicates a guard electrode (inner diameter: 75 mm; outer
diameter: 80 mm), the reference numeral 13 indicates the
specimen, and the reference numeral 14 indicates a high
voltage electrode (diameter: 80 mm). The main electrode was
connected to a vibrating reed ammeter via a cable. The high
voltage electrode was connected to a high voltage power
supply via a cable. These electrodes were made of stainless
steel plate. The surface of the electrodes which comes into
contact with the specimen was mirror-polished by a buffing
machine.

In the measurement of volume resistance, the specimen
was set in the electrode system at a temperature of 90°C in
an atmosphere of nitrogen as shown in Figs. 3(a) and 3(b).
Electric current was allowed to pass through the specimen
between the upper electrode and the lower electrode for 5
minutes. The electric charge thus developed on the surface
of the specimen was then eliminated. Thereafter, the
measurement was conducted at room temperature and 90°C in an
atmosphere of nitrogen. For those to be measured at 90°C,
electric current was allowed to pasé through the specimen for
7 minutes so that the specimen exhibited 90°C uniformly

thereinside.
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62 was then cut into 1.5-nm w de webs. The web speci nen was then peel ed

at arate of 300 mimn by neans of a tensile tester. The tenperature at

which the I oad required was 500 g is determ ned by interpol ation.

Cont ai ner evaluation nmethod Flexibility:76

The applied voltage was direct current having a

voltage of 3,300 V from é battery. As the measuring
instrument there is used a vibrating reed ammeter (TR8411,
available from Advantest Co., Ltd.). The measuring
instrument and the electrode were connected to each other via
a pipe cable to eliminate external noises. In this
measurement system, stable measurement could be made up to 3
x 10! Qecm at room temperature and 3 x 10 Qecm at a
temperature of 90°C. The thickness of the specimen was about
0.3 mm. Reading was conducted down to two places of
decimals. The effective electrode area was 19.6 cm?. The
survey of the current-time characteristics showed that stable
measurement of electric current free from current drop due to
absorption of current could not be made before 10 minutes
after the application of voltage. Accordingly, the electric
current value developed 10 minutes after the application of
voltage was employed as a measured value. HoweVer, if the
electric current did not become stable even after 10 minutes
of voltage application, about 2 more minutes were passed to
stabilize the electric current so that stable measurement was
made possible. However, if further time was required to
stabilize the electric current, measurement was omitted.
From these measurements of electric current, the volume
resistance of the specimen was determined. The measurement
was conducted 10 times. The resulting measurements were then

averaged.
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The contents-rel ease characteristics are visually observed. A

Rel atively good C. Poor Heat resistance: The cont ai ner
filled with distilled water was subjected to high pressure steam
sterilization at a tenperature of 121[erC for 20 m nutes. The contai ner
thus treated was then visually observed for deformation.

The specimens Al6 to A24 used in Examples 21 to 29
were prepared by the following polymerization methods:

Preparation of solid catalyst Cl

150 m¢ of purified toluene was charged into a 500-m¢
eggplant type flask equipped with an electromagnetically-
induced agitator in an atmosphere of nitrogen. 2.6 g of
tetrapropoxy zirconium (2r(On-Pr),;) and 1.3 g of
methylcyclopentadiene were then charged into the flask. The
reaction mixture was then stirred at room temperature for 30
minutes. 3.2 g of triisobutyl aluminum (Al(iBu);) was then
added dropwise to the system while the system was being kept
at a temperature of 0°C. After the completion of dropwise
addition, the reaction system was returned to room
temperature where it was then stirred for 16 hours. To the
solution was then added 200 m{ of a toluene solution of
methyl alumoxane (concentration: 1 mmol/m¢). The reaction
mixture was then allowed to undergo reaction at room
temperature for 1 hour.

Separately, 50 g of silica (available from Fuji
Davison Co., Ltd.; grade: #952; surface area: 300 m’/g) which
had been previously calcined at a temperature of 600°C for 5
hours was charged into a 1.5-¢ three-necked flask with an
agitator in an atmosphere of nitrogen. Into the flask was
then poured the total amount of the foregoing solution. The
reaction mixture was then stirred at room temperature for 2

hours. Nitrogen was then blown through the reaction system
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A: Not deforned B: Slightly defornmed C. Remar kably def ornmed
Drop test: Ten containers filled with distilled water which had
been adjusted to 5[err]C were dropped froma height of 1.2 m The nunber
of ruptured containers was determned. 78  A: No ruptured containers

B: 1 or 2 ruptured containers

to remove the solvent therefrom. As a result, a solid
powdered catalyst Cl having a good fluidity was obtained.

Preparation of specimen Alé

Ethylene and l-butene were copolymerized at a
polymerization temperature of 70°C and a total pressure of 20
kgf/cm’G by means of a continuous fluidized bed gas phase
polymerization apparatus. The gas composition in the system
had l-butene/ethylene molar ratio of 0.10 and an ethylene
concentration of 60 mol%¥. The polymerization process was
effected with Catalyst Cl1l being continuously supplied. In
order to keep the gas composition in the system constant, the
various gases were continuously supplied into the system.

The adjustment of MFR was accomplished by controlling the
hydrogen concentration in the system. The physical
properties of the polymer thus produced are set forth in

Table 9.

Preparation of specimen Al7

Polymerization was effected in the same manner as in
Al6 except that l-butene/ethylene molar ratio was changed.
The physical properties of the copolymer thus produced are

set forth in Table 9.

Preparation of solid catalyst C2

Purified toluene was charged into a catalyst making
apparatus equipped with an electromagnetically-induced
agitator in an atmosphere of nitrogen. 0.55 g of dipropoxy

dichloro zirconium (Zxr(OPr),Cl,) and 1.6 g of
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63 T-die filmnolding conditions Mke of apparatus used: Union Plastic
Co., Ltd. Extruder screw dianeter: 30 mm T-die: 300 mm face

79

methylcyclopentadiene were then charged into the flask.
9.0 g of tridecyl aluminum was then added dropwise to the
system while the system was being kept at a temperature of
0°C. After the completion of dropwise addition, the reaction
system was stirred while the temperature thereof was being
kept to 50°C for 16 hours. To the solution was then added
200 m¢ of a toluene solution of methyl alumoxane
(Concentrationi 1 mmol/m{). The reaction mixture was then
allowed to undergo reaction at room temperature for 1 hour.
Separately, purified toluene was charged into another
catalyst making apparatus equipped with an agitator in an
atmosphere of nitrogen. Subsequently, 50 g of silica
(available from Fuji Davison Co., Ltd.; grade: #952; surface
area: 300 m?’/g) which had been previously calcined at a
temperature of 400°C for a predetermined period of time was
charged into the apparatus. To the reaction mixture was then
added the total amount of the solution. The reaction mixture
was then stirred at room temperature. Nitrogen was then
blown through the reaction mixture to remove the solvent
therefrom. As a result, a solid powdered catalyst (C2)
having a good fluidity was obtained.
Preparation of specimen Al8

Ethylene and l-butene were copolymerized at a
polymerization temperature of 70°C and a total pressure of
20kgf/cm’G by means of a continuous fluidized bed gas phase

polymerization apparatus. The gas composition in the system
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Nunmber of revolutions of screw. 80 rpm Extrusion rate: 6.5 kg/hr Die lip
gap: 2.0 mm Take-off speed: 1.7 mmn Mlded resin tenperature: 220[err]C

Filmthickness: 300 [err]m Chill-roll tenperature: 40[err]C Screen nesh:
80 nmesh/ 120 nmesh/ 80 nesh Speci mregs A10 to Al5 were prepared by the
fol |l ow ng -

had l1-butene/ethylene molar ratio of 0.10 and an ethylene
concentration of 60 mol%¥. The polymerization process was
effected with Catalyst C2 being continuously supplied. 1In
order to keep the gas composition in the system constant, the
various gases were continuously supplied into the system.

The adjustment of MFR was accomplished by controlling the
hydrogen concentration in the system. The physiéal
properties of the polymer thus produced are set forth in
Table 9.

Preparation of specimen A19 and A20

The procedure of Al6 was followed to prepare
specimens AlY9 and A20 except that the comonomer to be
polymerized was l-hexene. The physical properties of the
copolymers thus produced are set fgrth:in Table 9.

Preparation of catalyst component -C3

100 m?¢ of purified toluene was charged into a 300—m0
three-necked flask equipped with an electromégnetically—.
induced agitator in an atmosphere of nitrogen. 4.9 g of
tetrakis(2,4-pentanedionate)zirconium (Zr(acac),;) and 7.4 g
of 1,3-dimethylcyclopentadiene were then charged into the
flask. The reaction mixture was then stirred at room
temperature for 30 minutes. To the reaction mixture was then
added dropwise 20 mf of triisobutyl aluminum (Al(iBu);) at
room temperature in 30 minutes. After the completion of
dropwise addition, the reaction mixture was stirred at room

temperature for 1 hour to undergo reaction. As a result, a
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pol ymeri zation methods: Preparation of solid catalyst The
procedure of Exanples 1 to 10 was followed to obtain Catalyst C
Preparation of specinens Pol yneri zati on was conducted in the sane

manner as in specinmens Al to A9. The propearties thereof are shown in
Table 5. O her ethylene polyners .

solution C3 containing a catalyst component according to the
present invention was obtained. The zirconium concentration
of the solution C3 was 0.076 mmol/m¢.

Preparation of specimen A21

The air in a 3-{ stainless steel autoclave equipped
with an agitator was replaced by nitrogen. Into the
autoclave was then charged 200 g of dried sodium chloride.
Into the autoclave were then charged 0.29 m¢ of the foregoing
catalyst component solution C3 and 2.2 m¢ of a 1 mmol/m¢
methylaluminoxane solution. The reaction mixture was then
heated to a temperature of 60°C with stirring. Subsequently,
a mixture of ethylene and l-butene (l-butene/ethylene molar
ratio: 0.25) was then charged into the autoclave at a
pressure of 9 kg/cm’G to initiate polymerization. The
polymerization process lasted for 1 hour ﬁhile the total
pressure of the reaction system was being kept to 9 kg/cm’G
by continuously supplying a mixture of ethylene and l-butene
(l-butene/ethylene molar ratio: 0.05).

After the completion of polymerization, excess gas
was discharged from the reactor. The reactor was then
cooled. Sodium chloride was then removed from the reactor.
As a result, 8l g of a white polymer was obtained. The
catalytic efficiency was 40,000 g/gZr. The physical
properties of the polymer thus produced are set forth in

Table 9.

REPLACEMENT SheET

" This Sheet Has Been Replaced

14 00V 398 R




HDPE: H gh density pol yet hyl ene (prepared by slurry process in
the presence of a Ziegler catalyst) available from Japan Polyolefins Co.,

Lt d. - 64
82

Preparation of catalyst component C4

50 m¢ of purified toluene was charged into a 100-m¢ three-
necked flask equipped with an electromagnetically-induced
agitator in an atmosphere of nitrogen. 4 g of
tributoxymono (trimethylsilanolate)zirconium and 12 g of
butylcyclopentadiene were then charged into the flask. The
reaction mixture was then stirred at room témperature for 30
minutes. To the reaction mixture was then added dropwise 34
m¢ of trihexyl aluminum (Al(n-Hx);) at room temperature in 30
minutes. After the completion of dropwise addition, the
reaction mixture was stirred at room temperature for 1 hour
to undergo reaction. As a result, a solution C4 containing a
catalyst component according to the present invention was
obtained. The zirconium concentration of the solution C4 was
0.101 mmol/m¢.

Preparation of specimen A22

0.11 m¢ (1 mg as calculated in terms of Zr) of the
foregoing catalyst component solution C4 and 1 m¢ of a 1
mmol/m{ methylaluminoxane solution were charged into a 50-m¢
flask with stirring in an atmosphere of nitrogen.

The air in a 3-{ stainless steel autoclave equipped
with an agitator was replaced by nitrogen. 1Into the
autoclave was then charged 200 g of dried sodium chloride.
Into the autoclave were then charged the total amount of the
foregoing catalyst component solution. The reaction mixture

was then heated to a temperature of 60°C with stirring.
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VL:

phase process in the presence of a Ziegler

) avail able from Japan

process | ow density pol yethyl ene

Lt d.

Pol yol efi ns Co. ,

Very | ow density pol yet hyl ene pol yner
catal yst) (Conononer:
Ltd.
avai | abl& from Japan Pol yol efins Co.,

-HPLD:

(prepared by gas
1- but ene
Hi gh pressure

Subsequently, a mixture of ethylene and l-butene

(1-butene/ethylene molar ratio: 0.25) was then charged into

the autoclave at a pressure of 9 kg/cm?’G to initiate

polymerization.

The polymerization process lasted for 1 hour

while the total pressure of the reaction system was being

kept to 9 kg/cm’G by continuously supplying a mixture of

ethylene and l-butene (l-butene/ethylene molar ratio: 0.05).

After the completion of polymerization, excess gas

was discharged from the reactor.

cooled.

As a result, 190 g of a white polymer was obtained.

The reactor was then

catalytic efficiency was 190,000 g/g2r.

Sodium chloride was then removed from the reactor.

The

The physical

properties of the polymer thus produced are set forth in

Table 9.

Preparation of catalyvst component C5

150 m¢ of purified toluene was charged into a 300-m¢{

three-necked flask equipped with an electromagnetically-

induced agitator in an atmosphere of nitrogen.

3.9 g of

tetrabutoxy zirconium and 6.4 g of methylcyclopentadiene were

then charged into the flask.

stirred at room temperature for 30 minutes.

The reaction mixture was then

The reaction

mixture was cooled to and kept at a temperature of 0°C where

27.5 m¢ of trihexyl aluminum (Al(n-Hx);) was then added

dropwise thereto in 30 minutes. After the completion of

dropwise addition, the reaction mixture was stirred at room

temperature for 24 hours.
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Into a 3-m¢ flask the air in which
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EVA: Hi gh pressure process ethyl ene-vinyl acetate copol yner (vinyl

acetate content: 5% available from Japan Pol yolefins Co., Ltd. EEA
Hi gh pressure ethyl ene-ethyl acrylate copolyner (ethyl acrylate content:
5% avail able from Japan Pol yolefins Co. g4ltd. The properties of

t he above polynmers are shown in

had been replaced by nitrogen were then charged 3 m{¢ (0.2
mmol as calculated in terms of Zr) of the foregoing solution
and 4 m{ of a 1 mmol/m¢ methylaluminoxane. The reaction
mixture was then stirred at room temperature for 30 minutes.
To the reaction mixture was then added 0.16 g (0.2 mmol) of
N,N-dimethylaniliumtetrakis (pentafluorophenyl)borate. The
reaction mixture was then stirred at room temperature for 3
hours. As a result, a solution C5 containing a catalyst
component according to the present invention was obtained.
Preparation of specimen A23

The air in a 3-{ stainless steel autoclave equipped
with an agitator was replaced by nitrogen. Into the
autoclave was then charged 1,000 g of purified toluene. Into
the autoclave were then charged 0.2 m{ (0.5 mg as calculated
in terms of Zr) of the foregoing catalyst component solution
C5. The reaction mixture was then heated to a temperature of
60°C with stirring. Subsequeﬁtly, a mixture of ethylene and
l-butene (l-butene/ethylene molar ratio: 0.25) was then
charged into the autoclave at a pressure of 9 kg/cm’G to
initiate polymerization. The polymerization process lasted
for 1 hour while the total pressure of the reaction system
was being kept to 9 kg/anG by continuously supplying a
mixture of ethylene and l-butene (l-butene/ethylene molar
ratio: 0.05).

After the completion of polymerization, excess gas

was discharged from the reactor. The reactor was then
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Tabl e 6. EXAMPLE 11 80 parts by wei ght
of specimens Al10, 20 parts by weight of HPLD, 0.24 part by weight of

| rganox 1076 (available fromGCba Geigy Co., Ltd.), 0.12 part by weight of
I rgaphos 168 (available fromGba Geigy C85 Ltd.), and 0.1 part by weight
of calcium stearate (available from NOF Corporation) were uniformy m xed
by a Henschel m xer, and the m xture was nmade into pellets. The pellets
were nol ded cooled. The contents of the autoclave were then withdrawn

from the reactor. As a result, 72 g of a white polymer was
obtained. The catalytic efficiency was 36,000 g/gZr. The
physical properties of the polymer thus produced are set
forth in Table 9.

Preparation of catalyst component C6

150 m¢ of purified toluene was charged into a 300-m¢
three-necked flask equipped with an electromagnetically-
induced agitator in an atmosphere of nitrogen. 3.9 g of
tetrabutoxy zirconium and 11 g of cyclopentadiene trimethyl
silane -were then charged into the flask. The reaction
mixture was then stirred at room temperature for 30 minutes.
The reaction mixture was cooled to and kept at a temperature
of 0°C where 9.1 g of triethyl aluminum was then added
dropwise thereto in 30 minutes. After the completion of
dropwise addition, the reaction mixture was stirred at room
temperature for 24 hours. 1Into a 50-m¢ flask the air in
which had been replaced by nitrogen were then charged 3.4 m¢
(0.2 mmol as calculatgd in terms of Zr) of the foregoing
solution and 4 m{ of a 1 mmol/m¢ methylaluminoxane. The
reaction mixture was then stirred at room temperature for 30
minutes. To the reaction mixture was then added 0.16 g (0.2
mmol)} of N,N-dimethylaniliumtetrakis
(pentafluorophenyl )borate. The reaction mixture was then

stirred at room temperature for 3 hours. As a result, a
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65 into a sheet having a thickness of 0.5 mmby pressing to subject to
nmeasurenents for tensile nmodulus, tensile inpact strength and haze.
Separately, the pallets were subjected to T-die nolding under the above

conditions to obtain a film 86

—

solution C6é containing a catalyst component according to the
present invention was obtained.

Preparation of specimen 224

The procedure of Example 23 was followed to effect
polymerization reaction except that the foregoing catalyst
component C6 was added in an amount of 0.19 m¢. The catalyst
efficiency was 150,000 g/gZr. The physical properties of the
polymer thus produced are set forth in Table 9.

Specimen (B7) was obtained by the gas phase process
copolymerization of ethylene and l-butene in the presence of
titanium tetrachloride and triethyl aluminum catalyst. The
physical properties of Specimen (B7) are set forth in Table
10 together with the results of evaluation.

Specimen (B8) was an ethylene-l-butene copolymer
(LLDPE) obtained by the slurry process copolymerization of
ethylene and l-butene in the presence of titanium
tetrachloride and triethyl aluminum catalyst. The physical
properties of Specimen (B8) are set forth in Table 10
together with the results of evaluation.

Specimen (BY9) was an ethylene-l-hexene copolymer
(LLDPE) obtained by the gas phase copolymerization of
ethylene and l-hexene in the presence of titanium
tetrachloride and triethyl aluminum catalyst. The physical
properties of Specimen (BY9) are set forth in Table 10

together with the results of evaluation.
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having a thickness of 50 [err]mto subject to neasurenents for bl ocking
strength and | ow tenperature heat-seal property. The results obtained are
shown in Table 7. EXAMPLES 12 TO 16 The
sanme procedures as in Exanple 11 were repéated except that the polyners
shomn in Tables 5 and 6 were used. The results obtained are shown in Table
EXAMPLE 17 A contai ner (content: 500

n1) was prepRrepapetionngfaspecimen B10

25 ¢ of purified toluene was charged into a 50-¢
pressure reactor with an agitator the air in which had been
replaced by nitrogen. Into the autoclave was then charged
330 g of l-butene. To the reaction mixture was then added a
mixture of bis(n-butylcyclopentadienyl)zirconium dichloride
and methylalumoxane (MAO) (Al/Zr molar ratio: 500) in such an
amount that the amount of Zr reached 0.33 mmol. The reaction
mixture was then heated to a temperature of 80°C to prepare a
metalocene catalyst; Subsequently, ethylene was charged into
the reactor at a pressure of 9 kg/cm’G to initiate
polymerization. The polymerization process lasted for 1 hour
while the total pressure of the reaction system was being
kept to 6 kg/cm?’G by continuously supplying ethylene to
prepare an ethylene-l-butene copolymer. The physical
properties of the copolymer thus prepared are set forth in
Table 10.

Results of evaluation

In Examples 21 and 22 according to the present
invention, ethylene-l-butene copolymers were prepared from
l-butene as a comonomer in the presence of a chlorine-free
catalyst. The results of evaluation show that these
ethylene-l-butene copolymers are little apt té rusting and
are excellent in dart impact strength, transparency and low
temperature heat-seal properties. In Example 23, an

ethylene-1l-butene copolymer according to the present
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fil mobtained in Exanpl e 11 using speci nren A10 and HDPE by heat-seal i ng.
The resulting container was evaluated in the manner described above. The

results obtained are shown in Table 8. EXAMPLES 18
TO 20 The sane procedures as in Bganple 17 were repeated except
that the polynmers shown in Tables 5 and 6 were used. The results obtained
are shown in Table 8. COMPARATI VE EXAMPLE 9

invention was prepared from l-butene as a comonomer in the
presence of a catalyst containing a halogen (chlorine). On
the other hand, in Comparétive Examples 12 and 13, ethylene-
l1-butene copolymers were prepared from l-butene as a
comonomer in the presence of a Ziegler catalyst containing
the same halogen. These ethylene-l-butene copolymers cause
much rust and exhibit poor dart impact strength, transparency
and low temperature heat-seal properties.

In Examples 24 and 25, ethylene-l-hexene copolymers
were prepared from l-hexene as a comonomer in the presence of
a chlorine-free catalyst. In Comparative Example 14, LLDPE
was prepared from l-hexene as a comonomer in the presence of
a Ziegler catalyst. The comparison of these copolymers shows
that LLDPE of Comparative Example 14 causes much rust and
exhibits poor dart impact strength, transparency and low
temperature heat-seal properties.

In Comparative Example 15, an ethylene-l-butene
copolymer was prepared from l-butene as a comonomer in the
presence of the above-described catalyst. The ethylene-
l-butene copolymer thus prepared causes much rust and
disadvantageous in moldability as compared with Examples 21,
22 and 23.

In Examples 25 to 29 according to the present
invention, an autoclave was used as a polymerization reactor.
Ethylene-l-butene copolymers were prepared by bulk

polymerization process from l-butene as a comonomer in the
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The sane procedures as in Exanple 11 were repeated except that the
pol ynmers shown in Tables 5 and 6 were used. The results obtained are shown

in Table 7. 66
89

presence of a catalyst characteristic of the present
invention. These ethylene-l-butene copolymers cause little
rust and exhibit excellent dart impact strength, transparency
and low heat-seal properties. This proves that the physical
properties of the polymers according to the present invention

are excellent regardless of preparation process.

- ]
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The sanme procedures as in Exanple 17

except that the polyners shown in Tables 5 and 6 were used.

in Tabl e 8.

COVPARATI VE EXAMPLES 10 AND 11
The results obtai ned are shown
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71 EXAMPLES 21 TO 29 AND COMPARATI VE

EXAMPLES 12 TO 15 The testing nethods used in Exanples 21 to 29
and Conparative Exanples 12 to 15 will be described hereinafter. Physical
properties test Al'l the tests wer@4conducted in the sane nanner as

in Exanples 1 to 10 and Conparative Exanples 1 to 8 T-die nolding film

formati on conditions
' The testing methods used in Examples 30 to 45 and

Comparative Examples 16 and 17 will be described hereinafter.

Physical properties test

All the tests were conducted in the same manner as in
Examples 1 to 10 and Comparative Examples 1 to 8.

T-die film molding conditions

Make of apparatus used: Union Plastic Co., Ltd.
Extruder screw diameter: 30 mm

T-die: 300 mm face

Number of revolutions of screw: 50 rpm
Extrusion rate: 4.8 kg/hr

Die lip gap: 1.2 mm

Take-off speed: 6.1 to 6.3 m/min
Molded resin temperature: 210 to 240°C
Film thickness: 50 um

Chill-roll temperature: 40°C

Screen mesh: 80 mesh/120 mesh/80 mesh
Corona treatment: approx. 45 dyne/cm

Dry lamination conditions

Base: Biaxially-stretched nylon film (thickness: 15 um)
Laminating machine: Test Coater MGC-180, available from
Laboratory Co., Ltd.

Anchor coat agent: Polyether anchor coat agent 308 A/B
(mixing ratio: 1/1), available from Toyo Morton Co., Ltd.
Laminated face: Corona-treated

Ageing: 40°C for 2 days after laminated
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Make of apparatus used: Union Plastic Co., Ltd. Extruder screw dianeter:
30 M T-die: 300 mm face Nunber of revolutions of screw. 50 rpm De lip
gap: 1.2 mm Take-off speed: 6 mmn Mlded resin tenperature: 210 to
220[err]C Filmthickness: 50 [err]m Evalkgation of T-die nolded film
properties ' -

T-die molded film evaluation method
Tensile impact strength:

Measured in accordance with ASTM D1822
Low temperature heat-seal properties:

Using a heat-sealer available from Tester Sangyo Co.,
Ltd., the specimen was heat-sealed at a pressure of 2 kg/cm’G
for 1 second at some properly selected temperatures. This
film was then cut into a 15-mm wide web. The web specimen
was then subjected to peel test at a peeling rate of 300
mm/min. The low temperature heat-seal properties were
represented by the temperature value at which the peel
strength of the specimen was 500 g, determined by
interpolation. The lower this temperature value was, the
better were the low temperature heat-seal properties.
Haze: |

Measured by means of a direct-reading haze computer
HGH-2DP available from Suga Shikenki K.K. in accordance with
JIS K7105
Blocking strength:

Two sheets of film were stacked opposed to each
other. The stack was then conditioned under a load of 5
kg/10cm’ at a temperature of 50°C for 2 hours. The specimen
was then pulled at a tensile speed of 500 mm/min by means of
a tensile tester available from Toyo Seiki K.K. at a
temperature of 23°C.and 50%RH. The force required for

shearing peel was measured.
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Haze (99 : Measured in accordance with ASTM D1003-61 G oss (% :
Measured in accordance with JI'S Z8741 Low tenperature heat-sea

properti es: Usi ng a heat-seal er available from Tester Sangyo Co.,
Ltd., the specinen was heat-sealed at a pmeéssure of 2 kg/cnm2G for 1 second
at some properly selected tenperatures. This filmwas then cut into a

15-mm wi de web. The web speci nen
Laminated film evaluation method

Blocking strength:

Two sheets of laminated films were stacked in such a
manner that the sealant face of the two sheets were opposed
to each other. The stack was then conditioned under a load
of 10 kg/25cm? at a temperature of 40°C for 5 days. The
specimen was then pulled at a tensile speed of 100 mm/min by
means of a tensile tester available from Toyo Seiki K.XK. at a
temperature of 23°C and SO%RH. The force required for
shearing peel was then measured.

Lubricating property:

Using a static friction coefficient measuring
instrument available from Shinto Kagaku Co., Ltd., the
lubricating property of sealant face with each other was
measured over a width of 35 mm and a length of 75 mm under a
load of 200 g. The angle of slip 6 was measured at a
gradient rise rate of 1.7°C. The lubricating property was
represented in tan6. The smaller this value was, the better
was the lubricating pfoperty.

Adhesiveness:

The laminated film was heat-sealed by a 5-mm seal bar
of a heat sealer available from Tester Sangyo Co., Ltd. at a
temperature of 140°C and a pressure of 2 kg/cnﬁ for 1 second
in such a manner that the sealant faces were sealed to each
other. The film thus heat-sealed was then cut into a 15-mm

wide web specimen. The specimen was then measured for
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72 was then subjected to peel test at a peeling rate of 300 mimn. The

| ow t enperature heat-seal properties were represented by the tenperature

val ue at which the peel strength of the specinmen was 500 g, determ ned by

97
tensile break strength at a tensile break rate of 300 mm/min.
The tensile break strength of a biaxially-stretched nylon
film was very greater than that of a film made of
polyethylene alone. Thus, the tensile strength of the heat-
sealed area of the laminated film was related to the
adhesiveness of the heat-sealed area that reflected the
tensile characteristics of nylon. In other words, a heat-
sealed area having a good adhesiveness exhibited a great
tensile strength. If the heat-sealed area had an
insufficient adhesiveness, it could only exhibit a strength
inherent to polyethylene and hence a reduced tensile
strength. When the heat-sealed area of the laminated film
had a tensile strength of not less than 4.5 kg/15mm width,
the adhesiveness was considered good (A). When the heat-
sealed area of the laminated film had a tensile strength of
less than 4.5 kg/15mm width, the adhesiveness was considered
pooxr (C).
Specimens A25 to A29 were prepared by the following

polymerization methods:

Preparation of solid catalvst

The procedure of Examples 1 to 10 was followed to

obtain Catalyst C.

Preparation of specimen A25

Ethylene and l-butene were copolymerized at a
polymerization temperature of 70°C and a total pressure of 20

kgf/cm?’G by means of a continuous fluidized bed gas phase
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interpolation. The |ower this tenperature value was, the better were the
| ow tenperature heat-seal properties. Sheet nolding method ~ The
copol ymer was honpgeni zed by neans of a roll, and then cut into chips. The
chips were then press-nolded at a tenper®sure of 180[err]C to obtain a
sheet. Evaluation of sheet specinen TensSile inpact strength:
Measured in accordance with ASTM D1822
polymerization apparatus. The polymerization process was
effected with Catalyst C being continuously supplied. In
order to keep the gas composition in the system constant, the
various gases were continuously supplied into the system.
The physical properties of the copolymer thus produced are
set forth in Table 11.

Preparation of specimens A26 to A28

The procedure of A25 was followed to effect
polymerization except that the l-butene/ethylene molar ratio
was changed. The physical properties of the copolymer thus
obtained are set forth in Tables 11 and 12 together with the
results of experiment.

Preparation of specimen A29

The procedure of A25 was followed to effect
polymerization except that the comonomer to be copolymerized
was l-hexene. The physical properties of the copolymer thus
obtained are set forth in Table 11 together with the results
of experiment.

Other resins

Bll:

Linear low dehsity polyethylene prepared in the
presence of a Ziegler catalyst (Slurry-polymerized from
butene-1 as a comonomer in the presence of titanium
tetrachloride and triethyl aluminum catalyst (density: 0.921

g/cm®; MFR: 1.9 g/10min))
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(IR

14 NOV 1996
. ...___—-—-——"""“'—"-——m'




Tensi | e nodul us: The specinmen was set on a tensile tester. The
speci men was then pulled at a rate of. 5 nminmin. The tensile nodulus was
then determ ned fromthe stress and sectional area devel oped when the
speci nren was el ongated by 1% Rust testiasg net hod To the specinen
powder were added 0.10% by wei ght of tefTakis-

net hyl ene-3-(3',5 -di-tertiary butyl)-4'-hydroxy-

phenyl ) pr opi Bhat e] net hane (trade nane: |rganox 1010) as a

Low density polyethylene obtained by high pressure
radical polymerization (Density: 0.925 g/cm’; MFR: 3.2
g/10min, available from Nihon Petrochemical Industries, Ltd.)
Lubricant
EA: Amide erucate (trade name: Neutron S, available from
Nihon Seika K.K.)

EBOA: Amide ethylenebisoleate (trade name: Slipax O,
available from Nippon Kasei Chemical Co., Ltd.)
SA: Amide stearate (trade name: Neutron 2, available from
Nihon Seika K.X.)
EBSA: Amide ethylenebisstearate (trade name: Slipax E,
available from Nippon Kasei Chemical Co., Ltd.)

EXAMPLE 30

Table 11 shows the results of evaluation of T-die
films.

In Example 30, to 100 parts by weight of a resin
component (A25) were added 0.24 parts by weight of Irganox
1076 (available from Ciba Geigy Inc.), 0.12 parts by weight
of Irgaphos 168 (available from Ciba Geigy Inc.), 0.07 parts
by weight of amide erucate (EA), 0.04 parts by weight of
amide ethylenebisoleate (EBOA), 0.1 parts by weight of
calcium stearate (available from NOF Corporation), and a
natural silica (trade name: Celite Super Floss, available
from Johns-manville Inc.). The mixture was homogeneously

stirred by means of a Henschel mixer for about 30 seconds,
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phenol i ¢ oxidation inhibitor and 0.10% by wei ght of
tris(2,4-di-t-butyl phenyl)phosphite (trade nane: Irgaphos 168) as a
phosphite oxidation inhibitor. The m xture was then pelletized.

73 100

and then pelletized. The pelletized material was then
processed by a press to form a 0.5-mm thick sheet. The sheet
was then subjected to tensile impact test (TIS). The
pelletized material was then subjected to T-die molding under
the foregoing conditions to obtain a 50-um thick film (raw
film). The film thus obtained was then measured for low
temperature heat-seal properties, haze and blocking strength.
The results are set forth in Table 11.

EXAMPLES 31 TO 37

T-die molded films were evaluated in the same manner
as in Example 30. The resin components set forth in Table 11
were processed and tested in the same manner as in Example
30. The results of evaluation are set forth in Table 11.

COMPARATIVE EXAMPLE 16

A T-die molded film was evaluation in the same manner
as in Example 30. The procedure of Example 30 was followed
except that Bll was used as the resin component and 0.5 parts
by weight of an anti-blocking agent was added as shown in
Table 11. The results of evaluation are set forth in Table
11.

The film of Comparative Exémple 16 exhibited poor TIS
and low temperature heat-seal properties and slightly poor
haze and blocking resistance.

COMPARATIVE EXAMPLE 17

A T-die molded film was evaluation in the same manner

as in Example 30. The procedure of Example 30 was followed
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The specinmen thus pelletized was then nelted over a 230[err]C oil bath in
a streamof nitrogen for 3 hours. A soft- iron plate having a surface area
of 50 cn2 was then dipped in the nolten resin for 2 hours. The soft-iron
plate was then w thdrawn fromthe noltenl®esin. The resin attached to the
iron plate was then peeled off. The iron plate was then allowed to stand
in a 80[err]CG90%H_constant tenperature- hun1d|ty bath for 20 hours to

accel erat e r gescepy. thing Pl@nwas used as the resin component. The results
of evaluation are set forth in Table 11.
The film of Comparative Example 17 exhibited poor TIS
and slightly poor haze.

EXAMPLE 38

Table 12 show the results of evaluation of laminated
films.

In Example 38, a T-die molded film formed under the
foregoing conditions was dry-laminated on a nylon film under
the foregoing conditions. The T-die molded film was then
measured for adhesiveness, lubricating property and blocking
strength with respect to the laminating film. The results
are set forth in Table 12.

EXAMPLES 39 TO 45

The resin components set forth in Table 12 were
processed and tested in the same manner as in Example 38.

The results are set forth in Table 12.
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plate was then dried in a desiccator with silica gel for 1 day. The wei ght
I ncrease (ng) of the soft-iron plate indicated the generated anount of
rust. Measurenent of volune resistance 1. Preparation of specinen to be
measured for volume resistance 1A2bl end of the

ethyl ene-[err]-olefin copolymer to be neasured and a pol yol efin wasz
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pressed to forma 0.3-mmthick sheet. Referring to the hot pressing
condi tions, the non-crosslinked speci nen was processed cl anped by al um num

sheets under the following conditions: 1) The speci nen was
pre-heated to a tenperature of 140[err]CLP3r 5 ninutes; 2) The
speci nen was pressed to a tenperature of 140[err]C under a prgssure of
100kg/ cnierr] for 5 m nupes; ~ <« - g
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74 3) The speci nen was cool ed down to 30[err]C from 140[err]C
under pressure in 5 mnutes. I f the specinen was crosslinked, it
was previously kneaded with 2 parts by weight of dicumyl peroxide at a
tenperature of 120[err]C. The speci mren wagO#hen processed
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cl anped by teflon sheets under the follow ng conditions: 1) The
speci nen was pre-heated to a tenperature of 120[err]C for 5 m nutes;
2) The specinmen was pressed at a tenperature of 120[err]C under a pressure

of 100 kg/cnferr] for 5 m nutes; 18% The speci men was cool ed down
to 30[err]C from 120[err]C under pressure 1n 5 mnutes (Specinens haw ng
voi ds are excluded); 4) The speci nen was agai n pre-heated t9 a
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tenperature of 120[err]C for 5 m nutes; 5) The speci nen was
pressed at a tenperature of 120[err]C under a pressure of 100 kg/cnR for 5

m nut es; 6) The specinmen was heated from 120[err]C to 160[err]C
under pressure; 7) The speci nenl@fs crosslinked at a tenperature
of 160[err] C under pressure for 30 m nutes; 8) The sgeci men was
cooled down to 30[err]C from 160C under pressure in 5 m nut esg
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2. Measurenent of vol unme resistance The el ectrode system shown in
Figs. 3(a) and 3(b) was wused. Fig. 3(a) is a plan view of the el ectrode

system 75
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Fig. 3(b) is a side view of the el ectrode system In Figs. 3(a) and
3(b), the reference nunmeral 11 indicates a main electrode (diameter: 50
nm, the reference nuneral 12 indicates a guard el ectrode (inner dianeter:
75 mm outer dianeter: 80 mm, the referk®®e nuneral 13 indicates the
speci nen, and the reference nuneral 14 indicates a high voltage el ectrode
(dianeter: 80 mm). The main electrode was connected to a vibrating reed
ammet er via a cabl e. THgetabghngvoethods chsed r tnlcExamphesinttinl 59 andi gh

vol t age power
Comparative Examples 18 to 21 will be described hereinafter.

Measurement of volume resistance

The volume resistance was measured in the same manner
as in Examples 21 to 29 and Comparative Examples 12 to 15;

The specimens A30 to A32 used in Examples 46 to 48
were prepared by the following polymerization methods:
Preparation of specimen A30 |
(l). Preparation of catalyst

150 m¢ of purified toluene was charged into a 500-m¢
eggplant type flask equipped with an electromagnetically-
induced agitator in an atmosphere of nitrogen. 0.60 g of
tetrapropoxy zirconium (Zr(On-Pr),) and 1.0 g of indene were
then charged into the flask. The reaction mixture was then
stirred at room temperature for 30 minutes. 3.2 g of
triisobutyl aluminum (Al(iBu);) was then added dropwise to
the system while the system was being kept at a temperature
of 0°C in 30 minutes. After the completion of dropwise
addition, the reaction system was returned to room
temperature where it was then stirred for 24 hours. To the
solution was then added 200 m¢ of a toluene solution of
methyl alumoxane (concentration: 1 mmol/m¢). The reaction
mixture was then allowed to undergo reaction at room
temperature for 1 hour.

Separately, 50 g of silica (available from Fuji

Davison Co., Ltd.; grade: #952; surface area: 300 m?/g) which
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supply via a cable. These el ectrodes were nmade of stainless steel plate.
The surface of the el ectrodes which cones into contact with the specinen
was mirror-polished by a buffing machine. In the nmeasurenent of
vol une resistance, the specinen was set IaP the el ectrode system at room
tenperature and 90[err]C in an atnosphere of nitrogen as shown in Figs.

3(a) and 3(b). Current was all owed to pass through the specinen
bet ween t he hpgebeeheprevileushyl thkcimadrate|ectempirdtorre; of 600°C for 5

hours was charged into a 1.5~ three-necked flask with an
agitator in an atmosphere of nitrogen. Into the flask was
then poured the total amount of the foregoing solution. The
reaction mixture was then stirred at room temperature for 2
hours. Nitrogen was then blown through the reaction system
to remove the solvent therefrom. As a result, a powder
having a good fluidity was obtained.
(2) Polymerization

Ethylene and l-butene were copolymerized at a
polymerization temperature of 70°C and a total pressure of 20
kgf/cm’G by means of a continuous fluidized bed gas phase
polymerization apparatus. The gas composition in the system
had 1-butene/ethylene molar ratio of 0.08 and an ethylene
concentration of 60 mol%. The polymerization process was
effected with the foregoing catalyst being continuously
supplied. 1In order to keep the gas composition in the system
constant, the various gases were continuously supplied into
the system. The adjustment of MFR was accomplished by
controlling the hydrogen concentration in the system. The
physical properties of the polymer thus produced are set
forth in Table 13.

Preparation of specimen A3l

Polymerization was effected in the same manner as in

A30 except that the comonomer to be polymerized was l-hexene.
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m nutes. The electric charge thus devel oped on the surface of the specinen
was then elimnated. Thereafter, the neasurenent was conducted at room
tenperature and 90[err]C in an atnosphere of nitrogen. For those to be
measured at 90[err]C, current wasoallowed to pass through the
specinmen for 7 mnutes so that the specinen exhibited 90[err]C uniformy

t her ei nsi de.
The physical properties of the copolymer thus produced are
set forth in Table 13.
Preparation of specimen A32
(1) Preparation of catalyst

150 m¢ of purified toluene was charged into a
catalyst making apparatus equipped with an
electromagnetically-induced agitator in an atmosphere of
nitrogen. 0.50 g of dipropoxy dichloro zirconium
(2r(OPr),Cl;) and 1.0 g of methylcyclopentadiene were then
charged into the flask. 9.0 g of tridecyl aluminum was
then added dropwise to the system while the system was being
kept at a temperature of 0°C. After the completion of
dropwise addition, the reaction system was stirred while the
temperature thereof was being kept to 50°C for 16 hours. To
the solution was then added 200 m¢ of a toluene solution of
methyl alumoxane (concentration: 1 mmol/mf¢). The reaction
mixture was then allowed to undergo reaction at room
temperature for 1 hour.

Separately, purified toluene was charged into another
catalyst making apparatus equipped with an agitator in an
atmosphere of nitrogen. Subsequently, 50 g 6f silica
(available from Fuji Davison Co., Ltd.; grade: #952; surface
area: 300 m?’/g) which had been previously calcined at a
temperature of 400°C for a predetermined period of time was
charged into the apparatus. To the reaction mixture was then

added the total amount of the solution. The reaction mixture
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76 The applied voltage was direct current having a voltage of
3,300 Vfroma battery. As the neasuring instrunent there is used a
vibrating reed ammeter (TR8411, available from Advantest Co., Ltd.). The
measuring instrument and the el ectrode Vidile connected to each other via a
pi pe cable to elimnate external noises. In this

was then stirred at room temperature. Nitrogen was then
blown through the reaction mixture to remove the solvent
therefrom. As a result, a solid powdered catalyst having a
good fluidity was obtained.
(2) Polymerization

Polymerization was effected under the same conditions
as A30. The physical properties of the copolymer thus
produced are set forth in Table 13.
Specimen B13 (Linear low density polyethylene prepared in the

presence of a Ziegler catalyst)
This polyethylene was obtained by the

copolymerization of ethylehe and l-butene in the presence of
titanium tetrachloride and triethyl aluminum catalyst.
(Density: 0.923 g/cm’; MFR: 3.0 g/10min)

Specimen Bl4 (ILow density polvethvlene prepared by high

pressure radical polymerization process)

Trade name: Nisseki Rexron W2000, available from Nippon

Petrochemical Industries, Ltd.; density: 0.919 g/cm®; MFR:
1.0 g/10min.

The other physical properties of the foregoing
specimens are set forth in Table 13,

EXAMPLES 46 TO 48

Table 14 shows the comparison of the volume
resistance and activation energy of non-crosslinked
specimens. Examples 46 to 48 show the measurements of

specimens A30 to A32, respectively.
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measur enent system stable neasurenent could be nade up to 3 x 10[err]
[err] at roomtenperature and 3 x 10[err] [err] at a tenperature of
90[err] C. The thickness of the specinen was about 0.3 nm Readi ng was
conducted down to two places of decinmalsllZhe effective el ectrode area was
19.6 cn2. The survey of the current-tinme characteristics showed that
stable neasurenent of electric current free fromcurrent drop due to
absorption of current could not SAMBAR ! B after the

i on of voltage. Accordingly, th
appl i cat 8omparat1ve xgﬁple 18 show the measurements of the

linear low density polyethylene (specimen B13) prepared in
the presence of a Ziegler catalyst. The measurements are set
forth in Table 14. The linear low density polyethylene
(specimen B13) exhibited a high activation energy and
therefore a great temperature dependence. 1In particular, it
exhibited a high volume resistance at a temperature of 90°C.

COMPARATIVE EXAMPLE 19

Comparative Example 19 show the measurements of the
low density polyethylene (specimen Bl4) prepared by high
pressure radical polymerization process. The measurements
are set forth in Table 14. The low density polyethylene
(specimen Bl4) exhibited a high volume resistance, a high
activation energy and a great temperature dependence.

EXAMPLES 49 TQO 56

Table 15 shows the measurements of volume resistance
of an non-crosslinked mixture of specimen A30 and specimen
(Bl4). Table 15 also shows the comparison of Example 46 with
Comparative Example 19.

EXAMPLES 58 AND 59

Table 16 shows the measurements of volume resistance
of a mixture of 10% by weight of specimen A31 (Example 58) or

specimen A32 (Example 59) and 90% by weight of specimen B15.

.....
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current val ue devel oped 10 m nutes after the application of

vol t age was

enpl oyed as a neasured val ue. However, if the current did not

beconme stable even after 10 m nutes of voltage application,

about 2 nore

m nutes were passed to stabilize the 113 current so that stable

measur enent was mnade possible. However, if further tinme was

required to

stabilize the current, neasurenent was omtted. From t hese

measur enent s of currenﬂ¥£ﬁﬂ§§ﬂﬂﬂﬂhﬁ2§ﬂﬁ§é&ﬂﬁhce of the speci nen

was determ ned. The neasurenent

Comparative Example 20 is a mixture of 10% by weight

of specimen Bl1l3 and 90% by weight of specimen Bl4.

The

properties of the mixture are set forth in Table 16. The

mixture exhibited a low volume resistance.

EXAMPLE 59

Table 17 shows the measurements of a crosslinked

specimen. This crosslinked specimen was obtained by

crosslinking the specimen of Example 55 (mixture of 10% by

weight of specimen A30 and 90% by weight of specimen B14)

under the foregoing conditions.

COMPARATIVE EXAMPLE 21

Comparative Example 21 shows the measurements of

volume resistance of the crosslinked product of the specimen

of Comparative Example 19. As shown in Table 17,

the

crosslinked product exhibited a low volume resistance.

Fig. 4 is a graph illustrating the results of the

examples and comparative examples set forth in Table 15. 1In

Fig. 4, numerals 46 and 49 to 56 indicate the results of

Examples 46 and 49 to 56, respectively, and numeral 19

indicates the result of Comparative Example 19.
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aver aged.

The speci nens Al6 to A24 used in Exanples 21 to 29
114

The resulting measurenents were then

was conducted 10 ti nes.
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were prepared by the follow ng pol ynerization nethods: Preparation of
solid catalyst Cl 150 nferr] of purified toluene was charged into
a 500-nferr] eggplant type flask equi pped with an el ectronagnetically-

i nduced agitator in an atnosphere of nitridgen. 2.6 g of tetrapropoxy
zirconium (Zr(On-Pr)4) and 1.3 g of nethylcycl opentadi ene were then
charged into the flask. The reaction m xture was then stirred at room
tenperature for 30 mnutes. 3.2 g of triisobutyl alum num (Al (iBu)3) was
t hen
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added dropwi se to the systemwhile the systemwas being kept at a
tenperature of O[err]C. After the conpletion of dropw se addition, the
reaction systemwas returned to room tenperature where it was then stirred
for 16 hours. To the solution was then added 200 nferr] of a toluene
solution of methyl alunoxane (concentrafton: 1 mmol/nferr]). The reaction
m xture was then allowed to undergo reaction at room tenperature for 1

hour . Separately, 50 g of silica (available from Fuji
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Davi son Co., Ltd.; grade: #952; surface area: 300 nferr]/g) which had been
previously calcined at a tenperature of 600[err]C for 5 hours was charged
into a 1.5-[err] three-necked flask with an agitator in an atnosphere of
nitrogen. Into the flask was then pouredlihe total anmount of the foregoing
solution. The reaction mixture was then stirred at roomtenperature for 2
hours. Nitrogen was then bl own through the reaction system
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78

to renove the solvent therefrom As a result, a solid powdered

catalyst Cl having a good fluidity was obtained. Preparation of specinen

Al6

Et hyl ene and 1-butene were copol ynerized at a polynerization

tenperature of 70[err]C and a total pressirf®& of 20 kgf/cnferr]G by neans
of a continuous fluidized bed gas phase

As mentioned above, the present invention can provide
a novel ethylene-a-olefin copolymer which has a relatively
wide composition distribution and a low content of low
molecular components and amorphous components to exhibit
excellent thermal and chemical stability and electrical
properties in spite of its narrow molecular weight
distribution.

The copolymer of the present invention and the resin
composition comprising the copolymer of the present invention
exhibit excellent moldability or economical efficiency owing
the superior properties of the copolymer of the present
invention.

The film according to the present invention exhibits
a high impact strength and is little apt to elution of resin
components. It is also excellent in transparency, blocking
resistance and low temperature heat-seal properties. A heat
seal layer made of the film of the present invention retains
the foregoing excellent properties, and its adhesiveness to
the laminating base film shows no drop. The film of the
present invention exhibits well-balanced blocking resistance
and lubricating property and excellent low temperature heat-
seal properties and allows the high speed formation of bag.
It is thus suitable for the provision of a laminated product
having gas barrier properties.

Electrical insulating materials comprising the

copolymer of the present invention have a large volume
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pol yneri zati on apparatus. The gas conposition in the system had

1- butene/ethyl ene nolar ratio of 0.10 and an ethylene concentration of 60
nol % The pol ynmeri zati on process was effected with Catal yst Cl being
continuously supplied. In order to keepltBe gas conposition in the system
constant, the various gases were continuously supplied into the system
The adjustnent of MFR was acconplished by controlling the hydrogen
concentrati onesbstamcs ik Shwel Ip hesipeata tyneo giependencle oife viodhgneer t hus

produced are set forth in
resistance. The electrical insulating materials are

excellent in flexibility and moldability which maintain the
foregoing excellent electrical properties after crosslinked.
Thus, the electrical insulating materials is suitably used as
electrical insulators. When used as an insulating layer for
power cable, power loss during the transmission of high
voltage power can be reduced without increasing the thickness
of the insulating layer.

While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the

spirit and scope thereof.
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Table 9. Preparation of specinen Al7 Pol ymeri zati on was effected
in the sane nmanner as in Al6 except that 1-butene/ethylene nolar ratio was
changed. The physical properties of the copol yner thus produced are set
forth in Table 9. Preparation of solid catlyst C2 Purified

tol uene was charged into a catal yst making apparatus equi pped with an

el ectromagneti cal | y-i nduced
WHAT IS CLAIMED IS:

1. An ethyiene-a-olefin copolymer having:

(A) a density d of 0.86 to 0.96 g/cm®;

(B) a melt flow rate MFR of 0.01 to 200 ¢g/10min;
(C) a molecular weight distribution Mw/Mn of 1.5 to
4.5;

(D) a composition distribution parameter Cb of 1.08

to 2.00; and

(E) an orthodichlorobenzene-soluble content X (wt%),

a density d (g/cm’) and a melt flow rate MFR (g/l0min) at

25°C satisfying that:
(i) when the density (d) and the melt flow
rate MFR satisfy relationship (I):

d - 0.008 x logMFR 2 0.93 (I)

the orthodichlorobenzene-soluble content X

satisfies relationship (II):
X < 2.0 (II)

(ii) when the density d and the melt flow

rate MFR satisfy relationship (III):

d - 0.008 x logMFR < (.93 (III)
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agitator in an atnmosphere of nitrogen. 0.55 g of dipropoxy dichloro
zirconium (Zr(OPr)[err]C[err]) and 1.6 g of
79 met hyl cycl opent adi ene were then charged into the flask.

121

the orthodichlorobenzene-soluble content X

satisfies relationship (IV):

X < 9.8 x 10° x (0.9300 - d + 0.008 x 1ogMFR)? + 2.0 (IV)

2. An ethylene-a-olefin copolymer as claimed in
claim 1, wherein said molecular weight distribution Mw/Mn is

from 1.8 to 3.5.

3. An ethylene-a-olefin copolymer as claimed in
claim 2, wherein said composition distribution parameter Cb

is from 1.10 to 2.00.

4., An ethylene-a-olefin copolymer as claimed in
claim 1, wherein said copolymer has (F) a number of peaks on
an elution temperature-eluted amount curve determined by
continuous temperature rising elution fractionation method

TREF or 2 or more.

5. An ethylene-a-olefin copolymer as claimed in
claim 1, wherein said copolymer has (G) an electrical

activation energy of not more than 0.4 eV.

6. An ethylene-a-oclefin copolymer as claimed in
claim 4, wherein said copolymer has (G) an electrical

activation energy of not more than 0.4 eVv.
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9.0 g of tridecyl aluminumwas then added dropwi se to the systemwhile the
system was being kept at a tenperature of O[err]C After the conpletion of
dropwi se addition, the reaction systemwas stirred while the tenperature
thereof was being kept to 50[err]C for I®zhours. To the solution was then
added 200 ne of a toluene solution of nethyl alunpbxane (concentration: 1
mmol /nferr]). The reaction m xture was then allowed to undergo reaction at
roomtenperature for7d ReurethySeana-m-alefin dapoddmesi @asneladmeghdmged into-
anot her claim 1, wherein (H) said copolymer is obtained by
polymerization or copolymerization of olefins in the presence
of a catalyst obtained by contacting components (1) to (4)
with each other:
(1) a compound represented by Me'R' R (OR*)X'; . ..,
where R! and R® each independently represent a C;_j
hydrocarbon group or trialkylsilyl group; R? represents a
2,4-pentanedionate ligénd, a dibenzoylmethanate ligand, a
benzoylacetonate ligand, or derivative thereof; X! represents
a halogen atom; Me! represents Zr, Ti or Hf; and p, g and ¢
each represents an integer satisfying the relationships
0<ps4, 0<qgs<4, 0srs<4, and 0<(p+g+r)<d;
(2) a compound represented by Me’R% (OR’).X%, .., where
Me? represents Group I, II, or III element; R* and R’ each
independently represent a C,,, hydrocarbon group; X?
represents a hydrogen atom or a halogen atom, provided that
when X? represents a hydrogen atom, Me? represents a Group
III element; z represents the valence of Me?; and m and n
each represents an integer satisfying the relationships
0<m<4, 0<n<4, and 0<(m+n)<z;
(3) an organic cyclic compound having two or more
conjugated double bonds; and

(4) at least one of a modified organic aluminum oxy

compound and a boron compound each having an Al-0-Al bond.
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cat al yst making apparatus equipped with an agitator in an atnosphere of
nitrogen. Subsequently, 50 g of silica (available fromFuji Davison Co.,
Ltd.; grade: #952; surface area: 300 n2/g) which had been previously
calcined at a tenperature of 400[err]C f@dR3a predeterm ned period of tine
was charged into the apparatus. To the reaction mxture was then added
the total amount of the solution. The reaction mxture was then stirred at
roomtenperature. N t&.ogdm wihytleae-obodedinhcopghymbe asacfladmedi xhure to

renmove the sol vent
claim 7, wherein said copolymer has (F) a number of peaks on

an elution temperature-eluted amount curve determined by
continuous temperature rising elution fractionation method

TREF or 2 or more.

9. BAn ethylene-a-olefin copolymer as claimed in
claim 7, wherein said copolymer has {(G) an electrical

activation energy of not more than 0.4 ev.

10. A polyolefin resin composition comprising
not less than 2% by weight of an ethylene-a-olefin
copolymer as claimed in ‘claim 8 and

not more than 98% by weight of a polyolefin.

11. A film comprising an ethylene-a-olefin copolymer

as claimed in claim 8.

12. A laminated material comprising a film as

claimed in claim 11.

13. A laminated material as claimed in claim 12,
wherein said laminated material comprises a layer comprising
said ethylene-a-olefin copolymer and a gas barrier material

layer.
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therefrom As a result, a solid powdered catalyst (C2) having a good
fluidity was obtai ned. Preparation of specinen Al8 Et hyl ene and
1- but ene were copol ynerized at a polynerization tenperature of 70[err]C
and a total pressure of 20kgf/cnierr]G by24reans of a continuous fluidized
bed gas phase polynerization apparatus. "Thé gas conposition in the system
14. A film comprising a resin composition as claimed

in claim 10.

15. A laminated material comprising a film as

claimed in claim 14.

16. A laminated material as claimed in claim 15,
wherein said laminated material comprises a layer of said

resin composition and a gas barrier material layer.

17. An electrical insulating material comprising an

ethylene-a~olefin copolymer as claimed in claim 1.

18. An electrical insulating material as claimed in
claim 17, wherein said ethylene-a-olefin copolymer has (F) a
number of peaks on an elution temperature-eluted amount curve
" determined by continuous temperature rising elution

fractionation method TREF or 2 or more.

19. An electrical insulating material as claimed in
claim 17, wherein said ethylene-a-olefin copolymer has (G) an

electrical activation energy of not more than 0.4 eV.

20. An electrical insulating material as claimed in
claim 17, wherein said ethylene-a-olefin copolymer has (F) a

number of peaks on an elution temperature-eluted amount curve
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80 had 1-butene/ethylene nolar ratio of 0.10 and an ethyl ene
concentration of 60 nol % The pol ynerization process was effected with
Cat al yst C2 being continuously supplied. In order to keep the gas
conposition in the systemconstant, the wasi ous gases were continuously
supplied into the system The adjustnment™0T MR was acconplished by
controlling the _

determined by continuous temperature rising elution

fractionation method TREF or 2 or more.

21. An electrical insulating material comprising a

resin composition as claimed in claim 8.

22. A power cable comprising a conductor having
thereon an electrical insulating layer comprising an

insulating material as claimed in claim 20.

23. A power cable comprising a conductor having
thereon an electrical insulating layer comprising an

insulating material as claimed in claim 21.
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hydr ogen concentration in the system The physical properties of the

pol ymer thus produced are set forth in Table 9. Preparation of specinen
Al9 and A20 The procedure of Al6 was followed to prepare

speci nrens Al19 and A20 except that the conmononmer to be polynerized was

1- hexene. The physical properties of the copolyners thus produced are set
forth in Table 9. Preparation of catalysf/3onponent C3
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100 nerr] of purified toluene was charged into a 300-nferr] three-necked
flask equi pped with an el ectromagnetically- induced agitator in an

at nrosphere of nitrogen. 4.9 g of tetrakis(2,4-pentanedi onate)zirconium
(Zr(acac)[err]) and 7.4 g of 1,3-dinethylcycl opentadi ene were then charged
into the flask. The reaction m xture was then stirred at room tenperature
for 30 mnutes. To the reaction m xtu was then added dropw se 20 nferr]
of triisobutyl alumnum (Al (iBu)[err]}3—et+ roomtenperature in 30 mnutes.-
After the conpl etion of '

FIG. 3 a

11

12

FIG.3 b
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dropwi se addition, the reaction mxture was stirred at room tenperature
for 1 hour to undergo reaction. As a result, a
81 solution C3 containing a catal yst conponent according to the

K

FIG. 4
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pr esent

sol ution C3 was 0.076 mml /nferr].

The air

. was replaced by nltrogen
dri ed sodi-um chl ori de.
t he foregoing
nmol / n err]

A &

eSS+ |

i nventi on was obtai ned. The zirconi um cond
Preparati on of
[err] stainless steel autoclave equ

Into the autqclave was
Into the. autoclave wer e th

catalyst conponent sol ution C3 and
met hyl al uni noxane sol ution. The reacl

i-n-a-3-
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FILM, LAMINATE AND ELECTRICAL INSULATING MATERIAL

COMPRISING SAME

FIELD OF THE INVENTION

The present invention relates to a novel ethylene-

a~-olefin copolymer having excellent physical properties and

workability.

Particularly, the present inverrtion provides an

ethylene-c~olefin copolymer, which has a relatively broad

composition distribution despite its narrow molecular weight

distribution, and a low content of low mo

lecular components

and amorphous components; exhibits excellent mechanical

properties, moldability, optical properties, and heat

resistance; and is suitable for production of films produced

by extrusion molding (such as wrapping films and raw films

for laminates), vessels produced by blow molding, vessels,

lids and containers produced by injection

molding, sheaths

for wires, cables and steel plates, and electrical insulating

materials.

The present invention also provides a resin

composition comprising the foregoing ethylene-a-oclefin

copolymer and other polyolefin resins, which is suitable for

the foregoing extrusion molding, blow molding and injection

molding.

More particularly, the present invention provides

films suitable for wrapping films produced by T-die molding

or inflation molding of the foregoing ethylene-a-olefin

copolymer or a resin composition comprising the same, and
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heated to a tenperature of 60[err]C with stirring. Subsequently, a m xture
of ethylene and 1-butene (1-butene/ethylene nolar ratio: 0.25) was then
charged into the autoclave at a pressure of 9 kg/cnferr]Gto initiate

pol yneri zation. The polynerization process |lasted for 1 hour while the
total pressure of the reaction systemwas being kept to 9 kg/cnferr]G by
continuously supplying a m xture of ethylene and 1-butene

(1- but ene/ et hyl ene nolar ratio: 0.05). After the conpl etion of

pol ymeri zati on, excess gas

laminates comprising the film. The present invention further
provides an insulating material comprising the foregoing
ethylene-a~olefin copolymer or the resin composition, and a
power cable comprising a conductor having thereon an
insulating layer comprising the foregoing ethylene-a-olefin
copolymer or a resin composition comprising the same, which
may be crosslinked or non-crosslinked.
BACKGROUND OF THE INVENTION

Linear low density polyethylene polymers (LLDPE)
polymerized by using conventional Ziegler catalysts are used
as various articles, such as films, sheets, blow-molded
articles, injection-molded articles and the like, because of
their excellent moldability, transparency, strength and heat-
seal strength. In the field of films and sheets, they are
widely used as various wrapping materials (as disclosed in
JP-A-52-135386 and JP-A-61-284439). (The term "JP-A" used
herein means an "unexamined published Japanese patent
application”.) Recently, however, higher transparency and
film strength have been demanded. Further, films adapted to
be processed by an automatic bag making machine have needed
to be processed at a higher speed. Thus, films having
excellent low temperature heat-seal properties have been
demanded.

When a film is heat-sealed at a high speed, it must
be processed in a short period of time that tends to cause

the film to be fused insufficiently. The resulting product
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was di scharged fromthe reactor. The reactor was then cooled. Sodi um
chloride was then renoved fromthe reactor. As a result, 81 g of a white
pol ymer was obtai ned. The catalytic efficiency was 40,000 g/ gZr. The
physical properties of the polyner thus produced are set forth in Table

3

is liable to shortage of strength. In order to eliminate
this difficulty, a method may be employed which comprises the
risé in the temperature of the heat seal bar. However, this
method is disadvantageous in that the laminated film is
curled. Another method is to lower the resin density and
hence to lower the melting point of the resin. However,
conventional linear low density polyethylene (LLDPE) is
disadvantageous in that when the density thereof are lowered,
it raises the content of highly bfanched low molecular
components which are partly eluted on the surface thereof,
rendering the film sticky and less peelable. The eluate also
can migrate into the content of the bag.

Further, LLDPE films have wider application. For
example, LLDPE films can be laminated with a resin having
excellent gas barrier properties such as polyamide, polyester
and saponificétion product of ethylene-vinyl acetate or a
resin having a high rigidity such as high density
polyethylene and polypropylene, to form a laminate having
good heat-seal properties as well as high gas barrier
properties or high nerve, which can be used as a bag~forming
material adapted for high speed processing, such as a food
wrapping material and bag, a food container and a medicine
container.

The LLDPE films have been widely used as heat-sealing
films (sealant film) for these laminates. These laminates

may be laminated on a base material (base film) by extrusion
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82 Preparation of catal yst conponent C4 50 nferr] of purified
tol uene was charged into a 100-nferr] three necked flask equipped with an
el ectromagnetically-i nduced agitator in an atnosphere of nitrogen. 4 g of
tri but oxynono(trinethylsilanolate)zirconiumand 12 g of

but yl cycl opent adi ene were then charged into the flask. The reaction
nimurevmsthenstnredalroomtemmr&urefor30

lamination process, dry lamination process, sand lamination
process, co-extrusion T-die process, co-extrusion blown film
process or the like. Among these lamination processes, the
dry lamination process is conducted with a polyether
adhesive, a polyurethane adhesive, a vinyl acetate adhesive,
an isocyanate adhesive, a poiyethyleneimine adhesive or the
like. Some of these adhesives are subjected to heat
treatment after lamination to undergo curing. During this
heat treatment process, the lubricant incorporated in the
film can migrate to the adhesive layer, problems arise as
rendering the surface of the laminate less peelable and less
lubricating and hence causing troubles in the bag making
process and £illing process.

In recent years, in order to meet the above
requirements and remove the disadvantages, a high strength
ethylene-a—oléfin copolymer having a very narrow molecular
weight distribution and a very narrow coﬁposition
distribution has been developed by employing a preparation
process in the presence of a metalocene.catalyst. However,
such an ethylene-a-olefin copolymer has some disadvantages.
Such an ethylene—a—olefih copolymer has a very narrow
composition distribution:and thus shows a very sudden change
of viscosity and modulus with temperature. Thus, the
applicable temperature and extrusion conditions under which
such an ethylene-a-~olefin copolymer is molded is restricted ,

making it difficult to mold such an ethylene-wc-olefin




mnutes. To the reaction m xture was.then added dropw Ul@&f@@mve¢; ~ of .
trihexyl alumnum (Al (n-Hx)3) at roomtenperature i 0O m “fifter t he
conpl etion of dropwi se addition, the reaction m xtjur, Gﬁpniéi red/at room
tenperature for 1 hour to undergo reaction. As a ffe [
containing a catalyst conponent accord%ng to the ' '

obt ai ned. The zirconium concentrati on of the sol ut
mmol /nferr]. Preparation of specinmen A22

copolymer. Further, such an ethylene-a-olefin copolymer is
disadvantageous in that it gives a molded product which can
exhibit a sufficient heat resistance, a proper heat-seal
strength or a good hot tack strength only in a narrow
temperature range. For example, when applied to the field of
film, sheet or the like, such an ethylene-a-olefin copolymer
can be easily heat-sealed. Accordingly, such an ethylene-
a-olefin copolymer is often heat-sealed and used in the form
of bag. 1In this application, sufficient hot tack properties
are required. In other words, when such a bag is filled with
a content, the seal area which has been heat-sealed is
immediately pulled under load and may be peeled. In this
application, a heat-sealable ethylene-a-olefin copolymer
which can be heat-sealed in a wide temperature range to show
a high resistance to peeling shortly after sealing is
desirable. |

As means for improving moldability of such an
ethylene-a~olefin copolymer having a very narrow compoéition
distribution, an attempt has been made to improve the melt
properties of the resin while keeping the composition
distribution narrow by using a metalocene catalyst having a
plurality of ligands (as disclosed in JP-A-6-206939).
However, this method is disadvantageous in that it gives a
wider molecular weight distribution or produces long-chain
branches, causing decrease in strength. Further, an attempt

has been made to improve the moldability by using a mixed



0.11 nferr] (1 ng as calculated in terns of Zr) of the foregoing catalyst
conponent solution C4 and 1 nferr] of a 1 mmol/nferr] nethylalum noxane
solution were charged into a 50-nferr] flask with stirring in an

at nosphere of nitrogen. : The air in a 3-[err] stainless stee

aut ocl ave equi pped w th an agitator mag repl aced by nitrogen. Into the
aut ocl ave was then charged 200 g of dried sodiumchloride. Into the

aut ocl ave were then charged the total anpbunt of the foregoing catalyst
conponent solution. The reaction mxture -

catalyst system of Ziegler catalysts (as disclosed in
JP-A-6-157631). However, this method gives a wider molecular
weight distribution that impairs the strength.

In the field of electrical insulating materials for
high voltage power cable, there have heretofore been widely
used a high pressure process low density polyethylene, crosslinked
polyethylene, etc. because they have excellent electrical
properties.

One of difficulties with high voltage power cable is
power loss developed during power transmission. The
reduction of power loss is an important demand to be met.

The reduction of power loss can be accomplished by
enhancing the high voltage properties, particularly volume
resistance, of the insulating material. However, the
insulating material for power cable is heated to high
temperatures kabout 90°C) by Joule heat generated by the
passage of ~current in the vicinity of the inner
conductor but is kept at the ambient temperature (about 20°C)
in the vicinity of the outer conductor. The conventional
polyethylene shows a marked volume resistance drop with the
rise in temperature. Accordingly, the polyethylene shows a
marked volume resistance drop in the vicinity of the inner
conductor through which current flows. Thus, an
electric field is concentrated in the vicinity of the
interface of the outer conductor with -the insulating

material, lowering the breakdown strength of the insulating




was then heated to a tenperature of 60[err]C with stif
83 Subsequently, a m xture of ethylene and 1-buten
nmol ar ratio: 0.25) was then charged into

7

material. This phenomenon presents a great problem =
particularly with direct current power cables. Therefore,
insulating materials having a small temperature dependence of
volume resistance have been desired.

When a high pressure process low density polyethylene is used as
an iﬁsulating material for high voltage cable, its low
melting peoint gives poor electrical properties. On the other
hand, the conventional low pressure process polyethylene,
which exhibits a high melting point, does not necessarily
have excellent electrical properties, probably due to the
effect of catalyst residue. The conventional low pressure
process polyethylene is also disadvantageous in that it
exhibits a poor flexibility.

In order to improve the electrical properties of the
low pressure process polyethylene,'a method has been proposed
which comprisés'grafting maleic anhydride onto the
polyethylene (as disclosed in JP-A-2-10610). However, this
method cannot necessarily gi&e full solution to the foregoing
problems, including flexibility.

As a high volume resistance material hawving excellent
heat resistance and flexibility there have been disclosed an

insulating material obtained by blending 100 parts by weight

of a high pressure process low density polyethylene having a
density of 0.92 g/cm® with from 0.5 to 20 parts by weight of a
linear low density polyethylene having a density of from 0.91 to
0.94 g/cm® (as described in JP-A-5-266723) . However, the foregoing



- -

the autoclave at a pressure of 9 kg/cnferr]Gto initiate polynerization.
The pol yneri zation process lasted for 1 hour while the total pressure of
the reaction systemwas being kept to 9 kg/cnferr]G by continuously
supplying a m xture of ethylene and 1-butene (1-butene/ethylene nolar
ratio: 0.05). After the conpl etion of polynerization, excess gas
was di scharged fromthe reactor. The redctor was then cool ed. Sodium

chl oride was then renmoved fromthe reactor. As a result, 190 g of a white
pol ymer was obtai ned. The

composition leaves something to be desired because it has a
great temperature dependence of volume resistance in the
vicinity of the inner conductor.

SUMMARY OF THE INVENTION

An object of the present invention to provide an
ethylene-a~olefin copolymer excellent in various properties
such as mechanical strength, moldability, thermal stability,
chemical stability, electrical properties, transparency,
flexibility, and impact resistance.

The ethylene-a-olefin copolymer of the present
invention exhibits, when used as a film, excellent
transparency, impact strength, hot tack property, heat seal
property, and anti-blocking property. By laminating the film
comprising the ethylene-a-olefin copolymer of the present
invention with a resin film having Qas-barrier property or
heat resistanée, a laminate suitable for wrapping films and
containers, which is excellent in heat seal property and can
be scarcely eluted with the content of the container.

Another object of the present invention is to provide
an electrical insulating material which exhibits a high
volume resisténce and a small temperature dependence of
volume resistance.

These and other objects of the present invention will
become more apparent from the following detailed description

and examples.
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catal ytic efficiency was 190,000 g/ gZr. The physical properties of the
pol ymer thus produced are set forth in Table 9. Preparation of catalyst
conmponent C5 150 nferr] of purified toluene was charged into a
300-nferr] three-necked flask equi pped with an el ectromagnetically-

I nduced agitator in an atnosphere of nitgpgen. 3.9 g of tetrabutoxy
zirconiumand 6.4 g of nethylcycl opentadi"ene were then charged into the

flask. The reaction m xture was then

The present invention relates to, as a first aspect,
an ethylene-a-olefin copolymer having:

(A) a density d of 0.86 to 0.9¢ g/cm?;

(B) a melt flow rate MFR of 0.01 to 200 g/10min;

(C) a molecular weight distribution Mw/Mn of 1.5 to

4.5;

(D) a composition distribution parameter Cb of 1.08

to 2.00; and

{({E) an orthodichlorobenzene-soluble content X {(wt%), at 25°C

a density d (g/cm’) and a melt flow rate MFR (g/10min) satisfying
that:

(i) when the density d and the melt flow

.rate MFR satisfy relationship (I):
d - 0.008 x logMFR > 0.93 _ (1)

the orthodichlorobenzene-soluble content X

satisfies relationship (II):
X < 2.0 (II)

(ii) when the density d and the melt flow

rate MFR satisfy relationship (III):

d - 0.008 x logMFR < 0.93 - (III)




stirred at roomtenperature for 30 mnutes. The reactio
cooled to and kept at a tenperature of O[err]C where 2
trihexyl alum num (Al (n-Hx)[err]) was then added drop
mnutes. After the conpletion of dropw se addition, thefrdapt,
was stirred at room tenperature for 24ld10urs Into a
air in mhlch

......

the orthodichlorobenzene-soluble content X

satisfies relationship (IV):
X < 9.8 x 10° x (0.9300 - d + 0.008 x logMFR)? + 2.0 (IV)

In the ethylene-a-olefin copolymer of the first
aspect, the molecular weight distribution Mw/Mn is preferably
from 1.8 to 3.5, and further preferably the composition

- distribution parameter Cb is from 1.10 to 2.00.

In the ethylene-a-olefin copolymer of the first
aspect, it is also preferred that the copolymer has (F) a
number of peaks on an elution temperature-eluted amount curve
detérmined by continuous temperature rising elution
fractionation method TREF is 2 or more, and/cr (G) an
electrical activation energy of not more than 0.4 eV.

The pfesent invention also relates to, as a second
aspect, a polyolefin resin composition comprising not less
than 2% by weight of the ethylene-c-oclefin copolymer
according to the first aspect and not more than 98% by weight
of a polyolefin.

The present invention also relates to, as a third
aspect, a film comprising the ethylene-a-olefin copolymer
according to the first aspect or the resin composition
according to the second aspect.

The present invention also relates to, as a fourth

aspect, a laminated material comprising the film according to



84 had been replaced by nitrogen were then charged 3 ne (0.2 ol as

calculated in terns of Zr) of the foregoing solution and 4 nferr] of a 1
nmmol / n{ err] met hyl al um noxane. The reaction mxture wa en stirred at
roomtenperature for 30 mnutes. To the reaction m xt
0.16 g (0.2 mmol ) of N, N-dinmethylaniliuntetrakis
(pent af{ uorophenyl )borate. The reactildn m xture was ft jen st
tenperature for 3

-

the third aspect. The laminated material of € e\EEeséhtm_
invention preferably comprises a layer comprising tﬂé
ethylene-a-olefin copolymer of the first aspect or the resin
composition of the second aspect, and a gas barrier material
layer.

The present invention also relates to, as a fifth
aspect, an electrical insulating material comprising the
ethylene—a-olefin copolymer according to the first aspect or
the resin composition according to the second aspect.

The present invention also relates to, as a sixth
aspect, a power cable comprising a conductor having thereon
an electrical insulating layer comprising the insulating
material according to the fifth aspect.

BRIEF DESCRIPTION OF THE DRAWINGS

By way of example and to make the description more
clear, referehce is made to the accompanying drawings in
which:

Fig. 1 is an elution temperature-eluted amount curve
determined by TREF of a copolymer according to a particularly
preferred embodiment of the present invention;

Fig. 2 is an elution temperature-eluted amount curve
determined by TREF of a copolymer having a wvery narrow
composition distribution;

Fig. 3 illustrates an electrode system; and

Fig. 4 is a graph illustrating the results of

examples and comparative examples set forth in Table 15.



hours. As a result, a solution C5 containing a catalyst conponent
according to the present invention was obtained. Preparation of specinen:
A23 The air in a 3-[err] stainless steel autoclave equipped wth
an agitator was replaced by nitrogen. Into the autoclave was then charged
1,000 g of purified toluene. Into the autoclave were then charged 0.2 ne
(0.5 ng as calculated in terns of Zr) ¥ the f oregoi ng catal yst conponent
solution C5. The reaction m xture was then heated to a tenperature of
.DETAILED DESCRIPTION OF THE INVENTION
The ethylene-a-olefin copolymer according to the
first aspect of the present invention will be further
described hereinafter.
The ethylene-a-olefin copolymer according to the
present invention is a copolymer of ethylene with one or more
selected from C; 3 a-oclefins. (The expression "C,," used
herein means "having from m to n garbon atoms";) The Cj.y
a-olefin preferably has from 3 to 12 carbon atoms. Specific
examples of such a Cj., @-olefin include propylene, l-butene,
l-pentene, 4-methyl-l-pentene, l-hexene, l-octene, l-decene,
and l-dodecene. The total content of such an a-olefin in the
copolymer is generally not more than 30 mol%, preferably from
3 to 20 mols.
The density of the ethylene-a-olefin copolymer
according to fhe present invention (A) is from 0.86 to 0.96
g/cm®, preferably from 0.88 to 0.95 g/cm®, more preferably
from 0.90 to 0.930 g/cm®. If the density of the ethylene-
a-olefin copolymer falls below 0.86 g/cm®, the ethylene-
a-olefin copolymer exhibits a reduced rigidity and heat
resistance. If the density of the ethylene-a-olefin
copolymer exceeds 0.96 g/cm’, the ethylene-c-olefin copolymer
exhibits an insufficient impact resistance.
The MFR of thé ethylene-a~olefin copolymer according

to the present invention (B) is from 0.0l to 200 g/1l0min,

preferably from 0.1 to 100 g/10min, more preferably from 0.2
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(1-butene/ethylene nolar ratio: 0.25) was then charg,
at a pressure of 9 kg/cnferr]Gto initiate polyneri ,
pol yneri zation process lasted for 1 hour while the K of ) t ie
reaction system was being kept to 9 kg/cnferr]G by cony Dl i
a mxture of ethylene and 1-butene (1-b%tene/ethy|ene no
After the conpletion of polynerization, excess gas

to 50 g/i0min. If the MFR of the ethylene-c-olefin copolymer
falls below 0.01 g/10min, the ethylene-a-olefin copolymer
exhibits a reduced moldability. If the MFR of the ethylene-
a-olefin copolymer exceeds 200 g/10min, the ethylene-c-olefin
copolymer exhibits decrease in mechanical strength such as
impact resistance.

For the calculation of the molecular weight
distribution Mw/Mn of the ethylene-a-olefin copolymer.
according to the present invention (C), the weight-average
molecular weight (Mw) and number-average moclecular weight
(Mn) of the ethylene-c-olefin copolymer are determined by gel
permeation chromatography (GPC). The ratio Mw/Mn is then
determined.

The Mw/Mn of the ethylene-g-olefin copolymer
according to the present invention is from 1.5 to 4.5,
preferably from 1.8 to 3.5, more preferably from 2.0 to 3.0,
particularly from 2.2 to 2.8. If Mw/Mn falls below 1.5, the
ethylene-a-olefin copolymer exhibits a reduced moldability.
If the Mw/Mn exceeds 4.5, the ethylene-a-olefin copolymer
exhibits a reduced impact resistance.

The composition distribution parameter Cb of the
ethylene-a~olefin copolymer according to the present
invention (D) is from 1.08 to 2.00, preferably from 1.10 to
2.00, more preferably from 1.12 to 1.70, particularly from
1.15 to 1.50. If the composition distribution parameter Cb

of the ethylene-a-olefin copolymer falls below 1.08, the




was di scharged fromthe reactor. The reactor was t
85 cool ed. The contents of the autoclave were the
reactor. As a result, 72 g of a white polyner was

romthe
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ethylene-a-olefin copolymer exhibits deterioréted hot tack
properties. If the composition distribution parameter Cb of
the ethylene-a-olefin copolymer exceeds 2.00, the ethylene-
a-olefin copolymer exhibits a reduced transparency, and
further the resulting molded product comprises a high
molecular gel developed therein.

The composition distribution parameter Cb of the
ethylene-a-olefin copolymer according to the present

invention can be measured by the following method.

The sample is dissolved in orthodichlorobenzene (ODCB) with
a heat-resisting stabilizer at a temperature of 135°C in such a
manner that the sample concentration reaches 0.2% by weight. The
solution thus heated is then transferred to a column filled with
a diatomaceous earth (Celite 545). After fully impregnated with
the solution, the column is cooled to 25°C at a raté of 0.1°C/min
so that the sample is deposited on the surface of Celite. The
temperature of the column is then stepwise raised to 120°C at
intervals of 5°C while ODCB is being passed therethrough at a
constant rate. At the various temperatures, solutions of the
gsamples are collected. After cooled, these solutions are each
subjected to reprecipitation witﬁ methanol, filtered off, and
then dried to obtain the sample at the various temperatures. The
samples thus fractionated are then measured for weight fractioﬁ
and degree of short chain branching (number of branches per 1,000
carbon atoms). The measurement of degree of branching is

1

determined by *3*C-NMR.



obtainéd. The catal ytic efficiency was 36,000 g/gZr. The physical
properties of the polyner thus produced are set forth in Table 9.

Preparati on of catal yst conponent C6 150 -n{err] of purified
t ol uene was charged into a 300-nferr] three-necked flask equi pped with an
el ectromagnetically- induced agitator in an atnosphere of nitrogen. 3.9 g

of tetrabutoxy zirconiumand 11 g of éV%Iopentadiene trimethyl silane
were then charged into the flask. The reaction

For the various fractions thus sampled at
temperatures of from 30°C to 90°C, the following correction
is made for deéree of branching. The degrees of branching
thus measured are then plotted against the elution
temperature. The correlation between the degree of branching
and the elution temperature is then linearly approximated by
the least squares method to make a calibration curve. The
coefficient of correlation of this approximation is
sufficiently great. The value obtained from the calibration
curve indicates the degree of branching of the fraction. The
fractions obtained at an elution temperature of not lower
than 95°C do not necessarily have a linear relationship
between the elution temperature and the degree of branching
and thus are hot corrected for degree of branching.

The weight fraction wi of the various fractions are
each divided by the change of the degree of branching

(bi=b;;) per 5°C elution temperature to determine a relative

amount c; (where b, = 2b, - b,). The relative amounts are then

plotted against the degrée of branching to obtain a
composition distribution curve. .The composition distribution
curve is then divided into predetermined widths. The
composition distribution parameter Cb is calculated from the

following equation:




m xture was then stirred at roamtenperature for 30 mnutes. The reaction
m xture was cooled to and kept at a tenperature of O[err]C where 9.1 g of
triethyl alum numwas then added dropw se thereto in 30 mnutes. After the
conpl etion of dropwi se addition, the reaction m xture was stirred at room
tenperature for 24 hours. Into a 50-nferr] flask the air in which had been
repl aced by nitrogen were then charged §4 nferr] (0.2 mvol as cal cul at ed
in ternms of Zr) of the foregoing solution and 4 nferr] of a 1 mmol/n{err]
met hyl al um noxane. The

e c;b; 22 Ci
Y csby X cbs
wherein c¢; and b; indicate the relative concentration and the
degree of branching of the j-th section, respectively. The
composition distribution parameter Cb is 1.0 if the
composition of the éample is uniform. As the composition
distriﬁution becomes wider, this parameter becomes greater.
In the ethylene-a-olefin Eopolymer according to the
present invention, ODCB-soluble content X at 25°C (E)
indicates the ratio of highly-branched components and low
molecular components incorporated in the ethylene-a-olefin
copolymer and is preferably small because it causes decrease
in heat resistance and causes the surface of the molded
product sticky. The amount of ODCB-scluble content is
influenced by.the total a-olefin content in the copolymer and
the average molecular weight of the copolymer, i.e., density
and MFR.
Accordingly, (i) when the density d and the melt flow

rate MFR satisfy relationship (I):
d - 0.008 x logMFR 2 0.93 (I)

the ODCB-soluble content X (% by weight) satisfies
relationship (II), preferably relationship (II‘), more

preferably relationship (II’‘}):




reaction mxture was then stirred at roomtenperature for 30 mnutes. To
the reaction m xture was then added 0.16 g (0.2 mol) of

N, N-di methyl aniliuntetrakis (pentafluorophenyl)borate. The reaction

m xture was then stirred at roomtenperature for 3 hours. As a result, a

17
X < 2.0 (II)
X <1.0 (I1')

X < 0.5 (II* )

Further, (ii) when the density d and the melt flow

rate MFR satisfy relationship (III):
d - 0.008 x logMFR < 0.93 (III)
the ODCB-soluble content X (% by weight) satisfies

relationship (IV), preferably relationship (IV’), more

preferably relationship (IV’’):

X < 9.8 x 10° x (0.9300 -~ d + 0.008 x logMFR)? + 2.0 (IV)
X < 7.4 %10 x (0.9300 - d + 0.008 x logMFR)? + 1.0 (IV*)
X < 5.6 x 10° x (0.9300 - d + 0.008 x logMFR)? + 0.5 (IV' ")

When the density, MFR and ODCB-soluble content
satisfy the foregoing relationships, it indicates that
a-olefin copolymerized in the entire copolymer is not

maldistributed.




86 solution C6 containing a catalyst conponent according to the present

i nvention was obtained. Preparation of specinen A24 The procedure
of Exanple 23 was followed to effect polynerization reaction except that
t he foregoing catal yst conmponent C6 was added in an anmount of 0.19 nferr].
The catal yst efficiency was 150,000 g/ gZr. The physical properties of the

pol ymer 't hus produced are set forth in T&ble 9.

ODCB-soluble content X at 25°C is measured by the
following method.

0.5 g of the gample is added to 20 m¢ of ODCB. The
mixture is then heated to a temperature of 135°C for 2 hours
so that the sample is thoroughly dissolved in ODCB. The
solution is then allowed to cool to a temperature of 25°C.
The solution is then aflowed to stand at the same temperature
overnight. The solution is then filtered through a teflon
filter to obtain a filtrate as a sample solution. The
solution is then measured for absorption peak intensity in
the vicinity of 2,925 cm™!, which is the wavenumber of the
asymmetric stretching vibration of methylene, by means of an
infrared spectrometer. The specimen concentration in the
filtrate is then calculated from a calibration curve
previously prepared. ODCB-soluble content at 25°C is then
determined from this value.

The ethylene-a-olefin copolymer according to the
present invention preferably has a plurality of peaks on the
elution temperature-eluted amount curve determined by the
continuous temperature rising elution fractionation method
(TREF) (F). In particular, the peak on the high temperature
side preferably lies between 85°C and 100°C. The existence
of this peak gives a higher melting point and an increased
crystallinity. The resulting molded product has an enhanced
heat resistance and rigidity. Fig. 1 .illustrates ﬁhe elution

temperature~-eluted amount curve of a copolymer according to a
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Speci men (B7) was obtained by the gas phase process copol ynerization of
ethyl ene and 1-butene in the presence of titaniumtetrachloride and
triethyl alum num catalyst. The physical properties of Specinen (B7) are
set forth in Table 10 together with the results of eval uation.

Speci nen (B8) was an et hyl ene-1-butene copolyner (LLDPE) obtained by the
slurry process copol ynerization of eth}?ene and 1-butene in the presence
of titanium tetrachloride and triethyl alum num catal yst. The physi cal

particularly preferred embodiment of the present invention.
Fig. 2 illustrates the elution temperature-eluted amount
curve of a copolymer having a very narrow composition
distribution.

The copolymer shown in Fig. 2 has a very narrow
composition distribution and thus shows a very sudden change
of viscosity and modulus with temperature. Thus, the
"applicable temperature and extrusion conditions under which
such an ethylene-a-olefin copolymer is molded is restricted ,
making it difficult to mold such an ethylene-a-oclefin
copolymer. Further, such an ethylene-a-oclefin copolymer is
disadvantageous in that it gives a molded product which has an
insufficienﬁ heat resistance, and can exhibit a proper heat-seal
strength or a good hot tack strength only in a narrow
temperature range.

TREF is conducted in the following manner. A heat-
resisting stabilizer is added to the sample . The mixture
is then dissolved in ODCB at a temperature of 135°C to obtain
a sample concentration of 0.05% by weight. 5 m{ of the
solution thus heated is then poured intec a column filled with
glass beads. The column is then coocled to a temperature of
25°C at a rate of 0.1°C/min so that the Sample is deposited
on the surface of the glass beads. The column is then heated
at a constant rate of 50°C/hr while ODCB is being passed
therethrough. At the various temperatures, the sample

soluble in the solvent is sequentially eluted with ODCB.

b,
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properties of Specinen (B8) are set forth in Table 10 together with the
results of eval uation. Speci nen (B9) was an et hylene- 1- hexene
copolymer (LLDPE) obtained by the gas phase copol yneri zati on of ethylene
and 1-hexene in the presence of titanium tetrachloride and triethyl

al um num cat al yst. The physical properties of Specinen (B9) are set forth
in Table 10 together with the results %% eval uati on.

During this procedure, the concentration of the sample in
the solution is continuously detected by measuring the
absorption with respect to 2,925 cm™}, which is the
wavenumber of the asymmetric stretching vibration of
methylene by means of an infrared spectrometer. From these concentration

values, an elution temperature-eluted amount curve can be obtained.

TREF analysis allows the continuous anéi&éis of the
change of elution rate with temperature from an extremely
small amount of a sample o Thus, the detection of
relatively fine peaks that cannot be detected by the
fractionation method can be made.

As another preferred characteristics of the ethylene-
a-olefin copolymer according to the present invention, it
preferably exhibits an electrical activation energy of not
more than 0.4 eV (G), preferably not more than 0.3 eV, more
preferably no£ more ﬁhan 0.25 ev. 1If the electrical
activation energy of the ethylene-a-olefin copolymer exceeds
0.4 eV, the quantity and mobility of charged carriers such as
ion and electron show a great increase that tends to
deterioréte the thermal and chemical stability with the rise
of temperature.

The above electrical activation energy is very small
as compared with that of the conventional polyethylene
materials. It is thus considered that the ethylene-a-olefin
copolymer according to the present invention has a special

structure such that the quantity and mobility of charged
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87 Preparation of specinen B10 25 [err] of purified toluene was
charged into a 50-[err] pressure reactor with an agitator the air in which
had been replaced by nitrogen. Into the autoclave was then charged

21

carriers contained therein are insusceptible to the effect of
temperature.

The activation energy is one of constants included in
Arrhenius’ equation, which represents the change of rate
constant with temperature in the process of transport
phenomenon. It corresponds to the difference in energy
between transition state and original system in the process
toward the produced system from the original system wvia the
transition state. 1In particular, the electrical activation
energy is used in Arrhenius’ equation representing the
temperature dependence of ~current. The smaller the
activation energy is, the smaller is the'temperature
dependence of current.

The electrical activation energy according to the
present invention can be determined from the following
equation (Arrhenius' equation):

I « expt-U/ED

wherein I is ) current; U is activation energy; k is
Boltzmann’s constant; and T is absolute temperature.
Substituting the - current value at room
temperature (20°C) and at 90°C for I in the foregoing
equation yields the electrical activation energy according to

the present invention.
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330 g of 1-butene. To the reaction m xture was then added a m xture of

bi s(n-butyl cycl opent adi enyl ) zi rconi um di chl ori de and net hyl al unoxane ( MAO
(Al'/Zr nolar ratio: 500) in such an anount that the anmount of Zr reached
0.33 Mol . The reaction mxture was then heated to a tenperature of
80[err]Cto prepare a netal ocene cataly t. Subsequently, ethylene was
charged into the reactor at a pressure of 9 kg/cnferr]Gto initiate

pol ymeri zation. The polymeri zation process lasted for 1 hour while the
total pressure of the reaction system was being

The ethylene-a-olefin copolymer according to the
present invention has:an electrical activation energy of not
more than 0.4 eV as defined above to exhibit remarkably
excellent electrical propertieél For example, the ethylene-
a-olefin copolymer according to the present invention can
exhibit a volume resistivity of not lower than 10! Qcm,
preferably not lower than 10*” Qcm, more preferably not less
than 10 Qcm, at 20°C. The fact that the ethylene-a-olefin
copolymer according to the present invention has a high
volume resistivity and a small activation energy shows that
the ethylene-c-olefin copolymer

has a structure such that the content or mobility
of charged carriers such as ion and electron is small.

The ethylene-a-olefin copolymer of the present
invention is preferably a copolymer obtained by polymerizing
an olefin in fhe presence of a catalyst (H) produced by
allowing the following components (1) to (4) to come into
mutual contact with each other:

(1) a compound represented by. Me'R';R? (OR®),X%, ...,
where R! and R® each independently rep?esent a Ci.z
hydrocarbon group or trialkylsilyl group; R? represents a
2,4-pentanedionate ligand, a dibenzoylmethanate ligand, a
benzoylacetonate ligand, or derivative thereof; X' represents
a halogen atom; Me! represents 2Zr, Ti 6r Hf; and p, g and r
each represents an integer satisfying the relationships

O0<ps<4, 0sg<4, 0<r<4, and 0<(p+g+r)<4;




kept to 6 kg/cnferr] G by continuously supplying ethylene to prepare an

et hyl ene- 1- but ene copol yner. The physical properties of the copol yner
thus prepared are set forth in Table 10. Results of evaluation

In Exanples 21 and 22 according to the present invention,

et hyl ene- 1- but ene copol yners were prepared from 1-butene as a conononer 'in
t he presence of a chlorine-free catal®st. The results of eval uation show

t hat these

(2) a compound represented by Me?R‘,(OR’),X% 4., where
Me? represents Group I, II, or III element; R* and R’ each
independently represent a C,_;, hydrocarbon group; X’
represents a hydrogen aﬁom or a halogen atom, provided that
when X? represents a hydrogen atom, Me?! represents a Group
IIT element; z represents the valence of Me?; and m and n
each represents an integer satisfying the relationships
Osmsz, Osnsz, and Os(m+n)sz;

(3) an organic cyclic compound having two or more
conjugated double bonds; and

(4) at least one of a modified organic aluminum oxy
compound and a boron compound each having an Al-O-Al bond.

Me! in the compound represented by the general
formula Me'R',R? (ORY) X} .4, as the foregoing catalyst
component (1) indicates 2r, Ti or Hf. The kind of such a
transition metal is not limited. A plurality of such
transition metals may be used in combination. It is
particularly -preferred that Zr, which renders the copolymer
well weather-resistant, be included. R! and R® each
represent a C;_,, preferably Ci.1z» more preferably C
hydrocarbon groﬁp. Specific examples of such a hydrocarbon
group include an alkyl group such as methyl, ethyl, propyl,
isopropyl and butyl, an alkenyl group such as vinyl and
allyl, an aryl group such as phenyl, tollyl, xylyl, mesityl,
indenyl and naphthyl, and an aralkyl group such as benzyl,

trityl, phenethyl, styryl, benzhydryl, phenylbutyl and
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et hyl ene- 1-butene copolyners are little apt to rusting and are excellent

I n inpact strength, transparency and | ow tenperature heat-seal
properties. In Exanple 23, an ethyl ene-1-butene copol yner according to the
present '

24

neophyl. These hydrocarbon groups may be branched. R?
represents 2,4-pentanedionate ligand, dibenzoylmethanate
ligand, benzoylacetanate ligand, or derivatives thereof. X!
indicates a halogen atom such as fluorine, iodine, chlorine
and bromine. The suffixes p, q and r satisfy the
relationships 0<p<4, 0=<g<4, 0s<rs<4, and O0<(p+tg+r)=<4.

Examples of the compound represented by the general
formula as catalyst component (1). include tetramethyl
zirconium, tetraethyl zirconium, tetrabenzyl zirconium,
tetrapropoxy zirconium, tripropoxy monochlorozirconium,
dipropoxy dichlorozirconium, tetrabutoxy zirconium, tributoxy
monochlorozirconium, dibutoxy dichlorozirconium, tetrabutoxy
titanium, and tetrabutoxy hafnium. Examples of the compound
containing 2,4-pentadionate ligand include zirconium
tetra(2,4-pentadionate), zirconium
tri(2,4-pentadionate)chloride, zirconium
di(2,4-pentadionate)dichloride, zirconium
(2,4-pentadionate)trichloride, zirconium
di(2,4-pentadionate)diethoxide, zirconium
di(2,4-pentadionate)di-n-propoxide, zirconium
di(2,4-pentadionate)di-n-butoxide, zirconium
di(2,4-pentadionate)dibenzyl, and zirconium
di(2,4-pentadionate)dineophyl. Examples of the compound
containing dibenoylmethanate ligand include zirconium
tetra(dibenzoylmethanate), zirconium

di(dibenzoylmethanate)diethoxide, zirconium
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I nvention was prepared from 1-butene as a conononer in the presence of a
catal yst containing a halogen (chlorine). On the other hand, in
Conpar ati ve Exanples 12 and 13, ethylene- 1-butene copolyners were
prepared from 1-butene as a conononer in the presence of a Ziegler

catal yst containing the sanme hal ogen. These et hyl ene-|-butene copol yners
cause nuch rust and exhibit poor dart 2%pact strength, transparency and
| ow t enperature heat-seal properties. I n Exanpl es 24 and 25,

et hyl ene- 1- hexene copol yners

di(dibenzoylmethanate)di-n-propoxide, and zirconium
di(dibenzoylmethanate)di-n~butoxide. Examples of the
compound containing benzoylacetonate ligand include zirconium
tetra(benzoylacetonate), zirconium

di (benzoylacetonate)diethoxide, zirconium
di(benzoylacetonate)di~-n-propoxide, and zirconium

di (benzoylacetonate)di-n-butoxide. These compounds may be
used in admixture.

Me? in the compound represented by the general
formula Me?R‘;(OR%).X?%, ... as the foregoing catalyst component
(2) indicates an element belonging to Groups I, II, and III
such as lithium, sodium, . potassium, magnesium, calcium, zinc,
boron and aluminum. R*® and R® each represent a Cj.j,
preferably C,.;;,, more preferably C,; hydrocarbon group.
Specific examples of such a hydrocarbon group include an
alkyl group sﬁch as methyl, ethyl, propyl, isopropyl and
butyl, an alkenyl group such as vinyl and allyl, an aryl
group such as phenyl, tollyl, xylyl, mesityl, indenyl and
naphthyl, and an aralkyl group such as benzyl, trityl,
phenethyl, styryl, benzhydryl, phenylbutyl and neophyl.
These hydrocarbon groups may be branched. X? indicates a
hydrogen atom or a halogen atom such as fluorine, iodine,
chlorine and bromine, provided that if X! is a hydrogen atom,
Me? is limited to an element belonging to Group III such as
boron and aluminum. The suffix z indicates the valence of

Me?. The suffixes m and n each represent an intege -
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wer e prepafed from 1- hexene as a cononomer in the presence of a
chlorine-free catalyst. In Conparative Exanple 14, LLDPE was prepared from
1- hexene as a conononer in the presence of a Ziegler catalyst. The
conpari son of these copolynmers shows that LLDPE of Conparative Exanple 14
causes much rust and exhibits poor inpact strength, transparency and
| ow tenperature heat-seal properties. 26 I n Conparative Exanple 15,
an et hyl ene- 1-butene copol ynmer was prepared from 1-butene as a cononomner
in the

satisfying the relationships 0<m<z and 0<n<z, and 0<(m+n)<z.

Examples of the'compound represented by the general

formula as catalyst coméonent (2) include organic lithium

compounds such as methyl lithium and ethyl lithium, organic

magnesium compounds such as dimethyl magnesium, diethyl

magnesium, methyl magnesium chloride and ethyl magnesium

chloride, organic zinc compounds such as dimethyl zinc and

diethyl zinc, organic boron compounds such as trimethyl boron

and triethyl boron, and organic aluminum compounds such as

trimethyl aluminum, triethyl aluminum, triisobutyl aluminum,

trihexyl aluminum, tridecyl aluminum, diethyl aluminum

chloride, ethyl aluminum dichloride, ethyl aluminum

sesquichloride, diethyl aluminum ethoxide and diethyl

aluminum hydride.

Examples of the organic cyclic compound having two or

more conjugatéd double bonds as catalyst component (3)

include a C,.;, preferably C,.;; cyclic hydrocarbon compound

having one or more cycles having two or more, preferably two

to four, more preferably two or three cyclic conjugated

double bonds; a cyclic hydrocarbon compound having the

foregoing cyclic hydrocarbon compound partially substituted

by 1 to 6 hydrocarbon residues (typically, C,.;; alkyl or

aralkyl group), organic silicon compound having C,.;,.,

preferably C,.;; cyclic hydrocarbon group having one or more

cycles containing two or more, preferably two to four, more

preferably two or three conjugated double bonds; and an
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presence of the above-described catal yst. The ethyl ene- 1-butene copol ymer
t hus prepared causes nmuch rust and disadvantageous in noldability as
conpared with Exanples 21, 22 and 23. In Exanples 26 to 29
according to the present invention, an autoclave was used as a

pol yneri zation reactor. Ethylene-l-butgge copolynmers were prepared by bul k
pol yneri zati on process from 1-butene as conononer in the

organic silicon compound having the foregoing cyclic _
hydrocarbon gﬁoup partially substituted by 1 to 6 hydrocarbon
residues or alkaline metal salts (sodium or lithium salt).

In particular, organic cyclic compounds having a
cyclopentadiene structure anywhere in its molecule are
preferred.

Preferred examples of the foregoing compound include
cyclopentadiene, indene, azulene,, and alkyl, aryl, aralkyl,
alkoxy, aryloxy, and derivatives therecf. Further, compounds
obtained by bonding (crosslinking) these compounds via an
alkylene group (having 2 to 8, preferably 2 to 3 carbon
atoms) are preferably used.

The organic silicon compound having cyclic

hydrocarbon group can be represented by the following general

formula: REPLACENENT SHEET

ASiR,t

02 MAR 9%
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wherein A represents the foregoing cyclic hydrocarbon group
such as a cyclopentadienyl group, a substituted
cyclopentadienyl group, an indenyl group and a substituted
indenyl group; R represents a hydrogen atom or a Cj.y,
preferably C,.,; hydrocarbon residue such as an alkyl group
(e.g., methyl, ethyl, propyl, isopropyl and butyl), an alkoxy
group (e.g., methoxy, ethoxy, propoxy and butoxy), an aryl

group (e.g., phenyl), an aryloxy group (e.g., phenoxy) and an



89

presence of a preferred catal yst characteristic of the present

i nvention. These ethyl ene-1-butene copolyners cause little Tust and

exhi bit excel |l ent i npact strength, transparency and |ow tenperature

heat - seal properties. This proves that the

28

aralkyl group (e.g., benzyl); and L satisfies the
relationship 15L54,_preferably 1<L<3.

Specific examples of the organic cyclic hydrocarbon
compound as component (3) include a Cs.;, cyclopolyene or a
substituted cyclopolyene such as cyclopentadiene, methyl
cyclopentadiene, ethyl cyclopentadiene, 1,3-dimethyl
cyclopentadiene, indene, 4-methyl-l-indene,
4,7-dimethylindene, cycloheptatriene, methylcycloheptatriene,
cyclooctatetraene, azulene, fluorene and methyl fluorene,
monocyclopentadienylsilane, biscyclopentadienylsilane,
triscyclopentadienylsilane, monoindenylsilane,
bisindenylsilane, and trisindenylsilane.

The modified orgénic aluminum oxy compound containing
Al-0-2A1 bond as catalyst component (4) is obtained by the
reaction of the organic aluminum compound with water, which
is a modified-érganic aluminum oxy compound commonly called
aluminoxane obtained by the reaction of an alkyl aluminum
compound with water. The modified organic aluminum oxy
compound generally has from 1 to 100, preferably from 1 to 50
Al-0-Al bonds per molecule. The modified organic aluminum
oxy compound may be linear or cyclic.

The reaction of the organic aluminum compound with
water is generally effected in an inert hydrocarbon.
Preferred examples of the inert hydrocarbon include

aliphatic, alicyclic and aromatic hydrocarbon such as
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physi cal properties of the polynmers according to the present invention are
excel l ent regardl ess of preparation process. 90 J[err]

29

pentane, hexane, heptane, cyclohexane, benzene, toluene and
xylene.

The ratio of water to organic aluminum compound to be
reacted (water/Al molar ratio) is generally 0.25/1 to 1.2/1,
preferably 0.5/1 to 1/1.

In the present invention, the catalyst obtained by
allowing the foregoing catalyst components (1) to (4) to come
into mutual contact with each other may be supported on an
inorganic carrier and/or particulate polymer carrier to
provide a catalyst for the polymerization reaction. The
inorganic carrier may be in any form such as powder, grain,
flake, foil and fiber so_far as the predetermined shape can
be maintained in the process for the preparation of the
catalyst of the present invention. Whatever the form of the
inorganic carrier is, the maximum length of the inorganic
carrier is geﬁerally from 5 to 200 pum, preferably from 10 to
100 um. The inorganic carrier is preferably porous. In
general, the inorganic carrier generally has a surface area
of from 50 to 1,000 m*/g and a pore volume of from 0.05 to 3
em’/g.

Examples of the inorganic carrier of the present
invention include a carbon substance, metal, metal oxide,
metal chloride, metal carbonate or mixture thereof. Such an
inorganic material is generally calcined at a temperature of
from 200°C to 900°C in air or an inert gas such as nitrogen

and argon before use. ~

ﬁﬂﬂﬁﬁ%ﬁﬁ?Sﬁﬂﬁ
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Examples of metals to be incorporated in the
inorganic carrier include iron, aluminum, and nickel.
Examples of the metal oxide include simple oxides or
composite oxides of Groups I to VIII metals. Specific
examples of these metal oxides include SiO,, Al,0;, MgO, CaO,
B,0;, TiO,, Zr0,, Fe,0,, Si0,-31,0;, Al,0,-MgO, Al,0,-Ca0,
Al,0,-MgO-Ca0, Al,0;-MgO0-SiO,, Al,0;-Cu0, Al,0;-Fe,0;, Al,0;-NiO,
and 5i0,-Mg0. The foregoing formulae representing metal
oxides are not molecular formulae but only indicate the
composition of the metal oxides. In other words, the
structure and composition of ﬁhe composite oxides to be used
herein are not specifically limited. The métal oxide to be
used herein may have a small amount of water content adsorbed
thereto, and may contain a small amount of impurities.

Preferred examples of the metal chloride include
chlorides of élkaline metal and alkaline earth metal. 1In
particular, MgCl, and CaCl, are preferred. Preferred
examples of the metal carbonate include carbonates of
alkaline metal and alkaline earth metal. Specific examples
of such metal carbonates include magnesium carbonate, calcium
carbonate, and barium carbonate. Examples of the carbon
substance include carbon black and activated carbon.

Any of the foregoing inorganic carriers may be
preferably used in the present invention. In particular,

metal oxides such as silica and alumina are preferred.
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On the other hand, the particulate polymer carrier
employable herein may be either a thermoplastic resin or
thermo-setting resin so far as it does not melt but stays
solid during the preparation of catalyst and the
polymerization reaction. The particle diameter of the
particulate polymer carrier is normally from 5 to 2,000 um,
preferably from 10 to 100 um. The molecular weight of the
polymer carrier is not specifically limited so far as the
polymer can occur in the form of solid substance during the
preparation of catalyst and the polymerization reaction.
Thus, the molecular weight of the polymer may range from a
low value to an ultrahigh value.

Specific examples of the polymer to be used as
particulate polymer carrier include ethylene polymer, -
ethylene~a-olefin copolymer, propylene polymer, propylene
copolymer, vaiious polyolefins such as poly-l-butene
(preferably having from 2 to 12 carbon atoms), polyester,
polyamide, polyvinyl chloride, polymethyl (meth)acrylate,
polystyrene, polynorbornene, various natural high molecular
compounds, and mixture thereof.

The foregoing inorganic carrier and/or particulate
polymer carrier may be used as it is. Preferably, these
carriers are previously brought into contact with an organic
aluminum compound or a modified organic aluminum oxy compound

having Al-O-Al bond before use.
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The preparation of the ethylene-a-olefin copolymer of
the present invention can be accomplished by a gas phase
process, a slurry process, a solution process or the like and
is not limited to a single-stage process, a multi-stage
process, etc.‘ The gas phase process is preferred.

The ethylene-a-oclefin copolymer of the present
invention has a relatively broad composition distribution
despite its narrow molecular amount distribution; exhibits
excellent mechanical properties, moldability, optical
properties, electrical properties, and low temperature seal
properties; and is suitable for preparation of films and
various molded articles. Particularly, the copolymer is
preferably used as films produced by T-die molding and
inflation molding, such as wrapping films and raw films for
laminates; a heat seal layer of the laminate; electrical
insulating maferials; and materials for various vessels.

The ethylene-a-olefin copolymer of the present
invention produced by polymerization using the foregoing
catalyst (H) exhibits particularly excellent thermal
stability and chemical stability. The results of the rust
test of such copolymers are lower than conventional resins
and is generally 5.0 mg or less, preferably 3.0 mg or less.
Accordingly, such copolymers exhibit excellent properties
when used as wrapping material and container adapted for use
with microwave oven or as electrical member, electrical

parts, etc. Further, this copolymer is excellent in chemical




The testing nmethods used in Exanples 30 to 45 and Conparative Exanples 16
and 17 will be described hereinafter. Physical properties test

Al'l the tests were conducted in the same nanner as in Exanples 1 to 10 and
Conparative Exanples 1 to 8. T-die filmnolding conditions Mke of
apparatus used: Union Plastic Co., Ltd._ _Extruder screw dianeter: 30 nm
T-die: 300 nmm face 33

stability required for ordinary use. . Thus, this copolymer is
suitable for food, hygienic and medical use.

The rust test used herein is conducted in the
following manner :

The pelletized sample is melted over a 230°C oil
bath in a stream of nitrogen for 3 hours. A soft-iron plate
having a surface area of 50_cm2 is then dipped in the molten
resin for 2 hours. The soft-iron.plate is then withdrawn
from the molten resin. The resin attached to the iron plate
is then peeled off. The iron plate is then allowed to stand
in a 80°C-90%RH constant temperature-humidity bath for 20
hours to accelerate rusting. The iron plate is then dried in
a desiccator with silica gel for 1 day. The weight increase
(mg) of the soft-iron plate is determined as the generated
amount of rust.

The sécond aspect of the present invention is a
polyolefin resin composition comprising (a) not less than 2%
by weight of an ethylene-a-olefin copolymer according to the
first aspect of the present invention and (b) not more than
98% by weight of a polyolefin. The foregoing polyolefin (b)
is preferably an ethylene polymer or copolymer (b) which
differs from the ethylene-a-olefin copolymer satisfying the
requirements (A) to (E).

The other ethylene polymer (b) of the present
invention may be an ethylene-a-olefin topolymer or an

ethylene polymer or copolymer obtained by high pressure




Nunmber of revolutions of screw. 50 rpm Extrusion rate: 4.8 kg/hr Die lip
gap: 1.2 mm Take-off speed: 6.1 to 6.3 mimn Mlded resin tenperature:
210 to 240[err]C Filmthickness: 50 [errJm Chill-roll tenperature:
40[err] C Screen nesh: 80 nesh/ 120 nesh/ 80 nesh Corona treatnent: approx.

45 dyne/ cm
’ 34

radical polymerization. A first preferred example (bl) of
such an ethylene polymer is an ethylene homopolymer and an
ethylene-a-olefin copolymer each having a density of from
0.86 to 0.97 g/cm?® obtained by conventional ionic
polymerization in the presence of a Ziegler catalyst or
Phillips catalyst (hereinafter generically referred to as
"Ziegler catalyst"). Specific examples of such an ethylene-
a-olefin copolymer include high density polyethylene (HDPE),
middle density polyethylene (MDPE), linear low density
polyethylene (LLDPE), and very low density polyethylene
(VLDPE) .

The high density polyethylene, middle density
polyethylene and low density polyethylene (HDPE, MDPE, LLDPE)
of the present invention obtained in the presence of a
Ziegler catalyst have a density of from 0.91 to 0.97 g/cm?,
preferably from 0.91 to 0.94 g/cm® (LLDPE), MFR of from 0.1
to 20 g/10min,
preferably from 0.3 to 15 g/10min, and Mw/Mn of from 2.5 to 7,
preferably from 3 to 5.5.

The very low density polyethylene (VLDPE) of the
present invention obtained in the presence of a Ziegler
catalyst has a density of from 0.86 to 0.91 g/cm’, preferably
from 0.88 to 0.91 g/cm® and MFR of from 0.1 to 20 g/10min,
preferably from 0.3 té 15 g/10min.

The very low density polyethylene (VLDPE) contains a

polyethylene which exhibits properties intermediate between




Dry lam nation conditions Base: Biaxially-stretched nylon film (thickness:
15 [err]m Lam nating machi ne: Test Coater M3C-180, available from Labo
Co., Ltd. Anchor coat agent: Polyether anchor coat agent 308 A/B (m xing
ratio: 1/1), available from Toyo Morton Co., Ltd. Lam nated face:
Corona-treated Ageing: 40[err]C for 2 ggys after | am nated

linear low density polyethylene (LLDPE) and ethylene-w-olefin
copolymer rubber (EPR, EPDM). It is preferably a specific
ethylene-a-olefin copolymer having a density of from 0.86 to
0.91 g/cm®, a maximum peak temperature (Tm) of not lower than
60°C as determined by differential scanning calorimetry and a
boiling n-hexane-insoluble content of not less than 10% by
weight. It is a resin comprisihg a high crystallinity moiety
formed by linear low density polyethylene and an amorphous
moiety formed by ethylene-a-olefin copolymer rubber in
combinatipn, obtained by the polymerization in the presence
of a catalyst made of at least a solid catalyst component
containing titanium and/or wvanadium and an organic_aluminum
compound. This resin exhibits excellent mechanical strength
and heat resistance inherent to the former moiety and
excellent rubber elasticity and low temperature impact
resistance inherent to the latter moiety which are well
balanced. l

The «~olefin to be incorporated in the ethylene-
a-olefin copolymer prepared in the presence of a Ziegler
catalyst has from 3 to 12, preferably from 3 to 10 carbon
atoms. Specific examples of such an a-olefin include
propylene, butene-1l,4-methylpentene-l, hexene-1l, octene-1,
decene-1, and dodecene—l.

The content of such an a-olefin in the copolymer is

preferably not more than 40 mol%.




95 T-die nolded filmevaluation nethod Tensile I mp
Measured in accordance with ASTM D1822 Low tenperatu
properti es: Usi ng a heat-seal er available fr
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The second preferred example (b2) of the other
ethylene polymer of the present invention is a low density
polyethylene, ethylene-vinyl ester copolymer, or copolymer of
ethylene with «,fB-unsaturated carboxylic acid or derivative
thereof, obtained by high pressure radical polymerization.

The foregoing low density polyethylene (LDPE)
generally has MFR of from 0.1 to 20 g/10min, preferably from
0.2 to 15 g/10min. If MFR of the low density polyethylene
falls within this range, the resulting composition exhibits a
melt tension suitable enough to be formed into film. The
foregoing low dénsity polyethylene generally has a density of
from 0.91 to 0.94 g/cm®, preferably from 0.912 to 0.935
g/cm?, more preferably from 0.912 to 0.930 g/cm’® and a melt
tension of from 1.5 to 25 g, preferably from 3 to 20 g. The
melt tension is one of elastic properties of a resin. A
resin having.a melt tension falling within this range can be
easily formed into film.

The foregoing low density polyethylene generally has
Mw/Mn of from 3.0 to 10, preferably from 4.0 to 8.0.

The ethylene-vinyl ester copolymer which can be used
in the present invention is a copolymer of a vinyl ester
monomer mainly comprising ethylene prepared by high pressure
radical polymerization, such as vinyl propionate, vinyl
acetate, vinyl caproate, vinyl caprate, vinyl laurate, vinyl
stearate and vinyl trifluorocacetate. °‘Particularly preferred

among these vinyl ester monomers is vinyl acetate (EVA). A



Ltd., the specinen was heat-sealed at a pressure of 2 kg/cn2G for 1 second
at sone properly selected tenperatures. This filmwas then cut into a
15-mm wi de web. The web specinen was then subjected to peel test at a
peeling rate of 300 mmmn. The | ow tenperature heat-seal properties were
represented by the tenperature value at_which the peel strength of the
speci men was 500 g, deternined by intefpolation. The lower this
tenperature value was, the better were the |ow tenperature heat-seal

properti es.
copolymer comprising from 50 to 99.5% by weight of ethylene,

from 0.5 to 50% by weight of vinyl ester and from 0 to 49.5%
by weight of oiher copolymerizable unsaturated monomers is
preferred. In particular, the content of vinyl ester is‘from
3 to 20% by weight, preferably from 5 to 15% by weight.

These copolymers generally have MFR of from 0.1 to 20
g/10min, preferably from 0.3 to 10 g/10min, and a melt
tension of from 2.0 to 25 g, preferably from 3 to 20 gq.

Representative examples of the copolymer of ethylene
with «,f-unsaturated carboxylic acid or derivative thereof
which can be used in the present invention include ethylene-
(meth)acrylic acid or its alkylester copolymer. Examples of
the comonomers include acrylic acid, methacrylic acid, methyl
acrylate, methyl methacrylate, ethyl acrylate, ethyl
methacrylate, propyl acrylate, propyl methacrylate, isopropyl
acrylate, isdpropyl methacrylate, n-butyl acrylate, n-butyl
methacrylate, cyclohexyl acrylate, cyclohexyl methacrylate,
lauryl acrylate, lauryl methacrylate, stearyl acrylate,
stearyl methacrylate, glycidyl acrylate, and giycidyl
methacrylate. Particularly preferred among these comonomers
are alkylesters such as methyl (meth)acrylate and ethyl
(meth)acrylate (EEA). In particular, the content of ester
(meth)acrylate is from 3 to 20% by weight, preferably from 5
to 15% by weight. —
| o
, 02 MAR w99 [




Haze: Measured by neans of a direct-readi ng haze conputer HGH 2DP
avai |l abl e from Suga Shi kenki K. K. in accordance with ' 1 hg
st rengt h: Two sheets of filmwere stacked opgo kﬁﬁ&%®§§25§&§¥har
The stack was then conditioned under a |load of 5 kg/0gnferr] at a
tenperature of 50[err]C for 2 hours. The specimen waq tihe@20MARd&89%%t | a
tensil e speed of 500 M mn by neans of38 :

These copolymers generally have MFR of from 0.1 to
20 g/10min, preferably from 0.3 to 10 g/10min, and a melt
tension of from 2.0 to 25 g, preferably from 3 to 20 g.

The mixing ratio of the polyolefin resin (b) may vary
depending on the usage of the resin composition. For
example, the ethylene-a-olefin copolymer (a) may be the main
component in the field where the excellent strength, heat
seal property and electrical property of the ethylene-
a-olefin copolymer (a) is particularly required, whereas a
large amount of the polyolefin resin (b) may be used in the
field where the economical efficiency and moldability are
important. |

The third aspect of the present invention is a film
comprising an ethylene-a-~olefin copolymer according to the
first aspect of the present invention or a resin composition
according to the second aspect of the present invention.

When it is desired to provide the film of the present
invention with improveménts in transparency, low temperature

heat-seal properties, mechanical strength, blocking resistance and

anti-migration properties, the film preferably comprises (a) an
ethylene-a-olefin copolymer according to the present
invention alone or a composition comprising the copolymer as
a main component. When it is desired to consider moldability
and economy while maintaining these properties to some
extent, the component (a) is preferabLy'blended with the

component (b). If the component (a) is blended with the



a tensile tester available from Toyo Sei ki K K at—a ténp¢+a+ﬂ+é—
23[err] C and 50%RH. The force required for sheafi hg peel wasSHEERs red.
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component (b), the component (a) may be used in an amount of
not less than 20% by weight while the component (b) may be
used in an amount of not more than 80% by weight. If it is
desired to provide the film with a well-balanced moldability
while maintaining the mechanical strength, low temperature
heat-seal properties and transparency, the component (a) is
incorporated in an amount of from 50 to 98% by weight,
preferably from 60 to 90% by weight while the component (b)
is incorporated in an amount of from 2 to 50% by weight,
preferably from 10 to 40% by weight. If the content of the
component (a) falls below 20% by wéight and the content of
the component (b) exceeds 80% Ey weight, it may be
disadvantageous in that the resulting film cannot fulfill its
low temperature heat-seal'properties and blocking properties.
The film of the present invention can be produced by
processing the foregoing component (a) and/or component (b)
by a blown film extruding method, a T-die extruding _
method or the like. The film thus molded exhibits excellent
lubricating property, blocking resistance, low temperature heat-seal
properties, transparency and mechanical strenéth. The film
is little apt to migration of resin components to the content
wrapped. The film can be singly formed into various wrapping
materials, wrapping bags or containers. By making the best
use of its excellent heat-seal properties, the film can find

application in heat seal. The thickness of the film



Lam nated film eval uati on nmethod Bl ocking strength: Two sheets of
| am nated filns were stacked in such a manner that the seal ant face of the
two sheets were opposed to each other. The stack was then conditioned
under a load of 10 kg/25cnferr] at a tenperature of 40[err]C for 5 days.
The specinen was then pulled at a tensj{e speed of 100 M m n by neans of
a tensile tester available fromToyo Seiki K K. at a tenperature of
23[err] C and 50%RH. The force required for

generally ranges from 3 to. 500 um, though depending on the
purpose.

The fourth aspect of the present invention is a
laminate comprising an ethylene-a-olefin copolymer according
to the first aspect of the present invention or a resin
composition according to the second aspect of the present
invention. The laminate of the present invention is a
multilayer laminate comprising a layer of the ethylene-
a-olefin copolymer or the resin composition with a layer of
other materials, preferably a gas barrier material layer.

The other materials to be laminated may vary with the
purpose required. Examples of thése materials which have gas
barrier properties such as those for food wrapping include
gas barrier materials, e.g.,.polyamide resin such as 6-nylon
and 6,6-nylon, polyester resin such as polyethylene
terephthalate.and polybutylene terephthalate, saponification
product of ethylene-vinyl acetate copolymer, vinylidene
chloride resin, polyvinyl alcohol resin, polycarbonate resin,
material obtained by metallizing these resins with aluminum,
and metal foil such as aluminum and copper. The laminate
comprising the ethylene-a-olefin copolymer or the resin
composition and such a gas barrier material is suitable for
producing containers for foods, medical drags, clothes, etc.
Examples of other materials to be laminated include materials
for enhancing nerve, e.g., for making-self-supporting

container or making bag at a high speed, such as high density

| REPLACEMENT SHEET

02 MAR 1999

J e



shearing peel was then neasured. Lubricating property: Using a
static friction coefficient neasuring instrunent available from Shinto.
Kagaku Co., Ltd., the lubricating property of sealant face with each other
was neasured over a width of 35 nmand a |length of 75 nmunder a |oad of
200 g. The angle of slip [err] was neasgred at a gradient rise rate of
1.7/sec. The lubricating property was %presented in tan[err]. The snaller
this value was, the better

polyethylene, polypropylene, and polybutene-l. Further, two
or more of these materials may be properly laminated with
each other.

Examples of methods for laminating these materials
include extrusion lamination method, dry lamination methoed,
sand iamination method, T-die co-extrusion method, and
blown film co-extrusion method. For the film of the present
invention, dry lamination method is particularly preferred.
When T-die co-extrusion method, co-extrusion method or the
like is used, LLDPE graft-modified with a monomer having a
polar group such as maleic anhydride or an ionomer resin, or
a nixture éhéreof may be used as an intermediate adhesive
layer.

In the laminate of the present invention, the layer
of the ethylene-a-clefin copolymer or the resin composition
of the presenf invention is preferably a heat seal layer.
The heat seal layer needs to exhibit excellent low
temperature heat-seal properties and heat-sealing strength.
The laminated thickness of the heat seal layer depends on the
purpose. It is generally from 3 to 250 um, preferably from 5
to 200 pum, more preferably from 10 to 180 um. The film thus
laminated may be further laminated with a base film having a
thickness of from 3 to ZOOIum or a plurality of films ha&ing
a thickness similar to the base film.

Another embodiment of the laminaté of the present

invention include a multi-layer film having excellent heat-
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was the lubricating property. Adhesiveness: The lam nated film
was heat-sealed by a 5-mm seal bar of a heat sealer available from Tester
Sangyo Co., Ltd. at a tenperature of 140[err]C and a pressure of 2
kg/cnferr] for 1 second in such a manner that the seal ant faces were
sealed to each other. The filmthus hq&i-sealed was then cut into a 15-mm
w de web specinmen. The speci nen was then neasured for

seal properties and nerve comprising a film of the present
invention as a surface layer and a middle density
polyethylene as an inner layer; an inexpensive multi-layer
film having excellent heat-seal properties comprising a film
of the present invention as a surface layer and a regenerated
polyethylene as an inner layer; and combinations thereof.

The film or laminate according to the present
in#ention preferably comprises an aliphatic amide (c)
incorporated therein in an amount of from 0.03 to 0.25 parts
by weight per 100 parts by weight of the ethylene-c-olefin
copolymer according to the present invention or the resin
composition of the present invention comprising the ethylene-
a-olefin copolymer (a) and the polyolefin resin (b).

The purpose of the aliphatic amide (c) used in the
present invention is to improve the lubricating property of
thé foregoing.film. Thus, a laminating film which is not apt
to deterioration of peelability and lubricating property can
be provided.

When such an aliphatic amide is used, care should be
taken to prevent the aliphatic.amide from having adverse
effects on the adhesiveness between the film of the copolymer
or resin composition of the present invention and the base
film. Among aliphatic amides, (cl) an unsaturated aliphatic
bisamide and (c2) an unsaturated aliphatic amide having a
melting point of from 65°C to 90°C may be blended in an

amount of from 0.0l to 0.2 parts by weight each, with the
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97 tensile - strength at a tensile rate of 300 mMmim n. The
tensile strength of a biaxially-stretched nylon filmwas very
greater than that of a filmmde of polyethylene alone. Thus, the tensile
strength of the heat- sealed area of the lamnated filmwas related to the

43

proviso that the total amount of (cl) and (c2) is from 0.03
to 0.25 parts by weight, to provide the resulting film with
an enhanced lubricating property without impairing the
adhesiveness to the base film. Thus, these aliphatic amides
are preferably used to provide a film particularly suitable
for dry lamination.

Examples of the foregoing unsaturated aliphatic
bisamide (cl) include ethylenebisoleic amide,
ethylenebiserucic amide, hexamethylenebisoleic amide,
N,N’-dioleyladipic amide, and N,N’'-dioleylsebacic amide.
Such an unsaturated aliphatic bisamide is generally
incorporated in an amount of from 0.01 to 0.2 parts by weight
per 100 parts by weight of the resin components. If the
amount of such an unsaturated aliphatic bisamide falls below
0.01 parts by weight, the resulting resin tends to exhibit
reduced lubricating property and blocking resistance. If the
amount of such an unsaturated aliphatic bisamide exceeds 0.2
parts by weight, the resulting resin tends to
disadvantagebusly exhibit a reduced adhesiveness to the
laminating materials described layer.

The melting point of the unsaturated aliphatic amide
having a melting point of from 65°C to 90°C (c2) is measured
by means of a differential scanning calorimeter (DSC) while
the temperature is being raised at a rate of 10°C/min.
Examples of such an unsaturated aliphatic amide include

erucic amide, and oleic amide. If the melting point of the
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adhesi veness of the heat-sealed area that reflected the tensile
characteristics of nylon. In other words, a heat- sealed area having a
good adhesi veness exhibited a great tensile strength. If the heat-seal ed
area had an insufficient adhesiveness, it could only exhibit a strength

i nherent to pol yethyl ene and hence a rqgﬁced tensile strength. Wen the
heat - seal ed area of the lamnated film~™had a tensile strength of not |ess
than 4.5 kg/ 15mm wi dt h, the adhesiveness was consi dered good (A). Wen the
heat -

unsaturated aliphatic amide falls below 65°C, the resulting
resin tends to disadvantageously exhibit deteriorated
blocking resistance. If the melting point of the unsaturated
aliphatic amide exceeds 90°C, the resulting resin tends to
disadvantageously fail to exhibit sufficiently improved
lubricating property. The amount of the unsaturated
aliphatic amide (c2) to be incorporated is generally from
0.01 to 0.2 parts by weight per 100 parts by weight of the
resin components, with the proviso that the total amount of
the component (cl) and the component (c¢2) is generally from
0.03 to 0.25 parts by weight. If the amount of the component
(c2) falls below 0.01 parts by weight, the resulting resin
tends to exhibit an insufficient lubricating property. If
the amount of the component (c2) exdeeds 0.25 parts by
weight, the resulting resin tends to exhibit an insufficient
adhesiveness ﬁo the laminating materials. If the total
amount of the component (cl) and the component (c2) falls
below 0.03 parts by weight, the resulting resin tends to
exhibit insufficient lubricating property and blocking
resistance. If the total amount of the component (c¢l) and
the'component (c2) exceeds 0.25 parts by weight, the
resulting resin tends to exhibit an insufficient adhesiveness
to the laminating materials.

The fifth aspect of the present invention is an
electrical insulating material comprising an ethylene-

.a-olefin copolymer according to the first aspect of the
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seal ed area of the lamnated filmhad a tensile strength of less than 4.5
kg/ 15mm wi dt h, t he adhesi veness was consi dered poor (O

Speci mens A25 to A29 were prepared by the following polynerization .

met hods: Preparation of solid catalyst The procedure of Exanples 1
to 10 was followed to obtain Catalyst E% Preparati on of specinen A25

present invention or a resin composition according to the
second aspect of the present invention.

The sixth aspect of the present invention is a power
cable comprising a conductor having thereon an insulating
layer comprising an electrical insulating material according
to the fifth aspect of the present invention.

In the electrical insulating material according to
the present invention, the amount of the other polyolefin (b) -
to be incorporated is from 0 to 98% by weight based on the
total amount of the ethylene-a-olefin copolymer (a) and the
other polyolefin (b). When it is desired to maintain the
excellent electrical properties of the ethylene-wa-olefin
copolymer (a), the ethylene-a-olefin copolymer (a) is
preferably blended in an amount of from 70 to 100% by weight.
When it is desired to make the best use of the moldability or
econonmy of the polyolefin (b), the ethylene-c-olefin
copclymer (a) is preferably blended in an amount of from 2 to
70% by weight.

If the electrical insulating material is crosslinked
before use as described later, it is preferred that the
ethylene-a~olefin copolymer (a) and the other polyolefin (b)
be incorporated in an amount of from 10 to 30% by weight and
from 70 to 90% by weight, respectively.

When the foregoing ethylene-c-olefin copolymer (a)
according to the present invention éxhibits an electrical

activation energy of not more than 0.4 eV, it is useful as an
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Et hyl ene and 1-butene were copol ynerized at a polynerization tenperature
of 70[err]C and a total pressure of 20 kgf/cnferr]G by neans of a
continuous fluidized bed gas phase '

98
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electrical insulating material. The ethylene-a-olefin
copolymer having an electrical activation energy of not more
than 9.4 eV exhibits excellent electrical properties as
described foregoing.

The electrical insulating material according to the
present invention can be used as an insulating materials for
capacitors, high voltage parts in X-ray generators, various
measuring instruments, dry or wet battery containers, various
printed boards, various connectors, wiring cords, and globes
or tools for handling high voltage.

The power cable of the present invention comprises an
insulating layer comprising the foregoing electrical
insulating material, which is preferably crosslinked.

Specific examples of the foregoing power cable
include a power cable comprising a conductor coated with an
insulating layer comprising at least the crosslinked
electrical insulating material of the present invention. If
necessary, the conductor may be made of an assembly of wires.
A semiconductor layer may be provided interposed between the
conductor and the insulating layer. A fire retardant resin
layer may be provided outside the insulating layer.

‘The electrical insulating material of the present
invention can exert marked effects particularly on high
voltage.

In the power cable of the present invention, the

insulating layer is preferably crosslinked upon coating. In
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pol ymeri zati on apparatus. The polynerization process was effected with
Catal yst C being continuously supplied. In order to keep the gas
conposition in the systemconstant, the various gases were continuously
supplied into the system The physical properties of the copolymer thus
produced are set forth in Table 11. Preparation of specinens A26 to A28
The procedure of A25 was followed to ef4®ct polynerization except that the
1- butene/ ethyl ene nolar ratio

order to crosslink the insulating layer, the insulating
material which has previously comprised a radical generator
incorporated therein may be heated so that it is crosslinked.
Alternatively, the insulating material may be radiation-
crosslinked.

| Examples of the radical generator include peroxides
such as benzoyl peroxide, lauryl peroxide, dicumyl peroxide,
t-butylhydroperoxide, a-a-bis(t-butylperoxydiisopropyl)
benzene, di-t-butylperoxide, 2,5-dimethyl-
2,5-di-(t-butylperoxy)hexane, 2,5-dimethyl-
2,5—di-(t-bu£ylperoxy) hexyne and azobisisobutylonitrile,
2,3-dimethyl-2,3-diphenylbutane, 2,3-diethyl-
2,3-diphenylbutane, 2,3-diethyl-2,3-di(p-methylphenyl)butane,
and 2,3-diethyl-2,3-di (bromophenyl )butane.

Preferred among the foregoing radical generators are
2,S-dimethyl;z,5-di—(t—butylperoxy)hexane, 2,5-dimethyl-
2,5-di- (t-butylperoxy) hexyne, and dicumylperoxide. The
amount of.such a radical gene£ator to be incorporated is
normally from 0.01 to 5 parts by weight, preferably from 0.1
to 3 parts by weight per 100 parts by weight of the resin
components.

The insulating layer which has been molded may be
allowed to cool or forcedly cooled in a water bath or the
like. It is preferred that the insulating layer which has
been molded be cooled at a relatively-slow rate to prevent

the generation of voids in the insulating layer.
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was changed. The physical properties of the copol yner thus obtained are
set forth in Tables 11 and 12 together with the results of experinent.
Preparation of specinen A29 The procedure of A25 was followed to
effect polynerization except that the conononer to be copolynerized was
1- hexene. The physical properties of the copolyner thus obtained are set
forth in Table 11 together with the redfits of experi nment .

The crosslinked insulating material according to the
present invention exhibits an excellent insulation properties
and elastic properties and is thus most suitable for
sheathing of cable. It can be widely used
regardless of whether it is applied to direct current or
alternating current power supply. The crosslinked insulating
material according to the present invention exhibits a small
temperature dependence of wvolume resistance and excellent
electrical properties and thus can be used for high voltage
direct current power cable.

The present invention will be further described in
the following examples, but the present invention should not
be construed as being limited thereto.

The testing methods used in Examples 1 to 10 and

Comparative Examples 1 to 8 are as follows:

REPLACENENT SHEET

Method for tésting physical properties
Density: 02 MAR %99

Measured in accordance with JIS K6760

—

MFR: | o
Measured in accordance with JIS K6760

Measurement by DSC:
The specimen was molded by a hot press to prepare a

0.2-mm thick sheet. The sheet was then stamped out to

prepare a sample with a weight of about 5 mg. The sample was

then allowed to stand at 230°C for 10 -minutes. The sample

was cooled to 0°C at a rate of 2°C/min, and then heated to



O her resins Bill: Li near | ow density pol yethyl ene prepared in the
presence of a Ziegler catalyst (Slurry-polynerized from butene-1 as a
conmononer in the presence of titanium tetrachloride and triethyl alum num
catal yst (density: 0.921 g/cnferr]; MFR 1.9 g/10m n))

49

170°C at a rate of 10°C/min. The temperature at the top of
the resulting maximum Femperature peak indicated the maximum
peak temperature Tm.
Mw/Mn:

GPC Waters 150 Type

Solvent: ODCB  135°C

Column: GMHHR-H (S), available from Toso Co., Ltd.

Measured by means of GX-270 available from Jeol Itd.
with ODCB at 135°C
Inflation film molding

A copolymer powder obtained by polymerization was
pelletized. The pelletized copolymer was then processed by a
LLDPE film molding machine (diameter: 50 mm) equipped with a
die having a diameter of 100 mm and a lip gap of 2 mm at a
blow ratio of.1.9, a take-off.speed of 20 m/min and a molding
temperature of 200°C to provide a film having a thickness of
‘30 um. )

Evaluation of film properties o .
. oz |
Dart impact strength:

Measured in accordance with ASTM D 1709

Tensile modulus:

The specimen was set on a tensile tester. The
specimen was then pulled at a rate of 5 mm/min. The tensile
modulus was then determined from the stress and sectional

area developed when the specimen was elongated by 1%.



99 B12: Low density pol yet hyl ene obtai ned by high pfessure
radi cal polynerization (Density: 0.925 g/cnferr]; MFR 3.2 g/ 10m n.
Lubri cant

50

Haze:

Measured in accordance with ASTM D1003-61
Gloss:

Measured in accordance with JIS 28741
Hot tack properties:

An ether anchor coat agent was applied to a 15-um
thick nylon-based film. The copolymer film prepared by the
foregoing film molding method was then dry-laminated on the
nylon-based film to obtain a composite film. The film thus
obtained was then cut into a 25-mm wide web. The web was
then clamped by a hot-plate type heat-seal tester having a
seal bar width of 5 mm. A 45 g load was suspended from one
end of the composite film via a pulley. A stack of two
sheets of the composite film were then heat-sealed at a seal
pressure of 2 kg/cm? for 0.5 seconds. Sealing was then
finished by oﬁening the seal bar. At the same time, the film
was loaded to peel the sealed area. The sealing was
conducted at variocus temperatures. The relationship between
temperature and peeled distance was then determined. The
wider the range of sealing temperature at which a sealed area
tha; was peeled at a short distance can be made was, the
better were the hot tack properties.

Sheet molding method

The copolymer was homogenized by means of a roll, and

then cut into chips. The chips were then press-molded at a

temperature of 180°C to obtain a sheet.

i e s e
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EA: Am de erucate (trade nane: Neutron S, avallable from Ni hon Seika K K.)
EBOA: Ani de et hyl enebi sol eate (trade name: Slipax 0, available from N ppon
Kasei Chem cal Co., Ltd.) _ EXAMPLE 30

51

Conditions of molding of specimen by injection molding

machine

Injection molding machine: JSW100 (clamping force: 100 ton),
available from Japan Steel Works, Ltd.

Resin molding temperature: 220°C

Cushion molding mold temperature: 50°C

Evaluation of sheet and injection-molded specimen

Tensile impact test:

Determined in accordance with ASTM D1822
Tensile modulus:

The specimen was set on a tensile.tester. The
specimen is then pulled at a rate of 5 mm/min. The tensile
modulus was then determined from the stress and sectional
area developed when the specimen was elongated by 1%.
Tensile yield strength, breaking strength, tensile
elongation: |

Determined in accordance with JIS K6760

The specimens Al to A5 used in Examples 1 to 5 were
prepared by the following polymerization methods:

Preparation of solid catalyst

Purified toluene was charged into a catalyst making
apparatus (No. 1) equipped with an electromagnetically-
induced agitator in an atmosphere of nitrogen. 28 g of
dipropoxy dichlorozirconium (Zr(OPr),Cl;) and 48 g of
methylcyclopentadiene were then charged into the catalyst

making apparatus. 45 g of tridecyl aluminum was then added

e Sl




Table 11 shows the results of evaluation of T-die filns. In
Exanpl e 30, to 100 parts by weight of a resin conponent (A25) were addéd’
0.24 parts by weight of Irganox 1076 (available fromC ba CGeigy Inc.),
0.12 parts by weight of Irgaphos 168 (available from C ba CGeigy Inc.),
0.07 parts by weight of am de erucate f-FA), 0.04 parts by weight of amde
et hyl enebi sol eate (EBOA), 0.1 parts by weight of calciumstearate
(avai | abl e from NOF Corporation), and a

dropwise to the system while the system was being kept at a
temperature of 0°C. After the completion of dropwise
addition, the reaction system was stirred while the
temperature thereof was being kept to 50°C for 16 hours to
obtain Solution A. Separately, purified toluene was charged
into another catalyst making apparatus (No. 2) egquipped with
an agitator in an atmosphere of nitrogen. Into the catalyst
making apparatus were then poured Solution A and a toluene
_solution of 6.4 mol of methyl aluminoxane to effect reaction.
Thus, Solution B was obtained.

Subsequently, purified toluene was charged into the
catalyst making apparatus equipped with an agitator (No. 1)
in an atmosphere of nitrogen. To the system was then added
1,400 g of silica (available from Fuji Davison Co., Ltd.;
grade: #952; surface area: 300 m?/g) which had been calcined
at 400°C for.a predetermined period of time. To the reaction
mixture was then the total amount of Solution B. The
reaction mixture was then stirred at room temperature.
Nitrogen was then blown through the reaction mixture to
remove the solvent therefrom. As a result, a solid catalyst
powder having a good fluidity was obtained as Catalyst C.

Preparation of specimen Al

Ethylene and l-butene were copolymerized at a
polymerization temperature of 70°C and a total pressure of 20
kgf/cm?’G by means of a continuous fluidized bed gas phase

polymerization apparatus. The gas composition in the system




natural silica (trade nane: Celite Super Floss, available from
Johns-manville Inc.). The m xture was honobgeneously stirred by neans of a
Henschel m xer for about 30 seconds, '

100
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had l-butene/ethylene molar ratio of 0.12 and an ethylene
concentration of 60 mol%¥. The polymerization process was
effected with Catalyst C being continuously supplied. In
order to keep the gas composition in the system constant, the
various gases were continuously supplied into the system.
The physical properties of the copolymer thus
produced are set forth in Table 1.
Preparation of specimen A2
Polymerization was effected in the same manner as in
Al except that l-butene/ethylene molar ratio was changed.
The physical properties of the copolymer thus produced are
set forth in Table 1 together with the results of the

experiment.

Preparation of specimens A3 to AS

Polymerization was effected in the same manner as in
Al except th&t the comonomer was changed to l-pentene,
l-hexene and 4—methyl—pentene-l to prepare specimens A3 to
A5, respectively. The physical properties of the copolymer
thus produced are set forth in Table 1 together with the
results of the experiment.
Preparation of specimens A6 to A9

Polymerization was effected in the same manner as in
Al except that l-butene/ethylene molar ratio was changed.
The physical properties of the copolymers thus produced are

set forth in Tables 2 to 4 together with the results of the.
1 opepLActrent BHEET
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and then pelletized. The pelletized material was then processed by a press
to forma 0.5-mmthick sheet. The sheet was then subjected to tensile

i npact test (TIS). The pelletized material was then subjected to T-die
nol di ng under the foregoing conditions to obtain a 50-[err]mthick film
(raw film. The filmthus obtained wasg4 hen nmeasured for Iow tenperature
heat - seal properties, haze and bl ocking strength. The results are set
forth in Table 11. EXAMPLES 31 TO 37

Preparation of specimen B2

Into a 50-{ pressure reactor with an agitator in
which the air had been replaced by nitrogen was charged 25 ¢{
of purified toluene. To the contents of the reactor was then
added 183 g of butene-l1. To the reaction mixture was then
added a mixture of bis(n-butylcyclopentadienyl)zirconium
dichloride and methyl alumoxane (MAQO) (Al/Zr molar ratio:
500) in such an amount that the amount of Zr reached 0.33
mmol. The reaction mixture was then heated to a temperature
of 80°C. 1Into the reactor was then charged ethylene in such
a manner that the pressure reached 9 kg/cm’G where the
polymerization of the reaction mixture was initiated. The
polymerization process lasted for 1 hour while the total
pressure was being kept to 9 kg/cm’G by continuously
polymerizing ethylene. Thus, a copolymer was prepared. The
physical proéerties of the copolymer thus prepared are set
forth in Table 1 together with the results of the experiment.
Preparation of specimen BS

The polymerization procedure of B2 was followed
except that 410 g of l-butene was added. The physical
properties of the copolymer thus prepared are set forth in
Table 3 together with the results of the experiment.

The other Specimens Bl, B3, B4 and B6 were LLDPE or

VLDPE obtained by the gas phase or slurry copolymerization of"

ethylene and l-butene in the presence of a catalyst prepared

from titanium tetrachloride and triethyl aluminum. The physical
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T-die flat filnms were evaluated in the same manner as in Exanple 30. The
resin conponents set forth in Table 11 were processed and tested in, tha
same manner as in Exanple 30. The results of evaluation are set forth in
Tabl e 11. COVPARATI VE EXAMPLE 16 A T-die flat
filmwas evaluation in the sanme manner gs I n Exanpl e 30. The procedure of
Exanpl e 30 was foll owed except that B13° was used as the resin conponent
and 0.5 parts by weight of an anti-bl ocking agent was added as shown in

properties of these copolymer thus prepared are set forth in
Tables 1 to 4 together with the results of the experiment.

EXAMPLES 1 TO 5

Table 1 shows the comparison of various physical
properties of film products obtained by the inflation
extrusion of pellets prepared by the foregoing
procedure.

COMPARATIVE EXAMPLES 1 TQ 3

For comparison with Examples 1 to 5, the resins set
forth in Table 1 were processed in the same manner as in
Examples 1 to 5. The results are set forth in Table 1. As
can be seen in Table 1, Comparative Example 1 exhibited poor
dart impact strength and transparency. Comparative Example 2
exhibited a low melting point and a reduced heat resistance.
Further, Comparative Examples 3 was inferior to Examples 3
and 4 in darﬁ impact strength and transparency taking into
account the kind of a-olefin used. |

EXAMPLE 6 AND
COMPARATIVE EXAMPLES 4 AND 5

The film product obtained in Example 2 was measured
for hot tack properties. The results were then compared with
that of Comparative Examples 4 and 5 determined from the £film
products obtained in Comparative Examples 1 and 2. The
results are set forth in Table 3. Example 6 exhibited a wide
sealing temperature range within which the sealed area can be -

peeled at a short distance.




Table 11. The results of evaluation are set forth in Table 11. The
filmof Conparative Exanple 16 exhibited poor TIS and | ow tenperature
heat - seal properties and slightly poor haze and bl ocking resistance.
COVPARATI VE EXAMPLE 17 A T-die flat filmwas evaluation in the
same manner as in Exanple 30. The proceggre of Exanple 30 was foll owed

EXAMPLES 7 AND 8 AND
COMPARATIVE EXAMPLES 6 AND 7

Sheets were molded by the foregoing method. These

sheets were then subjected to physical experiments. The

results are set forth in Table 3. Comparative Example 6

exhibited a poor tensile impact strength. Comparative

Example 7 exhibited a poor heat resistance.

EXAMPLES 9 AND 10 AND

COMPARATIVE EXAMPLE 8

Specimens were molded by the foregoing injection

molding method. These sSpecimens were then subjected to

physical experiments. The results are set forth in Table 4.

Comparative Example 8 exhibited poor tensiie impact strength

and tensile break strength.

i e e se e cinevgresn
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of

The results
in Table 11. The film of Conparative
haze.

Exanpl e 17 exhibited poor TIS and slightly poor

except that Bl12 was used as the resin conponent.
EXAMPLE 38

evaluation are set forth
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Tabl e 12 show the results of evaluation of lamnated filns. In
Exanple 38, a T-die flat film formed under the foregoing conditions was

dry-lam nated on a nylon filmunder the foregoing conditions. The T-die
flat filmwas then neasured for adhesiveness, lubricating property and

bl ocking " strength with respect to the laminating film The results are
set forth in Table 12. EXAMPLES 39 TO 45
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The testing methods used in Examples 11 to 20 and
Comparative Examples 9 to 11 will be described hereinafter.

Physical properties test

All the tests were conducted in the same manner as in

Examples 1 to 10 and Comparative Examples 1 to 8.

T-die molded film evaluation method

Haze:

Measured in accordance with ASTM D1003
Tensile modulus:

Measured in accordance wiﬁh ASTM D882
Tensile impact strength test:

Measured in accordance with ASTM D1822. MD
(extrusion direction) strength was measured.

Blocking resistance:

Two sheets of 20-mm wide webs cut froﬁ the film were
stacked over a length of 5 cm. The stack was then allowed to
stand under a load of 10 kg in an oven at 50°C for 48 hours.
The specimen was the then conditioned at room temperature
(23°C) and a humidity of 50% for 24 hours. The specimen was
then pulled at a rate of 500 mm/min by means of a tensile
tester to measure the load.

Low temperature heat-seal properties:

By using a heat-seal tester (available from Tester
Sangyo Co., Ltd.), the specimen was heat-sealed at a seal bar
width of 1 mm and a pressure of 2 kg/cm? for 1 second at

intervals of 5°C, and then allowed to cool. The sealed area

1
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was then cut into 1.5-mm wide webs. The web specimen was
then peeled at a rate of 300 mm/min by means of a tensile
tester. The tempeiature at which the load required was 500 g
is determined by interpolation.

Container evaluation method

Flexibilitys:

The contents-release characteristics are visually
observed.

A: Relatively good

C: Poor
.Heat resistance:

The container filled with distilled water was
subjected to high pressure steam sterilization at a
temperature of 121°C for 20 minutes. The container thus
treated was then visually observed for deformation.

A: Not deformed

B: Slightly deformed

C: Remarkably deformed
Drop test:

Ten containers filled with distilled water which had
been adjusted to 5°C were dropped from a height of 1.2 m.
The number of ruptured containers was determined.

A: No ruptured containers

B: 1 or 2 ruptured containers

REPLACEMENT szt
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T-die film molding conditions

Make of apparatus used: Union Plastic Co., Ltd.

Extruder screw diameter: 30 mm

T-die: 300 mm face

Number of revolutions of screw: 80 rpm

Extrusion rate: 6.5 kg/hr

Die lip gap: 2.0 mm

Take-off speed: 1.7 m/min

Molded resin temperature: 220°C

Film thickness: 300 um

Chill-roll temperature: 40°C

Screen mesh: 80 mesh/120 mesh/80 mesh
Specimens Al0 to Al5 were prepared by the following

polymerization methods:

Preparation of solid catalyst

The procedure of Examples 1 to 10 was followed to

obtain Catalyst C.

Preparation of specimens

Polymerization was conducted in the same manner as in
specimens Al to A9. The properties thereof are shown in
Table 5.

Other ethylene polymers

HDPE:

High density polyethylene (prepared by slurry process
in the presence of a Ziegler catalyst) available from Japan
Polyolefins Co., Ltd.

et §
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108 The testing nethods used in Exanples 46 to 59 and
Conparative Exanples 18 to 21 will be described hereinafter. Measurenent
of vol unme resistance The vol une resistance was neasured in the
same nmanner

64

Very low- dehsity polyethylene polymer
(prepared by gas phase process in the presence of a Ziegler
catalyst) (Comonomer: l-butene ) available from Japan
Polyolefins Co., Ltd.
HPLD:

High pressure process low density polyethylene

available from Japan Polyolefins Co., Ltd.
EVA:

High pressure process ethylene-vinyl acetate copolymer (vinyl
acetate content: 5%) available from Japan Polyolefins Co.,
‘LtdrT
EEA:

High pressure ethylene-ethyl acrylate copolymer
(ethyl acrylate content? 5%) available from Japan Polyolefins
Co., Ltd.

The properties of the above polymers are shown in
Table 6.

EXAMPLE 11

80 parts by weight of specimens Al0, 20 parts by
weight of HPLD, 0.24 part by weight of Irganox 1076
(available from Ciba Geigy Co., Ltd.), 0.12 part by weight of
Irgaphos 168 (available from Ciba Geigy Co., Ltd.), and 0.1
part by weight of calcium stearate (available from NOF
Corporation) were uniformly mixed by a Henschel mixer, and

the mixture was made into pellets. The pellets were molded

REPLAGEMENT SHEET
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as in Exanples 21 to 29 and Cbnﬁarative Exanples 12 to 15. The
speci nens A30 to A32 used in Exanples 46 to 48 were prepared by the
foll owi ng pol ynmeri zation nmethods: Preparation of specinmen A30 (1)

Preparati on of catal yst 150 nferr] of purified toluene was charged
into a 500-nferr] eggplant type flask gquipped with an
el ectromagnetically- induced agitator T an at nosphere of nitrogen. 0.60 g

of tetrapropoxy zirconium (Zr(On-Pr)[err]) and 1.0 g of indene were

into a sheet having a thickness of 0.5 mm by pressing to
subject to measurements for tensile modulus, tensile impact
strength and haze. Separately, the pallets were subjected to
T-die molding under the above conditions to obtain a film
having a thickness of 50 um to subject to measurements for
blocking strength and-low temperature heat-seal property.
The results obtained are shown in Table 7.
EXAMPLES 12 TQ 16

The same procedures as in Example 11 were repeated
except that the polymers shown in Tables 5 and 6 were used.
The results obtained are shown in Table 7.

EXAMPLE 17

A container (content: 500 ml) was prepared by using a
film obtained in Example 11 using spécimen Al0 and HDPE by
heat-sealing. The resulting container was evaluated in the
manner described above. The results obtained are shown in
Table 8.

EXAMPLES 18 TO 20

The same procedures as in Example 17 were repeated
except that the polymers shown in Tables 5 and 6 were used.
The results obtained are shown in Table 8.

COMPARATIVE EXAMPLE §

The same procedures as in Example 11 were repeated

except that the polymers shown in Tables 5 and 6 were used.

The results obtained are shown in Table 7.

REPLACEMENT SHEET
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then charged into the flask. The reaction mxture was then stirred at room
tenperature for 30 mnutes. 3.2 g of triisobutyl alumnum (Al (iBu)[err])
was then added dropwi se to the systemwhile the system was being kept at a
tenperature of O[err]Cin 30 mnutes. After the conpletion of dropw se
addition, the reaction system was retukﬂgd to room tenperature where it
was then stirred for 24 hours. To the Solution was then added 200 ne of a
t ol uene solution of nethyl alunoxane (concentration: 1 muol/nferr]). The

reaction COMPARATIVE EXAMPLES 10 AND 11
The same procedures as in Example 17 were repeated
except that the polymers shown in Tables 5 and 6 were used.

The results obtained are shown in Table 8.
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1

Davi son

t enperature for

room

50 g of silica (available fromFuji -
surface area: 300 nferr]/g) which

Separatel vy,
Ltd.; grade: #952;

m xture was then all owed to undergo reaction at

hour .
Co
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109 had been previously calcined at a tenperature of 600[err]C for 5
hours was charged into a 1.5-[err] three-necked flask with an agitator in
an atnosphere of nitrogen. Into the flask was then poured the total anount
of the foregoing solution. The reaction m xture was then stirred at room
tenperature for 2 hours. N trogen was then bl own through the reaction
system to renove the solvent therefrom®“As a result, a powder having a

good fluidity was obtai ned.

EEA

0.933

EVA

HPLD
1.0 1.5
0.924 0.932

VL
3.0
0.905
5

1
28

TABLE 6
(Other ethylene polymers)
7.
10.

HDPE
5.3
0.963
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MFR (g/10min)
Density (g/cm’)

ODCB (wt%)

X (calculated) (wt%)

Mw/Mn
Cb



Et hyl ene and 1-butene were copol ynerized at a
pol yneri zation tenperature of 70[err]C and a total pressure of 20 kgf/cnRG
by means of a continuous fluidized bed gas phase polynerization apparatus.
The gas conposition in the system had 1-butene/ethylene nolar ratio of
0.08 and an ethylene concentration of nmol % The pol yneri zati on process
effected with the foregoing catal yst” being continuously supplied. In

(2) Polynerization

was
order to keep the gas comfosfition in the system
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constant, the various gases were continuously supplied into the system
The adj ustnent of MFR was acconplished by controlling the hydrogen
concentration in the system The physical properties of the pol yner thus
produced are set forth in Table 13. Preparation of specinen A31 :

Pol ynmeri zation was effected in the sane nner as in A30 except that the

conononer to be polynerized was 1-hexene.
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110 The physical properties of the copolynmer thus produced are set forth
in Table 13. Preparation of specinmen A32 (1) Preparation of catalyst

71

EXAMPLES 21 TQ 29 AND
COMPARATIVE EXAMPLES 12 TO 15

The testing methods used in Examples 21 to 29 and

Comparative Examples 12 to 15 will be described hereinafter.

Physical properties test

All the tests were conducted in the same manner as in
Examples 1 to 10 and Comparative Examples 1 to 8.
T-die molding film formation conditions
Make of apparatus used: Union Plastic Co., Ltd.
Extruder screw diameter: 30 mm
T-die: 300 mm face
Number of revolutions of screw: 50 rpm

Die lip gap: 1.2 mm

Take-off speed: 6 m/min :mmﬂmeWﬁWHSEﬁﬁﬁ
Molded resin temperature: 210 to 220°C e ?
Film thickness: 50 um l Ozmm ;' :
Evaluation of T-die molded film properties 8 - T g

Haze (%):

Measured in accordance with ASTM D1003-61
Gloss (%):

Measured in accordance with JIS 78741
Low temperature heat-~seal properties:

Using a heat-sealer available from Tester Sangyo Co.,
Ltd., the specimen was heat-sealed at a pressure of 2 kg/cm’G
for 1 second at some properly selected temperatures. This

film was then cut into a 15-mm wide web. The web specimen



150 nferr] of purified toluene was charged into a catalyst making

appar atus equi pped with an el ectronmagnetically-induced agitator in an

at nrosphere of nitrogen. 0.50 g of dipropoxy dichloro zirconium
(Zr(OPr)[err]CJ[err]) and 1.0 g of methyl cycl opentadi ene were then charged
into the flask. 9.0 g of tridecyl alum numwas then added dropw se to
the systemwhile the system was bei ng 1%pt at a tenperature of O[err]C
After the conpletion of dropw se addition, the reaction systemwas stirred

while the io¢ then subjected to peel test at a peeling rate of 300

mm/min. The low temperature heat-seal properties were
represented by the.temperature value at which the peel
strength of the specimen was 500 g, determined by
interpolation. The lower this temperature value was, the
better were the low temperature heat-seal properties.

Sheet molding method

The copoiymer was homogenized by means of a roll, and
then cut into chips. The chips were then press-molded at a
temperature of 180°C to obtain a sheet.

Evaluation of sheet specimen

Tensile impact strengths:

Measured in accordance with ASTM D1822
Tensile meodulus:

The specimen was set on a tensile tester. The
specimen was then pulled at a rate of 5 mm/min. The tensile
modulus was then determined from the stress and sectional
area developed when the specimen was elongated by 1%.

Rust testing method

To the specimen powder were added 0.10% by weight of
tetrakis-[methylene-3~(3,5'-di-tertiary butyl)-4’-hydroxy-
phenyl )propionate]methane (trade name: Irganox 1010) as a
phenolic oxidation inhibitor and 0.10% by weight of
tris(2,4-di-t-butylphenyl )phosphite (trade name: Irgaphos
168) as a phosphite oxidation inhibitor. The mixture was

then pelletized.

asims srimiro
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tenperature thereof was being kept to 50[err]C for 16 hours. To the

sol ution was then added 200 ne of a toluene solution of nethyl alunbxane
(concentration: 1 nmol/nferr]). The reaction mxture was then allowed to
undergo reaction at room tenperature for 1 hour. Separ at el y,
purified toluene was charged into anot cat al yst maki ng appar at us

equi pped with an agitator in an atnosprnere of nitrogen. Subsequently, 50 g
of silica (available fromFuji Davison Co., Ltd.; grade: #952; surface

The specimen thus pelletized was then melted over a
230°C oil bath in a stream of nitrogen for 3 hours. A soft-
iron plate having a surface area of 50 cm? was then dipped in
the molten resin for 2 hours. The soft-iron plate was then
withdrawn from the molten resin. The resin attached to the
iron plate was then peeled off. The iron plate was then
allowed to stand in a 80°C-90%RH constant temperature-
humidity bath for 20 hours to accelerate rusting. The iron
plate was then dried in a desiccator with silica gel for 1
day. The weight increase (mg) of the soft-iron plate
indicated the generated amount of rust.

Measurement of volume resistance

1. Preparation of specimen to be measured for volume
resistance

A blend of the ethylene-a-olefin copolymer to be
measured and .a polyolefin was kneaded at a temperature of
160°C by means of a plast mill for 5 minutes} and then hot-
pressed to form a 0.3-mm thick sheet. Referring to the hot
pressing conditions, the non-crosslinked specimen was
processed clamped by aluminum sheets under the following
conditions:

1) The specimen was pre-heated to a temperature of
140°C for 5 minutes;

2) The spécimen was pressed to a temperature of

140°C under a pressure of 100kg/cm? for 5 minutes;

02 MAR 95% '




area: 300 n2/g) which had been previously calcined at a tenperature of
400[err] C for a predetermned period of time was charged into the

apparatus. To the reaction mxture was then added the total anount of the

sol uti on.

The reaction m xture
74

3) The specimen was cooled down to 30°C from 14Q0°C
under pressure in 5 minutes.

If the speéimen was crosslinked, it was pfeviously
kneaded with 2 parﬁs by weight of dicumyl peroxide at a
temperature of 120°C. The specimen was then processed
clamped by teflon sheets under the following conditions:

1) The specimen was pre-heated to a temperature of
120°C for 5 minutes;

2) The specimen was pressed at a temperature of
120°C under a pressure of 100 kg/cm? for 5 minutes;

3) The specimen was cooled down to 30°C from 120°C
under pressure in 5 minutes (Specimens having wvoids are
excluded);

4) The specimen was again pre-heated to a
temperature of 120°C for 5 minutes;

5) The specimen was pressed at a temperature of
120°C under a pressure of 100 kg/cm®? for 5 minutes;

6) The specimen was heated from 120°C to 160°C under
pressure;

7) The specimen was crosslinked at a temperature of
160°C under pressure for 30 minutes;

8) The specimen was cooled down to 30°C from 1g0°C
under pressure in 5 minutes.

2. Measurement of volume resistance
The electrode system shown in Figs. 3(a) and 3(b) was

used. Fig. 3(a) is a plan view of the electrode system.

s A e S
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was then stirred at roomtenperature. N trogen was then blown through the
reaction mxture to renove the solvent therefrom As a result, a solid
powdered catal yst having a good fluidity was obtained. (2) Polynerization
Pol yrmeri zation was effected under the sane conditions as A30. The physi cal
properties of the copolynmer thus prodq&pd are set forth in Table 13.

Fig. 3(b) is a side view of the electrode system. In Figs.
3(a) and 3(b), the reference numeral 1l indicates a main
electrode (diameter: 50 mm), the reference numeral 12
indicates a guard electrode (inner diameter: 75 mm; outer
diameter: 80 mm), the reference numeral 13 indicates the
specimen, and the reference numeral 14 indicates a high
voltage electrode (diameter: 80 mm). The main electrode was
connected to a vibrating reed ammeter via a cable. The high
voltage electrode was connected to a high voltage power
supply via a cable. These electrodes were made of stainless
steel plate. The surface of the electrodes which comes into
contact with the specimen was mirror-polished by a buffing
machine.

In the measurement of volume resistance, the specimen
was set in the electrode system at room temperature and 90°C in
an atmosphere of nitrogen as shown in Figs. 3(a).and 3(b).

Current -+ was allowed to pass through the specimen
between the upper electrode and the lower electrode for 5
minutes. The electric charge thus developed on the surface
of the specimen was then eliminated. Thereafter, the
measurement was conducted at room temperature and 90°C in an
atmosphere of nitrogen. For those to be measured at 90°C,

current was allowed to pass through the specimen for
7 minutes so that the specimen exhibited 90°C uniformly

thereinside.
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Speci nen B13 (Linear |ow density polyethylene prepared in the presence of
a Ziegler catalyst) Thi s pol yet hyl ene was obtai ned by the

copol ynmeri zation of ethylene and 1-butene in the presence of

titani um

tetrachloride and triethyl alum numcatalyst. (Density: 0.923 g/cnferr];
MFR 3.0 g/10m n) Specinmen B14 (Low d ity polyethylene prepared by high

pressure radical polymerization process Trade nane: Ni ssek
avai l abl e from Ni ppon

Rexr on W2000,

The applied voltage was direct current having a

voltage of 3,300 V from a battery. As the measuring

instrument there is used a vibrating reed ammeter (TR8411,

available from Advantest Co., Ltd.). The measuring

instrument and the electrode were connected to each other via

a pipe cable to eliminate external noises. 1In this

measurement system, stable measurement could be made up to 3

x 107 g at room temperature and 3 x 10% @ at

temperature of 90°C. The thickneéss of the specimen was about

0.3 mm. Reading was conducted down to two places of

decimals. The effective electrode area was 19.6 cm?.

The

survey of the current-time characteristics showed that stable

measurement of electric current free from current drop due to

absorption of current could not be made before 10 minutes

after the application of wvoltage. Accordingly, the

current value developed 10 minutes after the application of

voltage was employed as a measured value. However,

if the

current did not become stable even after 10 minutes

of voltage application, about 2 more minutes were passed to

stabilize the " current so that stable measurement was

made possible. However, if further time was required to

stabilize the current, measurement was omitted.

From these measurements of current, the volume

resistance of the specimen was determined. The measurement

was conducted 10 times. The resulting measurements were then

averaged.

{
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Petrochem cal Industries, Ltd.; density: 0.919 g/cnferr]; MFR 1.0

g/ 10m n. The ot her physical properties of the foregoing specinens
are set forth in Table 13. EXAMPLES 46 TO 48

Tabl e 14 shows the conparison of the volune resistance and activation
energy of non-crosslinked specinens. nples 46 to 48 show t he
nmeasurenments of speci nens A30 to A32, spectively.

The specimens Al6 to A24 used in Examples 21 to 29
were prepared by the following polymerization methods:

Preparation of solid catalyst Cl

150 m{ of purified toluene was charged into a 500-m!{
eggplant type flask equipped with an electromagnetically-
induced agitator in an atmosphere of nitrogen. 2.6 g of
tetrapropoxy zirconium (Zr(On-Pr),) and 1.3 g of
methylcyclopentadiene were then charged into the flask. The
reaction mixture was then stirred at room temperature for 30
minutes. 3.2 g of triisobutyl aluminum (Al(iBu);) was then
added dropwise to the system while the system was being kept
at a temperature of 0°C. After the completion of dropwise
addition, the reaction system was returned to room
temperature where it was then stirred for 16 hours. To the
solution was then added 200 m¢ of a toluene solution of
methyl alumoxane (concentration: 1 mmol/mf). The reaction
mixture was then allowed to undergo reaction at room
temperature for 1 hour.

Separately, 50 g of silica (available from Fuji
Davison Co., Ltd.; grade: #952; surface area: 300 m?’/g) which
had been previously calcined at a temperature of 600°C for 5
hours was charged into a 1.5-¢ three-necked flask with an
agitator in an atmosphere of niﬁrogén. Into the flask was
then poured the total amount of the foregoing solution. The
reaction mixture was then stirred at room temperature for 2

hours. Nitrogen was then blown through the reaction system
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112 COMPARATI VE EXAMPLE 18 Conpar ati ve
Exanpl e 18 show t he neasurenents of the |Ilinear |ow density polyethyl ene
(speci men B13) prepared in

78

to remove the solvent therefrom. As a result, a solid
powdered catalyst Cl haviﬂg a good fluidity was obtained.
Preparation of specimen Al6

Ethylene and l-butene were copolymerized at a
polymerization temperature of 70°C and a total pressure of 20
kgf/cm?G by means of a continuous fluidized bed gas phase
polymerization apparatus. The gas composition in the system
had l-butene/ethylene molar ratio of 0.10 and an ethylene
‘concentration of 60 mol%. The polymerization process was
effected with Catalyst Cl being continuously supplied. 1In
order to keep the gas composition in the system constant, the
various gases were continuously supplied into the system.
The adjustment of MFR was accomplished by controlling the
hydrogen concentration in the system. The physical
properties of the polymer thus produced are set forth in
Table 9.
Preparation of specimen Al7

Polymerization was effected in the same manner as in
Al6 except that l-butene/ethylene molar ratio was changed.
The physical properties of the copolymer thus produced are
set forth in Table 9.
Preparation of solid catalyst c2

Purified toluene was charged into a catalyst making
apparatus equipped with an electromagnetically-induced
agitator in an atmosphere of nitrogen. 0.55 g of dipropoxy

dichloro zirconium (Zr(OPr),Cl,;) and 1.6 g of

REPLACENE
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the presence of a Ziegler catalyst. The neasurenents are set forth in
Tabl e 14. The linear |ow density pol yethyl ene (specinen B13) exhibited a
hi gh activation energy and therefore a great tenperature dependence. In
particular, it exhibited a | ow volune resistance at a tenperature of
90[err] C COVPARATI VE EXAMPLE 19 Conparative
Exanpl e 19 show t he neasurenents of thé79Iom/density pol yet hyl ene (speci nen
B14) prepared by high pressure radical polynerization process. The

neasureﬁeqagthylcyclopentadiene were then charged into the flask.

9.0 g of tridecyl aluminum was then added dropwise to the
system while the sfstem was being kept at a temperature of
0°C. After the completion of dropwise addition, the reaction
system was stirred while the temperature thereof was being
kept to 50°C for 16 hours. To the solution was then added
200 m¢ of a toluene solution of methyl alumoxane
(concentration: 1 mmol/m¢). The reaction mixture was then
allowed to undergo reaction at room temperature for 1 hour.
Separately, purified toluene was charged into another
catalyst making apparatus equipped with an agitator in an
atmosphere of nitrogen. Subsequently, 50 g of silica
(available from Fuji Davison Co., Ltd.; grade: #952; surface
area: 300 m?/g) which had been previously calcined at a
temperature of 400°C for a predetermined period of time was
charged into.the apparatus. To.the reaction mixture was then
added the total amount of the solution. 'The reaction mixture
was then stirred at room temperature. Nitrogen was then
blown through the reaction mixture to remove the solvent
therefrom. As a result, a solid powdered catalyst (C2)
having a good fluidity was obtained.

Preparation of specimen AlS8

Ethylene and l-butene were copolymerized at a

polymerization temperature of 70°C and a total pressure of
20kgf/cm’G by means of a continuous fluidized bed gas phase

polymerization apparatus. The gas composition in the system
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are set forth in Table 14. The | ow density pol yethyl ene (specinen Bl4)

exhi bited a | ow vol une resistance, a high activation energy and a great

t enper at ure dependence. EXAMPLES 49 TO 56

Tabl e 15 shows the neasurenents of volume resistance of an non-crosslinked
m xture of specinmen A30 and specinen (Bl14). Table 15 al so shows the
conpari son of Exanple 46 with Conpar ati%e Exanpl e 19.

EXAMPLES 57 AND 58

had l-butene/ethylene molar ratio of 0.10 and an ethylene
concentration of 60 mol%. The polymerization process was
effected with Catalyst C2 being continuously supplied. In
order to keep the gas composition in the system constant, the
various gases were continuously supplied into the system.
The adjustment of MFR was accomplished by controlling the
hydrogen concentratibn in the system. The physical
properties of the polymer thus produced are set forth in
Table 9.
Preparation of specimen AlS and A20

The procedure of Al6 was followed to prepare.
specimens Al9 and A20 except that the comonomer to be
polymérized was l-hexene. The physical properties of the
copoelymers thus produced are set forth in Table 9.
Preparation of catalyst component C3

100 m¢ of purified toluene was charged into a 300-m{
three-necked flask equipped with an electromagnetically-
induced agitator in an atmosphere of nitrogen. 4.9 g of
tetrakis(2,4-pentanedionate)zirconium (Zr(acac),) and 7.4 g
of 1,3-dimethylcyclopentadiene were then charged into the
flask. The reaction mixture was then stirred at room
temperature for 30 minutes. To the reaction mixture was then
added dropwise 20 m¢ of triiscbutyl aluminum (Al(iBu);) at
room temperature in 30 minutes. After the completion of
dropwise addition, the reaction mixture was stirred at room
temperature for 1 hour to undergo reaétion. As a result, a




Tabl e 16 shows the neasurenents of volune resistance of a mxture of 10%
by wei ght of specinmen A31 (Exanple 57) or specinmen A32 (Exanple 58) and
90% by wei ght of speci nen Bl4. 113

81

solution C3 containing a catalyst component according to the
present invention was obtained. The zirconium concentration
of the solution C3 was 0.076 mmol/m¢.

Preparation of specimen A21

The air in a 3-{ stainless steel autoclave equipped
with an agitator was replaced by nitrogen. Into the
autoclave was then charged 200 g of dried sodium chloride.
Into the autoclave were then charged 0.29 m{ of the foregoing
catalyst component solution C3 and 2.2 m¢ of a 1 mmol/m¢
methylaluminoxane solution. The reaction mixture was then
heated to a temperature of 60°C with stirring. Subsequently,
a mixture of ethylene and l-butene (l-butene/ethylene molar
ratio: 0.25) was then charged info the autoclave at a
pressure of 9 kg/cm?G to initiate polymerizatién. The
polymerization process lasted for 1 hour while the total
pressure of the reaction system was being kept to 9 kg/cm’G
by continuously sﬁpplying a mixture of ethylene and l-butene
(1-butene/ethylene molar ratio: 0.05).

After the completion of polymerization, excess gas
was discharged from the reactor. The reactor was then
cooled. Sodium chloride was then removed from the reactor.
As a result, 8l g of a white polymer was obtained. The
catalytic efficiency was 40,000 g/g2x. The physical
properties of the polymer thus produced are set forth in

Table 9.
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COVPARATI VE EXAMPLE 20 Conpar ative Exanple 20 is a m xture of 10%
by wei ght of specinen B13 and 90% by wei ght of speci mnen Bl14. The
properties of the mxture are set forth in Table 16. The m xture exhibited
a | ow vol une resistance. EXAMPLE 59

Tabl e 17 shows the neasurenents of a crgsslinked specinen. This
crosslinked speci nen was obtained by ctosslinking the specinen of Exanple
55 (m xture of 10% by

Pregaration of catalyst component C4

50 m¢ of purified'toluene was charged into a 100-m¢ three
necked flask equipped with an electromagnetically-induced
agitator in an atmosphere of nitrogen. 4 g of
tributoxymono(trimethylsilanolate)zirconium and 12 g of
butylcyclopentadiene were then charged into the flask. The
reaction mixture was then stirred at room temperature for 30

- minutes. To the reaction mixture was then added dropwise 34
m{ of trihexyl.aluminum (Al(n-Hx}3;) at room temperature in 30
minutes. After the completion of dropwise addition, the
reaction mixture was stirred at room temperature for 1 hour
to undergo reaction. As a result, a solution C4 containing a
catalyst component according to the present invention was
obtained. The zirconium concentration of the solution C4 was
0.101 mmol/m¢.

Preparation of specimen A22

0.11 m{ (1 mg as calculated in terms of Zr) of the
foregoing catalyst component solution C4 and 1 m{ of a 1
mmol/m¢ methylaluminoxane solution were charged into a 50-m!¢
flask with stirring in an atmosphere of nitrogen.

The air in a 3-~{ stainless steel autoclave equipped
with an agitator was replaced by nitrogen. Into the
autoclave was then charged 200 g of dried sodium chloride.
Into the autoclave were then charged the total amount of the
foregoing catalyst component solution. The reaction mixture

was then heated to a temperature of 60°C with stirring.

e e
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wei ght of speci nen A30 and 90% by wei ght of specinmen B14) under the
foregoi ng conditions. COVPARATI VE EXAMPLE 21

Conpar ative Exanple 21 shows the nmeasurenents of volunme resistance of the
crosslinked product of the specinen of Conparative Exanple 19. As shown in
Tabl e 17, the crosslinked product exhiP'ted a | ow vol une resistance.

Fig. 4 is a graph illustrating the resulfts of the exanples and conparative
exanples set forth in Table 15. In : '

Subsequently, a mixture of ethylene and l-butene
(l-butene/ethylene molar ratio: 0.25) was then charged into
the autoclave at a-pressure of 9 kg/cm®G to initiate
polymerization. The polymerization process lasted for 1 hour
while the total pressure of the reaction system was being
kept to 9 kg/cm’G by continuously supplying a mixture of
ethylene and l-butene (l-butene/ethylene molar rétio: 0.05).

After the completion of polymerization, excess gas
was discharged from the reactor. The reactor was then
cooled. Sodium chloride was then removed from the reactor.
As a result, 190 g of a white polymer was obtained. The
catalytic efficiency was 190,000 g/gZr. The physical
properties of the polymer thus produced are set forth in
Table 9.

Preparation of catalyst component C5

150 m¢ of purifiéd toluene was charged into a 300-m!¢
three-necked flask equipped with an electromagnetically-
induced agitator in an atmosphere of nitrogen. 3.9 g of
tetrabutoxy zirconium and 6.4 g of methylcyclopentadiene were
then charged into the flask. The reaction mixture was then
stirred at room temperature for 30 minutes. The reaction
mixture was cooled to and kept at a temperature of 0°C where
27.5 m¢ of trihexyl aluminum (Al({n-Hx);) was then added
dropwise thereto in 30 minutes. After the completion of
dropwise addition, the reaction mixture was stirred at room

temperature for 24 hours. Into a 3-m¢ flask the air in which
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Fig.'4, nunerals 46 and 49 to 56 indicate the results of Exanples 46 and
49 to 56, respectively, and nuneral 19 indicates the result of Conparative
Exanpl e 19. 114

84

had been replaced by nitrogen were then charged 3 m¢ (0.2
mmol as calculated in terms of 2Zr) of the foregoing solution
and 4 m¢ of a 1 mmél/me methylaluminoxane. The reaction
mixture was then stirred at room temperature for 30 minutes.
To the reaction mixture was then addéd 0.16 g (0.2 mmol) of
N,N-dimethylaniliumtetrakis (pentafluorophenyl)borate. The
reaction mixture was then stirred at room temperature for 3
hours. As a result, a solution C5 containing a catalyst
component according to the preserit invention was obtained.
Preparation of specimen A23

The air in a 3-¢ stainless steel autoclave equipped
with an agitator was replaced by nitrogen. Into the
autoclave was then charged 1,000 g of purified toluene. Into
the autoclave were then charged 0.2 m?¢ (0.5 mg as éalculated
in terms of 2r) of the foregoing catalyst component solution
C5. The reaction mixture was then heated to a temperature of
60°C with stirring. Subsequently, a mixture of ethylene and
l-butene (l-butene/ethylene molar ratio: 0.25) was then
charged into the autoclave at a pressure of 9 kg/cm?G to
initiate polymerization. The polymerization process lasted
for 1 hour while the total pressure of the reaction system
was being kept to 9 kg/CnﬁG by continuously supplying a
mixture of ethylene and l-butene (l-butene/ethylene molar
ratio: 0.05).

After the completion of polymerization, excess gas

was discharged from the reactor. The reactox-wa: 2V=% - I
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cooled. The contents of the autoclave were then withdrawn
from the reactor. As a result, 72 g of a white polymer was
obtained. The catalytic efficiency was 36,000 g/gZr. The
physical properties of the polymer thus produced are set
forth in Table 9.

Preparation of catalyst component C6

150 m¢ of purified toluene was charged into a 300-m!
three-necked flask equipped with an electromagnetically-
induced agitator in an atmospheré of nitrogen. 3.9 g of
tetrabutoxy zirconium and 11 g of cyclopentadiene trimethyl
silane were then charged into the flask. The reaction
mixture was then stirred at room temperature for 30 minutes.
The reaction mixture was cooled to and kept at a temperature
of 0°C where 9.1 g of triethyl aluminum was then added
dropwise thereto in 30 minutes. After the completion of
dropwise addition, the reaction mixture was stirred at room
temperature for 24 hours. Into a 50-m¢ flask the air in
which had been replaced by nitrogen were then charged 3.4 m¢
(0.2 mmol as calculatgd in terms of 2Zr) of the foregoing
solution and 4 m¢{ of a 1 mmol/m¢ methylaluminoxane. The
reaction mixture was then stirred at room temperature for 30
minutes. To the reaction mixture was then added 0.16 g (0.2
mmol) of N,N-dimethylaniliumtetrakis
(pentafluorophenyl)borate. The reaction mixture was then

stirred at room temperature for 3 hours. As a result, a

R ACEMENT SHEET

2 [P —

02 MAR 1999

Lol - e b I AT,



[err]

86

solution C6 containing a catalyst component according to the
present invention was obtained.

Preparation of specimen A24

The procedure of Example 23 was followed to effect

polymerization reaction except that the foregoing catalyst
component C6 was added in an amount of 0.19 m¢. The catalyst
efficiency was 150,000 g/g3r. The physical properties of the
polymer thus produced are set forth in Table 9.
| Specimen (B7) was obtained by the gas phase process
copolymerization of ethylene and l-butene in the presence of
titanium tetrachloride and triethyl aluminum catalyst. The
physical properties of Specimen (B7) are set forth in Table
10 together with the results of evaluation.

Specimen (BS)'was an ethylene-l-butene copolymer
(LLDPE) obtained by the slurry process copolymerization of
ethylene and l-butene in the presence of titanium
tetrachloride and triethyl aluminum catalyst. The physical
properties of Specimen (B8) are set forth in Table 10
together with the results of evaluation.

Specimen (B9) was an ethylene-l-hexene copolymer
(LLDPE) obtained by the gas phase copolymerization of
ethylene and l-hexene in the presence of titanium
tetrachloride and triethyl aluminum catalyst. The physical
properties of Specimen (B9) are set forth in Table 10

together with the results of evaluation.
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Preparation of specimen B1l0

25 ¢ of purified toluene was charged into a 50-¢
pressure reactor with an agitator the air in which had been
replaced by nitrogen. Into the autoclave was then charged
330 g of l-butene. To the reaction mixture was then added a
mixture of bis(n-butylcyclopentadienyl)zirconium dichloride
and methylalumoxane (MAO) (Al/Zr molar ratio: 500) in such an
amount that the amount of Zr reached 0.33 mmol. The reaction
mixture was then heated to a temperature of 80°C to prepare a
metalocene catalyst. Subsequently, ethylene was charged into
the reactor at a pressure of 9 kg/cm’G to initiate
polymerization. The polymerization process lasted for 1 hour
while the total pressure of the reaction system was being
kept to 6 kg/cm’G by continuously supplying ethylene to
prepare an ethylene-l-butene copolymer. The physical
properties of the copolymer thus prepared are set forth in
Table 10.

Results of evaluation

In Examples 21 and 22 according to the present
invention, ethylene-l-butene copolymers were prepared from
1-butene.as a comonomer in the presence of a chiorine—free
catalyst. The results of evaluation show that these
ethylene-l-butene copolymers are little apt to rusting and
are excellent in impact strength, transparency and low
temperature heat-seal properties. 1In Example 23, an

ethylene-l-butene copolymer according to the present
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invention was prepared from l—butené as a comonomer in the
presence of a catalyst containing a halogen (chlorine). On
the other hand, in.Comparétive Examples 12 and 13, ethylene-
l-butene copolymers were prepared from l-butene as a
comonomer in the presence of a Ziegler catalyst containing
the same halogen. Theﬁe ethylene-l-butene copolymers cause
much rust and exhibit poor dart impact strength, transparency
and low temperature heat-seal properties.

In Examples 24 and 25, ethylene-l-hexene copolymers
were prepared from l-hexene as a comonomer in the presence of
a chlorine-free catalyst. In Comparative Example 14, LLDPE
was prepared from l-hexene as a comonomer in the presence of
a Ziegler catalyst. Thé comparison of these copolymers shows
that LLDPE of Comparative Example 14 causes much rust and
exhibits poor impact strength, . transparency and low
temperature heat-seal properties.

In Comparative Example 15, an ethyleﬁe—l-butene
copolymer was prepared- from l-butene as a comonomer in the
presence of the abowve-described catalyst. The ethylene-
l-butene copolymer thus prepared causes much rust and
disadvantageous in moldability as compared with Examples 21,
22 and 23. |

In Examples 26 to 29 according to the present
invention, an autoclave was used as a polymerization reactor.
Ethylene-~l-butene copolymers were prepared by bulk

polymerization process from l-butene as a comonomer in the
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presence of a preferred catalyst characteristic of the present

invention. These ethylene-l-butene copolymers cause little
rust and exhibit excellent impact strength, transparency
and low temperature heat-seal properties. This proves that the

physical properties of the polymers according to the present

invention are excellent regardless of preparation process.
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exhi bit excellent noldability or econom cal efficiency owing the superior
properties of the copol yner of the present invention. The film
according to the present invention exhibits a high inpact strength and is
little apt to elution of resin conponents. It is also excellent in
transparency, blocking resistance and | ow tenperature heat-seal
properties. A heat seal |ayer made of fhe filmof the present invention
retains the foregoing excellent properties, and its adhesiveness to
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Thus, the electrical insulating materials is suitably used as electrical
I nsul ators. When used as an insulating |ayer for power cable, power | oss
during the transm ssion of high voltage power can be reduced w thout

i ncreasing the thickness of the insulating |ayer. Wil e the
I nvention has been described in detail d with reference to specific
enbodi nents thereof, it will be apparent to one skilled in the art that

vari ous changes and nodifications can be nmade therein without departing
fromthe The testing methods used in Examples 30 to 45 and

Comparative Examples 16 and 17 will be described hereinafter.

Physical properties test

All the tests were conducted in the same manner as in

Examples 1 to 10 and Comparative Examples 1 to 8.
T-die film molding conditions

Make of apparatus used: Union Plastic Co., Ltd.
Extruder screw diameter: 30 mm

T-die: 300 mm face

Number of revolutions of screw: 50 rpm
Extrusion rate: 4.8 kg/hr

Die lip gap: 1.2 mm

Take-off speed: 6.1 to 6.3 m/mih

Molded resin temperature: 210 to 240°C

Film thickness: 50 um

Chill~roll temperature: 4Q°C

Screen mesh: 80 mesh/120 mesh/80 mesh

Corona treatment: approx. 45 dyne/cm

Dry lamination conditions

Base: Biaxially-stretched nylon film (thickness: 15 um)
Laminating machine: Test Coater MGC-180, available from
Labo-Co., Ltd.

Anchor coat agent: Polyether anchor coat agent 308 A/B
(mixing ratio: 1/1), available from Toyo Morton Co., Ltd.
Laminated face: Corona-treated

Ageing: 40°C for 2 days after laminated
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spirit and scope thereof. 120

WHAT IS CLAIMED | S: 1. An ethylene-[err]-olefin copolyner
havi ng: (A) a density d of 0.86 to 0.96 g/cnjerr];
95

T-die molded film evaluation method
- Tensile impact strength:

Measured iﬁ accordance with ASTM D1822
Low temperature heat-seal properties:

Using a heat-sealer available from Tester Sangyo Co.,
Ltd., the specimen was heat-sealed at a pressure of 2 kg/cm’G
for 1 second at some properly selected temperatures. This
film was then cut into a 15-mm wide web. The web specimen
was then subjected to peel test at a peeling rate of 300
mm/min. The low temperature heat-seal properties were
represented by the temperature value at which the peel
strength of the specimen was 500 g, determined by
interpolation. The lower this temperature value was, the
better were the low temperature heat-seal properties.

Haze:

Measured by means of a direct-reading haze computer
HGH~2DP available from Suga Shikenki K.K. in accordance with
JIS K7105
Blbcking strength:

Two sheets of film were stacked opposed to each
other. The stack was then conditioned under a load of 5
kg/10cm?* at a temperature of 50°C for 2 hours. The specimen
was then pulled at a tensile speed of 500 mm/min by means of
a tensile tester available from Toyo Seiki K.K. at a
temperature of 23°C and 50%RH. The force required for

shearing peel was measured.
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(B) anelt flowrate MFR of 0.01 to 200 g/ 10m n; (© a nolecul ar
wei ght distribution MV Mh of 1.5to 4.5; (D) a
conposition distribution paranmeter Cb of 1.08 to 2.00;

(E) an orthodi chl orobenzene-sol ubl e content X (mﬂ@@ at 25[err]C, a
density d (g/cnferr]) and a nelt f|OMld§%e MFR (g/10m n) satisfying

t hat : (i) when the sity (d) and the nelt flow

Laminated film evaluation method

Blocking strength:

Two sheets.of laminated films were stacked in such a
manner that the sealant face of the two sheets were opposed
to each other. The stack was then conditioned under a load
of 10 kg/25cm? at a temperature of 40°C for 5 days. The
specimen was then pulled at a tensile speed of 100 mm/min by
means of a tensile tester available from Toyo Seiki K.K. at a
temperature of 23°C and 50%RH. The force required for
shearing peel waé then measured.

Lubricating property:

Using a static friction coefficient measuring
instrument available from Shinto Kagaku Co., Ltd., the
lubricating property of sealant face with each other was
measured over a width of 35 mm and a length of 75 mm under a
load of 200 g. The angle of slip 6 was measured at a
gradient rise rate of 1.7°/sec. The lubricating property was
represented in tanf. The smaller this value was, the better
was the lubricating property.

Adhesiveness:

The laminated film was heat-sealed by a 5-mm seal bar
of a heat sealer available from Tester Sangyo Co., Ltd. at a
temperature of 140°C and a pressure of 2 kg/cm? for 1 second
in such a manner that the sealant faces were sealed to each
other. The film thus heat-sealed was then cut into a 15-mm

wide web specimen. The specimen was then measured for
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rate MFR satisfy relationship (1): d - 0.008 x | ogMFR [err]

0.93 (1) t he
ort hodi chl or obenzene-sol ubl e content X satisfies
relationship (Il) : X<20
(y o
tensile " strength at a tensile rate of 300 mm/min.
The tensile strength of a-biaxially—stretched nylon

film was very greater than that of a film made of
polyethylene alone. Thus, the tensile strength of the heat-
sealed area of the laminated film was related to the
adhesiveness of the heat-sealed area that reflected the
tensile characteristics of nylon. In other words, a heat-
sealed area having a good adhesiveness exhibited a great
tensile strength. If the heat-séaled area had an
insufficient adhesiveness, it could only exhibit a strength
inherent to polyethylehe and heﬁce a reduced tensile
strength. When the heat-sealed area of the laminated film
had a tensile strength of not less than 4.5 kg/l5mm width,
the adhesiveness was considered good (A). When the heat-
sealed area of the laminated film had a tensile strength of
less than 4.5 kg/15mm width, the adhesiveness was considered
poor (C).

Specimens A25 to A29 were prepared by the following
pelymerization methods:

Preparation cof solid catalyst

The procedure of Examples 1 to 10 was followed to
obtain Catalyst C..

Preparation of specimen A25

Ethylene and l-butene were copolymerized at a
polymerization temperature of 70°C and a total pressure of 20

kgf/cm?G by means of a continuous fluidized bed gas phase

SEERLACENENT SHEET




(i1) when the density d and the nelt flow ' rate MFR

satisfy relationship (111): 0 2 MAR 1999 d - 0.008 x
| ogMFR < 0. 93 (rrery o t he
ort hodi chl or obenzene-sol ubl e content X sati sfies

relationship (I1V): X< 9.8 x 10[err] X 4@.9300 - d+ 0.008 x logMFR)[err] +
2.0 (1V); and

polymerization apparatus. The polymerization process was
effected with Catalyst C being continuously supplied. In
order to keep the éas composition in the system constant, the
various gases were continuously supplied into the system.

The physical properties of the copolymer thus produced are
set forth in Table 11.

Preparation of specimens A26 to A28

The procedure of A25 was followed to effect
polymerization except that the l-butene/ethylene molar ratio
was changed. The physical properties of the copolymer thus
obtained are set forth in Tables 11 and 12 together with the
results of experiment.

Preparation of specimen A29

The procedure of A235 was followed to effect
polymerization except that the comonomer to be copolymerized
was l-hexene. The physical properties of the copolymer thus
obtained are set forth in Table 11 together with the results
of experiment.

Other resins

Bl1l:

Linear low density polyethylene prepared in the
presence of a Ziegler catalyst (Slurry-polymerized from
butene-1 as a comonomer in the presence of titanium
tetrachloride and triethyl aluminum catalyst (density: 0.921

g/cm®; MFR: 1.9 g/10min))
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121 (F) a nunber of peaks on an elution tenperature-eluted
anount curve determ ned by continuous tenperature rising el ution

fractionation nmethod TREF is 2 or nore. 2. An
"ethylene-[err]-olefin copolynmer as clainmed in claim1l1, wherein said
mol ecul ar wei ght distribution MV M is '
' 99
Bl2:

Low density polyethylene obtained by high pressure
radical polymerization (Density: 0.925 g/cm®; MFR: 3.2
g/10min,. |
Lubricant
EA: Amide erucate (trade name: Neutron S, available from
Nihon Seika K.X.) |
EBOA: Amide ethylenebisoleate (trade name: Slipax O,

available from Nippon Kasei Chemical‘Co., Ltd.)

EXAMPLE 30

Table 11 shows the results of evaluation of T-die
films. |

In Example 30,.to 100 parts by weight of a resin
component (A25) were added 0.24 parts by weight of Irganox
1076 (available from Ciba Geigy Inc.), 0.12 parts by weight
of Irgaphos 168 (available from Ciba Geigy Inc.), 0.07 parts
by weight of amide erucate (EA), 0.04 parts by weight of
amide ethylenebisoleaté (EBOA), 0.1 parts by weight of
calcium stearate (available from NOF Corporation), and a
natural silica (trade name: Celite Super Floss, available
from Johns-manville Inc.). The mixture was homogeneously

stirred by means of a Henschel mixer for about 30 seconds,
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from1.8 to 3.5 and said conposition distribution paraneter Cb is from
1.10 to 2.00. 3. An ethylene-[err]-olefin copolyner as
claimed in claim1, wherein said copolynmer has (G an electrical activation
energy of not nore than 0.4 eV.

100

and then pelletized. The pelletized material was then
processed by a press to form a 0.5-mm thick sheet. The sheet
was then subjected to tensile impact test (TIS). The
pelletized material was then subjected to T-die molding.undet
the foregoing conditions to obtain a 50-um thick film (raw
film). The film thus obtained was then measured for low
temperature heat-seal properties, haze and blocking strength.
The results are set forth in Table 11.

EXAMPLES 31 TO 37

T-die flat films were evaluated in the same manner
as in Example 30.‘ The resin components set forth in Table 11
were processed and tested in the same manner as in Example
30. The results of evaluation are set forth in Table 11.

COMPARATIVE EXAMPLE 16

A T-die flat film yas evaluatidn in the same manner
as in Example 30. The procedure of Example 30 was followed
except that Bll was used as the resin component and 0.5 parts
by weight of an anti-blocking agent was added as_shown in
Table 11. The results of evaluation are set forth in Table
11.

The film of Comparative Exémple 16 exhibited poor TIS
and low temperature heat-seal properties and slightly poor
haze and blocking resistance.

COMPARATIVE EXAMPLE 17

A T-die flat film was evaluation in the same manner

as in Example 30. The procedure of Example 30 was followed

e e e sy
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122 4 An ethylene-[err]-olefin copolyner as
claimed in claim 2, wherein (H) said copolyner 1is obtained by
copol yneri zation of ethylene and [err]-olefin in the presence of a
catalyst; (i) wherein the catalyst is obtained by (a) contacting
conponents (1) to (4) with each other: (1) a conpound
represent ed by Nb[err]R[err]R[err]((}{eﬁqﬁ)[err]X[err], where Rl err]

and Rl err] each independently represent a CJerr] hydrocarbon group or

except that Bl2 was used as the resin component. The results
of evaluation are set forth in Table 11.

The film of Comparative Example 17 exhibited poor TIS
and slightly poor haze.

EXAMPLE 38

Table 12 show the results of evaluation of laminated
films.

In Example 38, a T-die flat film formed under the
foregoing conditions was dry-laminated on a nylon film under
the foregoing conditions. The T-die flat f£ilm was then
measured for adhesiveness, lubricating property and blocking
strength with respect to the laminating film. The results
are set forth in Table 12.

EXAMPLES 39 TO 45

The resin components set forth in Table 12 were
processed and tested in the same manner as in Example 38.

The results are set forth in Table 12.
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trialkylsilyl group; HRerr] represents a 2,4-pentanedionate

| igand, a dibenzoylnethanate I|igand, a benzoyl acetonate | i gand;
X[ err] represents a hal ogen atom Me[err] represents Zr, Ti or Hf ;
and p, g and r each represents an integer satisfying the

rel ationships O[err]p[err]4, O[err]q[erro]24, O[err]r[err]4, and
O[err] (p+qg+r)[err]4,; (2) & Compound represented by
I\/E[err]R[err](CR[err])[err]XLerr], where Me[err] represents g Goup
I, I'l, or Idljgementy o ekr]can@ Rerry eack i ndependent |
represent a2pprlr] hy@fogarbB8n group; Xl exr] r8presents ' ' a'hyfrogen
atomor a h3dgpen atom provPded that when X err] =
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represents a hydrogen atom Me[err] represents a Goup I1I
el enment; z-represents the valence of Me[err]; and mand n each
represents an integer satisfying the relationships O[err]Merr]7,

O[err]n[err]z, and O[err](mtn)[err]z; (3) an organic cyclic
conpound ‘havi ng two or nore conj ugated (rjﬁofﬁil e bonds; and

(4) at |least one conmpound selected fro e group consisting of (a) a
modi fi ed organi ¢ al um num oxy conpound having an Al -O Al bondgand (b) a
(RS conati ng: conponents (1)§to (4) with

bor on compound; & [~
each other to forma res Tli ng pF’oguct,ggc; and supp‘Brting.she resul ting
product on o at | east one of afTinorgarfPc carrder and a
particul ated pol ynmer c Ei er;. and (ii) the nolar ratio$f conponent
(4) to conponent (1) i €412 or less. o« . 9
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An ethylene-[err]-olefin
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in claim3, wherein (H) said copolyner is obtained by

copol yneri zation of ethylene and [err]-olefin in the presence of a

catal yst; (i) wherein the catalyst is obtained by (a)
contacting conponents (1) to (4) with each other: (1) a conpound
represented by Me[err]Rerr]Rerr] (OR ro(ré,i]r)[err]X[err], where Rl err] and
Rl err] each independently represent a é[ r] hydrocarbon group or
trialkylsilyl group; R[err] represents a 2,4-pentanedionate 4digand,

a di benzoyl net hanate |igand or a benzoyl acetonate |i gand Xerr]
represents a halogen atom M[err] represents Zr, Ti or i &
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Hf ; and p, q and r each represents an integer satisfying the relationships

O[err]p[err]4, Olerr]qg[err]4, O[err]r[err]4, and O[err] (p+qg+r)[err]4,

(2) a conpound represented by Me[err]Rlerr] (ORlerr])[err] X err], where

Me[err] represents a Goup I, Il, or Ill elenent; R err] and R err] each

i ndependently represent a (err] hydrocq@%on group; X err] represents a
that when X/ err] represents a

hydrogen atom or a hal ogen atom provide
a Goup |11l element, zgrepresents

hydrogen atom Me[err] represents
the valence of Me[err]; apd mand n each represents an integgr satisfying
the relationships Olerr]nfgrr]z, <~ _ - =
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O[err]n[err]z, and O[err](mtn)[err]z; (3) an organic cyclic compound
124 (4)

havi ng two or nore
| east one conpound sel ected fromthe group consisting of (a) a nodified

at
organi ¢ al um num oxy conpound having an Al -O Al bond and (b) a boron
conpound;- or 107
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(b) contacting conponents (1) to (4) with each other to forma resulting

product, and supporting the resulting product on (5)
of an inorganic carrier and a particulated polyner carrier;

nol ar ratio of conponent (4) to conponent (1) is 112 or | ess.
not | ess than 2% by

pol yol efin resin conposition conprisin
wei ght of an ethylene-[err]-olefin 38@yner as clainmed in
not nore than 98% by wei ght of a polyolefln 7.

resin composition _gonpris
P fh'nj stLA% methods used in Examples 46 to

at | east one
and (ii) the
6. A

claim3 and
A pol yol efin

59 and

Comparative Examples 18 to 21 will be described hereinafter.

Measurement of volume resistance

The volume resistance was measured in the same manner

as in Examples 21 to 29 and Comparative Examples 12 to 15.

The specimens A30 to A32 used in Examples 46 to 48

were prepared by the following polymerization methods:

Preparation of specimen A30

(1) Preparation of catalyst

150 m{ of purified toluene was charged into a 500-m¢{

eggplant type flask equipped with an electromagnetically-

induced agitator in an atmosphere of nitrogen. 0.60 g of

tetrapropoxy zirconium (Zr(On-Pr),) and 1.0 g of indene were

then charged into the flask. The reaction mixture

stirred at room temperature for 30 minutes. 3.2 g

was then

of

triisobutyl aluminum (Al(iBu);) was then added dropwise to

the system while the system was being kept at a temperature

of 0°C in 30 minutes. After the completion of dropwise

addition, the reaction system was returned to room

temperature where it was then stirred for 24 hours.

To the

solution was then added 200 m{¢ of a toluene solution of

methyl alumoxane (concentration: 1 mmol/m¢). The reaction

mixture was then allowed to undergo reaction at room

temperature for 1 hour.

Separately, 50 g of silica (available from

Fuji

Davison Co., Ltd.; grade: #952; surface area: 300 m?’/g) which
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not | ess than 2% by wei ght of an ethylene-[err]-olefin copolyner as

claimed in claim4 and not nore than 98% by wei ght of a
pol yol ef i n. 8. A polyolefin resin conposition conprising:
not | ess than 2% by wei ght of an ethylene-[err]-olefin copolynmer as
claimed in claim1 and ' notlnqééthan 98% by wei ght of a

pol yol ef i n.

had been previously calcined at a temperature of 600°C for 5
hours was charged into a 1.5-0 three-necked flask with an
agitator in an atmosphere of nitrogen. Into the flask was
then poured the total amount of the foregoing solution. The
reaction mixture was then stirred at rocom temperature for 2
hours. Nitrogen was then blown through the reaction system
to remove the solvent therefrom. As a result, a powder
having a good fluidity was obtained.
(2) Polymerization

Ethylene and l-butene were copolymerized at a
polymerization temperature of 70°C and a total pressure of 20
kgf/cm?G by means of a continuous fluidized bed gas phase
polymerization apparatus. The gas composition in the system
had 1l-butene/ethylene molar ratio of 0.08 and an ethylene
concentration of 60 mol%. The polymerization process was
effected with the foregoing ;atalyst being continuously
supplied. In order to keep the gas composition in the system
constant, the various gases were continuously supplied into
the system. The adjustment of MFR was accomplished by
controlling the hydrogen concentration in the system. The
physical properties of the polymer thus produced are set |
forth in Table 13.
Preparation of specimen A31

Polymerization was effected in the same manner as in

A30 except that the comonomer to be polymerized was l-hexene.
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9. A polyolefin resin conposition conprising: not | ess than 2%
by weight of an ethylene-[err]-olefin copolyner as clained in claim5 and
not nore than 98% by wei ght of a pol yol efin.

125 10. A filmconprising an ethyl ene-a-ol efin copol yner

110

The physical properties of the copolymer thus produced are
seﬁ forth in Table 13. |
Preparation of sgeéimen A32
(1) Preparation of catalyst

150 m¢ of purified toluene was charged into a
catalyst making apparatus equipped with an
electromagnetically-induced agitator in an atmosphere of
nitrogen. 0.50 g of dipropoxy dichloro zirconium
(Zr(OPr),Cl;) and 1.0 g of methylcyclopentadiene were then
charged inte the flask. 9.0 g of tridecyl aluminum was
then added dropwise to the system while the system was being
kept at a temperature of 0°C. After the completion of
dropwise addition, the reaction system was stirred while the
temperature thereof was being kept to 50°C for 16 hours. To
the solution was then added 200 m{ of a toluene solution of
methyl alumoxane (concentration: 1 mmol/m¢). The reaction
mixture was then allowed to undergo reaction at room
temperature for 1 hour. |

Separately, purified toluene was charged into another
catalyst making apparatus equipped with an agitator in an
atmosphere of nitrogen. Subsequently, 50 g of silica
(available from Fuji Davison Co., Ltd.; grade: #952; surface
area: 300 m?’/g) which had been previously calcined at a
temperature of 400°C for a predetermined period of time was
charged into the apparatus. To the reaction mixture was then

added the total amount of the solution. The reaction'mixture
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as clainmed in claim1. 11. A lamnated material conprising a

filmas clainmed in claim210. 12. A lamnated material as clai ned
in claiml1ll, wherein said |lamnated naterial conprises a |ayer conprising
said ethylene-[err]-olefin copolymer and a gas barrier material |ayer

and/ or a polyolefin |ayer. 111

was then stirred at room temperature. Nitrogen was then
blown through the reaction mixture to remove the solvent
therefrom. As a result, a solid powdered catalyst having a
good fluidity was obtained.
(2) Polymerization

Polymerization was effected under the same conditions
as A30. The physical properties of the copolymer thus
produced are set forth in Table 13.
Specimen B13 (Linear low density polvethylene prepared in the

presence of a Ziegler catalyst)
This polyethylene was obtained by the

copolymerization of ethylene and l-butene in the presence of
titanium tetrachloride and triethyl aluminum catalyst.
(Density: 0.923 g/cm’; MFR: 3.0 g/10min)

Specimen Bl4 (Low density polyvethyvlene prepared by high
pressure radical polvmerization process)

Trade name: Nisseki Rexron W2000, available from Nippon

Petrochemical Industries,.Ltd.; density: 0.919 g/cm’; MFR:
1.0 g/10min.

The other physical properties of the foregoing
specimens are set forth in Table 13.

EXAMPLES 46 -TO 48

Table 14 shows the comparison of the volume
resistance and activation energy of non-crosslinked
specimens. Examples 46 to 48 show the measurements of

specimens A30 to A32, respectively.
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13. A filmconprising an ethylene-[err]-olefin copolynmer as clained in

claim4. 14. A lamnated material conprising a filmas clained
in claim13. 15. A lamnated material as clained in claim1l4,
wherein said | am nated material conprises a |ayer conprising

112

COMPARATIVE EXAMPLE 18
Comparative Example 18 show the measurements of the
linear low density.polyethylene (specimeh B13) prepared in
the presence of a Ziegler catalyst. The measurements are set
forth in Table 14. The linear low density polyethylene
(specimen 313) exhibited a high activation energy and
therefore a great temperature dependence. In particular, it
"exhibited a low volume resistance at a temperature of 90°C.
COMPARATIVE EXAMPLE 19
Comparative Example 19 show the measurements of the
low density polyethylene (specimen Bl4) prepared by high
pressure radical polymerization process. The measurements
are set forth in Table 14. The low density polyethylene
{specimen Bl4) exhibited a low volume resistance, a high
activation energy and a great temperature dependence.
EXAMPLES 49 TO 56
Table 15 shows the measurements of volume resistance
of an non-crosslinked mixture of specimen A30 and specimen
(Bl14). Table 15 also shows the comparison of Example 46 with
Comparative Example 19.
EXAMPLES 57 AND 58
Table 16 shows the measurements of volume resistance
of a mixture of 10% by weight of specimen A3l (Example 57) oxr

specimen A32 (Example 58) and 90% by weight of specimen Bi4.

D e et
———
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said ethylene-[err]-olefin copolymer and a gas barrier material |ayer
and/ or a polyolefin |ayer. 16. A filmconprising an
ethylene-[err]-olefin copolymer as clained in claim?7.

113

COMPARATIVE EXAMPLE 20

Comparative Exampie 20 is a mixture of 10% by weight
of specimen Bl3 and 90% by weight of specimen Bl4. The
properties of the mixture are set forth in Table 16. The
mixture exhibited a low volume resistance.

EXAMPLE 59

Table 17 shows the measurements of a crosslinked
specimen. This crosslinked specimen was obtained by
crosslinking the specimen of Exaﬁple 55 (mixture of 10% by
weight of specimen A30 and 90% by weight of specimen Bl4)
under the foregoing conditions.

COMPARATIVE EXAMPLE 21

Comparative Example 21 shows the measurements of
volume resistance of the crosslinked product of the specimen
of Comparative Example 19. As shown in Table 17, the
crosslinked product exhibited a low volume resistance.

Fig. 4 is a graph illustrating the results of the
examples and comparative examples set forth in Table 15. In
Fig. 4, numerals 46 and 49 to 56 indicate the results of
Examples 46 and 49 to 56, respectively, and numeral 19

indicates the result of Comparative Example 185.
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conprising a filmas clainmed in claim

126 17. A lamnated materi al
16. 18. A lamnated material as clained in claim 17, wherein
said |am nated material conprises a |ayer conprising said
ethylene-[err]-olefin copolynmer and a gas barrier material |ayer and/or a
ol yol efinn | ayer.
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in
cl ai ned

as cl ai ned
as claimed in claim 20,

conprising a filmas

A | am nated nateri al

A lam nated materi al

21.

19. Afilmconprising an ethylene-[err]-olefin copol yner
20.

cl ai m 8.
in claima19.

wherein said
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A

25.

conprising an

ethylene-[err]-olefin copolyner as clained in claimb5.

power cabl e conprising a conductor

117

I nsul ating materi al
havi ng

24. An el ectrical
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t hereon an electrical insulating |layer conprising an insulating material
as clainmed in claim 24. 26. An electrical insulating materia
conprising an ethylene-[err]-olefin copolyner as clained in claim®é.

27. A power cable conprising a conductor having thereon an electrical
insulating layer conprising an insulating material as clained in claim26.

118

As mentioned above, the present invention can provide
a novel ethylene-c-olefin copolymer which has a relatively
wide composition distribution and a low content of low
molecular components and amorphous components to exhibit
excellent thermal and chemical stability and electrical
properties in spite of its narrow molecular weight
distribution.

The copolymer of the present invention and the resin
composition comprising the copol&mer of the present invention
exhibit excellent moldability or economical efficiency owing
the superior properties of the copolymer of the present
invention.

The film according to the present invention exhibits
a high impact strength and is little apt to elution of resin
coﬁponents. It is also excellent in transparency, blocking
resistance and low temperature heat-seal properties. A heat
seal layer made of the film of the present invention retains
the foregoing excellent properties, and its adhesiveness to
the laminating base film shows no drop. The film of the
present invention exhibits well-balanced blocking resistance
and lubricating property and excellent low temperature heat-
seal properties and allows the high speed formation of bag.
It is thus suiﬁable for the provision of a laminated product
having gas barrier properties.

Electrical insulating materials comprising the

copolymer of the present invention have a large volume

I
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28. An electrical insulating material conprising a resin conposition as
claimed in.claim 9. 29. A power cable conprising a conductor
having thereon an electrical insulating |ayer conprising an insulating
material as clainmed in claim28.

119

resistance and a small temperature dependence of volume
resistance. The electrical insulating materials are
excellent in flexibility and moldability which maintain the
foregoing excellenﬁ electrical properties after crosslinked.
Thus, the electrical insulating materials is suitably used as
electrical insulators. When used as an insulating layer for
power cable, power loss during the transmission of high
voltage power can be reduced without increasin§ the thickness
of the insulating layer.

While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the

spirit and scope thereof.
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WHAT IS CLAIMED IS:

1. An ethylene-a-olefin copolymer having:.

(A) a density d of 0.86 to 0.96 g/cm’;

(B) a melt flow rate MFR of 0.01 to 200 g/10min;

(C) a molecular weight distribution Mw/Mn of 1.5 to

4.5;

(D) a compésition distribution parameter Cb of 1.08

to 2.00;

(E) an orthodichlorobenzesne-soluble content X (wt$)
at 25°C, a density d (g/cm’) and a melt flow rate MFR
(g/10min) satisfying that:

(.i) when the density (d) and the melt flow

rate MFR satisfy relationship (I):
d - 0.008 x logMFR 2 0.93 (1)

the orthodichlorobenzene-soluble content X

satisfies relationship (II):

X < 2.0 (II)

(1i) when the density d and the melt flow

rate MrR satisfy relationship (III):

02 MAR 1999

d - 0.008 x logMFR < 0.93 (III)

the orthodichlorobenzene-soluble contant X

satisfies relationaship (IV):
X <9.8 x10°x (0.9300 - d + 0.008 x logMFR)? + 2.0 (IV);

and
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(F) a number of peaks on an elution temperature-eluted
amount curve determined by continucus temperature rising

elution fractionation method TREF is 2 or more.

2. An ethylesne-a-olefin copolymer as claimed in
claim 1, wherein said molecular weight distribution Mw/Mn is
from 1.8 to 3.5 and said compesition distribution paramester

Cb is from 1.10 to 2.00.

3. An ethylene-a-clefin copolymer as claimed in
claim 1, wherein said copolymer has (G) an electrical
activation energy of not more than 0.4 eV.
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4. An ethylene-c-olafin copolymer as claimed

in claim 2, wherein (H) said copolymer is obtained bv
copolymerization of ethylene and c-olefin in the presence of a
catalyst;

(i) wherein the catalyst is obtained by

(a) contacting components (1) ta (4) with each other:

(1) a compound represented by Me'R',R? (OR)) X', .., where R!
and R’ each independently represeht a Cp.y, hydrocarbon group or
trialkylsilyl group; R® represents a 2,4-pentanedionate
ligand,_ a dibenzoylmethanate ligand, a benzoylacetonates
ligand ; X! represents a halogen atom; Me' represents Zr, Ti or
HEf; and p, g and ¢ each represents an integer satisfying the
relationships Ospsﬁ.,. 0gg<4, 0sr<4, and 0<(p+g+r)<4;

(2) 2 compound represented by Me’R',(OR%)X),.,, where Me?
represents a Group I, II, or III element, R and R’ each
independently represent a C , hydrocarbon group; X! represents
a hyd_rcgen atc;m or a halogen atom, provided that when X?
represents a hydrogen atom, Me? represents a Group III
element; z-represents the valence of Me?; and m and n each
represents an integer satisfying the relationships OSmSZ, 0_<.n$z, and 0s(m+n)<z;

(3) an organic cyclic compound havihg two or more conjugated double
bonds; and

(4)  at least one compound selected from the group consisting of (a) a
modified organic aluminum oxy compound having an Al-O-Al bond and (b) a boron
compound; or _ |
(b) cbntacting components (1) to (4) with ea;h other to form a resulting product,
and supporting the resulting product on

(5)  atleast one of an inorganic carrier and a particulated polymer carrier; and

(ii)  the molar ratio of component (4) to component (1) is 112 or less.
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5. An ethylene-c-olefin copolymer as claimed
in claim 3, wherein (H) said copolymer is, obtained by
copolymerization of ethylene and a-olefin in the presence of a

catalyst;

(1) wherein the catalyst is obtained by

{a) contacting components (1) to (4) with each other:

(1) a compound represented by Me‘g',qu(OR’),X‘,_N,, whers R!

and R’each independently represent a C,,, hydrocarbon group or

trialkylsilyl group; R? represents a 2,4~pentanedionatas

ligand, a dibenzoylmethanate ligand or a benzoylacetonate ligand

!
Hf; and p, g and r each represents an integer satisfying the

relatidnshiés 0sp<4, 0<g<4, 0Sr<4, and 0<(p+q+r)<4;

(2) a compound represented by MelR',(0R’) X%, where Me?
represents a Group I, II, ﬁr III element; R* and R’ each
independently represent a C, hydrocarbon group; X! represents
a2 hydrogen atom or a halogen atom, provided that when ¥
represents a hydrogen atom, Me? represents a Group III
element, z répresents the valence of Me?; and m and n each
represents an integer satisfying the relationships O<msz,
0<n<z, and 0<({m+n)<z;

(3) an organic cyclic compound having two or more

P S——

conjugated double bonds; and ﬁEPLﬂGEMENT
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4) at least one compound selected from the group consisting of (a) a

‘modified organic aluminum oxy compound having an Al-O-Al bond and (b) a boron
compound; or

(b) contacting components (1) to (4) with each other to form a resulting
product, and supporting the resulting product on
' (5)  atleast one of an inorganic carrier and a particulated polymer carrier: and
(ii) te molar ratio of component (4) to component (1) is 112 or less.
6. A polyolefin resin composition comprising:
not less than 2% by weight of an ethylene-e-clefin
copolymer as claimed in claim 3 and

net more than 98% by weight of a polyolafixi.

7. A polyclefin resin composition comprising:
not less than 2% by welght of an sethylene-c-olefin
copolymer as claimed in claim 4 and

not more than $8% by weight of a polyclefin.

8. A polyclefin resin compoaition comprising:
not less than 2% by weight of an ethylene-a-olefin
copolymer as claimed in claim 1 and

not -more than 98% by weight of a2 polyolefin.

9. -A polyvlefin resin composition comprising:
not less than 2% by weight of an ethyléne—cr.—olefin

copolymer as claimed in claim 5 and

not more than 98% by weight of a 'polyclefin.
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10. A film comprising an ethylene-a-olefin copolymer

as claimed in claim 1.

11. A laminated material comprising a film as

claimed in claim 10.

12. A laminated material as claimed in claim 11,
wherein said laminated material comprises a layer comprising
sald ethylene-a-clefin copolyner.and a gas barrier material

layer and/or a polyolafin layer.

A,
]

13. A film comprising an ethylens-c-olefin copolymer

ag claimed in claim 4.

14, A laminated material comprising a film as
claimed in claim 13

' 15.. A laminated material as claimed in claim 14,
wherein said laminated material comprises a layer comprising
said ethylene-c-olefin copolymer and a gas barrier material

layer and/or & polyolefin laysr.

16. A film comprieing an ethylene-a-olefin copolymer
a8 claimed in claim 7.
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17. A laminated material comprising a film_aa

claimed in claim 1s.

18. A laminated material as claimed in claim 17,
wherein said laminated material conprises a layer comprising
said ethylens-c-clefin copolymer and a gas barrier matexzlal

layer and/or a polyolefin layex.

19. A film comprising ari ethylens-a-olefin copolymer

a3 claimed in claim 8.
20. A laminated material comprising a f£ilm as

claimed in claim 19.

21. A laminated material as claimed in claim  20.
wWherein said laminated material comprises a layer comprising
said ethylene~c-olefin copolymer and a gas barrier material
layer and/or a polyolefin layer.

22. An electrical ingulating material comprising an

ethylene-a-olefin copolymer as claimed in claim 3.

23. A power cable comprising a conductor having

thereon an electrical insulating layer comprising an

insulating material as claimed in claim 22. REPLACEMENT SHEET
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24.. An electrical iasulating material conprising an

ethylene-c-olafin copolymer as claimed in claim 5.

25. A powar cable comprising a conductor having
thereon an eslactrical insulating layer comprising an

insulating material as claimed in claim 24.

26. An slectrical insulating material comprising an

ethylene-z-clefin copolymer as claimed in claim 6.
27. A power cable comprising ‘a conductor having
therson an alectzical insulating layer comprising &n

insulating material as claimed in claim 26.

28.. An electrical insulating matexial compzising a

reain composltion as claimed in claim 9.

29. A power cable comprising a conductox having
thareon an electrical insulating layer comprising an

insulating material as claimed in claim 28.
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ETHYLENE-«-OLEFIN COPOLYMER AND COMPOSITION, AND
FILM, LAMINATE AND ELECTRICAL INSULATING MATERIAL
COMPRISING SAME

ABSTRACT OF THE DISCLQOSURE

An ethylene-a-olefin copolymer having: (A) a density
d of 0.86 to 0.96 g/cm’; (B) a melt flow rate MFR of 0.0l to
200 g/10min; (C) a molecular weight distribution Mw/Mn of
1.5 to 4.5; (D) a composition digtribution parameter Cb of

1.08 to 2.00; and (E) an orthodichlorobenzene-soluble

content X (wt¥%) at 25°C,a density d (g/cm’) and a melt flow
rate MFR (g/10min) satisfying that: (i) when the density {(d)
and the melt flow rate MFR satisfy relationship (I):

d - 0.008 x logMFR 2 0.93 : (I)
tﬁe crthodichlorobenzene~-soluble content X satisiies
relationship (;I):

| X < 2.0 (II)
(ii) when the density d and the melt flow rate MFR satisfy
relationship (III):

d - 0.008 x logMFR < 0.93 (III)
the orthodichlorobenzene-soluble content X satisfies
relationship (IV):

X < 9.8 x 10° x (0.9300 - & + 0.008 x logMFR)? + 2.0 (IV)
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ETHYLENE-a-OLEFIN COPOLYMER AND COMPOSITION, AND
FILM, LAMINATE AND ELECTRICAL INSULATING MATERIAL
COMPRISING SAME

ABSTRACT OF THE DISCLOSURE

An ethylene-a-olefin copolymer having: (A) a density
d of 0.86 to 0.96 g/cm®; (B} a melt flow rate MFR of 0.01 to
200 g/10min; (C) a molecular weight distribution Mw/Mn of
1.5 to 4.5; (D) a composition distribution parameter Cb of
1.08 to 2.00; and (E) an orthodichlorobenzene-soluble
content X (wt%), a density d (g/cm’) and a melt flow rate MFR
(g/10min) at 25°C satisfying that: (i) when the density (d)
and the melt flow rate MFR satisfy relationship (I):

d - 0.008 x l.ogMFR > 0.93 - (I)
the orthodichlorobenzene-soluble content X satisfies
relationship (II):

_ X < 2.0 (II)
{ii) when the density d and the melt flow rate MFR satisfy
relationship (III):
d - 0.008 x logMFR < 0.93 (III)
the orthodichlorobenzene-soluble content X satisfies
relationship (IV):

X < 9.8 x 10® x (0.9300 - d + 0.008 x logMFR)? + 2.0 (IV)
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