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SPECIFICATION
'ETHYLENE (CO) POLYMER AND ITS USE

Technical Field

The present invention relates to ethylene"-

(co)polymer and its use and more particularly, reiates to o

ethylene (co)polymer with éxcellént moldability and

_mechanical properties and the use of the ethylene

(cofpolymer.

.Background.Aff
Molded products of efhylené (co)pqumer such ésﬁ
-ethylené homopolymef,fetﬁyleneQQ;olefin copolymér, ana
the,likes are widely used for vérious kinds of_pu;pqses
including, for example, blow molding brbducts such as
small_containers,'e.g; §§smé£ic'bottles, détergént |
bo£tles, etc.; middié size-contéiners, e.gf'petroleum

cans, industrial chemical cans, etc., large size

. containers, e.g. automotive fuel tanks, drum cans, etc.,

molded pipe such. as pipes fdr'seWerage systems, pipés for

. water works, gas'pipés, etc;, and inflation films to be

used for carry bags of supermarkets. The polymers to be
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 employed as materials for various kinds of such molded

products are required to have various properties.

For-example; a blow mblding product is produced by

"extruding a cylindrical melted resin (parison) from
circular dies, pinéhing the resultant parisdn with molds,
and blow molding for shaping by blowing compressed aif.

' Generally, in the case where a large size container is

produced by blow_leding} a bhenémenon of sagging down of

the pariSon'owing'to the self-weight (draw down) may

occur or-thé'thickneés may become uneven at the time of

i_shaping to result in defective shape of the moldedf

_products. In order to suppress the draw doWn,'ethylene'

(co)polymer with a high melt tension should'bé'sélected._'

On the other hand, in order to suppress the  thickness

‘unevenness of the molded products or in order to give

good pinch off shape of the molded products, ethylerne.
(co) polymer With higﬁ swell rafio'should be séiected.
Further; high impactistrengthlor'the like is fequired.as'.-
the demanded propertieé of a blow molding brodﬁct,'and
téday,'toughness iﬁprovément iS-also,dehanded fo imprbﬁe
the-econoﬁical prbpertiés.

A molded pipe ié ;equired to have eégellenflpipe

fatigue chafacteristics, mechanical Strength, and the
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- likes. As a test fdr pipe fatigue properties,'

‘practically a hot inner pressure creep test, a notched

tensile ereep test, a notched tensile=fatigue test, etc.;'
are performed and it is desirable for the molded pipe to

have excellent properties in any of the test. 'Recently,

toughness improvement for improvement of the economical

aspects, e.g. thinning of a pipe, is being demanded and

excellent moldability for saving electric p0wér

consumption is also demanded.

An inflation film is required to have thickness with
little unevenness, mechanical strength, 'and the likes.
In order to suppress unevenness of the thickness, it is

necessary to improve the stability of tubular méltéd form

(a bubble) extruded at the time of molding and for that,

ephylenéf(co)pOlymer_with high meltdtensibn should. be
selected.

The inventors of the present invention, in

" consideration with convéntional'technology, have studied
~ ethylene (co)polymers capable of providing molded
. products with'e2cellent mbldabiiity and particuiarly

'excellent mechanical'strength and found that ethylene

polymérs and-copolymefs of ethylene and an a-olefin of 4

to 20 carbon atoms scarcely containing methyl branches
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have excellent'mOIdability and that molded products made

'of these ethylene (co)polymers especially have excellent

mechanical propertles.

Further, the follow1ng ethylene (co)polymers are

: found having excellent moldabiiity and molded products of

the ethylene .(co)polymers have excellentlmeohanicai .

Iproperties;.ethylene (co)polymers satisfying respectively
.specified relations between the:melt tension and the

swell ratio and between the intrinsic viscosity and the

melt. flow rate, ethylene (co)polymers satisfying a

specified relation of.the'number_average-molecular weight,

the weight average moieéular,weight and.the.zfaverage.

molecular weight,_and ethylene (co)polymers having at

least 2 relative maximum values and at least 1 relative.

minimum value in the molecular weight distribution curve

respectively having the intensity satisfying a-apecified

‘relation of the intensity of the relative minimum value

and the lower intensity.of'the relative maximum values.
Finding that compoeitions containing euch ethylene

(co)polymers also have above described properties and so

do- graft—modified ethylene (co)polymers produced by graft:

modification of such ethylene (co)polymers and
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‘compositions cOntainihg such graftfmodified ethylene

(co)polymers, the inventors reach1the_present_invention.

The ethylene (co)polymers produced by'60nventionally_

_ known methods using a Ziegler catalyét-described_in

Japéﬁese Patent No. 821037, a metalloeenefcatalystfand a

chromium catalyst described in Japanese Patent Laid-Open

No.'9—183816;-a constrained geOmetric catalysti(CGC).

described ih WO No. 93/08221, and a catalyst containing
Ta, Nb complexes described'in Jépanese Pateht Laid-Open

No. 6-233723 as.well as the ethylene (co)polymets

produced by a cenventionally'known high'pressure'radieal

'catalyst.method'eontain_a relatively large number of

methyl-brahches”in-e meleculaf chain. If methyl'branehes

' ~ exist in ethylene.(co)polymet, the methyi_branehes are

15 .

20

takeén in crystels~and make the cfystalsaweak and the

- mechanical strength'is, therefore, supposed to be_lewered.

:'In'the cese.an efhyiene‘hemopoiymer-or a cqpolYmer
of efhylene and:aﬁ'afolefin is pﬁedﬁced by a
cohventibnaily known methoe using a eatalyst.sucﬁ_es
abdve descfibed catalysts,ithe'fOllewing prObleﬁs.
eometiﬁes:happen fe_occﬁr.j | |
fn_tﬁe case of-ueing.a Zieglar catalyst; it becomes

a problem that the produced ethylene (co)polymer contains .
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hard and fragile cbmponents sinoe the ethylene

*(co)polymer scarcely contalns d—olefln and that the

_produced ethylene (co)polymer contalns soft and weak

'Vcomponents since a-olefin 1s_excess1vely copolymerlzed.

The components produced by excessive copolymerization of
a-olefin may be a cause of sticky propertiesf
In the case of using a metallooene catalyst,'it

becomes a problem that an ethylene (co)polymer'withna

' remarkably high molecular Weight-is hardlynobtained.

"In the case of u51ng a. chromlum catalyst, it becomes

‘a problem that the produced ethylene (co)polymer contalns

branched long chains to result in narrow'molecular

'extension_and inferior mechanical strength’ Also, in the

case of using a chromium catalyst, it becomes a problem

that the produced ethylene (co)polymer contalns hard and
fraglle components ow1ng to scarce content of a—olefln J
and that the produced ethylene (co)polymer contalns soft

and weak components owing to excess copolymerlzatlon'of

: qéolefin;

In the case of using a constrained geometric
catalyst, the'produced_ethylene (co)polymer contains
branched long chains to'result.in narrow molecular

extension and, therefore, the mechanical strength'is-low.:
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The ethylene (cd)polYmer produced.by a

conventionally known High pressure radical Cétalyét

method contains branched long chains to. result in narrow

molecular extension and,'therefore, the mechanical

-strength is low.

In the case of uéing a catalyst containing'Ta, Nb

;complexes, the produced eihylene (go)polymér is a low

ratio Mw/Mn of the weight average molecular Weight'(Mw)_

_ fq the number average mblecular Weight (Mn) measured-by

GPC as molecular weight distribution indexes, so that the

'mdldability is inferior. -

Disclosure of the.Inﬁention_

An.ethylengf(éo)polymer (A1) of the present'

invention is an ethylene homeolymer or a copoiymer of

~ethylene and an a-olefin of'4 to 20 carbon atoms and is

characterized by cbntaining

(ia) methyl branches less than 0.1 in number per

1,000 carbon atomS'measured by “C-NMR and having

(ii,) Mw/Mn (Mw denotes the weight. average molecular =~

weight, Mn denotes the number average molecular weight) -
measured by gel pérmeation'chromatography not lower than

1.8 and lower than 4.5.
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It is preferable for the ethylene (co)polymer (A1)
to satlsfy at least one of the follow1ng requlrements

(iii,,) to (xm)_ln addition to the above descrlbed

‘requirements (i, ) and (ii,):

(iiiM)-the intrinsic viscosity measured in decalin

at 135°C 1s w1th1n a range of 0.2 to 18 dl/g

'(1vm) the intrinsic v1sc031ty {In] (dl/g)) and the

'_den31ty (d (g/cm®)) satlsfy ‘the follow1ng relatlon, d

0.0003 x [nl* - o©. 0121 = [n] + 0. 9874, in the case the_
1ntr1n51c v150951ty measured in decalln at 135°C is 0.3

£o 1.5 dl/g

(VM) the 1ntr1n31c v1scos1ty ([n] (dl/g)) measured

:1n decalln at 135°C and the melt ‘flow rate (MFR (g/10

mlnutes) measured under 2.16 kg load at 190°C satlsfy the
follow;ng relatlons; [n] > 1.85 x MFR"J” 1n.the case of
MFR < 1 and [n] > 1.85 x MFR%?”® in the case of MFR > 1:

-(vi,) the components to be eluted at 105°C or higher

in a-heating elution,separation:test are 5% by weight or”_'
_.lower in the case the comonomer COntentIisdl.S mole$ or

-hidher“and the components to be eluted at 106°C or ﬁigherul
:in_a heating elution'separation'test are_8% by weiéht or

lower in the case the comonomer centent'is.less'than 1.5

mole%:



(vii,,) the amount of the components precipitated

when the ethylene (co)polymer is dissolﬁed-in pexylenerét

.130?C.and then cooled to 75°C to precipitate dissolved

components in a poor solvent is 15% by weight or lower

based on the ethylene (co)polymer:
(viii,,) the decane—éoluble componehts (W (% by .

weight)) at 23°C and the'density'(d (g/cnP))featisfy_the '

"_e fellowing relations}’w < 80 x'exp(éloo_x (d - 0. 88))-+

10
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20

“1n the case K

'in the case K

~ 0.1 in the case MFR < 10 g/10 minutes and W <. 80 x (MFR -

9)0-%x exp(-100 x (d - 0.88)) + 0.1 in the ease'MFR_>.10 .

'g/10 mlnutes.

(ix,) the a—olefin-content_(K_(mole%f).and the

melting point (Tm (°C)) of the higheét-peak'of'an'

'endethermic curve measured by a differential ‘scanning '

calorimeter satlsfy the follow1ng relatlons, Tm - < 135.0 _—

10.0K in the case K = 0.1 to, 1.5 mole$; Tm < 121.9 - 1.3K

1.5 to 5 5 mole$; and Tm < 139. 7 - 4.5K

5.5 to 20 mole%: and
'(xm) the humber of branches having a length
equ1valent to that of hexyl or longer measured by 13C NMR

is. less than 0. 1 per 1,000 of carbon atoms.
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The ethylene (co)polymer (Al).is preferably '

 ethylenefi—butene copolymer ot'ethylene—l—heXene

copolymer. |

.The efhylene_(co)pblymer (Al) is brodﬁcéd by
bolymefization Qf.solely eﬁhylene'or.copoiymefiZation_of. 
éthyléne and an_afdlefin of 4 ﬁé 20.carbon atoms-iﬁ'the_

presence of an olefin polymerization catalyst comprising,

' for example, (al) a transition metal compound having the
'-followihg'general formula'(I) and, if neceSsary,:(b)'at

) leasf one compound selected from (b-1) an_ofganometallic

compound, (b-2) an organoaluminum oxy cbmpOUnd; and_(b—3)
é'cqmpound capable of formiﬁg'ion-péirs by reaction.on

the transition metal compound.

(I)
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'(where, M denotes a transition metal atOm Selected from

"the group IV and the group \' of the perlodlc table, mi

denotes 1 or 2; R1 denotes an allphatlc hydrocarbon group
of 5 or'more-carbon atoms in total which may be
substituted by aromatic hydrocarbon group or alioyclic

hydrocarbon group or'alicyclic'hydrocarbon'group of 7 ox

more carbon atoms in total which may be substltuted by

aromatic hydrocarbon group or. a11phat1c hydrocarbon

group; R2 to Rs.may be the same or different to one

'another and denote hydrogen atom, a hydrocarbon group,

hydrocarbon group substltuted 31lyl an.oxygen—contalnlng

group, a n1trogen—conta1n1ng-group, or a sulfurf

'contalnlng group and of Wthh two or more group may be

bonded to one another to form a ring; Rs'denotes a
hydrocarbon'group.or_a hydrocarbon-substituted silyl .

group; in the case m is 2, at.léast one of the-groups'

‘denoted as R’ to R® belonging to any one'of:the_ligands '

may be bonded to at least one of'the'groupS'denoted as R

to R® belonglng to another llgand - in the case m is 2,

respective R, respectlve R?, respective R?, respective R’

‘respective R®, and respective anmy’be the same or

different to one another; n denotes a number satisfying

the valence of M; X denotes hydrogen atom, a halogen.atom,
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a hydrooarbon group, an oxygen-containing group,.a

~sulfur-containing group, a nitrogen-containing group, a

' boron—containing group, an aluminumfcontaining group, a

phosphorus contalnlng group, a halogen—contalnlng group,
a heterocycllc compound re51due group,_a silicon- '
contalnlng group, a germanlum—contalnlng group, or a tin-

'containing group; in the case n is 2 or higher, X’s may

be the same or'different to one- another and X's may be

bonded to one another to form a rlng)
An ethylene (co)polymer (A2) of the present

inventlon is an ethylene homopolymer or a copolymer of

'.ethylene and an a-olefin of 4 to 20_carbon atoms_and_is'

characterized by containing

 (ia) methyl'branches.less'than 0.1 in number per.

.1,000 carbon atoms measured by 13C-NMR and hav1ng

(11M) Mw/Mn (Mw denotes the welght average molecular

weight, Mn denotes the‘number aVerage molecular welght)

measured by gel permeatiOn chromatography not lower than

4.5 and not hlgher than 60-.

It is preferable for the ethylene (co)polymer (A2)
to satisfy at least one of the follow1ng requlrementS"
(iiiy,) to (xiii,,) in addition to the above described

requirements (i) and (iin):
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- (iii,,) the intrinsic viscosity measured in decalin.

at 135°C is w1th1n a range of 0.2 to 18 dl/g

(1VM) the_1ntr1n51c viscosity ([n] (dl/g)) measured

' in decalin at 135°C and the melt flow rate (MFR (g/10
' minuteS)'measured under 2.16 kg load at-19d°C satisfy the
'follow1ng relatlons, [n] > 1. 85 x MFR°1”'in the case of

_MFR <1 and [n] > 1.85 x MFR~0213 in the case of MFR > 1: .

(Vu) components hav1ng a molecular welght of 500, 000

reduced to polyethylene measured by GPC-IR in. the

components eluted at 105°C or hlgher in a heatlng elution

-separatlon test are not more than 5% by welght

(v1m) the components eluted at“105°C or hlgher in a'l
heatlng-elutlon separation test are not more than.5% by _'
nelght ln the case the'comonomer'content isa1.5 mole%.or_
higher and the components elutedrat 106°C or hlgher in a

heating elution separation test are 8% by weight or lower

in the case the COmonomer content is less than l.5_mole%:

(v1lm) the components hav1ng a molecular welght of
10 OOO reduced to the polyethylene measured by GPC IR
among components prec1p1tated when dissolving the
ethyleneu(co)polymer in p-xylene at 130°C and cooling'to

75°C{ then precipitating the dissolved'components in-a

' poor'solvent, are 30% by weight or lower;
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'(viiim)'the-components precipitated,_when dissolving

-the.ethylene (co)polymer in p*xylene at 130°C and-cooling'

to 75°C, then precipitating the dissolved components in a-
poorxr solyent,-are 15% or lower in the whole ethylene
(cO)polymer:

(ixm)-the'components having'a- molecular weight of'

10, 000 reduced to the polyethylene measured by GPC IR

among components pre01p1tated when dlssolv1ng the S

“ethylene (co)polymer in p—xylene at 130°C and cooling to -

75°C, then precipitating the_dissolVed components in a

poor solvent, are 5% or lower in the wholehethylene

'f(co)polymer'

(xm) the decane soluble components (W (% by welght))'-

.at 23°C and the den51ty (d (g/cm.)) satlsfy the follow1ng'

'relatlons; W < 80 x exp(-100 x (d —'0;88))f+ 0.1 in the

case MFR < 10 g/lO minutes and W < 80 x (MFR - 9)°%x

‘exp (-100 x (d - 0. 88)) + 0. 1 in the case MFR > 10 g/lO

minuteS°

(x1M) the number of branches hav1ng a length

-equ1valent to ‘that of hexyl. or longer measured by 13C NMR

is less than 0.1 per 1 000 of carbon atoms
(xiim) the'ratlo Mw/Mn of the Welght average

molecular weight (Mw) and the number'average;molecnlar
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weight (Mn), calculated from the logarithmic normal

distribution produced by distributihg-molecular Weight

'_distribution curves measured by gel permeation

chromatography to two same.logarithmic'normal

'_distribution.curves, is within a range of 3 to 8: and

(xiii,,) there exist components to be eluted at 109°C

or higher ih a heating'elution separatioh test and the

-1ntr1n51c v150051ty ([n] (dl/g)) measured at 135°C in

decalln and the den51ty (d (g/cm y) of the components

Satlsfy ‘the follow1ng relatlon, d >0 0003 x ['r]]2 - O 0121'

- [nl +-0 9874. B |

'_The ethylene (cojpolyﬁerf(AZ)'ie_preferably a.:
COpolymer ef ethylene and l-butehe er a eopolyﬁer of o
ethylene and l-hexene. | |

| .The ethYlene (ed)polymer (AZ) includee oﬁe'whiéh o
comprises |

(A2-1) either“ethylene-homepolymer.orla copolymer of.

' ethylene and an a-olefin of 4 to 20 carbon atoms having

(1M1) the 1ntr1n31c v1sc051ty ([ﬂ]m1) measured 1n
decalln at 135°C within a range of 0.3 to 2 5 dl/g,

(1ix) the number of methyl branches measured by

13C-NMR less than 0.1 per 1,000 of carbon'atoms, and
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(111M,) Mw/Mn (Mw denotes the weight average -

. _molecular weight, Mn denotes the number average molecular

10

15

h.zo

weight) measured by gellpermeation chromatography w1th1n_'
anrange of 3 to 8; and

(A2 2) either ethylene homopolymer or a copolymer of

_ethylene and an a—olefln of 4 to 20 carbon atoms hav1ng

(1M4) the intrinsic v150051ty ([n]mz) measured in

'decalin at 135°C w1th1n a range of 2 0 to 20 dl/g and

'(11m2) the number of methyl branches measured by

3C-NMR less than O.l per 1,000 of carbon atoms, and has

a relation the.intrinsic viscosity (IN]ae-;) of the above o
. described ethylene (co)polymer (A2-1) and the intrinsic
viscosity ([n]Aiz).of the above described ethylene

'(co)polymer (A2 2) satisfylng [11]A21 < [n]mz, and

contains 10 to 90 parts by weight of the above described

ethylene (co)polymer (A2- 1) and 10 to 90 parts by weight
- of the above described ethylene (co)polymer (A2 2)

'_(wherein (A2-1) + (A2 2) = 100 parts by weight)

It is preferable for the ethylene (co)polymer (A2-l)

to satisfy the follow1ng relation between the 1ntr1nsicd
‘viscosity ([n] (dl/g)) and the density (d (g/cm®)); d

20.0003 x [n]? - 0.0121 x [n] + 0.9874; in the case the
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intrinsic viscosity measured in decalin at 135°C is_0.3

© to 1. 5 dl/g

An ethylene (co)polymer (A3) of the present o

'invention is an ethylene homopolymer or a copolymer_of'

ethylene and an a-olefin of 3 to 20 carbon atoms and is

,:characteriZed'by having

(LB)'the melt temsion (MT (g)) at 190°C and the

swell ratio (SR) calculated from the strand dlameter

' extruded at’ 190°C satisfylng the follow1ng relation,ﬁ

' log(MT) > 12.9 - 7 15x8R; and :

(iim) the intrinsic viscosity ([n] (dl/g)) measured

‘in decalin at 135°C and the melt flow rate (MFR (g/10
._minutes) measured under 2.16_kg.load at 190°C satisfying

the following relations; [n] > 1.85 x MFR°-192 in'the_case

of MFR < 1 and ‘[f] > 1.85 x MFR®?® in the case of MFR 2
N _ _

It is preferable for the ethylene (co)polymer (A3)

to satisfy at least one of the following requirements

(111m) to (v,) in addition to the above described

requirements (i,;) and (ii,):

- (iii,;) the weight average molecular weight '(Mw)

'measuredtby_gel-permeation chromatography and the.swell

ratio (SR) calculated from the strand diameter extruded
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‘at 190°C satisfy the following relation; SR > 4.55 - 0.56

x log(Mw):

(lVM) the number average molecular welght (Mn), ‘the

welght average molecular welght (Mw) and the Z average

: molecular welght (Mz).measured by.gel permeatlon

chromatography satlsfy the follow1ng relatlons, Mz/Mw 2

_-7/(1 - 5. 5/(Mw/Mn)) and Mw/Mn >5 5: and

(Va3) the number of the vinyl groups at the molecular
terminals, calculated by conversion_to that_per one

molecular chain having_the same molecular'weight as the

_nUmber average molecular weight,'is 0.50 or higher.

' The ethylene (co)polymer (A3) is preferably an

ethylene homopolymer or a- copolymer of ethylene and an a-

olefln of 4 to 20 carbon atoms and 1s the number of

;methyl ‘branches measured by Be- NMR less than 0. 1 per

"l 000 of carbon atoms

An ethylene (co)polymer (A4) of the.present"

:invention is.an,ethylene homopolymer-or aHCOpolymer_of

ethylene and an a~-olefin of 3 to 20'carbon atoms and is

'characterized-by'having

(1M) the number'average molecu1ar'Weight'(Mn)} the

'welght average molecular welght (Mw), and the_Zfaverage
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. molecular weight (Mz)_measured by gel bermeation

chromatography satisfying.the following relation:a_.'

Mz/Mw 2 4/(0.5 - 4.50/((Mw/Mn) - 0.2)) and Mw/Mn >

It is preferable-for the'ethylene'(co)polymer (A4)“.

. to satlsfy the following requlrements (111M) and (lVM)

~ or .to satlsfy the follow1ng requlrements (11M) and (1vm)'a

in addltlon to the above descrlbed requlrements (i) 2
(11M) the welght average molecular welght_(Mw)--

measured byvgel_permeation chromatography ahd'the'swell

:ratio (SR) calculated from the strand'diameter‘extruded"

at 190°C satlsfy the follow1ng relatlon, SR > 4.55 - 0. 56"'

x log(Mw)

(111M) the melt ten51on (MT (g)) at 190°C and the'

;swell ratlo (SR) calculated from ‘the strand dlameter

'extruded at 190°C satlsfy the follow1ng relatlon, log(MT)

> 12 9 - 1. 1SXSR, and

(ivM) the intr1n31c viscosity'([n] (dl/g)) measured

1n decalln at 135°C and the melt flow rate (MFR. (g/lO

-mlnutes\ measured under 2. 16 kg load at 190°C satlsfy the
following relatlons, [n] > 1. 85 x MFR”IW in the case of

:MFR < 1 and [n] > 1;85 x MFR™®?" in the case of MFR > 1.
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'The ethylene (co)polymer (A4) préferabiy satiSfies

the following requirement (v,) in addition to the above .

described requirements.

(V) the number of the vinyl groups at the molecular

“terminals, calculated by conversion to that per'onel

‘molecular chain having the same molecular wéight_as thé

number average molecular weight, is 0.50 or higher;

: The ethylene_(éo)polymer (A4) is'preferably an -

'éthylene homopolymer or a copolYmer.of“ethylene and an a-
~olefin of 4 to.20 carbon atoms and is the number of
methyl branches meaéured by *C-NMR less'than'O.l per -

1,000 of carbon atoms.

'._An ethylene'(co)polymef_(AS) Qf the pfesent

invehtion is an ethylene homopolymér or a’ccpolymer of .

 ethyléné and ‘an a-olefin of 3 to 20 carbon atoms and is

chéracterizeé bylhaving".':'.

(i,) at least 2 relative maximum values and at least

R 1frelative minimum value in thefmolécular weight

20

distributioﬁWcurve measured by gél permeation’

-chrématbgraphyiand the intensity'(W1) of the relative

minimum value and the lower intensity .(W,) of the

- relative maximum values having the relative minimum value

‘between them sétisfyihg; Wl/W2 < 0.85}
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The ethylene (co)polymer (A5) is preferable to

_satlsfy the- follow1ng requlrements (111M) and (VlM) or

to satlsfy the followlng requ1rements-(11m) and (Vlm)fln

addition to the abOve described requirements-(im):

(11M) the welght average molecular welght (Mw)

_measured by gel permeation, chromatography and the swell
_ ratio (SRY calculated from the strand_dlameter extruded

at 190°C satisfy_the following relation; SR-> 4.55 4.0.56 o

x log (Mw):

'-(iiiM)'the melt tension (MT (g)) at 190°C and the

' swell ratlo (SR) calculated from the strand dlameter-

aextruded at 190°C satlsfy the follow1ng relatlon, log(MT):;

> 12 9 - 7. 1SXSR, and

(vlm) the 1ntr1n51c v1sc031ty ([n] (dl/g)) measured

‘in decalin at 135°C and ‘the melt flow rate (MFR (g/lO

mlnutes) measured under 2. 16 kg load at 190°C satlsfy the

follow1ng relatlons; [n] > 1.85 x MFR'0192 in the case of

'MFR < 1 and [n] > 1.85 x MFR?3 in the case of MFR 2 1.

'The‘ethylene_(co)polymer (AS) preferably satiSfiesh

the following requirement (v,5) in addition.to the.abOVe -

*.described requirements. -

(VM) the number of the vinyl groups at the molecular

terminals, calculated by conversion to that per one
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'molecular chaln hav1ng the same molecular welght as the

fdnumber average molecular welght, is 0. 50 or hlgher

The ethylene (co)polymer (A5) is preferably an -

ethylene homopolymer or a copolymer of ethylene and an o- .

folefln of 4 to 20 carbon atoms and is the number of

methyl branches measured by 13C _NMR less than 0.1 per
1,000 of carbon ‘atoms.-

B The-ethylene kco)polymere (Al)”tol(AS) have
-excellent moldability andiexcellent'meohanicalletrength.

- An ethylene (co)polymer'composition (Cl—l) of the:

_preSent-invention'is characteriied by comprising the
© above descrlbed ethylene (co)polymer (Al) and an un-

h'modlfled other polymer (B1).

The above descrlbed polymer (B1) 1s preferably an

ethylene (co)polymer (Bl 1) other than the ethylene_

' (co)polymer (Al)

" An ethylene (co)polymer comp031tlon (C2 1) of the
present invention 1s_characterlzed by_comprlslng the-d_
above deacribed'ethylene (co)polymer-(AZ) and an una
modified other polymer (BZ).

The above deeoribed polymer_(BZ) is preferably anm
.ethylene_(co)polymer (B2-1) other than the;ethylene'

(co)polymer'(AZ)l'
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An_ethylenel(co)polymer composition . (C3-1) of the

_present invention is characterized'by comprising the
’above deecribed:ethylene (co)polymer (A3) and-an.un—.

. modified other polymer (B3).

The above descrlbed polymer (B3) is preferably an -

ethylene (co)polymer {(B3- l) other than the ethylene

(co)polymer (A3)

' An ethylene (co)polymer comp031t10n (C4 1) of the - |

'present 1nvent10n is characterlzed by comprlslng the

‘modified other_polymer (B4).

The above described polymer'(B4) is preferahly'an]
ethylene (co)polymer (B4 1) other than the ethylene
(co)polymer (A4) h |

An ethylene (co)polymer oompoeition lCSfl) of_the

present invention is characterized by comprising theﬂ:

. above described'ethylene (co)polymer (A5) and an un-

‘andlfled other polymer (B5)

The above descrlbed polymer (B5) is preferably'an

.ethylene (co)polymer (B5-1) other than the ethylene

"(CO)pOlymer-(AS)..
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The ethylene (co)polymer comp081tlons (Cl 1) to (C5—

1) have excellent moldablllty and excellent mechanlcal

._strength.

A molded'prodUCt of the present invention is

- characterized by being.made of a polymer or.a.compOSition

selected from'the above'described ethylene (co)polymers'

(Al) to (A5) ‘or the above descrlbed ethylene (co)polymer

' y_compos1tlons (Cl 1) to (C5 l)

_15_

20

Examples of the molded products are, a product by

_blOW_moldlng, a product by tubular film process, a
E prddUct by Castlng, a~product by extru31on lamlnation
' moldlng, a product by extrus1on moldlng, a. product by

.foamlng, and ‘a- product by 1nject10n moldlng

..Aslthe_molded product, a product by-blow molding,,a.f

.produCt by extrusion molding, a product by foamlng, and a

'_product by 1njectlon moldlng are preferable and among

them, a pipe is espec1ally preferable.

A molded product-made of polymers or compositions
selected from the ethylene-(co)polymers (Al) to (A5) and

the ethylene (co)polymer compOSitions'(Clel)'to_(CSfl)'is

_ eXcellent moldability.andlexcellent_mechanical strength,

_'A graft—modifled ethylene (co)polymer (A1-1) of_the;_

present invention is characterized by being produced by
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graft-modification of the above described ethylene_

(cd)polymer (Al) hsving a polar group-containing monomer.-

‘A graft—modifiedyethylene'(co)polymer'(A2—1) of the

present invention ls characterized by being produced by

graft-modification of the above described ethylene
(co)polymer (A2)-having a polar group—containing monomer;

A graft—modlfled ethylene (co)polymer (A3 1) of the

present 1nvent10n is characterlzed by belng produced by
wgraft—modlflcatlon of the above.descrlbed ethylene'

(co)polymer (A3)'having a.polar group—containing'monomer..

A graft-modlfled ethylene (co)polymer (A4 1) of the

' present 1nventlon is characterlzed by belng produced by .

graft—modlflcatlon of the above descrlbed ethylene,

A graft4modified,ethylene'(CO)pﬁlymef'(A5f1) Ofpthe

present invention is characterized'by being produced by
graft-modification of the ébOVe_deSCribed-ethylene

(co)polymer (A5) having a polar group—contéining-monomer{.

The . graft—modlfled ethylene (co)polymers (Al—l) to

(A5 l) have hlgh adhe31on strength to a materlal w1th

-hlgh polarlty, excellent mechanical strength and
excellent moldablllty in various formlng and moldlng '

: methods.
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A.graft—modified'ethylene (co)polymer composition
(C1-2) of the_present inyention is Characteriied.by_
compriSlhg the.aboye described graft—modifled ethylene :
(co)polymer (A1 1) and another un-modified polymer (Dl).

The un—modlfled polymer (Dl) is preferably an _

-nethylene (co)polymer (Dl 1)

A graft—modlfled ethylene (co)polymer comp031t10n'

—

'(C272)_of the present inventidn is_oharacterized_by

-comprising'the-above'described graft-modified ethylene

(co)polymer'(A2—1) and another un—modified polymer (D2).

The un—modlfled polymer (D2) is preferably an

'ethylene (co)polymer (D2 1)

| A graft—modlfled ethylenef(Co)polymer compOSition;f

(C3 2) of the present 1nventlon is characterlzed by

comprlslng the above described graft—modlfled ethylene -

(co)polymer (A3—l) and-another-un—modlfled-polymer {D3).
| The un—modlfled polymer (D3) 1s preferably an
ethylene (co)polymer (D3 1)

A graft—modlfled ethylene (co)polymer comp031tlon -

'(C4—2) of the present 1nventlon-1s_characterlzed by

_-comprising.the above described graft—modified ethylene

(co)polymer (p4-1) and another'un—modified_polymeri(D4)[
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The un—modlfled polymer (D4) is preferably an
ethylene (co)polymer (D4 1).
A.graft—modlfled ethylene (co)polymer composition S

(C5-2) of the present invention is characterized by

'comprlslng the above described graft—modlfled ethylene

i(co)polymer (A5 1) and another un-modified polymer (D5)

The un—modlfled polymer (D5) is preferably an

-ethylene (co)polymer (D5 1)

The graft—modlfled ethylene (co)polymer compositions
(C1-2) to (C5-2) have high adhesion strength to a

material with high polarity, excellent mechanical

.'strength and excellent moldability in various forming

and moldlng methods

| An ethylene oco)polymer comp051tlon (Cl 3) of the
preeent-lnventlon is characterlzed by comprlslng the
above descrlbed ethylene (co)polymer (A1) and a graft—
modlfled ethylene (co)polymer (El) |

| An ethylene (co)polymer comp051tlon (C2 3) of the -

present invention 1s-characterlzed by comprising the :

above deScribed ethylene.ICO)polymer (A2). and a;graft—'

modlfled ethylene (co)polymer (E2).
~ An ethylene (oo)polymer comp031ti0n'(C3—3) of the .

present_lnventlon is characterized by comprising.the
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above described'ethylene (co)polymer (A3) and a graft-
modlfled ethylene (co)polymer (E3).

An ethylene (co)polymer comp031t10n (C4 3) of ‘the

' present 1nventlon 1s characterlzed by comprlslng the

F_above descrlbed ethylene (co)polymer (A4) and a graft—'

modlfled ethylene (cq)polymer (E4)f_'

An ethylene (co)pelymer compeaition (C5—3)~of the:
present.inyention-is.charaCteriZed by comprlaing”the
above described ethylene (co)polymer (A5) and a graft—:_ivm
modlfled ethylene (co)polymer (E5)

- 'The ethylene (co)polymer comp031tlons (Cl 3) to (CS—

- 3) have high adhesion_sttength to a material'wlth high

polarlty, excellent mechanical strength and excellent '

moldablllty in various formlng and moldlng methods

 Best Mode for Carrying out the Invention
" The ethylene (co)polymers of the preSent'invention

and their utilization will particularly be described

‘below.

hylene (c Al
An ethylene (Co)pelymef (A1) of thezpresent

invention is an ethylene homopolymer or a random.
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;copolymer of ethylene and.an a?qlefin of 4 to 20 carbon_

~atoms.

The a—olefin of 4 to 20 carbon ‘atoms ‘may be,~for-

'example, a straight chaln or branched a—olefln of 4 to 20

carbon atoms such as 1- butene,'lfpentene, 3—methyl -1-

-butene, 1—hexene, 4—methylf1—pentene, 3—methyl 1—pentene, L
l—bctene, lfdecene,-1¥dodecene,:1~tetradecene, 14 h'

hexadecene, ' 1-octadecene, and l-eicocene; and a cyc1ic-

olefin of 4 to 20 carbon'atoms_such asrcyclopentene,

cycloheptene, norbornene, 5—methyl—24ndrbofnene,

_tetracyclododecene, 2—methyl 1 4 5, 8- dlmethano—-

1 2,3,4, 4a 5,8,8a- octahydronaphthalene Among them, 1*-_'..

'butene and 1- hexene are preferable

' The ethylene (co)polymer (A1) contalns normally 50

_to.100% by welght preferably 55 to 100% by welght
_1further preferably 65 to 100% by welght and most
"-preferably 70 to 100% by welght of a repeated unlt

.derlved from ethylene and 0 to 50% by welght, preferably
h_O to 45% by Welght,_further preferably 0 to 35% by welght h

:and most preferably 0 to 30% by welght of a repeated unit

'der;ved-frpm afolefln-of_4 tq-20 carbon-atoms.

The ethylene (ce)polymer (Al) 1is
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(iM)_methyl branches less than-Oll; preferably less

than-0.08, in number per 1,000 carbon atoms meaSUred by

K 13c NMR

Since such a polymer has a tough crystal structure,_

~ the polymer has_excellent mechanlcal strengthu

'fThe_ethylene_(colpolymer (A1) is .-

(iin) Mw/Mn.(Mw denotes the.weight average molécular

weight, Mn denotes the number average molecular'Weight)h
measured'by gel permeation chromatOgraphy (GPC) not'lower."
yjthan 1 8 and lower than 4.5, preferably not lower than y

2.0 and lOWer than 4. 0.

- An ethylene (co)polymer having_the:Mw/Mn within the -

'above described ranges is well balanced moldability-and-”
"mechanlcal strength
The ethylene (co)polymer (Al) is further preferable -

- to have Mz/Mw (Mz denotes Z average-molecular welght)_.;

measured by GPC not hlgher than Mw/Mn
It is preferable for the ethylene (co)polymer (Al)

to satlsfy at least one-of the follow1ng-requ1rements

'(iiiM)_to (X)) in addition to the above described

requirements (in) and’ (ii,).

(111M) the 1ntr1n51c v1sc051ty measured in decalln

at 135°C is within a range of 0.2 to 18 dl/g, preferably
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0. 5 to 15 dl/g, further preferably 0.8 to 10 dl/g,

. furthermore preferably 1.0 to 8 dl/g, and most preferably.

1.7 to 7.5 di/g.

An ethylene (co)polymer hav1ng the 1ntr1n51c

v1scos1ty lower than the above descrlbed ranges is -

-insufficient_strength~since the*crystal is weak and an . -

ethylene (co)polymer having the intrinsic viscosity

higher than'the above desoribed ranges is”sometimess'

"prov1ded with 1nsuff1c1ent r1g1d1ty or sometlmes becomes -

dlfflcult to be molded

(1VM) The 1ntr1n31c v1s0031ty ([n] (dl/g)) and the

'"den51ty (d (g/cm.)) satlsfy the relatlon, d 20 0003 x_' :-
-[n]2 - 0.0121 x [q] + 0. 0874, preferably d 20.0010 x [nlz'

-~ 0. 0145 x [n] +-0 9900, 1n the case the 1ntr1n31c

v1scos1ty measured in decalln at 135°C is 0 3 to 1.5 dl/g,_m'

'preferably_0.4-to 1.0 dl/g,-and further preferably.055 to.e"

0.9 dl/g.
‘An ethylene (cofpolymer.having“the intrinsic

v130051ty and the den31ty satlsfylng the above descrlbed

relatlon is espe01ally excellent in rlgldlty

 {va) The’1ntr1n31c_vlsco31ty_([n] (dl/g)) measured

in'decalin at 135°C and the.melt'flow:rate (MEFR (g/lo

- minutes) measured under 2.16 kg load.at 190°C Satisfy_the
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."relations;-[n] > 1. 85'x MFR™0:1%2, preferably [n] > 1.95 x
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'MFR™®'%%, in the case of MFR < 1 and [n] > 1 85 x MF‘R‘0213

preferably Inl > 1.95 x MFR*JB,_ln'the_case of MFR > 1.
An ethylene (co)pdlymer having the intrinsic

visdoeityland MFR satiafying the above described -

relations is characterized by, for example, excellent'

mechanical strength of a molded product.

(vi,) The components to be eluted at.105°c or'higher'

~in a heating elutionISeparation'test are normally 5% by

~weight or lower, preferably 4% by weight or lower, in the -

case the comonomer content is 1.5 mole% or higher'and the

' components to be eluted at_106°C or higher'in a,heating"'.

. elution separation teSt are normally 8% by weight,or '

lower, preferably 7% by welght or lower, in.the caee/the.

'comonomer content is less than 1 5 mole% preferably not -

'less than O 4 mole% and less than 1. 5 mole%.

An ethylene (co)polymer satlsfylng the above

‘described requlrements contalns a. few ethylene f_

homopolymer combonents and_ishexeellent_mechanicalg

sttength.

-:(Viim) The compOnents precipitated,-when the

ethylene (co)polymer is-dissblvedhln p-xylene at'130°Ch--l

Iand-then-cooled tof75°C to_precipitate dissolved-
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components in a poor solvent, is'15%:by_weight or lower

. based on the ethylene.(co)polymer._ Tt is preferable to
'setisfy the above described-requirementhin'the eaee_the
.comonomer cbntent of'the ethylene (ce)polymethishO.B to

2,0 mole%.

" The ethylene (co)polymer (A1) satisfying the above

described requirements contains a few components having a

large quantity of comenemets and is excellent mechanical
strength,_ |

(v111m) The decane-soluble components (W (% hy
welght)) at 23°C and the den31ty {d (g/cm )) satlsfy the .

follow1ng relatlons, W < 80 x exp( 100 x (d - 0 88))ﬂ+

0.1, preferably W < 60 x exp(f100 x (d - 0. 88))-+ 0. 1

: in the'case MFR'< 10.g/10 minutes and W'< 80 x (MFR -

9)0:26x exp (- -100 x (d - O. 88)) + 0.1 in the case MFR > 10

1.'g/10 mlnutes

The ethylene (co)polymer satlsfylng the above

: deScrlbed regu1rement3'1s excellent mechanlcal strength 

.and. is scafcely sticky.

(ixm)_The a-olefin content (K (mole%$)) and the

melting point (Tm (°C)) of.the highest peaktofean

"endothermic curve measured by ahdifferential Scanning

- calorimeter satisfy the following relations; Tm < 135.0 -
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l_lOfOK, preferably Tm < 135. 0 - 10 7K, in the case K O.lf

to 1.5 moie%;'Tm < 121. 9 - 1.3k, preferably Tm <120.5 -

'K in the case K = 1.5 to 5.5-mole%; and Tm < 139 7 - 4 5K,

.preferably Tm 145 3 - 5.5K, in the;case K = 5 5 to 20 '

“ mole%.

'ﬂlThe'ethylene (co)polymer satisfying the”a50ve

descrlbed requlrements is-a narrow comp051t10n

dlstrlbutlon and is excellent in mechanlcal strength

--heat seal_property,_and-the'llkes;

(X5;) The numberlof.branches having a length
eguivalent tc that of:hexyllor longer measnred:by 13C—NMR
is-leSS'than-O.l; preferabl&;less.than 0;03; ber'l,ooo af't"
carbon'stoms. . . o -

}In.the.case long chain.brancnes exist,:the branches
are detected"as'hexyl or higher grqups.and:ln that case,
the.meChanical strength is'lowered.f The ethylene | |

(co)polymer satlsfylng the above descrlbed requlrements,'

therefore, is excellent in mechanlcal strength

. The methods for-measuring above described respective. .

_thsical properties.will be described later.

roduction method of the ethyle o)polymer (A
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The above descrlbed ethylene (co)polymer (Al) can be -
produced by polymerlzlng solely ethylene or. d | |
copolymerlzlng ethylene'and an.a-olefln of 4 to 20 carbon
atoms:in thelpresence of; for-example; an-olefin

5 dpolymerizationdcatelyst described below.

l The wo#d, 'polymerizationf; eppeerind'in the p;esent
ldetailed description mey-be used for meaning not only'
.homopolymefization“but aleo copolymerization; |

. An olefin'polymerization Catelyst'to be.emplerd:ford-

~10"an'ethylene.(cofpolymer (A1) of the present lnﬁention
: ¢$nprises | o
(al) a tran51t10n menal compound hav1ng a general
formula (I) descrlbed below and, 1f.necessary,'
(b) at least onelof_compounds selected froﬁ
15 : (b—l) an ordenohetallic componnd
d (b 2) an organoalumlnum OxXy compound end
.(b 3) a compound capable of formlng ion palfslby :
reactlon on the.tran51tlon metal compound.'_-Q
The_reepective cetalyst componente constiﬁnting'éncn_

'20 " an olefin polymerization catalyst will be described below.

1) a nsiti tal compoun
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Thé'trénsition métal.compOund (al) is described as

the general formUla'(I)‘below;

:Whefe,_M denpteé a transition metal atom éeiécted.f?oﬁ'
the grbup Ivnaﬂd the group V of the periodic1£a51e éna
particulérly.titaniﬁm, zi#conium,.hafnium,'Vénadiﬁm;
nicbiuh, tantalum, and so forth, pfeferably tipénium,

:10. _zircbniﬁm,.énd hafnium, énd éépeciaily éréferably[_
7zircohium.

N'..f M géherally means.coqidinatién.Snd'in the -
present iﬁVehtiQh}.it doeé not ﬁéceésarily'méah
_coéfdination.

15 j R! dehotes én'aliphatic hydrd@arbon_grdup Of.5 6r’
more carbon atoms in-total,'préferébly 5 to 30:¢arbon

atoms, which may be substituted by an aromatic



- SF-679

37

, .hydrocarbon'groub br alidyclic.hydrocarbqn'group.or'
.dehotes an alicYclicJﬁydrbéarbon-group Qf,7'of more .
-carbdn a£oms ih total;lpreferably 7 to 3dfcaiboﬁ atomé,
 which;may be.substituted by aroﬁatic'hydrocarbonIgioup'of.

alicyclic hydrocarbon group.

'Examples.of the éliphatic hydrécarbon groups are -

| thOse'having_l to 30 carbon atoms, preférably.those

having'4'to 30 carbon atoms}'and more preferably those

--having 5 to 30 carbon atoms.

‘In more detail, preferable are_méthyl, ethyl, n-

'_'propyl isoprole n—butyl' isobutyl, séé;buty1-'tert¥

"_butyl, -pentyl tert amyl 1,2~ dlmethylpropyl 1-

15

20

- ethylpropyl, 1soamyl -1—methylbutyl 2—methylbutyl

neopentyl'fn—hexyl 1, 3 dlmethylbutyl 3,3~ dlmethylbutyl - ’

n-heptyl, 1- ethylpenty, 1—methylhexyl n- octyl 1 5- -

_'dlmethylhexyl 2- ethylhexyl l—methylheptyl tert octyl

n—nonyl,'n—decyl,-n—undecyl, n—dodecyl, n—trldgcyl,_n- o

._tetradecyl,-n~petntadécy1; n-hexadecyl, n—heptadecyl;:and
n-octadecyl. Of theSé) especially preferable ére n-
_pentyl,'tert—amyl 1, 2—dimethy1propyl 1- ethylpropyl

'isoamyl 1-methylbutyl 2—methylbutyl neopentyl n- hexyl

1,3~ dlmethylbutyl 3, 3 dlmethylbuty, n- heptyl 1~

ethylpentyl, l-methylhexyl, n-octyl, 1,5—d1methylheXyl,'
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2-ethylhexyl, l-methylheptyl, tert—octyl, n—nonyl,.n—-'{

decyl, nFundeCyi, n%dodcyl} n—tridecyl,-nFtetradeoyl, n-

.fpentadecyl n-hexadecyl 'n—heptadecyl and'n+octadecyl'

The allphatlc hydrocarbon groups may be substltuted _

by aromatlc hydrocarbon groups or allcycllc hydrocarbon'

| groups.

Examples of the allphatlc hydrocarbon groups

substltuted by aromatic hydrocarbon groups or allcycllc

"ncarbon groups include groups hav1ng 4 to 30 carbon atoms,_

such as benzyl methylenenaphthyl metylenefluorenyl

.methyleneanthranyl, methylenecyclopropyl,

methylenecyolobutyl, methylenecYclopentyl,'

| methyleneoyclohexyl,.methyleneeZémethyicyclohexyl,

methy1ene—2,3—dimethylcyclohexyl,'methylene—z,z—'

'dimethylcyclohexyl,_methylene—z,6—dimethylo9clohexylt
| methylene -2, 2 6, 6 tetramethylcyclohexyl

_-methyleneadamantyl methylenecyclopropylmethyl

methylenecyclobutylmethyl and methylenecyclopentYimethyl.
Bmong these, preferably used are groups having 5 to 30

carbon atoms, such as benzyl, methylenenaphthyl

.methylenefluorenyl methyleneanthranyl

methylenecyclobuty, methylenecyclopentyl,

_ methyleneoyclohexyl, methylene—2—methylcyciohexyl,
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methylene-2, 3-dimethylcyclohexyl, methyleue;2,2—

_dimethylcycloheXyi mefhyleneeZ'6—dimethylcyolohexyl,
_methylene -2,2,6,6- tetramethylcyclohexyl
' methyleneadamantyl methylenecyclopropylmethyl

. methylenecyclobutylmethyl and methylenecyclopentylmethyl.

The allcycllc hydrocarbon groups 1nclude, for

example, groups hav1ng 3 to 30 carbon atoms, and groups

37'hav1ng 7 to 30 carbon atoms are preferable, in more.

10

15

detall,.cyclopropyl, cyclobutyl cyclopentyl cyclohexyl;._

_adamantyl and norbornyl.

'Thepalioyclic hydrocarbon-groups:may contain.

'éromatic hydrocarbon groups'or-alicyclic hydrocarbon

-groups as substituents. Examples of the_alicyclic o

hydrOcerbon-groups'haVing_aromatic ﬁYdrocabon groups-or_

alicyclic hydrocabon_groups as substituents inClude'

' 'gr0ups:ha§ing”7'to.30 carbon atoms, such as 2-

20

| méthylcyclohexyl 2, 3—dimethylcyclohexyl 2,2-
_.dlmethylcyclohexyl 2,6- dlmethylcyclohexyl 2,2, 6 6?

.tetramethylcyclohexyl cyclopropylmethyl

cyclobutylmethyl, cyclpentylmethyl cyclopropylphenyl

_oyclobutylphenyl,'Cyclpentylpheuyl and cyclohexylphenyl.

‘The aliphatic hydrocarbon group in the definition of

R! means the carbon atom directly bonded to nitrogen of
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the above described general formula (I) is a constituent
of an aliphatic_skelétonﬁeven'in_thé'case the'group have

éromatic hydrocarbon group or alicyclic hydrocérbon'gr0up  "

. substitutents and the_alicyclié_hydrOcarbdn group inithe L

~ definition means the carbdn'atom directly bonded to

nitrégen of the above described general formula (I) is a

constituent of én_alicyclicnskeleton even in the case the.

. group haﬁe'aromatic-hydrocérbon group or aliphatic

hydrocarbon group substitutents. = -

R? to R® may be the same or different to one another

and denote hydrogen atom,_a hydrocarbon group,

hydrocarbon groﬁp—substitutedisilyl, an dxygen—contéining

‘group, a nitrogen-containing group, or a sulfur-

containing group.

 As the'hydrocarbon'gfoup,-fhe following are'exampls; n

a Straight chain or braﬁéhed alle group of 1 tb_30, 2

o préferably 1 to 20 carbdn atoms such as méthyl,»ethyl, n-

propyl, isopropyl, n—butyl, isobutyl, sec-butyl, tert-

.butyl, néopentyl) n—héxyl,,or the_like}*a straight,chaih' 

or brénched_alkényl group of. 2 to_30; preferably 2 to 20

carboh-atoms such as vinyl, allyl, isopropenyl, or the

- like:.a straight chain or branched alkynyl group of 2 to

30, preferably 2 to 20 carbon atoms.sﬁch-as ethynyl,
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propargyl, or the like: a cyclic saturated hydrocarbon

_group of.3'to 30, preferably 3 to 20'carbon atoms.such_asu

cyclopropyl cyclobutyl; cyclopentyl, cyclohexyl,

adamantyl or the llke, a cycllc unsaturated hydrocarbon

f-group'of 5 to 30-carbon atoms such as cyclopentadlenyl
. indenyl' fluorenyl, or the llke, an aryl group of 6 to 30, )

".preferably 6 to 20 carbon atoms such as phenyl benzyl

naphthyl, blphenylyl, terphenylyl, phenanthryl, anthryl,

:-or;the like; and an alkyl—substituted aryl group such as o

'ldl tert butylphenyl or the_llke.

The above descrlbed hydrocarbon groups may be .
substltuted by halogens and as a halogen substituted
hydrocarbon-group, a halogenated hydrocarbon group of 1

to 30, preferably 1 to 20 carbon atoms such as

i trlfluoroﬁethyl, pentafluorophenyl, chlorophenyl; or the

”'like'is an example.

Further, the above described hydrocarbon groups may

lgwhave Other-hydrocarbon group substituents and examples of

20

the hydrocarbon group substltuted hydrocarbon groups are

aryl- substltuted alkyl groups such as benzyl, cumyl, or

the like.
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Among them, the follow1ng are. espe01ally preferable,:

- a stralght chain or branched alkyl group of 1 to 30

10
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'preferably 1 to 20 carbon atoms such as methyl, ethyl n-

propyl; isopropyl, n—butyl, isobutyl; sec—butyl,utert—:

butyl neopentyl n—hexyl or the like;'an aryl group of

6 to 30 preferably 6 to 20 carbon atoms such as phenyl
naphthyl, blphenylyl terphenylyl, phenanthryl anthryl,

or the llke; and.a substltuted aryl group of these aryl

groups having 1 to 5 SUbstituents such as halogen atoms,:

alkyl groups of 1 to 30, preferably 1 to 20 carbon atoms,
alkoxyl groups ‘of 1 to 30, preferably 1 to 20 carbon

atoms, aryl-groups of 6 to 30, preferably 6_to 20 carbon"

| atoms, and aryloxy groups of 6 to 30,-preferably 6 toh20

‘carbon atoms.

As the_hydrocarbonfsubstituted silyl group;.thef'

: following are examples;.hydrOCarbon—substituted silyl
'groups such as methylsilyl fdimethylSilyl'-trimethylsilyl[
ethy151lyl dlethy131ly1 trlethy131lyl trlpropy151lyl

'trlcyclohexy151lyl pheny131lyl dlpheny131lyl

trlpheny151lyl, dlmethyl—tert—buty131lyl,

f-dimethylphenylsilyl,'methyldiphenylsilyl, tritolylsilyl,

trinaphthylsilyl, dimethyl(pentafluorophenyl)siiyl.

.Among them, methylsilyl, dimethylsilyl, trimethylsilyl,
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'ethy131lyl dlethyls1lyl trlethy151lyl
-'dlmethylpheny151lyl and tr1phenyls1lyl are preferable,'
~and tr1methy131lyl trlethy151lyl trlpheny131lyl and

: dlmethylpheny151lyl are espe01ally preferable

The oxygen conta1n1ng group is a group contalnlng 1

to S oxygeh atoms-in the group.__Examples of the oxygen-
g.containing groups are; hydroxyl group,'alkoxyl group,

_aryloxyl'group, arYlalkOxyl.group, acetoxyl group,

| © carbonyl group, ester group, ether group, acyl group,

10

15

. 20.

carboxyi gr0up, carbonato_group, peroxy group, carboxylic"

'oanhydrlde group, and the 11kes and hydroxy group, alkoxy

group, aryloxy group, arylalkoxy group, acetoxy group,

. carbonyl group, are preferable. ‘As a preferable 0xygen—".'

containing group, the following are examples; hydroxyl;

alkoxyl group such as methoxyl, ethoxyl, n-propoxyl,

' isopropoxy1 n—butoxyl isobutoxyl tert—butoxyl ahd_the

llkes, aryloxyl group such as phenoxyl methylphenoxyl

2 6 dlmethylphenoxyl 2,4,6- trlmethylphenoxyl naphthoxyl,

andfthe-likes; arylalkoxyl_group such as phenylmethoxyl,

phenylethoxyi,'ahd the likes; acetoxyi;-cerbohyl; end-the'

-'likes.__In_the case theuoxygen—containihg group_oontains

carbon atoms, the number. of carbon atoms is_preferably

within.l to 30, more'preferably within 1 to 20. .
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The nitrogen4containingIgroﬁp is a grdup containind
1 to 5 nitrogen atoms ih the group. Examples of the
nitrogen-containing groups are; amino'group,'imino group,

amido group, imido group, nitro group, hydrazino group,

‘hydrazono group, nitrdso group{ cyano'group,_isqcyano

group, cyanic acid ester group, amidino group, diazo

group, amino group in ammonium salt form, and amino group, .

 'iﬁino'group, amido group, imido group,.aﬁd nitro.group

_are'preferable. As a preferable nitrogen—contaihing o

group, the folloWing are examples; .amino group.such.as

‘methylamino,'dimethylamiho, diethylamino, diprépylaminb,'

dibutylamino,'dicycloheXYlamino, phenYlamiho;_

diphenylamino, ditolylamino dihaphthylamihb,"

Imefhylphénylamino; imino group such as:methylimino,

ethyliminb;_propylimino,.butyiimino, and phenylimino;

" amido group such as-abetamido, N-methylacetamido, and'N— .

-methylbenzémido; imido group'such_as_aéetimido and

benzimido;.and nitfo gropp; In_the caée the nitrogeh—
cohtéining gfouﬁ éoﬁtéins ¢afb§n_atoms,'thé number 6f
carbon atoﬁs'is'preferably'within l'to 30, more
preferably wifﬁin 1:t6'20;. |

. The sulfur—containing group is a group chtainihg-i

to 5'sﬁlfur_atoms in the group. Examples of the sUlfﬁ?4:
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containing gioups are; sulfonate group, Sulfinaté group, _ﬂ

alkylthio group, arylthio:groﬁp, mercapto grbup, thio 

"2

ester group, dithio ester_group, thioacyl_group, thio

.eﬁher_grpup, thiocYanic acid ester grpup, isothioCyahié '
.acid estef group, $ulane ester group, sulfonémido group;"
“thiocakﬂqiyi grou?,_dithiocarbbel'groﬁp, sﬁlfo group,
ﬁ- sulfonyl.Qroﬁp,'Sulﬁinyl group;'and éulfényl gfoﬁp, aﬁa
'sulféﬁate groﬁp,'sulfinate group):aikyithio'group}_and..

arylthio group are preferable. . As the preférable sulfur- _5'

containing group, the folloWinq are examples; sulfonate

'group such as methyléulfonéte, trifluoromethaneéulfonate,'

phenylsulfonate, benzylsulfonaté,'p—tdluehésulfonaté;'_

-.-trimethylbenzenesulfonaté, triisobutylbenzenesulfonaté,

.__p—chlorqbenzeneéulfohate; pentafluorobenzenesulfonate;_ 

18
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sulfinéte group such as methylsulfinéte, phenylsulfinate}

 bénzylsulfihate, pftoluenesulfinate;'

"trimethylbenzenesulfinate, and

pentafluorobenzenesulfinate; alkylthio group such as'_
methylthio.and éthylthio;'and arylthio group such as
phenylthio, methylphenylthio, and naphthylthio. In the

case the sulfur-containing group contains carbon atoms, -

_théIHUmber ofucarboh atoms is preferably within 1'tos30,u'j'

more preferably within 1 to 20.
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R® denotes a hydrocarbon group or a.hydrOQarbon—

substituted eilyl'group and similar groups-ekemplified_

“for-the above described R? and R® are definite examples;

o-Regarding the above described substituents, more

concrete description will be given.

. As RY, hYdrocarbon—substituted silyl'group,-an

:oxygen—containing group, a nitrogen-containing group, or

a SUlfur-containing group are preferable; and an oxygen-

.containing'éroup such as_alkoXy group, aryloxy group, and

hydroky group, a nitrogenfcontaining group_éuch”aé”amino

.group, imino_group,lamido group,Vimido group, and nitro

. group, and a suifur—oontaining group such as’ alkylthio

group  and arylthio groub'are.more preferable, and alkoxy

group,. aryloxy group, and amino group are furthermore

'preferable; and alkoxy group 1S'espec1ally preferable.

A preferable hydrocarbon'group.for R® is a'straight_ -

'chain'or branched alkyl group bf_l'to_30,.preferably 1 to

20 carbon atoms such as methyl,-ethyl; n—propyl).

"isopropyl, n—butyi; isobutyl. sec-butyl, tert—buty1
neopentyl and n- hexyl, a cycllc saturated hydrocarbon _
_group of 3 to 30 preferably 3 to 20 carbon atoms such as .

'_cyclopropyl cyclobutyl cyclopentyl cyclohexyl and'

adamantyl; aryl group of 6 to 30 preferably 6 to 20
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foarbon atoms.such_as phenyl, benzyl, naphthyl, biphenylyl;

~and triphenylyl; and these groups having alkyl group'of 1

to 30' preferably 1 to 20 carbon atoms and’ aryl group of

6 to 30, preferably 6 to 20 carbon atoms as substltuent

groups.

A preferable hydrocarbon.substltuted 51lyl group for
Rﬁ'is methylsilyl, dimethylsilyl,'trimethylsilyl%
ethyisilyl 'diethYlsilyi. triethylsilyl,
dlphenylmethy151lyl trlpheny151lyl dlmethylphenyls1lyl
dlmethyl tert—buty151lyl and

dlmethyl(pentafluorophenyl)51ly1. Espec1ally preferable

-groups are trlmethy131lyl trlethylpheny131lyl
dlphenylmethy151lyl- 1sopheny151lyl dlmethylpheny131lyl,
- dlmethyl tert butyls1lyl and

dlmethyl(pentafluorophenyl)51lyl

A group selected from the . follow1ng groups is
espe01ally preferable for R“_ branched alkyl group of 3

to 30, preferably 3 to 20 carbon atoms such as 1sopropyl

- isobutyl, sec—butyl tert- butyl 'and neopentyl, a group 3
(e.g.'cumyl group and the 11kes) obtalned by substltutlng a

:hydrogen atoms of these groups by aryl group of 6 to 30

preferably 6 to 20 carbon atoms, and cycllc saturated

hydrocarbon group of 3 to 30, preferably 3 to 20 carbon-
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atoms such as adamantyl, cydlop:opyi, cyclobutyl, -

'¢YCidpentyl,:and.cyciohexyl,,and thé.likes.H.Fu:ther,

T-aiyl group of 6 to 30; prefefably_G to-20{carbon'étpms

10

15
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such as phenyl, naphthyl,-flubtenyl, anthranyl,

phenanthryl, and the like and hydrocarbOndsubstituted

' silyl group are also preferable.

Two or more groups of R? to R®, preferably -

neighboring groups, may'be'bonded to form an_aliéyélic

group, aromatic ring, or a hydrocarbon ring containing 2

hetero atomsISUCh as nitrogén atom and these rings may

.. further have substituents,

'm_denotés 1 of.2.and is‘preferably-z;.

In the case.m is 2, at least one of the groups

' denoted_as R? to R® belonging to any one of the ligands

may be bonded to at least one of the groups'deﬁoted as R?

to R® belonging to another'ligand; and also in the casé m .

is 2, respective R', respective R?, respective R?,

-':espéctive RY, respéctive'Rﬂ'and respe¢tive*R5nay'be'the .

same or different to one another.

| .h'dendﬁes,a‘numbér saﬁisfying_tﬁe valence §£ M and'ﬂ.l.

is particularly an,ingeger fr6m 2lto:4 and-breferabl?723
:X denotes hydfogén.atom; a halogen atém,_a |

hydrocarbon group, .an oxygén—containing group, a sulfur-
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- c6ntaining_group,'a-nitrogen—cohtaining group, a boron-
containing group, an aluminum-containing group, a
phosphorus-containing group, a halogen-containing group, . .

‘a heterocyclic compound residue group, a silicon-

containing group, a germanium-containing group, or a tin-

containing group.

As the hydrocarbon group, the oXygen—cdntainiﬁg

grdup,_and the sulfurQCOntaining group, grodps similar_to'
. thosg'exemplified for R* to R® can be exemplified. The
ongen—containing groﬂp'and the Su1fur—containing group,

“however, dq-ndt include heterocyclic compound residues.

' The halogen'atoms include fluorihe;_chlorine,
brdmine, and iodine.
-'As the'nitrogen—containing gfdup} the-folloWing'are

definite groups; amino group; aikylamino;group such as

'methylamino,_dimethylamino, diethylamino, dipropylamino,,*
‘dibutylamino, dicyclohexylamino, and the likes; and

‘arylamino Or.alkylarylamiﬁo group such-as phehylamiho;

diphenylamino, ditdlylamiho; dinaphthylamino,

methyiphenylamino, and the iikes,3.

The boron%Containing group is 'a group containing i
to 5 boron atoms in thé group and does not include

heferocyclic compound residues to be described below.
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Examples of the'boron—écntaining groups, ére;'borandiyl_-
-group, borantriyl group, diboranyl group, and BR, (R -

denotes hydrogen, alkyl group,_(subétituted) arYl group,

a halogen atom, and the likeé).

- The aluminum-containing group is a group containing

1 to 5 aluminum atoms in the group. Examples of the

_aluminumfcontaining groups éfe=a hydrocarbon group of 1

to'30;'prefefably 1 to éb.carbdn atoms_having éne;Or twbﬂ

substituents aﬁd_AlR; (R'denofes hydr6gen; alkyi grouﬁ,

(spbstituted) aryl group, é hélogen aﬁom, and the likes).
_ ihe phoéphoius4containing.gréup is a érbup. |

containing 1 to 5 phosphorus atoms in the q£oup:and does

.notiinélude heteroCyClic compound residues to be .
 described below. Examﬁles of the phosphorus—contaihing-
_groupé are; phosphoryl- group, thiophoéphoryl group,

'phosphine'gioup,-phosphite gréup, phosphbnic acid-group,:

phosphinic_aﬁid group, and the likes and phosphine group,

_ phosphite group, phosphonic acid gfoﬁp,'énd-phosphinic;f 

. ‘acid group are prefEréble.- As a_preferable_phosphérus- '

containing group, the following are definité'groups;

.trialkylphosphine group such as trimethylphosphine,

'_tributylphosphine}'and tricyclohexylphosphine;

triarylphosphine group such és-triphenylphoSphine and

>
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':_trltolylphosphlne, phosphlte group (phosphlde group)
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such as methylphosphlte, ethylphosphlte and

phenylphosphlte, phosphonlc ac1d group, and phosph1n1C' |

acid group

As a halogen contalnlng group, groups contalnlng at
A

least. one of fluorlne, chlorlne, bromlne, and 1od;ne are

included;_.Definite groups as the halogen—containing

group are fluorineécontaining groups such as PFg, BF“'
fchlorine-containing groups such as ClO4; SbClg, and .

.iodine-containing groups such as IO,.

_The heterocyclic compound residue is a group
containing one or more hetero atoms in the.ring structure

and_the hetero-atoms include oxygen, nitrogen, sulfur,

' phosphorus, and boron. Aa the ring structure, ringS'of 3
to 18 members;'preferably 4 to 7 members, and more

"preferably_S'to 6 members_are_included, Particularly,

the following are included; nitrogen-containing compound

residues such as pyrrole, pyridine, pyrimidine, quinoline, -

‘and triazine; okygen—containing compound residues such'as

furan and pyran, and sulfur- contalnlng compound re31dues

such as thlophene, and further the groups obtalned by
substltutlng ‘these heterocycllc compound residues by-

substituents'groups such as alkyl group of 1 to 30,
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preferably 1 tp-20 carbon atoms'and alkoXy group of 1 to:

30, preferably 1 to 20 carbon atoms.

10
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-The silicon-containing group is a groupﬁcontainingVi

to'5 silicon atoms in the group As the 3111con—'
.~conta1n1ng group, the follow1ng are 1ncluded s1lyl'group, -
'31loxy group, hydrocarbon substltuted 31ly1 group, :

| hydrocarbon substltuted 51loxy group, hydrocarbon—

substltuted 511yl ether group, 31llcon—substituted alkyl -

group,,and silicon- substltuted aryl group and

_-hydrocarbon—substltuted 311yl group, hydrocarbon—

substltuted 31lyl ether group, 3111con substltuted alkyl

group, and 3111con substltuted aryl group are preferable -

" As the preferable 5111con contalnlng group, the follow1ng-
'are def1n1te groups, hydrocarbonfsubstltuted 31lyl-group'

‘such ashmethylsiiyl,_dimethylsilyl, trimethyiéilyl,'

ethylsilyl,'diethylsilyl, triethylsilyl, tripropylsilyl,
tricyclohexylSilyl,-phenylsilYl, diphenyleilyl,

triphenylsilyl dimethYl—tert—butylsilyl

_hdlmethylpheny151lyl methyld1phenyls1lyl tritoiylsilyl,

trlnaphthy151lyl dlmethyl(pentafluorophenyl)31ly1,
hydrocarbon—substltuted silyl ether'group such as
trimethylsilyl ether; silicon-substituted alkyl grouph

such as trimethyleilylmethyl;.and silioon—substitutedo
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aryl group suoh as trimethYlsilylphenyl:'and hydrooarbon—_'

'-substltuted 51lyl group is espec1ally preferable Amongf

the hydrocarbon substltuted 51lyl group, methylsrlyl
dlmethy151lyl, trlmethylSLlyl, ethy181lyl, dlethyls1lyl:

triethylsilyl dimethYlphenyisilYl and trlpheny131lyl

" are preferable and trlmethy1511yl trlethy131lyl
:trlpheny131lyl and dlmethylpheny131lyl are espec1ally

jpreferable._ In the case .the s111confoontarn1ng group

contains carbon atoms, the number of carbon atoms is -

preferably within a range 1 to 30 and.mOre preferably

: Within a'range'l to”20.

As the germanlum—contalnlng group, groups obtainedl

by substltutlng 31llcon of above descrlbed 3111con—

_contalnlng groups_by germanlum-are defrnlte groups.

As the tih—containing-group,'groups_obtaihed by

‘_ substitutihg silicohjof above described. silicon--

20

'containihg'groups by tin are definite groups.
X of them is preferabiy hydrogen atom,_halogen_atom,

‘hydrocarbon, oxygen-containing group, and-hitrogene

oontaining group and more preferably'hydrogen atom,

"halogen atom, and hydrocarbon group. Additionally, in

the case.n,denotes_Z or higher number, X’ s may be the
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samé or different to one.another and X’é may be bondéd:fo
'one;aﬁother fo'form a:ring;j'

Definite ¢9ﬁp§unds'6fﬁthe abové_described'tréﬁsition
" metal compound HaVihg the-aéfined'gengial formula (Ij |
will be illustratéq'below-aﬁd no need to say, the
trénéitioﬁ.metéi'COmpound ianbt limitéd.té those

compounds.
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-In the 1llustrated compounds, Me denotes methyl

_ group, lPr 1sopropyl group, “Bu n—butyl group, tBu tert—
'butyl group, nPentyl'n—pentyl group, "Hexyl n-hexyl group,'
-_"Heptyl n-heptyl group, "Octyl n-octyl group, "Nonyl n-

r'nonyl group, nDecyl n-decyl group, nUndecyl n—undecyl

group, nDodecyl n- dodecyl group, nOctadecyl n- octadecyl '

group, and Ph phenyl group.

In the present 1nventlon,-regarding above described

-tranSition'metal compounds, the compounds of which

zirconium metal is substituted by metals such as'titanium

- and hafnium besides zirconium may be used..

15
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The method for-producing the transition metal

compound_having.the above described general_formula_(l)'

' is not specially'restricted and the coémpound can'be:

;produced as described below, for example.

The trans1tlon metal compound hav1ng the general

formula (I) can be synthes1zed by reactlon of a compound_p

-(a,llgand'precursor) capable of.formlng a llgand such as_

thiosalicylidené ligand and anilino ligand and a

transition metal M—containing compound of MX, (M and X

~-.are the same'as,M'and'X-in the above described general”_

formula (I):and k;denotes the number satiSfyingithe

valence of M).



SF-679

 65"

_.The'ligand precursor capable of forming"

thioSaiicylidehe ligand can be obtained by reaction of,

- for example, thiqsalicylaldehyde COmpoﬁnds and'éitheri

aniiine cdmbqﬁndsuor amine compounds.

| .The'ligand'pregursor can also belobtaipéd by -
reaction of o;écylbenzéhethiblféhd either aniline
¢dmp¢uhd§.or amine;éompéunds.-

Particulariy,-the'precufsor_cah be obtained, for

“.. example, by dissolving a thiosalicylaldehyde compound or

10

 “o-acylb¢nzénethiol together with an.aniiiné:compound

‘unsubstituted in nitrogen atom or a primary amine

'__ compound in a solvent and stirring the resultant solution

15
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- for aboutll to 48 hours at room temperature or in reflux -
. condition. As ﬁhe solvent to be employed, an alcohol

solvent such as methanol, ethahol, and'the likes and a

hydrdcafbon.solvent-sﬁch as toluene and the likes'are
preferable. As a catalyst, an acid catalyst such as
formic acid, acetic_acid; toluenesulfonic acid, and the

likes may be emplOYed. During the reaction, dewatering-

_ of the system byﬂa Dean-Stark is effective to_promote thé
. reaction. As a dehydration-agent, a molecular sieve,

- magnesium sulfate, sodium suifate, and the likes may be

employed.
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' The anilino ligand precursor can be obtained by 

reaction of o-formaniline compound and either an aniline

~ compound or an amino compound. The ligand precursor can

R also be obtained by reaction of o-acylaniline and eithef

an anilinoacid or an amine.

Particulérly, the_ligand precursor'can'be

synthesized in the same manner as described above using,

,fdr éxample, either an o-formylaniline compound

_ﬁnsubstituted in nitrogen atom'or'o-aéylaniline' 
unsubstituted in nitrogen atom and either an aniline -

compdund unsubstituted in nitrogen atom or'é-primary.

- amine compound.

The o-acylaniline to be employed can be obtained by

'1reducing carboxylic acid group of, for example, o-
amiﬁobenzoic acid compound. Also,'N-alkylation of an

.anfhranyl-compbund gives chrespOnding_N—alkyl—o—

acylaniline compound.

Reaction of a ligand precursor obtained by thé'abové_

. described method and a transition metal M-containing

compOdnd'gives_the'éorréSponding transition metal
cOmpoﬁnd. Particularly, a transition metal:compound can

be obtained by dissolving a ligand precursor in_a-solvent,-'

- bringing the resultant solution into contact with a base,
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if necessary, to produce a thiophenoxide or an anilino

"salt, and then mixing ‘the prdduced substance with a

transition metal M-containing cdmpound-su¢h'as a metal

h-halide, an alkylated metal compound, or ﬁhe like at a low
_temperature,_ahd'stirring the mixture at -78°C to a room

_ température or in reflux condition'for_l_to 24 hours.;'

- As the solvent to be used, polar solvents such as

ethérs, tetrahydrofuran, and the likes and é,hydroéarbon

.sleént.such as toluene ére préférable.énd sqivénts:othgr_'
. tﬁan_these_sdlvents may aléo be-uSed;. Examples'of |
_préferfed“baées;iﬁciuae 1ithium Salts sﬁchtas lithium n;.
5bﬁthyi}.sbdium Salts sﬁch'as'spdium hydridé7initfbgeﬁ
'contéining compounds.sﬁch aé pyridinéf.triétﬁyi amine'or_H 

_ the like, but are not limited to them.

Depending on a transition metal éompouhd_to be used,

without requiring a thiophenoxide or an anilino salt to

' be produced, a ligand precursor and a metal  compound are -

alternatively'reacted'directly on each other'to_
synthesize'a corresponding compound.

~ The structure of the dbtained transitiOn metal

compound is_detefmined by H-NMR at 270 MHz (Nippon

Electronic Company GSH-270), FT-IR (SHIMADZU FT-IR8200D), .

FD-mass spectrometer (Nippon Electronic Company SX—iOZA), |
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a metal content analyzer (dry incineration, dissolution

in a diluted nitric acid, and then analysis by ICP

method; SHIMADZU ICPS-8000), a carbon, hydrogen, and -

nitrogen_éontentfanalyZer'(Heraus Edulmentale GmbH CHNO.

type), and so forth.

- A'transition metal compound produced by the ébove :

described method is séparated by a conventional. known
 method and used for polymefiZatiqn.ahd on the other hand,

- without Separating'the'transitioh metal cbmpound, the -

reaction solution_of a ligand precursor and a metal
éompound may be used as it is for polymerization.
~ Such trahsition metal cbmpdunds'defined'as the .

formula (I) may be_used,éolély or in éombination'with two, . .

" or ‘more types as olefin polymerization_catalyStsQ'

At the time of producing the”ethylene co(polymer)

_ (Al), it-is-one:df preferable examples that the'above .

aes¢ribed transition metal compound (al) islused together

‘with at least one type of compounds (b) selected from (b-

'-: 1)'én organometallic compound, (b—2) an orgahoaluminum-

20

OXY compOund,-and-(b—3)7a éompound'capable of forming ion

-pairs by reaction on a transition metal compound.

(b-1)" An organometallic compound
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Specific examples of (b—l)'organometailic COmpounds'

. to be used for prodﬁcing the ethylene (co)polymer (Al)
" are organometallic compounds of group I, group II and
group XII and group XIII of the periodic table and

~illustrated below;

- (b-1a) an'organoaluminum coﬁPdund~having a general

'formula'f?wAl(ORb)}IX. (where, R* and RP'may be_the same or
: dlfferent to each other and denote hydrocarbon groups of

1 to 15 preferably 1 to 4 carbon atoms, X denotes a

halogen atom; m satlsfles O-< m < 3;'n-satlsf1es 0 <n<.

3;p satisfies 0 £ p < 3; q satlsfles 0 < q < 3, and m +

n+p+q =f35;

'(b—lb).aikylated complexes of a group I metal in the

periodic table and aluminum having a general formula

M?A1R?, (where, Mz"denotes-Li; Na, or K;-and'Ra;denotes a

:hydrooarbon gronp of 1 to iS,’preferably 1 to 4 carbon

:atoms); and

(belc)'dialkyl cOmpounds'of'a group IT metal or a

group XII metal hav1ng a general formula Rﬁ?M3 (where, Ra

~and Rbnmy be the same or dlfferent to each other and o

denote hydroCarbon groups of 1 to 15,'preferably 1 to 4.

carbon atoms; M?® denotes Mg, Zn, or Cd).
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Examples of an organoaluminum compounds belonging to

~the ahove-defined compound (b—ia)are}

an. organoalumlnum compound hav1ng a general formula

__Ra,,,Al(OR"3_m (where,I? and N’nmy be the same or dlfferentd

to each other and denote hydrocarbon groups of 1 to 15

. preferably 1 to 4 carbon atoms, and m- denotes a number

preferably satlsfylng 1.5 <€m < 3);

u an organoalumlnum compound hav1ng a general formula

.I?ﬁAlX}ﬂ (where, R® denotes a.hydrocarbon group-of 1 to 15,

preferably 1 to 4 carbon atoms; X denotes a haiogen'atom}'

'dand'm preferably satisfies_O <_m < 3)}-

an organoaluminum compound having a general formula’

R°,ALlH, , (where, R® denotes a1hYdrocarbon group of 1 to 15,

preferably 1_to 4 carbon-atoms;land_m preferably”
satisfies 2<m m < 3)} and‘

- an organoalumlnum compound hav1ng a general formula,u-
R® Al(ORb) X, (where, _Ra and R>" may be the same or dlfferent

to each'other and denote hydrocarbon groups of 1 to 15

preferably 1 to'4 carbon atoms, X denotes a halogen atom; -
m satisfies 0 <'m <3; n,satisfies-O <n<3;gq satisfies

| 0.<g< 3; andm + n +q=3)-
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As ah organoaluminum compound belonging to the.above

'definéd cOmpound (b-1a), the'following are'more'conCreté  :;

- compounds;

triFn—alkylaluminum, such'as triméthylaluminum,

trlethylalumlnum, trl-n butylalumlnum, trlpropylalumlnum;.'

) '*:trlpentylalumlnum, trlhexylalumlnum, trloctylalumlnum and

‘

| _tri—chéin—branched élkylaluminum,.Such as

triisopropylaluminum,ftriisobutylélumihum, tri-sec-

butylaluminumi'tri—tert—butylaluminum,.tri¥24

methylpentylaluminum;'tri—3—methylpentyléluminum,:tri—44_

~methylpentylaluminum, tri¥2—methylhekylalumihum; tri-3-

:.methylhexylaiuminum and tri-2-ethylhéxylalumirum;

tricycléalkylaluminum, such as tricYclohexylaluminum

and tricyclbcotylaluminum;'

triarylalumihum such as triphenylaluminum and

i.trltolylalumlnum,

dlalkylalumlnum hydrlde such as dllsobutylalumlnum

IHYdrlde:

trlalkenylalumlnum such as trllsoprenylalumlnum

-represented by (1 CH)Al(CHHm)o (whereln x, y, and z are

1ntegers, and z 2 2X);
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alkylaluminumalkoxide, such as

’iSObutylaluminummethoxide,'isobutylaluminumetdxide and

isobutyaluﬁiﬁumsoperokidé;

.'_ .diélkylaiﬁﬁinumalkoxide; such as

dimethylaluminummethoxide, and diethyllaiuniir.l.umethoxid'e.,

dibﬁﬁylalﬁmiﬁumbutoxide;_ |
_éikylalﬁminuﬁsesquiélkoxide, such,as

etﬁylaluminuﬁsesquiethoxidei ahd. |

butylalﬁﬁinumsesquibutogide}

partly alkoxylated alkylaluminum'having_an average'3

_cdmpésition-repreSentedsby R%, ; Al (OR®), .:

dialkylaluminﬁmaryloxide, such as

diethylaluminumphenoxide; diethylalﬁminum (2,6—di?t— '

bﬁtyl—4—méthylphenoxide)}'ethylaluminum bis(2,6-di-t~- -

butyl—4—methylphen63ide); diisobutylalumihum bis(2;6—di-

. t-butyl—4¥methylphénoxide) and_isobﬁtyialuminium bi$(2,6¥

- di-t-butyl-4-methylphenoxide);

20

. dialkylaluminﬁm_halide such as dimethylalﬁminum

'_chioride, diethylaluminum chlo;ide, dibutylaluminum

chloride, diethylalumihum bromide, and diisobutylaluminum

- chloride;
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alkylaluminum'sesquihaiide; such as ethylaluminum

 sesquichloride, butylaluminum sesquichlotide, and'

ethylaluminum sesquibromide;

partly halogenated'alkylaluminum, suchdas

_ aikylaluminum-dihalide'including'ethylaluminum dichloride,

propylaluminum dichloride, and butylaluminum dibromide; -
dialkylaluminum hydride, such as diethylaluminum_
hydride, and dibutylaluminum hydride;

partly:hydrogenated alkylaluminum, such as

alkylalumlnum dlhydrlde 1nclud1ng ethylalumlnum dlhydrlde

:and proylalumlnum dlhydrlde, and -

partly alkoxylated and halogenated alkylalumlnum,_"
such as ethylalumlnum ethoxychlorlde, butylalumlnum
butoxychlorlde and ethylalumlnum ethoxybromlde.

'Further, compounds.similar to the defined combound'

(b-1a) may be employed and;_for.example, an

organocaluminum compound comprising two or more aluminum

compounds  bonded through nitrogen atom is-among them; A

concrete compound of such compounds. is

; (C2H ) ALN (C;H,) AL (CyH )2. |

As compounds belonglng to the above deflned compound'

(b-1b), LiAl.(C?_Hs)“ ‘LiAl(C,H,),, and the likes.are

‘concrete examples.
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Furthermore,-as the'(b—l)"organometallic compouhd,

the following are usable; methyllithium,.ethyllithium,

.propyllithium, butyllithium, methylmagnesium bromide,
- methylmagnesium chloridé, ethylmagnesium bromide,
.ethylmagnesiﬁm chloride, propylmagnesium bromide,;

-'propylmagnesium chloride, butylmagnesium bremide,_

butylmaghesium chloride; dimethylmagnesium,

diethylmagnesiﬁm, dibutylmagnesium,-buﬁylethylmagnesium;'

and the likes.
- Compounds capable of forming the above described-.;
organocaluminum compounds in.polYmerization.system,lfor

example, combinationlof an aluminum halidée and

alkyllithium and combination of an aluminum halide and

.allemagnesium_canlbe-employedr'"

Among the (b—l)'organometallic compounds,

organoaluminum compounds are preferable. -

. Such (b-1) ergahometallicfcompounds'eS'deScribed -

above may be used solely or in combination. of two or more

'fypes.

An (b-2) organoaluminum OXY compound possible to be

employed for production of an ethylene (co)polymer (A1)
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:may be Cénventionally'well known aluminoxanes and also
-benzene-insoluble organbaluminum-oxy compounds just like

‘those exémplified in Japanese Patent Laid-Open No. 2- -

78687. .
A conventiohally well known aluminoxane can be

prbdﬁced’by;'fof exampie, a method described below and,

‘generally, obtained as é'Solutién of a hydroéarbdn.

- solvent.

(1) A method wherein an ‘organoaluminum cbmpOund such

'_'hydrOCarbon solvent cohtaining a salt cdntainihg adsofbed'

. water or crystal water, for example hydrated magrnesium

15
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_chldride, hydrated copper sulfate, hydrated aluminum

Sﬁlfate,'hydrated hickel sulfate, hydrated cerous

'.chloride, and the likes and reaétion of"the'adsérbéd oi

crystal water and the organoaluminum compound is carried
out.

L {2) A method.wherein reaction of water, ice, or

steam directly to an organoaluminum compound such as

trialkylaluminum is carried out in a solvent such as

‘benzene, toluene, ethyl éther, tetrahydrofpran,.énd.the

likes.
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(3) A méthod wherein reaction of an organotin oxide

'such as dimethyltin oxide and dibutyltin.oxide on an

organoaluminum compound such as trialkylaluminum is

carried out in a solvent such as decane, benzene, toluene,
and the likes.

The'aluminoxane_may contain a .slight amount of’

: crganometallic componénts; It is also acceptablé that

‘the solvent or the unreacted organoaluminum compound is

removed from the recovered aluminoxane solution by

distiliation_and'theh the recovered compound is dissolved = -

~in a solvent again or suspended in a poor solvent for an -

_ aluminoxané.

- As-an organoaluminum compound to be used for

‘producing an aluminoxane, the same organoaluminum

compounds exemplified as the organocaluminum compounds -

 belohging Eo the above'defined (b-1a) bompounds are

concrete examples.

Among them,-trialkylalumihUm and
tricycloalkylaluminum are preferable and' 
trimethylaluminum is especially_preferable,

Above described: organoaluminum compounds may be

‘employed either solely or in combination of two or more

types.
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As.a SOlventjto.be employed_for producihg an

-aluminoxane, the'following are usable hydrocérbon'

" solvents; an aromatic hydrocarbon such as benzene,

toluene, xylene, cumene, and cymene; an aliphatic

hydrocarbon such as pentane, hexane, heptane, octance,

‘decane, dodecane, hexadecane, and octadecane; an

aiicyclic'hydroéarbon such as Cyclopentane; cYclohexane;

cYclooctané,-and'methylcyclepentane;.petroleum fraction

such angasoline,-kerosiné, and 1ight 0il; and;héiide
 c6mpounds.(fof_éxamp1e, chlorides aﬁd'brémides)iof the 
'aboVe'deséfibed'arqmati¢ hydrocarbon,'aliphétié
._hydr0carb6n,.aﬁd_alicyclic hydroca#bdn. Further,.éfhers-
: such as ethyl ether and.tetrahydréfuraﬁ §an;bé émployéd.

_ Amohg them, an aromatic hydrocarbén or an aliphatic.

hydrocarbon is especially preferable.

It is preferéble for a benzene-insoluble.

f organoaluminum oXy compound to be employed for the .

p;esent_invéﬁtion'that the_Al-domponént to be disSolVed:
in_benzené at 6§°C ié no;ﬁailyllo%-or lower,.préferaﬁly.
5%'§r lower, and.éspecially préferably:Z% or.loﬁér, in
terms of.Al atom._-Thaﬁ is; fhe organoalumiﬁm OXy
¢omp6und-insoldble or.ﬁardiy soluble in benzené_is

preferable.
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An (b-2) organcaluminum oxy compound possible to be_
.employed for production of an ethyleﬁe (co)polymer (Al)'f

may also include a boron-containing organoalUminum OXYy .

.compound having a general formuia (II)ldescribed:below} 

N | o
Al —O—B—0— Al
6/ | - S 'Rn'

(I1)

' Where, RY denotes a hydrocarbon of 1”to 10_caibon_-

atoms. R may be the same or different to one another

and.denotes hydrogen atom, halogeﬁ atom, and a
‘hydrocarbon of 1 to 10 carbon atoms.

- The boron-containing organoaluminum oxy compound of"

-  thé-éboﬁe described generai formula (II)_can.be.produced

15
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- by carrying out reactibn of an alkylborié acid haviﬁg a

~ general formula (II1)

RO-B- (OH),  (IIT)

(where, RY denotes the same group as described above)

and an organoaluminum compound in an inert solvent in an
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inert.gas atmospheré'at”—80°c to.a room temperature fpf 1‘
minute to 24_hoﬁré. |

‘Concrete alkylboric acids-defined-as.the above
desbribéd_general formula (IiI)lafe-ﬁetAYlboric aéid;

éthYlboric.acid,iisopropylboric acid, n-propylboric acid, 

n-butylboric. acid, isobutylboric acid, n—hégylboric_acid;
_ cyclohéxy1boric'acid, phenylboric acid, 3,5-

.difluorophenylboric écid, pentafluorophehylboric-acid,.

3,5—bis(trifluorométhyl)phenylboric_acid. Among_them,

méthylboric_écid, n—Butyleric'acid, isobutylboric acid;

3,5~-difluorophenylboric acid, and pentafluorophenylbofic'

acid are preferable. Those compounds are used solely or

~in combination of. two or more compounds.

- * As an organoaluminum compound to be used for

redction on ‘such alleboric acid, particulafly,-the same- .
.organbaluminum compounds exemplified as_the'

'organoa;uminum compounds_belonging to the above défined

(b-1la) compounds are concreté examples..

Among them,'trialkylalumiﬁhm and

' tricycloalkylaluminum are preferable, espéecially

”z'trimethylaIUmihum; triethylaluminum, and

triiéobutylaiuminum are preferable. Those compounds are

‘used solely or in'combinatioh with two or more of them.
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Above deécribéd organoalumium oXy'compouhds_(b;2)'.

are used solely or in combination with two or more of

_them,-

.on tr it] “compoun

A compbund (bf3) (hereafter named as "ionizing ionic

"compound") capable of forming'iOn pairs by reactiopﬁoh a
_traﬁsition metal coméouﬁd.and possible'td bé uSed.for.
producing the ethylgné“(cdjpol§mér (Al).is a_éompound
-”fofming idﬁ pairé'by-reaction oh_a txansition méfal

- compbuhd af.the éBéve dé#cribed formula'XI){ ;EXaﬁples bf:'

such compounds are Lewis acids, ioniclcbmpounds, borane

compounds, and Carbolan compounds described in'Japahése 2

Patent Laid-Open No. 1-501950, Japanese Patent Laid-Open
‘No. 1-502036, Japanese Patent Laid-Open No. 3-179005,
. Japanésé.Patént Laid-Open No. 3—179006, Japanese'Patént"

:Laid—open No. 3-207703, Japanese Patent Laid-Open No. 3-

207704, USP No.'5321106._ Fﬁrther, heteropoly¥com§ounds:
and_isopoly—compounds are also examples.
Particularly;-coﬁpounds defined as BR3'(R denotes .

phenyl group optionally substituted bY'substituents such

 és fluorine, methyl_grcup,:and_trifluoromethyl grouplbr



10

15

SF-679
o 81.

- fluorine) are among Lewis acids and, for example, the
_':folloWing'afe definite compounds; trifluoroboron,

_triphenylboron, tris(4—fluorophenyl)boron,-tris(3'5-"

dlfluorophenyl)boron, trls(4 fluoromethylphenyl)boron,

trls(pentafluorophenyl)boron, trls(p tolyl)boron, trls(o—

'tolyl)boron, and trls(3 5- dlmethylphenyl)boron.

Examples of the ienic compounds are the compounds

deflned as the general formula (IV);descrlbed below.

-R”

® |} e

Ru RB — B - R”
L

S (IV)
Where, R12 denotes H’, carbonium cation, oxonium

cation, ammonlum catlon, phosphonlum catlon,

.'cycloheptyltrlenyl cation, ferrocenium cation containing

a tran51t10n metal and the.likes}'and

R to R' may be the same or different to one another

-and denote an organic group, preferably'aryl group or

:'substituted'aryl,group;
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'As the prescribed carbonium cation, carbonium
cations comprising three substitutents such as

triphenylcafbonium.cation, tri(methylphenyl)carbonium

cation, tri(diméthylphényl)carbonium cation are”defihité

examples.
" The above ammonium cations include trialkylammonium

cation, such as trimethylammonium cation,

_triethylammodium'cation,'tfipropyl ammonium cation,

tributylammonium cation and tri(h—butyl)ammonium,cation;

N;N—dialkylanilinium cati¢n, sﬁch as N;N—
aimethyianilihium éation, N;N—dgefhyiaﬁiliniﬁm'cétioﬁ_énd 
N;Nf2f4,é—pentémethylaniiinium.cationq-and_."
| :_dialkylammonium cation, such as

di(iéopropyl)ammbnihm catibﬁ-and dicyclohexylammonium _"'

~cation. .

'The.above_phoéphonium ¢ations-include; for example,
triaryiphosphohium5céti§né,_éuch_as;triphénYlphééphbnium,
éatioh, tri(ethylphenyliéhoéphohiuﬁ cation and_
tri(dimethylpheﬁyl)phosphohiﬁm_cafioh.. :

As R'?, preferable are carbonium cation, ammonium

'catién and the liké, especially'pieferable are

tfiphenylcarbonium'cation, N,N—dimethylaniliniUm-éétion'

and N,N—diethylanilinium cation. =
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Exémples 6f ionized compounds may inclﬁde trialkyl

substituted ammonium sélt,'N,N—dialkylaniliﬁiﬁm salt,

'dialkylammbnium salt and triarylphosphonium salt.

Examples Of'trialkyl—substituted_ammbnium_salt _
include triethylammoniﬁm'tetrafphenyl)boron,f
tripropylammonium tétra(phenYl)boroh,_tri(n— J-f'

butyl)ammonium tétra(ﬁhenyl)borOn, trimethylammoniﬁm'

:'tetra(p—tolyl)boron,'trimethylammonium tetra (o-
_tolyl)boron, tri(n-butyl)ammonium .
:tetra(pentafluqrophenyl)bordn, tripropylammonium

:_tetra(oip—dimethylphenyl)boron,‘t:i(nébutyl)amﬁonium'

tetra(m,m—dimethylphenyl)boron, tfi(n—butyl)ammoniumg

-tetra(p—triflubromethylphenyl)boron,'t:i(n—butyl)émmonium

tetra(3;5ditrifluoroﬁethylphenyhl)borbn_and tri(n-
butyl)ammohium tetra(o-tolyl)boron.
Examples of N,Nfdialkyialﬁminiﬁm salts are N,N-. _'.

diethylanilinium tétra(phenyl)boron,.N,N-diethylalinium'.

f_tetra(phenyl)boron; N,N#Z,4}6—dimethYlanilinium'-

f: tetra(phenyl)boroh'and the like;

bialkylammohium salts include, for example, di(l—
propyl)émmonium'tetra(pentaldorophenyl)bbrOn and
dicyclbhexylammdhium'tetra(phenyl)bordn;.

Furthermore, as the ionized compounds there may be =
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. mentioned triphenylcarbenium

tetraquis(pentafiuérophenyl)boraté, N,N-dimethyianilinium

tetraquis(pentafluorophényl)borate;'

-~ferroceniumtetra(pentafluorophenyl)borate,

-triphenylcérbéniumpéntaphenylcyclopentadienyl compléx;

 .N;Nfdiethylaniliniumpentaphenyléyélopentadienyl complex,

and bern'compounds repreéeﬁted by thé'following formula.

(V) or (vI).

vy

(vI)
As the borane compounds,'thereléan be exémplifiedi_

_deéaborane (14);
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ahion'salts such as bis(tri(n- -

butjl)ammonium)nonabqrate,_bis(tri(n—

butyi)ammonium)deCaboraté, bis(tri(n-

butyi)ammonium)undeCabofate,'bis(tri(n? |

butyl)ammonium)dodécaborate, bis(tri(n~f
"nutyl)ammonium)decachlorodecaborate, and bis(tri(n-

.butyl)ammohium)dodecaéhlorododecaborate; and

- metallic borane. anion salts, such as salt of -

 tri(n—butyl)ammonium3bis(dodecahydride'--

.dodecaborate)cobalt écid'(III)'and salt of bis(tri(n-

butyl)ammonium)bis(dodécahydride_decaborate)nickel acid

'(II_I).'.

The.Carborane_compouhdS iﬁclude, for example,
: 'anion.salts, such-as_4—carbanonaboraﬁe (14),'1,34

dicarbanonaborane (13), 6,9—dicarbade¢ab§rane (14),

_- dodecahydride—1—phenyl—l,3—dicarbanonaborahe,

dodeCahydride—i-methyl-l,3-dicarbanonaborane,;'

:undecahydride—l,3—dimefhyl;i;3?dicafbanohabbrane,_

' 7,8—dicarbaunde¢abbrane (13), 2,7fdi¢arbaundecabbrane

(13), undecahydtide—?,8—methyl47,8—dicarbaﬁndecaborane}

tri(nfbutyl)éﬁmonium 1—carbadecaborate;'tfi(n-'

‘bUtyl)ammonium 1—catbéundecabofate,.ri(nébutyl)ammoniqu-“-

_ 1—carbadodecabbrate, tri(n—tribﬁtyl)ammonium'1f"
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| trimethyléilyl—l—carbadecaborate, tri(n-
'butyl)ammoniumbromo—charbadodecaborate, tri(n-

_butyl)ammonium 6—carbadecaborate (14), txi(n?

butyl) ammonium 54carbadécaborate (12), tri(n-

_butyl)ammonium 7-carbaundecaborate (13); tri(n-
: bﬁtYl)ammohium_7,8-dicarbaundecabdfate (12), tri(n-

' _butyl)ammdnium-2,9—dicérbaundecaborate (12), tri(nf '

butyl)ammoniumdodecahYdridé—8—methylf7,9— .

diCarbaundécaboréte, tri(n—butyl)ammoniumundecahydride—B—

;ethyl;7,9fdi¢arbaundecaborate, tri(n-
'butyl)ammoniumundecahydride—8—butyl—7,9—'

Idiéarbaundecaborate, tri(n—butyl)ammcniumundecahydridé—sf

allyl—?,9—dicarbauhdécaboraté,stri(n—_

butyl)ammoﬁiumuhdécahydride—9-trimethyisily1-7,8—.

dicarbaundecaborate and tri(n-

'bﬁtyl)ammoniumundecahydride—4,6—dibromo—7—

carbaundecaborate; and

metallic carborane anion salts, such as salt of

'-tri(n—butylfammonium bis(nqnahydride—1;3—

dicarbanonaborate)cobalt acid'(III), tri(n—butyl)ammbnium
bis(undecahYdridef7,8-di¢arbaundecabdrate) ferfic éalt

(III), salt of tri{h-butyl)ammonium bis(uihdecahydfide—

.7;8—diCarbauhdecéborate)cobalt acid (III), salt of tri(n-
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‘butyl)ammonium bis(undecahydride—7,8—_

dicérbaundecaborate)nickel acid (III), salt of tri(n-.

bﬁtylfammdhium bis(undécahydride-?,S—dicarbaundecaborate)

' _cuprié acid (III), tri(n—butyl)émmonium
' bis(undecahydride—7,8—dicarbaundécaborate) aurate (III),-'

'f_ 'fri(n—butyl)ammonium bis(nbnahydride—7,8—diméthyl—7,8f

dicarbaunde¢aboréte)ferric salt (IiI), salt of tri (n- :
.bufyl)ammoniuﬁ bis(honahydride4f,8—dimethyl;7,8—
dicé:baundecabbréte)chromic acid.(III), salﬁ of tri (n-
butyl)ammqnium-bis(tribfombbctahydride%?,8—
dicarbaﬁndecaborate) épbalt,acid (III), salt of

tris(tri(n—butyl)ammonium)bis(undecahydride—?—

'carbaundeCaborate)chromic_acid (III), salt df.bis(tri(n—

.butyl)émmonium)bis(undecahydridé—7—

carbaUndecébdrate)mahganic_acid'(IV), bis(tri{n-

butylfammonium)bis(undecahydride—?—

carbaundecaborate)cobalt acid (III) and his(tri(n—

'butyl)ammohium)bis(undecahydride—ﬂ—

carbauﬁdecaborate)niékel acid (IV). .

" Each of the heteropbly—Compounds comprises an atom

7_selected from silicon, phosphorus, titanium, germanium,

arsenic, and tin and one or two or more atoms selected

from vanadium, nidbiUm,_molybdthm, and tungsten.
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Particularly, the following are usable; phosphdrus
vanadate, germanovanadic acid, arsenic vanadate,

phosphorus niobaté, germanoniobic acid, siliconomolybdic

acid,:phosphorﬁs.mbledate,'titanium molybdate,
gérmanomoledié_acid; arsenic molybdate, tin moiybdate,'

phosphorus_tungstate,"germanotungstic acid, tin tungstate,

.phbsphqrus molybdovanadic acid, phosphorus tungstovanadic

'acid; germanotungstovanadic acid, phosphorus

molybdotungstovanadiC'aéid; germanomolybdétungstovanadic

écid, phosphorus molybdotungstic acid, and phosphorus

~ .molybdoniobic acid, salts of these acids, for example,

salts of grbup I metals or group II metals in the

'-peripdic'téblé, particularly'lithium, sodium, potassium,

rubidium, cesium, beryllium, magnesium, calcium,

strontium, barium, or the like, and organic salts such as

triphenylethyl salt -or the:like.' There is no limit to

" use acids and salts other than those.

Above described (b-3) ionizing ionic compounds are .
used 501ely or in combination with two or more of them.

At the time of producing-the ethYlene_co(polymer)-

'(Al),'the above déscribéd.transition metal compound (al)

may be used Solelyvor together_With at least one type of

compounds (b) selected from (b-1) an organométallic
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'compoﬁnd;:(b?Z) an Qrganoaluminﬁm oxy”éompbund, and (b-3)
a cbﬁpoundrgépable'df erming ion péirs by réactioﬁ on a
-.tranéifion.metai cbﬁpound. | | |
 In'thé case the tfénSitibn metal compound (al) is
S ﬁséd_in combinatioh.with the cbméonent (b), fhe'
.tfaﬁsition ﬁeta}.coﬁpound_(éi) fofms a cbmpqund of a 
general_formula (I~a) as described beléﬁjin.

polymerization system.

10

(I—a).

(Where, R! to RS, M, m, n, and X_ére_défined as same as R*
to 'R, M, m, n, and X for the above deséribéd'generél
15 formula (I); and Y denotes so called weakly coordinated

anion) ..
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:in'the ébpve describedjgéneral formula (I-<a), the

bond Qf metal M and Y may.be cOValent_bond or ionié bond.

Examples for Y are wéakly_coordihated anions

described on Chemical Review, vol. 88 (1988) p. 1405,

Chemical Review volil93 {1993) p. 927, and WO 98/30612,1p;.

6. _Pafticularly,-the following.examples are;

AlR,”

(R may be the same or_different to one another and

'denopes bxygen atom, nitrogen atom, phosphorus atom,

hydrbgeh atom,.hélogen.atdm, or a substituent containing

- these atoms; oi_an'aliphatic hydrocarbon group, an .
 aromatic hydroéarbon grdup,-or an alicyclic hydrocafbon
group; or an aliphatic hydrocarbon group, an aromatic

hydroéarbon grbup, or an alicyclic hydrocarbon group

substituted by oxygen atom, nitrogen atom, phosphorus

atom, or, halogen atom; or an aliphatic hydrocarbon group,

an aromatic hydrocarbon group, or an alicyclic

_hydrocarbon group substituted by substituents containing.

oxygen_étomf nitrogen atdm, phosphorus atom, or halogen

~atom); or

 BR, .

(R may be the same or different to one another and

denotes oxygen'atom, nitrogen atom, phosphorus atom,
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hydrogen'atqm,-halogen atom, or a substituent-containing

these atoms; or an aliphatic hydrocarbon group, an

aromatic hydrocarboﬁ'grbup,_or an alicyclic hydrocarbon -

-group; or an aliphatic.hYdrocarbon group,ian'aromatic

hydrbcarbon group, or ah'aIiCYClic hydfdcarbon group

substituted by_oxygen'atom,-nitrogen atom, phosphorus

‘atom, or, halogen atom;

- or an éliphatic hydrocarbon group, an aromatic
hyarouérbon gfoup, or an alicyclic hydrocarbén group
substituféd by subétituents cuntéinihg oxygen atom,
nitrugen.étom,.phosphorUS“atom, or halogen atom); or

. . PF%, SbF*; trifluoromefhanesulfonate, p-
fineneSulfouate, or thé like.
"uA cataiyst.for ulefin.polymerization may contain a
carrier (c) deécribed'belOW énd/or an organic compound

(d) described later}_on_neéessity, together with the

- above described transition metal compound (al) (hereafter

' sometimes calléd as "component (al)") and, if necessary,

at least one ijcbmpounds (b) (hereafter sometimes called

- as "component (b}") selected from the above described (b-

1) 6rgénometallic écmpound, (b—2)'organoaLUminum oiy

. compound, and (b-3) ionizing ionic compound.
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A (c)‘carrier to be employed, optionally, for

produc1ng an ethylene (co)polymer (Al)'is'inorganic or

- organlc compounds and granular or . flne partlcle ‘solid.
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Among them, as.the inorganic compounds, porous

‘oxides, inorganic halogen compounds,'clays, clay minerals,

"ion—exchangeable'lamellar compounds are preferable.

'Particularly,'the'follOWing are substances usable as

the porous oxides; Si0O,, Al,0;, MgO, ZrO, TiO,, B,0;, CaO,
ZnO, BaOQ, Tth, composite compounds containing these
-oxides, and'their mixture, for example, natural or

' synthetlc zeolltes,; SlOZ—MgO, S5i0,~ A1203, SlOz—Tloz, SiO,-

V,0;, SJ.O2 Cr203, SJ,Oz'—TlO_z—MgO. Among them, substances

containing Si0, and/or Al,0, as a main component is

preferable._

.Additionally, the above described inorganic

- compounds may contain a small amount of carbonate,

sulfate, nitrate, and oxide components such as'Naqcoa,'

. K,COs, CaCOa, MgCO;, Nazso,, Alz(SO,)3, BaZSO“ KNO3, Mg(NO3)2,

Al(NO3)3, Na,0, K,0, and Li,0.

- Such porous ox1des-have different properties

-depending-onfthe types-and_production methods and it is

desirable for:a carrier to be preferably used for the -



10

15

20

SF679

93

‘present invention to have the particle diameter 10 to 300

pm;_preferébly 20 to 200'nm,;the specific sufface_area'

within a rangé of_50”to IOOO_ﬁf/g; pfeferably.lOO.to 700

n?/g, and the fine pore volume withih'a range.0.3 to 3.0

cnﬁ/g. Such_a carrier may_bé.calcinéd'at-loo £6_1000°C,
preferably 150 t9-700°C,.if-neces§a£y; to be uSed.

| As én'inOrganicmhalogen';oﬁpound, Mgclz, MgBr,, MnCl,,
MnBrz, and thé likes are ﬁsed; The:inorganic halogen

compbund.may.be-used as it is or after being milled by a

- ball mill or a vibration mill. Eurther,'an iﬁorganic

haiogen_compound bbtained by dissolving an.inorganic
halogen qohpouﬁd'in a SOJVenﬁ such as aicohol'and then
precipifating'the compound.in fine particle statezby a
prééipitating ageht ﬁay also be used.

A clay generélly comprises cléy minerals as main

- components. . Aﬁ ion-exChangeable lamellar compound is a

compouné having a-cfyStal structure in which planes

constituted of ion bonds are overlaid one another in

‘parallel with weak bond energy and the contained ions are

exchangeable._ Almbst.all_of clay minerals are ion-

ekdhangeabie lamellar compouhds; Not'only natural but

- also-artificially synthésized clays}-Clay minerals, and - -

ion—exchangeable lémellar compounds are usabie.
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Ekamples of clays, clay minerals, and ion-

exchangeable lamellar ¢omp6unds'are_clays,.ciay_minerals,
_ ahd.ioni6.crystal;compounds-haVing“a'lamellaf'crystal-
‘structure such aé hexagohal_ciose packing type, antimony

type,.CdCl,. type, CdI, type, or the like structure..

, Examples.of suqh.claYS and blay minerals are;.kaolin,.
bentOnite, Kibushi ¢1ay, Gaerome-¢1ay, allophane,
hisingefite,lpyrbphyllite, micaégrouplmineralé,
ﬁontﬁorilionitic clays, vermicuiite; chlérite—group 

minerals, palygorskite, kaolinite, nacrite} dickite,

,hailoysite, and the likes; and examples of the ion- ’

exchangeable lamellar compounds are the following:'
cryétalline acidic Salts'of pdlyvélent metals; o-

Zr (HAsO,) ,~H,0, a-Zr (HPO,),, &-Zr(KPO,),-3H,0, a-Ti (HPO,),,

0-Ti (HASO,),*H,0, o-Sn(HPO,),-H,0, y-Zr (HPO,),, y-Ti (HPO,),,

'y-’I"i (NH4PO4)2-HZO, and the likes. .
Such,clayé; clay.minetals, and'iOn—exchangeable

lamellar compounds have'preferably 0.1 cc/g or mofe;

 especially preferably 0.3 to 5 éc/g,_pf pore volume of

fine pores of 20 A or longer radius measured by mercuty:

‘pressure penetration method. The pore volume for'finé

pores with radius within a range of 20 to 3'X1105‘i is -
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measured by a mercury pressure penetration method using a
mercury porosimeter.-

_In:thé case a substance having less than 0.1 cc/g

”"poré'vdlume'pf'fiﬁe pores with 20 A or longef_radius is

uéed as a carrier, it.tends'to-be'difficult to.obtain
_.ﬁigh polymérization aétivity. |
It is also ?réferable to carry'outichémigal.
-tréétment for thé ciaysjand ciay mineréis.

'Any tréafmént sﬁchias surfaée treatment for removing
impu?itieS'édheriﬁg to the surface, tiéatmeﬁt.éffeCting
theICrystai structure of_clays; and the likes may be .
émpléyed-as the chemical treétment._ Particularly, as the

_ chemicél_treatmenf;iacid'treatment;.alkaii treatment, .

. salt treatment, organic substance-treatment, andlﬁhe_
likes afe included. Acid treatment brings a removal of"
impurities on the'surfaCe, thlé_cations.of such aS'Al,
.Fe,'mg in thé crystal'st:ﬁcture.afe eluted there-by;
fesulfsfto increase the surfaée aréé. The crystai
_strqctufé éf'é clay'is broken by the alkali.treatment to
feéui£ in-alterafion of the structure oflﬁhe éiay; . Also,
"ion complexihg, mélecﬁlar complexing,_and Oréanic |

derivatives are formed by the salt treatment.and the
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organic substance treatment to change the surface area
and-the_interlayer.distanée.

An ion—exchangeable lamellar”compound may be a

lamellar compound in which ihterlayér distance is widened

by replacing exchangeable ion in interlaye:s with another
bulky ion baséd on the'ion éxchangeable property. Such a

bﬁlky_ion_wOrks'just liké a pole to support the lamellar

' st:uéture and is ¢0mﬁ0nly caliedfa pillar. To introduce_
 another sﬁbStancé'into-interléyer'géps of.a lamellar
.compbuﬁd isléélled'iﬁtercalation. Exampies of guést, 
'Compoﬁnd$ to be intercalated are} cationic inorganic

.cdmpounds such as TiCl, and ZrCl,; metal alkoxides (R

denotes a hydrocarbbn group) such'as Ti(OR),, Zr(OR),,
PO(OR)3,_and B(OR)g; and metal_hydroxide ions such as
[A1,;0, (OH) ,, 17+, [2x,(OH),1%*, [Fe,0(OCOCH;)¢]". Those

compounds are used solely or in combination with two or

more of them. - Further, at the time of intercalation, a

polymer obtained by hydrolYSis of a metal alkoxide -such

as Si(OR),, AL(OR);, and Ge(OR), (R denotes a hydrocarbon),

a colloidal inorganic'compound such as Si0, or the like

is_allowéd to'COexiSt, Examples of the pillars are

 oxides produced by thérmal:dehydration after

 intercalation of above described metal hydroxide ions.
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'Clays; clay-minerals, and ion—exchahgéable lamellar

- compounds may be used as they ére.of_after treated by a

ball mill or a sieve. " Further, theyfmay be used after

. addition and adsorption of water to and on them and heat

10
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dehydration treatment for them.' Additionally, they may
be uséd SOlely or in-combinétion 6f two or more of them.
o  Among-them, clays'or clay-mineréls are preferable

and montmorillonite, vermiculite, pectolité, taeniolite,

'and synthesized mica are“eSpecially preferable.

EXamples of the organic_compounds are granular or

fine particle-like solids having a particle diameter 10

- to 300 pm. Particulariy,'(co)polymef prbduced from

mainly oa-olefin of 2 tQ:14 cafbon'atQms such as ethylene,
p:épylene, l-butene, 4—méthyl—l—pentene, and the likes;
(gO)polfmer produéed fréﬁ mainly vinylc&cldhexane and
S£yrene;'and'their modified substances are émong the

organic compounds.’

A r ic co r nen

A (d) organic compound-be empldyed for a purpose of

N improving the polymerizable property and the physical

properties_pf'a produéed polymer optionaliy in production

of an ethylené:(co)pdlymér,(Al). Examples of such
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organic compounds are alcohols, phenolic compounds,

carboxylic acids, phosphdrus'COmpounds;'and Suifqnic'acid

salts and”compouhds'other than these.compounds are also

.-allowed to be used;.-

'As alcohols and phenolic compounds, compounds

 defined as R®-OH are normaily used. R® in that case
. denotes' a hydroéarbon group of 1 to_50'carb0n atoms or a

'3halogénated hydrocarbon group of 1 to 30 carbon atoms. -

As the alcohols, R¥® is preferably a halogenated
hydrocarbon. On the other hand, it is préferable for the
phenoliC'cOmpounds to be substituted by hydrocarbon of 1

to 20 cérbon-atoms at a;a' position of the hydroxyl

group.

_AS'carbdxylic acids,'compoundS'defihed as RquOOH:

_are normally used. R? denotes a hydrocarbon group of 1

to 50 carbon atoms or a halbgenated hydrocarbon group of

-1 to 50.carbon atoms}'and.especially a halogenéted

hydrocarbOn.group_of 1 to .50 carbon atomslis preferabie.

.'As_phésﬁhorﬁs'céﬁpounds, phésphoric'acids ha&ing P-
O-H and,.phosphates énd phosphine:bxidés'having.P—OR;
=0 boha afé_breferable ﬁsed.' |

As sulfonic acid salts, those haVing a general

fbrmula (VIi)'described below are used. -
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(VII)

| Where,-M'denotes an element of group I metals or
group XIV in the periodic table; R? denotes a

hydrocarbon group of 1 to 20 carbon atoms or a

: uhalogenated hydrocarbon group_bf 1 to 20 carbon atoms; X

'denopes'a_hydrogéh atom, a hélbgen atom, a'hydfocarbon
,gréup'qffl to 20 carbon atoms or a.hélogenated_ |
hYdrocarbbh group of 1 to 20 céfbon_atdms.

"m-denoﬁés an integéi,of.l to 7; and n satisfies 1 <

n<7. .

o) izatj
._An'ethylene (co)polymer (Al) is produced using an

_blefin polymerizétidn catalyst described above by

”_homopolymerizatiOn of ethylene or copolymerization of

- ethylene and an a-olefin of 4 to 20 carbon atoms.
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At_thé.tiﬁe of ﬁQiYmefizatioh,.methods-déscribed
belowlafe'applicéble.while'the méhner of usihg respective
¢omponeﬁt§ and the 6rdéf_to add the cémpdneﬁts ére
thional; “ | |

(1) a method by adding a component (al) and a

-componeht.(b)_in;bptional order to a polymerizer;

'(2) a method by adding catélyst components

comprising a carrier”(c) béaring a component (al) and a

. componéht_(b) in optional order to a polymerizer;

:(3) a method by adding catalyst components

_compriSing a cérrief.(é) bearing a component (b) and a

component (al) in optional order to a polymefizer; and
. (4) a method by adding catalyst components

'Compfising a carrier (c)_bearing_both of a component (al)

._ahd a component (b) to a polymerizer.

In above described respective methods (1) to (4), at

' least two of respébtive Catalyst components may

- previously be brought into contact with one another.

In above-deécribed_respectivé methods (3), (4) in

which the cOmponent (b) is deposited, a component (b)
‘which is not depoSited”on a carriér may be added, if

_negeséary, in an optional order. In that case, the

componénts_(b) méy be the same or different to each other.
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In solid.catalyst components comprising'the.carfiei
(c) bearlng the component (al) and ‘the component (b), an
olefln may prev1ously polymerlzed and catalyst components

may further_be dep031ted~on.the prev1ously polymerlzed

‘solid catalyst components.

Polymerlzatlon may be carried out by any one: of the

'. methods, llquld—phase polymerlzatlon methods such as

solutlon polymerlzatlon and suspen31on polymerlzatlon and
gas—phase polymerlzatlon methods.' ~Among the methods,
suspen31on polymerlzatlon is preferable.

As an inert hydrocarbon solvent to be used for a'y

-liquld—phase polymerlzatlon, the follow1ng are concrete

' examples; an aliphatic hydtocarbon such as propane,
hbutane;_pentane; hekane; heptane( octane,'decane,-
hdodecane, and ketosine: an alicyclic hydrocarbon such.as-

‘cyclopentane, cyClohexane,-and methylcyclepentane} an

aromatic hydrocarbondsnch.as,benzene, toluene,'and
xylene; and a halogenated hydrocarbon such as ethylene
chlorlde, chlorobenzene, and dlchlo:omethane;.and their
mixtures. An olefin itself'may'be'used as a solvent.

Atdthe time of carryingﬂout (co)polymerization'using

‘above described olefin polymerization catalyst, a

' component (al) is so -added as to keep the conCentration
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norméllyllo?z to 107 molé,_preferably 107 to 1072 mole,
per 1 liter of the reaction volume.

A compénent'(b—l)_to_be used optionally is so added

.as tb'keep the mole ratio ((b-1)/M) of the cdmpqnent (b-

1) and a transition metal (M) in a component (al) within

normally 0.01 to 100,000 and preferably 0.05 to 50,000;'

A component (b-2) to be ﬁsed_optionally is so added

as to keep the mole ratio ((b—2)/M) of aluminum atom in

the component (b42)'and a transition metal (M) in a

component (al)'within normally 10 tQ-SQO,OOO'and

preferably 20 to 100,000.

A component (b-3) to be used optionally is so added

-as to keep the mole ratio ((5—3)/M) of the compdneﬁt (b-

3) and a transition metal (M) in a component (al) within
normally 1 to 10 and\preferably 1 to 5.
A cbmpohent-(d) to be used optionally is so added as

to keép the_molé ratio ((d)/(b—l)).wiﬁhin normaliy 0.01

to 10 and preferably 0.1 to 5 id‘the case a component - (b)

is a component (b-1); the mole ratio ((d)/(b-2)) within

normally 0.001 to 2 and,preferably'0.00S_td 1 in'the case

a component (b) is a component (b¥2); and”the moie rétio
((d)/(b—3)) within normally 0.01_to 10 and;p:éferabiy 0.1

to 5 in the case_a-compbnent (b) is a-componént (b=3).
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The polymerizatioﬁ temperature in the case of using

.sueh_a catalyst for olefin polymeriéation is normally fSO 
' to.f550°C; preferably 0 to.200°Cifand.espeeially_
fpreferebiy 60 te'1705C. TheapelymeriiafiQn preseure is
egeﬁeraliyla_ncrmal pressureeﬁo_loo kg/cmf_and prefeﬁably

. a_noimal pressure to 50Ikg/cn3: and the polymerization

reaction may be'carried out by any method such as batch

. type,'semi—continuous, and continuous methods. Though
" the polymerization can be carried out separately in two

- or more steps in different reaction conditions, a one-

step pblymerization is preferable.
The molecular weight of a produced ethylene

(co)polymer (Al) can be adjusted ‘either by making

'hydrogen exist in the polymerization system or changing

the polymerizatien temperature. Fufther, the molécular
weight.can be édjusted owing to the difference of

components:(b) to be used.

\n' eth ; CO
An ethylene (co) polymer (AZ) is an ethylehe--

homopolymer or a random copolymer.of ethylene and an o- -

"olefin of 4 to 20 carbon atoms,'
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"Exampleé of a4olefin5-df'4 to 20 carbon atoms are a

.straight chain or'branchedquolefin of 4 to 20 carbon
" atoms as. same as described above and a cyclic olefin of'4;
to-20'carb6n atoms'as-éémé as described. Among them, 1-

'butené or l-hexene is preferable. _

__It'is desirable for the ethylene (cb)polymer (A2) to

Cohtain generaily 50 to-lOO% by weight, preferabiy 55 to
'100% by weight, further preferably 65 to . 100% by weight,

‘and most preferably 70 to 100% by weight of a repeated

unit derived from ethylene and 0 to 50% by weight,

preferably 0 to 45% by weight, further preferably 0 to

35% by weight, and especially preferably Ozto_30%-by.
- weight of a repeated unit derived from o-olefin of 4 to

_20 carbon atoms.

The ethylene (co)polymer (A2) is

- (i) methyl branches less than 0.1, preferably less

~ than 0.08, in number perll,OOO carbon atbms.measured by
BC-NMR. ‘Since such an ethylene (co)polymer is a tough

- crystal structure, it has excellent mechanical strength.

~ The ethylene_(co)pblymer (A2) also is

(iim)wa/Mn measured by GPC generally not lower than

4.5 and not higher than 60, preferably 5.5 to.50. An
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'ethylene_(co)polymer:having the Mw/Mn within the above

 described ranges has excellent mecharical strength.

The preferable state of the ethylene'(co)polymér
(A2) is that Mi/Mw.méasured by GPC does not exceed'Mw/Mn.

In the case a polymer having an intrinsic viscosity.

Sméller than thé abové-descfibed.range, the_crystal is

weak, so that the,stréngth is insufficient and in the
case a polymer having'an intrinsic.viScosity larger than
the above described range, the rigidity sometimes becomes

insuffiéiént or molding of.the polymer sometimes becomes

- difficult.

It is preferable forjthe ethylene.(co)polymer (A2)

. to satisfy at least one of the'following'requirements_

'(iii&) to (Xiiim) in addition to the above described

requirements (i) and (ii,,).
(iii,,) The intrinsic viscosity measured in decalin

at 135°C is within a range of 0.2 to 18 dl/g, preferably

0.5 to 15 dl/g, further preferably 0.8 to 10 dl/g,
furthermore pféferably 1.0 to 8 d1/g, and most preferably

1.7 to 7.5 dl/g.

(iv,,) The intrinsic Viécosity-({n] (dl/g)) measured

" in decalin at 135°C and the melt flow rate (MFR (g/10



. SF-679

10

15

20

106

minutes) méaéured under 2.16 kg load at 190°C satisfy the

following réiations;

[nj > 1.85 x MfR‘-°-192,"p1_:'e:ferab1.§ l[ﬁ]' > 1.95 x MréR‘@”,
iﬁ thé:case of MFR <1 and N | | |

] '> 1.85 x MF.R'°'.,21"_’-, 'p:efe£$b1y. _[n]'.> 1.95 x M?R'°-213,'
in'the qéséyof'MFR > 1. _ | “

An ethylene-(cb)pqumer.satiéfying abo§e described
-relations befween'the intrinsicjviscosity'and MFR is
chéracterized by, for example, excéilent mechanical
strengﬁh of é molded pfbduct._j

(Q&) Components haviﬂg a.mdleculaf-weight of 500,000

reduced tp'polyethylene_measured-by GPC-IR are generally

' not more than 5%,:pfeferably not more than 3%, in the

'éomponehts'to'be eluted at 105°C ¢r higher in a heating

elution separation test. Such an ethylene ' (co)polymer

slightly'contaihs lbng chain-brancheé and is excellent

‘mechanical strength. .

'(vim) The compohentsheluted at 105°C or higher in a

heating elution separation test are generally not more

than 5% by weight, preferably not more than 4%; in the
case the comonomer content is 1.5 mole$ or higher and the

components to be eluted at 106°C or higher in a heating

elution separatién test are generélly38% by weight or .
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.lower, preferably 7% bf weight, in the.case the comonomer

content is less than 1.5 mole%, preferably not less than,.
0.4 mole$ and less than 1.5 mole%.

Such an ethylené (Cd)polymer satisfying above

5 deeeribed-requirementsfslightly contains ethylene

10

18

20

'.homopolymer components and ‘is excellent mechanical

. strength.

(viiﬁ) The components having'a'molecular weight of

.10,000predueed to polyethylene measured by GPC-IR among

cOmponeﬁts precipitated by dissolving the ethyiene

{co)polymer in p-xylene at 130°C and then precipitating

" the dissolved components in a poor solvent after cooling
to 7590.are'generally;30% or lower, preferably 25% or
" lower, more preferably 20% or lower in the precipitated

compOnents. _It'is'espeCially'preferable to satisfy the

above described requirements in the case the comonomer

. content is 0.8 to 3.0 mole%. Such an ethylene

(co)polymer Satisfying abéve described reQuirements_

slightly contains compdhents_having a large'aﬁount of |

‘comonomers and is excellent mechanical strength.

(viiiﬁ) The compohents precipitated by dissolving'

_-thé'ethyiene (co)pdlymer in p-xylene at 130°C and then

precipitating the components in a poor solvent after
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.'coollng to 75°C are generally 15% or lower, preferably

12%,or lower,'ln the whole ethylene (co)polymer. It is
eSpecially preferable to Satlsfy the above descrlbed

requlrements in the case the comonomer content in the

--ethylene (co)polymer (A2) is 0.8 to 3.0 mole%

Such an ethylene (co)polymer (A2) satlsfylng above

_e;descrlbed requlrements sllghtly contains components

hav1ng a large amount of comonomers and components having
extremely low molecularfWeight_and'is excellent
mechanical strength.

(ix,,) The components_having a molecular weight'of

10,000-reduced to polyethylene measured by GPC-IR among

'COmponents precipitated by'dissolving the ethylene

(co)polymer in p—xylene at 130°C and then pre01p1tat1ng

the dlssolved components 1n a poor solvent after cooling

to 75°C are generally 5%-or lower, preferably 3% or lower,
_ in the whole ethylene (co)polymer. It is'especially
'_preferable to satlsfy the ‘above descrlbed requlrements in

. the-case the comonomer content is 0.8 to 3.0 mole$.

" Such an ethylenef(co)polymer satisfying above
described’requirementsfslightly contains components
having a large amount of comonomers and is excellent

mechanical-strength.”
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{Xa,) The decane soluble components (W (% by welght))

.'at 23°C and the den31ty (d (g/cm.)) satlsfy the follow1ng

-relatlons.

W < 80 x exp(-100 x (d - 0.88)) .+ 0.1, preferably

_W < 60 x exp(—100 x (d - 0;88)) + 0.1.in the case

_MFR3< 10 g/lO mlnutes and

W< 80 x (MFR _ g0, exp (- 100 x (d - 0.88)) + 0.1
in the case MFR;}-lO g/10 minutes. | |

Suoh an ethylenel(colnolyﬁer satisfying above
desoribed requlrements-is excellent mechanical strength
and is sllghtly stlcky | |

(x1m) The number of branches hav1ng a length
equlvalent to that of hexyl or longer measured by *C-NMR
1s.generally.less_than 0.1, preferably-less than 0.031
per liOOO of carbon.atoms.'

In the'case long chain branches exist, they are

deteoted as branches_having a length equivalent to that

: of hexyl or'longer,-and if long ohain'branches exist, the

mechanical strength is lowered. -ConSequently, anl

ethylene-(colpolymer satiSinng:abone'described

reqnirements.is encellent mechanioal Strength.
(rliﬁ).The ratlo.MW/Mn of:the'weight aVeraée

moleoular weight'(Mw)_and the numberlaverage molecnlar
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l'welght (Mn) calculated from the logarlthmlc normal
'dlstrlbutlon produced by dlstrlbutlng molecular welght

'dlstrlbutlon.curves;measure'by gel permeation

chromatography to two same'logarithmic normal

- distribution curves is generally within a range of 3 to 8,

_preferably 3.5 to 7.

{xiii,) There exist components to be eluted at 109°C

" or higher in a heating'elution separation test and the

1ntr1ns1c v130031ty ([n] (dl/g))'measured at 135°C in

:'decalln and the den81ty (d (g/cm.)) of the components

satlsfy the follow1ng relatlon,"

d >0.0003 x [n]z--_ 0.0121 x [n] '+ 0.9874, preferably
d 20.0010 x [n]® - 0.0145 x.[n] + 0.9900.

The components eluted at 109°C or_higher have the

'intrinsic viscosity measured at-135°C_in decalin

| preferably w1th1n a range of 0.3 to 1.5 dl/g

Addltlonally, the components eluted at 109°C or .

hlgher are w1th1n a range of 1 to 90% by welght,
preferably 1 to 75% by welght
-The ethylene (co)polymer (A2) satisfying above

descrlbed requirements comprlses, for example, an

"ethylene (co)polymer_(AZ—l) describedmbelow.and an

ethylene (co)polymer (A2-2) and'contains an'ethylene
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(co)polymer (A2 1) in 10 to 90 parts by welght,

'preferably 25 to 75 parts by welght and the ethylene

(co)polymer (A2—2)-1n 10 to 90 parts by welght,

_preferably 25 to 75 parts by welght (whereln, (AZ_-II) +

- (A2-2) = 100 parts by we1ght)

An ethylene~(co)polymer_{A2—1)'is an ethylene

'homopolymer or a random copolymer'of ethylene and an a-
_olefin ef.4 to 20 carbon atoms. Examples of a-olefins of

34 to 20 carbon atoms are a stralght chain or branched o

olefln of 4 to 20 carbon atoms as same as descrlbed above

and a cycllc olefin of 4_to-20 carbon'atoms-as same as

'described. Among them, l-butene or 1l-hexene is

"preferable

It is- de51rable for the ethylene (co)polymer (A2-1)

to. contaln generally 50 to 100% by welght, preferably 55

- to 100% by weight, further-preferably 65 to 100% by.

weight,'and most preferably,70 to 100% by weight of a

repeated unit derived from ethylene and 0 to 50% by

ywelght, preferably-O to 45%_by weight, further preferably _

0 to 35% by weight, and especially preferably 0 to 30%_by;

 weight of‘a.repeated_unit derived from a-olefin.

In addition to above deseribed reqnirements,_the

ethylene (co)polymer (A2-1) satisfies the follewing'
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requirements (imﬂ).tb_Kiiimﬁ), preferably:(iﬁd) to (iv,,.

2.

(lmq) The 1ntr1n31c v1sc031ty ([n]M,) measured in-

. decalln at 135°C w1th1n a range of generally 0.3 to 2 5

dl/g and-preferably 0.4 tq.1-5 dl/g.

(iiAﬁl)eThe number of methy;”branches measured by

13C-NMR is generally lese.than'o.l, preferably less than :

0.08, per 1, 000 of carbon'atoms;

(111m,) Mw/Mn’ measured by GPC 1s ‘within a range of

generally 3 to 8 and preferably 3.5 to 7.

'(1vM4) The intrinsic viscosity ([Mla.; (dl/g))

measured in decalin at 135°C and the melt flow rate (MFR

(g/10 minutes) measured under 2.16 kg load at 190°C

satisfy the following relations;

(Mlpy > 1.85 x MFR‘“”, preferably [n]s,., > 1.95 x

MFR*J”, in the case of MFR < 1 and

[n]AZ—l > 1.85 x MFR_'°'213, preferably [N)agy > 1.95 x

'MFR'° 213, in the case of MFR > 1.

It 1s preferable for the ethylene (co)polymer (A2 1)
to satlsfy the following requ1rements~descr1bed-below, in
addition to abeve described requirements;

In the case the intrinsic viscosity measured at

'135°C in decalin is 0.3 to 1.5 dl/g, preferably 0.4 to
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1.0 dl/g, and more preferably 0 5 to 0. 9 dl/g, the"

| 1ntr1n51c v130051ty ([n] (dl1/qg)). ‘and the den51ty (d '

',(g/cm)) satlsfy the follow1ng relatlon, 7

d_>0 0003 x ['r|]2 - 0. 0121 x [n] +-0 9874 preferably

rd =0. 0010 x [n]z-— 0 0145 x [n] 4—0 9900.

In the case the 1ntr;n51c-vlscoslty and the density
of an ethYlene (eo)peiymerj(Aéei) satisfies_above.'

described relations, the ethylene (co)polymer is

 especially excellent in rigidity. =

“An ethylene (co)polymer (A2-2) is either ethylene

'homopolymer'or-e random'copolymer of ethylene and an a-

olefin of 4 to 20 carbon'atOms.' Examples of a-olefins of
4 to 20 carbon atoms are a straight chain or branched a-
olefin'of'4 to 20 carbon atoms-as.same as described above

and a cyclic olefin of 4 to 20 carbon atoms as same as

described. Among them, l1-butene or l-hexene is

‘preferable.

It is de31rable that the ethylene (co)polymer (A2 2)

-contalns generally 50 to- 100% by welght, preferably 55 to

IOOs by welght further preferably 65 to 100% by welght,

~ and most preferably 70 to 100% by welght of a repeated
" unit derlved from ethylene and 0 to 50% by weight,

' preferablylo to 45% by weight,rfurther preferably 0 to
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35% by weight, and eS?écially preferably 0 to'30% by
weight of a repeated unit derived from a—olefin
The ethylene (co)polymer (A2 2) satlsfles the

foliowlng requlrements_(imq) to (11MQ), preferably (ias-2)

. to (ivh%z), in addition to aboVe desCribed requirements;

(1MQ) The 1ntr1n51c v150051ty ([n]mz) measured in

decalin at 135°C is w1th1n ‘a range of generally 2 0 to 20

dl/grand preferably 2.5'to 10 dl/g.

| 3(ii¥4) The number'ef ﬁethyl branches measured by
BC_NMR is generally less than_O.l, preferahly less:than
0.08, per 1,000 of carbon atoms. -

(iii,,,) Mw/Mn measured by GPC is within a range of

. generally 3 to 8 and preferably 3.5 to 7.

i(ivhbz):The intriﬁsic viscosity ([nls-, (dl/g))

. measured in decalin at 135°C and the melt flow rate (MFR
_(g/lO-minuteS) measured under 2.16 kg load at 190°C

'.satisfy-the following relations;

- IMlazz > 1.85 x MFR°192, preferably (M1n2 > 1.95 x

"1MFR°1”, in the case of MFR < 1 and

20

-[1r|‘]z,\2_2 > 1.85 x MFR*JB, preferably [Nla., > 1.95 x

MFR®2?3, in the case of MFR > 1.

The intrinsic viscoéity (IM]a-;) of the above

'ideseribed.ethylene (co)polymer (A2-1) and the intrinsic
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'Viséosity (Im)a:-2) of the above described ethy1ene

.(éo)bolymer (A2-2) SatiSfy_[n]§4 < [n]&Q.

The meééurement méthods'forlaboVe déscribed physical

prbperties_will be described later.

thod of hylene (coj r (A

The above described ethylene (co)polymer (A2) can be

préduced_by polymerizing solely ethylene or

cOpblymerizing ethylene and an a-olefin of 4 to 20 carbon

atoms in the presence of, for example, an olefin

 -polymerization”catalyst similar to-that'to be émpldYed

for production  of the ethylehé'(co)pqumer (A1) . -

At the time of polymerization,.méthods_described

_'belbw'are applicable while the manner of'using respective

-

components and the: order to add the éomponents_are

optional;

(1) a method by adding a component (al) énd a.

- component (b) in.optionél order to .a polymerizer;

(2)ﬁa:method by adding catalyst components

COmprising a carrier (c) bearing a component (al) and a

Cbmponent (b) in optional order to a_polymerizer;
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'(3) a;method by adding catalyst components

compfising a carrier (c) bearing a component (b) and a

'component (al) in optional order to a polymerizer; and -

(4) a method by addlng catalyst components
comprising a carrier (c) bearlng both of a component (al)
and a component (b) to a polymerlzer.

In above described_respective'methods (1) to (4),'at_'

'-.least'two of respective catalyst components may

previously be brought intO'contact with one another.

In_above'described respective:methods (3), (4) in

Z'Which_the component (B) is deposited on a carrier, a

component (b) which is not deposited on a_carrier may be

' .added optionally in an optional'order. In that case,'the-

: components (b) may be thé_same'or.different to each other.

In solid catalyst components comprising the carrier

{c) bearlng the component (al) and the component (b), an
-olefln may prev1ously polymerlzed and catalyst components

: may further be depos1ted on the previously polymerized

solid catalyst_components.

Polymerization may be'carried out by'any one of the_

methods, llqu1d phase polymerlzatlon methods such as

solutlon polymerlzatlon and suspen51on polymerlzatlon and
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: gas-phase polymerizafion methods. Among the methods,

suspension pblymerization is preferable.

" As an inert'hydroCarbon.sdlvent to be used for a.

' liquid-phase polymerization, the same inert hydrocarbon |
" solvents to be'émployed_for production of above described
ethylené (co)polymer (Al) are ¢oncfete examples*énd an

| olefin itself may be used as a solvent.

At the time of carrying out (co)pblymerization using

"such an ¢lefin'polymerization catalyst, a'cqmponent (al)

is so added as to keep the concentration generally 107

to 1072 mole, preferabiy 107 to 107 mole, per 1 liter of

" the reaction volume.

A component (b-1) to_be_used.optionélly is so added

as to keep the mole ratio ((b-1)/MJ of the component (b-

1) and a trénsitioh metal (M) in a compohent (al) within

geheraily 0.01 té.IO0,000 aﬁd p:eférably_0.0S t§-50,000.
A compbnent'fb;25'to be:ﬁsed éptionaily iSISO'added

as to keep the'mole ratio ((b¥2)/M)_of éluminum atom in

the3¢omponent (b—2) and a transition metal (M) in a

componént (al) within generally 10 to 500,000 and

preferably 20 to 100, 000.

A component (b-3) to be used optionally is so added '

" as to keep the mole ratio ((b=3) /M) of the component (b-
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'3) and a tran31tlon metal (M) in a component (al) within

"generally 1 to 10 and preferably 1 to 5.

A component (d) to be used optlonally is 'so added as

-to keep the mole ratio ((d)/(b l)) w1th1n generally 0. 01

_to 10 and preferably.O.l-to 5 in the case a-component (b)

is a component (b 1), the mole ratlo ((d)/(b 2)) w1th1n

_generally 0. 001 to 2 and preferably 0. 005 to 1 in the
_case a component (b) 1s a component (b- 2), and the mole

-_ratio ((d)/(b-3)) within generally 0.01 to 10 and

preferably 0.1 to'S_in the case a component.(b) is a
component (b-3).

~The polymerization temperature in the case of using

'such an olefin polymerizationtcataiyst is generally -50

to +250°C, preferably 0 to 200°C, and especially

preferably 60 to 170°C. The'polymerization pressure is

generally a normal pressure to 100 kg/cmt and preferably

-a normal pressure to 50 kg/cm?: and the polymerlzatlon

. reaction may be carried out by'any method such as batch

type,'semi-continuous, and continuous methods. The

polymerization can be carried out separately in two or

"~ more steps in different reaction conditions, and two or

‘more multi-step polymerization is preferable.
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L_In«the-case'an”ethylene (co)polymer (A2) is;produced,
for exampie,.inftwo steps,-anlethYlene_(co)pblymér having

an intriﬁsic'viscosity of 0.3 to 2.5 dl/g is pfoduced_in

':the prior step and an ethylené_(co)poiymer'having an

" intrinsic viscdsity5of 2.0 to 20 dl/g is produced in the

postérior'Step;
The moleCular'weith_of a produced ethylene

(co)polymer (A2)- can be adjusted either by making

_hydrogen exist-in the polymerization system or chénging

the polYmérizatidn temperature.'-Further, the molecular
weight can be adjusted owing.to the differencé of
cémponents (b) to-be_used.

.-fih_the_case'an ethylene'(co)polymer (A2) comprises

- .an ethylene (co)polymer (A2-1) and an ethylene

(co)polymer (A2-2), it can be producéd by, for ekample,
forming thé.ethylene_(co)polymer (A2—1) and the ethylene
(co)polymer'(AZfZ)ﬂusingzone polymerization appa;atus in
tﬁd—'or more-step polymerization under different réaction
conditions;:_Pértiéularly,.in'ﬁwo—step'polymeti:afion
process,’fhé ethylene (co)polymer (A2-1) is formed by
pdlymerization in the priér'step'and thé eﬁhylene'-

(co)polymer (A2-2) in the posterior step.  Or, the
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ethylene (co)polymer (A2 2) 1s formed in the prior step

and the ethylene (co)polymer (A2 1)y ln the posterlor step.
_ Further, u31ng a plurallty of polymerlzatlon |

apparatuses, the ethylene (co)polymer (A2 1) is formed by

polymerlzatlon in one- polymerlzatlon apparatus and then

the ethylene_(co)polymer (A2—2) 1S~formed.by

. polymerizationuin"another polymerization'apparatus in_the

. presence offthe ethylene (co)polymer (A2-1). Or, the
ethylene:(oo)polymer (A2¥2) is formed by polymerization

..in one.polymerization apparatus:and_then the ethylenel.

.'(co)polymer-(Az—l) is formed by polymerization in.another

polymerization'apparatus.in the presence of the ethylene

-_(co)polymer (A2—?).

. The'polymerization conditions in an ethylene'
(co)polymer'(AZ) comprising the ethylene (co)polymer (A2Z2-
1) andfthe ethylene'(co)polymer (A2-2) are within ranges .

of the productlon condltlons for. above prescrlbed

ethylene (co)polymer

' An ethylene-(co)polymer (AZ)'oomprising the ethylene

(co)polymer (A2~ 1) and the ethylene (co)polymer (A2-2)

'can also be produced by a method descrlbed below.

(l) A method by mechanically blendlng an-ethylene'

'(co)pOIymer (A2el)).an ethylene (co)polymer (A2-2), and
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other components to be. added 6ptionally:by'an extruder, a

‘kneader, or the like.

(2) A method by dissolving an ethylene (co)polymer

_(A241),_anﬂethyieneﬁ(CO)polymer (A2-2), and other

.cémponehts'to'be added optionally in a good.solvent (e.qg.

"hydrocarbon solvents such as hexane, heptane, decane,

.cyCIohexane; benzene, toluene, xylene, and the likeé) and

then removing the solvent.
(3) A method by. separately dissolving an ethyléne'

(co)polymer (A2-1), an'ethylene.(co)polymer:(AZ—Z), and

_ other'compohents to be added optionally in proper good

solvents, mixing the resultant respeCtiVe solutions, and
then rembving-the solﬁents.

(4)_A“méthod_by.combining the methods (1) to (3).

.An'ethylene Kdojpoiymér (A3).iS'én ethylene.
hdmopolymér or a.fandbﬁ-copolymer éf ethylene and an_d?
oiefiﬁ of 3 to éb'carbon atoms. |

| The a-olefin of 3 to 20 Carbon-étoms-may_be, for

‘example, a straight chain or b;anéhed a-olefin of 3 to 20

carbon atoms such as propylene, l-butene, l-pentene, 3-

methyi—lebutene,'1—hex¢ne, 4—methyl—1—pentene, 3-methyl--
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1;pentene, 1roetene} 1—decene, 1—dodecene,”l—tetradecene,

1—hexadecene;.1—octadecene, and 1~eicocene; and a-cyclic

‘olefin of 3 to 20 carbon atoms such as cyclopentene, :
: cycloheptene, norbornene,-S—methyl 2 norbornene,
tetracyclododeCene,=2—methyl—1,4,5,8—dimethano—

1,2,3,4,4a,5,8,8a-octahydronaphthalene. -

The ethylene (eo)polymer (A3) is preferably an

_ ethylene homopolymer or a copolymer of ethylene and an o-

':olefln of 4 to 20 carbon atoms.

_.It_is desirable for_the ethylene (cdfpolymer (A3) to
have intrinsic'viscosityIgenerally not lower than 1.0

d1/g, preferably 2.0 to 40.0 dl/g and Mw/Mn value

'_measured by GPC generally'not lower than 5.5, preferahly

w1th1n a range of 20. 0 to 100.0.
"The ethylene (co)polymer (A3) contains generally 50

to 100% by welght, preferably 55 to 100% by-weight,

tlfﬁrther preferably 65 to 100% by-Weight and most
:preferably 70 100% by welght of a repeated unit derived

'from ethylene and 0 to 50% by welght, preferably 0 to 45%

by. welght, further preferably 0 to 35% by weight, and

" most preferably 0 to 30% by welght of a repeated unlt

derlved from o- olefln of 3 to 20 carbon atoms.

The ethylene.(co)polymer (A3) is
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-('i'As.) t'he'.melt.ten'si.on (M.T.(g).)'..at 190°C 'and the
swell ratlo (SR) calculated from the strand diameter .
extruded at 190°C satlsfylng the follow1ng relatlon,;.

log(MT) > 12 9 - 7 15 x SR and preferably log(MTj >
13.3 - 7.15 x SR. . |

An ethylene-(co)polymer-having MT and SR satisfying

“above deScribed relations is'characterized hy excellent

bubble stablllty at the tlme of 1nf1at10n moldlng

The ethylene (co)polymer (A3) - also is

(11M) the 1ntr1ns1c v1sco51ty (In] (dl/g)). measured

" in decalin at 135° and the melt flow rate (MFR (g/10

_minutes)-measured'under 2.16 kg load at 190°C satisfying

the following relations;

[n] > 1.85 x MFR™ 192, preferably (] > 1.95 x MFR™-1%2,

'1n the case of MFR < 1 and

-[11_] > 1.85 x MER'°-213, preferably [n] > 1.95 x MFR™:2?

in the case of MFR > 1.

"An ethylene_(co)polymer having the intrinsic

‘viscosity and MFR satisfying above described relations is
-_characterized'by, for example, excellent mechanical

strength of a molded product

It is- preferable for the ethylene (co)polymer (A3)

‘to satlsfy at least one of the follow1ng requ1rements
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(1iiin) to (viiy,) in'addition to the above described

"requirements (im)'and (ii&)

(111m) The welght average molecular welght (Mw)

'measured by ‘GPC and the swell ratlo (SR) calculated from

the strand dlameter_extruded at 190°C satlsfy the-

~following relation; SR> 4.55 - 0.56 x log(Mw),

"preferably SR > 4. 60 --0.56 x log(Mw)

A polymer hav1ng the Mw and SR satlsfying above

déScribed relations is characterized by, for example,

 blow moldability and excellent weld strength of a blow-

molded product,g

(ivas) The.nUmberjaverage-molecular weight (Mn), the

| weight_avérage molecular weight (Mw),_and.the Z average
" molecular weight (Mz) measured by GPC satisfy the
.following-relatiohs; Mz/Mw = 7/(1 - 5.5[(Mw/Mn)) and

Mw/Mn > 5.5.

' Especially preferably the following réquirement

'(ium).is satisfied;'the number average molecular weight
_-(Mn), the ueight average-molecular weight.(Mw), and the 2z
'average molecular welght (Mz) measured by GPC satisfy the
. following relation; Mz/Mwlz 5/(0.7 - 6.45/(Mw/Mn)_+ 3)

and Mw/Mn > 6.3.°
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.An ethylene (co)polymer-having the number -average

' molecular weight (Mn), the weight aveiage_mOIecular
. weight (Mw),-and'the'z_average molecular weight (Mi)

"Satisfying'above described relations is_characteriiéd'by,

fér'examplé; blow_méldability and inflation“film'
Iﬁoldabili'ty.- o |

(vmj Thé'nﬁmber'df'the vinyl groups at the molecular.
tefminals Célgulated by coﬁversion to that per.one

molecular chain having the same molecular weight as the

‘number average_moleCUlar weight is 0.50 or higher,

preferably 0.60 or.higher.

- The numbér:of vinyl groups at the molecular

terminals is génefally 150 or lower.

~ In the case the vinyl groups at the molecular

‘terminals are within the above deScribed:ranges,.the
_'ethyleﬁe (co)polymer is éasy to be modifiéd and is high
-adhesionlétrength té §tﬁer resin;'.Also,'a compbsition
;Containihg.the éthyiene (co)polymer domprisiﬁg the:vihYl

groups at the molecular terminals within_the abcve.

déécribed ranges tends to have high adhesion strength to
other resin.

(Vi) The number of'methyl branches measured by 'C-

NMR is less than 0.1 per 1,000 of,carbon_atoms. Thé'
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i ethylene-(co)polymer satisfying such a requirement is an
_ethylene.homopolymer'or a copolymer of ethylene'and_an_a—

olefinhof 4 tol20 carbon'atoms}

" An ethylene‘lco)polymer_satisfying.such a

‘requirement is a rigid crystal structure and therefore is

excellent:mechanical Strength.'

(v11m) The number average molecular welght (Mn), the

-welght average molecular we1ght (Mw) , and the Z average

-_-molecular welght'(Mz) measured by GPC satisfy the

10

15

20_'ethylene (Co)polymer (A3), fish eyes, besides’fish eyes'_

following.relations;

Mz/Mm > 4/(0.5 - 4.50/((Mw/Mﬁ) - 0.2)), preferably.

.Mz/Mw > 4. 2/(0.5 - 4. 50/((Mw/Mn) ~0.2)) and Mw/Mn > -
9. 2 preferably Mw/Mn > 12.0. | |

It is de51rable for an ethylene (co)polymer to. have
Mz /Mw measured by GPC which does not exceed Mw/Mn,-

A polymer having Mn,_MW, and Mi satisfying above
descrlbed relatlons is characterlzed by, for example,'
excellent blow moldablllty and’ 1nflatlon fllm moldablllty.

-In.the case a molded product 1s-produced from an

. having cores of fibers and'nhe.likes,-are scarcely

. generated. For example, not'more'than 20 fish_eyes

(except fish eyes having cores of fibers and thellikes);'
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:preferably.practlcally no.flsh eyes, - are observed with
'eyes in the case a £ilm of 3.5 cm w1dth and 50 pnm
vthlckness is formed u31ng a caplllary rheometer and eye

' observatlon of the fllm 1s carrled out in the range of

33 0 cm w1dth and 20 cm length

The methods for measurlng above 'described phy51cal

propertles w1ll be descrlbed below.

P u-": ' _Hd £ slen o
The'above.descrlbed ethylene (co)polymer (A3)d¢an be-
produced by. polymerlzlng solely ethylene or .
copolymerlzlng ethylene and an a—olefln of 3 to 20 carbon
atoms in the presence of, for example, an olef1n
polymerlzatlon catalyst described below,

An olefin catalyst-to be'employed for an ethylene

l'(co)polymer (A3) of the present invention'comprises

(a2f'a:transition metal combound having either one
ofdgeneral_formulas (VII) to (IX) described belowtand
_(b;é)_an organoaluminumroxy compound.
_'The reSpectiVe catalySt components constituting such

an olefin polymeriaation'catalyst will be described below.

A transition metal com
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The transition metal compound (a2) is'defined as'any_”

one of the general formulas (VII) to (IX) below.

5 I . (VII)

(wherein, N .,..Z# ééherélly means coordination ahd in
the pieéent-inventiéh,'N and 2r may or may ﬁot be
coordinated: tbe same in the'generél qumulas (ViII) and
10 (IX) described blow). | '
| Where, m denotes'an integet'of i.or 2, prefefably 2:
- R denotes an'afométié_hyerCarbon group,.par;iéuiarly,
an aryl_érouplof 6 to:30,.preferébly'6 to 20 qarbon atoﬁs
such as phényl; beﬁzyl,_naphthyi; bipheﬁyl;.térphenylj
15 phehanthfyl,'aﬁthryl,_or the like;;and an.alkyl—

substituted aryl group such as tolyl,.isb—propyiphenyl,'
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tert—butylphénYl, dimethYlphényl,-di—tert—butylphenyl, or

‘the like.

" R? to R® may be the same or différent to one another

and denote hydrogenlatom or a'hydrocarbon group,

'particularly, a straight chain or bfanched alle group.of
1 to 30, preferably 1 to 20 carbon atoms such as_methy1,
' ethyl,'h—propyl,EiSopropyl, n—butyl,-isbbutyl, seé—butyl, '

_tert—butyl, neopentyl, n-hexyl, or the like; a straight

chain or branched alkenyl group of 2 to.30;-preferably 2
to 20 carbon atoms suqh'as vinyl, allyl, isopropenyl, or .

the like; a stréight-chain or branched alkynyl group of 2

- to 30, preferably 2 to 20 carbon atoms'such as ethynyl,
_ prOpargyi, or the like: a cyclic Saturated'hydroqarbon_

~group of 3 to 30, preferably 3 to 20 carbon atoms such as

Cyclqpropyl; cyclobutyl, cyclopentyl? cyclohéxyl,
adamantyl, or the like; a cyclic-unsaturated,hydrocarbon

group of 5 to 30 carbon atoms such as cyClopentadienYl,

| indenyl, fluorenyl} or the like} an aryl group oﬁ 6 to-30;

-_ preferably 6 to 20 carbon atoms such.as phenyl, benzyl,

20

;naphthyl, biphenylyl, terphenylyl, phenanthryl, anthryl,

‘or the like; and an alkyl-substituted aryl group of 1.to"

30 carbon atoms such as tolYl, iso—pfopylphenyl, teftf

"butylphenyl; dimethylphenyl, di—tert-butylphenyl,'dr the
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';_like.'.Fuither, the above described hYdroqarbon groups -

maY;have_other'hydfocarbon group substituents and

exemples of fhe-hydrocarbon_group—subStituted 3

hydroeérbens are aryl-substituted alkyl groups such as

benzyl, cumyl, or the. like.

_  RF denotes_a_hydrecarbon group of 1-to'4 carbon

latems;whieh is particularly methyl;.ethyl, propyl or

' bufyl.

R! and R® may be the same or different to one another

and among them, two or more groups, preferably

'neighboring'grOups,.may'be bonded one another to. form an

alicyclic ring or an aromatic ring and these rings may

'fu#ther be substituted;'

In the case m is 2, two groups of R! to R® may bonded

each other aﬁd also in the case m is 2, respective R,

respective R?, respective R?, respective R*, respective R®,

‘and respective-R&nmy_be the same or different to each

etherf-;-

"-nedenqtes,a~number'satisfyihgIthe_valence of Zr

(zirconium) and is.particularly an integer of 2 to 4, .

 preferably_2.

‘X denotes hydrogen atom, a halogeh_atom, or a

'hydrocarbon greup; 'In the case n is 2 or higher,
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respectiﬁe X-may be the same or different ahd'respective

X may”bé:bohded one another to'fprm_a ring. 'Exampleé-of_
the hydroéarbon'gréupé ére.the same.grdups exémplified;
.forﬂabo§e.de5cribediR2 to RS. As-fhe halogen atom,
fluorine(*chlsriﬁe, bromine;.and iodine are_inéluded.

An ethylene (co)polymer éatisfying the above

' des¢fibed requirements (ia3) to (iiim), preferably the
.above described reqﬁireﬁénts (ix3) td (iiip,) and at least
~ one of the above déscribed_requirements (ivy) to (vigs),

can be produced using a transition metal compound having

Such'a general formula (VII) by polymerization under

‘conditions. described below.

Next, a trénsition metal_compound (a2) having. such a

general formula (VIII) will be described below.

(VIII)
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m.denotes-én_integer.of 1 or 2 and preferably 2.
R™ to R* may be the same qf-different to one another
and”éach dénotes hydrogen atom or a hydroéarbon'group,

and as the hydrocafbon_grdup; particularly, hydrOCafbon

‘groups as same as those exemplified for R® to R’ are

. exemplified.

. Thé hydroéarbon:group'may be'Substituted by othér_

:hydrOCarbon'groups-and as the.hydrocarbon group

substituted by other hydrdcarbon'groups;'aryl—substituted

alkyl'groﬁps such as benzyl,_cumyl; or the like can be

‘exemplified.

R denotes an alkyl group of 1 to 8 éarbon atoms

preférably selected'from methyi, ethyl,.n—propyl,

nedpéhtyl, n-hexyl, or the like and methyl group is

particularly preferable;-

R® denotes a hydrocarbon grbup_of 5'to 30 carbon
atoms, particularly, a straight chain or branched alkyl

group .of 5.to 30, preferably 5 to'20 carbon atoms such as

'_n—pénfyl,"ﬁeobentyl,'n—hexyl, n-heptyl, n-octyl or the
'like;_a;hydrocarbon group of 5 to 30, preferably 5 to 20

carbon atoms and having an alicyclic skeleton such as
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.cyclopentyl, cyClohexyl} norbonyl, adamantyl,“or the

like,'an aryl group of 6 to 30 preferabiy 6"to 20 carbon

_atoms such as phenyl,ﬁbenzyl, naphthyl blphenylyl
'tripﬁenylyl. fluorenyl, anthryl, phenanthryl, or the -

llke, and a group (e.g. cumyl) selected from these groups

";and substltuted by a hydrocarbon group of 1 to 30 carbon

15

20

atom, preferably an alkyl group of 1 to 20 carbon atoms

 and an aryl group of 6 to 30 preferably 6 to 20 carbon

atoms.

R'® is preferably a hydrocarbon group of 5 to 30

carbon atoms and having an aiicyclic skeleton such as

cyclopentyl,-cyClohexyl, norbonyl, adamantyl, or the

- like; more preferably a hydrocarbon group of 5 to 20"

oarboh'atoms and having an alicyclio skeleton; and

'especially preferably adamantyl.

R! and R may be the same or different to one

another and among them, two or more groups, preferably

neighboring groups, may be bonded one another torform an

alicyclic ring or an aromatic ring and these rings may"

further be substituted.

In the case m is 2, two groups of R" to R' may

rbonded'each.other and also in the“case m_is 2; respective

' R", respective RY, respective RY, respective RY,
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respective R', and respective R' may be the same or

_ different'to each other.

n dénotes a number satisfying the valence of Zr and

fis pafti¢ularly'antinﬁeger of 2 to 4, preferably 2.

X can.be défihed as same as X in the abbve deécribed-
genefal fqimu1a (VII)7

"As_the transition hetal compound of the general

--formula'(ViII), compounds héving the formula wherein m is

2 and R is a hydrocafbon.group of 5 to 30 carbon atoms

and having an alicyclic'skeleton are preferable, and

'among them, those COmprising methyl group as R" and’

adamantyl as R'® are especially preferable.
An ethylene (co)polymer satisfying'thé'above
described requirements (i,) to (iiim),'breferably.fhe

above. described requirements (i,) to (iii,) and at least

one of the above described'requirements_(ivm) to (vipg).,

can.be prodUcedIusing a'transition_metal,compouhd having
such a general formula (VIII),
_fNext,fa transition metal'compound-(aZ) having such a

general formula (IX) will be déscribed below.
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(IX)

m denotes an integer of 1 6r-2.and preferably 2.

R* denotes a aromatic hYdrocarbon group which may be

_ substituted by substituent groups and'desirably an

aromatic hydrocarbon group of 6 to 30r preferably 6. to 20

carbon atomé such;as phényl,_benzYl,'naphthyl,_biphenylyl,
térphenylyl, phenanthryl, anthrfl; or thé like. | |
The'substituéﬁt groups which R* may comprise are not
specifically"limited; and include halogen atomé;
hydrdéarboﬁ groups,_oxygén—éontaining grbups, nitrogen-
containiﬁg'grouﬁs; halogeh—céﬂtaihing groups, hydroéarbon |

groups having oxygen-containing groups, hydrocarbon

'groups having nitrogen4cohtaining groups, and hydrocarbon -

groups_having-halogeh—containing groups.
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As halogen atoms, fluorine, chlorine, bromine, and -

iodine can be'exeﬁplified,

'As_the hydrocarbon groups, those groups ekemplified

._'for_R? to"Rf'cen be exemplified. The hydrocarbon groups
'-may be substituted by halogen for hydrogen atoms and
- halogen—substituted hydrooarbohrgroups:inclUde, for

‘example, a halogenated HYdrooarbon_group of 1 to 30,

preferably_l-to 20 carbon-atoms'such as trifluoromethyl,
pentafluorophenyl chlorophenyl .or the like.
Further the hydrocarbon groups may be substltuted by

other hydrocarbon groups and hydrocarbon groups

substituted by other hydrocarbon groups include an aryl-

substituted alkyl group_such es benzyl, cumyl, or the

like.

Of the examples of the hydrocabon groups,

espec1ally preferable are alkyl groups hav1ng 1 to 30

carbon atoms, preferablely llnear or chaln—branched alkyl

groups-hav1ng-1 to 20 carbon atoms, such as methyl; ethyl,

.n—propyl;-isopropyl, n-butyl, isobutyl, sec-butyl, 1-
butyl, neopentyl and'n~hex91; aryl groups having 6 to 30
_carbon'atOms, preferably'G_to 20 carbon atoms, such as

: phenYl,-naphtyl, biphenylyl, terphenylyl, phenanthryl and

antthl;-and substituted aryl groups where 1 to 5_of'such
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substituents are Substituted as alkyl groups having 1 to

30 carbon atoms, preferably 1 to 20 carbon atoms,'and an

'aryl-grdups.having'G to 30 carbon atoms, preferably 6 to

.20-¢arbon atoms.

As ‘the hydrogen containing groups, the mnitrogen

fédntaing groups and halbgen éontaining'groups theré-can
., be exmplified an alkbgylgroup, an aryloxy groups, an acyl

- group, an ester group, an amido group, an imido group, an

amino group, an imino group, a cyano group, -a nitro group,

- a carboxyl group, a_hydrdxy group,'etc.

Examples Of'the alkoXy group inclﬁde methoxy,

ethoxy, n—prOpoxy, isopropoxy, n%butoxy, isobutoxy and

tert-butoxy.

Examples of the alyloxy groups include phenbxy,

The acyl groups are, for example, a formyl group,

an acethyl group, a benzoyl group,' a p-chlorobenzoyl

group, a-p—methoxybenzoylzgrOup.

. Examples of the estér'groups include acethyloxy,
béanyiokQ, methoxYéarbényl, pheﬁoxycarbonyl,.and P- |
'éhlorophehoxycaﬁbonyl.- - | |

-'Thé amido groups include,~for eiample,.a¢e£amide;

N—methylacetamide_and'N—methylbenzamido.
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N As imido groﬁpé thete can be eXamplified a¢etimid¢
and benzimido... | |
| _.EXamples of ﬁhe amino groups'inclﬁde dimethylémino,
eﬁhjimethylémiﬁo_and'diphenylamino.

The imino:groups are, for example, methylimino,

'_ ethylimino, proleimino, butylimino and phenylimino.

10

15

20

" The hydrocarbon groups having_oxygen—containing

”_grOups'inciude'above described hydrocarbon groups

subStituted by the 6xygenjcontaining groups; the
hydrocarbon groups having nitrogen-containing groups

include above described hydrocarbon groups substituted by

-the nitrogen-containing groups; and the hydrocarbon

groups'haVing halogén—containing groups include abové
desCribed.hydroéarbon.groups substituted by'the-halogeﬁ_
con£ainiﬁg'gréupé; ' -

R* to;R%'may be the same or different to one another

and respectively.denoté a hydrogen atom, a halogen atom,

‘a hydrocarbon groub;'an“bxygen—containing group, a

nitrogen-containing group, a halogen-containing group, a

: hydroéarbon'group having oxygen-containing groups, a

hydroééfbbﬁ groﬁp having nitrogen-containing groups, and

a.hydrocarbbn groﬁp_having halogen-containing groups.
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As thefhalogén.atom, the hydrocarbon group, the

. oxygen—containing groﬁp, the nitrogen-containing group, a

halogen—containing'group,'the hydrocarbon érouﬁ'having-

_oXygen—éontaining groups; the:hydrocarbon group having
'ﬁitfogen—céhtéinihg.g:oups, and the hydrocarbon group
'having héloQén—Contéinihg groﬁps, thqse_éxemplified as
ithe"subétituent_groups which_R21 is.allowed to comprise

can be exemplified.

- win a transition'metal.compéund-having the above

described general formula (IX), one or more of the

 subétitﬁént_groups which R? has and groups denoted as R?

" to R® are respectively .a halogen atom, an oxygen-

containing'group,'a'nitrdgen—containing group, a halogen-

contaihing_gfoup, a.hydrocarboh group haVing oxygen-

‘containing groups,fa hydrocarbon group having nitrogen-

containing groups, or a_hydroCarbon group having halogen-

' containing groups.

~One or more ofsthe_subStituent groups which R* has
and'groups denoted as R* to R* are preferably_ 

substituent'grpups selected from an aryloxy group, an

amino group,'an_imino_group,'a cyano group, or a nitro

group'or"a hydrocarbbn group having these substituent.

groups.



- SF-679

10

15

20

140

._Eﬁrthér, it is élso piéferable.thaﬁloné'bf thel
substituent groupsiwhichiR?'ﬁés and gfoﬁps denoted'és_R22
to_Rﬁlié'ah é1k6xy gioup.énd.one or more of.the’resf are
éﬁbétituenﬁigroups selected_from an.aikéxy-grbup,'an_

aryloxy group, an amino group, an imino group, a cyano

‘group, a_nitrq group, and a hydrocarbon group havihg

these substituent groups.

It is especially preferable that one or more of the

' subétituént groups which R has and groups denoted as R*
to R%_afe'sﬁbstituent'gfpups_seiected from an aryloxy

- group and amino groﬁp.

R“_is'a hydrocarbon group. As the hydrocarbon group

.preferabie for R%, the following gfoups are preférable

examplésf a straight chain;or'branChed alkyl gfoup.of 1

“to 30, preferably 1 to 20'carbon'atoms_such as methyl,

- ethyl, anropyl, isopropyl, n-butyl, isobutyl,.sec—butYi,

tért—butyl, neopeﬁtyl, n-hexyl, or the like; a cyclic

saturated hydrocarbon group of 3 to-30}_preferably 3 to

' 20 carb§n atoms such as cyclbpropyl,'Cyclqbutyl, o

cyclopentyl, cycloheXyl,.adamantyl; or the like; an aryl

_gfbup.qf.G to 30, preferably 6 to 20 qarbon atoms such as

phenyl, benZyi, néphthyl, biphenYlyl, fiiphenylyl, of the

like; and one of these group.substituted_by alkyl groups
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 of Ijto_BO,-preférably 1 to 20 carbon atoms or by aryl

 qroups of 6 to 30, preferably 6 to 20 carbon atoms.

R to R® may be the same or different to one another

and ambﬁg them,itWo or more'groups,.preferably

'-neighbo:ing grbups, may be bonded one another_to form an
‘alicyclic ring,'an'aromatic.rihg, or a hydrocarbcn ring .

COntaining hetero atoms such.as nitrogen atom and these

rings'méy further be substituted.
In the case m isiz,'twd groups of R*?* to R* may
bonded each other and also in the case.m is 2, respective =

R*, respective R¥, respective R®, respective R%,

-~

‘respective R®®, and respective R* may be the same or

different to each other.

n denotes a number satisfying the valence of Zr and
is particularly an intéger of 2 to 4, préferably 2.

X can be'defined as séme as X'in the above described

genéral forﬁula (VII).

An ethylene (co)polymer Satisfying the above

described requirements (i) to (iv,,), preferably the

. above described requirements (i,;) to (iv,,) énd.at.least_

- one of the above_déscribed requirements_(vm)'to_(vim),_

can be produced using a transition metal compound having

such a general formﬁla:(IX);
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.'Concréte,éxémples of'transitign metal compounds (a2)
.jdefined_as'the.general'fbrmulas (VII)'to (IX)'will be
described below and the transition-metél compounds are '

not_limitédftq those compounds. -
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Thelabove exémplified-cOmpounds;iMe denotes mefhyl
grdup; Et denotes ethyl g:oup,_£éﬁ tertfbutyl grquﬁ;.and
Ph phéﬁyl.grdup, | o | | -

| Thé.method_fbrﬁprodhéiné fhe transition metai -
cOmpoﬁnd (a2) is'not.specifiéally'restricted ahd, for
éxémple, theléoﬁpouﬂd can Bé'broduced as described belqﬁ.

The transitipn ﬁétal COmpound (a2).can be

synthésized by, fo: example,.reaction of a compound (a

' ligand“precursor) capable of forming a ligand and a

zirconium compound of,_for éxaﬂple, Zer_(X is the same

as above defined X and 'k denotes the hﬁmber satisfying

“the valence of Zr).

The ligand precursor can be obtained by reaction of

| a:salicylaldehyde éompound and a primafy amine compound

having a formula R'-NH, (R' is the same as R' of the above

' described general formula (VII).), fbr example, an .

aniiine compound or an alkyl amine compound.
Particularly, the precﬁrsor can be obtained, for example,
by dissolving:both starting compounds in a solvent. As

the solvent, a commonly used sqlvént for such a reaction .

{is'usabiefaﬁd éspecially an alcohol solvent such as

methéhol, ethanol, or the like or-a hydrocarbon'solvent

sdch'aé-tdluene or the like is preferable. Then, the
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resﬁltaﬁt solution is stirred for about 1 to 48 hours at

__from_room temperéture_to_reflux condition to obtain a

) cérrespohding.Iigaﬁd preéuISOr at.high produCtion'yield,

Next,_a‘Corresponding_transition'metal'compound (a2)

can bé’synthesized by_reéctidn of a ligand precursor

- produced in such a manner and a zirconium compound.

Particularly, the synthesis is carried out by dissolﬁing

a:synthesized ligahd precursor in a solvent, bringing the
resultant solution into contact with a base, if necessary,

to produce a phehoXide_salt; and then mixing the produced

- substance with a metal'éompound such as a metal_halidé,-

an alkylated metal-compound{-or'the like.at a low

temperature, and stirring the mixture at -78°C to a room .

'.'temperature'or in reflux condition for 1 to 48 hours. As
: the'solvent to be used, a solvent COmmonly used for such

~a reaction can be usable and . polar solvents such as

ethers,'tetréhydrofuran_(THF); and the likes and a
hydroc§r5§p solvent such aslt01uene_ére.preferable._ As
the bése,tp be uéed fof'produping_the phénoxide salt, the
folloWing salts are préférabie; é metal salt such as a

lithium salt, e.g. n-butyllithium, a sodium salt, e.q.

;sodium_hydride,_and an organic base, e.g. triethylamine,

pyridine, or the like.
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An'efhylene_(co)polymer (A3) cah:be-producéd by

- polymerizing SClely'ethylene dr'COleymeriiihg éthylené

and an a-olefin of 3 to'20 ¢a;bon atdms-in the presence
of such above deséribéd-oiéfin §Olymerizati§n qatalyst _ 
simiiér in-$becified conditions.

" The pélymeriZétioh methbd:will'be described below.

Pdlymerization can be carried out by any one of the

_methods} liquid~phasé-pdlymerization methods such as

_Solution pqumerizatién andlsuspénSioh poiymerization aﬁd
gas—phase polymerizatioh methods. | | |
-’As'éﬁ-inért'hydrbcarbOn solvent to bexusedlfof a
liquid—phase po1ymerizatiqn, the same inert hydrocarbon
sp;vents.to:be empldyéd for producing above describéd
ethylené'(CQ)polymer (Al).are éohcrete examples and an
oiéfih:itéeif_ﬁéy be used as.a SOIVenf. ”

At the time of carrying out (co)polymerization using

_such'an-olefin polymerizatioh catalyst, a transition

metal compound (a2) is so added'as_to keep:the

concentration generally JO;”:to.lofzmoie, ﬁréferably 10710

to 107 mole, per 1 liter of the reaction volume. An

organbaluminum oxy compound (b§2)'is so-addéd as to keep

“the mole ratio (Al/Zr) of aluminum atom (Al) in the’

‘compound (b—2) and zirconium (Zr) of the transitioﬁ_metél

7.
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compound (a2) within'generally 10 to 500,000 and -

' preferably 20 ‘to 100,000.

10
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In the case of using euch a transition metal
componnd'(a2)-defined_as'above deecribed-general formula

(VII), polymerization is carried out at the

polymerlzatlon temperature controlled to be generally

.60°C or hlgher and preferably 75°C or. hlgher and the

'polymerlzatlon pressure controlled-to be generally 3 to

100 kg/cnl and preferably 5 to 50 kg/cm ‘In the case of

using such a tran31t10n metal compound (a2) deflned as

above described general-formula (VIII) or (IX),.

polymerization is carried'out at the polymerization

'temperature controlled to be generally 40°C or higher and

:preferably 50°C or higher and the polymerlzatlon pressure_

controlled to be generally_3 to 100 kg/cm® and preferably
5 to 50 kg/cm?.

The polymerization reaction may'be carried out by

~ any method such as batch type, semi—continuous, and

contlnuous methods
The molecular weight of a produced ethylene - -

(co)polymerﬂ(A3) can be adjﬁsted either by making'

: 'hydrogen.eXist in the polymerization system or changing

' the polymerization temperature.
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o : . L -
".An e£H§lené'fcofpoiYmer (A4) of.tﬁe present
'inﬁenfion_is én éthylén§:h§mop61yﬁer or'a'random_
.éopoiymér'éf ethylehe.and an a~oiefin_of 3 . to 20 carbon
afdms;' | | |
| The aFolefin.of'3 to 20 carbon atoms:may be,.fOr
eXample; a straight chain'éribrahched a-olefin of '3 tb.éo

carbon atoms as same as described. above and a cyclic

olefin of 3 to 20 cérbdn atoms as same as described above.

Thé_ethylene (qo)pdlymer.(A4) is prefefably an

ethylene homopolymer or-a copoiymer of ethylene and an o-
. olefin of 4 to 20 carbon atoms.

It is desi;able fdr thé éthylene (co)polymer (A4) to

havé'intrinsic viscoSity generally not lohér.ﬁhan 1.0
'dl/g[:preferably 2.0fto 46.0 dl/é."
| It is desirable for the efhylené (co)polymer (A4) to
- contain genéraliyfso-tolloo%.by weight, preferably 55 to
100% by weiéht,'further éreferably 65 to 100% by Qeight,
-and mbst_preferébly 70 to 100%1bY'weight of a repeated
ﬁﬁit dériVed f;qm ethyieﬁe'and 0 to.SO%.by Wéight,

ipreferably 0 to 45% by weight, further'preferably 0 to
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35% by weight, and most preferably 0 to 30% by weight of

‘a repeated unit dérived from a-olefin.

. "The ethylene (co)polymer (Ad) is
(i,) the number average molecular weight (Mn), the
weight'averége molecular weight (Mw), and-thé_Z average

molecular weight (Mz),measured by;GPC satisfying the

'fdllowing felations;

Mz/Mw'; 4/(0.5 - 4.50/((Mu/Mn) - 0.2)) and
preferébly | |

Mz/MQ-z 4.2/(0,5 - 4.40/ ((Mw/Mn) - 0.2)) and

_Mﬁ/Mn > 9.2 and preferably Mw/Mﬁ-> 12.0.

‘The desirable state of the ethylene {co)polymer (A4)

'_satisfies that.Mz/Mw'measured by GPC does not exceed

Mw/Mn.
A polymer having_Mn, Mw and Mz'SatiSfyihg above

described relations is characterized by, for example,

. blow moldability and inflation film moldability.

20

It ié preferable for the ethylene (co)polymer (A4)

to satiSfy the following requirements-(iiiM)'to (viiy)

. described below[.in éddition to the above described

requirements (i) -
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(iii,) The melt tension (MT (g)) at 190°C and the

sWell'ratio (SR) calculated from'the strand diameter

extruded at 190°C satlsfylng the follow1ng relatlons,_

log(MT) > 12.9 - 7. 15 %x SR and preferably log(MT);>

13.3 - 7.15 x SR.

An_ethylene (co)pclymer having. MT and SR satiefying

~ above deecribed relations is_characterized by excellent

 bubble stability at.the time of ‘inflation mclding.

'(ivﬂ)-The intrinsic viscosity:([n] (dl/g)) measured

'1n decalln at 135°C and the melt flow rate (MFR (g/10

mlnutes) measured under 2.16 kg load at 190°C satisfying -

. the follow1ng relatlons;

[nl > 1.85 x MIS‘R""192 preferably [n] > 1.95 x MFR®%,

in the case of MFR < 1 and

[n] > 1.85 x'MFR*JB,;preferably [n] > 1.95 x MFR™®%3,
in the case of MFR > 1.

An ethylene.(co)polymer having the intrinsic

viscosity and MFR satisfying above described relations is

characterlzed'by,-fcr.example, wlth excellent mechanical
atrength of a nolded.product._ | |
Further in the ethylene (co)polymer:kA4),
':kiiQ) The weight average molecular weight (Mw)

measured by GPC and the swell ratio (SR) calculated from
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- the strand;diameter extruded at 1380°C satisfy the
.'following'relations} SR > 4.55 ~ 0.56 log(Mw),

preferably SR > 4. 60 - 0. 56 % log(Mw)

_ An ethylene (co)polymer hav1ng the Mw and SR

"satisfylng above described relatlons is characterized by;'
_ifor example, blow moldability and excellent weld strength'

__of a blow-molded product.

It is also preferable for the ethylene (co)polymer

_(A4) of the present 1nvent10n to satlsfy ‘the follow1ng

reduirements (Vag) and/or'(viim)'described'below, in

addition to the above described requirements (i,,) or

(i) tO (iVa) -

(VM) The number of the vinyl groups at the molecular

,terminals calculated by conversion to'that per one

. molecular.chain having the same molecular weight as the

_ number'average”moleCUlar weight is 0.50 or higher,

preferably 0.60 or higher

- The number of v1nyl groups at the molecular

_ terminals is generally 1.0 or lower.

In the case the vinyl groups at the molecular

terminals are within the above described ranges, the

dethylene (co)polymer iefeasy to be modified and is high

adhesion_étrength to other resin. Also, a composition
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fcdntaining the-ethylene (co)polymer comprising'the'Vinyl
'groups at the molecular terminals w1th1n the above
~descr1bed ranges tends to have high adhe31on strength to

'_other resin.

" (via) The number of methyl branches measured by 13C—.

“NMR is less than 0.1 per 1 000 of carbon atoms.

: An ethylene (co)polymer (A4) satisfying such a

requirement is an ethylene homopolymer or a copolymer of

ethylene and an a-olefin of 4 to 20 carbon atoms.

An ethylene (eq)polymer_satisfying such a

" requirement is a rigid crystal structure and therefore_is

excellent'mechanical strength.

“(vii,,) Only 1 relative maximum value exists in the

- .

: melecular weight distribution curve measured by GPC or at

least 2 relative maximum values and at least 1 relative

minimum value exist in the mOleeular weight distribution’

curve and in those cases, the intensity (W,) of the

relative minimum'valueland the lbwer-intensity (W,) of

the relative'the maximum values having the relative

minimum value between them satlsfy Wﬂmk = 0.85,

'pre-ferably W1/:W2 > 0. 90
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~In the case 2 or-mofe'relative'minimum values exit,
‘all of the relative minimum values satisfy the above

‘described relations.

"An eﬁhylene_(co)poiymer having W;'and W2 satisfying

" above described relations is characterized by, for

. example, extrusion moldability and excellent mechanical

stfength_ofua molded product.
In the case a molded product is produced from an

ethylene (cd)polymer {(A4), fish eyes, beSides'fish-eyes

.having coreS'of fibers and the likeS) are scarcely
-'éénefaied; For exemple, net more than 20 fish eyes
_(e#cept fish'eyes having cores of fibers and the likes)f
'ereferebly practically no fish'eye, are observed with

ieYeefin the case a film of-3.5_cm width and 50 pm

thickness is.formed using a capillary rheometer and eye
observation of'the:film is carried out in the range ef
3.0 cm width and 20 cm length of the f£ilm.

The methbde for measuring above described physical'

 properties will ‘be described below..

duction method he eths c 1yme: 4

flThe ebove described ethylene (co)polymer (A4) ofethe'

'~ present inVention_Can'be produced by polymerizing solely
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ethYlene or copolymefiiing ethyiéne and an_a—oiefin of 3

to 20 carbon atoms under specified conditions in the

"~ presence of, for example, an olefin polymerization

éatalyst.cdmpfising.
(a3) a tfansition metal éompound having the above

'déscribed'general formula (IX) and (bf2§ an

- organocaluminum oxy compound.

;. An ethylene (co)polymer (A4) can be produced'by'any
one of the methods; liquid-phase polymerization methods

“such as solution polymerization and suspension

| polymerization and gas-phase pélymerization methqu.

Specific examples of ineft hydrocarbon solvents to

be used for a liquid-phase polymerization are the same

.inerf hydrocarbonISOlvents aé'employéd for.producihg
~above described ethyleﬁe (cb)pqumer (Al) and_én olefin
itself ﬁay be.uSed as a Solvent; '_ | .
-AtJthe time of.carrying oﬁt-(cb)polymerization using
such an olefin pélymerizapion_catalyst,.a traﬁsitioﬁ.'
'cohpoupd'(a3)_is;30 added as to keep the ébnéent:aﬁion
generally 1072 to lof_mole,-préférébly 10f”_t§ 10 mole, .

per 1 litér of the reaction volume. An organoaluminum

- OxXy compound (b-2) is so added as to keep_the_mole ratio,

© (Al/Zr) of:aluminum atom (Al) in the compound (b-2) and
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zirconium (Zr) of the transition metal compound (a3)

-w1th1n generally 10 to 500 000 and preferably 20 to

j100 000

Polymerlzatlon is. carrled out at the polymerlzatlon.

temperature controlled'to be generally 40°C or higher and

':'preferably 50°C or hlgher and the polymerlzatlon pressure

controlled to be generally 3 to 100 kg/cm. and preferably

'_'5 to 50 kg/cn?.
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The polymerlzatlon reactlon may also be carrled out

'by any- method such as batch type, seml—contlnuous, and

contlnuous methods.

The molecular weight'of a produced ethylene

' (co)polymer (A4) can be adjusted either by making
'p hydrogen exist in the polymeriZation'system or changing

'the'pOIYmerization temperature;

len ~0) r_ |
An'ethylene (co)polymer (A5) of the present
invention is-an ethylene homopolymer or a random_

copolymer of ethylene and an a-olefin of 3 to 20 carbon

atoms.

" The a-olefin of 3 tof20_carbon atoms may be, for

-example, a straight chain orﬁbranched'a—olefin of 3 to 20
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carbon atoms as same as described-abbve and a cyclic

-olefln of 3 to 20 carbon atoms as’ same as described above.

The ethylene (co)polymer (A5) is preferably an

'“-ethylene homopolymer or. a’ copolymer of ethylene and an o-

olefln of 4 to 20 carbon atoms.

It is de31rable for the ethylene (co)polymer (A5) to
have_1ntr1n51c v150051ty generally not lower than 1.0

dl/g, preferably 2.0 to 40.0 dl/g and Mw/Mn value

' measured by GPC generally not lower than 5 5, preferably

w1th1n a range of 20 0 to 100. 0.
'Addltlonally,.theldes1rah1e.state of the ethylene
(eolpolymer (A5) eatlsfies that Mz/Mw does not exceed |
Mw/Mn”meaeured-by'GPC | | | |
| It 1s also de31rable for the ethylene (co)polymer
(AS) to contain generally 50 to 100ﬁ by welght

preferably'SS to 100% by weight, further preferably 65 to

'100% by w’eigh_t',. and most preferably 70 to 100% by_’wei.ght'
.of_a repeated unit deriyed from ethylene_and 0 tn 50% by -
.weight, preferably,o-tb.45%'hyrweightl fnrther preferably
0 to 35%_by.weight, and most preferably 0 to 30% by

'-weight of afrepeated_unit derived from a-olefin.

The_ethylenes(co)polymer (AS) is .
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(ig)-at leést'2 relative maximum values and at least

1 relative minimum value existing in the molecular weight

" distribution curve measured by;GPC'and the intensity;(Wg ._

of tﬁeufélative minimum vélue.and the léwer inténSity:
(W,) §f.thé.relatiﬁé the ma#imﬁm vélues having the

| relativé minimum vaiué'betwéen them'éatisfyinglwﬂWu <

0.85, preferably W,/W, < 0.80.

In the case 2 or more relative minimum values exit,

at least one of the relative minimum values satisfy - the

aboVe“des¢ribed relations.

An ethylene (co)pdlymer having W, ahd W, satisfying

: abng described relations is charécterized by, for

example,.éXtrusioﬁ moldability and éxcellent-mechanical
strength of a molded producf.'

| it is'préferablé for tﬁe ethyleﬁe (éo)bolymer (a5)
to saﬁisfy the following requirements (iii,) to (iv@)
deséribéd_beldﬁ;.in addition_to the above.deséfibed
fequi;emehts (ia5) «

 (iiip) The melt tension (MT (g)) at 190°C and the

swell ratio (SR) calculated from the strand diameter

ext:uded at 190°C satisfying the'follbwing relétions;
' log(MT) >12.9 - 7.15 x SR and preferably

log (MT) > 13.3 - 7.15 x SR.
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A polymer hav1ng MT and SR satlsfylng above |

'ldescrlbed relatlons is characterized by excellent bubble

Stablllty at the t1me of 1nflatlon moldlng

'(lVM) The 1ntr1n31c v1sc051ty ([n] (dl/g)) meaaured

.1n decalln at 135°C and the melt flow rate’ (MFR (g/lO
' mlnutes) measured under 2. 16 kg load at 190°C sat1sfy1ng

the following relatlons;

[n] > 1.85 x MFR™'?, preferably [n] > 1.95 x MFR™192,

in_the case of MFR < 1 and

[ﬁ] > 1.85 x-MFR”*“} preferably [n] > 1.95 x MFR%*?,

in the case of MFR >'1.
An ethylene (co)polymer hav1ng the 1ntr1n51c
visc031ty and 'MFR satisfying above_descrlbed relations'is

chafacterized by, for_example, eXcellent.ﬁechanical

strength of a'molded_product.

.It_is further preferable for the. ethylene-
(co)polymer (A5) to satisfy the following.'l

C(ii,g) The weight average molecular weight (Mw)

measured by GPCtand the swell ratio'(SR) calculated from

the strand diameter.extruded at 190°C satisfy the

" relations; SR > 4;55 - 0.56 x log(MW);'preferably_SR >

4.60 - 0.56 x log (Mw).



10

15

20

SF-679

161

An ethylene'(colpolymer having the Mw and SR

_Satisfying above described relations is*characterized'by,

for example, excellent blow moldabllity and excellent

weld strength of a blow—molded product._

It 1s also preferable for the ethylene (co)polymer
(A5) to satlsfy'the'follow1ng_requ1rements (vas) and/or

(vipg) described below,.in'addition to the above.

described requirements (ias) or in addition to the above -
_descrlbed (15) to {dvys) .

(Vm) The number of the v1nyl groups at the molecular.

terminals calculated'by conversion to that per one
molecular chain having the same molchlar-weight as the

number average molecular welght is 0 50 or higher,

preferably 0.60 or hlgher.

The number of Vinyl groups at the molecular
terminals is generally 1.0 or lower.
In the caSe.the vinyl groups at the molecular

terminals are within the above described ranges, the

- ‘ethylene (co)polymer is easy to be modified and is high
adhesion strength to other resin. Also, a composition

-contalnlng the_ethylene (co)polymer having the vinyl

groups'atfthe molecular terminals within the above
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described ranges.tends to have'high.adhesion strength to
other:resin. |

l.(yig)'The nhmber'of'methyl.branches measured by *C-
NMR.is'less.than.O.l per'l OOO'of carbon atoﬁs; |

~ An ethylene (co)polymer satlsfylng such a

.requlrement is an ethylene homopolymer or a. copolymer of

.ethylene and an aﬁolefln of 4 to 20 carbon atoms.

~An ethylene (co)polymer satisfying such a -
requirement is'ahrigid orystal structure and therefore is
excellent mechanical strength.

In'the case a molded product is'produced from an

: ethylene (co)polymer (A5), fish eyes, besides fish eyes

hav1ng cores of fibers and the llkes, are scarcely
generated. ‘For example, not more than 20 fish eyes
(except fish eyes-having'cores-of fibers and the likes),

preferably practlcally no flSh eye, are observed with

' eyes in the case a film of 3.5 cm width and 50 pm

thlckness 1s formed using a caplllary rheometer and eye

-observatlon of the fllm is carrled out in the range. of

3. O cm w1dth and 20 cm length of the fllm

The methods for measurlng above. descrlbed phy51cal B

'-properties will be described below.
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h'd'b - hele. 1. c c
Thé.aboVe descpibéd'ethylene (co)polyﬁer (A5)  of thel
pfeéent invéntion.céﬁ-bé_prdduéed.by pOlymerizinglsoleiy

-_:'éfhylené or copolymeriéiné ethylene and an a-olefin Qf_é

| -5._t§320_carboﬁ atoms ﬁnde? spécified éonditiéhs in the

' lpreSence bf; for eXamplé,lan oléfiﬁ'bolymérization

.catéljst comprising .

| _l(a4)'a traﬁsition metal compound'héving the above

described géneral'formﬁla (?III)<and.kb—2) an
10 .érganpaluminﬁm OxXY éompound. |

..EOlyme;ization §an'be carried'out by any one of the
methods;.iiquid—phése bclymerizétion ﬁethods such as

_ éolution polymerizatién.énd.suspenSion polymerization_and

gas-phase polyﬁefiiatidn methods.

15  Specific examples of ine:t.throcarbdh'solvents to
be used for a liquid—phése'polymerization are thé same
inertlhydrocarboﬁ solventé as_eﬁpldyed fdf producing
Iabéﬁe described_ethylene (cé)polymér_kAl) and an.01efin

l‘itéelf may bg used:as'a_solvént{

20  1 “ At the - time of:ca:ryihg oﬁt.(co)polymé;ization_using'

' _su¢h_an élefin polyﬁe;ization éatalySt; a transiﬁibn

metaliéompbﬁnd”(a4) is:$o'édded as to keép_the.

'_ concentration generally 107 to 107 mole, preferably 107%°
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to..l()"3 mole, per 1 liter of the reaction'volume. An

-organoalumlnum Oxy compound (b-2) is so added as to keep
| the mole ratlo (Al/Zr) of alumlnum atom (Al) in’ the

compound (b 2) and zirconium (Zr) of the tran31tlon metal'

compound (a4) w1th1n generally 10 to 500, 000 and

' preferably 20 to 100, 000.

Polymerlzatlon is carried out at the polymerlzatlon

temperature controlled to be generally 40°C or higher and .

preferably 50°C or hlgher and the polymerlzatlon pressure

controlled to be generally 3 to 100 kg/cnl and preferably

5 to 50 kg/cm.

-The polymerization reaction may_also_be carried out
bylany method such.as batch type, semi-continuous, and
continuous methods,'. -

The molecular weight of a produced ethYlene_-'
(co)polYmer (AS)fcan behadjusted either by making

hydrogen_eXist in the polymerization system or changing

._ the polymerization temperature.

Metho casuri hysi p rties
The physical properties of the-abovehdescribed
ethylene (co)polymers (Al) to (AS5) can_be_measured'by

fdllowing-manner.
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- (Preéaration of speéimen for measurement)'
To 100 parts by weight of a powdery ethylene .

" (co)polymer, 0;05 parts by weight of tri(2,4-di-tert-

_butylphenYl)phOSphate as a seCOhdary antioxidant, 0.1% by

weight of n-octadecyl-3-(4'-hydroxy-3',5'~di-tert-

'butylphenyl)propionate as a heat resistant'stabiiizer;

- and 0.05 parts by weight of calcium stearate as a

hYdrochloric acid absorbent are addéd. After that, the

_resﬁltaﬁt mixture is melted and kneaded at a set
tempé;ature of 180°C'using a Labo Plastomill ka.baﬁch'_
type:melting_and kneadiﬁg_apparatus)lproduced by Toyo.
Seiki.Seisaku—Sho, taken 6ﬁt, formed into a sheet by a.
cOoiiﬁg press set at 20°C,.and cut:ihfo a proper.siie'to
obtain'a.spécimen.fOr meaSurement. |
(Méaéurement of the number of methyl branches)

Thé_number of methyl branches in a polymer molécular'_'

'chain per'l,OOO_cérbon atoms is measured by *C-NMR. Thé_

measurement is done.using a Lambda'SOO-type-nuclear'_'
magnetic resonance'apparatus_(lH: 500 MHz) produced by

Nippon Electronic Company. The measurement is carfied _

. out 10,000 to 30,000 integrated times. The peak (29.97

'ppm)'df a main chain méthylene-is employed as the

chemical shift standard. From 250 to 400 mg of a.
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| specimen and 3 ml of a liquid mixture of extra pure grade
_o—dichiorobenzene_prcdﬁced-by:Wakb Pure Chemical

_..InduStries,'Ltd. and"Benzene—d 6 produéed by ISOTEC in

5tk (vblume-ratib)'are put tdfa'quartz glassﬁtube of 10

mm diameter for NMR measurement sold at a market and
“heated at 120?C.and the'specimen'is evenly dispersed in

- the solvents to carry out the measurement. Ascription of

* respective absorption in the obtained NMR spectrum is

10
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carried out according to the description on'pp, 132 to
133,_"NMR—intrdduction and experiment'guide [11," Field-
of Chemistry,.extra edition vol. 141. The number of

méthyl.branChes per 1,000 carbon atoms is calculated from

_the%integratéd intensity ratio of absorption (19.9. ppm)

of the methyl'group'derived from the methyl branches to

the integfated absorption appeared in a rangé of 5 to 45

ppm.

(The number average molecular weight (Mn), the

'weight-average molecular Weight (Mw) , the Z-average

s

molecular ﬁeight'(Mz),'thelmolecular weight distributibn
(Mw/Mn), the molecular,wéight'distributioh (Mz/Mw))

Using the above described specimen and employing

out by the following method. Separation'columns.employéd

.GPC—150C produced by Waters, Co., measurement is carriéd_
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are TSK gel GMH6-HT+TSK gel GMH6-HTL produced by Tosoh

Corporation and each column is 7.8 mm inner diameter and

60 cm in length. The column'temperatUre'is controlled to

. be at 140°C; 0;025%.by-weight'of o-dichlorobenzene (Wako

Puré_Chémical,Industries, Ltd.) and 2,6fdi—tert—butyl—p—_:

cresol (Kanto Kagaku) as an antioxidant are used for the

.mobile'phase and mdved_at'l.O ml/minute; the

.'concentration'of the'sﬁecimen is controlled to be 0.1% by

' weight;'the amount of the specimen is set to be'500 micro
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liter; and a differential refractometer is employed as a

hdetectof. Seventeen monodispérsé PS having molecular

weight 500 to 2.06 x 10" are used for molecular weight

calibration. A molecular Weight'Calibration curve is

" proddced'by approximatihg the'reiation between the

logarithmic value of the reference PS molecular weight

and the retention time to a cubic polynominal expression.-

The aVerage molecular weight and the molecular-weight

_ distribution'reduced to PE are calculated.by converting

the mblecular'weight calibration curve of PS type into

- the molecular weight'calibiation curve of PE type using

viscosity equations: of PS and PE. The calculated Mn, Mw,

Mz are those reduced to PE.

_(Melt flow rate (MFR))
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Using the above described specimen, measurement is

.carried.out'at 190°C and 2.16 kg load=a¢co;ding:£o ASTM"

' D1238-89.

- (Intrinsic viscosity ([n]))
‘The value measured at 135°C using decalin solvent. .
That is, about 20 mg.of the above described spebimén for

measurement is dissolved in 15 ml decalin and the .

'specificlviscosity N, is measured in an 0il bath at'1355c.

‘To the resultant decalin solution, 5 ml of decalin -

'solVeht_is additidnally.added.to'dilute the solution and

the specific viscosity Ny 1S measured in the same manner.

.The_dilutibﬁ process is repeated further two times and

the intrinsic viscosity is ¢alculated_as'n§/C by

. _extrapblating the concentratiqn (C) to be 0.

] = lim(n,/C) (C - 0)
(A.heating'elution séparation test (TREF))
"An object polymer to be measured is completely

dissolved in orthodichlorobenzene to produce a solution -

: Qf 0.5% by weight cbncentration. The produced polymer

sOlution'is charged in a column of 21.4 mm inner diameter

and 150 mm in length and made of a stainless steel (gléss

_ beads_are_used_as a filler) and then the temperature of

the column is gradually cooled_from 140°C to -15°C. at a
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r_rate;oi 10°C/h.. After'that, while orthodichlorobenzene
' being fed in to the'column'at-the flow rate of 1 ml/min,
”the column temperature is- 1ncreased from -15°C to 120°C

- ‘at-a rate of 15°C/h. The IR spectrum of the polymer

component eluted durlng-the.temperature 1ncrease is -

- -continuously measured using a Fourier transform IR

10

15

20

Spectrophotometer (FT-IR). The_obtained spectrum is

'analyied to compute the concentration of the eluted

polymer at each temperature and the number of branches
(the branchlng degree) per 1, 000 carbon atoms.

The temperature-fractlonated component to be

: employed for.GPC measurement.is taken out as an

orthodichlorobenzene solution and-then recovered from
methanol,by_a re—precipitationfmethod. The recovered
polymer is measured by a'method described in the GPC
measurement item. The average branchingidegree of the

component-eluted in a prescribed temperature range is

'calculated'as the average of the branching degree by

Weight:at.every respecthe temperature,
l(MeaSurement of the number of'hexyl branches)

The number of methyl branches per 1,000 carbon atoms
ln.a:polymer molecular chain'ie measured by '*C-NMR. The

meaSurement is'Carried-outIUSing a Lambda 500 type
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C nuclear magnetic_resohance'apparatus (1H: 500 MHz)

10
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produced by'Nippon Electrohic Company; The measurement
'is carried out 10,000'to 30,000 integrated times. The .

péak (29.97 ppmf of a main chain méthYlené is émployed as

the chemical shift standard. -From 250 to 400 mg of a PE

specimen ahd 3 ml df.a_liquid'mixture of extra pure grade .

 6¥dichlorobenzene produéed by Wako Pure Chemical

"IhduStries,.Ltd.-and_Benzene-d 6 produced by ISOTEC in

5: 1 (volume rétid) are put to a quartz glass tube of 10

. mm diameter for NMR_measurement sold -at a market and

heafed_at 120°C and the-Specimen is evenly dispersed in

‘the solvents to carry out the measurement. Ascription of
respective absorption in the obtained NMR spectrum is

carried out according to the deScription on pp. 132 to

133, “NMR—introductioﬁ and expériment guide [1]," Field

of'Chemistry;.extra edition vol.-141. -The'number of

hexyl: or higher branches per 1,000 carbon atoms is
calculated frbm-the.integrated inténsity methylene group

. (C6+3)_appeéréd'at 32.2 ppm.

(Decane—Soipble component) -

‘The amount of a decane-soluble component is measured

- by addinglaboﬁt.3 g of the copolymer in 450 ml of n-

‘deCane,'dissolving-the'copblymef'in the decane at 145°C,
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cooled to 23°C, removing'n—decane—insolub1e compdnent by

fi;tration,*éndlrecove:ing the n—deéane—sbluble component
.frém-the rééﬁltént filﬁefed.soiutian;
(DénsiﬁY) -

'A:ébecimen fOr'ﬁéasuremeﬁf is préduced-by forming_a
sheet.haﬁing:a'thicknesé of OQS:mm aﬁ 170 °C ﬁn&ér 100:
kg/cnfjpre53ure usiﬁg é hydraulié thermal press machine
méhufactuﬁed by Kamiqui-Métal'Industry ahd'cooling the
shéet by compresSing ét_lOd_kg/CﬁF preésure using another

hydraulic thermal press machine set at 20°C. The

obtained pressed sheet is heated for 1 hour at 120°C and

gradually cboled'to a room:temperature for 1 hour and

then the.dehsity,is measured by a density gradiént tube.

' (Melting point (Tm))

_The;melting pqiht'iszset.td be a temperature of the
maximﬁm péak position'pf'an éndothérmic curve.obtained-by _
a_differentia1 scanning calorimeter (DSC).' Measﬁremént
is-céfried-qut'based_oﬁ én'endothermic curve of.2ndf£un
of the'érqéesses of packing an_aluminumlpan_with a

specimen, heating'the*specimen to 200°C at 10°C/minute,

Zkeeping it at 200°C for 5 minutes, -cooling it to ~150°C

at 20°C/minute; and then again'heéting_at 105C/minute.

(Amount of-paraxylene'eluﬁed.componeht)
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‘To a double'tube_type_seﬁarable-flask, 500 ml of
paraxylene (PX), 5g (measured)-of'a specimen} BHT in 0.5%

by weight to the'speéimen are put, théimixture is heated

 to'i309C at_abbut 2°C/minute'and_kept at 130°C fof 1 hour.
.During'the process,'the mixture is continuously stirred.

. After confirmation'that the specimen is completély

dissolved, the mixture is cooled to 75°C at about

:0.6°C/minute and kept at 75°C for 1 hour, and a part of

components of the specimen are precipitated. Stirring is

also cohtinuously carried out during'the proéess.

Next,'the componént dissblved in paraxylene at 75?C
is precipitated by opening a cock in the lower part of
the separable flask and dripping the paraxylene in which

a partﬁof the specimen is dissolved to 3_liter of acetone

at about 7.5 ml/minute. After the acetone containing the

precipitated component is filtered, thefp:ecipitated
componént is further washed With'acetone two timeé and’
dried for a whole day and'night by a Vacuum-drier._ Also,

the'component precipitated in paraxylene at 75°C is f_..

'Séparately recovered and dried.

Respective dried samples'are'weighed and_weight"
percentage of the component dissOlved.in_parégylehe at

75°C to the whole specimen is;calculated.
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Meaéurement is carried out in the.folloWipg
coﬂditions.'_ThéTmoieculér weighf i$ calculéted by
cdnfersioh into;éolyéthy1ene énd fhé amountlof.methyl._
5-,branches.per'1,000 carbon atqms'is défihed as a valﬁe
:oﬁtainediby_subtractihé (i4_§ 2600)/M_frpm_the'méthyl
'éméuntf(Me) of.résééétive mélécﬁlar weighfs'(M)."
: Apparafus: ALC/GPC 150—C type.manufacﬁured-by Waters
| '_.Detectiqn abpa;aqu/Détector: FTQIR (Nicolét Magﬁa
10 560 typé)'/MCT' : | o -
| 1Séparatioﬁ cqlﬁmhf.PLgel MIXED-A (7.5 mmX30'mmXZ'
coiumﬁs)  o |
_Mdbile phése: ODCB
.Flow_rate: 1;0'ml/hin.
15 'Column témperature: 140°C
Specimen concentration: 0.15 wt.3 _
Injection amount: i-ml_
fT—IR scanning times: 20 times -
.FT—IRjresolviﬁg power: .tl..cm'l
20: (Meit ténsibn.(MTf)
| N Tﬁe_melt tension can bé determined by measﬁring_the .
_'étress at thé time Qﬁen_a_méitea ethyleﬁe:(co)polymer.is..“

extended at a constant speed. That is, the melt .tension.
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“measﬁrement_is carried out uéing the above described
_ Specimen for measurement and a MT measurement_apparatus
,produced by Toyo Seiki Seisaku-Sho in the conditions of

'1905C_resin'temperatufe,'15 mm/minute extrusion Speed, 10

to 20 m/minute windiﬁg speed, 2.095 mm$ nozzle diameter,

" and 8 mm noZzlé'lehgth;i

~ (Swell ratio (SR))

Mélted resin is extruded in the same conditions as
those of the above déscribed melt tensior measurement and

a strand of about 2 cm length is Sampled. The strand is

. cut at a point .about 5 mm from the lower side (the side

apart frdm_the nozzle) of the strand and the diameter is

meésured_at two points different from each other by 90°.

;The SR is defined as thelvalue obtained by dividing the

aVerage value (mm) of the diameters by 2.095 mm nozzle

" diameter. - . . : o o _ -

(Méasurement 6f'thé:am6unt of Vinyl at leecular
terminals) : |

'Thé'amount of.Viﬁyl at moleéular terminalé-is
measured uSing IR spécﬁrophotometer FTfIR 350 type -
produced by JASCO'Corpqration by_the following method.

Calibration curve production:
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A plurality of.standard specimens haviné different

number (n) of.vinyl"type-double"bbnds (n: the ﬁumber.of

Vinyl.groups'at terminals per 1,000 carbon atoms) are

_ ptoducéd by_changing_thé“miXing'rétio of polyéthylehe"

containing no vinyl type double bonds and polyoléfin-:.

'containing'vinYl type doubié.bonds-énd IR absorption

‘measurement is carried out for theése standard specimens.

A .common tangent line of the relafive maximum points near
940 to 850 cm™ is drawn and. using the'iiné as a base
line, the absorbance D, in the key band (910 cm™) of the

vinyl terminals and the value D, bf_the base line are

read out. Further, thé thiqkness L (cm) of each specimen

is accurately read out using a micrometer and the

| absorbance per unit thickﬁéss.D/L_(D/L =" (Dg = Dy) /L) of

the key band for each specimen is calculated and the

relations of the bbtained valué and the number (n)'of

Vinyl.type double bonds are'illustrated to give a

‘calibration curve relevant to the amount of vinyl at

terminals. per 1,000 carbon atoms.

A film for IR absorption measurement as a standard

. specimen is produced by'mixing polyéthylene containing no
_vinYl tYpe double'bond and a polelefin_containing vinyl

“type_double bondé, dissolving the mixture in chloroform -
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:etlteﬁpereture as lowlas.possible; and then evaperating

.the_chloreferm te give a mixed epecimen,.énd'hdtlreiling

lthe mixed specimeﬁ; 'As £he polyethylene containiﬁg.no
 '1viny1itype double'bond;_fereeiample;.pelyethYlene (trede
_nahe: HZ . 2200J) produced'by Miﬁsﬁi Chemicals, Inc. is

'emplqyed and as the pplyolefin:containing vinyl type

double bonds, 1,2—pdlybutadiene whose doﬁble bond amount
is already known is employed.
Regarding a specimen for measurement,'e film for IR

absorption'meaéutemeﬁt is produced by hot rolling method

and the absorbance'per unit thickness D/L of the key band

_is-calculated,by the same manner as described above and

the amount of vinyl at terminals per 1,000 carbon atoms
is .calculated using the above_described calibration curve..

Next, the number average molecular weight (Mn) bf

. the SpeCimen for measurement is converted -into the number

of carbons and the amount of vinyl at terminals per one

molecular chain ha#ing a molecular weight Mn. is computed

from the obtained nﬁmber'of.Carbons and the amount of
vinyl at terminals per 1,000 carbon atoms.
' (Fish eyes)

- A film having a thiCkness of about 50 pm, about 3.5

“cm width, and about 30 cm length is produced by extruding
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-__resin at 190°C'resin_temperature and 50 mm/min speed

using a capillary type flow requirement-testing apparatus
manufactured by Toyo Selkl Seisaku- Sho and instead-of a
rnozzle, setting a small type T die with 40 mm w1dth and

0.3 mm sllt; andﬂtaking over the_extruded re31n at 1.95

' m/miniand 10 mm air gap. The number of fish eyes is.

counted_by eye cbservation of the_fiim in the range.of

- 3.0 cm width and.20 cm length. The_fieh eyes having

cores of fibers and the likes are observed with eyes by

'magnifying tbe'sample 15 to 150 times using an optical

_miCroecope and fish eyes in fibrous shapes and fish eyes

colored and apparently having cores of foreign'materials'

are ccuntedfand the number of these fish eyes is

.subtracted;

(Composition)

The'composition of an: ethylene (co)polymer is

.determined by'measuring B3C-NMR spectrum of a sample

: produced by evenly dissolv1ng about 200 mg of copolymer

in 1 ml of hexachlorobutadiene in a sample tube with

-“generallyle mm¢ diameter in'measurement_conditions of

120°C'measurement temperature, 25.05.Mszof measurement“

- frequency, 1500 Hz of Spectrum width, 4.2 sec. of pulse

'repeating intervais; and 6 pusec. of pulse width.
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‘additive

An additive for preventing oxidation or preventing

'agihg may be_added-tb-ethy1eneh(co)polymer (Al) to (AbD)

of the present invention. As such an additive, a heat

resistant stabilizer and a hYdrdchlorie acid absorbent

are exempllfled and further if necessary, a weathering

" _re51stant stablllzer may be added.
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(A heat re31stant stablllzer)

lThere ie no_epecific”liﬁite to the heat resistant’
Stebilizer'and,lfor example,'a phenol type stablllzer, an
Iemine type stabilizer,_a sulfur type stablllzer such’ es a
thio ether type-stabillzer, and a phosphorus type
_stebilizer such as a_phosphite_type stabilizer can be
exempiified.: | |

" The phenol_stabilizerS'include, for example, 2,6-

di-t-butyl-4-methylphenol, 2,6-di-t-butyl-4-ethylphenol,

2, 6-dicyclohexyl-4-methylphenol, 2,6-di-t-amyl-4-
methylphenol 2, 6—di—tFoetyl—4—N~propylphenol 2,6-
dlcyclohexyl -4-N- octylphenol 2~ 1sopropyl 4—methyl 6- t—

butylphenol 2-t- butyl -2~ ethyl 6-t- octylphenol 2—

:1sobutyl 4~ ethyl 6 ~t- hexylphenol 2- cyclohexyl -4-N-butyl-

6—1sopropylphenol dl—a—tocopherol t- butylhydroqu1none,

2,2’ —methylenebls(4—methyl 6-t-butylphenol), 4,4’—
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butylideﬁebis(3—methyl—6—t4butylphenol), 4,4’ -thiobis(3-

'methyl 6-t-butylphenol),._ —thlobls(4-methyl 6-t— -

butylphenol), 4 4’—methylenebls(2 6- dl t- butylphenol),

2 2—methylenebls[6 (1—methylcyclohexyl)—p cresol], 2,2’—

14

-1ethylldenebls(4 6- du— -butylphenol), 2,2~

' butylldenebls(2~t—butyl 4—methylphenol), 2 t -butyl- 6—(3—'

—butyl—2—hydroxy—5+methylbenzyl)—4—methylphenylacrylate,

2-[1- (2-hydroxy-3-5-di-t-pentylphenyl) ethyl] -4, 6~di-t-b

.pentylphenyladrylate,'1,1,3—t£is(2-methyl—4—hydroxy—5—t-

butylphenyl)butane;-triethyleneglycol—bis[3—(3—t—butyl—5_

methyl—4—hydrbepheﬁyl)propidnate]; 1,6—héxanediol—bis[3—

(3, 5-di-t-butyl-4~hydroxyphenyl) propionate], 2,2’-

thiodiethylenebis[3-(3,5-di-t-butyl-4-
hydrdxyphenyl)propionate];'N'N’—hegamethylenebis(3,5-di—
t butyl —-4-hydroxy- hydr001nam1de],

3 5- dl -t-butyl-4- hydroxybenzylphosphonate dlethylester,-

;trls(2,6—d1methyl—3—hydroxy—4—t—butylbenzyl)1socyanurate,

tris[(3,5-di-t-butyl-4-
hydroxyphenYl)propidnyloxyethyl]isocyanurate,_tris(4—t—

butyl-2, 6~ dlmethyl -3- hydroxybenzyl)1socyanurate, 2,4-

.blS(N octylthlo) 6 (4- hydroxy 3, 5 dl t butylanlllno)—
11 3 5 tr1a21ne, tetraquls[methylene 3-(3,5-di- t butyl 4—

'.hydroxypyhenyl)proplonate]methane, bls(3,5—d1—t—butyl—4—-
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_ﬁY&roxybenzylphbsphonic écid ethyl)calciﬁm[ﬁbis(3 5—d—t¥:
-: butyl 4 hydroxybenzylphosphonlc acid ethyl)nlckel
bis[3, 3-bls(3 t—butyl -4- hydroxyphenyl) butyllc
ac1d]gllcolester, N, N'—bls[3(3 5 di-t- butyl 4-

-huydroxyphenyl)proplonyl]hydra21ne,_2 2- oxamldobls[ethyl—

-(3 5- t—butyl 4~hydroxypheny1)proplonate],.2;2’—

.methylenebls(4—methyl 6 -t- butylphenol)telephthalate,

1,3,5~tr1methyl—2,4,6—tr1s(3,5—d1—t—butyl—4—

_hydroxybenzyl)benzehe, 3,9—bis[1,1—dimethyl—2—{B—(3ft—

butyl—4fhydroxy—S—methylphenyl)propionyloxy}ethYl]—2,4,8—_

10-tetraoxaspiro[5,5]undecane, 2,2’ -bis[4-(2-(3,5-di-t-

__butyl—4—hydrothydrocinnamoinpxy) ethoxyphenyl)propane

'and B—(3)5—di-t-butyl-4—hydroxyphehyl)propionic acid

) stearyl ester.

Examples'of thioether.stabilizers include

_dllaurylthlodlproplonate, dlmyrlstylthlodlproplonate,
_dlstearyltlodlproplonate, 1aurylstearylthlodlproplonate,_

Ipentaerythrytoltetralaurylthloproplonate,

distearyldisulfldo, 4 4- thlobls(Z—methyl 6 t- butylphenol), E

4, 4’—thicbis(3—methyl-6—t—butylphenol), 2’ -thiobis (4~

; methyl -6-t- butylphenol), bls(3—methyl -4~ hydroxy 5 t—

butylbenzyl)sulfldo,_4,4_—butylldene—bls(2—methyl—4—

'hydroxy;Sft—butylphenYl)—2—laurylthioether, 6(4—hydroxy—
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3,5—di4t—buty1anilino)—2,4—bis(oetylthio)—1,3,5—triazine}

2, 4-bis (4-hydroxy-3, 5-di-t-butylanilino)-6- (octylthio) -

1,3,5-triazine, tris{2-t-butyl-4-thio(2’-methyl-4’-

'hydroxy—Sf—thutylpheny1)¥5¥methylphehyl}phospite,
: phenodiazine,,tetramethylthiuramdisulfido; end

.tetraéthylthiﬁrémdisulfido;_

The phosplte stablllzers 1nclude,.for example,

trlphenylphosplte, trls(nonylphenyl)phosplte, trls(2 4—

- di- t—butylphenyl)phosplte, tetratr1decyl—4 4’ -

butylldenebls(B—methyl -6- t butylphenol) dlphosplte, 4,4"-

1sopropyl1dene—d1phenolalkylphosphlte, alkyls of 12 to 15

~carbon atoms, 4,4’—isopropylidnenebis(2—t~butylphenol)°

di{nonylphenyl)phospite,_tetra(tridecylj—l,1—3—tris(2—_

' methyl-5-t-butyl-4-hydroxyphenyl)butanediphsophite,

-tris(3,5-di—t—buty1—4—hydroxyphenyl)phosphite,

bis (octylpheny) * bis[4, 4’ -butylidenebis (3-methyl-6-t-

'bﬁtYlphenol)] {1,6—hexanoldi9hosphite; hexatridecyl4

1,1, 3—tris(2-methyl—4—hydroxy—S—t—butylphenol)diphosphite,

jtrls[4 4’—1sopropylldenebls(2 t—butylphenol)]phosphlte,
9 10- dlhydro 9-oxa- 10—phosphaphenanthrane -10-oxide,
: dlstearylpentaerythrytoldlphosphlte, phenyl * 4 4’ -

..1sopropylldened1phenol pentaerythrytoldlphosphlte,

bis(2,4—dipt—butylphenyl)pentaerythryteldiphosphite,
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 'bis(2,4;64tri-t—butylphenyl)péntaerythrytoldiphdspite,l

bis(2,6-di-t~butyl-4-

) methylphenyl)pentaérythrytoldiphdsphite} phenylbisphenol—
.A—pentaerythryroldlphosphlte, tetraquls(2 4-di- t—
_butylphenyl(4 4'—blsphenylenedlphosphonlte, 2 2'—

'ethylldnebls(4 6- dl—t—butylphenyl)phlorophosphonlte and ;

2,2{-methylenebls(4,6-d1—t—butylpheny1)octylphosphlte.

Those stabiliiers méy be used solely or in

- combination with two or morertypes of thém.

(A hydrochlofic acid absorbent)

As the hydrOch;oric acid absorbent, a higher

'aliphatic_acid'metal salt, a hydrotalcite, epoxylated

 octyl stearate, and the likes can be exemplified.

The'aliphatic acid metal salts'include; alkalihe

earth metal salts such as magnesiUm salts, calcium salté,

and barium salts, cadmium salts,'zinc salts) lead salts,

and alkali metal salts such as sodium salts, potassium

salts, and lithium salts of higher aliphatic acid such as
stearic acid, oleic acid, lauric acid, capric acid,

arachidic acid, palmitic acid, behenic acid, 12-

~ hydroxystearic acid, ricinoleic acid, and montanic acid.

The following are concrete higher aliphatic acid

metal salts; magnesium stearate, magnesium laurate,
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magnesiﬁm péimitate; calcium_stearate; éaicium oleatg,
calcium lauraté; barium stearate,.bariuﬁ.oleate, barium.‘
1éurate,.bérium arachidaté, barium béﬁénaté; zinc
steafate,IZiné.oleate,ZZinclléurate,.lithium stéérate,

sodium stearate, sodium palmitate, sodium laurate,

‘potassium stearate, potassium laurate, calcium 12-

hydro#ystearété, célcium m6ntanate;'andzthe iikes;
- As the hydrotalcite; compéundé-deséribed beloﬁ'can

be.exemplified._-. | |

Those'hydfpchloric acid absorbénts ﬁay be used 
soleiy or in Combination of ﬁwo-or more types of.them.'
| (Weathering resistant S£abilizef)

.AS the weathering resiétanf.staﬁilizer, a hindered,
amine type stabiliZef, a Uv absorbent, and_£he likes can
be.exemplified'ahd as the~ﬁV.absorb¢ﬁt, behédtriaiéles,

benzoates, benzdpheﬁones; and the likes can be

exemplified.

As thé hindered amine_compounds, there caﬁ be
éxemplifiéd bis(2,2;6,Gftetrémethylé4fpiperidyl)sebacaté,
methyl'suéciﬁate—i—(2—hydr0xyethyl9—4—hydroxy—2,2,6,6—
tetramethylpipeiidine.polyébhdensatés, pqut[G—(l;l,B;B—
tefameﬁhylbutyl}iminé—l;3,5—triazine—244—diyl][(2,2;6,6f

tetramethy1—4—piperidyl)imino]hexamethylene[(2;2,6,6—
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~tramethyl-4-piperidyl)imino]], tetraquis(2,2,6,6-
'tetramethy1-4—piperidyl)—1 2-3'4—butanetetracarboxylate, 

2,2, 6,6~ tetramethyl 4—p1per1dylbenzoate, bis- (1 2 6, 6—

pentamethyl 4—p1per1dyl) -2-(3, 5 d1~t—butyl 4—
hydroxybenzyl) 2-N—butylmalonate, bls (N—methyl -2, 2 6, 6—

tetramethyl 4—p1per1dyl)sebacate, 1, 1’—(1 2-

:ethanedlyl)bls(3 3 5, 5 tetramethylplperadlnon), (mixed -
'2,2,6,6-tetramethyl—4—piperidyl/tridecyl)-1,2,3,44

butanetetracarboxylate, (mixed_1;2,2;6,6—pentéméthy1+4—

piperidyl/tridecyl)—1,2,3;4—buthanetetracarboxylate,
mixed {2,2,6;6—tetraﬁethyl44—piperidyl/&ﬁﬁ',B'—

tetramethyl-3,9-[2,4,810-

'-tetraoxaspird(5,5)ﬁndecane]diethyl}—l}2,3,4—
- buthénetetrécarboxylate,-mixéd {1,2,2,6,6—petnamethyl—4f

'piperidyl/Bﬁ,B';B'—tetramethyl—B,94[2,4,8,10—

tetraoXaspiro(S,5)undecane]diethyl}—1,2;3,4—

buthanetetracérboxylate, N—N’—bis(3—'

-aminopropyl)ethylenediaminet2—4—bis[N—butyl—N-(l,z,2,6,6—
_pentamethyl~44piperidyl)amino]—6—chloro—1,3,5—triazine
_condensates, poly[(6—N—morpholyl—1,3,551,3,5—triazine—2-

4-diyl-1,3,5-triazine-2-4-diyl) [ (2,2, 6, 6-tetramethyl-4-

piperidyi)iminb]héxamethyiehe[(2,2,6,6—tetramethyl—4—

. piperidyl)imino]I; condensates of N,Nf—bis(2,2,6,6¥
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.tetramethyl—A—piperidyl)hexamethylehediamine and 1,2-

' 'dibromoethane, [N (2,2,6,6~- tetramethyl 4—p1per1dy) -2-

methyl- 2 (2,2,6, 6 tetramethyl -4-
plperldyl)1m1no]proplonam1de, diester of 1 5-

Idloxasplro[S 5]undecane—3 3—dlcarboxyllc acid and

'2 2 6, 6- tetramethylplperldlne -4-al, b1sf2 2 6,6—

tetramethyl~4—p1per1dyl)succ1nate, polymethylpropyl—B—._

oxy[1(2,2,6,6—tétfamethyl)piperidyl]siloxane_and

1,17,177-[1,3,5-triadine-2, 4-6-
'triyltris(cyclohexyliminoethylene)]triéf3,3,5,5—

_ tetramethylpiperadinoh-Z—one.

Benztriazoles are, for example, 2-(2-hydroxy-3’-t-

'butyl—5';methyiphenyl)45-chlorbenzotriazole, 2-(27-
 hydroxy—3f,5’fdi;t—butylphenyl)—5—Chlorbenztriazole, 2-
'(2’ehydroxy—5’—t—octylphenyl)benitriazole, 2#(2’thdroxy—

_3’;5’4di4t—amylphenyl)benztriazole, 2—(2'—hydr6xy—3’,5’f

di-t-butylphenyl)benztriazole, 2-{2’-hydroxy-3’,5'-

'bisUhd—dimethylbenzyl)benztriazole; 2—[2’—hydroxy-3'—

(377,477 ,5',6' "~tetrahydrophthaloid-methyl) -5’ -

_'methylphenyl]*benztriazole, 2,2-methylenebis{4~-(1,1,3,3-

o tetramethyibutyl)-6—(2H—bénztriazole—2—yl)phenol] and

fcondensates of methyl 3 [3 t- butyl 5—(2Hbenztr1azole 2—

yl) 4 hydroxyphenyl]proplonate and polyethylenegrycol
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(molecular weight about 300) These.weather stabilizers

-.imay be employed 31ngly or in combination of two or more

_'klnds;

Those heat_resistant stabilizer, hydrochloric acid

absorbent, and weathering'resistant stabilizer may be

used'solely or in.combination of a heat resistant

stabilizer with hydrochloric acid absorbent, a heat

resistant stabilizer withha weathering resistant

-stabiliier, a hydrochloric acid absorbent with. a

weathering resistant stabilizer, and a heat resistant

stabilizer with both of a hydrochloric acid absorbent and

a weathering resistant stabilizer.

In the case of using those heat resistant stabilizer,
hydrochloric acid absorbent and weathering resistant
stabilizer,:the addition amounts are commonly used

amounts. For example, 0.005.to 5 parts by weight of a

heat re31stance stabilizer (of each component in the case
of us1ng two types of absorbents) may be added to 100
'parts by welght of an ethylene (co)polymer~ 0. 005 to 5

-parts by weight of a hydrochloric acid absorbent (of each

component in the case of uSing two types of absorbents)

may be added and 0. 005 to 5 parts by weight of a’
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weéthering.resistant stabilizer_(of'each component in the
case of_using twd types of stébiliZers) may be added.

Further, the following manner maylbe-employed for

'using"a&ditive,

*Thatwisf_for example, addifion of.5'to.20olppm of
aluminum;.ozté 1000 ppm of a phen6l type sfabilizer, and.
50 to ZOQO:ppm ofla'phosphbfus type Sfabilizer to an
ethylené:(cd)poiymef may be emplo?ed.

-in_the'above déscribed maﬁner,_an inorgéhic.salt
contéining élﬁminum_méyIbe_contained as a paft or.all of

aluminum. A preferable compound of such an inorganic

‘salt containing aluminum is hydrotaléites and the likes.

As the hydrotalCites, hétural hydrptalcfgroup

minerals whose examples will bé described below and

_synthetic hydrofalcites'can be'exemplified.' Amohg them,

" synthetic hydrotalcites are preferable to be used..

C).hydrotélc;group minerals;

hydraféd CQ;bonate:minerals'having a generél formula
MgSRZ(QH)I_chmzd (R =_.Al, cr, and Fe). As a hydrotale-
grbUp.miherai, Fhé-mipefal ébnsiéting Al aé'ﬁ is

preferable and hydrotalcite.ahd manasseite are preferable

examples.

@ synthetic hydrotalcites having a general formula
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lML;Alx(OH)Z(Aanh;n&bop(where, M denotes divalent

_metal ion of Mg, Ca,_orth;_A;-denotes n-valent anion,

© e.g. cr, B, I, Nojz‘, cio“ sof’, co;*, $10y%, HPO”,

10
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HBOf', 902 X denotes a number satlsfylng 0 < x < 0. 5,
and m denotes a number satisfying 0<mg 2);
The average particle size of those hydrotalcite

compounds may be within a range in-which no adverse

'effeot'is caused on the film appearance, the excellent

extendibility, and the moldability and is not restricted,

_but is generally 10 ym or. smaller, preferably 5 um or

_smaller, and further preferably 3 pm or smaller.

From a view of prevention of corrosion of apparatus,

it is desirable to control'the addition amount as to keep

aluminum content in an ethylene (co)polymer at 5 to 200

'ppm,'preferably 8_to_150 ppm;uand more preferably 15 to

150 ppm. It'is'preferable that at least a part of or all

of aluminum is contained in inorganic salt form such as

hydrotalcites.. The content of aluminum can be determined -

. by elementary analysis method.

As the phenol type Stabilizer, above ‘described

l compounds can be employed

Examples of the phosphorus stablllzers 1nclude

._trioctylphosphlte, triraulylphosphlte, trldecylphosphlte,
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' :octyl dlphenylphosphlte, trlS(Z 4 di- t;
.'butylphenyl)phosphlte, trlphenylphosphlte,

'trls(buthoxyethyl)phosphlte, trls(nonylphenyl)phosphlte,
' d;stearylpentaerythr1told1phosph1te, tetra(trldecyl)fﬁ
1,1, 3—t.ri.s(2.-méthy.1—5—t—buty.l-4—'

hydroxyphenyl)buthanedlphosphlte, tetra(mlxed alkyls of

12 to 15 carbon atoms) 4 4’ -
1sopropyl1dened1phenyld1phosph1te, tetra(trldecyl) -4, 4'—

butylldenebls(3—methy1 6 -t- butylphenol)dlphosphlte,

trls(3 5-di- t—butyl 4- hydroxyphenyl)phosphlte,

trls(mono dl—mlxed nonylphenyl)phosphlte, hydrogenated—

' :4 4 —1sopropyl1dened1phenolpolyphosph1te,

bis(octylphenyl) 'bis[4,4’—butylidenebis(3—methyl—6—t—

butylphenol)] '1,6—he2adioldiphésphite;'phényl © 4,47~

isopropylidenediphéndl

: 'pentaerythritoldiphoSphite, tris[4, 47—

'1sopropy11denebls(2 t—butylphenol)]phosphlte, phenyl'

dllsodecylphosphlte,.

_'d1(nonylphenyl)pentaerythrytoldlphosphlte, tris (1, 3-di-

spearyloxylsopropyl)phosphlte,-4,4 -isopropylidenebis (2~

—butylphehol) dl(nonylphenyl)phosphlte, 9, 10—di;hydro—'

9-oxa-9-oxa-10- phosphaphenanthrane 10 ox1de, blS(2 4 d1—_

t- butyl 6—methylphenyl) °ethylphosph1te, and 2—
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[{2, 4 8 10 tetraquls(l 1-

-'dlmethylethyl)dlbenzo(D F)(l 3 2) dloxaphosphephlne -6~

. yl}oxy]ethyl]ethaneamlne

As bls(dlalkylphenyl)pentaerythrltol dlphosphlte'
ester, splro type one having the'general formula (1)
descrlbed below or cage type one hav1ng the general
formula (2) may.also be usable | Generally, because of an
economical reason.derlved from a method for producing

such phosphite eetere,-a mixture of both isomers is most

:frequently-uSed.

p— OCHZ—C—-CHzo P

.. R@— / N \Cﬂzo/ o @
R2 . _ ' ._-_.-_ - . .
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Wherein, R!, R?, R’ are hydrogen atom or an alkyl
group of 1 to 9 carbon atoms,lespeoially-a branohed_alkyl
group, and'among them, tert-butyl g:oup is preferable;_

the poSitions of the substitution in'the phenyl group are

'most preferably 2,4, 6—positions;- A'preferable phosphite _

'ester is bls(2 4- d1 tert—butylphenyl)pentaerythrltol

d1phosph1te, bls(2 6- dl tert- butyl -4~
methylphenyl)pentaerythrltol dlphosphlte, and the likes
and further a phosphon;te hav1ng-s structure wherein
carbon and phosphorus.are direotly}bOnded,_for exampie,
tetrakis(2,4-diftert?butylphenyl)—4;4'—
biphenyienediphosphonite can aiso be-exemplified. 'Among

them, stabilizers'containing,trivalent phbsphorus are

preferableﬁ' Those phosphorus type stablllzers may be

used solely or in comblnatlon with one another.
'The addition amount of a phosphorus type stabilizer

is 50 to 2, 000 ppm, preferably'50 to 1,000 ppm, further

preferably 50 to 600 ppm, and furthermore.preferably 50

to 300 ppm in an ethylene (co)polymer

-f The total amount (X + Y) of the content (X) of a-

' phenol. type stablllzer and the content (Y) of a

phosphorus stablllzer is de31rable-to be generally not

more than 1000 ppm, preferably from 50 and not more then
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-1000_ppm, further preferablyQSO to 600 ppm, and - -
'fﬁfthermore.préferably 50 to 300 ppm. Furthér, it is

' 'deéirable'that-fhe ratio (X/Y) of the content (X) of a

. phenol type stabiliier'tb the content (Y) of a phosphorus

 10 :

15

stabilizer is generally from 0 and not higher than 3,

':pfeferably.not-higher than 2, further preferably not

higher than'1.5, and furthermore_prefetably not higher

. than 1.1.

In the exemplified casé; it is further desi:able

that SO-ppm <X + Y-s 1,000 ppm and 0 £ X/Y £ 3 are -

_satisfied. The values of X + Y'and'X/Y'may be replaced -

' with more desirable respective values.

In the exemplified case, the total amount (Z + X +

'Y) of the content (Z) of aluminum, the content (X) of a |
'phenol'typefstabilizer,-ahd the content (Y) of a

‘phosphorus Stabilizer-is preferably not more than 2,000

-'-ppm, more preferably from 55 and not méré.then 1,000 ppm,

20

'furthe; preferébly_SS to'800 ppm, and especially

.;jpréfe;ab1y 55_to 300 ppm.

In the exemplified case, it is p;eferable'that the

" 'ratio (X + Y/Z) of the total of the content (X) of a

'.:phenol_type stabilizer and the content (Y) df_a_

"~ phosphorus stabilizer to the content (Z) of aluminum is
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'7preferably from O 1 to 10 more preferably 2 to 8, and

- furthermore preferably 2 to 7

10
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20

In the case .of employlng an above descrlbed addltlve,

the number of gel generated at the tlme of moldlng an

"_ethylene (co)polymer at a hlgh temperature can be .
_ suppressed to be low and the prescrlptlon is suitable for

.p extru51on moldlng, for example, inflation moldlng, T-die

molding, lamination molding, and extrusion lamination

) molding.

As.another prescription,'for example; addition of
aluminum 1.to 200 ppm, a phenoi=type'stabilizer 50 to )
1, 000 ppm,.and a fatty acid metal salt ‘50 to 2,000 ppm to
an ethylene (co)polymer may be employed

In above exempllf;ed prescrlptlon, those above

described aluminum can be employed for aluminum. The

addition amount'isddesirably controlled'to keep aluminum

content 1 to 200 ppm and preferably 1 to 15 ppm 1n an

_'ethylene (co)polymer Even in the case that a system

gcontalnlng alumlnum more than 15 ppm to 200 ppm;

preferably 20 ppm to 150 ppm, the above described problem
can be solved by u51ng a’ fatty a01d metal salt described -

below while the corros;on_re51stanoe belng-malntalned. '
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The conteht1of aluminum_can be'détermined by

elementary'analysié'methoda Regarding alﬁmihum_contained

'in an ethylene'(co)polymer, i£ is préferable.that'ét o

least a part of or all-of aluminum is contained in

: inbrganic salt form. Hydrotalcites*aré préferable'for

such an inorganic salt containing aluminum.

As the phenol tybe stabilizer, above described
éompouﬁds can be employed. 'Those phenol type stabilizer

may.be USed solely or in'combination.with one another.

The content of a phenol type stabilizer is.contfolled to

be_SQ'tb 1,000:ppm and preférably 50 to 600 ppm in an

ethylene'(co)poiymer.

As the fatty acid metal salt, above“described

compounds can be ekemplified and its cdntent is

controlled to be 50 to 2,000 ppm and preferably 50 to
1,000 ppm in an ethylene (co)polymer. In the case the

'¢ontent_of aluminum is 1 to 15 ppm, the content of a

fétty acid metal salt is preferably, for example, 700 to

' 2,000 ppm and further préferébly,SOO to 1,500 ppm. In

that case,'Well_balancedlresistancé tqfabdve described
high temperature_gel formation and corrosion resistance

can be provided.
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- 'Qn the other_hand,-in the case aluminum is contained

" in more than 15_ppm'ahd3not'm0re'than 200 ppm, the

content of a fatty acid metal salt is preferably 50 to'

700appm and further preferably 50 to 500 ppm or less. In |

ithat éasé, above_deséribed*well balanced resistance to

above described high temperature gel formation_and
corrosion resistance'canibe‘provided._'

In the case of the above described addition manner,

" the number of gels generétéd at the time of high
.température molding of_ah ethYlené (Co)pélyﬁerICan be
suppresséd to be low.and thé-resulfant ethylene
'(cofpolymer compositionlbecomes.éuitablé for-ektrusion
molding, for.éxample, inflation molding;.T—die molding,

' lamination’moldihg}_and-extrusion'lamination molding.-

Besidés.the above deécribéd cqmpounas,ladditiQes
sﬁch és an ahtifstatic agent, an antifogging.égent;'a 
slip:égent,'é lﬁbricatipg ageht,-an.anti—blocking agernt,
a nﬁCleUs égeht, a pigment, a dYe,la plastiéizer,.and fhe
likes may be addéa if ﬁecéssary as long as they dO-hét‘
deparf from'the'pﬁfpoées Qf'#he présent inVentibn.

' As'the.antistatiC'agent'or an antifogging agent; the

following can'be-exemplified; polyoxyethylene alkylamine =~

type compounds having the'general formula'described bélow'
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- R - N(CH, - CH, - 0), - H

R I
(CH, = CH, =0 =), - R"

(wherein R deriote an éliphatic'hydrocarbon”group having 7

or more carbon atoms; R' denotes hydrogeh or -CO-R"

' (wherein_R"'deﬁotes.an_aliphatic hydrocarbon gfoup;havihg

aﬁd m_denoteé one br higher integer;f; monoglycerides;
digylicerides; triglyéerides;_polYglyce:iﬁ alkyl eSter
compounds; betaine type cbmpoundé; polyo#yethylené |
aikylene-éther combounds;.and sorbitan tYpe compounds
such as:sorbitan_monolaurate, édrﬁitan monbstearate;
sqrbitan an6oleéte, and the likes..

- As the lubricating agent and the slip agent, the

.following can be_exemplified: fatty'acid'amides'such as

01eylamide,fstearylamide; erucic acid amide, énd the
‘likes; alkylene bis(fatty acid amide) such as ethylene

bis(stearylamide) ; metal-salts_of fatty acid such as

~ stearic. acid; and paraffin wax.

As the anti-blocking agent,'natural or synthésized

_'SiO2 can be exemplified.
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_ As the cryStal_hudleus agent).con&entiénally_known

various types of nucleus agents can be employed without

Specific limitatibn. As the crystal.nuCIeus agent, the

~ following arométic phosphoric acid ester salts,

:benzylidene sorbitol, aromatiq carboxylic acid, and rosin

based nucleus agent can be exemplified.'
 As an'aromatic'phOSphoric acid ester salt, the

fcllowing compéﬁnd-haviﬁg the formula (3) is an example.

(3)

. (where, R! denotes oxygen atbm, sulfur atom, or.a

'hydfocarbon group of 1 to 10 carbon atoms; R? and R® .

_ denote a hydrogen atom and a hydrocarbon group of 1 to 10

carbon atoms; R® and R® may be the same or different to

each other; respective R?, respective R}, and R? and R®
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may be bonded to form rings; M denotes a metal atom with

" _mono- to tri-valent; and n denotes an integer from 1 to

. 3.)"' ..

f Examples of the cbmpdund_ represented by - the

*general’formul% (3) include .l |
-sodiﬁm—Z,2'—methylene—bis(4;G;di—tébutylphenyl)phosphate,
.sodium;é,é'—ethylidéng4bis(4,é—di—t; ”

| butylphenyl)phosphate,
“lithium—2,2f—methylehéFpis(4,G—di—t— B
 butylphényl)phosphaté,
'lithium-2,2'-ethylidene-bis (4, 6-di-t-

'butylphenyl)phosphate,

sodium—Z,2'—ethylidene¥bis(4ri-pxopy1-6—t—
butylphenyl)phbsphate,

lithium—2;2f4methylene—bis(4-methyl—6—t4

‘butylphenyl)phosphate,

lithium-2,2'-methylene-bis (4-ethyl-6-t-

butylphenyl)phosphate,-

calcium-bis (2,2"-thiobis (4-methyl-6-t-

butylphenyl)phosphate),

calcium-bis(2,2'-thiobis (4-ethyl-6-t-

' butYlphenyl)phosbhate),_ .

calcium—bis(2,2Y?thiobis(4,6—di—t—butylphenyl)phdSphate);'
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magnesium—bis(Z 2'-thiobis(4,6—di}tf'

_butylphenyl)phosphate),

'-;magne31um—bls(2 2'—thlobls(4 t-octylphenyl)phosphate),

sod1um—2,2f—buthylldene—bls(4,6fd1—

_ methylphenyl)phosphéte,-

~ sodium-2,2'~buthylidene-bis (4, 6-di~t~

- bﬁtylphenyl)phosphéte,

10

15

sodium—2,2'—tfoctylmethylene~bis(4,6—di—
methylpheﬁyl)phosphate,
éodium—2,2‘—t-octylmethylene*bis(4,G—di—t—

butylphenyl)phdsphate;_

-calcium—bis—(2,27—methy1ene—bis(4,6—di—t—'
butylphenyl)phosphate,l

;:magnec1um—bls (2, 2'—methylene bis(4,6-di- t-

butylphenyl)phosphate,

: barlum-bls (2 2'—methylene—bls(4 6-di-t-

' _butylphenyl)phosphate,

_sod1um—2 2'—methylene—bis(4—methy1—6—t—

butylphenyl)phosphate,'

sod1um—2 2’—methylene—bls(4 ethyl -6-t—
-bUtylpheﬁyl)phosphate,
~ sodium-(4,4'-dimethyl~5,6"~di-t-butyl-2,2" -

.biphenyl)phosphate,'
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calcium-bis((4,4'-dimethyl-6,6'-di~t-butyl-2,2" -

biphenyi)phosphate),

_ sodium%2;2'—éthylidehe-bis(4—m—buty1—6?t—

butylphényl)phpsphate,

sodiumfz;z'—methylene—bis(4,6-di—methylphenyl)phosphate/

'sodium-2,2'-methylene-bis (4, 6-di-ethylphenyl)phosphate, -

pottassiuh-Z,Z'—ethylidené—bis(4,6—di—t—

_butylphényl)phosphate,

calcium-bis(2,2'-ethylidene-bis (4, 6-di-t~ .

butylphenyl)phosphate,
'magnecium—bis(2,2‘vethylidene—bis(4,6—di-t—
'butylphenyi)phbsphate,_

fbaxium—bis(2,2'~ethylidene—bis(4,6—ai—t4

butylphenyl)phosphate/

aluminum-tris(2,2'-methylene-bis (4, 6-di-t-

bUtyipheﬁyl)phosphate and

aluminum-tris(2,2'-ethylidene-bis (4, 6-di-t-

':butylphenyl)phdsphate;_and'.

a mixture of two or more of them.

Of these, sodium-2,2'-methylene-bis (4,6-di-t-

_'butYlphenyl)phoéphate is preferable. -




,10:

15

SF-679

201

As-another aromatic phosphoric'acid ester salt, the -

: following cbmpound-having a'general formulé-f4)'de5cribed

below can_be_exemélified;7-.

(4):.]

(where, R denoteé_hydrogep_étom or a hydrocarbon

group of 1 to 10 carbon atoms; M denotes a_metal atom

. with mono- to tri-valent; and n denotes an integer from 1.

ItO 3). .

Concrete compounds defined.with the above described

. general fbrmula_§4)_are'sédium bis(4-tert-

butylphenyl)phosphate, sbdium bis (4-

methylphényl)phosphate,'sodium'bis(4~.

_ethylphenyl)phosphate, sodium bis(4-iso-

propylphenyl)phdsphaté,_sddium bis(4¥tert—

- bctylphenyl)phosphate; potassium bis(4-tert-

20

bﬁtylphénjl)phosphéte,'calcium bis(4-tert;

1 butYlphenyl)phosphaté;-magﬁesium biS(4ftért—'

butylphenyl)phosphate, lithium bis(4-tert-




10

15

SF-679

202

_ butylphénYl)phosphéte,_a1uminum'bi$(4—tért—

'butYIphehyl)phosphate, and a mixture df'twd or more of

them. Especially, sodium bié(4—tert—,

fbutylphenyl)phosphatelis preferable._

As benzylidene SOrbitol,-compounds'defined_as the

formula (5) can be exemplified.

(5)

(where,'respective Rsnay_be the samé or different

to each other and'denotes hydrogen'atom or a hydrocarbon
~group of 1 to 10 carbon atoms and m and n denote.an'

integer from 0 to 5,_respectively);i

" Examples of ‘the éOmpcund represented by the

- geﬁeral'formula_(Sj iﬁcludé_

ﬁl,3}2}4—dibenzylidene sorbitol,

'-i,3-benzylidene—2,4—p—methylbenzylidene sorbitol,.
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__1,3—benzylidené—2,4;p—éthylbeh2ylidene-sorbitol,

1;3—p—methylbenzylidene%2,4—benzylidene sorbitol,

?_1;3;p—ethylbenzy1idene—2,4—benzylidene sorbitol,

1;3—p¥methylbenzy1idene—2;4—p—ethylbenzylidene sorbitdl,

fl;35p-ethylbenzylidene+2,4—p—methylbénzyiidene sorbitol,

1,3,2, 4-di (p-methylbenzylidene) sorbitol, .

"1;3,2,4—di(p—ethylbenzYlidene)sorbitol;

'1,3,2,4—di(p—n—propylbenzyiidene)sorbitol, 

1,3,2,4-di (p-i-propylbenzylidene) sorbitol,

1,3,2,4-di (p-n-butylbenzylidene) sorbitol,

' 1,3,2,4—di(p—s—butyibenzylidene)sorbitol;

1;3,2,4—di(p—t#butylbenzylidene)sorbitol,'

1,3,2,4-di(2',4'~-dimethylbenzylidene)sorbitol,

: 1}3,2,4—di(p—méthokybénzylideneisorbifol,

1,3,2,4—di(p—ethoxybenzYlidene)sQrbitol,‘.
l,3?bén2ylidené—244—p—chloroben2ylidene sorbitol,
1,3—p—chlordbenzylidene42,4Fbehzylidené sorbitol,

1,3—prhlorobenzylidehef2;4ep—methylbenzylidene.sorbitol,

1,3-p—chloroben2ylidehe—2,4—p—ethylbenzylidene sorbitol,

l;3—p—méthylbenzylidene—2,4—p—chlorobenzylidene_sorbitol,

1,3—p*ethyibénzylidene+2,4—p-chlorobenzylidene_sorbitol'
and 1,3,2,4—di(p;éhlorobenzylidene)Sorbifol, : énd a

mixture of two or more of them.
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Of.these, preferable are
1,3, 2 4 dlbenzylldene sorbltol
..1 3, 2 4 d1(p—methylbenzylldene)sorbltol,
.1 3, 2 4 dl(p ethylbenzylldene)sorbltol
-8 '1 3—p—chlorobenzylldene -2, 4—p—methy1benzy11dene sorbltol
1,3,2,4—d1(p—chlorobenzylldene)sorbrtol and_a_mlxture of
o tﬁo.of ﬁore | | |
':AmOng.tte aboverdefineq beniylidene eoroito;s, a
compound of-the_formﬁla (6) can be exemplified as a.

10 preferable compound

(6)
(Where, respective Rsnmy be the seme.or different
15 to each other and denotes methyl group or ethyl group)
An example of aromatlc carboxyllc a01ds is an
alumlnum_hydroxy—d1—p4tert5butyl benzoate deflned_astthe”

formula_(7).
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- COO— AIOH)
2 '

(N

As a rosin type crystal nucleus agent, for example,

;osinfacid.metal Salts can be exemplified and the rosin

'_acid metai_salts mean the reédtion'pfeducts of rosin

acids and metal compounds. As the rosin acids, natural

rosin such as gum rosin, tall oil rosin, wood rosin; and

the likes: variQus-types of modified rosin such és

dispropdrtionated.rosin, hydrogenated rosin,

- dehydrogenated rosin, polymerized rosin, rosin modified

with a,ﬁ-ethylenic unsaturated earboxylie acids and the

‘like; purified products of the natural rosin; and
' purified products of the modified rosin can be

: exemplified. As an uhSaturated_carboxylic acid to be

~ .

employed for producing an o, B-ethylenic unsaturated

carboxylic acid-modified rosin, for example, maleic acid,

- maleic anhydride, fumaric acid, itaconic acid, itaconic

_20.

anhydride, citraconic acid,.aerylic acid, methacrylic

acid; and the likes can be exemplified. Among them, at_
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leaét one type.of roéin'acids_SeléCted from the group of

'~ .natural rQSin;'modifiéd roéin) purifiéd'prodﬁcts 0f the
‘natural rosin; and purified prodﬁété,of the modified

~rosin is preferable:” The rosin_adid contains a plurality

of resin a¢id selected from pimaric acid, -

sandarachpimaric acid, palastric acid, isopimaric acid,

~ abietic acid, dehydroabietic acid, neoabietic acid,
_dihydropimaric acid, dihydroabietic acid,

tetfahydroabietic écid;'éndsthe likes.

' As a metal compound forming a metal salt by reaction .

- on a rosin acid, compounds containing sodium, potassium,

magnesium, or the like and capable of forming salts with .

'rOSin acid are examples. Particulérly, chlorides;

nitrates, acetates, sulfates, carbonates, oxides, and

.hydroxideS'of'thoée metals can be exemplified.

As another crystal nucleuslagent;'high melting point
polymers, metél'salts of aromatic carboxylic acids and

aliphatic carboxylic acids, and inorganic compounds can

be ‘exemplified. '

'~ As a high melting point polymer, poly(vinyl

,cycloalkéne) such aé poly(vinyl chlorohexane), poly(vinyl

.. cyclopentane), and thé likes,_poly(3-methyl—1—pentene),
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poly(3—methyi—l—butene); poiyalken?iéilané can be
exemplifiéd. -_“ | IR |

As a.ﬁetai salt;of.an'aroﬁétic.carboxyiic acidzqr an
aliphatic.¢arb02ylic aéid,uthe'folloﬁiﬁg cén.be |
exemplified; aluminum'benzoaté, élﬁminUm p—terf;
butylbengéaté, sodiuﬁ adipate,.sodium_

thiophenécarbékylate,'and sodium pyrrolecarboxyiate.

Ah:ethylene {co)polymer (Al) of the preéeht

invention can be used as a material as it is for various

types of molded'prdducts and may be_blénded with another

un—modified“polymer.(Bl) to give a CompOsition.(Cl-l).and
the Composition contéihing an eth?lene (co)pblymer (A1)

and.anothér polymer (Bl) gan-be used as a material for

' vafious types of molded products. Furthet, an ethylene -

(co)polymer (Al) of the_preSeht'invention can be graft-

.modified and used as a graft-modified ethylene
(co)polymer (Alfi) fof Variods purposes. Furthermore,
‘the graft-modified ethylene (co)polymer (A1-1) may be

blended with another polymer (D1l) to give a-éomposition

(C1-2) and an éthylene_(co)polymér (Al) may be'blended

‘with a graft-modified polymer (El) to give a composition
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(C1-3) and these cdmpqsitiohs,can be used as materials

'_fpr various types of molded products.

An ethylene (co)pblymer-(AZ) of the present

“invention can be used as a material as it is for various

types of molded prdducts_and may be.blendéd-with another .
ﬁn-mOdified polymer (B2) to givé a composition (C2-1) and

the cdmposition containing an ethylene .(co)polymer (A2)

" and another polymer (B2) can be used as a material for

various types of molded products. Further, an ethYlene
(co)polymer (A2) of the preSent'inventioh can be graft-

modified and used as a graft-modified ethylene

"(cb)polymer'(AZ—l) for rarious purposes._ Furthermore,
_ﬁhe graft—mddified ethylene (co)polymer (A2-3) may be-
:blended With another'pOIYmér (D2) to give a composition
r(cé—z)-and an'ethylené {cd)polymer (A2) may bé blended._
with a graftfmodified pdlymer (E2) to give a composition
lt¢2f3)_and_these compOéitions.can be.used as materials

r;for various types of molded products.

An ethylene’(co)polymer (A3) of the present

invention can be used as a material as it is for various

'types of molded products,and_may be blended with another

un-modified poiymer (B3) to give a composition (C3-1) and'

the compgSition containing aﬁ.ethylene (éo)polymer (A3)
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and~another polymer.KB3) can'be used as a material for
various types of molded products. 'Further;,an'ethylene

(co)polymer (A3) of the present 1nvent10n can be graft—

'modlfled and used as -a graft—modlfled ethylene
,(co)polymer (A3- 1) for varlous purposes. Furthermore,

the graft—modlfled ethylene (co)polymer (A3 1) may be

blended with another polymer (D3) to give a composition

(C3-2) and;an,ethylene (co)polymer (A3) may be blended

with a graft—mbdified polymer'(E3) to give a composition

(C3-3) and these compositions can be used as materials

for various types of molded products.'

| An ethylene (Co)polymer (Ad4) of the present
inyentiOn.can be.used as a material'as it'is for various:
types of molded products and may be blended w1th another
un—modlfled polymer (B4) to give a compos1tlon (C4 1) and

the comp051t10n contalnlng an ethylene (co)polymer (A4)

:and another polymer (B4) can'be used as a material for

svarious-types of molded products.' Further, an ethylene

(co)polymer (R4) of the present'invention can be graft-

_modified.and used as a graft?modified'ethylene

(co)polymer.(A4—1) for various purposes. Furthermore,

‘.u the graft—modified:ethylene'(co)polymer“(A441) may be

blended with-another polymer (D4) to give a composition
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(C4-2) and an ethylene (co)polymer (A4) may be blended

‘with a graft—modified polymer'(E4) to give a composition-_'

(C4- 3) ‘and these comp031tlons can be used as materlals

- for various types of molded products

An ethylene (co)polymer (A5) of ‘the present

1nventlon can.be. used as a materlal as 1t is for various

' types.of molded products;and may be blended with another

un-modified.polymer (BSl.to'give;a composition (C5-1) and

-the compositiOn containino an.ethylene (co)polymer.(AS)
: andianother polymer (BS)lcan be used as a material.ﬁor
: Various types of molded products. Further,.an ethylene
i(co)polymer'(AS) of the present'inyentionpcan_be graft-

modified'and used as a'graft—modified ethylene

(co)polymer (AS5- 1) for varlous purposes Furthermore,.
the graft—modlfled ethylene (co)polymer (A5-1) may be

blended w1th another polymer (D5) to give a comp031t10n

'(C5 2) and. an ethylene (co)polymer (A5) may be blended

with a graft—modlfled polymer (ES) to give a comp031t10n

(C5- 3) and these comp051tlons can be used as materlals

.for“yariOus types of molded products.

oo

ththene (colpolvmer COmoosition'(Cl—l)
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An ethylene (co)polymer composition (Cl—l) comprises

' the above descrlbed ethylene (co)polymer (A1) and an un- -

_ modlfled other polymer (Bl)

As another polymer (Bl), the follow1ng can be

lexempllfled polyolefln, be31des the above described
-ethylene (co)polymer (Al), such as hlgh den31ty

polyethylene, mlddle den31ty polyethylene, hlgh pressure

low den31ty polyethylene, stralght chaln low den31ty
polyethylene, ethylene—propylene copolymer, propylene

polymer, propylene—ethylene copolymer, propylene—l—butene

copolymer, 1l-butene polymer, and the likes;:and,

thermoplastic resin such as polyamides,'polyeSters,

_polyacetals,_polystyrenes,'polyoarbOnates and'among them,.

an ethylene'(Co)polymer (Bl-l).besides the above.

_described ethylene (oo)polymer (Al) islpreferable,

An ethylene lco)polymer’(Bl—l)ais an ethylene
homopolymer'or,a copolymer of ethylene and an d-olefin of
3:to 20 carbon atoms.' As an'd—olefin of 3 to.ZO carbon
atoms, the foregolng.a—olefins_of 3 to 20 carbon atoms
can be exempllfled |

In the case the ethylene (co)polymer (Bl l) is a

copolymer of ethylene and an a olefln, the mole ratlo

(ethylene/afolefin)-of ethylene and the a—olefin'depends
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on the types of ‘the a-olefin and is:generally 1/99 to

99/1, preferably 50/50 to 95/5 ' The mole ratio is

preferably 50/50 to 90/10 in the case the a- olefln 15

propylene and the mole ratio is preferably 80/20 to 95/5

in the case the a~olef1n is an a—olefln of not less than

" 4 carbon atoms. .

The intrinsie viscesity.of'the ethylene_(co)polYmef
(B1¥1) measured at 135°C in:deCaiin is not specificaily
llmlted and it is de51rable to be generally 0. 4 to 7 dl/g
and preferably 0.5 to 5 dl/g.

Addltlonally, the ethylene (co)polymer (B1l-1) may

3'¢omprlse a repeatlng unit derlved from another compound

- .polymerizable with ethylene or an a-olefin besides a

repeating'dnit derived from ethylene and an a-olefin of 3
to 20 carbon atoms.
As such compeunds, a polyene cbmpound'such as a

chain'polyene-compound, a cyclic polyene compeund, and

. the likes and a cyclic monoene compound'canlbe
exemplified. The polyene compound is a polyene having
 two or-more conjugated 6r:non-conjngated_olefinic double

. bond and as ﬁhe_chain=polyene compound,_fon eXample} 1;44

hexadiene, 1, 5-hexadiene, 1;7—Qctadiene;“1,9~decadiene,~
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: 2,4,64bctatriene,'1,3;7eoctatriene; 1,5,9~decatriene, and

divinylbenzene can'bé.exemplifiéd,

Examples_of.the”c§¢lic polyene compound,include

'1,34cy¢10pentadiene, 1;3—cycloheiadiene,

Sféthyifl,3—cycthéxadiene, 1, 3-cycloheptadiene,

_'dicyclopentadiene,'dicycloheXadiene,

_5—¢fhy1idene—2—norbornene, 5—vinyl—2—norbdrneﬁe,

-5-iéopropylidene—Z—norbornene, methYlhydroihdene,

2,3—diisépropylidenefS-norborhene,

_2—ethylidene-3—isoprbpylidenefs—norbornené,_and

Zépropenyle,5enorbo:nadieneb_'

_Examﬁles of the.éyc;ic monoene_compouﬁd include
monocycloalkene such as cyClbpropeﬁe(
éyélobutené, cyclopentene;'Cyclohekene,

3—mefhylcyclohexene, cycloheptene, ¢yclboctene,

cyclodecene,'cyclododeCene,_tetracyclodecene,

octacyclodecene and cycloeicosene;

-bidycloalkene such as norbornene, 5—methyle2—norbbfnene,

_l54éthyl—2fnorb0rnene, 5—isbbutyl—2—n0rbornéne, o

- and 2-bornene;
‘tricycloalkene such as

2,3,3a,7a-tetrahydro—4,7-methano¥lH—indene and
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 3a 5, 6 Ta- tetrahydro 4 7—methano 1H 1ndene,l
'1 4 5, 8~ dlmethano -1, 2 3 4 4a, 5, 8 8a- octahydronaphthalene.
.apd _ ) . _
.'_tetracycloalkene édbh as
'2-methyl 1,4,5,8- dlmethano~1 2,3,4,4a,5,8, ga-

octahydronaphthalene,

2 ethyl -1, 4 5,8- dlmethano 1,2, 3 4,4a,5,8,8a-

1o¢tahydronaphthalene,

“2-propyl-1, 4,5, 8-dimethano-1,2, 3,4, 4a, 5, 8, 8a-

oCtahydronaphthalehe;
2-hexyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-

oétahydronaphthalene,

2-stearyl—1;4,5;84dimethano—1,2,3,4,4a,5,8,8af-

octahydronaphthalene,

2,3-dimethyl-1,4,5,8-dimethano-1,2,3, 4, 4a,5, 8, 8a-

 _octahydronaphthalene,

_'2—methyl -3- ethyl 1 4,5,8- dlmethano 1 2 3, 4 4a, 5, 8 8a-

octahydronaphthalene,

| C 2= chloro 1, 4 5 8- dlmethano 1, 2 3,4, 4a 5,8, 8a—'

octahydronaphthalene,

- 2 bromo 1,4,5,8- dlmethano 1,2,3,4,4a,5,8, 8a—

octahyd:onaphthalene;.

 2-fluoro-1, 4,5, 8-dimethano-1, 2, 3, 4, 42, 5, 8, 8a-
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'octahydronaphthalénef
and’

2,3-dichclo-1,4,5,8-dimethano-1,2, 3,4, 4a,5, 8, 8a-

pctahydfonéphthalene;

polycycloalkene such as

“hexacyclo(6,6,1,13-6,110.13 02.7,09.14) heptadecene-4,

pentacyclo(B,S,12-9,14'7,111-18,0,03?8g012-17)heneicosen

_e—5,

' octacyclo(8,8,0,12-9,14.7,111.18,03.8,912.17) docosene-5.

_ The.ethylené (co)polymer (Bl-1) may further comprise

a constituent monomer derived from styrene or substituted

styrene. Such other_compounds may be used solely or in

combination with one another. The content of ancther

" compound ‘component is generally 1 to 20 mole$ and -

preferably 2 to 15 mole%.

As ah'éthylene (co)polymer (Bl-1), an ethylene

- homopolymer or a copolymer of ethylene and an a-olefin of

3 to 8'carb6n atoms is preferable.
'_lThé foregding ethYlene_(co)pblymer (A1) is not

included in the ethylene (co)polymer (Bl-1). That is,

" the ethyleneﬂ(co)pblymer.(Blél)_isf0.1 or more methyi

branches meaSured by'”C—NMR'per 1,000 carbon atoms.
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An ethylene (co)polymer (Bl 1) can be produced by |

_ homopolymerlzlng ethylene by a conventlonally known
' _method or copolymerlzlng ethylene and an a-olefln by a

' conventlonally known method. The polymerlzatlon reaction
: cantbe catried out-in'gas—phase (a'gas—phase_- |
hpolymerlzation method)_es well as in 1iquld—phase (a

: liquid-phase'polynerization method) .

'In an ethylene (co)polymer_composition (Cl-1), it is .

‘desirable that'the_weight-ratio (Al.: Bl) of an ethylene

(co)polymer (Al) and another polymer (Bl) is 1 : 99 to
99 : 1 and preferably 10 : 90 to 90 : 10.

Regarding en'ethylene (co)polymer composition (Cl-1),

-fadditives exemplified as the additives allowed to be

. added.to ethylene_(co)polymers (Al) to-(AS) méy be added,

if necessary, as long as the additives do not depart from
the purposes of the present invention.

2n ethylene (co)polymer conpOSition'(Cl—l) can be

_'prodnced by a knoWn'method and for example, the

lfollow1ng methods can be employed for the productlon

(1) A method by blendlng an ethylene (co)polymer

'(Alj and another_polymer (Bl) and other-components to be-

 added if necessary by an extruder, a kneader, or the like.
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(2) A method by diésolviné an ethylene (co)polymer

| _(Al)'and anothérlpolymér'(B1) and other cbmpbnents to be

added if necéSsarylin a proper good solvent (e.g. a

: _hydrdCarbon'solﬁent such as hegane, heptané, decane,

: cyclohexane}_beniehe, tolﬁene,:xylene; or thesliké) and -

theﬁ removing tﬁe solvépt.

(3) A'hefhod-by_dissdlving.én ethylene (Co)polYmer -
:(Al) and another polyﬁer (B1) énd other_cohponents'to:be_
 added if necessary separately in_proper good solvents to
give tﬁeir'salutioﬁs; mixing the.éblutions,land then.
remqving ;he SOLQeﬁts.' |

:(4) A method by combining the above'déscribed
methods (1) to (3); | | |

The foregoing ethylepé (coipolymer compdéition_(Cl;

1) is excellent moldability and mechanical strength.

Ethyl ["]l- 1 | | e (C2-1)

. ,An-ethylene.(co)polymet composition (C2-1).compfises

z thé.abQVé'desqribed ethYlene.(co)polymer (A2) and an un-.

modified other'polymer_(BZ) besides (A2).

As another polymer (B2), the folldwing can be

 exemplified; polyolefin, besides the above described

"~ ethylene (co)bblymer_(AZ), such as-high density
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polyethylene, middle density polyethylene, high preSsure'__

lew'density polyethylene; straight chain lowfdehsity

polyethylene, ethylene-propylene copplymer;_propylene

polymer, propylene-ethyleﬁe-coﬁolymer,-propylenefl-butene

eOpolymer;ll-butene polymer, and the 11kes, and

thermoplastlc re31n such as polyamldes, polyesters,

-polyacetals, polystyrenes,.pqucarbonates and among them,
an ethylene (co)polymer (B2-1) besides_the above

~ described ethylene (co)polymer (A2) is preferable.

An ethylene'(cp)polymer (B2-1) -is an ethylene
hemdpolymer or a copolymer of.ethylene'ehd an o-olefin of

3 td.20_carbdn atoms;' As an q-olefin'of.3;to 20 carbon

.atoms, the foregoing a-olefins of 3 to 20 carbon atoms

can be exempllfled
In the case the ethylene (co)polymer (BZ l) is a
copolymer of ethylene and an o-olefin, the mole ratio

'(ethylehe/aéolefih) of ethylene and the a-olefin depends

~on the types of-the-a—olefin and is generally 1/99 to

99/1 preferably 50/50 to 95/5 The mole'ratio is -

_ preferably 50/50 to 90/10 in the case the a-olefin is

.-propylene and the mole ratlo is preferably 80/20 to 95/5

in the case the a—olefln is-an a—olefln of not less than

‘4 carbon atoms.
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' The.intrinsic viscosity of the ethylene'(co)polymer

(B2 1) measured at 135°C in decalln is not spec1flcally
_llmlted and 1t 1s de31rable to be generally 0. 4 to 7 dl/g

: and preferably 0 5 to' 5 dl/g

Addltlonally, the ethylene (co)polymer (B2 1) may

comprise a repeatrng unlt-derlved from another compound

' polymerizable'with ethyleneyor an a-olefin besides a_

repeating'unit derivedsfrom ethylene and an a—olefin'of 3
to 20_carbon atoms.-

: As_such“compOunds,'the foregoing polyene compound

' such'as'a chain polyene compound, a oyclic polyene
hCOmpound and the'likes'and_a“cyclio'monoene compound -can

be- exempllfled

The ethylene (co)polymer (B1 1) may further comprise

a constituent monomer derlved from styrene or substituted

styrene. Such other compounds may be used solely or in
'combination with_one'another; hThe contentnof;another_
'compodnd'component istgenerally.l to 20 mole% and

| _preferably 2 to 15 mole%.

1 As an’ ethylene (co)polymer (B2 1), an ethylene

homopolymer or a copolymer of ethylene and an a—olefln of ..

3 to 8 carbon atoms is preferable.-l
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The foregoing ethylene (co)polymer (A2) ls not.

:iincluded in the'ethylene (oo)polymer (BZ—l).'.That is,

the ethylene (co)polymer (B2-1) 1is O 1 or more methyl

”.branches measured by 13C ~-NMR per 1,000 carbon atoms..

: An ethylene (co)polymer (B2-1) canjbe produced by

- homopolymerizing ethylene by a conventionally known

:;_ method or copolymerlzlng ethylene and an a—olefln by a

- 10

15

. conventlonally known method. The polymerlzatlon reactlon

can be carriedjout in gas-phase (a_gas—phase
polymerization method) as well as in liquid;phase (a
_liquid—phase'polymerizationlmethod).

- In an'ethylene (co)polymer composition (C2-1), it is

desirable that the weight ratio (A2 : B2) of an ethylene -’

' (co)polymer (A2) . and another polymer (BZ) is 1 99 to

99 : 1 and preferably 10 : 90 to 90 : 10..

Regardlng an ethylene (oo)polymer'COmposition (c2-1),

. addltlves exempllfled as the additives allowed to be.

20

. added to ethylene (co)polymers (Al) to (A5) may be added e

if necessary as long as the_addltlves do not depart ﬁrom
'the.purposes-of the present invention.
An ethylene (cd)polymer'compoSition (C2—1)-can be

produced by a known method and, . for example,'it can be

- produced from an ethylene (co)polymer.(AZ) and another :
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polymer (BZ)nand_other’components'to be -added if

neoessary-by”the-Same"methods as the methods-of'produoing

the forégding'ethylene'(co)polymer-oomposition.(01—l).

The foreg01ng ethylene (co)polymer comp051tlon (C2—-

1) ‘is excellent moldablllty and mechanlcal strength.

-e'. , .-‘_‘.o_.'3;1,.

.An ethylene (colpolymer.compositionl(03—1) comprisee'
the above descrlbed ethylene (co)polymer (A3) and an -un- |
modified other polymer (B3) be31des (A3) .

As another polymer (83), the follow1ng can be

'exempllfled; polyolefln, besides the above descrlbed

ethylene (co)polymer (A3), . such as h1gh dens1ty
polyethylene,'mlddle den51ty polyethylene, hlgh pressnre-
low den31ty polyethylene, straight chaln low.dens1ty
polyethylene, ethylene—prOpylene copolymer, propylene

polymer, propylene—ethylene'copolymer, propylene—l~butene

copolymer,al—butene polymer, and the likes;'and

.thermoplastlc résin such as polyamldes, polyesters,

polyacetals, polystyrenes, polycarbonates-and among them,_

an ethyleneu(co)polymer_(BB—l) besides the above

described'ethylene (oo)polymer (A3) is:preferable.~
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-~ An - ethylene (co)polymer (B3 1) 1s an ethylene

- homopolymer or a copolymer of ethylene and an o- olefln of
'3 to 20 carbon atoms. - As an a—olefln of 3 to 20-carbon
'atemsﬁ the foregoing o~olefins df:3-to 20 carbon atoms

:can'be eXemplified._"

In the case the ethylene (co)polymer (B3 1) is a-

-copolymer of ethylene and an a—olefln, the mole ratio

(ethylene/a—olefln) of ethylene and the a—olefln depends

on the types of the a—olefln and 1s generally 1/99 to

'99/1 preferably 50/50 to - 95/5. The mole ratio is

preferably 50/50 to 90/10 in the case the a—olefln is

'.propylene and the mole'ratlo is preferably 80/20 to 95/5

'1n the case the a—olefln 1s an a—olefln of not less than

4 Carbon atoms
The 1ntr1n51c v130031ty of the ethylene (co)polymer

(B3 1) measured at 135°C in decalin is not spec1flcally

_llmlted and 1t is de31rable to be generally O 4 to 7 dl/gt

and preferably 0.5 to 5 dl/g.

. Addltlonally, the ethylene (co)polymer (B3-1) may

comprlse_a repeating unit’ derlved from another compound

polymerizable with-ethylene or an a-olefin besides a

repeating unit derived from ethylene'and an aeolefin of 3

to 20 Carben atoms.
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As such compounds,-the fo:egoing polyene compound_
such as a'chaiﬁ pOIYeﬁeléompouhd, a cycliclpblyehe

compound, and the likes and a cyclic monoene compound can

. be exemplified.

.The ethylene (co)polymer (B3-1) may further comprise
a constituent monomer derived from styréne_or substituted

styreﬁé; Such 6therfcompouhds may;be.used éqlely or in

combination with one another. The content of another |

compound_qomponent is generally 1 to 20 mole% and
preferably 2 to 15 mcle%.

As.an_ethyleﬁe (co)polymer (B3-1), an.ethyiene

"homdpolymer or'a'copolymer-of ethylene and an a-olefin of

3 to 8 carbon atoms is_bteferable.

Tﬂe foregdiﬁg ethylené (co)polymeflkAB) is not
included. in the-éthyiene.(co)polymer (83—1);..That is,
the ethylene (co)polymer (B3-1) doéslnot satisfy at léaét
oﬁe §f the.fofeééing requirémenté_(im) and (ii,;) whidh
the ethylene (éo}pqumér (A3) satisfies. :

An'ethylene;(co)pblymer_(BB—l) can be producédjby

homopolYmerizing_ethyléne by a conventionally known

method or copolymerizing ethylene and an a-olefin by a

conventionally known method. THe'polymerization reaction

can be carried_dut in gas-phase (a gas-phase
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polymerization'method) as Well as in liquid—phase (a

llquld-phase polymerlzatlon method)

In an ethylene (co)polymer comp031tlon (C3- l), it is

'de51rab1e that the welght ratio (A3 i B3) of an_ethylene

_ -(co)polymer (A3) and another polymer (B3) is-1 : 99 to

99 : 1 and preferably 10 : 90 to 90 : 10.“
Regardlng an ethylene (co)polymer composition (C3- 1),'

addltlves exempllfled as the addltlves allowed to be

added to ethylene (co)polymers (A1) to (A5) ‘may be added
if necessary as long as the addltlves do not depart from

the purposes of the present 1nventlon

An ethylene (co)polymer comp031t10n (C3 1) can be

produced by ‘a known method and, for example, 1t can be

'produced from an ethylene (co)polymer (A3) and another

polymer (B3) and other components to be added if
necessary by the same methods as the methods of the
fbregoing ethylene (co)polymer composition (C1-1).

The fore901ng ethylene (co)polymer comp051tlon (C3—

1) ise excellent moldablllty and mechanlcal strength
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An - ethylene (co)polymer comp031tlon (C4 1) comprlses'

the above descrlbed ethylene (co)polymer (A4) and an un-

_mod1f1ed other polymer_(B4) besides (A4),

"As:énother'polymer_(B4), the following can be

exemplified;'polyolefin,_besidesuthe above described

.ethylene (co)polymer (A4), such as high density-

,polyethylene, middle den51ty polyethylene, h1gh pressure

low den51ty polyethylene, stralght chaln low den31ty

polyethylene, ethylene—propylene copolymer, propylene

polymer, propylene ethylene copolymer, propylene 1 butene

“copolymer, 1-butene polymer,.and the llkes, and

thermoplastic resin such as polyamldes,-polyesters,
polyacetals, polystyrenes, polycarbonates and among;them,

an ethylene (co)polymer (B4-1) besides the above

: describediethylene (co)polymer (A4) is preferable.

- An ethylene (co)polymer (B44l) is an ethylene

'homopolymer or a copolymer of ethylene and an a-olefin of

3 to 20 oarbon atoms. As an a—olefin of 3 to 20 carbon

atoms,'the foregoing a—olefins of 3 to 20 carbon atoms
can ‘be exemplified.

Injthe-cese the ethylenellco)polymer (B4-1) is a

-_copolymer of ethylene and an a-6lefin, the mole ratio
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-_'(ethylene/a-oléfin) of ethylene and the a-olefin depénds

.on the types ofathé_a—olefin'and is generally 1/99 to

99/1, preferably 50/50 to 95/5.' The mole ratio is.

: preferably 50/50 to 90/10 in'the case the a—blefin is

10

- 15

propylene and the_mole'fatid is preferably 80/2O to 95/5

in the case the qfoiefin'ié'ah'afolefiﬁ of not less than

4 carbon atoms..
'The intrinSic'viscosity of the ethylene (co)polymer

(B4-1) measured at 135°C in decalin is not specifically

_limitéd and it is desirabie to be generéily 0.4 to 7 dl/g

and preferably 0.5 to 5.dl/g.
_Additidnally, the éthylene (bo)polymer_(B441) may .
comprise a repeating-uhit-defived from another compound

polymerizable with’ethylene or an a-olefin besides a

: repeating-dnit-derived from'ethylené and an a-olefin of 3

to 20 carbon atoms. .

As such compounds,?the_forégoing'polYene compound

- such as-a'éhain'polyéne compound, a cyclic polyene

20

compound, and the-likes and a cyclic monoene compound can
be exemplified.

The'ethylene (co)polymér (B4—l)_may further comprise

_a constitueht.monomer_derived,from_styrene or substituted:

- styrené."Such other compounds may be used solely or in
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. combination with oné another. The content of another

compound eonponent is generally-l to 20 mele%_and'

_preferably 2 to 15 mole%.

As an ethylene (co)polymer (B4 1),'an ethylene

.homopolymer or a copolymer of ethylene and an a-olefin of

"3 to 8 carbon atoms is preferable.

The fore901ng ethylene (co)polymer (A4) is not
included,ln the ethylene_(co)polymer (B4-1). That is,
the.ethylene (cb)pelymer-(B4—1).does"not.satisfy the .
foregding'requirementt(iM) whiéh the ethylene
kco)polymer (A4)_eatlsfies; o

An_ethylene.(CO)polymer (B4—1)lean-be produced by

homopdlymerizing'ethylene'by a.conventionallyrknown

-method or copolymerizing ethylene and an a-olefin by a

conventionally known method. The polymerization reaction

can be carried out in gas—phase (a gas—phase

- polymerization method)'and in liquid-phase (a liquid-

phase'p0lymerization method) as well.

'In'an.ethylene (co)polymer eOmposltion (C4-1), it is

'de31rable that the welght ratlo (A4 : B4)-of'an ethylene
f(co)polymer (A4) and another polymer (B4) is 1 : 99 te

99 : 1 and preferably 10 ;.90 £0 790 : 10.
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Regardlng an ethylene (co)polymer comp051tlon (C4- 1),

addltlves exempllfled as the addltlves allowed to be

added to ethylene (co)polymers (Al) to (A5) may be added
'tlf necessary as long as the addltlves do not depart from

.;the'purposeS'of the present 1nventlon.-"

An ethylene (co)polymer comp031t1on (C4-1) can be

produced by a known ‘method and for example, 1t can be

' produced-from an ethylene (Co)polymer:(A4) and_another

,polymer'(B4)_and other components to be added if

necessary by the same methods as the methods of the
foreg01ng ethylene (co)polymer comp031tlon {C1- 1)

The foreg01ng ethylene (co)polymer comp031tlon (C4—

1) 1s-excellent moldablllty and mechanical strength.

len (o4 ymer iti -
' An ethylene (co)polymer comp031tlon (C5 1) comprlses

the above descrlbed ethylene (co)polymer (AS) and an un-

-modified other polymer (B5) be51des (A5)

As another polymer-(BS), the follow1ng'can be

eXemplified- polyolefin, besides the above;described

1ethylene (co)polymer (A5), such as hlgh den51ty

'polyethylene, middle den31ty polyethylene, “high. pressure

1ow den31ty polyethylene, stralght.chaln low den51ty
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polyethylene,'ethyleneépfopylene copolymer, propylene

polymer; propylene—ethylene-copolymer,-propyleneél—butene'

copolymef, 1- butene polymer,_and the llkes, and

ythermoplastlc re51n such as polyamldes, polyesters,

”polyacetals, polystyrenes, polycarbonates and among them,

an ethylene fco)polymer (B541)'besides the'above

_descrlbed ethylene (co)polymer (A5) is preferable

An ethylene (co)polymer (B5- 1) is an ethylene

_homopolymer or a copolymer of ethylene and an a—olefln of

3 to 20 carbon atoms As an a—olefln of 3 to 20 carbon

atoms, the same one'as the”foregoing can be exemplified.-

In the case the ethylene (co)polymer (B5- 1) is a
copolymer of ethylene and an a—olefln, ‘the mole ratlo
(ethylene/a—olefln) of ethylene and the a—olefin depends
on the tynes of.the a—olefin'and is generally 1/99 to;

99/1, preferably 50/50 to'95/5 The mole ratio is

.preferably 50/50 to 90/10 in the case the o-olefin is

propylene and the mole ratio is preferably 80/20 to 95/5

_ 1n_the_oase the a-olefin is an a-olefin of not'less than

The intrinsic viscosity of the ethylene {(co)polymer

u[(BS—l) measured at 1356C in decalin is not specifically
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. limited-ahd-it is desirable to be generally a range of

.0,4 to:7'dl/g and preferably a range of 0.5 to S.dl/g,

;AdditionALIy; the_ethylene.(co)polymer (B5-1) may

:compriee'a_repeating ﬁnit derived from another compound
 polymerizable with ethylene or an a-olefin besides a

‘repeating ﬁnit derived from'ethylene and an a-olefin of 3

to 202carbon_atoms;

' As such compounds, the foregoing polyehe compound

- such as a chain polyene compound, a cyclic polyene
_ oompound; and.the.likee and a cyclic monoene compound can

-be-exemplified.

The ethylene (co)polymer (B5-1) may further comprise
a constituent monomer derived,from styrene or substituted

styrene. Such other .compounds may be usedjsolely or in

'combination'with one another. The content of another

" compound component is generally 1 to 20 mole% and

preferably 2 to 15 mole$.

- As'en ethylene (co)polymer (B5-1), an ethylene

'homopolymer_or a copolymer of ethylene and an a-olefin of

3 to 8 cerbon atoms iS'preferable..

The foregoing ethylene (co)polymer (AS}'is not

'included in the ethylene (co)polymer;(BSfl). That is,

the-ethylene'(co)polYmer (B5-1) does. not satisfy the
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fdregding reQuirement {ias) which the ethylene'

'(co)polymer'(ASX satisfies.

" An ethylene (co)polymer (B5-1) can be produced.by

homopolymerizing ethylené by a cdnventionally-knoﬁn

| methdd'or copolymerizing ethylene and an a-olefin by a
__cohvéntiohally known method. - The polymerization reaction
: can be carried out in gas-phase (a gas—phase"

_poiymerization_method)'and'in_liquid—phase (a liqﬁid—

phase polymerization method) as well. .
In an ethylene (co)polymer composition (C5-1), it is

desirable'that the weight ratio (A5 : B5) of an ethylene

: (co)polymer'(AS) and another polymer (B4) is 1 : 99 to

99 : 1 and preferably 10 : 90 to 90 : 10.

15

20

Régérding.an.ethylene (cb)polymer composition ({C5-1}),

‘additives exemplified as the additives allowed to bé

added to ethYlene'(colpolymers (Al) to (A5) may be added

if ne¢essarY”as long as the additives do not depart from

the purposes of the present invention.

'An"ethyléne'(co)polymer-compoSition_(C5—1) can be

- produced by a.kh6wn method and, for example, it can be

' produced from an ethylene (co)polymer (A5) and another .

' polymer (B5) and'other componenté to be'added if
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-_necessary by the same methods as the methods'of the

'foreg01ng ethylene (co)polymer comp051tlon (Cl 1)

The foreg01ng ethylene (co)polymer comp051t10n (C5—

1) 1s excellent moldablllty and mechanlcal strength

Molded'prgdnct
As a molded product of ethylene (co)polymers (Al) to

(A5) of the present 1nventlon or ethylene (co)polymer

comp031tlons-(C1—1) to (C5-1), the follow1ng are concrete

examples, a blow molded product,’ an 1nflat10n molded-

produot, 'a cast molded product, an'extruSion laminated

. molded product, an'extrusipn molded product, a foam
- molded product,  an injection'molded product, and the

_ likes."Additionelly, the.molded product can be used for

fibers, monofilaments, Unwoven fabrics, and.the likes.
Those.moldedtproduots'include molded nroductS'.
producedhfrom only one of ethylene'(co)polymere (Al) to
(-A5).' and ethylene (Ico”) polymer compositions _'(c1—1) .to (C5-
l)_and:molded:products'(laminated.produots) comprieing
parts produced_frOm one of ethyleneﬁ(co)polymere (Al) to

(A5) and ethylene=(co)polymer'oompositiOns (Cl-1) to (C5-

1) and parts produced from-other resin.
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. 'A molded produet produced'from-ethylene (co)polymers -

-(Al)'to (ASY and'ethylene (co)polymer composltions'(Cl—l)

_to (C5~ l) and  a moldlng method will be described below in
-detalls u31ng an ethylene (co)polymer (Al) and regardlng

.ethylene (co)polymers (A2) to (A5) and ethylene :

.(co)polymer comp031tlons (Cl 1) to (Cl 5),.they are the

same.

As a blow molded product; an extrusion blow molded

'produet,_antinjection blow molded product, and the likes

can be exemplified.
EthYlene'(co)polymers (Al) to'(A5) have excellent

moldability and excellent mechanical strength; From that

'peint,_they are especially suitable to be molded by blow

meldingt '

.An'entruslen'blow molded preduct_can be obtalned.by
extruding an eth?lene (co)polymer-(Al) in a melted State
at 100 to 300°C resin temperature out of a die to form a

tubular parlson, holding the parlson in a mold w1th a

_de31red shape, and then blow1ng air to stlck the parlson

_mto_the_mold at lOO to 300°C ‘resin temperature. The .




10

15

20

 SF-679

234

.étretching (blowing)-ratio'is'preferably 1.5 to 5'times

- in the transverse direction.

An’injectibﬁ_blow molded_ﬁronCt-can be obtained by

“intruding an ethylene (co)polymer (Al).at 100 to 300°C

resin temperature intoia parison mold to give a parison,

~holding the parisén in -a mold with a_desired'shape,'andj

then blowing'air_to stick the parison to the mold at 120
tO'300°C.résin'temperatu:e.'-The Stretching (blowing)

ratio is pfeferably 1.1 to 1.8 time in_the'vertibal.

-direction and 1.3 to 2.5 times in the transverse

direction.

As a bléw ﬁblded §rdduct;‘1afée scale or middle
ééalé blow molded p%éducts-such és éasoliﬂé ténka
¢hemicél agéht-cans for industfialluée, and ﬁhe likes and
varioué typés of.bbttles and fubes can be exemplified.

A blow molded prOducﬁ.may be produced from a

_ lamiﬁéted product cdnstituted of at least one layer of

the foregoing ethylene (co)po1ymer (Al) and'ét least one
layer of other-fesin.  Other resin can be selected

COrresponding_to purposes and, for eXampie, nYlon,

 polyvinyl alcohol, modified polyolefins, and

polypropylenes are preferable. A blow molded éroduct
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- produced from a laminated3product_may.be produced by co-

'-_extrusion molding and posterior sticking_process as well.

10

15

20

ion d_prod
'”.'éince'ethylene (co)polymers'(Al)'to'(AS)-haves

ekcellent'bubble stability, they have excellent 1nflatlon

-moldablllty and from a v1ewp01nt of their excellent_'

mechanlcal strength they are espec1ally sultable to be
molded by 1nflatlon moldlng |

An 1nflatlon molded product can be ‘obtained by,ﬁfor
example, moldlng'methods such as conventlonal alr—cooled
inflation molding, air- cooled ‘two-step cooled 1nflatlon

moldlng, hlgh speed 1nflatlon moldlng, water cooled

';nflatlon moldlng, and the llkes

"_ A film (an 1nflatlon molded product) obtalned by

1nflat10n moldlng an ethylene (co)polymer (Al) are

'_sultable for_varlous types of fllm-for packaglng such as
_standardlzed'bags,,lamlnated bags,IWrapping'films,
?lamlnated substrates, sugar bags, 011 packaglng bags,
'aqueous materlal packaglng bags, food packaglngs, llquid

"transfu51on bags, agrlcultural materlals, and the llkes

"An 1nflatlon molded product may-be produced-from a

~ laminated product cthtitUted'of'at least one layer of
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7_'jthe foreéoing eﬁthené (¢o)poljmef KA1)'ahd'at'least one._
.iayef Of.other resin.: Other resin can be Seiected._..
_Cé:xespohdinglté-pu?poseé_and;'for example, nylon,
pd;yvinyl algohél,smédified pquélefins{ ahd
5 _ﬁolyprdpyleneé:aré piéferéblé. An inflatiéﬁ_mélded
“;p#oddct_pfoduced fiqm_a,lgminéted p?odﬁct ﬁay be'préducea
' by co;extrusioﬁ ﬁolding.and postériof_sticking proceSS as

wel;;

10 A cast molded prod
| . ._ Ethylene (co)polymefs (Al)'té'(A5$ have excellent"
caét moldabiliéy.and exéellent.méchanical sf;ength and
from that point,.they'ére espéciall§ suitable to be
molded by'cast'moldih§.  |
15 | In the case éflproducing a éast.molded-prbduct-from
" an ethylené (Qo)polymer (Al);'conveptidnélly knoﬁn cast
_film éxtfusion apparatqs and moldinglééndition can be.
é@ployed and, for'examble, a_uniaxial-scréw_ext;uder, a
knéading extrudér,'a]fam_extruder, a_géar extruder, and
20 the likeS'can be used!to;mold_a mélted:éthYlene
 (go)po1ymer inthQVSheét é: a_film'(unfstfetched) by

extrusion out of a T-die.
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A stretéhéd film can'be_obtained by stretching such

' an above described extrusion sheet or an extrusion film
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(un—strétchedi by'a known Stretching method_suéh as a

* tenter method (vertical-transverse stretching,

‘transverse-vertical stretching),'a'simultaneous biaxial

stretching method, a uniaxiél'stretching method, and the

likes. .

The Stretching'ratio at the time of stretching a

'sheet.or-un—stretched £ilm is generally about 20 to 70

times in the*Case'bf biaxial'stretching'and generélly 

abut 2 to 10 times in the case of a uhiaxial stretching.

It is desirable to obtain an oriented film having a

thickhess-of about 5 to 20 pum by stretching.

Furthe:, a multilayer film can be produced. For
examplé, using an ethylene (co)polymer (A1), a multilayer
film can bé'produced_in combination with a film-like

materiél.seieCted'from a polyamide film, a polyester film;

'-land:an-aIUminum foil. 1In this éaSe,_aﬁmultilayer'film

can be produced by extruding an ethylene (co)polymér (A1)

" on the above described film-like material, joinirng them,

‘and coOling and taking out the:résultant3film—like

material in the same conditions.
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- Furthermore, a multilayer film can also be produced

- by_the fdlloﬁing method. At first, a film is produced

~ from an ethylené (co)polymer'KAI) by the above.déscribed

v

:method.-ﬁNéxt; the_film.is stuck to one type of film-1ike
'materials selected from a polyamide film, a polyester

- £film, and an aluminum fqiilby an adhesive to give a

multiléyer filﬁ, 
" The fdrégoiﬁg polyamide film is not especially
limited and particularly, a film 6f nylon—6, nylon—il;

nyloh—GE, nylon-610, or_the-iike'can be exemplified. The’

. foregoing polyester film is not especially'limited and

. particularly, a film of poiy(ethylene terephthalate),

which is a.cdndensatetpolyeSter_of terephthalic acid_énd

_'ethylehe glycol, a copolymer polyéster'of terephthalic

ééid—isophthalic acid-ethylene glycol, and a polyester

* produced from terephthalic acid and'cyclohexane—l,4f

diméfhanol can belexemplifiéd. The foregoing polyamide

film-and polyester_film are preferably films stretched by

' biaxial stretching. The foregoing adhesive is prefefably

an adhesive such as-drethane—baséd adhesive and the likes.

'_A multilayer'film'is a multilayer film with double-

- layer structure_comprising'é film of an ethylene

3(co)pbiymer (Al) and one of a polyamide film, a polyesfer'
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film,’and an aluminum'foil'and is also a multilayer_film

- having a layer struoture,comprising 3'or more layers

'including;the'double—layer_structUre.”

A film of the above described ethylene (co)polymer
(Al) can-be.uSed solely as it is and-may be used as a

multilayer film by being stuck to.a polyamide film,_a

'polyester film, or a ‘metal foil such_as.an'aluminum foil

and the likes.

A monolayer film'made'of an ethylene (co)polymer

.(Al) can be used as”itﬁis_for various'types of wrapping

films. The monolayer fllm is espec1ally su1table for

'wrapping weighty aqueous materials ‘such- as aquatic

products.and agriculturalfproducts. On the other hand,
the multilayer film can be used for wrapping food such as
meats,‘confectionery, and the likes which'demand gas—

barrier property and also can be’ used for wrapping meats

'such as ham and sausage and liqulds such as soup and

: mayonn’aise .

ami ed ' oduct

Since ethylene (co)polymers (Al) to (A5) can easily

be extruded and have a low neck-in, they have'excellent

extrusion.lamination moldability and are suitable to be
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moldea;by'éxtrusioh iamination moidiné td.give:an.'
extruéioh lamipated'mdlded_pfoduét} ' |

' An extfgsi§n'1amiﬁated mbldéd productlis ccnstifutea-
of ; substrate-and.thé'fdregéing_efhylené'(cd)pblymer.

(A1) layervand such an extrusion laminated molded product o

.éan'bé_obtained-by'éxtrusioﬁ'coating a substrate with an

ethylene (co)polymer (A1).

A substrate ié'hot'specifically limited as long as
it is film moldability and an optional polymer, paper, an
aluminum:fdil, cellophane, and the likes can be employed.

As such a polymer, for example,-the”following can be

~ exemplified; olefin type polymers such as high density

polyethylené,'middle,_low density pOlyethylene,.ethYIene—

vinyl acetate copolymer, ethylené—acrylic acid ester

"copolymer;iionomer{ polypropylene, poly(l-butene),

poly(é—methyl—l—pentene) and the likes; vinyi type

polymer sﬁch as pdly(vinyl chloridé){lpoly(vihylidene

'chloride),_polystyrene, polYécrylate;-pdlyacrylonitrilé;-

._andzthe like$; polyamides such as nylon—G, nylon-66, |

nqun—lo, nleh}ll, nylon-12, nylon-610, poly(m-xylylene

'_adipamidé)_and.thé-likes: pblyesters such as
:poly(ethYlene_terephthaléte), pOly(ethyléne_

: tereﬁhthalate/isophthalatei, pbly(butyléhe terephthalate),
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and the'like} and poly(vlnyl alcohol), ethylene—vinyl'

R alcohol-copolymer, polycarbonates;-and the llkes.'

. In'thescase substrates are polymer films (sheets),

thelpolymer films may be non—oriented_or may be

_uniaxially'or biaxially oriented Those substrates can

_properly be selected accordlng to a purpose and an object

to be wrapped.- For example, in the_case an object to be '

--wrapped 1s_food'easy to'get rotten, resin such as

. polyamldes, poly(v1nylldene chlorlde), ethylene—v1nyl

alcohol copolymer, poly(v1nyl alcohol), polyesters, and

the_llkes, whlch have excellent transparency, rlgldlty,

~and gas permeation resistance,:can be used In the case

an object to be wrapped is confectlonery and fiber

. wrapplng is carrled out, polypropylene and the llkes L

_ hav1ng_excellent_transparency, rigidity, and water.

permeationIresistance_are preferable to be used.
“An extrusion -laminated molded product can be

produced by,'for example coating a substrate'with an

sethylene.CCO)polymer (Al) by extrusion coating method

.‘using‘a T-die.

As described above,'at the.time of extrusion coating

w1th an ethylene (co)polymer (Al), a substrate may be-

| coated dlrectly w1th an- ethylene (co)polymer (Al) by
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extrusion coating'or in order to heighten the adheSive'

"'strength between a substrate and the ethylene (co)polymer
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_ _(Al), with a known method for example, an anchor coatlng

agent such as an organotltanlum type, polyethylene imine

-type,.an'lsocyanate type agent, or the llke is- applled to'
- a substrate or an under resin'layer of such as an
" adhesive polyOlefin, a polyethylene by high pressure

.. method, or the like is formed on a substrate and then the

substrate may be coated with the ethylene (co)polymer
(Al) by'extrusion coating.
The proce551ng temperature (the resin temperature in

a T dle) at the time of extru31on coating of a substrate

'w1th'an,ethylene (co)polymer (Al)-or an under resin is

determined inrconsideration of the adhesion property
between the substrate and.the ethylene (co)polymer (Al),

between the substrate and the under resin-(adhesive

'-polyoleflns, polyethylenes by hlgh pressure method, and

:;the likes), and - between the under resin- and the ethylene

(cO)polymer (Al)-and heat.seal property-and productivity-

of lamlnated products, and the process1ng temperature 1s

_preferably 230 to 330°C, further_preferably 280 to 320°C,

and furthermore.preferably 285 to' 305°C.
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It is also'éffective tb forcibly oxidize fheISurface .

of a film_of melted-resin;extruded:out of a T-die by

blowing ozone to the film in order to'reliabiy-obtain

excelient_adhesidﬁ propérty betweeﬁ a substrate and reéin_

(either under resin or an ethylene (co)polymer (Al))

‘contacting the substrate.

Extrusion coating is carfied_out_at preferably 20 to

300 m/minuté and further preferably 40-to 200 m/minute

processing speed,.

Such ‘an egtrusion laminated molded prodﬁct is

éuitéble'for usé as various typésﬂdf'wrapping bags, e.g.
'aqueous product wrapping bags for liquid“soup, pickles,
_konjak spaghetti, and the likes, paste type product

'wrapping bags for miso, jam, and the likes, powder

product wrappiﬁg bags for sugar, flour and flaky'and

powdery food, and wrapping bags for pharmaceutiéal

'tablets:ahd granules.'

xfr_ io
As_ahrextrUSion molded product, a pipe molded
pfbduct, a profile extrusion molded produét, an_eiectric

wire-coating molded'boy, and the'likés;can be exemplified.
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Slnce ethylene (co)polymers (Al) to (A5) can ea51ly

be extruded and have excellent shape retalnlng property

' at the-tlme of meltlng,'they,have excellent extrusion

moldability and are"suitable to be molded by extrusion
molding;.
In the case of produc1ng an extru51on molded product

from an. ethylene (co)polymer (Al), conventlonally known

-extru51on apparatus and moldlng condltlon can be employed

and, for_example, a unlax1al screw extruder, a kneading

extruder, a ram extruder,-a gear extruder, and’ the likes

'_can be used to mold a melted ethylene (co)polymer (Al)

20

into a sheet or a fllm-(un—stretched)-by extru51on out of
alT—die. | |

As the extrusion molded'product; various types of
pipes_such as gas,'tap uater and-sewage pipes, hot water

pipes, and the likes, yarious_types of_coatings for

"electrngwires and the likes, and spacers for optical

fiber cables can be exemplified.

A foam molded product
~ Ethylene (co)polymers (Al)_to'(AS)'arelprovided_with
excellent foaming:property.owing;to'the high melt tension

and are-capable of providing foamed products with even
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'and”high-ﬁoéﬁinngétio and'f¥om,that poinf, théy éfe
| ;_suitable'fo be ﬁoldéd.by'foam'moldiﬁq.
.A foam molded_product:can be producedlby'miXing a
fogming agént wiﬁh'aﬁiéthyléne (co)p6lymer (A1) aﬁd
5 geneiating-fdams in_é.;ésin molded'ﬁrodﬁgt.by'gasifying
. .the f°aming'agénti9r générating.decomposition gas by
heétiné_or decreésiﬁg the pressure of the resuitanfl
B mixfure;
As a method for préducing a foamed product from an.
10 ethylene (co)pdlymer (A1) 6f the present invention, the
féllbwiné_qan be exempiified;. |

(@D An extrusion foaming method’

:.A'foamed_prOduCt cah contiﬁuously be obtaiﬁédfby

putﬁing an_ethy;ene (cb)polymer (Ai)'to é'ﬁopper Qf én
15 ﬂextruder, injecfing a physical-type_foaming agént through’
a.pressure injegtion hole eéuipped-in_a middle of_the_
_éxtrqééf'at the time of'extrUding'the resin at.fhe.
temberature near.the"melting péint, énd.éxtruding the -
ethyléne (cd}polyﬁer.out of a mouth pieée with_a'désired
- 20 shape._

| As.the physical foaming agenf, for eiample,:VQlatiIé 

fbaming.agents suCh.as fion, bﬁtahe; penfane; héxaﬁe;

Cycléhexane, and'the'likes; and inorganic gas based
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foaming agents such as nitrogen, air, water, carbon

dioxide_gae,'énd the likes can befexemplified.

. Additionally, at the time;ef extrusidn_fqaming, foam

nucleus fofming eéent such as céleium:carbonate, talc,
clay, megneSium oXide,:and-the likes may be added.

The mixing_ratid of‘a_physical foaming aéent is

_geherally 5 to 60 parts by.weight and preferably 10 to 50

parts by'weight:to 100 parts by weight of an ethylene

-_(cd)polymer_(Al)..-If the mixing ratio of a physical

foaming agent_is.too small, the foaming'prbperty'of.a
foamed product is deteriorated and, on the contrary, it
is too high, the'strength-of the foamed product is -

deteriorated.

@ A foaming methdd'usinq a thermal decomposition

fAn_ethylene:(co)polymer (Al), an organie thermal_

. decoﬁpositibn type foaming agent such as azodiea:bonamide,
and oﬁher_additives aﬁdlthermoﬁlastic_resins optionally
:areﬁmixed and kﬁeaded by_a ﬁixing and kneading apparatus
_suCh'asea uniaxial extruder, a biaxial extruderi a |

Banbury mixer, a kneader mixer, rolls, and the-likes ét-a

temperature lower than the decomposition temperature of .

- the thermal decomposition type foaming agent to produce a
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foaming resin composition and the composition is molded

generally into a.sheetelike Shape;: Then,“the sheet is

heated to a- temperature hlgher than the decomp051tlon

'temperature of the foamlng agent .to glve a foamed product.

The m1x1ng'ratlo"of an organlc thermal decomp051t10n

'type foamlng agent is generally 1 to 50 parts by weight

"and preferably 4 to 25 parts by welght to 100 parts by

'welght of an ethylene (co)polymer (A1) . If the mixing
ratio of an organic'thermal decomposition type foaming_

agent is too small the foamlng property of a foamed

product is deteriorated and, on the contrary, it is too

_high,fthe strength of the foamed product is deteriorated.

@ A foaming method in pressure container

) An.ethylene'(co)polymer:(Al) is molded into a sheet-
like or block-like shape by a press machine or an

extruder. Next, the molded product is_charged in a

pressure container, a physical foaming agent is

sufficiently_diSSOIVed in the resin and then the pressure'

is decreased to produce a foamed product. Alternatively,

it is also_possible.to'carry out foaming by filling a

pressure'container in which a molded product is put with

‘a physical foaming agent in a room temperature and

' presSurizing the inside, taking'out the resultant molded
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product after the pressure of the container is'deéreased;
éhd_heating_the mblded product in an oil bath or.an oven.
. Further, a crbss—lihked:foamed product can be

obtained by previous;y cross—linking.an ethylene.

T(cpjpoiymerl(Alj;. éeneraliy, as'a cro$s—linking*method,:
“a ﬁéfhod fof crbssflinking'byffhermélly decdmposing a -
_peréxide radical geﬁératinglagent mixed wifh resin,
' cfoss—linking by.radiating ioniZation_radiétion,.cross—g
'linkiﬁg,by_radiating iOnizatibn radiétion:in'the presence

of a polyfunctional mqnomérf and silane_cross—linking can

be exémplifiéd.
' To produce a cross-linked foamed product by those

méthods,.an_ethylene'(co)polymer (A1), an organic thermal

. décomposition'type foamihg agent, and a polyfunctional

monomer as a cross-linking auxiliary agent and other

additivés are mixed and kneaded at a temperature lower
thah the decomposition temperature of the théfmal
~ decomposition type foaming agent and molded .into a sheet-

‘like shape. The obtained foaming resin compdsitioh sheet

is Crossjlinked by radiating a prescribed dose of

“ionization radiation and then the cross-linked sheet is

heated to a temperature higher than the decomposition

tempetature of the foaming agent to carry out foaming.'
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"As the'idnization radiation; a-ray, B—ray; Y-ray,

" __electron beam,;and the likes can be ekemplified.- Instead

of radiation cross-linking by ionization radiation,

.per0xide_qrbss—linking'and_silane cross-linking can be

' carried out.

A'fbamed3moided prodﬁct can be formed into. a various

' types of”shapes;sUch as rod-like, tube-like, tape—like,

and sheet—like shape$ and used for'buffér agents, heat

'_”insulatihg materials;-base materials of wet compress pad

.10

15

20

'agents,,shoe bottoms, sponge, and the likes.

An injection molded product
Since ethylene (Co)pqumers_(Al) to (A5) can eaéily.
be injection-molded at high speed owing to their |

excellent fluidity and have éxcéllent'mechanical strength

owing to their high intrinsic viscosity, they are

~suitable to be molded by injection molding.

' An injection-molded product can be pfoduced from the
fOrégoing ethylénef(co)poiymer (Al). As an injection -

molding method, conventionally Carried out injection

. ‘molding methods can be employed with no specific

“limitation.
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'~ As an injection-molded product, ordinary
' miscellaheous-gbods,-autqmotive parts, and the likes can

be exémplified,-

 As above“deséribed molded products, a blow molded

'product, ah-eitrusion molded prddﬁct,,a foamed molded
pfoduct;:an injection molded product have high rigidity
'and are therefoie preferablé. Those molded products can

stand to breaks even in the. case high stress.is applied

to the'moldéd.prbducts. . As molded products, an extrusion

" molded prbduct is especially-preferable and among them, a

pipé_is esﬁécially preferéble.

| .:Further,.iﬁ addition_to:the_aboVe deécfibed
fequirement; in the case an ethyléné (co)polymer (a2)
céntains a édménomer, a molded ?roduct can stand break
even'if.a_felatively 1ow.stresslis applied for a long'
dufatiohit@ the moided produ¢t5 "That'is; the molded

product is:provided_with especially excellent fatigue

strength. That is, thérefdre, especially preferable in

the case of an éxtrusion molded product.

A pipe is preferable among molded products produced

'frdm ah ethyléne (co)polymer (A2) of the present

“invention.
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A graft—modlfled ethylene (co)polymer (Al 1) is a
modlfled polymer produced by graft—modlfylng an ethylene

-(co)polymer (Al) by a polar monomer. The- graft amount of -

._graft group derlved from the polar monomer 1n the graft—

mod1f1ed'ethylene (co)polymer (Al—l) is w1th1n‘generally
a range of 0.1 to 50% by welght and preferably a range of
O 2 to 30% by welght.

A graft—modified'ethylene'(co)polymer (Al—l) is

~characterized by:having.high adhesion strength to a

material'with high polarity, excellent mechanical
strength, and moldability by various molding methods.

Such'a graft—modified ethylene (co)polymer'(Al—l)

- can be'produced'bygreaction of the foregoing ethylene

(oo)polymer.(Al) and & polar monomer which will be
deseribed later in-the presenee of a.radiCal initiator.

A graft-modified ethylene (co)polymer (A2-1) ‘is a

‘modified'polymer produced by graftemodlfying an ethylene
'(co)polymer (A2) by a polar monomer. The graft amonnt'of.
'graft group derlved from the polar monomer in the graft—
'modlfled ethylene (co)polymer (A2 1) is w1th1n generally

- a range of 0;1 to 50%‘by weight_and preferably a range of

0.2 to 30%rby weight,
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A graft—modlfied-ethylene (co)polymer (A2-1) is

characteriied by having high'adhesionfstrength to a
' material with high polarity, excellent mechanical_.

_strength and moldablllty by varlous moldlng methods.

Such a. graft—modlfled ethylene (co)polymer (A2 1)
can be produced by reactlon of the fore901ng ethylene
(co)polymer (AZ) and a polar monomer which w1ll be
descrlbed later in the presence of a radlcal 1n1t1ator

A graft—modlfled ethylene (co)polymer (A3- 1) is a
modified polymer produced by graft—modlfylng an ethylene
(co)polymer (A3) by a polar monomer. The graft amount of

graft group derived from the polar monomer ‘in the graft-

modified'ethylene (co)polymer (A3-1) is within general“ly

a range of 0 1 to 50% by welght and preferably a range of

0. 2 to 30% by welght

A graft—modlfled ethylene (co)polymer (A3~ 1) is

characterlzed by hav1ng hlgh adhe51on strength to a .

materlal w1th high polarlty, excellent_mechanlcal
strength, and moldablllty by various molding methods.

' SuCh_algraft—modified'ethylene.(co)polymer (A3-1)

‘can be produced by reaction of the foregoing ethylene

(co)polymer (a3) and a polar'monomer which will_be

~described later in the presence of a radical initiator.
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A graft—modlfled ethylene (co)polymer (A4-1) is a -

'modlfled polymer produced by graft—modlfylng an ethylene

(co)polymer (A4) by a polar-monomer. The graft amount of

'graft group derived from the polar monomer in the graft—

”modlfled;ethylene (co)polymer (A4 1) is w1th1n generally

:'fa range of 0. l to 50% welght by and preferably a range of

0 2 to . 30% by welght

A graft—modlfled ethylene (co)polymer (A4 1) is

:characterlzed by hav1ng high adhesion strength to a

material with-high'polarity, excellent mechanical

'_strength owing to high'intrinsic'viscosity, and

" moldability bvaarious'molding methods.

Such a graft-modified ethylene (co)polymer (Ad4-1)

can be produced by reaction of the foregoing ethylene

(co)polymer (A4) and.a polar monomer thch will be
described later in.the'presehce of a radioal lnitiatorr
A graft-ﬁodified ethylene.(co)polymer (A5—ll is a

hbdlfied.polymer prodnced by7graft—modifying an ethylene
(co)polymer (AS)-by a polar monomer. The graft-amount ofl
graft group derived from ‘the polar monomer in the graft—
modlfled ethylene (co)polymer (A5-1) is ylthln generally
a range of O 1 to 50SL by welght and preferably a range of

0.2 to 30% by welght
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A graft—modlfled ethylene (co)polymer (A5 1) is |
_characterlzed by hav1ng hlgh adhe51on strength to a |
'ffimaterlal with hlgh polarlty, excellent mechanical
.strength, and moldablllty by various moldlng methods.-
.5:. | lSuch a graft—modlfled ethylene (co)polymer.(AS—l)
can be produced'bylreactionlef the'foregeing ethylene
(co)polymer (A5) and a polar monomer whlch w1ll be
: descrlbed later in. the presence of a radical initiator.
| -A method er;producing graft—modified ethylene
10 ('Co)polymers (A1¥1) to (IAS-'l)'-wi'l'l be described below in
| detalls u51ng a graft—modlfled ethylene (co)polymer (Al—
1) as an example and- regardlng graft~mod1f1ed ethylene
(eo)polymers (A2—1) to-(AS—l) can ‘be prodnced inlthe Same'
manner. |
15 As a polar monomer to be used for modlflcatlon, the
.follow1ng can be exempllfled; hydroxy_group—eontalnlng
'ethylenie unsatnratedeeemponnds,'amlno group—containing
- ethylenic-unsatnrated cempounds, epoxy group-containing
ethylenic uneatﬁrated cbmpennds, aromatic vinyl compounds;
'10'_unsaturated carboxylic acids and their derivatives, vinyl
..ester conpennds,_vinyl chloride, and the likee.y
”]Partichlarly;'as theehydroxy'greupecbntaining

_ ethylenic unsaturated compounds, -the followingICan'be
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' exemplified; (meth)acrylic aéid'estéré;suéh as
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hydrdxyéthyl:(ﬁeth)éérYIate; 2;hydfogypropy13:
(heth)acrylate,.3—h§drogy§ropyl (méth)acrylété, 2¥ :
hydroxy 3-phenoxypropyl (meth)acrylate; 3;chléro—2— !
hydroxypropyl (meth)acrylate, glycerln ﬁono(meth)acrylate,

pentaerythrltol mono(meth)acrylate, trlmethylolpropane

_mono(meth)acrylate, tetremethylolethane,

monc(meth)acrylate,-butanédiol mono(meth)acrylate;

' polyeﬁhylené glycol mono(meth)acfylate, 2—-(6-

' hYdroxyhexanoyloxy)'ethylacrYlate, and the likes; 10-

undecene—l—ol, l#obténe—3—ol;'2-methanolnorbornene,

_hydroxylstyrene, hydrbxyethyl:ﬁinyl ether;,hydroiylbutyl

vinyl ether, N-methylol acrylamide, 2-
(metﬁ)acrylbyioxyethyl acid phosphaté, glycerin mono

allyl ether, allyl alcohol, allyloxy ethanol, 2-buthen-

1, 4 lel glycerln monoalcohol énd the likes.

An am1no-group—contalnlng ethylenicnunSaturated _

compouhd is a compound having an ethylenic double bond -

and amino group and as such a compound, a vinyl type

monomer having at least one type of ‘an. amino group and

substituted amino groups can be eXemplified.
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' Where, R! denotes hydrogen atom, methyl group, or

'ethyl group, R2 denotes hydrogen atom, an alkyl group of

jl to 12 carbon atoms, preferably 1 to 8 carbon atoms, or

a cycloalkyl group of 6 to 12, preferably 6 to 8 carbon

-atoms. The foreg01ng alkyl group and cycloalkyl group

may further have-substituent groups._

:As_such an'amino group—containing'ethYlenic
unsaturated compound, the foilowing are concrete
examples; alkyl'ester.types deriuatiues of acrylic acid
or methacryllc acid such as amlnoethyl (meth)acrylate,
propylamlnoethyl (meth)acrylate, dlmethylamlnoethyl
methacrylate, amlnopropyl (meth)acrylate,

phenylamlnoethyl methacrylate, cyclohexylaminoethyl |

:methacrylate, and the llkes,'v1ny1am1ne derlvatlves such
as N—vrnyldlethylamlne, N-acetylvrnylamlne, and the

"llkes, allylamlne type derlvatlves such as: allylamlne,

methallylamlne, —methylallylamlne,_N N—

dlmethylallylamlne, N, N dlmethylamlnopropylallylamlne,

- and the llkes, acrylamlde type derlvatlves such as
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:.aCrylamide,"meethylacrylamide, and the likes;

aminostyrenes such as p-aminostyrene; 6-

aminohexylsuccinic imide; and 2-aminoethylsuccinic imide.

As an epoxymgroup—containing ethylenic unsaturated

"compound is a monomer containing'one or more

polymerlzable unsaturated bonds and epoxy groups in one

_molecule and as such an epoxy group contalnlng ethylenlc

unsaturated compound concrete examples are following; .

glyc1dyl acrylate, glyc1dyl methacrylate; dlcarboxyllc

'a01d mono- and alkylglyc1dyl ester (in the case of
-monoglyc1dy1 ester, the number of carbon atoms of alkyl
group is 1 to 12) such as maleic ac1d mono- and di-

glyc1dy1 ester, fumarlc acid mono- and di- g1y01dyl ester,

crotonlc ac1d mono— and d1 gly01dyl ester,
tetrehydrophthallc acid mono- and di-glycidyl ester,

1tacon1c a01d mono- and di- glyc1dyl ester,

"butenetrlcarboxyllc ac1d mono- and di-glycidyl ester,”

' c1traconlc ac1d mono— and di- gly01dyl ester, endo -cis-
_blcyclo[2 2. 1]hepto 5 -en-2, 3- dlcarboxyllc ac1d (nadlc
ac1dm) mono- and di- gly01dyl ester, endo -cis-

..blcyclo[2 2. 1]hepto 5 -en- 2-methy1 -2, 3 d1carboxy11c acid

-(methylnadlc;ac1d"ﬂ:mono- and dieglycidyl ester,

allylsuccinic acid'mOno% and di-glycidyl ester; p-

WY PPN AV SO
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. styréneéarboxylic acid alkylglycidyl ester; allyl

_glycidyl.ether} 2—méthylaLlyl glycidyl ether, styrene-p-

glycidyl'efﬁer,'3,4§ep0xy¥1—butene; 3;4—epoxyf3—methyl—i—

.butene} 3,4—epoxy—1*pentene,'3,4?epéxy—B—methyl-1—pentene;
_ 5;6—ep6xy—1—hexene, vinyicyclohexéne moénoxide, and the

i likes.:

As an aromatic vinyl compound, for example,

compounds having the following formula can be exemplified.

In the above illustrated formula, R! and R? may be

the same or different to each other and separately denote

hydrogen atom or an alkyl group of 1 to 3 carbon atoms;

-particdlarly methyl,iethyl, propyl,'or.isopropyl group.

C R dénotes hydroéafbon group of 1 to 3.carbon atoms or a
.'halogenlaﬁomi par£icuiarly methil;'ethyl;'propyl or
'.isopropyl.groﬁp_as=well-as'thofiﬁe,;bromine, or iodiné
'_:atoﬁ.i.éurther, ﬁ isfgéneraliy an integer from 0 tb 5 ‘and

 preferably an integet from 1 to 5.
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Concrete examples of the'arbmatic vinyl compound are

 fbllowin§;]compduhd$.having'the'aboVe illustrated formula -

‘such as styrene, a?methylstyrene, 6-methyl$tyrene,'pf o

methylstyrene, m—methylStyiene, p-chlorostyrene, m-
Chlorostyrene,'péchlorométhylstyreﬁé, and the likes; 4-
vinYlpyridine, 24Vinylpyridine, S—ethyl—Z—vinylpyridine,

2—methyl -5- v1nylpyr1d1ne, 2- 1sopropenylpyr1d1ne, 2-

'v1nquu1nollne,.3—v1nyllsoqu1nollne,_N v1nylcarbazole, N-

vinylpyrrolidone, and the likes;_

'_As'an_unsaturated carboxylic.écid, the following are
examples; écrylic é¢id; metﬁacrylic acid(:maleic acid,
fuméric acid, tetrahydrophthéiic'aéid; ifaconic_acid,
citréconic acid,.crotonic-acid, isocrotonic écid;

norbornéhedicarboxylic acid(:bicyclof2;2.1]hepto—2-en—

5,6-dicarboxylic acid, or ahhydrides of these acids, or

their derivatives} (e.g. acid halides, amides, imides,

‘esters, and the likes). Concrete compounds are

exemplifiéd.as following; malenyl cﬂloride, malenylimide,
maieié anhydfidé, itaconic anhydridé, c1tracon1c
anhydrlde, tetrahydrophthallc anhydrlde,

b1cyclo[2 2 l]hepto -2-en- 5, 6~ dlcarboxyllc anhydrlde,
dlmethyl:m;leate('monomethyl maleate; diethyl maleate,

diéthyl:fumaréte, dimethyl'itaconate,-diethyl citraconéte,
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_ dimethyl_tetrahydrophthalaté; dimethyl'

| '(meth)acrylate, hydroxypropyl (mefh)aéryléte, glycidyl

(meth)acrylate, aminoethyl_methacrylate, éminoprcpyl

. méthacrylate; and'the likes. Among them, (meth)acrylic .
~acid;'maleic anhydride,. hydroxyeﬁhyl (meth)acrYléte;
i glycidyl methacrylate, and aminopropyl methacrylate are

- preferable.

-As a viﬁyi'ester éompoﬁnds, the foilowing are

:éxamples; vinyl acetate, vinyl-propiohate,.vinyl n-

butyfate,‘vinyl isobutyrate, vinyl pivalate, vinyl

vinyl bénzoate; vinyl.p4tert—butylbehzoate, vinyl

salicylate, Vinyl-cycldhexaﬁecarboxylate, and the likes.

Generally_l to 100 parts by weight, preferably-s to
80_parts by weight of the'foregoing ménome: is used to
100 parts by weight of an ethylene (Co)polymér (Al).

As a radical initiator, organic peroxides or azo

* compounds can be exemplified.  Concrete examples of the

6rgani¢ peroxides are follbWing;'dicumyl péroxide, di-

. tert-butyl peroxide} 2,5-dimethyl-2, 5-bis (tert-

butylperoxy)héxahe/-2,5fdimethyl—2,5—bis(tert?~

' butylperoxy)hexyné—B} 1,3-bis(tert-

.'bicyle[2.2.1]hepto—2—en-5,G—dicarbOXylate,_hydroxyéthyl -

caproate, vinyl versatate, vinyl laurate, vinyl stearate,
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gbutylperoxyisoprooyl)bensehe,fl,l-bis(tertf'
hbutYlperoxy)vaielate,-behzoyl peroxide, tert;buty1peroxy
:behzoaﬁe, acetyl peroxide,. 1sobutyryl perox1de, octanoyl
' pefoxide, decanoyl perox1de, lauroyl perox1de, 3, 5 5—
“trlmethylhexanoyl peroxmde, 2,4~ dlchlorobenzoyl perox1de,"

sm—tolyl perox1de, and the llkes. As an azo compound,

a201sobutyron1trlle,-dimethylazoisobutyrohitrile,_ahd the -
llkes can be exempllfled
it is preferable to add generally O. 001 to 10 parts

by weight of such a radical initiator to 100 parts by

'weight of the foregoing'ethylene (co)polymer (Al).

A radical initiator can be used being mixed as it is

'With an ethylene (co)polymer (Al)'and-a polar.monomer'énd
may be used while'being dissolved in a.small amount of an
" organic solvent. As an_organic solvent to be used ‘in’

‘that case, any organic solvent capable of dissolving a

radlcal 1n1t1ator can be used w1th no spec1flc limit. As
such an. organic solvent, the- follow1ng can be
exemplified; aromatic hydrocarbOn solvents such as

benzehe, toluene, xylehe,-end the likes; aliphatic

.hydrocarbon type solvents such as pentane, hexane,

'heptane, ootane, nonane, and decane; allcycllc

hydrocarbon type solvents such as cyclohexane,
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_-methylbyclohexane,_deCahydronéphthalene; and the likes;

chlorochydrocarbons such as'chloiobenzene,'dichlorobenzene,

' trichlo?obeqzene, methyiene éhloride,_Chloroform,

£etra¢hlbromethane; and tét;éachldroethylene; alcohoi
type éolvenfs-such_és ﬁethéhpl; ethan6l, n—propagol,'iso—
prgbénol,'n—butanol,:seé—butaﬁql, and tert-butanol;
kgtohe type 361vents.su¢h as acetone;.methyl ethyl ketone,
and metﬁyl.iédbut?l ketpné;_esﬁer_tYpé:soivénts such as
ethyi acetate and'dimethyl pﬁthalate; and éther_type

solvents such as dimethyl ether, diethyl ether, di-n-amyl

‘ether, tetrahydrofuran, dioxyanisole, and the likes. -

At the time of graft-modifying an ethylene

(co)pdlymer_(Al),”a reductive substance may be used. A

_:edudtivé substance is_effeétive to increase the graft

quantity of an obtained graft-modified ethylene

-(co)poiymer (Al-1).

As a reductive substance, compounds containing .

: groups such as -SH, SO3H, -NHNHZ,_—COCH(OH)—, ahd the

- likes as well as ferrous ion, chromium ion, cobalt ion,

nickel iong'palladium ion, sulfite salts, hydroxylamine,
hydrazine and the likes can be exemplified.
Concrete'eXamplés of such a reductive substance are

following;'ferrous chloride, potassium dichrOmate, cobalt
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chldiide, cobalf'naphthenate, palladium cthride;'

ethanolamine, diéthanolamine,_NfN—demethylanilihe,
:hydrazine,'ethylmercéptan,_benzenesuifonic_acid, p-

 toluenesulfonic acid;'anq the likes.

" Generally 0.001 to 5'parts_by'wéight, preferably 0.1

| t6.3 parts by weight of the3foregoing reductive substance

is addéd'to'IOO_parts.by weight of an ethylene
({co)polymer (Al).

An ethylene (co)polymer (Al) can be gfaft¥quified

by a COnvenfionally known method and, for example, graft-
. modification is carried out by dissolving an ethylene

'_(co)polymer (Al) in an organic:solvent, dissolving a

polar monomer aﬁd-radical initiator in the resultant

solution, and carrying out-readtion at 70 to 200°C,

'preferably'SO to 190°C for 0.5 to 15 hours, preferable 1

,.to 10 hours.

'As-an orgaﬁic.so1vent tolbe:qsed for graft-
modificatibn_of an ethylene (co)polymer (Al), any'organic
SOlyenﬁ Capéble-of diSsolving.the ethy1eneﬂ(cd)polymer
(Ai) can be used wifhout‘sﬁecific limitation.

: As_such an Qrganic,solvént; aromaﬁic’hydrocérbon

solvents such as behzene, toluene,'*ylene, and the likes
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ahd éliphétic hydroéarbon“type solVents Such as pentane,

- heXaﬁe,_heptane-can be exemplified.

|  -A graftﬁmodifiéd'éthylené (coipolymer (Ai—l) can

" also be produced by.reactioh.df'an ethylene'(co)polymer

(Al) and é polar monomer in the absence of a solvent

using an extruder. The reaction temperature is generally

,'npf lower than the melting pdint_of_the-ethylene

(¢Q)polymer (A1), parﬁicularly within a range of 120 to
250°C and the reaction time in such temperattre-
conditions is generally. 0.5 to ‘10 minutes.

r - ifi et ene - _ er sition (Cl-

A graft—modified ethylene (co)poiymer_composition

(C1-2) comprisés the above described graft—modified

-ethylene-(co)polymer (Al?l)_and an un-modified other.

polymer (D1).

As another polymer (Dl); the'folldwing can be

exemplified; polyolefin; such as'high_density

- polyethylene, medium density polyethylene, high p£essufe
' low density polyethylene, straight chain low density
| polyethylene, ethylene-propylene cdpolymer, propylene .

'pdlymer; propyleﬁe—ethylene copolymer, propylene-l-butene
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. copolymer, l1-butene polymer,'and the likes;;and

..lo

15

20

'thermoplastlc resin such as polyamldes, polyesters,

polyacetals, polystyrenes, polycarbonates and among them,

an ethylene (co)polymer (Dl—l) is preferable. The

_.ethylene (co)polymer (Dl—l)-includee-the_foregoing_

ethylene (co)polymer (Al)

'An ethylene (co)polymer (D1~ 1) is an ethylene
homopolymer or a copolymer of ethylene and an d—olefln of
3 . to 20 carbon'atoms " As an a—olefln.of 3 to 20-carbonl
atoms, the.same olefins as-the'foregeing a-olefins can'he.
exemplified. o

'In_the.Case the ethylene (co)pblymer (D1-1) is-a

'copolymer of ethylene and an a—olefln, the mole ratio

':(ethylene/a—olefln) of ethylene and the a—olefln depends

on the types of the a—olefln and is generally 1/99 to

. 99/1 preferably 50/50 to 95/5; The mole ratlo is

ipreferably 50/50 to 90/10 in the case the a—olefln is :

propylene and the mole ratio is preferably 80/20 to 95/5
in the ease_the'd—olefln is an a-olefin of not less_than
4 carbon atoms.

- dThe intrinsic viscosity'df the ethylene (co)polymer

'.(Dl—ll measnred at 135°Cfin.deealinyis desirable to be

: generally 0.4 to 7 dl/g'and_prefetably 0.5 to 5 dl/g.
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Addltlonally, the ethylene (co)polymer (Dl 1) may
comprlse a repeatlng unit derlved from another compound
polymerizable with ethylene or an a-olefin besides a

repeating unit derived"from ethylene and an a-olefin of 3

to 20 carbon atoms.

As-such other'compounds, a polyene compound such as
a chain_polyene compound, a cyclic polyene compound, and

the likes and a cyclic monoene compound can be

exemplified.

‘Additionally, the ethylene (co)polymer (D1-1) may

”-_further comprise'a conStituent'monomer derived from

styrene or substltuted styrene. Such other compounds may

be used solely or in comblnatlon w1th one another. The

-content of another-compound component is generally 1 to

20 mole% and preferably 2 to 15 mole%..

As an'ethylene3(co)polymer (Dl—l),.an ethylene

. homopolymer ‘or a copolymer of ethylene and an a- olefln of

20 .

3 to 8 carbon atoms is preferable.
The polymers'of the ethylene (co)polymer (Dl 1),

be31des ethylene (co)polymer (Al), can be obtalned by

-homopolymerlzlng ethylene by a conventlonally known

: method or copolymer;zing_ethylene ‘and an a-olefin by a '

conventionally'known method. The polymerization reaction
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can be carried out in gas—phase (a'gas—phase

:polymerlzatlon method) as well as in llquld phase (a

lquld phase polymerlzatlon method)

In an ethylene (co)polymer comp031tlon (C1-2), it is

de31rable that the welght ratlo (Al- 1 : D1) of a graft—
modifiedgethylene.(co)polymer (Al—l) and'another polymer
(D1) is 1 : 99 to 99 : 1 and preferably 10 : 90 to 90

- 10.

Regarding a graft—modified ethylene (co)polymer

:composltion_(Cl—2),'additiVes exemplified as the
additives allowed to be added to ethylene (co)polymers
(Al) to (A5) may be added if'necessary.as;long as the

_additives_do not depart from the purposes of the present

1nventlon
A graft—modlfled ethylene (co)polymer comp031tlon-
(C1—2) can be produced by a known method and, for example,

it-Can-be-pmoduced'from a graft—modified ethylene

_(co)polymet (A—l), another'polymer, preferably ethylene
(co)polymer (D1-1), and_otherlcomponents to be added if
'neceSSary.byhthe same methods as'the methods of the .

'.foreg01ng ethylene (co)polymer comp051tlon (Cl 1)

The foreg01ng graft—modlfled ethylene (co)polymer

' f_Compos1tlon (Cl- 2) is. characterlzed by hlgh adhe51on
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IStrength to a material with high polarity, excellent
'meohanical_strength,.and-excellent moldability to various

- type of molding methods.

'A.graftemodified ethylene (co)polymer COmposition

(C2- 2) comprlses the above descr1bed graft—modlfled

- ethylene (co)polymer (A2- 1) and an un—modlfled other

10

135

polymer (D2)

As another polymer (D2), the'following can be-

_ exemplified' polyolefin, such as hlgh den51ty

| polyethylene, mlddle denSLty polyethylene, high pressnre-

low density polyethylene, straight chain’low density
polyethylene,'ethylene—propylene copolymer, propylene

polymer,'propylene—ethylene oopolymer,'propylene—lebutene

. copolymer, l-butene polymer, and the likeé;'and

20

thermoplastic reain such as'polyamides,.polyesters,

polyacetals, polystyrenes, polycarbonates and among them,d

- an ethylene (co)polymer (D2 1) is preferable. The
_ethylene (co)polymer (D2- 1) 1ncludes the foreg01ng

: ethylene (co)polymer (A2)
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An ethylene (co)polymer (DZ 1) is: an ethylene

'-_homopolymer or a copolymer of ethylene and an a—olefln of -
3 to 20 carbon atoms. _As an a-olefin of '3 to 20 carbon
" atoms, the same olefins as the”foregoing.a—olefins.ean be

'exemplified.

'in'the case the ethylene (co)polymern(Dz—l)'ls a

.'copolymer of ethylene'andtan ueolefin,:the mole'ratio
_(ethylene/a—olefln) of ethylene -and the a—olefln depends
l on the types of the a—olefln and is generally 1/99 to
10”-99/1 preferably 50/50 to 95/5. The mole ratio is.
.preferably 50/50 to 90/10 in the case the a—olefln is
'propylene and the mole ratio is preferably 80/20 to 95/5

_ in the case the a-olefin is an o-olefin of not less than

4-earbon atoms.

The intrinsic yieéosity of the ethylene (co)polymer
(D2-1) tﬁéasured at 135°C in decalin is dee'irable to be.
generally-0.4:t0.7 dl/g.and.preferably 0;5'to 5 dl/g;

Addltlonally, the ethylene - (co)polymer (D2~ 1) may
comprlse a repeatlng unit derlved from another compound

polymerlzable w1th ethylenefor an a-olefin be51des a

"repeatlng unit derlved from ethylene and an o- olefln of 3

'to 20 carbon atoms.
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As such other compounds, a poiyene cempoﬁnd such as

' é_ehain polyene compound, a 6y¢lic polyehe compound, and

. the likes and a'cyclic moﬁoene'compound'can be

10

15

20

exemplified.

AdditiohaIIYr.the ethYlene_(co)polymef_(D2—1).may_

" further comprise]é eonetituent monomer derived from
‘styrene or'Subetituted_stYrene. Such other compounds may
' be used solely or in combination with one another. The

‘content of another compound component is generally 1 to

20.mole%_and preferably 2 to 15.mole%;

As an ethylene (do)polymer'(DZ—l); an ethylene

e_homopolymer-or_e copolymer of-ethyleﬁe and an a—Qlefin of

3 to:8'carbon atoms 'is preferable.
The polymers of the'ethylene (co)polymer (D2-1),

besides ethylehe {co)polymer (A), cehube obtained by

' homopolymerizing ethylene by a conventionally known

e.method.or'copolymefizing'ethylene.and an o-olefin by a

conventionally known method. The polymerization reaction

‘can be carried out in gas-phase (a gas-phase

polymeriiatioﬁ Method) as well as in liquidephase (a
liquid-phase polymerization method) .

In an etﬁylene (co)polymer composition_(Cz;z), it is

'_desirable'that the weight ratio (A2-1 : D2) of a graft-
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modifled ethylene'(co)polymery(AZ—l) and another polymer

(D) is 1 : 99 to .9'9 : 1 and p'refe'rably.-lo . 90 to 90 : 10.

Regard1ng a graft—modlfled ethylene (co)polymer

comp031tlon (C2 2), addltlves exempllfled as the

'addltlves allowed to be added to ethylene (co)polymers
n(Al) to (A5) may be added 1f necessary as long as the

: addltlves do not_depart from the purposes-of the present

_invention.'”
A graft-modlfled ethylene (co)polymer compos1tlon

(C2- 2) can be produced by a known method and for example,

it can be producednfrom a graft-modlfled ethylene

_ (co)polymer {A2-1), another polymer, preferably ethylene

(co)polymer (D2 1), and other components to be added if
necessary by the same' methods as the methods of the
foregoing ethylene_(co)polymer composition (Cl—l);

The foregoing graftemodified ethylene (co)polymer

. composition (C2f2) is characterized”by high adhesion

20

strength.to a material with high polarity, excellent

: mechanical strength;_and'excellent-moldability to various

type of molding.methods.'
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A graft-modified ethylene (co)polymer composition

(C342)'comprisesﬂthe“aboye desoribed graft—modified'

'ethylene (co)polymer (A3 1) and an un-modlfled other

.__polymer (D3)

. 'As another polymer (D3), the following can be

_ exempllfled;-polyolefln,-such as high.density

polyethylene, mlddle den31ty polyethylene, high pressure

low dens1ty polyethylene, stralght-chaln low den51ty

_ polyethylene, ethylene—propylene copolymer, propylene
_polymer, propylene ethylene copolymer, propylene ~-1l-butene
_'copolymer, 1- butene polymer, and the llkes, and

_thermoplasticfresin such as polyamides, polyesters,

polyaoetals,'polystyrenes, polycarbonates and among them,

;an’ethylenef(co)polymer (D3—l) is preferable. The
'ethylene (co) polymer (D3—1) includes the foregoing

-ethylene (co)polymer (A3)

o ‘An ethylene (co)polymer (D3 1) is an ethylene

_homopolymer.or.a copolymer of ethylene and an a-olefin of
3 to'ZO.carbon'atoms. As an QfOléfin.Of.3 to 20 carbon

'atoms,gthe'same olefins as the foregoing a-olefins can be

exemplified. .
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'In the case the'ethylene.(co)polymer (D3-1) is a

';3copolymer of ethylene and an a—olefln, the mole ratlo

(ethylene/a—olefln) of ethylene and the a—olefln depends

on the'typeS'of the'a—olefln and is generally 1/99 to

-.99/1 preferably 50/50 to 95/5. 'The mole ratio is
preferably 50/50 to 90/10 1n the case the a—olefln is
'propylene and the mole ratlo is preferably 80/20 to 95/5

in the case'the d—olefin'is an a-olefin of_not less than

4 carbon atoms.
. The intrinsic'viscosity:of the ethylene (co)polymer

(D3-1) measured at 135°C in decalin is desirable to be

"generally_0;4 to 7pdl/g and preferably 0.5 to 5 dl/qg.

Additionally, the ethylene (co)polymer (D3-1) may -
coﬁprise-a‘repeating unit derived from another.compoUnd

polymerizable with ethylene or an'a—olefin besides a

*repeatlng unit derlved from ethylene and an o- —olefin of 3

'to 20 carbon atoms.

“As such'other compounds; a polyene compound Such as
a chain.polyeneTCOmpound a cycllc polyene compound _and

the llkes and a cycllc monoene compound can be

hexemplified.

.Additionally, the ethylene (co)polymei (b3—l) may

- further comprise a constituent monomer derived from’
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styrene or'substituted'Styrener 'Such other compounds may

be used solely,orzin combination with one another. The
'content'of another compound component-is-generally 1 to

| 20 mole% and preferably 2 to 15 mole%

As an ethylene (co)polymer (D3~ 1), an ethylene

homopolymer or a copolymer of ethylene and an d—olefin of

| 3 to 8 carbon . atoms lS preferable

The polymers of the ethylene (co)polymer (D3 1), .

besides ethylene (co)polymer (A3), can be obtalned by

_ homopolymerizing ethylene by a conventionally known

methodaor copolymerlzing ethylene and an a—olefin-by a

conventionally known method. The polymerization reaction

can be_oarried out in gas-phase (a gas—phase:

'polymerization method) as.well”as in 1iquid—phase (a

__llqu1d phase polymerlzation method)

In an ethylene (co)polymer comp051tion (C3 2), it is

desirable that the_weight ratio (A3-1 : D3) of a'graft—

modified_ethylene (co)polymer (A3e1)-and another polymer
o (D3) is 1 ;'99 to 99 : l'and-preferably lO : 90 to 90 :

10.

Regarding a”graft—modified ethylene (oo)polymer
composition (C3-2), additives exemplified -as the -

additives allowed to be added to ethylene  (co)polymers
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(Al);to'(A5) may;be added'if necessery as long as the
'additives_do not depert-from'the:purpOSes of the present

~invention. .

: A greftfmodified_ethylene (COlpolymer composition
(Cé—é)feen be produced_by'a known'method and, for erample,_
it can'be:produced from e'graft;modified ethylene |
(co)polymer (A3- 1),-another polymer, preferably ethylene

(co)polymer (D3 1), and. other components to be added 1f

_neceseary by the same methods as the methods of the

yforegoing ethylene (oo)polymer composition (Cl-1).

_ The foreg01ng graft—modlfled ethylene (co)polymer
comp051tlon (C3 2) is characterlzed by h1gh adhes1on
strength to a materlal wrth.hlgh polarlty, excellent
mechenicel.strength, and excellent moldability to yarious_

type_of'moldinggmethods.

. A graft—modlfled ethylene (co)polymer comp031tlon
(C4 2) comprlses the above descrlbed graft—modlfled
ethylene (co)polymer (A4 l) and an un—modlfled other.

polymen (D4),



10

15

20

~ SF-679

276

Aé another'polymer (D4), the following'can be

lexempllfled polyolefln, such as hlgh den51ty
: polyethylene, mlddle den31ty polyethylene, hlgh pressure

_low den31ty polyethylene, stralght chaln low den51ty'

polyethylene,'ethylene—propylene copolymer, propylene

_polymer, propylene—ethylene,copolymer, propylene—l—butene

oopolymer, 1-butene polymer, and the likes; and.
thermoplastic.resin snch-as polyamides,fpolyestere,
polyacetals, polystyrenes, polycarbonates and among them,
an. ethylene (co)polymer (D4 1) is preferable. .The
ethylene.(co)polymer (D4-1) 1ncludes the foregoing
ethylene (co)polymer (A4); o | |

An ethylene (co)polymer (D4 1) ‘is an ethylene

-homopolymer or a copolymer of ethylene and an a—olefln of

3 to 20 carbon atoms.- As an_a—olefln of 3 to 20 oarbon

‘atoms, the same olefins as the foregoing a-olefins can be

.exemplified.

In the_case the ethylene (co)polymer (D4—1) is a
copolymer'of ethylene and an a?olefin, the mole'ratio

(ethylene/a—olefln) of ethylene and the a -olefin depends

. on the types of the o= olefln and is generally 1/99 to

- 99/1, preferably 50/50 .to 95/5. The mole ratio is

fpreferably 50/50'to'90/10 in thedcase_the a-olefin is
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propylene'and the'mole ratio_ie'preferably_BO/ZO_to-95/5

in the case the a-olefin is ‘an a-olefin of not less than

4 carbon atoms.

‘The intrinéic viscositY'of the ethylene (co)polymer

(D4~l)tmea5ured at'135°C in decalin is desirable to be

-generally 0.4 to 7 dl/g and preferably 0.5 to 5 dl/g.

Addltlonally, the ethylene (co)polymer (D4-1) may

comprise a_repeatlng.unlt-derlved from another compound

; polymerizable with-ethylene orfan aéolefinhbesides a

repeatlng unit derlved from ethylene and an o-olefin of 3

to 20 carbon atoms.

As such other_compounds, a polyene compound such as

_”a chain polyene compound, a cyclic polyene compound,'and

the likes and a cyclic monoene compound can be
exemplified.

. Additionally, the ethylene (co)polymer (D4-1) may

further comprise a constituent monomer derived from

styrene or sUbstituted styrene. Such other compounds may

be used solely or in combination with one another. ‘The

‘content of another compound component is generally 1 to

120 mole% and preferably 2 to 15 mole%
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As an ethylene (co)polymer (0441), an ethylene

B homopolymer or a_copolymer-Of ethyleneVand an"a—olefin of

-3 to.8 carbon'atoms is preferable.

The polymers of the ethylene (co)polymer (D4 1),

' be31des ethylene (co)polymer (A4), can be_obtalned by

homopolymer121ng ethylene by a_conventionally.known"

method or. copolymerlzlng ethylene and an a—olefln by a

_conventlonally known method.' The polymerlzatlon reactlon
can-be carried out-in gas—phase (a gas—phase

polymerlzatlon method) as well as 1n llquld—phase (a

llquld—phase polymerlzatlon method)

In: an ethylene (co)polymer comp051tlon (C4-2), it is

'de51rable ‘that the welght ratio (A4d- 1 : D4) of a_graft—_

'modlfled ethylene (co)polymer (A4-1) and another polymer

(D4). is 1 :.99 to 99 : 1 and preferably 10 : 90 to 90 :

10.

Regarding a graft—modified ethylene '(co)polymer
composition (C4-2), additives exemplified as the
additives-allowed'to be added to ethylene (co)polymers

(Al) to (A5) may be added if. necessary as long as the

-additives do not depart from the purposes of the present:

1nventlon.
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A graft—modlfled ethylene (co)polymer comp051tlon

-_(C4 2) can be produced by a known method and for example,

'1t can be produced from a graft—modlfled ethylene

(co)polymer (A4 1), another polymer, preferably ethylene '

(co)polymer (D4—1), and-other components to be added.lf

i necessary_by the same methods,as'the methods of the

foregoing'ethylene (co)polymer compositionu(clel);'

The'foregoing graft—modified'ethylene (co)polymer

"comp031tlon (C4 2) is characterlzed by hlgh adhesion .

strength to a materlal w1th hlgh polarlty, excellent

mechanlcal-strength, and excellent moldabllity'to various -

type of molding methods.

raft-modifi . ' pol r. itio C5-

A graft-modified ethylene (co)polymer composition

(C5—2) comprises the aboye described graft—modified-

: ethylene (co)polymer (A5-1) and an un—modified other

polymer (D5).

As another'polymer'(D5),'the following can be
exemplified;-polyolefin, such as high'density
polyethylene, middle denslty polyethylene, hiéh pressure

low density polyethylene,'straight chain low density
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'polyethylene, ethylene—propylene copolymer, propylene

polymer, propylene ethylene copolymer, propylene -1 butene

"copolymer, l—butene polymer, and the 11kee; and -
;thermoplastlo resin such es polyanides,'polyesters,
._polyecetels,rpolystyrenes; pOlyoarbonatee end amOng'them,h
_Ien.ethylene.(co)polymer-(DS—ll is.preferable.' The
fethylene (co)polymer (D5-1) includes the foregoing :

ethylene (co)polymer (A5)

- An ethylene (co)polymer {D5- 1) is an ethylene

homopolymer-or a_copolymer of-ethylene and an a-olefin of

'3 to 20 carbon atoms. As an a-olefin of 3 to 20 carbon
"atoms, the same olefins as the foregoing a-olefins can be

 exemplified.

In the case the ethylene'(co)polymer_(DSel) is a

copOlymer of'ethylene and an d—olefin, ‘the mole ratio

'(ethylene/a—olefln) of ethylene and the a-olefin depends‘
on the types of the a—olefln and is generally 1/99 to

-99/1 preferably 50/50 to 95/5. The mole ratlo is

preferably.SO/SO to 90/10 in-the case the a-olefin is

propylene and the mole ratio is preferably 80/20 to 95/5

in the case the a-olefin is an o-olefin of not ‘less than

4 carbon atoms.
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The ‘intrinsic vieboSity of the ethylene (co)polymer

I(D5¥l) meaSured at 135°C in decalin is desireble to be

"generally 0.4 to. 7 dl/g andepreferably'O.S to 5 dl/g.

Additionally, the ethylene (co)polymer (D5-1) may

_comprise a repeating'unitnderived from another compound

h__polymefizable with ethylene or an a-olefin besides a

10

15 .

20

repeating unit'derived from ethylene and'an_a-olefin of 3

to 20 carbon atoms. |

:-As such othet compounds, a polyene CQmpound snch-as

.a chain polyene compound, a cyclic,polyene compound, .and -

- the likee_and_a cyclic monoene componnd can be

exemplified.

Additionelly,:the ethylene (oo)polymer (D5—1).may
further oomprise a constltuent.monomer derived from
styrene or substituted styrene. Snch.other-compounds may

be used SOlely'or in-oombination with one another. The

_content of another compound component is generally 1 to

j20 mole% and preferably 2 to 15 mole%.

As:an ethylene (co)polymer,(DS—l), an ethylene_

'homopolymer or a copolymer of ethylene and an a-olefin of

3 to 8 carbon atoms 1s preferable

The polymers of the ethylene (co)polymer (D5-1),

besides ethylene (co)polymer (AS), can be obtalned by
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_ hbmopolymerizing'ethylene by a conventionally'known"

_method or copolymerlzlng ethylene and an a—olefln by a

conventlonally known method --The polymerlzatlon reaction

can be.carrled out in gas—phase (a gas-phase

-polymerlzatlon method) as well as in llquld—phase (a

- llquld—phase polymerlzatlon method)

" In an ethylene (co)polymer comp031t10n (C5 2), it is

_de51rable that the welght ratio (AS -1 : D5) of a graft—
modified ethylene (co)polymer (A5 1) and another polymer

(D5) is 1 : 99 to 99 : 1 and preferably 10 : 90 to 90

10.

Regarding a_graft—modified:ethylene (co)polymer

' composition (C5-2), additives exemplified as the

additives allowed to'be.added-to ethylene (Co)polymersf

.(Al).to (A5) may be_added if_necessary as long as the

| additives do'not'depart'from the purposes of the present

invention.

A graft—modified ethylene (oo)polymer-composition

'(C5—2)_can be produced by a known method and, for example,

it can be produced from a'graft—modified ethylene

(co)polymer (A5~ 1), another polymer, preferably ethylene.

(co)polymer (D5-1), and other components to be added 1f
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__ﬁecessary by the'séme methods as the methods of the -

‘foregoing éthylene'(cb)polymer composition (Cl—le

-The'graft—modifiéd ethylene (co)polymer composition

{C5-2) is chara¢terized by highﬁadhesiqn'stréngth to. a -
:matefial with higthOIarity, excellent mechanical

'Streﬂgth, and excellent moldability to various type:of

molding methods.

r -modified eth n ¢ . bsition
" The foregoiﬁg graft-modified ethylene (co)polymers

(Al-1) to (A5-1) and graft;mddified_ethylene-(co)polymer

'_'compOSitions (C1-2) to.(C5—2) cah-be processed by common'_

. press molding, air cooling inflation molding, air .cooling

two step cooling. inflation moiding, high speedginflaticn

_ ﬁolding,.T—die'film.molding, water cooiing inflation'

- molding and the'likes to givé films. A £ilm molded by

such a manner is excellent transparency and excellent

' mechaniéal streﬁgth, and heat seal property, th tack -

property, high heat resistance, good blocking property,

andﬂthé likes_whi¢h are.characterized by a conventional

'LLDPE.
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| A'filﬁ produeed-frqm a graft-modified ethylene

'(co)polymer (A1-1) to.(ASQI) and a graft—modified
_ethylene (co)polymer comp051tlon (Cl 2) ‘to (C5- 2) is

hsu1table for various types of wrapplng fllms such as

standardlzed bags,-sugar bags, oil wrapping bags,'aqueous

product'wrapping bags;and materials for agriculture.

Since the film is high adhesion strength to nylon,

' polyesters, and metal fqils, the film can also be used as

a multilayer film being stuck:to a substrate of those

materials.

hylene (co)po ompositi -

An ethylene (eo)pqumerICOmposition:(le3) eemprises_
ethyleneﬁkeo)polymer (A1) and'a'graft—modified ethylene
(co)polymer (E1). | | |

A graft-modlfled ethylene (co)polymer (El) 1s a
modlfled polymer produced by graft—modlfylng the
foregqlng ethylene (co)polymer_(Bl—l) by_a_polar_menomer.

A graft—mbdlfied ethylene (co)polymer (El) csn be
produced u51ng ethylene (co)polymer (Bl 1) by a method

31m11ar to the method of produc1ng the foreg01ng graft—

: modlfled-ethylene,(co)polymer (Al—l)._¢
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' The graft amount of the graft group derived from a

: polér monomer of a graft-modified ethylehe (co)polyméf

(E1) produced by such a method is'generally_O.l to 50% by

weight and preferably 0.2 to 30%.by'weight;
In an etthene (co)polymer composition (C1-3), it is
desirable that the weight ratio (Al : E1) of an ethylene

(co)polymer {Al) and a graft-modified ethylene

 (co)polymer (El)_is:within a rénge from 1 : 99 to 99 : 1,

preferably from 10 : 90 to 90 : 10.

An ethYlene.(co)polymer'composition.(C1—3)'may

contain additives'exemplified.as the additives allowed to

be addéd to ethylene (co)polymers (Al)_to (A5) if

necéésary as lpng'as'the”additives do not depart from the

‘purposes of the present invention.

An ethylene (cq)polymer-compbsition (C1-3) can be

produced by a known method and, for example, it can be

 produced from an ethylene (co)polymer (A1), a graft-

modifigd ethylene_(cb)polymer-(El), and.ofher compoﬁents
to'be_added if negessary_by the same methods as the.
methodé éﬁployed_fdr'produciﬁg_the foiegoing etﬁylene
(co)polyme#.compositionl(lel)F |

The foiegoiné éthylene (cd)pélymér-compositipn_(Cl—;

3) is characterized by high adhesion strength to a
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_materlal w1th hlgh polarlty, excellent mechanlcal
jstrength and excellent moldablllty to various type of

.-molding methods.

Ethvl { ) 3 : Lti [§2-3‘] )

A ethylene (co)polymer composition.(c2—3) comprises
ethylene'(co)polymer-(AZ) and a_graftemodified ethylene
_(co)polymer-(EZ). | |

A graft-modlfled ethylene (co)polymer (E2) is a

modlfled polymer produced by graft-modifying the

_foregoing_ethylene (co)polymer (B2-1) by a polar monomer.

A graft-modified ethylene (co)polymer (E2) can be

produced using ethylene (co)polymer (B2-1) by a method

similar to the method of-producing the foregoing graft- |

modified ethylene (co)polymer (Al-1).

"The graft amount of the graft group derived.fromja
polar monomer of a-graft-modified ethylene (co)polymer

(E2) produced by such a method is generally 0.1 to 50% by

weight and preferably 0 2 to 30% by welght.

In an ethylene (co)polymer composition (C?—B); it is

desirable that thedweight ratio (A2 : E2) of an ethylene

(co)polymer (A2) and a.graft—modified ethylene
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(co)polymer (E2) is within a rangé.from 1: 99 to 99 : 1,
pfeferably.from 10 :_QO'to 90.: 10.

An~éthyléne-(co)pdlymer composition (C2-3) may

_contain additives exemplified as the additives allbWed to

be added to ethylene (co)polymers (A1) to (A5) if

_neceséary as long as the additives do not depart'from.the

_purposes of the present invention.

An ethyiene (co)polymerfcomposition (C2-3) can be

-prOduced by a known method and,~for example, it can be

produced from an ethyiene'(co)polymer (A2), a-gréft—

'mOdified ethylene (co)polymer (E2), and othér components
© to be added if neceésary by'the same methods as the

methods employed for producing the foregoing ethylene

(co)polymer composition (Ci-1).
The foregoing ethylene (co)polymer composition (C2-

3) is characterized by high adhesion étrength to a

- material with high'polarity, excellent mechanical
".strength, and excellent moldabiiity'to varioué-type of

molding methods.
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. ) N . . . ) _ .
A ethylene (co)polymer composition (C3-3) cémprises
ethyleﬁe (co)polymer (A3)'and a graft-modified ethylehe
(co)polymer (E3). |

A graft-modified'ethylene (co)polymer (E3) is a

modified'polymer produced by graft-modifying the

fOfegoing ethylene'(co)polymer*(B3—1) by a polar monomer.
A graft-modified ethylene (co)polymer (E3) can be
produced ﬁsing'ethylene'(co)polymer (B3-1) by a methdd

similar to the method of producing the foregoing graft-

modified ethylene (co)polymer (Al-1).

. The graft amount of the graft grdup derived from a-

"polér ﬁonomer of a graft-modified ethylene (co)polymer

(E3) produced by such a method is generally 0.1 to 50% by

_weight and preferably 0.2 to 30% by weight.

In an ethylene (co)polymer composition (C3-3), it is

desirable that the weight ratio (A3 : E3) of an ethylené

(co)poiymef (A3) and a graft-modified ethylene

" (co)polymer (E3) is within a range from 1 : 99 to 99 : 1,

preferably from 10 : 90 to 90 : 10.
'An ethylene (co)polymer composition (C3-3) may
contain additives exemplified as the additives allowed to

be added to ethylene (co)polYmers (Al) to (AS5) if 
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ﬁeeessary asdlond as the additives-do'ﬁot depart from the
Ipurposes of the present.invention. |

An ethylene (co)poiymer oomposition'(C3—3)-ean'be
produced bp a_khoﬁn method and,.for example, it can be
_produced_from an ethylene (oo)polymer (AB); a‘graft-
modified ethyiene (ooipolymer (ES),-and other.oomponents

to be added if hecessary by the same methods as the

. methods employed for producing the foregoing ethYlehe

(co)polymer composition (C1-1).

The foregoing ethylene (co)polymer composition (C3-

3) is Characterized by high adhesion strength to a

material with high polarity, excellent mechanical

- strength, and excellent moldability to various type of

molding methods.

 Ethylene (co)polymer composition (C4-3)
A-ethylene_(co)polpmer.composition (C4-3) comprisee
.ethylene (co)polymer (Ad) and a graft—modified ethylene
(co)polymer (E4). | |

A graft—modified ethylene (co)polymer (E4) is a

rmodified polymer'prOduced by graft—modifying the

foregoing ethylene (cojpolymer (B4-1)'by a polar monomer.
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‘A graft-modified ethylene (co)polymer (E4) can be

prodUCed QSing ethylene (qo)polymer {(B4-1) by a-method

similar to the method of produciﬁg the foregoing graft—

'mpdifiéd ethylene (co)polymer (Al?lj.

' The graft amount of the graft group derived from a

polar monomer of a graft-modified ethylene (co)polymer

'(E4)_produced by such a method is generally 0.1 to 50% by

weight and'preferably-O.Z to 30% by weight.
In an ethylene.ﬂco)polymer composition (C4-3), it is
deSirable.that the weight ratio (A4 : E4) of an ethylene

(co)polymer (A4) and a graft-modified ethylene

'(co)polymer (E4) ‘is within a range from 1 : 99 to 99 : 1,

preferably from 10 : 90 to S0 : 10.
| " An ethylene (co)polymer composition (C4¥3) may

contain additives exemplifiéd as the additives allowed to

-be_added to ethylene (co)polymers (Al) to (A5) if
nééessary as long as the additives do not depart from the

purposes of the present invention.

An ethylene (co)polymer composition (C4—3) can be

produced_by a knowﬁ method and, for example; it  can be

produced from an ethylene (co)polymer (A4), a graft-

modified ethYlené (co)polymer (E4), and other components

‘to be added if nece5sary by the same methods as the
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" methods employed for-prodncing thelforegoing ethylene

(co)polymer comp051tlon (Cl 1)

The foreg01ng ethylene (co)polymer comp051tlon (C4-

3) is characterlzed by high adhesion strength to a -

material with high polarity} excellent mechanical

etrength, and excellent moldability to various type of

molding methods.

o . . cs_ay
An ethylene (co)polymer composition (C5-3) cohprises

ethylene (Co)polymer'(AS) and a graft—modified ethylene

_(co)polymer (E5) .

‘A graft-modified ethylene (co)polymer (E5) is a
modlfled polymer produced by graft—modlfylng the
foreg01ng-ethylene (co)polymer (B5-1). by a polar monomer.

A graft-modified ethylene (co)polymer (E5) can be

produced using ethylene (co)polymer (B5-1) by a method
'_ls1m11ar to the method of produc1ng the fore901ng graft—

modified ethylene (co)polymer (Al 1).

rThe graft amount of the'graft group derived from a

'polar menomer of a graft-modified ethylene (co)polymer

'(E5) produced by such a method is generally 0.1 to 50% by

weight and preferably 0.2 to 30% by weight.
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In an ethylene'(co)polymer compositibn (C5-3), it is

‘desirable that the weight ratio (A5 : E5) of ah ethylene

(ee)polymer-(AS) and a graft—mbdified ethylene

(cp)polyﬁer (E5) is within a;range from 1 : 99 to 99 : 1;

.preferabiy from 10_:-90'to 90 : 10. -

: Ah_ethylene (cé)polymer eomposition (C5-3) may
centain addiﬁives'exemplified as.the additivee.allowed to
be added to ethyleﬁe.(co)polymers (Alf to.(A5)'ifl
neceeseryﬂae leng(as'the additives do net depart from the
purposes of the present invention; |

.An ethylene (co)polYmef_composition (C5-3) canibe

produced by a known method and, for example, it ean be -

‘produced from an ethylene (co)polymer (A5), a graft- -

modified ethylene_(co)polymer (ES)} and other components

to be added if necessary by the same methods as the

meﬁheds employed_for-producing.fhe foregoing_ethylene
(co)polymer composition (Cl—l).

- The ethylene (ce)polymer composition (C5-3) ‘is
cheractefiied by high-adhesion'et¥eng£h to a haterial

with_high polarity, excellent mechanical -strength, and

excellent moldability.to various type of molding methods.
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_The'foregoing'ethylehe (co)polymer compositions (Cl—

_3) to (C5-3) can’ be proceSsed by éommon press molding,

air cooling'inflatiOn'mqlding,'air cooling two étép

cooling inflation molding, high speed inflation molding,

T-die film molding, water cooling inflation ﬁolding and

the likes td-give.fiims. A film molded by such a manner
is excellentitransparency and excellent mechanical
strength, and heat seal property, hot tack property; high

héat resistance, good blocking property, and the likes'

‘which are characterizéd-by a conventional LLDPE.

| A'film\produced from a ethylene (co)polymer.
composition (C1—3).to (C5-3) is suifable for variqus
types of'wfapping films suéh'as standardized-bags,.sugar
Bags, oil wrépping bégs, aqueou$ product wrapping.bégs _
énd.materials for agriculﬁure.-.Sincé'the film is high
adhesién strength to nylon;'polyésters,_and metal foils,
the filmlcan_also be used as a multilayer film being

stUck to a substrate of tHose.materials.

Advantages of the Invention
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Ethylene (co)polymers (Al) to (A5) of the present

1nventlon have excellent moldablllty and excellent

mechanlcal strength-

| Ethylene (co)polymer comp031tlons (Cl 1) to (CS 1)
of the present 1nvent10n have excellent moldablllty and '
excellent mechanical strength. | |

Molded products of the present invention have

.excellent mechaniCal strength.'

Graft-modified ethylene (co)polymer (Al-1) to (A5-1)
of-the present invention have high adhesion strength to a

material-with high polarity, excellent mechanical

strength, and excellent moldability for various type of

..molding methods.

Graft—modlfled ethylene (co)polymer composrtlons
(C1-2) to (CS 2) of the present invention have high |
adhes1on strength to a materlal w1th high polarlty,.'
excellent mechanical strength, and excellent moldabillty
.to various type cf mblding methods.

 Ethylene (co)polyﬁer compositions.(C1—3) to. (C5-3)

" of the present invention have high adhesion strength to a.

~material with high polarity, excellent mechanical

strength and excellent moldability for various type of

moldlng methods..




10

15

20

SF-679
295

Exampies
Whilg.the preseht inventibh will be desciibed more
pafticularly witﬁ feference to egampleé, the description
is; h@wévei, nofniﬁtended to have ény limitation on the.
scépe:of'the preéent_invehtion._
(Synthesis 1)

2—tert—Buty1phenol'7.51 g (50,mmol) and THF

- (tetrahydrofuran).54 ml. were charged in a sufficiently

dried SOO-ml'reaétor purged with argon, ethylmagnesium

'bfomide'18.53 ml (an ether solution, 3.0N, 55.6 mmol) was

added dropwise to the reactor at 0°C in 15 minutes and

after that, the teﬁperature-was_gradually raised to a

‘room temperature and the resultant mixture was stirred

for 1 hour at a room temperature. Toluene 180 ml was

-added, the resultant mixture was heated td 100°C, and

about 40 ml of the mixed solvents of ether and THF were

'j'evaporated off to obtain a slightly opaque slurry. After

the slurry was cooled to a_rdom temperature, p- -

formaldehyde 3.75 g (125 mmol) and triethylamine 10.45 ml
(75 mmql) were added and the resultant mixture was
stirred at 88°C for 1 hour. After being cooléd to a room

temperature, the mixture was quenched with 10%
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hydrochloric acid and ‘an -organic layer was concentrated

‘and purified by a silica gel column to obtain 3-tert-

butylsalicyialdehyde 6.22 g (yield 70%)..

~ 'H-NMR(CDCL,) :1.42(s, 9H), 6.94(t, 1H), 7.25-7.54(m,

2H), 9.86(s, 1H), 11.79(s, 1H).

-Ethanol;80”ml,-n-thadecylamine 6.06 g (22.5 mmol);_

and 3-tert-butylsalicylaldehyde 2.84 g (15.0 mmol) were

charged in a 200 ml_reactor-sufficiéntly purged with

nitrogen, a small amount of acetic acid was' added, and

"the resultant mixture was continﬁously stirred for 24

hours at a room temperature. The reaction liquid was

concentrated in vacuum to remove the solvents to obtain a

.yellow'color crystalline cémpound of the following

formula (Ll) 56 g (yield 70.7%).

'H-NMR (CDC1,): 0.89{t, 3H), 1.26(s, 30H), 1.44(s, 9H),

©1.53-1.75(m;, 2H), 3.57(t, 2H), 6.79(t, 1H), 7.08-7.11(dd,

1H), 7.26-7.32(dd, 1H), 8.32(s, 1H), 14.22(1H).

nOctadecyl
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The compound (L1) 0.86 g (2.0 mmol) and ether 20 ml

were charged in a sufficiently dried 100 ml reactor

pﬁrged with argon and cooled to -78°C and stirred. To

the_résultant mixture, n~butyllithium 1.43 ml (an n-

' hexane solution, 1.54M, 2.2 mmol) was-added dropﬁise in

10 minutes and after that, the temperature was gradually
raised to a room temperature and the resultant mixture

was stirred for 4 hours at a room tempeérature to prepare

a lithium salt solution. The solution was addéd'dropwise_

to 20 ml of a THF solution which contained ZxCl,(THF),

complex 0.38 g (1.0 mmol) and was cooled to -78°C. On

. completion of'drépwise addition, the resultant mixture

was'continuously stirred while being gradually heated to

_a'rbom temperature. The resultanﬁ mixture was further

stirred for 15 hours at a room temperature and then the

solvents of the reaction liquid were evaporated. The

:théined solid was recrystallized by.ether/hexane'to

obtain a vivid yellow color crystalline compouhd of the

following formula (C1) 0.220 g (yield 21.68).

H-NMR (CDC1,): 0.88(t, 6H), 1.25(s, 78H), 1.57(s, 4H),

3.59(t, 4H), 6.92(t, 2H), 7.20-7.26(dd, 2H), 7.5547}62(dd;

2H), 8.15(s, 1H).
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FDfmass spectrometry:'1018

[General formula (Cl)]:_

(Synthesis 2) |
: 2—tertéﬁutyl-45methy1phenol 9.68 g {58.93 mmol) and
THF iOO'ml'were.chérged in a sufficienﬁly.dried 1 liter
10 reactbr:éurged with nitrogén, ethylmagnesium.bromide
23.06 ml (an ether solution, 3.0N, 69.00 mmol) was added
dr§pwise to the reactor at 0°C.in.30 minutés and after
that,.the'resultaht mixture was.graduaily heated-to a
rdom_temperature:aﬂd stirred for_l hour at a rooﬁ
15 -tempefature. Toluene iOO_ml was added, the resultant
.mixture was heéfed-to 955C, and the mixed solventé of'tbe
l'-ethér/THF were'eVapérated 6ff-to obtain a slightly opaque

slurry. After the slurry was cooled to a room
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temperature, toluene 100 mi,-p?formaldehyde'4.50 g

(149.90 mmoi) and t:iéthylamine 12.50 ml (89.93 mmol)

.were added and the resultant migture was stirred at 95°C

fbr 2 hour. After being cooled to a room témperatﬁre,
the mixture was qﬁeﬁched wifh 300 ml of 1IN hyd;ochloric
aéia'aﬁd_an'orgénic layer was conCenfrated'and pﬁrifiéd
by a.siiiéa gel column to obﬁain'3-tert-butyl45— |
methylsallcylaldehyde 7. 36 g (yleld 65%)

1H—NMR(CDCl ):1. 41(s, 9H), 2. 32(t 3H), 7. 19(d, 1H),
7.33(d, 1H), 9.83(s, lH), 11 60(s,_1H);

Ethanol 50 ml, ‘n- hexylamlne 1.52 g (15.02 mmol), énd

3 tert-butyl S—methylsallcylaldehyde 2.86 g (14.90 mmol)

_were charged in a 200 ml reactor suff1c1ently purged with

nitrogen and the resultant mixture was contlnuously

stirred for 24 hours at a room temperature. The reaction
liquid was vacuum concentrated to remove the solvents to

. obtain a yeliow_Colbr liquid compound of the following

formula (L2) 4.14 g (yield 100%).
H-NMR(CDCL,) ¢ 0.89(t, 3H), 1.25-1.43(s, 30H), 1.43(s,
9H), 1.60—1.77(m,22H), 2.28(s, 3H), 3.56(t, 2H), 6.89(s,

1H), 7.11(d, 1H), 8.27(s, 1H), 13.94(s, 1H).
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(L2)

The éompound (L2) 4.16 g (15.10 lmmo'l) and ether '70
ml-were;chafged iﬁ a sufficiéntly_driéd.300 ml reactor
.pﬁrged with argon;and c§oled'to.f78°c.and stirrgd. To
the'reSultént_mix£ure,_nfbutyllithium-9.40 mi (an n-
hexane solution, 1.60M, 15.04 mmol) was 'added.drépwise in
30 minutés and-affe; that}.the resﬁltant-mixture was
gradualiy heated td a room temperatufe and continuously
sfirréd.fOr.4 hours at a room temperature to prepare a
lithium‘éalt s&lution. The solution_was added'dropwiée

to 80 ml of a THF solution of ZrCl,(THF), complex 2.85 g

' (7.56 mmol) cooled to -78°C. On completion of dropwise

addition, the resultant mixture was continuously stirred
whilé being gradually heated to a room temperature.
'Further, the resultant mixture was stirred for 15 hours

at a room teMperéture and then the solvents of the
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"reaction liquia'wefe.evapbréted. -Thelobtained solid was |
_washed with ether 50 ml and methylen chloride 200 ml and
-theh the filtered,liquid was.céncentrafed'f0116wed by
wéshing.agéin with ether 20 ml.ﬁo_obtéih a.yellow color

5 péwder'coﬁpound Of the following férmula (CZ) 4.30 g
(yield 80%),. | | | |
| 1H;NMR(ch13-);"0.74f1.54 (m;'18H) 1.5.5(.5, 18H),
2.31(s, 6H), 3.37-3.68(m, 4H), 6.99(s, 2H), 7.36(s, 2H),
8.09(s, 2H). | -

10 FD-mass spectrometry: 710

(c2)

-(Synthesis 3)

15 iParaéresol 34.15 g (316.0 mmol), Ambeilyst 15E 2.50'f
g, and tdluéﬁé 20 ml were charged in'a sﬁfficiently dried
200 ml reactor puiged with argon, 30.51 of a toluene

solution containing 4-cumylphenoi 14.40 g (105.5 mmol) .
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was added dropwise to the-reactof at_80°C and then the

resultant mixture was stirred for_17'hours._'After '

cooling to a room temperature, the resultant mixture was

filtered while being washed:with hexane. The obtained

liquid was purified by silica gel column chromatogfaphy

to qbtain 2—Cumyl-4—meth91phenol 10.52 g (44%).

'H-NMR (CDC1,) :1.75(s, 6H), 2.40(s, 3H), 7.10-7.30(m,

8H), 11.17(s, 1H).

'Ethylmagnesium bromide 21.0 ml (an ether solution,

3.0N, 63.1 mmol) and THF 40 ml were charged in a 500 ml

_reactor purged with nitrogen, 20 ml of a THF solution

_ containing 2-cumyl-4—methylphenol 13.61 g-(60.1_mmol)'waé

added'dropwiée'to the reactor at 0°C in 1 hour and after

that, the temperature was gradually raised to a:robm

-témperature and the resultant mixture was stirred for 30

minutes at a room temperature, in which toluene 220 ml

was added, and then heated to 100°C and about 50 ml of

the mixed solvents of ether and THF were evaporated off

_ tb_obtain a slightly-gpaqué slnrry. After the slurry was:

cooled to 24°C, p-formaldehyde 4.37 g (145.5 mmol) and

_triethy1amine 12.0 ml'(86.0 mmol) were added and the

resultant mixture was stirred at 90°C_f0r 1 hour. After

being cooled to a room temperature, the mixture was
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oy

'quenéhed with 42 ml of 18% hydroéhlofié acid.and an

organic layer Was concentrated and the obtained liquid

was'purified7by éilica gel column'chrdmatography to

. obtain 3-cumyl-5-methylsalicylaldehyde 14.13 g (yield-

*H-NMR (CDCL,) :1.75(s, 6H), 2.40(s, 3H), 7.10-7.42(m,
7TH), 8.55(s, 1H), 13.18(s, 1H).
Ethanol 40 ml, n-hexylamine 1.82 g (18.0 mmol), and

3-cumyl-5-methylsalicylaldehyde 3.81 g (15.0 mmol) were

-charged in a 100 ml_reactor sufficiently purged with

' nitfogen and the resultant mixture was continuohsly.

stirred for 3 hours at a room temperature. The reaction

liquid was vacuum concentrated to remove the solvents to

obtain a liquid which was purified by a silica gel
'chromatography to give a compound of the following

‘formula (L3) 3.97 g (yield 78%).

'H-NMR(CDC1,): 0.85(t, 3H), 1.27(s, 6H), 1.52-1.70(m,
2H), 1.71(s, 6H), 2.34(s, 3H), 3.45(t, 2H), 6.92-7.35(7H),

8.22(s, 1H), 13.49(s, 1H).
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(L3)

The cbmpound (.3) 1.01 g (3,00_mmol) and ethér 30 ml
were charged_in a sufficienfly.driéd 50 ml reactor puréed
with argén and co&led to -78°C ana stirred. To the
resultant mixture,_n-butyllifhium 2.20'ml'(an n-hexane
sdiutioﬁ, 1.57M, 3.45 mmol) was gradually added drdpwiée |

and after that, the résultant mixture was gradually

- heated to a room temperéturé and stirred for 4 hours at a

room temperatuié to preparé'é lithiﬁm salt solutionf The
solution was added:drbﬁﬁise to 30 ml of a THF solution
iwhich contained ZrCl4(THf')2 cpmplex 0.622 g (1.65 mmoi)
and.whiqh was cooled to f7é°C.. On completion of dropwise |
addit;ph, the resultant mixture was éontinuously sti:réd
_while'being grédually heated to a :obm temperaturé.

[4
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' Fufthér, the resultaﬁflmi%ture was stirred f9£.15 hours
~at a room teméerature and then the sciven;s of thé .
-reactibn liéuid we£e evaporated. The obtained soiid was
‘mixed with'ethéf 20 mi'td give slurry and then béiné

s 'washed with_ethef 10.ml, the slutry was filtered. The_

_ filtered'liquid was concentrated and Washed agéih with
héxéne/ether to obtain_é-pale yelléw color powder
lcompound'of thé-following formula (C3) 0.53 g (yield 42%).

| .lH—NMR("CDCl:-,).: 0.50-2.00(m, 34H), 2..25—2.45(m.,--6_H).,.
10° 2._50.—2.75-(13, 4Hy, 6_;90-7.55.(m, 14H), 8.85(s, 2H).

FD-mass spectrometry: 832

5 . - - {(C3)
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(Synthe31s 4)

Ethanol 30 ml 2—methylcyclohexylam1ne 1.72. g (15.19

mmol) and 3- tert—butyl 5—methoxysa11cylaldehyde 2.64.g

(12 68 mmol) were charged in a 100 ml reactor purged w1th
nltrogen and the mixture was contlnuously stlrred for 24

hours at a room témperatﬁre. The precipitated solid was
Sebarated by filt?ation and washed with ethénol énd

vacuum dried to obtain a yellow pdeer"compound of the -

formula (L4) 2.82 g (yield 73%). . B

H-NMR (CDC1,) :0.93-1.86 (m, 11H), 1.43(s, 9H), 3.42(d,

‘2H), 3.77(s, 3H), 6.60(d, 1H), 6.96(d, 1H), 8.25(s, 1H),

13.71(bs, 1H).

(L.4)
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:.The compound (L4) 0;91'g (3;00 ml) and ether 20 ml

. were charged inja 100 ml_reactqr which was sufficiently
_driéd and purged With argon and the resultant mixture was
cooled_to_-78°C and stirred. To the resultant mixture,

n-butyllithium 2.10 ml (n-hexane solution, 1.60M 3.36

mmol). was gfadually édded’dropwise and then the mixture
was gradually heated to a room temperature and

continuously stirred for 2 hours at a room temperature to

obtain a lithium salt solution. The solution was added
dropwise to 20 ml of a THF solution which contained .
| ZrCl, (THF), complex 0.57 g (1.51 mmol) and which was

' cooled to -78°C. On c0mpletioh of dropwise addition, the

resultant mixture was continuously stirred whi1e being
gradually heated to a room temperature. The resultant
mixture was further stirred for 15 hours at a room

temperature and then the solvents of the reaction liquid .

were evaporated. The obtained solid was washed with

‘ether 10 ml and methylene'chloride 60 ml and then the

filtered liQuid is concentrated and re-washed with
hexane/ether to obtain'O.SA-g of yellow color powder

compbund ofithe following formula (C4) (yield 46%).
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© 'H-NMR(CDC1,) :. 0.53~1.85(m, 22H), 1.55(s, 18H), 3.22-
3.40(m, 4H), 3.80(s, 6H), 6.64-6.67(m, 2H), 7.10-7.26(m,
‘2H), 7.96(s, 2H). |

FD-mass spectrometry: 766

(C4)

(Examéie.l)
Heptane 560“ml Was.éharged in a 1 liter'autécléve
.10 made of stainléss steel and sufficiently pUrgedﬂwith
nitrégen, heated to 50°C,_and the liquid phase and the
'~ gas phase were saturated.with-ethyleﬁe; Aftef that,
methyléluminoxane_l;ZS'mmol in téfms‘of aiuminum atom and
_tﬁe compound (Ci) O;OOOZHﬁmpl were added ﬁo.carry out
| 15 polymgfization at 8 kg/cnﬁ—G ethylene préssure for 15

minutes.
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The obtained polymer suspension was mixed with a

large amount of mixed solvents of acetone and'methanbl_in

1 : 1 ratio c¢ntaiﬁing;a Sﬁall_amount of hydrochloric

acid to preéipitate a pblymer.and filtered by a glass
filter énd after the 501ven£s Qere removed, the:polymer _
was washed with mefhanol} -The pélymer was vaCﬁum dried
at 80°C for 10 hours to;obtain éthylene'polymer 28.8 g.
The intrinsic viscosity of the obtained ethylene polymer.

was 0.28 dl/g. The physical properties of the obtained

'ethylene poiymer.are given in the table 1.

(EXample 2)

Preparation of alsplid Catalyét component;_

Silica 8.5 kg.driediat_ZOO;C for 3 houré was
sﬁspended in toluene 33 liters and then a

methylalumianane solution (Al = 1.42 mol/l) 82.7 liters

.was added dropwise to the suspension in 30'minutes._ Next,

the resultant mixture_was heated to 115°C in 1.5 hours

and reaction was carried out at the temperature for 4

‘hours. ‘After that, the readtion'liquid was cooled to

'60°C and the supernatant liquid was :emoved'by

decantation. The obtained solid catalySt-component was

 washed with toluene three times and then suspended again
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- in toluene to obtain a solid Catalyst.comppnent (1) (the

total volume 150 liters).

The suspénsionx33'ml_of the solid cataiyst component

(1) obtained thus was tratherred”t§ a flask made of

_glass'ahd further toluene 42 ml'and,a'toiuene solution 25

ml containing the compound (C2) (0;002 mmol/ml) were

added and the suspension was stirred for 2 hours at a.

room temperature. The resultant suspension was washed

‘with hexane 50 ml two.times and mixed with hexane to give

a solid éatalyst éompénent (2) in_SQ mi of.éuspension;
-ﬁolymerization: |
Heptane'O.S.l was charged in a 1 liter autoclave
méde foé_ﬁﬁainless steel and sufficiently_purged.with

nitrogen, heated to 80°C, and the liquid phase and the .

'5gas phase weré'saturated with ethylene. After that,

| triisobutylaluﬁinum 0.5 mmol and the solid catalyst:

component (2) 0,0043.mmol in teimé of Zr atom'were added

to carry out polymérization'at 8 kg/cm?~G ethylene

pressure for 40 minutes.

The obtained polymer suspension was filtered by a 

 glass filter, washed with hexane 500 ml two times and

vacuum driéd at 80°C for 10 hours. 126:7 g of ethylene -

- polymer was obtained, and its intrinsic viscosity was
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.0.59 dl/g. The physical properties of the'obtained

_ ethyléne polymer are given in the table 1.

"(Example 3)

 Polymerization was carried out in the same manner as

'desCribéd in the examplé 2 except that the compound (C3)

‘was used instead of the_compouhd (C2) and the addition-

ambunt was adjﬁsted to be 0.00075 mﬁol and the
polymerization was carried oﬁt.for 1 hour. 146.1 g of -
éthyieﬁe_pdlymer-was obtained;zand'its intrinsic
viscosity was 0.39fdl/g,.'The-physical pioperties of the.

obtained ethylene polymer are given in the_table 1.

(Example 4)

Catélyst preparation and polymerization were carried

out in the same manner as described in the example 2

eXcept that the compound (C4) was used instead of the

'compOund (C2) and the addition amount was adjusted to be

 0.0015 mmol and the polymerization was carried'out for 1

20

hour and the whole pressure was kept at 8 kg/cm’-G by

Sﬁpplying a mixed gas of hydrogen énd ethylene

(hydrogen/ethylene pressure ratio = 0.382) to the system..

'33{3 g of ethylene polymer was obtained, and its
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intrihsic'viscosity was 0.82 dl/g. .The physical

" properties of the obtained ethylehe polymer are given in -

the table 1.

(Examples 5 to 7)
Ethylene polymeré were obtained by the same manner
as described in the example 4'except that the pressure of

ethylene and hydrogen was altered. The physical

'properties of the ethylene polymers are given in the

table 1.

(Example 8)
Polymefization was carried out in the Same_mahner as
described in the example 2 except that the compound (C4)

wés used insteéd of the compound (C2) and'the addition

~amount was adjusted to be 0.001 mmol and the

polymerization time was changed to 1 hour and l-hexene 40_.

_ml was added to the System'in which the whole pressure

was kept at 8 kg/cm’-G by supplying a mixed gas of

hydrogen-and ethylene (hYdrogen/éthylene_preSsUre ratio =

0.429) to the system. 133.3_g of eﬁhylene_cbpolymei was

- obtained, and its intrinsic viscosity was 2.53 dl/g and

the content of l-hexene computed by IR -was 0.8 moled.
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~The physical properties of the obtained ethylene

‘copolymer are given in the table 1.

-(Example'9)
Ethylene'co§OIymér was obtained by'the same manner

as described in fhe example 8 except that the pressure of

. ethylene and hydrogen was altered and the addition'amount

1 of l-hexene was altered. The physical-properties of'the

ethylene copolymer'are given in the téble*l.

'l(Example 10)

After hexane 800 ml was Charged in a 2 liter
aut0cla§e madélof a Stéinléss.steel aﬁd sufficiently.
purgéd_with nitrdgen and 1—bu£ene'200 ml was further
édded'to the.system;“th¢ system was heated to 80°C and

the liquid phése and the gas phase were saturated with

" ethylene. After that, tributylalhminum 1.0 mmol ahd a

solid catalyst component (3} 0.001 mmol in terms of Zr

atom Which was produced by the same method as described
in the solid catalySt component preparatidn of the

example 2 except_thatlthe compound (C4) was used instead

~of the compound (C2) were added to carry out:

polymerization while_the_total pressure was kept at 10°
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kg/émf-G by supplying a gas mixture of hydrogen and

éfhyiene (hydrogen/ethylene pressdre ratio = 0.0456) and

polymerization was carried out for 1 hour at the pressure.

The obtained polymer suspension was filtered by a
glass filter and washed with hexane 500 ml two times and
vacuum dried at 80°C for 10 hours. 130.1 g of ethylene

copolymer was obtained, and its intrinsic viscosity was

_ _2.20 dl/g, and the content of 1-butene computed by IR was

10

15

20

1.96 mole%.  The physical properties of the obtained -

ethyiene copolymer are given in the table 1.

(Examples 11 and'iZ)

Ethylene popolymefs wefe obtained by the same manner
és'deséribed in the example 10 except that the pressure
of ethylene.and hydrogen was altered and the additibn'

amount of l-butene was altered. The physical properties

 of the'ébtained ethylene copolymers are:given in the

table 1.

(Example 13)
 Héxane 50 liter/h, the same solid catalyst component
as that used for example 4 in 0.2 mmol/h in terms of Zr

atom, triethylaluminum 20 mmol/h} ethylene 5 kg/h and _
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hydrogen 40 N-liter/h were continuously supplied to a 200
liter complete stirred tank reactor and while the
contents.of the pOlymerization tank were continuously :

discharged as to keep the liquid level in the inside of

'thefpolymeriZation tank constant, polymerization was

carried out in conditions of polymerization temperature-

85°C,'reaction_pressure.8.5 kg/cmF-G, and the average

staying'durétion 2.5 h. The contents'continuously '

discharged out of the'polymefization'tank were dried by a

. solvent separation apparatus to obtain ethylene polymer; -

The physical'properties of the obtained ethylene polymer

are given in the'table 1.

(Examplen14)
Ethylene'polymef was obtained by the same manner as

deec;ibed_in example 13 except that the hydrogen supply

‘amount was altered as to obtain ethylene polymer having -

the_intrinsic viscosity given in the table 1. The

physical_prope;ties of the obtained ethylene polymei are

‘given in the table 1.

(Example_le
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Ethylene copolymer was obtalned by the same manner

‘as descrlbed in example 13 except that i- butene 20 kg/h

was supplled and the_hydrogen supply amount was altered

 as to obtain'ethylene'copolymer having the comonomer

15

20

',amount and the 1ntr1n51c v1sc051ty given 'in the table 1.

- The phy31cal propertles of the obtalned ethylene

copqumer are given in the table 1.

(Comparative Examples 1, 2)

Ethylene pelymer was obtained.by the same manner as

' deecribed in example 4 except that a Ziegler catalyst

‘described in Japanese Patent No. 821037 and a mixed gas

of hydrogen and ethylene was adjusted as to keep MFR ‘as

given in the table 1. The.phy51cal'properties:of the

obtained ethylene polymer are given in the table 1.

(Comparative Example 3)

. The phy31cal propertles of llnear low density

'polyethylene (trade name Evolue 822040 made by Mitsui

Chemicals Inc.) produced using a metallocene catalyst are

given in the table 1.
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_(Cpmparative;ExaM§le 4)_
.The physical propé;£ies of pdlyethylené (tradé name
Affinity'HF 1030, madé:by wa Chemical Co.) whiqh.is'
Sl-aséumed the prbdﬁced usiﬁg a constrained geometric

catalyst are given in the table 1.



[Table 1]

8IE

*

. the
the
the

2
3
4
5 the

in the case the comonomer amount K =

the comonomer amount K = -
the value of 80 x exp(-100 x (d -~ 0.88)) + 0.1 in the case MFR < 10 g/10 min and the value of 80 x (MFR

‘6

amount of components eluted at 2105°C in TREF
amount of components eluted at 2106°C in TREF
ratio of components dissolved in p—xylene at <75°C to the whole copolymer before dissolution.
value of 135.0 - 10.0K in the case the comonomer amount K = 0.1 to 1.5 mol%, the value of 121.9 - 1.3K

1.5 to 5.5 mol%; and the value of 139.,7 -~ 4.5K in the case

5.5 to 20 mol%.

exp( 100 x (d - 0.88)) + 0.1 in the case MFR > 10 g/10 mJ.n. _

9) 0'26)(

Type of [Amount of{Methyl| Hexyl | [q] MFR |Mw/Mn|TREF{TREF| *4 | Tm o Den51ty ‘Amount of .
comonomer |Comonomer |branch|branchidl/g| .q |9/10minf - *2 | *3 | g/cm decane-soluble| , . .
- mols |/1000C|/1000C - ®) | (3) | wts | o _component | -
' - _ Wt
Example 1 - 0.0 | <0.1 | <0.1 |0.28] - - |1.91] - | - [ - | - | - [o0.984 - -
Example 2 - 0.0 | <0.1 | <0.1 |0.59]0.54] 600 [1.95] - | = | - | - | - |0.982 -
Example 3 - 0.0 | <0.1 | <0.1 [0.39] - — [1.96] - | - | - | - | - |0.983 = -
Example 4 - 0.0 | <0.1 | <0.1 |0.82|0.74] 120 [3.86] - | - | - | - | - | 0.981 - =
Example 5 = 0.0 | <0.1 | <0.1 |1.70/1.42] 4 [3.83] - [ - | - | - | - |0.673 - -
Example 6 - 0.0 | <0.1 | <0.1 |3.30]2.66] 0.15 [3.76] - | - | - | - | - |0.954 - -
Example 7 - 0.0 | <0.1 | <p.1 [6.56] - - |3.66] - | -1 - | - | - |o0.942 - -
Example 8 | 1-hexens| 0.8 | <0.1 | <0.1 |2.53|2.15] 0.46 |3.68| - | 6.5| 5.3]125.3|127.0] 0.941 0.06 0,28
Example 9 | l-hexene| 2.0 | <0.1 | <0.1 |2.23|2.05| 0.58 [3.75]2.2| - |13.8[117.2|119.3] 0.929 0.18 0.70]
Example 10 | 1-butene| 2.0 | <0.1 | <0.1 [2.20[1.92] 0.83 |3.61]2.9| - |14.2/116.8[113.3]| 0.930 0.15 0.64
[Example 11 | 1-butene| 1.7 | <0.1 | <0.1 |5.22] - |- - [3.58|4.3] - |12.2[118.2]119.7] 0.922 0.09 1,30
[Example 12 | 1-butene| 3.6 | <0.1 | <0.1 |3.60|3.18] 0.06 |3.78]|0.4] - | - |112.6[117.2] 0.912 0,24 3.36
Example 13 - 0.0 | <0.1| <0.1 [1.23]1.10] 15 13.82] - | = | - | = | - 10.975 = =
Example 14 - 0.0 | <0.1 | <0.1 |2.24|1.92] 0.82 |3.72] - | = | = | - | - | 0.964 - -
Example 15 | 1-butene| 1.5 | <0.1 | <0.1 |3.33|2.78] 0.12 | 3.78|4.7| - |11.3]117,3]120.0] 0.935 0.12 0.43
Comparative 0.0 | 0.6 | <0.1]0.70j0.62| 300 |2.92] - | - | - | - | - ]o0.972 - -
Example 1 : . o
Comparative) — _ 0.0 | 0.3 | - [1.83[1.72| 1.45 [2.64| - | - | - | - | - | o0.965 - -
Example 2 - ) . .
Comparative| ; povene| 3.0 | 0.6 | <0.1 [1.49(1.42] 4 |2.14(0.6] - | - |[117.0/118.0 0.920 | ~ 0. 38  [1.57
Example 3 , _ o .
. Cg:‘g;‘;f:l;’e l-octene| 0.7 | 0.1 | 3.3 |1.391.61f 2.05 |2. 05{0.2| --| 2.8/124.7(128.0| 0.941 0.05 0.28
"l the value of 1.85 x MFR "' in the case of MFR < 1 and the value of 1. 85 x Mm"’m in the'case > of MFR 2 1.

6L9-S
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_(Example 16)

- Ethylene polymer was produced using a polymerizatidn

-apparatus-comprising'two perfect stirring and mixing type 
* polymerization tanks of each 200 liter capacity and a

flash drum connected in series.

Preparation of a solid catalyst component:
Siiica 8.5 kg dried at 200°C for 3 hours was

suspended in toluene 33 liters and then a

:methylaluminoxane7sdlution (Al = 1.42 mol/i)'82.7 liters

was added drgpwisé to the suspension in 30 minutes. Next,

the resultant mixture was heated to 115°C in 1.5 hours'

and reaction was carried out'at the temperature for 4
hburs.'-Aftéf that, the reaction liquid was cooléd to
60°C.and the-supernatantlliquid was removed by
aécantation. The obtained solid catalyst épmponent was
washed'withltolueneIthfeé_times'ahd then suspended again
in toluene to obtain a solid cétalyét compénent-(4) (the
tbﬁal volume.150 liters). |
Thé-Suspension 33 ml of the.solid catalyst.¢ompqnent

(4) obtained'thus was transferred to.a.200 ml flask made -

" of glass_and'further toluene 42 ml and a toluene solutiOn

25 ml containing the compound (C4) (0.002 mmol/ml) were

added ‘and the suspénsion was stirred for 2 hours at a
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~ room temperature. The resultant suspension was washed
,'with hexéne 50 ml two times and mixed with hexane to give

a solid catalyst component'(S) in 50 ml of suspension.

Polymerization:

;Hexéne"SO liter/h, the same'solid'cétalyst component'

-~ (5) 0.2 mmol/h in terms bf Zr atqm,_triethylaluminum 20

mmol/h, ethYlene 6 kg/h and hydrogenlllo_N—liter/h were
continuously supplied to a first polymerization tank and
while the contents of the polymeriZétion tank were

continuously discharged as to keep-ﬁhe liquid level in

' the inside of the polymerization tank constant,

polymerization_was_carried out in conditions of
polymerization temperature 85°C; reaction pressure_8;5
kg/an—G,_and the averagé staying dufation 2.5 h.

The contents cpntinuéusly discha:ged out of the
polymerization tank were tréatéd by a flash drum kept at

0.2 kg/m?*-G and 65°C to éubstantialiy.remove unreacted

ethyléne and hydrogen._f

After that, together with 20 liter/h and ethylene 5
kg/h, the resultant contents'Were'continuously supplied
td-a second polymerization.tank and successively

polymerized'in conditions of polymerization temperature
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80°C, reaction pressure 7 kg/cm’-G, and the average

_staying_duratidn 1.5 h.

The contents of the polymerization tank were also

'continuously discharged out of the second polymerization

tank aS-to'keep the liquid level -in the inside:of the

' polymeriiation tank constant and hexane and unreacted

monomer were removed from the contents by a solvent

separation apparatus and the resultant product was dried

to obtain polymer. The analysis results and the physical

pfoperties_of the obtained polYmer are given in the tab1e _

2.

(Example 17)

- Polymerization was carried out by the same manner as

‘described in example'16 except that butene 20 kg/h was

supplied to the second polymerization tank. The analysis
results aﬁd the'thSical properties.of the-obtained

polymer are given in the table 2. The polymerization was

. 80 controlled as to keep polymerization ratio at the

first polymerization tank : the second polymerization

tank = 50 : 50 and the butene content = 1.5 mol% .in the

'éthylene cop¢lymer produced in the second polymerization
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: tank.” The analy51s results and the phy51cal propertles

of the obtained polymer are given in the table 2

(Example-18)
Paraxylene 700 ml, 7 g of mixed polymer samples of

ethylene homopolymer (1ntr1n51c v1sc051ty' 0.72 dl/g,-

B Mw/Mn. 3 69; density: 0.981 g/cm ) produced by the

31milar method as that of example 4 and ethylene -1-butene

'copolymer (intrinsic viscosity: 5.22 dl/g; l—butene

'content 1.7 mol%; Mw/Mn:. 3. 58) produced by the same
_methodras that of example 11 in 49 : 51, and a heat

-resistant:Stabilizer (BHT made by Yoshitomi

PharmaCeutical,_in 0.1% by weight to the polymer samples)

were.added to aldouble tubular separable.flask which can
be heated, the mixtnre was:heated to 130°C at 2°C/min,
kept at 130°C for 1 hour to obtain a solntion of polymer
samplesldiSSolved,in_paraxylene. The solution 3.5 liters

was'added dropwise in acetone in 1 hour to precipitate

' polymer and the precipitated polymer was obtained by

flltration The obtained polymer was washed again w1th

acetone and vacuum dried for a whole.day and night at

60°C.. The analysis results_and-the physical properties
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of thé'dbtéined éthylene copolymer are'given in the table

2.

'(Cémparative_Example;S)

5 _?olyethy1ene_was_obtainéd by the:saﬁé manner as
describéd in exémplé 16 except.that a metalloceﬁé
,catalYSt described oﬁ Japaﬁese_Patent Laid-Open No. 9-
183816 was employed and the pfessuie of etﬁylene and
hYdrogén was altered as to obtain polymer gi#én in the

10 table 2. The physiéal_propertieS'of the polymer are..

given in the table 2.

(Comparative Example 6)
’ The physical préperties of-high density polyéth&lené.
15 (trade name:.Hi-éex 1700J,_ﬁade'by Mitsui'Pét;oéhemical
| Ihd. Ltd.) produced using'a Ziegler catalyst are given

in the table 2.

- (Comparative Example_7).
20- '__"Thé_physical pfoperties of'high density.polyethylene
| (trade hame; Hifzex 7700M, madé bj Mitéui Peﬁ:ochemical
i ind.. Ltd:) produced using a Ziegler catalySt are given

“in the table 2.
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(Tehsiie_fatigué test)

A tensile fatigue test was-carriéd_out;for the

- ethylene ébpolymer'obtained by example 18 and the high

density'polyethylené of Comparative.Example 7. As the

results, the'ethYlene copolymer obtained by example 18
was ruptured by 500,000 times repeat and the high density

polyethyléne of Cbmparative-Example 7 was ruptured by

'20,000 times.repeat.

The tensile fatigue_test was carried out as follow.
The ethylene copolymer 6btained by example 18 and a '

stabilizer“(Irganox 1010, irgafos 168, and calcium

_ stearate each in O.I%Iby weight to the ethylene

éopolymer) were melted and kneaded at 190°C and 50 rpm by

'a Plastomill for 5 minutes and the obtained kneaded.

- mixture was quickly formed inté'a sheet—like shape by a

cold press at 20°C. The obtainéd sheet-like material was
cut into a proper size and press molded at 190°C to

obtain a specimen for the tensile fatigue test using a

“spacer (30 x 60 mm) of 6 mm' thickness. Using a spaéer,

a product peliet of the high density polyefhylene'of
Comparative Example 7 was press molded to obtain a
specimen for the tensile fatigue test by the same manner

as described above.
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 Specimens for the tensile fatigue test were cut into

squafe pillaﬁs of 6 mm both in 1ength and width (lehgth

- 60 mm) to be used as_tensile fatique test specimens. The

measurement of the tensile fatigue test (80°C,ﬁ0.5'Hz)
wés carried oﬁt'accordinguto'the_method of JIS K 6774.
The évaluation of the results was carried out by

obtaining'the times to result in rupture of 4 specimens

_in the conditibns‘equivalent to actual stress about 10

MPa, carrying out logarithmic calculation of the times to
result in the rupture, and calculating the times to
result in rupﬁure at 10 MPa éctual stress by logarithmic

approximatioh.using the actual stress as antilogarithm.

_The highef the number of times is, the more excellent the

fatigue property is.




" [Table 2]

*7

Amount of

Type of |Amount of|Methyl| Hexyl | [n] | *1 MFR Mw/Mnj *2 | *3| *4 | *5 | *6 Dens:.ty .*_8
comonomer{Comonomer|branch|branchidl /g g/10min 3 g/cm® |Cl0-soluble
- mol% |/1000C|/1000C wts|wt| wts | wtt | wtd [wts -| component’
' . ] : wtg
Example 16 | - _ 0.0 |<0.1|<0.1(3.36/3.29]  0.05 |22.5/-{-{~ [~ |- |~]o0.968 -
Example 17 ||\ vone| 0.7 | <0.1 | <0.1 |3.243.28] 0.06° |21.4[0.5] - |9.0(16.2[9.5[1.5| 0.957 | 0.05 [o.14]
Example 18 | 1 tutene| - 0.6 | <0.1'| <0.1 [3.01f - [not measuredj14.8| - | -| - | - | - |- 0.950 - -
Comparative| ) i, rene| 0.8 0.6 | <0.1 |1.76]|1.64 1.85 3.3 |o.2| - {11.1]10.5[15.3[1.6] 0.952 0.06 |0.16
Example 5 o ' . _
Comparative) — _ 0.0 0.6 | - [t.23]1.10 15 60|-{-1-]-]-1-]09m - -
Example 6 A .
Comparative 1-butene| 0.8 0.3 | <0.1 |3.34|3.29]  0.05 18.3 (9.7 - |20.0/46.0}20.4]9.4| 0.951 0.36 |0.17
Example 7 : _ .
0.213

"1 the value of 1.85 x MFR’° %2 in the case of MR < 1 and the value of 1. 85 x MFR'

1.
2

at 2105°C in TREF

to the whole copolymer before dissolution.

the amount of components eluted at 2105°C in TREF
the amount of components eluted at 2106°C in TREF : :
the amount of components with 210,000 PE conversion molecular welght in components eluted at <75°C in PX '
the ratio of components dissolved at <75°C in PX to the whole. copolymer before dissolution. -
the ratio of components with 210,000 PE conversion molecular welght in components eluted at <75°C in PX

the value of 80 x exp(-100 x (d - 0.88)) + 0.1 in the case MFR <

- 9)%%y exp(-100 x (d - 0. 88)) + 0.1 in the case MFR > 10 g/10 min.

1n the case of ME'R >

the amount of components with 2500, 000 PE conversion molecular weight measured by GPC—IR in components eluted

10 g/10 min and the value of 80 x (MFR

| '_9:2-
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[Table 2 ( contihued) ]

Equivalent product to ethylene (co)polymer (A2-1)

Equivalent produdt to ethylene (co)polymer (A2-2)

Type of | Amount 6f Methyl | Hexyl | [n] [Mixing{ Type of |Amount of * |Methyl| Hexyl [n) |Mixing
comonomey | comonomer | branch | branch | d1/g| ratio | comonomer | comonomer |branch|branch|dl/g| ratio
ey mols | /1000c|/1000C| | wts molt | /1000C]| /1000C wts

Example 16 - - <0.1 | <0.1 [0.83] 50 - - <0.1 | <0.1 |5.88] S0
Example 17 - - <0.1 | <0.1 [0.78| 50 | 1-butene | 0.7 | <0.1 | <0.1 [5.70 50
Example 18 - - <0.1 | <0.1 [0.72] 49. | 1-butene | 1.7 | <0.1 | <0.1 [5.22| 51
Comparative| — _ - 0.8 | <0.1 [1.20] 50 | i-buteme| 0.8 0.5 | <0.1 |2.23} 50
Example 5 . - : _
Comparative| _ - _ _ _ _ - - - -
Eraple 6 0.4 | <0.1 | _
Comparative - - 0.6 | <0.1 [0.7]| 50 | 1-butene 0.8 0.2 | <0.1 |5.93] 50
Example 7 : : . _

Branches of the prbduct equivalent to (Al-2) component; [n] were caiculated from
the whole value, the value of the product equivalent to (A2-1) component and the mixed
_ ratJ,o of the product equlvalent to (A2-1).

LzE

6L9-4S
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(SYnthesié 5)
Ethanbl 40 ml, aniline O.7i-g (7.62 mmol) and 3-
.tert—butylSaiicyléldehydé 1.35 g (7.58 mmol) were charged 
in a 1bOlmi reéétor sufficiently purgéd with nitrogen and
S . éontinuousiy stirred at a room temperature for 24 hours.
Thénrésultant_reactidn liquid was vacuum concentrated to
remove so;vents and again mixed with ethanol 40 ml and
continuOusly stirréd at a room temperature for 12 hours.
The.reactibn liquid was vaéuum'tdncentrated to obtain an .
10 orahge.color oil—étate coﬁpbund 1.83 g-(7;23fmmol,

production yield 95%) of the following formula (LS5).

. (L5)
5 | |
1H—NMR(CDC13);1Q47(S, 9H), 6.88(dd;l1H), 7.24-7.31(m,'
-4H),.7.38—7.46(m,33H),-8.64(s;=1H);"13;95(s, 1H) .

IR(neat): 1575, 1590, 1610 cm” .
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FD mass spectrometry: 253
._ The.compound (L5) 1.53 g (6.04 mmol) and  -'
tetrahydrofuran 60 ml_weré charged_in'a_ZOO ml:reactor of
sufficiently dried.and pﬁrged'with'érgoﬁ, cooled to-—78°é,
énd stirfed; To the résuitant mixture, n-but&llithium
4.1 mi (1.55.mm01/ml n—hexane-solutibn,.6.34 mmbl) was
added dropwisé;in 5 minutes and.after-thaf, fhe';esultant

mixture was-gradually heated to a room temperature and

continuously stirred-for_4 hours at a!room'temperature.-

'A_mixed'solution produced by éddihg tétrahydrofuran_lo ml

to the resultant mixture was added dropWise-to.30 ml of a

ftetrahydrofuran solution whiéh contained ZrCl, 0.70 g

(purity 99,9% grade, 3.02,mmol) and which was cooled to -
78°C. The resultant mixture was gradually heated to a

room temperature. - After being stirred at a room

temperature for 2 hours, the resultant mixture was

stirred for 4 hours in reflux condition.

The obtained reaction liquid was vacuum concentrated

‘and the precipitated'solid was washed with methylene

chloride 50 ml and insoluble matter was removed by a
glass filter. The filtered liquid was vacuum
cbﬁcentrated and after the precipitéted solid was:

diSsolved_in'diethyl'ether 30 ml, the-obtéined solution
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- was. kept still at 20°C for 1 day under n1trogen

atmosphere to prec1p1tate an yellow. crystal The solid

is separated by flltratlon and washed w1th hexane: and

then vacuum drled to obtain a phosphorescent yellow'
crystal compound 1.09 g (1 63 mmol, yield 54%) defined as

the followrng formula_(CS).

(C3)

'kSyntﬁesis 6).

- 2- (l—Adamantyl) 4—methy1—phenol 6.19 g (25.28 mmol)
and tetrahydrofuran 22 ml were charged in a 100 ml
reactor sufflclently dried and purged w1th argon and _
ethylmagne51um bromlde 28 ml (an ether solutlon, 0.99 N,
27.81 mmol) was added_dropwise at 0°C in 15 minutes and_.
thepresultant mixture was gradually heated to a room

temperature and stirred at a room temperature for 1 hour.
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The resultant reaction liquid was mixed with toluene 170
‘ml and heated to 100°C to give a slightly opaque slurry.

. The slurry was cobled to 50°C and then mixed with

o paraformaldehyde.2.00 g (66.7 mmol) and triethylamine 5.3

10

15

 ml (3.79 mmol) and stirred at 82°C for 1 hour. After

being cooled to a room temperature, the resultant

‘reaction liquid was quenched with 10% hydrochloric acid

and the organic layer was conicentrated to obtain a solid .

which was vacuum dried to give an yellow color solid

‘compound 5.78 g (yield 85%) of the following formula (p6).

'H-NMR (CDC1,) :11.6(s, 1H, OH), 9.8(s,. 1H, CHO), 7.5-

7.0(m, 2H, aryl), 2.3(s, 3H, Me), 2.2-1.8(s, 16H,

adamantyl).

(p6)
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. The compound (p6) 4.84 g (17.9 mmol), ethanol 145 ml,

_and_tetrahydrofuran 20_ml wete charged in é 300 ml

reactorlsufficieﬁtly dried and purged with argon and an

ethanol solution (10 ml)'contéining'aniline 1.67 g (17.9

'mmol) waé added dropwiSe to the resultant mixture at a

room temperature."After being heated to 65°C and stirred

for 7 hours, the resultant mixture was cooled to a room

'temperature. The .resultant mixture was further cooled by

" acetone-dry ice and the precipitated solid'was'separated

by filtration. The obtained solid was washed with cold.

" methénol and then vacuum dried to obtain an orange color

powder 4.00 g (yield 65%) of the following formula (L6).

IH-NMR (CDC1,) : 13.7 (s, 1H, OH), 8.6(s, 1H, N=CH), 7.5~

7.0(m, 7H, aryl), 2.3(s, 3H, Me), 2.2, 2.1,1.8(s, 16H,

 adamantyl) .

FD-mass spectrometry: 345
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- (L6) .

" The compound (L6) 1.00 g (2.90 mmol) and diethyl

‘ether 20 ml were charged in a 100 ml reactor sufficiéntly
_dried'and purged with argoﬁ, cooled to -78°C, and stirred.

‘To the resultant.mixturé,_n—butyllithiﬁm 1.89 ml (a n-

hexaﬁé solution, 1.61 N;'3.04 mmol) was added dropwise in

10 minutes and after that, the resultant mixture was

 gradually heated to a room tempéféfure and continuously

stirred.fdr_4 hours af a room temperaturé'to produce a
lithium salt sbluﬁion. Thé solution was-added_dropwise
to 20 ml of é diéthyl ether éolution which céntainéd
Zirconium_tetréchloride 0;33 g (1.423mmol)'and was cooled_
to -78°C. On comﬁletion of dropwise addition, the
résﬁltant:mixture.waSICOntinuously stirred-whiié being
gradu;lly heated to élroém.temperatuie._ The resultant

mixture was stirred at a room temperature further for 15
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hours and then the solvents éf the reaction liquid were
evaporatéd; .Insqluble matter'was removed from the
~ obtained spiid_by filﬁraﬁibn_by a Qiassffiitgr._ The cake
~ was diséoived in dichlbfomethané 40 ml'tg.remove _
'5' insoluble:matter.iﬁ the resultant solﬁtion and then the
solution was Qécuﬁm COncentrated. The obtained solid.was _
again dissol&ed'in a dichloromefhaﬁe—hexéne mi#ed-
‘solution and thé_precipitétéd solid was vacuum dried to
.ébtain an yeilow green powder compouﬁd 2 0.13 g (yield
10 11%) of thé following formula.(CG).
| 1H—NMR(C13_C13):8.1(S; 2H, N=CH), 7.4-6.8(m, 14H, aryl),
- 2.4-1.6(m, '38H, Me and adamantyl). |

FD-mass spectrometry: 850

s | o (C6)
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(Syhthesis 7)
2-tert-Butyl-4-methoxyphenol 4.51 g (25 mmol) and

tetrahydrofuran 22 ml were charged in a 100 ml reactor

_sufficiently dried and'purged with argon and

-ethylmagnesium bromide 28 ml (an efher solutioh; 0.99 N,

27.81 mmol) was added dropwise at 0°C in 15 minutes and

the resultant mixtUre'Wés gradually heated to a room

temperature and stirred at a room temperature_for 1 hour.
The resultant reaction liquid was mixed with toluene 170
ml and heated to 100°C to give a slightly opaque slurry.

The slurry was cooled to 50°C and then mixed with

: parafqrmaldehyde 2.00 g (66.7 mmol) and triethylamine 5.3

_ mi'(3.79 mmol) and stirred at 82°C for 1 hour. After

being cooled to a room temperature, the resultant

reaction liquid was quénchéd with 10% hydrochloric acid

" and the organic layer was concentrated to obtain a solid

which was vacuum dried to give an yellow color solid

compound 4.17 g (yield 80%) of the following formula (p7).




10

15

SF-679

336

MeO
. (p7)

The compound (p7) 3.75 g (18 mmoi), ethanol 145 ml,
and tetrahydrofuran 20 ml were chérged in a 300 ml

reactor sufficiently dried'and purged with argon and an N

‘ethanol solution (10 ml) containing aniline 1.67 g (17.9
'_mmol) was added dropwise to the resultant mixture at a

) room temperature. After being heated to 65°C and stirred

for 7 hours, the resultant_mixture was cooled to a room.
temperature. The resultant mixture was further cooled by

‘acetone~dry ice and the precipitated solid was separated

by filtration. The 6bt§ined solid was washed with cold

methanol and then vacuum dried_to'obtain an orange color

'powder 4.08 g (yield 80%) of the folloWing formula (L7).

" 'H-NMR(CDC1,):14.0(s, 1H, OH), 3.70(s, 3H), 6.60-

7.50(m, 7H), 8.5(s, 1H), 13.60(s, 1H). .
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’ t
"'MeO . Bu
(L7

The compound (L7) 0.64 g (2.26 mmol) and diethyl
ether 20 ml were charged in a 100 ml reactor sufficiently
dried and purged'with argon,:cooled to 478°C, and stirred.

To the resultant mixture, n—butyilithium 1.40 ml (a n-

- hexane solution, 1.61 M, 2.26 mmol) was added drbpwise in

5-minutes and'after_that,'the reSultant mixture was

gradually heated to a room.temperature'and continuously

‘'stirred for 4 hours at a room temperature to produce a

lithium salt solution. The_solﬁtion was added dropwise
to 20 ml of a THF solution which contained ZrCl,(THF),

complex 0.42 g (1.10 mmol) and which waslcboled to -78°C.

" On completiOn of dropwise addition, the resultant mixture

was continuously'stirred while'being gradually heated to .

a room temperature. The resultant mixture_was stirred at

‘a room temperature_further'for 15 hours and then the
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- solvents of the reaction quuid-were removed. The
obtained solid was dissolved in methYlene'chloride 50 ml

“and insoluble_matter_ﬁas removed.by filtration-by_a glass

filter. The filtered solution was veouum cdncentrated
and the obtained solid was'again precipitated in a
dichloromethane—hekane mixture and vacuum'dried to obtain

an yellow green powder compound 0.25 g (0.34 mmol, yleld _'

-'31%) of the follow1ng formula (C7)

_1H NMR(CDCl y: 1 20-1. 60(m, 18H), 3.66~-3. 86(m, 6H),
6. 50 7. 50(m, 14H)W 805—8.20(m, 2H) .
_FD-mass spectrometry: 726 (M+)

elementary analysis: Zr; 12.4% (12.6)
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MeO
(C7)

__(Example_l9)

'~.Heptane 500 ml was charged in a 1 liter autoclave

 made of a stainless steel and sufficiéntly purged with

hitrogen, heated to 75°C, and the liquid phase and the

gasfphase were saturated with ethylehe. After that,

.methy1aluminoxane 1.25 mmol in terms of aluminum atom and

0,0001 mmol of the compound (C5) synthesized'by synthesis

5 were addéd.to carry out_po;ymerization at 8 kg/cm®*-G
ethYlene'pressure for 15 minﬁtes.

The obtained'polyﬁer suﬁpension was mixed ﬁith
methanol 1.5 liter containing'a.émall améunt of
hydrqchlbric acid tofprecipitate a.polymér and-filteréd

by a glass filter and after the solvents were removed,

the polymer was washed with methanol and vacuum dried at _

80°C fbr 10 hours to obtain ethylene polymer 7.08 g. The
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same procedure-was repeated 7 times and the obtained
~.ethylene polymers'were melted-and-kneaded to give a
.specimen. The polymers obtained by the respective

| procedure repeated 7 times were confirmed to be_

approximately similar to one_another by separately

“measuring their intrinsic viscosity before they were

melted and'kneaded.“ The phyéical measurement results are

giyen in the table 3.

(Example_ZO)

Ethylene polymer 8.00 g was obtained by the same

‘manneras described in example 19 except that the

compound (C7);synthesized.by synthesis 7 was used instead

of the.compound_(CS) and the-polymerization temperature

was. altered to 50°C. ‘The same procedure was repeated 6

times and the obtained ethylene polymers were melted and

: kneaded to give a_spec1men. The polymers obtalned'by the

' respective_proCednre_repeated 6 times were_cdnfirmed to

be approximately similar to one another by separatély
measuring their intrinsic viscosity before-they were

melted and kneaded. The physical measurement results are

“given in the table 3.
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(Example 21) .
Ethylene polymer 12.25 g was obtéined by the same
manner as deécribedfin éxample_19 except that the

compound (C6),synthesi2ed by synthesis 6 was used instead

"of the compound (CS)'and'the addition amount of compound

_(06) was altered to be 0.00bOS'mmol and the

polymerization temperature was altered to 50°C. The same

'procedure was repeated 4 times and the-obtained'ethylene

polymers were'meltéd and kneaded to give a specimen. The

polYmers obtained by the respective procedure repeated 4
times were confirimed to be approximately similar to one

another by separately'measuiing their infrinsic_viscosity

before they were melted and kneaded.  The physical

measurement results are given in the table 3.

._(Examp.le 22)

Heétaﬁe 400 ml and l-butene 100 ml were charged in a
1 liter autbclaﬁe_ﬁéde of a stainless steei purgéd with.
nitrogen-aﬁd then pressﬁrized by ethyleﬁe at 8 kg/cm®-G
total pressure. Afte;-thét the polymefiier was heated to

75°C and to the polymérizer, methylaluminoxane 1.25 mmol

in terms of aluminum atom and 0.0001 mmol of the compound -
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h(C5) synthesized by synthesiS'S'were added to carry out-

polymerization for 15 minutes.
After polymerizatlon was’ stopped by a small amount
of 1sobutyl alcohol the obtalned polymer suspen51on was

mlxed w1th methanol 1.5 liter containing a small amount

'of hydrochlorlc ac1d to pre01p1tate a polymer. The'

precipitated polymer was separated by filtration by a

glass filter and after the solvents were removed, the

polymer was washed with methanol and vacuum dried at 80°C

' for_lO”hours. The obtained ethylene polymer was 5.68 g

and the intrinsic viscosity was 2.05 dl/g. The content
of_l—butene measured by IR was.2.20,mol% and the
molecular.weight distribution {(Mw/Mn) measured by GPC was .

15.36. The physical measurement results are given in the

table 3.

(Exampie 23)
Polymerlzation was carried out by the same manner as
described in example 22 except that the compound (C6)

synthes1zed by synthe51s 6 was used instead of the

'1_compound_(C5)., As a result, ethylene copoiymer 6.40 g'

was obtained and the intrinsic viscosity was 4.86 dl/g.

The content of l-butene measured by IR was 2.01 mol% and
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o

~the molecular weight dlstribution-(Mw/Mn) measured by GPEC

.was 57.22. ' The physieal_measurement results are given in

the table 3.

(Example 24)
Polymerization was carried out by the same manner as
described in example'22 except that the compound (C7)

synthesized by synthesis~7.was used instead of the

rcompound (C5) and the amounts of heptane and l-butene

were altered to 420 ml and 80 ml, respectlvely, and the
polymerlzatlon temperature was altered to 50°C ‘As a
result, ethylene copolymer 16.10 g was obtained and the
intrinsic viscosity was 2.52 dl/g. The content of 1-
hutene measured.by IR wasl2.16 mol% and the molecular,
weight;dletributlon (Mw/Mn) measured by GPC was 10.50.

The physical measurement results are given in the table 3.

(Comparative Example 8)

Physical meaeurement was carried out for a high
dens1ty polyethylene (trade name: Hi-zex 8200B, made_by
Mitsui Petrochemical Ind Ltd ) The resulte are given

in the tables 3 to 5.
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(Comparative Example 9)
‘Physical measurement was cairied out for a high

density pélYethylene (trade name: Hiezex_7700M, made'by.

‘Mitsui Petrochemical Ind. Ltd.). The results are given

in the tables 3'to.5;

(Comparative Example 10)
PhYsical measurement was.carried out for a high
density poiyethylene (trade name: Hi-zex 5000H, made by

Mitsui Petrochemical Ind. Ltd.). The results'are_given

in the tables 3 to 5.

(Comparative Examplé-ll)

' Physical_measurement'was carried out for a high

density polyethylene (trade hame: ‘Hi-zex 7'000F, made by

Mitsui Petrochemical Ind.._Ltd}). The results are given

in the tables 3 to 5.



['i'able 3]

m | "L | W | W |log MI|. *2 | SR | *3
R dl/g __|g/i0min| g i - '
Example 19 | 5 62 | 2.32 | 0.31 | 9.8 | 1.0 | 0.4 | 175 | 1.64
Example 20 | 5 oo | 534 | 0.004| 40.0 | 1.6 | 0.9 | 1.68 | 1.55 |
[Example 21} 5 g3 | 2.25 12.2 | 1.1 | -0.4-| 1.86 | 1.77
|Example 22 4 5 05 | 1.84 7.0 | 0.8 | 0.2.] 178 | 171
Example 23 | 4 g6 | 3,99 | 0.019] 20.0 | 1.5 | 0.8 | 1.69 | 1.61
[Example 24 |, o | 5 15 8.3 | 0.9 | -0.4 | 1.86 | 1.79
Comparative | 3 gq | 3,63 20.0 | 1.3 2.4 | 1.47 | 1.55
Example 8 . - : .
Comparative | 3 ,5 | 3,92 16.0 1.2 2.6 | 1.44 | 1.53
Example 8 : . : : -
Comparative | 5 31| 5 g3 13.0 | 1.1 | 2.4 | 1.47 | 1.54
Example 10 _ : :
Comparative | 5 45-| 3 43 17.8 1.3 3.0 | 1.39 | 1.50
Example. 11

*1 the value of 1.85 x MFR"'*2 in the case of MFR < 1'and the value of 1.85
in the case of MFR 2 1. ' :

*2 the value of 12.9 - 7.15 x SR

*3:the value of 4.55 - 0.56 x Log (Mw) =

« uERO®3

- SPE
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" ITable 3 (continued)]

: . _ w»
Mn Mw Mw | Mw/Mn | Mz/Mw | ' The number of | Film fish z
x10™ | %107 | =107 : : “g .5 «g | Terminating eye 3
. _ : _ vinyl /1 -
L _ molecular chain|
Example 15 | ) 16 | 1.59 | 1.94 | 13.73| 12.21| 11.68| 15.90| 22.88|° ' 0.62 | none
[Fxample 20 | 45 | 2,32 | 3.47 | 51.97| 14is5| 7.83| s8.58| 9.64| 0.61 | none
Example 21 | 'y o7 | 0.92 | 0.82 | 9.10| 8.97]| 17.69| 29.95]712.00 0.80 " none
Example 22 | o ;¢ | 1 i¢ | 1.55 | 15.36| 13.35| 10.90| 14.34| 19.07 0.60 ‘none
Example 23 | .33 | 1,75 | 2.72 | 57.22| 15.52 7.74| 8.43| 9.46 0.60 none
Example 24 | .82 | 0.86 | 0.85 | 10.50| 9.90| 14.70| 22.50 54.93 '0.78 . | none w
comparative | y sg | 2,27 | 1.77 | 14.40| 7.80| 11.33| 15.18| 21.04] ~ 0.07 | exist -
Example 8 : —
Comparative | 4 35 | 5:45 | 2,38 | 18.20| 9.90( 10.03| 12.63| 15.65| * ' 0.14 -
Example 9 - .
|Compazative | 3 o9 | 2,42 | 2.60 | 22.10| 10.80| 9.32] 11.20| 13.37 0.05 -
Example 10 _ ;
Comparative . - : 31| ' b e
Enaplo 11 | 0-73 | 284 | 2.217| 30.30| 5.90] 8.5 .9.88 11.31. 0.03 " none

"4 the value of 7/(1 - 5.5(Mw/Mn))
"5 the value of 5/(0.7 - 6.45(Mw/Mn) + 3))
"6 the value of 4/(0.5 ~ 4.40(Mw/Mn) - 0.2))




10

15

.20 -

SF-679
347

(Example 25)

Heptane 500 ml was chéfged in a- 1 1iter autoclave

made. of a stainless steel and sufficiently.purged_With
. nitrogen, heated to 50°C,_ana the liquid phase and the

'gas phase”were-saturated With ethylene. After that,

methylaluminoxéne 1.25 mmol in terms of aluminum atom and

| 0.000i_mmol'of'the'compouhd (C7) synthesized by synthesis

7 were added to carry out polymerization at 8 kg/cm?-G

- ethylene pressure for'15'minutes,

The obtained polYmer_suspension'was miged with

-méthanol 1.5 liter;containing'a small amount of

hydrochloric écid to precipitate a polymer and filtered

- by a glass filter and after the solvents were removed,

the polymer was washed with methanol and vacuum dried at
80°C for 10 hours to obtain ethylene polymer 8,00 g. The

same procedﬁre\Was repeated 6 times and the obtained.

_ethylene polymers were melted and kneaded to give a

Spe¢imén. The_polymérs obtained by the respective

- procedure repeated 6 times were confirmed to be

approximately similar to one another by separately -

measuring their intrinsic viscosity before they were
 melted and kneaded. The physical measurement results are

given in the table 4.
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(Example_26)
Heptane 400 ml and 1-butene 100 ml were charged in a

l llter autoclave made of a stainless steel and

_suff1c1ently purged with nltroden and then pressurlzed by
' ethylene at 8 kg/cnl—G total pressure After that ‘the
.-polymerlzer was heated to 75°C and to the polymerlzer,

’ methylalumlnoxane 1 25 mmol in terms of aluminum atom and
' 0 0001 ‘mmol of the compound (C7) synthesized by synthe81s

7 were added to carry out polymerization for 15 minutes.

After'polymerization'was stopped by a small amount

of isobutyl alcohol, the obtained polymer suspension was

mixed with methanol 1.5 liter eentaining a small amount

of hydrochloric“acid'to precipitate a polymer. . The

‘precipitated polymer was separated by filtration by a

glass filter and after the solvents were removed, the

 polymer was washed with methanol and vacuum dried at 80°C.

for 10 hours. The obtained pelymer'was'6.40 g and the

intrinsic”viseosity was 4.86.dl/g. The centent_offl—

’ butene'measdred by IR was 2.01 mol$ and the:molecular

weight distribution (Mw/Mn) measured by GPC was 57.22.

- The physical measurement results are given'in the table 4.




~ [Table 4]

Vo Mot Mt Wa/Mn | Mz/t *1 [n] *2 .

. x107* x107° x107¢ - - di/g g/10min
Example. 25 0.45 | 2.32 | 3.47 | 51.97 | 14.95 9.64. | 5.50. | .5.3¢ | o0.004
Example 26 0.31 | 1.75 2.72 | 57.22 | 15.52 9.46 | 4.86 3.99 0.019
|Gomparative | gg | 227 | 1.77 14.40 7.80 | 21.04 3.80 3.63 . | 0.03
Example 8 . : — _ _
Comparative 1.35 2.45 | 2.38 | 18.20 9.90 | 15.65 3.45 3.92 0.02.
Example 9 : ' : . - _
Comparative 1.09 2.42 2.60 | 22.10 | 10.80 | 13.37 | 3.31 2.83 | 0.11
Example 10 — : : : - -
Comparative 0.73 2.84: 2.21 | 30.30 5.90 11.31 3.35 13.43 0.04
Example 11 ' : -

*1 the value of 4/(0 5 - 4.50 (Mw/Mn) - 0 2)) ' ' o 0213
"2 the value of 1.85 x MFR°1“’1n the case of MFR < 1 and the value of 1, 85 x' MFR™

in the case of MFR 2 1.

. 6¥E
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[Table 4 (continuec_l)] o

Film fish

MT |Log MT| *3 SR *4 W/W, Molecular weight The number of
g - distribution curve | terminating vinyl eye
pattern /1 molecular chain
: o ‘1 relative maximum . .
Example 25 40,0 16 1 0_.9 1.68 1.55 : value, broad shoulder _ 0.61 none
- ' . " 1 relative maximim ' '
Example 26 29.0 1.5 0.8 1.69 1.61 value, broad shoulder| 0.60 none
' 1 relative maximum
Comparative : ' ' _ value, shoulder in the| : .
Example 8 20.0 | 1.3 | 2.4 | 1.47 | 1.55 low molecular weight | 9.07 exist
side
_ _ _ 1 relative maximum | _
Comparative : . _ value, shoulder in the Coa _
Example 9 16.0 1.2 2.6 1.44 1.53 high molecular weight . 0.14
_ - ' side '
Comparative ! - ‘ ' 2 relative maximum _ _
Example 10 13.0 1.1 2.4 1.47 1.54 _0.99 values 0.05
Comparative ' ' ‘ | 2 relative maximum
Example 11 17.8 1.3 3.0 1.39 1.50 0.88 values_ : 0.09 none

'3 the value of 12.9 - 7.15 x SR
"4 the value of 4.55 ~ 0.56 x Log(Mw)

0SE
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(Example 27)
‘Heptane 500 ml was charged in a 1 liter autoclave
made of a stainless steei“and sufficiently purged with |

'nitrogen, heated to 50°C, and'the liquid phase.and the

| gae-phase'were saterated with ethylene. After that, -

methylaluminoxane 1.25 mmol in terms of alﬁmiﬁum atoﬁ and
0.0005 mmol of the compound (C6) synthesized by synthesis
6 were added to carry out polymerization at 8 kg/an;G
ethylene preSsure for 15 mieutes.'

The ebtained polymer suspenSioh was hixed with

methanol 1.5 liter containing a small amount of

'hydrochloric acid to precipitate a polymer and filtered
by a glass filter and after the solvents were removed,

- the poiymer_was washed with methanol and'vacuum_dried'at

80°C for 10lhours to obtain_ethylenic polymer 12.25 g.
The same proCedere-Was'repeeted 6ptimes and the obtained
ethylenic'polymers were melted and kneaded to give a
speeiﬁen. -The polymers obtained_by.the respective |

procedure repeated 6 times were confirmed to be

epproximately similar to one another by separately

-measuring their intrinsic viscosity before'they-were

melted and kneaded. The physical measurement results are

'given in the.table 5,1'
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(Example 28)

| Heptane 420 ml and l-butene 80 ml were charged in a

_1'liter"autoclave made of a stainless steel and

'._Sufficiently purged_with nitrogen and then pressurized by

10

15 .

20

ethylene at 8 kg/cm’-G total pressure. After that the

polymerizer was heated to 50°C and. to the polymerizer,.

‘methylaluminoxane 1.25 mmol in terms of aluminum atom and

the eompodnd (C6) synthesized by synthesis-G 0.0001 mmol

were added to carry out polymeriiation'for 15 minutes.
-_After polymeriiatien was stopped by a small amount

of iSObutyl elcehoi, the obtained polymer suspension_was

mixed with methanol 1.5 liter containing a small amount

~ of hydrochloric acid to precipitate a polymer. The

precipitated polymer was separated by filtration by a
glassiﬁilter"and after the solvents were removed, the

polymer was washed with methanol and vacuum dried at 80°C.

for 10 hours. The obtained polymer was 16.10 g and the

intrinsic-viscesity was 2.52 dl/g. The content of 1-

~ butene measured'by IR was 2.16 mol% and the molecular .

weight distribution (Mw/Mn)  measured by GPC was 10.50.

The physical measurement results are given.in the table 5.




 [Table 5]

Molecular weight

"1 the value of 1,85 x MFR12 in the case of MFR < 1 and the value of _1.85 x M

in the case of MFR 2 1.
*2 the value of 12.9 - 7.15 x SR
*3 the value of 4.55 - 0.56 x Log(Mw)

FR—O .213

Wi/W; ] 1 “MER WT |Tog MI| *2 SR | *3.
_ " distribution curve ‘dl/g : g/10min g | : - :
: - pattern ' _
Example 27 0.79 | 2 relative maximm | ., g5 | 225 | 0.3 |12.2 | 1.1 | -0.4 | 1.86 | 1.77
) values v - _ _
Example 28 | 0.76 | 2 relative maximm |, .o | 545 | o0.49 | 8.3 | 0.9 |-0.4 | 1.86 | 1.79
= values 1 : . . :
_ -1 relative maximum _ :
Comparative - value, shoulder in the ' ) ) -
Example 8 low molecular weight 3.80 3.63 0.03 20,0 _}.3 2.4 1.47 1,55
- side |
- 1 relative maximum _ o
Comparative N value, shoulder in the| . . o -
Enample 9 high molecular weidht| 3.45 3.92 0.02 | 16.0 | 1.2 .2._6 1.44 | 1.53
side.
Comparative | . 2 relative maximum . . ’ . ' ' ;
|Example 10 -0.99 values 3.31 2.83 0.11 13.0 ;.; _ 2.4 1.47 1.54
Comparative | - 2 relative maximum o ' E - '
Example 11 0.88 values 3.35_ 3.43 0.04 }7.8 %.3 - 3.0 1.39 1.50

€ee
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[Table 5_(¢ontinued)]_

Mn - Mw ‘Mz | Mw/Mn | Mz/Mw *4 *5 - %6 The number of|Film fish E
«104 | x10° | x10¢ - - : _ - | terminating | eye -
. o o : : vinyl /1 |- .
molecular
o | | _ chain
Example 27 | 301 | 0.92 | 0.82 | 9.10| '8.97| 17.69 | 29.95| 712,00 | 0.80 | none
|Pxamele 28| o g5 | o0.86 | 0.85 | 10.50 | 9.90 | 14.70 | 22.50 | 54,93 |  0.78 none
Comparative | 4 g5 | 227" | 1,77 | 14.40 7.80 |- 11.33 | 15.18 | 21.04 0.07 exit
Example 8 _ . -
Comparative | ;.35 | 2.45 | 2.38 | 18.20 | 9.90 | 10.03: 12.63 | 15.65 0.14 -
Example 9 . _
Comparative | 'y 59 | 2 42 | 2.60 | 22.10 | 10.80 9,32 | 11.29 | 13.37 . 0.05 .
Example 10 : : : : . '
Comparative | 43 | 2 g4 2.21 30.30 5.90 8.55 | 9.88 | 11.31 0.0 none &
Exar_nple 11 : &

"4 the value of 7/(1 - 5.5(Mw/Mn))
5 the value of 5/(0.7 ~ 6.45(Mw/Mn) + 3)),
6 the value of 4/(0.5 - 4.40(Mw/Mn) - 0.2))
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CLAIMS

i; An ethylene (co)polymer (Al) being either an

 ethylene homopolymer or a éopolymer'of ethylene and an o-

olefin of 4 to 20 ¢arbqp atoms wherein

(i) the ethylene'(co)poiymer conﬁains.méthyl
branéhes_less thanlO.l in numbef per 1,000 défbon atoms
measured by “C-NMR, and | |

(ii,) the ethylene (éo)polymer.has_Mw/Mn.(M? denotes
the weight average molecular weight; Mn denotes the_ |
number average'molecuiar wgight)”measured by_gel

permeation chromatography not lower than 1.8 and lower

than 4.5.

2. The ethyiene (co)polYmer (Al) according to claim 1, -
whérein
-'(iiim) the intrinsic viscosity measured at 135°C in

deéalin_is within a'ranQe of 0.2 to 18 dl/g.

3. The ethyléne (co)polymer'(Al),according to claimwl
or 2, wherein |

ﬁivm)_thé intrinsic viscosity ([n] . (dl/g)) and the

~density (d (g/cm’)) satisfy the following relation;

' TR 0 O AN
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- d 20.0003 x [n]% - 0.0121 x [l + 0.9874; in the
case the;inﬁrinsic viscosity meaSured at 135°C in decalin

is 0.3 to 1.5 dl/g.

4. The ethylene-(éo)polymer'(Al) éccording to any one -
of the claims 1 to 3, wheréin.
(va,) the intrinsic viscosity (In] (dl/g)) measured

at 135°C in decalin and the melt.flow rate (MFR (g/10

minutes)) measured under 2.16 kg load at 190°C satisfy

the following relations;
[nl > 1.85 x MFR™' in the case of MFR < 1'and

" [n] > 1.85 x MFR®?? in the case of MFR 2 1.

5. The ethylene (co)polymér (Al) according to any one
of the claims 1 to. 4, wherein

'-(vim) the cémpohents eluded at 105°C or'highér in a

heating elution separation test are not more than 5% by

weight_or 1ower in the_case the comonomer cbntent is 1.5
mole$ or higher and ﬁhe_components_éluted'at-ipG°C'or
higher in a héaﬁihg-elution seéaration:test ére-not more
thén é%'by weight or-lower.ih the'case.the comonomer

content is less than 1.5 mole.

W
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6. The ethylene (co)polymetg(Al)Uaccording to any one

" of the claims l'to'5, wherein

(viim) the components are precipitated in lS% by

welght or lower in the case said ethylene (co)polymer is

_dlssolved in p*xylene at 130°C and then cooled to 75°C to

prec1p1tate“dlssolved components ;n a poor solvent.

v

‘7. The ethylene (co)polymer (Al) according to any one’

" of the claims 1 to 6, wherein_

(viiiml the decane-soluble components (W'(% by

‘weight)) at 23°C and the density (d (g/cm’)) satisfy the

following relations;

W< 80 x éxp(¥1oo x (d - 0. 88)) + 0.1 in the case
MFR < 10 g/lO m1nutes and | l

W < 80 x (MFR - 9)9%20x exp( -100 x (d - 0.88)) + 0.1

in the case MFR > 10 g/10 minutes.

8. The ethylene (co)polymer (Al) accordlng to any one

of the claims 1 to 7 whereln

(ix,;) the a-olefin content (K (mole%))'and the

melting point (Tm (°C))'of the highest peak of an

'endothermic curve measured by a differential scanning

calorlmeter satlsfy the follow1ng relatlons,

M A || |II|
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Tm < 135.0 - 10.0K in the case K = 0.1 to 1.5 mole$;

. Tm < 121.9 - 1.3K in the case K = 1.5 to 5.5 mole%;

and

Tm < 139.7 - 4.5K in the case K = 5.5 to 20 moles.
9. The ethylene (co)polymer (Al) accordlng to any one
of the clalms 1 to 8, whereln

(xm) the number of branches having a length

-

;equivalent.tb-that of hexyl or lohger-measUred by 13.C—I.\]MR

is less than 0.1 per 1,000 of carbon atoms.

.10. The ethylene (co)polymer'(Al) according to any one

of the claims 1 to 9, wherein the ethylene (co)polymer is

a copolymer of ethylene and l-butene.

1l. The ethylehey(co)polymer (Al) according to any'one

'of the claims 1 to_9, wherein the.ethylene (co)polymer is

a copolymer of ethylene and ‘1-hexene.

12. The ethylene (co)polymer (Al) accordlng to any one

of the claims 1.to 11, produced by elther

' homOleymerlzation of ethylene or copolymerization of

OO Y
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ethylene and an a-olefin of 4 to 20 -carbon atoms in'the
'preseﬁce of an olefin pdlymerization:catalyst comprising _
(al) a transition metal compoﬁnd of the following -

general formula (I)

(I)

(where, M denotes a transition_métal atom selected

. from the group Iv and the group V of the periodic table;

m denotes 1 or 2;

R' denotes an.aliphatic hydrocarbon gfbup of 5 or 
more carbon atoms in total which may have aromatic
h&drocarbon group or alicyclic hydrocarbon groﬁp :
Subsﬁituénts 9r_alicYclic hydrocarbon group of 7 or more
éarboh'afcms in totai_which may have'atoﬁatic hydrocarbon

group or'aliphatic hydrocarbon group substituents;-

g T
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'tho.Rsnmy be the same or different to one another
and eechedenotes'hydrogen atom, a hydrocarhon group,
hydrocarhon:group-SubStituted silyl, an oxygen-containing
gronp; a nitrogenfcontaining group,.or é'sulfur—.
containing group'and two or more of them_ﬁay be bonded to
one another to’forn a ring;

Rs denotes a hydrocarbon group. or a hydrocarbon-

. substltuted 31lyl group,.

in the case m is 2, at least one of the groups

'denoted as R® to R‘belonglng to any one of the llgands

. may be bonded to at least one of the groups denoted as R?

to R® belonging to anOther.ligand;
~in the oase'm is 2, respective Rﬂ.respective Rﬂ
respective R?,-respective R{, respective R®, and
respective Rsmay be the same or.different to one
another: |
n denotes a number.satisfying the valence of M;
.X denotes hydrogen atom, a halogen atom, a

hydrocarbon group, an oxygen- contalnlng group, a sulfur—

-contalnlng_group, a nitrogen-containing group, a boron~

containing group, an aluminum-containing group; a

7'phosphorus-containing group, a halogen-containing group,

a hetéerocyclic compound residue group, a silicon-

* [ L N S *




10

15

20

higher than 60.

SF-679

361

_ containing group, a germanium-containing group, or a tin-

containinglgréup; in the case n is 2'or higher, X’s may |
be the same or.different to one_anothef’and X's may be
bondéd to one anéther.té'fbrm a ring
.énd,.if nééeéséry,
(b) at_ieast one.gomﬁound seleéted froﬁ
(b—l) an orgénométalliq ¢ompouﬁd,
'(b423laﬁ organoaluminuﬁ oxy.compqund, and

(b-3) a'coﬁpbund capable of forming ion pairs by

- reaction on the transition metal compound.

13. An ethylene (co)polymer (A2) being either an

- ethylene homopolymer or ‘a copolymer of ethylene and an o-

olefin of 4 to 20-carbon atoms, wherein
(ip) the éthyiene (co)polymér conitains methyl
5ranches less than 0.1 in number péf 1,000 carbon atoms
measured by 3C-NMR, and |
(iim)"the ethYlene (co)pélymer_has Mw/Mnn(Mw denotes
the weighﬁ éverage molecula:.Weight; Mn denotes the |
nﬁmbér avefage mdleculéﬁ_wéight).measﬁred by gel

permeation chromatography not lower than 4.5 and not

L T —
: * c L " S *
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14. The ethylene'(éo)polymef (A2)-ac¢ordiﬁg to claim 13,

. wherein

'(iii&) the intrihsic viscosity measured at 135°C in

decalin is within a range of 0.2 to 18 dl/g.

15. The ethylene (éo)polymer'(A2)7acc0rding to claims'13
or 14, wherein
(iVM)_the.intrinsic viscosity ([n] (dl/g)) measured

in at'135°C decalin and the melt flow rate (MFR (g/10

miﬁutes)) meaéured under 2.16 kg load at 190°C satisfy

the following ;elations}
Ml > 1.85 x MFR®™ in the case of MFR < 1 and

[n].> 1.85 x MFR"2® in the case of MFR > 1.

" 16. The.ethylene_(cb)polymer-(A2)'according to any one’

of'the_cléims 13 to 15, wherein .

. (va2) the components having'a molecular weight of

500,000 reduced to polYethylene meaéured.by GPC~-IR are

not mdre than 5% by weight in the components eluted at

105°C or higher in a heating elution separation test.

17;' The ethylene (co)pblymer (A2) ‘according to any one

|“th""| i
* Cc L M S *



10

15

20

SF-679

- 363

(via,) the components eluted at-105°C or higher in a

heating eiution.separation test are not more than 5% by -

_ weight in the case the comonomer cdntént is 1.5 mole% or

' higher and the components eluted at 106°C or higher in a

heating elution'separation test are not more than 8% by
weight in the case the comonomer content is less than 1.5

mole%.

'18. The ethylene'(co)polymerl(A2)_according_£o any one

of the cléims'l3:to 17,'whereiﬁ

| (vii#ﬁ the cOmponents_haying a.moiecular_weight of
10,000 or moré reduééd to polyeﬁhylene measured by GPC-IR
among éomponents bbtained.by dissolution of the ethylene
(céipblymer.in b—xylene at 1369C and succéssiﬁé.
precipitation of the dissolved components by cooling to
75;C_in_a poof solvént_ére not more than 30% by weight in

the precipitated éomponents.

. 19. The ethYlene.(c6)pdiymer (A2) according to any one

-of the claims 13 t9 18; wherein

(viii,,) the compbnents obtained by dissolution of
the ephyleﬁe (co)polymer in p-xylene at 130°C and

successive precipitation of the dissolved components by -

* c L N s * .
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. cooling to 75°C in a poor solvent are not more than 15%

in whole ethylene (co)polymer.

20. The ethylene (co)polymer (A2) according to any one
of the claims 13 to 19, wherein .

(ixM)'the components having a molecular_weight.of

: 10,000 or more reduced to polyethylene measured by GPC-IR

among components precipitated by dissolution of the .

'ethylene (co)polymer in p- xylene at 130°C and successive
'prec1p1tat10n of the dlssolved components by coollng to
- 175°C in a poor solvent'are not more than 5% in whole_

. ethylene (co)polymer.

21. The ethylene (co)polymer (A2)_according to'any one
of the claims 13 to 20, wherein

(Xap) the decane soluble components (W (% by welght))

at 23°C and the den31ty (d. (g/cnl)) satlsfy the follow1ng

-relations;

W < 80 x exp(-100 x (d - 0.88)) + 0.1 in the case

MFR < 10 g/10 mlnutes and

W< 80 x (MFR .9)°2°x exp (- ~100 x (d - 0.88)) + 0.1

in the case MFR > 10 g/10 minutes.

A
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22. The ethylene (co)polymer (A2) accordlng to any one

.lof the clalms 13 to 21 whereln

(x1m) the number of branches having a length
equivalent to that of hexyl or longer measured by 13C ~NMR

is less than 0.1 per 1,000 of carbon atoms.

.23. .The ethylener(co)polymer.(A2)-a¢cording to.any one

of the olaims 13 to 22, wherein

(2iim) the.ratio Mw/Mn of the weight average
molecular'weight'(Mn)'andlthe number average molecular
weight.(Mn).calculated from the logarithnic normal
distributionlproduoed by distributing molecular weight
distribntion curves measure by gel permeation
chromatography to'two-same logarithmio normal

distribution curves is within a range,of 3 to 8.

24. The ethylene_(cO)polymer:(AZ) acoording to any one

- of the claims 13 to 23, wherein

(xiii,) components to be eluted at.109°C or higher
in a heating elution-separation test exist and the |
intrlnsic viscosity (tﬂl'(dl/g)) thereof.measured at
135°C 1n decalin and the den31ty (d (g/cm®)) of sa1d

components satlsfy the follow1ng relatlon,

A
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d 20.0003 x ['n]2 - 0.0121 x [n] -+ 0.9874.

 25. ~The ethylene (co)polymer (A2) according to any one
of the clalms 13 to 24 wherein the ethylene (co)polymer

'is a copolymer of ethylene and 1-butene.

26. The_ethylene'(co)polymer'(A2) according to any one

~of the claims 13 to 24 wherein-the'ethylene (co)polymer

'is'a.copolymer'of ethylene and l-hexene.

27. -The:ethyiene_(co)polymer (AZ)'aceordiné to any one_.
of.the.claims 13 to 26, comprisingt |
| (AZ 1) elther ethylene homopolymer or a c¢copolymer of
thylene and an a-olefin of 4 to 20 carbon atoms, hav1ng
(1n4)-the.1ntr1ns1e v1sc031ty (In] a-,) measured at
13S°C_in decalin is within a range of 0.3 to.2.5-di/g;

(iip,,) the number of.methyl'branches measured by

“C-NMR is less than 0.1 per 1,000 of carbon atoms, and

(iiip, ;) Mw/Mn (Mw denetes_the weight average

molecular weight; Mn denotes the number average molecular

weight).measured by gel permeation-chtomatography within

a range of 3 to 8;.and_

| AT R MY A
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(A2-2) either ethylene homopolymer or a copolymer of
ethylene and an a-olefin of 4 to 20 carbon atoms, having

(1M4) the 1ntr1n31c viscosity ([n]AMQ) measured at

'135°C in decalln within a range of 2.0 to 20 dl/g, and

(ii,,5) the number of methyl branches measured by
BC-NMR less than Othper 1;060 of carbon atoms; |

wherein a relation betweenlthe intrineic:viseosity_
l[n] 1) of said ethylene (co)polymer (32-1) and the
1ntr1n51c v1sc051ty (IM] ps-2) of sald ethylene

(co)polymer (A2-2) satlsfy [n] a1 < [n] Azz, and the

'ethylene (co)polymer contalns 10 to 90 parts by weight of
'sald ethylene (co)polymer (A2-1) and 10 to 90 parts by
5we1ght of sald ethylene (co)polymer (A2- 2),'where (A2- 1)

+ (A2—2) = 100 parts by weight.

- 28. The ethylene (co)polymer (A2)'aceording to claim 27,

wherein said'ethylene (co)pelymer (A2-1) satisfies the
fblloWing-relation between'the intrinsic viscosity (([n]
(dl/g)) and the density (d (g/cm)),

d 20.0003 x [‘n]2 - 0.0121 x [n] +'0 9874; in the

caee the 1ntr1n31c viscosity measured at 135°C in decalin

is 0.3 to 1.5 dl/g.

* ¢ L M s =
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29. An ethylene (co)polymer (A3) being either an
 ethy1ene homopolymer.or_a copolymer of ethylene and'an o-

- olefin of 3 to 20 carbon atoms, wherein

(ia3) the3melt tension (MT (g)) at 190°C and the

~ swell ratiO'(SR) calculated from the strand diameter

extruded at 190°C satisfy the relation;
log(MT) > 12.9 - 7.15 x SR; and

 (iiM) the intfinsic viScosity_(fn]”(dlYg)) measured

at 135°C in decalin and the melt flow rate (MFR (g/10

- minutes)) measured under 2.16 kg load at 190°C satisfy

the relations;
[n] >.1.85 x MFR??”.in the case of MFR < 1 and

In] > 1.85 x MFR®*? in the case of MFR 2 1.

30. The ethylene (co)polymer (A3) according to claim 29,

wherein

(iii,;) the weight average molecular weight (Mw)

‘measured by gel permeation chromatogréphy and the swell

ratio (SR) calculated from the strand diameter extruded
at 190°C satisfy the relation;

SR > 4.55 - 0.56 x log(Mw).

T i
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31; The ‘ethylene (co)polymer (A3) accordlng to claims 29

.or 30, whereln

(lVM) the: number ~average molecular welght (Mn), ‘the

weight average molecular weight (Mw), and the Z average

molecular weight'(Mz)‘measured by gel permeation

chrométography satisfy the relations;
Mz/Mw > 7/(1 - 5.5/ (Mw/Mn)), and

Mw/Mn >5.5.

32. The ethylene (co)polymer (A3) according to any one

" of the claims 29 to 31, wherein

(Va3) the_number of ‘the vinyl'groups:at the_moleculer

terminals:calculeted by conversion to that per one

molecular'chain having the same molecular weight as the

number”average molecular Weight is not lower than 0.50.

-33. The'ethylene (ce)polymer (A3) according to any one

of the claims 29 to 32, wherein the ethylene (co)polymer

fis an ethYlene homopolymer or a copolymer of ethylene and

an: a—olefln of 4 to 20 carbon atoms and has methyl

branches measured by 13C—NMR less than 0.1 in number per

1,000 of carbon atoms. _

* c L M S *
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34. An. ethylene (co)polymer (A4) belng an ethylene

homopolymer or a copolymer of ethylene and an a-olefin of

.3 to 20 carbon atoms, whereln

'(iM)'the number_ayerage molecular weight XMn), the

'Weight average molecular'weight (Mw),- and the Z average

ﬁqlecular weight (Mz) measured by gel permeation

chromatography'satisfy the relation;
Mz/Mw > 4/(0.5 - 4.50/(Mw/Mn) - 0.2), and

'Mw/Mn > 9.2.

35. The ethylene (co)polymer (A4) according to claim 34,
wherein - |
(iii,,) the melt tension (MT (g)) at 190°C and the

swell ratio (Sﬁ).caleulated from the strand diameter

extruded at 190°C satisfy the relation;

log(MT) > 12.9 - 7.15 x SR; and

(iVM) the intrinSic viscosity ([n]. (dl/g)) measured

.at 135°C in decalln and the melt flow rate (MFR (g/lO

mlnutes)) measu:ed under_2.16 kg load at 190°C satlsfy

the relatlons,
[n] > 1. 85 x MFR™*? in the case of MFR <1, and

[n]u> 1.85 x MFR™®?? in the case of MFR > 1.

* [ L M s *
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36...The ethylene_(go)polyﬁer_(A4) éccording'to claim 34;
wherein - |
_(ii#) the weight average molecuiar'weight'(Mw)
measufed by.gél pefmea#ion'chromatography and the swell-
fatiol(SRY célcdlated from'the.strand diaheter extruded
at 190°C satisfy thé_relétion;_' |
' SR > 4;55-—.0.56 x log(Mw);

(iiiM) the_melt ﬁension (MT (é)).at 190°C and the
swell_fatio (SR)_calcuiated from thé strand diamétér
extruded'at.190°C.satisfy the relation;

log (MT) > 12.9 - 7.15 x SR; and

(iv,) the intrinsic viscosity (In] (dl/g)) measured

at 135°C ih.decalih'and the melt flow rate (MFR (g/10

miﬁutés))'measuréd ﬁnder 2.16 kg load at 190°C Satisfy

"the relations; -

[nj'> 1.85 x,MFRWJQ'in'the case of MFR < 1, and

[n] > 1.85 x MFR®?? in the case of MFR 2> 1.

37. The ethylené (co)polymer (Ad) accdrding to any one
of the cléims 33'to 36, wherein
(Vas)  the number of the vinyl groups at the molecular

terminals calculated by conversion to that per one

* - C L N S *
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molecular chain having the same molecular weight as the

number.aﬁerage molecular'weight is not lower than 0,50.

.38; The ethylene (co)poiymer (A4) according to any one’

.of the cléims 34 to 37, wherein:the.ethylene-(Co)polymer

is either an ethyiene.homopolymer or a (co)polYmer of

.éthylene and an o-olefin of 4 to 20'¢arbon atoms and has

methyl branches'mea5ured_by 13Cc-NMR less than 0.1 in

. number per 1,000 of carbon atoms.

39. An ethylene'(co)polymer_kAS) being either an

ethylené_homqpolymer or a'copolymer of ethylene and an a- .
olefin of 3‘to.20_carbon'atoms; Whefein

(iss) there are at iéést 2 makimum values and at
least 1 minimum value in_thé mole&ular weight

distribution curve measured by gel_permeation

chromatography and the intensity (W,) of the minimum.

value and the lower intensity (W,) of the maximum values

- having the minimum value between them satisfy;

Wl/ W2 < 0. 85.

40.' The éthyiene (co)polymer (A5) according to claim 39,

L

wherein




10

15

20

 SF-679

373

(iii,) the melt tension (MT (g)) at 190°C and the

-sﬁeil ratio_(SR).calculated.from the strand diametér

extruded at 190°C satisfy the relétion:
log (MT) > 12.9 _7.15 x SR; and
(vim).the intrinsic viscosity ([ﬂ] (dl/g))'measured_'
éf 135°C in_decalin.and tﬁe melt'fiow rété-(MFR (g/iQ.
mihutes)i ﬁeasured under 2.16 kg load ét 190°C'satisfy
the relations;  | |
" [n] > 1.85 x MFR™-'%? in the case of MFR < l;'and -

[q] > 1.85 x MFR™-2%3 in the case of MFR 2 1.

41. The_ethylene (co)polymer (AS) accordihg-to'claim 39,
wherein |

(ii,s) the weight-average moleCulér'weight (Mw)

~-measured by gel_permeétion chromatography and the swell

ratio (SR) calculated from the strand diameter extruded
at 190°C:satisfy'the reléﬁion;

SR > 4.55 - 0.56 x log (Mw);

(iiin) the melt”tension‘(MT (g)) at 190°C and the

swell.ratiO'(SR)-calculatéd from the strandldiameter

~extruded at 190°C satisfy the following_relation;

log(MT) > 12.9 - 7.15 x SR; and

L
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(vipg) the intrinsic viscosity.([n] (dl/gi)lmeasufed'
at 135°C in decalin and the melt flow rate (MFR (g/10

minutes)) measured under 2.16 kg load at 190°C satisfy

'the relations;

[n] > 1.85 x MFR®? in the case of MFR < 1, and

[q] > 1.85 x MFR®?? in the case of MFR 2 1.

42, The ethylene (co)polymer (AS) according to any one

of the claims 39 to 41, wherein

(Vas) the number of the vinYl groups at -the molecular

‘terminals calculated by conversion to that per one.

molecular chain having thé same molecular weight as the

:humber'average'molecular weight is not lower than 0.50.

43. Tﬁe.éthyléné (co)pélyme; (AS) according.to ény bne
of thé biaims'39_£o 42, wherein the ethyléne'(co)pélymér
is either én ethylené homopolymér qr_a'gco)ﬁolymer of
ethylehe.énd an oa-olefin of 4 to 20 cérboh'atoms.and

contains methyl branches measured by 3C-NMR less than

0.1 in number per'l,OOO of carbon atoms.

44, The éthylene (co)polymer compositidn_(Cl—l)

comprising an ethylehé'(co)polymer (Al) accofding to any

L]
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one of the claims 1 to 12 and another un-modified polymer

© (B1).

45. The ethylene (co)polymér composition (Cl-1)

acdording to claim 44; whérein said another polymer (B1) -

~ is an ethyléne (co)polymer (B1-1) other than an ethylene

10

15

20

(co)polymer (Al) écdording to any one of the claims 1 to

12.

46. The.ethylene (cpfpblYmer composition (C2-1)
comprising an ethylené (co)polymer (A2) according to ény -

one of the claims 13 to 28 and another un-modified

polymer (B2}).

47. The ethylene (co)polymer composition (C2-1)
according to claim 46, wherein Said another polymef (B2)
is an efhylene (co)polymer (B2-1) other than an ethylene
(Co)pqumgr_(AZ) aécording to any ohe.of the claims 13 to

28.

48. The'ethylene (co)polymef_compositidn (C3-1)

.comprising an ethylené_(co)polymer (A3) according to any

R
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one of the claims 29 to 33 and another_un-modified

- pelymer (B3).

49. ' The ethylene (co)polymer compoeitiOn (C3-1)

according to claim 48, wherein said another polYmer (B3)
is an ethylene (co)polymer (B3-1) other than an ethylene
(ce)polymer'(A3i.accordihg to any one of the claims 29 to

33.

50. The ethylene (co)polymer eompoeition (C4—1)

_ cemprising an ethylene (co)polymer (A4) aecordinQ to any

one of the claims 34 to 38 and another un-modified

_polymer (B4).

15 -51. The'ethylene (co)polymer composition (C4-1)

20

‘according to claim 50, whefein said another polymef'(B4)

 is an.ethYlene (co) polymer (B4-1) other than an ethylene

(co)polymer (A4)_aecording to any one of the claims 34 to

38.

52. The ethylehe (co)polymer composition (C5;1)

:cbmprising.an ethylene (co)polymer (A5)eaccording to any

S
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: _ohe of the claims 39 to 43 and another un-modified

'f'polymer (BS) .

10

- 15

53. - The ethylene (co)polYmer ¢ompoéition (C5-1)

- according to claim 52, wherein said anothér polymer (B5)

is an éthylene (co)polymer (B5-1) other than an ethylene
(co)polymer (A5) according to any one of the claims 39 to

43.

54. The molded'prbduct'made.of an ethyiene_(co)polymér

: according tc'any one of the claims 1 to 43,

55.  Thé'molded'product-made of an ethylene (co)polymer

. composition according to any one of the claims 44 to 53.

56. The molded product according to claims 54 and 55,

‘wherein the product is either one of a blow molded

product;~an_inflation molded product; a cast molded

product, an extrusion lamination nolded product, an

extrusion'moided product, a foam molded product} and an

. injection molded product.

* € L M s %
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" 57. The molded product according to. cla1m 56 wherein

i the product 1s a pipe

10

15

20

_58; ‘The graft-modlfied ethylene (co)polymer (Al 1)

comprising an ethylene (co)polymer (A1) according to any

. one of the claims 1 to 12, wherein polar group contalnlng

monomer is graft—modified.

59.f The graft—modified ethylene (co)polymer (A2—1)
comprising an ethylene (co)polymer (A2) according to any

one of the clalms 13 to 28, wherein polar group- |

containlng monomer is. graft-modified.

60. The-graftemodified ethylene (co)polymer (A3-1)

comprising an ethylene (co)polymer (A3) according to any

. one of the claims_29,to 33, wherein polar group-

.containing monomer is graft-modified.

61. The graft-modified ethylene (co)polymer (Ad—1) B
comprising'an ethylene (co)polymer (A4) according'to any
one of the claims 34 to 38, wherein polar group- .

containing monomer is graft-modified.

T
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-62Q. The graft—modified ethylene (co)polymer.KAS-l)

'comprising an'ethylehe (co)polymer'(AS)'according'to any
one of the claims 39 to 43, whereih.polar'group-

containing monomer is graft-modified.

- 63. .The graftemodified”ethylene (cé)polymer composition -

(C1-2) comprising graft-modified ethylene (co)polymer
(Al—lf claimed-in claim 58 and another un-modified

polymer (D1l).

' 64. The ethylene (co)polymer composition (Cl-2)

according to-élaim 63, wherein said another polymer (D1)

is an ethylene (co)polymer (Dlel).

65. The graftfmodified_ethylene (co)polymer composition

(C2-2) compfising gfaftfmodified ethylene (co)polymer

(A2-1) claimed in claim 59 and another un-modified

- polymer (D2);

66. The ethylene (co)pblymer.composition (C2-2)

according to claim 65, wherein said another polymer (D2)

is an ethylene (co)polymer (D2-1).

[T
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67. The-graft—modified ethylene (co)polymer composition
(C3 2) comprlslng graft—modlfled ethylene (co)polymer
(A3 1) claimed in clalm 60 and another un-modified

polymer (D3) .

. 68,i The ethylene (co)polymer comp051t10n (CB 2)

accordlng to cla1m 67, whereln said another polymer (D3)

is an-ethylene (co)polymer (D3-1).

69. 'The graft—modified ethylene (co)polymer composition
(C4 2) comprlslng graft—modlfled ethylene (co)polymer

(A4 l) claimed in clalm 61 and another un-modified

polymer (D4).

70, The.ethylene'(co)polymer composition (C4-2)

according to olaim'69, wherein said another polymer (D4)
is an ethylene (co)polymer (D4-1).
v

71. The graft—modlfled ethylene (co)polymer compos1tlon

_(C5 2) comprising graft—modlfled ethylene (co)polymer

(A5-1) clalmed in clalm 62 and another un-modlfled '

polymer (DS)._

) )
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'72;_ The ethylene (co)polymer composition (C5-2)

_accdrding to claim 71, wherein said another polymer (DS)'

is an ethylene (co)polymer. (D5-1).

73. The ethylene (cb)polymer_compositidn (C1-3)

'compiising an ethYlene'(co)pOlymer (Al) according to any

* one of the claims 1 to 12 and-a'graft—mbdified ethylene

(co)polymer (El1).

74ﬂ The-ethylene'(cquolymer Cbmpoéitibn (C2-3)

Comprising an ethylene (co)polymer (A2) according to any

one of the claims 13 to 28 and a graft-modified ethylene

(co)polymer (E2).-

~ 15. The ethylene (co)polymer composition (C3-3)

'cdmprisihg ah:ethylene (co)polymer (A3) according to any

one of the claims 29 to 33 and a graft-modified ethylene

(co)polymer'(EB).

_76. The ethy1ene (cd)polymér composition (C4-3)

comprising ah.ethylene (co)polymer (A4) according to any'

‘one of the claims 34 to 38 and a graft-modified ethylené

(co)polymef (E4).
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77. The:ethylene'(éo)polymer composition (C5-3)
- ‘comprising an.éthylené.(cd)polYmef (A5) according to any
one of thé claims 39 to 43 and a graft-modified ethylene

5. (co)polymer (E5).

Ll



