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SPECIFICATION 

ETHYLENE (CO) POLYMER AND ITS USE 

s Technical Field 

The present invention relates to ethylene 

(co)polymer and its use and more particularly, relates to 

ethylene (co)polymer with excel.lent moldability and 

mechanical properties and the use of the ethylene 

10 (co)polymer. 

Background Art 

Molded products of ethylene (co)polymer such as 

ethylene homopolymer, .ethylene-a-olefin copolymer, and 

lS the .likes are widely used for various kinds of purposes 

including, for example, blow molding products such as 

small containers, e.g .. cosmetic bottles, detergent 

bottles, etc., middle size containers, e.g. petroleum 

cans, ind~strial chemical cans, etc., large size 

20 containers, e.g~ automotive fuel tanks, dru~ cans, etc., 

molded pipe such as pipes for ·sewerage systems, pipes for 

water works, gai pipes, etc., and inflation films to be 

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

products are required to have variou~ properties. 

For example, a blow molding product is produced by 

extrudirig a cylindrical melted resin {parison) from 

5 circular dies, pinching the resultant parison with molds, 

and blow molding for shaping by blowing compressed air. 

Generally, in the case where a large size container is 

produced by blow molding~ a phenomenon of sagging down of 

the parison owing to the self-weight (draw down) may 

· 10 occur or. the thickness ~ay become uneven at the time of 

shaping to result in defective shape of the molded 

products. In order to suppress the draw do~n, ethylene 

(co)polymer with a high melt tension should be.selected. 

On the other.hand, in order to suppress the thickness 

15 unevenness of the molded products or in order to give 

good pinch off shape of the molded products, ethylene. 

(co)polymer with high swell ratio should be selected. 

Further, high impact ·strength or the like is required as 

the demanded ~ro~erties of a blow molding product, and 

.20· today, ·toughness improvement is also _demanded to improve 

the-economical properties. 

A molded pipe is required to have excellent pipe 

fatigue characteristics, mechanical strength, and the 
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likes. As a test for pipe fatigue properties, 
. . 

pr~ctically a hdt inner pressure creep test, a notched 

tensile creep test, a notched ~ensile fatigue test, etc., 

are performed and it is desirable for the molded pipe to 

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

toughness imp~ovement for improvement of the economical 

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

excellent moldability for saving electric power 

consumption is also demanded. 

10 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 melted form 

(a bubble) extruded at the time of molding .;3,nd for that, 

15 et_hylene. ·(co) polymer with high melt tension should be 

selected. 

The inventors of the present invention, in 

consideration with conventional technology, have studied 

ethylene (co)polymers capable of providing molded 

20 products with excellent m·oldability and particularly 

ex~ellent mechanical strength and found that ethylene 

polymers and copolymers of ethylene and an a,-olef in of 4 

to 20 carbon atoms Scarcely containing methyl branches 
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have excellent moldability and that molded products made 

of these ethylene (co)polymers especially have excellent 

mech~nical properties. 

Further, the following ethylene (co)polymers are 

5 found having excellent moldability and molded products of 

the ethylene (co)polymers have excellent mechanical 

properties; ethylene (co)polymers satisfying respectively 

specified relations betweeri the melt ten~ion and the 

swell ratio and between the intrinsic viscosity and the 

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

specified relation of the number average molecular weight, 

the weight average molecular weight and th~.Z-average 

molecular weight, and ethylene (co)polymers having at 

least 2 relative maximum values and at least 1 relative 

15 .minimum value in the molecular weight distribution curve 

respectively having the intensity satisfying a specified 

relation of the intensity of the relative minimum value 

and the. lower intensity. of the relative maximum values. 

· Finding that compositions c.ontaining such ethylene 

20 (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 containing such graft-modified ethylene 

(co)polymers, the inventors reach the present invention. 

The ethylene ('co)polymers produced by conventionally. 

known methods using a Ziegler catalyst· described in 

s· Japanese Patent No. 821037, a metallocene catalyst and a 

chromium catalyst described in Japanese Patent Laid-Open 

No. 9-183816, a constrained geometric catalyst (CGC) 

described i'n WO No. 93/08221, and a catalyst containing 

Ta, Nb complexes described in Japanese Patent Laid-Open 

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

produced by a convent~onally kn.own high pressure ·radical 

catalyst method contain a relatively large number of 

methyl branches ·in a molecular chain. If methyl branches 

exist in ethylene (co)polymer, the methyl branches are 

15 · taken in crystals and make the crystals weak and the 

mechanical strength is, therefore, supposed to be lowered. 

In the case an ethylene homopolymer or a copolymer 

of ethylene and .an a-olefin is produced by a 

conventionally known m.ethod using a catalyst such as 

20 ab6ve described catalysts, the following problems. 

sometimes happen to.occur. 

In the case of using a Zieglar catalyst, it becomes 

a problem that the produced ethylene (co)polymer contains 
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hard and fragile components since the ethylene 

·.(co) polymer· scarcely contains a-olefin and that the 

produced ethylene (co)polymer contains soft and weak 

· components since a-olefin is·. excessively copolymerized. 

S The components produced by excessive copolymerization of 

a-olefin may be a cause of sticky properties.· 

In the case of using a metallocene catalyst, it 

becomes a problem· that an ethylene (co)polymer with a 
. ', 

remarkably high molecular weight is hardly obtained. 

10 In the case of using a chromium catalyst, it becomes 

·a proble.m that the produced ethylene (co) polymer contains 

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 

15 .that the produced ethylene (co)polymer contains hard and 

fragile components owing to scarce content of a-olef i.n 

and that the produced ethylene (co)polymer contains soft 

and weak components owing to excess copolymerization of 

a-olefin~ 

20 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 (co)polymer produced by a 

conventionaliy known high pressure radical catalyst 

method contains branched long chains to result in narrow 

molecular extensiqn and, therefore, the mechanical 

5 strength is low. 

In the case of using a catalyst containing Ta, Nb 

complexes, the produced ethylene (co)polymer is a low 

ratio Mw/Mn of the weight average molecular weight (Mw) 

to the number average molecular weight (Mn) measured by 

10 GPC as molecular weight distribution indexes, so that the 

moldability is inferior. 

Disciosure of the Invention 

· An ethylene (co)polymer (Al) of the present 

15 invention is an ethylene homqpolymer or- a copol:Ymer of 

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

characterized by containing 

20 

(iA1 ) methyl branches less than 0 .1 in number per 

1, 000 · carbon atoms measured by 13C-NMR and having 

(jiAf) Mw/Mn (Mw denotes the weight average molecular 

weight, Mn denotes the number average molecular weight) 

measured by gel permeation 'chromatography not lower than 

1.8 and lower than 4.5. 
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It is preferable for the ethylene (co) polymer· (Al) 

to satisfy at lea~t one of the ·following requirements 

(iii~!) to (xro) in addition to the above described 

requirements (iA1 ) and (iiAi) : 

5 (iiiA1 ). the intrinsic viscosity measured in decalin 

at 135°C is within a range of 0.2· to 18 dl/~: 

· (ivA1 ) the intrinsic viscosity ( [11] (dl/g)) and the 

density (d (g/cm3
)) satisfy.the following relation; d 

~O.Ob03 x £11] 2 
- 0.0121 x 1111 + 0.9874; in the case the 

10 intrinsic viscosity measured in decalin at 135°C is 0.3 

to 1.5 dl/g: 

• (vA1 ) the intrOinsic viscosity · ( [T]] (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 

. 15 following relations; [TJ] > 1. 85 x MFR-0
•
192 in the case of 

MFR < 1 and [TJ] > L 85 x MFR-0
•
213 in. the case of MFR .~ 1: 

(viA1 ) the components to be eluted at 105°C or .higher 

in a heating elution _separation test are 9% by weight or 

lower in the case the comonomer content is 1.5 mole% or 

20 higher and the components to be eluted at 106°C or higher 

in a heating elution separation test are 8% by weight or 

lower in the case the comonomer content is less than 1.5 

mole%: 
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(viiA1 ) the amount of the components precipitated 

when the ethylene (co)polymer is dissolved in p-xylene at 

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

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

5 based on the ethylene {co)polymer: 

{viiiA1 ) the decane-soluble components (W (% by 

weight)) at 23°C and the density· {d {g/cm3
)) satisfy the 

following r«?lations; W < 80 >< exp(-100 >< (d - 0.88)) + 

0 .1 in the case MFR S 10 g/10 minutes. and W < 80 x (MFR -

10 9) 0 ~ 26 x exp(-100 >< (d - 0.88)) + 0.1 in the case MFR> 10 

g/10 minutes: 

(ixA1 ) 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 

15 calorimeter satisfy the following relations; Tm S 135.0 -

10.0K in. the case K = 0 .. 1 to 1.5 mole%; Tm S 121.9 - l.3K 

iri the case K = 1.5 to 5.5 mole%; and Tm S 139.7 - 4.5K 

in the case K = 5.5 to 20 mole%: and 

(xA1 ) the number of branches having a length 

20 equivalent 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 

ethylene-1-butene copolymer or ethylene-1-hexene 

copolymer. 

The ethylene (co)polymer (Al) is produced by 

5 polymerization of solely ethylene or copolymerization of 

ethylene and an a-olefin of 4 to 20 carbon atoms in the 

presence of an olefin polymerization catalyst comprising, 

for example, (al) a transition metal compound having the 

following general formula (I) and, if necessary, (b) at 

10 least one compound selected from (b-1) an organometallic 

compound, (b-2) an organoaluminum oxy compound, and (b-3) 

a· compound capable of forming ion pairs by reaction on 

the transition· metal compound. 

15 

(I) 
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(where, M denotes a transition metal atom selected from 

the ~roup IV and the group V of the periodic table; m 

denotes 1 or 2; R1 denotes an aliphatic hydrocarbon group 

of 5 or more carbon atoms in total which may be 

5 substituted by aromatic hydrocarbon group or alicyclic 

hydrocarbon group or·alicyclic hydrocarbon group of 7 or 

more carbon atoms in total which may be substituted by 

aromatic hydrocarbon group or aliphatic hydrocarbon 

group; R2 to R5 may be the same or different to one 

10 ·another and denote hydrogen atom, a hydrocarbon.group, 

hydrocarbon group-substituted silyl, an oxygen-containing 

group, a .nitrogen-containing group, or a sulfur-:­

containing group and of which two or more group may be 

bonded to one another· to form a ring; R6 denotes a 

15 hydrocarbon group or a hydrocarbon-substituted silyl 

group; in the case m is 2, at. least one of the groups 

denoted as R2 tb R6 belonging to any one of.the ligands 

may be bonded to at least one of the groups denoted as R2 

to R6 belonging to another ligan~; in the.case mis 2, 

20 respective R1
, respective R\ respective R3

, respective R4, 

respective R5
, and respective R6 may be the same or 

different to one another; n denotes a number satisfying 

the valence of M; X denotes hydro.gen atom, a halogen atom, 
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a hydrocarbon group, an oxygen-containing group, a 

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

boron-containing group, an aluminum-containing group, a. 

phosphorus-containing group, a halogen-containing group, 

5 a heterocyclic compound residue group, a silicon-

containing group, a germanium-containing 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 ring) • 

10 An ethylene (co) polymer (A2) of the present. 

invention is an ethylene homopolyni.er or a copolymer of 

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

characterized by containing 

(iA2 ) methyl branches less· than 0 .1 in nu·mbe:t per. 

15 . 1, 000 carbon atoms measured by 13C-NMR and having 

(iiA2 )· Mw/Mn (Mw denotes the weight average molecular 

weight, Mn denotes the number average molecular weight) 

measured by gel permeation chromatography not lower than· 

4.5 and not higher than 60. 

20 It is preferable for the ethylene (co)polymer (A2) 

to s~tisfy at least one 6f the following requirements· 

(iii~) to _(xiii~) in addition to the above described 

requirements (iA2 ) ·and (ii,..~): 
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(iiiA2 ) the intrinsic viscosity measured in decalin 

at 135°C is within a range of 0.2 to 18 dl/g: . 

(-ivA2 ) the intrinsic viscosity ( [fJ] (dl/g)) measured 

in decalin at l35°C ahd the melt flow rate (MFR (g/10 

5 minutes) measured under 2.16 kg load at 190°C satisfy the 

following relations; [fJ] > 1.85 x MFR~~~ in the case of 

MFR < 1 and [fJ] > 1. 85 x MFR-0
•
213 in the case of MFR ~. 1: 

(vA2). components having a molecular weight of 500, 000 

reduced to polyethylene measured by GPC-IR in.the 

10 components eluted at 105°C or higher in a heating elution 

separation test are not more than 5% by weight: 

(viA2 ) the components eluted at 105°C or higher in a 

heating elution separation test are not more than 5% by 

weight in the case the comonomer content is 1.5 mole% or 

15 higher and the components eluted at 106°C or higher in a 

heating elution separation test are ·s% by weight or lower 

in the case the comonomer content is less than i.5 mole%: 

· (viiA2) the components having a molecular weight of 

10,000 reduced to the polyethylene measured by GPC~IR 

20 among 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 

poor solvent, are 30% by weight or lower: 
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(viiiA2 ) the· components precipitated, when dissolving 

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

to 75°C, then pr~cipitating the dissolved components in a 

poor solvent, are 15% or lower in the whole ethylene 

5 (co) polymer: 

(ixA2) the components having· a molecular weight of 

10,000 reduced to the polyethylene measured by GPC-IR 

among components precipitated, when dissolving the 

ethylene (co)polymer in p-xylene at J_30°C and cooling to 

10 75°C, then precipitating the dissolved components in a 

poor solvent, are 5' or lower in the whole ethylene 

(co) polymer: 

(xA2} the decane-soluble components (W (% by weight)) 

at 23°C and the density (d (g/cm3
)) satisfy the following 

15 relations; W .< 80 x exp(-100 x (d -- 0.88)). + 0.1 in the 

case MFR :s;; 10 g/10 iniriutes and W < 80 x. (MFR .... · 9) 0
•26 >< 

expt-100 x (d - 0.88)) + 0.1 in the case MFR> 10 g/10 

miriutes: 

(xiA2 ) the number of branches having a length 

20 equivalent to that of hexyl or longer measured by l
3C-NMR 

is less than 0.1 per 1,000 of carbon· atoms: 

(xii~} the ratio Mw/Mn of the Weight average 

molecular w~ight (Mw} and the number average.molecular 
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weight (Mn), calculated from the logarithmic normal 

distribution produced by distributing molecular weight 

distribution curves measured by gel permeation 

chromatography to two same logarithmic normal 

· 5 distribution curves, is within a range of 3 to 8: and 

. (xiiiA2 ) there exist components to be eluted at 109°C 

or higher in a heating elution separation test and the 
., 

intiinsic viscositi ([11) (dl/g)) measured at 135°C in 

decalin and the density (d (g/cm3
)) of the components 

10 satisfy the following relation; d ~0.0003 ~ [11] 2 ~ -0~0121 

x [11] + 0.9874. 

The ethylene (co)polymer (A2) is preferably a 

copolymer of ethylene and 1-butene or a copolymer of 

ethylene and 1-hexene. 

15 The ethylene (co)polymer (A2) includes one which 

comprises 

(A2..,..l) either ethylene homopolymer or a copolymer of 

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

(iA2_1 ) the intrinsic viscosity ( £11h2_1 ) measured in 

20 decalin at 135°C withiri a range of 0.3 to 2.5 dl/9, 

( ii.A2_1 ) the number of methyl branches· measured by 

13C-NMR less than O~l per 1,000 of carbon atoms, and 
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(iiiA2_1 ) Mw/Mn. (Mw ·denotes the weight average 

molecular weight, Mn denotes· the number average molecular 

weight) measured by gel permeation chromatography within 

a range of 3 to 8; and 

(A2-:-2) either ethylene homopolymer or a copolymer of 

ethylene and an a.-olef in of 4 to 20 carbon atoms having 

(iA2_2 ) the intrinsic viscosity ( [T]]A2_2 ) measured in 

~ecalin at 135°C within a range of 2.0 to 20 dl)g ~rid 

(iiA2_2 ) the number of methyl branches measured by 

10 13C-NMR less than 0.1 per 1,000 of _carbon atoms, and has 

a relation the intririsic viscosity ([1']]~_1 ) of the above 

described ethylene (co)polymer (A2-1) and the intrinsic 

viscosity ([T]]A~2 ) of the above described ethylene 

(co) polymer (A2-2) satisfying [T]]A2 _1 < [T\]A2~2 , and 

15 contains 10 to 90 parts by weight of the above described 

ethylene (co)polymer ·(A2-l). and 10 to 90 parts by weight 

of the above described ethylene (co)polymer (A2-2) 

(wherein (A2-l) + (A2-2) = 100 parts by weight). 

It is preferable for the ethylene (co)polymer (A2-1) 

20 to ~atisfy the following relation between the intrinsic 

viscosity ( [T]] (dl/g)) and the density (d (g/cm3
)); d. 

~0.0003 ~ [1']] 2 
- 0.0121 x [T]] + 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 

inventioh, is an ethylene homopolymer or a copolymer of 

5 ethylene and an a~~lefin of 3 to 20 carbon atoms and is 

·character~zed by ha~ing 

(iA3) the melt tension (MT (g)) at i90°C and the 

swell ratio (SR) calculated from the strand diameter 

extruded at 190°C satisfying the ~ollowing relation;. 

10 log (MT) > 12. 9 - 7 .15xSR; and 

(iiA3 ) the intrinsic vis·cosity ([fl] (dl/g)) measu~ed 

in decalin at 135°C and the melt flow rate (MFR (g/10 

minutes) measured under 2.16 kg load at 190°C ~atisfying 

the following relations; [TJ] > 1. 85 x. MFR-0
•
192 in the case 

15. of MFR < 1 and [rj] > 1. 85 x MFR-:0
•
213 in the case of MFR ~ 

1. 

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

to satisfy at least one of the following requirements 

(iiiA3 ) t'o (vA3 ) in· addition to the above described 

20 requirements (iA3 ) and (iiA3 ): 

(iii~) the weight average molecular weight (Mw) 
. . 

measured by gel permeation chromatography and the.swell 

ratio (SR) calculated from the strand diameter extruded 
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at 190°C satisfy t~e following relation; SR > 4.55 - 0 .. 56 

x log (Mw) : 

. (ivA3 ) the nunlber average molecular. weight (Mn), the 

weight average molecular weight (Mw) and the Z average 

5 molecular weight (Mz) measured by gel· permeati.on 

chromatography satisfy the following relations;·Mz/Mw ~ 

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 

10 m.olecular chain having the same molecular weight as the 

number average molecular weight, is 0. 50 or higher. 

The ethylene (co)p~lymer {A3) is preferably an 

ethylene homopolymer or a-copolymer of ethy~ene and an a­

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

15 methyl branches me·asured by 13C-NMR less than 0 .1 per 

1,000 of carbon atoms. 

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

·invention is an ethylene homopolymer or a copolymer of 

ethylene and an a.-olef in of 3 to 20 carbon atoms and is 

20 characterized by having 

(iA4) the number average molecular weight ·(Mn), the 

weight average molecular weight (Mw), and the Z average 
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molecular weight (Mz) measured by gel permeation 

chromatogr_aphy satisfying the following relation; 

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

9.2. 

5 It is preferable for the ethylene (co)polymer {A4) 

to satisfy the following requirements (iiiA4) arid (ivA4 ) 

or to satisfy the following requirements (iiM) and (ivM) 

in addition to the above described requirements . (iA4): 

(iiM) the weight average molecular weight _ (Mw) 

10 measured by· gel permeation chromatography and the swell 

rati·o (SR} calculated from the strand· diameter extruded 

at 190°C satisfy the f_ollowing relation; SR > 4. 55 -:-- O. 56 

x log(Mw): 

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

15 swell ratio (SR) calculated from the strand diameter 

·extruded at 190°C satisfy the following relation; log(MT) 

> 12.9 - 7.15xSR; and 

(ivA4 ) the intrinsic viscosity ([fl] (dl/g)) measured .. 
in.decalin at 135°C and the melt flow rate (MFR (g/10 

20 minutes) measured under 2 .16 kg load at 190°C satisfy the 

following relations; [11] > 1. 85 x MFK0
•
192 in ·the case of 

MFR < 1 and [l]] > 1. 85 x MFR-0
·
213 in the Case of MFR -~ 1. 
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The e.thylene (co) polymer (A4) preferably satisfies 

the following requirement (vA4 ) in addition to the ~bove 

described requirements. 

, (vA4 ) the number of the vinyl groups at the molecular 

5 terminals, calculated by conversion to that per one .. 

moiecular chain having the same molecular weight as the 
. . . 

numb.er average molecular weight, is 0. 50 or higher. 

The ethylene (co)polymer (A4) is preferably an 

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

10 olefin 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. 

An ethylene (co)polymer (A5) of the present 

invention is an ethylen~ homopolymer or a copolymer of 

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

characterized by having 

(iA5 ) at least 2 relative maximum values and at least 

1·relative minimum value in the.molecular weight 

distribution curve measured by gel permeati6n· 

20 · chromatography and the intensity (W1 ) of the relative 

minimum value and the lower intensity ,("W2 ) of the 

relative maximum values having the relative minimum value 

.between them satisfyihg; W1 /W2 < 0.85. 
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The ethylene (co)polymer (AS) is preferable to 

Satisfy the following requirements (iiiA!:,) and (ViA5) Or 

to satisfy the following requirements (ii}\5 ) and (viA5) in 

addition to the above described requirements (iA5 ) : 

5 (iiA5 ) the weight average molecular weight (Mw) 

10 

measured by gel permeation.chromatography and the swell 

ratio (SR) calculated from the strand diameter ~xtruded 

at 190°C satisfy the following relation; SR > 4.55 - 0.56 

x log(Mw): 

(iii~) the melt tensi0n (MT (g)) at 190°C and .the 

swell ratio (SR) calculated from the strand diameter 

extruded at 190°C satisfy the following relation; log(MT) 

> 12.9 - 7.15xSR; ~nd 

(viA5) the intrinsic viscosity ( £111 (dl/g) ). measured 

15 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; [Tl] > 1. 85 x MFR"'"0
•
192 in the case of 

MFR < 1 and .£111 > 1. 85 x MFR-0
•
213

. in the case of MFR ;;::: 1. 

The ethylene (co)polymer (AS) preferably satisfies 

20 the follo.wing requirement (vA5 ) in addition to the above 

described requirements. 

(vA5 ) the number of the vinyl groups at the molecular. 

terminals, calculated by conversion to that per one 
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molecular chain having the same molecular weight as the 

·number average molecular weight, is O.SO or higher. 

The ethylene (co)polymer (AS) is preferably an 

ethylene homopolymer or a copolymer of ethylene and an a-

5 olefin 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. 

The ethylene (co)polymers (Al) to (AS) have 

excellent m6l~ability and excellent ~echanical ~trength. 

·10 An ethylene (co)polyrner c:omposition (Cl-1) of the 

present invention_ is characterized by comprising the 

above described ethylene (co)polymer (Al) and an un­

modified other polymer (Bl). 

The above described polymer (Bl) is preferably an 

15 ethylene (co) polymer (Bl-1) other than the ethylene 

(co)polymer. (Al) •. 

An ethylene (co~polymer composition (C2-1) of the 

present invention is characterized by comprising the 

above described ethylene ·(co)polymer (A2) and an un"" 

20 modified other polymer (82) . 

The above described polymer (82) is preferably an 

ethylene (co)polymer (B2-l) other than the ethylene 

(co) polymer (A2). · 
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An ethylene (co}polymer composition (C3-1} of the 

present invention is characterized by comprising the 

above described ethylene (co}polymer (A3} and an un­

modified other polymer (B3). 

S The above described polymer (B3) is preferably an 

ethylene (co)polymer (B3-1) other than the ethylene 

(Co) polymer (A3). 

An ethylene (co)polymer composition (C4-1) of the 

pr.esent invention is characterized by comprising the 

10 above described ethylene (co)polymer (A4) and an un­

modified other polymer (B4). 

The above described polymer (·B4) is preferably an·. 

ethylene (Co)polymer (B4-1) other than the ethylene 

(co) polymer (A4). 

15 An ethylene (co)polymer composition (CS-1) of the 

present invention is characterized by comprising the 

_above described ethylene (co) polymer (AS) and an un­

modified qther polymer (BS) . 

The-above described polymer (BS) is preferably an 

20 ethylene (co)polymer (BS~l} other than the ethylene 

··cco)polymer (AS). 
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The ethylene (co)polymer compositions (Cl-1) to (CS-

1) have excellent moldability ahd excellent mechanical 

strength. 

A molded product of the present invention is 

5 characterized by being made of a polymer or a composition 

selected from the above described ethylene (co)polymers 

(Al) to (AS) or the above described ethylene (co ).polymer 

compositions (Cl-1) to (C5-l). 

Examples of the molded products are; a product by 

10 . blow molding, a product by tubular film process, a 

product by casting, a.product by extrusion lamination 

molding,. a product. by extrusion molding, a product by 

foaming, and a product by injecti6n molding. 

As the molded product, a product by· blow molding, .a 

15 product by extrusion molding, a.product by foaming, and a 

product by injection molding are preferable and among 

them, a_pipe is especially preferable. 

A molded product made of polymers or compositions 

selected from the ethylene (co.)polymers (Al) to (AS) and 

20 the ethylene (co)polymer comp6sitions ·ccl-1) to (CS-1) is 

excellent moldability and excellent mechanical str~ngth. 

A graft-modified ethylene (co)polymer (Al-1) of the 

present invention is characterized by being produced by 
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~raft-modification of the above described ethylene 

(co")polymer (Al) having a polar group-containing monomer. 

A graft-modified ethylene (co}polymer (A2-1) of the 

present invention is characterized by being produced by 

5 graft-modification of the above described ethylene 

(co)polymer (A2) having a polar group-containing monomer. 

A graft-modified ethylene (co)polymer·(A3.:...1) of.the 

prese~t invention is ~haracteriz~d by being produced by 

~raft-modification of the above described ethylene 

10 · (co ),polymer (A3) having a polar group-containing monomer. 

. · . A graft-modified ethyler{e (co) polymer . (A4-1) of the . 

pre.sent inv.ention is characterized by being produced by 

graft-modification of the above described ethylene 

(co)polymer (A4) having a polar group-containing monomer. 

15 A g~aft...:..modified ethylene· (co) polymer (AS-1) of the 

present invention is characterized by being produced by 
. . 

graft-modification of the above described ethylene 

(co)polymer (AS) having a polar group-containing monomer. 

The graft-modified ethylene (co)polymers (Al-1) to 

20 ~AS-1) have high adhesion strength to a material with· 

high polarity, excellent mechanical strength, and 

excellent moldabilit~ in various forming and molding 

methods. 
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A graft-modified ethylene (co)polymer composition 

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

comprising the above described graft-modified ethylene 

(co) polymer (Al-1) and another un-modified polymer (Dl). 

5 The un-modified polymer (Dl) is preferably an 

ethylene (co) polymer (Dl-1). 

A graft-modified ethylene (co)polymer composition 

(C2~2) of the present invention is characterized by 

comprising the above.described graft-modified ethylene 

10 (co) polymer (A2...,-l) and another un-modified polymer (D2). 

The-un-modified polymer (D2) is preferably an 

ethylene (co)polymer (02-1). 

A graft-modified ethylene (co) polymer composition .· 

(C3-2) of the present invention is characterize~ by 

15 · comprising the above described graft-modified ethylene 

(co) polymer _(A3-i°) · and another· un-modi;Eied polymer (03). 

The un-modified polymer (03) is preferably an 

ethylene (co) polymer .(03-1) .• 

A graft-modified ethylene (co)polymer.composition 

20 (C4-2} of the prese.nt invention is characterized by.· 

£omprising the abo~e described graft-modified ethylene 

(co)polymer (A4-1) and another un-modified polymer (04). 



SF-679 

·. 27 

The un..,..modif .:i.ed polymer (04) is prefe'rably an 

ethylene (co)polymer (04-1). 

A graft-modified ethylene (co)polymer composition 

(CS-2) bf the piesent invention is characterized by 

5 .· comprising the above described graft-modified ethylene 

(co)polymer (AS--1) and another Un-modified polymer (05) . 

The un-modified polymer. (05) is preferably an 

ethylene (co)polymer (05-1). 

The graft-modified ethylene (co)polymer compositions 

10 (Cl-2) to (CS-2) have.high adhesion strength to a 

material with high polarity, excellen~ mechanical 

strength, and excellent moldability in various forming 

and molding methods. 

An ethylene ~co)polymer composition (Cl-3) bf the 

15 present invention is characterized by comprising. the 

above described ethylene (co).polymer (Al) ahd a graft­

modified ethylene (co) polymer (El). 

An ethylene (co)polymer composition (C2-3) of the 

present invention is characterized by comprising the 

·20 above described ethylene (co) polymer (A2) and a graft­

modified ethylene (co) polymer (E2). · 

An ethylene (co)polymer composition (C3-3) of the 

present invention is characterized by comprising the 
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above described ethylene (co) polymer (A3) and a graft.­

modified ethylene (co)polymer (E3). 

An ethylene (co)polymer composition (C4-3) of the 

present invention is characterized by comprising the 

5 . above described ethylene (co) polymer (A4) and a graft_: 

modified ethylene (co)polymer (E4). 

An ethylene (co)polymer composition (CS-3) .of the 

present invention is characterized by compris:j.ng the 

above described ethylene (co)polymer (AS) and a graft-

10 modified ethylene (co)polymer (ES). 

15 

20 

The ethylene (co)polymer compositions (Cl-3) to (C5-

3) have high adhesion strength to a material with high 

polarity, excellent mechanical strength, and excellent 

moldability in various forming and molding methods. 

Best Mode for Carrying Out the Invention 

·The ethylene (co)polymers of the present invention 

and their utilization will particularly be described 

below. 

Ethylene lcolpolymer <All 

An ethylene (co)polymer (Al) of the present 

invention is an ethylene homopolymer or a random 
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copolymer of ethylene and an a-olefin of 4 to 20 carbon 

atoms. 

The a.-olef in of 4 to 20 carbon· atoms may be,· for 

·example, a straight chain or branched a.-olef in of 4 to 20 

5 carbon atoms such as 1-butene, 1-pentene, 3-methyl-1-

. butene, 1-hexene, 4-methyl-1-pentene, 3-methyl-1-pen1'.:ene., 

1-6ctene, 1-decene, 1-dodecene, 1-tetradecene, l~ 

hex~decene, l-octadecene1 and 1-eicocene; and a cyclic 

olefin of 4 to 20 carbon atoms such a5.cyclopentene, 

10 cycloheptene, norbornene, 5-methyl-2-norbornene, 

tetracyclododecene, 2-methyl-1,4,5,8-dimethano-

1,2, 3,4;4a,5, 8,8a-octahydronaphthaiene. Among ·them, 1-· 

butene and 1-hexene are preferable. 

The ethylene (co)polymer (Al) contains normally 50 

15 to 100% by weight, preferably 55 td 100% by weight, 

further preferably 65 to 100% by weight, and most 

preferably 70 to 100% by weight of i repeated unit 

derived from ethylene and 0 to 50% by weight, preferably 

0 to 45% by ~eight, further preferably 0 to 35% by weight, 

20 and most preferably 0 to 30% by weight of ·a repeated unit 

deriv~d from a.-6lefin of 4 to 20 carbon atoms. 

The ethylene (co)polymer (Al) is 
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(iA1) methyl branches less than 0 .1, preferably less 

than 0.08, in number per 1,000 carbon atoms measured by 

13C-NMR. 

Since such a polymer has a tough crystal.structure, 

· 5 the polymer has excellent mechanical strength. 

The ethylene (co)polymer (Al) is 

(iiAi) Mw/Mn (Mw denotes the weight average molecular 

weight·, Mn denotes the number average molecular weight) · 

measured by gel permeation chromatography (GPC) not lower 

10 . than 1.8 and lower than 4.5, preferably not lower than 

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 

mechanical strength. 

15 The ethylene (co)polymer (Al) is further preferable 

to have Mz/Mw (Mz denotes Z average molecula~ weight) 

measured by GPC not hi_gher ·.than Mw/Mn. 

-It is preferable for the ethylene (co) polymer (Al) 

to satisfy ai least one of the following requirements · 

20 (iiiM) to (xM) in addition to the above described 

requirements ( iA1 ) and ( ii ... i) .• 

(iiiA1 ) th~ intrinsic viscdsity measured in decalin 

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 mo~t preferably 

1. 7 to 7 . s dl I g • 

An ethy.lene (co) polymer having the intrinsic 

5 visciosity lower than the above describ~d ranges is 

insufficient strength·since the crystal is weak and an 

ethylene (co)polymer having the intrinsic viscosity 

higher than the above described ranges is sometimes 

··provided with ·insufficient rigidity or sometimes becomes 

10 dif·ficult to be molded. 

(ivA1 ) The intrinsic viscosity ( [T]] (dl/g)} ·.and the 

density (d . (g/cm3
}} satisfy the relation; d ~o. 0003 x 

[T]] 2 
- o.·0121 x [q] + 0.9814, preferably d ~0.0010 x [T]] 2 

- 0.0145 x [T]] + 0;9900; in the case th~ inirinsic 

15 vis6osity measured in decalin at 135°C is 0.3 to 1.5 dl/g, 

preferably 0.4.to 1.0 dl/~, and fuither preferably 0.5 to 

0.9 dl/g. 
·, 

An ethylene (co)polymer having the intrinsic 

viscosity and the density satisfying the above described 

20 relation is especially excell~nt in rigidity. 

(vAi) The intrinsic. viscosity ( [T}] (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 
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relations; [TJ] > 1. 85 x MFR-0
·
192

, preferably [TJ] > 1. 95 x 

· MFR-0
•
192

, in the case of MFR < 1. and [TJ] > 1. 85 x MFR·0
•
213

, 

preferably [TJ] ·> 1. 95 x MFR-0
•
213

, . in the case of MFR ~ 1. 

An ethylene (co)polymer having the intrinsic 
. . . 

5 viscosity and MFR satisfying the above described· 

relations is characterized by, for example, excellent 

mechanical strength of a molded product. 

(viA1 ) The components to be eluted at 105°C or higher 

in a heating elution separation test are normally 5% by 

10 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 weight or lower, in the case' the 
. J 

15 comonomer content is less than 1. 5 mole%'· preferably not 

less thart 0.4 mole% and le~s than 1.5 mole%. 

An ethylene (co)polymer satisfying the above 

described requirement~ contains a. few ethylene 

homopolymer components and is· excellent mechanical . 

. 20 strength. 

(viiA1 ) The components precipitated, when the 

ethylene (co)polymer is dissolved in p;...xylene at 130°C 

and theri cooled to 75°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. It is preferable to 

satisfy t~e above described requirement .in the ca~e the 

comonomer content of·the ethylene (co)polymer is 0.8 to 

· 5 2 . 0 mo 1 e % • 

· The ethylene (co) polymer (Al) satisfying the above. 

described requirements contains a few components having a 

la·rge qti.anti ty of comonomers and is excellent mechanical 

strength .. 

10 (viiiA1 ) The decarie-soluble components (W (% by 

weight)) at 23°C and the density (d (g/cm3
)) satisfy the 

following relations; w < 80 x exp(-100 x (d - 0.88)) + 

0.1, preferably W < 60 x exp(-100 x (~·- -0.88)) + 0.1, 

in the case MFR S 10 g/10 minutes and W < 80 x (MFR -

- 15 9) 0
•
26 x exp(-100 x (d - 0.88)) + 0.1 in the case MFR > 10 

g/lO_minutes. 

.20 

The ethylene (co)polymer satisfying the above 

described requirements· is excellent mechanical strength 

.and is scarcely sticky. 

(ixA1 ) 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 

calorime~er satisfy the foll6wing relations; Tm S ~35~0 -
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10.0K, ~referably T~ S 135.0 - 10.7K, in the case K = 0.1 

to 1.5 mole%;.Tm s 121.9 - 1.3K, preferably Tm S.120.5 -

Kin the case. K = 1.5 to 5.5 mole%; and Tm S 139.7 -:- 4.SK, 

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

5 rnole%. 

The ethylene (co)polyrner satisfying the above 

described requirements is a narrow composition 

distribution and is excellent in mechanical strength, 

heat seal p~operty, and the likes. 

10 . (xA1) The number of branches having a length 

equivalent to that of hexyl or longer measured by 13C-NMR 

is less than 0.1, preferably less than 0.03, per 1,000 of 

carbon atoms . 

. In the case long chain branches exist, th~ brariches 

15 are detect~d as hexyl or higher groups and in that c~se, 

the mecha.nical strength. is lowered .. The ethylene 

(co) polymer satisfying the above des·cribed requirements, 

therefo~e, is e~cel~ent in mechanical strength. 

The methods for measuring above described respective 

20 physical properties will be described lat~r. 

Production method of the ethylene {co)polymer {Al> 
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The above desc·:ribed ethylene (co)polymer (Al) can be . 

produced by polymerizing solely ethylene or· 

copolymerizing et_hylene and an a-olefin of. 4 ·to 20 carbon 

atoms- in the presence of, for example, an olefin 

·5 polymerization catalyst described below. 

Th~ word, 'polymerization', appearing in the present 

detailed description may be used fo;r meaning not only 

homopolymerization .·but also copolymerization . 

.. An olefin polymerization catalyst to be employed. for 

10 an ethylene (co) polymer (Al) of the present invention 

comprises 

(al) a transition metal compound having a general 

formula (I) described below and, if ·necessary, 

(b) at least one of compounds selected from 

15 (b-1) an organometallic compound, 

(b-2) an organoaluminum oxy compound, a11d 

(h-3) a compound capable of forming ion pairs by 

reaction on the transition metal compound. 

The respective catalyst components constituting such 

20 an olefin polymerization cataiyst will b~ described below.· 

!all a transition metal compound · 
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The transition metal compound (al) is described as 

the general formula {I) ·below. 

5 {I) 

Where, M denotes a transition metal atom selected from 

the group IV and the group V of the·· periodic table and 

particularly titanium, zirconium, hafnium,· vanadium, 

niobium, tantalum, and so forth, preferably titanium, 

10 zirconium, and hafnium, and especially pr'eferably 

·zirconium. 

N ... M generally means coordination and in the· 

present invehtiqn~ it does not necessarily mean 

coordination. 

15 R1 denotes an aliphatic hydrocarbon group of 5 or 

"\ 
mote carbon atoms in total, preferably 5 to 30 carbon 

atoms, which may be substituted by an aromatic 
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hydrocarbon group or alicyclic hydrocarbon group or 

denotes an alicyclic hydrocarbon group of.7 or more 

carbon atoms in total, preferably 7 to 30 carbon atoms, 

whichmay be substituted by aromatic hydrocarbon group or· 

5 alicyclic hydrocarbon group. 

Examples of the aliphatic hydrocarbon groups are 

those having 1 to 30 carbon atoms, preferably those 

having 4 to 30 carbon atoms, and more preferably those 

havin~ 5 to 30 carbon atoms. 

10 In more detail, preferable are methyl, ethyl, n-
. . : 

propyl, isopropyl, n-butyl, isobutyl, se·c~butyl; tert-

butyl, n-pentyl; tert-amyl, 1,2~dimethylpropyi, 1-

ethylpropyl, isoamyl, 1-methylbutyl, 2-methylbutyl, 
· .. · 

neopentyl, n-hexyl, 1, 3-dimethylbutyl, 3, 3-dimethylbutyl, · 

.15 n-heptyl, 1-ethylpenty, 1-methylhexyl, n-octyl, 1,5- · 

dimethylhexyl, 2-~thylhexyl, 1-methylheptyl, tert-octyl, 

n-ncinyl, n-decyl~ n-undecyl, n-dodecyl, n-trid~cyl,. n~ 

tetradecyl, n-petntadecyl, n-hexadecyl, n-heptadecyl, and 

n-octadecyl. Of these, especially preferable are n-

20 pentyl, tert-amyl, 1,2-dimethylpropyl, 1-ethylpropyl, 

isoa~yl, 1-methylbut~l, 2-methylbutyl, neopentyl, n~hexyl, 

·, 

1,3-dimethylbutyl, 3,3-dimethylbuty, n-heptyl, 1-

ethylpentyl, 1-methylhexyl, n-octyl, 1,5-dimethylhexyl, 
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2-ethylhexyl, 1-methylheptyl, tert-octyl, n-nonyl, .n-

decyl, n-undecyl, n-dodcyl, n-tridecyl, n-tetradecyl, n-

pentadecyl, n-hexadecyl, n-heptadecyl and n-octadecyl. 

The aliphatic hydrocarbon groups may be substituted 

5 by aromatic hydrocarbon groups or alicyclic hydroca:r:bon 

groups. 

Examples of the aliphatic hydrocarbon groups 

substituted by aromatic hydrocarbon groups or alicyclic 

carbon groups include groups having 4 to 30 carbon atoms, . 

10 such as berizyl, methylen~naphthyl, metylenefluorenyl, 

.methyle!leanthranyl, methylenecyclopropyl, 

methylenecyclobutyl, methylenecyclopentyl, 

methylenecyclohexyl, methylene-2-methylcyclohexyl, 
. . 

methylene-2,3-dimethylcyclohexyl, methylene-2,2-

15 dimethylcyclohexyl, methylene-2, 6-dirriethylcyclohexyl, 

methylene-2,2,6,6-tetramethylcyclohexyl~ 

methyleneadamantyl, methylenecyclopropylmethyl, 

methylenecyclobutylmethyl and methylenecyclopentylmethyl. 
. . . . 

Among these, preferably used are groups having 5 to 30 

20 carbon atoms, such as benz.yl, methylenenaphthyl, 

methylenefluorenyl, methyleneanthranyl, 

methylenecyclobuty, methylenecyclopentyl, 

methylenecyclohexyl, methylene-2-methylcyclohexyl, 
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methylene-2,3-dimethylcyclohexyl, methylene-2,2-

_dimethylcyclohe~yl, methylene-2,6-dimethylcyclohexyl, 

methylene-2~2,6,6-:tetramethylcyclohexyl, 

methyleneadamantyl, methylenecyclopropylmethyl, 

5 methylenecyclobutylmethyl and methylenecyciopentylmethyl. 

' The alicyclic hydrocarbon groups include, for 

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

having 7 to 30 carbon atoms are preferable; in more. 

detail, cyclopropyl, cyclobutyl, ·cycl6pentyl, cyclohexyl, 

10 adamantyl and norbornyl. 

The alicyclic hydrocarbon groups may contain 

aromatic hydrocarbon groups or ali_cyclic hydrocarbon 

groups as substituents. Examples of the alicyclic 
. . . . 

hydrocarbon· groups. having aromatic hydroca.bon groups or 

15 alicy~lic hydrocabon groups as substituents includ~ 

groups having 7 to 30 carbon atoms, such as 2-

methylcyclohexyl, 2,3-dimethylcyclohexyl, 2,2-: 

_dimethylcyclohexyl, 2,6-dimethylcyclohexyl, 2,2,6,6-

tetramethylcyclcihexyl, cyclopropylmethyl, 

20 cyclobutylmethyl, cyclpentylmethyl, cyclopropylphenyl, 
... . 

cyclobutylphenyl, cyclpentylphenyl and cyclohe~ylphenyl. 

The aliphatic hydrocarbon group in the definitiort of 

R1 means the carbon atom dire6tly bonded· to nitrogen of 
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the above described general formula (I) is a constituent 

of an aliphatic skeleton.even· in th~ case the group have 

aromatic hydrocarbon group or alicyclic hydrocarbon group 

.substitutents and the alicyclic hydrocarbon group in the 

5 definition means the carbon atom directly bonded to 

nitrogen of the above.described general formula (I) is a 

constituent of an alicyclic skeleton even in the case the 

group have aromatic hydrocarbon group or aliphatic 
. . 

hydrocarbon group substitutents. 

10 R2 to R5 may be the same or different to one another 

and denote hydrogen atom, a hydrocarbon group, 

hydrocarbon group-substituted silyl, an oxyg~~-containing 

·group, a nitrogen-containing group, or a sul.fur-

containing group. 

15 . As the hydrocarbon group, the following are exampls; 

a straight chain or branched alkyl group of 1 to 30, 

preferably 1 to 20 carbon atoms sucih as methyl, ethyl, n-

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

butyl, neopentyl, n-hexyl, or the like;:a straight. chain 

20 or branched alkeriyl group of. 2 to 30, preferably 2 to 20 

carbon atoms such as vinyl, allyl~ isopropenyl, or the 

like; a straight chain or branched alkynyl group of 2 to 

30, preferably 2 to 20 ca~bon atoms such 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 as 

cyclopropyl, cyclobutyl~ cyclopentyl, cyclohexyl, 

adamantyl, or the like; a cyclic unsaturated hydrocarbon 

5 group of 5 to 30 carbon atoms such as cyclopentadienyl, 

indenyl, fluorenyl~ or the like; an aryl group of 6 to jQ, . 

. preferably 6 to 20 carbon atoms su'ch as phenyl, benzyl, . 

naphthyl, biphenylyl, terphenylyl,· phenanthryl, anthryl, 

or the like; and an_alkyl-s~bstituted aryl group such as 

.. 10 tolyl, iso-propylphenyl, tert-butylphenyl, dimethylphenyl, 

di-tert-butylphenyl, or the like. 

The above described hydrocarbon groups may be 

substituted by halogens and as a halogen-substituted 

hydrocarbon. group, a halogenated hydrocarbon group of 1 

JS to 30, ·preferably 1 to 20 carbon atoms such as 

tr~fluoromethyl, pentafluorophenyl, chlorophenyl, or the 

like· is an example. 

Further,· the above described hydrocarbon groups may 

have other hydrocarbon group substituents and examples of 

20 the hydrocarbon group substituted hydrocarbon groups are 

a~yl~substituted alkyl grorips such as benzyl, cumyl, or 

the like. 
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Arriortg them, the following are.especially preferable; 

~ straight chain or branched alkyl .group of 1 to 30, 

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

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

5 butyl, neopentyl, n-hexyl, or the like; an aryl group of 

6 to 30, preferably 6 to 20 carbon atoms such as phenyl, . 

naphthyl, biphenylyl, terphenylyl, phenanthryl, anthryl, 

or the like; and ~ substituted aryl group of these aryl 

groups having 1 to 5 substituents such as halogen atoms, . 

10 alkyl groups of 1 to 30, preferably 1 to 20 carbon atoms, 

alko~yl 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 to 20 

carbon atoms. 

15 As the hydrocarbon-substituted silyl group, the · 

following are examples;. hydrocarbon-substituted sily+ 

groups such as m~thylsilyl, ·dimethylsilyl, trimethylsilyl~ 

et~ylsilyl, diethylsilyl, triethylsilyl, tripropylsilyl, 

tricyclohexylsilyl, phenylsilyl, diphenylsilyl, 

20 triphenylsilyl, dimethyl-tert-butylsilyl, 

di~ethylphenylsilyl, methyldiph~nylsilyl, tritolylsilyl, 

trinaphthylsilyl, dimethyl(pentafluorophenyl)silyl . 

. Among them, methylsilyl, dimethylsilyl, trimethylsilyl, 

.·. 
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ethylsilyl, diethylsilyl, triethylsilyl, 

dimethylphenylsilyl, and triphenylsilyl are preferable, 

and trimethylsilyl, triethylsilyl, triphenylsilyl, and 

dimethylphenylsilyl are especially preferable. 

5 The oxygen-containing group is a group containing 1 

to 5 oxygen atoms in the ·group. Examples of the oxygen-

containing groups are; hydroxyl gioup, alkoxyl group, 

aryloxy1· ~roup, arylalkoxyl group~ acetoxyl group, 

carbonyl group, ester group, ether grou~, acyl group, 

10 carboxyl group, carbonate ~roup, peroxy group, carboxylic 

anhyd..ride group: and the likes and hydroxy group, alkoxy 

group, aryloxy group, arylalkoxy group, acetoxy group, 

carbonyl gioup, are preferable. As a prefer~ble oxygen-

containin9 group, the following are examples; hydroxyl; 

15 alkoxyl group such as methoxyl, ethoxyl, n-prop6xyl, 

isopropoxyl, n-butoxyl, isobutoxyl, tert-butox~l, arid the 

likes; aryloxyl group such as phenoxyl, methylphenoxyl, 

2,6-dimethylphenoxyl, 2,4,6-trimethylphenoxyl, riaphthoxyl, 

and the likes; arylalkoxyl group such as phenylmethoxyl, 

20 phenyle~hoxyl, and the likes; acetoxyl; carbonyl; and the 

likes. In the case the oxygen-containing group contains 

carbon atoms, the number of carbon atoms is preferably 
I 

within 1 to 30, more preferably within 1 to 20. 
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~he nitrogen-containing group is a group containing 

1 to 5 nitrogen atoms ih the group. Examples of tne 

nitrogen-containing groups are; amino group, imino group, 

amide group, imido group, ~itro grorip, hydrazine group, 

5 hydrazono group, n_itroso group, cyano group, isocyano 

group, cyanic acid ester group, amidino group, diazo 

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

imino group, amide group, imido group, and nitre.group 

are preferable. As a preferable nitrogen-containing 

10 group, the following are examples; amino group such as 

methylamino,· dimethylamino, diethylamino, dipropylamino, 

dibutylamino, dicyclohexylamino, phenylamino, 

diphenylamino, ditolylamino dinaphthylamino, 

methylphenylamino; imino group such as methylimino, 

15 etnylimino, propylimino, . butylimino, and phenylimino; 

amido group such as acetamido, N-methylacetamido, and N-'­

methylbenzamido; imido group such as acetimido and 

benzimido; and nitro group. In the case the nitrogen­

containirig group contains carbon atoms, ·the number of 

20 carbon atoms is preferably within 1 to 30, more 

preferably within 1 to 20. 

The sulfur-containing group is a group containing 1 

to S· sulfur atoms in the g.i;oup. Examples of the sulfur...:. 
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containing groups are; sulfonate group, sulfinate group, 

alkylthio group, arylthio group, mercapto group, thio 
.. , 

ester group, dithio ester group, thioacyl group, thio 

ether group, thiocyanic acid ester group, isothiocyanic 

5 acid ester group, sulfone ester group, sulfonamide group, 

·thioca'rboxyl group, dithiocarboxyl group, sulfo group, 

·sulfonyl group, sulfinyl group, and sulfenyl group, and 

sulfonate group, sulfinate group, ·alkylthio group, and 

arylthio group are preferable._ As the preferable sulfur-

10 containing group, the following are examples; sulfonate 

group such as methylsulfonate, trifluoromethanesulfonate, 

phenylsulfonate, benzylsulfonate, p-toluenesulfonate, 

trimethylbenzenesul_fonate, triisobutylbenzenesulfonate, 

p-chlorobenzene~u~fonate, pentafluorobenzenesulfonate; 

15 sulfinate group such as methylsulfinate, phenylsulfinate, 

benzylsulf inate, p-toluenesulfinate, 

trimethylbenzenesulf inate, and 

pentafluorobenzen~sulfinate; alkylthio gtdup such as 

methylthio and ethylthio; and arylthio group such as 

20 phenylthi6, methylphenylthio, and naphthylthio. In_ the 

case the sulfur~containing group contains carbon atoms, 

the number of. carbon atbms is preferably within 1 to 30,-

more preferably within 1 to 20. 
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R6 denotes a hydrocarbon group or a hydr6carbon­

subst it uted silyl group and similar groups exemplified 

for the above described R2 and R5 are definite examples. 

Regarding the above desc.ribed substituents, more 

5 concr~te description will be given. 

J 

As R4
, h.ydrocarbon-substituted silyl group,· an 

oxygen-containing group, a nitrogen-containing. group, or 

a sulfur-containing group are preferable; and an oxygen­

. containing group such as alkoxy group, aryloxy group, and 

10 hydroxy group, a ~itrogen~containing group such as amino 

group, imino group, ·.amido group, imido group; and nitro 

group, and a sulfur-containing group such as;alkylthio 

group· and arylthio group are more preferable; and alk6xy 

group, aryloxy group, and amino group are furthermore 

15 preferable; and alkoxy group is especially preferable. 

A preferable hydrocarbon group for R6 is a straight 

chain or branched alkyl group of 1 to 30, preferably 1 to 

20 carbon atoms such as methyl, ethyl~ n-propyl, 

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

. 20 neopentyl, and n-hexyl; a cyclic-saturated hydrocarbon 

group of 3 to 30, preferably 3 to 20 carbon atoms such as 

cyclopropyl, cyclobtityl, cyclopentyl, cyclohexy1, and · 

adarnantyl; aryl group of 6 to 30, preferably 6 to 20 
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carbon 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 andaryl group of 

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

5 groups. 

A preferable hydrocarbon-substituted silyl group for 

R6 is methylsilyl, dimethylsilyl, trimethylsi1yl, 

ethYlsilyl, diethylsilyl, triethylsilyl, 

diphenylmethylsilyl, triphen~lsilyl, dimethylphenylsilyl, 

-10 dimethyl-tert-butylsilyl, and 

<?imethyl (pen~afluorophenyl) silyl. Especially preferable·.· 

groups are trimethylsilyl, triethylphenylsilyl, 

diphenylmethylsilyl, isophenylsilyl, dimethylphenylsilyl, 

d~methyl-tert-butylsii~l, and 

15 dimethyl(pentafluorophenyl)silyl. 

A group selected from the following groups i~ 

especially preferable for R6
; branched alkyl groJp of 3 

to 30, preferably .3 to 20 carbon atoms such as.isopropyl, 

isobutyl, sec-butyl, tert~butyl, and neopentyl; a group 

20· (e.g. cumyl group and the likes) obtained by substituting 

·hydrogen atoms of these groups by aryl group of 6 to 30, 

preferably 6 to 20 carbon atoms; and cyclic saturated 

hydrocarbon group of ·3 to jQ, preferably 3 to 20 carbon 
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atoms such as adamantyl, cyclopropyl, cyclobutyl, 

cyclopentyl, and cyciohexyl, and the likes. Further, 

aryl group of 6 to 30, preferably 6 to 20 carbon atoms 

such as phenyl, naphthyl, fl~orenyl, anthranyl, 

S phenanthryl, and the like and hydrocarbon-·substituted 

s~lyl group are also preferable. 

Two or more . groups of R2 to R6
, preferably 

neighboring groups, may be bonded t.9 form an alicyclic 

._ group, aromatic ring, or a hycirocarbon ring contc;lining 

10 he'tero atoms such as nitrogen at.om and these rings may 

further have substituents. 

m denotes 1 or 2 and is preferably 2. 

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

denoted as R2 to R6 belonging to any one of the ligands 

15 may be bonded to at least one of the groups denoted as R2 

to R6 belonging to another ligand; and also in the case m 

is 2, respective R1
, respective R2

,. respectl.ve R3, 

respective R4
, respective R5

, and respective R6 may ·be the 

same or dif;fererit to one another. 

20 n denotes. a. number satisfying the valence of M and · 

is particularly an.integer from 2 to 4 and preferably.2. 

X denotes hydrogen a_tom, a halogen atom, a 

hydrocarbon group, an oxygen-containing group, a sulfur-
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c6ntaining group, a nitrogen-containing group, a boron­

containing ·.group, an aluminum-containing group, a 

phosphorus-containing group, a halogen-containing group, 

a heterocyclic compound residue group, a silicon-

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

containing group. 

As the hydrocarbon group, the oxygen-containing 

group, and the sul£ur-contaitiing group, groups similar to 

thos~ exempli;fied for R2 to R6 can be exemplified. The 

10 oxygen-containing group and the sulfur-containing group, 

however, do not include heterocyclic compound residues. 

The halogen atoms includ~ £luorine, chlorine, 

bromine, and iodine . 

. As the nitrogen-containing group~ the follo~ing are 

15 definite groups; amino group; alkylamin6 group such as 

methylamino, dimethylamino, diethylamino, dipropylamino, 

dibutylamino, dicyclohexylamino, and th~ likes; and 

arylamino or alkylarylamino group such as phenylamino, 

di~henylamino, dit6lylamino~ dinaphthylamino, 

20 methylphenylamino, and the likes. 

The boron-containing group is a gro·up containing 1 

to 5 boron atoms in the group and does not include 

heterocyclic compound r~sidues to be d~scribed below. 
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Examples of the boron-containing groups, are; borandiyl 

group, borantriyl group, diboranyl group, and BR4 (R 

aenotes hydrogen, alkyl group, (substituted} aryl group, 

a halogen atom, and the likes}. 

5 The aluminum-containing group is a group ·containing 

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

aluminum-:-containing 9roups are: a hydrocarbon group of 1 

to 30, preferably 1 to 20 carbon atoms having one or two 

substituents and AlR4 (R denotes hydrogen; alkyl group, 

10 (substituted) aryl group, a halogen atom, and the likes). 

The phosphorus~containing group is a group 
. . 

coritaining 1 to 5 phosphorus atoms in the group.and does 

·not· include heterocyclic compound residues to be 

described below. Examples of the phosphorus-containing 

15 groups are; phosphoryl group, thiophosphoryl group, 

·phosphine group, ·phosphite group, phosphonic acid group, 

phosphinic acid group, and the likes and phosphine group, 

phosphite group, phosphonic a6id gioup, and phosphinic 

~cid group are ~referable. As a preferable phosphorus-

20 containing group, the following are definite· groups; 

trialkylphosphine group such as trimethylphosphine, 

tributylphosphine, and tricyclohexylphosphine; 

triarylphosphine group such as triphenylphosphine and 
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tritolylphosphine; phosphite group (phosphide group) 

such as methylphosphite, ethylphosphite and 

phenylphosphite; phosphonic acid group; and phosphinic 

acid group. 

5 As a halogen-containing group, groups containing at 
\ 

least. one of fluorine, chlorine, bromine, and iodine are 

included~·. Definite groups as the halogen-containing 
. . 

group are fluorine-containing groups such as PF6 , BF4 , 

· chlorine-containing groups such as Cl04 , SbC1 6 , and 

. 10 iodine-containing . groups such as I04 • 

The heterocyclic compound residue is a group 

containing one or more hetero atoms in the.ring structure 

and the hetero atoms include oxygen, nitrogen, sulftir, 

phosphorus, and boron. As the iing structure, rings of 3 

15 to 18 members, preferably 4 to 7 members, and more 

.preferably 5 to 6 members are. included. Particularly, 

the follow:i,ng are included; nitrogen-containing comp~und 

residues stich as pyrrole, pyridine, pyrimidine, quinoline, 

and triazine; oxygen-containing compound residues such as 

20 furan and pyran; and sulfur-containing compound residues 

such as thiophene; ~nd further the ~roups obtained by 

substituting.these heterocyclic compound residues by 

substituents groups such as alkyl group of 1 to 30, 
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preferably 1 t_o 20 carbon atoms and alkoxy group of 1 to· 

30, preferably 1 to 20 carbon atoms. 

The silicon-containing group is a group containing 1 

to 5. silicon atoms in the group. As the silicon-· 

5 -c6ntaining group, the following are included; silyl group~ 

siloxy group, hydroca~bon-substituted silyl group, 

hydrocarbon-substituted siloxy group, hydrocarbon­

substituted silyl ether group, silicon-substituted alkyl 

group, and silicon-substituted aryl group: and 

.10 hydrocarbon-,.substi tuted silyl group, hydrocarbon­

substituted silyl ether group, silicon-substituted alkyl 

group, and silicon-sub~tituted ,ryl group are preferable. 

· A.s the preferable silicon-containing group, the following 

are definite groups; hydrocarbon-substituted silyl group 

15 such as methylsilyl, dimethylsilyl, trimethylsilyl, 

ethylsilyl, diethylsilyl, triethylsilyl, triptopylsilyl, 

tricyclo.hexylsilyl, · phenylsilyl, diphenylsilyl, 

triphenylsilyl, dirnethyl-tert-butylsilyl, 

dimethylphenylsilyl, methyldiphenylsilyl, tritolylsilyl, 

. 20 · trinaphthylsilyl, qimethyl (pentaf luorophenyl) silyl; · 

hydrocarbon-substituted silyl ether group suth .as 

trimethylsilyl ether; silicon~substituted alkyl group 

such as trirnethylsilylmethyl; and silicon-substituted 
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aryl group ~uch as trimethylsilylph~nyl: and hydrocarbon-

substituted silyl group is especially prefer~bie. Among · 

the hydrocarbon-~ub~tituted silyl group, methylsilyl~ 
. . 

dimethylsilyl, trimethylsilyl, ethylsilyl, diethylsilyl, 

S triethylsilyl, dimethylphenylsilyl, and triphenylsi1yl 

are preferable and trimethylsilyl, triethylsilyl~ 

triph~nylsilyl and dimethylphenylsilyl are especially 

preferable. In the case.the silicon-containing group 

contains carbon atoms, the number of carbon atoms is 

10 ··.preferably within a range 1 to 30 ~nd.more prefeiably 

within a range 1 to,20. 

As the germanium-containing group, groups obtained . 

by substituting silicon of above described iilicon~ 

containing groups by germanium are definite groups.· 

15 As the ti.n-containing group, groups obt~ined by 

substitutin9 silicon of above described silicon-

containing groups by tin are definite gro~ps. 

X of them is preferably hydrogen atom, halogen atom, 

hydrocarbon, oxygen~containing group, and nitrogen.;.. 

20 containing group and more preferably hydrogen atom, 

halogen atom, and hydrocarbon group. Additionally, in 

the case. n.denotes 2 or higher number, X's may be the 

. : 
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same or different to one another and X's may be bonded to 

one another to form a ring. 

Definite compounds of the above described transition 

metal compound having the defined general formula (I) 

, 5 will be illustrated below and no need to say, the 

transition.metal compound is not limited to those 

compounds. 

..... · ............ ~ .. -·.4':..:.J:-;~ 
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. . . 

. ·In the· illustrated compounds, Me denotes methyl 

group, ipr isopropyl group, nBu n-butyl group, tBu tert-

butyl ~roup, nPentyl n-pentyl grou~, nHexyl n-hexyl group, 

nHeptyl n-heptyl group, noctyl n....,octyl gro.up, "Nonyl n-

5. nonyl group, noecyl n-decyl group, nundecyl n-undecyl 

group, noodecyl n-dodecyl group, noctadecyl n-oct~decyl 

group, and Ph phenyl group. 

In the present inv~ntion, regarding above described 

transition metal compounds, the compounds of which 

10 . zirconium metal is substituted by metals such as titanium 

and hafnium besides zirconium may be used. 

The method for producing the·t~ansition metal 

compound having the above described general formula (I) 

is not specially restricted and the compound can be. 

15 produced as described below, for example. 

The transition metal compound having the general 

formula (I) can be synthesized by reaction of a compound 

· (a ligand precursor) capable of forming a ligand such as 

thiosalicylidene ligand and aniline ligand and a 

20 transition metal M-containing compound of MXk (M and X 

are the same as.Mand X in the above described general 

formula (I) and k ·denotes the number satisfying the 

valence of M) . 
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The ligand precursor capable of forming 

thios~licylidene ligand can be obtained by reaction 6£, 

for example, thiosalicylaldehyde compounds and either 

aniline compounds.· or amine compounds. 

· 5 The ligand precursor can also be obtained by 

reaction of o-acylbenzenethiol and either aniline 

compounds or amine compounds. 

Particularly, the precursor can be obtained, for 

example, by dissolving a thiosal;i_cylaldehyde compound or 

to. o-acylbenz'enethiol together with an aniline.compound 

unsubstituted in nitrogen atom or a primary amine 

compound in a solvent and stirring the resultant solution 

for about 1 to 48 hours at room temperature or in reflux 

condition. _AS the solvent to be employed, an alcohol 

.15 solvent such as methanol, ethanol, and the likes and a 

hydrocarbort solvent such 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 

20 of the system by a Dean-Stark is effective to promote the 

reaction. As a dehydration agent, a molecular sieve, 

magnesium sulfate, sodium sulfate, and the likes may be 

employed. 
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The aniline ligand precursor can be obtained by 

reaction of o-f ormaniline compound and either an aniline 

compound or an amino compound. The ligand precursor can 

also be obtained by reaction of o-acylanilihe and either 

5 an anilinoacid or an amine. 

Particul~rly, the ligand precursor can be 

.synthesized in the same manner as described above using, 

for example, either an o-formylaniline compound 

unsubstituted in nitrogen atom or o-acylaniline 

.10 unsubstituted in nitrogen atom and either an aniline 

compound unsubstituted in nitrogen atom or a· primary 

amine compound. 

The o-acyianiline to be.employed can be obtained by 

reducing carboxylic acid group of, for example, o-

15 aminobenzoic acid compound. Also,· N-alkylation of an 

.anthranyl compound gives corresponding N-alkyl-o­

acylanilin~ compound. 

Reaction of a ligand precursor obtained by the above 

.described method and a transition metal M-containing 

20 compound gives the· corresponding transition metal 

compound. Particularly, a transition metal compound can 

b~ 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 produced substance with a 

transition metal M-containing compound such as a metal 

halide, an alkylated metal compound, or the like at a low 

.5 temperature, and stirring the mixture at -78°C ·to a room 

temperature or in reflux condition for 1 to 24 hours .. 
. . . 

As the solvent to be used, polar solvents such a~ 

ethers, tetrahydrofuran, and the likes and a hydrocarbon 

solvent such as toluerie a~e pref~rable and solvents other 

'10 than these solvents may also be U:sed. Examples of 

preferred bases.inclupe lithium salts such as lithium n-

·. buthyl; sodium salts such as sodium hydride; nitrogen 

containing compounds such as pyridine, triethyl amine or 

the like, but are not limited to them. 

15 Depending on a transition metal compound to be used, 

without requiring a thiophenoxide or an aniline salt to 

be produced, .a ligand precursor and a metal compound are 

alternatively reacted directly on each other to 

synthesize a corresponding compound. 

20 The structure of the obtained transition metal 

compound is determined by 1H-NMR at 270 MHz (Nippon 

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

FD-mass spectrometer (Nippon Electronic Company SX-102A), 

. . . ... , ..... : ~ •.·.:. ..:.; .. : •:•.::..~ ·, .... · ... · 
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a metal content analyzer (dry incineration, dissolution 

in a diluted nitric acid, an~ then analysis by ICP 

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

nitrogen content-analyzer (Heraus Edulinentale GmbH.CHNO 

5 type), and so forth. 

A transition metal compound produced by the above 

described method is separated by a conventional known 

method and used for polymerization and on the other hand, 

without separating the transition metal compound, the 

10 reaction solution of a l'igand precursor and a rnetai 

compound may be used as it is for polymerization. 

Such transition metal compounds defined as the 

formula (I) may be used. solely or in combination with two . 

or more types as olefin polymerization catalysts. · 

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

(Al), it is one of preferable examples that the above 

described transition metal compound (al) is used together 

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

l) an organometallic compound, (b-2) an organoaluminum· 

20 oxy compound, ·and (b-3) a compound· capable of forming ion 

· .. pairs by reaction on a transition metal compound. 

<b-lf An organometallic compound 
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Specific examples of (b-1)· organometallic compounds 

to be used for producing the ethylene (co)polymer (Al) 

are organometallic compounds of group I, group II and 

group XII and group XIII of the periodic table and 

5 illustrated below; 

: (b-la) an organoaluminum compound having a general 

. . . . 
different to each ·Other and denote hydrocarbori groups.of 

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

10 . halogen atoin; m satisfies 0 < m s 3; n satisfies 0 s n < . 

3; p satisfies 0 S p < 3; q satisfies 0 S q < 3; and m + 

n + p + q =·3); 

(b-lb) alkylated complexes of a group I metal in the 

periodic table and aluminum having a general formula 

15 M2A1Ra4 (where, M2 denotes Li, Na, or K; and Ra denotes a 

hydrocarbon group of 1 to 15~ preferably 1 to 4 caibon 

· atoms) ; and 

(b-lc). dialkyl compou.nds of· a group II metal or a 

group XII metal ·having. a general formula RaRbM3 (where, Ra 

20 and Rb may be the same or different to each other and 

denote hydrocarbon groups of 1 ~o 15, preferably 1 to 4 

carbon atoms; M3 denotes Mg, .Zn, or Cd) . 
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Examples.of an org~noaluminum compounds belonging to 

the above defined compound (b-la)are; 

an organoaluminum compound.having a general formula 

_RaorAl(ORb) 3 _m _(where, Ra and Rb may be the saine or differerit 

5 to each other and denote hydrocarbon groups of 1 to 15, 

preferably 1 to 4 carbon atoms; and m denotes a number 

preferably satisfying 1.5 Sm S 3); 

.an organoaluminum compound having a general formula 

RamAlX3 _m (where, Ra denotes a hydrocarbon group of 1 to 15, 

10 · preferably 1 to 4 carbon atoms; X denotes a halogen atom; 

and m preferably satisfies 0 < m < 3); 

an organoaluminum compound having a general formula· 

Ra~lH3_m (where, Ra denotes a hydrocarbon group of 1 to 15, 

preferably 1 to 4 carbon atoms; and m preferably 

15 satisfies 2 S m < 3); and· 

. an organoaluminum compound having a general formula .. · . 

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

preferably 1 to · 4 carbon atoms; X denotes a halogen· atom; 

20 .m satisfies 0 <·m S3; n satisfies 0 Sn< 3; q satisfies. 
. . 

Os q < 3; and m + n + q ~ 3)~ 
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As an organoaluminum compound belonging to the.above 

defined compound (b-la), the following are more concrete 

compounds ; · 

tri"'-n-alkylaluminum, such as trime.thylaluminum, 

5 triethylaluminum, ·tri-n-butylaluminum, tripropylaluminum, 

tripentylaluminum, trih_exylaluminum, trioctylaluminum and · 

tridecylaluminum; · 

tri-chain-branched alkylaluminum, such as 

triisopropylaluminum, triisobutyla'lum~num, tri-sec-

10 butylaluminum, tri-tert-butylaluminum,. tri.....:2-

methylpentylaluminum, tri-3-methylpentylaluminum, tri-4-

methylpentylaluminum, tri-2-methylhexyl~luminum; tri-3-

methylhexylaluminum and tri-2-ethylh~xyialumirium; 

tricycloalkylaluminum, such as tricyclohexylaluminum 

15 and tricyclocotylaluminum; 

triarylaluminum such as triphehylaluminum and 

.tri tolylaluminum; 

dialkylaluminum hydride such as diisobutylaluminum 

hydride; 

20 trialkenylaluminurri such as triisoprenylaluminum 

represented by (i-C4H9 )Al(CH5H10 ) 2 .(wherein x, y, and z are 

int~ger~, and z ~ 2X); 
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alkylaluminumalkoxide, such as 

isobutylaluminummethoxide, isobutyialuminumetoxide and 

isobutyaluminumsopropoxide; 

dialkylaluminumalkoxide, such as 

5 dimethylaluminummethoxide, and diethylaluminurnethoxide, 

dibutylaluminumbutoxide; 

alkylaluminumsesquialkoxide, such .as 

ethylaluminumsesquiethoxide, and 

butylalurninumsesquibutoxide; 

10· partly.alkoxylated alkylaluminum having an average 

composition represented by Ra2 • 5 Al (ORb) o.si 

dialkylaluminumarylo~ide, such as 

diethylaluminumphenoxide, diethylaluminurn (2,6-di-t­

butyl-4-methylphenoxide), ethylaluminum bis(2,6-di-t-

15 butyl-4-methylphenoxide), diisobutylaluminum bis (2~ 6-di­

t-butyl-4-methylphenoxide) and isobutylaluminiurn bis(2,6-

di-t-butyl-4-methylphenoxide); 

dialkylaluminum ha.lide such as dimethylaluminum 

chloride, diethylaluminum chloride, dibutylaluminum 

20 chloride, diethylaluminum bromide, and diis9butylaluminum 

. chloride; 

·, 
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alkylaluminum sesquihalide, such as ethylaluminum 

sesquichloride, butylaluminum sesquichloride, and 

ethylaluminum sesquibromide; 

partly halogenated alkylaluminum, such as 

5 alkylaluminum dihalide including ethylaluminum dichloride, 

propylalumirium dichl.oride, and butylaluminum dibromid.e; 

dialkylaluminum hydride, such as diethylaluminum . 

hydride, and dibutylaluminum hydride; 

partly hydrogenated alkylaluminum, such as 

10 alkylaluminum dihydride including ethylaluminum dihydride 

and proyl~luminum dihydride; and 

partly alkoxylated antj_ halogenated alkylaluminum, 

such as ethylaluminum ethoxychloride, butylaluminum 

butoxychloride and ethylaluminum ethoxybromide. 

15 ·Further, compounds similar to the defined compound 

(b-la) may be employed and, for example, an 

organoaluminum compound comprising two or more aluminum 

compounds. bonded through nitrogen atom is among them. A 

concrete compound of such compounds, is 

20 (C2H5 ) 2A1N (C2H5 ) Al (C2H5 ) 2 • 

As compounds belonging to the above defined compound 

· · (b-lb), LiAl(C2H!>) 4 , LiAl (C1H15 ) 4 , and the likes, are 

concrete examples. 

:.":·: .. :.: 
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Furthermore, as the (b-1) · organometallic compound, 

the following are usable; methyllithium, ethyllithium, 

propyllithium, butyllithium, methylmagnesium bromide, 

methylmagnesium chloride, ethylmagnesium bromide, 

5 et~ylmagnesium chio~ide, propylmagnesium bromide, 

propylmagnesium chloride, butylmagnesium bromide, 

butylmagnesium chloride, dimethylmagnesium, 

diethylmagnesium, dibutylmagnesium, butylethylmagnesium, 

and the likes. 

10 Compounds capable of forming the above described 

organoaluminum compounds in polymerization system, for 

example, combination o.f an aluminum halide and 

alkyllithium and combination of an aluminum halide and 

.alkylmagnesium can be employed. 

15 Among the (b-1) organometallic compounds, 

20 

organoaluminum compounds are preferable . 

. . Such (b-1) organometallic compounds as described 

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

·types. 

• (b-2 l ·An organoaluimnum oxy compound 

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

employed for production of an ethylene (co)polymer {Al) 

.. ·_.. Y·: .·._ •. ·.-:. ·.• .. ~:~:.: 
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may be conventionally.well known aluminoxanes and also 

-benzene-insoluble organoaluminum oxy compounds just like 

those exemplified in Japanese Patent Laid-Open No. 2-

78687. 

5 A conventionally well known aluminoxane can be 

produced by, for example,.· a method described below and, 

generally, obtained as a solution of a hydrocarbon 

solvent. 

(1) A method wherein an·organoaluminum compound such 

10 as trialkylaluminum is added to a suspension of a 

hydrocarbon solv~nt containing a salt containing adsorbed 

water or crystal water, for example hydrated magnesium 

chloride, hydrated copper sulfate, hydrated aluminum 

sulfate, hydrated nickel sulfate, hydrated cerous 

15 . chloride, and the likes and reaction of the adsorbed or 

crystal water and the organoaluminum compound is carried 

out. 

(2) A method wherein reaction of water, ice, or 

steam directlyto·an organoaluminum compound such as 

20 trialkylaluminum is,~arried out in a solvent such as 

benzene, toluene, ethyl ether, tetrahydrofuran, and the 

likes. 
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(3) A met~od 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, benzen~, toluene, 

5 and the likes. 

The aluininoxane may contain a slight amount of 

organometallic components. It is also acceptable that 

the solvent or the unreacted organoaltiminum compound is 

removed from the recovered .aluminoxane solution by 

. 10 distillation and then the recovered compound is dissolved 

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

aluminoxane. 

As·. an orgarioaluminum compound to be used for 
. . . 

producing an aluminoxane, the same organoaluminum 

15 · compounds exemplified as the organoaluminum compounds 

.belonging to the above defined (b-la) compounds are 

concrete examples. 

Among them, trialkylaluminum and 

tricycloalkylaluminum are preferable and 

20 trimethy1aluminum 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 solvent to be employed for producing an 

aluminoxane, the following are usable hydrocarbon 

solvents; an aromatic hydrocarbon such as benzene, 

toluene, xylene, cumene, and cymene; an aliphatic 

5 hydrocarbon such as pentane, hexane, heptane, octance, 

decane, dodecane, hexadecane, and octadecane; an 

alicyclic hydrocarbon such as cyclopentane, cyclohexane~ 

cyclooctane, and methylcyclepentane; petroleum fraction 

such as gasoline, kerosine, and light oil; and halide 

10 compounds (for example, chlorides and bromides) of the 

above descri6ed· aromatic hydrocarbon, aliphati6 

hydrocarbon, and alicyclic hydrocarbon. Further, ethers 

such as ethyl ether and tetrahydrofuran can be employed. 

Among them, an aromatic hydrocarbon or an aliphatic 

15 hydrocarbon is especially preferable. 

It is preferable for a benzene-insoluble. 

organoaluminum oxy compound to be employed for the 

present invention that the Al component to be dissolved 

in benzene at 60°C is normally 10% or lower, preferably 

20 5% or lower, and especially preferably 2% or lower, in 

terms of Al atom. That is, the organoalumium oxy 

compound ·insoluble or hardly soluble in benzene is 

preferable. 
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An (b-2) organoalurninum oxy compound possible to be 

employed for production of an ethylene (co}polymer (Al} 

may also include a boron'-containing organoaluminum oxy_ 

compound having a general formula (II) described below. 

s 
. 11 . Rto 
R 

' I / Al -0-B -O - Al 
. . ""-.. 

/ . ' . 11 · 
Rll R 

(II} 

Where, R10 denotes a hydrocarbon of 1 to 10 carbon 

atoms. R11 may be the $ame or different to one another 

10 and denotes hydrogen atom, halogen atom, and a 

.hydrocarbon of_ 1 to 10 carbon atoms. -

The boron-containing organoaluminum oxy compound of 

the above described general formula (II) can be produced 

by carrying out reaction of an alkylboric acid having a 

15 general formula (III) 

R10-B- (OH) . 2 (III} 

(where, R10 denotes the same group as described above) 

20 and an organoaluminum compound in an inert solvent in an 
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inert gas atmosphere at -80°C to a room temperature for 1 

minute to 24 hours. 

Concrete alkylboric acids defined as the above 

described g·eneral formula (III) are methylboric acid, 

5 ethylboric . acid, isopropylboric acid, n-propylboric acid, 

n~butylboric.acid, is6butylboric acid, n-hexylbbric acid, 

cyclohexylboric·acid, phenylboric acid, 3,5-

_ difluorophenylboric acid, pentafluorophenylboric acid, 

3, 5-bis (triflu6romethyl) phenylboric acid. Among them, 

10 methylboric acid, n-butylboric acid, isobutylboric acid; 

3,5-difluorophenylboric acid, and pentafluorophenylboric 

acid are preferable. Those compounds are used solely or 

in combination of two or more compounds. 

As an organoaluminum compound to be used for 

15 reaction on such alkylboric acid, particularly, the same 

.organoaluminum compounds exemplified as the 

organoa_luminum compo~nds belonging to the above defined 

(b-la) compounds are concrete examples. 
~ 

Among them, trialkylaluminum and 

20 tricycl.oalkylaluminum are preferable, especially 

trimethylaluminum, triethylaluminum, and 

triisobutyialuminum are preferable. Those compounds are 

used solely or in combination with two or more of them. 
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. . .· 

Above described organoalumium oxy compounds (b-2) 

are used solely or in combination with two or more of 

them. 

5 Cb-3) A compound capable of forming ion pairs by reaction 

.. on a transition metal · compound 

A compound (b-3) (hereafter named ·as "ionizing ionic 

·compound") capable of forming ion pairs by reaction on a 

transition metal compound and possible to be used f.or 

10 producing the ethylene· (co)polymer (Al} is a compound 

forming ion pairs by reaction on a.transition metal 

compound of the above described formula · (I) . .Examples of 

such compounds are Lewis acids, ionic compound~, borane 

compounds, and Carbolan compounds described in Japanese 

15 Patent Laid-Open No. 1-501950, Japanese Patent Laid-Open 

No. · 1-502036, Japar:iese Patent Laid-Open No. 3-179005,· 

Japanese Patent Laid-Open No. 3-179006, Japanese Patent 

Laid-Open No~ 3-207703, Japanese Patent Laid-Open No. 3-

207704, USP No. 5321106. Further, heteropoly-compounds 

20 · and isopoly-compounds are also examples. 

Particularly, compounds defined as BR3 (R denotes 

phenyl group optionally substituted by substituents such 

as fluorine, methyl group, and trifluoiomethyl group or 
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fluorine) are arriong Lewis acids and, for example, the 

following are definite compounds; trifluoroboron, 

triphenylboroht tris(4-fluoropheriyl)boron, tris(3,5-

difluorophenyl)boron, tris(4-fluoromethylphenyl)boron, 

5 tr is (pentafluorophenyl) boron, tr is (p-tolyl)boron,_ tr is ( o­

tolyl) bor~n, and tris(3,5-dimethylphenyl)boron. 

Examples of the ionic compounds are the compounds 

defined as.the general formula (IV) ·described below. 

Rl4 

<±> I e 
R12 R13 __ B R1s 

I . 16 . 
R 

(IV) 

Where, R12 denotes H+, carbonium cation, oxonium 

cation, ammonium cation, phOsphonium cation, 

15 cycloheptyltrienyl cation, ferrocenium cation containing 

a transition me~al, and the likes; and 

R13 to R16 may be the ·same or different to one another 

·and denote an organic group, preferably aryl group or 

substituted aryl.group. 

...... ,, •.. :·:.·i ..• ; ..... 
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. As t.he prescribed carbonium cation, · carbonium 

cations comprising three substitutents such as 

triphenylcarbonium cation, tri(methylphenyl)carbonium 

cation, tri(dimethylphenyl)carbohium cation are definite 

5 examples. 

The above ammonium cations include trialkylammonium 

cation,·· such as triinethylammonium cation, 

triethylammonium cation, tripropyl ammonium cation, 

tributylammonium cation and tri(n-butyl)ammonium cation, 

to N,N-dialkylanilinium cation, such as N,N-

dimethylanilinium cation, N,N-diethylanilinium cation and 

N;N-2,4,6-pentamethylanilinium cation; and 

dialkylammonium cation, such as 
,. 

di(isopropyl)ammonium cation and dicyclohexylammonium 

15 cation. 

20 

The above phosphonium cations include, for example, 

triarylphosphonium ·cations, such as. triphenylphosphonium .· 

cation, tri(ethylphenyl)phosphonium cation and 

tri(dimethylphenyl)phosphonium cation. 

As R12
, preferable are carbonium cation, ammonium 

cati~n and the like, especially preferable ~re 

triphenylcarbonium cation, N,N-dimethylanilinium cation 

and N,N-diethylanilinium cation. 
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Examples of ionized compounds may include trialkyl 

substituted ammonium salt, N,N-dialkylanilinium salt, 

dialkylammonium salt and triarylphosphonium salt. 

Examples of trialkyl-substituted ammonium salt 

5 include triethylammonium tetra (phenyl) boron, 

tripropylammonium tetra(phenyl)boron, tri(n­

butyl)ammonium tetra(phenyl)boron, trimethylammonium 

tetra(p-tolyl)boron, trimethylammonium tetra(o­

tolyl)boron, tri(n-butyl)ammonium 

10 tetra (pentafluorophenyl)boron, tripropylammonium 

tetra(o,p-dimethylphenyl)borori, ·tri(n~butyl)ammonium 

tetra(m,m-dimethylphenyl)boron, tri(n-butyl)ainrnonium 

tetra(p-trifluoromethylphenyl)boron, tri(n-butyl)ammonium 

tetra(3,5ditrifluoromethylphenyhl)boron and tri(n-

15 butyl) ammonium tetra (o-tolyl) boron .. 

Examples of N,N-dialkylaluminium salts are N,N­

diethylanilinium tetra(phenyl)boron, N,N-diethylalinium 

tetra(phenyl)boron, N,N-2,4,6-dimethylanilinium 

tetra(phenyl)boron and the like. 

20 Dialkylammonium salts inc.lude, for example, di(l-

propyl)ammonium tetra(pentaluorophenyl)boron and 

dicyclohexylammonium tetra(phenyl)boron. 

Furthermore, as the ionized compounds the.re may be 
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. . 

· · mentio'ned triphenylcaibenium 

tetraquis(pentafluorophenyl)borate, N,N-dimethylaniliniurn 

tetraquis(pentafluorophenyl)borate, 

·· ferroceniurntetra (pentafluorophenyl) borate, 

5.· triphenylcarbeniumpentaphenylcyclopent.adienyl complex, 

N,N-diethylaniliniumpentaphenylcyclopentadienyl complex, 

and boron compounds represented by the following formula 

(V) or (VI) . 

© e 
H(OEt2)2 B \. 

CF3 4 

10 

(V) 

wherein, Et is an ethyl group. 

CF3 

@ e 
NAB 

CF3 4 

(VI) 

15 As the borane compounds, there can be exemplified 

decaborane (14); 
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anion. salts such as bis(tri(n-

butyl)amrnonium)nonaborate, _bis(tri(n-

butyl)ammonium)decaborate, bis(tri(n-

butyl)amrnonium)undecaborate, bis(tri(n-

5 butyl) ammonium) dodecaborate, bis (tri (n .... · 

·nutyl)amrnonium)decachlorodecaborate, and bis(tri(n-

butyl)ammonium)dodecachlorododecaborate; and 

metallic borane. anion salts, such as salt of · 

tri(n-butyl)amrnonium bis(dodecahydride 

10 dodecaborate)cobalt acid (III) and salt of bis(tri(n~ · 

butyl)ammonium)bis(dodecahydride decaborate)nickel acid 

(III) . 

The carborane compounds include, for example, 

anion salts, such as 4-caibanoriaborane (14), 1,3-

15 dicarbanonaborane (13), 6,9-dicarbadecaborane (14), 

dodecahydride-1-phenyl-1,3-dicarbanonabo~ane, . . 

dodecahydride-1-methyl-1,3-dicarb~nonaborane, 

undecahydride-1,3-dimethyl-1,3-dicarbanonaborane, 

7,8-dicarbaundecaborane (13), 2,7-dicarbaundecaborane 

20 (13), undecahydride-7,8-methyl-7,8-dicarbaundecaborane, 

tri(n-butyl)amrnonium 1-carbadecaborate, tri(n-

·· butyl)arnrnonium 1-carbaundecaborate, ri(n-butyl)ammonium . . 

1-carbadodecaborate, tri(n-tributyl)ammonium i-· 



. ·----·-·--···-·-··-. ·--··-·-":"······---·-····---·--··-·-"'···· ·· : ............. -........ ........ --- ...... --'-· ·-· ~--· ..... ···.~- -···· ........ ····• .. .. .... .. ... . . .. 

SF~679 

86 

trimethylsilyl-1-carbadecaborate, tri(n-

butyl)ammoniumbromo-1-carbadodecaborate, tri(n-

butyl)ammonium 6-carbadecaborate ( 14) , tri(n-

butyl)ammonium 6-carbadecaborate ( 12) , tri(n..: 

5 butyl) ammonium 7-carbaundecaborate .( 13) , tri(n-

butyl) ammonium 7,8-dicarbaundecaborate ( 12) , tri(n-

. butyl) ammonium 2,9-dicarbaundecaborate (12), tri(n-

butyl)ammoniumdodecahydride-8-methyl-7,9-

dicarbaundecaborate, tri(n-butyl)ammoniumundecahydride-8-

10 ~thy1~1,9~dicarbaundecaborate, tri(n-

butyl)ammoniumundecahydride-8-butyl-7,9-

dicarbaundecaborate, tri(n-butyl)ammoniumundecahydride-8-

allyl-7,9-dicarbauridecaborate, tri(n-

butyl)ammoniumundecahydride-9-trimethylsilyl-7,8-

15 dicarbaundecaborate and tri(n-

butyl)ammoniumundecahydride-4,6-dibromo-7-

carbaundecaborate; and 

metallic carborane anion salts, such as salt of 

· tri(n-butyl)ammonium bis(nonahydride-l,3-
. . 

20 dicarbanonaborate) cobalt acid (III), tri (n-butyl) ammonium 

bis(undecahydride77,8-dicarbaundecaborate) ferric salt 

(III), salt of tri(n-butyl)ammonium bis(uindecahydride-

7,8-dicarbaundecaborate)cobalt acid (III), salt of tri(n-
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butyl)ammonium bis{undecahydride-7,8-

dicarbaundecaborate)nickel acid {III), salt 6f tri(n­

butyl}arilmonium bis{undecahydride-7,8-dicarbaundecaborate) 

cupric acid.· (III), tri (n-butyl) ammonium 

5 bis (undecahydride-7, 8-dicarbaundecaborate) aurate (III) , 

tri(n-butyl)ammonium bis(nonahydride,-7,8-dimethyl-7,8-

dicarbaundecaborate)ferric salt (III), salt of tri(n­

butyl)amrnonium bis(nonahydride-7,8-dimethyl-7,8-

dicarbaundecaborate)chromic acid (III), salt of tri(n-

10 bu.tyl) ammonium bis (tribromooctahydride-7, 8-

dicarbaundecaborate) cobalt.acid (III), salt of 

tris(tri(n-butyl)ammonium)bis(undecahydride-7-

c~rbaundecaborate)chromic acid {III), salt of bis(tri(n­

butyl)ammonium)bis(undecahydride-7-

15 carbaundec~borate) manganic acid (IV), bis ( tri (n­

butyl)'amrnonium) bis ( undecahydride-7-

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

butyl)ammonium)bis(undecahydride-:7-

carbaundecaborate) nickel acid (IV). 

20 Each of the heteropoly-compounds comprises an atom 

s~lected from silicon, ·phosphorus, titanium, germanium, 

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

from vanadium, niobium, molybden~m, and tungsten~ 
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Particularly, the following are usabl~; phosphorus 

vanadate; germanovariadic acid, arsenic vanadate, 

phosphorus niobate, germanoniobic acid, siliconomolybdic 

acid, :phosphoru~ molybdate, titanium molybdate, 

5 . germanomolybdic acid, arsenic molybdate; tin molybdate, 

phosphorus tungstate, ·· germanotungstic acid, tin tungstate, 

phosphorus molybdovanadic acid, pho~~horus tungstovanadic 

acid, germanotungstovanadic acid, phosphorus 

molybdotungstovanadic acid, gerrnanomolybdotungstovanadic 

10 acid, phosphorus molybdotungstic acid, and phosphorus 

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

salts of group I metals or group II metal~ in the 

periodic table, particularly ·lithium, sodium, potassium, 

·rubidium, cesium, beryllium, magnesium, calcium, 

15 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 solely or in combination with two or more of them. 

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

(Al), the above described transition metal compound- (al) 

may be used solely-or together with at least one type of 

compounds (b) selected from (b-1) an organometallic 
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compound, . (b-2) an organoaluminum oxy compound, and (b-3) 

a compound capable of• forming ion pairs by reaction on a 

transition metal compound. 

In the case the transition metal compound (al) is 

5 used in combination with the component (b) , the 

10 

transition metal compound (al) forms a compound of a 

general formula (I~a) as described below in 

polymerization system. 

m 

' ' '- e ' y 

(I-a) 

(Where, R1 to R6
, M, rn, n, and X are defined as same as R1 

·to R6
, M, m, n,~ and X for the above described general 

15 formula (I); and Y denotes so called weakly coordinated 

anion) . 
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In tl.).e above described . general formula (I -'-a) , the 

bond of metal M and Y may be covalent bond o·r ionic bond. 

Examples ~or Y are weakly coordinated anions 

d~scribed on Chemical Review, vol. 88 (1988) p. 1405, 

5 Chemical Review vol. 93 (1993) p. 927, an.d WO 98/30612, p. 

6. Particularly, the following examples are; 

(R may be th~ same or different to one another and 

denotes oxygen atom, nitrogen atom, phosphorus atom, 

10 hydrogen atom, halogen atom, or a substi tuent containing 

·these atoms; or an aliphatic hydrocarbon group, an 

· aromatic hydrocarbon group, or an alicyclic hydrocarbon 

group; or an· aliphatic hydrocarbon group, an aromatic 

hydrocarbon group, or an alicyclic hydrocarbon group 

15 substituted by oxygen atom, nitrogen atom, phosphorus 
. . 

atom, or, halogen atom; or an aliphatic hydroca~bon group, 

an aromatic hydrocarbon group, or an alicyclic 

hydrocarbon group substituted by substituents containing 

oxygen atom, nitrogen atom, phosphorus atom, or halogen 

20 atom); or 

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

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

these atoms; or an aliphatic hydrocarbon group, an 

aromatic hydrocarbon group, or an alicyclic hydrocarbon 

group; or an aliphatic hydrocarbon group,· an aromatic 

5 hy_drocarbon group, 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 g~oup 

10 substituted by subst.ituents containing oxygen atom, 

nitrogen atom, phosphorus atom, or halogen atom); or 

· PF6
-, SbF5

-, trifluoromethanesulfonate, p­

toluene~ulfonate, or the like. 

A catalyst for olefin polymerization may contain a 

15 carrier (c) described below and/or an organic compound 

(d) described later, on necessity, together with the 

above described transition metal compound (al) (hereafter 

sometimes called as "component {al)") and, if necessary, 

at least one of ·compounds (b) (hereafter sometimes called 

20 as "component (b) ") selected from the above described (b­

l) organorr:ietallic compound, (b-2) organoaluminum oxy 

compound, and (b-3) ionizing ionic compound. 
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Cc) Carrier 

A (c) carrier to be employed, optionally, for 

producing an ethylene (co)polymer (Al) is inorganic or 

organic compounds· and granular or .fine particle.solid. 

s Among them, as.the inorganic compounds, porous 

oxides, inorganic halogen compounds, clays, clay minerals, 

ion-exchangeable l_amellar compounds are preferable. 

Particularly, the ·following are substances us~ble as 

10 ZnO, Bao, Th021 composite compounds containing these 

oxides, and their mixture, for example, natural or 

containing Si02 and/or Al 203 as a main component is 

15 pref er able . 

. Additionally, the above described inorganic 

compounds may contain a small amount of _carbonate, 

sulfate, nitrate, and oxide ·components such as Na2C03 , 

Such porous oxides have different properties 
. -

depending on the types and production methods and it is 

desirable for a carrier to be preferably used for the 
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present invention to have the particle diameter 10 to 300 

µm~ preferably 20 to 200 µm, the specific surf ace area 
. . 

within a range of SO.to 1000 m2/g, preferably 100 to 700 

m2/g, and the fine pore volume within a range 0.3 to 3.0 

5 cm3 /g. Such a carrier may be calcined at 100 to 1000°C, 

preferably 150 to 700°C, if necessary, to be used. 

As a:h inorganic. halogen compound, MgC12 , MgBr;21 MnC1 2 , 

MnBr2 , and the likes are used. The inorganic halogen 

compound may be used as it is or after being milled by a 

10 ball mill or a vibration mill. Furthe~, an inorganic 

halogen compound obtained by dissolving an inorganic 

halogen compound in a .sol vent such as aicohol and then 

precipitating the compound in fine particle state by a 

precipitating agent may also be used. 

15 A clay generally comprises clay minerals as main 

components. An ion-exchangeable lamellar compound is a 

compound having a cr"ystal structure in which planes 

constituted ~f ion bonds are overlaid one another in 

parallel with weak bond energy arid the contained ions are 

20 exchangeable. Almost all of clay minerals are ion-

exchangeable larnellar compounds. Not only natural but 

also artificially synthesized clays, ~lay minerals~ and 

ion-exchangeable lamellar compounds are usable. 
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Examples of. ·clays, clay minerals, and ion-

exchangeable lamellar compounds are clays, . c·lay minerals, 

and ionic crystal compounds having a ·1amellar crystal 

structure.such as hexagonal close packing type, antimony 

5 type,. CdC12 . type, CdI2 type, or the like structure. 

Examples of such clays an<?. clay minerals are; kaolin, 

bentonite, Kibushi clay, Gaerome clay, allophane, 

hisingerite, pyrophyllite, mica-group minerals, 

montmorillonitic clays, vermiculite, chlorite-group 

10 . minerals, palygors~ite, kaolinite, nacrite, dickite, 

. halloysite, and the likes; and examples of the ion-

exchangeable lamellar compounas are the following_• 

crystalline acidic salts of polyvalent metals; ex.-. ' 

Such clays, clay minerals, and ion-exchangeable 

lamellar compounds have preferably 0.1 cc/g or more, 

especially preferably 0.3 to 5 cc/g, of pore volume of 

20 fine pores of 20 A or longer radius measured by mercury 

pressure penetration method. The pore volume for fine 

pores with radius within a range of 20 to 3 x 104 A is 
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measured by a mercury pressure penetration method using a 

mercury porosimeter.· 

In the case a substance having less than 0.1 cc/g 

pore volume (Jf fine pores with 20 A. or longer radius is 

5 used as a carrier, it tends to be difficult to obtain 

high polymerization activity. 

It is also preferable to carry out chemical 

treatment for the clays and clay minerals. 

Any treatment such as surface treatment for removing 

10 impurities adhering to the surface, treatment affecting 

the crystal structure of clays, and the likes may be 

employed as the chemical treatment. Particularly, as the 

chemical treatment, acid treatment, alkali treatment, 

salt treatment, organic substance treatment, and the 

15 likes are included. Acid treatment brings a removal of 

impuriti!=S on the surface, while cations of such as Al, 

Fe, mg in the crystal structure are eluted there by, 

results to increase the surface area. The crystal 

structure of a clay is broken by the alkali treatment to 

20 result in alteration of the structure of the clay .. Also, 

ion complexing, molecular complexing, and organic 

derivatives are formed by the salt treatment and the 
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organic substance treatment to change the surf ace area 

and the interlayer distance. 

An ion-exchangeable lamellar compound may be. a 

lamellar compound in which interlayer distance is widened 

S by repiacing exchang~able ion in interlayers with another 

bulky ion based on the ioh exchangeable property. Such a 

bulky ion works just like a pole to support the lamellar 

structure and is commonly called a pillar. To introduce 

another substance into interlayer gaps of a lamellar 

10 compound is called intercalation. Examples of guest 

·compounds to be intercalated are; cationic inorganic 

. compounds such as TiC1 4 and ZrC1 4 ; metal alkoxides (R 

denotes a hydrocarbon group) such as Ti(OR) 4 , Zr(OR) 4 , 

PO (OR) 3 , and B (OR) 3 ; and metal hydroxide ions such as 

15 [Al1304 (0H) 24 ]
7+, [Zr4 (0H) 14 ]

2+, [Fe30(0COCH3 ) 6 ]+. Those 

compm:1nds 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(QR) 4 , Al(OR) 3 , and Ge(OR) 4 (R denotes a hydrocarbon), 

20 a colloidal inorganic compound such as Si02 or the ~ike 

is allowed to' coexist. Examples of the pillars are 

oxides produced by thermal dehydration after 

intercalation of ~bove described metal hydroxide ions. 
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Clays, clay minerals, and ion-exchang~abl~ lamellar 

compounds may.be used as they are or after t"reated by a 

ball mill or a sieve. Further, they may be used after 

addition and adsorption of water to and on them and heat 

S dehydration treatment for them. Additionally, they may 

be used solely or in combination of two.or more of them. 

Among -them, clays or clay minerals are preferable 

and montmorillonite, vermiculite, pectolite, taeniolite, 

and synthesized mica are especially preferable. 

10 Examples of the organic compounds are granular or 

fine particle-like. solids having a particle diameter 10 

to 300 µm. Particularly, (co)polymer produced from 

mainly a-olefin of 2 to 14 carbon atoms such as ethylene, 

propylene, 1-butene, 4-methyl-1-pentene, and the likes; 

15 (('.:O)polymer produced from mainly vinylcyclohexane and 

styrene; and their modified substances are among the 

organic compounds. 

(d) An organic compound component 

20 A (d) organic compound be employed for a purpose of 

improving the polymerizable property and the physical 

properties of a produced polymer optionally in production 

of an ethylene (co) polymer. (Al). Examples of such 
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organic compounds are alcohols, phenolic compounds, 

carboxylic acids, phosphorus compounds, and ·sulfonic acid 

salts and compounds other than these compounds are also 

allowed to be used. 

5 'As alcohols and phenolic compounds, compounds 

defined as R20-0H are normaily used. R20 in that case 

·denotes a hydrocarbon group of 1 to 50 carbon atoms or a 

halogenated hydrocarbon group of 1 to 50 carbon atoms. 

As the alcohols, R20 is preferably a halogenated 

10 hydrocarbon. On the other hand, it is preferable for the 

phenolic compounds to be substituted by hydrocarbon of 1 

to 20 carbon atoms at a,a' position of the hydroxyl 

group. 

As carboxylic acids, compounds defined as R21-COOH 

· 15 are normally used. R21 denotes a hydrocarbon group of 1 

to 50 carbon atoms or a halogenated hydrocarbon group of 

1 to 50 carbon atoms; and especially a halogenated 

hydrocarbon group of 1 to 50 carbon atoms is preferable. 

As phosphorus compounds, phosphoric aeids having P-

20 0-H bond, phosphates and phosphine oxides having P-OR, 

P=O bond are preferable used. 

As sulfonic acid salts, those having a gener~l 

formula (VII) described below are used. 
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0 

(Xm-n)-. Mm 
. II 

o--s--· R23 

II 
0 n 

(VII) 

5 . Where, M denotes an element of group I metals or 

group XIV in the periodic table; R23 denotes a 

hydrocarbon group of 1 to 20 carbon qtoms or a 

halogenated hydrocarbon group of 1 to 20 carbon atoms; X 

denotes a hydrogen atom, a halogen atom, a hydrocarbon 

10 group of ·1 to 20 c~rbon atoms or a halogenated 

hydrocarbon group of 1 to 20 carbon.atoms. 

m denotes an int~ger 9f 1 to 7; and n satisfies 1 S 

n ~ 7. 

15 Polymerization 

An ·ethylene (co) polymer (Al) is produced using an 

olefin polymerization catalyst described above by 

homopolymerization of ethylene or copolymerization of 

ethylene and an a~olefin of 4 to 20 carbon atoms. 



SF-679 

100 

At the .time of polymerization, methods described 

below are appli6able while the manner of usirig respective 

components and the order to add the components are 

optional; 

5 (1) a method by adding a component (al) and a 

component (b). in optional order to a polyrnerizer; 

(2) a method by adding catalyst components 

comprising a carrier {c) bearing a component {al) and a 

component (b) in optional order to a polyrnerizer; 

10 . (3) a method by adding catalyst components 

comprising a carrier. (c) bearing a component _(b) and a 

component (al) in optional order to a polymerizer; and 

(4) a method by adding catalyst components 

comprising a carrier (c) bearing both of a component (al) 

15 . and a component (b) to a polyrnerizer. 

In above described respective methods (1) to (4), at 

least two . of respe'cti ve catalyst components may 

previously be brought into contact with one another. 

In above described respective methods (3), (4) in 

20. which the component (b) is deposited, a component (b) 

which is not deposited on a carrier may be added, if 

necessary, in an optional.order. In that case, the 

components {b) may be the same or different to each other. 
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In solid catalyst components comprising the carrier 

(c) bearing the component (al) and the component (b), an 

olefin may previously polymerized and cata_lyst components 

may further be deposited on_ the previously polymerized 

5 solid catalyst components. 

Polymerization may be ·carried out by any one of the 

methods; liquid-phase polymerization methods such as 

solution polymerization and suspension polymerization and 

gas-phase polymerization me~hods. · Among the methods, 

10 suspension polymerization is preferable . 

. · As an inert hydrocarbon sol vent to be used for a 

liquid-phase polymerization, the following are concrete 

examples; an aliphatic hydrocarbon such as propane, 

butane, pentane, hexane, heptane, octane, _decane, 

ts· dodecane, and kerosine; an alicyclic hydrocarbon such. as 

· cyclopentane, cyclohexane, and methylcyclepentane; an 

aromatic hydrocarbon such.as benzene, toluene, and 

xylene; and a halogenated hydrocarbon such as ethyl~ne 

chloride, chlorobenzene, and dichl.oromethane; and their 

20 mixtures. An olefin itself may be used as a solvent. 

At the time of carrying out (co)polymerization using 

above described olefin polymerization catalyst, a 

component (al) is so added as to keep the concentration 
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normally · 10-12 to 10''"2 mole, preferably 10-10 to 10-3 mole, 

per 1 liter of the reaction v6lume . 

. A component· (b-1) to be used optionally is so addeij 

-
;as to keep the mole ratio ((b-1)/M) of the component (b-

5 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 used optionally is so added 

as to keep the mole ratio ((b-2)/M) of aluminum atom in 

the component (b-2) and a transition metal (M) .in a 

10 component (al) within normally 10 to 500, 000 and 

preferably 20 to 100,000. 

A component (b-3) to be used optionally is so addec;:i 

as to keep the mole ratio ((b-3)/M) of the component (b-

3) and a transition metal (M) ih a component (al) within 

15 normally 1 to 10 and preferably 1 to 5. 

A component (d) to be used optionally is so added as 

to keep the mole ratio ((d)/(b-1)) within normally 0.01 

to 10 and preferably 0.1 to 5 in-the case a component (b) 

is a component (b-1); the mole ratio ((d)/(b-2)) within 

20 normally 0. 001 to 2 and preferably 0. 005 to 1 in ·the case 

a component (b) is a component (b-2); and the mole ratio 

((d)/(b-3)) within normally 0.01 to 10 and pre~erably 0.1 

to 5 in the case a component (b) is a component (b-3). 
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The polymerization temperature in the case of using 

such a catalyst for olefin polymerization is normally -50 

to +250°C, preferably 0 to 200°C~ and especially 

preferably 60 to 170°C. The polymerization pressure is 

S generally a normal pressure to 100 kg/cm2 and preferably 

a normal pressure to 50 kg/cm2
: 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 

10 or more·steps iri-different reaction conditions, a one-

step polyme~ization 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 

15 the polymerization temperature. Further, the molecular 

weight can be adju$ted owing to the difference of 

components (b) to be used. 

An ethylene (co)polymer (A2) 

20 An ethylene (co)polymer (A2) is an ethylene 

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

· olefin of 4 to 20 carbon atoms.· 
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Examples of a~olefins of 4 to 20 carbon atoms are a 

straight chain or branched:a-olefin of 4 to 10 carbon 

atoms as same as described above and a cyclic olefin of 4 

to 20 carbon atoms as same as described~ Among them, 1-
.~ 

S butene or l~hexene is preferable. 

It is desirable for the ethylene (co)polymer (A2) to 

contain generally 50 to 100% by weight, preferably 55 to 

100% by weight, further preferably 65 to 100% by weight, 

and mos:t preferably 70 to 100% by weight of a repeated 

JO unit derived from ethylene and 0 to 50% by weight, 

15 

preferably 0 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 of 4 to 

20 carbon atoms. 

The ethylene (co)polymer (A2) is 

(iM) methyl branches less than 0.1, preferably less 

than 0.08, in number per 1,000 carbon atoms measured by 

13C-NMR. Since such an ethylene (co) polymer is a tough 

crystal structure, it has excellent mechanical strength. 

20 The ethylene (co)polymer (A2) also is 

(ii~) Mw/Mn m~asured 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 mechanical strength. 

The pref er able state of the ethylene· (co) polymer 

(A2) is that Mz/Mw measured by GPC does not exceed Mw/Mn. 

5 In the case a polymer having an intrinsic viscosity 

smaller than the above descri~ed range, the crystal is 

weak, so that the strength is insufficient and in the 

case a polymer having an intrinsic viscosity larger than 

the above described range, the rigidity sometimes becomes 

10 insufficient or molding of the polymer sometimes becomes 

difficult. 

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

to satisfy at least one of the following requirements 

(iiiA2) to (xiiiA2) in addition to the above described 

15 requirements ( iA2) and ( iiA2) .. 

( iiiA2 ) 'l'he intrinsic viscos~ ty measured in decal in 

at 135°C is within~ range of 0.2 to.18 dl/g, prefer~bly 

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 

20 1. 7 to 7 • 5 dl I g . 

(iv;i,.2 ) The intrinsic viscosity ( [11] (dl/g)) measured 

in decalin at 135°C and the melt flow rate (MFR (g/10 
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minutes} measured under 2.16 kg load at 190.°C satisfy the 

following relations; 

[11] > 1. 85 x MFR-:0
•
192

, preferably [11] > 1. 95 x MFR-0
•
192

, 

in the case of MFR < 1 and 

5 [11] > 1. 85 x MFR-0
•
213

., preferably [11] > 1. 95 x MFR-0
•
213

, 

in the case of MFR ~ 1. 

An ethylene (co) polymer satisfying above described 

relations between the intrinsic•viscosity and MFR is 

characterized by, for example, excellent mechanical 

10 strength of a molded product. 

(vA2 ) Components having a molecular weight of 500, 000 

reduced tp polyethylene measured by GPC-IR are generally 

not more than 5%, preferably not more than 3%, in the 

components to be eluted.at 105°C or higher in a heating 

15 elution separation test. Such an ethylene· (co) polymer 

slightly contains long chain branches and is excellent 

mechanical strength. . 

(viA2 ) The components eluted at 105°C or higher in a 

heating elution separation test are generally not me.re 

20 than 5% by weight, preferably not more than 4%, in the 

case the cornonomer content is 1.5 mole% or higher and the 

components to be eluted at 106°C or higher in a heating 

elution s~paration test are generally 8% by weight or 
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.lower, preferably 7% by weight, in the case the comonomer 

content is less than 1.5 mole%, preferably nbt less than 

0.4 mole% .and less than 1.5 mole%. 

Such an ethylene (co)polyrner satisfying above 

5 described require.ments slightly contains ethylene 

homopolyrner components and is excellent mechanical 

strength. 

(viiA2) The components having a molecular weight of 

.10,000 reduced to polyethylene measured by GPC-IR among 

· 10 components precipitated by dissolving the ethylene 

(co)polyrner in p-xylene at 130°C and theh precipitating 

the dissolved components in a poor solvent after ·Cooling 

to 75°C are generally 30% or lower, preferably 25% or 

. lower, more preferably 20% or lower in the precipitated 

15 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 above described requirements 

slightly contains components having a large amount of 

20 ·comonomers and is excellent mechanical strength. 

(viiiA2 ) The compone.nts precipitated by dissolving 

·the.ethylene (co)polymer in p-xylene at 130°C and then 

precipitating the components in a poor solvent after 
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cooling to 75°C are generally 15% or lower, preferably 

12% or lower, in the whole ethylene (co)polyiner. It is 

especially preferable to satisfy the above described 

requirements in the case the comonomer content in the 

5 . ethylene (co) polymer (A2) is 0. 8 to 3. 0 mole%. 

Such an ethylene (co)polymer (A2) satisfying above 

·described requirements slightly contains components 

having a large amount of comonomers and components having 

extremely low molecular weight and is excellent 

10 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 precipitating · 

15 the dissolved components in 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 satisfy the above described-requirements in 

the case the comonomer content is 0.8 to 3.0 mole%. 

20 Such an ethylene ·(co) polymer satisfying above 

described requirements slightly contains components 

having a large amount of·comonomers and is excellent 

~e~hanical strength. 
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(x~) The decane-soluble components (W (%by weight)) 

at 23°C and the· density (d (g/cm3
)) sa~isfy the foll.owing 

relations; 

W < 80 x exp(-100 x (d - 0.88)) + 0.1, preferably 

5 W < 60 x exp{-109 x (d - 0.88)) + 0.1 in the case 

MFR ~ 10 g/10 minutes and 

W < 80 x (MFR - 9) 0
•
26 x exp(-100 x (d - 0.88)) + 0.1 

in the case MFR > 10 g/10 minutes. 

Such an ethylene (co)polymer satisfying above 

10 described requirements is excellent mechanical strength 

and is slightly sti6ky. 

(xi~) The number of branches having a length 

equivalent to that of nexyl or longer measured by 13C-NMR 

is generally less than 0.1, preferably less than 0.03~ 

15 per 1, 000 of carbon atoms. 

In the case long chain branches exist, they are 

detected as branches having a length equivalent to that 

of hexyl or longer, -and if long chain branches exist, the 

mechanical strength is lowered. Consequently, an 

20 ethylene (co) polymer satisfying above described 

requirements is excellent mechanical strength. 

(xiiA2 ) The ratio Mw/Mn of the weight average 

molecular weight (Mw) and the number average molecular 
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weight (Mn) calculated from the logarithmic normal 

.distribution produced by distributing molecu·lar weight 

distribution_curvesmeasure by gel permeation 

chromatography to two same logarithmic normal 

5 · distributibn curves is generally within a range of 3 to 8, 

preferably 3.5 to 7. 

(xiiiA2 ) There exist components to be eluted at 109°C 

or higher in a heating.elution separation test and the 

intrinsic viscosity ( [T]] (dl/g)) ·measured at 135°C iri 

10 decalin and the density (d (g/cm3
)) of the components 

satisfy the following relation; 

d ~0.0003 x [~] 2 
- 0.0121 ~ [~] + 0.9874, preferably 

d ~0.0010 x [~) 2 
- O.U145 x.[T]] + 0.9900. 

The components eluted at 109°C or higher h_ave the 

15 intrinsic viscosity measured at 135°C in decalin 

preferably within a range of 0.3 to 1.5 dl/g. 

· Additionally, the components eluted at 109°C or 

higher are withiri a· range of 1 to 90% by weight; 

preferably 1 to 75% by weight. 

20 The ethylene (co)polymer (A2) sa:tisfyirig above 

described requirements comprises, for example, an 

ethylene (co)polymer (A2-l) described below 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 weight, 

preferably 25 to 75 parts by·weight arid the ethylene 

(co)polymer (A2-2) ·in 10 to 90 parts by weight, 

preferably 25 to 75 paits by ~eight (wherein, (A2 - 1) + 

5 (A2-2) = 100 parts by weight). 

An ethylene (co)polymer (A2-1) is an ethylene 

homopolymer or a random copolymeE of ethylene and an a­

olef in of 4 to 20 carbon atoms. Examples of a-olefins of 

4 to 20 carbon atoms are a straight chain or branched a-

10 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, 1-butene or 1-hexene is 

preferable. 

It is desirable for. the ethylene (co)polymer (A2-1) 

15 to contain generally 50 to 100% by weight, 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 

weight, preferably 0 to 45% by weight, further preferably 

20 0 to 35% by weight, and especially preferably 0 to 30% by 

~eight of a repeated unit derived from a-olefin. 

In addition to above described requirements, the 

ethylene (co)polymer (A2-1) satisfies the following 
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requirements (iA2_1 ) to ·(iiiA2_1}, preferably (i.A2- 1 } to (ivA2-

(iA2_1 ) The intrinsic viscosity ( [11h2_1 ) measured in 

decalin at 135°C within a range of generally 0.3 to 2~s 

5 dl/g and preferably o~4 to 1.5 dl/g~ 

(iiA2_ 1 ) The number of methyl branches measured by . .. . 

13C-NMR is generally less than 0 .1, preferably l~ss than 

0.08, per 1,000 of carbon atoms. 

(iiiA2_1 ) Mw/Mn measured by GPC is within a range of 

10 generally 3 to 8 and preferably 3.5 to 7. 

(ivAz-i> The intrinsic viscosity ( [1lh2_1 (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; 

15 [1l]A2~1 > 1.85 x MFR-0
•
192

, preferably [1llA2-l > 1.95 x 

MFR-0
•
192

, in the case of MFR < 1 and 

[Tt]A2-1 > 1. 85 x MFR-0
•
213, preferably [1l]A2_1 > 1. 95 x 

MFR-0
•
213

, in the case of MFR ~. L 

It is preferable for the ethylene (co)polymer (A2-1) 

20 to satisfy the following requirements described below, in 

addition to above described requirements. 

Iri the case the intrinsic viscosity measured at 

135°C in decalin is 0.3 to 1.5 dl/g, preferabl~ 0.4 to 
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1.0 dl/g, and more preferably 0.5 to 0.9 dl/g, the 

intrinsic viscosity ([~} (dl/g)) ·and the den~ity (d 

. (g/cm3
)) satisfy the following· relation; 

d ~0.~003 x [1'\] 2 ~ 0.0121 x [1'\] + 0.9874, preferably 

5 .d ~0.0010 x .. [1'\] 2 
':"" 0.0145 )( [1'\] .+ 0.9900. 

In the case the intrinsic viscosity and the density 

of an ethylene (co).polymer (A2-1) satisfies above 

described relations, the ethylene (co)polymer is 

especially excellent in rigidity. 

10 An ethylene (co)polymer (A2-2) is either ethylene 

homopolymer or a random copolymer of ethylene and an a­

olef in 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 

15 and a cyclic olefin of 4 to 20 carbon atoms as same as 

described. Among them, 1-butene or 1-hexene is 

preferable. 

It is desirable that the ethylene (co)polymer (A2-2) 

contains g.enerally 50 ·to· 100% by weight, preferably 55 to 

20 100% by weighti further preferably 65 to 100% by weight, 

and most preferably ·10 to 1ooi by weight of a repeated 

unit derived from ethylene and 0 to 50% by weight; 

preferably 0 to 45% by weight, further preferably ·O to 
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35% by weight, and especially preferably 0 to 30% by 

weight ·of a repeated unit derived from a-olefin. 
. ·. . . 

The ethylene (co)polymer (A2-2) satisfies the 

following requirements . ( iA2_2 ) to ( iiA2_2), preferably ( iA2_2 ) 

5 . to (ivA2_2 ), in addition to above described requirements. 

(iAi_2 ) The intrinsic viscosity ( [11]A2_2 ) measured in 

decalin at 135°C is within a range of generally 2.0 to 20 

dl/g and preferably 2.5 to 10 dl/g. 

(iiA2_2) The number of methyl branches measured by 

10 13C~NMR is generally less than 0.1, preferably less than 

0.08, per 1,000 of carbon atoms. 

(iiiA2_2 ) Mw/Mn measured by GPC is within a range of 

generally 3 to 8 and preferably 3.5 to 7. 

· (ivA2_2) The intrinsic viscosity ( [f1]A2_2 (d°i/g)) 

15 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; 

[11]A2_2 > 1.85 x MFa-0
•
192

, preferably [TJ1A2_2 > 1.95 x 

MFR-0
•
192

, in the case of MFR < 1 and 

20 [TJ.JAZ_2 > 1. 85 x MFR-0·213
, preferably [fl)p_2_2 > 1. 95 x 

MFR-0
•
213

, in the case of MFR ;;::.:: 1. 

The intrinsic viscosity ( [TJh2 _1 } of the above 

described ethylene (co)polyrner (A2-1) and the intrinsic 
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viscosity ([~]A2_2 ) of the above described ethylene 

(co}polymer (A2-2} satis_fy_ [~lA2-l < [1l]A2_2 • 

The measurement methods for above described physical 

properties will be desc~ibed later. 

Production. metpod of the ethylene Ccojpolymer CA2l 

The above described ethylene (co)polymer (A2) can be 

produced by polymerizing solely ethylene or 

copolyme.tizi.ng ethylene and an a-olefin of 4 to 20 carbon 

10 atoms in the presence of, for example, an olefin 

polymerization catalyst similar to that to be employed 

for production of the ethylene (co) polymer (Al}. 

At the time of polymerization, methods described 

bel~w are applicable while the manner of ~sing respective 

15 components and the order to add the components are 

optional; 

(1) a method by adding a component (al) and a 

component (b) in optional order to a polymerizer; 

(2) a method by adding catalyst components 

20 comprising a _carrier (c) bearing a component (al) and a 

component (b) in optional order to a polymerizer; 
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(3) a method by adding catalyst components 

comprising a carrier (c) bearing a component (b) and a 

component (al) in optional order to a polymerizer; and . 

(4) a method by adding catalyst components 

· 5 comprising a carrier (c) . bearing both of a ·component (al) 

and a compone·nt (b) to a polyrnerizer. 

In above described respective methods (1) to ( 4) , at 

least two of respective catalyst components may 

previously be brought into contact with one another. 

10 In above described respective methods (3), (4) in 

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 6rder. In that ca~e, the 

components (b) may be the same or different to each other. 

In solid catalyst components comprising the carrier 

(c) bearing the component (al) and the component (b), an 

olefin may previously polymerized and catalyst components 

may further be deposited on the previously polymerized 

solid catalyst components. 

20 Polymerization may be carried out by any one of the 

methods; liquid-phase polymeriz~tion methods such as 

solution polymerization and suspension polymerization and 
. . . 
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gas-phase polymerization methods.. Among the methods, 

suspension polymerization is preferable • 

. As an inert hydrocarbon solvent to be used for a 

liquid-phase polymerization, the same inert hydrocarbon 

s solvents to be employed for production of above described 

ethylene (co)polymer (Al) are concrete examples and an 

olefin itself may be used as a solvent. 

At the time of carrying out (co)polymerization using 

such an olefin polymerization catalyst, a component (al) 

10 is so added as to keep the concentrat1on generally 10-12 

to 10-2 mole, preferably 10-10 to 10-3 mole, per 1 liter of 

the reaction volume.· 

A component (b-1) to be used optionally is so added 

as to keep the mole ratio ((b-1)/M) of the component (b-

15 1) and a transition metal (M) in a component (al) within 

~ene~ally 0.01 to 100,000 and preferably 0.05 to 50,000. 

A component (b-2) ·to be used optionally is so ·added 

as to keep the mole ratio ((b-2)/M) of aluminum atom in 

the component (b-2) and a transition metal (M) in a 

20 component (al) within generally 10 to 500, 00.0 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 transition metal (M) in a component (al) within 

g~nerally 1 to 10 and preferably 1 to 5. 

A component (d) to be used optionally is so added as 

to keep the mole ratio ((d)/(b-1)) within generally 0.01 

5 to 10 and preferably 0 .1 to 5 in the case a component (b) 

is a component (b-1); the mole ratio ((d)/(b-2)) within 

generally 0.001 to 2 and preferably 0.005 to 1 in the 

case a component (b) is a component (b-2); and the.mole 

ratio ((d1/(b-3)) within generally 0.01 to 10 and 

10 preferably 0 .1 to· 5 in the case a component (b) is a 

component (b-3). 

The polym~rization temperature in the case of using 

such an olefin polymerization catalyst is generally -50 

to +250°C, preferably O to 200°C, and especially 

15 preferably 60 to 170°C. The polymerization pressure is 

generally a normai press~re to 100 kg/cm2 and preferably 

a normal pressure to 50 kg/cm2
: and the polymerization 

reaction may .be carried out by any method such as batch 

type, semi-continuous, and continuous methods. The 

20 polymerization can be carried out separately in two or 

more steps in different reaction conditions, and two or 

·more multi-step polymerization is preferable. 



. SF~679 

119 

In the case an ethylene (co)polymer (A2) is produced, 

for example, .in two steps, an ethylene .(co)polymer having 

an intrinsic viscosity of 0.3 to 2.5 dl/g is produced in 

the prior step and an ethylene (co)polymer having an 

S intrinsic viscosity of 2.0 to 20 dl/g is produced in the 

posterior step~ 

The molecular weight of a produced ethylene 

(co) polymer (A2)· can be adjusted either by making· 

hydrogen exist in the polymerization system or changing 

10 the polymerization temperature. Further, the molecular 

weight can be adjusted owing to the difference of 

components (b) to be used. 

·rn the case an ·ethylene (co)polymer (A2)" comprises 

an ethylene (co)polymer (A2-1) and an ethylene 

15 (co)polymer (A2-2), it can be produced by, for example, 

forming the ethylene (co)polymer (A2-l) and the ethylene 

(co)polymer (A2-2) using one polymerization apparatus in 

two- or more-step polymerization under different reaction 

conditions. Particularl}', in two-step polymerization 

20 process, the ethylene (co) polymer (A2-1) is formed by 

polymerization in the prior.step.and the ethylene 

(co) polymer (A2-2) i.n the pos·terior step.· Or, the 
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etl:iylene "{co} polymer .. (A2-2) is formed in the prior step 

and the ethylene (co}polymer (A2-1} in the p·osterior step. 

Further, using a plurality of polymerization 

apparatuses, the ethylene (co)polymer (A2-1) is formed by 

5 polymerization in one polymerization apparatus and then 

the ethylene (co)polymer (A2-2) is -formed by 

polymerization in another polymerization apparatus in the 

presence of the ethylene (co) polymer (A2-1). Or, the 

ethylene (co)polymer (A2-2} is formed by polymerization 

10 in one polymerization apparatus and then the ethylene 

(co)polymer (A2-1) is formed by polymerization in another 

polymerization apparatus in the presence of the ethylene 

. (co) polymer (A2-2) . · 

The polymerization conditions in an ethylene 

15 (co)polymer ·(A2) comprising the ethylene (co)polymer (A2-

1) and the ethylene (co)polymer (A2-2) are within ranges 

of the production condition~ for above prescribed 

ethylene (co)polymer. 

·An ethylene· (co) polymer (A2) comprising the ethylene 

20 (co)polymer (A2-1) and the ethylene (co)polymer (A2-2) 

can also be produced by a method described below. 

(1) A method by mechahically blending an ethylene 

(co)polymer (A2-1), an ethylene (co)polymer (A2-2), and 
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other components to be.added optionally by an extruder, a 

kneader, or the like . 

. (2) A method by dissolving an ethylene (co)polymer 

(A2-1),.an ethylene (co)polymer (A2-2), and other 

S components to .be added optionally in a good solvent (e.g. 

hydrocarbon solvents su6h as hexane, heptane, decane, 

cyclohe~ane, benzene, toluene~ xylene, and the likes) and 

then removing the solvent. 

(3) A method by separately dissolving an ethylene 

10 (co) polymer (A2-1), an ethylene (co) polymer (A2-2), and 
.. 

other components to be added optionally in proper good 

solvents, mixin~ the resultant respe~tive solutions, and 

then removing the solvents. 

(4) A method by combining the methods (1) to (3). 

15 

Ethylene (col polymer · (A3> 

An ethylene (co)polymer (A3) is an ethylene 

homopolymer or a random copolymer of ethylene and an a-

olefin of 3 to 20 carbon atoms . 

. 20 The a-olefin of 3 to 20 carbon atoms may be, for 

example, a straight chain or branched a-oief in of 3 to 20 

carbon atoms such as propylene, 1-butene, 1-pentene, 3-

~ethyl-l~butene, 1-hexene, 4-methyl-1-pent~ne, 3-methyl-
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1-pentene, 1-octene, 1-decene, 1-dodecene, ·1-tetradecene, 

1-hex~decene, 1-octadecene, and 1-eicocene; ~nd a cyclic 

olefin of 3 to 20 carbon atoms such as cyc.lopentene, 

cycloheptene, norbornene, 5-methyl-2-norbornene, 

5 tetracyclododecene, 2-methyl-1, 4, 5, 8-dimethano-
" . 

ll'.2,3,4,4a,5,8,8a-octahydronaphthalene. · 

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

ethylene homopolymer or a copolymer of ethylene and an a-

olefin of 4 to 20 carbon atoms. 

10 It is desirable for the ethylene (co)polymer (A3) to 

have intrinsic viscosity 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 

within a range of 20.0 to 100.0~ 

15 The ethylene· (co)polymer (A3) contains generally 50 

to 100% by wei9ht, preferably 55 to 100% by weight, 

further preferably 65 to 100% by weight, and most 

preferably 70-100% by weight of a repeated unit derived 

· from ethylene and 0 to 50% by weight, preferably 0 to 45% 

20 by weight, further preferably 0 to 35% .by weight, and 

most preferably_O to 30% by weight of a repeated unit 

derived from a-olefin of 3 to 20 carbon atoms. 

The ethylene (co)polymer (A3) is 
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(i~) the melt tension (MT (g)) at 190°C and the 

swe.11 ratio (SR) calculated from the strand diameter 

extruded at 190°C satisfying the following relation; 

log(MT) > 12.9 - 7.15 x SR and preferably log(MT) > 

5 13. 3 - 7. 15 x SR. 

Ari ethylene (co)polymer having MT and SR satisfying 

above described relations is characterized by excellent 
. . . 

bubble stability at the time of inflation molding. 

The ethylene (co)polymer (A3) also is 

10 (iiA3 ) the intrinsic viscosity ( [TJ] (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; 

[TJ] > 1.85 x MFR-0
•
192

, preferably [TJ] > 1.95 x MFR-0
·
192

, 

15 in the case· of MFR < 1 and 

(11] > 1. 85 x MFR-0
•
213

, preferably (11] > 1. 95 x MFR-0
•
213

, 

in the case of MFR ~ 1. 

An ethylene (co)polymer having the intrinsic 

viscosity and MFR satisfying above described relations is 

20 Characterized by I for example, excellent mechanical 

strength of a molded product. 

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

to satisfy at least one of the following requirements 
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(iiiA3} to (viiA3} in addition to the above described 

requirements (iA3 } and. (iiA3}. 

{iiiA3) The weight average molecular·weight {Mw} 

measured by GPC and the swell ratio (SR) calculated from 

s the strand diameter extruded at 190°C satisfy th~ 

following relation; SR> 4.55 - 0.56 x log(Mw), 

preferably SR > 4.60 - 0.56 x log(Mw). 

A polymer having the Mw and SR satisfying above 

described relations is characterized by, for example, 

10 blow rnoldability and excellent weld strength of a blow­

molded product. 

(ivA3 ) The number. average molecular weight {Mn), the 

weight average molecular weight {Mw}, and the Z average 

mol~cular weight {Mz) measured by GPC satisfy the 

15 following relations; Mz/Mw ~ 7 I ( 1 - 5. 5/ (Mw/Mn) ) and 

Mw/Mn > 5.5. 

Especially preferably the following requirement 

(ivA3) is satisfied; the number average molecular weight 

(Mn), the weight average molecular weight (Mw), and the z 

20 average molecular weight (Mz) measured by GPC satisfy the 

following relation; Mz/Mw ~ 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 average ~olecular 

weight (Mw), and the Z average molecular weight (Mz} 

satisfying above described relations is characterized by, 

5 for example, blow rnoldability and inflation film 

moldability. 

(vro) 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 

10 number average molecular weight is 0.50 or higher, 

preferably 0.60 or higher. 

The number of vinyl groups at the molecular 

terminals is gener~lly 1~0 or lowei. 

In the case th~ vinyl groups at the molecular 

15 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 

containing the ethylene (co)polymer comprising the vinyl 

groups at the molecular terminals within the above 

20 described ranges tends to have high adhesion strength to 

other resin. 

(viA3 } The number of methyl branches measured by 13C­

NMR is less than 0.1 per 1,000 of .carbon atoms. The 
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ethylene (co)polymer 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 (co)polymer satisfying such a 

S requirement is a rigid crystal structure and therefore is 

excellent·mechanical strength. 

(vii~) The number average molecular weight {Mn), the 

weight average molecular weight (MW), and the Z average 

molecular wei<J,ht · (Mz) measured by GPC satisfy the 

10 following relations; 

Mz/Mw ~ 4/(0.5 - ~.50/((Mw/Mn) - 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.desirable for an ethylene (co)polymer to have 

15 Mz/Mw measured by GPC which does not exceed Mw/Mn. 

A polymer having Mn, Mw, and Mz satisfying above 

described relations is characterized by, for example, 

excellent blow moldability and inflation film moldability. 

In the. case a molded product is produced from an 

20 ethylene (co) polymer (A3), .fish eyes, besides fish eyes 

having cores of fibers and the likes, are scarcely 

generated. For example, not.more than 20 fish eyes 

(except fish eyes having cores of fibers and the likes), 
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preferably practically no fish eyes, are observed with 

eyes in the case a film of 3.5 cm width and 50 µm 

thickness is formed using a capillary rheometer.and eye 
. . 

observation of the film is carried out in the range of 

5 3.0 cm width and 20 cm length. 

The methods for measurin,gabove ·described physical 

properties will be described below. 

Production· method of the ethylene (colpolymer !A3) 

10 The above described ethylene (co)polymer (A3) can be 

produced by polymerizing solely ethylene or 

copolymerizingethylene and an a-olefin of 3 to 20 carbon 

atoms. in the presence of, for examp~e, an olefin 

polymerization.catal¥st described below. 

15 · Ah olefin catalyst to be employed for an ethylene 

(co)polymer (A3) of the present invention comprises 

(a2) a transition metal compound having either one 

of .general formulas (VII) to (IX) described below and 

(b-2) an organoalum~num oxy compound. 

20 1he respective catalyst components constituting such 

an olefin polymerization catalyst will be described below. 

<a2l A transition metal compoupd 
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The transition metal compound (a2) is defined as any 

one of the general formulas (VII) to (IX) below. 

5 (VII) 

(wherein, N Zr generally means coordination and in 

the present invention, N and Zr may or may not be 

coordinated: the same in the general formulas (VIII) and 

10 (IX) described blow). 

Where, m denotes an integer bf 1 or 2, preferably 2: 

· R1 denotes an aromatic hydrocarbon group, particularly, 

an aryl group of 6 to 30, preferably 6 to 20 carbon atoms 

.such as phenyl, benzyl, naphthyl, biphenyl, terphenyl, 

15 phenanthryl, anthryl, or the like; and an alkyl~ 

substittited aryl group such as tolyl, iso-propylphenyl, 
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tert-b~tylphenyl, dimethylphenyl, di-tert-butylphenyl, or 

the like. 

R2 to R5 may be the same or different to one another 

and denote hydrogen atom or a hydrocarbon group, 

S particularly, a st~aight chain or branched alkyl group of 

1 to 30, preferably 1 to 20 carbon atoms such as methyl, . 

ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, 

tert-butylj neopentyl, n-hexyl, or the like; a straight 

chain or branched alkenyl group of 2 to 30, preferably 2 
. . 

10 to 20 carbon atoms such as viriyl, allyl, isopropenyl, or 

the like; a straight chain or branched alkynyl group of 2 

to 30, preferably· 2 to 20 carbon atoms such as ethynyl, 

propargyl, or the like: a cyclic sat~rated hydroqarbon 
. . 

group of 3 to 30, preferably 3 to ·20 carbon atoms such as 

15 cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 

adamantyl, or the like; a cyclic unsaturated.hydrocarbon 

group of 5 to 30 carbon atoms such as cyclopentadienyl, 

inderiyl, fluorenyl, or the like; an aryi group of 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-propylphenyl, tert-

. butylphenyl, dimethylphenyl, di-tert-butylphenyl, or the 



SF-679 

130 

like. Further, the above described hydrocarbon groups· 

may have other hydrocarbon group substituents and 

examples of the hydrocarbon group-substituted 

hydrocarbons are aryl-substitu~ed alkyl groups such as 

5 benzyl, cumyl, or the like. 

R6 denotes a hydrocarbon group of 1 to 4 carbon 

atoms.which is particularly methyl, ethyl, propyl or 

butyl. 

R1 and R6 may be the same or different to one another 

10 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 

further be substituted. 

In the case m is 2, two groups of R1 to R6 may bonded 

15 each other and also in the case m is 2, respective R1
, 

respective R2
, respective R3

, respective R4
, respective R5

, 

and respective R~may be the same or different to each 

other~· 

n denotes a· number satisfying the valence of Zr 

20 (zirconium) and is particularly an integer of 2 to 4, 

preferably 2. 

X denotes hydrogen atom, a halogen atom, or a 

hydroc~rbon group. In the case n is 2 or higher, 
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respective X may be_ the same or different arid respective 

X may. be bonded one another to form a ring.. Examples of 

the hydrocarbon groups are the same groups exemplified. 

for above described R2 to R5
• As the halogen atom, 

5 fluoripe, chlorine, bromine, and iodine are included. 

An ethylene (co}polymer satisf°ying the above 

described requirements (iA3} to (iiiA3 ), preferably the 

above described requirements (iA3) to (iiiA3) and at least 

one of the above described requirements (ivA3 ) to (viA3}, 

10 can be produced using a transition metal compound having 

such a general formula (VII) by polymerization under 

conditions.described below. 

Next, a transition metal compound (a2) having such a 

general formula (VIII) will be described below. 

15 

(VIII) 
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m denotes an integer of 1 or 2 and preferably·2. 

R11 to R15 may be the same or· different. to one another 

and each denotes hydrogen atom or a hydrocarbon group, 

5 and as the hydrocarbon group, particularly, hydrocarbon 

groups as same as those exemplified ·for R2 to R5 are 

exemplified. 

The hydrocarbon group may be substituted by other 

. hydrocarbon ·groups and as· the hydrocarbon group 

10 substituted by other hydrocarbon groups~ aryl-substituted 

alkyl groups such as benzyl, cumyl, or the like can be 

exemplified. 

R14 denotes an alkyl group of 1 to 8 carbon atoms 

preferably selected from methyl, ethyl, n-propyl, 

15 isopropyl~- · n-butyl, isobutyl, sec-butyl, tert-butyl, 

neopentyl, n-hexyl, or the like and methyl group is 

particularly preferable. 

R16 denotes a hydrocarbon group of 5 to 30 carbon 

atoms, particularly, a straight chain or branched alkyl 

20 group .of 5 to 30, preferably 5 to 20 carbon atoms such as 

n-pentyl,·neopentyl, 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 ~roup of 6 to 30, preferably 6- to 20 carbon 

atoms such as phenyl, benzyl, naphthyl, biphenylyl, 

triphenylyl, fluorenyl, anthryl, phenanthryl, or the · 

5 like; and a group (e.g. cumyl) selected from these groups 
. . . 

and substituted ]:)y a hydrocarbon group of 1 to 30 carbon 

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. 

10 R16 is preferably a hydrocarbon group of 5 to 30 

carbon atoms and having an alicyclic skeleton such as 

cyclopentyl, cyclohexyl, norbonyl, adamantyl, or the 

like; more preferably a hydrocarbon group of 5 to 20· 

carbon atoms and having an alicyclic skeleton; and 

15 especially preferably adamantyl. 

R11 and R16 may be the same or different to one 

another and among them, two or more groups, preferaply 

neighboring groups, may be bonded· one another to form an 

alicyclic ring or an aromatic ring and these rings may· 

20 further be substituted. 

In the case m is 2, two groups of R11 to R16 may 

. bonded each other and also in the case m is 2, respective 

R11
, respective R12

, respective R13
, respective R14

, 
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respective R15
, and respective R16 may be the same or 

different to each other. 

h denotes a number satisfying the valence of Zr and 

is .particularly an integer of 2 to 4, preferably 2. 

5 X can be defined as same as X in the above described 

general formula (VII). 

' As the transition metal compound of the general 

formula (VIII), compounds having the formula wherein mis 

2 and R16 is a hydrocarbon group of 5 to 30 carbon atoms 

10 and having an alicyclic skeleton are preferable, and 

among them, thos~ comprising methyl group as R14 and· 

adamantyl as R16 are especially preferable. 

An ethylene (co)polymer satisfying the above 

described requirements (iA3 } to (iiiA3 }, · preferably the 

15. above. described requirements (iA3 ) to (iiiAJ) and at least 

one of the above described requirements (ivA3 ) to (vi11;3 ), 

can be produced using a transition metal. compound having 

such a general formula (VIII) . 

Next, a transition metal compound (a2) having such a 

20 general formula (IX) will be described below. 
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. R23 

(IX) 

m denotes an integer of 1 or 2 and preferably 2. 

· 5 R21 denotes a aromatic hydrocarbon group which may be 

substituted by substituent groups and desirably an 

aromatic hydrocarbon group of 6 to 30, preferably 6 to 20 

carbon atoms such.as phenyl, benzyl, naphthyl, biphenylyl, 

terphenylyl, phenanthryl, anthryl, or the like. 

10 The substituent groups which R21 may comprise are not 

specifically limited, and include halogen atoms, 

hydrocarbon groups, oxygen-containing groups, nitrogen-

containing groups, halogen-containing groups, hydrocarbon 

groups having oxygen-containing groups, hydrocarbon 

15 groups having nitrogen-containing groups, and hydrocarbon 

groups having halogen-containing groups. 
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As h.alogen atoms, fluorine, chlorine, bromine, and 

iodine.can be exemplified. 

As the hydrocarbon groups, those groups exemplified 

for R2 to R5 can be exemplified. The hydrocarbon groups 

5 may be substituted by halogen for hydrogen atoms and 

halogen-substituted hydrocarbon groups include, for 

example, a halogenated hydrocarbon group of 1 to 30, 

preferably 1 to 20 carbon atoms such as trifluoromethyl, 

pentafluorophenyl, chlorophenyl,.or the like. 

10 Further the hydrocarbon grotipsmay be substituted by 

other hydrocarbon groups and hydrocarbon groups 

substituted py other hydrocarbon groups include an aryl­

substituted alkyl group such as benzyl, cumyl, or the 

like. 

15 Of the examples of the hydrocabon groups, 

especially preferable are alkyl groups having 1 to 30 

carbon atoms, preferablely linear or chain-branched alkyl 

groups having 1 to 20 carbon atom$, such as methyl, ethyl, 

n-propyl, isopropyl, n-butyl, isbbutyl, sec-butyl, 1-

20 butyl,· neopentyl and n-hexyl; aryl groups having 6 to 30 

carbon atoms, preferably 6 to 20 carbon atoms, such as 

phenyl, naphtyl, biphenylyl, terphenylyl, phenanthryl and 

anthryl; and sub~tituted 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 a·toms, and an 

aryl groups.having 6 to 30 carbon atoms, preferably 6 to 

.20 carbon atoms. 

5 As the hydrog~n containing groups, the nitrogen 

·containg groups and halogen containing groups there can 

be exmplif ied an alkoxy group, an aryloxy groups, an acyl 

group, an ester group, a.n amide group,·. an imido group, an 

amino group, an imino group, a cyano group, a .nitro group, 

10 a carboxyl group, a hydroxy group, etc. 

Examples of the alkoxy group include methoxy, 

ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy and 

tert-butoxy. 

Examples of the alyloxy groups inciude phenoxy, 

15 2, 6-dimethylphenoxy and 2, 4, 6-trimethylphenoxy. 

The acyl groups are, for example, a formyl group, 

an acethyl group, a benzoyl group, a p-chlorobenzoyl 

group, a p-methoxybenzoyl group. 

Examples of the ester groups include acethyloxy, 
. . 

20 benzoyloxy, methoxycarbonyl, phenoxycarbonyl, and p-

~hlorophenoxyearbonyl. 

The amide groups include, for example, acetamide, 

N-~ethylacetamide ~nd N-methylbenzamido. 



-... ·- ........ ... .. .. . .... ·····~·- ____ ............. __ _; .... , ........ ~ .... -·-:-···· ....... ~ .......... ... 

SF-679 

138 

As imido groups there can be e·xamplified acetimido 

and benzimido. 

Examples of the amino groups include dimethylamino, 

ethylmethylamino and diphenylamino. 

5 The imino groups are, for example, methylimino, 

ethylimino, propylimino, butylimino and phenylimino. 

The hydrocarbon groups having oxygen-containing 
. . 

groups include above described hydrocarbon groups 

substituted by the oxygen-containing groups; the 

10 hydrocarbon groups having nitrogen-containing groups 

include above described hydrocarbon groups substituted by 

the nitrogen-containing groups; and the hydrocarbon 

groups having halogen-containing groups include above 

des~ribed hydrocarbon groups substituted by the halogen-

15 containing groups. 

R22 to R25 may be the same or different to one· another 

and respectively denote a hydrogen atom, a halogen atom, 

a hydrocarbon group, an oxygen-containing group, a 

nitrogen-~ontaining group, a halogen-containing group, a 

20 hydrocarbon group having oxygen-containing groups, a 

hydrocarbon group having nitrogen-containing groups, and 

a hydrocarbon group having halogen-containing groups. 
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As the halogen atom, the hydrocarbon group, the 

oxygen-containing group, the ni trogen-contai.ning group, a 

halogen-containing group, the hydrocarbon group having 

oxygen-containing groups, the hydrocarbon group having 

S nitrogen-containing. groups, and the hydrocarbon group 

having halogen-containing groups, those exemplified as 

-the substi tuent groups which R21 is allowed to comprise 

can be exemplified. 

In a transition metal compound having the above 

10 described g'eneral formula (IX) I one or more of the 

subs ti tuent groups which R21 has and groups denoted as R22 

to R25 are respectively a halogen atom, an oxygen­

containing group, a nitrogen-containing group, a halogen­

containing group, a hydrocarbon group having oxygen-

15 containirig groups,. a hydrocarbon group having nitrogen­

containing groups, or a hydrocarbon group having halogen­

containing groups. 

One. or more of.· the subs ti tuent groups which R21 has 

and groups denoted as RH to R8 are preferably 

20 substituent groups selected from an aryloxy group, an 

amino group, an imino group, a cyarto group, or a nitre 

group or a hydrocarb6n group having these substituent 

groups. 
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Further, it is also preferable that one of the 

substituent groups which R21
- has and groups denoted- as R22 

to R25 is an alkoxy group and one or more of the rest are 

substituent groups selected from an alkoxy group, an 

5 aryloxy group, an amino group, an imino group, a cyano 

group, a nitre group, and a hydrocarbon group having 

these substituent groups. 

It is especially preferable that one or more of the 

subs ti tuent groups which R21 has and groups denoted as R22 

10 to R25 are subs ti tuent g-ioups selected from an aryloxy 

group and amino group. 

R26 is a hydrocarbon group. As the hydrocarbon group 

preferable for R26
, the following groups are pref~rable 

examples; a straight chain or branched alkyl group of 1 

15 - to 30 1 preferably 1 to 20 carbon atoms such as· methyl, 

ethyl~ n-propyl, isop~opyl, n-butyl, isobutyl, sec-butyl, 

tert-butyl, neopentyl, n~hexyl, or the like; a cyclic 

saturated hydrocarbon group of 3 to 30, preferably 3 to 

20 carbon atoms such as cyclopiopyl, ~yclobutyl, 

- -

20 cyclopentyl, cyclohexyl, adam~ntyl, or the like; an aryl 

group.of 6 to 30, preferably 6 to 20 carbon atoms such as 

phenyl; benzyl, naphthyl, biphenylyl, triphenylyl, or the 

like; and one of these group substituted by alkyl groups 

~--
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of 1 to 30, preferably 1 to'20 carbon atoms or by aryl 

.groups of 6 to 30, preferably 6.to 20 c~rbori ~toms. 

R21 to R26 may be the same or different to one another 

and among them, two o~ more groups, preferably 

5 neighboring groups, may be bonded one another to fqrm an 

alicyclic ring, an aromatic ring, or a hydrocarbon ring 

containing hetero atoms such as nitrogen atom and these 

rings ~ay further be substituted~ 

In the c;::ase m is 2, two groups of R21 to R26 may 

10 bonded each other and also in the case m is 2, respective 

~21 , · respective R22
, respective R23

, respective R24
, 

respective R25
, and respective R26 may be' the same or 

different to each other. 

n denotes a number satisfying the valence of Zr and 

15 is particularly ah integer of 2 to 4, preferably 2. 

X can be defined as same as X 1n the above described 

general formula (VII) . 

An ethylene .(co)polymer satisfying the above 

described requirements (iA3 ) to (iv,i>.3 ), preferably the 

20 : above ·described requirements ( iA3) to ( i vAJ) and at least 

one of the above described requirements (vA3 ) to (viA3 ), 
. . 

can be produced using a transition metal compound having 

such a general formula (IX) ~ 
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Concrete.examples of transition metal compounds (a2) 

defined as the general· formulas (VII)· to (IX) will be 

.described below and the transition metal compounds are 

not limited to those compounds. 
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. . . 

The above exemplified compounds, Me denotes methyl 

group, Et denotes ethyl group,. tBu tert-butyi group·, and 

Ph phenyl group. 

The method for producing the transition metal 

5 compound (a2) is not specifically ·restricted and, for 

example, the compound can be produced as described below. 

The transition metal compound (a2) can be 

synthesized by, for example;. reaction of a compound (a 

ligand· ·precursor) capable of forming a ligand and a. 

10 zirconium compound of, for example, ZrXk (X is the same 

as above defined X and k denotes the number satisfying 

· the valence of Zr) . 

The ligand precursor can be obtained by reaction of 

a salicylaldehyde compound and a primary amine compound 

15 having a formula R1-NH2 (R1 is the same as R1 of the above 

described general formula (VII).), for example, an 

aniline compound cir ah alkyl amine compound. 

Particularly, the precursor can be obtained, for example, 

by dissolving both starting compounds in a solvent. As 

20 the solvent, a commonly used solvent for such a reaction 

is usable and especially an alcohol solvent such as 

methanol, ethanol, or the like or a hydrocarbon solvent 

such as toluene or the like is preferable. Then, the 
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resultant solution is stirred for about 1 to 48 hours at 

from room temperature to reflux condition to obtain a 

corresponding ligand precursoi at high production yield. 

Next,_a·corresponding transition metal compound (a2) 

S can be synthesized by reaction of a ligand precursor 

pr.educed in such a manner and a zi:tconi um compound. . 

Particularly, the synthesis is carried out by dissolving 

a synthesized ligand precursor in a solvent, bringing the 

resultant solution into contact with a base, if necessary, 

10 to produce a phei'lox.ide salt, and then mixing the produced 

substance with a metal compound such as a metal halide, 

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 

15 the· sol vent to be used, a sol vent commonly used for such 

. a reaction can be usable and polar solvents such as 

ethers, tetrahydrofuran (THF), and the likes and a 

hydrocarbon solvent such as tbluene are preferable. As 

the base .to be used for produ6ing the phenoxide salt, the 

20 following salts are preferable; a metal salt such as a 

lithium salt, e.~. n-butyllithium, ~ sodium salt, e.q. 

sodium hydride, and an organic base, e.g. triethylamine, 

pyridine, or the like. 
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An ethylene (co) polymer (A3) can be produced by 

polymerizing solely.ethylene or copolymerizfng ethylene 

and an a-olefin of 3 to 20 ·carbon atoms in the presence 

of such above described olefin pOlymerization catalyst 

S similar in specified conditions. 

The polymerization method will be described below. 

Polymerization can be carried out by any one of the 

methods; liquid-phase polymerization methods such as 

solution polymerization and suspension polymerization and 

10 gas-phase polymerization methods. 

As an ineri hydrocarbon solvent to be used for a 

liquid-phase polymerization, the same inert hydrocarbon 

solvents to be employed for producing above described 

ethylene (co)polyrner (Al) are concrete examples and an 

15 olefin itself may be used as a solvent. 

At the time of carrying out (co)polyrnerization using 

such an olefin polymerization catalyst, a transition 

metal compound (a2) is so added as to keep the 

concentration generally 10_;12 to 10·2 mole:, preferably 10-10 

20 to· 10-3 mole, 'per 1 liter of the reaction volume. An 

organoaluminum oxy compound (b-2) is so. added as to keep 

the mole ratio (Al/Zr) of aluminum atom (Al) in the· 

compound (b-2) and zirconium (Zr) of the transition .metal 
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compound (a2) within generally 10 to 500,000 and. 

preferably 20'to 100,000. 

In the case of using such a transition metal 

compound (a2) ·defined as above described general formula 

5 (VII), polymerization is carried out at the 

polymerization temperature controlled to be generally 

60°C or higher and preferably 75°C or higher and the 

polymerization pressure controll·ed. to be generally 3 to 

100 kg/cm2 ·and preferably 5 to 50 kg/cm2
• In the case of 

10 using such a transition metal compound (a2) defined as 

above described general. formula (VIII) or (IX), 

polymerization is carried out at the polymerization 

temperature controlledto be generally 40°C or higher and 

preferably 50°C or higher and the polymerization pressure 

15 controlled to be generally 3 to 100 kg/cm2 and preferably 

5 to 50 kg/cm2
• 

The polymerization reaction may be carried out by 

any method such as batch type, semi-continuous, and 

continuous methods. 

20 The· molecular weight of a produced ethylene 

(co) polymer. (A3) can be adjusted either by making 

hydrogen exist in the polymer:ization system· or changing 

the polymerization temperature. 



.. ···- -------~·-·····- .. · ... - •·.... ... . .. . .: . :. 

SF-679 

. 150 

Ethylene !co>polymer · !A4) 

An ethylene (co)polyroer (A4) of the present 

invention is an.ethylenehomopolymer or a random 

5 ·copolymer of ethylene and an a-olefin of 3 to 20 carbon 

atoms. 

The a-olefin of 3 to 20 carbon atoms may be, for 

example, a straight chain or branched a-olefin of 3 to 20 

carbon· atoms as·same as described.above and a cyclic 

10 olefin of 3 to 20 carbon atoms as same as described above. 

The ethylene (co)polymer (A4) is preferably an 

ethylene homopolymer or a copolymer of ethylene and an a­

olef in of 4 to 20 carbon atoms. 

It is desirable for the ethylene (co)poljimer (A4) to 

15 have iritrinsic viscosity generally not lower than 1.0 

dl/g, preferably 2.0· ~o 40.0 di/g.-

. It is desirable for the ethylen.e (co} polymer (A4} to 

contain generally 50 to 100% by weight, preferably 55 to 

100% by weight, ·further preferably 65 to 100% by weight, 

20 and most preferably 70 to 1001 by weight of a repeated 

unit derived fro_m ethylene and 0 to 50% by weight, 

preferably 0 to 45% by weight, further preferably 0 to 
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35% by weight, and most preferably O to 30% by weight of 

a repeated unit d~rived from a-olefin. 

The ethylene (co)polymer (A4) is 

(iA4 ) the number average molecular weight (Mn), the 

5 wefght average molecular weight (Mw) , and the z average 

molecular weight (Mz) measured by GPC satisfying the 

f6llowing relations; 

Mz/Mw ~ 4/(0.5 - 4.50/((Mw/Mn)..,.. 0.2)) and 

preferably 

10 Mz/Mw ~ 4.2/(0.5 - 4.40/((Mw/Mn) - 0.2)) and 

Mw/Mn > 9.2 and preferably Mw/Mn > 12 .. 0. 

The desirable state of the ethylene (co)polymer (A4)' 

satisfies that Mz/Mw measured by GPC does not exceed 

Mw/Mn. 

15 A polymer having Mn, Mw and Mz satisfying above 

described relations is characterized by, for example,· 

blow moldability and inflation film moldability. 

It is preferable for the ethylene (co)polymer (A4) 

to satisfy the following requirements (iiiA4) to (viiA4) 

20 described below, in addition to the above described 

requirements (iM) . 
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(iiiM) The melt tension (MT (g)) at 190°C and the 

swell ratio (SR) calculated from the strand diameter 

extruded at 190°C satisfying the following relations; 

log (MT) > 12. 9 - 7 .15 x SR and preferably log (MT) > 

S 13.3 - 7.15 x SR.· 

An ethylene (co)polymer having MT and SR satisfying 

above described relations is characterized by e~cellent 

bubble stability at the time of inflation molding. 

(ivA4 ) The intrinsic viscosity ( [T)] (dl/g)) measured 

10 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; 

15 

[T}] > 1 .. 85 x MFR-0
•
192

, preferably [T)] > 1. 95 x MFR-0
•
192

, 

in the case of MFR < 1 ~nd 

[TJ] > L 85 x MFR-0
•
213

, preferably [T)] > 1. 95 x MFR-0
•
213

, 

in the case of MFR~ 1. 

An ethylene (co)polyiner having the intrinsic 

· viscosity and MFR satisfying above described relations is 

characterized by, for example, with excellent mechanical 

20 strength of a molded product. 

Further in the ethylene (co)polymer (A4), 

(iiA4 ) 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 190°C satisfy the 

following relations; SR> 4.55 - 0.56 x log(Mw}, 

preferably SR> 4.60 - 0.56 x log(Mw}. 

An ethylene (co}polymer having the Mw and SR 

S ·satisfying.above described relations is characterized by, 

for 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 invention to satisfy the following 

10 requirements (vM) and/or (viiA4 } described below, in 

addition to the above described requirements (iM) or 

(vA4 ) The number of the vinyl groups at the molecular 

.terminals calculated by conversion to that per one 
-, 

15 molecular chain having the same mo.lecu1ar weight as the 

number. average molecular weight is 0. 50 or higher, 

preferably 0.60 or higher. 

The number of vinyl groups at the molecular 

terminals is generally 1.0 or lower. 

20 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 
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containing the ethylene (Co)polymer comprising the vinyl 

groups at the molecular terminals within. the· above 

described ranges tends to have. high .adhesion strength to 

other resin. 

5 (viA4 ) 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. 

10 An ethylene (co)polymer satisfying such a 

requirement is a rigid crystal structure and therefore is 

excellent mechanical strength. 

(viiA4) Only 1 relative maximum value exists in the 

molecular weight distribution curve measured by GPC or at 

15 least 2 relative maximum values and at least 1 relative 

minimum value exis.t in the molecular weight distribution 

curve and in those cases, the intensity (W1 ) of the 
. . 

relative minimum value and the lower intensity (W2 ) of 

the relative the maximum values having the relative 

. 20 minimum value between them satisfy W1 /W2 ~ 0. 85, 

·preferably Wi/W2 ~ 0. 90. 
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In the case 2 or more relative minimum values exit, 

all of .the relative minimum values satisfy the above 

described relations. 

·An ethylene (co) polymer having W1 and W2 satisfying 

5 above described relations is chaiacterized by, for 

example, extrusion moldability and excellent mechanical 

strength of a molded product. 

In the. case a molded pioduct is produced from an 

ethylene (co)polymer (A4),· fish eyes, besides fish eyes 

10 having cores of fibers and the likes, are scarcely 

generated. For example, not more than 20 fish eyes 

(except fish.eyes having cores of fibers and the likes), 

preferably practically no fish eye, are observed with 

eyes in the case a film of 3.5 cm width and 50 µm 

15 thickness is formed using a capillary · rheometer and eye 

20 

observation of the film is carried out ·in the range of 

3.0 cm width and 20 cm length of the film. . . 

The methods for measuring above described physical 

properties will ·be described below. 

. Production method of the ethylene (co> polymer fA4) 

The above described ethylene (co)polymer (A4) of·the. 

present invention can be produced by polymerizing solely 
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ethylene or copolymerizing ethylene and an a-olefin of 3 

to 20 carbon atoms under. specified conditions.in the 

presence of, for example, an olefin polymerization .. 

catalyst comprising 

5 (a3) a transition metal compound having the above 

described general formula (IX) and (b-2) an 

organoalumirium oxy compound. 

An ethylene (co) polymer (A4) .can be produc;:ed by any 

one of the methods; liquid-phase poiyrnerization methods 

10 such as solution polymerization and suspension 

polymerization and gas-phase polymerization methods. 

Specific examples of inert hydrocarbon solvents to 

be used for a liquid-phase polymerization are the same 

inert hydrocarbon solvents as employed for producing 

15 above described ethylene (co)polymer (Al) and an olefin 

itself may be used as a solvent. 

At the time of carrying out (co)polymerization using 

such an olefin polymerization catalyst, a transition 

compound (a3) is· so added as to keep the concentration 

20 generally io-12 to io-2 mole, preferably io:-10 to io-3 mole, 

per 1 liter of the reaction volume. An organoaluminum 

oxy 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) 

within generally 10 to 500,000 and pr~ferably 20 to 

100,000. 

Polymerization is carried out at the polymerization 

5 temperature controlled to be generally 40°C or higher and 

preferably 50°C or. higher and the polymerization pressu_re 

controlled to be generally 3 to 100 kg/cm2 and preferably 

5 to 50 kg/cm2
• 

The polymerization reaction may also be carried out· 

10 ·by any-method such as batch type, semi-continuous, and 

continuous methods. 

The molecular weight of a produced ethylene 

(co)polymer (A4) can be adjusted either by making 

hydrogen exist in the polymerization ·system or changing 

15 the polymerization temperature. 

Ethylene (colpolymer -(AS) 

An ethylene (co)polyrrier (AS) of the present 

invention is-an ·ethylene homopolymer or a random 

20 copolymer of ethylene and an a-olefin of 3 to 20 carbon 

atoms. 

The a-olefin of 3 to 20 carbon atoms may be, f qr 

example, a straigh~ chain or branched a-olefin of 3 to 20 
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carbon.atoms as same as described above and a cyclic. 

olefin of 3 to 20 carbon atoms as same as described above. · 

The ethylene (co) poiymer (AS)· . is preferably an 

· ethylene homopolymer or a· copolymer of ethylene and an a:.... 

5 olefin of 4 to 20 carbon atoms. 

It .is desirable for th~ ethylene (co) polymer (AS) to 

have intrinsic viscosity 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 

10 within a range of 20.0 to 100.0. 

Additionally, the desirable state of the ethylene 

(co)polymer (AS) satisfies that Mz/Mw does not exceed 

Mw/Mn measured by GPC. 

It is also desirable for the ethylene (co)polymer 

15 (AS) to contain generally 50 to 100% by .weight, 

pret:erably 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 

20 0 to 35% by weight, and most preferably 0 to 30% by. 

weight of a repeated unit derived from a~olefin. 

The ethylene (co)polymer (AS) is 
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(iAs) at least .2 relative maximum Values and at least 

1·relat.ive minimum.value existing in the molecular weight 

distribution curve measured by GPC and the intensity. (W1) 

of the relative minimum value and the lower intensity 

5 (W2 ) of the relative the maximum values having the 

relative minimum value between them satisfying W1 /W2 < 

0.85, preferably W1 /W2 < 0.80. 

In the case 2 or more relative minimum values exit, 

at least one of the relative minimum values satisfy the 

10 above described relations. 

An ethylene (co) polymer having W1 arid W2 satisfying 

abo~~ described relati6ns is characterized by, for 

example, extru.sion moldability and excellent. mechanical 

strength of a molded product • 

15 It is preferable for the ethylen~ (co)polymer (AS) 

to satisfy the following requirements (iiiJ\5 ) to (ivA5) 

described bel6w, in addition to the above described 

requirements ( iA5 ) • 

(iii11.s> The melt tension (MT (g)) at 190°C and the. 

20 swell ratio (SR) calculated from the strand diameter 

extruded at 190°C satisfying the following relations; 

log(Mt) > 12.9 - 7.15 x SR and preferably 

log(MT) > 13.3 - 7.15 x SR. 
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A polymer having MT.and SR satisfying above 

described relations is chaiacteriied by excellent bubble 

stability at the time· of inflation molding. 

(ivA5 ) The intrinsic viscosity ([Tl) (dl/g)) measured . . 

5 in decalin at 135°C · an.d the melt flow rate (MFR · (g/10 

minutes) measured under 2.16 kg load at 190°C satisfying 

the following relations; 

[T)] > 1. 85 x MFR-0
•
192

, preferably [Tl] > 1. 95 x MFR-0
•
192

, 

in the case of MFR < 1 and 

10 [T}) > 1..85 x.MFR-0
•
213

, preferably [T)) > 1.95 x MFR-0
;
213

, 

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 

15 strength of a molded product. 

It is further preferable for the.ethylene 

(co) polymer (AS) to satisfy t.he following. 

(iiA5 ) The weight average molecular weight (Mw) 

measured by GPC ·and the swell ratio (SR) calculated from 

20 the strand diameter extruded at 190°C satisfy the 

relations; SR> 4.55 - 0.56 x log(Mw), p~eferably SR> 

4.60 - 0.56 x log(Mw). 
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An ethylene (co)polymer having.the Mw and SR 

satisfying above described relations is char·acterized ·by, 

for example, excellent blow moldability and excellent 

weld strength of a blow-molded product. 

s It· is also preferable for the ethylene (co)polymer 
.· . . . 

(AS) to satisfy the following requirements (vAS) and/or 

(viAS) described below,. in addition to the above 

described requirements (iA5 ). or in addition to the above 

10 {vp.s) 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 mole·cular weight is 0. 50 or higher, 

preferably 0.60 or higher. 

15 The number of vinyl groups at the molecular 

terminals is generally 1.0 or lower. 

In the case the vinyl groups at the molecQlar 

terminals are within the above described ranges, the 

ethylene (co}polymer is easy to be modified and is high 

20 adhesion strength to other resin. Also, a composition 

containing the ethylene (co)polymer having the vinyl 

groups at the molecular terminals within the above 
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described ranges tends to have high adhesion strength to 

other resin. 

(viAS) The number of methyl branches measured by 13C-

NMR is less than 0.1 per 1,000 of carbon atoms~ 

5 An ethylene (co)polymer 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 (co)pol:Ymer satisfying such a 
' 

requirement is a rigid crystal structure and therefore is 

10 excellent mechanical strength. 

In the case a molded product is produced from an 

ethyiene (co)polymer (A5), fish eyes, besides fish eyes 

having core~ of fibers and the likes, are scarcely 

generated. For example, not more than 20 fish eyes 

15 (except fish eyes having cores of fibers and the likes), 

preferably practic~lly no fish eye, are observed with 

eyes in the case· a film of 3.5 cm width and 50 µm 

thickness is formed using a capillary rheometer and eye 

observation of the film is carried out in the range of 

. . .· 

20 3. 0 cm width and 20 cm length of the film. 

Th~ methods for measuring above described physical 

properties will.be d~scribed below. 
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Production method of the ethylene (co>polymer CA5> 

The above desc~ibed ethylene (co)polymer (AS) of the 

present invention can be produced.by polymerizing solely 

ethylene or copolymerizing ethylene and an a-olefin of 3 

S to 20 carbon atoms under specified conditions in the 

presence of, for example, an olefin polymerization 
., ... 

catalyst comprising 

(a4} a transition metal compound having the above 

described general formula (VIII)·and (b-2) an 

10 organoaluminum oxy compound. 

15 

Polymerization can be carried out by any one of the 

methods; liquid-phase polymerization methods such as 

solution polymerization and suspension polymerization and 

gas~phase polymerization methods. 

Specific examples of inert hydroc:arbon solvents to 

be used for a liquid~phase polymerization are the same 

inert hydrocarbon solvents as. employed for producing 

above described ethylene (co}polyrner (Al) and an olefin 

itself may be used as a solvent. 

20 At the.time of carrying out (co)polymerization using 

such an olefin polymerization catalyst, a transition 

metal compound .. ( a4) is .so added as to keep the 

concentration generally 10-12 to 10-::? mole, preferably 10-10 
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to. 10-3 mole, per 1 liter of the reaction volume. An 

organoaluminum oxy compound (b-2)· is so added as to keep 

the mole ratio (Al/Zr) of aluminum atom (Al) in the 

compound (b-2} and zirconium (Zr) of the transition metal 

5 compound (a4) within generally 10 to 500, 000 and 

preferably 20 to 100,000. 

Polymerization is carried out at the polymerization 

temperature controlled to be generally 40°C or higher and 

pref eiably 50°C or higher and the polymerization pressure 

10 controlled to be generally 3 to 100 kg/cm2 and preferably 

5 to 50 kg/cm2
• 

The polymerization reaction may also be carried out 

by any method such as batch type, semi-continuous, and 

continuous methods. 

15 The molecular weight of a produced ethylene 

(co) polymer (AS) can _be adjusted either by· making 

hydrogen exist in the polymerization system or changing 

the polymerization temperature. 

20 Method for measuring physical ~roperties 

The physical properties of the above described 

ethylene (co)polyiners (Al) to (AS) can be measured by 

following manner. 
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(Preparation of specimen for measurement) 

To lOO·parts by weight of a powdery eth~lene 

(co)polymer, 0.05 parts by weight of tri(2,4-di-tert­

butylphenyl)phosphate as a secondary antioxidant, 0.1% by 

5 weight of n-octadecyl-3- (4' -hydroxy-3', 5' -di-tert­

butylphenyl}propionate as a heat resistant stabilizer, 

and 0. 05 parts by weight of calcium stea·rate as a 

hydrochloric acid absorbent are added. After that, the 

resultant mixture is melted and kneaded at a set 

10 temperature of 1·80°C using a Labo Plastomill (a batch 

type melting and kneading apparatus) produced by Toyo 

Seiki Seisaku-Sho, taken out, formed into a sheet by a 

cooling press set at 20°C, and cui into a proper size to 

obtain ·a specimen for measurement. 

15 (Measurement of the number of methyl branches) 

The number of methyl branches in a polymer molecular 

chain per 1,000 carbon atoms is measured by uC-NMR. The 

measurement is done.using a Lambda· 500·type nuclear 

magnetic resonance apparatus (1H: 500 MHz) produced by 

20 Nippon Electronic Company. The measurement is carried 

out 10,000 to 30,000 integrated times. The peak (29.97 

ppm)· of a main chain methylene is employed as the 

chemical shift standaid. From 250 to 400 mg of a. 
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specimen and 3 ml of a liquid mixture. of extra ·pure grade 

o-dichlorobenzene produced by Wako Pure Chem1cal 

·.Industries, Ltd. and Benzerie-d 6 produced by ISOTEC in 

5 : 1 (volume ratio) are put to.a quartz glass tube 6f 10 

5 mm diameter foT 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 

carried .otit accordirtg to the description on pp. 132 to 

10 133, "NMR-introduction ~nd experiment guide [1]," Field 

of Chemistry, extra edition vol. 141. The number of 

methyl branches per 1,000 carbon atoms is calculated from 

the integrated intensity ratio of absorption (19.9 ppm) 

of the methyl group derived from the methyl branches to 

15 the integrated absorption appeared in a range of 5 to 45 

ppm. 

(The number average molecular weight (Mn), the 

weight average molecular weight (Mw), the Z-average. 

molecular ~eight (Mz), the molecular weight distribution 

20 (Mw/Mn), the molecular weight distribution {Mz/Mw)) 

Using the above described specimen and employing 

GPC-lSOC produced by W~ters, Co., measurem~nt is carried 

out by the following method. Separation columns employed 
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are TSK gel GMH6-HT+TSK gel GMH6-HTL produced by Tosoh 

Corporatio_n 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 

5 Pure Chemical Industries, Ltd.) and 2, 6-di-tert-butyl-p­

cresol {Kanto Kagaku) as an antioxidant are·used·for the 

mobile phase and moved at 1.0 ml/minute; the 

·concentration of the specimen is controlled to be 0.1% by 

weight; the am6unt of the specimen is set to be 500 micro 

10 liter; and a differential refractometer is employed as a 

detector. Seventeen monodisperse PS having molecular 

weight 500 to 2. 06 x 107 are used for molecular weight 

calibration. A moleculai weight calibration curve is 

produced by approximating the relation between the 

15 loga_ri thmic 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 molecular weight calibration curve of PS type into 

20 the molecular weight calibration curve of· PE type using 

viscosity equations· of PS and PE. The calculated Mn, Mw, 

Mz are tho~e 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 according to ASTM 

01238-89. 

(Intrinsic viscosity {[Tt])) 

5 The value measured at 135°C using decalin solvent. 

That is, about 20 mg of the above described specimen for 

measurement is dissolved in 15 ml decal"in and the 

specific viscosity T)~ is measured in an oil bath at 135°C. 

To the resultant decalin solution, 5 ml of decalin 

10 solvent is additionally added to dilute the solution and 

the specific viscosity 1lsp is measured in the same manner. 

The dilution process is repeated further two times and 

15 

the intrinsic viscosity i~ calculated as T)~/C by 

extrapolating the concentration (C) to be 0. 

[T)] = lim(Ttsp/C) (C ~ 0) 

(A heating elution separation test (TREF)) 

An object polymer to be measured is completely 

dissolved in orthodichlorobenzene tb produce a solut!on 

of 0.5% by weight concentration. The produced polymer 

20 solution is charged in a column of .21. 4 mm inner diameter 

and 150 mm in length and made of a stainless steel {glass 

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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rate.of. 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 increased from -15°C to 120°C 

at a rate of 15°C/h. The IR spectrum of the polymer 

S component eluted during the temperature increase is 

continuously measured using a Fourier transform IR 

spectr<;:>photometer (FT-IR). The obtained spectrum is 

analyzed to compute the concentration of the eluted 

polymer at each temperature and the number of branches 

10 (the branching degree) per 1, 000 carbon atoms. 

The.temperature fractionated component to be 

employed for GPC measurement is taken out as an 

o:tthodichlorobenzene solution and then recovered from 

methanol by a re-precipitation method. The recovered 

15 polymer is measured by a method described in the GPC 

measurement item. The average branching degree of the 

component eluted in a prescribed temperature range is 

calculated as the average of the branching degree by 

weight ·at every respective temperature. 

· · · · 20 (Measurement of ·the number of hexyl branches) 

The number of methyl branches per 1,000 carbon atoms 

in a polymer molecular chain is measured by 13C-NMR. The 

measurement is carried out using a Lambda 500 type 
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nuclear magnetic resonance apparatus (1H: 500 MHz) 

produced by Nippon Electronic Company. The measurement 

is car~ied out 10,000 to 30,000 integrated times. The 

peak (29.97 ppm) of a main chain methylene is employed as 

S the chemical shift standard. From 250 to 400 mg of a PE 

specimen and 3 ml of .a liquid ·mixture of extra pure grade 

o-dichlorobenzene produced by Wako Pure Chemical 

Industries, Ltd. and Benzen~-d 6 produced by ISOTEC in 

5 : 1 (volume ratio) are put to a quartz glass tube of 10 

10 mm diameter for NMR measurement sold at a market and 

heaied at 120°C and the specimen is ev~rili dispersed in . . 

~he solvents to carry out the measurement~ Ascription of 

respective·absor,E>tion in the obtained NMR spectrum is 

carried out according to the description on pp. 132 to 

15 133, "NMR-introduction and experiment guide [1]," Field 

of Chemistry, . extra edition vol. 141. The number of 

hexyl or·higher branches per 1,000 carbon atoms is 

calculated from the .integrated intensity methylene group 

(C6+3) qppeared at 32.2 ppm. 

20 (Decane-Soluble component) 

·rhe amount of a decane-soluble component is measured 

by adding_about.3 g of the copolymer in 450 ml of n-

decane, diss·olving the copolymer in the decane at 145°C, 
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cooled to 23°C, removing n-decane-insoluble component by 

filtration, a:nd recovering the n-decane-soluble component 

from the resultant filtered solution. 

(Density) 

5 A specimen for measurement is produced by forming a 

sheet having a thickness of 0.5 mm at 170.°C under 100 

kg/cm2 pressure using a hydraulic thermal press machine 

manufactured by Kamifuji Metal Industry and cboling the 

sheet by compressing at 100 kg/cm2 pressure using another 

10 hydraulic thermal press machine set at 20°C. The 

obtained pressed sheet· is heated for 1 .hour at 120°C and 

gradually cooled to a room temperature for 1 hour and 

then the densi~y is measured by a density gradient tube. 

(Melting point (Tm)) 

15 The melting point is set to be a temperature of the 

maximum peak position of an endothermic curve obtained by 

a differential scanning calorimeter (DSC). Measurement 

is carried out based on an endothermic curve of 2nd-run 

6f the processe~ of packing an aluminum pan with ~ 

20 specimen, heating the·speci~en t6 200°C at 10°C/~inute, 

keeping it at 200°C for 5 minutes, cooling it to -150°C 

at 20°C/minute, ~nd then atjain heating at 10°C/minute. 

(Amount of paraxylene eluted component) 
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To a double_ tube type separable flask, 500 ml of 

paraxylene (PX), Sg (measured) .of a specimen, BHT in 0. 5% 

by weight to the specimen are put, th~ mixture is heated 

·to 130°C at about 2°C/minute and. kept at 130°C for l hour. 

S During the process, the mixture is continuously stirred.· 

After confirmation that the specimen is completely 

dissolved, the. mixture is cooled to 75°C at about 

0. 6°C/miriute and kept at 7 5°C for 1 hour, and a part of 

components of the specimen are precipitated. Stirring is 

10 also continuously carried out during the process. 

Next, the component dissolved in paraxylene at 75°C 

is precipitated by operiing a cock in the lower part of 

the separable flask and dripping the paraxylene in which 

a part of the specimen is dissolved to 3 liter of acetone 

15 at about 7. 5 ml/minute. After the acetone containing the 

precipitated component is filtered, the-precipitated 

component is further washed with acetone two times and 

dried for a whole day and night by a vacuum drier. Also, 

the component precipitated in paraxylene at 75°C is 

20 ·s~parately recovered. and dried. 

Respective dried samples_ are weighed and weight 

percenta~e of the component dissolved in paraxylene at 

75°C to the whole specimen is calculated. 
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GPC~IR measurement 

Measurement is carried out in the follo~ing 

conditions. · The molecular weight is calculated by 

conversion into polyethylene and the amount of methyl 

5 .branches per 1,000 carbon atoms is defined as a value 

obtained by subtracting (14 x 2000)/M from the methyl 

· amount (Me) of respective molecular weights (M) . 

Apparatus: ALC/GPC 150-C type manufactured by Waters 

Detection c;tpparatus/Detector: FT-IR (Nicolet Magna 

10 560 type) /MCT 

Separation column·: PLgel MIXED-A (7. 5 mrnx30 mrnx2 

columns) 

Mobile phase: ODCB 

Flow rate: 1;~ ml/~in. 

15 Column temperature: 140°C 

Spec.imen concentration: 0 .15 wt.% 

Injection amount: 1 ml 

FT-IR scanning times: 20 times 

FT-IR resolving power: 4cm-1 

20 (Melt tension (MT)) 

The melt tension can be determined by measuring the 

stress at the time when a melted ethylene (co)polymer is 

extended at a constant speed. That is, the melt.tension. 
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measurement is carried out· usi!l;g the above described 

specimen for measurement and a MT measurement appa-ratus 

produced by Toyo Seiki S~isaku~Sho in the conditions of 

190°C resin temperature, 15 mm/minute extrusion speed, 10 

S to 20 m/minute winding speed, 2.095 mm+ nozzle diameter, 

and 8 mm nozzle length. 

(Swell ratio (SR)) 

Melted resin is extruded in the same conditions as 

those of the above described melt tensiort measurement and 

10 · 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 from the nozzle) of the strand and the diameter is 

measured.at two points different from each other by 90°. 

· the SR ~s defined as the value obtaine~ by dividing the 

15 average value (mm) of the diameters by·2.095 mm nozzle 

diameter. 

(Measurement of the amount of vinyl at molecular 

terminals) 

The amount of vinyl at molecular terminals is 

20 measured using IR spectrophotometer FT-IR 350 type · 

produced.by JASco· Corporation by the following method. 

Calibration curve production: 
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A plurality of standard specimens having different 

number {n) of vinyl type double bonds (n: the number of 

vinyl groups at terminals per 1,000 carbon atoms) are 

produced by changing the mixing ratio of polyethylene 

5 containing no vinyl type double bonds and polyolef in 

containing vinyl type double bonds and IR absorption 

measurement is carried out for these standard specimens. 

A common tangent line of the relative maximum points near 

940- to 850 cm-1 is drawn and using the line as a base 

10 line, the absorbance 0 8 in the key band (910 cm-1
} of the 

vinyl terminals and the value 00 of the base line are 

read out. Further, the thickness L (cm) of each specimen 

is accurately read out using a mic~ometer and the 

absorbance per unit thickness D/L (D/L = (D5 - 0 0 }/L) of 

15 the key band for each specimen is calculated and the 

relations of the obtained value 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. 

20 A film for IR absorption measurement as a standard 

specimen is produced by mixing polyethylene containing no 

vinyl type double bond and a polyolef in containing vinyl 

type double bonds, dissolving the mixture in chloroform 
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at temperature as low as possible, and then evaporating 

th~ chloroform to give a mixed specimen, ~nd h6t rolling 

the mixed specimen. As the polyethylene containing no 

vinyl· type double bond, for exainple1 .polyethylene (trade 

5 name: HZ 2200J) produced by Mitsui Chemicals,· Inc. is 

employed and as the p9lyolef in containing vinyl type 

double bonds, 1,2-polybutadiene whose double bond amount 

is already known is employed. 

Regardihg a specim~n for measurement, a film for IR 

10 absorption measurement 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 usihg the abov~ described calibration curve. 

15 Next, the number average molecular weight (Mn) of 

the specimen for measurement is converted into the number 

of carbons and the amount .of vinyl at terminals per one 

molecular chain having a molecular weight Mn is computed 

from the obtained number of carbons and the amount of 

20 vinyl at terminals per 1,000 carbon atoms. 

(Fish eyes) 

A film havihg a thickness of about 50 µm, 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 

manufactuied by Toyo Seiki Seisaku-Sho andi instead· of a 

rnozzle, setting a small. type T die with 40 mm width and 

5 0. 3 mm slit, and taking over the extruded resin at 1. 95 

m/min and 10 mm air gap. The number of fish eyes is 

counted by eye observation of the f i~rn in the range of 

3.0 cm width and 20 cm length. The fish eyes having 

cores of fibers and the likes are observed with eyes by 

10 magnifying the sample 15 to 150 times using an optical 

microscope and fish eyes in fibrous shapes and fish eyes 

colored and apparently having cores of foreign materials 

are counted and the number of these fish eyes is 

subtracted. 

15 (Composition) 

The composition of an. ethylene (co) polymer is 

determined by measuring 13C-NMR spectrum of a sample 

produced by evenly dissolving about 200 mg of cqpolymer 

in 1 ml of hexachlorobutadiene in a sample tube with 

20 ·· generally 10 mm~ diameter in measurement conditions of 

120°C measurement temperature, 25.05 MHz of measurement 

frequendy, 1500 Hz of spectrum width, 4.2 sec. of pulse 

repeating intervals, and 6 µsec. of pulse width. 
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Additive 

An additive for preventing· oxidation or preventing 

aging may be added to ethylene (co)polymer (Al) to (AS) 

of the present invention. As such an additive, a heat 

S resistant stabilizer and a hydrochloric acid absorbent 

are exemplified and fur.ther if necessary, a weathering 

resistant stabilizer may be added. 

(A heat resistant stabilizer) 

There is no specific limits to the heat resistant 

10 stabilizer and, for example, a phenol type stabilizer, an 

amine type stabilizer, a sulfur type stabilizer such as a 

thio ether type stabilizer, and a phosphorus type 

stabilizer such as a phosphite type stabilizer can be · 

exemplified. 

15 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-t~octyl-4-N-propylphenol, 2,6-

dicyclohexy1~4-N-octylphenol, 2-isopropyl-4-methyl-6-t~ 

20 butylpheriol, 2-t-butyl-2-ethyl-6-t~octylphenol, 2-

isobutyl-4-ethyl-6-t-h~xylphenol, 2-6yclohexyl-4-N-butyl-

6-isopropylphenol, dl-a-tocopherol, t-butylhydroquinone, 

2,2'-methylenebis(4-methyl-6-t-butylphenol), 4,4'-
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butylidenebis(3-methyl-6-t.:..:.butylphenol), 4,4'-thiobis(3-

~ethyl-6-t-bu~ylphenol}, 2,2'-thiobis(4-meth~l-6-f-

butylphenol), 4,4'-methylenebis(2,6-di-t-butylphenol), 

2,2-methylenebis[6-(1-methylcyclohexyl}-p-cresol], 2,2'-

5 ethylidenebis(4,6-du-t-butylphenol}, 2,2'-
·. 

butylidenebis(2-t-butyl-4-methylphenol}, 2-t-butyl-6-(3-

t-butyl-2-hydroxy-5'-methylbenzyl}-4-methylphenylacrylate, 

2-[1-(2-hydroxy-3-5-di-t-pentylphenyl}ethyl]-4,6-di-t-b 

pentylphenylacrylate, 1,1,3-tris(2-methyl-4-hydroxy-5-t-

10 butylphenyl}butane~ triethyleneglycol-bis[3-(3-t-butyl-5-

rnethyl-4-hydroxyphenyl}propionate]; 1,6-hexanediol-bis[3-

·(3,5-di-t-butyl-4-hydroxyphenyl}propionate], 2,2'-

thiodiethylenebis[3-(3,5-di-t-butyl-4-

hydroxyphenyl)propionate]~ N,N'-hexamethylenebis(3,5-di-

15 t..:.butyl-4-hydroxy-hydrocinamide] r . 

3,5-di-t-butyl-4-hydroxybenzylphosphonate-diethylester, . . 

tris(2,6-dimethyl-3-hydroxy-4-t-butylbenzyl)isocyanurat~, 
' 

tris[(3;5-di-t-butyl-4-

hydroxyph~nyl}propionyloxyethyl]isocyanurate, tris(4-t-

20 butyl-2,6-dimethyl-3-hydroxybenzyl)isocyanurate, 2,4-

bis(N-octylthio)-6-(4-hydroxy-3,~-di-t-butylanilino)-

· 1,3,5'-triazine, tetraquis[methylene-3-(3,5-di-t-butyl-4-

hydroxypyhenyl}propionate]methane, bis(3,5-di-t-butyl-4-
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hydroxybenzylphosphonic acid ethyl)calcium, bis(3,5-d-t­

butyl-4-hydroxybenzylphosphonic acid ethyl) n"ickel, 

bis[3,3-bis(3-t-butyl-4-hydroxyphenyl) butylic 

acidJglicolester, N,N'-bis[3(3,5-di-t-buty1-4-

S. huydroxyphenyl)propionyl]hydrazine, 2,2-oxamidobis[ethyl-

3-(3,5-t-butyl-4-hydroxyphenyl)propionate], 2,2'-. . 

methylenebis(4-methyl-6-t-butylphenol)telephthalate, 

1,3,5-trimethyl-2,4,6-tris(3,5-di-t-butyl-4-

hydroxybenzyl)benzene, 3,9-bis[l,l-dimethyl-2-{P-(3~t-

10 butyl-4-hydroxy-5-methylphenyl) propionyloxy}ethyl] -2, 4, 8-

10-tetraoxaspiro[S,S]undecane, 2,2'-bis[4-(2-(3,5-di-t-

butyl-4-hydroxyhydrocinnamoinoxy) ethoxyphenyl)propane 

and p-(3,5-di-t-butyl~4-hydroxyphenyl)propionic acid 

stearyl ester. 

15 Examples of thioether stabilizers include 

dilaurylthiodipropionate, dimyristylthiodipropionate, 

distearyltiodipropionate,·laurylstearylthiodipropionate, 

pentaerythrytoltetralaurylthiopropionate, 

distearyldisulfido, 4,4-thiobis(2-methyl-6-t-butylphenol), 

20 4,4'~thiobis(3-methyl-6-t~butylphenol), 2,2'-thiobis(4-

methyl-6-t-butylphenol), bis(3-methyl-4~hydroxy-5-t-

butylbenzyl)sulfido, 4,4'-butylidene-bis(2-methyl-4-

hydroxy-5-t-butylphenyl)-2-laurylthioether, 6(4-hydroxy-
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3,-5-di-t-butyianilino)-2,4-bis(octylthio)-l,3,5-triazine, 

2,4~bis(4-hydro~y-3,5-di-t-butylanilino)-6-(6ctylthio)-

1,3,5-triazine, tris{2-t-butyl-4-thio(2'-methyl-4'-

hydroxy-5' -t-butylphe·nyl) -5-methylphenyl }phospite, 
. . 

5 phenodiazine, tetramethylthiuramdisulfido, and 

tetraethylthiuramdisulfido~ 

The phospite stabilizers include, for example, 

triphenylphospite, tris(nonylphenyl)phospite, tris(2;4-

di-t-butylphenyl)phospite, tetratridecyl-4,4'-

10 butylidenebis(3-methyl-6-t-butylphenol)-diphospite, 4,4'-

isopropylidene-diphenolalkylphosphite, alkyls of 12 to 15 

carbon atoms, 4, 4' -isopropylidnertebis (2-t-butylphenol) • 

di(nonylphenyl)phospite, tetra(tridecyl)-1,1-3~tris(2-

methyl-5-t-butyl-4-hydroxyphenyl)butanediphsophite, 

15 tris(3,5-di-t-butyl-4-hydroxyphertyl)phosphite, 

bis{octylpheny) •bis[4,4'-butylidenebis{3-rnethyl-6-t-

butylphenol)] • 1,6-hexanoldiphosphite~ hexatridecyl-

1,l,3-tris(2-methyl-4-hydro~y-5-t-butylphenol)diphosphite, 

·tris[4,4'-isopropylidenebis(2-t-butylphenol)]phosphite, 

20 9,10-dihydro-9-oxa-10-phosphaphenanthrane-10-oxide, 

distearylpentaerythrytoldiphosphite, phenyl· 4,4'-

isopropylidenediphenol • pentaerythrytoldiphosphi te, 

bis(2,4-dipt-butylphenyl)pentaerythrytoldiphosphite, 
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bis(2,4,6-tri-t-butylphenyl)pentaerythrytoldiphospite, 

bis(2,6-di-t-butyl-4-

methylphenyl)pentaerythrytoldiphosphite, phenylbisphenol­

A-pentaerythryroldiphosphite, t~tr~quis(2,4-di-t-

5 butylphenyl(4,4'-bisphenylenediphosphonite, 2,2'­

ethylidnebis (4, 6-di-t-butylphenyl)phlorophosphonite and 

2,2'-methylenebis(4,6-di-t-butylphenyl)octylph6sphite. 

Those stabilizers may be used solely or in 

combination with two or more types of them. 

10 {A hydrochloric acid absorbent) 

As the hydroch.loric 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; alkaline 

15 earth metal salts such as magnesium salts, calcium salts, 

and barium salts, cadmium salts, zinc salts, lead salts, 

and alkali metal salts such as sodium salts, potassium 

~alts, and lithium salt~ of higher aliphatic acid such as 

steaiic acid, oleic acid, lauric acid, capric acid, 

20 arachidic acid, palmitic acid, behenic acid, 12-

hydroxystearic acid, ricinoleic acid, and montanic acid.· 

The following are c6ncrete high~r aliphatic acid 

metal salts; magnesium stearate, magnesium laurate, 



--• ·-~-• ••··w•-:--':'---·-· • •• 

SF-679 

183 

magnesium palmitate, calcium stearate, calcium oleate, 

calcium laurate, barium stearate, barium oleate, barium 

laurate, barium arachidate, barium behenate, zinc 

stearate, zinc oleate, zinc.laurate, lithium stea:rate, 

S sodium stearate, sodium palmitate, sodium laurate, 

potassium stearate, potassium laurate, calcium 12-

hydroxystearate, calcium. montanate, and the likes. 

As the hydrotalcite, compounds described below can 

be exemplified. 

10 Those hydrochloric acid absorbents may be used 

solely or in combination of two Gr more types of them. 

(Weathering resistant stabilizer) 

As the weathering resistant stabilizer, a hindered. 

amine type stabilizer, a UV absorbent, and the likes can 

15 be exemplified an~ as the. UV absorbent, benzotriazoles, 

benzoates, b~nzophenones,· and the likes can be 

.exemplified. 

As the hindered amine compounds, there can be 

exemplified bis(2,2,6,6-tetramethy1-4-piperidyl)sebacate, 

20 methyl succinate-1~(2-hydroxyethyl9-4-hydroxy-2,2,6,6-

tetramethylpiperid~ne polycondensates, poly[[6-(1,1,3,3-

teramethylbutyl)imino-1,3,5-triazine-2~4-diyl] [(2,2,6,6-

tetramethyl-4-piperidyl)imino]hexamethylene[(2,2,6,6-
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tramethyl-4-piperidyl)imino]], tetraquis(2,2,6,6-

tetramethyl-4-piperidyl) -1, 2, 3, 4-butanetetra.carboxylate, 

2, 2, 6, 6-tetramethyF-4...;.piperidylbenzoate, bis- (1, 2, 6, 6-

pentamethyl-4-piperidyl) -2- (3, 5;...di-'t-butyl-4-

5 hydroxybenzyl) -2-N-butylmalonate, bis-(N""".methyl-2, 2, 6, 6-

tetramethyl-4-piperidyl) sebacate, 1,1'-(1,2-

ethanediyl)bis(3,3,5,5-tetramethylpiperadinon), (mixed 

2,2,6,6-tetramethyl-4-piperidyl/tridecyl)-1,2,3,4-

butanetetracarboxylate, (mixed 1,2,2,6,6-pentamethyl;,_4-

10 piperidyl/tridecyl) -1, 2., 3, 4-buthanetetracarboxylate, 

mixed { 2, 2, 6~ 6-tetramethyl-4-piperidyl/J3,J3,f3', f3' -

tetramethyl-3,9-[2,4,810-

tetraoxaspiro(5,5)undecane)diethyl}-lj2,3,4-

buthanetetr~carboxylat~, mixed {1,2,2,6,6-petnamethyl-4~ 

15 piperidyl/f3,J3, f3', (3'-tetramethyl-3, 9- [2, 4, 8, 10-

tetraoxaspiro (5, 5) undecane] diethyl}-1, 2, 3, 4-

buthanetetracarboxylate, N-N'-bis(3-

a~inopropyl)ethylenediamine~2-4-bis[N-butyl-N-'(1,2,2,6,6-

pentamethyl-4-piperidyl)amino]-6-chloro-1,3,5-triazine 

20 conden~ates, poly[(6-N-morpholyl-l,3,5-11 3,5-triazine-2-

4-diyl~l;3,57triazine-2-4-diyl) [(2,2,6,6-tetramethyi-4-

piperidyl)imino]hexamethylene[(2,2,6,6-tetramethyl-4-

piperidyl)imino]], condensates of N,N'-bis(2,2,6,6-
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.tetrarnethyl-4-piperidyl) hexarnethylenediarnine and 1, 2-

dibrornoethane, [N-(2,2,6,6-tetrarnethyl-4-piperidy)-2-

rnethyl-2-(2,2,6,6-tetrarnethyl-4-

piperidyl)irnino]propionarnide, diester of 1,5-

5 dioxaspiro [5, 5] undecane-3, 3-dicarboxylic acid and 

2,2,6,6-tetrarnethylpiperidine-4-al, bis(2,2,6,6-

tetrarnethyl-4-piperidyl)succinate, polymethylpropyl-3-

oxy[1(2,2,6,6-tetramethyl)piperidyl]siloxane and 

1,1',1~'-(1,3,5-triadine-2,4-6-

10 tiiyltris(cyclohexyliminoethylene)]tris~3,3,5,5-

tetramethylpiperadinon-2-one. 

Benztriazoles are, for example, 2-(2-hydroxy-3'-t­

butyl-5'-methylphenyl)-5-chlorbenzotr{azole, 2-(2'­

hydroxy-3' ,S'~di-t-butylphenyl)-5-chlorbenztriazoie, 2-

15 (2'-hydroxy-5'-t~octylphenyl)benztriazole, 2-(2'-hydroxy-

3' ,5'-di-t-amylphenyl)benztriazole, 2-(2'-hydroxy-3',5'­

di-t-butylphenyl)benztriaz6le, 2-~2'-hydroxy-3',5'- · 

"bis(~,a-dimethylbenzyl)benztriazole, 2-(2'-h~droxy-3'­

(3'';4'',5''~6''·~tetrahydrophthaloid-methyl)-5'-

20 methylphenyl] --benztriazole, 2, 2-methylenebis[ 4- ( 1, 1, 3, 3-

tetrarne~hylbutyl) -6- {2H-benztriazole-2-yl) phenol] and 

condensates of methyl-3-[3-t-butyl-5-(2Hbenzt~iazole-2-

yl)-4-hydroxyphenyl]p:topionate and polyethylenegrycol 
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(molecular weight'about 300). These weather stabilizers 

may be employed singly or in combination of ·two or more 

kinds. 

Those heat resistant stabilizer, hydrochloric acid 

S 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 with a weathering resistant 

stabilizer, a hydrodhloric acid absorbent with a 

10 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 ab~orbent and weathering resistartt 

15 stabilizer, the addition amounts are commonly used 

amounts. For example, 0.005 to 5 parts by weight of a 

heat resistance stabilizer (of each component in the case 

of using two ty:pes of absorbents) .may be added to 100 

parts by weight ·of an ethyl.ene (co) polymer: 0. 005 to 5 

20 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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weathering resistant stabilizer. (of each component in the 

case of using two types of stabilizers) may be added . 

. Further, the following manner may be.employed for 

using.additive . 

. 5 That is, for example, addition of 5 to 200 ppm of 

aluminum, 0 to 1000 ppm of a phenol type stabilizer,. and 

50 to 2000. ppm of a phosphorus type stabilizer to an 

ethylene (co)polymer may be employed. 

In the above described manner, an inorgariic salt 

10 containing aluminum may be contained as a part or all of 

aluminum. A preferable compound of such an inorganic 

salt containing aluminum is hydrotalcites and the likes. 

As th~ hydrotal6ites, natural hydrotalc-group 

minerals whose examples will be described below and 

15 synthetic hydrotalci tes can be exemplified. Among them, 

. synthetic hydrotalci tes are preferable to be ~sed .. 

<D hydrotalc-group minerals; 

hydrated carbonate minerals having a general formula 

Mg6R2 (OH) 16C034H20· (R = Al, Cr, and Fe). As a hydrotalc-

. 20 group mineral, the mineral c6nsisting Al ~s R is 

preferable and hydrotalcite and manasseite are preferable 

examples. 

® synthetic hydrotalcites having a general formula 
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metal ion of Mg, Ca, or Zn; An- denotes n-valent anion, 

e.g. c1-, Br-, r, No/-, c104
-, so/-, co/-, sio3

2
-, HPo/-, 

HBO/-, ·Po/-;.x denotes a nu~ber satisfying .0 < x < 0.5; 
. . . 

5 and m denotes a number sati.sfying 0 S m S 2) . 

·The average particle size of those hydrotalcite 

compounds may be within a range in~which no adverse 

effect is caused 9n the film appearance, the excellent 

extendibility, and the moldability and is not restricted, 

10 but :is generally 10 µm or smaller, preferably 5 µm or 

smaller, .and further preferably 3 µm 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 

15 ppm, preferably 8 to 150 ppm, and more preferably 15 to 

150 ppm. It is preferable that at least a ~art 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. 

20 As the phenol type stabilizer, above described 

compounqs can be employed. 

Examples of the phosphorus stabilizers include 

trioctylphosphite, triraulylphosphite, tridecylphosphite, 
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octyl~diphenylphosphite, tris(2,4-di-t~ 

· butylphenyl)phosphite, triphenylphosphite, 

tris(buthoxyethyl}phosphite, tris(nonylphenyl)phosphite, 

dist~aryipentaerythritoldiphosphite, t~tra(tridecyl}-. 

5 1,1,3-tris(2-methyl-5-t-butyl-4-

hydroxyphenyl}buthanediphosphite, tetra(mixed alkyls of 

12 to 15 carbon atoms)-4,4'-

isopropylidenedipheny~diphosphite, tetra(tridecyl}-4,4'­

butylidenebis(3-methyl-6-t-butylphenol)diphosphite, 

10 tris (3, 5-di-t-butyl-4-hydroxyphenyl)phosphite, 

t~is(mono·di-~ixed nonylphenyl)~hosphite, hydrogenated-

4,4'-isopropylidenediphenolpolyphosphite, 

bis (.octylpheriyl) ·bis [ 4, 4' -butylidenebis (3-methyl-6-t-

butylphenol}] • 1, 6-hexadioldiphosphite, phenyl· 4, 4' -

15. isopro~ylidenediphenol 

·pentaerythritoldiphosphite, tris[4,4'-

isopropylidenebis(2-t-butylphenol)]phosphite, phenyl· 

diisodecylphosphite, . 

di(nonylphenyl)pentaerythrytoldiphosphite, tris(l,3-di-

20 stearyloxyisopropyl)phosphit~, 4,4'-isopropylidenebis(2-
. . 

t-butylphenol) ·di{nonylphenyl)phosphite, 9,10-di-hydro-

9-oxa-9-oia-10-phosphaphenanthrane-10-oxide, bis{2,4-di-

t-butyl-6~methylphenyl) •ethylphosphite, and 2-
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[{2,4,8,10-tetraquis(l,1-

dimethylethyi)dibenzo(D,F) (1,3,2)-dioxaphosphephine-6-

yl}oxy]ethyl]ethaneamine. 

As bis(dialkylphenyl)pentaerytbritoi diphosphite · 

S ester, spiro type one having the· general formula (1) 

described below or cage type one having the general 

formula (2) may also be usable. Generally, because of an 

economical reason derived from a method for producing 
'· 

such phosphite esters, a mixture of both isomers is most 

10 . frequently used. 

(1) 

(2) 
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Wherein, R1
, R2

, R3 are hydrogen atom or an alkyl 

group of 1 to 9 carbon atoms, especially a brariched alkyl 

group, and among them, tert-butyl group is preferable; 

th~ positions of the substitution in the phenyl group are 

S most preferably 2, 4, 6-,posi tions. A pref er able phosphi te 

ester is bis(2,4-di-tert-butylphenyl)pentaerythritol 

diphosphite, bis(2,6-di-tert-butyl~4-

methylphenyl)pentaerythritol diphosphite, and the likes 

and further a phosphonite having a structure wherein 

10 carbon and phosphorus are directly bonded, for example, 

tetrakis(2,4-di~tert~butylphenyl1-4;4 1 -

biphenylenediphosphonite can also be exemplified. Among 

them, stabilizers containing trivalent phbsphorus are 

preferabl~. Those phosphorus type stabilizers may be 

15 used solely or in combination 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. 

20 The total amount (X + Y) of the content (X) of a 

phenol type stabilizer and the conterit (Y) of a 

phosphorus stabilizer is desirable to be generally not 

more than 1000 ppm,_preferably from 50 and not more then 
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1000 ppm, further preferably 50 to 600 ppm, and 

furthermore preferably 50 to 300 ppm. Further, it is 
. . 

· desirable that the ratio (X/Y) of the content (X) of a 

phenol type stabilizer to the content (Y) of a phosphorus 

5 stabilizer is generally from 0 and not higher than 3, 

preferably .not higher than 2, further preferably not 

higher than 1.5, and furthermore preferably not higher 

than 1.1. 

In the exemplified case; it is further desirable 

10 that 50 ppm~ X + Y ~ l,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 

15 ·phenol type.stabilizer, and the content (Y) of a 

phosphorus stabilizer is preferably not more than 2,000 

·. ppm, more preferaply from 55 and not more then 1, 000 ppm, 

further preferably 55 to 800 ppm, and especially 

preferably 55. to· 300 ppm. 

20 In the exemplified case, it is preferabl~ that the 

ratib (X + Y/~) of the total of the content (X} of a 

phenol type stabilizer and the content (Y} of a 

· phosphorus ~tabilizer to the content (Z} of aluminum is 
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.preferably from 0.1 to 10, more preferably 2 to 8, and 

furthermore preferably.2 to 7. 

In the case of employing an above described additive, 

the number of gel generated at the time of molding an 

S ethylene_ (co) polymer· at a high temperature can be 

suppressed to be low and the prescr·iption is suitable f·or 

extrusion molding, for example, inflation molding, T-die 

molding, lamination molding, and extrusion lamination 

molding. 

10 As another prescription, for example, addition of 

aluminum 1 to 200 ppm, a phenol 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 exemplified prescription, those above 

15 described aluminum can be employed for aluminum. The 

addition amom:it is desirably controlled to keep aluminum 

content 1 to 200_ppm and preferably 1 to 15 ppm in an 

' 
ethylene (co)polymer. Even in the case that a system 

containing aluminum more than 15 ppm to 200 ppm~ 

20 preferably 20 ppm to 150 ppm, the above described problem 

can be solved by using a fatty acid ~etal salt described 

below while the corrosion resistance being maintained. 
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The content.of aluminum can be determined by 

elementary analysis method. Regarding aluminum contained 

in an ethylene (co)polymer, it is preferable that ·at 

least a part of or all of aluminum is contained in 

S inorganic salt form. Hydrotalcites· are preferable for 

such an inorganic salt containing aluminum. 

As the phenol type stabilizer, a.bove described 

compounds can be employed. Those phenol type stabilize~ 
. . 

may be used solely or in combination with one another. 

10 The content of a phenol type stabilizer is controlled to 

be 50 to 1,000.ppm and preferably 50 to 600 ppm in an 

ethylene (co)polymer. 

As the fatty acid metal salt, above described 

compounds can .be exemplified and its content is 

15 controlled to be 50 to 2,000 ppm and preferably 50 to 

1,000 ppm in an ethylene (co)polymer. In the case the 

content of aluminum is 1 to 15 ppm, the content of a 

fatty acid metal salt is preferably, for example, 700 to 

2,000 ppm and further preferabl_y800 to 1,500 ppm. In 

20 that case, well balanced resistance to ab~ve described 

high temperature gel formation and corrosion resistance 

can be provided~ 
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On the other hand, in the case aluminum is contained 

in more than 15 ppm and not more than 200 ppm, the 

content of a fatty acid metal salt is preferably 50 to 

700 ppm and further preferably 50 to 500 ppm or less. In 

5 .that case, above described·well balanced resistance to 

above described high temperature gel formation and 

corrosion re~istance can be provided. 

In the case of the above described addition manner; . 

the number of gels generated at the time of high 

10 temperature molding of an ethylene (co)polymer can be 

suppressed to be low and the resultant ethylene 

(co)polymer composition becomes suitable for extrusion 

molding, for example, inflation molding, T-die molding, 

lamination molding, and extrusion lamination molding. 

15 Besides the above described compounds, additives 

such as an anti-static agent, an antifogging agent, a 

slip agent, a lubricating agent, ·an anti-blocking agerit, 

a nucleus agent, a pigment, a dye, a plasticizer, and the 

likes may be added if necessary as long as they do not 

20 depart from the purposes ot' the pre_ sent invention. 

As the antistatic agent or an antifogging agent, the 

following can be exemplifi_ed; polyoxyethylene alkylamine 

type compounds having the. general formula described below 
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R - N ( CH2 - CH2 - 0) n - H 
I 

. . .................... ; ............... -.h·-··· ........................... ,:·-·-· ............. ·;.· ................ ""'""" "'"'"··· ............ :.. ................ . 

(CH - CH - 0 - ) - R' . 2 2 m 

(wherein R deriote an aliphatic hydrocarbon group having 7 

or more carbon atoms; R' denotes hydrogen or -CO-R" 

(wherein R"·denotes an aliphatic hydrocarbon group having 

10 7 or more carbon atoms); n denotes one or higher integer; 

and m denotes one or higher integer.); rnonoglyceride~; 

digylicerides; triglycerides; polyglycerin alkyl ester 

compounds; betaine type compounds; polyoxyethylene 

alkylene ether compounds; and sorbitan type compounds 

15 such as sorbitan monolaurate, sorbitan rnonostearate, 

sorbitan monooleate, and the likes .. 

As the lubricating agent and the slip agent, the 

· following can be exemplified; fatty acid amides such as 

oleylamide, stearylamide, erucic acid amide, and the 

20 "likes; alkylene bis(fatty acid amide) such as ethylene 

bis(stearylamide); metal-salts of fatty acid such as 

stearic acid; and paraff~n wax~ 
., 

As the anti-blocking agent, natural or synthesized 

Si02 can be exemplified. 
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As the crystal nucleus agent; conventionally known 

various types of nucleus agents can be employed without 

specific limitation. As the crystal nucleus agent, the 

following aromatic phosphoric acid ester salts, 

. 5 · benzylidene sorbitol, aromatic carboxylic acid, and.rosin 

based nucleus agent_can be exemplified. 

As an aromatic phosphoric acid ester salt, the 

following compound having the formula (3) is an example. 

R2 

-3 
0 R 

"'-W P--:- 0 M 

/ 
R3 0 

R2 n 

10 (3) 

-(where, R1 denotes oxygen atom, sulfur atom, or .a 

hydrocarbon group of 1 to 10 carbon atoms; R2 and R3 

denote a hydrogen atom and a hydrocarbon group of 1 to 10 

15 carbon atoms; R2 
- and R3 may be the same or different to 

each other; respective R2
, respective R3

, and R2 and R3 
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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) • 

Examples of the compound represented by the 

5 general formula (3) include 

sodium-2,2'-methylene-bis(4,6-di-t-butylphenyl)phosphate, 

sodium-2,2'-ethylidene-bis(4,6-di-t­

butylphenyl)phosphate, 

.. li thium-2, 2 '-methylene-bis (4, 6-di-t-

10 butylphenyl)phosphate, 

lithium-2,2'-ethylidene-bis(4,6-di-t­

·butylphenyl}phosphate, 

sodium-2,2'-ethylidene-bis(4-i"'"'.propyl-6-t­

butylphenyl)phbsphate, 

15 lithium-2, 2 '-methylene-bis (4-methyl-.,6-t­

butylphenyl)phosphate, 

lithium-2,2'-methylene-bis(4-ethyl-6-t­

butylphen~l)phosphate, 

calcium-bis (2, 2 •·-thiobis ( 4-methyl-6-t-

20 butylphenyl) phosphate), 

calcium-bis(2i2'-t~iobis(4~ethyl-6-t~ 

butylphenyl)phosphate), 

calcium-bis(2,2'-thiobis{4,6-di-t-butylphenyl)ph6~phate), 
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magnesium-bis(2,2'-thiobis(4,6-di-t-

butylphenyl)phosphate), 

· · magnesium-bis (2, 2' -thiobis ( 4-t-octylphenyl) phosphate), 

sodium-2,2'-buthylidene-bis(4,6-di-

5 methylphenyl)phosphate, 

sodium~2,2'-buthylidene-bis(4,6~di-t-

. . . 

butylphenyl)phosphate, 

sodiurn-2,2'-t-octylmethylene,.-bis(4,6-di-

methylphenyl)phosphate, 

10 sodium-2,2'-t-octylmethylene-bis(4,6-di-t-

butylphenyl)phosphatej 

calcium-bis-(2,2'-methylene-bis(4,6~di-t-

butylphenyl)phosphate, 

.. magnecium-bis- (2, 2 '-methylene-bis (4, 6-di-t-

15 butylphenyl)phosphate, 

barium-bis-(2,2'-methylene-bis(4,6-di-t-

butylphenyl)phosphate, 

sodium-2, 2 '-methylene-bis ( 4-met_hyl-6-t-

butylphenyl)phosphate, 

20 sodium~2, 2' -methylene-bis ( 4..:..ethyl-6-t­

butylphenyl} phosphate, 

sodium-(4,4'-dimethyl-5,6'-di-t-butyl-2,2'-

biphenyl)phosphate, 
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calciurn~bis((4,4'-dimethyl-6,6'-di-t-butyl-2,2'­

biphenyl)phosphate), 

sodium-2,2'-ethylidene-bis(4-m-butyl-6-t­

butylphenyl)ph~sphate, 

S sodium-2, 2 '-methylene-bis (4, 6-di-methylphenyl) phosphate, 

sodium-2,2'-methylene-bis(4,6-di-ethylphenyl)phosphate, 

pottassium-_2, 2 '-ethylidene-bis (4, 6-di-t-

butylphenyl) phosphate, 

calcium-bis(2,2'-ethylidene-bis(4,6-di-t-

10 butylphenyl)phosphate, 

magnecium-bis(2,2i.,..ethylidene-bis(4,6-di-t­

butylphenyl)phosphate, 

. barium-bis(2,2'-ethylidene-bis(4,6-di-t~ 

butylphenyl)phosphate, 

15 aluminum-tris(2,2'-methylene~bis(4,6-di-t-

butylphenyl)phosphate and 

alurri.inum-tris(2,2'-ethylidene-bis(4,6-di-t­

butylphenyl)phosphate, and 

a mixture of two or more of them. 

20 Of these, sodium-2,2'-methylene-bis(4,6-di-t-

butylphenyl)phosphate is preferable .. 
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As another aromatic phosp~oric acid ester salt, the 

following compound having a general formula (4) described 

below can be exemplified. 

. 0 
. . . II 

oL-r-o 
} 2 

M 

n 

(where, R4 denotes hydrogen atom or a hydrocarbon 

group of 1 to 10 carbon atoms; M denotes a metal atom 

with mono- to t~i-valent; and n denotes an integer from 1 

· 10 to 3) •. 

Concrete compounds defined with the above described 

general formula (4) are.sodium bis(4-tert-

butylphenyl)phosphate, sodium bis(4-

methylphenyl}phosphate, sodium.bis(4-

15 ethylphenyl} phosphate, sodium bis (4-iso­

propylphenyl) phdsphate, sodium bis(4-tert-

octylphenyl) phosphate,· potassium bis ( 4-tert-

butylphenyl)phosphate, calcium bis(4-tert-

b~tylphenyl)phosphate, magnesium bis(4-tert-

20 butylphertyl) phosphate, lithium bis ( 4-tert-
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butylphenyl)phosphate, aluminum bis(4-tert-

butylphenyl)phosphate, and a mixture of two or more of 

them. Especially, sodium bis(4-tert-. 

butylphenyl)phosphate is preferable. 

5 As benzylidene sorbitol, compounds defined as the 

10 

15 

formula (5) can be exemplified. 

o\ !==:>< 
or-\_/ 

OH 

OH 

(5) 

(where, respective R5 may be the same or different 

to each o,ther and denotes hydrogen atom or a hydrocarbon 

group of 1 to 10 carbon atoms arid m and n denote an 

integer from 0 to 5, respectively). 

Examples of the compound represented by the 

general formula ('5) inciude 

l,3,Z~4-dibenzylidene sorbitol, 

1,3-benzylidene-2,4-p-methylbenzylidene sorbitol, 
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1,3-benzylidene-2,4-p-ethylbenzylidene sorbitol, 

1,3-p-methylbenzylidene-2,4-benzylidene sorbitol, 

1,3-p-ethylbenzylidene-2,4-benzylidene sorbitol, 

1,3-p-methylben~ylidene-2,4-p-ethylbenzxlidene sorbitol, 

5 1, 3-p-ethylbenzylidene~2, 4-p-methylbenzylidene sorbitol, 

1,3,2,4-d~(p-methylbenzylidene)sorbitol, 

1,3,2,4-di(p-ethylbenz~lidene)sorbitol, 

1,3,2,4-di(p-n-propylbenzylidene)sorbitol, 

1,3,2;4-di(p-i-propylbenzylidene)sorbitol, 

10 1,3,2,4-di(p-n-butylbenzylidene)sorbitol, 

1,3,2,4-di(p-s-butylbenzylidene)sorbitoli 

1,3,2,4-di(p-t-butylbenzylidene)sorbitol, · 

1,3,2,4-di(2',4'-dimethylb~nzylidene)sorbitol, 

1,3,~,4-di(p-metho~ybenzylidene)sorbi~ol, 

15 1, 3, 2, 4-di (p-ethoxybenzylidene) sorbitol, 

1,3-benzylidene-2-4-p-chlorobenzylidene sorbitol, 

1, 3-p-chlorobenzylidene-2, 4·-benzylidene sorbitol, 

1,3-p-chlorobenzylidene-2,4~p-methylbenzylidene sorbitol, 

l,3-p-chloroben~ylidene-2,4-p-ethylbenzylidene sorbitol, 

20- 1,3-p-methylbenzylidene-,2,4-p-chlorobenzylidene sorbitol, 

1,3-p~ethylb~nzylidene-2,4-p-chlorobenzylidene sorbitol 

and 1,3,2,4-di~p-chlorobenzylidene)sorbitol, and a 

mixture of two or more of them. 
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Of these, preferable are 

1,3,2,4-dibenzylidene sorbitol, 

1,3,2,4-di(p-methylbenzylidene)sorbitol, 

1,3,2,4-di(p-ethylbenzylidene)sorbitol( 

. 5 . 1,3-p-chlorobenzylidene-2,4-p-methylbenzylidene sorbitol 

1,3,2,4-di(p-chlorobenzylidene)sorbito-l and a mixture of 

two of more 

Among the above.defined benzylidene sorbitols, a 

compound of the formula (6) can be ex~mplified as a 

10 preferable compound. 

{\_;o 
/(.J b 

o\· /==:><'Rs 
('\__/ ... 

0 . '. . 

OH 

OH 

( 6) 

(where, respective R5 may be the same or different 

15 to each other and denotes methyl group or ethyl group). 

An example of aromatic carboxylic acids is an 

aluminum hydroxy-di-p-tert-butyl benzoate defined as the 

formula (7). 
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COO-Al(OH) 

(7) 

5 As a rosin type crystal nucleus agent, for example, 

rosin acid metal salts can be exemplified and the rosin 

acid metal salts mean the reaction products of rosin 

acids and metal compounds. As the rosin acids, natural 

rosin such as gum rosin, tall oil rosin, wood rosirt, and 

10 the likes; various types of modified rosin such as 

disproportionated .rosin, hydrogenated rosin, 

dehydrogenated rosin, polymerized rosin, rosin modified 

with a,J3-ethylenic unsaturated carboxylic acids and the 

like; purified products of the natural rosin; and 

15 purified products of the mbdif ied rosin can be 

exemplified. As an unsaturated carboxylic acid to be 

employed for producing an a,J3-ethylenic unsaturated 

carboxylic acid-modified rosin, for example, maleic acid, 

maleic anhydride, fumaric acid, itaconic acid, itaconlc 

20 a~hydride, citraconic acid, acrylic acid, methacrylic 

acid, and the likes can be exemplified. Among them, at 
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least one type of rosin acids selected from the group of 

natural rosin, modified rosin, purified products of the 

natural rosin; and purified products of the modified 

rosin is preferable. The rosin acid contains a plurality 

S o.f resin acid selected from pimaric acid, 

sandarachpimaric acid,. palastric acid,·· isopimaric acid, 

abietic acid~ dehydroabietic acid, neoabietic acid, 

dihydropi~aric acid, dihydroabietic acid, 

tetrahydroabietic acid,· and the likes. 

10 As a metal compound forming a metai 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. Particularly, chlorides, 

nitrates, acetates, sulfates, carbonates, oxides, and 

15 hydroxides of those metals can be exemplified. 

As another cry~tal nucleus agent~ high melting point 

polymers, metal salts of aromatic carboxylic acids and 

aliphatic carboxylic acids, and inorganic compounds can 

be exemplified. · 

20 As a high melting point polymer, poly(vinyl 

cycloalkane) such ~s poly(vinyl chlorohexane), poly(vinyl 

cyclopentane), and the likes, poly(3-methyl-1-pentene), 
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poly(3-methyl-l-butene)~ polyalkenylsilane can be 

exemplified .. · 

As a metal salt of an aromatic carboxylic acid or an 

aliphatic carbox_ylic acid, the following can be 

· 5 exemplified; aluminum benzo.ate, aluminum p-tert­

butylbenzoate, sodium adipate, sodium 

thiophenecarboxylate, and sodium pyrrolecarboxylate. 

Use of ethylene (co>polymer 

10 An ethylene .(co) polymer (Al) 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 polymer (Bl) to give a composition (Cl-1) and 

the composition containing an ethylene (co)polymer (Al) 

15 and another polymer (Bl) can be used as a material for 

various types of molded products. Further, an ethylene 

(co)polymer (Al) of the present invention can be graft­

modified and used as a graft-modified ethylene 

(co) polyme:i; (A1-·1) for various purposes. Furthermore, 

20 the graft-modified ethylene (co) polymer (Al-1) may be 

blended with another polymer (Dl) to give a composition 

(Cl-2) and an ethylene (co)polymer (Al) may be blended 

··with a graft-modified polymer (El) to give a composition 
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(Cl-3) and these compositions.can be used as materials 

for various types of molded products. 

An ethylene (co)polymer ·(A2) of the present 

invention can be used as a material as it is for various 

5 types of molded products and may be blended with another 

un-modified polymer (B2.) to give a composition (C2-1) and 

the composition 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 

10 (co)polymer (A2) of the present invention can be graft-

modified and used as a graft-modified ethylene 

(co) polymer· (A2-1) for various pur·poses. Furthermore, 

the graft-modified ethylene (co)polymer (A2-3) may be 

blended with another polymer (02) to give a composition 

15 (C2-2) and an ethylene (co)polymer (A2) may be blended 

with a graft-modified polymer (E2) to give a ·composition 

(C2-:-3) and these compositions can be used as materials 

for various types of molded products . 

. An ethylene· (co) polymer (A3) of the present 

20 invention can be used as a material as it is for various 

types Of m?lded products and may be blended ·with another 

un-modified polymer (B3) to give a composition (C3-1) and 

the composition ccintaining an ethylene (co)polymer (A3) 
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and another polymer (B3) can be used as a material for 

various types of molded products. Further, an ethylene 

(co-) polymer (A3) ·of the present invention can .be graft-

modified ~nd used as a graft-modified ethylene · 
.. 

5 (co) polymer (A3-1) Jar .various purposes. Furthermore, 

the graft-inodifi·ed ethylene (co) polymer (A3-1) may be 

blended with another polymer (03) to g.ive a composition 

(C3"'.""2) and an-ethylene (co)polymer (A3) may be blended 

with a graft-modified polymer (E3) to give a composition 

10 · (C3-3) and these compositions can be used as materials 

for various types of molded products. 

An ethylene (co)polymer (A4) 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 

15 un-modified polymer (B4) to give a composition· (C4-l) and 

the composition containing an ethylene (co)polymer (A4) 

and anothe.r polymer (B4) can be used as a material for 

various ty~es of molded products. Further, an ethylene 

(co)polymer (A4) of the present invention can be graft-

20 modified and used as a graft-modified ethylene 

(co)polymer {A4-1) for various purposes.· Furthermore, 

the graft-modified eth~lene (co)polymer. (A4-l) may be 

blended with another polymer (D4) to give a composition 



""""""""••••••••-·•••-·• •••" • •••;••••."•O••o • • ••••••••••• •• ••••-•• -- "••••••·--........ _.. ... M ..•• ~··--·•••o ... 4 ...... ._ •. 

SF-679 

210 

(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 coi:nposition~ can be used as materials 

for various types of molded products. 

5 l:\n e~hylene (co)polymer (AS) 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.polymer (BS) to give a composition (CS-1) ·and 

the composition containing an ethylene (co)polyiner (AS) 

10 and c;i.nother polymer (BS) can be used as a material for 

~arious types of molded products. Futther, an ethylene 

(co)polymer (AS) of the present invention can be graft­

modified and used as a graft-modified ethylene 

{co)polyme.i::: (AS-1) for various purposes. Furthermore, 

15. the graft-modified ethylene (co)polymer (AS-1) may be 

blended with another polymer (DS) to give a composition 

(CS-2) and an ethylene (co)polymer (AS) .may be blended 

with a graft-modified-polymer (ES} to give a composition 

(CS-3) and these compositions can be used as materials 

20 for various types of molded products. 

Ethylene (co)polymer composition CCl-1) 
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An ethylene (co)polymer composition (Cl-1) comprises 

the above described ethylene {co) polymer {Al) and an un­

modified other polymer (Bl). 

As another polymer (Bl), the following can be 

5 exemplified; polyolefin, beside~ the above described 

. ethylene {co)polymer (Al), such as high density 

polyethylene, middle. density polyethylene, high pressure 

low density polyethylene, straight chain low density 

polyethylene, ethylene-propylene copolymer, propylene 

10 polymer, propylene-ethylene copolymer, propylene-1 _:but en~ 

copolymer, 1-butene polymer, and the likes; and. 

thermoplastic resin such as polyamides, polyesters, 

polyacetals, polystyrenes, polycarbonates and among them, 

an ethylene (co)polymer (Bl-1) besides the above 

· 15 described ethylene ·cco)polymer (Al) is preferable. 

An ethylene (co)polyrner· (Bl-1) is an ethylene 

homopolyrner or a copolymer of ethylene and an a.-olef in of 

3 to 20 carbon atoms. As an a-olefin of 3 to 20 carbon 

atoms, the foregoing a.-olefins of 3 to 20 carbon atoms 

20 cari be exemplified. 

In the case the ethylene (co)polymer (Bl-l) is a 

copolymer of ethylene and an a.-olef in, the mole ratio 

(ethylene/a-olefin) of ethylene and the a.-olefiri depends 
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on the types of the a-olefin arid is generally 1/99 to 

99/1, preferably 50/50 to 95/5. ·The mole ratio is 

preferably 50/50 to 9b/10 in the case the a-olefin is 

propylene and.the mole ratio is preferably 80/20 to 95/5 

5 in the case the a-olefin is an a-olefin of not less than 

4 carbon atoms. 

The intrinsic viscosity of the ethylene <.co) polymer 

(Bl-1) measured at 135°C in de~alin is not specifically 

limited and it is desirable to be generally 0~4 to 7 dl/g 

10 and preferably 0. 5 to 5 dl/g. 

Additionally, the ethylene. (co) polymer (Bl-1) may 

· compri.se a repeating unit derived from another compound 

polymerizable with ethylene or an a-olefin besides a 

repeating unit derived from· ethylene and an a-olefin of 3 

15 to 20 carbon atoms. 

As such compounds, a polyene compound such as a 

chain polyene compound, a cyc~ic polyene compound, and 

the likes and a cyclic monoerie compound.can be 

exemplified. Thepolyene compound is a polyene having 

20 two or more conjugated 6r non-conjugated olefihic double 

bond and as the chain polyene compound, for example, 1,4-

hexadiene, 1,5-h~xadiene, 1,7~octadiene, l,9~ctecadierie, 
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2,4,6-~ctairiene, 1,3~7'."""octatriene, 1,5,9-decatriene, and 

divinylbenzene can be exemplified .. 

Examples of the cyclic polyene compound include 
: . . ·. . . . . 

1,3~cyclopentadiene, 1,3-cyclohexadiene, 

5 5'."""ethyl~l, 3-cyclohexadiene, 1, 3-cycloheptadiene, 

dicyclopentadiene, dicyclohexadiene, 

5-ethylidene-2-norbornene, 5-vinyl-2-norbornene, 

5-isopropylidene-2-no~bornene, methylhy~roindene, 

2,3-diisopropylidene-5-norbornene, 

10 2-ethylidene-3-isoprop.ylidene~S-norbornene, and 

z...:.propenyl-2,5-norbornadiene. 

Examples of the cyclic monoene compound include 

monocycloalkene such as cycloproperie, 

cyclobutene, cyclopentene, cyclohexene, 

15 3-methylcyclohexene, cycloheptene, cyclooctene, 

cyclodecene, cyclododecene, tetracyclodecene, 

oct~cyclodecene and cycloeicosene; 

bicycloalkene such as norbornene, 5-methyl-2-norbbrn~ne, 

.5-ethyl-2-norbornene, 5-isobutyl...,2-norbornene, 

20 5,6-dimethyl-2-norbornene, 5,5,6-trimethyl-2-tiorbornene 

and 2-bornene; 

tricycloalkene such as 

2,3,3a,7a-tetrahydro-4,7-methano-1H-indene and 
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3a~5,6,7a-tetrahydro-4~7-methano-1H-indene; 

1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydionaphthalene 

.and 

tetracycloalkene such as 

5 2-methyl-1, 4, 5, 8-dimethano-l, 2, 3, 4, 4a, 5, 8, 8a-

octahydronaphthalene, 

2-ethyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-

octahydronaphth~lene, 

2-propyl~l,4,5,8-dimethano-1,2,3,4,4a,5,8,8a~ 

10 octahydronaphthalene, 

2--hexyl-~,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-

octahydronaphthalene, 

2-stearyl-l,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-

octahydronaphthalene, 

15 2, 3-dimethyl-1, 4, 5, 8-dirnethano-1, 2, 3, 4, 4.a, 5, 8, 8a-

octahydronaphthalene, 

2-methyl-3-ethyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-

octahydronaphthalene, 

2-chloro-1,4,5,8-dimethano-l,2,3,4,4a,5,8,8a-

20 octahydronaphthalene, 
. . 

2-bromo-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a~ 

octahydronaphthalene, 

2-fluoro-1, 4, 5, 8-dimethano-l, 2, 3, 4, 4a, 5, 8, 8a-. 
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octahydronaphthalene 

arid· 

2,3-dichclo-1,4,5,8-dirr{ethano-1,2,3,4~4a,5,8,8a­

octahydronaphthalene; 

· S polycycloal kene such as 

hexacyclo(6,6,1,13.6~110.13,oi.7,o9.14Jheptadecene-4, 

pentacyclo(8,~,12.9,14.7,1ll.l8,0~03.8,o12.17Jheneicosen 

e-5, 

octacyclo(8,8,0,12.9,14.~,111.18,o3.8,ol2.17)docosene-5. 

10 The ethylene (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 another 

compound component is generally 1 to 20 mole% and 

15 preferably 2 to 15 mole%. 

As an ethylene (co)polymer (Bl-1), an ethylene 

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

3 to 8 ·carbon atoms i·s preferable. 

The foregoing ethylene {co)polymer (Al) is not 

20 included in the ethyiene (co) polymer (Bl-1). That is, 

the ethylene (co)polymer (Bl-1) is·o.1 or more methyl 

branches measured by 13C-NMR per 1,000 carbon atoms. 
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An ethylene (co)polymer (Bl-1) can be produced by 

homopolymerizing etl)ylene :Qy a conventionally known 

method or copolymerizing ethylene and an a-olefin by a 

conventionally known method. The polymerization reaction 

S. can be carried out in gas-phase (a gas-phase 

polymerization method) as well as in liquid-phase (a 

liquid-phase polymerization method) • 

In an ethylene (co)polymer composition (Cl-1), it is. 

desirable that the weight ratio (Al: Bl) of an ethylene 

10 (co)polymer (Al) and another polymer (Bl) is 1 : 99 to 

99 : 1 and preferably 10 : 90 to 90 : 10. 

Regarding an ethylene (co)polymer composit1on (Cl-1), 

additives exemplified as the.additives allowed to be 

added to ethylene (co)polymers (Al)· to (AS) may be added, 

15 if necessary, as ·long as the additives do ·not depart from 

the purposes of the present invention. 

An ethylene (co)polymer composition ·(cl-1) can be 

produced by a known method and, for example, the 

following methods can be employed for the production. 

20 (1) A method by blending an ethylene (co)polymer 

· (Al) and an.other polymer (Bl) and other components to be· 

added if necessary by ah ~xtruder, a kneader, or the like. 
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(2) A method by dissolving an ethylene (co)polymer 

(Al) and another polymer (Bl) and other components to be 

added if nec~~sary in a prpper ·good solvent (e.g. a 

hydrocarbon solvent such as hexane, heptane, decane, 

5 cyclohexane, benzene, toluene, xylene, or the like) and 

then removing the solve~t. 

(3) A method by dissolving an ethylene (co)polymer 

(Al) and another polymer (Bl) and other components to be 

added if necessary separately in proper good solvents to 

10 give their solutions, mixing the solutions, and then 

removing the solvents. 

(4) A method by co:rnbining the above described 

methods (1) to (3). 

The foregoing ethyl~ne (co)polymer composition (Cl-

15 l) -- is excellent rnoldability and mechanical strength. 

Ethylene (col polymer composition · CC2-ll 

. An ethylene. (co) polymer composition (C2-1) comprises 

the above desc_ribed ethylene (co)polyrner (A2) and an un-

20 modified other polymer (B2) besides (A2). 

As another polymer (B2), the following can be 
- -

exemplified; polyolefin, besides the above described 

ethylene (co)polymer (A2), such as high density 
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polyethylene, middle density polyethylene, high pressure 

low density polyethylene, straight chain low density 

polyethylene, ethylene-propylene copol:Ymer, propylene 

polymer, propylene-ethylene copolymer, propylene.-1-butene 

5 copolymer, 1-butene polymer, and the likes; and 

thermoplastic resin such as polyamides, polyesters, 

·polyacetals, polystyrenes, polycarbonates and among them, 

an ethylene (co)polymer (B2-1) besides the above 

described ethylene (co}polymer (A2) is preferable. 

10 An ethylene {co)polymer (B2-1) is an ethylene 

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

3 to 20 carbon atoms. As an <J,-olefin of 3 to 20 carbon 

atoms, the foregoing a-olefins of 3 to 20 carbon atoms 

can be exemplified. 

15 .In the case.the ethylene (co)polymer (B2-1) is a 

copolymer of ethylene and an a-olefin, the mole ratio 

(ethylene/a-olefin) of ethylene and the a-olefin depends 

on the types of the.a-olefin and is genera.lly 1/99 to 

99/1, preferably 50/50 to 95/5. The mole ratio is 

20 preferably _50/50 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 a-olefin of not less than 

4 carbon atoms. 



SF-679 

219 

The intrinsic viscosity of the ethylene (co)poly_mer 
. . . 

(B2-1} measured at 135°C in decalin is not specifically 

limited and it is desirable to be generally 0 .. 4 to 7 dl/g 

and prefeiably 0.5 to 5 dl/g. 

S Additionally, the ethylene (co}polyrner (B2-1) may 

comprise a repeating unit derived from another compound 

polyrnerizable with ethylene or an a-olefin besides a 

repeating unit derived from ethylene and an a-olefin.of 3 

to 20 carbon ~toms. 

· 10 As . such· compounds, the foregoing polyene compound 

such as a chain polyene compound, a cyclic polyene 

.compound, and the likes and a cyclic monoene compound can 

.be exemplified. 

The ethylene (co)polyrner (Bl-1) may further comprise 

15 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 f . . 

compound component is generally 1 to 20 mole% and 

preferably 2 to·15 mole%. 

20 As arr ethylene (co)polymer (B2-l), an ethylene 

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

3 to 8 carbon atoms is preferable. 



··sF-679 

220 

The foregoing ethylene (co)polymer (A2) is not 

included iri the ethyiene {co) polymer (B2-l). That is, 

the ethylene ·(co)polymer (B2-1) is 0.1 or more methyl 

branches measured. by· 13C-NMR per 1, 000 carbon atoms. 

5 An ethylene (co)polymer (B2-1) cari be produced by 

homopolymerizing ethylene by a conventionally known 

. . 
method or copolymerizing ethylene and an a-olefin by a 

conventionally known method. The polymerization reaction 

cari be carried out in gas~phase (a gas-phas~ 

10 polymerization method) as well as in liquid-phase (a 

liquid-phase polymerization method). 

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 (B2) is 1 : 99 to 

15 99 :. 1 and preferably 10 : 90 to 90 : 10. ·. 

Regarding an ethylene (co)polymer composition (C2-1), 

additives exemplified as the additives allowed to be 

added to ethylene (co)polymers (Al) to (AS) may be added 

if neces~ary as long as the additives do not depart ~rom 

20 the purposes of the present invention. 

An ethylene (co)polymer composition {C2-1) can be 

produced by a known method and, for example, it can be 

produced from an e:thylene (co)polymer (A2) and another 
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polymer (B2) and other components to be added if 

necessary by the sa~e·methods as the methods of producing 

the foregoing ethylene (co) polymer· composition (Cl-1). 
. . 

The foregoing et~ylene (co)polymer compositio~ (C2...,.. 

S 1) is excellent moldability and ~echanical strength. 

Ethylene (co) polymer composition (C3..:..1) · 

An ethylene (co)polymer composition (C3-1) comprises 

the above described ethylene (co)polymer (A3) and an un-

10 modified other polymer (B3) besides (A3). 

As another polymer (B3}, the following can be 

exemplified; polyolefin, besides the above described 

ethylene (co) polymer (A3), such· as high density · 

polyethylene, middle density polyethylene, high pressure 

15 low density polyethylene, straight chain low density 

polyethylene, ethylene-propylene copolymer,. propylene 

polymer, propylene-ethylene copolymer, propylene-1-butene 

copolymer, 1-butene polymer, and the likes; and 

thermoplastic resin such as polyamides, polyesters, 

20 polyacetals, polystyrenes, polycarbonates and among them, . 

an ethylene (co)polymer (B3-l) besides the above 

described ethylene (co}polymer (A3) is preferable. 
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· An ethylene (co) polymer (B3-1) 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 foregoing a-olefins of 3 to 2o·carbon atoms 

s can be exemplified. 

_In th_e case the ethylene ·(co)polymer (B3-1) is a 
. . 

copolymer of ethylene and an a-olefin, the mole ratio 

(ethylene/a-olefin) of ethylene and the a-olefin depends 
. . 

on the types of the a-olefin and is generally_l/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-olefin is 

propylene and the mole ratio is preferably 80/20 to 95/5 

in the case the a-olefin is an a-olefin .of not less than 

4 carbon atoms. 

15 The intrinsic viscosity of the ethylene (co) polymer 

(83-1) measured at 135°C in decalin is not specifically 

limited and it is desirable to be generally 0.4 to 7 dl/g 

and preferably 0.5 to 5 dl/g. 

Additionally, the ethylene (co)polymer (83-1) may 

20 comprise a repeating unit derived. from another compound 

polymerizable with· ethylene or an a-olefin besides a 

repeating unit derived from eth~lene and an a-olefin of 3 

to 20 carbon atoms. 
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As such compounds,. the foregoing _polyene compound 

such as a chain polyene compound, a cyclic polyene 

compound, and the likes and a cyclic monoene compound can 

.be exemplified. 

5 ·The ethylene (co) polymer (B3.,...1) may further .comprise 

a constituent monomer derived from styrene or sub.sti tuted 

styrene. Such other ·compounds may be used solely or in 

~ombination with one·. another. The content of another 

compound c:::omponent is generally 1 to 20 mole% and 

10 preferably 2 to 15 mole%. 

As an ethylene {co)polymer (B3-1), an ethylene 

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

3 t6 8 carbon atoms is preferable. 

The foregoing ethyl_ene (co) polymer (A3) is not 

15 included in the ethylene (co) polymer (B3-1). That is, 

the ethylene (co)polymer (B3-1) does not satisfy at least 

one of the foregoing requirements (iA3 ) and (iiA3 ) which 

the ethylene (co)polymer (A3) satisfies. 

An ethylene· (co) polymer. (B3-l) can be produced· by 

20 homopolymerizing ethylene by a conventionally known 

method or copolymerizing ethylene and an a-olefin by a 

conventionally known method. The polymerization reaction 

can be carried out in ~as-phase (a gas-phase 
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polymerization method) as well as ih liquid-phase (a 

liquid:...phase polymerization method) . 

·In an ethylene (co)polymer composition (C3-1), it is 

desirable that the weight ratio (A3 :. B3) of an ethylene . . . 

(co) polymer (A3) and another polymer (B3) is- 1 

99 : 1 ~nd preferably 10 : 90 to 90 : 10. 

99 to 

Regarding an ethylene (co) polymer composi tio.n (C3-1) , 

additives exemplified as the additives allowed to be 

added to ethylene (co)polymers (Al) to (AS) may be added 

10 if necessary as long as the additives do not depart from 

the purposes of the present invention. 

An ethylene (co)polymer composition (C3-1) can be· 

produced by a known method and, for example, it can be 

produced from an ethylene (Co)polymer (A3) and another 

15 polymer (B3) and other components to be added if 

necessary by the same methods as the methods of the 

foregoing ethylene (co) polymer co~position (Cl-1). 

The foregoing ethylene (co)polymer composition (C3-

1) is excellent ·rnoldability and mechanical strength. 

20 
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.. Ethylene _(colpolymer compos{tion CC4-ll 

An ethylene (co)polyroer composition (C4..,.1) comprises 

the above descr_ibed ethylene (cci)polymer (A4) and an un­

modified other polymer (B4) besides (A4). 

5 As another polymer (B4), the following can be 

exemplified; polyolefin, besides the above described 

ethylene (co)polymer (A4), such as high density 

polyethylene, middle density polyethylene, high ~ressure 

low density polyethylene, straight chain low density 

10 polyethylene, .ethylene-propylene copolymer, propylene 

polymer, propylene-ethylene copolymer, propylene-1-bute~e 

. copolymer, I-butene polymer, and the likes; and 

the~moplastid resin such as polyamides, polyesters, 

polyaceta-ls, polystyrenes, polyc.arbonates and among them, 

15 an ethylene (co)polymer (B4~1) besides the above 

described· ethyl_ene (co)polymer (A4) is preferable. 

An ethylene (co)polymer (B4-1) 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 

20 atoms, the foregoing a"-olefins of 3 to 20 carbon atoms 

can be exemplified. 

In the case the ethylene (co)polymer (B4-1) is a 

copolymer of ethylene and an a-olefin, the mole ratio 
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(ethylene/a-olefin) 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 

pr~ferably 50/50 to 90/10 in the case the a-olefin is 

5 propylene and the mole ratio is preferably fr0/20 to 95/5 

in the case the a-olefin·is an a-olefin 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 

10 limited and it is desirable to be generally 0.4 to 7 dl/g 

and preferably 0.5 to 5 dl/g. 

Additionally, the ethylene (co)polymer (B4-1) may 

comprise a repeating·unf.t derived from another compound· 

polymerizable with ethylene or an a-olefin besides a 

· 15 repeating unit derived from 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 cyclic polyene 

compound, and the likes and a cyclic monoene compound can 

20 be exemplified. 

The ethylene (co)polymer (84-1) may further comprise 

a constituerit monomer derived from styrene or substituted 

styrene. Such other compounds may be used solely or in 
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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 (B4-1), an ethylene 

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

3 to 8 carbon atoms is preferable. 

The .foregoing ethylene (co)polymer (A4) is not 

included .in the ethylene (co) polymer (B4-1). That is, 

the ethylene (co)polymer (B4-1) does.riot satisfy the 

10 foregoing requirement (iA4 ) which the ethylene 

(co)polymer (A4} satisfies. 

An ethylene (co) polymer { B4-1) can be produced by, 

homopolymerizing ethyle~e by a conventionally known 

··method or copolymerizing ethylene and an a-olefin by a 

15. 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 polymerization method) as well. 

In an-ethylene (co)polymer cOmposition (C4-l), it is 

20 ·desirable th~t the weight ratio (A4 : B4) of an ethylene 

-(co)polymer (A4} and another polymer (B4) is 1 : 99 to 

99 : 1 and prefer~bly 10 90 to-90 : 10. 
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Regarding an ethylene (co)polymer composition (C4-1), 

additives exemplified as the additives .allowed to be 

added .to ethylene (co) polymers (Al) to (AS) may be added 

if necessary as long as the additives do not depart from 

5. the purposes·of the present invention. 

An ethylene (co) polymer composition. (C4-l) can be 

produced by a known method and, for example, it can be 

produced from an ethylene (co) polymer . (A4) and another 

polymer (B4)_ and other components to be added if 

10 necessary by the same methods as the methods of the 

foregoing ethylene (co)polymer composition (Cl-1). 

The foregoing ethylene (co)polymer composition• (C4-

1) is excellent moldability and mechanical strength. 

15 Ethylene Cco>polymer composition CCS-1> 

An ethylene (co)polymer composition (CS-1) comprises 

the above described ethylene (co)polymer (AS} and an un-

.modified other polymer (BS) besides (AS). 

As another polymer (BS), the following can be 
. . 

20 exemplified; polyolefin, besides the above described 

·ethylene (co}polymer "(AS}, such as high density 

polyethylene, middle density polyethyle~e, high pressure 

16w density polyethylene, straight chain low density 
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polyethylene, ethylene-propylene copolymer, propylene 

polymer, propylene".'"ethylene copolymer, propylene-1-butene 

copolymer, 1-butene polymer1.and the likes; and 

thermoplastic resin such as polyamides, polyesters, 

5· polyacetals, polystyrenes, polycarbonates and among them, 
. . 

an ethylene (co)polymer (B5-l) besides the above 

described ethylene (co) polymer (AS) .. is pref er able. 

An ethylene (co)polymer (BS-1) .is an ethyl~ne 

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

10 3 to 20 carbon atoms. As an a-ole·fin of 3 to 20 carbon 

atoms, the same one as the foregoing can be exemplified. 

In the case the ethylene (co)polY'zner (85-1) is a 

c.opol~er of ethylene and an a-olefin, ·the mole ratio 

(ethylene/a-olefin) of ethylene and the a-olefin depends 

15 on the type~ 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 ratio is preferably 80/20 to 95/5 

in the case the a-olefin is an a-olefin o.f not less than 

20. 4 carbon atoms. 

The intrinsic viscosity of the ethylene (co)polymer 

· (85-1) measured at 135°C in decalin is not specifically 
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limited and it is desirable to be generally a range of 

0.4 to 7 dl/g and preferably a range of 0.5 to 5 dl/g~ 

Additionally, the ethylene (co)polymer (BS-1) may 

comprise a. repeating unit derived. from another compound 

5 .· polYltlerizabte 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 compounds, the foregoing polyene compound 

such as a.chain polyene compound, a cyclic polyene 

10 compound, and the. likes and a cyclic monoene compound can 

be exemplified. 

The et~ylene (co)polymer (BS-1) may further comprise 

a constituent monomer derived from styrene or substituted 

styrene. Such other.compounds may be used·solely or in 

15 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)polym~r (BS-1), an ethylene 

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

20 3 to 8 carbon atoms is. preferable. 

The foregoing ethylene (co)polymer (AS) is not 

included in the ethylene (co) polymer.· (BS-1) . That is, 

the ethylene (co)polymer (BS-1) does.not satisfy the 
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foregoing requirement .(iA5 ). which the ethylene 

(co)polymer (AS) satisfies .. · 

An ethylene (co)polymer (BS-1) can be produced by 

homopolymerizing ethylene by a conventionally known 

S · 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 polymerization method) as well. 

10 In an ethylene {co)polymer composition (CS-1), it is 

desirable that the weight ratio (AS : BS) of an ethylene 

{co)polymer (AS) and another polymer (B4) is 1 : 99 to 

99 1 and prefeiably lQ : 90 to 90 : 10. 

Regarding an .ethylene (co)polymer composition (CS-1}, 

15 additives eKemplified as the additives allowed to be 

added to ethylene (co)polymers {Al) to {AS) may·be added 

if necessary as long as the additives do not depart from 

the purposes of the present invention. 

An ethylene· (co} polymer composition (CS-1) can be 

20 . produced by a known method and, for example, it can be 

produced from an ethylene (co)polymer (AS} and another. 

polymer {BS) and other components to be added if 
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necessary by the same methods as the methods of the 

foregoing ethylene_(co)polyrner composition (Cl-1). 

The foregoing ethylene (co)polyrner composition (CS-

1) is excellent moldability and mechanical strength. 

Molded product 

As a molded product of ethylene (co)polyrners (Al) to 

(AS) of t:t1e present invention or ethylene (co) polymer 

compositions (Cl-1) to (CS-1), the following are concrete 

10 examples; a blow molded product,· an inflation molded 

product, a cast molded product, an extrusion laminated 

molded product, an extrusion molded product, a foam 

molded product, an injection molded product, and the 

likes. Additionally, the molded product can be used for 

15 fibers, monof ilaments, unwoven: fabrics, and the likes. 

Those molded products include molded products· 

produced from only one of ethylene (co)polymers (Al) to 

(AS). and ethylene (co)polyrner compositions (Cl-1) to (CS-

1) and molded products (laminated products) comprising 

20 parts produced from one of ethylene (co) polymers (Al) to 

(AS) and ethylene (coipolymer compositions (Cl-1) to (CS-

1) and parts produced from other resin. 
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A molded product produced from ethylene (co)polyrners 
. . 

(Al) to (AS) and ethylene (co)polyrner compositions (Cl-1) 

to (CS-1) and a molding method will be described below in 

details using an ethylene (co)polyrner (Al) and regarding 

5 ethylene (co·) polymers (A2) to (AS) and ethylene 

(co)polymer compositions (Cl-1) to (Cl-5),. they are the 

same. 

A blow molded product 
\ 

10 As a blow molded product; an extrusion blow molded 

product, an injection blow molded product, and the likes 

can be exemplified. 

Ethylene (co)polyrners (Al) to (AS) have excellent 

moldability and excellent mechanical strength. From that 

15 · point, they are especially suitable to be molded by blow 

molding. 

An extrusion blow molded product can be obtained by 

extruding an ethylene (co)polymer (Al) in a melted state 

at 100 to 300°C .l:-esin temperature out of a die to form a 

20 tubular parison, holding the parison in a mold with a 

desired shape, and then blowing air to stick the parisori 

to the mold at 100 to 300°C re~in temperature. The 
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stretching (blowing) ratio is preferably 1.5 to 5 times 

in the transverse direction. 

An injection blow molded product can be obtained by 
. . 

intruding an ethylene (co) polymer (Al) . at 100 to 300°C 

S resin temperature into a parison mold to give a parison, 

holdii;:ig the parison in a mold with a desired shape, and 

then blowing air to stick the parison to the mold at 120 

to 300°Cresin temperature. The stretching (blowing) 

ratio is preferably 1.1 to 1.8 time in the vertical 

10 direction and 1. 3 to 2. 5 times in the transverse 

direction. 

As a blow molded product, large scale or middle 

scale blow molded products such as gasoline tanki,-

chemical agent cans for industrial use, and the likes and 

15 various types of bottles and tubes can be exemplified. 

A blow molded product may be produced from a 

laminated product constituted of at least one layer of 

the foregoing ethylene ·(co)polymer (Al) and at least one 

layer of other iesin. Other resin can be selected 

20 corresponding to purposes arid, _for example, nylon, 

polyviriyl ~lcohol, modified polyolefins, and 

polypropylenes are preferable. A blow molded product 
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produced from a laminated product may be produced by co-:­

extrusion molding a·nd posterior sticking process as well. 

An inflatiorimolded_product 

S Since ethylene (co)polymers (Al) to (A5) have 

eicellent bubble stability, they have excellent inflation 

moldal:>ili ty and from a viewpoint of th.eir excellent 

mechanical strength, they are especially suitable to be 

molded by inflation molding. 

10 . An inflation molded product can be obtained by, for 

example, molding methods such as conventional air-cooled 

inflation molding, air-cooled_ two-step cooled inflation 

molding, ·high speed inflation molding, water-cooled 

infl~tion molding, and the likes. 

15 A film (an inflation molded product) obtained by 

inflation molding an ethylene (co)polymer (Al) are 

suitable for various types of film for packaging such as 

standardized bags, .laminated bags, wrapping films, 

laminated substrates, sugar bags, oil packaging bags, 

20 aqueous material packaging bags, food packagings; liquid 

transf~sion bags• agri6ultural.materials, and the li~es. 

· An inf lat ion molded product may be produced from a 

laminated product constituted of at least one layer of 
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. . . . 

·.the foregoing ethylene (co) polymer (Al) and at least one 

layer of other resin. Other resin can be selected 

corresponding to·purposes and, for example, nylon, 

polyvinyl alcohol, modified polyolefins, and 

5 . polypropylenes are preferable. An inflation molded 

product produced from a.laminated product.may be produced 

by co-extrusion moldi.ng and posterior sticking process as 

well. 

10 A·cast molded product 

Ethylene (co) polymers (Al) to (AS) have excellent·· 

cast moldability and e;x:cellent mechanical strength and 

from that point, they are especially suitable to be 

molded by cast molding. 

15 In the case of producing a cast molded product from 

an ethylene (co)polymer (Al), conventionally known cast 

film extrusion apparatus and molding condition can be 

employed and, for example, a.uniaxial screw extruder, a 
.. 

kneading extrud~i, a·.ram extruder, a gear extruder, and 

20 the likes can be used to mold a melted ethylene 

(co)polymer into a sheet or a film (un-stretched) by 

extrusion out of a T-die. 



·-·-..................... ~-···~ .. _.. ................... _ .............. _ ... __ , __ ,, ..... ; ..... ·:-· ....•. :_ .. _ .... , ............ '~-; .. ~ ..•.. · ..... ;: ······· ., .................. ,.- •... ~--:~-· ····' .•. '" ..... • ........... •···•·· .....• · .. · ..•.. ·•········•···· .. 

SF-679 

237 

A stretched film can be obtained by stretching such 

an above described extrusion sheet or an extrusion film 

(un-stretched) by a kno~n stretching method such as a 

tenter method (vertical-transverse stretching, 

· 5 transverse-vertical stretching), a simultaneous biaxial 

stretching.~ethod, a uriiaxial stretching method, and the 

likes. 

The stretching ratio at the .time of stretching a 

sheet or un-stretched film is generally about 20 to 70 

10 times in the case of biaxial stretching and generally 

abut 2 to 10 times in the case of a uniaxial stretching. 

It is desirable to obtain an oriented film having a 

thickness of about 5 to 20 µm by stretching. 

Further, a multilayer film can be produced. For 

15 example, using an ethylene (co) po1ymer (Al) , a . mul tflayer 

film can be produced in combination with a film-like 

rnate.rial selected· from a poly amide film, a polyester film, 

and an aluminum foil. In this case, a multilayer.film 

can be.produced ·by extruding an ethylene (co)polymer (Al)· 

20 on the above described film-like material, joining them, 

ahd cooling and taking out the resultant film-like 

material in the same conditions. · 
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Furthermore, a multilayer film can also be produced 

by the following method. At first, a fi.lm is produced 

from an ethylene (co)polymer (Al) by the above described 
. . . 

method. Next, the film is stuck to one type of film-like 

S materials selected from a polyamide film, a polyester 

film, and an aluminum foil.by an adhesive to give a 

multilayer film. 

The foregoing polyamide film is not especially 

limited and particuiarly, a film of nylon-6, nylon-11, 

10 nylon-66, nylon-610 1 or the like can be exemplified. The 

foregoing polyester film i~ not especially limited and 

particularly, a film of poly(ethylene terephthalate), 

which is a condensate polye~ter of terephthalic acid and 

ethylene glycol, a copolymer polyester of terephthalic 

15 acid-isophthalic acid-ethylene glycol, and a polyester 

produced from terephthalic acid and cyclohexane-1,4-

dimethanol can be .exemplified. The foregoing polyamide 

film and polyester film are preferably films stretched by 

biaxial stretching. The foregoing adhesive is preferably 

20 an adhesiv~ such a~ urethane-based adhesive antj the likes. 

A multilayer film is a multilayer film with double-

layer structure comprising a film of an ethylene 

(co)polymer (Al) and one of a polyamide film, a polyester 
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film,·· and an aluminum· foil and is also a multilayer film 

having a layer structure .comprising 3 ··or more layers 

including the double-layer structure. 
' : 

A film of the above described ethylene (co)polymer 

5 {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, o.t a metal foil .such as an aluminum foil 

and the likes. 

A monolayer film made of an ethylene (co)polyrner 

10 . (Al) can be used as it' is for various types of wrapping 

films. The monolayer film is especially suitable for 

wrapping weighty aqueous materials such as aquatic 

products and agricultural products. On the other hand, 

the multilayer film can be used for wrapping food such as 

15 meats, confectionery, and the likes which demand gas-

barrier property and also can be used for wrapping meats 

such as ham and sausage and liquids such as soup and 

mayonnaise. 

20 ·An extrusion laminat~d molded product 

.Since ethylene (co)polymers (Al) to (AS} .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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molded_ by extrusion lamination molding to give an 

extrusion laminated molded product . 

. An extrusion laminated molded product is constituted 

of a substrate and the foregoing ethylene (co)polymer 

5 (Al) layer and such an extrusion laminated molded product 

can be obtained by e~tr~siori coating a $ubstrate with an 

ethylene (co) polymer (Al). 

A substrate is not specifically limited as 16ng as 

it is .. film moldabili ty and an optional polymer, paper, an 

10 aluminum foil, celloph_ane, and the likes can be· employed. 

As such a polymer, for example, the following can be 

exemplified; olefin type polymers such as high density 

polyethylene, mi~dle, low density polyethylene, eth~lene­

vinyl acetate copolymer, ethylene-acrylic acid ester 

15 · copolymer~ ionomer ,_ polypropylene, poly ( l.:...butene), 

poly(~-methyl-1-penten~) and the likes; vinyl type 

polymer such as poly(vinyl chloride), poly(vinylidene 

chloride), polystyrene, polyacrylate, pbly~crylonitrile, 

and. the'likes; polyamides such as nylon-6, nylon-66, 

20 nylon-10, nylon~ll, nylon-12, nylon-610, poly(m-xylylene 

adipamide) and the likes; polyesters such as 

poly(ethylene terephthalate), poly(ethylene 

terephthalate/isophthalate), poly(butylene terephthalate), 
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and the like; and poly(vinyl alcohol), ethylene-vinyl 

alcohol copolymer, polycarbonates-, and the likes. 

In the case substrates are polymer films· (sheets) , 

the polymer f llms may be non-oriented 6r may be 

5 uniaxially or biaxially oriented. Those substrates can 

properly be selected according to a purpos·e and an object 

to be wrapped. For example, in the case an object to be 

wrapped is food easy to get rotten, resin such as 

polyamides, poly(vinylid~ne chloride}, ethylene-vi~yl 

10 alcohol copolymer, poly(vinyl alcohol), polyesters, and 

the likes, which have excellent transparency, rigidity, 

and gas permeation resistance, can be used. In the case 

an object to be wrapped is confectionery and fiber 

wrapping is carried out,, polypropylene and the likes 

15 having excellent transparency, rigidity, and water 

permeation .resistance are preferable to be used. 

An extrusion .laminated molded product can be 

produced by, for example coating a substrate with an 

ethylene. (co)polymer (Al) by extrusion coating method 

20 . using a T-die. 

As described above, at the time of extrusion coating 

with an ethylene (co)polymer (Al); a substrate may be 

coated directly with 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 

(Al), with a known method, for example, an anchor coating 

agent such as an orga:notitanium type, polyethylene imine 

5 type, a!l· isocyanate type agent, or the like is applied to· 

a substrate or an under resiri layer of stich 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 

·to (Al) by extrusion coating. 

The processing temperature (the resin temperature in 

a T-die) at the time of extrusion coating of· a substrate 

·with an ethylene (cb)polymer (Al) or an under resin is 

determined in consideration of the adhesion property 

15 between the substrate arid the ethylene (co) polymer (Al), 

between the substrate and the under resin (adhesive 
.' 

polyolefins, polyethylenes by high pressure method, and 

.·.the likes}, and between the under resin and the ethylene 

(co)polymer (Al)° and heat seal property and productivity 

20 of laminated products, and the processing temperature is 

preferably 230 to 330°C, further p~eferably 280 to 320°C, 

and furthermore preferably 285 to 305°C. 
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It is also effective to forcibly oxidize the surface 

of a film of melted resin extruded out of a T-die by . 

blowing ozone to the film in orde:r; to reliably obtain 

excellent adhesion property between ~ substrate ~nd resin 

5 (either under resin or an ·ethylene (co) polymer (Al) ) 

contacting the substrate. 

Extrusion coating is carried out at preferably 20 to 

300 m/minute and further preferably 40·to 200 m/minute 

processing speed~ 

10 Such an extrusion laminated molded product is 

suitable for use as various types.of 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 

15 product wrapping bags for sugar, flour and flaky and 

powdery food, and wrapping bags for pharmaceutical 

tablets and granules. 

An extrusio·n molded product 

20 As an_ extrusion molded product, a pipe molded 

product, a profile extrusion molded product, an electric 

wire-coating molded boy, and the likes .can be exemplified. 

• , oJ•'••""'..,•o';•.' '-' Cw~- •."·· • 
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.since.ethylene (co)polymers (Al) to (AS) cari easily 

be extruded and have excellerit shape retaining property 

at the time of melting, they have excellent extrusion 

moldability and are suitable to be molded by extrusion 

5 molding. 

In the case of p·roducing an extrusion molded product 

from an.ethylene (co)polymer (Al), conventionally known 

extrusion apparatus and molding condition can be employed 

and, for example, a uniaxial screw extruder, a kneading 

10 extruder, a ram extruder, a gear extruder, and the likes 

can be used to mold a melted ethylene (co)polymer (~l) 

intb a sheet or a film (un-stretched) by extrusion out of 

a T-die. 

As the extrusion molded product, various types of 

15 pipes such as gas, tap water and sewage pipes, hot water 

pipes, and the. like·s, various types of coatings for 

electric wires and the likes, and spacers for optical 

fiber· cables can be exemplified. 

20 A foam molded product 

Ethylene (co)polymers {Al) to (AS) are provided 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 foaming ratio and from that point, they are 

suitable to be molded by foam molding. 

A foam molded product can be produced by mixing a 

foaming agent with. an ethylene (co)polymer (Al) and 

5 generating foams in a resin molded product by gasifying 

the foaming agent or generating decomposition gas by 

heating or decreasing the pressure of the resultant 

mixture. 

As a method for producing a foamed product from an 

10 ethylene (co) polymer (Al) of the present invention, the 

following can be exemplified. 

<D An extrusion foaming method· 

A foamed.product can continuously be obtaine~ by 

putting an ethylene (co}polymer (Al) to a hopper of an 

15 extruder, injecting a physical type foaming agent through· 

a pressure injection hole equipped in a middle of the 

extruder at the time of extruding the resin at the 

temperature near the melting point, and extruding the 

ethylene (co)polymer out of a mouth piece with a desired 

20 shape. 

As the· physical foaming agent, for example, v_olatile 

foaming agents such as flon, butane, pentane, hexane, 

cyclohexane, and the likes; and inorganic gas based 
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foaming. agents such· as nitrogen, air, water, carbon 

dioxide gas, and the. likes can be exemplified. 

Additionally, at the time of extrusion foaming, foam 

nucleus forming agen~ such as calcium carbonate, talc, 

5 clay, magnesium oxide, and the likes may be added. 

The ~ixing rati6 of a physical foaming agent is 

generally 5 to 60 parts by weight and preferably 10 to 50 

parts by weight ·to 100 parts by weight of an ethylene 

(co} polymer (Al}. If the mixing ratio of a physical 

10 foaming agent is too small, the foaming property of a 

foamed product is deteriorated and, on the contrary, it 

is· .too high, the strength of the foamed prod_uct is 

deteriorated. 

® A·foaming method using a thermal decomposition 

15 type foaming agent 

An ethylene (co}polymer (Al), an organic thermal 

decomposition type foaming agent such as azodicarbonamide, 

and other additives and thermoplastic resins optionally 

are mixed and krieaded by a mixing and kneading apparatus 

20 such as a uniaxial extruder, a biaxial extruder; a 

_Banbury mixer, a kneader mixer, rolls, and the likes at a 

temperature lower than the decompositio_n 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 she~t-like shape. Then, the sheet is 

heated to a temperature higher than the decomposition 

temperature of the foaming agent to give a foamed product. 

5 The mixing ratio·. of an organic thermal decomposition 

type foaming agent is generally 1 to 50 parts by weight 

·and preferably 4 to 25 parts b_y weight to 100 parts by 

weight of an ethylene (co) polymer (Al). If the mixing 

ratio of an organic thermal decomposition type foaming_ 

10 agent is too small, the'foa~i~g property of a .foamed 

product is deteriorated and, on the contrary, it is too 
. . 

high, the strength of the foamed product is deteriorated. 

ca:> A foaming method in pressure container 

An ethylene (co)polymer (Al) is mo"ided into a sheet-

15 like or ~lock-like shape by a press machine or an 

extruder. Next1 the molded product is charged i:r:i a 

pressure container, a physical foaming agent is 

sufficiently dissolved in the resin and then the pressure 

is decreased to ·produce a foamed product. Alternatively, 

20 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 decreased, 

and heating the molded product in an oil bath or.an oven . 

. Further, a cros~-linked.foamed product can be 

obtained by previously cross-linking an ethylene 

S (co) polymer (Al) . Generally, as a cross-linking method, 

a method for cross-linking by thermally decomposing a 

peroxide radical generating agent mixed with resin, 

cross-linking by radiating ionization radiation, cross-. 

linking by radiating ionization radiation in the presence 

10 of a polyfunctional m~nomer, and silane cross-linking can 

be exemplified. 

To produce a cross-linked fo~med product by those 

methods, an ethylene (co)polymer (Al), an organic thermal 

. decomposition type foaming agent, and a polyfunctional 

IS monomer as a cross-linking auxiliary agent and other 

additives are mixed and kneaded at a temperature lower 

than the decomposition temperature of the thermal 

.decomposition type foaming agent and molded into a sheet­

like shape. The. obtained foaming resin composition sheet 

20 is cross-linked by radiating a prescribed dose of 

ionization radiation and then the cross-linked sheet is 

heated to a temperature higher than the decomposition 

temperature of the foaming agent to carry out foaming. 
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~s th_e ionization radiation, a-ray, f3-ray, y-ra.y, 

electron beam, and the likes can be exemplified. Instead 

of radiation cross-linking by ionization radiation, 

peroxide ~ross-linking and silane cross-linking can be 

5 .carried out. 

A foamed molded product can be formed into a various 

types of shapes_ such as rod-like, tube-like, tape-'li~e, 

and sheet~like shapes and used for buffer agents, heat 

· insulating materials, base materials of wet compress pad 

10 agents, shoe bottoms, sponge, and the likes~ 

An injection molded product 

.Since ethylene (co) polymers (Al) to (AS) can easily.· 

be injection-molded at high speed owing to their 

15 excellent fluidity and have excellent mechanical strength 

owing to their high intrinsic viscosity, they are 

suitable to be molded by injection molding. 

An injection-molded prod.uct can be produced frorn the 

foregoing ethylene· (co) polymer (Al). As an injection 

20 molding method, conventionally carried out injection 

molding methods can be employed with no specific 

· l::i..mi ta ti on. 
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As an injection-molded product, ordinary 

miscellaneous goods, automotive parts, and the likes can 

be exemplified .. 

As above described molded products, a blow molded 

5 product, an· extrusion molded product,. a foamed molded 

product, an injection molded product have high rigidity 

and are therefore pref er able. Those molded products can 

stand to breaks even in the case high stress is applied 

to the molded products .. As molded products, an extrusion 

10 molded product is especially preferable and among them, a 

pipe is especially preferable. 

·Further, in addition.to the above described 

requirement, in the case an ethylene (co)polymer (A2) 
. . 

contains a comonomer, a molded product can stand break 

15 even if a relatively low stress is applied for a long 

duration to the molded product. ··That is, the molded 

product is provided with especially excellent fatigue 

strength. That is, th~re£ore, esp~cia1ly preferable in 

the case of an extrusion molded product. 

20 · A pipe is preferable among molded products produced 

from an ethylene (co}polyrner (A2) of the present 

'invention. 
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A graft-modified ethylene · (col polymer 

A graft-modified ethylene (co)polymer (Al-1) is a 

modified polymer produced by graft-modifying an .. ethylene 

(co}polymer (Al} by a polar monomer. The graft amount of · 

S graft group derived from .the polar monomer· in the g·raft­

modified ethylene (co)polymer (Al-1) is within generally 

a range of 0.1 to 50% by weight and preferably a range of 

0.2 to 30% by weight. 

A graft-modified ethylene (co}polymer (Al-1) is 

10 characterized by having.~igh adhesion strength to a 

material w!th high polarity, excellent mechanical 

strength, and moldability by various molding methods. 

Such a graft-modified ethylene (co)polymer (Al-1) 

can be produced by_ reaction of the foregoing ethylene 

15 (co) polymer (Al) and a- polar monomer which will be 

described later in the presence of a radical initiator. 

A graft-modified ethylene (co)polymer (A2-1} is a 

·modified polymer produced by graft-'-modifying an ethylene 

(co} polymer· (A2r by a polar monomer. The graft amount of 

20 graft group derived from the polar monomer in the graft­

rnodified ethylene (co)polyrner (A2-1) is within generally 

a range of 0.1 to 50% by weight and preferably a range of 

0.2 to 30% by weight. 
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A graft-modified ·ethylene (co)polymer (A2-l) is 

characteiized by having high adhesion strength to a 

material with high polarity, excellent mechanical 

strength, ·and moldability by various molding methods. 

5 Such a.graft-modified ethylene (co)polymer (A2-1) 

c~n be produced by reaction of the foregoing ethylene 

(co)polymer (A2) and a polar monomer which will be 

described later in the presence of a radical initiator. 

A graft-modified ethylene (co)polymer (A3-1) is a 

10 modified polymer produced by graft..,.modifying 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 generally 

a range of 0.1 to 50% by weight and preferably a range of 

15 O. 2 to 30% by weight. 

A graft-modified ethylene (co)polymer (A3-1)· is 

characterized by having high adhesion stren~th to a . 

material with high polarity, excellent mechanical 

strength, and ~oldability by various molding methods. 

20 Such a graft-modified ethylene (co)polymer (A3-1) 

can be produced by reaction of the foregoing ethylene 

(c6)polymer (A3) and a polar monomer which will be 

described later in the presence of a radical initiator. 
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A graft-modified ethylene (Co_) polymer (A4-l) is a 

·modified polymer produced by graft-modifying an ethylene 

.(co) polymer (A4) by a polar monomer. The graft amount of 
. . 

graft_ group derived fr"om the polar monomer in the graft-

5 modified .ethylene (co) polymer (A4-1) is within generally 

a range of 0.1 to 50% weight by and preferably a range of 

0. 2 to 30% by w_eight. 

A graft-modified ethylene (co)polymer (A4~1) is 

characterized by havin~ high adhesion strength io a 

10 material with high polarity, excellent mechanical 

strength owing to high intrinsic viscosity, and 

moldability by various molding methods. 

Such a: graft-modified ethylene (co)polymer (A4-1) 

can be produced by reaction of the foregoing ethylene 

15 (co)polymer (A4) and a polar monomer which will be 

described later in the prese·nce of a radical initiator. 

A graft-modified ethylene (co)pol.Yrner (AS-1) is a 

modi_fied polymer produced by graft-modifying an ethylene 

(co)polymer (AS) by a polar monomer. The graft amount of 

20 graft group derived from the polar monomer in the graft-

modified ethylene (co)polymer (AS-1) is within generally 

a range of 0.1 to 50% by weight and preferably a range of 

0. 2 to· 30% by weight. · 
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A graft ... modified ethylene (co)polymer (AS-1) is 

characterized b~ h~~ing high adheiion strength to a 

·material with high_ polarity, excellent mechanical 

strength, and moldability by various molding methods. 

S Such a graft-modified ethylene (co)polymer {AS-1) 

can be produced by react~on of the foregoing ethylene 

(co)polymer (AS) and a polar monomer which will be 

described later in the presence of a radical initiator. 

A method for producing graft-modified ethylene 

10 (co)polymers (Al-1) to (AS-1) will be described below in 

details using a graft-modified ethylene (co)polymer (Al­

l) as an example· and regarding graft-modified ethylene 

(co}polymers (A2-1) to (AS-1) can be produced in the same 

manner. 

15 As a polar monomer to be used for modification, the 

following can be exemplified; hydroxy group-containing 

ethylenic unsaturated compounds, amino group-containing 

ethylenicunsaturated compounds, epoxy group-containing 

ethylenic unsaturated compounds, aromatic vinyl compounds, 

20 unsaturated carboxylic acids and their derivatives, vinyl 

es~er cdmpounds, vinyl chloride, an~ the likes. 

Par~icularly, as the hydroxy group-cbntaining 

ethylenic unsaturated compounds, .the following can be 
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exempl_ified; (met).1) acrylic acid esters such as 

hydroxyethyl (meth)acrylate, 2...;hydroxypropyl 

(meth)acrylate, 3-hydroxypropyl (meth)acrylate, 2-
. . . 

hydroxy-3-phenoxypropyl (meth)acrylate, 3-chloro-2-

5 hydroxypropyl .(meth} acrylate, glycerin mono (meth) acrylate;-

pentaerythritol mono(meth}acrylate, trimethylolpropane 

.mono(meth)acrylate, tetremethylolethane 

mono(meth)acrylate, butanediol mono(meth)acrylate, 

polyethylene glycol mono(meth)acrylate, 2-(6-

10 hydroxyhexanoyloxy) ethylacrylate, and the likes; 10-

undecene-1-ol, 1--octene-3-ol, 2-methanolnorbornene, 

hydroxylstyrene, hydroxyethyl vinyl ether, hydroxylbutyl 

vinyl ether, N-methylol acrylamide, 2-

(meth)acryloyloxyethyl acid phosphate, glycerin mono 

15 allyl ether, allyl alcohol, allyloxy ethanol, 2-buthen-

1,4,diol, glycerin monoalcohol, and the likes. 

An amino group-containing ethyle.nic. unsaturated 

compound is a compound having an ethylenic double bond 

and amino group ·and as such a compound, a vinyl type . 

20 monomer having at least one type of an amino group and 

substituted amino.groups can be exemplified. 
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·-N 

Where, R1 denotes hydrogen-atom, methyl group, or 

ethyl· group; R2 denotes· hydrogen atom, an alkyl group of· 

5 1 to 12 carbon atoms,. preferably 1 to 8 carbon atoms, or 

a cycloalkyl gro~p of 6 to 12, preferably 6. to 8 carbon 
. . 

·atoms. The foregoing alkyl group and cycloalkyl group 

may further have substituent groups. 

As such ari amino group-containing ethylenic 

10 unsaturated compound, the following are concrete 

examples; alkyl ester types derivatives of acrylic acid 

or methacrylic acid such as aminoethyl (rneth)acrylate, 

propylaminoethyl (meth)acrylate, dimethylaminoethyl 
. . . 

methacrylate, arninopropyl (meth)acrylate, 

15 phenylarninoethyl methacrylate, cyclohexylaminoethyl 

·. methacrylate, a:qd the likes; vinylarnine derivatives such 

~s N-vinyldiethylamine, N-acetylvinylamine, and t~e 
. : . 

likes; allylamine type derivatives such as allylamine, 

methallylamine, N-niethylallylamine, N,N-

20 dimethylallylamine, N, N-dimethylaminopropy_lallylamine,. 

and the likes; acrylamide type derivatives such as 
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acrylarriide, N~methylacrylamide, and the likes; 

aminostyrenes such as p-aminostyrene; 6-

aminohexylsuccinic imide; and 2-aminoethylsuccinic imide. 

As an epoxy group-containing ethylenic unsaturated 

5 compound is a monomer containing one or more 

polymerizable unsaturated bonds and epoxy groups.in one 

molecule and as such an epoxy group-containing ethylenic 

unsaturated compound, concrete examples are following; 

glycidyl acrylate, glycidyl methacrylate; dicarboxylic 

10 acid mono- and alkylglycidyl ester (in the case of 

monoglycidyl ester, the number of carbon atoms of alkyl 

group is 1 to 12) such as maleic acid mono- and di­

glycidyl ester, fumaric acid mono- and di-glycidyl ester, 

crotonic acid mono- and di-glycidyl ester, 

15 tetrehydrophthalic acid mono- and di-glycidyl ester, 

itacbnic acid mbno- and di-glycidyl ester, 

butenetricarboxylic acid mono- and di-glycidyl ester, 

citr~conic acid_mono- and di-glycidyl ester, endo-cis­

bicyclo [2~2.1]hepto-5-en-2,3-dicarboxylic acid (nadic 

20 acid™) mono- and di-glycidyl ester, endo-cis-

bicyclo [2 .2 .1] hepto-5-en-2-methyl-2, 3-dicarboxylic acid 

(methylnadic acid~) mono- and di~glycidyl ester, 

allylsuccinic acid mono~ and di-glycidyl ester; p-
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styrenecarboxylic acid alkylglycidyl ·ester, allyl 

glycidyl ether, 2-methylallyl glycidyl ether, styrene".""p­

glycidyl ether, 3,4-epoxy-1-butene) 31 4-epoxy-3-methyl-1-

butene, 3,4-epoxy-1-"pentene,· 3,4-epoxy-3-methyl-1-pentene; 

5 5,6-epoxy-1-hexene, vinylcyclohexen:e monoxide, and.the 

likes. · 

10. 

AS an aromatic vinyl compound, for example, 

compounds having the following formula can be exemplified. 

In the above illustrated formula, R1 and R2 may be 

the same or different to each other and separately denote 

hydrogen atom or an alkyl group of 1 to 3 carbon atoms; 

15 particularl~ methyl, ethyl, propyl, or isopropyl group. 

· R3 denotes hydrocarbon group of 1 to 3 carbon atoms or a 

halogen atom; particularly methyl, ethyl,_ propyl or 

isopropyl group.as well as chlorine, bromine, or iodine 

atom. Further, n is generally an integer from 0 to 5 and 

20 preferably an integer front 1 to 5. 
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Concrete examples of the aromatic vinyl compound are 

following;· .compounds having the above illustrated formula 

such as styrene, a.-methylstyren.e, o-rnethylstyrene, p­

methylstyrene, m-methylstyrene, p-chlorostyrene, m-

s chlorostyrene, p-chloromethylstyrene, and the likes; 4-

vinylpyridine, 2~vin~lpyridine, 5-ethyl-2-vinylpyridine, 

2-methyl-5-viny~pyridine, 2-isopropenylpyridine, 2-

vinylquinoline, 3-vinylisoquinoline, N-vinylcarbazole, N­

vinylpyrrolidone, and the likes. 

10 As a~ unsaturated carboxylic acid, the following are 

examples; acrylic acid, methacrylic acid, maleic acid, 

fumaric acid, tetrahydrophthalic acid, itaconic acid, 

citraconic acid, crotonic acid, isocrotonic acid, 

norbornenedicarboxylic acid,. bicyclo[2~2.l]hepto-2-en-

15 5,6-dicarboxylic acid, or anhydrides of these acids, or 

their derivatives, (e.g. acid halides, amides, imides, 

esters, and the likes) . Concrete compounds are 

exemplified as following; malenyl chloride, malenylimide, 

maleic anhyd~ide, itaconic anhydride, 6itraconic 

20 anhydride, tetrahydrophthalic anhydride, 

bicyclo[2.2.l]hepto-2-en-5,6-dicarboxylic anhydride, 

dimethyl.maleate,· monomethyl maleate, diethyl maleate, 

diethyl fumarate, dimethyl itaconatei diethyl citraconate, 
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dimethyl tetrahydrop~thalate, dimethyl 

bicyclo[2.2.l]hepto-2-en-5,6-dicarbo~ylatei _hydroxyethyl 

(meth)acrylate, hydroxypropyl (meth)acrylate, glycidyl 

(meth)acrylate, aminoethyl_methacrylate, aminopropyl 

.· 5 methacrylate, and the likes. Among them, (meth) acrylic 

acid, ~aleic anhydride, hydroxyethyl (meth)acrylate, 

glycidyl methacrylate, and aminopropyl methacrylate are 

preferable. 

As a vinyl ester compo~nds, the following are 

10 examples; vinyl acetate, vinyl. propionate, . vinyl n­

butyrate, ·vinyl isobutyrate, vinyl pivalate, vinyl 

· caproate, vinyl versatate~ vinyl laurate, vinyl stearate, 

vinyl benzoate, vinyl p~tert-butylbenzoate, vinyl 

. salicylate, vinyl· cyclohexanecarboxylate, and the likes. 

15 Generally 1 to 100 parts by weight, preferably 5 to 

80 parts by weight of the foregoing monomer is.used to 

100 parts by weight of an ethylene (co) polymer (Al). 

As a radical initiator, organic peroxides·or azo 

compounds can be exemplified. Concrete examples of the 

20 organic peroxides are following; dicumyl peroxide, di­

tert-butyl perox{de~ 2,S~dimethyl-2~5~bis(tert­

butylperoxy)hexane, 2,5-dimethyl-2,S~bis(tert-. 

butylperoxy)hexyne-3, 1,3-bis(tert-
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butylperoxyisopropyl)benzene, 1,1-bis(tert-

·butylperoxy)varelat~, benzoyl peroxide, tert-butylperoxy 

benzoate, acetyl peroxide, isobutyryl peroxide, octanoyl 

peroxide, decanoyl peroxide, lauroyl peroxide, 3,5,5-

5 trimethylhexanoyl peroxide, 2, 4-dichlorobenzoyl peroxide, 

rn-tolyl peroxide, and the likes. As an azo compound, 

azois6butyronitrile, -dimethylazoisobutyronit~ile, ahd the 

likes can be exemplified. 

It is pr~ferable to add generally 0.001 to 10 parts. 

10 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 (c6)polyrner (Al) and a polar monomer and 

may be used while being dissolved in a small amount of an 

15 organic sol vent. As an organic sol vent to be used in 

that cas~, any organic solvent capable of dissolving a 

radical initiator can be used with no ~pecific limit. As 

such an organic solvent, the·following can be 
. . 

exemplified; aromatic hydrocarbon solvents such as 

20 benzene, toluene, xylene, and the likes; aliphatic 

.hyqrocarbon ty:i;:>e solvents such as pentane, hexane, 

heptane, o6tane, nonane, an~ decane; alicyclic 

hydrocarbon type solvents such as cyclohe~ane, 

' . 
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methylcyclohexane, de~ahydrona~hthalene, and the likes; 

chlorohydrocarbons such as chlorobenzene, dfchlorobenzene, 

trichlorobenzene, methylene chloride, chloroform, 

tetrachl°oromethane, and tetreachloroethylene; alcohol 

5 type s.olvents such as methanol,. ethanol, n-propanol, iso-

pr9panol, n-butanol, sec-butanol, and tert-but~nol; 

ketone type solvents such as acetone, methyl ethyl ketone, 

and methyl isobutyl ketone; ester type solvents such as 

ethyl acetate and dimethyl phthalate; and ether type 

10 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)polymer (Al), a reductive substance may be used. A. 

reductive substance is effective to increase the graft 

15 quantity of an obtained graft-modified ethylene 

·(co) polymer (Al-1). 

As a reductive substance, compounds containing. 

groups such as -SH, S03H, -NHNH2 , -COCH(OH)-, and the 

likes as well as ferrous ion, chromium ion, cobalt ion, 

20 nickel ion,· palladium ion, sulfite salts, hydroxylamine, 
. . 

hydrazine and the likes can be exemplified. 

Concrete examples of such a reductive substance are 

following; ferrous chloride, potassium dichromate, cobalt 

....•...•.. : ...... • .. · .• : ••• •:..;...J.i.:.- • .,.; 
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chloride, cobalt naphthenate, palladium chloride, 

ethanol amine, diethanolamine, N ,·N-demethyl:aniline, 

hydrazine, ethylrnercaptan, benzenesulfonic acid, p­

toluenesulfonic acid, a~d the likes. 

S Generally 0.001 to s·parts by weight, preferably 0.1 

to 3 parts by weight of the_ foregoing reductive substance 

is added to 100 parts by ~eight of an ethylene 

(co) polymer (Al). 

An ethylene (co)polymer (Al) can be graft-mqdified 

10 by a conventionally 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 and radical initiator in the resultant 

solution, and carrying out reaction at 70 to 200°C, 

15 preferably 80 to 1~0°C for 0.5 to 15 ho~rs, preferable 1 

to 10 hours. 

As an organic solvent to be used for graft­

modification of an ethylene (co)polymer (Al), any organic 

solvent capable ·of dissolving the ethylene (co)polymer 

20 (Al) can be used without'specific limitation. 

As such an organic solven~, aro~~tic hydrocarbon 

solvents such as benzene, toluene, ·xylene, and the likes 
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and aliphatic hydrocarbon type solvents such.as peritane, 

hexane, heptane can be exemplified. 
. . 

.. A graft~modified ethylene (co) polymer (Al-1) can 

also be produced by reaction of an ethylene (co)polymer 

S. (Al) and a polar monomer in the absence of a sol vent 

using an extruder. The reaction temperature is generally 

not lower than the melting point of the ethylene 

{co)polymer (Al), particularly within a range of 120 to 

250°C and the reaction time in such temperature 

10 conditions is gene~ally 0.5 to ·10 minutes. 

Graft-Modified ethylene· (colpolymer composition (Cl-

A graft-modified ethylene {co)polymer composition 

15 · {Cl:-2) comprises the above described graft-mod~fied 

ethylene (co)polymer {Al-1) and an un-modified other 

polymer {Dl). 

As another polymer (Dl), the following can be 

exemplified; polyolefin, such as high.density 

20 polyeth~lene, medium density polyethylene, high pressure 

low density polye~hylene, straight chain low density 

polyethylene, ethylene-propylene copolymer, propylene 

polymer, propylene-ethylene copolymer, propylene-1-butene 
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copolymer, 1-butene polymer, and the likes; and 

thermoplastic resih such as polyamides, poly.esters, 

polyacetals, polystyrenes, polycarbonates and among them, 

an ethylene (co)polymer (Dl-1) is preferable. The 

5 ethylene (co)polymer (Dl-1) includes the foregoing 

ethylene (co)polymer (Al). 

An ethylene (co)polymer (Dl-1) is an ethylene 

homopolymer or a copolymer of ethylene ~nd an a-olefin of 

3 to 20 carbon atoms. As an a-olefin of 3 to 20 carbon 

10 atoms, the same olefins as the foregoing a-olefins can be 

exemplified. 

In the.case the ethylene (co)polyiner (Dl-1) is a 

copolymer of ethylene and an a-clef in, the mole ratio 

· (ethylene/a-olefin) of ethylene and the a~olefin depends 

15 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 ratio is preferably 80/20 to 95/5 

in the case the ·a-olefin is an a-olefin of not less than 

20 4. carbon atoms. 

The intrinsic viscosity of the ethylene (co}polymer 

(Dl-1) m~asured at 135°C'.in decalin is desirable to be 

generally 0.4 to 7 dl/g and preferably 0.5 to 5 dl/g. 
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. Additionally, the ethylene (co) polymer (Dl-1) may 

comprise a repeating unit derived from anotl;ler compound 

polymerizable with ethylene or an a-olefin besides a 

repeating unit derived from 'ethylene and an a-olefin of 3 

5 to 20 carbon atoms. 

As such ot}:ier compounds, a polyene compound such as 

a chain polyene compound, a cyclic polyen~ compound, and 

the likes and a cyclic monoene compound can be 

exemplified. 

10 Additionally, the ethylene (c.o)polymer (Dl-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 

15 20 mole% and preferably 2 to 15 mole%. 

As an ethylene (co)polymer (Dl-1), an ethylene 

homopolymer or a copolymer of ethylene and an a.-:olef in of 

3.to 8 carbon atoms is preferable. 

The polymers of the ethylene (co)polymer (Dl-1), 

20 besides ethylene ·(co) polymer CAI), can be obtained by 

homopolymerizing ethylene by a conventionally known 

method or copolymerizing 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 

polymerization method) as well as in liquid--phase (a 

liquid-phase polymerization method) . 

In an ethylene ·(co)polymer composition (Cl-2), it is 

5 desirable that the weight ratio (Al-1 : Dl) of a graft-

modified ethylene (co)polymer (Al-1) and another polymer 

(Dl) is 1 : 99 to 99 1 and preferably 10 : 90 to 90 : 

10. 

Regarding a graft-modified ethylene (co)polymer 

10 composition (Cl-2), additives exemplified as the 

additives allowed to be added to ethylene (co)polymers 

, (Al) to (AS) may be added if necessary as -long as the 

additives do not depart from the purposes of the present 

invention. 

15 A graft-modified ethylene (co)polymer composition 

(Cl-2) can be produced by a known method and, for example, 

it can be produced· from a graft-modified ethylene 

(co)polymer (A-1), another polymer, preferably ethylene 

(co)polymer (Dl-1), and other components to be added if 

20 necessary by the same methods as the methods of the 

foregoing ethylene (co) polymer composition (Cl-1). 
' 

The foregoing graft::-modified ethylene (co)polymer 

composition (Cl-2) is characterized by high ~dhesion 
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~tr~rigth to a material with high polarity, excellent 

mechanical strength, and excellent moldability to various 

type of molding methods. 

A graft-modified ethylene (co)polymer composition 

(C2-2) comprises the above described graft-modified 

ethylene (co)polymer (A2-1) and an un-modified other 

10 polymer (D2). 

As another polymer (D2), the following can be 

exemplified; polyolefin, such as high density 

polyethylene~ middle density polyethylene, high pressure 

1ow density polyethylene, straight chain low derisity 

15 polyethylene, ethylene-propylene copolymer, propylene 

polymer, propylene-ethylene copolymer, propylene-1-butene 

copolymer, 1-butene polymer, and the likes;. and 

thermoplastic resin such as polyamides, polyesters, 

polyacetals, polystyrenes, polycarbonates and among them, 

20 an ethylene (co)polyrner (D2-1) is preferable. The 

ethylene (co)polymer (02-1) includes the foregoing 

ethylene (co) polymer (A2). 
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· .. An ethylene (co) polymer (D2-1) is· an ethylene 

hornopolyrner 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 

5 exemplified. 

In the case the ethylene (co) polymer. (02-1) is a 

copolymer of ethylene and an tt~olefin, the mole ratio 

(ethylene/a-olefin) of ethylene and the a-olefin depends 

on the typ~s of the a-olefin 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 ~-6lefin is 

propylene and the mole ratio is preferably 80/20 to 95/5 

in the 6ase the a-olefih ~s an a-olefin of not less than 

4 carbon atoms. 

15 The intrinsic viscosity of the ethylene (co)polymer 

(02-1) measured at 135°C in decalin is desirable to be 

generally 0~4 to.7 dl/g and preferably o~s to 5 dl/g. 

Additionally, the ethylene (co)polymer (D2-1) may 

comprise a repeating unit derived fro!Il another compound 

20 polymerizable with ethylene or an a-olefin besides a 

. repeating unit derived from ethylene and an a-olefin of 3· 

to 20. carbon atoms. 
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. . 
. . . 

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. 

S Additionally,· the ethylene (co) polymer (02-1) may 

further comprise a constituent monomer derived from 

styrene or substituted styrene. Stich other compounds may 

be used solely or in combination with one another. The 

content ·"of another compound component is generally 1 to 

10 20 mole% and preferably 2 to 15 mole%. 

As an ethylene (co)polymer (02-1), an ethylene 

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

3 to a· carbon atoms is preferable. 

The polymers of the ethylene (co)polymer (02-1), 

15 besides ethylene (co)polymer (A}, can be obtained by 

homopolymerizing ethylene by a conventionally known 

method or copolymerizing ethylene and an a-olefin by a 

conventionally known method. The polymerization reaction 

can be carried~out {n gas~phase (a gas-phas~ 

20 polymerization method) as well as in liquid:....phase (a 

liquid-phase polymerization method) . 

In an ethylene (co)polymer composition (C2-2), it is 

desirable that the weight ratio (A2-l : 02) of a graft-
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modified ethylene (co)polymer (A2-1) and another polymer 

(D) is 1 : 99 to 99 : 1 and preferably 10 : ·90 to 90 : 10. 

Regarding a graft-modified ethylene (co)polymer 

composition (C2-2), additive,s exemplified as the 

5 additives allowed to be added to.ethylene (co)polymers 

(Al) to (AS) may be added if necessa~y as long as· the 

additives do not.depart from the purposes of the present 

invention. 

A graft-modified ethylene (co)polymer composition 

10 (C2-2) can be produced by a known method and, for example, 

it can be produced .. from a graft-modi·fied ethylene 

(co)polymer {A2-1), another polymer, preferably ethylene 

(co)polymer (02-1), and other components to be added if 

necessary by the same methods as the methods of the 

15 foregoing ethylene (co)polymer composition (Cl-1). 

The foregoing graft-modified ethylene (co)polymer 

·composition (C2-2). is characterized by high adhesion 

strength to a material with high polarity, excellent 

mechanical strength, and excellent moldabl.lity to various 

20 type of molding methods. 
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Graft-modified ethylene Ccolpolymer composition .<c3-

2.l 

A graft-modified ethylene (co)polymer composition 

(C3~2) comprises the above described graft-modified 

S ethylene (co) poiymer (A3-1) and an un-modified other 

polymer ( D3) . 

As another polymer (D3) ~ t.he following can be 

exemplified; polyolefin, .such as high density 

polyethylene, middle density polyethylene, high pressure 

. 10 low density polyethylene, straight chain low density 

polyethylene, ethylene-propylene copolymer, propylene 

polymer; propylene-ethylene copolymer, propylene-1-butene 

copolymer, 1-butene polymer, and the likes; and 

thermoplastic resin such as polyamides, polyesters., 

15 polyacetals, polystyrenes, polycarbonates and among them, 

an ethylene · (co) polymer ( 03-1) is pref er able. The 

ethylene (co)polymer (03-1) includes the foregoing 

ethylene (co) polymer (A3). 

An ethylene· (co)polymer (D3-1) is an ethylene 

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

3 to· 2.0 carbon atoms. As an a-olefin of 3 to 20 carbon 

atoms, the same olefiris as the foregoing a-olefins can be 

exemplified. 
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In the case the ethylene (co)polymer (03-1) is a 

· .. copolyme~ of ethylene and an a-olefin, the mole ratio 

(ethylene/a-olefinj o~ ethylene and the a-olefin depends 

on the types of the a~olefin and is generally 1/99 to 

5 99/1, preferably 50/50 ·to 95/5. The mole ratio is 
. . 

preferably 50/50 to 90/10 in the case th~ a-olefin is 

propylene and the mole ratio is preferably 80/20 to 95/5 

in the case the a-olefin is an a-olefin of not less than 

4 carbon atoms. 

10. The intrinsic viscosity of the ethylene (co) polymer 

(03-1) measured at 135°C in decalin is desirable to be 

generally 0.4 to 7 dl/g and preferably 0.5 to 5 dl/g. 

Additionally, the ethylene (co)polymer (03-1) may 

comprise a·repeating unit derived from another compound 

15 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 

20 the likes an_d a cyclic monoene compound can be 

·exemplified. 

Additionally, t_he ethylene (co)polymer (03-1) may 

. further comprise a constituent monomer derived from 
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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 

20 mole% and prefer·ably ·2 to 15 mole%. 

S As an ethylene (co)polymer (03-1), an ethylene 

homopolymer or a copolymer of ethylene and an a.-olef in of 

3 to 8 carbon.atoms is preferable. 

The. polymers of tl'~e ethylene (co) polymer (03...:.1), 

besides ethylene (co)polymer (A3), can be ob~ained by 

10 homopolymerizing ethylene by a conventionally known 

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) as well as in liquid-phase (a · 

15 liquid-phase polymerization method) . 

In.an ethylene (co)polymer composition (C3-2), it is 

desirable that the weight ratio (A3-1 : 03) of a graft­

modified ethylene (co)polymer (A3-1)· and another polymer 

(03) is 1 : 99 to 99 : 1 and preferably 10 : 90 to 90 

20 10. 

Regarding a graft-modified ethylene (co)polymer 

composition (C3-2), additive.s exemplified as the 

additives allowed to be added to ethylene (co)polymers 
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(Al) to (AS) may: be added.if necessary as long as the 

additives do not depart from.the.purposes of the present 

invention. 

A gra:ft..;.modified ethylene (co)polyrner composition 

5 (C3-2) can be produced by a kriown method and, for example, 

it can be produced from a graft-modified ethylene 

(co)polyrner (A3-l),. another polymer, preferably ethylene 

(co)polymer (D3-i.), and other components to be. added if 

necessary by the same methods as the methods of the 

10 foregoing ethylene (co) polymer composition (Cl-1). 

The foregoing graft-modified ethylene (co)polymer 

composition (C3-2) is characterized by high adhesion 

strength to a material with high polarity, excellent 

mechanical strength, and excellent moldability to various 

15 type of molding methods. 

Graft-modified ethylene Ccolpolymer composition CC4-

A graft-modified ethylene (co)polymer composition 

20 (C4-2) comprises the above described graft-modified 

ethylene (co)polymer (A4-1) and a:n un-modified other 

polymer~ (04) ·~ 

.. · .. · .. ... : .. · .. -........ ~..:.: 
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As another polymer (D4), the following can be 

exemplified; polyolefin, such as high density 

polyethylene, middle d~nsity polyethylene, high pressure 

low density polyethylen~, straight chain low density 

5 polyethylene, ethylene-propylene copolymer, propylene 

. polyme·r, propylene-ethylene copolymer, propylene-1-butene 

copolymer, 1-butene polymer, and the likes; and. 

thermoplastic resin s_uch as polyamides, polyesters, 

polyacetals, polystyrenes, polycarbonates and among them, 

10. ari ethylene (co)° polymer (04-1) is preferable. The 

ethylene {co)polymer (04-1) includes the foregoing 

ethylene (co) polymer (A4). 

An ethylene (co_) polymer· (04-1) is an ethylene 

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

15 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 

·. exempiified. 

·In the case the ethylene (co) polymer (04-1) is a 

copolymer of ethylene and an a-olefin, the mole ratio 

20 (ethylen~/a-cilefin) 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 
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propylene and the mole ratio is preferably 80/20 to 95/5 

in the case the a-olefin is ·an a-o.lefin of not less than 

4 carbon atoms. 

The intrinsic viscosity of the ethylene (co)polymer 

!) (04--1). measured at 135°C in decalin is desirable to be 

generally 0.4 to 7 dl/g.and preferably 0.5 to 5 dl/g. 

Additionally, the ethylene (co)polymer (04-1) may 

comprise a. repeating unit derived from another compound 

polymerizable with ethylene or an a-olefin besides a 

10 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 monoerie compound can be 

15 exemplified. 

Additionally, the ethylene (co)polymer (04-1) 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 

20 content of another compound component is generally 1 to 

20 mole%. and preferably 2 to 15 mole%. 
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As an ethylene (co)polymer (D4-;t), an ethylene 

hornopolymer or a copolymer ·of ethylene and an ex-olefin of 

3 to 8 carbon atoms is preferable. 

The polymers of the_ethylerie (co)polyrner (04-1), 

5 besides ethylene· (co)polyrner (A4), can be obtained by 

homopolymerizing ethylene by a conventionally known.· 

method or copolymerizing ethylene and an ex-olefin by a 

conventionally known method. · The polymerizat~on reaction 

can·be carried out·in gas-phase (a gas-phase 

10 polymerization method) as well as in liquid-phase (a 

liquid-phase polymerization method). 

In, an ethylene (co)polymer composition (C4-2), it is 

desirable that the weight ratio (A4-1 : D4) of a graft­

rnodified ethylene (co)polymer (A4-1) and another polymer 

15 (04). is 1 :. 99 to 99 i 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 

20 (Al) to (AS) may be added if necessary as long as the 

· additives do not depart from the purposes of the present 

invention. 

. .. ·~ .......... : ... ; ... ; ~ 
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A graft-modified ethylene (co)polymer composition 

(C4-2) can be produced by a known method and, for example, 

it. can be produced from a graft-modified ethylene 

(co)polyiner (A4-l), another polymer, preferably ethylene 

5 (co)polymer (04-1), and other components to be added if 

necessary by the same methods .as the methods of the 

foregoing ethylene (co) polymer composition (Cl-1). 

The foregoing graft-modified ethylene (co)polymer 

·composition (C4-2) is characterized by high adhesion 

10 strength to a material with high polarity, excellent 

mechanical strength,. and excellent moldabili ty to various · 

type of molding methods. 

'Graft-modified ethylene (colpolymer composition (CS-

15 2.l 

A graft-modified ethylene (co)polymer composition 

(CS-2) comprises the above described graft-modified 
, . 

ethylene (co)polymer (AS-1) and an un-modified other 

polymer ( 05) . 

20_ As another polymer (DS), the following can be 

exemplified; polyolefin, such as high density 

polyethylene, middle density polyethylene, high pressure 

low density polyethylene, straight chain low density 
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polyethylene, ethylene.:..propylene copolymer, propylene 

polymer,.propylene-ethylei:-e copolymer,· propylene-1-butene 

copolymer, 1-butene polymer, and the likes; and 

thermoplastic resin such as polyamides, polyesters, 

5 polyacetals, polystyrenes, polycarb6nates and among them, 

an ethylene (co)polymer (DS-1) is preferable. The 

ethylene· (co)polymer (DS-1) includes the foregoing 

ethylene (co) polymer (AS). 
. . 

An ethylene (co)polymer (DS-1) is an ethylene· 

10 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 tne ethylene (co)polymer (DS~l) is a 

· 15 copolymer of ethylene and an a-olefin, . the m~le ratio 

(ethylerie/a-olefin) of ethylene ~nd the a~olefin depends 

·on the types of the a-olefin and is generally 1/99 to 

99/1, prefe~ably SO/SO to 95/5. The mole ratio is 

preferably.SO/SO to 90/10 in the case the a-olefin is 

20 ·propylene and the mole ratio is preferably 80/20 to 95/5 

in the c~se the a-olefin is an a-olefin of not ·1ess than 

4 carbon atoms. 
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The intrinsic viscosity of the ethylene (co)polyrner 

(D5__.l) measured at 135°C in decalin is desirable to be 

generally 0.4 to. 7 dl/g and preferably 0.5 to 5 dl/g. 

Additionally, the ethylene (co)polyrner (DS-1) may 

5 comprise a repeating unit derived from another compound 

polyrnerizable 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 

10 .a chain polyene compound, a cyclic.polyene compound, .and 

the likes and a cyclic monoene compound can be 

exemplified. 

Additionally, the ethylene (co)polymer (D5-1) may 

further comprise a constituent monomer derived from 

15 · 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 

20 mole% and preferably 2 to 15 mole%. 

As'an ethylene (co)polymer (DS-1), an ethylene 

·.20 homopolymer or a copolymer of ethylene and an a-olefin of 

3 to 8. carbon atoms i~ preferable. 

The polymers of the ethylene (co)polymer (DS-1), 
. . . . 

besides ethylene (co)polymer (AS}, ·can be obtained by 
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homopolymerizing ethylene by a conventionally known 

method or copolyrnerizing ethylene and an a-olefin by a 

conventionally known method. The ·polymerization reaction 

can be carried out in gas-phase (a gas-phase 

5 polymerization method) as .well as in liquid-phase (a 

liquid-phase polymerization method) . 

In an ethylene (co)polymer composition (C5-2), it is 

desirable that the weight ratio (A5-1 : 05) of a graft­

modified ethylene (co)poiymer (A5-1) and another polymer 

10 (D5) is 1 : 99 to 99 : 1 and preferably 10 : 90 to 90 : 

10. 

Rega~ding a graft-modified ethylene (co)polymer 

composition (C5-2), additives e·xempli.fied as the 

additives allowed to be added to ethylene (co)polymers 

15 (Al) to (AS) may be added if necessary as long as the 

additives do not depart fro~ the purposes of the present 

invention. 

A graft-modified ethylene (co}polymer composition 

(C5-2) can be produced by a known method and, for example, 

20 it can be produced from a graft-modified ethylene 

(co)polymer (AS-1), another polymer, preferably ethylene 

(co)polymer (05-)), and other components to be added if 
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necessary by the same methods as the methods of the 

foregoing ethylene (co}polymer composition (Cl-1} .· 

·The graft-modified ethylene (co}polymer composition 

{CS-2) is characterized by high _adhesion strength to.a 

5 material with high polarity, excellent mechanical 

strength, and excellent moldability to various type of 

molding methods. 

Use of graft..:.modified ethylene (colpolymer and 

10 graft-modified ethylene (colpolymer composition 

The foregoing graft-modified ethylene (co}polymers 
. . . 

(Al-1) to (AS-1) and graft-modified ethylene (co)polymer 

compositions (Cl-2) to (CS-2) can be processed by common 

press molding, air cooling inflation molding, air .cooling 

15 two step cooling. inflation molding, high speed inflation 

molding, T-die film molding, water cooling inflation 

molding and the likes to give films. A film molded by 

such a,manner is excellent transparency and excellent 

mechanical strerigth, and he~t seal property, hot tack 

20 property, high heat resistance, good blocking property, 

and the likes which are characterized by a conventional 

LLDPE. 
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A film produced.· from a· graft-modified ethylene 

(co) polymer (Al·-i) to (A5-1) and a graft-modified 

ethylene (co}polymer composition (Cl-2) to (C5-2} is 

suitable for various types of wrapping films such as 

5 standardized bags, sugar bags, oil wrapping bags, aqueous 

proouct·wrapping ba<Js·and materials for·agriculture. 

Since the film is high adhesion strength to nylon, 

polyesters, and metal foils, the film can also be u~ed as 

a multilayer filmbeing stuck to a substrate of those 

10 materials. 

Ethylene (colpolymer composition (Cl-3l 

An ethylene (co)polymer composition (Cl-3) comprises 

ethylene (co)polymer (Al} and a graft-modified ethylene 

15 (co) polymer (El). 

A graft-modified ethylene (co)polymer (El) is a 

modified polymer produced by graft-modifying the 

foregoing ethylene (co)poiymer (Bl-1) by a polar monomer. 

A graft"""modified ethylene (co)polymer (El) can be 

20 produced using ethylene (co) polymer. (Bl-1) by a method 

similar to the method of producing the foregoing graft­

modif ied ethylene (co) polymer (Al-1). 
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The graft amount of the graft .group derived from a 

polar monomer of a graft-modified ethylene (co)polymer 

(El) produced by such a method is generally 0.1 to 50% by 

weight and preferably 0.2 to 30% by weight. 

S In ari ethylene (co)polymer composition (Cl-3), it is 

desirable that the weight ratio (Al : El) of an ethylene 

(co)polymer (Al) and a graft-modified ethylene 

(co)polymer (El) is within a range from 1 : 99 to 99 1, 

prefer.ably from 10 : 90 to 90 : 10. 

10 An ethylene (co)polymer composition (Cl-3) may 

contain additives exemplified.as the additives allowed to 

be added to ethylene (co)polymers (Al) to (AS) if 

necessary as l_ong as the·· additives do not depart from the 

purposes of the present invention. 

15 An ethylene (co)polymer composition (Cl-3) can be 

produced by a known metho<:l and, for example, it can be 

produced from an ethylene (co)polymer (Al), a graft-

modified ethylene (co)polymer. (El), and other components 

to be added if ne~essary by the same methods as the 

20 methods employed for producing the foregoing ethylene 

(co)polymer composition (Cl-:1). 

The foregoing ethyiene (co)polymer composition (Cl-

3) i~ characterized.by high adhe~ion ~trength to a 

. -·~ ... 
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material with high polarity, excellent mechanical 

strength,·and excellent moldability to various type of 

molding me_thods .. 

·S Ethylene· (co) polymer composition CC2-3l 

A ethylene (co)polymer composition (C2-3) comprises 

ethylene (co)polymer (A2) and a graft-modified ethylene 

{co) polymer {E2). 

A graft--modified ethylene (co} polymer (E2) is a 

10 modified polymer produced by graft-modifying the 

foregoing ethylene (co)polyrner (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-

15 modified ethylene (co) polymer (Al-1). 

· The graft amount of the graft group derived from a 

polar monome·r 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 weight. 

20 In an ethylene (co)polymer composition (C2-3), it is 

desirable that the weight ratio (A2 : E2} of an ethylene 

(co)polymer (A2) and a graft-modifi,ed ethylene 

..... : .. ~ . . .... 
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(co}polymer (E2) is within a range.from 1 : 99 to 99 1, 

preferably from 10 : 90 to 90. : 10. 

An-ethylene (co)polymer composition (C2-3) may 

contain additives exemplified as the additives allowed to 

5 be added to ethylene (co)polymers (Al) to (AS) if 

necessary as long as the additives do not depart from.the 

purposes of the present invention. 

An ethylene (co}polymer composition (C2-3) can.be 

produced by a known method and, for example, it can be 

· 10 produced from an ethylene (co) polymer (A2), a graft­

modified ethylene (co)polymer (E2), and other components 

to be added if necessary by the same methods as the 

methods employed for producing the foregoing ethylene 

(co)polymer composition (Ci-1}. 

15 The foregoing ethylene (co)polymer composition (C2-

20 

3) is characterized by high adhesion strength to a 

material with high polarity, e~cellent mechanical 

strength, and excellent ~oldability to various type of 

· molding methods. 

, . 
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Ethylene Ccolpolymer composition CC3-3l 

A ethylene (co)polymer composition (C3-3) comprises 

ethylene (co}polymer (A3} and a graft-modified ethylene 

(co)polymer (E3). 

S A graft-modified ethylene (co}polymer (E3) is a 

modified polymer produced by graft-modifying the 

foregoing ethylene (co)polymer (B3-l) by a polar monomer. 

A graft-modified ethylene (co)polymer (E3) can be 

produced using ethylene (co)polymer (B3-1) by a method 

10 similar to the method of producing the foregoing graft-

modified ethylene (co)polymer (Al-1). 

The graft amount of the graft group derived from a· 

polar monomer of a graft-modified ethylene (co)polymer 

(E3) produced by such a method is generally 0.1 to 50% by 

15 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 ethylene 

(co)polymer (A3) and a graft-modified ethylene 

(co) polymer (E3) is. within a range from 1 : 99 to 99 1, 

20 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 (Asr if 



. '• .. ·.·. 

SF-679 

289 

necessary as long as the additives do not depart from the 

purposes of the pr.esent invention. 

An ethylene (co)polymer composition (C3-3) can be 

produced by a known method and, for example, it can be 

S produced from an ethylene (co)polymer (A3), a graft­

modified ethylene (co)polymer (E3), and other.components 

to be added if necessary by the same methods as the 

methods employed for producing the foregoing ethylene 

(co)polymer composition (Cl-1). 

10 The foregoing ethylene (co)polymer composition (C3-

15 

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 fcolpolyrner composition (C4-3l 

A ethylene (co)polymer composition (C4-3) comprises 

ethylene (co)polymer (A4) and a graft-modified ethylene 

(co) polymer '(E4) .. 

20 A graft-modified ethylene (.co)polymer (E4) is a 

modified polymer produced by graft-modifying the 

foregoing ethylene (co)polymer (B4-1) by a polar monomer. 
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A graft-modified ethylene (co)p9lymer (E4) can b~ 

produced using ethylene (co)polymer (B4-1) by a method 

similar to the method of producing the foregoing graft­

modif ied ethylene (co) polymer (Al-1). 

S 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 0.2 to 30% by weight. 

In an ethylene -(co)polymer composition (C4-3), it is 

10 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 90 : 10. 

An ethylene (co)polymer composition (C4-3) may 

15 contain additives exemplified as the additives allowed to 

be added to ethylene (co)polymers (Al) to (AS) if 

necessary as lon~ as the additives do not depart from the 

purposes of the present invention. 

An ethylene (co)polymer composition (C4-3) can be 

20 produced by a known method and, for example, it- can be 

produced from an ethylene (co)polymer (A4), a graft­

modified ethylene (co)polymer (E4), and other components 

to be added if necessary by the same methods as the 
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methods employed for producing the. :foregoing ethylene 

(co) polymer composition (Cl-1). 

The foregoing ethylene (co)polyrner composition (C4-

3) is characterized by high adhesion strength to a 

5 material with high polarity, excellent mechanical 

strength, and excellent moldability to various type of 

molding methods. 

Ethylene Ccolpolymer composition CCS-3) 

10 An ethylene (co}polyrner composition (CS-3) comprises 

ethylene (co)polyrner (AS) and a graft-modified ethylene 

(co)polyrner (ES). 

A graft-modified ethylene (co)polyrner (ES) is a 

modified polymer produced by graft-modifying the 

15 foregoing ethylene (co)poiyrner (BS-1) by a polar monomer. 

A graft~rnodified ethylene (co)polyrner (ES) can be 

produced using ethylene (co)polymer (BS-1) by a method 

similar to the method of producing the foregoing graft-

modified ethylene (co)polyrner (Al-1). 

20 ·.·The graft amount of the graft group derived from a 

polar monomer of a graft-modified ethylene (co)polyrner 

(ES) 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 composition (C5-3), it is 

desirable that.the weight ratio (AS : ES) of an ethylene 

(co)polymer (AS) and a graft-modified ethylene 

(co)polymer (E5) is within a range from 1 : 99 to 99 1, 

· S preferably from 10 : 90 to 90 : .10. 

Ail ethylene (co)polymer composition (C5-3) may 

contain additives exemplified as the additives allowed to 

be added to ethylene (co)polyrriers (Al) to (AS) if 

nece.ssary as long as the additives do not depart from the 

10 purposes of the present invention~ 

An ethylene (co)polymer composition (C5-3) can be 

produced by a known method and, for example, it can be 

produced from an ethylene (co)polyrner (AS), a graft-

modif.ied ethylene (co) polymer (E5), and other components 

15 · to be added if necessary by the same methods as the 

methods employed for producing the foregoing ethylene 

(co)polymer composition (Cl-1). 

The ethylene (co)polyrner composition (C5-3) ·is 

characterized by high·adhesion strength to ·a material 

20 with high polarity, excellent mechanical strength, and 

excellent moldability to various type of molding methods .. 

·: ··'·· .. ~·.: 



.• .. · ·.· •. 

~. 

. .... · .. 
: .· 

SF-679 

293 

Use of ethylene Ccolpolymer c~ositions CCl-3) to 

lC5-3l -

The foregoing ethylene (co)polymer compositions (Cl-

S 3) to (CS-:-3) can be processed by common press molding, 

_air cooling inflation molding, air cooling two step 

cooling inflation molding-, high speed inflation molding, 

T-die film molding, water cooling inflation molding and 

the likes to give films. A film molded by such a manner 

10 is excellent transparency and excellent mechanical 

strength, and heat seal property, hot tack property, high 

heat resistance, good blocking property, and the likes 

which are characterized by a conventional LLDPE. 

A film produced from a ethylene (co)polymer 

15 composition (Cl-3) to (CS-3) is suitable for various 

types of wrapping films such as standardized 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 foils, 

20 the film can 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 . (}\.5) of the present 

invention have excellent .moldability and excellent 

mechanical strength~ 

Ethylene (co)polymer compositions (Cl-1) to (CS-1) 

S of the present invention have excellent moldabili ty and 

excellent mechanical strength. 

Molded products of the present invention have 

.excellent mechanical strength. 

Graft-modified ethylene (co)pblyrner (Al-1) to (AS-1) 

10 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-modified ethylene (co)polymer cornpos~tions 

15 (Cl-2) to (CS-2) of the present invention have high 

adhesion strength to a material with high polarity, 

excellent mechanical strength, and excellent moldability 

to various type of molding methods. 

Ethylene (co)polyrner compositions (Cl-3) to {CS-3) 

20 of the pre.sent invention have high adhesion strength to a . 

material with high polarity, excellent mechanical 

strength, and excellent moldability for various type of 

molding methods. 
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Examples 

While the present invention will be described more 

particularly with reference to examples, the description 

5 is, however, not intended to have any limitation on the 

scope of the present invention. 

(Synthesis 1) 

2-tert-Butylphenol 7.51 g (50.mmol) and THF 

(tetrahydrofuran) 54 ml.were charged in a sufficiently 

10 dried 500 ml reactor purged with argon, ethylmagnesium 

bromide 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 temperature was gradually raised to a 

room temperature and the resultant mixture was stirred 

15 for 1 hour at a room ·temperature. Toluene 180 ml was 

added, the· resultant mixture was heated to 100°C, and 

about 40 ml of the.mixed solvents of ether and THF were 

evaporated off to obtain a slightly opaque slurry. After 

the slurry was cooled to a.room temperature, p-

20 formaldehyde 3. 75 g {125 mmol) and triethylamine 10. 45 ml 

(75 mmol) were added and the resultant mixture was 

stirred at 88°C for 1 hour. After being cooled to a room 

temperature, the mixture was quenched with 10% 
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·.·· ., .· 
.. . ···- .·.: 

hydrochloric acid and an organic l~yer was concentrated 

and purified by a silica gel column to obtain 3-tert-

butylsalicylaldehyde 6.22 g (yield 70%). 

1H-NMR(CDC13 }:1.42(s, 9H), 6.94(t, lH), 7.25-7 .. 54(ni, 

S 2H), 9.86(s, lH), ll.7.9(s, lH). 

-Ethanol _80 ml, n-octadecylamine 6.06 g (22.5 mrnol), 

and 3-tert-butyl~alicylaldehyde 2.84 g (15.0 mmol) were 

charged in a 200 ~l reactor suffici~ntly purged with 

nitrogen, a small amount of acetic acid was· added, and 

10 the resultant mixture was continuously 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 compound of the following 

formula (Ll) 56 g (yield 70.7%). 

15 1H-NMR(CDC13 ): 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, lH), 7.08-7.ll(dd, 

lH), 7.26-7.32(dd, lH), 8.32(s, lH), 14.22(1H). 

nOctadecyl 

I 
~N 

OH 

tBu 

·.·. :: ... _..,·. ':. -.:· :~-: :~·. '• .~· :• 
- .. :.-.... ·:::-- : . 
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The.compound (Ll) 0.86 g (2.0 rnrnol) and ether 20 ml 

were charged in a sufficiently dried 100 ml reactor . 

purged with.argon and cooled to -78°C and stirred. To 

5 the resultant mixture; n-butyllithium 1.43 ml (an n-

hexane solution, 1.54M, 2.2 mmol) was added dropwise 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 temperature to prepare 

10 a lithium salt solution. The solution was added dropwise 

to 20 ml of a THF solution which contained ZrC14 (THF) 2 

complex 0. 38 g ( 1. 0 mrnol) and was cooled to -78°C. On 

completion of dropwise addition, the resultant mixture 

was continuously stirred while being gradually heated to 

15 . a ·room temperature. The resultant mixttire was further . . 

stirred for 15 hours at a room temperatu,re and then the 

solvents of the reaction liquid were evaporated. The 

obtained solid was recrystallized by ether/hexane to 

obtain a vivid yellow color crystalline compound of the 

20 . following· for~ula (Cl) 0.220 g (yield 21.6%}. 

1H-NMR(CDC13): 0.88(t, 6H), 1.25(s, 78H), l.57(s, 4H), 

3.59(t, 4H}, 6.92(t, 2H), 7.20-7.26(dd, 2H}, 7.55-7.62(dd, 

·2H), 8.15(s, lH). 



·· ... ·.. : . :·· :: ·: ·. .. --~ : ~ 
.. · .. ··· .. ·. -:--·: .. · 

SF-679 

298 

FD~mass spectrometry: 1018 

[General formula (Cl)] 

s (Cl) 

(Synthesis 2) 

2-tert-Butyl-4-methylphenol 9.68 g (58.93 mmol} and 

THF 1oo·m1 were charged in a sufficiently dried 1 liter 

10 reactor purged with nitrogen, ethylmagnesium bromide 

23.00 ml (an ether solution, 3.0N, 69.00 mmol) was added 

dropwise to the reactor at 0°C in 30 minutes and after 

that, the resultant mixture was gradually heated to a 

room temperature and stirred for 1 hour at a room 

15 temperature. Toluene 100 ml was added, the resultant 

mixture was heated to 95°C, and the mixed solvents of the 

ether/THF were evaporated off to obtain a slightly opaque 

slurry. After the slurry was cooled to a room 
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temperature, toluene 100 ml, p-formaldehyde 4.50 g 

(149.90 mmol) and triethylamine 12.50 ml (89.93 mmol) 

were added and the resultant mixture was stir.red at 95°C 

for 2 hour~ After being cooled to a room temperature, 

S the mixture was quenched with 300 ml of lN hydrochloric 

acid and an organic layer was concentrated and purified 

by a silica gel column to obtain 3-tert-butyl-5-

methylsalicylaldehyde 7.36 g (yield 65%}. 

1H-NMR(CDC13 ):1.41(s, 9H), 2.32(t, 3H}, 7.19(d, lH), 

10 7.33(d, lH), 9.83(s, lH), ll.60(s, lH). 

Ethanol 50 ml, n-hexylamine 1.52 g (15.02 mmol), and 

3-tert-butyl-5-methylsalicylaldehyde 2.86 g (14~90 mmol} 

were ~harged in a 200 ml reactor sufficiently purged with 

nitrogen and the resultant mixture was continuously 

15 stirred for 24 hours at a room temperature. The reaction 

liquid was vacuum concentrated to remove the solvents to 

obtain a yellow color liquid compound of the following 

formula (L2) 4.14 g (yield 100%). 

1H-NMR(CDC13} ~ 0.~9(t, 3H), 1.25~1.43(s, 30H), 1.43(s, 

20 9H), 1.60-1.77(rn, 2H}, 2.28(s, 3H), 3.56(t, 2H), 6.89(s, 

lH), 7.ll(d, lH), 8.27(s, lH), 13.94(s, lH). 
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nHexyl · 

I ,.-N 
OH 

tBu 

(L2) 

The compound (L2) 4.16 g (15.10 mmol) and ether 70 

5 ml were charged in a sufficiently dried 300. ml reactor 

purged with argon and cooled to -78°C and stirred. To 

the resultant mixture, n-butyllithium 9.40 ml (an n-

hex.ane solution, 1. 60M, 15. 04 mmol) was added drop:wise in 

30 minutes and after that,· the resultant mixture was 

10 gradually heated to a room temperature and continuously 

stirred for 4 hours at a.room temperature to prepare a 

lithium salt solution. The solution was added ·dropwise 

to 80 ml of a THF solution of ZrC14 (THF) 2 complex 2. 85 g 

(7.56 mmol) cooled to -78°C. On completion of dropwise 

15 addition, the resultant ~ixture was continuously stirred 

while being gradually heated to a room temperature. 

Further; the resultant mixture was stirred for 15 hours 

at a room temperature and then the solvents of the 
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reaction liquid were evaporated. ~he obtained solid was 

washed with ether 50 ml and methylen chloride 200 ml and 

then the filtered liquid was concentrated followed by 

washing again with ether 20 ml to obtain a yellow color 

5 powder compound of the following formula (C2) 4.30 g 

(yield 80%). 

1H-NMR(CDCl3): 0.74-1.54 (m, 18H) 1.55(s, 18H), 
. . 

2.31(s, 6H), 3.37-3.68(m, 4H), 6.99(s, 2H), 7.36(s 1 2H), 

8.09(s, 2H). 

10 FD~mass spectrometry: 710 

(C2) 

(Synthesis 3) 

15 Paracresol 34.15 g (316.0 mmol)., Amberlyst 15E 2.50 

g, and toluene 20 ml were charged in· a sufficient!~ dried 

200 ml reactor purged with argon, 30 ml of a ·toluene 

solution containing 4-cumylphenol 14.40 g (105.5 mmol) 
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was added dropwise to the reactor 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 

5 liquid was purified by silica gel column chromatography 

to obtain 2-cumyl-4-methylphenol 10.52 g (44%). 

l . 
H-NMR(_CDC13 ):1.75(s, 6H), 2.40(s, 3H), 7.10-7.30(m, 

8H), 11.17(s, lH). 

Ethylmagnesium bromide 21. 0 ml (an ether solution, 

10 3. ON, 63 .1 mmol) and TH.F 40 ml were charged in a 500 ml 

reactor pu:r::ged with nitrogen, 20ml of a THF solution 

containj,ng 2-cumyl-4-methylphenol 13.61 g (60.1 mmol) was 

added dropwise to the reactor at 0°C in 1 hour and after 

that, the temperature was·gradually raised to a room 

15 temperature 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 

to obtain a slightly opaque slurry. After the slurry was· 

20 cooled to 24°C, p-formaldehyde 4.37 ~ (145.5 mmol) and 

triethylamine 12.0 ml (86.0 mmol) were added and the 

resultant mixture was stirred at 90°C for 1 hour. After 

being cooled to a room temperature, the mixture was 

. ." :· .·. ·_ ....... _-... ·.-~ .............. •. 
. _. . . - : .. · . ··.• . ... ~~-
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quenched with 42 ml of 18% hydrochloric acid and an 

organic layer was concentrated and the obtained liquid 

was purified ·by silica gel column chromatography to 

obtain 3-cumyl-5-methylsalicylaldehyde 14 .13 g (yie.ld 

5 92%} • 

1H-NMR(CDC13 ):1.75(s, 6H), 2.40(s, 3H), 7.10-7.42(m, 

7H}, 8.55(s, lH), 13.18(s, lH). 

Ethanol 40 ml, n-hexylamine 1.82 g (18.0 mmol), and 

3-cumyl-5-methylsalicylaldehyde 3.81 g (15.0 mmol) were 

10 charged in a 100 ml reactor sufficiently purged with 

nitrogen and the resultant mixture was continuously 

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 ~y a silica gel 

15 chromatography to give a compound of the following 

20 

formula (L3) 3·. 97 g (yield 78%). 

l . . 
H-NMR(CDC13): 0.85(t, 3H), 1.27(s, 6H), 1.52-1.?0(m, 

2H), 1.7l(s, 6H), 2.34(s, 3H), 3.45(t, 2H), 6.92-7.35(7H), 

8.22(s, lH), 13."49(s, lH). 
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nHexyl 

I 
p-N 

Ph 

' 
(L3) 

5 The compound (L3) 1.01 g (3.00 mmol) and ether 30 ml 

were charged.in a sufficiently dried 50 ml reactor purged 

with argon and cooled to -78°C and stirred. To the 

resultant mixture, n-butyllithium 2.20 ml (an n-hexane 

solution, 1.57M, 3.45 mmol) was gradually added dropwise 

10 and after that, the resultant mixture was gradually 

heated to a room temperature and stirred for 4 hours at a 

room temperature to prepare a lithium salt solution. The 

solution· was added dropwise to 30 ml of a THF solution 

which contained ZrC14 (THF) 2 complex 0.622 g (1.65 mmol) 

15 and which was ·cooled to -78°C. On completion of dropwise 

addition, the resultant mixture·was continuously stirred 

while-being gradually heated to a room temperature. 
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Further, the resultant mixture was stirred for 15 hours 

at a room temperature and then the solvents of the 

reaction liquid were evaporated. The obtained solid was 

mixed with ether 20 ml to give slurry and· then being 

5 · wash.ed with ether 10 ml, the slurry was ~iltered. The 

filtered liquid was concentrated and washed again with 

hexane/ether to obtain a pale yellow color powder 

compound of the following formula (C3) 0.53 g· (yield 42%). 

-
1H-NMR (CDClj) : 0. 50-2. 00 (m, 34H), 2. 25-2. 45 (m, 6H), 

10 2.50-2.75(m, 4H), 6.90-7.SS(m, 14H), 8.85(s, 2H). 

FD-mass.spectrometiy: 832 

15 (C3) 
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(Synthesis 4) 

Ethanol 30 ml, 2-methylcyclohexylamine 1.72 g (15.19 

rnrnql) and 3-tert-butyl-5-methoxysalicylaldehyde 2.64 g 

(12.68 rnmol) were charged in a 100 ml reactor purged with 

S nitrogen and the mixture was continuously stirred for 24 

10 

15 

hours at a room temperature. The precipitated solid was . 

separated by filtration and washed with ethanol and 

vacuum dried to obtain a yellow powder compound of the 

·formula (L4) 2.82 g (yield 73%). 

1H-NMR(CDC13 ):0.93-1.86(m, llH), 1.43(s, 9H), 3.42(d, 

2H), 3.77{s, 3H), 6.60(d, lH), 6.96(d, lH), 8.25(s, lH), 

13. 71 (bs, lH). 

(L4) 

.. '• .. : : ~ .. : :· : .. ·-. 
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The compound (L4) 0.91 g (3.00 ml) and ether 20 inl 

were charged in a 100 ml reactor which was sufficientli 

dried and purged with argon and the resultant mixture was 

cooled to -78°C and stirred. To the resultant mixture, 

S · n-butyllithium 2 .10 ml (n-hexane solution, 1. 60M 3. 36 · 

mmol). was gradually added 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 

10 dropwise to 20 ml of a THF solution which contained 

ZrC14 (THF) 2 complex 0.57 g (1.51 mmol) and which was 

cooled to -78°C. On completion of dropwise addition, the 

resultant mixture was corttinuously stirred while being . . 

gradually heated to a room temperature. The resultant 

15 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 

20 hexane/ether to obtain 0. 54 g of yellow color powder 

compound of the following formula (C4) (yield 46%). 
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1H-NMR(CDC13 ) :. 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). 

·Fo-mass spectrometry: 766 

(C4) 

(Example 1) 

Heptane 500 ml was charged in a 1 liter autoclave 

10 made of stainless steel and sufficiently purged with 

nitrogen, heated to 50°C, and the liquid phase and the 

gas phase were saturated with· ethylene. After that, 

methylaluminoxane 1.25 mmol in terms· of aluminum atom and 

the compound (Cl) 0. 0002 mmol were added to carry out 

15 polymerization at 8 kg/cm2-G ethyl.ene pressure for 15 

minut~s. 
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The obtained polymer suspension was mixed with a 

large amount of mixed solvents of acetone and methanol in 

1 : 1 ratio containing a small amount of hydrochloric 

acid to precipitate a polymer and filtered by a glass 

S filter and after the sol vents were removed, the polymer 

was washed with methanol. The polymer was vacuum dried 

at 80°C .for 10 hours to obtain ethylene polymer 28. 8 g. 

The intrinsic viscosity of the obtained ethylene polymer 

was 0.2B dl/g. ~he physical properties of the obtained 

10 ethylene polymer are given in the table 1. 

(Example 2) 

Preparation of a solid catalyst component: 

Silica 8.5 kg dried at 200°C for 3 hours was 

15 suspended in toluene 33 liters and then a 

methylaluminoxane solution (Al= 1.42 mol/l) 82.7 liters 

was added dropwis~ to the susperision 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 

20 hours. After that, the reacitiori liquid was co6led to 

60°C and the supernatant liquid was removed by 

decantation. The obtained solid catalyst component was 

washed with toluene three times and then suspend_ed again 

.. 
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in toluene to obtain a solid catalyst component (1) (the 

total volume 150 liters). 

The suspension 33 ml of the solid catalyst component 

(·1) obtainep thus was transferred to a flask made of 

·. 5 glass and further toluene 42 ml and. a toluene 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 

10 a solid catalyst component (2) in 50 ml of suspension. 

Polymerization: 

Heptane d.5 1 was charged in a 1 liter autoclave 

made of a stainless steel and sufficiently purged with 

nitrogen, heated to 80°C, and the liquid phase and the 

15 · gas phase were saturated with ethylene. After that, 

triisobutylaluminum 0.5 mmoi and the solid catalyst 

component (2) 0.0043 mmol in terms of Zr atom were added 

to carry out polymerization at 8 kg/cm2-G ethylene 

pressure for 40 minutes . 

. 20 The obtained polymer suspension was filtered by a 

glass filter, washed with hexane 500 ml two times and 

vacuum dried 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 phy.sical properties .of the obtained 

ethylene polymer are given in the table 1. 

(Example 3) 

5 Polymerization .was carried out in the same :i:nanner as 

described in the example 2 except that the compound (C3) 

was used instead of the compound (C2) and the addition· 

amount was adjusted to be 0.00075 mmol and the 

polymerization was carried out for 1 hour. 146.1 g of 

10 ethyle!le polymer was obtained, and ·its intrinsic 

viscosity was 0.39 dl/g. ·The physical properties of the 

obtained ethylene polymer are given in the table 1. · 

(Example 4} 

15 Catalyst 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/cm2-G by 

supplying a mixed gas of hydrogen and ethylene 

(hydrogen/ethylene pressure ratio = 0.382) to the system. 

33.3 g of ethylene polymer was obtained, and its 
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intrinsic viscosity was 0.82 dl/g .. The physical 

·properties of the obtained ethylene polymer are given in 

the table 1. 

5 (Examples 5 to 7) 

Ethylene polymers 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 

10 table 1. 

(Example 8) 

Polymerization was carried out in the same manner as 

described in the example 2 except that the compound (C4) 

15 was used instead 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 1-hexene 40 

ml was added to the system in which the whole pressure 

was kept at 8 kg/cm2-G by supplying a mixed gas of 

20 hydrogen and ethylene (hydrogen/ethylene ~ressure ratio = 

. 0.429) to the system. 133.3 g of ethylene copolymer was 

obtained, and its intrinsic viscosity was 2.53 dl/g· and 

the content of 1-hexene computed by IR·was 0.8 mole%. 
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The physical properties of the obtained ethylene 

copolymer are given in the table 1. 

(Example 9} 

5 Ethylene copolymer was obtained by the same manner 

10 

as described in the example 8 except that the pressure of 

. ethylene and hydrogen was altered and the addition amount 

of 1-hexene was altered. The physical properties of the 

ethylene copolymer are given in the table 1. 

(Example 10) 

After hexane 800 ml was charged in a 2 liter 

autoclave made of a ~tainless steel and sufficiently. 

purged with nitrogen and 1-butene 200 ml was further 

15 added to the system~ ·:.the system was heated to 80°C and 

the liquid phase and the gas phase were saturated with 

ethylene. After that, tributylaluminum 1.0 mrnol and a 

solid catalyst component {3) 0.001 mmol in terms of Zr 

atom which was produced by the same method as described 

·20 in. the solid catalyst component preparation of the 

example 2 except that the 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/cm2-G by supplying a gas mixture of_ hydrogen and 

ethylene (hydrogen/ethylene pressure ratio = 0.0456) and 

polymerization was carried out f9r 1 hour at the pressure. 

The obtained polymer suspension was filtered by a 

S 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 !-butene computed by IR was 

1.96 mole%. The physical properties of the obtained 

10 ethylene copolymer are given in the table 1. 

(Examples 11 and 12) 

Ethylene ~opolymers were obtained by the same manner 

as described in the example 10 except that the pressure 

15 of ethylene _and hydrogen was altered and the addition 

amount of 1°-butene was altered. The physical properties 

of the obtained ethylene copolymers are given in the 

table 1. 

20 (Example 13) 

. Hexane 50 liter/h, the same solid catalyst component 

as that used for example 4 in 0.2 rnm.ol/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 

5 the polymerization tank constant, polymerization was 

~arried out in cond,itions of polymerization temperature· 

85°C, reaction pressure 8. 5 kg/cm2-G, and the average 

staying dura~ion 2 .. 5 h. · The contents continuously 

discharged out of the polymerization tank were dried by a 

10 solvent separation apparatus to obtain ethylene polymer. 

The physical properties of the obtained ethylene polymer 

are given in the table 1. 

(Example 14) 

15 Ethylene-polymer was obtained by the same manner as 

described 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 properties of the obtained ethylene polymer are 

20 given in the table 1. 

(Example 15) 
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Ethylene copolymer was obtained. by the same manner 

·as described in example 13 except that 1-butene 20 kg/h 

was supplied and the hydroge·n supply amount was altered 

as to obtain ethylene· copolymer having the comonomer 

S . amount and the intrinsic viscosity given· in the table 1. 

The physical properties ·of the obtained ethylene 

copqlymer are given in the table 1. 

(ComparativeExamples 1, 2} 

10 Ethylene polymer was obtained by the same manner as 

described 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 tablf; 1. The physical properties.· of the 

.15 obtained ethylene polymer are given in the table 1 . 

. (Comparative Example 3) 

The physical properties of linear low density 

polyethylene (trade name Evolue SE2040, made by Mitsui 

20 Chemicals Inc.} produced using a metallocene catalyst are 

given in the table 1. 
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(Comparative .Example 4) 

The physical properties of polyethylene (trade name 

Affinity HF 1030, made by Dow Chemical Co.) which is 

S assumed the pr·oduced using a constrained geometric 

cata~ys~ are given in the t~ble 1. 



,, 

[Table 1] 

Type of Amount of Methyl Hexy1 [TJ] MFR Mw/Mn TREF TREF *4 Tm Density ·Amount of 
CO!JIOnomer Comonomer branch branch dl/g *l g/lOmin *2 *3 *5 

. g/an3 decane-soluble 
moU /lOOOC /lOOOC (%) (%) wt% °C . component 

. wti 

Example 1 - 0.0 <0.1 <0.1 0.28 - - 1.91 - - - - - 0.984 -
Example 2 - o.o <0.1 <0.1 0.59 0.54 600 1.95 - - - - - 0.982 -
Example 3 - o.o <0.1 <0.1 0.39 - - 1.96 - - - - - 0.983 -
Example 4 - o.o <O.l <0.1 0.82 0.74 120 3.86 - - - - - 0.981 -
Example 5 - o.o <0.1 <O.l 1.70 1.42 4 3.83 - - - - - 0.973 -
Example 6 - 0.0 <O.l <0.1 3.30 2.66 0.15 3.76 - - - - - 0.954 -
Example 7 - o.o <0.1 <0.1 6.56 - - 3.66 - - - - - 0.942 -
Example 8 1-hexene 0.8 <0.1 <O.l 2.53 2.15 0.46 3.68 - 6.5 5.3 125.3 127.0 0.941 0.06 
Example 9 1-hexene 2.0 <0.1 <O.l 2.23 2.05 0.58 . 3.75 2.2 - 13.8 117~2 119.3 0.929 0.18 
Example 10 1-butene 2.0 <0.1 <0.1 2.20 1.92 0.83 3.61 2.9 - 14.2 116.8 119.3 0.930 0.15 
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 
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 
Example 13 - o.o <0.1 <0.1 1.23 l.10 15 3.82 - - - - - 0.975 -
Example 14 ..... o.o <0.1 <0.1 2.24 1.92 0.82 3.72 - - - - - 0.964 -
Example 15 · 1-butene 1.5 <0.1 <O.l 3.33 2.78 0.12 3.78 4.7 - 11.3 117.3 120.0 0.935 0.12 
Comparative - . 0.0 0.6 <0.1 0.70 0.62 300 2.92 - - - - - 0.972 -
Example 1 

Comparative - o.o 0.3 - 1.83 1.72 1.45 2.64 - - - - - 0.965 -
Example 2 .. -

Comparative 1-hexene 3.0 0.6 <0.1 1.49 1.42 4 2.14 0.6 - - 117.0 118.0 0.920 o. 38 
Example 3 

Comparative 1-octene 0.7 0.1 3.3 1.39 1.61 2.05 2.05 0.2 - 2.8 124.7 128.0 0.941 0.05 
Example 4 .r 

1 the value of 1.85 x MFR-u.u.;; in the case of MFR < 1 and the value of l.85 x MER-u • .;;.u in the· case of MFR~ l. 
·2 the amount of ComPOnents eluted at ~10~0c· in TREF 
·3 the amount of components eluted at ~106°C in TREF 

· · 4 the ratio of components dissolved in p-xylene at ~5°C to the whole copolymer before dissolution. 
'5 the value of 135.0 - 10.0K in the case the canonomer amount K = 0.1 to l.5 molt; the value of 121.9 - 1.3K 

in the case the comonomer amount K = 1.5 to 5.5 molt; and the value of 139.7 ~ 4.5K in the case 
the comonomer amount K = 5.5 to 20 mol%. 

0 6 the value of BO x exp(-100 x (d - 0.88)) + 0-.1 in the case MFR~ 10 g/10 min and the value of 80 x (MFR - 9) 0•26x 

exp(-100 x (d - 0.88)) + 0.1 in the case MFR> 10 g/10 niin. 

*6. 
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(Example 16) 

Ethylene polymer was produced using a polymerization 

·apparatus comprising two perfect stirring and mixing type 

polymerization tanks of each 200 liter capacity and a 

S flash drum connected in series. 

Preparatio~ of a solid catalyst component: 

Silica 8.5 kg dried at 200°C for 3 hours was 

suspended in toluene 33 liters and then a 

. methylaluminoxane solution (Al = 1. 42 mol/l) 82. 7 liters 

10. 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 reaction liquid was cooled to 

60°C and the supernatant liquid was removed by 

15 decantation. The obtained solid catalyst component was 

washed.with toluene three times and then suspended again 

in toluene to obtain a solid catalyst component (4) (the 

total volume 150 liters). 

The suspension 33 m:l of the solid catalyst component 

20 (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 suspension was stirred for 2 hours at a 
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room temperature. The resultant suspension was washed 

with hexane 50 ml two times and mixed with hexane to give 

a solid catalyst component (5) in 50 ml of suspension. 

Polymerization: 

5 Hexane 50 liter/h, the same solid catalyst component 

(5) 0.2 mmol/h in terms of Zr atom, triethylaluminum 20 

minol/h, ethylene 6 kgjh and hydrogen 110 N-liter/h were 

continuously supplied.to a first polymerization tank and 

while the contents of the polymerization tank were 

10 continuously discharged as to keep the 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/cm2-G, and the av.erage staying duration 2. 5 h. 

15 The contents continuously discharged out of the 

polymerization tank were treated by a flash drum kept at 

0.2 kg/m2-G and 65°C to substantially remove unreacted 

ethylene and hydrogen. 

After.that, together with 20 liter/hand ethylene 5 

20 kg/h, the ~esultant contents were continuously supplied 

to a .second polymerization tank and successively 

polymerized in conditions of polymerization temperature 
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80°C, reaction pressure 7 kg/cm2-G, and the average 

staying. duration 1.5 h. 

The contents of the polymerization tank were also 

continuously discharged out of the second pol.ymerization 

5 tank as to keep the liquid level ·in the inside of the 

polymerization 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 

10 properties. of the obtained polymer are given in the table 

2. 

(Example 17) 

Polymerization was carried out by the same manner as 

15 ·described in example 16 except that butene 20 kg/h was 

supplied to the second polymerization tank. The analysis 

results and t:he physical properties_of the-obtained 

polymer are given in the table 2. The polymerization was 

so controlled as to keep polymerization ratio at the 

20 first polymerization tank : the second polymerization 

tank = 50 : 50 and the butene content = 1.5 mol% .in the 

·ethylene copolymer produced in the second polymerization 

. :··:: : ··. ~·._.;; 
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tank •. The analysis results and the .physical properties 

of the obtained polymer are given in the table 2. 

(Example 18) 

S Paraxylene 700 ml, 7 g of mixed polymer samples of 

ethylene homopolymer (intrinsic viscosity: 0.72 dl/g; 

Mw/Mn: 3.69; density: 0.981 g/cm3
) produced by the 

similar method as that of example 4 and ethylene-l~butene 

copolymer (intrinsic viscosity: 5.22 dl/g; 1-butene 

10 content : 1. 7 mol % ; Mw /Mn: 3. 5 8) produced by the same 

method as 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 a double tubular separa~le flask which can 

15 be heated, the mixture was heated to 130°C at 2°C/min, 

kept at 130°C for 1 hour to obtain a solution of polymer 

sample·s dissolved .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 

· 20 filtration. The obtained ·polymer was washed again with 

· 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 the obtained ethylene copolymer are given in the table 

2. 

(Comparative Example 5) 

S Polyethylene was obtained by the same manner as 

described in example 16 except that a metallocene 

.·catalyst described on Japanese ~atent Laid-Open No. 9-

183816 was employed and the pressure of ethylene and 

hydrogen was altered as to obtain polymer given in the 

10 table 2. The physical properties of the polymer are. 

given in the table 2. 

(Comparative Example 6) 

The physical properties of high density polyethylene 

15 (trade name: Hi-zex 1700J, made by Mitsui Petrochemical 

Ind. Ltd.) produced using a Ziegler catalyst are given 

in the table 2. 

{Comparative Example 7) 

20 The physical properties of high density polyethylene 

(trade name: Hi-zex 7700M, made by Mitsui Petrochemical 

Ind. Ltd.) produced using a Ziegler catalyst are given 

·in the table 2. 
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(Tensile fatigue test) 

A tensile fatigue test was carried out· for the 

· ethylene copolymer obtained by example 18 and the high 

density polyethylene of Comparative Example 7. As the 
. . 

5 results, the ethylene copolymer obtained by example 18 

was ruptured by 500~000 times repeat and the high density 

polyethylene of Comparative Example 7 was ruptured by 

20,000 times repeat. 

The tensile fatigue test was carried out as follow. 

10 The ethylene copolymer obtained by example 18 and a 

stabilizer· ( Irganox 1010, irgafos 168, and calcium 

stearate each in 0.1% by weight to the ethylene 

copolyrn~r) were melted and kneaded at 190°C and 50 rpm by 

a Plastomill for 5 minutes and the obtained kneaded 

15 mixture was quickly formed into a sheet-like shape by a 

cold press at 20°C. The obtained sheet-like material was 

cut into a proper size' and press molded at 190°C to 

obtain a specimen for ~he tensile fatigue test using a 

spacer ( 30 x 60 nun) of. 6 nunt thickness. Using a spacer, 

20 a product pe°Ilet of the high density polyethylene 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 

square pillars of 6 mm both in length and width (length 

60 mm) to be used as tensile fatigue test specimens. The 

measurement of the tensile fatigue test (80°C, 0.5 Hz) 

5 was carried out aGcording .. to the method of JIS K 677 4. 

The evaluation of the results was carried out by 

obtaining the times to result in rupture of 4 specimens 

in the conditions· equivalent to actual stress about 10 

MPa, carrying out logarithmic calculation of the times to 

10 result in the rupture, and calculating the times to 

result in rupture at 10 MPa actual stress by logarithmic 

approximation using the actual stress as antilogarithm. 

The higher the number of times is, the more excellent the 

fatigue property is. 

: ":···· 
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[Table 2] 

Type of Amount of Methyl Hexyl [T)) *l MFR Mw/Mn *2 *3 *4 *5 *6 *7 Density Amount of *8 
como.norner Comonomer branch branch dl/g g/lOmin g/arf ClO-soluble 

mo!% /lOOOC /lOOOC wU wt% wt% wt% . wt% wt% canponent 
' wt% 

Example 16 - 0.0 <0.1 <0.l 3.36 3.2.9 0.05 22.5 - - ':" - - - 0.968 -
Example 17 1-butene 0.7 <0.1 <O~l 3.24 3.18 0.06. 21.4 0.5 - 9.0 16.2 9.5 1.5 0.957 0.05 0.14 

Example 18 1-butene . 0.6 <0.1 <0.1 3.01 - not measured 14.8 - - - - - - 0.950 - -
Comparative 1-butene 0.8 0.6 <0.1 1. 76 1.64 1 •. 85 3.3 0.2 - 11.1 10.5 15.3 1.6 0.952 0.06 0.16 
Example 5 
Comparative 

.~ 

- 0.0 0.6 - 1.23 1.10 15 6.0 - - - - - - 0.971 - -
Example 6 
Comparative 1-butene 0.8 0.3 <O.l 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 

·1 the value of 1. 85 x MFR-0•192 in the case of MFR < 1 and the value of 1. 85 x MFF.-0•
213 in the case of MFR ~ 

1. 
·2 the amount of components with ~500, 000 PE conversion molecular weight measured by GPC-IR in components eluted 

at ~105°C in T.REF 
*3 the amount of components eluted at ~105°C in TREF 
*4 the amount of components eluted at ~106°C in TREF 
•5 the amount of compo~ents with ~10,000 PE conversion molecular weight in components eluted at s:75°C in PX 
*6 the ratio of components dissolved at ris0c in PX to the whole.copolymer.before dissolution. 
*7 the ratio of components with ~10,000 PE conversion molecular weight in components eluted at s:75°C in PX 

to ~he whole copolymer before dissolution. 
*9 the value of 80 x exp(-100 x (d - 0.88)) + 0.1 in the case MFRS 10 g/10 min and the value of 80 x (MFR 

9) 0•
26

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

~· 

~ 

~. 
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[Table 2 (continued)] 

Equivalent product to ethylene (co)polymer (A2-1) Equivalent product to ethylene (co)polymero (A2-2) 

Type of Amount of Methyl Hexyl [T)) Mixing Type of Amount of· Methyl Hexyl [T)) 
comonomer comonomer branch branch dl/g ratio comonamer comonomer ·branch branch dl/g 

mol% /lOOOC /lOOOC wt% mol% /lOOOC /lOOOC 
Example 16 - - <0.1 <0.1 0.83 50 - - <0.1 <0.1 5.89 

Example 17 - - <0.1 <0.1 0.78 50 1-butene· 0.7 <0.1 <0.1 5.70 

Example 18 - - <0.1 <0.1 0.72 49. 1-butene 1.7 <O.l <0.1 5.22 

Comparative - - 0.8 <0.1 1.20 50 1-butene 0.8 0.5 <0.1 2.23 
Example 5 
Comparative - - 0.4 <0.1 - - - - - - -Exal'Jlple 6 
Comparative - - 0.6 <0.1 0.7 50 1-butene 0.8 0.2 <0.1 5.93 Example 7 

Branches of the product equivalent to (Al-2) component; [~] were calculated from 
the whole value, the value of the product equivalent to (A2-1) component, and the mixed 
ratio of the product ·equivalent to (A2-1) •. 

Mixing 
ratio 

wt% 

50 

50 

51 

50 

-

50 ~ 

~· 
~ 
~ 

~ .. >· 
~'. . ,.· 
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(Synthesis 5) 

Ethanol 40 ml; aniline 0.71 g (7.62 mmol) and 3-

tert-butylsalicyla·ldehyd.e 1. 35 g (7. 58 mmol) were charged 

in a 100 ml reactor sufficiently purged with nitrogen and 

5 continuously stirred at a room temperature for 24 hours. 

The resultant reaction liquid was vacuum concentrated to 

remove solvents and again mixed with.ethanol 40 ml and 

continuously stirred at a.room temperature for 12 hours. 

The reaction liquid was vacuum.concentrated to ·obtain an 

10 orange color oil-state compound 1. 83 g (7. 23 rnrnol, 

production yield 95%) of the following formula (LS). 

OH 

tBu 

(LS) 

15 

1 . 
H-NMR(CDC13 ) :1.47 (s, 9H), 6.88 (dd, lH), 7 .24-7 .31 (rn, 

· 4H), 7. 38-7. 46 (in, 3H), 8. 64 (s, lH), 13·~ ~5·(s, lH). 

IR(neat}: 1575, 1590, 1610 cm-



.. ·' . :···: 

SF-679 

329 

FD mass spectrometry: 253 

The compound (LS) 1.53 g (.6.04 mmol) and 

tetrahydrofuran 60 ml were charged in a 200 ml.reactor of 

sufficiently dried and purged with argon, cooled to -78°C, 

S and stirred. To the resultant mixture, n-butyllithium 

4.1 ml (1.55 mmol/ml n-hexane· solution, 6.34 mmol) was 

added dropwise ·in 5 minutes and after that, the resu·1 tant 

mixture wa-s gradually heated to a room temperature and 

continuously stirred for 4 hours at a room temperature. 

10 A mixed solution produced by adding tetrahydrofuran 10 ml 

to the resultant mixture was added dropwise to 30 ml of a 

-tetrahydrofuran solution which contained ZrC14 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 

15 room temperature. ·After being stirred at a room 

temperature for 2 hours, the resultant mixture was 

stirred for 4 hours in reflu~ c6ndition. 

The obtained reaction liquid was vacuum concentrated 

and the precipitated solid was washed with methylene 

20 chloride 50 ml and insoluble matter· w·as removed by. a 

glass filter. The filtered liquid was vacuum 

concentrated and after the precipitated solid was 

dissolved in diethyl ether 30 ml, the obtained solution 
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was kept still at -20°C for 1 day under nitrogen 

atmosphere to precipitate an yellow crystal. The solid 

is separated by filtration and washed with hexane and 

then vacuum dried to obtain a phosphorescent yellow 

S crystal compound 1. 09 g ( 1. 63 mrnol, yield 54%) defined as 

the following formula (CS). 

(CS) 

10 

(Syntfiesis 6) 

2-(1-Adamantyl)-4-methyl-phenol 6.19 g (25.28 rnrnol) 

and tetrahydrof uran 22 ml were charged in a 100 ml 

reactor sufficiently dried and purged with argon and~ 

15 ethylmagnesium bromide 28. ·ml (an ether solution, O. 99 N, 

27. 81 rnmol) was added dropwise at 0°C in 15 minutes an·d 

the resultant 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 wa~ cooled io 50°C and then mixed with 

paraformaldehyde 2.00· g (66.7 mmol) and triethylamine 5.3 

5 ml (3. 79 mmol) and stirred at 02°G 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 concentrated to obtain a solid 

which was vacuum dried to g_i ve an yellow color solid 

10 compound 5. 78 g (yield 85%) of the fC?llow~ng formula (p6}. 

1 . H-NMR(CDC13 ):11.6(s, lH, 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}. 

15 

{p6} 
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The compound (p6) 4.84 g (17.9 mmol), ethanol 145 ml, 

and tetrahydrofuran 20 ml were charged in a 300 ml 

reactor sufficiently dried and purged with argon and an 

ethanol solution (10 ml) containing aniline 1.67 g (17.9 

5 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 

10 by filtration. The obtained soli~ was washed with cold 

methanol and then vacuum dried to obtain an orange color 

powder·4.00 g (yield 65%} of the following formula (L6). 

1 . . . 
H-NMR(CDC13 ) :13.7(s, lH, OH), 8.6(s, lH, N=CH), 7.5-

7.0{m, 7H,. aryl),· 2.3(s, 3H, Me), 2.2, 2.1,1.B(s, 16H, 

15 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 sufficiently 

S dried and purged with argon, cooled to -78°C, and stirred. 

To the resultant mixture, h-butyllithium 1.89 ml (a n-

hexane 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 temperature and continuously 

10 stirred for 4 hours at a room temperatur~ to produce a 

lithium salt solution. The solution was added dropwise 

to 20 ml of a diethyl ether solution which contained 

zirconium tetrachloride 0.33 g (1.42 mmol) and was cooled 

to -78°C. On completion of dropwise addition, the 

15 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 
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hours and then the solvents of the reaction liquid were 

evaporated. Insoluble matter was removed from the 

obtained solid by filtration by a glass filter. The cake 

was dissolved in dichloromethane 40 ml to remove 

S · insoluble .matter in the resultant solution and then the 

solution was vacuum concentrated. The obtained solid was 

again dissolved in a dichloromethane-hexane mixed 

solution and the precipitated solid was vacuum dried to 

obtain an yellow green powder compound 2 0.13 g (yield 

10 11%) of the following formula (C6). 

1 . 
H-NMR(CDC13 ):8.l(s, 2H, N=CH), 7.4-6.B(m, 14H, aryl)~ 

2.4-l.6(m, 38H, Me and adamantyl). 

FD-mass spectrometry: 850 

15 (C6) 
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(Synthesis 7) 

2-tert-Butyl-4-methoxyphenol 4.51 g (25 mrnol) and 

tetrahydrofuran 22 ml were charged in a 100 ml reactor 

sufficiently dried and purged with argon and 

5 ethylmagnesium bromide 28 ml (an ether solution, 0. 99 N, 

27~81 mrnol) was added dropwise at 0°C in 15 minutes and 

the resultant mixture·was gradually heated to' a room 

temperature and stirred at a room temperature for 1 hour. 

The resultant reaction liquid was mixed with toluene 170 

10 ml and heated to 100°C to give a slightly opaque slurry. 

The slurry was cooled to 50°C and then mixed with 

paraformaldehyde 2.00 g (66.7 mrnol) and triethylamine 5.3 

ml (3. 79 mmol) and stirred at 82°C for 1 hour. After 

being cooled to a room temperature, the resultant 

15 reaction liquid was quenched 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). 
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OH 

Meo 
(p7) 

The compound (p7) 3.75 g {18 mmol), ethanol 145 ml, 

S and tetrahydrofuran 20 ml were charged in a 300 ml 

reactor sufficiently dried and purged with argon and an 

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 

10 for 7 hours, the resultant mixture was cooled to a room 

temperature. The.resultant mixture-was further cooled by 

acetone-dry ice and the pr~tipitated solid was separated 

by filtration. The obtained solid was washed with cold . . 

methanol and then vacuum dried to obtain an orange color 

15 powder 4.08 g (yield 80%) of the following formula {L7). 

1H-NMR (CQC13 ) : 14. 0 {s, lH, OH),. 3. 70 (s, 3H), 6. 60-

7.SO(m, 7H), 8.S(s, lH), 13.60(s, lH) .. 

~.:. ~-< 
··-··. ···-· .:..::· .... ·,._, 
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OH 

Meo 

(L7) 

The compound (L 7) 0. 64 g (2. 26 mmol) .and diethyl 

5 ether 20 ml were charged in a·100 ml reactor sufficiently 

dried and purged with argon, cooled to -78°C, and stirred. 

To the resultant mixture, n-butyllithium 1.40 ml (a n-

hexane solution, 1.61 M, 2.26 mmol) was added dropwise in 

5 minute~ and after that, the resultant mixture ~as 

10 gradually heated to a room temperature and continuously 

stirred for 4 hours at a room temperature to produce a 

lithium salt solution·. The solution was added dropwise 

to 20 ml of a THF solution which contained ZrC14 (THF) 2 

complex 0.42 g (1..10 mmol) and which was cooled to -78°C. 

15 On completion of dropwise a_ddition, 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 liquid· were removed. The 

obtained solid was dissolved in methylene chloride 50 ml 

and insoluble matter was removed by filtration by a glass 

filter. The filt~red solution was v~cuum ccincentrated 

5 and the obtained solid was again precipitated in a 

dichloromethane-hexane mixture and vacuum dried to obtain 

art yellow green powder compound 0.25 g (0.34 mmol, yield 

31%) of the follo~ing formula (C7). 

1H-NMR (CDC13 ): 1. 20-:-1. 60 (m, 18H), 3. 66-3. 86 (m, 6H), 

10 6.50-7~50(m, 14H), 805-8.20(m, 2H). 

·FD-mass spectrometry: 726(M+) 

elementary analysis: Zr; 12.4% (12.6) 

:: ..... ·.· 
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·Meo 
(C7) 

(Example 19) 

5 Heptane 500 ml was charged in a 1 liter autoclave 

made of a stainless steel and sufficiently purged with 

nitrogen, heated to 7·5°C, and the liquid phase and the 

gas phase were saturated with ethylene. After that, · 

_methylaluminoxane 1.25 mmol in terms of aluminum atom and 

10 0. 0001 mmol of the compound (CS) synthesized by synthe·sis 

5 were added_to carry out polymerization at 8 kg/cm2-G 

ethylene pressure for 15 minutes . 

. The obtained polymer suspension was mixed with 

methanol 1.5 liter containing·a small amount of 

15 hydrochloric acid 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 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 

S 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 3. 

10 (Example 20) 

Ethylene polymer 8.00 g was obtained by the same 

·manner·as described in example 19 except that the 

compound (C7) synthesized by synthesis 7 was used instead 

of the compound (CS) and the polymerization temperature 

15 was altered to 50°C. The same procedure was repeated 6 

times and the obtained ethyl~ne polymers were melted and 

kneaded to give a specimen. The polymers obtained by the 

respective_procedure.repeated 6 times were confirmed to 

be approximately similar to one another by separately 

20 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 obtained by the same 

manner as described in example 19 except that the 

compound (C6),synthesized by synthesis 6 was used instead 

5 of the compound (C5) and the addition amount of compound 

(C6) was altered to be 0. 00.005 mmol and the 

polymerization temperature was altered to 50°C. The same 

·procedure wa~ repeated 4 times and the obtained ethylene 

polymers were melted and kneaded to give· a specimen. The 

10 polymers obtained by the respective procedure repeated 4 

times were conf irined 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 3. 

15 

(Example 22) 

Heptane 400 ml and 1-butene 100 ml were charged in a 

1 liter autoclave. made of a stainless steel purged with 

nitrogen and then pressurized by ethylene at 8 kg/cm2-G 

20 total pressure. After that the polymerizer was heated to 

75°C and to the polymerizer, rnethylaluminoxane 1.25 mmol 

in terms of aluminum atom and.0.0001 mmol of the compound 
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(CS) synthesized by synthesis 5 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 
. . . 

S mixed with methanol l.S liter containing 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 

10 for 10 hours. The obtained ethylene polymer was S. 68 g 

and the intrinsic viscosity was 2.05 dl/g. The content 

of 1-butene measured by IR was 2.20 .mol% and the 

molecular weight distribution (Mw/Mn) measured by GPC was . 

lS.36. The physical measurement results are given in the 

15 table 3. 

(Example 23) 

Polymerization was carried out by the same manner as 

described in example 22 except that the compound (C6) 

20 synthesized by synthesis 6 was used instead of the 

compound (CS). As a result,. ethylene copolymer 6.40 g 

was obtain~d and the intrinsic viscosity was 4.86 dl/g. 

The content of 1-butene measured by IR was 2.01 mol% and 
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the molecular weight distribution (Mw/Mn) measured by.GPC 

was 57.22. The physical measurement results are given in 

the table 3. 

...,. 

5 (Example 2.4) 

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 · 

compound (CS) and the amounts of heptane and 1-butene 

10 were altered to 420 ml and 80 ml, respectively, and the 

polymerization temperature was altered to 50°C. As a 

result, ethylene copolymer 16.10 gwas obtained and the 

intrinsic viscosity was 2.52 dl/g. The content of 1-

butene measured by IR was 2.16 mol% and the molecular. 

15 weight distribution (Mw/Mn) measured by GPC was 10.50. 

The physical measurement results are given in the table 3. 

(Comparative Example 8) 

Physical measurement was carried out for a high 

20 density polyethylene (trade name: Hi-zex 8200B, made by 

Mitsui Petrochemical Ind. Ltd.). The results are giyen 

in the tables 3 to 5. 

.. _.:· 
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(Comparative Example 9) 

Physical measurement was carried out for -a high 

density polyethylene (trade name: Hi-zex 7700M, made by · 

Mitsui Petrochemical Ind. Ltd.). The results are given 

5 -in the tables 3 to 5 ~ 

(Comparative Example 10) 

Physical measurement was carried out for a_ high . 

density polyethylene (trade name: Hi~zex SOOOH, made by 

10 Mitsui Petroctlemical Ind. Ltd.). The results are given 

in the tables 3 to 5. 

{Comparative Example 11) 

Physical measurement was carried out for a high 

15 density polyethylene (trade name: Hi-zex 7000F, made by 

Mitsui Petrochemical Ind. Ltd.). The results are given 

in the tables 3 to 5. · 

._. ·.. . :: -~. ' . 
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[Table 3] 

['Jl] *1 MFR MT Log MT . *2 SR *3 
dl/g g/lOmin g -

Example 19 2. 62 2.32 0.31 9.8 1.0 0.4 1. 75 1.64 
... 

Example 20 5.50 5.34 0.004 40.0 1 .. 6 0.9 1.68 1.55 
. ' 

Example 21 2.82 2.25 0.36 12.2 1.1 -0.4 1.86 1. 77 

Example 22 2.05 1.84 1.02 7.0 0.8 0.2 1.78 1. 71 

Example 23 . 
4.86 3.99 0.019 29.0 1.5 0.8 . 1.69 l.61 

Exarnple·24 2.52 2.12 0.49 8.3 0.9 -0.4 1.86 1. 79 

Comparative 3.80 3.63 0.03 20.0 1.3 2.4 1.47 1.55 
Example 8 
Comparative 3.45, 3.92 0.02 16.0 1.2 2.6 1.44 1.53 
E~ample 8 
Comparative 3.31 2.83· 0.11 13.0 1.1 2.4 1.47 1.54 
Example 10 
Comparative 3.35. 3.43 0.04 17.8 1.3 3.0 1.39 1.50 
Example 11 

'*1 the value of 1. 85 x MFR'"0•
192 in the case of MFR < 1 and the value of 1. 85 x MFR-o·213 

in' the case of MFR~ 1. 
'*2 the value of 12.9 - 7.15 x SR 
'*3 the value of 4.55 - 0.56 x Log(Mw) 

~ 

~ 
~ 
\0 

··:'. 

.., 

•. 

··:, 



[Table 3 {continued)] 

Mn Mw Mw Mw/Mn Mz/Mw 
xl0-4 ><10-5 xlO-li 

Example 19 .1.16 1.59 1.94 13.73 12~21 

Example 20 0.45 2.32 '3.47 51.97 14.95 

Example 21 1.01 0.92 0.82 9.10 8.97. 

Example 22 o. 76 l.i6 1.55 15.36 13.3.5 
, 

Example 23 
0~31 1.75 2.72 57.22 15.52 

Example 24 0 .. 82 0.86 a.a~ 10.50 9.90 

Comparative 1.58 2.27 1. 77 14.40 7.80 
Example 8 
Comparative 1.35 2;45 2.38 18.20 9.90 
Example 9 
Comparative 1.09 2.42 2.GO 22.10 10.80 
Example 10 
Comparative 0.73 2.84 2.21 30.30 5.90 
Example 11 

*4 the value of 7/(1 - 5.S(Mw/Mn)) 
*s the value of 5/(0.7 - 6.45(Mw/Mn) + 3)) 
*6 the value of 4/(0.5 - 4.40(Mw/Mn) - 0.2)) 

*4 *5 

11.68 15.90 

7.83 8.58 

17.69 29.95 

10.90 14.34 

7.74 8.43 

14.70 22.50 

11.33 15.18 

10.03 12.63 

9.32 11.29 

8.55 . 9.88 

.. 

The number of 

*6 Terminating 
vinyl /1 

molecular chain 

22.88 . 0.62 

9.64 0.61 

712.00 0.80 

19.07 0.60 

9.46 0.60 

54.93 0.78 

21.04 0.07 
, 

15.65 . 0.14 

13.37 o.os 

11.31 0.09 

Film fish 
eye 

none 

none 

none 

none 

none 

none 

exist 

-
-

none 

~ 

rn 

~ 
~ 

: . ~~ . 

i ..• 

. ~ .. 

·._,;.'. 

;_;:_ 
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(Example 25) 

-:-;-.. ·· .·. 
········'····· 

Heptane 500 ml was charged in a- 1 liter autoclave 

made of a stainless steel and sufficiently.purged with 

nitrogen, heated to 50°C, and the liquid phase and the 

5 gas phase were saturated with ethylene. After that, 

methylalurninoxane 1~25 mmol in terms of aluminum atom and 

' 0.0001 mmol of the compound (C7) synthesized by synthe~is 

7 were added to carry out polymerization at 8 kg/cm2-G 

ethylene pressure for 15 minutes. 

10 The obtained polymer suspension was mixed 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 polymer was washed with methanol and vacuum dried at 

15 80°C for 10 hours to obtain ethylene polymer 8.00 g. The 
. . 

same procedure was repeated 6 times and the obtained 

ethylene polymers were melted and kneaded to give a 

specimen. The polymers obtained by the respective 

procedure repeated 6 times were confirmed to be 

20 approximately similar to one another by separately 

measuring their intrinsic viscosity before they were 

melted and kneaded. The physical measurement results are 

giveti in the table 4. 

. - .~:; : 

:· <,._ .. :.~ .... 
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(Example 26) 

Heptane 400 ml and 1-butene 100 ml were charged in a 

1 liter autoclave made of a stainless steel and 

sufficiently purged with nitrogen and then pressurized by 

S ethylene at 8 kg/cm2-G total pressure. After that the 

polymerizer was heated to 75°C and to the polymerizer, 

methylaluminoxane 1.25 mmol in terms of aluminum atom and 

0.0001 mmol of the compound (C7) synthesized by synthesis 

7 were added to carry out polymerization for 15 minutes. 

10 After polymerization was stopped by a small amount 

of isobutyl alcohol, 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 

15 glass filter and after the solvents were removed, the 

polymer was washed with methan_ol and vacuum dried at 80°C 

for 10 hours. The obtained polymer was 6.40 g and the 

intrinsic viscosity was 4.86 dl/g. The content of· 1-

butene measured by I.R was 2. 01 mol% and the molecular 

20 weight distribution (Mw/Mn) measured by_ GPC was 57. 22. 

The physic~! measurement results are given 'in the table 4. 



.. 

[Table 4] 

Mn Mw Mw Mw/Mn Mz/Mw *1 [11] *2 MFR 

x10-4 x10-5 xl0-6 - - dl/g g/lOmiri ~ 
Example 25 0.45 2.32 3.47 51.97 14.95 9.64 5.50 5.34 0.004 

.. 
Example 26 0.31 1. 75 2.72 57.22 15.52 9.46 4.86 3.99 0.019 

Comparative 1.58 2.27 1.77 14.40 7.80 21.04 3.80 3.63 0.03 
Example B 
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 ll.31 3.35 3.43 0.04 
Exam_ple U 

~l the value of 4/(0~5 - 4.50(Mw/Mn) - 0.2)) 
*2 the value .of 1. 85 x Mra-0•

192 in the. case of MFR < 1 and the value of 1: 85 x MFR-0 •
213 

w 
.~ 

in the case of MFR ~ 1. 
.• 
• 

:· ., 
~ ;: _::: 



MT Log MT *3 SR 
9 -

Example 25 40.0 1.6 0.9 1.68 

Example 26 29.0 1.5 0.8 1.69 

Comparative 20.0 1.3 2.4 1.47 
Example 8 

Comparative 16.0 l.2 2.6 . 1.44· 
Example 9 

Comparative 
Example 10 13.0 1.1 2.4 1.47 

Comparative 17.8 1.3 3.0 1.39 
Example 11 

·3 the value of 12.9 - 7.15 x SR 
• 4 the value of 4. 55 - ·o. 56 x ·Log (Mw) 

.. 

[Table 4 (continued)] 

*4 Wi/W2 Molecular weight 
distribution curve 

pattern 

1.55 ·1 relative maximum - value, broad shoulder 

1.61 
· 1 relative maximum - value, broad shoulder 

1 relative maximum 

1.55 - value, shoulder in the 
low mdlecular weight 

side 
1 relative maximum 

1.53 - value, shoulder in the 
high molecular weight 

side 

1.54 
. 2 relative maximum 

0.99 values 

1.50 0.88 2 relative maximum 
values 

The number of 
tenninatingvinyl 
/1 molecular chain 

0.61 

0.60 

0.07 

0.14 
., 

0.05 

0.09 . 

Film fish 
eye 

none 

none 

exist 

-

-
none 

~ 

~ 
~ 

. " \0 

, .· 



... -~ . . . . . 

SF-679 

351 

(Example 27) 

Heptane· 500 ml was charged in a 1 liter autoclav·e 

made of a stainless steel and sufficiently· purged with 

nitrogen, heated to 50°C, and the liquid phase and the 

· S gas phase were saturated with ethyle'ne. -After that, · 

methylaluminoxane 1.25 mrnol in terms of aluminum atom and 

0.0005 mrnol of the compound (C6) synthesized by synthesis 

6 were added to carry out polymerization at 8 kg/cm2-G 

ethylene pressure for 15 minutes. 

10 The obtained polymer suspension was mixed 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 polymer was washed with methanol and vacuum dried at 

15 80°C for 10 hours to obtain ethylenic polymer 12.25 g. 

The same procedure was repeated 6 times and the obtained 

ethylenic polymers were melted and kneaded to give a 

specimen. The polymers obtained by the respective 

procedure repeated 6 times were confirmed to be 

20 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 5. 

... ~ .... '." 
.. . ·.: ··.· 
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(Example 28) 

Heptane 420 ml and 1-butene 80 ml were charged in a 

1 liter- autoclave made of a stainless steel and · 

sufficiently purged with nitrogen and then pressurized by 

5 ethylene at 8 kg/cm2.;..G total pressure. After that the 

polymerizer was heated to 50°C and to the polymerizer, 

met,hylaluminoxane 1.25 mmol in terms of aluminum atom and 

the compound (C6) synthesized by synthesis 6 0.0001 mmol 

were added to carry out polymerization.for 15 minutes. 

10 After polymerization was stopped by a small amount 

of isobutyl alcohol, 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 

15 glass filter and after the solvent~ 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 viscos~ty was 2.52 dl/g. The content of 1-

butene measured by IR was 2.16 mol% and the molecular 

20 weight distribution (Mw/Mn). measured by GPC was 10. 50. 

The physical measurement results are given.in the table 5. 

. . . ~ . _.· . . . ' . 
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[Table 5] 

Wi/W:z Molecular weight [Tl] *l MFR MT Log MT *2 
distribution curve •dl/g g/lOmin g - pattern 

Example 27 0.79 2 relative maximum 2.82 2.25 0.36 12.2 1.1 -0.4 
values ' 

Example 28 0.76 2 relative maximum 2.52 2.12 0.49 8.3 0.9 .:.o.4 
.. values 

1 relative maximum 
Comparative - value, shoulder in the 3.80 3.63 0.03 20.0 1.3 2.4· 
Example 8 low molecular weight 

side 
1 relative maximum 

Comparative - value, shoulder in the 3.45 3.92 0.02 16.0 1.2 2.6 
Example 9 high molecular weight 

side. 
Comparative . 0.99 2 relative maximum 3.31 ·2.03 0.11 13.0 1.1 2.4 
Example 10 values 
Comparative 0.88 2 relative maximum 3.35 3 • .43 O.Q4 17.8 1.3 3.0 
Example 11 values , 

·1 the value of 1. 85 x MFR-0•
192 in the case of MFR < .1 and the value of 1. 85 x MFR-o·213 

in the case of MFR ~ 1. 
·2 the value of 12.9 - 7.15 x SR 
*3 the value of 4.55 - 0.56 x Log(Mw) 

,.:.· 

rn 
SR *3 . ?! 
- \cl 

1.86 1. 77 

1.86 1.79 

1.47 1.55 

1.44 1.53 

1.47 1.54 ~ 
1.39 1.50 

.,,., 

·i: 



[Tabl~ 5 (continued)] 

Mn MW ·Mz Mw/Mn Mz/Mw 
x10-4 x10-5 ><10-6 - ... 

Example 27 1.01 0.92 0.8~ 9.10 ·a.97 

Example 28 0.82 0.86 0.85 10.50 9.90 

Comparative 1.58 . 2.27 1.77 14.40 1.80 Example 8 
Comparative 1.35 2.45 2.38 18~20 9.90 Example 9 
Comparative . 1.09 2.42 2.60 22.10 10.80 Example 10 
Comparative 0.73 2.84 2.21 30.30 5.90 Example 11 

* 4 the value. of 7 I (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)) 

*4 *5 

17.69 29.95 

14.70 22.50 

11.33 15.18 

10.03. 12.63 

9.32 11.29 

8.55 9.ee 

.. 

*6 The number of 
terminating 

vinyl /1 
molecular 

chain 

712.00 0.80 

54 .. 93 0.78 
-

21.04 0.07" 

. 15.65 0.14 

.. 
13.37 0.05 

11.31 0.09 

Film fish 
eye 

none 

none 

exit 

-
-

none ~ 

rlJ 

b! 
\cl 

~ .· ::··: 

-~· 

;·;. 
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CLAIMS 

·. (" 

1. An ethylene (co) polymer (Al) being either an 

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

S olefin of 4 to 20 carbon atoms wherein 

(iA1 ) the ethylene (co)polymer contains methyl 

branches less than 0 .1 in number per 1, 000 c·arbon atoms 

measured by 13C-NMR, and 

(iiA1 ) ~he ethylene (co)polyrner has Mw/Mn (Mw denotes 

10 the weight average molecular weight; Mn denotes the 

number average molecular weight) measured by gel 

permeation chromatography not lower than 1.8 and lower 

than 4.5. 

ts 2. The ethylene (co)polymer (Al) according to claim 1, 

wherein 

(iiiM) the intrinsic viscosity mea~ured at 135°C in 

decalin is within a range of 0.2 to 18 dl/g. 

20 3. The ethylene (co)polymer (Al) .according to claim 1 

or 2, wherein 

(ivA1 ) the intrinsic viscosity ([rt] . (dl/g)) and the 

density (d (g/cm3
)) satisfy the following relation; 

I lllllll llllll lllll lllll It '"' * C L M S * 
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d ~0.0003 x [11] 2 
- 0.0121 x [~]··t 0.98i4; in the 

case the intrinsic viscosity measured at 135°C in decalin 

is 0.3 to 1.5 dl/g. 

s 4. The ethylene (co) polymer (Al) according to any one 

of the claims 1 to 3, wher~in 

(vA1 ) the intrinsic viscosity ( [11] (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 

10 the following relations; 

[Tt] > 1. 85 x MFR-0
•
192 in the case of MFR < 1 and 

[111 > 1. 85 x MFR-0
•
213 in the case of MFR ~ 1. 

5. The ethylene (co)polymer (Al) according to any one 

15 of the claims 1 to. 4, wherein 

(viA1 ) the components eluded at 105°C or higher in a 

heating elution separation test are not more than 5% by 

weight or lower in the case the comonomer content is 1.5 

mole% or higher and the components eluted at 106°C or 

20 higher in a heating elution separation test are not more 

than 8% by weight or lower in the case the comonorner 

content is less than 1.5 mole%. 

I 1111111111111 lllJl 11111 JI IJIJ . 
* C L H s * 
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6. The ethylene {co)polyrner {Al) according to any one 

of the claims 1 to 5, wherein 

(viiAi) the components are precipitated in 15% by 

weight or lower in the case· said ethylene (co} polymer is 

5 dissolved in p-xylene at 130°C and then cooled to 75°C to 

precipitate dissolved components in a poor solvent. 

7. The ethylene (co}polyrner (Al} according to any one 

of the claims 1 to 6, wherein 

10 (viiiA1 ) the decane-soluble components (W (% by 

weight)}.at 23°C and the density (d (g/cm3
)} satisfy the 

following relations; 

W < 80 x exp(-100 x (d - 0.88)) + 0.1 in the case 

MFR S io g/10 minutes and 

15 W < 80 x (MFR - 9) 0
•
26 x exp(-100 x (d - 0.88)) + 0.1 

in the case MFR > 10 g/10 minutes. 

8. The ethylene (co)polymer (Al) according.to any one 

of the claims 1 to 7, wherein 

20 (ixA1 ) 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 

calorimeter satisfy the following relations; 

l lllllll llllll lllll lllll ll llll 
* C L ~ S * 
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Tm :S 135. O - 10. OK in the case K = 0 .1 to 1. 5 mole%; 

Tm:S 121.9 - l.3K in the case K = 1.5 to 5.5 mole%; 

and 

Tm :S 139.7 - 4.5K in the case K = 5.5 to 20 mole%. 

9. The ethylene {co) polymer (Al) according to any one 

of the claims 1 to 8, wherein 

{xA1 ) the number of branches having a length 

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

10 is less than 0 .1 per 1, 000 of carbon atoms. 

10. The ethylene (co)polym.er {Al) according to any one 

of the claims 1 to 9, wherein the ethylene {co)polymer is 

a copolyrner·of ethylene and 1-butene. 

15 

11. 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 1-hexene. 

20 12. The ethylene {co) polymer (Al) according to any one 

of the claims 1. to 11, produced by either 

homopolymerization of ethylene or copolymerization of 

I If Ill~ 1111~ 11~111111111111 
. s * 
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ethylene and an a-olefin of 4 to 20 ·carbon atoms in the 

presence of an olefin polymerization catalyst comprising 

(al) a transition metal compound of the following 

general formula (I) 

5 . 

(I) 

(where, M denotes a transition metal atom selected 

from the group IV and the group V of the periodic table; 

10 m denotes 1 or 2;. 

R1 denotes ari aliphatic hydrocarbon group of 5 or 

more carbon atoms in total which may have aromatic 

hydrocarbon.group or alicyclic hydrocarbon group 

substituents or alicyclic hydrocarbon group of 7 or more 

15 carbon atoms in total which may have aromatic hydrocarbon 

group or aliphatic hydrocarbon group substituents; 

. ' 1111111 111111 11111 1111111 1111 
* C L M S * . 
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R2 to R5 may be the same or different to one another 

and each denotes hydrogen a~om, a hydrocarbon group, 

hydrocarbon group-·substi tuted silyl, an ·oxygen-containing 

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

S containi~g group and two or more of them may be.bonded to 

one another to form a ring; 

R6 denotes a hydrocarbon group or a hydrocarbon-

substituted silyl group; 

in the case m is 2, at least one of the groups 

10 denoted as R2 to R6 belonging to any one of the ligands 

may be bonded to at least one of the groups denoted as R?. 

to R6 belonging to another ligand; 

in the case m i~ 2, respective R1
, r~spective R2

, 

respective R3
, respective R4

, respective R5
, and 

15 respective R6 may 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-containing group, a sulfur-

20 containing group, a nitrogen-containing group, a boron-

containing group, an aluminum-containing group, a 

phosphorus-containing group, a halogen-containing gz-oup, 

a heterocyclic compound residue group, a silicon-

I IHllll llllll lllll lllll II IHl 
* C L M S * . 
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containing group; a germanium-containing group, or a tin-

containing gr0up; in the case n is 2 or higher, X's may 

be the same or dif f ererit to one another and X's may be 

bonded to one another to form a ring 

5 and, if necessary, 

{b) at least one compound selected from 

(b-1) an organometallic compound, 

(b-2) an organoalumi~um oxy compqund, and 

(b-3) a compound capable of forming ion pairs by 

10 reaction on the transition metal compound. 

13. An ethylene (co) polymer (A2) being either an 

ethylene homopolymer or a copolymer of ethylene and an a-

olefin of 4 to 20 carbon atoms, wherein 

15 (iA2) the ethylene (co)polyrner contains methyl 

branches less than 0.1 in number per 1,000 carbon atoms 

measured by 13C-NMR, and 

(iiA2) the ethylene (co)polyrner has Mw/Mn (Mw denotes 

the weight average molecular weight; Mn denotes the 

20 nuinber average molecular weight) measured by gel 

permeation chromatography not lower than 4.5 and not 

higher than 60. · 

111111111111111111111111111111 
* t L K S * 
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·, 

14. The ethylene (co)polymer (A2) according to claim 13, 

wherein 

(iiiA2) the intrinsic viscosity m~asured at 135°C in 

decalin is within a range of 0.2 to 18 dl/g. 

15. The ethylene (co)polymer (A2) according to claims 13 

or 14, wherein 

(ivA2) the intrinsic viscosity ( [TJ] (dl/g)) measured 

in at 13.5°C decalin and the 'melt flow rate (MFR (g/10 · 

10 minutes)) measured under 2.16 kg load at 190°C satisfy 

the following relations; 

[TJ] > 1. 85 x MFR-0
•
192 in the case of MFR < 1 arid 

[Tl] > 1.85 x MFR-0
•
213 in the case of MFR.~ 1. 

15 16. The ethylene (co)polymer (A2) according to any one 

of the claims 13 to 15, wherein . 

(v~) the components having a molecular weight of 

500,000 reduced to polyethylene measured by GPC-IR are 

not more than 5% by weight in the components eluted at 

20· 105°C or higher in a heating elution separation test. 

17. The ethylene (co)polymer (A2) according to any one 

of the claims 13 tb 16, wherein 
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(viA2) the components eluted at·105°C or higher in a 

heating elution separation test are not more than 5% by 

weight in the case_tl)e comonomer content is 1.5 mole% or 

higher and the components eluted at 106°C or higher in a 

5 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)polymer (A2) according to any one 

10 of the claims 13 to 17, wherein 

(viiA2} the components having a molecular weight of 

10,000 or more reduced to polyethylene measured by GPC-IR 

among components obtained by dissolution of the ethylene 

(co) polymer in p-xylene at 130°C and successive 

15 precipitation of the dissolved components by ·cooling to 

75°C in a poor solvent. are not more than 30% by weight in 

the precipitated components. 

19. The ethylene_ (co}polymer (A2) according to any one 

20 of the claims 13 to 18, wherein · 

{viiiA2) the components obtained by dissolution of 

the ethylene (co)polymer in p-xylene at 130°C and 

successive precipitation of the.dissolved components by 
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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 

. 5 of the claims 13 to 19, wherein-

(ixA2) 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 

10 precipitation of the dissolved components by cooling to 

75°C in a poor solvent are not more than 5% in whole 

ethylene (co)polymer. 

21. The ethylene (co)polyrner (A2) according to any one 

15 of the claims 13 to 20, wherein 

(xA2) the .decane-soluble components (W (%by weight)) . . . 

at 23°C and the density (d (g/cm3
) f satisfy the followin.g 

relations; 

W < 80 x exp(-100 x (d 0.88)) + 0.1 in the case 

20 MFR :S 10 g/10 minutes ·and 

w < 80 x (MFR - 9) 0
"
26

x exp(-100 X. (d - o .. 88)) + 0.1 

iti the case MFR > ~O g/10 minutes. 
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22. The ethylene (co) polymer (A2) according to any one 

of .the claims 13 to 21, wherein 

(xiA2) the .number of branches having a length 

equivalent to that of hexyl or longer measured by 13C-NMR 

S is less than 0 .1 per 1, 000 of carbon atoms. 

23. ·The ethylene (co)polymer (A2) according to any one 

of the claims 13 to 22, wherein 

(xiiA2) the ratio Mw/Mn of the weight average 
·,. 

10 molecular weight (Mw) and the number average molecular 
/ 

weight (Mn) calculated from the logarithmic normal 

distribution produced by distributing molecular weight 

distribution curves measure by gel permeation 

chromatography to two same logarithmic normal 

15 distribution curves is within ~ range of 3 to 8. 

24. The ethylene (co)polymer· (A2) according to any one 

of' the claims 13 to 23, wherein 

(xiiiA2) components to be eluted at 109°C or higher 

20 in a heating elution separation test exist and the 

intrinsic viscosity ([t'll (dl/g)) thereof measured at 

135°C in decalin and the density (d (g/cm3
}) of said 

components satisfy the following relation; 
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d ~0.0003 x ['Jl] 2 
- 0.0121 x ['Jl]··+ 0.9874. 

25. The ethylene (co)polymer (A2) according to any one 

of the claims 13 to 24 wherein the ethylene (co)polymer 

5 is a copolymer of ethylene and 1-butene. 

2 6. 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 1-hexene. 

10 

27. ·The ethylene (co)polymer (A2) according to any one 

of. the claims 13 to 26, comprising 

(A2-1) either ethylene homopolymer or a copolymer of 

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

15 "(iA2-1) the intrinsic viscosity ( ['Jl] A2-1> measured at 

135°C in decalin is within a range of 0.3 to 2.5 dl/g, 

( iiA2_1 ) the number of methyi branches measured by 

13C-NMR is less than 9 .1 per 1, 000 of carbon atoms, and 

(iiiA2_1 ) Mw/Mn (Mw denotes the weight average 

20 molecular weight; Mn denotes the number average molecular 

weight) measured by gel permeation chromatography wi.thin 

a range of 3 to 8, and 
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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 

{iA2_2 ) the intrinsic viscosity ( [11] A2-2 ) · measure';i at 

135°C in decalin within a range of 2.0 to 20 dl/g, and 

S (iiA2_2 ) the number of methyl hranches measured by 

13C-NMR less than 0.1 per 1,000 of carbon atoms; 

wherein a relation between th,e intrinsic viscosity 

( [T)] _ A2-1' of said ethylene (co) polymer (A2-1) and the 

intrinsic viscosity ( [11] AZ-z) of said ethylene 

10 (co)polyrner (A2-2) satisfy [TJJ A2-i < [TJ] A2-2 ; .and the 

ethylene (co)polyrner contains 10 to 90 parts by weight of 

said ethylene (co)polyrner (A2-1) and 10 to 90 parts by 

weight of said ethylene (co) polymer (A2-2) ,. where (A2-l) 

+ (A2-2) = 100 parts by weight. 

15 

28. The ethylene (co)polyrner (A2)· according to claim 27, 

wherein said ethylene (co)polyrner (A2-1) satisfies the 

following relation between the intrinsic viscosity ([T)] 

(dl/g)) and the density (d (g/crn3
)); 

20 d ~0.00-03 x (11] 2 
- 0.0121 x [11] + 0.9874; in the 

case the intrinsic viscosity measured at 135°C in decalin 

is 0.3 to ·1.s dl/g. 
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29. An ethylene (co)polymer (A3) being either an 

ethylene homopolymer or a copolymer of ethylene and an a-

olefin of 3 to 20 carbon atoms, wherein 

(iA3 ) the melt tension (MT (g)-) at 190°C and the 

5 swell ratio (SR) ca·lculated from the strand diameter 

extr~ded at 190°C satis~y the relation; 

log(MT) > 12.9 - 7.15 x SR; and 

(iiAJ) the intrinsic viscosity ( [TJ] (dl/g)) measured 

at 135°C in decalin and the melt flow rate (MFR (g/10 

10 minutes) ) measured under 2 .16 kg load at 190°C satisfy 

the relations; 

[TJ] > 1. 85 x MFR-0
•
192 in the case of MFR < 1 and 

·[T\] > 1. 85 x MFR-0
•
213 in the case of MFR ~ 1. 

15 30. The ethylene (co)polym.er (A3) according to claim 29, 

wherein 

(ii_iA3) the weight average molecular weight (Mw) 

measured by gel permeation chromatography and the swell 

ratio (SR) calculated from the strand diameter extruded 

20 at· 190°C satisfy the relation; · 

SR> 4.55 - 0.56 x log(Mw). 
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31; The ethylene (co}polym.er (A3) according to claims 29 

or 30, wherein 

(ivA3 } the nuinber average molecular weight (Mn}, the 

weight average molecular weight (Mw), and the Z average 

5 mo1ecular weight. (Mz) measured by gel permeation 

chromatography satisfy the relations; 

Mz/Mw ~- 7 I ( 1 - 5. 5/ (Mw/Mn)), and 

Mw/Mn >S.S. 

10 32. The ethylene (co}polym.er (A3) according to any one 

of the claims 29 to 31, wherein 

(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 

15 number average molecular weight is not lower than 0.50. 

·33. The ethylene (co)polym.er (A3) according to any one 

of the claims 29 to 32, wherein the ethylene (co)polymer 

·is an ethylene homopolymer or a copolymer of ethylene and 

20 an. a-olefin 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. 
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34. An ethylene. (co) polymer (A4). being an ethylene 

homopC?lymer or a copolymer of ethylene and an a-olefin of 

3 to 20 carbon atoms, wherein 

(iA4 ) the number average molecular weight (Mn), the 

.. 5 . weight average molecular weight (Mw),. and the z average 

molecular 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. 

10 

35. The ethylene (co)polymer (A4) according to claim 34, 

wherein 

(iiiA4 ) ·the melt tension (MT (g)) at 190°C and the 

swell ratiq (SR) calculated from the strand diameter 

15 extruded at 190°C satisfy the relation; 

20 

log(MT) > 12.9 ~ 7.15 x SR; and 

(ivM) the intrinsic viscosity ([~] (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 relations; 

[~] > 1.85 x MFR-0.192 in the case of MFR < 1, and 

[~] > 1.85 x MFR-0.213 in the case of MFR~ 1.· 
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36. The ethylene (co)polyrner (A4) according to claim 34, 

wherein 

( iiA4 ) the weight average molecular weight · (Mw) 

measured by gel permeation chromatography and the swell 

S ratio (SR) calculated from the strand diameter extruded 

at 190°C satisfy the relation; 

SR> 4.55 - 0.56 x log(Mw); 

(iiiA4 ) the melt tension (MT (g)) at 190°C and the 

swell ratio (SR) calculated from the strand diameter 

10 extruded at 190°C satisfy the relation; 

log(MT) > 12.9 - 7.15 x SR; and 

{ivA4 ) the intrinsic viscosity { [T\] (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 

15 the relations; 

[T\] > 1. 85 x MFR-0
•
192 in the case of MFR < 1, and 

[Tt] > 1. 85 x MFR-0
•
213 in the case of MFR ~ 1. 

37. The ethylene (co)polyrner (A4) according to any one 

20 of the claims 33 to 36, wherein 

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

terminals calculated by conversion to that per one 
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molecular chain. having the same mole.cular weight as the 

number average molecular weight is not lower than 0.50. 

38~ The ethylene (co)polymer (A4) according to any one 

5 of the claims 34 to 37, wherein the. ethylene . (co) polymer 

10 

is either an ethylene homopolymer or a (co)polymer of 

. ethylene and an a-olefin of 4 to 20 carbon atoms and has 

methyl branche·s measured by 13C-NMR less than 0. 1 in 

number per 1,000 of carbon atoms. 

39. An ethylene (co)polymer (AS) being either an 

ethylene homopolymer or a copolymer of ethylene and an a-

olefin of 3'to 20 carbon atoms, wherein 

(iAS) there are at least 2 maximum values and at 

15 least 1 minimum value in the molecular weight· 

distribution curve measured by gel permeation 

chromatography and the intensity (W1 ) of the minimum 

value and the lower intensity (W2 ) of the maximum values 

having the minimum value between them satisfy; 

40. The ethylene (co)polyrner (AS) according to claim 39, 

wherein 
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. (iiiAS} the melt tension (MT (gH 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 

5 (viAS) the intrinsic viscosity ( [T)] (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 relations; . 

[T)] > 1. 85 x MFR-0
•
192 in the case of MFR < 1, and 

10 [T)] > 1. 85 x MFR-0
•
213 in the case of MFR ~ 1. 

41. The ethylene (co)polymer (A5) according to claim 39, 

wherein 

(iiA5 ) the weight_ average molecular weight (Mw) 

15 measured by gel permeation chromatography 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); 

(iiiAS) the melt tension· (MT (g)) at 190°C and the 

20 swell ratio· (SR). calculated from the strand. diameter 

extruded at 190°C satisfy the following relation; 

log(MT} > 12.9 - 7.15 x SR; and 
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(viAS) the intrinsic viscosity. (-[11] (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 relations; 

. S [11] > 1. 85 x MFR-0
•
192 in the case of MFR < 1, and 

[111 > 1. 85 x MFR-0
•
213 in the case of MFR ;;::: 1. 

· 42. The ethylene (co) polymer (AS) according to· any one 

of the claims.39 to 41, wherein 

10 (v~) 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 not lower than 0. 50. 

15 43. The ethylene (co}polymer (AS) according to any one 

of the claims 39 to 42, wherein the ethylene (co)polymer 

is either an ethylene homopolymer or a ~co)polymer of 

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

contains methyl branches measured by 13C-NMR less than 

20 0 .1 in number per 1, 000 of carbon atoms. 

44. The ethylene (co)polymer composition (Cl-1) 

comprising an ethylene (co)polymer (Al) according to any 
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one of the claims 1 to 12 ·and another un-modified polymer 

(Bl) . 

45. The ethylene (co)polymer composition (Cl-1) 

5 according to claim 44, wherein said another polymer (Bl) · 

is an ethylene (co)polymer (Bl-1) other than an ethylene 

(co)polymer (Al) according to any one of the claims 1 to 

12. 

10 46. The ethylene (co)polymer composition (C2-l) 

comprising an ethylene (co)polymer {A2) according to any 

one of the claims 13 to 28 and another un-modified 

polymer (B2)· ~ 

15 47. The ethylene (co)polymer composition {C2-l) 

according to claim 46, wherein said another polymer (B2) 

is an ethylene (co)polymer (B2-l) other than an ethylene 

(co)polymer (A2) according to any one of the claims 13 to 

28. 

20 

48. The ethylene (co)polymer composition (C3-1) 

comprising an ethylene (co)polymer (A3) according to any 
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one of the claims 29 to 33 and another un-modified 

polyrn~r (B3). 

49. ·The ethylene (co) polymer composition (C3-l) 

· S according to claim 4 8, wherein said another po.iyrner ( B3) 

is an ethylene {co)polyrner {B3-l) other than an ethylene 

(co)polyrner (A3) according to any one of the claims 29 to 

33. 

10 50. The ethylene (co)polyrner composition (C4-1) 

comprising an ethylene {co)polyrner (A4) according to any 

one of the claims 34.to 38 and another un-modified 

. polymer (B4) . 

15 r51. The ethylene (co)polymer composition (C4-l) 

according to claim 50, wherein said another polymer {B4) 

is an ethylene (co)polyrner (B4-l) other than an_ ethylene 

{co)polyrner (A4) according to any one of the claims 34 to 

38. 

20 

52. The ethylene {co)polyrner composition {CS-1) 

comprising an ethylene (co)polyrner (AS) according to any 
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one of the claims 39 to 43 and another ur1-modified 

polymer (BS). 

53. The ethylene (co)polymer composition (C5-l) 

.. ·.'~-.-~ .·.· •. . ··: > 

S according to claim 52, wherein said another polymer (BS) 

is an ethylene (co)polymer (BS-1) other than an ethylene 

(co)polymer (AS) according to any one of the claims 39 to 

43 .. 

10 54. The molded product made of an ethylene (co) polymer 

according to any one of the claims 1 to 43. 

55. The molded product made of an ethylene (co) polymer 

. composition according to any one of the claims 44 to 53. 

15 

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 molded product, an 

20 extrusion molded product, a foam molded product, and an 

. injection molded product. 
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· 57. The molded product according to. claim 56, wherein 

the product is a pipe. 

58. The graft-modified ethylene (co) polymer (Al-1). 

S comprising an ethylene (co) polymer (Al) acco_rding to any 

one of the claims 1 to 12, wherein polar group-containing 

monomer is graft-modified. 

59. The graft-modified ethylene (co)polymer (A2-1) 

10 comprising an ethylene (co)palymer (A2) according to any 

one of the claims 13 to 28, wherein polar group-

containing monomer is.graft-modified. 

60. The graft-modified ethylene (co)polyrner (A3-1) 

15 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 (A4-1) 

20 comprising an ethylene (co)polyrner (A4) according to any 

one of the claims 34 to 38, wherein polar group-

containing monomer is .graft-modified. 
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62. The graft-modified ethylene (co)polymer (A5-1} 

comprising an ethylene (co)polymer (AS) according to any 
· .. 

one of the claims 39 to 43t wh~tein polar group~ 

containing_monomer is graft-modified. 

5 

63. The graft-modified ethylene (c6)polymer composition 

(Cl-2) comprising graft-modified ethylene (co)polymer 

(Al-1) claimed.in claim 58 and another un-modified 

polymer ( 01) . 

10 

64. The ethylene (co)polymer composition (Cl-2) 

according to claim 63, wherein said another polymer (01) 

is an ethylene (co}polymer (Dl-1). 

15 65. The graft-modified ethylene (co) polymer composition 

{C2-2) comprising graft-modified ethylene (co}polymer 

(A2-l) claimed in claim 59 and another un-modified 

polymer ( 02} . 

20 66. The ethylene (co) polymer. composition (C2-2) 

according to claim 65, wherein said another polymer (02) 

is an ethylene (co) polymer (02-1). 
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67. The graft-modified ethylene (co)polymer composition 

(C3-2) comprising graft-modified ethylene (co)polymer 

(A3-l) claimed in claim 60 and another Un-modified 

polymer ( 03) . · 

5 

68. The ethylene (co)polymer composition (C3-2) 

according to claim 67, wher·ein said another polymer ( 03) 

is an ethylene (co)polymer (03-1). 

10 69. The graft-modified ethylene (co) polymer composition 

(C4-2) comprising graft-modified ethylene (co)polymer 

(A4-1) claimed in claim 61 and another un-modified 

polymer (04). 

15 70. The ethylene (co) pol~er composition (C4·-2) 

according to claim 69, wherein said another polymer (D4) 

is an ethylene (co)polymer (04-1). 

71. The graft-modified ethylene (co)polymer composition 

20 (CS-2) comprising graft-modified ethylene (co) polymer 

(AS-1) claimed in claim 62 and another un-modified 

p.olymer (D5) . 
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72. The ethylene (co)polymer composition (C5-2) 

according to claim 71, wherein said another polymer (05) 

is an ethylene (co) polymer (D5~1). 

5 73. The ethylene (co) polymer composition (Cl-3) 

comprising an ethylene (co)polymer (Al) according to any 

one o:E the claims 1 to 12 and a· graft-modified ethylene 

(co)polymer (El).· 

10 74. The ethylene (co) polymer composition (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 75. The ethylene (co) polymer composition (C3-3) 

comprising an ethylene (co)polymer (A3) according to any 

one of the claims 29 to 33 and a graft-modified ethylene 

(co)polymer (E3). 

20 76. The.ethylene (co)polymer composition (C4-3) 

comprising an ethylene (co)polymer (A4) according to any 

one of the claims 34 to 38 and a graft-modified ethylene 

(co) polymer (E4}. 
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77. The.ethylene (co)polymer composition (CS-3) 

comprising an ethylene (co)polymer (AS) according to any 

one of the claims 39 to 43 and a graft-modified ethylene 

5. (co)polymer (ES). 
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