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SPECIFICATION 

Ethylene/~·Olefin Copolymers, Comp~sition and Process for Preparing 

Copolym~rs and Composition 

TECHNICAL FIELD 

The present invention relates to a method for manufacturing atacti.C 

ethylene/a-olefin. copolymers, atactic ethylene/propylene· copolymers obtailled 

. therefrom, and oompositions thereof and the method for manufacturing such 

compositions. More specifically, the object of the present-invention is to . 

provide ethylene/a-olefin copolymers having excellent optical properties, 

mechanical properties andior film properties~ and the present invention relates 

to an effective manufacturing niethod therefor, compositions thereof and a 

method for manufacturing such compositions by a polymerization process. 

TECHNICAL BACKGROUND 

Olefin polymers such as ethylene polymer and propylene polymer are· used 

. in many fields such as various moldirigs because of their excellent rigidity,·· 

heat resistance, impact resistance and other properties. Moreover, olefin 
. . . . . . . . 

· polymers are used for various applications such as various fi.hns because of 

.. their excellel1t _transparency and :D.e:Xibility. 

As a method for improving the impact resistance.of these olefin polymers, a 

method is known, for example, in which after· homopolymerizing propylene, · 
. .. . 

propylene and ethylene are copolymerized to produce block copolymer~· .. · 

The Laid-open Patent Publication HEI 4-337308 discloses a block 

· copolymei manUfacturing method in which in the presence of a transition 

metal compound using _cyclopentadienyl crosslinked with the silylene. group_ 
. . . . . . . . . : 

and an orgarioaluminum compound, a propylene homopolymer or a propylene 

copolymer containing the ~thylene unit at a ratio. of less than 6 wt% is first 
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polymerized until its ·content becomes 40 to 95 wt% of the total polymer· 
Ultimately obtained, and th~n the ethylene and propylene· at a ratio by weight · . . 

.. of 10/90 to 95/5 are polymerized so that the ethylene and propylene content is • · 60 to 5 wt% of the total p~lYm.er ultimately obtained. · It is stated in the Laid-. 
. 

. . · ·. open Patent Publication that the block copolymer obtained by this method 
shows a good balance between Uri.pact reSistance and rigidity. 

Furth~rmore, the Laid-open Patent Publication HEI 5-202152 disclosed a . method for manufacturing a polypropylene molding material w~ch comprises .. carrying out the polymerization of an amor.Phous ethylene-proi>ylene. · 
copolymer by use of a specified crosslinking metallocene compound and aluminoxan~ in manufaet~ring, in the presence of a trfW.sition metal .. . 

. . compound and an organoaluminum compound,· a polypropylene moldi.llg 
. . . . . 

. . . .: . . materi:-al comp:riSing (1) 20 to 99 wt% crystalline polymer having a propylene unit content of not less than 95 wt% and (2) 1 to 80 wt% amorphous ethylene-. propylene copolymer having an ethylene unit content of 20 to 90 wt% ... It is 
also stated in HEI 5~202152 that the polypropylene molding material obtained 

. . 
. . .. 

,. . by this method has especially excellent low~temperature impact strength~ 
Blen~g elastomer with polypropylene is also known as•a method for 

improving the impact strength of olefin polymer. However, since such 
polypropylene with which elastomer is blended has inferior optical properties. · such as tran8p.arency, it has found a limited ·ran~ of uses. · 

· Moreover, blending atactic polypropylene with polypropylene with the 
objective of improving properties ofpolypropylene is .described in Laid~open 
Patent Publication HEI 6-263934, for example. 

In recent years, there has been an increa$ingly severer demand for th~ 
physi.Cal properties of olefin polymers such as polypropylene, and it js .desired . that those olefin polymers and cQmpositions which have much better 
properties and a method for manufacturing such olefin polymers will come into existence. 
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For a specific example, as the result that consumers' demand for better 

taste has ~own, it is earnestly hoped in the field of film that the film will 

make the long-term storage of vegetables, meats; :fish and. shelitish, etc. and 

the retention of freshness thereof possible. However, the film of conventional 

olefin polymer showed poor carbon dioxide, oxygen gas· and water vapor 

·permeability and consequently was not retain adequately the freshness of 

vegetables absorbing much of them in summer season. 

The objecU. of the present invention are not only .to provide a method for 

manufacturing etliyleD.e/-a-ole:fin copolymers having excellent optical, 

·mechanical and/or film properties and particular ethylene/a-olefin copolymers · 

and compositions thereof but also to provide ·a manufacturing method in which 
' ' 

such pQly-a.;olefin polymers are made .atactic and a method for.manufacturing 

such eompositions by a polymerization process. 

SUMMARY OF THE INVENTION 
. . . . . . . . ·. ·. 

·One embodiment of the present invention relat~s to a method for ·· · 

manufacturing an ataCtic ethylene/a-olefin copolymers by using a particular. . 

catalyst~ 
. . . . 

A second embodiment of the present invention relates to ethylene/propylene 

copolymers comprising ethylene and propylene 'Yherein the structural molar 

ratio (ethylene/propylene) is 1/99.to 20/8() and out of:the spectra in the zone (19 

to 23 ppm) obtained by C13NMR measurement, the areas of the signals 

appearing in the first zone (21.1to21.9 ppm), second zone (20.3 to 21.0 ppm) 

and third zone (19.5 to 20.3 ppm) are represented by the total peak area in the · 
. . . . . . 

first zoiie = P1
, the total peak.area in the second zo~e = P2 and the total peak 

. . . . . -

area in the third zone = P3, respectively, and X andY are defined by the 

formulas, P1 /{P1 + P2 + P8 )=X and P8 /{P1 + P2 + P3 )=Y, respectively, and Xi~ 

O<X<30 and Yis O<Y<53. 

. . A third embodiment of the present invE!ntion relates to compositiori.s of such 
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particular ethylene/propylene copolyme;l' and an isotactic polyolefin resin. 
. . . . 

A forth embodiment of the present invention relates to a process for 
. . 

·preparing the conipositons by at least two types of catalyst .. · 

Among the poly-a-olefin polymers of the present invention is an atactic 

polymer obtained by polymerizing ethylene and one or more an a-olefin 

monomers havmg 3 to 10 carbon atoms as a preferable embodiment. 

The a-olefin of the aforementioned embodiment is preferably a combination 

of ethylene and ari a~olefin monomer having 3 to 10 carbon atoms, and it is 

desirable that their structural molar ratio (ethylene/a-olefin having 3 to 10 · 

carbon atoms) should be in a range of 40/60 to 1/99. · Moreover, especially, the 
. . 

a-olefin may be in a combination of ethylene and mi a-olefin monomer (A)· 
. . . . .. 

having 3 to 10 carbon atoms and an a-olefinmonomer (B) having 3 to.6 carbon··. 

atoms, which is other than (A),· and it is desirable that the structural molar 

ratio [(ethylene + A)/B] should be in a range of 40/60 to 1/99. It is also 
·. . . . . . 

desirable that the mr/(mm +rr) value in the diad distribution of each c:i-olefui 

.. as measured by NMR should be in a range of 0. 7 to 1.3, the intrinsic viscosity 

[ 'f/ ], in a range of 0.5 to 10 dl/g, and the degree of crystallization, not more 

than 5%. 

Poly-a-olefin polymers like this embodiment have satisfactory optical~ .. 

·mechanical and/or film properties. 

The a-olefin polymers of the present invention ~ay be manufactured by the·. 

eatalyst system shown below. 

Specifically, the catalyst system is preferably. a catalyst system comprising.·· 
. . 

(a) shown below as. the essential component and at least one compound 
. ···-... 

selected from among (b) to (d) shown below. 

(a) the transition nietal complex represented by the following form Ula(!):· 
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z_ y 

l I (I). 

Cp M /" x1 r 

. . . . . · . (wherein M stands for Ti • Zr • llf, Cp stands for the cyclopentadienyl group, · 
indenyl ~up, fluorenyl group or their derived groups which iS. n:.-bonded with . 

. . M, X1 and x;2 stands for m;i anionic ligand or a neutral Lewis. base ligand, Y 
stands for a ligand conta:iniilg nitrogen atom, oxygen atom, phosphor atom or 

. sulfur atom, andZ stands for oxygen atom, ~coil atom.or one carbon atom.), -
·Or 

The 111eso form of the transition metal compound represented by .the. 
following formula (II) 

(II) 

(wherein M1 stands for a trail~tion metal atom in the Group IV to VIB: of the _.· · 
perjodic table; R1 

, R2 
, R8 and R4 ,·which may be the same or different fro~ one 

another, stand for a hydrocarbon group having 1 to 20 carbon atoms, a 
halogenated hydrocarbon group having 1 to 20 carbon atoms, ·a silic0n;o. 
containing group, an oxygen-containing group, a sUlfur-containing group, a 

. . . . nitrogen-containing group, phosphor-containing group,. hydrogen atom or 
halogen atom, and parts of the mutually adjacent group.a may be bond~d to · 
form. a ring together With the carbon atoms bonded by thes~ groups; X1 ·and 

...... 



6 

X2 I which may be the same or different from. OJie anoth~I stand for a 

hydrocarbon group, a halogenated hydrocarbon group, an oxygen~containing 
group, a sulfur-containing group, a sili.Con-co~taining group, hydrogen atom or . 

halogen atom; andY1 stands for·a bivalent hydrocarbon group~ a bivalent. 
. . . . 

halogenated hydrocarbon group, a bivalent silicon-containing group, a bivalent 

germanium-containing group, a bivalent tin-containing group, -0;.; ~CO-, -S-, - · 

SO-, -802 ~· ·Ge-, -Sn-, -NR5
-, -P(R5

)-, -P(O)(R.5)-, ".'BR5 ~.or -AlR5
- [however, R5 

may be the saD'le or different from one another and standS for hydrogen atom~ 

halogen atom, a hydrocarbQn group, a halogenated hydrocarbon group or an 
alkoxy group]. · 

. ' . . . 

(b)a compound which reacts with the transition metal Min the compo~ent 

(a) to form an ion pair; 

· (c)· an organoaluminum compound, and 

(d) an alumoxan. · 

The a•olefiii polymers of the present invention themselves may be used for. 

various uses. Furthe~ore, they are used in the form of CODJ.poSitions ·. 

obtained by blending ~t with other thermoplastic resills such as crystalline 

polypropylene, crystalline polybutene, crystalline 4-methyl-1-pentene polymer, 

. polyethylene terephthalate, polyamide and polycarbonate, for example,. at 

various ratios. SuCb blending will improve the impact resistance, flexjbility. 

and other· properties of those. thermoplastic.resins~ ·· · 

.. Particularly, a composition comprising 5 to 80. wt% of an _atactic a-olefin 

polymer of the present invention~ 10 to 80 Wt% of a crystalline polyoleflli · · . 
. . . . ' 

polymer and, as required, 10 to 80 wt% of an elastomer has especially excellent ·· · 
. . ·. 

rigidity, heat resistance and impact resistance. ·(The total of the atactic a-

. olefin polymer of the present invention, a crystalline polyolefin· polymer ~d 

elastomer is 100 wt%.) .. 

These compositions of the a-olefin polymers may be obtained by not only ·. · 

solution-blending each of the components .and 4rf-blending each of the 
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components in a melted state but also man,ufacturfug.each of the components 
. . . 

. . . . · in parallel or consecutively by parallel or series multi-stage polymerization and then by ultimately foi-min.g them into the compositions~ . ·. . . . .The manufacture of the aforem~ntioned compoSitions iS conducted by polymerization using at least two different catalysts in $Ome ca.Sea~ ·The use of at least two catalysts makes the reduction of the number of the stages of" polymerization. For example, it is possible .to manufacture the . 
. . . . aforementioned compositions of poly-a-ol~fin polymers by polymerizing olefui.s in one stage. 

·It is desirable to u~e for such at least two catalysts a combination of at least one catalyst selected from betWeen the a-olefin polymeriZation catalyst (1) . m~ri.tioned below and the a-olefin polymeriz~tion catalyst. (2) mentioned below and at least one catalyst selected from between the a-olefin polymerization catalyst (3) mentioned below and the a-olefin polymerization catalyst (4) mentioned below. 

Olefin polymerization catalyst (1): 
·A catalyst c0mprising: 

. . 
. . . (A) A ~acemic form (A-l)of a transition metal ·compound represented by the ·· following .formula (II): 

x1 . 2 
"'- /x·. 

M 
I . 

1 y 

(II) 

(wherein M1 
. stands for a transition metal atom in the Grou:P IV. to VIB of the · periodic table; R1 

, R2
, R3 

. and R4 
, which may be the same or different from one 



8 

another, stand for a hydrocarbon group having 1 to 20 carbon atoms, a 

halogenated hydrocarbon group having .1 to 20 carbon atoms, a silicon­

containing group, an .oxygen-oontaining group, a sulfur-containing group; a . 

nitrogen-cQntaining group, phosphor-containing group, hydrogen atom or 

halogen atom, and parts of the mutually .adjacent groups may be bon~ed to 

form a ring together With the carbon atoms bonded by these groups; X1 and X2
, .. . . . . . . 

whieb. may be the same or different from one another,. stand for a hydrocarbon 
. . . . . 

group, a halogenated hydrocarbon group, an oxygen-containing group, a sulfur-

.containing group, a silicon-containing group, hydrogen atom or. halogen atom; 

. andY1 stands for a bivalent hydrocarbon group, a bivalent halogenated 

hydrocarbon group,_ a bivalent silicon-containing group, a bivalent germani~m-
. . . 

containing group, a bivalent tin-containing group, -o~, .;co-, -S-, .;so-, -S02 -, -

Ge-, -Sn-, -NR5
-, ~P(R5)-~ ·-P(O)(R5)-; -BR5- or -AlR5

- [however, R5 may be the 
. . . . . 

same or. different from .one another and stands for hydrogen atom, halog~ 

atom,, a hydrocarbon group, a halogenated hydrocarbon group or an alkoxy 

group]; 

(B) (B-1) An o;rganic aluminumoxy compound and/or 

(B-2) A c~mpound (B1 -2) which reacts with the aforementioned transition 

metal (A-1) to fo:rnl an ion pair; and as required, 

(C) An organoaluminUni compound. 

Olefin polymerization catalyst (2): 

.. A catalyst comprising 

(A) Solid-state titanium catalyst component (T) containing magneSium, · 
. . . . 

titanium, halogen and an electron donor .as the essential components; . . .. 

(B) Organometallic catalyst component (Q); and . 

(C) Silicon compound (S) represented by the following formula (i) or a 

compound (E) having not less than 2 ether linkages existing via two or more 

atoms: 

..... 
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Rpn -Si~(ORq),. n .... (i) 

· (wherein n is 1, 2 or 3; when n is 1, Rp stands for a seCC)ndary or tertiary 

hydrocarbon group; when n is 2. or 3, at least 1 of RP's stands for a secondary 

or tertiary hydrocarbon group, with the rest ofRp's bemg hydrocarbon ~oups,· 

and two or more Rp's may be the same or ~erent; Rq is a hydrocarbon group .. 

having 1 to. 4 carbon atoms, and when 4-n is 2 or 3, Rq inay be the same or 

different.) 

Olefin polymerization· catalyst (3): 

A catalyst comprising · 
.· . . . . 

(A) A meso form (A-2) of a transition metal compound ~epresented by the 

aforementioned formula (I); 

(B) (B-1) An organic alunrinumoxy compound or 

(B-2) A compound (B2 -2) whiCh reacts with the. aforementioned 
. . 

transition metal (A-2) to form an ion pair; 

and as required, 

(C) An organoaluminum compound. 

Olefin polymerization catalyst (4): 

· A catalyst comprising · 

(A)a transition metal compound (A-3) represented by the following formula 

(III): 

·zi-----yz 

I I (ill) 

Cp -. ----y:2 

" xsw 

: . . 

(wherein M2: stands for. a transition· metal atom in the Group .vm of the · ·.·· · . 
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· p~riodic table; Cp stands for a cyclic unsaturated hydrocarbon group or a Chain · 

Unsaturated hydrocarbon group; X8- stands for hydrogen atolll, .halogen atom,_ a 

hydrocarbon group having 1 to 20 carbon atoms or al1 alkoxy group having 1 to 
20 carbon atoms; Z1 stands for SiR.7 

2 , CR7 
2 , SiR7 

2 SiR7 
2 ,· CR7 CR7 

2 , 

CR7 
2 CR7 

2 CR7 
2 , CR7 =CR7

, CR7 
2 SiR7 

2 or GeRR7 
2 ; Y2 stands for ~N(R8 )~, -0-, 

-S- or -P(R8
)-; R7 stands for hydrogen atom or an alkyl, aryl, silyl, halogenated 

alkyl and halogenated aryl groups having up to 20 non-hydrogen atoms and a. 

group selected fro~ among combinations thereof; R8 stands for· an· alkyl group 

ha~g 1 to 10 carbon atonis or an aryl group having 6 to 10 carbon atoms or·· 

may form a condensed ring system of one or more R7's and up 30 non-hydrogen 

atoms; and w stands for 1 or 2); 

(B) (B-1) An organic aluminumoxy compound or. 
. . ' . . 

(B-2) A compound (B3 -2) which reacts with the aforementioned . 

transition metal (A-3) to form an ion pair; · 

and as required, 

(001) 

(C) An orgailoaluminum compound. 

· · .The olefin polymer compositions of the present invention may be . 

manufactured by a one~stage polYinerization process .using a mixed catalyst as 

described above. 

BRIEF EXPLAMATION OF DRAWINGS 

Fig. 1. is a_ chart obtained by measuring an ethylene/a-olefin copolymer of_. 

the present invention by 1 
.. 
3 CNMR. 

. . . . . 

Fig. 2 is an enlargelD.ent of the zone from 19.0 ppm to 22.0 ppm in the 

aforementioned chart. 

BEST EMBODIMENT OF THE INVENTION . 
. . . . . 

The poly-a.;.olefin polyniers of the present invention, the manufacturing ·. 
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. process and compositions thereof are described specifically below .. 

[002] 
. ; . . . . . . . . 

. . 

. It should be noted that the meaning of the term "polymerization" as u8ed in. 

this specification includes ®polymerization as wen a~ homopolymerization and 

tliat the meaning of the term "polymer" as used in this specification includes· · · 

copolymer as well as homopolymer. 

(003] 

The pOiy-a-ol~ polymers of the pres~t ilivention comprises an. atactic 

. polymer obtained by polyinerizing one or more ·a;.olefin monomers having 3 to 

10 carbon atoms or an atactic polymer obtained by homopolymerizing 1-hexene 

or 1-octene. . 
. . 

.. · . . ·. . . 

First, the a-olefin monomer used is explained. Specific examples of the a-
. . . 

olefin monomer include monomers having 2 to 10 carbon atoms such as 

ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 1-peptane, 4-methyl-1-. . ,. . . 

. . . . . . . . 

pentene, 3~_methyl~l-pentene, 1-octene, 3;.methyl-1-butene, 1-decene, styrene, . 

vinylcyclohexene and vinylnorbomane. 
. .. 

Next, the poly-a-olefin polymers formed by using the aforementioned a-

olefin monomers are described below . 

. ltis desirable that these poly~a-olefin polymers should have the mri(mm + 

· rr) value fu. the diad distribution of each a-olefin being in a range of 0.7_to 1.3, 

preferably 0.8 to 1.2, as nieasured by NMR, intrinsic Viscosity [,,,]being in a 

range of 0.5 to 10 dl/g, preferably 0.5 to 7 dl/g, and preferably a degree of 

crystallization being not more than 5%, preferably not more than 3%. 

In the case of the poly-a-olefin polymers using two types of the 
. . . . . . .· 

aforementioned a-olefin monomers, the a-olefins are preferably a combinatio~ 

of ethylene and an a-olefin monomer having 3 to 10 carbon atoms, and their 

structural molar ratio (ethylene/a-oiefin having 3 to 10 carbon atoms) :Qtay_ 

preferably be 40/60 to 1/99. Furthermore, it is desirable that these poly-a-

. olefin polymers should have the mr/(mm + rr) value ill the di.ad distribution of 
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· each a•olefin being in a range of 0. 7 to 1.3, preferably 0.8 to .1.2, as measured 

by NMR, intrinsic viscosity [Tl] being in a range of 0.5 to 10 dl/g, preferably 0~5 
. . . 

to 7 dl/g, mor~ preferably .1 to 6 dl/g, and a degree of crystallization being not 

more than 5%, preferably not more than 3% .. 

· ~pecific examples of these poly-a-olefin polymers may include a tactic .. 
. . . 

copolym.ers such· as ethylene/prop~lene eopolymer, ethylene/butene copolymer, . 

ethylene/pentene copolymer, ethylene/hexene· copolymer, ethylene/heptene 

copolymer,"ethylene/4~inethyl-1-pentene copolyiner, ethylene/3-methyl-1-

. pentene copolymer, ethylene/octane copolymer~ ethylene/3-methyl-1-butene 

copolymer, ethylene/deeene copolymer, ethylene/vinylcyclohexene copolymer 

and ethylene/vinylnorbomane copolymer. · 

Especially, :iii the case of ethylene/propylene copolymer, ethylenelb"utene 

copolymer, ethylene/4-methyl~ 1-pentene copolymer or eth.ylene/octene 

copolymer, it is desirable that its structural molar ratio should be 1/99 to 

20/8(), more preferably 1/99 to 10190_ . 

. In the ca_se of the poly~a-olefin polymers using not less than three types of 

the aforem~nti.oned a-olefin. monomers, the a-olefins are preferabiy a 

combination of ethylene, ail a-olefin monomer (A) having 3 to 10 carbon atoms •· 

and an a-ol~ monomer (B), other than (A), which has 3 to· 6 carbon ·atoms, 

and it is preferable that th~ structural molar ratio· (ethylene + A)/B is 40/60 ... 
. . 

to 1/99. ·Furthermore, it iS desirable that the~e poly-a-olefin polymers shohld . .. 

have the mr/(mm +rr) value in the diad distribution of each a-olefin being in a- : 

range of 0. 7 to 1.3, preferably 0.8 to 1.2, as measured by NMR, intrinsic 

viscosity [ 1} 1 being in a range of 0.5 to 10 dl/g, preferably o.~ to 7 dl/g, more 

preferably 1 to 6 dl/g and a degree of crystallization being not more than 5%, · 

· preferably not more than 3%. 

Specific examples of the~e poly-a-olefin polymers include copolymers such · 
. . . 

as ethylene/butene/propylene copolymer, ethylene/pentene/propylene 

copolymer, ethylene/hexene/propylene copolymer, ethylene/octene/propylene 
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copolyiner, ethylene/propylene/butene, ethylene/peiltene/butene copolymer, 

ethrlene/h~ene/butene copolymer, ethylene/heptene/butene copolymer~ 

ethylene/octene/butene copolymer, ·ethylene/propylerie/pentene copol.Ymer, . 

ethylene/butene/peritene copolymer, ethylene/hexene/pentene copolymer, 

ethylene/heptene/pentene copolymer, ethylene/oc~e/pentene copolyiiier, 

ethylene/propylene/hexene copolymer, ethylene/butene/hexene copolymer, 

ethylene!:Pentene/hexene oopolymer, ethylene/octene/hexene copolymer, 

. ethyiene/propylene/4-methyl-l~pentene copolymer, ethylene/butene/4~methyl- · 

1-pentene copolymer, ethylene/pentene/4-methyl-1-pentene copolymer, 

ethylene/hexene/4-methyl-l-pentene copolymer, ethylene/octane/4~methyl-1- · 

pentene copolymer, ethylene/propylene/3-methyl-1.:.pentene copolymer, 

ethylene/butene/3-methyl-1-pentene copolymer, ethylene/pentene/3-methyl-1.; 

pentene copolymer, ethylene/hexene/3-meihyl-:1-pentene copolymer and.· 

ethylene/octene/3-methyl~ 1-pentene copolymer. 

Especially a preferable example. of the aforementioned poly-~-olefin . 

copolymers is ethylene/propylene/4-methyl-1-pentene copolymer, and i~ · 

structural ·molar ratio· (ethylene+propylene)/4-methl7'1-1-pentene is preferably . · 

1/99.to 20/80, more preferably l/99 to 10/90. 

Furthermore, the aforementioned poly-~-olefin copofymer is preferably 

ethylene/propyiene/bu~ne copolymer, andits structural molar ratio is 

preferably 1/99 to 20/80, more.preferably 1/99 tol0/90. 

(004] 

. Moreover,.it is also possible to produce the aforementioned poly-a-olefin by. 

polymerizing not less than 4 types of the a-olefin monomers .a$ required. · · 

_The poly-a-olefin polymers described.above may be manufactured by using, 

for example, (a)· shown below as the essenti.81 component and polymerizing one 

or more a-olefin monomers having 2 to 10 C8;1'bon atoms in: the Presenee of a 

catalyst system comprising at least one or more compound selected from 

among (b) to (d). 
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(a) A transition metal complex represented by the following formula(Im or 

a meso fo:rm. of a transition metal complex represented by the aforementioned · 

formula (II) . 

. A transition metal complex represented by the formula (Im of (a) is 

· specifically explained below: 

z1 . Y2 

/ I cm> 
Cp M2 ." X3w 

In the above formula; M stands for titanium, Zirconium or hafnium; Cp 

·stands for the ligand which is 7'-bonded with M and has the substituent 

group Z in the cyclopentadienyl skeleton such as a cyclopentadienyl group, an 
. . . . 

indenyl group, a 4, 5, 6, 7-tetrahydroindenyl group, a fluorenyl group, etc., and · 

· the ligand .having this cyclopentadienyl skeleton may have another substituent . 

group; other than z, such as an alkyl group, a cycloalkyl group, a tri.alkylsilyl 

group and halogen atom; 

X, which may be the.same o~ different from each other and stands for an . · 

.· anionic ligand or a neutral Lewis base ligand,is hydrogen atOJ:n or halogen · 

atom, or ·a hydrocarbon; silyl or· germil group containing carbon atoms not· 

more than 20, silicon atom ~r·germanium atom; 
. . . 

Z stands for oxygen, sulfur, boron or one element in the Group 14 of the · 

periodic table (for example, silicon, germanium or tin); and Y stands for a 

ligand containing nitrogen, Oxygen, phosphor or sulfur and may for a ·. 
. . . 

condensed ring with z. 
Specific examples of the compounds represented by the aforementioned 

· general formula (Im include (dim.ethyl(t-butylamide)(tetramethyl-t}5-

cyclopentadienyl)silane)titanium dichloride, ((t-butyhunide)(tetram.ethyl-110- · : 
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cyclopentadienyl)-1,2-ethanediyl) titanium di.Chloride, (dimethyl(phenylamide) 

(teti'amethyl-115-cyclopentadienyi silane) titanium. dichloride, °(dimethyl(t.. · . 

· butylamide)(tetramethyl-1')5-cyclopentadienyl)silane) ·titanium dimethyl, 

· (dimethyl(4-methylphenylamide)(tetramethyl-TJ5-cyclopentadienyl)silane). · 

· titanium dichloride, (dimethyl(t-butylaniide)(115-cyclopenta,dienyl)silane) 

titanium dichloride, and (tetramethyl(t-butylamide)(tetramethyl-1')5- .· 

cyclopentadienyi)disilane) titanium dichloride. 

Next the meso form of the transition metal compound represented by the 

following formula(Il) of (a) is specifically explained: 

{II) 

In the above formula, M1 ~tands for a trlµlsition metal atom in the Group· 
. . 

IV to VIB of the periodic table, a,nd specific· examples .of M1 include .zirconium, .. 

titanium, hafnium, vanadium, niobium, .tantalum, chromium, molybdenum or: 

tungsten, preferably zirconium, titanium or hafnium;. 
. . . . . 

R1 
, R2 

, R8 and R4, which may be the same or different from one another, 

stand for ·a hydrocarbon 'group having 1 to 20 carbon atoms, a halogenated · ' 

·hydrocarbon group having lto 20 carbon atoms, a silicon-contallring group, an 

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

·. group, phosp~or-containing group, hydrogen atom or halogen atom, and parts 

of t'h:e mutually adjacent ones out. of the groups represented by R1 
, R2 

, R8 and · · 

. R4 may be. boD.ded to form a ring together with the hydrocarbon atoms bonded . • 
. . . ' . 

by ~ese groups. Further, R1 , R2 , R8 and R4 , ·which are shown in two. 

locations, respectively, but R1 and R1 ,for example, may the same or different· ... 
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groups~ . Those groups represented by R which have the same suffix suggest 

that they can make preferably combinations when connected to one another to 

form a ring. 

Specific examples of ihe hydrocarbon group having 1 to 20 carbon atoms as 
. . . . ; . 

R1 
, R2

, R3 and R~ include·alkyl groups such as methyl, ethyl, propyl, butyl, .. 

hexyl~ octyl, nonyl, · dodecyl and eicosyl; cycloalkyl groups such as cyclopentyl, · 

cyclohexyl, _norbornyl and adamarityl; alkenyl groups such as vinyl, propenyl 

and cyclohexyl; aryl alky groups such. as be~yl, phenylethyl and pbenylpropyl; 

aryl groups such as phenyl; tolyl, dimethylphenyl, tritiiethylphenyl, 

ethylphenyl, propylphenyl, biphenyl, naphthyl, methy1naphthyl, anthracenyl 

· . and phenanthryl. 

Examples of the rings formed by the bonding of these hydrocarbon gi:oups 

include condensed ring groups such as benzene ring, naphthalene ling,· 

acenaphth~e ring and indene ring and. substituted groups which the hydrogen 

atom on said condensed ring groups such as benzene ring, naphthalene ring,-

. aeenaphthane ring and uidene ring is· substituted by an alkyl .group such as . 

methyl, ethyl, propyl, tert~butyl," sec-butyl and iso-buty[ 

Examples of the halogenated hydrocarbon group. include the group obtain~d 

·by halogenatin.g the· aforementioned hydrocarbon group }>y halog~~ . 

Examples of the silicon-containing group include mono-hydrocarbon- .. • 
. . . . . . 

substituted silyl gro11ps such as methyl silylgroup ~d phenyl silyl group; di~ 
. . 

.·. hydrocarbon•substituted· ~l groups such ~ dimethyl silylgroup and diphenyl. · 
. . . 

silyl group; tri-hydrocarbon .. substituted silyl grolip.s such as trim.ethyl silyl . 
.. . . 

group, triethY:l silyl group, triethyl silyl group, tributyl Silyl group, 

tricyclohexyl silyl group, triphenyl silyl gro.up,. dimethylphenyl silyl group, · 

methyldiphenyl silyl group, tritolyl silyl group and trinaphthyl silyl group; 

silyl ethers· of mono-hydrocarbon-substituted silyl groups such as trimethyl 

silylether; sicon-substituted alkyl groups such as trimethylsilylmethyl gro~pj 

· and silicon-substituted arylgroups such as trimethyl phenyl group. 
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In addition, examples of.the .silicon-contaiiling group besides the 

aforementioned groups jnclude a group represented by -SiR3 (wherelli R is . 

halogen atom, an alkyl group having 1 to 10 carbo~ atoms or an. aryl group 

having 6 to 10 carbon atoms). · · 

Examples of ihe oxygen-contallring group include hydroxy grC>up; alk.oxy . 

. groups such as methoxy group, ethoxy group, propoxy group and butoxy group; 

aryloxy group such asphenoxy group, methylphenoxy group, dimethylp:IJ.enox.y. 

group and naphthoxy group; arylalkoxy grQUP such as phenylmethoxy group 

and phenylethoxy group~ · 

In addi~on~ examples of the oxygen-containing ~up besides the 
. . 

·aforementioned groups include a group·represented by -OSiR3 (whereiIJ. Ris 

•halogen atom,·an alkyl group having 1 to lO·carbon atom:s or ail aryl group . 

having 6 to 10 carbon atoms). 
. ' . . . . . 

Examples of the sUlfur-C()ntailli.ng group include a substituted group 

obtained by substituting the oxygen of the aforementioned oxygen-containing 

group by sulfur. 

In addition~ examples of the sulftir-containing group besides the 

·. aforementioned groups include a group represented by -SR (wherein R i~ 

, halogen atom, an alkyl group having 1 to 10 carbon atom.S or an aryl group . 

having 6 to 10 carbon· atoms)~ 

Exaniples of the nitrogen-cont8ining group include amino group; alkyl 
. ) 

amino groups such as methyl amino group, .dimethyl ~o group, diethyl ·. 

amino group, dipropyl amino group~ dibutyl amino group and dicyclohexyl ·. 

amino group; aryl amixio or alkyl aryl·amino group such as phenyl amino 

· group, diphenyl amino group, .. ditolyl amino group, dinaphthyl amino group 

and methylpenyl amino group. 

In· addition, examples of the nitrogen-containing group besides the 

sforementiond groups include a group represented by •NR2 (wherein R is · · 
. . '· . 

halogen atom, an alkyl group having 1 to 10 carbon ~toms or an aryl group 
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having 6 to 10 carbon atoms). 

Example of the phosphor-containing group include a phosphino group such . 

as dimethylphosplrino· and diphenylphosphino~. 

In addition, eXamples· of the phosphor-containing group .bwesides the 

aforementioned groups include a group represented by :.PR2 (wherein R iS ·. 

halogen atom, an alkyl group having lto 10 carbon atoms or an aryl group . 

having 6 to 10 carbon atoms). 

· ·Exainples of halogen include fluorine, chlorine, bromine and iodine. 

These are preferably hydrocarbon groups, especiaily preferably ·. 

hydrocarbon groups having 1 to 4 carbon atoms such as methyl, ethyl, propyl 

and butyl, a benzene ring formed by the bonding of hydrocarbon groups, and 

substituted groups which the hydrogen atom on the b~zene ring formed by .. · 

the bonding of hydrocarbon groups is substituted by an alkyl group such as·. · 

methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl and tert-butyl. 

X1 and X2 may be the same or different and stand for a hydrocarbon group, 
. . 

a·halogenated hydrocarbon g_roup, an oxygen-contaimng group, a sulfur-

containing group, a silicon:.c<>ntaining group, hydrogen atom or halogen atom." 
. . . . . 

The hydrocarbon groups are preferably hydrocarbon groups having 1 to 20· 

carbon atoms. Specific. examples of the hydrocarbon groups include ~he same_ 

groups as R1 
., R2

; R8 EJ.D.d R4 
• 

The halogenated hydrocarbon groups are preferably halogenated 

hydrocarbon groups having 1 to 20 carbon atoms. Their specific examples · · 

include the same groups as R1 ~. R2
, R3 and R4 

• 
. . . . 

As examples of the oxygen-containing group and h8Iogen atom, the sam.e . . 

groups or atoms as R1 
, R2 

, R3 and R4 can be cited. 
. . 

Examples of the sulfur-containing group include the same.gro-µps as R1 
I R2

' 

R8
· and R4 and sulfonate groups such as methyl sulfonate, 

trifluoromethanesulfonate, phenyl .sulfonate, benzyl sulfonate, p-t<>luene · 

. sulfonate,·:inm.ethylbenzene sulfonate, triisobutylb~mzene sulfona.te, p-chloro · 
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benzene sulfonate and pentafl.uorobenzene sulfonate; sulfinate groups such 

as methyl sulfinate, .phenyl sulfinate, benzene .sulfinate, p-toluene sulfinate, 

. trimethylbenzene sulfinate and pentafluorobenzene ·sulfinate. 

. Exaniples of the silicon-containing group include the same silicon;. 

substituted alkyl group and silicon-substituted aryl group as mentioned above." 

X1 alld X2 are preferably halogen atom, a hydrocarbon group having 1 to 20 · . 

carbon atoms or a sulphollate group. 

· · Y1 stands for a bivalent hydrocarbon group, a bivalent halogenated . · 

hydrocarbon group,· a bivalent silicon-containing group, a bivaient germ.anium­

containing group, ~ bivalent tin-containing group, -0-, -CO-., -S-, -SO:-, -S02 -, -

Ge-, -Sn-, -NR5
-, -P(R5

)-, -P(O)(R5
)-, -BR5 

- or ~AHt5 ··[Wherein R5 may be the 

same or ~erent from one·. another and stands for hydrogen atom, halogen 

atom, a hydrocarbon group, a halogenated hydrocarbon group or an alkoxy 

group]. 
. . 

·The hydrocarbon group is preferably a bivaleri.t hydrocarbon group having 1 

to 20 carbon atoms. 

Specific examples of the hydrocarbon group include alkylene groups .such. as 

methylene~ dimethylmethylene, 1,2-ethylene, dimethyl-1,2-ethylene, 1,3-. . . . . . . . . 

trim.ethylene, 1,4-tetramethylene, 1,2-cycloh~xylene and 1,4-cyclohexylene; 
. . . . . . ·. 

arylalkylene groups such as diphenylmethylene.and diphenyl-1,2-ethylene.·· 

The halogenated hydrocarbon group is preferably a bivalent b.8Iogenated 
. . 

hydrocarbon group having 1 to 20 carbon atoms~ and specific examples of the 

halogenated hydrocarbon group include a group obtained by halogenating the 

aforementioned bivalent hydrocarbon group having 1 to 20 carbon atoms, such 

as chloromethylene~ 

· · Examples of the bivalent Silicon-containing group include alkyl silylene 

group such as silyl~e, methylsilylene, dimethylsilylene, diethylsilylene, di(n .. 

propyl)silylene, di(i-propyl)silylene, di(cyclohexyl)silylene, 

· methylphenylsilylene, diphenysilylene, di(p".tolyl)silylene. and. di(p-
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· chlorophenyl)silylene; a1kylaryl silylene group; '1'Yl silylene ; alkyl disilyl ·· 

group s~ch as tetramethyl-1,2-disilyl and tetraphenyl-1,2-disilyl; alkyl ar}rl · 

diSilyl group; and aryl disilyl ~oup. 

Examples of the bivalent germanium-eontaini.lig group include a group 

.obtained by su.bstituti.ng the sill.con of the aforementioned bivalent sili.con­

containing group by germanium. 
. . 

Furthermore, substituted silylene groups such as a diJnehylsilylene group, 

a diphenylsilylene group and methylphenyisilylene group .are especially· 

preferable as the bivalent silicon-containing group, bivalent gel'in.anium­

containing ~up and bivalent tin-containing group. 

Specific examples of the meso form of these trans!tion. metal compounds 
. . . . . 

represenied by the aforementioned formula (I) include the meso form of the 

. following compounds: 

Dimethylsilylenebis(l-cyclopentadieny~)zirconi~ dichloride, 

· dimethylsilylenebis{l-(3-methylcyclopentadienyl)}zirconium dichloride, .· . 

· dimethylsilylenebis{l-(2;4.; 

dimethylcyclopentadienyi)}zirconium dichloride, 

.· dimethylsilylenebis{l~(2,3,5-trimethylcyclopentadienyl)} 

· zirco:rrium dichloride, dimethylsilylenebis{l-(4.;phenylindenyl)}zii:conium 
. . 

dichloride, dimethylsilylenebi.S{l-(2-methyl-4.-phenylindenyl)}zirconium · 

dichloride, dimethylsilylenebis{l-(2-methyl-4-(a'."napbthyl)indenyl)}. 

zirconium dichloride, dimethylsilylenebis{l-(2.;methyl-4-(f)~ .. 

naphthyl)indenyl)}zirconium dichloride, dimethylsilylenebis{l ~(2-methyl-4-(1-

anthracenyl)indenyl)}zirconium dichloride, 

. dimethylsilylenebis{l-(2.;methyl~4-(2~anthraceiiyl)iiidenyl)}. 

zirconium· dichloride, dimethylsilylenebis{l-(2-methyl-~(9-

ruithracenyJ)indenyl)}zirconi.um dichloride, 

dimethylsilylenebis{1~(2-methyl-4-(9-phenanthry1)indenyl)}. · 

zirconium dichloride, dimethylsilylenebis{l-(2-methyl-4 .. (p".' 
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. fluorophenyl)indenyl)}m;conium dichloride, dimethylsilylenebis . 

{1-(2-methyl-4-(pe~tafluorophenyl)indenyl)}zirconium dichloride, 

d.imethylsilylenebis{l-(2.;methyl-4-(p-chlorophenyl)inderi.yl)}zirconium 

dichloride, dimethylsilylenebis 

{1-{2-methyl-4-(m-chlorophenyl)indenyl)}zirconium. dichloride, 

dimethylsilylenebis{l-(2-methyl-4-(o-chlorophenyl)indenyl)} · 

zirconium dichloride, dimethylsilylenebis{l-(2-methyl-4-(o,p­

dichloi:ophenyl)phenylindenyl)}zirconium dichloride, dim.ethylsilylenebis{l-(2- · 

methyl-4-(p-bromophenyl)indenyl)} 
. . 

zirconium dichloride, dimethylsilylenebis{l-(2-methyl-4-(p ... 

tolyl)indenyl)}zirconium dichloride, dimethylsilylenebis{l-(2-methyl-4-(m"'. · .. 

tolyl)indenyl)}zirconium dichloride, 
. . . 

dimethylsilylenebis{l .;(2-methyl-4-(o-tolyl)indenyl)}zirconium dichloride, 

·dimethylsilylenebis{l-(2-methyl-4-(o,o'-dimethylphenyl)indenyl)}zircorii.um 

· dichloride, 

dimethylsilylenebis{l.;(2"'.niethyl~4-(p-ethy]phenyl)indenyl)} · 
' . . . . . . 

zirconium dichloride, dimethylsilylenebis{l-(2;.methyl-4-(p-i­

propyl)phenylindenyl)}zirconium dichloride, dimethylsilylenebis{l-(2..;methyl"'.4-_.·· 

(p-bezylphenyl)indenyl)}zircoilium dichloride, dim.ethylsilylenebis{l-(2-methyl-
. . . . . . 

4-(p.;biphenyl)indenyl)} 

zirconium dichloride, diphenylsilylenebis{l-(2.;methyl-4-(m-. . . . . 

biphenyl)indenyl)}zirconium dichloride~ dimethylsilylenebis{l-(2-methyl-4-(p~ 

·trimethylsilylphenyl)indenyl)}zirconium dichloride,· dimethylsilylenebis{l-(2..; 

methyl-4-(m;.trimethylsilylphenyl)indenyl)}zirconium dichloride, 

dimethylsilylenebis{l-(2-ethyl-4-phenylindenyl)}zirconium dichloride, 

diinethylsilylenebis{l-(2-ethyl-4-(a•naphthyl)indenyl)}~onium dichloride,. 

· dimethylsilylenebis{l-(2-ethyl-4-(fl-naphthyl)indenyl)}zirconium dichloride, 
. . . ' . . . 

dimethylsilylenebis{l-(2-ethyl-4-(1-anthracenyl)indenyl)} 

zirconium dichloride, 
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· dimethylsilylenebis{l-(2-ethyl~4-(2-aiithra,cenyl)indenyl)} 

zirconium dichloride, dimethylsilylenebis{l-(2.:.ethyi-4-(9-

anthracenyl)inden~l)}zirconium dichloride, dimethylsilylenebis{l-(2-ethyl~4-(9-

phenanthryl)iri.denyl)} 
. . ·. 

zirconium dichloride, dimethylsilylenebis{l-(2-ethyl-4- ·.· · 
. . . ·' . . . . 

phenylindenyl)}zirconium dichloride, dimethylsilylenebis{l-(2-phenyl-4-

phenylindenyl)}zirconium dichloride,. dimethylsilylenebis{l-(2-n-propyl-4-

phenylindenyl)}zirconium dichloride, dimethylsilylenebis{l-(2-n.:.propyl-4-(a-
. . . 

naphthyl)indenyl)}zirconiuin dichloride, dimethylsilylenebis{l-(2- n~propyl. -4-( 

.. p-naphthyl)indenyl)}zirconium dichloride, dimethylsilylenebis{l-(2-n-propyl-4- · 

(1-anthracenyl)indenyl)} 
. . 

. zirconium dichloride, dimethylsilylenebis{l-(2-n-propyl~4-(2-
. . 

anthracenyl)indenyl}}zirconiuni dichloride,. dimethylsilylenebis{l ~(2-n-propyl-
. . . . . 

4-(9-anthracenyl)indenyl)}zirconium dichloride, dimethylsilylenebis{l-(2- n- . . . .. . . . . . 

propl'l-4-(9-phenathryl)indenyl)}zirconium dichloride; dimethylsilylenebis{l-(2-
. . ·. . . . 

i-butyl-4-phenyllitdenyl)}zirconium dichloride, dimethylsilylen~bis{l-(2-i-butyl-· . 
4-(a'"naphthyl)iiidenyl)}zirconium dichloride, 

dimethylsilylenebis{l-(2-i-butYl-4-(p-naphthyl)indenyl)} : · 

zirconium dichloride; 
.. . .·. . . . 

dimethylsilylenebis{l-(2-i-butyl-4~(1-anthracenyl)indenyl)}mconium 

dichloride, 
.. 

· dimethylsilylenebis{l-(2.;i-butyl-4-(2-anthracenyl)indenyl)}zirconium . 

. dichloride, . 

dimethylsilylenebis{l-(2-i-butyl-4,.(9-anthracenyl}indenyl)}zhoconium 

dichloride, 

dimethylsilylenebis{l-(2-i-buty~-4-(9-phenathryl)indenyl)}zirconium dichloride, . 

diethylsilylenebis{l-(2-methyl-4-phenylindenyl)}zirconium dichloride, di(i­

pr0pyl)silylenebis{l-(2•methyl-4-phenylindenyl)}zirconium. dichloride, di(n- ·. 

butyl)silylenebis{l-(2-methyl-4-phenylindenyl)}zirconium dichloride, 
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dicyclohexylsilylenebis{l-(2-methyl-4-phenylindenyl)}zirconium dichloride, 

_methyphenyllsilylenebis{l-(2-methyl-4-phenylindenyl)}zirconium dichloride, 

diphenylsilylenebis{l-(2-methyl-4-phenylindenyl)}zirconium dichloride, . 

di(p-tolyl)silylenebis{l-(2-methyl-4-phenylindenyl)}zirconium dichloride, di(p-
. . . 

chlorophenyl)silylenebis{l-(2-methyl-4-phenylindenyl)}zirconiuin dichlor.ide, 

methylenebis{l-(2-methyl-4~phenylindenyl)}zirconium dichloride, 

ethylenebis{l-(2-iri.ethyl~4-phenylindenyl)}zirconium ·dichloride, 

dimethylgerlnylenebis{l-(2-methyl-4-phenylindenyl)}zirconium dichloride, 

dimethylsilylenebis{l-(2".'methyl-4-phenylindenyl)}zirconium dibromide, 
. .· . 

diinethylsilylenebis{l-(2-methyl-4-phenylindenyl)}zirconium dimethyl, 
. . . . . . 

dimethylsilylenebis{l-(2-methyl-4-phenylindenyl)}zirconium methylcbloride, · 

dimethylsilylenebis{l-(2;.111ethyl-4-phenylindenyl)}zirconium chlorideS02Me, 

dimethylsilylenebis{l-(2-methyl-4~phenylindenyl)}zirconium chlorideOS02M~, 
. . . . . 

· dimethylsilylenebis{l-(2-methyl-4-phenylindenyl)}titanirun dichloride; 
. . 

dimethylsilylenebis{l-(2-methyl-4-phenylindenyl)}hafniumdichloride, ·_. 

dimethylsilyleriebis{l-(2, 7-dimethyl-4-ethylindenyl)}zirconium dichloride, · 

dimethylsilylenebis{l~(2, 7-dimethyl~4-propylindenyl)}zirconium dichloride, 

dimethylsilylenebis{l-(2.; 7-dimethyl-4-i-propylindenyl)}zircom~m dichloride,· . 

dimethylsilylenebis{l-(2, 7-dimethyl-4-n-butylindenyl)}zirconiumdichloride, · · 

dimethylsilylenebis{l-(2, 7-dimethyl-4-sec~butylindenyl)}zirconium dichlorid~, 

dimethylsilylenebis{l-(2, 7-dimethyl-4~t-butylindenyl)}zirconium dichloride, 

dimethylsilylenebis{l-(2,7~dimethyl-4-n-pentylindenyl)}zirconium dichloride, 
. . . 

dimethylsilylenebis{l-(2, 7-dimethyl-4-n-hexylindenyl)}zirconium dichloride, _.· 

dinlethylsilylenebis{l-(2, 7-dimethyl-4-cyclohexylindenyl)}zirconium dichloride, 

dimethylsilylenebis{l-(2, 7-dimethyl-4-methylcyclohexyHndenyl)} zirconium · 

dichloride, 

dimethylsilylenebis{l-(2, 7-diniethyl-4-phenylethylindenyl)}zirconium 

. dichloride, · 

. d.i.Diethylsilylenebis{1~(2, 7-dimethyl-4-phenyldichloromethylindenyl)} 
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zirconium dichlo~de, . 

dimethylsilylenebis{l-(2, 7.;dimethyl-4-chloromethylindenyl)}zirconium · 

dichloride,· 

dimethylsilylenebis{l-(2, 7-dimethyl-4-trimethylsiiylmethylindenyl)} 

zirconium dichloride, 

dimethylsilylenebis{l-(2; 7-dimethyl-4-trimethylsilo:xymethylindenyl)} 

zirconium dichloride, 

diethylsilylenebis{l-(2, '7-dimethyl-4-i-propylindenyl)}zirconium dichloride, di.(i-
. : . . . 

propyl)silylenebis{l-(2, 7-dimethyl-4-i-propylindenyl)}zirconium dichloride, 
. . . . . 

di(n-butyl)silylenebis{l-(2, 7-dimethyl-4-i-propylindenyl)}zirconium dichloride, 

di(cyclohexyl)silylenebis{l-(2, 7-dimethyl-4-i-propylindenyl)}zirconium 

dicltloride, 

· · methylphenylsilylenebis{l-(2, 7-dimethyl-4~i-propylindenyl)}Zirconiuni . 

dichloride,. 

methylphenylsilylenebis{l-(2; 7-dimethyl-4-t-butyliridenyl)}zirconium 

dichloride, · 
. . . . . 

diphenylsilylenebis{1~(2, 7 ~dimethyl-.4-t-butylinderiyl)}zirconium dichloride, 

diphenylsilylenebis{l-(2, 7-dimethyl-4-i-propylindenyl)}zirconium dichloride, 

diphenylsilylenebis{l-(2, 7-dimethyl,.4-ethylindenyl)}zirconium ·dichloride, 

di(p-tolyl)silylenebis{l-(2, 7-dimethyl-4-i-propylindenyl)}zirconium dichloride, . · · 

di(p-cblorophenyl)silyleriebis{l-(2, 7-:dim:ethyl-4 .. i-propylindenyl)}zirconilim. 

dichloride, 

. dimethylsilylenebis{l-(2-methyl-4-i-propyl'."7-ethylindenyl)}zirconium 

. dibromide~ 

dimethylsilylenebis{1-(2,3,7-trimethyl~4-ethylindenyl)}zirconium dichloride, .. 

dimethylsilylenebis{l-(2,3, 7-trimethyl;.4-n-propylindenyl)}zirconiuin dichloride, 

dimethylsilylenebis{l-(2,3, 7-trimethyl-4-i-propylindenyl)}zixconium dichloride,. 

dimethylsilylenebis{l-(2,3, 7-trimethyl-4-n-butylindenyl)}zirconiuni dichloride, 

dimethylsilylenebis{l-(2,3, 7-trimetbyl-4-sec-butylindenyl)}zirconiu.m 
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dichloride, 
. . . . . . 

dimethylsilylenebis{1~(2,3, 7.;trimethyl-4-i-butyfuidenyl)}zirconium dichloride, 

.dimethylsilylenebis{l-(2,3,7-trimethyl.;.4-n-pentylindenyl)}zir<:onium dichloride,. 
. . 

dimethylsilylenebis{l-(2,3, 7-trimethyl-4-n-hexylindenyl)}zirconium di.chl~ride, 

dimethylsilylenebis{l-(2,3,7~trimethyl-4-cycloheXylindenyl)}zirconium 

dichloride, 

dim.ethylsilylenebis{l-(2,_3, 7-trimethyl-4-methylcyclohexylindenyl)}zirconium 

dichloride, 

dimethylsilylenebis{l-(2,3, 7-triinethyl-4-

trimethylsilylmethylindenyl)}zirconium dichloride, . 

dim.ethylsilylenebis{l-(2,3, 7-trimethyl-4-

~ethylsil~xymethylindenyl)}zirconium dichloride,· . 

dim.ethylsilylenebis{l-(2,3, 7-trimethyl'.'4-

phenylethy~denyl)}zirconiumdichloride, dimetliylsilylenebis{1~(2,3, 7- ·. 
. . 

trimethyl~4-phenyldichloromethylindenyl)}zircoµium di.chloride, . 
. . 

dimethylsilylenebis{l-(2,3~ 7-trimethyl~4-chloromethylindenyl)}zirconiuin. 

·· . dichloride, 

diethylsilylenebis{l-(2,3, 7-trimethyl-4-i-propylindenyl)}mconium dichloride,. 

di(i-propyl)silylenebis{l-(2,3, 7-trimethyl-4•i-propylindenyl)}zirconium · 

dichloride, 

di(n-butyl)silylenebis{l-(2,3~ 7-trimethyl-4-i-propylindenyl)}zircomum 

dichloride, 

di(cyclohexyl)silylenebis{l ~(2,3, 7-trimethyl-4-i- · 

. ropylindenyl)}zirconiumdichloride, methylphenylsilylenebis{l-(2,3, 7 ~trimethyl-

4-i-propylindenyl)}zirconium dichloride, 
. : . . 

· methylphenylsilylenebis{l-(2,3, 7-trimethyl-4-t-butylindenyl)}zirconium 
. : . ' ' . 

· dichloride, diphenylsilylenebis{l-(2,3, 7-trimethyl-4.:.t-butylindenyl)}zirconium 

·dichloride, 

diphenylsilylenebis{l-(2,3, 7-trimethyl-4-i-propylindenyl)}zirconium dichloride; 
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di.phenY~}'lenebis{l-(2,3,7-trimethyl-4-ethylindenyl)}zirconium dichloride, 

di(p-tolyl)silylenebis{l-(2,3, 7-trimethyl-4-i~propylindenyl)}Zirconium dichloride, 

di.(p-chloropl;lenyl)silylenebis{_l-(2,3, 7-trimethyl-4;.i-p~opyli.Ddenyl)}~onium . · 

dichloride; dimethylsilylenebis{l-(2-methyl-4-i-propyl-7-.methylindenr.I)}. · 

zirconium dimethyl, dimethylsilylenebis{l-(2~methyl~4-i-propyl-7-

methylindenyl)} zirconitlDl methylcbloride, 

dimethylsilylenebis{l-(2-methyl-4-i-propyl-7.;methylindenyl)}zirconium­

bis(methanesulfonate), dimethylsilylenebis{l :-(2-methyl-4-i-propyl-7-

methylindenyl)}zirconium-bis(p;.phenylsulDnate), 

dimethylsilylenebis{l-(2-methyl-3-methyl-4-i-propyl-7-methylindenyl)} 

zirconium.dichloride, dimethylsilylenebis{l-(2-ethyl.;4-i-propyl-7-

methylliidenyl)}ziroonium dichJoride, 

dlliiethylsilyJenebis{l-{2-phenyl·4-i"'.J>ropyl-7;.methylindenyl)}zirconium 

dichloride, 

. dimethylsilylenebis{l-(2-methyl-4-i-propyl-7-methylindenyl)}titamum 
. . . : . 

dichloride, dimethylsilylenebis{l-(2-methyl-4-i-propyl-7-methylindenyl)} . 

hafnium dichloride, .. 

dimethylsilylenebis{l-(2-ethyl-4,5-benzoindenyl)}zirconium dichloride,: 

dimethylsilylenebis{l-(2-methyl-a-acenaphthindenyl)}~nium di.chloride, , 

methylphenylsilylenebis{l-(2-methyl-4,5-benzoind~nyl)}zircolliuni dichloride,· 

methylphenylsilylenebis{l .. (2-methyl:-a-acenaphthindenyl cyclopentadienyl)} 

zirconium dichloride, 

methylphenylsilylenebis{l-(4,5-benzoindenyl)}zirconium dichloride, .. 

methylphenylsilylenebis{l;.(2,6-dimethyl-4,5-ben~oindenyl)}zirconium 

. dichloride, and methylphenylsilylenebis{l-(2,4,6-trimethyl-4,5-

benzoindenyl)}zirconium dichloride. 

(005) 

Compounds replacing the zirconium in the aforementioned compounds with. · .·. · 
.. . 

titanium or hafnium can also be cited a8 the examples of the meso form.of 
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these transition metal compounds~ 

. . . 

As examples of the (b) component used in the present invention, whieh is 

.the compound that reacts with the transition metal M in the ~omponell.t (a) to 

form anionic complex, the Lewis aci~ ionic compound·andcarborane 
. . .. . . 

. . . . 

compound which are disclosed in Published Patent Publication HEI l-501950, 

Published Patent Publication HEI l-502036, Laid-open Patent Publication · .. 

HEI 3-179005, Laid-op.en Patent Publication HEI 3-179006, Laid-open Patent . 

Publication HEI 3-207703, Laid-open Patent Publication HEI 3-207704, U.S. 

Patent 547718, et.c., can be cited. 

[006] 

Examples of the Lewis acid include magnesium-containing Lewis acid, · 

aluminum-containing Lewis acid and boron-containing Lewis acid, and boron- · 

containing Lewis acid out of them is preferable. 

[007]. 

-Specific examples of th~. Lewis acid containing boron atom include ·the · · 
. . 

compounds represented by the following formula (VII): 

BRa Rb Re .... (Vil) 
. . 

(wherein Ra, Rb and Re stands each independently for a phenyl group which . 
. . . . . . . ·. 

· may have a substituent group such as fluorine atom, a methyl group and a -· 

trifluorome~yl group, or fluorine atom.) 

Specific examples of the compounds represented by the aforementioned . . 
. -

formula (Vil) :include tri.fluoroboron, triphenylboroil; tri.$( 4-fluorophenyl)boron, · 
. . . . 

trls(3,5-difl.uorophenyl) boron, tris(4.;fluoromethylphenyl)boron, 

tris(pentafl.uorophenyl)boron, tris(p-tolyl)boron, tris(o-tolyl)bor9n and tris(3~5- ·. 

dimethylphenyl)boron. Out of these, tris(pentafluorophenyl)boron l.s especially . 

preferable~ 

The ionic compound is a salt comprising a cationic compound and an 

anionic compound. An anion reacts with the aforel)'.lentioned transition metai ·. 

compound (a) to make it cationic, and form ion pairs and thereby stabilize 



28 

transition metal cation. Examples of such anion include organic boron 

compound anion, organic arsenic compound anion and or·ganoaluminum 

compound anion, and those anions which stabilize transition metal cation. 

· species at a relatively high volume are pre(erable. Examples of cation include 
. . 

metal cation, organometallic cation, carbonium cation, tritium cation, oxonium 

· cation; sulphonium cation, phosphonium cation and ammonium cation. More 

specific examples of cation include triphenylcalbenium cation, 

tributylammonium cation, ·N,N-:diinethylammonium cation and ferrocenium · 

cation . 

. Out of these, a preferable anion is an ionic compound containing a .boron .. 
. . . 

compound. Specifically, examples oftrialkyl'.'substituted ammonium salt. 

include triethylammonium tetra(phenyl)boron~ tripropylammonium · 

tetra(phenyl)boron, tri(n-butyl) ammonium tetra(phenyl)boronr ·. 

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

tolyl)boron, tributylammonium tetra(pentafl.uoropenyl)boron, 

tripropylammonium tetra(o,p-dimethylphenyl)boron, tri.butylammonium 

tetra(m,m-demethylphenyl)boron, tributylammonium ~etra(p­

tri:O.uoromethylphenyl)boron, and tri(n-butyl)amm.onium tetra(o-tolyl)boron 

and t:ri(n-butyl)ammonium tetra(4-fluorophenyl)boron. 

Examples of N ,N-dialk.ylanilium salt include N,N-dimethylaniliniuni 

tetra(phenyl)boron, N,N-diethylanilinium tetra(phenyl)boron and N,N-2,4,6- • 

. pentamethylani1iniumtetra 

(phenyl)boron. 

Examples of dialkylammonium. salt include di(n-propyl) ammonium . 

. · tetra(pentafuluorophenyl) boron, and dicyclohe:Xyl ammonium tetra(phenyl) 

boron~ 

Examples of triarylphosphonium salt inclu~ triphenylphosphonium 

tetra(phenyl) boron,· tri.(methylphenyl)phosophonium tetra(phenyl)boron and . 

tri(dimethylphenyl)phosphonium tetra(phenyl)boron. . · 
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. . ·. . . 

Furthem:iore, ex~ples of the ionic compound contalliing_ boron atom include 

· triphenylcarbenium tetrakis(pentatl.uorophenyl)borate, N ,N - . 

dimethylani]inium .tetrakis(pentafluorophenyl)borate and 

ferroceniumtetra(pentafluorophenyl)borate. 

The followmg oompounds can also be cited ~s examples. (In the ionic 

compounds listed below, the_ paired ions. are, but are not limited to,_ tri(n­

. butyl)ammonium.) 

Anion salts, such as: bis[tri(n-butyl)ammonium] nonaborate, bis[tri(n-

. butyl)ammonium] decaborate, blii[tri.(n-butyl)ammonium] undecaborate, 

bis[tri(n'."buty~)ammonium] dodecaborate, bis[tri(n-butyl)ammonium] 

decachlorodecaborate, bis[tri(n-butyl)ammonium]dodecachlorod.odecaborate,·· 
. . . 

·. tri.(n-butyl)a.riimonium 1-carbadecaborate, tri(i:i--butyl)ammonium 1-

carbaundecaborate, tri(n-b1ltyl)ammonium 1-carbadodecaborate, tri(n- · 

butyl)ammonium 1-trimethylsilyl-1-carbadecaborate and tri(n- · 
. . 

butyl)ammonium bromo-1-carbadodecaborate; Examples of borane, carborane 

complex and salts ofcarborane anion include decaborane(14), 7,8- · 

dicarbaundecaborane(13), 2, 7-dicarbaund~aborane{l3), undeeahydride-7 ~8~ 

dimethyl-7,8-di.carbadecaborane, dodecahydride-11-methyl-2, 7-

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

butyl)ammonium 6- carbadecaborate(12), tri(n-butyl)ammonium 7.- . 

carbaundecaborate(13), tri(n-butyl)ammonium 7,8- di~carbau11decaborate(12), 

tri(n-butyl)ammonium 2,9-di- carbaundecaborate(12), tri(n-bufyl)ammonium 

dodecahydride-8-methyl-7,9-dicarbaundecaborat~, tri(n-butyl)ammonium 
. . . 

· dodecahydride-8-methyl-7 ,9-dicarbaundecaborate, trl(n-butyl).ammonium . . 

dodecahydride-8-methyl-7,9-dicarbaundecaborate, tri(n-butyl)ammoniuin . . . . . . 

dodecahydride-8-methyl-7,9-dicarbaundecaborate, trl(n-butyl)ammonium . 

unde~ydride-9;.trimethylsilyl-7,8-dicarbaundecaborate aild_tri(n-
. . 

butyl)ammonium undecahydride-4,6-dibromo-7-carbaundecaborate. 
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Carboranes and salts _of carborane such as: 4-carbanonaborai>.e(l4), 1~3-

dicarbanonaborane(l3), 6,9- dicarbadecaborane(l4), dodecahydride-l~phenyl-

1,3- dicarbanonaborane, dodecahydride-1-methyl-1,3- dicarbanonaborane and .. · 

unde<:ahydride-1,3-dimethyl.:.1,3-dicarbanon.abarane. · 

In addition, the following compounds can be cited as examples .. 

(The paired ions in the ionic compounds listed below are, but are ·not limited 

t6, tri.(n-butyl)ammonium.) 

S8lts of metallocarborane, and metalloborane anion such as: 

tri(n-butyl)ammonium his(nonahydride-1,3.;.dicarbanonaborate)cobaltate(Im, 

tri(n-butyl)amm:onium bis(undecahydride-7 ,8-

dicarbaundecaborate)ferrate(Ill), tri(n-buiyl)ammonium bis(undecahydride- ·· 

7 ,8-dicarbaundecaborate) cobaltate(IIl), 

tri.(n-butyl)ammonium bis(undecahydride-7~8-dicarbaundecaborate) ·. 

ni.ckelate(III),: 
. . 

tri(n•butyl)ammonium bis(undecahydride-7 ,8~dicarbaundecaborate) 

. cuprate(lll), 

tri(n-bucyl)ammoniuin .. bis(undecahydrid.e.:.7,8-dicarbaundecaborate) · 

aurate(III), 

· tri(n-butyl)ammonium his(nonahydride-7,8-dimethyl-7 ;8-dicarbaundecaborate) 
. ·. . . \ . 

ferrate(Ill), .. · 

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

chromate(lll), . 

tri(n~buty1)ammonium bis(tribromooCtahydride'."7 ,8-dicarbaundecaborate) 

cobaltate(III), 
. .. 

· tri.(:0.-butyl)ainmonium.bis(dodecahydridedicarbadodecaborate) .cobaltate(nl), 
. . . . 

bis[tri.(n-but~l)ammonium] bis(dodecahydrideddodecaborate)nickelate(III), 

tris[tri(n~butyl)ammonium] bis(undecahydride-7-carbaundecaborate) 

. chromate(Ill), bis[tri(n-butyl)ammonium] bis(undecahydride-7-

carbaundecaborate)ma.D.ganate(IV), 

· ..... 
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bis[tri(n-butyl)ammo:riium] bis(undecahydride-7-carbaundecaborate) 

cobaltate(lll) and . 

bis[tri(n-butyl)ammonium] bis(undecahydride-7-carbaundecaborate) 

nickelate(IV). 
. . .· ·. . 

. As examples of the organoaluminum coID.pound (c) used in the pre8ent 

· ·invention, the organoaluminum compound represented by the following 

formula (VIII) can be cited: 

R~ AIXa . n •••• (VIII) 

(wherein Rd stands for a hydrocarbon group haVi.ng 1 to 12 carbon atom.s, X 

stands for h~ogen atom or hydrogen ~tom, and n is Lt.o 3.) · 

In the above formul.8. (VIII),· Rd is a hydrocarbon group having 1 to 12 

carbon atoins, ~uch as an alkyl group, a cycloalkyl group or an aryl group, ·. 

specifically a methyl group, an ethyl group, an n-propyl group, an isopropyl 

group, an isobutyl group, a pentyl group, a hexyl group, an octyl group, a ·. 

·. cyclopentyl grc>Up, a: cyclohexyl group, a phenyl group mid a tolyl group, for · · 

example. 

[0008] 

. Sp~c muon.pies of the organoaluminum compound (c) include the · 

following compounds: . 

Trialkylaluminums such as trimethylaluminum, triethylaiuminum, . 

triisopropylaluminum, triisobutylaluminum, trjoctylaluminum, 

tri(2-ethylhexyl)aluminum and tridecylaluminum; · 

alkenylaluminums s~ch as isoprenylaluminum; dialkylaluminum halides such .. 

as dimethylaluminum chloride, diethylaluminum chloride; 

· diisopropylaluminum chlonde, diisobutylaluminum chloride and 

dimethylaluminum bromide; 

alkylaluminum sesquihalides such as methylaluminum sesquichloride, 

.ethylaluminum sesquicb.loride, isopropylalmninum sesquicb.loride, . 

butylaluminum· sesqui.chloride· and.ethylaluminum sesquibromide; 
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alkylaluminum dihalides such as methylaluminum dichloride, ethylalum.inum 

dichloride, isopropylaluminum dichloride and ethylaluminum dibromide; . 

alkylaluminum hydride such as diethylaluminum hydride ~d 

diisobutylalum.inum hydride. 

[0009] 

The compound represented by the following_ formula (IX) may be used as the 

. organoaluminum compound (c): 

· R~ AlYa. 8 .•••• (IX} 
. . 

(wherein Rd is the same as described above; Y stands for the -ORe group and 
. •, . . . .. ·. 

the 9SiRfa group, -OA1Rg2 group, -NRh2 group, -Si.Ria group or -N(Rj)A1Rk2 

· group; n is 1 to 2; Re, Rf, Rg and Rk are the methyl gr.oup, ethyl group, 
. . . 

isopropyl group, isobutyl group, cyclohexyl group and phenyl group, for· 

example; Rh is hydrogen atom, methyl group, ethyl group, isopropyl group, 

phenyl group and trimethylsilyl group; and Ri and Rj are the methyl group 

·. and ethyl group.-

Specific examples of these organoalw:niri~ compooods include the . 

following compounds: 

(l)compounds represented by~ Al(0Re)8 • n such as dimethylalum.inum . 

· methoxide, diethylaluminumethoxide and diisobutylaluminummethoxide·. 

(2) compounds represented by Rein Al(OSiRfa )3 • 0 such as Eta Al(OSiMe8 ), 

(iso-Bu)2 Al(OSiMe3 ) and (iso-Bu) a Al(OSiEta) 

(3) compounds represented by Rd,. Al(OA1Rg2 ) 8 ~ i:i suCh as Eta AIOA1Et2 and . 

· (iso-Bu)2 Al0Al(iso-Bu)2 
. . 

(4) compounds represented by Rein Al(NRha )8 -~ n such as Mea AINEt,i, · 

Et2 AINHMe, Me2 AlNHEt, EtaAlN(SiMe8 ) 2 and (iso'.'.Bu) 2 AlN(SiMe8 ) 2 . 

(5) compounds _represented _by R~ Al(SiRi3 ) 8 • 0 such. as (iso-Bu) 2 _ AlSiMe8 . 
. . . 

(6) compounds represented by Rdn Al(NQlj)AIRka )8 • _n such as 

· Et2 AIN(Me)A1Et2 and (iso-Bu)2 AlN(Et)Al(iso~Bu) 2 -~~---
~-·· 

[0010] This Sheet Has Been Replaced 

\ \\\\\\\ \\\\\\ \\\\ \\\ \\~ 
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1111/11111 tIDiir 
Out of the orgmioaluminum coin.pounds represented by the aforem~.utioned · 

formula (VIIl) or (IX), the compound represented by ~e formula Rds Al, is 
. . . . . . . .. 

preferable, and especi8lly a CQmpound wherein Rd is th~ isoalkyl group is . 

preferable. 

[0011] 

Such orgailoaluminum compound (c) may be used singly or in combination · 

with not less than two of them. 

The·oomponent (d) alumoxane used in the present invention may be. 

alum.oxane conventonally known to .the public or. an organic. aluminumoxy 

compound insoluble iri benz~e as cited as an example in Laid-open Patent 

Publication HEI 2-78687. 

' [0012] ' 

The 8lumoxane conventionally known to the public can be prepared by the 

following method, for exaniple: 

(1) Method in which an organoaluntlnum compound such a8 
' ' ' 

. trialkylaluminum is added io a hydrocarbon medium suspension of a . 

cc>mpound containing absorbed water or a salt containing crystal water, such 

as magnesium chloride hydrate1 copper sulfate hydrate, aluminum sulfate . 
. · . . 

hydrate, nickel ·su1fate hydrate and cerium chloride hydrate, to cause reaction~ 

(2) Method in which water, ice or steam is caused tO act directly on an 

organoalumin\im compound such as tri.alkylaluminum in a medium such as 

benzene, tolu~ne, ethylether and ~trahydrofur8Il. 

(3) Method in which an organoaluminum. compound such as 

trialkylaluminum is made to react with an organic ·tin oxide.such~ 

dimethyltinoxide and dibutyltinoxide in a solvent such as decane, benzene and · .. 

toluene. 

[0013]' 

Such alum.oxane may contam a small amount of an organometallic · 

component. ·· Such alumoxane may also be dissolved in a solvent agam. or 
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suspended in a poor solvent of alumoxane after the solvent or an unreacted -
- - -

organoaluminum compound is removed by distillation froin a recovered 

solution -of the aforementioned alumoxane. 

[0014] 

Specific examples of the organoaluminum comp_ounds used in the 

preparation, of alumoxane include trialkylaluminums such as 

trimethylaluminum, triethylaluminum, tripropylaluminum, 
. . . . . 

triis<!propylaluminum, tri_-n;.butylalumin1lm, triisobutylaluminum, tri-sec-

butylaluminum, tri-tert-butylaluminum, tripentylaluminium,: -

trihexylaluminium, trioctylaluminium and tridecylaluminium; 

tricycfoalkylaluminums such as-tricyclohexylaluminum and 

tricyclooctylaluminum; dialkylaluminum halides such as-dimethylaluminum 

chloride, diethylaluminum chloride, diethylaluminum bromide_ and 

diisobutylaluminum chloride; dialkylaluminium hydrides such as 

diethylaluminum·hydride and diisobutylaluminum hydride; dialkyl aluminum 

alkoxi.des such as dimethyl aluminum methoxi.de and diethyl aluminum 

ethoxi.de; and di.alkylaluminum aryloXides such as diethylaluminum 

phenoxi.de. _ 

[0015] 

- Out ~f these~_ tnalkylaluminum and tricycloalkylaluminum are preferable, 

and trimethylalumillum is especially preferable. 

_Moreover, as an exampie of the organoaluminum compound '1Sed in the 

preparation of alumoxane,· the isoprenylaluminum represented by the . -

· following fo~Ula. (VI) can be cited: 

(0016] 

(i-C4 lis >x AI,. {C5 H10 >z .... (VI) -

(wherein x, y and z are positive nUm.bers, and z~ 2x) 
. . . . : . 

Such organoaluminum compound may be used singly or in combination. 

[0017) 

' i11iii1ifi1nr 
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Examples of the solvent used in the preparation of alu.moxane include ·· · 

hydrocarbon solvents of aromatic hydrocarbons such as benzene, toluene, 
. . 

xylene, cumene and cymene, aliphatic hydrocarbons slich as pentane, hexane, .. 
. . 

heptm.e, octane, decan, dodecane, hexadecane and octadecarie, alicyclic 

hydroca_rbons such as cyclopentane, cyclohexane, cyclooctane and 

methylcyclopentane, petroleum fractions such as gasoline, kerosene and gas 

· oil, andhalides,·particularly chlorides and bromides, of the aforementioned 

aromatic hydrocarb~ns, aliphatic hydrocai:bons and alicyclic hydrocarbons. . In : 

addition, ethers such as ethylether and tetrahydrofuran may be used as such 
. . . 

solvent. · Out of these solvents, aromatic hydrocarbons or aliphatic 

· hydrocarbons are especially preferable. 

[0018). 

These organic aluminumoxy compounds may be used singly or in 

combination with not less than two of them. · 

[0019) 

At least one of the a1:>0ve components (a) transition metal complex, (b) · 
. . . . 

compound forming an ionic complex, (c) organoaluminum compound and (d) 
. . 

alumoxane may be used in the state of being supported on a fine particle.· 

carrier. 

[0020] 

. Such fine particle carrier is an inorganic or organic compound, which is a ~. 

granular or fine particle solid having a particle diameter of 10 to 300 µm, . 
. . . . . 

preferably 20 to 200 µul. 

(0021] 

Out of them, preferable examples of the inorganic carrier include porous 

oxides~ specifically Si02, Al2 0 3 , MgO, Zr02 , Ti02 , B2 03 , Cao, ZnO, BaO, 

Th02, or mixtures of these, such as Si02 -MgO, Si02 -Al2 0 3 , Si02 -Ti.02 , Si02 -· 

V2 05, Si02 -Cr2 0 8 and Si02 ~Ti.02 -MgO. Out of these especially preferable 

·. are the ones·using Si02 -andior .Al.2 0 3 as the main component . 
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[0022] 
. . .. 

. . . . . . . - . . 

Further, the aforementioned inorganic oxides may contain: small amounts 
. . . . .. 

of the carbonate, sulfate, nitrate and oxide components such· as Na2 C03 , 

.K.a C03 , CaC03 , MgC08 , Na2 S04 , Al~ (804 ) 8 , BaS04, KNOa, Mg(NOs).a, . 

. Al(N03 )s, Na2 0, KaO andLi2 0. 

[0023) 
. . 

Such fine particle carriers are different in properties depending on their . 

types and manufacturing processes. ·However, the fine particle_ carrier 

preferably used in the present invention has a specific surface atea in a range 

of 5~ to 1,000 m2/g, more preferably 100 to 700 m2/g, and a pore volume ill a 

range of 0.3 to 2.5 cm8/g. .Such fine particle carriers are used after being 

baked as required at 100 to 1,000°c, preferably 150 to 700°C. 

[0024] 
- . . . . 

Furthermore, as examples_ofthe fine particle carrier,~ granular or fine 

particle solid of an organic compound having a particle diameter of 10 to 300_ . 

µm. Examples of these organic compounds include· (co)polymers formed by · 

using a-olefins having 2 to 14 carbon atoms, such as ethylene, propylene, 1-

butene and 4-methyl-1-pentene as the main component, or the polyme~s or . 

copolymers formed by using vfuylcyclohexaile and styrene as the main . · 

component. 

[0025) 
. . . . . . 

Such fine particle carriers may contain .a surface hydroxyl group· andlor · 

water. 

[0026) 

The catalyst can. be prepared by mixing and bringing into contact (a) a 

transition metal complex, (b) a compound forming an ionic complex and/or (d) 

alumoxane, a fine particle c~er, and as reqtti,red (c) an organQaluminum 
: . . . . . . . . . 

compound in an inert hydrocarbon medium or an olefin me=di=·=um==-. ______ _ 

[0027) 
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., . . 

Specific examples .of the inert hydrocarbon medium used in .the preparation 

of the polym~rization catalyst include aliphatic hydrocarbons such l\S propane, 

butane, pentane, hexane, heptane, octane, decane, dodecane and kero$ene; 

alicyclic hydrocarbons such as cyclopen_tane, cyclohexane and 

methylcyclopentane; aromatic hydrocarbons such as benzene, toluene arid 

· xylene; and h~ogenated hydrocarbons such as ethylenechloride, chlorobenzene 

and dichloromethane. or mixtures thereof. 

(002~] 

As. the method for getting the aforementioned transition metal complex (a) 
. . 

supported on, a fine ·particle carrier~ a method is nomuilly used in which th~ . 

transition metal complex (a) anda fine particle carrier are mixed and brought. 
. . . . . . . 

into contact in a hydrocarbon medium. At the time of bringing the 

· aforementioned oomponents into contact, the organoalumiilum compound (c) 

. may also be Iriixed and brought into contact with thein additionally. 

[0029] 

More specific examples of the aforementioned method include:· 

(1) Method in which after (b) and/or (c) is added to and mixed with the fine 

particle carrier suspended m a hydrocarbon medium, the medium is filtered 

out, and the solid component thus obtained is brought into contact with the 
.. .· 

. . . . ' . 

transition metal complex (a), w~ch has beeil auspended or dissolved in a 

hydrocarbon solvent~· 

. (0030].· 

. (2) Method~ which. after (b) and/or (c) is added to and mixed with the ~e · 

particle carrier suspended in an aromatic hydrocarbon medium,· an aliphatic 

hydrocarbon is further added, and then the aromatic hydrocarbon is removed 

under reduced pressure; as a result of these operations, the·organic · 

alumi.llllliloxy compound precipitates on the fine particle carrier; and next, the 

solid component obtained by filtering out the aliphatic hydrocarbon and the 

transition metal complex (a) suspended or ~solved in the hydrocarbon · · 
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medium are brought irito contact. 

[0031] 

(3) Method in which after .(b) and/or (c) @d the transiti,on metal complex (a) 

. are added to and mixed with 1;he fine p8rticle carrier suspended in a 

hydrocarbon medium, the hydrocarbon medium is removed by a filter or an 

evaporator. 

[0032] 

In mixing the above components, the transition metal complex (a) is 

· normally used in ·an amount of 10· 6 to 5 x io· 8 mol, preferabiy 3 x 10· 6 to· 10~ 8 
. 

. . . . .· . . 

.mol, per g of the fine particle carrier, and the concentration of the transition . . . . . 

metal oomplex (a) is approx. 5 x 10· 6 to 2 x 10· 2 mol/liter, pref~ably 10" 5 to 
. . . . . ·. . . ··. 

10· 2 mol/liter. In the case of using alumoxane for (c), the atomic ratio 

· · .. (Al/transition m~tal) of the alu:annum in alumoxane (c) to the transition metal .. 

in the transition metal complex (a) is normaD.y .10 to 3,000, preferably 20 to · 

2,000. In the case of using an ionized ionic compound for (b), the molar ratio · 

[(a)/(b)] of the transition metal complex (a) to (b) is normallyina range of 0.01 .. 

to 10, preferably 0.1 to·5. 1n· the case of using the.organoaluminu~ c0mpomid 
. . . . . 

(c), the atomic ratio (Al/transition metal) of the aluminum in the 

organoaluminum compound (c) to the transiti~n metal in the transition metal 

complex (a) is normally 10 to 3,000, preferably 20 to 2,000. 

(0033) 

The mixing temperature in ·the mixing of the aforementioned components is 
. . . . . ' . . . . 

normally -50 to 150°C, preferably -20 to 120°.C, and the contact time is 1 to 

1,000 minutes, preferably 5 to 600 minutes. Further, the :mixing telilperature · 

may be varied during the mixing and contacting of the co~ponents. 

··[0034] 

The operation of getting the transition metal complex (a) supported on a · 

fine particle carrier may be carried out in the presence of zeolite or organic 

amine. · 
-'--~--""'--------
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As an example of zeolite, the compouild represented by the following 

general. formula can be cited, for example, and molecular sieve TM is 

preferable: 
. . . . 

M2/n 0 • Al20s • xSi02 • YH20 
. . 

(wherein M stands for Na, K, Ca or Ba, n stands for the value ofM, xis 2 to 10, 

andyis2to7.) 

[0035) 
. . . . . . . . 

. Examples of organic amine include ni.onoalkylamines SD:ch a8 methylamine, 

ethylamine, n-propylamine, isopropylamme, n-butylamine and t-butylamine; . 

dialkylamm~ such as dimethylamine, · diethylamine, di-n~propylamine, 

diisopropylamine, di-n-butylamine and di-t;.butylamine; tnalkylBmines such as 
· trimethylamine, triethylamine, and tri-n-propylam.ine and ·tri-n-butylamine. 

[0036) 

Zeolite is normally used in an amount of 1 x 10· 2 
. to 1 x 102 g, preferably l _ x 

10· 1 ·to 10 g~ per g of the fine particle carrier. ·Organic amine is normally 

used in an: amount of 1 x 10· 7 
. to· 2 x 10· 2 mol, preferably 1 x io· 6 to 1 x 10· 2 

. 

. •' . . 

. mol, per g of the fine particle carrier~ 

[0037] 
. . ·. . . . . . : 

The use. of zeolite and o~ganic amine in the prepar~tion of the catalyst 

makes possible the preparation ota· solid catalyst with the transition metal· 

compl0X (a) supported at a high supporting rate. . 

· It is desirable that in a solid catalyst obtained as described above, the . 

transition metal complex· (a) should be supported in an amount of 10~ 6 to io· 3 . •· 

.· grams atom~ preferably 2 x 10~ 6 to 3 x 10· 4 grams atom, c~<:ulated as 
. . . . . : · . 

. transition metal atom, and per g of the fine particle cairier, and alumoxane (d) 

[or the organoaluminum compound (c)] should be supported in an amount of .· 
., . . . . 

approx. 10·. 8 ~ 10· 1 grams atom, preferably 2 x 10· 8 to 5 x 10~ 2 grams atom, 

culculated as aluminlim atom, per g of the fine particle carrier. It is also 

desirable that (b) should be supported in the amount of 10· 7 to 0.1.grams 
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atom, preferably 2 x 10· 7 · to 3 x 10· 2 grams atom as boron atom in (b» per g. of 

the fine particle carrier. 

[0038) 

The ataciic poly-a-olefin polym.ers, specifically .ethylene/a-olefin 

copolymers, more specifically ethylene/propylene copolym.ers~ of.the present· 

invention themselves may be used for various uses .. ·They are .. also used in :the 

form of compositions obtained by blending them with other t~ermopl8$tic 

resins, such a8 crystalline polypropylene, cryst~e. polybutene; crystalline 4~ · . . . . . . . . . . 

methyl-1-pentene polymer, polyethylene t~ephthalate, polyamide and 

polycarbonate. Such blending will improve the impact resistance, :flexibility: · 

and other properties of those thermoplastic resins. 

·Particularly, the atacti.c a-olefin polymers of the present invention, 

especlally a composition comprising 5 to 80 wt% of an ethylene/p:ropylene 

copolymer, 10 to 80 wt% of a crystallin_e polypropylene polymer and, as 

require~, · 10 to 80 wt% of an elastomer has especially excellent rigidity, he~t 

resistance and impact resistance. 

. These comvositions of the poly-a-olefin polymers may be obtained by 
. . . 

solution-blending, dry blending such as ~elt-blendingor multi~stage 

polymerization such as parallel polymerization and consecutive .·· 

polymerization. 

In this case, it is possible to manufacture the aforementioned coin.positions 
.. · .. . . . . ' .. 

of the poly-a-olefin polymers by polymerizing olefins in one stage .or in not less 

than 2 stages by using at least two different catalysts. 
. l ' ·. ' 

It is desirable to use for such at least two catalysts_ a combination of at least .. 

. one catalyst selected from between ·the a-olefin polymerization catalyst (1) · · 
. . 

mentioned below and the a-olefin polymerization cat81.yst (2) mentioned below · .. '' 

and at least one catalyst selected from: between the a-olefin polymerization 

catalyst (3)- mentioned below and t~e a-olefin polymerization catalyst (4) 
------

mentioned below. 
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Next, a method for manufacturing compositions based on the . 

aforementioned polyolefins by using not less than two_ catalysts, taking the . 

case of a propylene polymer as an. example~ 

·. Olefin polymers such as polypropylene polymer are used for a wide range of 

uses because of their excellent rigidity' heat resistance, impact resistance and 

other properties. 

As a method for further improving the flexibility and impact strength of 

such olefin polymers, a method for n1anufacturing block copolymer by ... 

. copolymerizing propylene and ethylene after homopolymerizillg propylene, for . 

example, is known. 

As a method for further increasing the impact strength of the oltilln · 

polymers; blending elastomers _to polypropylene is also known. 

However, since such block copolymer and polypropylene with which· 

· elastomer is blended has inferior optical propertles such as transparency, · 

range of uses has been limited . 

Moreover, blending atactic polypropylene with polypropylene to improve , 

the properties of polypropylene is described in Laid-open Patent HEI 6-263934, · 

for example. 

· In recent years, there has·beeil an increasingly severer demand for tlie_ 

physical properties of olefin.polymers such ru:i. polypropylene, and it is desired, . 

that those olefin polymer compositions which have much better properties will 

come into existence. 
. . . " . 

. The use of pi'0pylene-based atactic copolymer ·9f' the present invention. 

enables olefin ·polymer compositions to develop various elastic moduli as well . 

as gain excellent optical properties, mechanical properties and scratch ·. 

resistance. 

Examples of such propylene-ba~ed atactic copolymer include copolymers · 

·such as ethylene/propylene copolymer and propylene/I-butene copolymer and· 
: . . . . . 

· terpolymers ·such as ethylene/propylene/I-butene copolymer, 
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ethylene/propylene/3-methyl-1-butene and ethylene/propylene/nonconjugated 

diene. 

Out of the aforementioned propylene-based atactic copolymers, 

ethylene/propylene copolymer and ethylene/propylene/I-butene _copolymer are· 

preferable. 

It is also possible to use a combination of not less than two of the 

aforementioned propylene-based atactic copolymers and a combination of one .. 

such propylene-based a tactic oopolymer and ai:iother a:-olefin copolymer~ 
. . . .· ·. . . 

· In addition, stabilizers, inorganic fillers, crystalline nucleating agents, . 

lubricants, plasticizers, pigments, etc. may be- added to the aforementioned 

propylene-based atacti.c copoiymers as required. 

In using these propylene-based atactic copolymers, their-propylene content 

may preferably be preferably 20 to 99 'Wt%. 

As another a-olefin copolymer, polyi:ners using an olefin having2 to 10 

carbon atom~. as the main component are pr0ferable, and especially polymers 

. using ethylene or propylene as the main component are more preferable.... . . 

. The intrinsic viscositr [ 71] of· the aforementioned propylene-based atactic .· 

copolymers may preferably be in a range of 0.5 to 10 dl/g, more preferably 1.0 

to 8.0 dl/g. 
. ; . . . . . . . . 

Furthermore, the degree ofcrystaJfunty ~fthese .polymers may preferably 

be not more than 5%. Moreover it is desirable that the io.dine value is not 

more than 16. 
.. . 

The aforementioned propylene-based atacti.c copolymers may be grafted 

. with aromatic vinyl or vinyJ.silane compound, unsaturated carboxylic acid, .. 

unsaturated carboxylic acid ester and unsaturated acid anhydride~ 

For. example, in blending the aforementioned propylene'.'.ba8ed atacti.c 

copolymers with isotactic polypropylene, the blending ratio of isotactic · · 

polypropylene to propylene·atactic copolymer is preferably 1to95 wt%/5 to 99. · 

wt%, and 1 to 30 wt% of another a-olefin copolymer and 0.01 to 2 wt% of an 
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additive may be added as required. 

Below are given examples of process for preparing a blend of the· 

aforementioned polypropylene and propylene-based atactic copolymer. 

- A method in which polypropylene, propyiene-based atactic ~olymer ~d as_ 

required ~ a.;olefin copolymer other _than the aforementioned materials are 

melied mid inixed. 

·A method _iii which after an isoiactic propylene polyiner and-a propylene-
. . . . . 

.. . . 

based atactic copolymer are melted and mixed, the resultant composition is 

~elted and mixed with an a-olefin copolymer other than the aforementio11ed_ -

materials.· 

- A method iri which an isotactic propylene copolymer and a propyl0ne-based 

atactic copolymer are manufactured by polymerizing olefins includirig 

propylene iii the presence of at least two types of catalyst by a one-step or not_ . . . . . . 

less than two-step _polymerization process and the resultant CQniposition is 
- - -

· . melted aitd mixed with aJ1 a-olefin copolymer other than the aforementioned 

materials.- -

The propylene-based atactic copolymers of the present inverition, singly by 

_ themselves and in the form of compositions with-other thermoplastic resins 

such as crystalline polyolefin resin, can be processed easily into desired forms 
. . . .· 

by various methods such as injection-molding, calendering and extrusion. -

They can be used for a broader range of uses than before, including the 

housings of household electric appliances, film or sheet applications, 

transparent container applicatio11s such as infusion solution bags and $10.all 

-bottles, interior automotive trim applications, exterior automotive trim 

applications such as bumper side moles and sundry goods applicati9ns. 

-The compositions containing 10 to 95 wt%, preferably 20 to 85 wt%, more 

preferably 30 to 50 wt%, of an isotactic crystalline polyole:fin such as isotacti.c 

polypropylene and as required 10 to 80 wt% of elastomer as well as 5 to 90 

wt%, p:referably 15 to SO wt%, more preferably 50 to 80 wt%, of the_ 
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aforementioned atactic poly"'.a-olefin polymer ~an be manufactured by 
. . . . 

polymerizing a"'.01.efin monomers in the presence of at least two types of 

catalysts .. 

AS· examples of the method for preparing such olefin poll1lJler compositions, 

the following methods can be cited: ·· · 

CD Method in which atactic poly-a-olefin polymer and crystalline olefin 

polymer are melted and mixed. 

® Method in which an atactic poly-a-olefin polymer and crystalline 
. . . 

isotactic olefin polymer ·are manufact~ed by polymerizing a-olefins such as . . . . 

propylene in the presence of at least two types of catalyst by a one-stage or not· 

less than two-stage polymerization process to prepare an olefin polymer 

composition . 

. The method conventionally known to the public may be 11sed widely as the 

· melting and mixing method described in the above method CD. As the 

melting and mixing equipment, mixing rolls and intensive mixers, such ~s a ~ . 
Banbury mixer, kneader and sfugle~screw mixer and twin-screw mixer, may be · 

used. 

It is desirable that the melting and mixing should be carried out normally · 

at 150 to 280°C, preferably 170 to 240°C, nomuilly for 1 to 20 min., preferably · 

· 1to10 min~ 
. ~ . . 

After. the melting and mixing operation, the composition is normally 

obtained in the form of pellets. · 

AB an example of such manufacturing method desCribed in above ®, there 

is a method for manµfactu,ring poly-a-olefin polymer compositions wherein 

the aforementioned at least two catalysts are at least one·catalyst selec.ted . 

from between the a~olefin polymerization catalyst (1) mentioned below and the . ·.· 

a-olefin polymerization catalyst (2) mentioned below and at least one catalyst . . 

. selected from between the a;;olefin polymerization catalyst (3) mentioned below 

and the a-olefin polymerization catalyst (4) mentioned below. 
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Olefin polymerization cat~yst (1): 

A catalyst comprising: 

. (A) A racemic form. of a transition metal compound (A-1) represented by the . 

aforementioned following formula (II). 

(B) (B-1) An organic aluminumoxy compound and/or . 

(B-1) .a compo~nd (B1 -2) which reacts with the aforementioned 

· transition metal (A-1) to form an ion pair; and as required; and 

(C) an organoaluminutD. compound. 

Olefin polymerization catalyst (2): · 

A catalyst comprising: · · 
. . . 

(A) Solid-state titaniui;n catalyst component.(T) containing magnesium, 

titanium, halogen and an electron donor as the essential components, 

(B) Organometallic catalyst.component (Q), and 

(C) Silicon compound (S) represented by the following formula (i) or a .·. 

compound .<E) having not less than 2 ether linkages existing via two or inore · · 

atoms: 

.... (i) . 

(wherein n is 1, 2 or 3; when n isl; Rp stands for.a secondary or tertiary 

hydrocarbon group; when n is 2 or 3, at least 1 of Ri>'s stands for a secondary 
. . . . . . . 

. . or.tertiary hydrocarb'on group, with the rest ofRp's being hydrocarbon groups, 
. . . 

and two or more Rp's may be the same or different; Rq is 11 hydrocarbon group 

having 1 to 4 .carbon atoms, and when 4-n is 2 or 3, Rq may be the same ~r .. 
different.). 

Olefin polymerizatiQn catalyst (3): 

A catalyst.comprising: 

(A) A meso form of a transition metal compoWid (A-2) represented by th_e 

aforementioned formula (I); 



46 

. (B) (B-1) An organic aluminumoxy compound or 

(B-2) A compound {B2 -2) which reacts with, the aforementioned 

. transition metal compound (A) to form an iori pair; 

and as required,· 

(C) An organoaluminum compound. 

· Olefin.polymerization catalyst (4):. 

A catalyst comprisirig: 
. . . 

(A) A transitio~ metal compound (A-3)represented by the ~orementl.oned 

formula (III), · . 

. (B) (B-1) An organic aluminWiloxy compound or .. 

(B-2) A compound (B8 -2) which reacts with the aforementioned transition 

metal compo:un,d (A-3) to form an ion pair; and as required, 

(C) An organoaluminum compound. 

More· sp·ecifically, olefin polymerization catalyst (1) is a raceini.c form of a 

· transition metal C<>IJlpound represented by. the afol'.ementioned formula(Il)_ ... 
. . . 

In these catalysts, examples of (C)an organoaluminum co~pound are same · 

as those.ofthe aforementioned an o~ganoaluniliium cc>mpound(c) .. 

Olefin polymerization catalyst (2) c~nsists of: 
. . . 

(A) Solid-state titanium catalyst component (T) containing magnesium; 

. · titanium, halogen and an. electron donor as the essential components; . 

(B) Organometallic catalyst component (M); and 

(C) Silicon compound (S) represented by the follo~g formula (i) or a 

compound (E),having not less than 2 ether linkages existing via two or. more 

atoms: 

Rpn -Si-(0Rq)4 - n ... , (i) . 

·. ;' 

The solid titanium catalyst component (T), which is the catalyst component · 

(A) can be prepared by bringing a magnesium compound, ti.tamum compound;.. . . 
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and electron donor as mentioned below into contact with one. another. 

· As a: specific example of the titanium compound used ill the preparation of 

the· solid titanium catalyst component (T), the quadrivalent titanium 

. compound represented by the following formula: .. 

Ti(OR)nX4-n · ··•·· 
(wherein R stands for a hydrocarbon group, X stands for halogen atom, and n 

is O:S:n <4.) 

Spe~c exainples of such titanium co~pound include titanium tetrahalides 

such as TiC1' , TiBr4 ·and. Til~; alkoxytitanium trihalides su:ch as Ti(OCHa )Cla; · 

·Ti(OC2 H 6)Cla, Ti(On-C4 H9 )Cl8 , Ti(OC2 H5 )Br3 and Ti(Oiso-C4 1Ia)Br~;. 

dialkoxyti.tanium dihalides such as Ti(OCH3 ) 2 Cl2 , Ti(OC2 H5 ) 2 C~, ·and 

Ti(On-C4 H9 ) 2 ·C~ and Ti.(OC2 H6 ) 2 Br2 ; trialkoxytitanium monohalides such . 
' •• ' L 

as Ti(OCH3 ) 3 Cl, Ti(OC2 H5 ) 8 Cl, Ti(On-C4 Ile) a Cl and Ti(OC2 Hi;) a Br; 

tetraalkoxy titaniums such as Ti(OCH3 ) 4 , Ti(OC2 H5) 4 , Ti(On-C4 1Ia.)4 , and 

Ti(Oiso-C4 Rs ).i; and Ti(0-2-ethy1hexyl)4 • . . . . . ~ 

Out of these, a halogen.;containi.ng titanium ~mpaund is preferable; . · 

titanium tetrahalide iS more preferable;· and titanium tetrachloride is 
. . . . . . . 

especially preferable.. These titanium compounds may be used singly or in · · · 

combination with not less than two of them. Furthermore, these titanium 

compounds may be diluted in a hydrocarbon compound or a ·halogenated 

hydrocarbon compound. 

As examples of the magnesium compound used in the preparation 'of the ' 

solid titanium catalyst component (T), a magnesium compound having 

reducing ability and a magnesium compound nQt having reducing ability.. . . 

. Examples of ~uch magnesium compound haVing reducing ability include 

. include magilesium compounds having a magneSium-carbon bond or 

magnesium.;.hydrogen bond. Examples of the magnesium compound having 
' ' ' . ·. . . . 

. reducfu.g ability include dimethylmagnesium, diethyhn.agnesium, 

dipropylmagnesium, dibutylmagnesium, diamylmagnesium, 
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dihexyl.magnesium, didecylmagnesium, ethylmagnesium chloride, 
. . . . 

propylmagnesium chloride, ·butylmagnesium chloride, hexylni.agnesium 

. chloride, amylmagnesium chloride, butylethox:Vmagnesium, · 

ethylbutylmagnesium and butylmagnesitii.m hydride. 
. . 

These magnesium compounds may be used singly or in the form of a 

coinplex·compound formed with an organometallic coin.pound described below. 
. . . . •· 

Funhermore, these magnesium compounds niay be a liquid or a solid or may 

be derived by· reacting metal magnesj.um with a corresponding compound. 

Moreover, they can be derived from metal magnesium ~Y using the 

aforementioned method in the course of preparing the cataiyst ... 

Examples of the magnesium compotind not haviri.g reducing ability.include 
.. . . 

magnesium halides suCh as magnesium chloride, niagn,esium bromide, · 

magnesium iodide, magnesium fluoride; alkoxymagnesium halides such as 

methoxymagnesium chloride, ethoxymagn~sium chloride, . 

isopropoxyln.agnesium. chloride, butoxymagnesium chloride and 

octoxymagnesium chloride; .aryloxymagnesium halides such as: · 

pheno:xym,agnesium chloride and· methylphenoxymagnesium chloride; 

alk.oxymagn~sium such as ethoxymagnesium, isopropoxymagnesium, 

· butoxymagnesiu~, n-octoxYmagnesium ~d 2-ethylhexoxymagnesium; 

aryloxymagnesiums such as phenoxymagnesium and 

dimethylphenoxymagnesium; magnesium carbonates .such as magnesium · 

laurate and magnesium stearate. 

These magnesium compound not having reducfu.g _ability may be a 

compound denved from the aforementioned magnesium compound having. 

reducing ability.or a compound derived in the course of preparing the catalyst 

compone11t. . The derivation of the magnesium compound not having reducing 

ability from the magneSium compound having reducing ability can be 

accomplished, for example, by bringing magne$ium compound.having reducing· . 

·. ability into contact with halogen, polysiloxane compound, halogen-containing 
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silane compound, halogen-containing alllDrinum ~ompound, or compounds 

having active carbon-oxye;en bonds. such as alcohol, ester, ketone· and aidehyde~ · 

Further, in the present inventj.on, the magnesiu~ compound may be not 

only a magnesium compound having reducing ability or .a magnesium 
. . . 

compound not havmg reducing ability but 81.so a complex compound of the 

~orementioned magnesium compound and another metal, a ~mposite . 

compound or a mixture of the magnesium compound with another metal • 
. . 

comound~ . Furthermore,. a combination of not less tlian two of the 

aforementioned compounds may be used. 
. . . . ·' 

· . As the .magnesium compound used in the preparation of the ·solid titanium 

catalyst component (T), many magnesium compounds in .addition to the 

. ·aforementioned ones niay be used. However, it is desirable that such 

magnesium·compound should take the form of a halogen-containing 
. . . 

magnesium compound in the solid titanium catalyst component (T) finally 

obtained. Consequently, it is desirable in the case of using a magnesium 

. compound not containing halogen that it should be brought into-contact for · 
. .· . 

. . . . .· 

·reaction with a halogen-c~ntaining compound in the course of the preparatfon. 

Out of the aforementioned magnesium compounds, magnesium compounds 

not having reducing ability are preferable; halogen-containing magneSium 

compounds are more preferable; and magnesium chloride, alkoxymagnesium · 
. . ... 

chloride and aryroxymagnesium chloride are especially preferable. 

The solid titanium catalyst component (T) used in the present invention is 

formed by bringing.such magnesiu~ compound and the titanium ·compound 

. and electron donor as mentioned above into contact with one another. · 
.. . . 

Specific exam:ples of the electron donor used in the preparation of solid · 

titanium catalyst component (T).include the following compounds: 

Amines such as methylamine, ethylamine, dime~ylamine, diethylamme,. · 

ethylenediaminet tetramethylenedianiine, · hexamethylenediamllie, 

tributylamine and tnbenzylamine; pyrroles such as pyrrole, methylpyrrole and 



50 

dimethylpfl'role; pyrroline: pyrrolidine; pyridines such as, indol, pyridine, 

methylpyridine, ethylpyridin.e, propylpyridine, dimethylpyridine, 

ethylmethylpyridine, trimethylpyridine, phenylpyridine, benzylpyridineand 
. . . 

. chloropyridine; mtrogen-oontaining cyclic compounds.such as piperidines, . 

quinolines and isoquinolines; oxygen-containing cyclic compounds such as · 

tetrahydrofuran, 1,4-cineol, 1,8-cineol, pynolfuran, methylfuraµ, 

dimethylfUran, diphenyJfuran, benzofuran, cumaran, futaran, 

. . tetrahydropyran, pyran and ditedropyran ;alcohols co~taining 1 to 18 carbon . 
. . 

atoms such as methanol, ethanol, propanol, pentanol, hexanol, octanol, -2-· 

ethylhexanol, dodecanol, octadecy alcohol, oleyl alcohol, benzyl alcohol, 
. . . . 

phenylethyl alcohol, cumyl alcohol, isopropyl alcohol and isopr0pylbenzyl . 

alcohol; phenols having 6 to 20 carbon atoms, which may contain lower alkyl. · 

groups, such as phenol, cresol, xylenol, ethylphenol, propylphenol, 

nonylphenol, cumy]phenol and naphthol; ketones having 3 to 15 carbon atoms 

such as .aceton, methylethylketone, methylisobutylk~tone, acetophenone; .. 

. benzophenone, acetylacetorie and benzoquinone; aldehyde8 havmg 2 to 15 
. . . . . . 

. carbon atoms such as acetoaldehyde, pr~pyonrudehyd.e, octylaldehyde, . 
. . ·. . . 

benzaldehyde, tolualdehyde and naphthaldehyde; organic ·acid esters having 2. 
. . . . 

to 30 carbon atoms ·such as methyl formate, methyl acetate, ethyl acetate, 

vinyl acetate? propyl acetate, octyl acetate, cyclohexyl _acetate, ethyl 

· propionate, methyl butyrate, ethyl valerate, methyl chloro~cetate, ethyl 
. . 

dichloroacetate, methyl methacrylate, ethyl crotonate, ethyl 

· cyclohexanecaboxylate, methyl_ benzoate, ethyl benzoate, propyl benzoate; · 

butyl benaoate, octyl benzoate, cyclobexyl benzoate, phenyl ·benzoate~ benzy) · 

. benzoate, methyl toluate, ethyl toluate, amyl toluate~ ethyl ethylbenzoa~e, 

methyl anisate, ii-butyl maleate, diisobutyl methylmalonate, di-n-hexyl . 

cyclohexanecarboxylate, diethyl nadiate, diisc)propyl tetrahydrophthalate; 

diethyl phthalate, diisobutyl phthaiate, di-n-butyl phthalate, di-2-ethylhexyl 

... · phthaiate, ·y-butyloractone, 6-bareloractorie, eumarine, phtharide and ethyl .. 
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carbonate; acid halides having 2 to 15 carbon atoms such as acetyl chloride, . 

·benzoyl chloride, ~luyl chloride and ani.sic·acid chloride; ethers having,2 to 20 .· · 

carbon atoms such as methyl ether, ethyl ether, isopropyl ether, butyl ether, 

amyl ether,. anisol and diphenyl ether epoxy~p~menthane; diethers such as 2- .. 

isc)pentyl-2-isopropyl-1,3-dimethoxypropane, 2,2-diisobutyl-1,3-
. . 

dimethoxypropane~ 2,2-diisopr0pyl-1,3-dimethoxypropane, 2.:cyciohexylmethyl- · 

2-isopropyl-i,3-dimethoxypropane, 2,2-diisopentyl-1,3-dimethoxypropane,. 2"'. 

isobutyl-2-isopropyl-1,3-di.m.ethoxypropane, 2-cyclohexyl-2-isopropyl-1,3'.' 

dimethoxypropane, ·2-cyclopentyl-2-isopropyl-1,3-dimethoxypropane; 2,2~ 

dicyclopentyl-1,3-dimethoxypropane, 1,2-bis-methoxymethyl-bicyclo-[2,2,1]-
. . . ·. . . : 

heptane, .dipheriyldimethoxysilane, isopropyl-t-butyldi.methoxysilane, 2,2-

d.iisobutyl-1~·3-demethoxycyclohexane, 2-isopentyl-2-isopropyl-1,3-. 

dimethoxycyclohexane and 9,9-dim.ethoxyinethylfluorene; acid amides .such as .. 

acetic amide, benzoic amide and toluamide; nitriles sµch as acetonitrile, 
. . . . 

benr;onitrile and tolunitrile; acid anhydrides such as acetic anhydride, phtharic 

· · anhydride· and benzoic anhydride. · 

In addition to.these, water, anion, cation arid non-ion surfactan:ts may be . 

used. 
. . 

· Further, as a preferable example of the organic acid ester, multivalent · 

carboxylic acid ester havllig the skeleton represented by the following geri.eral 

formula can be cited: 

. . . : 

R18 COOR11 

"- / .· 

c 
/'\. 

R14 · COOR12 

. Iri. the above formula, R11 stands for a substituted or non-:-substituted . ·. · · 



52 . 

hydrocarbon group; R1 2 
, R1 5 and R1 6 stand for hydrogen or a substituted o~ 

non~substituted hydrocarbon group;. and R1 8 and R1 4 st_and f~r hydrogen or a 

substituted or non-substituted hydrocarbon group, preferably at least one of 

them being a substituted or non-substituted hydrocarbon group. · -Further, 

R1 8 and R1 4 may be connected tO form a ring structure. · The substituent 
. . . .. 

group in the case of the hydrocarbon groups R11
. to R1 6 ·being substituted 

contains hetero at_oms such as N, 0 and S and has groups such ~s C-0-C,. 

COOR, COOH, OH, 808 B, -C-N-C- and NH2 ,for example ... 

· Specific 0Xamples of such multivalent carboxylic acid ester include aliphatic 

polycarboxylic acid esters such as diethyl saCcinate, dibutyl saccinate, diethyl 

methylsaccinate, diisobutyl a:..methylglutarate, diethyl methylmalonate, 

diethyl ethylmalonate, diethyl isopropylmalonate, diethyl butyhnalonate, . 

diethyl phenylmalonate, diethyl diethylmalonate, diethyl dibutylmalonate, 

monooctyl maleate,. dioctyl _maleate, dibutyl maleate, d:i,butyl butylmaleate; 

· diethyl butylmaleate, diisopropyl p-methylglutarate, diallyl ethylsaccinate, 2• 

ethylhexyl fumarate, diethyl itaconate and di9ctyl citraconate; ali.cyclilc· 

· polycarboxylic acid esters such as diethyl 1,2-cyclohexane caboxylate, 

diisobutyl 1,2-cyclohexane caboxylate, di.thy! tetrahydrophthalate and diethyl 

nadiate; aromatic polycaboxylic acid esters such as monoethyl phthalate, 

. dimethyl phthalate, methylethyl phthalate; monoisobutyl phthalate, diethyl 
. -
phthalate, ethylisobutyl phth8Iate, di-n-propyl phthalate, diisopropyl . . . 

phthalate, di-n-butyl phthalate, diisobutyl phthalate, .di-n-heptyl phthalate, di­

. 2-ethylhexyl phthalate, di-n-octyl phthalate, dineopentyl phthalate, didecyl 

phthalate, berizylbutyl phthalate, diphenyl phthalate, diethyl 

naphthalenedicarboxylate, dibutyl naphthalenedicarboxylate, triethyl 

trimellitate and dibutyl trimellitate; and esters of heterocycl.ic polycarboxyli~ · 
· acids such as 3.4-furari.dicarboxylic acid. 

. ·- . 

Other examples of such multivalent" carboxylic acl.d ester include esters of . · 
. . . 

long-chain dicarboxylic acid such as diethyl adipate, diisobutyl adipate, 

·-~· . .,, .. -· ·- ... . ..... --···--· .. . ..... . 
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sebacate diisopropylsebacate, di.;n-butyl sebacate, di-n-octyl sebacate an~ di-2-

ethylhexyl sebacate. 

Moreover, as the electr<>n donor, silicon compounds represented by the . 

general formula (i) described below can also be used.. 
. . 

These compounds may also b~ used in a combination of not less than two of 

them. 
. . 

Further, in bringing such titanium compound, magnesium compound and 

electron donor into contact with one another, the solid titanium catalyst 

component (a) supported on a carrier may be prepared by using the following 

c&rrier compounds. 

As examples of such carrier compounds, resins such. as Al20 8, Si02, B20 8, 

MgO, CaO, Ti02 i ZnO, Zn0~ . .11 Sn02, BaO, ThO and styrene-divinyl benzene 

copolymers can be cited. Out of these carrier compounds, Si02, AL.i03, MgO, · 

ZnO alid Zn02 can be cited as preferable examples . 

. Further, the aforementioned component may be brought into contact in th~ 

presence _of other reaction agents such· as silicoi;i, phosphor· and aluminum. -
. . 

AB for the method for manufacturing the solid titanium catalyst comp~nent 

(a), it is possible to manufacture it, for example, by bringing the titanium 

compound, magnesium compound and electron donor.as mentioned above into· 

contact~ and all methods including the- ones known to the public may be used. 

Several specific methods for manufacturing the solid titanium catalyst 

· component (a) are described briefly_ below .. 

(1) Method in which a solution comprising a magnesium compound, 

electron donor and hydrocarbon solvent reacts with. an organometallic 

compound to precipitate a solid, and while the solid is .being precipitated or 

after the solid is precipitated, the solid is made· to contact and react With a 

titanium compound . 
. · . . . .: . . 

.(2) Method in which after a complex comprising a magnesium· compound· 

and an electron donor ci>ntact and react with an organometallic compound, 
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. they are made to contact and :react with a titanium compound. 

(3) Method in which a material obtained by cotacting an inorganic catrler 
. . . . , . 

and an organic magnesium compound is made ·to contact and react with a 
. .. 

titanium compound and preferably with an electron donor~ In this case, such . . 

material may contact and react with a halogen-containing compound and/or ~­

organometallic compound in·adv~ce. 

(4) Method in which _a magnesium compound supported on an ~organic or · 

organic carrier is first obtained from a•mixttire of an inorganic or organic 

carrier and a solution containing a magnesium compound,_ an electron donor· 

and as optio~al a hydrocarbon solvent, and then is made to contact With a 

· titanium compound . 

. (5) Method in which an inorganic or organic carrier and a solution 

containing· a magnesium compound, a titanium compound, an electron donor 

and as optional a hydrocarbon sOJ.vent are brought into contact to obtain a · 

solid titanium catalyst component on which magnesiuiµ. and titani~m are.·. 

supported. 

· (6) Method in whieh an organomagnesium compound in a liquid state is 

.. made to contact and rea~t with a halogen"'.contallring titani:um compound. In 

this method, an electron clonor is used at least once. 

(7) Method in which after an organic magnesiuJ]). compound in a liquid state 

is made to contact and react With a halogen-containing titanium. C9mpound, 

they are brought ·into contact with a titanium tompound. In this method, an 
. . . . 

.. electron donor is used at least once . 

. (8) Method in which an alkoxy group.;containing magnesium compound is 

made to contact and i:eact with a halogen-c~ntaini.ng titanium compound. . In ... 

this method, an electron donor is used at least.once. 

(9) Method in which a complex comprising an alkoxy group"'.containing 

magnesium co~poUn.d and an electron donor is made to contact and react with 

a titani:tim compound. 



(10) Method in which after a complex comprising an alkoxy group- . 

· contailling magnesium compound and an electron donor is made tO contact and · 
.. . 

react with an organometallic compound, and then with a titanium compound; 
• 
(11) Method in which a magnesium eompound, an electron donor and a 

titanium comp.olind ·are made to contact and react with oile another in an . · 
. . 

arbitrary order. Before this reaction, each of the components may be 

preliminary treated by a reacti.o~ co-agent such as an electron donor and/or an 
- . 

. organometallic ~ompound and a halogen•containiri.g silicon compound. 
. . .. . . . . . 

. Further, through this method, it is preferable to use the aforementioned 

electron donor· at least once. · 

· (12) Method in which. a liquid-state magne~um compound not having 
. . . 

reducing ability and a liquid-state titanium compound are made to· react with 
. . . . . 

each other preferably in the presence of an electrt>n donor to precipitate a 

· solid-state magneSium • titanium composite. 

(13) Method in which the reaction product o~tained by.method (12) is 

further made to react With a titanium compoUn.d. · 
. . . . . . 

(14) Method in which the reaction product obtained by method (11) ·or (12) . 

· .. is further made to react W;i.th an electron. don~r and a titanium co~pound. 

(15) Method in which the solid-state material obtained by grinding a 
. . 

magnesium compound, preferably aD. electron donor and a titanium oompound 

is treated with any of halogen, a halogenated compoulid and an aromatic 

hydrocarbon. This method may include a step of grinding either an 

magnesium compound alone, or a complex compound comprising a magnesium 

compound and an electron donor, or a magnesium compound and a· titanium 

compound. Furthermore, after the grinding, the ground product may be 

pretreated with an l'eaction co-agent, and then with halogen; for example. As 

an example of the reaction co':'agent, an organometallic compound and a• 

halogen-containing silicon compound can be cited. . 
. . 

(16) Method in which after a magnesium compound is ground, the ground .. · 
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product is made to contact' and react with a titanium compound. . In this case, 

it is preferable to use an electron donor or a reaction co-agent at the time of 

grinding and/or contact/reaction. 

(17) Method in whlch a compound obtained by methods (11) to (i6) above 
. . 

are treated with halogen or a halogen compound or an .aromatic hydrocarbon. 

(18) Method in which the product of the contact/reaction of a metallic oxide, 

organic magnesium and a halogen-oontaining compotind is brought into 

contact preferably with an electron donor and a titanium comp()und. . . 

(19) Method in which a magnesiUlll compound such as magnesium s8It of 

organic acid, alkoxymagnesium and aryloxymagnesi.um· is made to react with·. 

titanium compound and/or a·haloge:n-containing hydrocarbon and preferabl~ · 

an electron donor. 

(20) Method in which a hydrocarbon solution contafuing at least a · 

- magnesium compound and alkoxyti.tanium ai:e brought into contact with-a 

titanium compound and/or $».. electron donor. . It is preferable that thisis 
. . 

carried out in the presence of a h8J.ogen-containing·compound such as a 

halogen-containing silicon compound . 

. (21) Method in which a liquid-state magnesium cottJ.pound not having .. 

reducing ability and an organometallic compound are rea~ted to precipitate· a· 
. . 

· solid-state magnesium • metal (aluminum) ·eomposi.te , and the composite is 

made to react with an electron donor and a titaniuni compound. 

The amount of each of the aforementioned component$ used in the 
'• 

preparation of the solid titanium catalyst component (a) differs·wi~ · 

manufacturing method and cannot be specified unconditionally. However, an - · 

electron donor is used in an amount of 0.01 to 10 mol, preferably 0.1to5 mol, 

aild a titanium compound is used in an amount of0.01to·1,000 mol, preferably . 
. -

0.1to200 mol, per~ol of the magnesium compound, for example .. 

The solid titanium catalyst component (T) thus obtained contams 

-.. magnesium, titanium and an electron donor as the essential componen~ .. -
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.In this solid titanium catalyst component (T), it is desirable that. 

halogen/titanium (atomic ratio) _should be in a range of approx. 2 to 200, . 

preferably approx. 4 to 100, the aforementioned electron donor/titanium (molar . · ·. · 

ratio) should.be in a range of approx.0.01to100, preferably approx. 0.2 to 10, 

and magnesium/titanium (atomic ratio) should be in a ·range of approx. 1 to 

·100, preferably approx. 2 to 50 .. 
. ' . 

·Such solid titanium·catalyst component (T) [catalyst component (A)] can be· 

mmd in polyinerization as the prepolymerized catalyst eomponent(T') _which is_. · 

obtained by prepolymerizing(preJiminary polymerizing) of olefins in the·. · 

. presence of the solid titanium cataiyst component (T) and the organometallic 

catalyst component (q) mentioned below. 

· As the organometallic catalyst CQmponent (q) used'lri.theprep~ation of the.· 

prepoiymerized catalyst component(T?, the organometallic compound of the 
. . . . . . ·. . . 

metals in the Group· I .to Ill of the periodic table ·are used,. and specifically· the . 

following compoUnds are used. 

(q-1) The same org~c alumfuumoxy compound as the 'aforementioned· 

' 'organic alUininumoxy compound (B-1) and the same organoaluminum 

compound as the aforementioned organoaluminum compound (c). 
. . . ' ·.. . . . .. . 

. (q-2) A complex alkyl compound of a met81. in the Group I of the periodic 

.. , table and .aluminum which is represented by tlJ.e.following form:ula: 

M3AIR11' 

· (wherein M3 stands for Li, Na and K, R1 7 is a hydrocarbon group· haVing 

normally 1 to 15, preferably 1 to 4, carbon atoms.) . 

(q-3) A dialkyl compound· of a metal in the Group II or I.II of the periodic 

table represented by the following formula: 

R11·R1sM4 

(wherein M4 stands for Mg, Zn or Cd, R1 7 is the same as described above, and 

R1 8 stands for a hydrocarbon group having normally .1 to 15, preferably l to 4, · 

carbon atoms.) 

. f 
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Out of these an organoal.uminum compound is preferably used. 

Example.a of the olefins used in the preparation of the .. prepolymerized 

cataj.yst component(T') Include linear olefins such as ethylene,·propylene, 1-

butene; 1-pentene, 1-hexene~ 1-octene, 1-decene, 1-dodecene, 1-tetradecene, · 

1-hexadecene, 1-octadeeene and 1-eicosene; branched olefin.a- such as 3~methyl-

1-butene, 3-methyl-1-pentene, 3-ethyl-1-pentene, 4-methyl-1,;pentene, 4-

:m:ethyl-1-hexene, 4,4-di.methyl-1-hexene, 4,4,-di.methyl-1-pentene, 4.ethyl-1-

hexene, ·a-ethyl-1-hexene, allylnaphthalene; allyl norbomane, styrene, 

dimethylstyrenes, vi.nylnaphthalene, ally! toluene, allylbenzene, .· . 

vi.nylcyclohexari.e, vinylcycl.opentane, vinylcycloheptane and 

allyltrialkylsilanes. 

In the prepolymerization, a considerably higher concentration of a catalyst 

than that of the catalyst in the system in the main polymerization may be · 

·used. 

It is. desirable that the concentration ·of the solid titanium catalyst 

component (T) in preliminary polymerization should be in a range of normally. 

· · approx. ~.01 to 200 mi11imols, prefei;ably approx. 0.05 to 100 millimois as· . 

titanium atom per liter of the inert hydrocarbon medium mentioned below. 

The organometallic catalyst component (q) should only be used iii the 

amount that 0.l to 1,000 g, preferably 0.3 to 500 g, .of a polymer can be formed .. · 
. . 

per g of the solid titanium catruyst component (T), and it is desirable.that ihe · 
.. . : . . 

. amount of the organometallic catalyst component (q) should be in a range of · 
. . 

normally approx. 0.1. to 100 millimols, preferably approx. 0.5 to 50 mmimols, . 

per mol of the titanium atom in the solid titanium catalyst component (a). · 
. . 

Furthermore, in carrying out prepOlymerization, an electron donor (e) may 

be used in addition to the solid titanium catalyst eomponent (T) and ihe 

organometallic catalyst component (b). Specific examples of this electron 

donor (e) include the eleCtroil donor mentioned. above which is used in the 

preparation of the solid titanium catalyst component (T),_the silicon compound 
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·. (S) which is represented by the formula (i) shown below, a compound (E) . 

having not less than two ether bonds. existing via not less than two atoms, and 

the organic silicon compound represented by the following fomiula (c-i): · 

Rn -Si-(OR'}4. n •.•. (c-i) 

(wherein R and R' stand for a hydrocarbon group, and n is O<n<4.) 
. .·. . 

Specific examples of such organic silicon compounds ·represented by the 
. . 

general formula (c-i) include trimethylmethoxysilane, trimethylethoxysilane, 

dimethyldimethoxysilane, dinie~yldiethoxysilane, .. · 

diisopropyldimethoxysilane, diphenyldimethoxysilane, 

phenylmethyldimethoxysiilane, diphenyldiethoxysilane, bis o-

. tolyldimethoxysilane, bis m-tolyldimethoxysilane, bis p-tolyldim.ethoxysilane, · 

bis p-tolyldiethoxysilane, bisethyphen:yl dimethoxysilari.e, 

ethyltrimethoxysilane, ethyltriethox.ysilane, vinyltriethoxysilane, 

methyltrimethoxysilane, n-propyltriethoxysilane, decyltrimethoxysilane, . 

decyltriethoxysilane, · phenyltrimethoxysilane, y-chloropropyltrimethox.ysilaiie, 
. . 

methyltriethoxysilane, ethyltriethoxysilane, vinyltriethoxysilane, n­

butyltriethoxysilane, phenyltriethoxysilane, y~aminopropyltriethoxysilane, 

chlorotriethoxysilane, ethyltriisopropo:xysilane, vinyltributoxysilane, 

· ethylsilicate, butylsilicate~ ttim.ethyl phenoxy silane, methyltriallyloxysilane, 
. . . . . : . 

vinyltris(p-me:thoxysilane), vinyltriacetoxysilane and 

. dimethyltetraethoxydisilane. 

These electron donor (e) may be used singly.or in combination with not less . 

than two of them. 

The electron donor (e) is used in an amount of 0.1 to 50 mol, preferably 0.5 

to 30 mol, more preferably 1 to 20 mol, per mol of the titalli.um atom in the· 

solid titamum catalyst component (a). 

It is desirable that at the prepolymerizati.on, the aforementioned ole:fins . . 

and catalyst components are added to an inert hydrocarbon medium, and ~en 

polymerization should be conducted under mild conditions. . . 
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.Specific examples of theine~ hydrocarbon medium include aliphatic 

hydrocarbons such as propa.iie, butane, pentane, hexane, ~eptane, octane, 

decane, dodecane and kerosene; alicyclic hydrocarbons such a8 cyclopentane, · 

cyclohexane and methylcyclopentane; aromatic hydroCarbons such as benzene, 

·toluene and. xylene; and halogenated hydrocarbons such as etbylenechloride 

and chlorobenzene or products obtained by contacting one another. . Out of . 

these.inert hydrocarbon media, it is especially preferable to use an aliphatic 

hydrocarbon.:· 

The reaction temperature has only to be such temperature that the p·roduct · 
. . 

forined by prepolymerization does not dissolve practically in the. inactive 

hydrocarb~n medium and is in a range of normally approx. -20 to + l00°C, 

. preferably approx. -20 to + 80°C, more preferably 0 to + 40°C. 
. . . 

Further, in the prepolymerization, a molecular weight modifier such as 
. . 

hydrogen may be used~ .It is desirable ·that such molecular weight modifier 

should be used in such amollrit that the intrinsic viscosity [ 17 l of the polyi;iier 
. . . . ' . 

·obtained by the prepolymerizati.on is not less th~ approx. 0~2 dl/g, preferabiy 

approx. 0.5 to io·dlJg, as mea8liredin decalin at 135°C. 
. . 

· .. It is desirable that the prepolymerizati.on should be conducted in such 

manner th~t approx. 0.1 to 1~000 g, preferably 0.3 to 500 g,- of a polymer is 

formed per g of the solid titanium catalyst component (T). 

Such prepolymerization may be conducted by the batch or continuous 

process. 
. . . . 

The olefin polymerization catalyst (2) is composed of the aforementioned (A) · .· 
. . 

solid-state titanium catalyst component (T) or prepolymerized catalyst(T'), the · 

(B) organometallic catalyst.component(Q) and the (C) $ill.con compound (S) or a 

compound (E) having not less than two ether bonds existing via not less than 

two atoms. 
. .. 

AS the organometallic catalyst component(Q), the same material as the 
., . 

organometallic catalyst component (q) used in the preparation of the 
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aforementioned prepolymerized catalyst component(T? ·m.ay be used. 

·The silicon compoUn.d (S) used as the component (C) is a compound 

represented by the following formula (i): 

Rpn -Si-(ORq)4. n •••• (i) 

(wherein n is l, 2 or 3; when n is 1, Rp stands for a se~ndary or tertiary . 

hydrocarbon group; when n is 2 or 3, at least 1 of Rp's stands for a secondary 

or tertiary hydrocarbon.group, with the rest of Rp's being hydrocarbon groups, 

and tWo or more Rp's may be the same or different; Rq is a hydrocarbon group · 

having 1 to 4 carbon atoms, and when 4-n is 2 or 3, Rq maybe the same ~r 

different.) 
. . . . 

As examples of the secondary or tertiary hydrocarbon ~up in the silicon 

compound (c) represented by the above fomiula (i), a cyclopentyl group, a 
' . . . . . . . . 

cyclopentenyl group, a cyclopentadienyl group, these groups having a 
substituent group, and a hydrocarbon group whose carbon adjacent to Si is. 

secondary or tertiary can be cited. 

More specific examples can be cited as follows: 

Examples of substituted cyclopentyl group' include cyclopentyl group. 

containing alkyl group such as 2-methylcyclopentyl group, 3-methylcyclopentyl 

group, 2-ethylcyiopentyl group, 2-n-butylcyclopentyl group, 2,3-

dimethylcyclopentyl group, 2,4-dimethylcyclopentyl group, 2,5-

dimethylcyclopentyl group; 2,3~4-trlmethylcyclopentyl group, 2,3,5-

trimethylcyclopentyl group, 2,3,4-triethylcyclopentyl group, 

tetramethyl~clopentyl .group and tetraethylcyclopentyl; 
. . . ; 

Examples of E!Ubstituted cyclopentenyl group include cyclopentenyl group 
. . 

containing alkyl group such as 2-methylcyclopentenyl group, 3-

methylcyclopentenyl gro_up, 2-ethylcylopentenyl group,. 2-n.;butylcyclopentenyl 

group, 2,3-dimethylcyclopentenyl group, 2,4-dimethylcyclopentenyl group, 2,5-

dimethylcyclopentenyl group, 2,3-diethylcyclopentenyl group, 2,3,4-
. . ' 

trimethylcyclopentenyl group, 2,3,4-triethylcyclopentenyl group, 
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tetramethylcycl.opentenyl group. and tetraethylcyclopentenyl group; 
. ; . . 

Examples of substituted cyclopentadienyl groups include cyclopentadienyl 

· groups containiiig alkyl groups such as 2.;methylcyclopentadienyl group, 3-

methylcycl.opentadienyl group, 2-ethylcylopentadienyl group, 2·n­

butylcyclopentadienyl group, 2,3-dimethylcycl.opentadienyl group, 2,4-

diniethylcyclopentadienyl group, 2,5-dimethylcycl.opentadienyl group, 2,3• 

diethylcyclop~tadienyl group~ 2,3,4-trimethylcyclopentadienyl group, 2,3,5-

trimethylcyclopentadienyl group~. 2,3,4-triethylcyclopentadien)Tl group, 2,3,4,5-

tetramethylcyclopentadienyl group, 2,3,4,5-tetraethylcyclopen~adi.enyl group, 
. . 

1,2,3,4,5-p.entamethylcyclopentadienyl group and 1,2,3,4,5-

pentaethylcyclopentadienyl group. 

Furthermore, as examples of a hydrocarbon· group whose carbon adjacent to 
. . . . . . 

Si is a seeondary carbon~ an i-propyl group, an·s-butyl group, ans-amyl group .. 

and an a-methyl beilzyl group can be cited; and. as examples of a hydrocarbon 

group whose carb_on adjacent to Si is tertiary, a t-butyl group,· a t-amyl group, 

an a, a' -dimethylbenzyl· group and an adomantyl group can ~e cited. 
. . 

- _Examples of the silicon compound (S) represented by the formula (i) 

: wherein n is l include trialkoxysilanes such as cyclopentyltrimethoxysilane, 2- . 

methylcyclopentyltrimethoxysilane, 2,3-dimethylcyclopentyltrimethoxysilane, 

.. cyclopentyltrlethoxysilane, iSo-butyltriethoxysilaD.e, t-butyltriethoxysilane, 

cyclohexyltrimethoxysilane, cycl.Qhexyltriethoxysilane, 2-

norbomanetrimethoxysilane and 2.;norbornanetriethoxysilane. .· 
. . 

Examples of the silicon compound (c) represented by the formula (i) · 
. . . -: 

. wherein n is 2 i:D.clude dialkoxysilanes such as dicyclopentyl diethoxysllane, t- . 
. . ~ . . . . . . . . 

butylmethyl dime~oxysilane, t-butylmethyl diethoxysilane, t-amyhnethyl 

diethoxysilane, · dicycl.ohexyl dimethoxysilane, cyclohexylm.ethyl 

dimethoxysilan.e, cyclohexylinethyl di.ethoxysilane ·and 2-riorbornanemethyl · 

· .dimethoxysilane. 

In the case of the silicon compound (S) represented by the formula (i) 
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wherein n is 2, the dimethoxy compound represented by the following formula 

(ii) is preferable: 

R"' ./.OCBs 
. Si . 

/ "-.' 
Rs OClla 

(Ji) 

In the above formula, Rp and Rs stands each independentlyfor a cyclopentyl . 

group, a substituted cyclopentyl grc)up, a cyclopeiltenyl group, a sub~tituted 

cyclopentenyl group, a cyclopentadienyl group, a substituted cyclopentadienyl 

group, and a hydrocarbon group whose carbon adjacent to Si is secondary .or 

tertiary. 

Examples of the Silicon compound represented by. the above (ii) include . . 

dicyclopentyl dimethoxysilane, dicyclopentenyl dimethoxySilane, 
. . . . . . . . 

. dicyclopentadienyl dimethoxysilane, di-t-butyl dimethoxysilane, di(2-
. . . . . ~ 

. . . 

methylcycloperityl) dimetJioxysilane, di(3-methylcyclopentyl) dimeth.oxysilane, · 

di(2-ethylcyclopentyl) dimethoxysilane, di(2~S-dimethylcyclopentyl) 
. . 

dimethoxysilane, di(2,4-dimethylcyclopentyl) diniethoxy~ane, di(2,5-

. dimethylcyclopentyl) dimethoxysilane, di(2,3-diethylcyclopentyl) 
. . . . 

dimethoxysilane, di(2,3,4-trimethylcyclopentyl) wmethoxysilane, di(2,3,5-

trimethylcyclopentyl) dimethoxysilane, di(2,3,4-triethylcyclopentyl) 

. dimethoxysilane, · di(tetramethylcyclopentyl) dimethoxysilane, 
. . 

· . · di(tetraethylcyclopentyl) "dimethoxysilane, di(2-methylcyclopentenyl) . · 

dimethoxY'silane, di(3-methylcyclopentenyl) dimethoxysilane, di(2-

ethylcyclopentenyl) dimethoxysilane, di(2-n-butylcyclopentenyl) . 
. . 

dimethoxysilane,·· di(2,3-dimethylcyclopentenyl) dimethoxysil.ane, di.(2,4-:··. 

dimethylcyclopen~nyl) dimethoxysilane, ·di(2,5-d:iinethylcyclopentenyl) . 

dimethoxysilane, di(2,3,4-trimethylcyclopentenyl) di imetholtfsilane, di(2,3,5~ 

trimethylcyclopentenyl) dimethoxysilane, di(2,3,4-triethylcyclopentenyl) . 
. . 
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dimethoxysilane, di(tetramethylcyclopentenyl) .. dimethoxysilane, 

di(tetra,ethylcyclopenteriyl) · dimethoxysilaiie, di(2-methylcyclopentadienyl) 

di.methoxysilane, di(3-methylcyclopentadieiiyl) di.methoxysilane, di(2- . 

ethylcyclopentadienyl)dimethoxysilane, di(2-n-butylcyclopentadienyl) . 

dimethoxysilane, di.(2,3.;dimethylcyclopentadienyl) dimethoxysil.ane, di(2.,4~ 

dimethylcyclopentadienyl)dimethoxysilane, di(2,5"'.dimethylcyclopentadienyl) 

dimethoxysilane, di.(2,3-diethylcyclopentadienyl) dimethoxysilane, di.(2,3,4~ 

trimethylcyclopentadienyl) dimethoxysilane, di(2,3,5.; 

trimethylcyclopentadienyl) dimet;4oxysilane, di(2,3,4-triethylcyclopentadie:n.yl). · 

dimethoxySilane, di(2,3,4,5-tetramethylcfclopentadienyl)di.methoxysilane, 
. . 

di(2,3,4,5-tetraethylcyciopentadieJJ.yl) dimethoxysilane, di(l,2,3,4,5-

pentamethylcyclopentadienyl) ~ethoxysil~e, di(~·,2,3,4,5-
. . 

pentaethylcyqlopentadienyl) imethoxysilane, di-t-~yl dimethoxysilane, 
. . 

di(a,a'-dimethylbenzyl) dim.ethoxysilane, di(adm.antyl) dimethoxysilane, 

a,dmantyl•t-butyl dimethoxysilane, cyclopentyl-t~butyl dim.ethoxysilane, · 

diisopropyl dimethoxysilane, di-s-butyl dimethoxysilane, di-s-amyl 

dimethoxysilane and isopropyl-s-butyl dimethoxysilane .. ·· 

Examples. of the silicon compound (S) l'epresented by the formula (i) ·· 

wherein Ii is 3 include monoalkoxysilanes •such as tricyclopentyl 

methoxysilane, tricyclopentyl ethoxysilane, dicyclopentylmethyl · 

methoxysilane, dicyclopentylethyl .methoxysilane, dicyclope:n.tyl 

·methylethoxysilane, cyclopentyldimethyl methoxysilane, cyclopentyldiethyl 
. . .·· . '· : .. 

methoxysilaile and cyclopentyldimethyl ethoxysilane .. 
. . 

Out of these, dimethoxysilanes, particularly dimethoxysilane represented 

·by the formula (ii), are preferable. Specµically, dicyclopentyldimethoxysila:n.e, 
. . 

di-t-.butyldimethoxysilane, di(2-methylcyclopentyl)dimethoxysilane, di.(3-

methylcyclopentyl) 

dimethoxysilane and di-t-amyldimethoxysilane are preferable. . 

These silicon compoUn.d (S) may be used in combination with not less than 
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· two of them. 
. . 

In the compound (E) having not less than two ether bonds existing via not . 
. . . . 

less than.two atoms which is used as the component (C) (hereinafter 

sometimes referred to as "polyether compound")~ the atoms existing between 

these ether bonds is notless than one selected from a group conSisting of · 
. . 

carbon, Sili.~n, oxygen, sulfur, phosphor and boron, and the number of the . 

atoms is not less than two. Out of these, preferable ex~ples are those 

having a relatively hig-h-volume substituent group, specifically a ~ubstituent 

group having not less than two, preferably not less than three carbon atoms •. 
. ' . . . 

· and the lliiear chain, branched or ring structure, more preferably a substituent 
. . 

group having. the branched or ring structure, bonded between the ether bonds. : 

Moreover, a compound having those atoms existing between rt~t less than two 
. . 

ether bonds which contain not less than·two, preferably 3 to_2Q,more ·.· 

preferably 3 to 10, especially preferably 3 to 7 carbon atoms. , 

As examples of such polyether compound, the.compounds_ ~presented by 

the folloWing formula can be cited: 

Rn Rn+I .---- R· R24 

1 I I. I 
R21-c-o-c- --- ~c-o-c-R• 

1 I I I 
RIB" Rl ~-- R• R26 

In the above form1lla, n is a whole number of 2 :S:n <; R1 to R26 stand for a 

substituent group having at least one selected from among carbon~ hydrogen, 

oxygen, halogen, nitrogen, sulfur, phosphor, boron and silicon; any of R1 to R26
, · 

. . . . . . . ~ 

preferably Ji1 to R2n, may form jointly a ring other than the benzene ring; and 

an atom other than catbon atom may be contained in the main chain~ 

Specific examples of such polyether compound include· 2-(2-ethyJhexyl}-l,3- ... · 

dimethoxy propane, 2-isopropyl-1~3-dimethoxy propane, 2-butyl-l,3-dimethoxy · 

propane, 2-cyclohexyl-1,3-dimetho:xy propane, 2-phenyl-1,3-dimethoxy 
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propane, 2-cumyl-1,3-diniethoxy propane, 2-(2-phenylethyl)-1,3-

dimethoxypropane, 2-(2-cyclohexylehyJ)-l,3-diinethoxy propane, 2-(p­

chloropheny)· l,3-dunethoxy propane, 2-(diphenylmethyl)-1,3-dimethoxy 

propane, 2-(l-naphthyl)-1,3-dllnethoxy prop~e, 2:-(2~flu~rophenyl)-1,3- . 

dimethoxy propane, 2-(1-decahydoronaphthyl)-l,3•dimethoxy propane, 2-(p-t-

. butylphenyl)-1,3-dim.ethoxypropane, -2,2-dicyclohexyl-1;3-':liJD.ethoxy propane, 
. . . 

2,2-dicyclopentyl-1,3.-0imethoxy propane, 2,2-diethyl-1,3-dimethoxy propane, 

2,2-dipropyl-1,3-dimethQxy propane, 2,2~diisopropyl-1,3-dimethoxypropane, 

2,2-dibutyl-1,3-dnnethoxy propane, 2-methyl~2-propyl~ 1,3~dimethoxy propane, 

2-methyl-2-benzyl-l,3-dimethoxy propane, 2-methyl-2-ethyl-l,3~dimethoxy 

p:ropane, 2-methyl-2-isopropyl-1,3-dimethoxy propane, 2.;methyl-2-phenyl-1,3-
. . . . . . . . 

. . 

dimethoxy propane, 2-methyl-2.;cyclohexyl-1,3-dimethoxy propane, 2,2~bis(p-
. . . . . . . . 

. chlorophenyl)-1,3-dimethoxy p~pane~ 2,2-bis(2-cyclohe:Xylethyl)-1,3-dimethoxy .. · 

. propane, 2-methyl .. 2-isobutyl-1,3-dimethoxy propane, 2-methyl-2-(2-
. . . . 

ethylhexyl)-1,3-dimethoxy propane, 2,2-diisobutyl;.1,3-diinethoxy propane, 2,2 .. · · 

diphenyl-1,3-dimeihoxy propane, 2,2-dibenzyl-1,3-dimethoxy propane, 2,2-
. . . . .. 

bis(cyclohexylmethyl)-1,3-dimethoxy propane, 2,2-diisobutyl~ 1,3-diethoxy 

prop~e, 2,2-diisobutyl-1,3-dibuthoxy. propane, 2-isobutyl-2-isopropyl-1,3-
. ' . . . . . . . 

· · dimethoxy propane, 2-(1-methylbutyl)-2-isopropyl-1,3-dimethoxy propane, 2-(1-

methylbutyl):.2-s".'butyl•l,3-dimethoxy prop me~ 2,2~di-s-butyl- l,3-dim:ethoxy · · · 

propane, 2,2-di-t-butyl-1,3-dimethoxy propane, 2,2-dineopentyl-1,3-dimethoxy · · 

propane, 2-1sopropyl-2-isopentyl-l,3•dimethoxy prop~e, 2-phenyl-2-isopropyl-
. . 

1,3-di.methoxy propane, 2-phenyl-2-s~butyl-1,3".'dimethoxy prop:ane, 2-benzyl-2 .. 
. . . 

isopropyl-1,3-dimethoxy propane~ 2-benzyl-2-s-butyl-1,3-dimethoxy propane, 2~ 

phenyl-2-benzyl-1,3-dimethoxy propane, 2-cyclopentyl-2-isopropyl~ 1,3-

. dimethoxy prop:ane, 2-cyclopentyl-2-s-butyl-1,3-dimethoxy propane, 2-

cyclohexyl~2~isopropyl-l,3-di.mej;hoxy propane, 2•cyclohexyl-2.;;s-butyl-l,3·. 

dimethoxy propane, 2•isopropyl-2-s-butyl-l,3-dimethoxy propane, 2-cyclohexyl- ·.·. 
. . . 

2-cyclohexylmethyl-1,3-di.methoxy propane, 9,9-dimethoxyD,lethyl fluore~e~. 2,3-

.... · . 
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-diphenyl-1,4-diethoxybutane,_2;3-dicyclohexyl-1,4-diethoxybutane, 
. . . . . . ; . 

2,2-dibenzyl-l,4-diethoxybutane,. 2,3-dicyclohexyl~ 1,4;.diethoxybutane, 2,3~ 

diisopropyl-1,4-diethoxybutane, 2,2-bis(p-meihylphenyl)-1,4-dimethoxy 

butane, 2,3-bis(p-cblorophenyl)-1,4-dimethoxy butane, .2,3~bis(p-fluorophenyl)­

l,4-dim.ethoxy butane, 2,4-diphenyl-l,5-dimethoxypentane, 2,5-diphenyl-1,5- .. 
. . . . 

dimethoxyhexane, 2,4-.diisopropyl-1,5-dimetho?'ypentane, 2,4-diisobutyl~ i,5• 

diniethoxypen~ane, 2,4-diisoamyl.:.1,5-dimethoxypentane, 3-methoxym.ethyl · 

tetrahydrofurane, 3-methoxym.ethyldioxane, 1,3-diisobutoxypropane, 1,2-

diisobutoxypropane, 1,2- diisobutoxyethane, 1,3-diisoamyloxypropane, 1,3~ . 
. . 

· diisoneopentyloxyethane, · 1,3-dineopentyloxypropane, 2,2-tetramethylene-1,3.; 

dimethoxypropane, 2,2•pentamethylene~ 1,3-dimethoxypr.opane, 2,2- · ·. 

hexamethylene-1,3- dimethoxypropane, 1,2-bis(methoxymethyl)cyclohexane,. · 

2,8-dioxaspiro[5,5]undi!cane, 3, 7 -di.oxabicyclo[3,3, l]nonane, 3, 7-

di.oxabicyclo[3,3,0]octane, · 3,3-disobutyl -1, 5-oxononane, 6,6, - . 

· disobutyldioxyheptane; · 1, 1,.;dimethoxymethylcyclopentane, · 1, 1,­

bis(dimethoxymethyl)cyclohexane, 1, 1- . 
. . 

bis(methoxymethyl)bicyclo[2,2, l]hept~e, 1, 1 .. dimethoxym~thylcyclopentane, .· · 

2-methyl-2-methoxymethyl-1,3-dimethoxypropane, 2-cyclohexyl-2-
. . 

ethoxjmethyl-1,3-diethoxypropane, 2-cyclohexyl-2-metho~ethyl-1,3-

·dimethoxypropa:ne,_·2,2-diisobutyl-1,3-dimethoxycyclohexane, 2-isopropyl;.2. 

isoamyl-1,3-di.methoxycyclohexane, 2-cyclohexyl-2-~ethoxymethyl-1,3- . 

dim.ethoxycyclohexane, 2-isopropyl-2-methoxymethyl-1,3-

dimethoxycyclohexane, 2-isobutyl-2-methoxymethyl-1,3- · 
·. . . . . 

dimethoxycyclohexane, 2-cyclohexyl-2•ethoxymethyl-1,3-diethoxycyclohexane, 

2-cyclohexyl-2-ethoxymethyl-1,3-dimethoxycyclohexane, 2-isopropyl-2- . 

ethoxymethyl-1,3-diethoxycylohexane, 2;.isopropyl-2-ethoxymetbyl -1,3-

dimethoxycyclohexane, ·2-isobutyl-2-ethoxymethyl-1,3-di.ethoxY'cycfohexarie, 2-

isobutyl-2~ethoxymethyl-1,3-dimethoxycyclohexane, tris(p­

methoxyphenyl)phosphine, methylphenylbis(methoxymethyl)silane, 
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diphenylbis(methoxymethy)silane, methylcyclohexylbis(methoxymethyl)silane, 

di-t-butylbis(methoxymethyl)silane, cyclohexyl-t-
. . 

butylbis(methoxymethyl)silane, and i-propyl-t-butylbis(m:ethoxymethyl)silane. 

Out of these, 1,3-diethers are used preferably, and espeCially 2,2-diisobutyl-

1,3-dimethoxypropane, 2-isopropyl-2-isopentyl-1,3-dimethoxypropane, 2,2-

dicyclohexyl-1,3-dim.ethoxypropane, 2,2-bis(cyclohexylmethyl)-1,3-

. dimethoxypropane, arid 9,9-dimethoxymethylfluorene. . 

· These polyether compounds (E) m~y be used in combination with not less· .. 

than two of them. 
. . . 

An non-atactic olefin polymer su,ch as crystalline propylene polymer are · 

manufactured by polymerizing an olefin or copolymerizing not less than two 

olefins ill the presence of such olefin polymerization catalyst (2). 

As examples of the olefins used in polym~ri.z~tion, there are the same a­

ole:fin havfug 2 to 10 carbon atoms as described above and , in additionto .this, . . . 
. .· 

the cyclic olefin, styrene, vinylcyclohexane and di.ene which have 3 to20 
. . . 

. . . carbon atoms. Furthermore, the same olefin having .a branCh.ed structure as 
desenbed above and a diene compound having 4 tp. 20. carbon ~toms may be 

used. 

In the 1>resent invention, it is preferable to use.propylene singly or in 

combination with an a~olefin other than propylene .. 

In the polymerizati9n, the aforementioned solid'.'state titanium catalyst 

component(T) or the prepolymerized catalyst compoilent(T? are used in &n. . · 

·. amount of norm.ally approx. 0.0001to50 miJJimols, preferably approx. 0.001 to•· 

. 10 miUim~ls,. as converted in the titaniulll atom in th~ solid-state titanium 

catalyst component (T) or the :Prepolymeri.zed c;:atalyst.component(T?, per liter 

· of the polymerization volume. Further, the organometallic catalyst 

component(Q) is lised in such amount that the amount of the metal atom in · 
. . . . 

1'.he organometallic catalyst component is norm.ally approx .. 1 to 2,000 mol~ · · 

preferably approx. 2 to 500 mol, per mol of titanium metal in the 



69 

polymerization zone. Furthermore,· the silicon. component (S) or a pplyether 
. . . 

. . 

compound (E) is used in such amount that the amount ·of the silicon or ether . . . 

atom con tamed in it is normally approx. 0.001 to 50 ni.ol, preferably approx~ · 

0.01to20 mol, per mol of the metal atomin the organometallic catalyst 

component(Q). 

· In the polymerization, the electron donor used in the preparation of the 
.· . : . . . . 

. . . 

solid titaniU:Jll catalyst·component (T) and/or the organic silicon compound·. 

represented by the aforementioned formula (c-i) may be used together. 

The use of hydrogen in the polymerization enables an olefin polymer to 

. show a ·high melt flow.rate to be obtained. The molecular weight of the olefin · 

polymer obtained can be adjusted with the addition amount of hydrogen. . 
. . .. 

The polym,erization reaction is.normally carried out in the state of slurry or 

in the gas phase. 
. . . . . 

ln the case of conducting slurry polymerization, the same inert hydrocarbon . 

as used in th~ preparatfon of the. aforementioned prepolymerized catalyst . · 

component(T? may be used as the reaction solvent. ·. 
. . . . ~ 

The polym.eriz~ti.on temperature is set at normally approx. -50 to 200°C, 
. . 

preferably approx. 20 to 100°C, and the polymerization pressure is set.at.· .· 

normally atmospheric pressure to 100 kg/cm.2, preferably approx. 2 to 50 · 

kg/cm2
• 

The polymerlZation may be conducte.d by any of the batch, semi-continuous· 

and continuous processes~ 

On the other hand, it is desirable that the ata~c propylene polymer should 

· have intrinsic viscosity [ 11) in a range of 0.5 to.10 dl/g, preferably 1.0 to 5.0 . 

dl/g. 

It is also desirable thatthe . mr/(mni + rr) value in the diad distribution a8 

measured by NMR should be in a range qf 0.7 to 1.3, prefe:rably 0~8 to 1.2. · · 

Out of them,. the ethylene/propylene copolymers of the present invention· · 

are the copolymers that "are identified as described,. above from the spectra in 
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the zone of 19 to 23 ppm as obtained by. measurenient by means of 1 3
· CNMR .. 

. In this case, the· mr/(mm + rr) value in the diad distribution as meaSured by 

13C-NMR was determined as described below. 50 to 70 mg of a sample was 

completely dissolved in.a solvent comprising approx. 0.5 ml.of 

. hexachlorobutadiene; o-dichlorobenzene or 1,2,4-triclµorobenzene to which 

approx. 0~05 ml of benzene deuteride, a rock solvent, are added in an NMR 

sample tube. (5 mm in diameter), and then. the mr/(mm + rr) val~e was 

measured by proton decoupling method at· 120°c. For the measuring 

conditions, a flip angle of 45° arid a pulse interval o~ not less than .3.4 Tl (Tl is · 

· the longest value of the spin lattice relaxation time of the methyl group)_ were· 
. . . 

selected. ·Since the Tl ofthe·niethylene group and the ineth~ne group ·is 

shorter than that of the methyl group, the recovery of magnetization :is not less 

than 99% under these conditions. The chemical· shift was set at 21.59 ppm 

· the methyl group of the third unit of the 5-propylene-unit chain whose inethyl 

branches are in the same:dllection because of the connectjon Of the top andthe ·. 

tail. 

··The 8pectrum in the methyl carbon area (19 to 23 ppm) can be classified 

into the first peak area (21.1 to 21.9 ppm), second peak area (20.3 to 21.0 ppm) 

and thirdpeakarea(l9.5 · to 20.3ppm). Further, eachpeakofthe spectrum 

was assigned by reference to literature [Polymer, 30 (1989)1350] .. · 

Further, mr, mm and rr stand each for the three propylene unit chain 

represented by the following formula which is connected at the top and the 

tail: 
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mr ·. -(OH-CH,)-(ml:-:Cfft)-~CH-CHs>-

Olls 

Olla CH. CU. 
.1 I . I · . 

mm -(CH-OHi)'-(CB-CH,)-(CH-Olf.)-

F- fHa 
rr -:CCB-CIJ,)-:~CH-CBJ-(CB-CHJ-

CU. 

Further, the measurement of the 19 to 23 ppni zone by means of 18 CNMR 
. . . . .· . . 

was made by determining the area of all the peaks of the signals appearing in 

each of the aforementioned zones of first, second and third to identify an · . 

. · ethylene/propylene copolymer. ·. 

The atactic olefin polymers such as the aforementioned atactic propylene . · 

polymer can be manufactured, for example, 

. by polymerizing a-olefin such. as propylene in the presence of the olefin 

polymerization catalyst (3) comprising: 

(A) A meso forin of a transition metal compound (A-2) repre~ented by the · 

· aforementioned formula (I), 

(B) (B-1) An organic alulninumoxy compound.or 

(B-1) a compound.· (B2 ~2)which reacts with the aforementioned transition . 

metal compound (A-2) to form an ion pair; and ~ reqµired, . 

(C) an organoaluminum coin~ound; .· 

or by polynierizing a-olefin such as propylene in the presence of the .olefi.i) · · 

polymerization catalyst (4) oo~prising: 
. \ . . 

(A) A transition metal compound (A-3) represented by the following form.ula 

. (II); 

(B)(B-1) An organic aluminumoxy compound or 

(B-2) A compound · (B8 -2) which reacts with the aforementioned transition 

metal (A-3) to form an ion pair; and as required, and as required 

. ·· .. 
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(C) An organoaluminum compound. .--.. . 

Next, below is given a specific description ofthe olefin polymerization · 

catalyst (3) and the olefin polymerization catalyst (4). 

Olefill polymerization catalyst (3) comprising: 

(A) A meso.form of a transition metal compound (A-2) represented by the · · 

aforementioned formula (I); 

(B) (B-1) An organic aluniinumoxy compound and/or 

(B-2) A compound (B2 -2) which reacts with the aforementioned transition 

· metal (A-2) to form an ion pair; and as required, 

(C) An organoaluminwn compound. 

The transition :o:ietal comp~und (A-2) is the meso form. ofthe transition -

metal compound represented by. the aforementioned formula (I). 
. . -

AS a speciti.c example of such transition metal compound (A-2), the meso 

form of the compound mentioned as the compound represented by the 

aforementioned formula (I) can be cited. 

(B-1) The organic aluminumoxy compound, (B-2) ·compound (B2 -2) forming· 

· - ion pans by reacting with the aforementioned metal compound (A-2), and (C). -
. . . . 

organoaluminum compound which are used in tlie olefin polymerization 

catalyst (3) are the sauie as the (B-1) organic aluminwnoxycompound, (B-
. . . . . . . . . . . . . . . . . . 

2)~mpourid (B1 -2)folming ion pairs by reacting with the aforementioned . 

metal compound (A)~ and (C) organoaluminum compoUn.d whi.ch:are used in: 
. . . . . 

. the aforementioned olefin polymerization catalyst {l). 

The atactic pol1mers can be manufactured by polymerizing an a-olefin such -. 

as propylene in the presence of such olefin polymerization catalyst (3). 

In the polymerization, it is desirable that the transition metal compoU11d 
. . ., .·.. . . 

(A·2) should be used in. an ainount of normally 10· 8 
. to 10· 8 grams atomfilter, 

preferably 10·. 7 to 10· 4 grams atom/liter, as the concentration of the transition -

· nietal atom deri,ved from the transition metal compound (A-2) in the 
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polymerization system. In the case of using the organic aluminumoxy 

compound (B-1) for the. activating compound (B), the atomic ratio (Al/transition 
. . . . . . 

metal).of the aluminum in the organic aluminumoxy compound (B-1) ·to· the .·· 

transition met~ in the transition metal compound (A-2) is in a range of 

normally 5 ~ 10,000, preferably 10 to 5,000. In the case of using the ionized 

. ionic compound (B2 -2) as an activating compound (B),.the molar ratio [(A-

2)/(B2 -2)] of the transition metal compound (A-2) to the ionized ionic compound 

(B2 -2) ·is in a range.of normally 0.01 to 10, preferably 0.5 to 5 .. ·In the case of 

using the orgail.oaluminum conJ.pound (C), the atomic ratio (Al/transition 

metal) of the aluminum in the organoaluminUm. compound (C) to the 
' . 

' ' ' 

·transition. metal iri. the transition metal compound (A-2) is in a range of . 

normally 5 to 10,000, preferably 10 to 5,000. 

The solution-phase polymerization process is normally_ used in . 

manufacturing atactic olefin polymers such as such propylene polymers .. · It is 

desirable that the polymerization temperature sho:uld be normally 0 to 250°C, 

preferably 20 to 200°C, and ·the polymerization pressure is normally 

atmospheric pressure to 100 kg/cm2, preferably atmo$J>heric pressure to 50 .· 

kg/cm2 .. 
. . . ·. 

The moleclilar weight of the atactic polymers thus obtained can be adjusted . 

by causing hydrogen to be present in the polymerization system or changmg 

· polymerization temperature. 

The olefin polymerization catalyst (4) consists of: 

(A) A transition metal compound (A-3) :fepresented by the aforementioned 

formula (II); 

(B) .(B-1) An organic aluminumoxy compound or 

(B-2) A compound (B3 -2) which reacts with the aforeI11entioned transition 

· metal (A-3) to form an ion pair; and as required, 

. (C) An organoaluminum compound. 

· The transition metal compound (A-3) is a compound represented b~ the 
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following formula (111): 

z 1------- yz 

I / (UI)· 

Cp M2 

" xsw 

In the above formula, M2. stands for a transition metal atom in the Group 

IVB of the periodic table, specifically ·titanium, zirconium or hafnium atom; 

Cp ~tands for cyclic unsaturated hydrocarbon groups or chain unsaturated 

hydrocarbons groups such as a cyclopentadienyl group, a substituted 

cyclopentadienyl group; an indenyl group, a substituted indenylgroup, a 

.tetrahydroindenyl gro~p, a substituted tetrahydroindenyl group,. a·fluorenyl 

group or a substituted fluorenyl group; 

X3 stands for hydrogen atom, halogen atom, an alkylgrc>up having l to 20 .. 

carbon atoms, .an aryl group, an· alkylaryl group o~ ari arylalkyl group having 6: 

to 20 carbon atoms, or an alkoxy group having 1 to 20 carbon atoms; 

. Z1 stands for SiR7 
2 , CR7 

2 , SiR7 
2 SiR7 

2 , CR7 
2 CR7 

2 , CR7 
2 CR7 

it CR7 
it, 

.. 

CR7 =CR7
, CR7

2 SiR7 
2 or GeRR7 

2 ; Y2 stands for -N(R)-, -0-, -S- or-P(R8
)-; 

·R7 stands.for alkyl, aryl, silyl, halogenated alk~landhalogenated aryl.~ups·. · 

having hydrogen atom or up to 20 non-hydrogen atoms and a· group selected 

from among combinations thereof; . 

R8 standS for an alkyl group having 1 to 10 carbon atoms or an aryl group 

having 6 to 10 carbon atoms or may fonn a condens~d ring system of one or 

· more R7 's and up 30 non-hydrogen atoms; and 

w stands. for 1 or 2. 

· Specific examples of the compounds represented by the aforementioned 

. general formula (II) include (tert-butylamide)(tetramethyl-T15-

cyclopentadienyl)-1,2-ethanediyl ~rconium dichloride, (tert-. 
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butylainide)(tetramethyl-ri5-cyclopentadieilyl)-l,2-ethanediyl titanium 

dichloride, (methylamide)(tetramethyl".ri5-cyclopentadienyl)_-1,2-ethanediyl · 

zirconium dichloride, (methylamide)(tetramethyl-ri5-cyclopentadienyl)-1,2-

ethanediyl titanium dichloride, (ethylamide)(tetraniethyl-ri5-cyclopentadienyl)~ 

methylene titanium di.chloride, (tert-butylamide)dimethyl(tetramethyl-ri5-

cyclopentadi.enyl)silane titanium di.chloride, (tert- · 

butylamide)dimethyl(tetramethyl-ri5·-cyclopentadienyl)silane zirconium · 

dichloride, (benzylamide)dimethyl-(tetr1µD.ethyl-ri5~cyclopentadienyl)silane .. 
. . : 

titani~m dichloride, and (phenyl phospbide)dimethyl(tetramethyl-ri5-

cyclopentadienyl)silane zirconium· dibenzyl. 

The (B-1) organic aluminiumoxy compound, (B-2) compound (B3 -2) foniring . 

. ion pairs by reacting with the aforementioned transition metal compound (A-

3), and (C) organoaluminum compound which are used in the olefin 
. . . 

. polymerization catalyst (4) are the same as the (B-1) organic aluillinumoxy 

compound, (B-2)compound (B1 -2) forming ion pairs by reacting with the. • · . 

· aforementioned transition metal compound (A· 1), and (C) organoaluminum .. 

compoUn.d which are used . in the aforementioned_ olefin polymerization · ... 

catalyst (1)~ 
. . . . 

The atactic olefin polymers such as propylene homopolymer ca.n be 

manufactured by polymerizing an a-olefin such as propylene hi· the presence of. . 

such olefin polymerization catalyst (4). 

In the polyme~ation, it is desirable that the transition metal compound . 

(A-3) should :I>e used in an amount of normally 10~ 8 to 10~ 8 grams atomfilter, ·. 

preferably 10· 7 
. to io· 4 

.. grams atom/liter, as the concentration of the transiti~n · 

metal atom derived from the transition metal compound (A-3) in the 
. . . . . . 

polyinerization system. · In the case of using the. organic aluminumoxy . · 
. . 

compound (B-1) for the activating compound (B), the atomic ratio (Al/transition· 

metal) of the allUllinum in the organic aluniinumoxy compound (B-1) to the 

transition metal in the tran~tion metal compound (A-3) is in a range of 
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normally 5 to 10,000; preferably 10 to 5,000. In the case of using the ionized 

iollic compound (B2 -2) for activating compound(B), the molar ratio [(A-3)/(B2 
-

2)] of the transition metal compound (A-3) to the ionized ionic compound(B2 -2) 

is in a range of normally 0.01to10, preferably 0.5 to 5. ·In the case of using · 
. . 

.. ·.the orgari.oalumillum compound (C), the atomic ratio. (AJ/transition metal) of 

the alumirium in the organoaluminum compound (C) to the transition :inetal in · 

the transition metal C()mpound (A~3)is in a range of normally 5 to 10,000, 

preferably 10 to 5,000. 

The solution-phase polymerization method is .normally used in 

manufacturing atacti.c olefin polymers such as such. propyleiie polyin.ers. It is. 

desirable that the J:lolymeriZation temperature should be normally 0 to 250°C, 

preferably· 20 to 200°C, and the polymerization pressure is norm.ally· 

atmospheric pressure to 100 kg/cm2, preferably ~tmospheric pressure to. 50. · 

kg/cm2 .. 

The moleeular weight of the atactic polymers thus obtained can be adjusted 

by causing hydrogen to be present in the polymerization system or changing 

polymerization temperature~ 

As the method for using at least two types. of catalysts, there is a method in 

which atleast olie catalyst (Catalyst-1,2) selected from between the 

aforementioned polyriterization catalyst (1) and the olefin polymerization 
. . 

catalyst (2) and at least o:µe catalyst (Catalyst-3,4) selected :frolD. between the 

aforementioned polymerization. catalyst (3) and the olefin polymerization 

catalyst (4) are used. 

It is desirable that the ratio of Catalyst-1,2 to Catalyst 3,4 used in the 
. . . 

polymerization should be in a range ·or 1/10,000 to 1/1, preferably 1/1,000 to . 

1/10 in terms of the atomic ratio (Catalyst-l,2/Catalyst-3,4) o{a total of the . 

transition metal atom in the olefin polymerization catalyst (1) used and the 

. titaili.um atom in the olefin polymerization catalyst (2) used and a total of the 

transition metal.atom in the olefin polymerization catalyst (3) used and the . 

( 
. ~ ... \ 
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. . . . . : . . 

transition metal atolll in.the olefin polymerization catalyst (4) used. 

In the case -of manmacturing an olefin polymer composition by combining 
. . . . . . . . ·. 

the olefin polymerization catalyst (1) and at least one catalyst seleeted from 

between the olefin polymerization catalyst (3) and the olefin polymerization .·. · 
. . . . . 

catalyst (4), it is desirable that the transition· '.metal compounds should be used 

in a total amount of normally 10" 8 to 10" 3
· grams atom/liter, preferably 10" 7

. to 

10· 4 grams atom/liter, as the concentration of the transition metal atoms 
. . 

derived from the transition metal compounds. in the polymerlzation system. 
. . . . . 

. . 

In the case of using the orga.Dic aluminumoxy compound (B-1) for the 

activating compound (B), the atomic ratio (Al/transition metals) of the 

aluminum in the organic aluminumoxy compound (B-1) to a total amount of . 
. . . . 

the transition metals in the transition metals compound is in a range of . . . 
. . 

· norinally 5 to 10,000, preferably 10 to 5,000. In the case ofuSing theionized 

. ionic compound (B .. 2) as an activating compound· (B), the molar ratio . 

[transitio~ metal compounds/(B-2)] of the total amount of the transition metal . 

compounds. to the ionized iolli.e compound (B•2) is ill a ·range of normally -0.01 · 
. .. . . . 

to 10, preferably 0.5 to 5. · In the case of usllig the organoaluminum compound . 

. (C), the atomic ratio (Al/transition metals) of the aluminum in the 
. . . : . . . 

·. organoaluminum compound (C) to a total amount of the transition metals in · 

the transition metal compound .· is in a range of normally 5 tO 10,000, ·· 

preferably 10· to 5,000. · 

It is desirable that in the case. of employi.D.g the slurry polymerization 

method, the polymerization temperature should be nomially-50to ioo0 c,· 
preferably 0 to 90°C, and it is desirable that in the case. of employing th~ gas­

phase or bulk polymerization method, the polymerization temperature should 

be normally 0 to 120°C, preferably 20 to 100°C. Furthermore, the 

polymerization pressure is_ normally atmospheric pressure to 100 kg/cm2~ · 
' . . . . 

preferably atmospheric pressure to 50 kg/cm2. 

In the case of manufacturing an olefin polymer· composition by combining 
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the olefin polymerization catalyst (2) and at least one catalyst selected from 

between the ol0fin polymenzation catalyst (3) and the olefin polymerization 

catalyst (4), it is desirable that the transition metal compounds and the solid­

state titanium catalyst· compound should be used in a ~o~t of normally 10· 8 

to 10· 3 grams atom/liter, preferably io· 1 to 10· 4 grams atom/liter; as the total 

concentration of the transition metal atoms in the transition metal co:m:pounds. . 

and the titanium atom in the solid-state titanium catalyst component in the 

. polymerization system. In .the case of using the organic alumlnumoxy 

·compound (B_-l)for the. activating compound (B), the atomic ratio (Al/transition 

metals+Ti) of the aluminum in the organic alumimimoxy compound "(B-1) to · 

the transition metals in the transiti.on·metals compound ~d the titanium .· 

· · atom in the· solid-state titanium catalyst component is in a range of normally 5 

to 10,000, preferably 10 to 5,000. In the case of uSing the ionized ionic 

compound (B-2) as an activating compound (B), ·the molar ratio [transition· 

metal compounds+Ti/(B-2)] of the total amount of the transition metal . 

compounds and the solid-state titanium catalyst component to ~eionized ionic · 
. . . 

compound (B-2) is in a range of no:tni.ally 0.01 to 10, preferabiy 0~5 to. 5. In · 
. . 

the case of using the organoaluminum compound (C), the atomic ratio 

(Al/transition metals+Ti} of the 81.uminum m the organoaluminum c~inpound 

(C) to a tot~ amotmt of the transition metals in the transition metal compound. 

and the titanimn: atom in the solid-state titanium cataiyst compone;nt i.S in a· 

range of normally 5 to 10,0QO, preferably 10 to 5·,ooo. 

It is desir11ble that in the case of employing the slurrjr poljmerization. 

method, the polymerization temperature should be normally -50 to 100°C, . · 

preferably 0 to 90°C, and it is desirable that in the case of employing the gas- .· 

phase or bulk polymerization method, the polymerization temperature should 

. be normally O to 120°C, preferably 20 to 100°0. Furthermore, the .. 
. . . 

polymerization pressure iS normally atmospheric pressure· to 100 kg/cm2,. 

· preferably atmospheric pressure to 50 kg/cm2. 
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In the case of manufacturing an olefin polyiner composition by combining at 

least one catalyst selected from.between the ~lefin polyinerization catalyst (1) 

. and the olefin polynierization catalyst (2) and at least one catalyst selected 

. from between the olefin polymerization catalyst. (3) and the olefin . 

polymerization catalyst ( 4), the ratio between the atactic olefin p()].ymer arid 

non-atactic olefin polymer in the Olefin polymer _composition thus obtained can 

be adjusted by changing the ratio of the aforementio~ed catalyst oomponents~ 
. . . . 

· The olefin p<)lymer compositions of the present inv:ention may contain a 

softener, :filler, pigment, stabili,zer, plasticizer, flame retard.ant, lubricant, . 

antistatic agent, ageni for improving electrical properties, etc. to such extent 

that the objects of the present fuvention will not be adversely affected. 

Specific examples of a filler include powder fiqers represented by 
. . 

. carbonates such as precipitated calcium carbonate, calcium carbonate heavy 

and magnesium carbonate; hydroxides such· as aluminum hydro:Xide, 

magnesium hydroxide and magnesium oxide; oxides such as zinc oxide, zinc 

· white and magnesium oxide; natural silicic acids or silicates such as kaolinite, 
. . . -

calcined clay, pyrophyllite, sericite, (fine powder) talc and wallastonite; . 
. . 

synthetic silicic acids or ·silicate such as calcium silicate hydrate, aluminum 

silicate hydrate, silicic acid hydrate and silicic acid ~hydride; flake fillers. 

such as mica; fibrous fillers such as sepiolite, PMF (Processed Mineral Fiber), 

· zonotolite, potassium ~tanate, · erestadite, basic magnesium sulfate whisker, 
. . . 

calcium titanate whisker and aluminum borate whisker; balloon :fillers such as 
. . 

· ... glass balloon and fly ash balloon; and organic fillers such as high styrenes, 

lignin and regenerated_ rubber; 
. : . 

Th~se filler are used in· an amount of normally 1 to 100 parts by weight. 

against 100 parts by weight of the. olefin polymer composition. 

EFFECT OT THE INVENTION 

The atactic olefin polymers of the present invention have excellent. optical. 
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and/or mechanical properties. They are used in various moldings. singly by 

themselves or as modifiers for other thermoplastic resin. Furthermore, the 

~tactic olefin pc_>lymers of the :present invention provide those colllpositions . 

having various modulus. as well as excellent optical and/or mechanical 
. . . .· . . . 

properties when made up into compositions with non-atactic olefin polymers, . . . 

particularly propylene polymer or crystalline butene polymer. Specifically, 
. . 

atactic polymers of butene, hexene and octene, out of the a-olefin.polymers of 

the present invention, or copolymers thereof with other a.;.olefin can be used 
. . . 

suitably as modifiers for crystalline polyolefins such as crystalline . · 

polypropylene, crystalline polybutene. In this case, a polymer of the present· 

invention may preferably be used in an amount or· 1 to· 50 parts by weight~ . 

more preferably 5 to 50 parts by weight, against 100 parts by weight of a 

composition co~prising a crystalline polyolefin and a polymer of the present 

· inventio:n. . The blending of a_ polymer of the present invention in this range of. 

ratio enables to give a crystallli1e polyolefin fl.~xibility without impairing its . 

inherent heat resistance, mechanical and other properties. · 

Moreover, the aforementioned olefin polymer. compositions can be 

. manufactured by a one-stage or not less than two-stage process using at least 

two types of catalysts. · 
. . . . 

. The olefin polymer compositions of the present invention are used for .. 

various applications~ 

Other· embodiments of the present invention include an a•olefin polymer 

having 4 to 10 carbon atoms such as poly-1-hexene and poly-1-octene, for · · ·· 

example, and they are used suitably as a vibration ins~ation material~ 

As· an example of the poly-a-olefin polymers of the present invention, there· 

is a poly-a-olefin polymer which comprises a homopolym.er of either one· of 1-

he:Xene or l•octene and which has intrinsic visC9sity [ TJ l in a range of 0.5 to 10 

l/g and a degree. of crystalli.nity of not more than 5%. 

Specifically, out of the a-olefin polymers of the present invention, the 
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polymers having a component derived from hexene or octene as the main· 

component can be used suitably as a vibration insulation materi81 or a 

material giving vibJ,'ation insulation properties to other materials. . Since · 
. . . . . . 

these polymers shows a high value ofloss tangent as _observed by the . . . · 

determination of the dynmlri.c viscoelasticity in a broad range of temperature, .· 

they exhibit good vibration iilsulation properties in a broad :r:ange of 

te~perature . 

. Out of the a.;olefin polymers of the present invention, .the polymers havirig 
: . . . 

a component derived from hexene or octane as the main component can be 
: . . . 

used suitably as a tackifier~ Since these polymers shows a high v81.ue ofloss 

tangent as observed by the determination of the dynamic viscoelasticiiy in a · 

broad range of temperature, they exhibit good tackiness in a broad range of 

.. temperature. 
. . . : . . . ' . . 

. . 

Furthermore," the atactic poly-4:-methyl-1-p~ritene of the present invention . . . . . : . 

· . is useful as a modifier for various film materials. 
. . . . ... 

· .As an example of the 4-methyl-1-pentene polymers of the present.invention~· . . 

there is a poly-a-olefin polymer which has intr;inSic Viscosity [ 1,] in a range of 
. . . . . 

0.5 to 10 Ilg and a degree of crystallinity of not more than 5% . 

. Freshness-retaining Film 

For example, film made ()f polypropylene or low•density polyethylene_ . 

cannot ret~· adequately.the freshness. of vegetables absorbing much carboll 
. . . . .. 

dioxide, oxygen· gas and water vapor in summer time due to its poor carbon · 

dioxide, oxygen gas or water vapor permeability. 

The use of the atacti.c poly-4-methyl-1-pentene polymer resin of the present 

·invention makes possible the provision of a fruit· and vegetables packaging film 

that has ex~ent gas permeability and mechani.c81 strength and is.capable of· ... 

· adequat~ly. retaining the freshness of fruit and vegetables, while protecting 

them from fouling or damage. The aforementioned poly-4methyl-l-pent~ne· 
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. polymer resin may be blended with any of the 4•methyl-1-pentene polyliler 

resins obtained by the conventional method known to the public, such· as 

homopolymer of 4-methyl-1-pentene and copolymer~ of 4-methyl-l-pentene arid 

2 to 20 wt% of other a-olefin, such as an a-olefin having 3 to 18 c~bon atoms, 

other than 4-methyl-1-pentene, such as 4-methyl-1-pentenelhexadecene 
. . . . ·. . ' . . 

copolymer and.4-methyl-1-penteneldecene-1 copolymer. In this case, the use .· 

. of the atactic 4-methyl-1-pentene polymer resin of the :Present invention is 

preferable because the use of the resin re~ult in an improvement in :film 

strength, sealing properties ~d mold.ability. Preferable examples of the 4 .. 

methyl-1-pentene copolymer of the present invention for this application . 
. . . 

. . '· ·' . . 
include 4-methyl-1-pentene (4MP1)/decene copolymer, 4-methyl-1-pentene . 
·. . .· . . . . . . . 

(4MP1)/octene copolymer, 4-methyl-1-pentene (4MP1)/hexene copolymer and 4-

methyl-1-pentene (4MPl)letJiylene copolym.er. A preferable composition of 

these copolymers is sudt that the 4-methy-1-pentene content is 80 to 98 wt%. 

Especlally, itjs preferable that the 4MP1 content may be 90 to 95 wt%. 

As the film cont.µning the 4-methyl-1-pentene copolymer of the present 

invention, the following blends are preferable: 

Non-atactic 4-methyl-1-pentene copolymer obtained by conventional .•· ·· 
. . 

' . . . . . 

technology (poly-4-methyl-1-pentene ho:mopoiymer, 4-methyl-1-pentene/deceD.e ·. ·. · · 

copolymer, 4-methyl-1-pentene/octene copolymer, 4-methyl~l~pentene/ethylen.e 

copolymer)/atacti.c 4-methyl-1-pentene copolymer of the present :invention=· 

30/70 to 90/10 (Wt%); and the film containing the 4-methyl-1-pentene 

copolymer of the present invention may contain other polymers such as· low• 

density polyethylene (LDPE), linear polyethylene (LLDPE), polypropylene 

(PP), ethylene-propylene rubber (EPR), ethylene-butene rubber (EBR) .and 

hydrogenated styrene-butadi.ene-styrene block copolymer (SEBS). 

Surface Protection Film· 

The aforementioned atactic 4-methyl~l-pentene copolymer obtained by the 
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. present invention and the compositions containing the copolymer are also used . 

suitably in the tacky layer of a surface protection :6ltti which will not peel off 

from the substrates when attached to various substrates, she>ws high initial_ · 

ta~ess and shows a slight change with time in tackiness after being 

attached to substrates, low level of biocking at the time of the uilrolling of the . 

filni and excellent handlli.1.g workability. The 4-methyl~l-pente~e copolymer 
. . . 

of the present invention has a low degree of ~rystallinity and shows especially 

excellent tackiness. Furthermore, the· aforementioned tacky layer may 

contain other polymers such as ethylene-propylene rubber (EPR), ethylene­

butene. rubber (EBR) and stytene-butadiene-styrene block copolymer (SEBS) 

as. required. Moreover, it may be blended with a modified material. (maleic 

anhydride, styrene-grafted material) of such polymers as required. 

Further, the manufacture of the film for this application may be carried out 

by any method that makes possible the manufacture ~fa laminated' film. of a· 

structure having the substrate layer and the tacky layer. EspeciaJly the·· 

method in which a three-layer film having an intended thickness is 

. manufactured by heatlli.g and melting separately each of the materials to be 
. . . .· .. 

formed into the substrate. (surface and ~ddle laye~s) and the tacky layer. and .. 

by coextrUding them is preferable because the film of the present invention· can 
. . . . . 

. . 

be manufactured highly efficiently and inexpensively. Further, a method can · 

·also be employed in which the .tacky layer is extruded onto the substrate to be · 

laminated. 

Vibration Insulation Material and Laminates Thereof 

The atactic 4-methyl-pentene copolymer obtained by the present fuventi.on · . 

. shows excellent viscoelastic properties and a high tan · o value in the vicinity 

of room temperature. Because of this, the atactic 4-methyl-pente~e cop.olymer 

shows an excellent vibration insulation performance when used in ·the core or 

. middle layer of a composite laminate for vibration insulation. The aforesaid 
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4-methyl-pentene copolymer may contain other polymers such as ethylene~ 

propylene robber (EPR), ethylene-butene robber (EBR) and hydrogenated 

styrene-butadiene-styrene block copolymer (SEBS) as required .. · Moreover, it . 

may be blended with a ~odified material (maleit anhydride; styrene-grafted 

material) of such polymers as required. 

· Examples of the vibration· insulation Iamillates_ include such structures as·. 
. . 

Q) metal/4-methyl-1-p~tene copolymer, ® metal/4-methyl-1-pentene 

·copolymer, @ metal/4-methyl~l-pentene copolymer/metal/4-methyl-1-pelitene 

copolymer and @ metal/4-methyl-1-pentene copolymer/metal/4-methyl~l-

. pentene copolymer/metal. 

Out ofthe~e, the three-layer structure of® ·above is used especially . 

suitably. For the structure ofsuchlaminates, a·boa:i:d-like, cylindrical or other. 

structure may be used. Examples of the metals formed such composite _·. 
. . 

·laminates include iron, steel, copper, alumin~, stainless.steel and brass. · 
. . . . .. 

The thickness of such metal is arbitraey but normally·O. l to 2 mm, preferably 

0.2 to 0.4 mm. Furthermore, the thickness of th_e composition layer is 
. . . 

arbitrary but normally 0.02 to 3 mm, preferably 0.03 to 0.15 mm. 

SQft Vinyl Chloride Resin Like Material 

The atactic 4-methyl;.pentene polymer of ~he present invention provides· 
. . . . . 

same material as soft vinyl chloride resin. Especially the aforementioned 

atactic 4".methyl~pentene copolymer provides a c()polymer having excellent . 

transparency~ strain recovery properties .and scratch resistance in a 4-methyl~ 
. . 

pentene content range of not less than 90 mol %. 

Examples of such polymers include 4-methyl-1-pentene/ethylene copolfD1er, 

4-methyl-1-pentene/ethylene/hexene copolymer and 4-methyl-1-

pentene/ethylene/octane copolymer. Such 4-methyl•l-pentene copolymers.· 

may contain other polymers. such as ethylene~propylene mbber (EPR), 

. ethylene-butene rubber (EBR) and hydrogenated styrene-butadiene-styrene 
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.block copolymer (SEBS) a8 require~ It is possible to obtain SU.ch sheet, tube 
. . . . . . . 

and bag as have a feel like soft vinyl chlori~e by using said copolymer which 

may be blended with a modified.material (maleic anhydride, styrene-grafted 

material). of such polymers as required.. The tube formed by use of such 

copolymer has excellent kink resistance. 

EXAMPLES 
. . . . ' . . . 

. Given below is a more detailed description of the present invention, but the 

presel;lt invention is not limited to these examples described below. · 

Further, in the Exampl~s below, the-composition, physical properties, etc~· 

. of polymers were determined as described below. 

Melt flow rate (MFR): ·. 

MFR was determined at 230°C and at a load of 2.16 kg in accordance with 

ASTM D1238-65T. 

Polymer composition: 

Approx. 200 mg of a polymer were dissolved uniformly in 1 inl of 

hex~chlorobutadiene in a test tube 10 mm in diameter. The composition of 

the sample thus obtained was determined by making 18C-NMR spectrum 

measurement under the.conditions: the measurement temperature _120°C, · 

measurelilent frequency 25.02 MhZ, spectrum width 1,500 Hz, pulse repeti,tion · . · 

time 4.2 sec, and pulse width.6µsec~ 

Intrinsic viscosity [ T/ ]: 

Intrinsic viscosity was measured in de~ahyronaph~alene at 135°C. 

Flexural modulus (FM): 

A FM test specimen punched out :Crom a press-molded sheet 2 mm thick. · 
: . . 

. . 

molded at 200°0 was. tested at 23°C at a span distance of 32 mm and a bending 

rate of 5 mm/min in accordance with ASTM D't90. 

Izod impact strength (IZ): 

Izod impact strength was determined in accordan~ with ASTM D256~ · · 
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·.Test specimen (notched): 

· 12. 7 mm wide x 6.4 mm thick. x 64 mm long 

Haze: 

Haze of a press-molded sheet 0.5 mm thick molded. at 200°C was 

determined in accordance with ASTM D1003~ 

Preliminary activation of catalyst: 

13.5 mg of (d.imethyl(t-~utylamide)(tetramethyl-TJ 5-cycl.op~tadi:Emyl) 

silane) di.chlori.detitaniuin w~re weighed into a: glass .container previously . · 
. . . . . . . . 

purged thoroughly with nitrogen. . 22.86 ml of toluene solution of. 

methylalumoxane (hereinafter called ''MAO") of 0.808 mjmmol/ml were added 

· to the glass container so that the aluminum atom. woUld be 22.05 mmimols, 

and was subjected to ultrasonic treatment for 15 min .. at 23°C to obtain a 

catalyst solution. 

(Polymerization Example 1) Propylene-ethylene atactic copolymer: 

900 ml ofheptene was added at.normal temperature to a 2L.autoclave 

previously dried under reduced pressure and purged with nitrogen.. .After .· . 

. that, propylene was pressurized to 6 kg/cm2G with. agitation, and pressure was·· . 

released. This pressurization/pressure release operation was repeated three ·. 

times. Subsequently, propylene was pressutized to 6.6 k/cm2G (25°C), 0.3 IDI 
of toluene solution oftriisobutylalumillum(l.Ommimol/ml) were added, and· 

then the temperature was raised to 80°C. After that, the system was. 

pressuriZed with ethylene to 8 kg/cm2G, and0.5 ml.of the toluene solution· . · · 
. . . 

(0.0.01 mmimols/ml) of(dim.ethy~(t-butylamide)(tetramethyl-TJ 5-

. cyclopentadienyl). silane)dichloridetitanium synthesized by the method known 

to the public, 0.5 ml of the toluence solution (0.004 mmimol/ml) of 

triphenylcarbenium tetra(penta:fluorophenyl)borate. and 10 ml of toluene were 

mixed for 10 min., and all of them were added simultaneously to fuitiate the 

copolymeri.zation of propylene and ethylene. At this time, the catalyst · 

concentration was such that ·against the total syst~m, (dim.ethyl(t:.. 
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butylamide)(tetramethyl-115-cyclopentadienyl)silane)dichloridetitanium ·was 
. . 

. 0.0005 mmimol/liter and triphenylcarbeniumtetra(pentafluorophenyl)borate" -

was 0.002 miJJimol/liter. Durillg polynierization, the internal pressure was 
. ' 

kept at 8 kg/cm.2G by supplying ethylene continuously. After 25 min., the 

·polymerization reaction was-stopped by adding methylalc9hol. After the 

pressure was released,· the polymer solution was taken out and washed by 

using aqueous solution -obtained by adding 5 ml of concentrated hydrochloric · 

acid to 1 liter of water at a ratio.of 1:.1, and the catalyst residues were tumed 
. . .· . . 

into a water phase. -This catalyst-containing solution was allowed to stand so 

that the water phase was separated and removed. It was then washed with 
. . . . . ·. . 

_distilled wa~r twice to separate this p'olymerization liquid into oil and water. - -

Next, the polymer liquid which had been separated above was contacted with 

3 _fold acetone under vigorous agitation_ to precipitate the polymer. The: 

precipitated polymer was washed adequately with acetone, aI1d a:- solid portion 

(copolymer) was obtained by :filtration. The. solid portion was dried at 130°C _ · 

and-350 mmHg for 12 hours in the flow of nitrogen~ . The_ ~ount of the· -
. -

propylene/ethylene copolymer thus obtained was- 34 ·g. Its intrin.Sic viscositY . 

[ 11] as determined in decalin 135°C was l.4 dl/g; glaSs transition temperatul,'e 
. . 

. Tg was -26°C; propylene oontent was 84 wt%, ethylene eontent was 16. wt%; 

and activity was 163 kg/mmitnol Ti • hr. . . . . . 

Furthermore, a chart shown in Fig. 1 was obtajned by 13CNMR 

measurement. 

Measurement conditions were as-follows: . · ·. 

Diameter of test tube: 10 mm 

- Ainount of sample: ~prox. 250 milligrams . 

Solvent: Orthodichlorobenzene/benzene deut~rid~ = 4/1(2.5 ml) 

·Observation width: Approx. 270 ppm 

Measurement method: Proton fully decoupling 

--. Pulse width: 45·degrees (7~5 µ.sec) 



. Pulse repetition time: 5.5 sec 

Measurement temperature: 120°c · 

. . Ti.mes of computation: 16,384 times 
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Chemical soft standard: 21.59 ppm (the Signal 1;hat appears in the lowest 

magnetic field ·out of the methyl signals of propylene) 

The following was· obtained from the 18CNMR chart obtained: . .. ·. . .. . . . ·. 

· Total peak area in the first zone (21.1to21.9 ppm)= P1
; .·· 

Total peak area in the second zoiie. (20.3 to 21.0 ppm) = P2
; 

Total peak area in the third zone (19.5 to 20.3 ppm) = P8
; and 

X and Y are defined by the form~as, P1/(P1+ P2+ P8)=X and · 

P8/(P1+ P2+ P8)=Y, respectively, :wherein X = 10.5 and Y = 44. 

Melt flow rate (MFR): 
. . 

. ; . . . 

MFR was measured at 230°C al'ld at a load of 2.16 kg in accordance ~th 

ASTM D1238-65T 

· Intrinsic viscosity [ TJ ]: 

Iil.trinsic viscosity was ·measured in decahyronaphthalene at 135°C. 

Izod impact strength (lZ): 

Izod impact strength· was ·determined in accordance with.ASTM. D256. 

. (Test specimen (notched): 12. 7 mm wide x 6A. thick x 64 !Ong) 

Yield Modulus (YM): 

Yield modulus was measured in accordance with ASTM D638 . 

. Haze: 
. . . . 

. Haze of a press-molded sheet 0.5 mm thlck molded at 200°C -vvas 

determined in aceordan~ with ASTM D 1003. 

Recovery properties: · 

Recovery was evaluated by visual inspection after pressillg a fingernail 

against a test specimen 2 mm thick. 

@: 

0: 

No mark of the fingernail left 

A slight mark of the fingemailleft 

. ~ .. 
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.6.: A oonspicuous mark of the fingemail left .. 

X: A very conspicuous mark of the fingemail left 

Examples 1 and 2: · 

0.2 parts by weight of tetrakis[methylene-3-(3,5-di~t-butyl-4-

hydroxyphenyl) propionate]methane as an anti.oxidant and 0.1 part by weight .. · 

of calcium stearate as a hydrochloric· acid absorber were added to a mixture of 
. . . . . . . 

10 parts by weight of a propylene copolymer (C2· content: 2 wt%; and C4 

content: 1.1 wt%) and 90 parts by weight of an ethylene/propylene atacti.c 
. . . .. . . 

· copolymer [mr/(mm+rr) = 1.04, [ T/] ; 1.4. dl/g and propylene content = 84 wt%) · 

obtained as described in Polymerization Example 1; these were melted and · · 

. mixed for 5 min. at 200°C and a rotary speed of 50 rpm by means of a 50-ml 

laboplastmill; and thus the intended composition was obtained. 

. In the same manner, a composition of homopolypropylene (MFR: 6 g/10 . 

mi.it.) and an ethylene/1;.butene copolymer (ethylene content: 60 wt%; and [ 11 ): 

1. 7 dl/g) was obtained. 

Comparative Example 1 
. . . 

0.2 parts by weight oftetraki.S[inethylene-3-(3,5-di·t-butyl-4-

hydroxyphenyl) propioriate]methane as an antioxidant and 0.1 part by weight_. 

of calcium stearate as ·a hydrochloric acid absorber were added to a ~ture of .. 

10 parts by weight of a propylene copolymer (C2 content: 2 wt%; and C4 · 

content: 1.1 wt%) and 90 parts by weightofan ethylene/propylene atacti.c 

copolymer [mr/(mm+rr) = 0."3, [ 1J] = 2.0 dl/g and propylene conte~t = 85 wt%]. 

These were melted and mixed for 5 min. at 200°c and a rotary speed of 50 . 

rpm by means of a 50-ml laboplastmill.; and thus the mtended composi.toin was 

. obtained .. 

Comparative Example 2 

.. 
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· 0.2 parts by weight oftetrakis[methylene-3-(3,5-di-t-butyl-4-

hydroxyphenyl) propionate]methane as an anti.oxidant and 0.1 part by weight·. 

·of calci.uDl. stearate as a hydrochloric acid absorber were added to a mixture of. 

· 60 parts.by weight ofhomopolypropylene (MFR: 6 g/lO mill), 10 parts by 

weight of ethylene/propylene/1"'.butene ci>polymer [mr/(nuri+rr) = 0.4, t17] = ·· 

1.5dl/g, ethylene content= 8 wt%, propylene content= 50 wt%] .and 20 parts by 

.weight of an ethyleneJl-butene copolymer (ethylene content = 60 wt%; and [ 71] 

= 1. 7 dl/g). These were melted and mixed for 5 min. at 200°C and a rotary 
. . . ·. ·. . 

speed of 50 rpm by means of a 50-ml laboplastmill; and thus the intended 

composition :was obtained. 

·mm. · Example l · &ample2 

Propylene polymer . ··10 

Homopolypropylene 60 

Ethylene/propylene atactic c0polymer .. ·· 90 10 

Ethylene/propylene copolymer 

Ethylene/1-butene copolymer 30 

IZ(J/m) (23°C) NB NB 

iZ(J/m) (-10°C) NB 370 

YM(Mpa) 21 490·· 

Haze(%) 7 39: 

Scratch resistance · @ . 0 

. Example 3. • (Atacti.c Polyoctene) 

·Manufacture of polyoctene: 
. . 

A 1-liter glass vessel eqUipped with cooling tube and an agitator was 
. . . 

purged adequately with nitrogen, charged with 279 nil _of toluene and 100 ml of 

octane, and agitated, and then the temperature in the system .was lowered to 

0°C. 7.4 mg of (dimethyl(t-butylamide)(tetramethyl'"fl5-cyclopentadienyl) . 
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silane)titanium dichloride synthesized by a known was dissolved in 4 nil of a 

toluene solution of triisobutylalunimun (1 mmiinollnil); and obtaiµed solution 

was added to the above solvent mixture. After that, 20 Du. of the toluence 

solution (0.002 mimmollml) of 

triphenylcarbeniumtetra(pentafl.uorophenyl)borate w~ ~dded, and the 

polymerization of octane was initiated. At this time, the catalyst 

concentration was such that against the ~tal.sy~tem, (dimethyl(t-butylamide) . · 

(tetramethyl~ 71-5-cyclopentadienyl)silane)dichloridetitanium was 0.05 
. . . 

. mmimol/liter and triphenylcarbeniumtetra(pentafluorophenyl)borate was 0.1 

. · · miUimol/liter. · . After 60 min., the polymerization reaction was stopped by. 

· adding methylalcohoi. Then, the polymer solution was taken out and washed 

by using aqueous solution obtained by adding 5 nil ~f concentrated . . 

hydrochloric acid to 1 liter of water at a ratio of 1:1, and the catalyst residues 

· were turned into. a water phase. The;tiquid was allowed·to stand so that the 
. . 

water phase was separated and removed. And then obtained liquid was · .. 

washed with distill(;!d water twice and allowed to stand so that the water phase 

was separated and removed. Next, the obtained polymer Ii.quid was brought 

into contact under vigorous agitation wit}t 3-fold acetone to precipitate the 

·polymer. The precipitated polymer was washed adequately with acetone, and a · 
. . . . . 

solid portion (copolymer) was obtained by filtration.. The solid portion was 

dried at 130°C "and 350 mlnHg for 12 hours in the flow of nitrogen. The 

amount of the polyoctene polymer thus obtained was 7 .8 g. · Its intrinsic. 
. . . 

. . ·. . . . . 

viscosity [ 1J] as determined in decalin 135°C was 1.3 dl/g; glass transition 

temperature Tg me~ured by DSC was -63°C; the peak of the loss tangent as 

. determined by the measurement of dynamic viscoelasticity made at a 

frequency of 10 Hz was -39°C; the peak width at ha1f height was 48°C; and 

activity was 520 g/mjJJimol Ti • .hr. 
. . . . -

· Furth~rmore, 20 parts by weight of the aforementioned atactic polyoCtene 

were blended with 80 parts by weight of crystalline polypropylene (J700), and .. 
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a composition was obtained by melting and mixing the blend for 5 miii. at 

200°C and a rotary speed of 100 rpm. by means of a laboi>lastmill. Th~ Izod 

· impact strength of the resultant composition as measured in accordance with 

AS'rM D785 was 52 Jim. 

(Synthesis Exainple 4) 

· . 430.ml ofheptene, 430 ml of 4-methyl-1-pell.tene and 140mlof1-butene 

were. added at normal temperature to a 2-liter autoclave previously dried. 

'1.nder reduced pressure and purged with nitrogen. After that, the autoclave 

was pressurized with propylene to 6 kg/cm.2G under agitation, and pressure · 

. was released. This pressurization/press\ire release operation was.repeated 

three times. Subsequently, 0.3 ml of the toluene solution of 1.0 mmimol/ml 

triisobutylaluminum were added at normal pressure, and then the 

temperature was raised to 50°C. And then the· system was pressurized with 
. . . : . . 

propylene to 4.5 kg/cm.2G. 0.5 ml of the toluene solution (0.001 miJlimols/ml) 

·of (dimethyl(t-butylmmde)(tetramethyl-11.5-

cyclopentadienyl)silalle)di.chloridetitanium synthesized by the known method, 

0.5 ml of the toluence solution (0.004 mmimol/ml) of .. . . . : . 

tri.phenylcarbeniumtetra(pentafluorophenyl)borate and 10 ml of toluene were 

-mixed for 10 min., and all of the mixture were added to the system at the same 
. . . . . . 

. . 

iime to initiate the copolyinerization of propylene and ethylene. At this_ tim~, 
. .· 

. the catalyst concentration was s~ch that agailist the total system, (dimethyl(t..; 
. . . . 

.· butylamide)(tetramethyl-715-cyclopentadienyl) silane)dich1oridetitanium ·was 

0.0005 mmimol/liter and triphenylcarbenium tetra(pentafluorophenyl)'~orate 

· was 0.002_ mmimol/liter. During polymerization, the intemal pres$ure was 

kept at 4.5 kg/cm2G by supplying propylene continuously. After ao·ntju., the 
. . 

polymerization reaction was stopped by adding methylalcohol.. After the 

pressure was re~eased, the polymer· solution was taken out and wash.ed by 

using aqueous solution ·obtained by adding 5 ml of concentrated hydrochloric 
. .· . .. 

acid to 1 .liter of water at a.ratio of 1:1, and the catalyst residues weretumed 
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into a water phase. The mixed liquid was allowed tQ stand so th.at the water : .. 

phase was separated and removed. The obtained Ji.quid was then washed with . 

distilled water twice and allowed to stand so that the water p1J.ase waE! 
. . . 

· separated and removed. Next, the polymer liquid thus was brought into . 
. . 

contact undei: vigorous agitation with 3'."fold acetone to precipitate the polymer. 

The precipitated polymer was washed adequately with· acetone, and a solid. 

portion (copolymer) was obtained by filtration. The solid portion was dried at 

130°C and 350 mmHg for 12 ho\Us iri the flow of nitrogen~ The amount of the 

. propylene/1-butene/4-Jl1ethyl~l-pentene copolymer thus obtained was 11 g. 
. : . . . 

Its intrinsic viscosity [ 71] as determined in decalin 135°C was .1.2 dl/g; 
. . . . . . . . 

propylene content was 51 wt%, l~butene content was 21wt%;4-methyl-l-

pentene content was 28 mol%; and.activity was 44 kgimmimol Ti • hr.· 

(Synthesis Example 5) . . 
. . . . . . 

The smpe operations as describedin Synthesis Example 3·wereperformed ·. . . . . . . . . 

except that· the pressure during the polymerization of propylene wa.S changed 

to 2.5 kg/cm2G. The amount of the propylene/1-butene/4-methyl-1-pentene · 
. ·. . .·. . . . . . ..... . 

copolymer thus obtained was 5.1 g. Its intrinsic viscosity [71] as determined 

in dec.alin 135°C was 1.1 dl/g; propylene content wa8 29 mol%, 1-butene · 
. . 

content was 31mol%;4-methyl-1-pentene content.was 40 mol%; and activity. 

was 20 kg/~iili~olTi ·hr. 

(Synthesis Example 6) 

. The same operations as. described in Synthesis Example 3 were performed: 

except that the pressure during the polymerlZation of prop~lene was changed · 

to 1.5 kg/cm2G; the amount of 1-butene was changed to soo ml; the amotint of 

4-methyl-1-pentene was 200 ml; the amount ofheptene was changed to 500 

ml; and the temperatul'.e was changed to 50°C. The amount of the 

.· propylene/1-butene/4-methyl·l•pentene copolymer thus obtained was 1.4 g. 

Its intrinsic viscosity [ 11] as determined in decalin 135°C was· 1.0 · dl/g; ... 

propylene content wa8 22 mol%, 1-butene eontent ·was ·59 mol%; 4-methyl-1- · 

. . . . . . . ...... ~-·. ..... . .... . ~· .. ·.· ·. 
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pentene content was 19 mol%; and activity was 5.6 kg/miJJimol Ti • hr. 

Examples 4 to.6 (Surface Protection Film) 

A 3-layer surface protection film (thickness:. 50 ·µ.m) which consists of a. 

surface substrate layer (thickness: 10 µm) made of a propylene homopolymer , ·· 

· a middle substrate layer (thickness: 30 µm) made of a propylene random 
. . . 

polymer eontainirig 3 mol% ethylene and a tacky layer (thickness: 10 µm) 

made of a copolymer containing propylene, I-butene and 4-methyl-i-pentene 

having the mol percents shown.in the table was formed by the coe~trusion T'." 

die molding. method under the following conditions: 

Molding conditions: 

Surface sub.strate layer and middle substrate layer = 230°C · 

Tacky layer = 180°C 

Coextrusion temperature = 230°C 

Determination of initial tackiness: 

·The initial tackiness was determined in accordance with JIS Z0237 1991. 

The peeling strength as determined by the 180° peeling method was used as 

· the index of tackiness. . 

Change with ti.me under heated and pressurized.conditions:. 

A test specimen was prepared by attaching a piece ofsurface protection 

. film.to stainless steel SUS304.in the same manner as described in the·· 

determination of initial tackiness properties. Aluminum foil 15 µm thick was· 

paid on top of the surface protection film, and then a. silicone rubber she~t a . 
mm thick having a spring hardness of 70 Hs as specified in JIS K6301 was put 
on it. 2 kg/cm2 of pressure was applied evenly to the area of the test specimEm 

to the film had been attached at 60°C by means of. a heating press. In this 

condition, the test specimen was kept for 240 hours and then removed from the. 

heating press. The peeling strength was determined by the 180° peeling 

method and was used as the index of tackiness. 
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Paste residues:· 
. .. . . 

The surface of the aforem~ntioned test specimen on which peeling test had 

been conducted as described above was inspected visually. ·· Any part of the 
. . 

tacky.layer remaining on the surface of the test. sp.ecim.en as ·a result of the 

peeling-off of an area of the surface protection film not less than 1 mm in 

diameter was regarded as paste residues. 

. . ·: .. ·~· .. ··· 
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Table 
. . 

Umt Example 4, Exam..ple 5 Exainple 6 

Tackylayerco1nponent:. 

Propylene. · 1nol% 51 29, 22 
... 

1-bu~ne mol% 21 31 59 

4MP1 1nol% 28 40 19 

Crystallinity % 0 0 0 

Intrinsic viscosity dl/g .· . 1.2 . 1.1 1.0 

Tacky properties: 

··Initial tackiness g/25 llllll. 80 .30. 110 

Tackiness after lapse of tillle. _g/25 mm 600 340 750 

from heating and pressure 

application . 

Paste residues after lapse of Yen/no No No No 

time fro1n_ heating and· 

pressure application 

. (Polyinerization Example 7) · 

· _The same op~rations as des~bed in Synthesis Example 3 were perf~r1ne4 ·. 

exeept that the pressure during the polYnierizati.on of propylene was changed 
. . . . . . . . . . . . 

to 1.5 kg/cm2G; the amount of 1-buterie was changed to 70 ml; the amount o~ 4• · · . 

. 1nethyl-l-pentene was 930 ml without heptene; and thete1nperature w_as ·. 
.. . . . .· . . 

. changed to 30°C. The amount o£th~ propylene/1-butene/4-methyl-1-pentene 

C<>poly!ner thus obtained was 0.4g. ·Its intrinsic v1scosity. [ 11] as determined in 

.. decalin 135°C was 1~0 dl/g; propylene content· was 22 mol%, 1-butene content 

was 11 mol%;4".1nethyl-l-pentene content was 67 mol%; and activity was 1.6·. 

kg/mmimol Ti·· hr. 
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I 11111~ I •I llm 
(Polymerization Example 9) 

The same operations as. described in Synthesis Example 3 were performed 

except that _the pressure during the polymerization of propylene w1;1s changed 

to 2.5 kglcm:2G; the amount of 1-butene was changed to 300 ml; the amount of 

4-methyl-1-pentene was 200 ml; the amount ofhe~tene was changed to 500 

ml; and the temperature was changedto 50°C~ The amount of the · 

propylene/1-butene/4-methyl-1-pentene copolymer thus obtained was 5.9 g. 

Its intrinsic viscosity [ TJ] as determined in decalin 135°C-was 1.1 dl/g; 

proiiylene content was 31 mol%, I-butene con~nt was 51mol%;4-methyl-l~ 

pentene content was 18 mol%; and activity was 23.6 kg/millimol Ti • hr. 

Examples 7 to 9 (Vibration Insulation Material) · 

Films 70. µm thick was obtained by molding the copolymers obtained as 

described in Polymerization Examples 7, 5 and 9 by the T-die film lllolding· 

method. . These films were put between two low carbon-content steel sheets 

0.8 mm thick that .had been subjected to treatment of degreasing with an 

alkali detergent and press-molded for 10 min. at 190°C. As a result, a. 

·vibration insulation board was obtained. . Using the vibration· in~ulati.on· . 

board thus obtained, the coefticient of vibration loss· 71 was determined by the · 

cantilever resonance point Vibration deeay method. The results of the 
- . . . 

·. determmati.on are shown in the table below. 
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Table 

Unit Example 7 .. ·Example8 Example9 · 

Middle layer component: 

Propylene .mol% 22 29 31 

1-butene · mol%. ll 31 51 

·4:MP1 mol% .67 40 18 

Crystallinity · .. % 0 0 0 

Intrinsic visoosity dl/g 1.0 l.1 l.i 

Tacky prQperties: 

Vibration loss poc 0.01 0~07 0.16 

coefficient. TJ. · · 20°C . 0.06 0.3 0.07. 

40°C 0.3 0.07 0.01 

Industrial Utility 

The present invention relates to a method for manufacturing atacti.c 

· ethylene/a-olefin copolymers, atactic ethylene/propylene copolymers obtained 

therefrom, and compositions thereof and the method for manufacturing such 

compositions. More specifically, the present invention provides atactic . 

ethylene/a-olefin copolym~rs having excellent optical properties; mechanic~ 

properties and/or film properties,. and is suitable for method of manufacturing 

.. effectively th~ oopolymers. Furthermore the present mvention provides .. 

compositions of the copolymers and is suitable for manufacttlring method of · 
.. 

· such compositions by a polymerization process. 
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CLAIMS: 

. · What we claim is, 
. .· 

1. Copolymers comprising ethylene and propyl~ne whose. structural molar ratio . . . . . . . 
·. . . . . 

(ethylene/propylene) is 1/99 to 20/80 and out of the spectra in the zone (19 to 
. . . . . . . . ·.. .· . 

23 ppm) obtafued })y C13NMR measurement of which the areas of the · ·. 

signals appearing in the first zone (21.1to21.9 ppm), second zone (20.·3 to 

21.0 ppm) and third zone (19.5 to 20.3 ppm) are represented by the total 
. . . . ; .. '•. . ... 

peak area in the first zone = P1 
,. the total peak area in the second zone = P2 

and the total peak area in the third zone = P8
, respectively, and X and Y are 

. . . 

defined by thefonnulas, P1 /(P1 + P2 + P3 )=X andP3 /(P1 + P2 i- P3)=Y,· 

respec~vely, whereill Xis O<X<30 and Y is O<Y<53. 

2. A process for manufacturing the ethylene/a-olefin copolymers which 

comprises copolymering ethylene and a-olefin in the presence of a cataiyst .· 

system comprising (a) shown below as the essential component and at least 

one compound selected from among (b) to (d) . 

. (a) the transition.metal complex expressed by the following formula(I): . 

z y 

l / (I) 

Cp M 
/'-\ -x1 ·x2 

· (wherein M stands for Ti • Zr • Hf, Cp stands for the cyclopentadi~nyi group~ 

indenyl group, fluorenyl_ group or their derived gr~upsK-bonded with M , X1 
· . 

. and X2 st~ds for ~anionic ligand or a neutral Lewis base ligand, Y stands · .. 

for a ligand containing nitrogen atOm, oxygen atom, phosphor atom or· sulfur . 
. . 

atom, and Z ~tands for nitroge:n atom, m~ygen atom,.silicon atom or one 

carbon atom.), or 

1111111111111111111 11111111111 .· 
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. . . . . 

The ineso form of the transition metal compound represented by the 

· following formula(II): . 

(II) . 

· (wherein M1 stands for 8: transition metal atoin in the Grou:p IV to VIB of . 

. . ·the periodic table; R1
, R2

, R8 and R4
, which may be the same or different 

· from one another, stand.for a hydrocarbon group having 1 to 20 carbon 
. . .. 

atoms, a halogenated hydrocarbon group having l to 20 carbon atoms, a 

silicon-containing group, an oxygeii.-containi.llg group, a sulfur'."containing 

group, a nitrogeIJ.-containing group, phosphor-containing group, hydrogen 

atom or halogen atom, and parts of the mutually adjacent groups may be . . . 

bonded to form a ring together With the carbon atoms bonded by these . · 
. . 

groups; X1 and X2 
' which n:iay be the same or different from one another, 

stand for a hyckocarbon group, a halogenated hydrocarbon group, an ·oxygen-· 

containiilg group, a sulfur-containing group, a silicon-containing group, 
.· . ·. . . .. . ·. . . . . 

· hydrogen atom or halogen atom; and Y1 stands for a bivalent hydrocarbon 

group, a bivalent halogenated hydrocarbon group, a ]>ivalent silicon- . . 
. .. . . . . . 

containing group, a biv~ent germanium-containing group, a bivalent till- · 

containing group, ~0-, -CO-, -S-, -SO-, -S02 -, -Ge-, -Sn-, -NR5 
-, -P(R5 

)-, -

P(O)(R5
)-, -BR5 -·or -AIR.5 - [however, R5 may be the same or different from 

one another and stands for hydrogen atom, halogen atom, a hydrocarbon 
. . 

group, a halogenated hydrocarbon group or 2lil alkoxy group] .. 

(b) a compound which reacts with the transition metal Min the component. 

(a) to form an ionic complex. 
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(d) alumoxan .. 
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3 .. A proeess as defined in Cl~ 2 which comprises m~ufacturin~ cop~lymers 
. . ·. . . . 

·whose crystallinlty is not more. than 5 % and whose structural molar ratio 

(ethylene/a-olefin)is 40/60 to 1/99 by polymeri.Zin.g ethylene and one or more 

. a-olefin monomers having 3 tO 10 carbon atoms .. 
. . . . . . 

· 4. A process for manuf~ctliring copolymers as defined in Claim 3 wherein the . 

a-olefin .is sel~OO.d from propylene, butene and 4-methyl-1-pentene and the 

struetU:ral molar ratio (ethylene/a-olefin) of the:copolymers is 1/99 to 20/80. 

5. A process formanufacturillg copolymers as .defined in Cl8im 3 wherein the 

a-olefin is a combmation of ·an a-olefin monomer· (A) having 3 to 10 carbon · 

atoms and.another a-olefin monomer(B),·other than (A), having 3 to 10 . 

carbon atoms and the structural molar ratio [(ethylene+A)/B] of the 

copolymers is 40/60 to 1/99. 

6. A process for ·manufacturing copolymers as d.etin~d in Claim 4 wher~ the 

a.;olefin (A) is propylene, a-olefin monom:er(B) is 4-methyl-1-pentene, and · 

the structural molar ratio [(ethylene+propylene)/4-methyl-1-pentene] ofthe 

copolymers is 1/99 to 20/80. 
. . 

7~ A process for manufactunng copolymers as defined in Claim 4 whereni the 
. . . . . : . 

a-olefin (A) is propylene, ·a-olefin monomer(B) is I-butene, the structural 
. . . . . 

molar ratio [(ethylene+p'.f9pylene)/1-butene] of the copolymers is 1/99 to 

20/80. 

8. Propylene polymer compositions comprising· 5 to 80 wt% of the 
. . 

ethylene/prQpylene copolymer as defined in Claii:D. 1, 10 to 80 wt% of a 
. . . 

. . . 

crystalline propylene polymer, and as required .. 10 to 80 wt% of elastomer 

(The total of the ethylene/prapylen~ copolymer, the crystallinepr<>pylene 
. . . 

polymer and the elastomer is 100 wt%). 

10. A process for manufacturing the propylene polymer compositions as 
. . . . . . . 

· defule4 in Claim 8 whereill such· propylene polymer compositions are .· · 

\ \11\11\ \\\l\\ Ill\\ \\\\I \\ '''\ * C L M S 



102 ilimiliUf 
manufactured by polymerizing ethylene and propylene or ethylene, · 
. . 

propylene and-another a-olefin by a one-stage or mu1ti-stageprpcess u~g at 
. . 

· least two types of catalysts~ 

11. A process for manufacturing the propylene polymer compositions· as 

defined in Clairti · 11 wherei.11 the at least two· catalysts is at least one catalyst· 

selected frOm the a-olefin polymerization catalyst (i.) mentioned below and . . . 
.. . 

the a-olefin polymerization catalyst (2) mentioned below and at least one . . . . . . 

catalyst selected.from the a-olefin polymerization catalyst (3). mentioned 

below and the a-olefin polymerization catalyst ( 4) mentioned below. 

Olefin polymerization catalyst (1): 

A catalyst comprising: 

(.A)A racemic form of a transition metal compound (A"'.1)· represented by the 

following formula (II): .. 

(II) 

(wherein M1 stands for a transition metal atom in the Group IV. to VIB of 

· ·the periodic table; R1 
, R2 

, R3 and R4 
, which may be the same or different .· 

from one another, stand for a hydrocarbon group having 1 to 20 carbon·· 
. . 

atoms, a halogenatecJ hydrocarbon group having 1 to 20 carbon atoms, a . . . . .. . 
.. 

silicon-contaiJring group, ail oxygeil-containillg group, a sulfur-containing 

group, a nitrogen-containing group, phosphor-containing group, hydrogen · .. · 

atom or halogen atom, and parts of the mutually adjacent groups may be · 
. . . : . 

bonded to form a ring together with the carbon .atoms bonded by these ·. · · 

11111111111111 11111 1111111 1111 
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groups; X1 and X2 
' which may be the same or different from one another, .. 

stand for a hydrocarbon group, a halogenated hydrocarbon group, an oxygen-
. . 

. . . . . 

containing: group, a sulfur-containing group, a .silicon-containing group, 

hydrogen atom or-halogen atom; and Y1 stands for a bivalent hydrocarbon 
. . 

group, a bivalent halogenated hydrocarbon group, a bivalent silicon-
. . 

· eontaining group, a·bivalent germanium-containing group, a bivalent tin-

containing group, -0-, -CO-, -S-, -SO-, -S02 -, -Ge-, -Sn-, -NR6
-, -P(R6

)-, -

P(O)(R5
)-, -BR5

- or-A1R5 ~ [however, R5 maybe the_same or different from 

one another and stands foi hy~ogen atom, halogen atom,-_ a hydrocarbon 

-group, a halogenated hydrocarbon group or an alkoxy group]; 

(B) (B-1) an_ organic aluminUm.oxy compound and/or 

(B-2) a compound· (B1 -2) which reacts with_ the aforementioned transition 

metal (A-1) to form an ion pair; 

and as required, . 

(C)an organoaluminum compound. -

Olefin polymerization catalyst (2): 

A catalyst comprising : 

(A) solld.;state titanium catalyst component (T) containing magnesium, 

titanium, halogen and an el~n donor as the essential components; 

(B) organometallic· catalyst component (Q); ·. 

and· 

(C) silicon compound (S) represented by the folloWi.ng formula (i) or a 

-compound ~) having not less than 2 ether linkages existing via two or .more 

atoms: 

Rpn -Si-(ORq)4 ~ n . . .... (i) . 

. (wherein n-is 1, 2 or 3; when n is~' Rp standsfor a secondary or tertiary 

hydrocarbon group; when n is 2 or 3, at le8:st 1 of Rp's stands for a secondary -· 

or tertiary hydrocarbon group, with the rest of Rp's being hydrocarbon 

groups, and two or more Rp's may be the same or different; Rq is a 
~~~__:_:_~~~~-"'---
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hydroc~bon group _having_ 1 to 4 carbon atonis, and when 4-n is 2 or 3, Rq 

may be the same or different.) 

Olefin polymerization ca,talyst (3): 

A catalyst comprising 
. . . . . 

(A) a ineso fo:rni ·of a transition· metal compound (A;.2) represented by the 

aforementioned fo1111ula (I); 

-(B) {B-1)-an organic aluminumoxy compound o~ 

(B-2) a comp9un~ (B2 -2) which reacts with the aforementioned 

transition metal (A-2) to form an ion pair; 

and as required, 

(C) an organoalulllinum compound. 

Olefin pol1merization catalyst (4): . 

A catalys~ comprising: 

(A) a racenric fo:rm of a trarisition metal compo~nd (A-3) represented by the . 
. . 

following form~ (Im: 

z1 y2 

I . / (Ill) 

Cp y:2 

. " X3w 

. . . . ' . . 

(wherein M2 stands for a transition metal atom in the Group VIB ofthe 
·. . . . 

periodic table;. Cp stands.for a cyclic unsaturated hydrocarbon group or a 

chain unsaturated hydrocarbon group; X3 stands for hydrogen atom, halogen 

atom, a hydrocarbon group havi.ilg 1to20.carbon atoms or an·alkoxy group·. 

having 1 to 20 carbon atoms; Z1 stands for SiR7 
2 , CR7 

2 , SiR7 
2 SiR7 

2 , 

CR7 
2 CR7 

2 , CR7 
2 CR7 

2 CR7 
2 , CR7 =CR7 , CR7 ~ SiR7 

2 or GeRR7 
2 ; .ya stands 

for -N(R8
)-, -0-, -S- or -P(R8 )~; R7 stands for hydrogen atom or an alkyl~ aryl, 

silyl, halogenated alkyl and halogenated aryl groups having up to 20 non-

l lllllll llllll lllll tllll ti 1111 .. 
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hydrogen atoms and a group selected from among combinations thereof; R8 

stands for an alkyl group having ~ to 10 carbon atoms or an aryl group 
. . . 

· haVing 6 to 10 carbon atoms or may form a condensed ring system of one or 

mo~e R7 ;s and up ao:non".hydrogen atoms; and w stands for 1or2); 

(B) (B-l)aAn organic aluminU1lloxy compound or 

(B-1) a compound_(B3 -2) which reacts with the aforementioned . 

transition metal (A-3) to form an ion pm; 

and as_ required, . 

(C) an organoaluminum compound. 

12. A vibration insulation material which compnses either one of the . . : . . . . . . . . . . . 

homopolymers of 1-hexene or 1-octene and whose .degree of crystallinity is 

not more than 5%. · 

11nmur 
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