| SPECIFICATION =

Ethylenela-Oleﬁn Copolymers Composmon and Process for Preparmg -
- Copolymers and Composrtron ' ' ' '

' TECHNICAL FIELD o |

The present mventlon relates toa method for manufacturmg atactlc |
ethylenela-oleﬁn copolymers, atactlc ethylenelpropylene copolymers obtamed L
N therefrom and composmons thereof and the method for manufacturmg such |
composmons More spec:flcally, the ob]ect of the present invention is to __
prov1de ethylenela-oleﬁn copolymers having excellent opt1cal propertres, B
, _mechamcal propertles andlor film propertres, and the present mventlon relates R
to an effectlve manufacturmg method therefor compos1t10ns thereof and a -

method for m_anufactunng such composlnon_s by a polymerization process. .

- TECHNICAL BACKGROUND
Oleﬁn polymers such as ethylene polymer and propylene polymer are used
- in many ﬁelds such as vanous moldmgs because of their exce].lent rrgldrty, . !

- heat reslstance, 1mpact res1stance and other propertles Moreover oleﬁn

' 'polymers are used for various apphcatlons such as vanous films because of .
_.thelr excellent transparency and ﬂexlblhty o
" As a method for i improving the 1mpact res1stance of these oleﬁn polymers, :

| method is known, for example, in wlnch after homopolymenzmg propylene,

. propylene and ethylene are copolymenzed to produce block copolymer e

’l‘he Lald-open Patent Publication HEI 4-337 308 d1scloses a block _
'copolymer manufacturmg method in which in the presence of a transmon -
| _ metal compound usmg cyclopentadrenyl crosslmked w1th the s:lylene group
L and an organoalummum compound a propylene homopolymer ora propylene '

copolymer contammg the ethylene unit at a ratxo of less than 6 wt% is ﬁrst



| . polymenzed untnl 1ts content becomes 40 to 95 wt% of the total polymer

_ultlmately obtamed and then the ethylene and propylene at a ratio by welght o

“of 10/90 to 95/5 are polymenzed S0 that the ethylene and propylene content is -
" 60to5 wt% of the total polymer ultlmately obtamed Itis stated in the La1d-
' open Patent Pubhcatron that the block copolymer obtained by this method
_shows a good balance between lmpact res1stance and ng1d1ty B
| Furthermore, the La1d-open Patent Pubhcatlon HEI 5- 202 152 d1sclosed a

" _.method for manufacturmg a polypropylene moldmg matenal wh1ch compnses .

| : -carrymg out the polymenzatron of an amorphous ethylene-propylene .
. copolymer by use of a spemﬁed crosslmkmg meta]locene compound and

_ alummoxane in manufacturmg, in the presence of a tranS1t10n metal

- _matenal compnsmg (1) 20 to 99 wt% crysta]lme polymer havmg a propylene

~ unit content of not less than 95 wt% and (2) 1 to 80 wt% amorphous ethylene. i

ipropylene copolymer havmg an ethylene umt content of 20 to 90 wt%. It is

also stated in HEI 5-202 152 that the polypropylene molding matenal obtamed . e

by th1s method has especlally exce]lent low-temperature 1mpact strength

| Blending elastomer W1th polypropylene is also known asa method for

_- nnprovmg the i lmpact strength of olefin polymer However smce such. | |
polypropylene with which elastomer is blended has inferior optlcal propertles

" such as tranSparency, it has found a limited range of uses.: L N
Moreover blendmg atactlc polypropylene w1th polypropylene vv1th the o
L obJectlve of i 1mprovmg propertles of polypropylene is descnbed in La1d-open
Patent Pubhcauon HEI 6-263934 for example _ | _

In recent years, there has been an mcreasmgly severer demand for the _
physmal propertles of oleﬁn polymers such as polypropylene and it is des:red
that those olefin polymers and compos1t10ns which have much better | o
propert1es and a method for manufacturmg such oleﬁn polymers wﬂl come into |

- exnstence



'3 .
| For a speciﬁc ex'anmle, as the re'sult.that consumers’ demand for better -
taste has grown, itis earnestly hoped in the ﬁeld of film that the ﬁ]m will
make the long-term storage of vegetables, meats, ﬁsh and she]]ﬂsh etc. and

. the retentlon of freshness thereof possible. However the film of conveninonal

. oleﬁn polymer showed poor carbon dioxide, oxygen gas and water vapor
- permeability and con_seque_ntly was not reta1_n adequate_ly the f_resh_n_ess of. -
| vegetahles abSorblng mu'ch of them in summer season. | _ |
The objects of the present mventlon are not only to prov1de a method for
manufacturmg ethylene/-a-oleﬁn copolymers havmg excellent opt1cal _
3 mechanical and/or film propertles and partlcular ethylenela—oleﬁn copolymers
and compos1t10ns thereof but also to provide a manufacturing method i in ‘which _"

S such poly-a-olefin polymers are made. atactlc and a method for manufacturmg ;

such composmons by a polymenzatlon process

SUMI\/IARY oF THE INVENTION
One embodlment of the present mventlon relates to a method for o

manufacturmg an atactic ethylenela-oleﬁn copolymers by usmg a partlcular

o catalyst

A second embodment of the present mventmn relates to ethylenelpropylene - S

| -copolymers compnsmg ethylene and propylene wherem the structural molar E

ratio (ethylene/propylene) is 1/99 to 20/80 and out of the spectra in the zone (19 - .

' to 23 ppm) obtained by Cl3NMR measurement the areas of the slgnals
appearing in the ﬁrst zone (21 1 to 219 ppm), second zone (20 3 to 21 0 ppm)
and third zone (19. 5 t0 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 thlrd zone =Ps, respectlvely, and X and. Y are deﬁned by the |
formulas, P! /(Pl + P2+ P%)=X and P° /(P + P? + P“)—Y respectwely, and X is
- 0<X<30 and Yis 0<¥<53. o '
A th1rd embodiment of the present mventlon relates to composmons of such



' parﬁcular ethylene/propylene copOIymer and an isotat:tic polyoleﬁn' resin |
A forth embod:ment of the present mventron relates toa process for :
; -preparmg the composrtons by at least two types of catalyst |
Among the poly-a-oleﬁn polymers of the present mventlon is an atactrc
. olymer obtained by polymerizing ethylene and one or more an a-olefin .'
monomers havmg 3 to 10 carbon atoms asa preferable embodiment. _'

The oz-oleﬁn of the aforementloned embodrment is preferably a combmatmn
- of ethylene and an a—olefin monomer having 3 to 10 carbon atoms, and it is
desirable that their structural molar rati_o (ethylene_/a-_oleﬁn having' 3 to 10 =
carbon ‘atoms) should be in a range of 40/6.0 to 1/99. - More'over especially, the
a-oleﬁn may be in a combmatmn of ethylene and an a-oleﬁn monomer (A)
havmg 3to 10 carbon atoms and an a-olefin monomer B) havmg 3to6 carbon' ] -_
atoms, which is other than (A), and itis des1rable that the structural molar '
ratro [(ethylene + A)IB] should be in a range of 40/60 to 1/99 Itis also -

des:rable that the mr/(mm + rr) value in the d1ad dlstrlbutlon of each a-oleﬁn _ e

- as measured by NMR should be in a range of 0.7 to 1.3, the mtrms1c wscomty

: [77] ina range of 0.5 to 10 dllg, and the degree of crystalhzatmn, not more -

 than 5%. R B

| Poly-a—oleﬁn polymers hke tlns embod1ment have satrsfactory opucal

" ‘mechanical and/or film propertres _ o
| The a—oleﬁn polymers of the present mventlon may be manufactured by the

catalyst system shown below o o

Specifically, the catalyst system is preferably a catalyst system compnsmg

(a) shown below as the essentral component and at least one compound |

| '_ selected ﬂom among (b) to (d) shown below

(a) the trans1t10n metal complex represented by the fo]lowmg formula(I)



Cp- —M
xi x

(Wherem M stands for Ti- Zr - Hf, Cp stands for the cyclopentad1enyl group, o

: mdenyl group, ﬂuorenyl group or the1r denved groups thch is 7z'-bonded vv1th '
"M, X! and X? stands for an anionic hgand ora neutral Lewrs base hgand Y B
L stands for a ligand contammg mtrogen atom, oxygen atom phosphor atom or - |
| . sulfur atom and Z stands for ¢ oxygen atom S1hcon atom or one carbon atom ), a :
The meso form of the transmon metal compound represented by the _ .. -
.fo]lowmg formula @ . " :

o

(vyherein M1 stands for a transrtlon metal atom in the Group IV to VIB of the o

'penodm table; R1 R\, R® and R* wh1ch may be the same or drﬂ'erent from ome . -

another stand for a hydrocarbon group havmg 1 to 20 carbon atoms, _
halogenated hydrocarbon group havmg 1to 20 carbon atoms, a s:hcon- o
.contammg group, an oxygen-contammg group, a su]fur-contalmng group,

| mtrogen-contalmng group, phosphor-contalmng group, hydrogen atom or E _.
_ halogen atom and parts of the mutually adJacent groups may be bonded to o |
form a rmg together with the carbon atoms bonded by these groups X1 d. : y



"
thch may be the same or different from one another, stand for a

hydrocarbon group, a halogenated hydrocarbon group, an oxygen-contammg

- group, a sulfur-contammg group, a s:hcon-contammg group, hydrogen atom or.

. halogen atom; and_Y1 stands fora b1va1ent_hydroca_rbon group, a brvalent . |
o 'halogenated hydrocarbon group, a bivalent s_i]icon-containjng. group, a bivalent ..
.germanium-contai'n_ing group, a biyalent tin-cOntaining group, -0-, -CO-, -'S--" -
80-,-80,-, -Ge-, -Stv, -NR'~, PR, -POXR")-, -BR! or -AIR"- [however, RS
may be the same or different from - one another and stands for hydrogen atom
' _halogen atom, a hydrocarbon group, a halogenated hydrocarbon group or an
alkoxy group]. o
(b)a compound wh1ch reacts w1th the transmon metal M in the component
: (a) to form an ion pair; ' ' '
(© an organoalummum compound, and
(d) an alumoxan |
The oe-oleﬁn polymers of the present mventron themselves may be used for

~various uses. Furthermore, they are used in the form of composmons

_ obtamed by blendmg it with other thermoplastm resins such as crystallme ) o

- polypropylene, crysta]]me polybutene, crysta]]me 4-methy1- 1-pentene polymer,
- polyethylene terephthalate polyam1de and polycarbonate for example, at

o vanous ratios. Such blendmg wﬂl lmprove the 1mpact remstance, ﬂex1b1]1ty

“and other propertles of those thermoplastlc resms -
o Partlcularly, a compos1t10n comprising 5 to 80 wtd% of an atactlc a—oleﬁn '
N polymer of the present mventmn 10 to 80 wit% of a crystalhne polyoleﬁn '

. polymer and, as requ1red 10 to 80 wt% of an elastomer has especially excellent L

| ngtdlty, heat remstance and impact res1stance (The total of the atactic a-

“olefin polymer of the present invention, a crystalhne polyoleﬁn polymer and
_elastomer is 100 wi%.) -

. These composrtlons of the a-oleﬁn polymers may be obtamed by not only
' .soluuon-blendmg each of the components and dry-blendmg each of the



components ina melted state but also manufacturmg each of the components '
in parallel or consecutlvely by parallel or senes mu1t1~stage polymerlzatlon |
- and then by ultlmately formmg them mto the composmons | o
The manufacture of the aforementloned compos1t10ns is conducted by
| polymenzatlon usmg at least two d.lfferent catalysts in some cases. The use |
ofat least two catalysts makes the reductmn of the number of the stages of
polymenzatlon For example, 1t is posslble to manufacture the ' _
aforementloned composmons of poly-a-oleﬁn polymers by polymerlzmg oleﬁns '
monestage | o .
Itd is desirable to use for such at least two catalysts a combmatmn of at least | o
one catalyst selected from between the a-oleﬁn polymenzatlon catalyst ( 1)
: mentloned below and the a-oleﬁn polymerlzatlon catalyst (2) mentloned below
" and at least one catalyst selected from between the a-oleﬁn polymenzatlon B
- catalyst (3) mentioned below and the a-oleﬁn polymenzatron catalyst (4)

-mentmned below _

Oleﬁn polymenzatmn catalyst (1)

A catalyst comprlsmg

(A) A racem1c form (A- 1)of a transltlon metal compound represented by the
followmg formula an:

'('v'vherei'n M! stands for a trans1t10n metal atom in the Group IV to VIB of the -
| penod1c table R1 R?, R3 and R* 'w_lnch may be the same or different from -on_e_ :



| 8.

_another, stand for a hydrocarbon group havmg 1to 20 carbon atoms a
} halogenated hydrocarhon group havmg 1 to 20 carbon atoms, a s1l1con—
.contalmng group, an oxygen-contmmng group, a sulfur-contmmng group, 2

mtrogen-contammg group, phosphor-contammg group, hydrogen atom or
| - halogen atom, and parts of the mutually adjacent groups may be bonded to

. forma nng_togethe_r with the carbon atoms bonded by these groups; X' _and_X’, "

which may be the 'same or diﬂ‘erent from one another stand for ahydrocarbon '

~ group, & halogenated. hydrocarbon group, an oxygen-contammg group, a sulfur - H

o 'contammg group, a sﬂ1con-contammg group, hydrogen atom or halogen atom
and Y* stands for a blvalent hydrocarbon group, a blvalent halogenated ' |

| ._ hydrocarbon group, a blvalent s:hcon-contalmng group, a b1valent germamum-- |

contammg group, a blvalent tm-contalmng group, -O- -CO- -S- -SO- -SO2 |

Ge-, -Sn-, -NRB- -P(RE)- -P(O)(R“)- -BR"- or -A1R" [however, R® may be the

same or d]fferent from one another and stands for hydrogen atom, halogen _'

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

| groupl;

- (B)B-1) An orgamc alummumoxy compound and/or _ o _

(B-2) A compound (B! -2) which reacts w1th the aforementmned transmon -

, metal (A-l) to form an ion pan:, and as reqmred

- (C)An organoalummu_m compound. _

Olefm polymenzatmn catalyst (2)
A catalyst comprising |
| '(A) Sohd-state tltamum: catalyst component (D containing magne'sium,'- -
3 | htamum, halogen and an electron donor as the essentlal components |
(B) Organometallic catalyst component (Q), and
| .(C) Silicon compound (S) represented by the followmg formula (1) ora

= compound (E) having not less than 2 ether hnkages e:nstmg via two or more - -

~ atoms:

\\II\I\\ Tt \ll\
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o (Wherem nis 1, 2 or 3 when n is 1, Rp stands for a secondary or tertlary o
' hydrocarbon group, when nis 2 or 3, at least 1of Rp’s stands for a secondary .

- . or tertiary hydrocarbon group, thh the rest of Rp’s bemg hydrocarbon gx_oup,_s,' |

‘and two or more Rp’s may be the same or different; Rqis a hydm’carbon group |
| having 1 to 4 carbon at_oms,' and when 4-n is 2 or 3, Rq may be the same or = -
different.) " S

Oleﬁn polymenzatmn catalyst (3)
A catalyst comprising - _ _ _
(A) A meso form (A-2) of a trans1t10n metal compound represented by the
-aforementioned formula (I), o '
| (B) (B 1) An organic alummumoxy compound or . o _
| (B-2) A compound ®? -2) which reacts mth the aforementloned

- trans1t10n metal (A-2) to form anion pan:, o

- and as required,

B (C) An organoalummum compound

Oleﬁn polymenzatmn catalyst (4)
A catalyst. compnsmg ' |
(A)a transmon metal compound (A-3) represented by the fo]lowmg formula

g v _

/ o / m
b

_ - (wherein Mﬂ-_-stands f¢r'a tfﬂ#lSiﬁon- metal atom'in the G roupVIB o_f_the | N
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| penodlc table, Cp stands fora cychc unsaturated hydrocarbon group ora cham. '
unsaturated hydrocarbon group; X" stands for hydrogen atom, halogen atom,
- hydrocarbon group havmg 1t020 carbon atoms or an alkoxy group havmg 1 to -

20 carbon atoms; 7! stands for s:m,,cnu', SiR",SiR",, CR'CR',, .' |
CR',CR",CR’,, CR'=CR’, CR’ is?, or GeRR',; Y* stands for -N(R“)- -0, |

: _-S- or -P(R8 )-; R” stands for hydro_gen atom or an al_kyl, aryl, silyl, halogenated-
alkyl'and halogenated aryl groups having up to 20 non-hydrogen atom's and a | K

_group selected from among combmatrons thereof R8 stands for an alkyl group
'havmg 1to 10 carbon atoms or an aryl group havmg 6 to 10 carbon atoms or’

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

atoms, and w stands for 1 or 2); |
o (B) (B- 1) An orgamc alummumoxy compound or.
B-2) A compound ®° -2) whmh reacts with the aforementroned
‘transition metal (A—3) to form an ion palr, o
B and as reqmred |
[o01} e
: '(C) An organoalummum compound | | |
| The olefin polymer composltlons of the present mventlon may he

_ manufactured by a one-stage polymerlzatlon process usmg a m1xed catalyst as

. descnbed above

'BRIEF EXPLAMATION OF DRAWINGS _ o _
Flg 1i isa chart obtamed by measurmg an ethylenela-oleﬁn copolymer of . | '
" the present invention by * 13 CNMR ' ' ' R

F1g 21sanen1argementofthezonefrom190ppmto220ppmmthe S T

aforementloned chart

e BEST EMBODIMENT OF THE INVENTION

) The poly~a-oleﬁn polymers of the present mventmn, the manufacturmg



o | " This Sheet Has Been Replaced
woo [ |I| [

- process and composmons thereof are descnbed speclﬁcally below

B [002]

It should be noted that the meanmg of the term “polymenzatlon as used in N
"tlns speclﬁcatmn includes copolymenzatlon as well as homopolymerrzatron and o
_that the meaning of the ferm “polymer” as used in thls speclﬁcatlon mcludes '.j
copolymer as well as. homopolymer
[o03] | | |

The poly-u—oleﬁn polymers of the present mvennon compnses an atactlc o
. .polymer obtained: by polymenzmg one or more a-olefm monomers having 3 to
10 carbon atoms or an atactrc polymer obtamed by homopolymenzmg 1-hexene .
or 1- octene |

Flrst the u-oleﬁn monomer used is explamed Spem:ﬁc examples of the o '
oleﬁn monomer mclude monomers having 2 to 10 carbon atoms such as _

' ethylene, propylene, -butene 1-pentene 1-hexene, 1-peptane, 4-methyl- 1- o
- _pentene, 3-methy1- l-pentene, 1-octene, 3-methy1- -butene, -decene, styrene, : |
: vmylcyclohexene and vmylnorbomane _ _

" Next, the poly-a-oleﬁn polymers formed by usmg the aforementloned a-
olefin monomers are descnbed below _ L

- It is desirable that these poly-a.-oleﬁn polymers should have the mr/(mm + -
- 11) value in the diad dlstnbuhon of each o-olefin being in a range of 0. 7 to 1.3,

: _preferably 0 8101.2, as measured by NMR mtrmsm v1scos1ty [77] bemg ina =
range of 0.5 to 10 dig, preferably 0.5 to7 dllg, and preferably a degree of |
: crysta]hzatron bemg not more than 5%, preferably not more than 3%.

'In the case of the poly-a-oleﬁn polymers usmg two types of the o

.aforementloned a-oleﬁn monomers, the a-oleﬁns are preferably a combmatlon

of ethylene and an oc-ole:ﬁn monomer having 3 to 10 carbon atoms, and therr .

o _structural molar ratlo (ethylene/a-oleﬁn having 3 to 10 carbon atoms) may

preferably be 40/60 to 1/99 Furthermore, it is des1rable that these poly—a- |
~olefin polymers should have the mr/(mm + rr) value in the d1ad d1stnbut10n of



| 2 o
- each af-oleﬁn beingin a range of 0.7 to 1. 3 preferably 0.8 to 1 2, as measured - |
| by NMR, mtrmsrc v1scoslty [17] being in a range of 0.5 to. 10 di/g, preferably 0.5
1o 7 7 dllg, more preferably 1to6dl/g,and a degree of crystalhzahon bemg not |
. more than 5%, preferably not more than 3%. | '
Speclﬁc examples of these poly-a-oleﬁn polymers may mclude atactlc

) copolymers such as ethylenelpropylene copolymer, ethylenelbutene copolymer, o

ethylenelpentene copolymer ethylene/hexene copolymer ethylenelheptene .

copolymer, ethylenel4-methyl- -pentene copolymer, ethylenel3-methyl— 1-

) _pentene copolymer ethylene/octene copolymer, ethylene/3-methyl-1 -butene o
copolymer ethyleneldecene copolymer, ethylene/wnylcyclohexene copolymer

B . and ethylenelwnylnorbornane copolymer

| Espema]ly, in the case of ethylene/propylene copolymer, ethylene/butene o '
copolymer, ethylenel4-methyl- l-pentene copolymer or ethyleneloctene |
copolymer itis des1rable that its structural molar ratlo should be 1/99 to
20/80 more preferably 1/99 to 10/90 o | - L .
| ‘In the case of the poly-a-oleﬁn polymers usmg not less than three types of '.
the aforementloned a-oleﬁn monomers, the a-oleﬁns are preferably a
' combmauon of ethylene, a-oleﬁn monomer (A) havmg 3 to 10 carbon atoms_’_' -

and an a-oleﬁ'n monomer (B), other than (A), wlnch has 3 to 6 carbon atoms,

and 1t is preferable that the1r structural molar ratlo (ethylene + A)IB is 40/60 - '
to 1/99. Furthermore, iti is desuable that these poly-a-olefin polymers should : '. S

- 'have the mrl(mm +717) value in the diad d1stnbutmn of each a-oleﬁn bemg m a
range of 0.7 to 1.3, preferably 0.8 to 1.2, as measured by NMR, mtrmslc | '. r
wscos1ty [17] bemg in a range of 0.5 to 10 dl/g, preferably 0.5 to 7 dl/g, more

E preferably 1 to 6 di/g and a degree of crystalhzatlon bemg not more than 5%, :

| Do preferably not more than 3%.

Specxﬁc examples of these poly-a-oleﬁn polymers include copolymers such
. as ethylenelhutenelpropylene copolymer, ethylenelpentenelpropylene _ .
. oopolymer,-_ethylenelhexenelpropylene copoly_mer, ethylene/octene/propylene T o
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copolymer ethylene/propylene/butene, ethylene/pentene/butene copolymer,

B ethylene/hexene/butene copolymer, ethylene/heptenelbutene copolymer,

| ethyleneloctene/butene copolymer, ethylenelpropylenelpentene copolymer, .. .
| ethylenelbutenelpentene copolymer, ethylenelhexenelpentene copolymer, o _
- ethylenelheptenelpentene copolymer, ethylene/octene/pentene copolymer, | - _’ '
o ethylenelpropylenelhexene copolymer, ethylenelbutene/hexene copolymer, -.

) ethylenelpentene/hexene copolymer, ethylene/octenelhexene copolymer, | -

, ethylene/propylenel4-methy1- -pentene copolymer, ethylenelbutene/4-methyl- '
1-pentene copolymer, ethylenelpentenel4-methyl— -pentene copolymer,
. ethylenelhexenel4—methyl— 1-pentene copolymer ethyleneloctanel4-methy1- 1--
pentene copolymer, ethylene/propylene/3-methyl- 1-pentene copolymer, B

_ ethylene/butene/3-methyl— -pentene copolymer, ethylenelpentene/3-methyl-1-
pentene copolymer ethylene/hexenelS-methyl- -pentene copolymer and
ethyleneloctene/3-methyl- -pentene copolymer.
.' Especially a preferable example of the aforementloned poly-a-oleﬁn
| _copolymers is ethylenelpropylenel4-methy1- -pentene copolymer, and 1ts _
| structural molar ratio (ethylene+propy1ene)l4-methyl- -pentene is preferahly -
©1/99 to 20/80, more preferably 1/99 to 10/90.

'Furthermore, the aforementloned poly-a-oleﬁn copolymer is preferably o

| .ethylenelpropylenelbutene copolymer and its structural molar ratiois
'. preferably 1/99 to 20/80 more preferably 1/99 to. 10/90 | R
[ooq] | L |
' Moreover, 1t is also poss1ble to produce the aforementloned poly-a-olefm by
polymenzmg not less than 4 types of the a-oleﬁn monomers as requ1red N
The poly-a-oleﬁn polymers described. above may be manufactured by usmg, _. :
. for example, (a) sho_wn _below as the _esseatml -co_mponent and polymerlzmg one
~ ormore a-olefin monomers ha'vihg 2 to 10 carbon atoms in '.the. p_resenoe: ofa
| _. oatalyet _system comprisin_g' at least one or more _conipound selected from E

among (b) to (d).



| u o o .
| (@ A transiﬁon metal complex represented hy the following formula(lII) or -
- a meso form ofa transmon metal complex represented by the aforementroned - o
formula(II) - T
A trans1tlon metal complex represented by the formula (III) of (a) is | ) o
speclﬁca]ly explamed below ' '

.'Y= '

- Xaw_

N In the above formula M stands for t1tamum, zncomum or hafmum Cp
-stands for the hgand which is 71:-bonded W1th M and has the substltuent

- _group Zi in the cyclopentadlenyl skeleton such as a cyclopentad1enyl group, .

| mdenyl group, a 4, 5 6, 7-tetrahydroindenyl group, a ﬂuorenyl group, etc and.
" the hgand havmg thrs cyclopentad1enyl skeleton may have another substltuent
group, other than Z, such as an a]kyl group, a cycloalkyl group, a tnalkylsﬂyl '- ;

-~ group and halogen atom;

| X, which may be the same or dn‘ferent from each other and stands for : an. '
- anionic hgand ora neutral Lewrs base hgand is hydrogen atom or halogen
“atom, ora hydrocarbon, silyl or germll group contammg carbon atoms not
~ more than 20, sﬂ1con atom or germamum ‘atom; ,
- 7 stands for oxygen, su]fur boron or one element in the Group 14 of the -
'penodlc table (for example, s1]1con germamum or tin); and Y stands for a
ligand contmmng mtrogen, Oxygen, phosphor or sulfur and may for a’
condensed ring with Z. " | .
_ Speclﬁc examples of the compounds represented by the aforementloned S
: general formula a1 mclude (dlmethyl(t-butylamde)(tetramethyl-n5- o

- cyclopentadrenyl)mlane)utamum dichloride, ((t-butylamde)(tetramethyl-ns. ) -: S
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cyclopentadlenyl) 1 2-ethaned1yl) t1tamum dlchlonde (dlmethyl(phenylamlde)
(tetramethyl-'qS-cyclopentad1eny1 s:lane) t1tamum dmhlonde (dlmethyl(t- i

o butylamlde)(tetramethyl-n5-cyclopentadlenyl)sﬂane) ntamum d1methyl

' (dJmethyl(4-methylphenylam1de)(tetramethyl-n5-cyclopentadrenyl)s:lane)

i .tltamum d1chlor1de, (dJmethyl(t-butylamrde)(n5-cyclopentad1enyl)sﬂane)
' titanium dichloride, and (tetramethyl(t-butylamde)(tetramethyl-n5- .-
.cyclopentadlenyl)dm]lane) tntamum dlchlonde _ _
| Next the meso form of the transition metal compound represented by the
followmg formula(II) of (a) is speclﬁca]ly explamed

v\,/-" '
N

(1)

. Inthe above formula M1 stands for a transmon metal atom m the Group ) |
IV to VIB of the penod1c table, and spemﬁc examples of M mclude zucomum, -

. | t1tamum hafnium, vanadrum mobmm tantalum, chromlum, molybdenum or

o tungsten, preferably zn'comum, tltamum or hafmum, '

. R!, R’ R" and R* lWh.lCh may be the same or dlﬂ'erent from one another, | f‘ S
o stand for ahydrocarbon group havmg 1t0 20 carbon atoms, a halogenated

' hydrocarbon group having 1 to 20 carbon atoms, a sﬂlcon-contammg group, - -

_ oxygen-contammg group, a sulfur-contammg group, a mtrogen—contmmng

| group, phosphor-contarmng group, hydrogen atom or halogen atom, and parts

of the mutua]ly ad]acent ones out of the groups represented by R*, R?, R3 -and o
~ R* may be bonded toform a rmg together with the hydrocarbon atoms bonded
by these groups Further, R',R:, R® and R“ wh1ch are shown in two : |

' -locatlons, respectively, but R! and R1 for example, may the same or dlfferent '
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o groups Those groups represented by R whlch have the same suﬂix suggest
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that they can make preferably combmatlons when connected to one another to -

form a ring.

. Specific examples of the hydrocarbon group havmg 1 to 20 carbon atoms as _.

Rl R?, R® and R* mclude alkyl groups such as methyl, ethyl propyl butyl B
hexyl octyl, nonyl dodecyl and e1cosyl cycloalkyl groups such as cyclopentyl I.

.' -cyclohexyl norbornyl and adamantyl alkenyl groups such as vmyl propenyl |
and cyclohexyl aryl alky groups such as benzyl phenylethyl and phenylpropyl -
aryl groups such as phenyl tolyl dmethylphenyl tnmethylphenyl o
' ethylphenyl propylphenyl blphenyl naphthyl methy]naphthyl anthracenyl
- and phenanthryl o
Examples of the rmgs formed by the bondmg of these hydrocarbon groups .

'mclude condensed rmg groups such as benzene ring, naphthalene rmg, B

| acenaphthene rmg and mdene rmg and substituted groups which the hydrogen"_ o

~ atom on said condensed ring groups such as benzene ring, naphthalene rmg, |
"acenaphthane ring and indene rmg is subst1tuted by an alkyl group such as '
| methyl ethyl propyl tert-butyl sec-butyl and 1so—butyl

Examples of the halogenated hydroca.rbon group mclude the group obtamed" c B

- by halogenatmg the aforementloned hydrocarbon group by halogen

Examples of the s:hcon-contammg group include mono-hydrocarbon- -

- substituted s1lyl groups such as methyl s:lyl group and phenyl s:lyl group, di-
hydrocarbon—substrtuted sllyl groups such as dJmethyl sllyl group and dlphenyl T

s:lyl group; tn-hydrocarbon-subsututed sllyl groups such as tnmethyl sﬂyl
group, tnethyl s:lyl group, tnethyl sllyl group, tnbutyl sllyl group, _
; tncyclohexyl sﬂyl group, tnphenyl silyl group, dmethylphenyl s:lyl group, .

o _ methyldrphenyl silyl group, tritolyl silyl group ‘and trmaphthyl sxlyl group,

silyl ethers of mono-hydrocarbon-substltuted s11y1 groups such as tnmethyl |
..'s11yl ether; s1<:on-subst1tuted alkyl groups such as trxmethylsllylmethyl group,' :
- and mhcon-subshtuted aryl groups such as tnmethyl phenyl group | |
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TIn addmon examples of the s:hcon-contammg group bes1des the R |

| . aforementroned groups mclude a group represented by -Sle (wherem R is _'

" halogen atom, an alkyl group havmg 1to 10 carbon atoms or an aryl group .
| havmg 6 to 10 carbon atoms) N
Examples of the oxygen-contarmng group mclude hydroxy group, alkoxy

-groups such as methoxy group, ethoxy group, propoxy group and butoxy group,' |

' aryloxy group such as phenoxy group, methylphenoxy group, dmethylphenoxy-
group and naphthoxy group, arylalkoxy group such as phenylmethoxy group _ |
and phenylethoxy group. - _
In addmon, examples of the oxygen-contalmng group beS1des the
. aforementmned groups include a group represented by -OSlRa (wherein Ris
. ilhalogen atom, an alkyl group havmg 1to 10 carbon atoms or an aryl group

. ._ | havmg 6 to 10 carbon atoms)

o Examples of the sulfur-contammg group mclude a subst1tuted group S

obtamed by substituting the oxygen of the aforementloned oxygen-contalmng
group by sulfur. R . _ '

| | In addmon, examples of the sulfur-contmmng group besides the _
aforemenhoned groups. mclude a group represented by -SR (wherem R'is B

' halogen atom, an alkyl group havmg 1 to 10 carbon atoms or an aryl group

havmg 6 to 10 carbon atoms) - o

| Examples of the mtrogen-contammg group mclude ammo group, alkyl

 amino groups such as methyl amino group, d1methyl amino group, dlethyl
'ammo group, dlpropyl ammo group, d1butyl amino group and dlcyclohexyl

) amino group, aryl amino or alkyl aryl amino group such ¢ as phenyl amino .

-group, diphenyl amino group, d1tolyl amino group, dmaphthyl ammo group
and methylpenyl ammo group | '

In addrtlon examples of the mtrogen-contammg group besides the _
_ sforementmnd groups mclude a group represented by -NR2 (wherem R IS I
| halogen atom, an alkyl group havmg 1to 10 carbon atoms or an aryl group o
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| havmg 6 to 10 carbon atoms). _ .
| | Example of the phosphor-contalmng group mclude a phosphmo group such
as dlmethylphosphmo and d1phenylphosphmo , )
. In addltron, examples of the phosphor-contammg group bwes1des the |
aforementmned groups mclud.e a group represented by -PR2 (wherem Ri lS
.halogen atom, an alkyl group havmg 1 to 10 carbon atonis or an aryl group
| having 6 to 10 carbon atoms) . Ce
Examples of halogen mclude ﬂuorme, chlorme brom.me and 1odme
These are preferably hydrocarbon groups especlally preferably
hydrocarbon groups havmg 1 to 4 carbon atoms such as methyl ethyl propyl
N and butyl a benzene rmg formed by the bonding of hydrocarbon groups, and B
: substrtuted groups which the hydrogen atom on the benzene rmg formed by
. the bonding of hydrocarbon groups is substltuted by an alkyl group such as .
methyl ethyl, n-propyl 1so-propy1 n-butyl 1so-butyl and tert-butyl |

X! and X* may be the same or dJﬂ'erent and stand for a hydrocarbon group, ;‘ o

| a halogenated hydrocarbon group, an oxygen-contammg group, a sulfur- |
containing group, a s1]1con-conta1nmg group, hydrogen atom or halogen atom
The hydrocarbon groups are preferably hydrocarbon groups having 1 to 20 B |
o carbon atoms Spec:lﬂc examples of the hydrocarbon groups mclude the same o
groups as R*, R®, R® andR“ - o _ _
- The halogenated hydrocarbon groups are preferably halogenated o o
- hydrocarbon groups having 1 to 20 carbon atoms. The1r specific examples
- mclude the same groups as R', B.2 R® and R*. .
B As examples of the oxygen-contarmng group and halogen atom, the same
' groups or atoms as R!, R?, R3 and R* can be mted |
Examples of the su]fur-contalmng group mclude the same groups as R1 R’ |
R? and R* and su]fonate groups such as methyl sulfonate o |
tr1ﬂuoromethanesulfonate phenyl sulfonate benzyl sulfonate p-toluene 3 .. |

. sulfonate, tnm_ethylbenzene sulfonate, truso_butylbenzene su]fon_ate, p-chlo_ro_ ) o
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benzene sulfonate and pentaﬂuorohenzene sulfonate sulﬁnate groups such
as methyl sulﬁnate phenyl su]ﬁnate benzene sulﬂnate, -toluene sulﬁnate, | L
. tnmethylbenzene su]fmate and pentaﬂuorobenzene sulﬁnate | | o
Examples of the sﬂlcon-contammg gr0up mclude the same sxhcon-' L o
- substltuted alkyl group and s:hcon-substrtuted aryl group as mentloned above _l -
and X% are preferably halogen atom, a hydrocarbon group havmg 1 to 20 .
carbon atoms ora sulphonate group.

Y stands for a brvalent hydrocarbon group, a b1valent halogenated

' hydrocarbon group, a bivalent s:hcon-contarmng group, a bivalent germamum-' o

| 'contammg group, a blvalent tm-contammg group, -O- -CO- -S-, -SO- -S0, -, -
Ge- -Sn- -NR®- -P(R5 )-, -P(O)(R5 )-, -BR®- or -AIR5 [Wherem R5 may be the
| same or dJﬂ'erent from ~one another and stands for hydrogen atom halogen
'- . atom, a hydrocarbon group, a halogenated hydrocarbon group or an alkoxy
groupl . | | | L
‘The hydrocarbon group is preferably a blvalent hydrocarbon group havmg 1

.to 20 carbon atoms

Speclﬂc examples of the hydrocarbon group mclude a]kylene groups such as . o
- methylene, drmethylmethylene, 1 2-ethylene d1methyl-1 2-ethylene, 1,3-

trlmethylene, 1 4-tetramethylene, 1 2-cyclohexylene and 1 4-cyclohexylene, | e

: ) arylalkylene groups such as drphenylmethylene and d1phenyl—1 2-ethylene
The halogenated hydrocarbon group is preferably a b1valent halogenated |

hydrocarbon group havmg 1 to 20 carbon atoms, and speclﬁc examples of the

| _ halogenated hydrocarbon group mclude a group obtamed by halogenatmg the e

- aforement:loned b1va1ent hydrocarbon group having 1 to 20 carbon atoms, such

as chloromethylene | _ o |
Examples of the bivalent s:hcon-contammg group mclude alkyl sﬂylene o |

‘group such as sﬂylene, methyls:lylene, drmethylsﬂylene, dlethylsllylene, d1(n- -

o ' propyl)s:lylene, d1(1-propyl)s11ylene, d1(cyclohexy1)s11y1ene,

.l methylphenylsﬂylene, d1phenysﬂylene, d1(p-tolyl)s11ylene and d1(p
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'- chlorophenyl)silylene; a]kylaryl silylene grOup; aryl silylene ; alkyl disilyl
: group such as tetramethyl-l 2- drsxlyl and tetraphenyl—l 2- dlS]lyl alkyl aryl
: d1s11y1 group; and aryl d1s11y1 group o
| Examples of the bivalent germamum-contammg group mclude a group o _
_obtamed by substltuung the s:hcon of the aforementmned blvalent sﬂlcon- ) o
. .contammg group by germamum . ' | l
| Furthermore, substltuted silylene groups such asa d1mehy1s11y1ene group,
a d1pheny1s11ylene group and methylphenylsllylene group are espema]ly
preferable as the blvalent s1]1con-contammg group, b1va1ent germamum- '
' .' i.contammg group and b1va1ent tm-contammg group

Speclﬁc examples of the meso form of these transmon metal compounds

' represented by the aforementloned formula (1) mclude the meso form of the _' R

. fo]lowmg compounds

Dlmethylsﬂylenebls(1-cyclopentad1eny1)z1rcomum dlchlonde,_ .

"dxmethylsﬂylenebls{l (3-methylcyclopentadlenyl)}zlrcomum d1chlor1de, o ; L
| -d1methyls:|1y1eneb1s{1 2,4- P

- d1methylcyclopentad1eny1)}z1rconium .dichlor.ide, N
" d1methy1s11yleneb1s{1 (2 3,5 tnmethylcyclopentadmnyl)} | _
- zirconium dlchlonde drmethylsﬂylenebls{l (4-phenyhndenyl)}z1rcomum |
N d1chlor1de, dlmethylsllylenebls{1-(2-methyl-4-pheny]mdenyl)}zrrcomum
| d1chlor1de, dlmethylsﬂylenebls{l (2-methy1-4-(a-naphthyl)mdeny1)}
. zirconium dlchlonde, dlmethylsﬂylenebls{l (2-methy1-4-(ﬁ _ -
- naphthyl)mdenyl)}mrcomum dlchlonde, dmethylsﬂylenebls{l (2-methy1-4-(1- | .
anthracenyl)mdenyl)}zucomum dlchlonde . _
' -dmethyls:llylenebls{l (2-methyl-4—(2-anthracenyl)mdenyl)}
| zirconium dlchlonde, d1methyls:1ylenebls{1-(2-methy1-4-(9-
anthracenyl)mdenyl)}zucomum dichloride, | ,'
' '_ dunethylsﬂylenebls{l (2-methyl—4-(9-phenanthryl)mdenyl)}
~ zirconium dlchlonde, dlmethylsllylenebls{l (2-methyl-4-(p-
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. ,ﬂuorophenyl)mdenyl)}zu'comum dlchlonde, dxmethylsﬂylenebls |

{1- (2-methy1-4-(pentaﬂuorophenyl)mdenyl)}zlrcomum dlchlomde, _

dJmethylsﬂylenebls{l (2-methyl-4-(p-chlorophenyl)mdenyl)}zlrcomum '-

* dichloride, dimethylsilylenebis I |

.{1 (2-methy1-4-(m-chlorophenyl)mdenyl)}z:rcomum dlchlonde,

dlmethylsﬂylenebls{l (2-methy1-4-(o-chlorophenyl)mdenyl)}

| zirconium dmhlonde, dlmethylsﬂylenebls{l (2-methyl-4-(o,p- o
.dlchlorophenyl)phenyhndenyl)}zn:comum dlchlorlde, dlmethylsﬂylenebls{l (2-

methy1-4-(p-bromophenyl)mdenyl)} .

zirconium dmhlonde dJmethyls:llylenebls{l (2-methy1-4-(p

| tolyl)mdenyl)}zncomum dlchlonde, dmethyls:lylenebm{l (2-methy1-4-(m-

_ tolyl)mdenyl)}zn:comum d1chlor1de, , . -

| d1methy]sﬂy1eneb1s{1 (2-methy1-4-(o-tolyl)mdenyl)}zu'comum dlchlonde,

: -d1methy1s11yleneb1s{1 (2-methyl-4-(o 0" dmethylphenyl)mdenyl)}zucomum :

dlchlonde, | o C
dlmethylsﬂylenebls{1-(2-methyl-4-(p-ethylphenyl)mdenyl)}
 zirconium dlchlonde, dlmethylsﬂylenebm{l (2-methy1-4-(p-1- _

pmpyl)phenyhndenyl)}mcomum dlchlonde, dmethylsﬂylenebm{l (2-methy1-4-;- B
(p-bezylphenyl)mdenyl)}zncomum d1chlonde, dlmethylsﬂylenebw{1-(2-methy1- '-

| 4-(p-b1phenyl)1ndenyl)}
_ -zncomum dichloride, dlphenylmlylenebls{l (2-methy1—4-(m- : _ |
N blphenyl)mdenyl)}zucomum d1chlonde, dLmethylsﬂylenebw{l (2-methy1-4-(p =

| -tnmethylsﬂylphenyl)mdenyl)}mcomum dlchlonde, dlmethylsﬂylenebls{l (2- L |

- methyl-4-(m-tnmethyls:lylphenyl)1ndenyl)}z1rcomum dichloride, - 3 |

| 'dlmethyls:lylenebls{l (2-ethyl-4-phenylmdenyl)}z1rcomum d1¢hlonde, - | )
.dlmethylsﬂylenebls{l (2-ethyl-4-(a*naphthyl)mdenyl)}mcomum dchoﬁde, y

" dmethylsﬂylenebls{l (2-ethyl-4-(ﬁ-naphthyl)mdenyl)}zucomum dmhlonde

. d1methylsﬂy1eneb1s{1 (2-ethy1-4-(1-anthracenyl)mdenyl)}

- zirconium dlchlonde, -
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* dimethylsilylenchis{1-(2-ethyl-4-(2-anthracenyl)indenyl}
zu'comum dlchlonde, d1methyls11y1eneb1s{1 (2-ethyl-4-(9-
_anthracenyl)mdenyl)}zu'comum d1chlor1de dlmethylsﬂylenelns{l (2-ethyl-4-(9-
. | phenanthryl)mdenyl)} o _

: zn'comum du:hlonde, dlﬁethylsﬂylenebls{l (2-ethyl-
phenyhndenyl)}z:rcomum dlchlonde, d:methyls:lylenebls{l (2-phenyl-

phenylmdenyl)}zn'comum dlchlonde, d1methy1s11y1eneb1s{1 (2-n-propy1-4- |
| phenyhndenyl)}zu'comum dichloride, dmethyls:lylenebls{l (2-n-prapyl-4-(a-
-naphthyl)mdenyl)}zlrcomum dlchlonde, dlmethylsﬂylenebls{l 2- n-propyl -4-( |

- B-naphthyl)mdenyl)}zlrcomum d1chlor1de, dlmethylsﬂylenebls{l (2-n-propyl 4- S

- (l-anthracenyl)mdenyl)} _
. zirconium dlchlonde dlmethylsﬂylenebls{l (2-n-propy1-4-(2- _ _
-anthracenyl)mdenyl)}zu'comum dichloride, dJmethylsllylenebls{l (2-n-p1-opy1- -
4. (9-anthracenyl)mdenyl)}zlrcomum dlchlonde, d1methyls:lylenebls{1 (2- n- .
. propyl-4-(9-phenathryl)mdenyl)}mcomum dlchlonde, dlmethylsﬂylenebls{l (2-

- 1-buty1-4-pheny]mdenyl)}zu'comum dlchlonde, dmethylsﬂylenebls{l (2-1-butyl-

4- (a-naphthyl)mdenyl)}mrcomum d1chlonde, |

_ 'dlmethylsﬂylenebls{l (2-1-butyl-4-(ﬁ-naphthyl)mdenyl)}

 zirconium dichloride, . | |

: dmethylsﬂyleneb:ls{l-(2-1-buty1—4-(1-anthracenyl)mdenyl)}mcomum
dichloride, ' . ' ' |

- d1methyls11y1eneb1s{1 (2-1-butyl-4-(2 anthracenyl)mdenyl)}mcomum. '-
~dichloride, - _ - . -

_ dJmethylsllylenebls{l (2-1-butyl-4 (9-anthracenyl)mdenyl)}mcomum o
.'dlchlonde,_' L -
d1methyls11y1enebls{1 (2-1-butyl-4 (9-phenathryl)mdenyl)}zucomum dlchlonde

_ dlethylsﬂylenebu{l (2-methyl-4—phenyhndenyl)}z1rcomum d1chlor1de, d1(1-

. propyl)sﬂylenebls{l (2-methyl-4-phenyhndeny1)}z1rcomum dichloride, dl(n-- -

butyl)sﬂylenebls{l (2-methyl-4-phenylmdenyl)}zlrcomum dlchlonde,
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d1cyclohexyls:1ylenebls{1 (2-methy1-4-phenyhndenyl)}zn'comum dlchlonde __
.methypheny]lsﬂylenebm{l (2-methy1-4-phenylmdenyl)}zucomum dichloride,
dxphenylsﬂylenebls{1~(2-methyl-4-phenylmdenyl)}z1rcomum d1chlonde, | _‘
.'dl(p-tolyl)s:lylenebm{1-(2-methyl-4-phenyhndeny1)}z1rcomum d1chlor1de d1(p '
o chlorophenyl)sllylenebls{l (2-methy1-4-phenyhndeny1)}z1rcomum dlchlonde, |

o methylenebls{1-(2-methyl-4-phenylmdenyl)}z:rcomum dlchlonde,

" ethylenebis{1-(2-methyl- 4-phenyhndenyl)}z1rcomum dichloride, - AR
diﬂléthylgerinylénébis{1-(2-methyl-4-j1henyliniléhyl)}ziicohium dichlo_l;ide, :
 dimethylsilylenebis{1-(2-methyl-4-phenylindenyDjzirconium dibromide,
_ diinethylsilylenébi_é{l-_@-methyl;4-pheny]indgnﬂ)}zir§qniqm diniéthyl_,
' dimethyisilyl_enebi_s{l-(z-niethyl-4-phenylindeny1)}_zirconium methchhloride,- o
dimethylsilylenebis{1-(2-methyl-4-phenylindenyb}zirconiusn chlorideS02Me,
' dlmethylsﬂylenelns{l (2-methyl—4-phenylmdenyl)}z1rcomum chlondeOSO2Me, S
-'dJmethylsﬂylenebls{l (2-methyl-4-phenyhndenyl)}t1tamum d1chlor1de, '
d1methy1s11y1eneb1s{1 (2-methyl-4-phenyhndenyl)}hafmum d1chlonde _
. dlmethylsﬂylenebls{l (2 7-d1methyl-4-ethyhndeny1)}zucomum dlchlonde, '
' _' dlmethylsﬂylenebls{l 2,7- dlmethyl 4-propy]mdeny1)}z1rcomum dlchlonde,

o dJmethylsﬂyleneb1s{1 (2 7- d1methy1-4-1-propyhndenyl)}zn'comum dlchlonde, S

- d1methyls:1y1eneb1s{1 (2 7- d1methy1-4-n-butyhndenyl)}z]rcomumdlchlonde,

.dlmethylsﬂylenebls{l @,7- d1methy1-4-sec-butyhndenyl)}z1rcomum dlchlonde,  .' o -

d1methyls:1y1enebls{1 @,7- dJmethyl-4-t-butylmdenyl)}zu'comum dichloride, . -
: dJmethylsﬂylenebls{l (2 7- dmethyl—4-n-penty]mdenyl)}zu‘comum d1ch10nde, -

d1methylsﬂylenebls{1 2,7- dJmethy1-4-n-hexyl1ndenyl)}zu'comum dlchlonde, R

'- dlmethylsﬂylenebls{l (2 7-dlmethyl-4—cyclohexyhndenyl)}zucomum dlcblonde,-'_ |
| dmethyls:lylenebls{l (2 - d1methyl-4-methy1cyclohexyhndenyl)} zirconium

dichloride, . - SRS
ldlmethylsﬂylenebls{l (2 7-dlmethyl-4-phenylethylmdeny1)}z1rcomum ._ o
.d1chlonde o _ - _'
.dJmethylsﬂylenebxs{l (2 7-dlmethyl-4-phenyld1chloromethylmdeny1)}



z1rcon1um dlchlonde, . | . _ |
| dlmethylsﬂylenebls{l (2 7- d:methyl-4-chloromethyhndenyl)}zu'comum - |
dlchlonde _' S . _

'. d1methylsﬂylenebls{1 (2 7- d1methy1 4-tnmethylsﬂylmethy]mdenyl)}

| zirconium dichloride,

. dJmethylsﬂylenebls{l (2 7 d1methyl-4-tr1methyls110xymethyhndenyl)}
zn:comum du:hlonde . o
. _d1ethy1s11y1enebls{1-(2 7-d1methy1-4-1-propyhndenyl)}zu‘comum d1chlonde, d1(1-. . |
- propyl)silylenebis{1- (2 7- dlmethy1-4-1-propyhndenyl)}mcomum dlchlonde |
 die-butyDsilylenebis{1-(2,7-dimethyl-4--propylindenyDjzisconiwm dichloride,
_ d1(cyclohexy1)sﬂy1eneb1s{1 (2 7- d1methyl-4-1-propy]mdenyl)}z1rcomum
dichloride, o o

" methylphenyls:lylenebls{l (2 7 d1methy1-4-1—propylmdenyl)}zutcomum

| dichloride,. , _ . .
| methylpheﬁylmlylenebls{l (2 7-d1methy1-4-t-butyhndeny1)}z1rcon1um '

o dlchlonde, -

dlphenylsﬂylenebls{l (2, 7 dlmethyl- -t-butyhndenyl)}mcomum dlchlonde, .
dlphenylsﬂylenebls{l @, 7-dlmethyl-4-1-propyhndenyl)}mcomum dlchlonde,

. .d1pheny1311yleneb1s{1 (2 7- d1methy1-4-ethyhndenyl)}zu-comum d1chlor1de _
o d1(p-toly1)s:1yleneb1s{1 (2, 7-(hmethyl-4-1-propyhndenyl)}zu'comum dlchlond.e, -
E d1(p-chloropheny1)s11yleneb1s{1 (2 7-d1methyl-4-1-propylmdenyl)}zntcomum

d1chlonde, L _ . L
_ d:methyls:lylenelus{l (2-methy1-4-1-propy1-7-ethyhndeny1)}z1rcomum '
_'dlbromlde, o _ ' ' A
d1methylsxlyleneb1s{1 (2 3 7- tnmethyl-4-ethy]mdenyl)}z:rcomum dlchlonde,
B dlmethylsﬂylenebls{l 2,3 7-tr1methyl-4-n-propylmdenyl)}zrrcomum dichloride, -

'dlmethylsﬂylenebls{l 2,3 7-tnmethyl-4-1—propy]mdenyl)}zu'comum dmhlonde, s
' dlmethylsxlylenebls{l (2 3 7-tnmethyl-4~n-buty11ndeny],)}zlrcomum dlchlonde, - L

- dmethylsﬂylenebls{l 2,3 7-tr1methy1-4-sec-butyhndenyl)}zucomum '
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' d1chlonde, , . , .
dlmethylsﬂylenebls{l (2, 3 7 tnmethyl 4-t-butyhndeny1)}z1rcomum d1chlonde,
.dlmethylsﬂylenebls{l (2 3, 7 tnmethyl-4-n-pentyhndenyl)}zn'comum (hchlonde, |
' dlmethylsﬂylenebls{l (2 3 7-tnmethyl-4-n-hexyhndeny1)}z1rcomum d1chlor1de, -
dlmethylsﬂylenebls{l (2 3 7-tr1methyl-4~cyclohexyhndeny1)}zucomum

L dlchlonde,

| _' dmethylsﬂylenebls{l (2 3 7- tnmethyl-4-methy1cyclohexyhndeny1)}z1rcon1um _

'. : | dlchlonde,

| d1methyls:ly1enebls{1 (2 3 7-tr1methy1-4- |

| -tnmethylsllylmethyhndenyl)}zucomum d1chlor1de
| | d1methylsﬂyleneb1s{1—(2 3 7-tnmethy1-4- _ -

- tnmethylslloxymethyhndenyl)}zucomum d1chlor1de

 dimethylsilylenchis{1-(2,3,T-trimethyl-4- |

- phenylethyhndenyl)}mcomumdlchlonde, dlmethylsﬂylenebls{l (2 3, 7-

:_ tnmethyl-4-phenyldlchloromethyhndenyl)}zu'comum dlchlonde,
dmethylsﬂylenebw{l (2 3 7-tnmethyl-4-chloromethyhndeny1)}zlrcomum
- dlchlonde, _ . . .

' d1ethyls11yleneb1s{1 (2 3,7 tnmethyl—4-1-propyhndenyl)}zu-comum dlchlonde,
' .d1(1-propy1)sﬂy1eneb1s{1 (2 3 7-tnmethyl-4-1-propylmdeny1)}z1rcomum -

' dmhlonde, | . . L
d1(n-butyl)s11ylenebls{1 (2 3,7- tnmethyl-4-1-propyhndenyl)}zu'comum

o dmhlonde, .

' dieyclohexyDailylenebis{1:(88, T-trimethyl 44
|  ropyhndenyl)}mcomum&chlonde, methylphenylsﬂylenebls{l (2 3,7 tnmethyl- o
4-1-propyhndenyl)}z1rcomum d1chlonde, S _
- methylphenylsﬂylenebm{l @3 7-tnmethyl-4-t-butyhndeny1)}z1rcomum -
- . dlchlonde d1phenyls11yleneb1s{1 (2 3 7-tr1methyl-4-t-butyhndeny1)}z1rcomum
-dlchlonde ' ' ' '

d1phenylsﬂylenebls{1 2,3 7-tnmethy1-4-1-p1'opyhndenyl)}z:rcomum d1chlor1de R



———
—_—

eet Has Been Replaced

N

: d1pheny1511ylenebls{1 2,3, 7 tnmethyl-4-ethylmdenyl)}z1rcomum dmhlonde, ) .
d1(p-tolyl)s11yleneb1s{1 (2 3 7-tnmethyl-4-1-propyhndenyl)}zlrcomum dlchlorlde
' d1(p-ch10ropheny1)s:ly1enebls{1 2, 3 7-tnmethyl-4-1-propyhndenyl)}zu'comum. :

_ dlchlonde, dJmethylsﬂylenebls{l (2-methyl-4-1—propyl—7-methy]1ndenyl)}

- zucomum d.1methy1 dJmethylmlylenebls{l (2-methyl-4-1-propyl—7- 3
- methylindenyl)} zirconium methylchloride, .

| dlmethylsﬂylenebls{l (2-methyl—4-1-propy1— -methyhndenyl)}mcomum-
' bls(methanesu]fonate), dnnethyls:lylenebls{l (2-methyl-4-1-propy1-7— _
| methyhndenyl)}zlrcomum-bls(p-phenylsu]ﬂnate), '
dmethylsﬂylenebls{l (2-methyl-3—methyl- 1-propy1-7-methyhndenyl)}
' ..zu'comum dlchlonde, dlmethylsﬂylenebls{l (2-ethy1- 1-propy1-7-
| methyhndenyl)}zn'comum dlchlonde, | _ .
= dmethyls:lylenebls{l (2-phenyl-4-1-propy1-7-methyhndeny1)}z11comum

" dichloride, -

3 ._dJmethylsllylenebls{l (2-methyl-4-1-propy1-7-methyhndenyl)}t1tamum .
: (hchlonde dlmethylsﬂylenebls{l (2-methyl-4-1-propy1-7—methy]mdenyl)}

| -hafmum dlchlonde, : . _ , . -
d:methylmlylenebls{l (2-ethY1-4 5-benzomdenyl)}z1rcomum dlchlonde, L

d1methylsﬂy1eneb1s{1 (2-methyl-a-acenaphthmdenyl)}zlrcomum dlchlonde, T E o
_ methylphenylsﬂylenebls{l (2-methyl-4, 5-benzomdeny1)}mcomum d1ch10r1de, S |

'methylphenylsﬂylenehs{l (2-methy1-a-acenaphth1ndenyl cyclopentadlenyl)}
| zirconium dichloride, _ ' _' ' '
methylphenylsﬂylenebls{l (4 5-benzomdenyl)}z1rcomum d1chlonde, _
methylphenylsﬂylenelus{l (2 6 dlmethy1-4 5-benzomdeny1)}zucomum
__d1chlor1de, and methylphenylsﬂylenebls{l 2,4,6 t1'1methyl-4 5- L
benzomdenyl)}zn‘comum dlchlonde '

: [005]

Compounds replacmg the zirconium in the aforementmned compounds W1th_' a |

| -utamum or hafmum can a]so be cited as the examples of the meso form of
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As examples of the (b) component used m the present mventmn, wh1ch is -

| these transmon metal compounds

.the compound that reacts W1th the transition metal Mi in the component (a) to

- form an ionic complex, the Lew1s ac1d, 1omc compound and carborane o
E compound whlch are d1sclosed in Pubhshed Patent Pubhcatmn HEI 1-50 1950
: Pubhshed Patent Pubhcatmn HEI 1-502036, Laid-open Patent Pubhcatlon -
HEI 3- 179005 La1d-open Patent Publication HEI 3-179006 La1d-open Patent e
Pubhcatlon HEI 3-207703 Lald-open Patent Pubhcatmn HEI 3-207704 U. S
Patent 5477 18, etc can be cited. ' ' '
- [006] |
Examples of the Lems ac1d mclude magnesmm-contammg Lems acld |
| alummum-contmmng Lems ac1d and boron-contammg Lew1s acld and boron- :

contalmng Lewis acxd out of them is preferable |

 [oo7]

Speclﬁc examples of the Lew1.s acld contalmng boron atom mclude the
compounds represented by the followmg formula (VII) .

BRaRbRc.. (VII) o 5
(wherein. Ra, Rb and Rc stands each mdependently for : a phenyl group whlch
' may have a substxtuent group such as ﬂuorme atom, a methyl group and a.
o tnﬂuoromethyl group, or ﬂuorme atom.) | '
Speclﬁc examples of the compounds represented by the aforementmned

. formula (VID mclude tnﬂuoroboron, tnphenylboron tns(4-ﬂuorophenyl)boron. o

tns(3 5- dJﬂuorophenyl) boron, tns(4-ﬂuoromethylphenyl)boron » _
| tns(pentaﬂuorophenyl)boron tns(p-tolyl)boron, tns(o-tolyl)boron and tns(3 5

' dlmethylphenyl)boron Out of these, tns(pentaﬂuorophenyl)boron is especlally . :

- preferable
: The 1omc compound isa salt compnsmg a catmmc compound and an
amomc compound. 'An anion reacts with the aforementloned transmon metal'

: compound @) to make it _catmmc,_ and form i ion pal_rs and thereby stablhze
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transmon metal cataon Examples of such amon mclude orgamc boron :
compound anion, orgamc arsemc compound amon and organoalummum
compound amon and those anions which stablhze transmon metal cation

: specles at a relatively lugh volume are preferable Examples of catmn mclude

. metal cauon, organometalhc cauon, carbomum catmn, tntlum catmn oxomum T

-'catlon, sulphonium cai:lon phosphomum cation and ammomum catmn More
spec:ﬁc examples of cation mclude tnphenylcalbemum catlon, ' |

tributylammonium catmn, N,Nfdlmethylammomum cation and ferrocenium .

- cation.

Out of these a preferable anion is an ionic compound contammg a boron - '

compound Spemﬁca]ly, examples of tnalkyl-subshtuted ammomum salt
include tnethylammomum tetra(phenyl)boron, tnpropylammomum |
tetra(phenyl)boron tn(n-butyl) ammomum tetra(phenyl)boron |
| .tnmethylammomum tetra(p-tolyl)boron, tnmethylammomum tetra(o- | .'
tolyl)boron tnbutylammomum tetra(pentaﬂuoropenyl)boron S )
tnpropylammomum tetra(o,p d1methylphenyl)boron tnbutylammomum N
| tetra(m,m-demethylphenyl)boron, tnbutylammomum tetra(p
| tnﬂuoromethylphenyl)boron and tn(n-butyl)ammomum tetra(o-tolyl)boron
) and tn(n-butyl)ammomum tetra(4-ﬂuorophenyl)boron _ o
o Examples of N N-d1alkylamhum salt mclude N N-d1methylamlm1um

tetra(phenyl)boron, N N-dlethylamhmum tetra(phenyl)boron and N, N 2, 4 6- o

.'pentamethylam]mmmtetra X
(phenyhboron. _ o
Examples of d1alkylammomum salt mclude dl(n-propyl) ammonium

o tetra(pentafuluorophenyl) boron, and dmyclohexyl ammonium tetra(phenyl) _

. boron.

Examples of tnarylphosphomum salt include tnphenylphosphomum

tetra(phenyl) boron tn(methylphenyl)phosophomum tetra(phenyl)boron and '. L

3 _tn(dlmethylphenyl)phosphomum tetra(phenyl)boron )
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| Furthermore, examples of the ionic compound conta1mng boron atom mclude
o ' tnphenylcarbemum tetrakls(pentaﬂuorophenyl)borate N N- |
o d.1methylamhmum tetrahs(pentaﬂuorophenyl)borate and

ferrocemumtetra(pentaﬂuorophenyl)borate

The fo]lowmg compounds can also be c1ted as examples (In the ionic
compounds listed below, the paired ions are, but are not hm1ted to tri(n-
. butyl)ammomum) _ o . o

Anion salts, such as bls[tn(n-butyl)ammomum] nonaborate bls[tn(n- o

, butyl)ammomum] decaborate bis [tn(n-butyl)ammomum] undecaborate S
| .b1s[tr1(n-butyl)ammomum] dodecaborate b1s[tr1(n-buty1)ammomum] |
decachlorodecaborate, b1s[tr1(n-butyl)ammomum]dodecachlorododecaborate
) tn(n-butyl)ammomum 1-carbadecaborate, tn(n-butyl)ammomum -
carbaundecaborate tn(n-butyl)ammomum 1-carbadodecaborate tn(n-
-butyl)ammomum 1- tnmethylsﬂyl— -carbadecaborate and tn(n-
' butyl)ammomum bromo- -carbadodecaborate, Examples of borane, carborane
- complex and salts of carborane amon mclude decaborane(14), 7,8-
N d1carbaundecaborane(13), 2 7-d10arbaundecaborane(13), undecahydnde—7 8- :
ldJmethyl-7 8- d1carbadecaborane, dodecahydnde-ll-methyl—2 7- .
d1carbaundecaborane tn(n-butyl)ammomum 6-carbadecaborate(14), tn(n- L
'butyl)ammomum 6- carbadecaborate(lZ), tn(n-butyl)ammomum 7-

B carbaundecaborate(13), tn(n-butyl)ammomum 7,8- d1-carbaundecaborate(12),

' tn(n-butyl)ammomum 2 9-di- carbaundecaborate(lZ), tn(n-butyl)ammomum .

| _dodecahydnde-8-methyl-7 9- d1carbaundecaborate, tn(n-butyl)ammomum_ o
-dodecahy_dnde-&-methylﬂ,9_-d;carbaundecaborate, tn(n-butyl)_ammomum' e

dodecahydl-ldefs-methyl-7 ;9fdicarbaundecaborate,- tﬁ(n-butyl)ammonium R

' dodecahydride-S-methyl-7 9-dicarbaundecahorate' tri(n—butyl)ammonium -' .' L
'undecahydnde-Q-tnmethylmlylﬂ 8- dlcarbaundecaborate and tri(n- o
' butyl)ammomum undecahydnde-4 6-d1bromo-7-carbaundecaborate
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Carboranes and salts of carborane such as: 4-carbanonaborane(14), 1,3-

o 'dlcarbanonaborane(13), 6,9- d1carbadecaborane(14), dodecahydnde- -phenyl- e

1,3- d1carbanonaborane, dodecahyd.nde- -methyl-1, 3- d1carbanonaborane and -
B undecahydnde-l 3-d1methyl-1 3- dlcarbanonabarane A
‘In addmon, the following compounds can be mted as examples

__ (The paired i ions in thei 1omc compounds hsted below are but are not hm1ted
to, tn(n-butyl)ammomum) ) |

| Salts of meta]locarborane and meta]loborane amon such as: _
o tn(n-butyl)ammomum bls(nonahydnde-l 3-dlcarbanonaborate)cobaltate(III), R
- _tn(n-butyl)ammomum bls(undecahydnde-7 8- _ o
'dlcarbaundecaborate)ferrate(III), tn(n-butyl)ammomum bls(undecahydnde- -
7,8- dlcarbaundecaborate) cobaltate(III) |
tn(n—butyl)ammomum b:s(undecahydnde-7 8- dlcarbaundecaborate)
nickelate(IIT), -

- ) tn(n-butyl)ammomum bm(undecahydnde-7 8- dlcarbaundecaborate)

 cuprate(ID), . , _ _
tn(n-butyl)ammomum bls(undecahydnde 7, 8 dlcarbaundecaborate)
'aurate(III) ' o R | .

'. .tn(n-butyl)ammomum b1s(nonahydr1de-7 8- d1methyl-7 8- d1carbaundecaborate)

' __ferrate(IIl)

. _tn(n-butyl)ammomum bls(nonahydnde-7 8-d1methyl-7 8 d1carbaundecaborate)
chromate(III) _ _ I _

_ tm(n-butyl)ammomum b1s(tr1bromooctahydnde-7 8-d1carbaundecaborate)

__ cobaltate(III) ' ' o

_-tn(n-butyl)ammomum hs(dodecahydndedmarbadodecaborate) cobaltate(III), S .

. bm[tn(n-butyl)ammomum] b1s(dodecahydndeddodecaborate)mckelate(III)
o tns[tn(n-butyl)ammomum] b1s(undecahydnde—7-carbaundecaborate)
- chromate(TII), bls[tn(n-butyl)ammomum] b1s(undecahydnde-7 -

carbaundecaborate)manganate(IV)
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_b1s[tn(n-buty1)ammomum] bls(undecahydnde 7 -carbaundecaborate)
| cobaltate(D and | o
| b1s[tn(n-butyl)ammomum] bls(undecahydnde-7-carbaundecaborate) |
” mckelate(IV) - | |

. As examples of the organoalummum compound (c) used m the present . -
-f “invention, the organoalummum compound represented by the followmg |
formula (VIII) can be cited: |
| Rd,1 AIX, . ... ... (VIID) | _

(wherem Rd stands for a hydrocarbon group havmg 1 to 12 carbon atoms, X
stands for halogen atom or hydrogen atom, and nisltod) |

| In the above formula (VIII) Rd isa hydrocarbon group havmg 1to 12 |
B _carbon atoms such as an alkyl group, a cycloalkyl group or an aryl group, 5 |
| speclﬁcally a methyl group, an ethyl group, n-propyl group, an 1sopropy1
group, an 1sobuty1 group, a pentyl group, a hexyl group, an octyl group, DR
o cyclopentyl group, a cyclohexyl group, a phenyl group and a tolyl group, for S

example. . ' B
| [0008] |

Speclﬁc examples of the organoalummum compound (c) mclude the - |

| fo]lowmg compounds . o _ |
' Tna]kylalummums such as tnmethylalummum, tnethylalummum, _ o
tmsopropylalummum trusobutylalummum, tnoctylalummum,
'tn(Z-ethylhexyl)alummum and tndecylalummum, ' ,

| alkenylalummums such as 1soprenyla1um1num d1a]kylalummum hahdes such
-. ‘as dl.methylalummum chloride, diethylaluminum chlonde, B
: -dusopropylalummum chlonde, dnsobutylalummum chlonde and

dmethylalummum brom1de, ' ) |
alkylalummum sesqu1ha]1des such as methylalummum sesqulchlonde, :
: .ethylalummum sesqmchlonde, 1sopropylalummum sesqulchlonde, _ |

' .butylalummum sesquichloride and ethylalummu_m sesqulbromlde, |
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alkylalummum drhahdes such as methylalummum d1chlor1de ethylalummum .
. drchlonde, 1sopropyla1ummum d1chlor1de and ethylalummum d1brom1de, "
.. ,. .alkylalummum hydnde such as d1ethy1a1ummum hydnde and

| dnsobutylalummum hydnde ' '

[0009] .

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

. .organoalummum compound (c) - '

Rd,, AlY;. .. (IX) o .
(wherem Rdis the same as descnbed above, Y stands for the -ORe group and g
the OSlB.fa group, -OA]Rg, group, Nha group, -SiRi, group or -N(RJ)Ale2 )
-~ group; n is 1 to 2; Re Rf, Rg and Rk are the methyl group, ethyl group, : _
1sopropy1 group, 1sobuty1 group, cyclohexyl group and phenyl group, for 2 '

| '.:example Rh is hydrogen atom, methyl group, ethyl group, 1sopropy1 group, |
phenyl group and tnmethylsﬂyl group; and Ri and Rj are the methyl group _ o
- and ethyl group | o ' ' '
' N Spemﬁc examples of these organoalummum compounds mclude the _ |
followmg compounds: _ | : .

' (l)compounds represented by Rd,,Al(ORe)3 n such as d1methy1a1ummum |

_ | .'methox1de, drethylalummumethomde and dnsobutylalummummethoxlde |
- (2) compounds represented by Rd,, Al(OSlRﬂ, )s-n such as Et,, Al(OSlMes ), - L
' (is0-Bu), Al(OSiMe,)  and iso-Bu) , ALOSiEt,) o

(3) compounds represented by Rdn Al(OAle2 )3 - such as Etz AlOAlEt2 and

'_ (1so-Bu)2 A10A1(1so-Bu)2 , .

(€Y compounds represented by Rdn Al(Nha )a ‘n such as Mez AINEt2 ;o -

Et, AINHMe, Me, AINHE}, Et, AIN(SiMe,) ; and (is0-Bu) AINGiMe,) ;

(6) compounds represented by Rd, Al(SlRl3 ds-n such as (1so-Bu) AlSlMe3 o |
6) compounds represented by Rd11 Al(N(R])Aleg )a on such as
Et, AlN(Me)AlEtz and (1so-Bu)2 AlN('Et)Al(1so-Bu) s // —
ool o Been Replaced.
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Out of the organoalummum compounds represented by the atorementloned.’ |
| formula (VIII) or (IX), the compound represented by the formula RdBAl is | B ;
preferable and espema]ly a compound wherem Rdi is the 1soa1ky1 group is .
preferable :

B ~ [oo11]

Such organoalummum compound (c) may be used singly or m combmatlon o
with not less than two of them. | -
 The component (d) alumoxane used in the present mventlon may be |
' alumoxane conventonally known to the pubhc or an orgamc alummumoxy

compound msoluble in benzene as c1ted as an example in La1d-open Patent

8 Publlcatlon HEI 2-78687

o1z ) | | |
| The alumoxane conventlona]ly known to the pubhc can be prep ared by the B
fo]lowmg method for example

(1) Method in which an organoalummum compound such as
. tna]kylalummum is added toa hydrocarbon med1um suspension of a

. compound containing absorbed water or a salt contammg crystal water such _

a8 magnesrum chlorlde hydrate, copper su]fate hydrate alummum su]fate o

hydrate, nickel sulfate hydrate and cer1um chlonde hydrate to cause reaction. . o

(2) Method in whlch water, ice or steam is  caused to act dlrectly on an |
organoalummum compound such as tnalkylalummum ina medrum such as B
benzene, toluene ethylether and tetrahydrofuran

(3) Method in which an organoalummum compound such as
| tna]kylalummum is made to react with an. orgamc tin ox1de such as

'dlmethyltmoxlde and d1butylt1nox1de ina solvent such as decane, benzene and
: toluene
foo13] | |
| ~ Such alumoxane may contain a small amount of an organometalhc- -

component. -Such alumoxane' may also be dissolved in a solv_ent again'for_ -_
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suspended-i_n a.'p'o.or lsol'vent of_ alumoxane after the solvent or an unreacted o

| _ o'rgenoaluminum compoun_d is removed by disﬁhation from a recover_ed_ '

| _solution'of the aforementioned alumoxane. -

0014 o

Speclﬁc examples of the organoalummum compounds used i in the

prep aratlon of alumoxane mclude trlalkylalummums such as :

: 'tnmethylalummum, tnethylalumlnum, tnpropylalummum -
.tmsopropylalummum tn-n-butylalummum trusobutylalummum, tn-sec- o
.butylalummum, tn-tert-butylalummum tnpentylalumlmum, _ | |

| | tnhexylalummum, tnoctylalunnmum and tndecylalummlum

tncycloa]kylalummums such as tncyclohexylalummum and | _ o

tncyclooctylalummum d1a1ky1a1ummum halides such as d1methyla1um1num S

. _chlonde, dlethylalummum chloride, dlethylalummum bromlde and

. dnsobutylalummum chlonde, d1a]kylalum1mum hydndes such as |

¥ d1ethy1a1um1num hydride and dnsobutylalummum hydnde, d1a1ky1 alummum AU

| _ a]kox1des such as dimethyl alummum methoxlde and d1ethy1 alummum
: ethoxlde, and d1alkylalummum aryloxrdes such as d1ethy1a1ummum '
) .phenoxlde 3 ' ' B '.
RO | |
| Out of these, tnalkylalummum and tncycloa]kylalummum are preferable
and trlmethylalummum is especla]ly preferable o .
| | Moreover, as an example of the organoalummum compound used in the -
' preparatmn of alumoxane, the 1sopreny1alummum represented by the
g '_followmg_ formula (VI) can he cited:
[0016] o |
(1-C4I-19) Al (Ca H1 0),, (VI_) .
(wherein x, y and z are pos1t1ve numbers, and zZ 2x)

Such organoalummum compound may be used smgly or in combmatlon

This Sheet Has Been Replaced '
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Examples of the solvent used in the preparation of .alumoxane include .

hydrocarbon solvents of aromatic hydrocarbons such as benzene, toluene, _ |
~ xylene, cumene and cymene, ahphat1c hydrocarbons such as pentane, hexane, ._ -
heptane, octane, decan, dodecane, hexadecane and octadecane, ahcychc -_ "
hydrocarbons such as cyclopentane, cyclohexane, cyclooctane and . | ' _

: _methylcyclopentane, petroleum fractrons such as gasohne, kerosene and gas

- oil, and hal1des  particularly chlondes and bromldes, of the aforementroned

' aromatic hydrocarbons, aliphatic hydrocarbons and ahcychc hydrocarbons _ In

' 'add1t10n ethers such as ethylether and tetrahydrofuran may be used as such
o solvent Out of these solvents, aromatic hydrocarbons or ahphatm

- hydrocarbons are especrally preferable |

 [0018]
These orgamc alummumoxy compounds may be used smgly orin o
: combmatmn with not less than two of them
~ poots] _' e
At least one of the above co_mponents (a) transition metal -complex,l'_(b) L |
" compound forming an ionic complex, © organoalunninum" com'pound and (d) o
N alumoxane may be used in the state of being supported on a ﬁne partlcle o
 carrier. B
[0020] |

Such ﬁne partlcle camer is an morgamc or orgamc compound whlch isa. |

| granular or ﬁne partrcle sohd havmg a partlcle dlameter of 10 to 300 um, N

L preferably 20 t0 200 pon.

[0021] | |

| Out of them, préferable ekamples of the 'morganic carrier include porous _'. : o
oxides, specifically Si0, , A1,0,, MgO, ZtO,, TS0, , B, 0, , Ca0, 7n0, BaO, |
ThO, , or mixtures of these, such as Si0, -MgO, Si0;-Al, 0, Si0, IO, , Si0 -
. V205 ,l Si0, -Cr, 0, and SiO, -TiO, -MgO. Out of these especlally preferable. l_ o

- ' are the ones using SiO, and/or Al,O, as the main component. o
S . : R This Sheet Has Been Replaced -~
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jo022) | | |
- Further, the aforemenhoned morgamc omdes may contam sma]l amounts
| of the carbonate sulfate, mtrate and oxide components such as Na,3 CO;, |
- _'K2 CO,, CaCOs, MgCO,, , Nay SO,, Al2 (80,)s, BaSO4 ; KNO3 ; Mg(NOs )2 ,
'Al(NO,,)s,Na,,O K,0 andleO '

~ [o023] . ]
. Such ﬁne partlcle carriers are d]fferent in propertles dependmg on then:
~ types and manufacturmg processes However, the ﬁne partrcle carner ' |
- preferably used in the present mventron has a speclﬁc surface area in a range _
of 50 to 1,000 m*/g, more preferably 100 to 700 m’lg, and a pore volume in a -
range of 0. 3 t0 2.5 cm®g. Such ﬁne partrcle carriers are used after belng .
baked as requn'ed at 100 to 1, 000°C preferably 150 to 700°C
| [0024] | o o |

Furthermore, as examples of the fine partu:le carner, a granular or ﬁne _
_' part:lcle sohd of an orgamc compound havmg a partrcle drameter of 10 to 300 : '
'. Lopm. Examples of these orgamc compounds mclude (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 polymers or ._

copolymers formed by usmg vmylcyclohexane and styrene as the mam

: component

' [0025] :
| Such ﬁne partrcle camers may contam a surface hydroxyl group and/or
water ' '
[0026] o . _ o
The catalyst can be prepared by mixing and bnngmg mto contact (a) a
B transmon metal complex, (b) a compound formmg an ionic complex andlor (d)
- alumoxane, a fine partlcle camer, and as req\nred (c) an organoalummum

compound in an inert hydrocarbon medmm or an oleﬁn medium,

o [0027] ] _. L " This Sheet Has Been Replaced g e

I

ll||



—"‘__,-—_—-—f—;-.,-— .
ot Has Been Replaced

\\\\\\\\\\\\\\\\\\\\\\\\\

Speclﬁc examples of the inert hydrocarbon medrum used in the preparatlon o
of the polymenzatmn catalyst mclude ahphatlc hydrocarbons such as propane

butane, pentane, hexane, heptane octane decane, dodecane and kerosene, ;

o ahcychc hydrocarbons ! such as cyclopentane, cyclohexane and

C methylcyclopentane, aromatlc hydrocarbons such as benzene, toluene and

-xylene, and halogenated hydrocarbons such as ethylenechlonde chlorobenzene_ .

and d1chloromethane or mxtures thereof
(0028] o _ |
| As the method for gettmg the aforementloned transmon metal complex (a) ' _'
| supported ona fine partlcle carrier, a method is normally used in which the .
transmon metal complex () and a fine partlcle carner are mixed. and brought, | =
mto contact ina hydrocarbon medlum At the t1me of brmgmg the |
" aforementmned components into contact the organoalummum compound (c)
_' may also be mrxed and brought mto contact w1th them addmonally
[0029] | _' B
More speclﬁc examples of the aforementloned method mclude
(1) Method in wh1ch after (b) andlor (c) is added to and mixed w1th the ﬁne N
.'partlcle carner suspended ina hydrocarbon medrum, the medrum is ﬁltered
out, and the solld component thus obtamed is brought into contact w1th the
transmon metal complex (a) wh1ch has been suSDended or d1ssolved in a S
- hydrocarbon solvent; | | |

B [0030]

(2) Method in wh1ch after (b) and/or () is added to and mlxed w1th the ﬁne o

' partlcle carrier suspended in an aromatic hydrocarbon medmm, an ahphat1c
| | hydrocarbon is further added and then the aromatlc hydrocarbon is removed
_ under reduced pressure; as a result of these operatrons, the orgamc o ' _
- alummumoxy compound prec1p1tates on the ﬁne part1cle carner, and next the .
sohd component obtamed by ﬁltermg out the ahphatlc hydrocarbon and the o

transmon metal complex (a) suspended or drssolved in the hydrocarbon o "
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med_ium are _brought.into contact. - |
03] o | o
3) Method in wh1ch after (b) and/or (c) and the transmon metal complex (a) |
"are added to and mlxed with the ﬁne particle carrier suspended ina o
- | hydrocarbon medlum, the hydrocarbon medium is removed by a ﬁlter oran .
| 'evaporator. o |
[0032] | |
In m1xmg the above components, the transmon metal complex (a) is |
' normally used in an amount of 10°° to 5 x 102 mol, preferably 3x 10 - to- 10 8.
mol, per g of the ﬁne partlcle carrier, and the concentratmn of the transition o
: metal complex (a) is approx 5x 10° to2x 10 mol!hter preferably 10 to

10 ‘molfliter. In the case of usmg alumoxane for ©, the atomm ratlo

o (Alltransmon metal) of the alummum in alumoxane (c) to the transmon metal D

. in the transmon metal complex (@) i is norma]ly 10 to 3, 000 preferably 20 to
| 2,000. In the case of usmg an ionized ionic compound for (b), the molar ratm i
| 3 [(a)/(b)] of the trans1t10n metal complex (a) to (b) is normally in a range of 0 oL
" to0 10, preferably 0.1to5. Inthe case of using the organoalummum compound
(c), the atomic ratlo (Alltransmon metal) of the alummum in the |
organoalummum compound (c) to the transmon metal in the trans:ltmn metal
. 'complex (a) is normally 10 to 3 000 preferably 20 to 2 000 -
10033} o SO __
The m1xmg temperature in the mlxmg of the aforementloned components is -
-_ norma]ly -50 to 150°C, preferably. -20 to 120°C and the contact timeis 1t0 .
1, 000 mmutes, preferably 5 to 600 mmutes Further, the m1xmg temperature
may be varied durmg the memg and contactlng of the components
[0034] L -
" The operatlon of gettmg the trans1t10n metal complex (a) supported on a

-~ fine partlcle carrier may be carned out in the presence of zeohte or orgamc

‘amine.
| This Sheet Has Been Replaced
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As an example of zeohte, the compound represented by the followmg '

general formula can be c1ted for example and molecular s1eve TM is o

B preferable ' '

| Mz,,,O A1203 x8102 °yH20 . _

| - (wherem M stands for Na K Caor Ba, n stands for the value of M, x 1s 2 to 10,
'andyls2to7) : _ '
[0035] .

- Examples of orgamc amme mclude monoa]kylammes such as methylamme, -

: 'ethylamme n-propylamme, 1sopropy1amme, n-butylam:me and t-butylamme, '

d1a1kylammes such as dnnethylamme, d1ethylamme, d1-n-propy1am1ne | .
| dnsopropylamme, d1-n-buty1amme and d1-t-butylam1ne, tnalkylammes such as
) 'trlmethylamme, tnethylamme, and tn-n-propylamme and’ tn-n-butylamme

[o036] | . |

Zeolite is normally used in an amount of 1 x 102 to1x 102 g, preferably 1 x
- 10 to 10 g, per g of the ﬁne partrcle carrier. Orgamc amme is norma]ly | |
usedm an amount of 1 X 10°7 .to 2 %102 mol preferably 1x 10 to 1x 10 2
- mol, per gof the fine partlcle camer |
[0037] _ | | | | |

_ The use of zeohte and orgamc amine in the preparatlon of the catalyst
| makes possible the preparatlon of a sohd catalyst w1th the transmon metal
o B -' complex (a) supported ata h1gh supportmg rate | _
 Itis des1rable that ina sohd catalyst obtamed as descnbed above, the
. transltlon metal complex (a) should be supported in an amount of 10 to 10 3.

grams atom preferably 2x 10°° to 3x 10" grams atom, culculated as ..

trans1t10n metal atom, and per g of the fme partlcle carner, and alumoxane (d) B

[or the organoalummum compound ()] should be supported in an amount of -
approx 10 to 10°* grams atom, preferably 2x 10 to 5 x 10°2 grams atom,
culculated as alummum atom, perg of the fine partlcle carrier. Itis also e
a de_s:rable that (b) should _be supported in the amount of 10°7 to 0.1-grams |
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' .atom, preferably 2x 10 t0 3 X 10 grams atom as boron atom in (b), per g of
the ﬁne particle carrier. - ' '

The atactlc poly-u.-oleﬁn polymers speclﬁcally ethylene/a—oleﬁn |

| copolymers, more speclﬁcally ethylenelpropylene copolymers of the present :

mventmn themselves may be used for various uses.’ They are also used in the |
“form of compos1t10ns obtained by blendmg them mth other thermoplastxc | :

. .resms  such as crystalhne polypropylene crystal]me polybutene, crystalhne 4- - o

| methyl- -pentene polymer, polyethylene terephthalate polyamlde and |

..polycarbonate Such blendmg w111 improve the i 1mp act reswtance, ﬂexrbﬂxty '
and other propertles of those thermoplastlc resms | '

Partlcularly, the atactlc a—oleﬁn polymers of the present mventlon, . |

| especlally a compos1t10n compnsmg 5 to 80 wt% of an ethylene/propylene

| copolymer 10 10 80 W% of a. crystalhne polypropylene polymer and, as

requ1red 10 to 80 wt% of an elastomer has especlally excellent ng1d1ty, heat

_ _. resmtance and impact res1stance . _ -

- These compos1t10ns of the poly-a-oleﬁn polymers may be obtamed by o
soluinon-blendmg dry blending such as melt-blendmg or mulu-stage |
polymenzauon such as para]lel polymenzatlon and consecutlve

e polymenzatron L | _' "

| In th1s case, itis pos31ble to manufacture the aforementxoned composmons

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

| | than 2 stages by using at least two different catalysts | ' e .

| Ttis des1rable to use for such at least two catalysts a combmatmn of at least

one catalyst selected from between the a-oleﬁn polymenzatlon catalyst (1)

.mentloned below and the a-oleﬁn polymenzatlon catalyst (2) mentloned below

_ and at least one catalyst selected from between the u-oleﬁn polymenzatlon
'catalyst 3 mentloned below and the ‘o-olefin polymenzatlon catalyst (4)

mentmned below.
This Sheet Has Been Replaced
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Next a method for manufacturmg compos1t10ns based on the
aforementloned polyoleﬁns by using not less than two catalysts takmg the _
" "case of a propylene polymer as an example ' o , _
' Oleﬁn polymers such as polypropylene polymer are used for a W1de range of
| uses because of the1r exce]lent ng1d1ty, heat remstance, 1mpact res1stance and
| other propertles ' ' e
As a method for further 1mprovmg the ﬂe:nblhty and 1mpact strength of
such oleﬁn polymers, a method for manufacturmg block copolymer by |
| '-.copolymenzmg propylene and ethylene after homopolymenzmg propylene, for -
' -example, is known _ _ , . . o
As a method for further mcreasmg the 1mpact strength of the oleﬁn
. polymers, blendmg elastomers to polypropylene is also known. ) o
a However, since such block copolymer and polypropylene w1th wh1ch
B elastomer is blended has mfenor optacal propertres such as transparency, -
| range of uses has been hmlted - , .
Moreover, blendmg atactlc polypropylene W1th polypropylene to nnprove
" the propertles of polypropylene is descnbed in Lald-open Patent HEI 6-263934 o
for example. | | - _ - .' '
.' " In recent years, there has been an mcreasmgly severer demand for the -' | 3
physlcal propertles of olefin polymers such as polyprOpylene, and iti is des:red _
that those oleﬁn polymer compos1t10ns wh1ch have much better propertles wﬂl K
come mto exrstence | - c ' T
The use of propylene—based atactrc copolymer of the present mventlon
enables oleﬁn polymer composmons to develop vanous elast1c moduh as well
as gain excellent optical propertles, mechamcal propertles and scratch
_ reenstance . _ _
| Examples of such propylene-based atactic copolymer mclude copolymers | ' .- .
‘such as ethylene/propylene copolymer and propylene/ 1-butene copolymer and’ |
; .terpolymers such as ethylenelpropylene/ l-butene copolymer, :



R 2 | |
' ethylenelpropylenel3-methyl— -butene and ethylene/propylene/noncon]ugated
diene.
| Out of the aforementloned propylene-based atactlc copolymers
: ethylenelpropylene copolymer and ethylene/propylenel 1-butene copolymer are
preferable | o . |
- - Itis also possible to use a combination' of not leSs than two of the -
aforemenuoned propylene-based atactic copolymers and a combmatlon of one .
N such propylene-based atactlc copolymer and another a—oleﬁn copolymer | |
‘In addltron, stablhzers, morgamc ﬁ]lers, crysta]]me nucleatmg agents, - .
lubncants plastrcrzers p1gments etc. may be added to the aforementroned
' | " propylene-based atactu: copolymers as requlred | _
| In usmg these propylene-based atactic copolymers then' propylene content |
'may preferably be preferably 20 to 99 wt%. | | '
| As another o-olefin copolymer, polymers usmg an olefin havmg 2 to 10

| carbon atoms as the main component are preferable, and especla]ly polymers: co

'- _usmg ethylene or propylene as the main component are more preferable

The mtrmsm v1scos1ty 7] of the aforementroned propylene-based atact1c o

| copolymers may preferably be ina range of 0. 5 to 10 dllg, more preferably 1 0"_.

t0 8.0 dl/g. | | o

Furthermore the degree of crysta]hmty of these polymers may preferably | .

be not more than 5% Moreover it is desrrable that the 1odme value is not
more than 16 | o |

© The aforementroned propylene-based atactic copolymers may be grafted
; W1th aromatlc vinyl or vmylsllane compound, unsaturated carboxyhc ac1d
_unsaturated carboxyhc acrd ester and unsaturated acid anhydnde |

For example in blendmg the aforementloned propylene-based atactrc __

o _copolymers with 1sotact1c polypropylene ‘the blendmg ratro of 1sotact1t: '

: polypropylene to propylene atactlc copolymer is preferably 1 to 95 wt%/5 to 99
. wit%, and 1 to 30 wt% of another o-olefin copolymer and 0.01 to 2 wt% of an
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. additive may be added. as reqmred | _
| ~ Below are g1ven examples of process for preparmg a blend of the _
- aforementloned polypropylene and propylene-based atactlc copolymer
l_ A method in whrch polypropylene, propylene-based atactic polymer and as -
requrred an a-oleﬁn copolymer other than the aforementloned matenals are
- melted and mixed. o | o
| A method in wlnch after an 1sotaet1c propylene polymer and a propylene- L .'
| based atachc copolymer are melted and m1xed the resultant compos1t10n is |
: melted and mxed with : an a—oleﬁn copolymer other than the aforementloned .
----jmatenals, | o o R
A method m wlnch an 1sotaot|c propylene copolymer and a propylene-based
atactlc copolymer are manufactured by polymenzmg olefins mcludmg |
. propylene in the presence of at least two types of catalyst by a one-step or not | o
' _less than two-step polymenzatlon process and the resultant composmon is l_
. melted and m1xed w1th an a-oleﬁn copolymer other than the aforementroned )
' materials. - _ | | o
The propylene-based atactic copolymers of the present mventlon, smgly by o

. themselves and in the form of composmons w1th other thermoplastic resms '

: such as crystalline polyolefin resin, can be processed easily into .deslred_ for_ms R

- by various methods such as injection-molding,.calenderi'ng' and extrusion. o
"They, can be used for a _broader range of 'uses than_before, mcludmg the .'
housings of hou'sehold'electrie appliances, ﬁlm or sheet applicatlons '

- transparent contamer apphcatrons such as mfusron solutlon bags and sma]l |
| bottles, interior automotlve tnm apphcatlons, extenor automotive tnm 3
apphcatlons such as bumper s1de moles and sundry goods applications.

The compos1t10ns contammg 10 to 95 wt% preferably 20 to 85 wt%, more ._ _

_ 'preferably 30 to 50 wt%, of an 1sotactrc crystal]me polyoleﬁn such as 1sotactlc _. o |

' polypropylene and as requlred 10 to 80 wt% of elastomer as well asb to 90 -
wt%, preferably 15 to 80 wt%, more preferably 50 to 80 wt%, of the |
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aforementione'd atactic poly-or-oleﬁn polymer can be manufactured by

5 '.polymenzmg a-oleﬁn monomers in the presence of at least two types of
. catalysts | B | | |

As examples of the method for prep armg such oleﬁn polymer composmons, i

. the fo]lowmg methods can be cited: ' N o

| @ Method in whrch atactlc poly-a-oleﬁn polymer and crystallme oleﬁn _

-polymer are melted and m1xed ' _ _ R

' @ Method in which an atactlc poly-a-oleﬁn polymer and crysta]hne B

~ isotactic olefin polymer are manufactured by polymenzmg 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 polymerxzatmn process to prepare an oleﬁn polymer '_ '
'composmon . | | S

The method conventlona]ly known to the pubhc may be used wrdely as the -_'

"_mellnng and m1xmg method described in the above method @ As the

| meltmg and mrxmg eqmpment mnnng rolls and mtens1ve meers, such asa.

Banbury mixer, kneader and smgle-screw mixer and twm-screw m1xer, may be o

used.

Ttis desirable that the melting and mixing should be carried out normally

-~ at 150 to 280°C preferably 170 to 240°C normally for 1 to 20 min, preferably : 5 |

"1 to 10 min, S | |

| After the meltmg and mrxmg operatron the composrtmn is normally s

_obtamed in the form of pe]lets ' N
As an example of such manufacturmg method descnbed in above ®, there

s 1s a method for manufacturmg poly-a-oleﬁn polymer compos1t10ns wherem

.. the aforementmned at least two catalysts are at least one catalyst selected

' from between the a-olefin polymerlzatron catalyst (1) mentloned below and the K o

' oc-oleﬁn polymenzatlon catalyst (2) mentloned below and at least one catalyst -

B selected from between the u-oleﬁn polymenzatron catalyst 3) mentxoned below"_ o |

| and the a-oleﬁn polymenzatlon catalyst (4) mentroned below
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Oleﬁn polymerlzatron catalyst (1)
A catalyst comprising: | . . _
R K%Y A racemc form of a transltlon metal compound (A- 1) represented by the
| aforementmned followmg formula (II) |
| (B) (B 1) An organic alummumoxy compound andlor _
- (B- 1) a compound (B1 -2) whlch reacts with the aforementroned o
a trans1t10n metal (A- 1) to form an ion pa1r, and as requlred and - |

(C) an organoalumnum compound

Oleﬁn polymenzatwn catalyst 2):
A catalyst comprising: - | |
- (A) Sohd-state titanium catalyst component (T) conta1mng magnesmm

| .utamum, halogen and an electron donor as the essential components

R (B) Organometa]hc catalyst component (Q), and | o

. (C) Slhcon compound S) represented by the followmg formula (1) or a E B
compound (E) havmg not less than 2 ether hnkages ex:stmg via two or more ', o
atoms S | |

‘R, -Sl-(ORq),, @ | ,_

'. (wherem n 1s 1 2 or 3; when nisl, Rp stands for a secondary or tertlary '

'hydrocarbon group, when nis2or3, at least 1 of Rp’ s stands for a secondary

B . or. tert1ary hydrocarbon group, w1th the rest of Rp S bemg hydrocarbon groups,_ o o

and two or more Rp s may be the same or dJﬂ'erent Rq is a hydrocarbon group
- having 1 to 4 carbon atoms, and when 4-n is 2 or 3, Rq may be the same or
: dlﬂ'erent)

Oleﬁn polymenzatlon catalyst (3)
K A catalyst compnsmg o
T AA meso form of a trans1t10n metal compound (A-2) represented by the .

aforementloned formula @; o
' This Sheet Has Been Replaced -
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- B) (B 1) An orgamc alummumoxy compound or
_' B-2) A compound (B’ -2) which reacts with the aforementmned
'trans1t10n metal compound (A) to form an ion pa1r,
and as required,

(©) An organoaluminum_compound.

- Oleﬁn polymenzatlon catalyst (4)
'A catalyst compnsmg' _
C(AA trans1t10n metal compound (A-3)represented by the aforementxoned

o formula (III)

(B) (B 1) An orgamc alummumoxy compound or. | _
(B-2) A compound (B®-2) which reacts with the aforementloned trans1t10n

: metal compound (A-3) to form an ion pair; and as requ1red

(©) An organoalummum compound _
More spemﬁca]ly, olefin polymenzatmn catalyst (1) isa racemlc form ofa |

" trans1t10n metal compound represented by the aforementloned formula(II) |

In these catalysts, examples of (C)an organoalummum compound are same "

: as those of the aforementloned an organoalummum compound(c)

Oleﬁn polymenzauon catalyst (2) cons1sts of | o

) Sohd-state tltamum catalyst component (T) contammg magnesmm B

- t1tamum halogen and an electron donor as the essentlal components

| B) Organometalhc catalyst component (M), and .

. (C) Sll1con compound (S) represented by the followmg formu.la (1) ora
~ compound (E) havmg not less than 2 ether hnkages e:nstmg via two or more

atoms: o .
Rpn-§i-(ORQ4-n - .60
The solid t1tamum catalyst component (T), whlch is the catalyst component

(A) can be prepared by brmgmg a magnesmm compound titanium compound
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| and electron donor as mentloned below into contact w1th one another B _
" Asa speclﬁc example of the t1tamum compound used i m the preparatmn of

- the solid titanium catalyst component (), the quadnvalent utamum B E

_ compound represented by the following formula
TiOR)nX4n ..

- : (wherein R stands for a hydrocarbon group, X stands for"halog_en atom,-'_ and n . L

is0=<ns4)

Specl.ﬁc examples of such utamum compound mclude tltamum tetrahahdes .
. such as TiCl,, TiBr, and TiL,; alkoxytxtamum trihalides such as Ti(OCH,)Cl,

: T.l(OCz HB)CI3 Ti(On- C4 H,,)Cla , 'I‘1(OC2 H;)Br; and '1‘1(O1so-C4 H, )Br8 S
dlalkoxytltamum thahdes such as Tl(OCHs) cl,, '1‘1(002 Hs) Cl,, and
o T1(On-C4 H,) . Cl2 and Ti(OC; Hy) , Br2 ; tnalkoxyutamum monohahdes such _il '
o as '1‘1(OCH3 )s ClL '1‘1(002 H,), Cl, '1‘1(On-C4 H,) ;Cl and '1‘1(0(12 H;) 5 Br _' _ |
tetraalkoxy t1tan1ums such as T1(OCH3) 4 T1(OC,, Hs s s ’I‘1(0n-C4 H, )4 , and
T1(01so-C4 IIQ).,= | and T1(O-2-ethylhexyl)4 | :
Out of these, a halogen-contammg tltamum compound is preferable, _
| tltamum tetrahalide is more preferable, and utamum tetrachlomde is -
espec1ally preferable These tltamum compounds may be used smgly or m
| combmatmn with not less than two of them Furthermore, these tltamum
compounds may be dlluted ina hydrocarbon compound or a halogenated
hydrocarbon compound o ' | ) '
As examples of the magneslum compound used in the preparatlon of the
-sohd tltamum catalyst component (T), a magnes1um compound havmg
3 reducmg ability and a magnesmm compound not havmg reducmg ablhty |
_Examples of such magnesmm compound havmg reducmg ability mclude o
] include magnesmm compounds havmg a magnesmm-carbon bond or -
'magnesmm-hydrogen bond. Examples of the magnesmm compound havmg
. reducmg ab1hty include dmethylmagnesmm, d1ethylmagnes1um, S '
| dlpropylmagnesmm, d1butylmagnesmm d1amy1magnes1um .



'dihex'ylmagnesium,. didecylmagnesium, ethylmagnesium chloride,‘ | )
propylmagnesmm chlonde, butylmagnesmm chlonde, hexylmagnesmm
) ._'chlonde, amylmagnesmm chloride, butylethoxymagnesmm,
_ ethylbutylmagnesmm and butylmagnesnnm hydnde
These magnes1um compounds may be used smgly or in the form of a.
' complex compound formed with an organometalhc. compound-descnbed bjelovu.
Furthermore, these magne_sium compounds may be a liquid or a so]_id or may |
be deﬁved by reacting metal_magnesjum with .a lconesponding compound. -
| Moreover they can be deriVed from metal magnesium by using"the o
aforementloned method in the course of preparing the catalyst |
: Examples of the magnesmm compound not havmg reducmg ablhty mclude _
magnesmm hahdes such as magnesium chlonde, magnes1um brom1de,
. magnesium iodide, magnesmm ﬂuonde, alkoxymagnesmm hahdes such as '.
R methoxymagnesmm chlonde ethoxymagnesmm chloride, |
1sopropoxymagnesmm chlonde butoxymagnesmm chlonde and i
3 .octoxymagnesmm chlonde, aryloxymagneslum hahdes such as’ _ N
L 'phenoxymagnesmm chlonde and methylphenoxymagnesmm chlonde, - L
| alkoxymagnesmm such as ethoxymagnesmm 1sopropoxymagnes1um,
' butoxymagnesmm n-octoxymagnesmm and 2-ethy1hexoxymagnes1um
aryloxymagnesmms such as phenoxymagnesmm and |
o dlmethylphenoxymagnesmm, magnesmm carbonates such as magnesmm
.. laurate and magnesium stearate | . _ s
These magnesium compound not havmg reducmg abﬂlty may be a

| comp ound derived from the aforementioned magnesmm compound havmg

) reducmg ability or a compound denved in the course of preparing the catalyst |

component.._ The denvahon of the magnesium compound not havmg reducmg L
| _' abi]ity from the magneSium compound having're'ducing abil.ity can be | |
accomphshed for example, by bringing magnesmm compound havmg reducmg

'ablhty info contact w1th halogen, polysﬂoxane compound, halogen-contammg
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silane compound, halogen-contammg alummum compound or compounds |
| havmg actwe carbon-oxygen bonds such as alcohol ester, ketone and aldehyde'..'.' o
| Further, in the present mventlon, the magnesrum compound may be not )
only a magnesrum compound having reducmg ablhty ora magnesrum o

compound not having reducmg ablhty but also a complex compound of the

o "aforementroned magnesium compound and another metal a compomte

_ compound ora m1xture of the magnes1um compound w1th another metal

I comound Furthermore, a combmatlon of not less than two of the

: aforementloned compounds may be used | |
As the magnesium compound used i in the preparatlon of the sohd titanium
' catalys_t co_mponent _(T)', many _magnesmm comp_ounds in _addltxon_ to the

_ 'aforementioned ones may be used. However, it is desirable that such '
" magnesrum compound should take the form of a halogen-contammg

' magnes1um compound in the solid titanium catalyst component (T) ﬁnally

obtamed Consequently, itis desuable inthe case of using a magnesmm

- compound not contammg halogen that 1t should be brought mto contact for

; 'reactlon with a halogen-contammg compound in the course of the preparatlon |

Out of the aforementroned magnesrum compounds magnesmm compounds -

- not havmg reducing ablhty are preferable halogen-contalmng magnesmm o .

compounds are more preferable, and magnesium chlonde, alkoxymagnesmm S

' chlonde and aryroxymagnesmm chlorrde are especla]ly preferable |
The solid tltamum catalyst component ()] used in the present mventlon is |
' formed by bringing. such magnesrum compound and the tltamum compound -
.and electron donor as mentloned above into contact with one another |
Speclﬁc examples of the electron donor used in- the preparatlon of sohd
titanium catalyst component (T) include the following compounds .
Ammes such as methylamme, ethylamme, d1methylamme, d1ethylamine,_ :
_ethylenediamine, tetramethylened1amme, hexamethylenedramme N |
tnbutylamme and tnbenzylamme, pyrroles such as pyrrole methylpyrrole and



This Sheet Has Been Rep

[ IIII

' dlmethylpyrrole pyrrohne pyrrohdme, pyndmes such as, mdol pyndme
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methylpyndme, ethylpyndme, propylpyndme, dlmethylpyndme

ethylmethylpyndme, tnmethylpyndme phenylpyndme benzylpyndme and B

- chloropynd.me, mtrogen-contammg cychc compounds such as p1pendmes, S

B 3 qumo]mes and 1soqu1no]mes oxygen-contammg cyclic compounds such as -

tetrahydrofman, 1 4-cmeol 1,8-cineol, pyno]furan, methylfuran, o

o dmethylfuran, dlpheny]furan, benzofuran, cumaran, futaran,

N tetrahydropyran, pyran and dltedropyran alcohols contmmng 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 1sopropy1 alcohol and 1sopropy1benzy1
alcohol phenols havmg 6 to 20 carbon atoms, wh;lch may contam lower alkyl _ |
groups such as phenol cresol xylenol ethylphenol propylphenol | _
nonylphenol, cumylphenol and naphthol ketones havmg 3 to 15 carbon atoms
‘such as. aceton, methylethylketone, methyhsobutylketone, acetophenone, .

o benzophenone, acetylacetone and benzoqumone, aldehydes havmg 2 to 15

,carbon atoms such as acetoaldehyde propyonaldehyde octylaldehyde,

' - benzaldehyde, tolualdehyde and naphthaldehyde, orgamc ac1d esters havmg 2 e

- t0 30 carbon atoms such as methyl formate, methyl acetate ethyl acetate, |
vinyl acetate propyl acetate, octyl acetate, cyclohexyl acetate, e_thyl .

' proplonate methyl butyrate ethyl valerate, methyl chloroacetate ethyl

: d1chloroacetate methyl methacrylate ethyl crotonate ethyl |

cyclohexanecaboxylate methyl benzoate ethyl benzoate propyl benzoate

butyl benaoate octyl benzoate cyclohexyl benzoate, phenyl benzoate, benzyl _' TR

o benzoate, methyl toluate, ethyl toluate amyl toluate, ethyl ethylbenzoate, |
methyl amsate, n-butyl maleate dusobutyl methylmalonate, d1-n-hexy1
- cyclohexanecarboxylate d.1ethy1 nad1ate dusopropyl tetrahydrophthalate
diethyl phthalate, diisobutyl phthalate, di-n-butyl phthalate, di-2-ethylhexyl
- phthalate, y-butyloractone 6-bareloractone, cumanne, phthande and ethyl
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carbcnate; acid ha]i(_lells- havihg 2t015 carbon atoms such .a's acetyl chloride, |
* benzoyl chloride, toluy] chloride and anisic acid chloride; ethers having 210 20
| carbon atoms such as methyl ether, ethyl ether 1sopropy1 ether, butyl ether
3 amyl ether, amsol and d1phenyl other epoxy-p-menthane, _d1ethers such as 2- | -

o 1sopentyl-2-1sopropyl-1 3- (hmethoxypropane, 2 2- dnsobutyl-l 3.

dlmethoxypropane, 2 2-dnsopr0pyl-1 3- dlmethoxypropane, -cyclohexylmethyl-
2-1sopropyl-1 3- d:methoxypropane, 2,2- dnsopentyl-l 3- dJmethoxypropane 2- _

o 1sobuty1-2-1sopropyl—1 3 dmethoxypropane 2-cyclohexy1- -mopropyl-l 3-

'dxmethoxypropane 2-cyclopenty1-2-1sopropy1-1 3- d;lmethoxypropane, 2 2-

d1cyclopentyl-1 3- dnnethoxypropane, 1 2-b1s-methoxymethyl—b1cyclo-[2 2 1]-

' 'heptane, dlphenyldrmethoxysﬂane, 1sopropyl-t-butyldlmethoxysﬂane, 2, 2- .
.. dusobutyl-l 3 demethoxycyclohexane, 2-1sopenty1-2—1sopropy1—1 3- )
| dlmethoxycyclohexane and 9 g- dlmethoxymethy]ﬂuorene, ac1d amides. such as -
acetlc amrde, benzo1c amlde and toluamlde mtnles such as acetomtnle, B
benzomtnle and tolunitrile; acid anhydndes such as acetrc anhydnde phthanc "
- anhydride and benzoic anhydride. S
 Im addltlon to these, water, amon, catlon and non-lon surfactants may be
! used | . _
| Further, asa preferable example of the orgamc acld ester, multlvalent o
carboxyhc ac1d ester havmg the skeleton represented by the fo]lowmg general : .. -

formula can be c1ted

'R“’f"c-—coonn- ~ B®  COORM

R“—C—COOR® , \c - R
| | ‘RM - COOR®
R'*_—-(l’:'—'c'ooni

~ R“~C—COOR'.

Tn the above formula, R'* stands for a substituted or non-substituted =
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hydrocarbon group; R1 2 R1 5 and R'® stand for hydrogen or a substltuted or

non-substltuted hydrocarbon group;. and R'® and R!* Stand for hydrogen ora
: _' substituted or non-substltuted hydrocarbon group, preferably at least one of
them bemg a substltuted or non-substltuted hydrocarbon group Further,
: R and R4 ‘may be connected to form aring structure. 'The substltuent
'. group in the case of the hydrocarbon groups R'1 to Rl® bemg substltuted
| contams hetero atoms such as N, O and S and has groups such as C-0-C,.
| COOR, COOH, OH, SO, H, -C-N-C- and NH, , for example. .
Speclﬁc examples of such multlvalent carboxyhc acid ester mclude a]1phat1c .
'. polycarboxyhc acid esters such as diethyl saccmate, d1buty1 saccinate, d1ethy1 |
| methylsaccmate, dnsobutyl a—methylglutarate, d1ethy1 methylmalonate, X

d1ethy1 ethylmalonate d1ethyl 1sopropy1malonate diethyl butylmalonate, L

d1ethy1 phenylmalonate d1ethyl d1ethy1malonate d1ethy1 d1buty1malonate .
monooctyl maleate, d10cty1 maleate d1buty1 maleate, d1buty1 butylmaleate, S

' 'd1ethy1 butylmaleate, dnsopropyl ﬂ-methylglutarate dra]lyl ethylsaccmate, 2- o

- ethylhexyl fumarate diethyl 1taconate and dmctyl c1traconate, ahcyclllc -
| :polycarboxyhc acid esters such as d1ethy1 1 2-cyclohexane caboxylate, |

- dnsobutyl 1 2-cyclohexane caboxylate d1thy1 tetrahydrophthalate and d1ethy1 -

| nad1ate, aromatlc polycahoxyhc acld esters such as monoethyl phthalate __
. '..dJmethyl phthalate methylethyl phthalate mono1sobuty1 phthalate d1ethyl
- phthalate, ethyhsobutyl phthalate, d1-n-propyl phthalate dnsopropyl _
phthalate, d1-n-huty1 phthalate dnsobutyl phthalate, d1-n-hepty1 phthalate, d1- _ '
' -ethylhexyl phthalate d1-n-octy1 phthalate dmeopentyl phthalate d1decy1 __ g
phthalate, benzylbutyl phthalate diphenyl phthalate, diethyl -
| naphthalenedlcarboxylate, dibutyl naphthalenedmarboxylate, tr1ethyl : ..
: tnme]htate and d1butyl trimellitate; and esters of heterocychc polycarboxyhc
' acrds such as 3. 4-furand10arboxyhc acid. | ' .
Other examples of such multrvalent carboxyhc acid ester mclude esters of
' long-cham dlcarboxyhc ac;ld such as d1ethy1 ad1pate dnsobutyl ad1pate |
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_ sebacate dnsopropyl sebacate, d1-n-buty1 sebacate, d1-n-octy1 sebacate and d1-2-' -
ethylhexyl sebacate | | | P
- Moreover as the electron donor, sﬂlcon compounds represented by the -
: _general formula @ descnbed below can also be used
_ These compounds may also be used ina combmatlon of not less than two of - .
~them. | ' o |
.' Further in brmgmg such t1tamum compound magnesmm compound and
electron donor into contact with one another the sohd tltamum catalyst -
component (a) supported ona carner may be prepared by usmg the followmg |
'carner compounds | o | | _
As examples of such carner compounds resms such as A1203, S102, 3203, ,

MgO CaO TiO,, ZnO, ZnOz, Sn0O,, BaO, ThO and styrene-dlvmyl benzene | _
.copolymers can be cited. Out of these carner compounds SlOz, AleS, MgO, .

- ZnO and ZnOz can be cited as preferable examples

Further the aforementloned component may be brought mto contact in the _

: presence of other react10n agents such- as s1]1con, phosphor and alummum .

As for the method for manufactunng the sohd tltamum catalyst component AR

(a), 1t is possible to manufacture it, for example, by brmgmg the tltamum
| compound, magnesxum compound and electron donor as mentroned above into ) |
o 'contact and all methods mcludmg the ones known to the pubhc may beused. -
Several speclﬁc methods for manufacturmg the sohd tltamum catalyst -
o component (a) are descnbed bneﬂy below. |
| (¢)) Method in which a solution compnsmg a magnesmm compound

- electron donor and hydrocarbon solvent reacts w1th an organometalhc ,
B compound to precipitate a solid, and while the sohd is bemg preclp1tated or '. o

after the solid is preclpltated the sohd1s made to contact and react W1th a :

o t1tan1um compound

(2) Method in wh1ch after a complex compnsmg a magneslum compound

and an electron donor contact and react w1th an organometalhc compound
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. they are made to.contact and react w1th a tltamum compound .
3) Method in which a materlal obtamed by cotactmg an morgamc carner

_and an orgamc magneslum compound is made to contact and react w1th a

t1tamum compound and preferably with an electron donor In th1s case, such N -

material may contact and react with a halogen-contammg compound and/or an
organometalhc compound in advance
@ Method in wh1ch a magnesmm compound supported on an morgamc or .
" organic carrier is first obtamed from a m1xture of an morgamc or organic
_carner and a solutlon contammg a magnesium compound an electron donor-
_and as optlonal a hydrocarbon solvent and then is made to contact with a
e t1tan1um compound | | |
(5) Method in wh1ch an morgamc or orgamc carner and a solutmn
' contammg-a magnesium compound, a t1tamum-compound an electron donor _ |
and as optlonal a hydrocarbon solvent are brought mto contact to obtam a
-~ solid t1tan1um catalyst component on whlch magnesmm and ntamum are o
supported ) | |

(6) Method in wh1ch an organomagnesmm compound ina hquld state is

- made to contact ‘and react mth a halogen-contammg t1tamum compound In

th1s method, 2 an electron donor is used at least once L
(7) Method in which after an organic magnes1um compound ina hquld state o "
is made to contact and react w1th a halogen-contammg t1tamum compound |
i they are brought mto contact w1th a tltamum compound In th1s method an
. .'electron donor is used at least once | | | |
- (8 Method in which an alkoxy group-contammg magnesmm compound is o
made to contact and react w1th a halogen-contalmng t1tamum compound In '
this method an electron donor i is used at least once |

) Method in wh1ch a complex comprlsmg an alkoxy group-contammg -

magneslum compound and an electron donor is made to contact and react w1th S %

 a t1tamum compound.



(10) Method in which after a complex comprlsing an alkoxy group- R
= c0ntaining magnesium compound and an electron donor is made to contact‘and
| _react wrth an organometa]hc compound and then w1th a t1tamum compound
(1 1) Method in which a magnesrum compound an electron donor and a
" .tltamum compound are made to contact and react mth one another in an
. arbltrary order Before thls reactron each of the components may be

" prehmmary treated by a reactlon co-agent such as an electron donor and/or an '. .

. organometalhc compOund and a halogen-conta:mng sﬂrcon compound

" Further, through this method itis preferable to use the aforementloned ..

: -'electron donor at least once o ,

(12) Method in which a hquld-state magnesrum compound not havmg
reducmg ablhty and a hquld-state t1tamum compound are made to react w1th
each other preferably in the presence of an electron donor to preclpltate a
"sohd-state magnesmm t1tan1um composite. ) _ o

(13) Method in whlch the reactlon product obtamed by method (12) is '_ : 1 |

further made to react w1th a tltamum compound

(14) Method m whlch the reactlon product obtamed by method (1 1) or (12) _ :' -

" is further made to react with ; an electron donor and a tltamum compound

(15) Method in wh1ch the sohd-state materlal obtamed by grmdmg a

magnesmm compound, preferably an electron donor and a titanium compound o

" is treated with any of halogen, a halogenated compound and an aromatlc '

B hydrocarbon Tlns method may mclude a step of gnndmg elther an

' magnesmm compound alone, ora complex compound compnsmg a magnesrum -

compound and an electron donor, or a magnesmm compound anda trtamum

'compound Furthermore, after the grmdmg, the ground product may be

o 'pretreate_d with an reaction co-agent, and then_ wrth halogen, for example. A's.
an example of the reacﬁ'on co-agent an organometaﬂic compound and a: o

halogen-contammg s1]1con compound can be clted | | -

(16) Method m whlch after a magnesium compound is ground the ground
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| product is made to contact and react with a trtamum compound In th1s case,

itis preferable to use an electron donor or a reactlon co-agent at the time of

: grmdmg and/or contact/reactlon |

| (17) Method in which a compound obtamed by methods (1 1) to (16) above '

- are treated vnth halogen ora halogen compound or an aromatlc hydrocarbon ._
(18) Method in wh.lch the product of the COntactlreactlon ofa metalhc ox1de

orgamc magnesmm and a halogen-contammg compound is brought mto .

' contact preferably W1th an electron donor and a t1tamum compound o
(19) Method in whlch a magnesium compound such as magnes1um salt of

orgamc acid, a]koxymagnesmm and aryloxymagnesmm is made to react w1th

titanium compound and/or a halogen-contmmng hydrocarbon and preferably

an electron donor . _

(20) Method in wh1ch a hydrocarbon soluinon contammg at least a

: magnes1um compound and alkoxytltamum are brought into contact with a i

titanium compound and/or an electron donor Ttis preferable that th:ls is _'

h carned out in the presence of a halogen-contammg compound such as a |

B halogen-contammg silicon compound.

21) Method in which a hqmd-state magnesrum comp ound not havmg

' reducmg ab1]1ty and an organometa]lrc compound are reacted to prempltate a

. sohd-state magnesium ° metal (alummum) compos1te and the compos1te 1s

made to react with an electron donor and a t1tamum compound -
The amount of each of the aforementloned components used n the

| preparatlon of the sohd t1tamum catalyst component (a) dJﬂ'ers w1th L
_ manufacturmg method and cannot be spec:ﬁed uncond1t10na]ly Howev'er an'-_ :
electron donor is used i 1n an amount of 0.01 to 10 mol preferably 0.1to 5 mol
- and a t1tamum compound is used in an amount of 0. 01 to 1,000 mol preferably |
0. 1 to 200 mol per mol of the magnesmm compound for example |
‘The sohd tltamum catalyst component Wy} thus obtamed contams

| magnes_mm, t1tan1um and an _electron donor as the essential components. -
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In this sohd t1tamum catalyst component (T), it is desn'able that
'halogenltltamum (atom1c ratlo) should bei m a range of approx 2 to 200, -
: preferably approx. 4 to 100, the aforementioned electron donor/tltamum (molar
ratlo) should be in a range of approx. 0.01 to 100, preferably approx 0.2 to 10, |
and magnes1umlt1tamum (atomm ratio) should be ina range of approx 1to |
' 100 preferably approx 2t050. _ | |

Such sohd titanium catalyst component (4N} [catalyst component (A)] can be ." |
'used in polymenzatlon as the prepolymenzed catalyst component(T') wh1ch 1s .' g

o obtained by prepolymenzmg(prehmmary polymenzmg) of oleﬁns in the

| presence of the sohd tltamum catalyst component (T) and the organometa]hc
catalyst component (q) mentioned below
~ As the organometal]m catalyst component (q) used in the preparatmn of the. |
o prepolymenzed catalyst component(T'), the organometalhc compound of the.
o metals in the Group I to III of the penodlc table are used, and spemﬁcaﬂy the |
following compounds are used. _ _ _
' (q-1) The same orgamc alummumoxy compound as the aforementxoned
' : orgamc alummumoxy compound (B-1) and the same organoalummum |
| compound as the aforementloned organoalummum compound (c) o
(q-2) A complex alkyl compound of a metal in the Group I of the penod1c .
table and alummum wh1ch is represented by the followmg formula
| MBAIRY', .. L R
B '(wherem M3 stands for Li, Na and K, R1 Tisa hydrocarbon group havmg
normally 1 to 15 preferably 1to 4 carbon atoms.) _
o (q-3) A dialkyl compound of a metal in the Group II or III of the penodJ.c
N .-table represented by the followmg formula ' ' '
R! TR M4 ...
' | 2 (Wherem M4 stands for Mg, Zn or Cd, R1 g is the same as descnbed above, and _. |
' | R1 8 stands for a hydrocarbon group havmg norma]ly 1 to 15, preferably 1 to 4, -

~ carbon atoms )
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Out of these an organoalummum compound is preferably used |
Examples of the oleﬁns used in ‘the preparatmn of the prepolymerlzed
_catalyst component(T‘) mclude hnear oleﬁns such as ethylene, propylene 1-
| 'butene, 1-pentene, -hex_ene, l-octen_e, 1-decene, 1- dodecene, l-tetradecene,
-hexadecene 1;octade6ene .and 1-eicoSene; branched oleﬁns- such as 3¥methyl- '
-butene 3-methyl- -pentene, -ethyl- 1-pentene, 4-methyl- -pentene 4- |
methyl- -hexene 4 4-d1methyl- 1-hexene, 4,4, dlmethyl- -pentene, 4-ethyl-1-

. hexene, 3-ethy1- -hexene, allylnaphthalene, a]lyl norbornane, styrene

dlmethylstyrenes, vmylnaphthalene, allyl toluene, allylbenzene
| vmylcyclohexane, vmylcyclopentane, vmylcycloheptane and

N 'a]lyltna]kylsﬂanes o |

 In the prepolymenzatmn, a cons1derably hlgher concentratron of a catalyst '

' than that of the catalyst in the system in the main polymerization may be : R

- used.

It is des:rable that the concentratron of the sohd t1tamum catalyst

| component (Min prehmmary polymenzatlon should bei m a range of norma]ly, . L

h approx. 0.01 to 200 m1]]1mols, preferably approx. 0.05 to 100 m.11]1mols as:

- titanium atom per Titer of the mert hydrocarbon medlum mentloned below
The organometalhc catalyst component @ should only be used in the o
- amount that0.1to 1, 000 g, preferably 0 3 to 500 & of a polymer can be formed. R

- perg of the sohd t1tamum catalyst component (T), and 1t is des1rab1e that the

_amount of the organometall1c catalyst.component (@ shoul_d be m_ a range of_

norma]ly approx 0 1.to 100 millimols, preferably approx' 0.5 to'50'mi]ljniols, . o

per mol of the t1tamum atom in the sohd titanium catalyst component (a) _

Furthermore, in carrymg out prepolymenzatlon, an electron donor (e may :
be used i m addltron to the solid titanium catalyst component (T) and the ' .' )
_ organometa]hc catalyst component (b) Speclﬁc examples of this electron _' B
donor (e) mclude the electron donor mentloned above which is used in the

preparation of the sohd t1tamum catalyst component (T), the silicon compound |
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. (S.). which is.represente_d by the.'formula (1) shown helovr, .'a compound E) B
. having not less than two ether bonds ex1stmg ﬁa' n'ot.les.s than two atoms, and
. the orgamc slhcon compound represented by the followmg formula (c-1) o
‘R, -Si-©OR), ., ) EE o
: (wherem Rand R stand fora hydrocarbon group, and n 1s 0<n<4 ) _
Specific examples of such organic silicon compounds represented by the
' general formula (c-i) include tnmethylmethoxysﬂane, tnmethylethoxysﬂane, |
| d1methyld1methoxys11ane, dimethyldiethoxysilane,
-' | dnsopropyldlmethoxysﬂane, d1pheny1d1methoxys11ane,
| _phenylmethyldnnethoxysulane, d1phenyld1ethoxysxlane bis o-
. tolyld1methoxysﬂane, bis m-tolyldlmethoxysﬂane, bis p-tolyldrmethoxysﬂane,
| 'bls p-tolyld1ethoxys:1ane brsethyphenyl dlmethoxysﬂane, o '
ethyltnmethoxysﬂane, ethyltnethoxysﬂane, vmyltnethoxysﬂane
'. | lmethyltnmethoxysﬂane, n-propyltnethoxysﬂane, decyltrxmethoxysﬂane, o |
' decyltnethoxys:lane, phenyltnmethoxys:lane, y-chloropropyltnmethoxysﬂane, |
methyltnethoxysﬂane ethyltnethoxys:lane wnyltnethoxys:lane, n- __ )
butyltnethoxysﬂane phenyltnethoxysllane, y-ammopropyltnethoxysﬂane, B
chlorotnethoxys:lane, ethyltmsopropoxysﬂane, vmyltnbutoxys:lane, o B
 ethylsilicate, butylsilicate, tnmethyl phenoxy silane, methyltna]lyloxys:lane, -
.wnyltns([s-methoxysﬂane), vmyltnacetoxymlane and ' '
| d1methy1tetraethoxyd1s11ane | '

* These electron d0n01‘ (©) may be used smgly orin combmatron W1th not less_ R

than two of them - _ _ _ _
The electron donor (e) is used ix an amount of 0 1to 50 mol preferably 0.5 o
to 30 mol, more preferably 1to 20 mol, per mol of the t1tamum atom in the K .
sohd t1tamum catalyst component (a) _ _
Itis deslrable that at the prepolymenzatmn, the aforementloned oleﬁns __
: .'and catalyst components are added to an mert hydrocarbon medlum, and then

polymenzatxon should be conducted under m1ld condrtlons
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 Specific examples of the inert hydrocarbon medivim include a]iphatic |
: hydrocarbons such as propane, butane, pentane, hexane, heptane octane, |
decane, dodecane and kerosene; ahcychc hydrocarbons such as cyclopentane, | .
cyclohexane and methylcyclopentane, aromatrc hydrocarbons such as benzene,
'toluene and xylene; and halogenated hydrocarbons such as ethylenechlonde |
_and chlorobenzene or products obtained by contactmg one another Out of

. theseinert hydrocarbon medla, 1t is especlally preferable to use an ahphatrc '
o hydrocarbon ' o
. The reactlon temperature has only to be such temperature that the product -
formed by prepolymenzatmn does not drssolve practlcally in the mactrve '
hydrocarbon medium and is m a range of norma]ly approx -20 to +100°C
_- preferably approx. -20 to + 80°C more preferably 0to+ 40°C _

Further in the prepolymenzatlon a molecular weight modrﬁer such as
hydrogen may be used Itis desu'able that such molecular welght modlﬁer -
should be used in such amount that the intrinsic wscos1ty [77] of the polymer |
'obtamed by the prepolymenzatmn is not less than approx 0 2 dl/g, preferably
_' approx 0. 5 to 10 dl/g, as measuredm decahn at 135°C ' - '

It is des1rab1e that the prepolymenzatmn should be conducted in such
_manner that approx. 0.1 t0 1,000 g, preferably 0.3 to 500 g, of a polymer is
- formed per g of the solid t1tamum catalyst component . _
Such prepolymenzatron may be conducted by the batch or contmuous -

process

The oleﬁn polymerlzatlon catalyst (2) is composed of the aforementloned ( A)'. ...- -

' sohd-state titanium catalyst component (T) or prepolymenzed catalyst('l"), the
_- (B) organometalhc catalyst component(Q) and the © sﬂ1con compound S)ora | ,
compound (E) havmg not less than two ether bonds e:nstmg via not less than )
two atoms | oo
| As the organometalhc catalyst component(Q), the same matenal as the
o organometalhc catalyst component (q) used in the preparatron of the -. .



: al‘orementioned 'prepolymerized catalyst COmponent(T') ‘may be used.
| "The sﬂrcon compound (S) used as the component (C)isa compound
- : represented by the followmg formula @:
Rp,, -S1-(OR¢11)4 n e (i) '
(wherem nisl, 2 or 3; when nis1, Rp stands for a secondary or tertlary
| hydrocarbon group; when n is 2 or 3, at least 1 of Rp’s stands for a secondary

- or tertrary hydrocarbon group, w1th the rest of Rp’s bemg hydrocarbon groups,

. and two or more Rp’s ‘may be the same or dﬂ'ferent Rqisa hydrocarbon group |
| havmg 1 to 4 carbon atoms, and when 4-nis 2 or 3 Rq may be the same or

'dﬂ'ferent )
- As examples of the secondary or tertlary hydrocarbon group . the sﬂ1con

o compound (©) represented by the above formula (1), a cyclopentyl group, :

B cyclopentenyl group, a cyclopentadlenyl group, these groups havinga o
substltuent group, and a hydrocarbon group whose carbon ad_]acent to S1 is
B secondary or tertiary can be clted.
' More speclﬁc examples can be cited as follows
: Examples of substltuted cyclopentyl group mclude cyclopentyl group
containing alkyl group such as 2-methylcyclopentyl group, 3-methylcyclopentyl
group, -ethylcylopentyl group, 2-n-butyleyclopentyl group, 2, 3 _'

'_ dJmethylcyclopentyl group, 2 4-d1methylcyclopentyl group, 2 5- . .

' drmethylcyclopentyl group, 2 3 4-tr1methylcyclopentyl group, 2, 3 5- o
- tmmethylcyclopentyl group, 2 3 4- tnethylcyclopentyl group,
tetramethylcyclopentyl group and tetraethylcyclopentyl . N
| Examples of substltuted cyclopentenyl group mclude cyclopentenyl group
contammg alkyl group such as 2-methylcyclopentenyl group, 3-

- methylcyclopentenyl group, 2-ethylcylopentenyl group, -n-butylcyclopentenyl o

group, 2,3-dJmethylcyclopentenyl group, 2,4-drmethylcyclopentenyl_group, 2,5-
d.imethylcyclopentenyl group, 2,3-diethylcyclopentenyl group, 2,3,4- |
' trixnethylcycIOpentenyl group, 2,3,4—triethylcyclopenten_y'l group,
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.'tetramethylcyclopentenyl group and tetraethylcyclopentenyl group, |
Examples of substltuted cyclopentadlenyl groups mclude cyclopentadlenyl

o groups contalmng alkyl groups such as 2-methylcyclopentad1eny1 group, 3- -

methylcyclopentadlenyl group, 2-ethylcylopentad1enyl group, 2-n- -
.butylcyclopentad1enyl group, 2,3- dnnethylcyclopentaxhenyl group, 2,4-_ : |
dimahylcyclope'ntadienyl group, 2' 5 dlmethylcyclopentadienyl group, 2,3
drethylcyclopentadlenyl group, 2 3, 4- tnmethylcyclopentadlenyl group, 2 3,5- |
_ tr1methylcyclopentad1enyl group, 23 4-tnethylcyclopentad1enyl group, 2, 3 4 5- -
tetramethylcyclopentadlenyl group, 23, 4 5-tetraethylcyclopentad1enyl group, '
1, 2 3,4 5-pentamethylcyclopentad1enyl group and L 2 3,45 ”
' .pentaethylcyclopentadlenyl group. .

| | Furthermore, as examples ofa hydrocarbon group whose carbon adJacent to
Siisa secondary carbon, an 1-propyl group, an s-butyl group, an s-amyl group. |
| .and-_an _o:-me_thyl benzyl group can be cited; and as examples of a hydrocarbon
group whose carbon .adjacent-'to Si is tertiary, a t-butyl_ group, a _t_-a@yl group, -
: an a,:a’ dimethylbenzyl'group and an adomantjl group can he citﬁl o

| Examples of the s111con compound ® represented by the formula (1) _
S wherem n is 1 include tna]koxysﬂanes such as cyclopentyltnmethoxymlane 2- .
'methylcyclopentyltnmethoxysﬂane, 2 3-d1methylcyclopentyltnmethoxys:lane,' ‘_ "

-__cyclopentyltnethoxysnlane, 1so-buty1tr1ethoxys:lane, t-butyltnethoxysﬂane, 0
o CYCIOhexyltnmethoxysﬂane, cyclohexyltnethoxysﬂane, 2-

norbornanetrrmethoxys:lane and 2-norbornanetr1ethoxys1lane
Examples of the silicon compound © represented by the formula (1) .
| ,'wherem nis2 mclude d1alkoxys11anes such as dlcyclopentyl dlethoxysﬂane, t- '- :
butylmethyl d1methoxys1lane, t-butylmethyl dlethoxysrlane, t-amylmethyl
| .d1ethoxys11ane, dlcyclohexyl dlmethoxysﬂane cyclohexylmethyl L
.- dlmethoxysﬂane, cyclohexylmethyl d1ethoxysﬂane and 2-norbornanemethyl o ;

- _.d1methoxys1lane

‘In the case of the sﬂlcon compound (S) represented by the formula (1)
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; wherem nis 2 the dlmethoxy compound represented by the followmg formula' | _:_ o

_(n) is preferable

RKSi/OCHs
R  ocE,

" Inthe sbove formula -Rp and Rs sta'ndsl eacl'r independently"for.a cyolopen-tyl.

.' group, a substltuted cyclopentyl group, a cyclopentenyl group, a substrtuted
cyclopentenyl group, a cyclopentadlenyl group, a substituted cyclopentadrenyl
group, and a hydrocarbon group whose carbon adJacent to Siis secondary or
- tertiary. f ' | _ )
| Examples of the sﬂmon compound represented by the above (11) mclude -
d1cyclopentyl dJmethoxysﬂane, dlcyclopentenyl d1methoxys11ane, '-

- dlcyclopentadlenyl dimethoxysilane, dl-t-butyl dlmethoxymlane d1(2- o

| methylcyclopentyl) dJmethoxysxlane, d1(3-methylcyclopentyl) d1methoxys11ane, o

_ d1(2-ethylcyclopentyl) d1methoxys11ane di(2, 3 d1methylcyclopenty1) |

- dnnethoxys:lane di(2, 4-d1methylcyclopentyl) d1methoxysrlane, di(2, 5- L

o drmethylcyclopentyl) dlmethoxysxlane, di(2,3- drethylcyclopentyl) . -
o _ d:methoxysﬂane di(2,3 4-tr1methy1cyclopentyl) dlmethoxysﬂane, d1(2 3 5- o
tmnethylcyclopentyl) dmethoxysﬂane, di(2,3 4~tnethy1cyclopentyl) |

| ._dnnethoxysﬂane, dl(tetramethylcyclopentyl) dmethoxysﬂane ]

R _-dl(tetraethylcyclopentyl) d1methoxys11ane, d1(2-methylcyclopentenyl)
dlmethoxysﬂane, d1(3-methy1cyclopentenyl) dJmethoxysﬂane, di(2-
'ethylcyclopentenyl) drmethoxysﬂane, di(2 -n-butylcyclopentenyl) |
' 'drmethoxysﬂane, di(2, 3 d1methy1cyclopenteny1) d1methoxys11ane, d1(2 4- L
drmethylcyclopentenyl) dmethoxysﬂane, d1(2 5 d1methylcyclopenteny1) o _
drmethoxysxlane, d1(2 3 4-tr1methylcyclopenteny1) di methoxysﬂane d1(2 3, 5 o
L tnmethylcyclopentenyl) dlmethoxysﬂane, d1(2 3 4-tr1ethylcyclopenteny1) |
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d1methoxys11ane, dl(tetramethylcyclopentenyl) d1methoxysﬂane, _

o .d1(tetraethylcyclopentenyl) dlmethoxysﬂane, d1(2-methylcyclopentad1eny1)

- dJmethoxysﬂane, d1(3-methylcyclopentad1enyl) d1methoxys:.lane, di(2- _' |

| ethyleyclopentadlenyl_)dJmethoxysllane, d1(2-n-butylcyclopentad1__enyl) o
dimethoxysilane, di(2,3-_‘djmethy1cyc1op entadienyl) _dimethoxy.silane,, di(_2',4-'
dimethchyelopentadienyl)diniethoxysilanel di(2 5- dixhethylcyclopentadienyl)
.d1methoxys11ane, di(, 3- d1ethylcyclopentad1enyl) d1methoxys:1ane, d1(2 3,4- -
B tnmethylcyclopentadlenyl) dlmethoxysﬂane, di@2,35 _ -
o trmethylcyclopentadlenyl) dlmethoxysﬂane, di(2,3 4-tr1ethylcyclopentad1enyl) .
= dlmethoxysﬂane d1(2 3,4,5 tetramethylcyclopentad1eny1)dJmethoxyszlane, .
(2 3 4,5 tetraethylcyclopentad1enyl) d1methoxys11ane d1(1 2,3, 4 5- |

. pentamethylcyclopentadlenyl) dlmethoxysﬂane d1(1 2, 3 4 5-

pentaethylcyclopentad1enyl) methoxysﬂane, d1-t-amy1 dmethoxysﬂane, -
dl(a,a dlmethylbenzyl) dlmethoxysﬂane, d1(admanty1) dmethoxysﬂane, e
admantyl—t-butyl dlmethoxysﬂane, cyclopentyl-t-butyl d1methoxysﬂane, o

e dnsopropyl dmethoxysﬂane, di-s-butyl d1methoxysﬂane, d1-s-amyl
3 d1methoxy311ane and 1sopropy1-s-butyl dJmethoxysﬂane

_ Examples of the 81hcon compound ) represented by the formula (1) L
Wherem nis 3 mclude monoalkoxys:lanes such as tncyclopentyl
methoxys:lane, tncyclopentyl ethoxys:lane, d1cyclopentylmethy1
methoxysﬂane, dlcyclopentylethyl methoxys:lane, dicyclopentyl

-methylethoxysﬂane cyclopentyldimethyl methoxysﬂane, cyclopentyldlethyl
| methoxysllane and cyclopentyldlmethyl ethoxysﬂane _ o

Out of these dlmethoxysllanes, partlcularly d1methoxys11ane represented B _
by the formula (n), are preferable Speclﬁcally, .dmyclopentyldlmethoxys:lane, '

_. d1-t-butyld1methoxysﬂane, d1(2-methylcyclopenty1)d1methoxys:lane d1(3- L .

- '_ methylcyclopentyl)

: dmethoxysﬂane and d1-t-amyld1methoxys|lane are preferable

These silicon compound (S) may be used in combmauon w1th not less than A
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o twoofthem o | | | _ | |
: - In the compound (E) havmg not less than two ether bonds ex1stmg via not |
o less than. two atoms thch is used as the component (C) (heremafter
sometlmes referred to as “polyether compound”), the atoms emstmg between -
these ether b_onds is not.,less than one selected from a_group conslshng of. . )
carbon, 'si]icon, oxygen, su]fur phosphOr and boron,'and the number of the |
.'atoms is not less than .two Out of these, preferable examples are those
: havmg a relatlvely h1gh-volume substltuent group, speclﬁcally a substltuent
group havmg not less than two, preferably not less than three carbon atoms
and the ]mear cham, branched or ring structure, more preferably a subst1tuent
'group havmg the branched or rmg structure, bonded between the ether bonds

" Moreover, a compound havmg those atoms e:nstmg between not less than two

ether bonds which contam not less than two, preferably 3to 20, more

L preferably 3 to 10, espema]ly preferably 3 to 7 carbon atoms

As examples of such polyether compound the compounds represented by o
- the fo]lowmg formula can be clted "

R R
__Rﬂ-(l:—o—c_— — —?-O—?_Rs' .
© R® R T R B®

In- the above..formul'a n-'is a whole' number of Z'Sn-< ; R! to R® stand for a' |

substituent group havmg at least one. selected fmm among carbon hydrogen, N

oxygen, halogen, mtrogen, sulfur, phosphor boron and s:hcon any of R1 to R‘26 -
preferably R to R™, may form ]omtly aring other than the benzene rmg, and '
an atom other than carbon atom may be contamed m the mam chain.

Spemﬁc examples of such polyether compound mclude 2- (2-ethylhexyl) 1, 3-- _ :

o _d1methoxy propane, 2-1sopropy1-1 3- d1methoxy propane 2-butyl-1 3- dlmethoxy '

. propane, 2_-cyclohexyl-1,3 dJmethoxy_ propane, . 2-phenyl-1,3- dimethoxy - .-



% |
propane, 2-cumy1-1 3 dlmethoxy propane, 2-(2-pheny1ethy1) 1, 3- |
dJmethoxypropane, 2- (2-cyclohexylehyl) 1,3- dJmethoxy propane, 2- (p- |
o chloropheny) 1 3- d1methoxy propane, 2- (d1pheny1methy1) 1, 3 drmethoxy |

- propane, 2-(1-naphthyl) 1, 3 dlmethoxy propane 2- (2-ﬂuoropheny1) 1, 3

dnnethoxy propane 2 (l-decahydoronaphthyl) 1 3- dlmethoxy propane, 2- (p-t- -
_butylphenyl) -1 3-d1methoxypropane, 2,2- d1cyclohexyl-1 3 dimethoxy propane, o
| 2 2-d1cyclopenty1—1 3-d.1methoxy propane 2 2-d1ethy1-1 3- dmethoxy propane, °
| 2,2- dlpropyl-l 3-dimethoxy propane, 2,2- dnsopropyl—l 3- dimethoxy propane, |
| . 2,2-dibutyl-1, 3 dlmethoxy propane, 2-methy1-2-propy1—1 3-d1methoxy propane,
2-methy1-2-benzyl—1 3- dlmethoxy propane, 2-methy1 2-ethy1-1 3- dmethoxy
- propane, 2-methy1-2-1sopropyl-1 3-d1methoxy propane, -methyl- -phenyl-l 3-
dlmethoxy propane, -methyl- -cyclohexyl-l 3- dJmethoxy propane, 2 2-b1s(p .
) chlorophenyl) 1,3- d.lmethoxy propane, 2 2-bls(2~cyclohexy1ethyl) 1 3-dJmethoxy
_. propane, 2-methy1-2-1sobuty1-1 3-d1methoxy propane, -methy1-2 -(2- -
| ethy]hexyl) 1 3-d1methoxy propane, 2,2- dnsobutyl-l 3 dlmethoxy prOpane, 2 2- :
a d1pheny1-1 3- dmethoxy propane 2,2- drbenzyl-l 3 d1methoxy propane, 2 2-
b1s(cyclohexy1methy1) 1, 3 drmethoxy propane, 2,2-diisobutyl-1,3- drethoxy |
: propane 2, 2 dnsobutyl-l 3—d1buthoxy propane, -1sobuty1-2—1sopropy1—1 3- o

o dlmethoxy propane, 2- (l-methylbutyl) 2-1sopropy1-1 3-dimethoxy propane, 2 a

methylbutyl)-2-s-butyl—1 3- dlmethoxy propane, 2,2- d1-s-buty1—1 3-d1methoxy

o propane, 2 2 di- t-butyl-l 3-d1methoxy propane, 2 2-dmeopenty1-1 3- dJmethoxy

propane, 2-lsopropyl-2-1sopenty1-1 3- dlmethoxy propane 2-phenyl-2-1sopropyl- . .

1, 3- dmethoxy propane, -pheny1-2-s-butyl-1 3- d1methoxy propane, -benzy1-2- e

1sopropy1-1 3-dimethoxy propane, -benzyl- -s-butyl-l 3-dimethoxy Pmpane, 2_ . T

pheny1-2-benzy1-1 3-d1methoxy propane, -cyclopentyl-2-1sopropyl—1 3 -

.d1methoxy propane, -cyclopentyl-2-s-buty1-1 3- dJmethoxy propane, 2- S

cyclohexyl-2-1sopropy1—1 3- dlmethoxy propane 2-cyc10hexy1- -s-butyl-l 3- -

: : 'dlmethoxy propane, 2-1sopropyl- -s-butyl-l 3 dunethoxy propane, 2-cyclohexyl- : )
.. _I -cyclohexylmethyl-l 3-d1methoxy propane, 9,9- drmethoxymethyl ﬂuorene, 2 3- -
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 diphenyl-1,4-diethoxybutane, 2,3-dicyclohexyl-1,4-diethoxybutane,
2,2- dibenzyl-l Ldiethokybufane, 2,3-dicyclohexyl-1,4- diethoxybutane, 2,3
dnsopropyl—l 4-d1ethoxybutane, 2 2-bls(p-methy1pheny1) 1 4-d1methoxy

_ butane 2 3-b1s(p chlorophenyl) 1 4-d1methoxy butane, 2 3-bls(p-ﬂuorophenyl) -

1 4-d1methoxy butane, 2 4-d1pheny1-1 5-d1methoxypentane, 2,5- d1pheny1—1 5- :
dlmethoxyhexane, 2 4-dnsopropy1-1 5- dlmethoxypentane, 2 4-dnsobuty1—1 5
dlmethoxypentane, 2 4-dusoamy1-1 5- dmethoxypentane, 3-methoxymethyl o

L .tetrahydrofhrane, 3-methoxymethyld10xane, 1,3- dnsobutoxypropane, 1 2-

| -dusobutoxypropane, 1, 2- dusobutoxyethane 1,3- dnsoamyloxypropane, 1,3 |

'dnsoneopentyloxyethane 1, 3 dmeopentyloxypropane 2 2-tetramethy1ene-1 3- -
dJmethoxypropane, 2 2-pentamethy1ene-1 3 d1methoxypropane, 2,2-

' _hexamethylene-l 3- d:lmethoxypropane, 1 2-bls(methoxymethyl)cyclohexane,

2, 8- d1oxasp1ro[5 5]undecane, 3, 7 d10xab1cyc10[3 3 1]nonane 3,7- -

| _ d10xab1cyclo[3 3 0]octane, 3 3 d1$obuty1-1 5-oxononane, 6,6,- .

. 'd1sobutyld10xyheptane, 1, 1 d1methoxymethylcyclopentane, 1,1,
o bls(dlmethoxymethyl)cyclohexane 1, 1-

bm(methoxymethyl)bmyclo[2 2 I]heptane, L1 dlmethoxymethylcyclopentane, . |

-methyl-2-methoxymethy1—1 3- dmethoxypropane, 2-cyclohexy1-2-
| ethoxymethyl-l 3-dlethoxypropane 2-cyclohexyl-2-methoxymethy1-1 3- :
"d1methoxypropane, 2, 2 dnsobutyl-l 3- dlmethoxycyclohexane, 2-Lsopropyl-2-
. 1soamy1-1 3 d1methoxycyclohexane, -cyclohexyl-Z-methoxymethyl—l 3--
d1methoxycyclohexane, 2-isopropyl-2 -methoxymethyl—l 3-
_dmethoxycydohexane, 2-1sobuty1- -methoxymethyl-l 3-- .
_ dmethoxycyclohexane, 2-cyclohexyl- -ethoxymethyl-l 3 dlethoxycyclohexane,
-cyclohexyl-2-ethoxymethyl-1 3- dlmethoxycyclohexane, 2-1sopropyl-2- .
ethoxymethyl—l 3- dlethoxycylohexane, 2-1sopropy1-2-ethoxymethyl—1 3- ) o

d1methoxycyclohexane, 2-isobutyl-2 -ethoxymethyl- 13- dlethoxycy clohexane, 2_ L

| 1sobuty1- -ethoxymethyl-l 3- dlmethoxycyclohexane, tns(p '
_methoxyphenyl)phosphme, methylphenylbls(methoxymethyl)s:llane, o
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'd1phenylb15(methoxymethy)s1lane, methylcyclohexylbls(methoxymethyl)sﬂane, .'
d1-t-butylbls(methoxymethyl)s:lane, cyclohexyl-t- |
butylbls(methoxymethyl)s:lane, and 1-propyl-t-butylb1s(methoxymethy1)s1lane o
‘Out of these, 1 3- d1ethers are used preferably, and especlally 2,2- dusobutyl-_
1, 3- dJmethoxypropane, 2-1sopropyl-2-1sopentyl-1 3- dlmethoxypropane, 2,2- -
| 'drcyclohexyl-l 3—d1methoxypropane, 2 2-bls(cyclohexylmethyl) 1, 3- '
' dJmethoxyprop ane, and 9,9- dlmethoxymethylﬂuorene L -
These polyether compounds (E) may be used in combmatton w1th not less
| than two of them | " |
An non-atactlc oleﬁn polymer such as crystallme propylene polymer are -
; manufactured by polymenzmg an oleﬁn or copolymenzmg not less than two -
oleﬁns in the presence of such oleﬁn polymenzatlon catalyst .
As examples of the oleﬁns used in polymenzatmn there are the same a .
. oleﬁn havmg 2 to 10 carbon atoms as descnbed above and , in: add1t10n to th1s .
~ the cychc oleﬁn styrene, vmylcyclohexane and diene wh1ch have 3 to 20 : '_
R carbon atoms. Furthermore, the same oleﬁn havmg a hranched structure as -
described above and a diene compound having 4 to_20_carbon atoms may be
used . . ' ,_. _ . o
. In the present mventron, 1t is preferable to use propylene smgly or m
combmatlon with an a-oleﬁn other than propylene R
In the polymenzatron, the aforementmned sohd-state tltamum catalyst
component(T) or the prepolymerlzed catalyst comp__onent(T') are used man .
. amount of normally approx. 0.0001 to 50 mjllimo_ls, p'referably approg;, 0,001 _to_ '
10 millimols, as couverted in the titanium atom in the solid-state titanium
: catalyst component (D) or the prepolymerlzed catalyst component(T'), per hter |
' of the polymenzatron volume Further, the organometalhc catalyst .
component(Q) is used in such amount that the amount of the metal atom in - |
the organometalhc catalyst component is normally approx 1 to 2,000 mol
preferably approx. 2 to 500 mol, per mol of t1tan1um metal in the~ S



'polymerization zone. Furthermore,'the silicon COmponent S)ora polyether

. compound (E) is used i m such amount that the amount of the s1hcon or ether -

- atom contamed in itis normally approx. 0. 001 to 50 mol preferably approx

0.01 to 20 mol, per mol of the metal atom m the organometalhc catalyst o

component(Q). | | | o
‘In the polymenzatlon, the electron donor used in the preparatron of the

: .solld t1tamum catalyst component (T) andlor the orgamc s1hcon compound

-represented by the aforementroned formula (c—1) may be used together _

" The use of hydrogen in the polymenzatlon enables an olefin polymer to - |

_ .. show a high melt ﬂow rate to be obtamed The molecular welght of the oleﬁn B

polymer obtamed can be ad]usted w1th the addltron amount of hydrogen .
The polymenzainon reaction i is normally carned out in the state of slurry or

m ‘the gas phase - _ o .
In the case of conductmg slurry polymenzanon the same inert hydrocarbon :

‘as used in the prep aratlon of the aforementioned prepolymerlzed catalyst

component(T') may be used as the reactron solvent. -

- The polymenzatlon temperature is set at normally approx -50 to 200°C

preferably approx. 20 to 100°C and the polymenzatron pressureis set at :

normally atmospherrc pressure to 100 kg/cm preferably approx 2 to 50

. _kglcm

The polymerrzatron may be conducted by any of the batch, semr-contmuous o

and contmuous processes.

On the other hand, it i is desirable that the atactrc propylene polymer should -

o have mtrmsm vrsoomty [#]ina range of 0 5 to 10 dllg, preferably 1.0 to 5 0

dllg. |

It is also desnrable that the mrl(mm + 17) value in the drad drstnbutron as - '. |
- measured by NMR should be ina range of 0. 7 to 1 3, preferably 0. 8 to 1 2

Out of them,_the, ethyl_ene/propylene copolymers_ of- the present mvent_ro_n o
are the copolymers that are identiﬁed as described,aboye from the spectra m .
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the - zone of 19 to 23 ppm as obtamed by measurement by means of 18 CNMR

In this case, the mr/(mm + rr) value in the d1ad d1str1butlon as measured by :

-13C- NMR was determmed as described below. 50 to 70 mg ofa sample was

completely dlssolved in a solvent compnsmg approx. 0. 5 ml of |
. hexacblorobutad1ene, -drchlorobenzene or12 4-tnchlorobenzene to Whlch .
approx 0.05 ml of benzene deutende, a rock solvent are added in an NMR |
. sample tube (5 mm in dlameter), and then the mr/(mm + rr) value was o

measured by proton decouphng method at’ 120°C For the measurmg

condrtlons, a flip angle of 45° and a pulse mterval of not less than 34T1 (Tl is B

- the longest value of the spin 1att1ce relaxation tlme of the methyl group) were

. selected. Smce the T1 of the methylene group and the methene group 1s | L
~ shorter than that of the methyl group, the recovery of magnetlzatlon is not less
- than 99% under these cond1t10ns The chemmal shlft was set at 21.59 ppm o -

" the methyl group of the tthd umt of the 5-propylene-umt chain whose methyl - o

B branches are in the same dlrectron because of the connectmn of the top and the -
| t_ail. R
| The spectrum in the methyl carbon area (19 to 23 ppm) can be classﬂied

.mto the ﬁrstpeak area 21.1 to 21.9 ppm), secondpeak area (20 3 to 21 Oppm) o -

and th1rd peak area (19 5 t020.3 ppm) Further, each peak of the spectrum .
-'was ass1gned by reference to literature [Polymer, 30 (1989) 1350]. -
Further mr, mm and 3 stand each for the three propylene umt chain

B represented by the followmg formula whmh is connected at the top and the .

"'tail:
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mr : ...(OH—CH,)—(GH—CH,)-‘SCH—CH,)— .
B CH, cH,
mm : ~(CH—CHp)~(CH—CH,)~(CH—CH)-
R % —_(CH-OH,)—_(‘CH—CH,)—(CH—CH,)— o

Further the measurement of the 19 to 23 ppm zone by means of 18 CNMR
was made by determmmg the area of all the peaks of the s1gnals appearmg in
‘each of the aforementmned _zones of first, second and third to 1_dent1fy an
o ethylene/propylene copolymer o - | o -
The atactlc oleﬁn polymers such as the aforementmned atactic propylene
3 polymer can be manufactured for example,
by polymerizing a-oleﬁn such as propylene in the presence of the oleﬁn
.polymenzatlon catalyst 3) compnsmg ' . _ o oo
.'(A) A meso form of a transmon metal compound (A-2) represented by the o |
: aforementmned formula @, .- -
- ®B) (B 1) An orgamc alummumoxy compound or , .
B (B Da compound (B" -2)which reacts with the aforementioned transﬂnon
| metal compound (A-2) to form an ion pa1r and as requlred |
' (C) an organoalummum compound _ . , _
| or by polymenzmg u—oleﬁn such as propylene in the presence of the oleﬁn
- polymerlzatlon catalyst (4) compnsmg : S '
| (A) A transmon metal compound (A-3) represented by the fo]lowmg formula

| S (1)1

(B)B-1) An orgamc alummumoxy compound or . , |
(B-2) A compound (B3 -2) wh1ch reacts W1th the aforementmned trans1t10n |

metal (A-3) to form an 1on pa1r, and as requ1red and as required
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© An organoalum.mum compound | _ _ )
‘Next, below is given a speclﬁc descnptlon of the oleﬁn polymenzauon
_catalyst (3) and the oleﬁn polymenzatmn catalyst (4)
o Oleﬁn polymenzatlon catalyst &) compnsmg _
A) A meso, form of a trans1t10n metal compound (A-2) represented by the
B aforementloned formula (I) : ' o ' ' '

- ® (B 1) An orgamc alummumoxy compound andlor _ _ _ _
(B-2) A compound (B"' -2) which reacts w1th the aforementloned trans1t10n '_ | -
'-.metal (A-2) to form an ion palr, and as reqmred '

(C) An organoalummum compound | _ |

The trans1t10n metal compound (A-2) is the meso form of the trans1t10n o
: metal compound represented by the aforementloned formula ®.
| Asa speclﬁc example of such transmon metal compound (A-2), the meso |
~ form of the compound mentloned as the compound represented by the
| aforementloned formula @ can be clted '

(B- 1) The orgamc alummumoxy compound (B-2) compound B* -2) formmg

o ion pan:s by reactmg w1th the aforementloned metal compound (A-2), and (C)

organoalummum compound wh1ch are used in the oleﬁn polymenzatlon B
- catalyst 3) are the same as the (B 1) orgamc alummumoxy compound (B
2)compound (B1 -2)formmg ion pan's by reactmg ‘with the aforementmned

_ metal compound (A), and (C) organoalummum compound whlch are used m

| the aforementloned olefin polymenzatlon catalyst (1)

; The atactlc polymers can be manufactured by polymenzmg an a-oleﬁn such
- as propylene in the presence of such olefin polymenzatlon catalyst 3.
In the polymenzatlon, iti 1s desirable that the transmon metal compound

: (A-2) should be used in an amount of normally 10 to 10°2 grams atom/hter,

: preferably 10°° to 10°* grams atom/liter, as the concentratmn of the trans1t10n
o h metal atom denved from the transmon metal compound (A-2) in the .
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polymenzatlon system. In the case of using the orgamc alummumoxy o

_ compound (B- 1) for the actlvatmg compound B), the atomm ratio (Al!trans1t10n
E | ‘metal) of the alummum mthe organic alumm_umoxy compound (B-_l_) to the _—
| transition metal in the transition metal compound (A-2) is in a range of S
_normally 5 to 10 ,000, preferably 10 to 5,000. In the case of using the 1omzed
B 1omc compound (B’ -2) as an actlvatmg compound ®B), the molar ratio [(A- _
i 2)/(B2 -2)] of the transmon metal compound (A-2) to the 1on1zed ionic compound . |
) _(B” -2) is in a range of normally 0 01 to 10, preferably 0.5 to 5. In the case of
| usmg the organoalummum compound ©), the atomrc ratio (Al!trans1t10n
. metal) of the alummum in the organoalummum compound (C) to the .
'trans1t10n metal in the trans1t10n metal compound (A-2) 1s ina range of
| norma]ly 5 t0.10, 000 preferably 10 to 5, 000
- The solutlon-phase polymenzatlon process is normally used in _
' manufacturmg atactic olefin polymers such as such propylene polymers It is
desn'able that the polymenzatlon temperature should be normally 0 to 250°C
B preferably 20 to 200°C and the polymenzatlon pressure is normally
) atmosphenc pressure to 100 kglcm2 preferably atmosphenc pressure to 50
' kglcm2 | _ , R
" The molecular welght of the atact1c polymers thus obtained can be ad]usted B
by causmg hydrogen to be present in the polymenzatlon system or changmg
'_ polymenzatlon temperature
The olefin polymerlzatlon catalyst (4) consists of
| (A) A transition metal compound (A-3) represented by the aforementloned
. formula (II), | '
®B) B-1) An orgamc alummumoxy compound or o -
- (B- 2) A compound B? -2) wh1ch reacts with the aforementloned transmon |
’ metal (A-3) to form an ion palr, and as reqmred
©) An organoalummum compound.

The transmon metal compound (A-3) isa compound represented by the



- following formula (IID):

- Zl _ . -YF o '. . "
oM

Xw

- Imn the above formula W stands for a transmon metal atom m the Group .
IVB of the penod1c table, speclﬁcally titanium, z1rcomum or hafmum atom |
Cp stands for cyclic unsaturated hydrocarbon groups or chain unsaturated

_ | -hydrocarbons groups such as a cyclopentadl_enyl group, a subsututed
' cyclopentadienyl group , an indenyl group, a substituted indenyl'g'roup,' -
- 'tetrahydromdenyl group, a substltuted tetrahydromdenyl group, a ﬂuorenyl -
_ group ora substltuted fluorenyl group, , _
X2 stands for hydrogen atom halogen atom, an alkyl group havmg 1 to 20 '_' -
carbon atoms, an aryl’ group, an alkylaryl group or an arylalkyl group havmg 6.

- to 20 carbon atoms, or an a]koxy group having 1 to 20 carbon atoms;

Z' stands for SlR" 2> CR72, SiR’ SIR72, CR', CR’E » CR" CR7 CR 2s

o _CR" —CR" CR",,SlR"g or GeRR"z, Y? stands for -N(R)- -0-, -S- or -P(R®)-; -

~R" stands for alkyl aryl s11y1 halogenated alkyl and halogenated aryl groups .

| havmg hydrogen atom or up to 20 non-hydrogen atoms and a group selected - |

| from among combmatlons thereof | L
R® stands for an alkyl group havmg 1 to 10 carbon atoms or an aryl group ..

| having 6 to 10- carbon atoms or may form a condensed ring system of one or : ,' _j'

“more R"’s and up 30 non-hydrogen atoms; and

W stands for 1 or 2.

Speclﬁc examples of the compounds represented by the aforementloned

o general formula {n mclude (tert-butylam1de)(tetramethyl«n 5-

cyclopenta(henyl) 1 2-ethaned1y1 zirconium dwhlonde, (tert-



| (I |
butylamde)(tetramethyl—n5-cyclopentad1enyl) 1 2-ethaned1y1 tltamum '_ "
| _ dlchlonde (methylam1de)(tetramethyl-n5-cyclopentad1enyl) -1,2- ethaned1y1
'z1rcomum dlchlonde, (methylamde)(tetramethyl—nﬁ-cyclopentadlenyl) 1,2-

.. o ethaned1y1 utamum drchlonde (ethylamde)(tetramethyl-n5-cyclopentad1eny1) _ |

methylene titanium dlchlonde (tert-butylamlde)dmethyl(tetramethyl—n5- .
| lcyclopentadlenyl)sﬂane titanium dlchlonde, (tert- '
| butylamlde)dlmethyl(tetramethyl-n5-cyclopentad1eny1)sﬂane z1rcomum
) d1chlonde (benzylannde)d:methyl—(tetramethyl-n5-cyclopentadrenyl)s11ane
titanium dichloride, and (phenyl phosphde)dmethyl(tetramethylm5- .
.cyclopentad1eny1)sﬂane zirconium dibenzyl. R |
| The (B 1) orgamc alummmmoxy compound (B-2) compound (B3 -2) formmg o

: ion palrs by reacting with the aforementioned transition metal compound A- o

'3), and ©) organoaluminum compound which are'used in the olefin

. polymerlzatlon catalyst (4) are the same as the (B 1) organlc alummumoxy
.' 3 compound (B-2)compound B! -2) formmg ion pairs by reactmg W1th the
' aforementloned transition metal compound (A- 1) and (C) org'anoalummum
compound wlnch are used - in the aforementmned oleﬁn polymenzatmn
- ,catalyst (1) . ' | D
The ataclnc oleﬁn polymers such as propylene homopolymer can be

' manufactured by polymenzmg an a-olefm such as propylene in the presence of N

. such olefin polymerlzahon catalyst (4)

In the polymerlzatlon, it is desirable that the transmon metal compound
' (A-3) should be used in an amount of norma]ly 10 to 10°® grams atomlhter

- preferably 10°7 to10°4 grams atomlhter, as the concentratlon of the trans1t10n - o

. metal atom denved from the transition metal compound (A-3)in the
polymenzatlon system. In the case of using the. orgamc alummumoxy

compound (B-1) for the actlvatmg compound (B), the atom1c ratlo (Alltransltion- .

metal) of the alummum in the organic alummumoxy compound B-1) to the o e

- trans1t10n metal in the trans1t10n metal compound (A-3)isina range of
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lnormally 5to 10, 000 preferably 10 t0 5,000. In the case of using the 1omzed

ionic compound (B2 -2) for activating compound(B), the molar ratio [(A-3)I(B2

B 2)] of the transition metal compound (A-3) to the 1omzed ionic compound (B2 -2) : '_ '_
| isina range of normally 0. 01 to 10 preferably 0. 5 to 5. 'In the case of usmg .' .

'_ " _the organoalummum compound (C), the atomic ratio (Al/trans1t10n metal) of .

the alummum in the organoalummum compound (©) to the transition metal in

- the transrtlon metal compound (A-3) is m a range of normally 5 to 10 000
| preferably 10 to 5, 000

The solutmn-phase polymerrzatlon method is normally used in

| manufacturmg atactlc olefin polymers such as such propylene polymers It is '

N desxrable that the polymenzatlon temperature should be normally 0 to 250°C .
preferably 20 to 200°C, and the polymerxzatxon pressure 1s norma]ly

._ atmosphenc pressure to 100 kglcm2 preferably atmosphenc pressure to 50
kglcm2 _ . L _
| The molecular we:lght of the atactlc polymers thus obtamed can be ad]usted -
) by causmg hydrogen to be present in the polymenzatlon system or changmg |

) polymenzatlon temperature

As the method for usmg at least two types of catalysts there isa method in o

_whlch at least one catalyst (Catalyst-l 2) selected from between the -
' .aforementloned polymenzatlon catalyst (1) and the olefin polymenzatmn ) |
. catalyst @) and at least one catalyst (Catalyst 3,4) selected from between the '
a aforementloned polymenzatlon catalyst ® and the oleﬁn polymenzatlon -

o 'catalyst @ are used.

Ttis des1rable that the ratio of Catalyst-l 2 to Catalyst 3,4 used in the

| polymerlzatlon should be in a range of 1/10, 000 to 1/1 preferably 1/1 000 to
1/10 in terms of the atomc ratio (Catalyst-l 2/Catalyst—3 4)of a total of the
_ transmon metal atom in the oleﬁn polymenzatlon catalyst ¢)) used and the

- titanium atom in the olefin p_olymenz_atlon catalyst @ used and.a total of the o

transition metal atom in the olefin polymerizaﬁon l:atélyst (3) used and l?he -
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: transmon metal atom in the olefin polymenzatmn catalyst (4) used |
- In the case of manufacturmg an olefin ‘polymer composmon by combmmg
the olefin polymenzatlon catalyst (1) and. at least one catalyst selected from
between the olefin polymenzatmn catalyst 6)) and the olefin polymerlzatlon L
.' .catalyst (4), itis desirable that the transmon metal compounds should be used |
m a total amount of norma]ly 10 to 10°? grams atom/hter, preferably 10°7 to:
10 grams atom/hter, as the concentratlon of the transmon metal atoms

denved from the transmon metal compounds in the polymenzatmn system

. In the case of usmg the orgamc alummumoxy compound (B-1) for the

-actrvatmg compound (B), the atomlc ratio (A]!trans1t10n metals) of the

: alummum in the orgamc alummumoxy compound (B-I) to a total amount of -

N the transmon metals in the transmon metals compound is in a range of .
‘normally 5 to 10,000, preferably 10to 5 000 -In the case of using the 10m_zed :
ionic compound (B-2) as an actlvatmg compound (B), the molar ratlo o

B R [trans1t10n metal compounds/(B-Z)] of the total amount of the transmon metal : _ .
: compounds to the 1omzed ionic compound (B 2) is m a range of norma]ly 0 01 |
to 10, preferably 0. 5 to5. - In the case of usmg the organoalummum compound
- (0), the atomic ratio (Alltransmon metals) of the alummum in the _

) organoalummum compound ©) to a total amount of the transmon metals in. )
the transmon metal compound is m a range of normally 5 to 10, 000 |
preferably 10 to 5,000. . _ . .
| It is deslrable that in the case of employmg the slurry polymerxzatmn i |
method the polymenzatron temperature should be normally -50 to 100°C
| preferably 0 to 90°C, and 1t is desirable that i in the case of employmg the gas-

‘phase or bulk polymenzatlon method the polymenzatron temperature should. T

| 'be normally 0 to 120°C preferably 20 to. 100°C. Furthermore, the

o | polymenzatlon pressure is normally atmosphenc pressure to 100 kglcm2

preferably atmosphenc pressure to 50 kg/cm2.

~In the case of manufacturmg an oleﬁn polymer composmon by combmmg o



the oleﬁn polymerlzatlon catalyst (2) and at least one catalyst selected from .
- between the olefin polymenzatlon catalyst (3) and the oleﬁn polymerlzatron .
catalyst (4), iti is desirable that the transition metal compounds and the sohd- '
state tltamum catalyst compound should be used ina amount of normally 10 8 B |
to 108 grams atomlhter, preferably 10°7 to 10 grams atomlhter, as the total |
~ concentration of the transrtlon metal atoms in the transmon metal compounds '-

and the t1tamum atom m the solid-state tltamum catalyst component in the o

- polymenzatlon system., In the case of using the orgamc alummumoxy

compound (B 1) for the actrvatlng compound (B), the atomlc ratlo (Al/transmon N

o metals+T1) of the alummum in the orgamc alummumoxy compound B-Dto -

the trans1t10n metals in the trans1t10n metals compound and the t1tamum .
;. atom in the sohd-state t1tamum catalyst component isina range of norma]ly 5 |
to 10,000, preferahly 10 to 5 000. In the case of using the ionized i 1on1c -
compound (B-2) as an actlvatmg compound (B), the molar ratio [transltmn '-

- metal compounds+T1/(B 2)] of the total amount of the trans1t10n metal .

- :compounds and the sohd-state t1tan1um catalyst component to the 1omzed 1omc. S

'compound (B-2)is m arange of norma]ly 0.01 to 10 preferably 0.5 to 5 In
the case of using the organoalummum compound (C) the atom1c ratm _
(Al/transmon metals+'l‘1) of the alummum in the organoalummum compound
- (C) to a total amount of the trans1t10n metals in the trans1t10n metal compound. 3

_and the tltamum atom in the sohd-state t1tamum catalyst component 1s in a
'- . range of normally 5 to 10 000, preferably 10 to 5 000.
It is desuable that i m the case of employmg the slurry polymenzatlon
method the polymenzatron temperature should be normally -50 to 100°C |
preferably 0 to 90°C, and it i is desirable that in the case of employmg the gas- -
phase or bulk polymenzatmn method the polymenzatlon temperature should
._ , be norma]ly 0 to 120°C preferably 20 to 100°C. Furthermore, the |
- polymerlzatlon pressure is normally atmosphenc pressure to 100 kglcm2

: .preferably atmosphenc pressure to 50 kglcm2
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In the case of manufacturmg an oleﬁn polymer composmon by combmmg at
. .'.least one catalyst selected from between the oleﬁn polymenzatmn catalyst (1) .
-and the oleﬁn polymenzatlon catalyst 2 and at least one catalyst selected |
- from between the oleﬁn polymenzatlon catalyst (3) and the oleﬁn |
'polymerlzatlon catalyst (4), the ratro between the atactrc olefin polymer and '-
' non-atactrc oleﬁn polymer in the olefin polymer composrtlon thus obtamed can
' E 'be adJusted by changmg the ratlo of the aforementmned catalyst components
| - The oleﬁn polymer composmons of the present mventron may contam a
softener, ﬁller, plgment stablhzer plastlclzer ﬂame retardant lubncant
B _antlstatlc agent, agent for i 1mprovmg electrrcal propert1es, etc. to such extent
B that the ob]ects of the present invention will not be adversely aﬂ'ected
Specrﬁc examples of a filler mclude powder ﬁ]lers represented by _ : _ | _
.- 'carbonates such as prec1p1tated calclum carbonate calclum carbonate heavy
“and magnesmm carbonate hydroxrdes such as alummum hydroxrde,
N magneslum hydro:nde and magnesium ox1de, ox1des such as zinc ox1de zmc
' wh1te and magnesmm oxrde, natural silicic aclds or s:llcates such as kaohmte
calcined clay, pyrophy]hte, sencrte, (fine powder) talc and wa]lastomte, -'_ __ : o
g synthetlc sﬂlclc ac1ds or s:hcate such as calcium silicate hydrate alummum

L s1]1cate hydrate, S]]lClc ac1d hydrate and silicic acid anhydrrde, ﬂake ﬁ]lers : A o

| '_ such as mica; fibrous ﬁllers such as seprohte PMF (Processed Mmeral Flber)

'zonotohte, potassmm tltanate, erestadlte bas1c magnesrum sulfate whlsker, I.

calcium tltanate wh1$ker and alummum borate whrsker balloon ﬁllers such as C :

L glass ba]loon and ﬂy ash balloon and orgamc fillexs such as h1gh styrenes, L
hgmn and regenerated rubber. _ - S
These filler are used in'an amount of normally 1 to 100 parts by welght o
3 _agamst 100 parts by werght of the oleﬁn polymer composmon :

~ EFFECT OT THE INVENTION I o
| 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
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B themselves or as modiﬁers for other thermoplastic resin. Furthermore'; the
-atactm oleﬁn polymers of the present invention prov1de those compos1t10ns
: havmg vanous modulus as well as excellent optlcal and/or mechamcal |

propertles when made up mto compos1t10ns mth non-atactlc oleﬁn polymers, "

L partlcularly propylene polymer or crysta]lme butene polymer Spec]ﬁcally,

- atactic polymers of butene, hexene and octene, out of the a-oleﬁn polymers of
‘the present invention, or copolymers thereof w1th other a-oleﬁn can be used
" smtably as modlﬁers for crystalline polyoleﬁns such as crystal].me :
. polypropylene, crystal]me polybutene In ths case, a polymer of the present g
'mventlon may preferably be used in an amount orlto 50 parts by Welght
more preferably 5 to 50 parts by weight, agamst 100 parts by welght of a
composmon compnsmg a crysta]lme polyolefin and a polymer of the present
"mventlon - The blendmg of a polymer of the present mvent10n in this range of
ratio enables to g1ve a crysta]lme polyolefin ﬂexﬂnhty w1thout 1mpa1r1ng 1ts
| mherent heat resrstance, mechamcal and other propertles |
Moreover the aforementmned olefin polymer compos1t10ns can be
' manufactured by a one-stage or not less than two-stage process usmg at least -
‘two types of catalysts | R o . R
| The oleﬁn polymer composmons of the present mventlon are used for SERE
| vanous apphcatlons | _ | |
Other embodlments of the present mvenuon mclude an o-olefin polymer
| havmg 4 to 10 carbon atoms such as poly- -hexene and poly- -octene, for -

' example and they are used smtably as a vibration msulatlon matenal

As an example of the poly-a-oleﬁn polymers of the present mventlon, there- o

isa poly-a-oleﬁn polymer wh1ch compr]ses a homopolymer of e1ther one of 1-
hexene or 1-octene and wh1ch has mtrms1c v1scos1ty [77] ina range of 0. 5 to 10_‘ :_ |
E Vg and a degree of crysta]hmty of not more than 5%. | | |
" Sp eclﬁcally, out of the a-olefin polymers of the present mventxon, the
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polymers havmg a component derlved from hexene or octene as the mam '_ )
component can be used smtably as a v1brat10n msulatmn matenal ora .
matenal giving v1bratlon msulatlon propertles to other matenals Smce
| these polymers shows a h1gh value of loss tangent as observed by the
X ‘determination of the dynamlc v1scoelast101ty in a broad range of temperature, "
they exhibit good v1brat10n msulatlon propertles in- a broad range of |
temperature | ' , o _ .
- Out of the a-oleﬁn polymers of the present mventlon, the polymers havmg -
a component derived from hexene or octene as the main component can be

used smtably asa tacklﬁer Since these polymers shows a h1gh value of loss

tangent as observed by the determmatmn of the dynamic v1scoelastu:1ty ina-

' broad range of temperature, they exhibit good tackmess in a broad range of

'_ . temperature

Furthermore, the atact1c poly-4-methy1- -pentene of the present mventlon : S o

E 1s useful asa modlﬁer for varlous film matenals : o

As an example of the 4-methyl-1 -pentene polymers of the present mventlon,' :
thereis a poly-a-oleﬁn polymer wh1ch has mtrms1c v1scos1ty [n]i m a range of
0.5 to 10 llg and a degree of crystalhmty of not more than 5%. - ;

| Freshness-retmmng Fllm R _
For example, ﬁlm made of polypropylene or low-dens1ty polyethylene |
cannot retam adequately the freshness of vegetables absorbmg much carbon o
 dioxide, oxygen gas and Water vapor in summer t1me due to 1ts poor carbon _'
ledee, oxygen gas or ‘water vapor permeablhty , o
The use of the atactic poly-4-methyl- —pentene polymer resin of the present |
_ 'mventlon makes poss1ble the prov1s10n of a fru1t and vegetables packagmg ﬁ]m

' that has exce]lent gas permeablhty and mechanical strength and is. capable of

' adequatel_y re_tammg the freshness of fruit and vegetables, while protect_rng

. them from fouling or damage. The aforementioned polyfmmgthyl;l;peni{?ne, R
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| .'polymer resin may. be blended w1th any of the 4-methyl- 1-pentene polymer

8 resms obtamed by the conventlonal method known to the pubhc such as

| homopolymer of 4-methyl- 1-pentene and copolymers of 4-methy1- 1-pentene and
2 to 20 wt% of other a-oleﬁn such as an a-oleﬁn havmg 3to18 carbon atoms, .
| other than 4-methyl- -pentene such as 4-methyl- -pentene/hexadecene -
' copolymer and 4-methyl- 1-penteneldecene—1 copolymer In this case, the use ' _.
- of the atactlc 4-methyl- -pentene polymer resm of the present mventmn is .
| preferable because the use of the resm result m an nnprovement in ﬁlm
'. strength, sealmg propertles and moldablhty Preferable examples of the 4-
methyl- -pentene copolymer of the present mventlon for tlns appllcatlon ' _
| '.mclude 4-methy1- 1-pentene (4MP1)/decene copolymer, 4-methyl- l-pentene - . )
(4MP1)Ioctene copolymer, 4-methy1- -pentene (4MP1)/hexene copolymer and 4- Z.. :
_ methyl- -pentene (4MP D/ethylene copolymer Apreferable composmon of
,these copolymers is such that the 4-methy- -pentene content is 80 to 98 wt%
: Espec1ally, it-is preferable that the 4MP1 content may be 90 to 95 wt%
‘As the film containing the 4-methy1- 1-pentene copolymer of the present : ]
mventlon ‘the following blends are preferable o o
| | Non-atact1c 4-methyl- -pentene copolymer obtamed by conventlonal
' technology (poly-4-methyl- -pentene homopolymer, 4-methyl- -pentene/decene_

copolymer, 4-methyl- -penteneloctene copalymer, 4-methyl- -pentenelethylene o o

copolymer)latactlc 4-methyl- ~-pentene copolymer of the present mventlon =
- 30/70 to 90/10 (wt%); and the film containing the 4-methyl- -pentene - X '

| COpolymer of the present mventlon may contam other polymers such as low- ._. -
dens1ty polyethylene (LDPE), lmear polyethylene (LLDPE), polypropylene
. (PP), ethylene-propylene rubber (EPR), ethylene butene rubber (EBR) and
. hydro_genated styrene-butadlene_-styrene block_ copolyme_r (SEBS).

Surface Protectlon Fllm
' -The aforementloned atactm 4-methy1- -pentene copolymer obtamed by the
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- present mventron and the composmons contammg the copolymer are also used '_
: -smtably in the tacky layer of a surface protectlon film which will not peel off
from the substrates when attached to vanous substrates, shows h1gh nntlal

- tackmess and shows a shght change with ttme in tackmess after bemg

- attached to substrates, low level of blockmg at the t1me of the unro]hng of the '
' | ﬁlm and excellent handlmg Workablhty The 4-methyl- -pentene copolymer

- _of the present mventmn has alow degree of crystalhmty and shows especlally o

excellent tackiness. Furthermore, the aforementioned tacky layer may |

.. contain other polymers such as ethylene-propylene rubber (EPR), ethylene-

: butene rubber (EBR) and styrene-butad1ene-styrene block copolymer (SEBS)
 as requlred Moreover 1t may be blended W1th a modlﬁed materlal (malem
- anhydnde, styrene-grafted matenal) of such polymers as requ1red _ e
| Further, the manufacture of the film for this apphcatlon may be carned out o
' by any method that makes poss1ble the manufacture of a lammated film of a :
structure havmg the substrate layer and the tacky layer Especra]ly the
~ method in which a threedayer film having an mtended thicknessis -
| manufactured by heatmg and meltmg separately each of the materials to be ._
formed into the substrate (surface and m1ddle layers) and the tacky layer and -

by coextrudmg them is preferable because the film of the present mventlon can -

‘be manufactured h1gh1y efﬁclently and mexpenswely Further, a method can -
also be employed in which the tacky layer is extruded onto the substrate to be

o laminated.

‘Vibration Insulatlon Material and Lammates Thereof

The atactnc 4-methy1-pentene copolymer obtamed by the present mventmn L

] shows exce]lent viscoelastic propertles and a high tan ‘. value in the vmlmty o

of room temperature Because of th1$, the atactlc 4-methy1-pentene copolymer .

shows an exce]lent v1brat10n msulatlon performance when used in the core or . |

- middle layer of a composite lammate for wbratlon__msula_tm_n. . The aforesa_ld B
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4-methyl-penten'e copo_lymer_may contain other polymers such as ethylene-

‘propylens rubber (EPR), ethylene-butene rubber (EBR) arid hydrogenated -

_styrene-butadiene-styrene block copolymer‘ (SEBS) as 'reqmired ' Moreoyer, 'it

' may be blended with a modﬁied material (malelc anhydnde, styrene'grafted

matenal) of such polymers as requlred. _ " o B

: Examples of the v1brat10n msulatlon lammates mclude such structures as

D metall4-methyl- -pentene copolymer @ metall4-methyl- -pentene

: copolymer, @ metal/4-methyl- -pentene copolymer/metal/4-methyl— -pentene

copolymer and @ metal/4-methyl- -pentene copo]ymerlmetal/4-methy1—1-

_'pentene copolymerlmetal , : | _.

Out of these, the three-layer struct’ure of @ -aboye is used especially .

'smtably For the structure of such lammates, a board-hke, cy]mdncal or other .

- structure may be used. Examples of the metals formed such compos1te '_

| 'lammates mclude iron, steel copper alummum, stamless steel and brass

The thlckness of such metal is arb1trary but normally 0.1 to 2 mm preferably
_ 0.2 to 0.4 mm. Furthermore, the th1¢kness of the composltlon layer is -

B | arb1trary but normally 0.02to 3 mm, preferably 0 03 to 0. 15 mm.

Soft mel Chlonde Resin Like Matenal _ .
The atactlc 4-methyl-pentene polymer of the present mventlon prowdes
| ~same matenal as soft vmyl chlonde resin. Especla]ly the aforementloned
~ atactic 4-methyl-pentene copolymer provrdes a copolymer havmg exce]lent
: transparency, strain recovery propertres and scratch res1stance ina 4-methy1-
pentene content range of not less than 90 mol %. o , _
: Examples of such polymers include 4-methy1- l-pentenelethylene copolymer,
4-methyl- -pentenelethylene/hexene copolymer and 4-methyl- 1- |
_pentenelethyleneloctane copolymer. Such 4-methyl-1-pentene copolymers. . -
may contain other polymers. such as ethylenerropylene rubber (EPR)_., - S
R _ethy_lene-hutene rubber (EBR) and hy&ogena&d_'styrene-butadie:ne-styrehe-. -
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* block copolymer (SEBS) as mqaﬁea,, It is possible to obta_ln such sheet, tube
and bag a8 have' a.feel like soft vinyl chloride by using said copolymer which a
may be blended w1th a mod1ﬁed matenal (malelc anhydnde, styrene-grafted
matenal) of such polymers as requu'ed The tube formed by use of such
. copolymer has exce]lent kmk resistance. ' '

 EXAMPLES | o |
| leen below is a more detalled descnptlon of the present mventlon, but the |
' present mventlon is not l1m1ted to these examples descnbed below

Further, in the Examples below, the composmon, physmal properues, etc.

" of polymers were determmed as descnbed below

© Melt flow rate (MFR):

. MFR was determined at 230°C and ata load of 2. 16 kgin accordance wrth
| ASTM D1238-65T

- Polymer composmon |

| Approx 200 mg ofa polymer were d1ssolved umformly inl ml of |

. hexachlorobutad1ene ina test tube 10 mm in dlameter The composmon of

the sample thus obtamed was determmed by makmg 13C NMR spectrum '

measurement under the cond1t10ns the measurement temperature 120°C

| _ measurement frequency 25 02 Mhz spectrum width 1, 500 Hz, pulse repetltlon'
 time 42 sec, and pulse W1dth 6usec ' '

' Intrinsic wscos1ty 7} . o .
Intrinsic v1sc031ty was measured in decahyronaphthalene at 135°C
| Flexural modulus (FM)

A FM test specimen punched out from a press-molded sheet 2 mm thlck

- molded at 200°C was tested at 23°C at a span. d1stance of 32 mm and a bendmg

rate of 5 mmlmm in accordance ‘with ASTM D790.
. Izod lmpact strength (IZ): . . .
Izod imp act strength was determmed in accordance w1th ASTM D256
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. ’l‘e-st' speeimen.(notched): |
i 12.7 mm vyide X 6.4 mm thick x 64 mm long
l—Ia’ze: | o | | _ -
Haze of a press-molded sheet 0.5 mm th1ck molded at 200°C was
determmed in accordance with ASTM D1003 |
- Prehmmary activation of catalyst | |
| ‘135 mg of (dlmethyl(t-butylamlde)(tetramethyl- 7 5-cyclopentad1enyl) B
. srlane) d1¢hlor1det1tan1um were we1ghed into a glass contamer prevmusly . |
purged thoroughly wrth mtrogen 22.86 ml of toluene solutron of o
methylalumoxane (heremafter called “MAO”) of 0. 808 millimol/ml were addedl_ _
: to the glass contamer so that the alummum atom would be 22. 05 mllhmols,
B and was subjected to ultrasomc treatment for 15 min. at 23°C to obtam a
catalyst solution. | ) | | | |
(Polymerization Example 1) Propylene-ethylene .ata’ctic copolymer'
- 900 ml of heptene was added at normal temperature to a 2L autoclave
prevrously dried under reduced pressure and purged wrth mtrogen After ., -

. that, propylene was pressunzed to 6 kglcmZG with agltatlon and pressure was

- 'released Th1s pressunzanon/pressure release operauon was repeated three

ﬁmes. Subsequently, propylene was pressunzed t0 6.6 klcm2G (25°C), 0. 3 ml P

of toluene solutron of trnsobutylalummum(l 0 mxlhmol!ml) were added and
' then the temperature was raised to 80°C After that, the system was.
pressunzed wrth ethylene to 8 kg/cm2G and 0.5ml of the toluene solutlon
. 001 mlllrmolslml) of (dlmethyl(t-butylamde)(tetramethyl— 75

: cyclopentadlenyl) s:lane)dmhlondetrtamum synthes:zed by the method known_ | 'i_ o

- to the pubhc 0.5 ml of the toluence solut10n (0 004 mllllmollml) of _
tnphenylcarbemum tetra(pentaﬂuorophenyl)borate and 10 ml of toluene were :
~ mixed for 10 min., and all of them were added sxmultaneously to m1t1ate the B
| lcopolymenzatlon of propylene and ethylene. At this tlme, the catalyst

- concentratr_o_n was such that agamst -the total system, .(d1methyl(t_- '
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| butylamide_)(tetr_ﬂethyl- n 5fc_yclo'pentadienyl)silane)dichloridetitani_um' w'as 2
; 0;0005_ m_i]]jmollliter and t_riphenylcarbeniumteﬁa(pentaﬂuorophenyl)borat.e.' o
was 0.002 mi]hmol/hter During polym'eri_zation, the internal pressure was
~ keptat 8 kg/cm2G'by supplying ethylene contin_uously. .' After 25 min., the.- |
'polymerization reaction Was's'topped by adding methylalcohd © Afterthe -
pressure was released the polymer solution was taken out and washed by
usmg aqueous solutlon obtamed by adding 5 ml of concentrated hydrochlonc
acid to 1 hter of water at a ratio.of 1:1, and the catalyst residues were tumed

'1nto a water phase Th1s catalyst-contaimng solution was allowed to stand so

B that the water phase was separated and removed. - I_t was then washed w1th-

_distilled watér twice to separate' this polymerization liquid into oil and water PR

Next the polymer Liquid which had been separated above was contacted w1th
3 fold acetone under v1gorous agitatlon to prec1p1tate the polymer The |
| precrpitated polymer was washed adequately with acetone, and a sohd portlon |
(copolymer) was obtamed by ﬁltratlon The solld portlon was drled at, 130°C '
-and 350 mmHg for 12 hours in the ﬂow of mtrogen .The amount of the . a
' propylenelethylene copolymer thus obtamed was 34 g Its mtrmsm v1scos1ty _
[77] as determmed in decalin 135°C was 1.4 dl/g, glass transmon temperature | '
- _' _l Tg was -26°C propylene content was 84 wt%, ethylene content was 16 wt%
and act1v1ty was 163 kg/m:]hmol Tj « ‘hr. o
Furthermore, a chart shown in F1g 1 was obtamed by 13CNMR
_ measurement - . - '
' Measurement conditions were as-fo]low:s: o
: Diameter of test tube 10 mm
: -Amount of sample Approx 250 mllhgrams o . |
Solvent: Orthodlchlorobenzene/benzene deuteride 4 1(2;5 ml) o
~Observation width: Approx 270 ppm | T

B Measurement method: Proton fully decouphng

. Pulse width: 45 degrees (7.5 usec)
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, l’ulse repetition t1me | 55 sec .
Measurement temperature: 120°C '

Times of computataon 16, 384 tlmes o |

- Chemrcal soft standard:  21.59 ppm (the slgnal that appears m the lowest

magnetic ﬁeld out of the methyl signals of propylene)

- The fo]lowmg was obtamed from the 13CNM.R. chart obtamed o

| " Total peak area in the ﬁrst zone (21 1 to 21 9 ppm) P1 .

.Total peak area in the second zone (20. 3 to 21.0 ppm) P"

) _Total peak area in the thlrd zone (19 5to 20 3 ppm) P3; and

X and Y are defined by the. formulas, P‘l(P‘+ P P’)—X and |
| P”/(P‘+ P"’+ P’)—Y respectwely, wherem X 10 5and Y= 44
. 'Melt ﬂow rate (MFR) '

MFR was measured at 230°C and at a load of 2. 16 kg in accordance mth
ASTM D1238 65T '

' Intrinsic viscosity [n]

_ Intrmsm wscos1ty was measured in decahyronaphthalene at 135°C
Izod impact strength az: o
 Tzod impact strength was determmed in accordance w1th ASTM D256
(Test specimen (notched) 12 7 mm wide x 6 4 th1ck X 64 long)
Y1eld Modulus (YM) . " _
Yield modulus was measured in accordance w1th ASTM D638
- Haze: _ S
| . Haze ofa press-molded sheet 0 5 mm th1ck molded at 200°C was
' determmed in accordance with ASTM D1003.
Recovery propertres B
Recovery was evaluated by visual mspectmn after pressmg a ﬁngerna:l
: agamst a test speclmen 2 mm thlck
@: - " No mark of the ﬁngernall left
O:  Aslight mark of the fingernail left
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VAC S A consp1cuous mark of the ﬁngernall left
- Xt A very consplcuous mark of the ﬁngernaﬂ left

- Examples 1 and 2:

| 0. 2 parts by Welght of tetrakls[methylene-3 3,5- d1-t-butyl- N
hydroxyphenyl) propmnate]methane as an antlo:ndant and 0. 1 part by welght

- of calclum stearate as a hydrocblonc acid absorber were added toa meture of -

10 parts by weight of a propylene copolymer (C2 content 2 wt%, and C4

. content 1.1 wt%) and 90 parts by welght of an ethylene/propylene atactlc

' 'copolymer [mrl(mm+rr) 1.04, [#]= 14 di/g and propylene content 84 wt%] 3

- obtained as described i 1n P_olymenzatlon Example 1; these were me_lted and -
-mixed for 5 min. at 200°C .a'nd'a rotary speed of 50 rpm by means of a 50-ml

| laboplastmﬂl and thus the mtended composmon was obtamed )

B In the same manner, a compos1t10n of homopolypropylene (MFR 6 gl 10 |

| mm ) and an ethylenel 1-butene copolymer (ethylene content 60 wt% and [77] |
1.7 dl/g) was obtamed -

Comparatlve Example 1 _

0.2 parts by Werght of tetrak:s[methylene-?. (3 5- d1-t-buty1-
hydroxyphenyl) proplonate]methane as an antroxldant and 0. 1 part by welght
. of calclum stearate asa hydrochlonc acld absorber were added to a mlxture of

-10 parts by welght ofa propylene copolymer (C2 content 2 wt%, and C4

o content: 1.1 wt%) and 90 parts by welght of an ethylenelpropylene atacuc

"copolymer [mr/(mm+rr) 0.3, [17] 2.0 d]!g and propylene content = 85 Wt%] ', o |

These were melted and m1xed for 5 mm at 200°C and a rotary speed of 50 _
_' rpm by means of a 50-ml laboplasth]l and thus the mtended compos1tom was

. obtamed

Comparatiye Example 2
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0.2 parts by we:lght of tetralns[methylene-3 (3 5- d1-t-buty1- _
: hydroxyphenyl) prop1onate]methane as an antro:ndant and 0.1 part by welght o |
of ca1c1um stearate as a hydrochlonc acid absorber were added to a mixture of
60 parts by weight of homopolypropylene (MFR 6 g/ 10 mm), 10 parts by __
welght of ethylenelpropylene/l-butene copolymer [mrl(mm+rr) 0. 4 [17] = 3 ) '
1. 5dllg, ethylene content 8 wt% propylene content 50 wt%] and 20 parts by
.welght of an ethylene/ 1-butene copolymer (ethylene content 60 wt%, and [ 77]
=1, 7 dl/g) These were melted and m:xed for 5 min. at 200°C and a rotary
o .speed of 50 rpm by means of a-50-ml laboplastmlll and thus the mtended

- composltlon was obtamed

Propylenepolymer - . o 10 | ‘_ o
Homopolypropylene .~ - 60 "

. Ethylene/propylene atacticcopolymer.t.-""--_."" 90 o 10
'Ethylene/propylene copolymer | - | o '. _' |
Ethylene/l-butene copolymer o - _ : o 30 ’

g @) . N8 NB
E@mECO O NB 80
wows om0
I-laze(%)" D ' - . _ 39'_-.
| Scratchresistance'_.'” - a '_ @ : -.O'
Example3 - (Atactic Polyoctene)
'. -Manufacture of polyoctene |

A 1liter glass vessel equrpped w1th cooling tube and an agltator was" o

' purged adequately with mtrogen, Charged w1th 279 ml of toluene and 100 ml of Lo

_ octane, and agltated and then the temperature in the system was lowered to L

0°C 7 4 mg of (drmethyl(t-butylamrde)(tetramethyl-n5-cyclopentad1enyl)
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_ sﬂane)htamum dmhlonde synthesmed by a known was d1ssolved in 4 ml of a
~ toluene solutlon of trusobutylalummun (1 mllhmollml), and obtamed solutlon
.was added to the above solvent m1xture After that 20 ml of the toluence

. solution (0 002 mJ]llmolIml) of

. tnphenylcarbemumtetra(pentaﬂuorophenyl)borate were added and the B
polymenzatlon of octane was m1t1ated At th1s txme, the catalyst " _ |
concentratlon was such that agamst the total system, (d1methyl(t-butylam1de) -
L (tetramethyl- 7 5-cyclopentad1enyl)sllane)d1chlor1detltamum was 0.05 -
-mllhmol/hter and tnphenylcarbemumtetra(pentaﬂuorophenyl)borate was 0.1
o m:lhmollhter After 60 mm the polymenzatlon reachon was stopped by - |
R addmg methylalcohol Then the polymer solutron was taken out and washed B
by using aqueous solutlon obtamed by adding 5 ml of concentrated _ o '
. hydrochloric ac1d to 1 hter of water at a ratio of 1: 1, and the catalyst res1dues
. were turned mto a water phase The hquld was allowed to stand 80 that the :

B water phase was separated and removed. And then obtamed hqu1d was =

Washed with drsh]led water twme and allowed to stand S0 that the water phase _—

- 'was separated and removed ~ Next, the obtamed polymer hqu1d was brought
.' into contact under vigorous agrtatron W1th 3-fold acetone to prec1p1tate the |
-polymer The preclpltated polymer was washed adequately wrth acetone and a- -
solid portlon (copolymer) was obtained by ﬁltratlon The solid portlon was L .
~dried at 130°C and 350 mmHg for 12 hours in the ﬂow of nitrogen. The B
' _amount of the polyoctene polymer thus obtained was 7. 8¢g. Its mtrms1c
v1sc031ty [n]as determmedm deca]m 135°C was 1. 3 dlg; glass trans1tlon _.: |
temperature Tg. measured by DSC was -63°C the peak of the loss tangent as -
; determined by the measurement of dynam1c wscoelastlclty made at a "

frequency of 10 Hz was -39°C the peak wrdth at ha]f helght was 48°C; and

- act1v1ty was 520 glm11]1mol Ti + hr.

Furthermore 20 parts by we1ght of the aforementloned atactlc polyoctene o
wer_e blend_ed with 80 parts by welght of cryst_alhne polypropylene J 700), and -
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" a composltmn was ohtamed by meltmg and mlxmg the blend for 5 mm at

200°C and a rotary speed of 100 rpm. by means ofa laboplastm;lll The Izod B '

: 1mpact strength of the resultant compos1t10n as measured in accordance w1th

 ASTM D785 was52Jim.

o _(Synthesm Example 4

430 ml of heptene, 430 ml of 4-methyl- 1-pentene and 140 ml of 1-butene ) s

- were added at normal temperature toa Z-hter autoclave prev10usly d.rred

N under reduced DPressure and purged w1th mtrogen After that, the autoclave i

) - was pressunzed with propylene to 6 kg/em’G under agltatron, and pressure

was released Th1s pressunzatlonlpressure release operatlon was repeated .
three times. Subsequently, 0.3 ml of the toluene solutlon of 1.0 mﬂhmol/ml _ |

: trnsobutylalummum were added at normal pressure, and then the -

temperature was rmsed to 50°C And then the system was pressunzed w1th -

._ ' propylene to 4.5 kg/cm”G 0 5 ml of the toluene solutmn (0 001 mllhmols/ml)' o
- of (dJmethyl(t-butylamlde)(tetramethyl-77 5- . -
cyclopentad1enyl)s11ane)d1chlor1det1tamum synthesmed by the known method B

0.5 ml of the toluence solutmn (0.004 mllhmollml) of o

_ trrphenylcarbemumtetra(pentaﬂuorophenyl)borate and 10 ml of toluene were

| -m1xed for 10 min., and all of the mlxture were added to the system at the same

. tlme to 1mt1ate the copolymerlzatlon of propylene and ethylene At th1s trme .

| the catalyst concentratlon was such that agamst the total system, (dlmethyl(t- o

butylamde)(tetramethyl-n5-cyclopentad1enyl) srlane)dlchlondetltamum was -

'0 0005 mllhmollhter and trlphenylcarbemum tetra(pentaﬂuorophenyl)borate N y

_was 0. 002 m:]hmollhter Durmg polymenzatlon, the mternal pressure was .
' kept at 4.5 kg/cm2G by supplymg propylene contmuously - After 30 mm the
polymenzatron reactlon was stopped by adding methylalcohol After the L

: pressure was released the polymer solution was taken out and washed by

usmg aqueous solutlon obtamed by addmg 5 ml of concentrated hydrochlonc L

. acid to 1 hter of water at a ratio of 1:1, and the catalyst resrdues were turned | .
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into a water phase The m1xed liquid was' a]lowed to stand S0 that the Wate'r g

' phase Was separated and removed The obtamed liquid was then washed wrth L

" d1$t1]led water twme and a]lowed to stand so that the water phase was

o separated and removed Next, the polymer hqu1d thus was brought mto

:contact under v1gorous ag1tat10n with 3-fold acetone to prec1p1tate the polymer. N

The precipitated polymer was washed adequately wrth acetone and a solid =
| . port10n (copolymer) was obtamed by ﬁltratron _The sohd portron was dned at”

130°C and 350 mmHg for 12 hours in the flow of mtrogen The amount of the' | .
- _propylenel 1-butene/4-methy1- -pentene copolymer thus obtamed was 11 g |
Its mtrms1c v1scos1ty [7)] as determmedm decalm 135°C was 1. 2 d]lg, '

_ propylene content was 51 wt%, 1 -butene content was 21 wt%, 4-methyl-1- o
| pentene content was 28 mol% and. act.1v1ty was 44 kg/m:]hmol TS - hr .

- (Synthems Example 5)

- The: same operatlons as descnbed in Synthesrs Example 3 were performed

_ | except that the pressure during the polymenzatlon of propylene was changed . o

 to 2 5 kglcm”G The amount of the propylene/ 1-butene/4-methyl— -pentene |

copolymer thus obtamed was 5.1g. Its mtrms1c v1scos1ty [77] as determmed |
o in deca]m 135°C was 1.1 d]!g, propylene content was 29 mol%, 1 -butene
content was 31 mol%, 4-methyl- -pentene content was 40 mol%, and actw1ty B

| was 20 kgImJ]]Jmol Ti-hr
'_ (Synthesrs Example 6)

- The same operatlons as descnbedm Synthesm Example 3 were performed T .

' except that the pressure durmg the polymenzatlon of propylene was changed
to 1.5 kg/cm’G the amount of 1-butene was changed to 300 ml the amount of |
4-methyl- -pentene was 200 ml; 'the amount of heptene was changed to 500 |
ml; and the temperature was changed to 50°C The amount of the _
o propylenell-butene/4-methyl— -pentene copolymer thus obtamed was 1 4 g

| Its mtrms1c wscoslty [7]as determmedm decalm 135°C was- 1.0 dl/g, .

: propylene content was 22 mol%, -butene content was 59 mol%, 4-methyl-1- -



'pentene con_tent was 19 mol%; and activityyvas '5'.6 kglmi]limol Ti-hr. -

: 'Examples 4 to 6 | (Surface Protect10n Fllm) , o

A 3-layer surface protectmn film (thrckness 50 p,m) wlnch COIISlstS of a | |
_surface substrate layer. (thlckness 10 jum) made of a propylene homopolymer . |
‘a m1dd1e substrate layer (thrckness 30 um) made of a propylene random L

o .polymer containing 3 mol% ethylene and a tacky layer (thlckness 10 pm)

' made of a copolymer contammg propylene, -butene and 4-methyl-1-pentene
havmg the mol percents shown in the table was formed by the coextrusmn T. .
die moldmg method under the following condltronsT |
_ Moldmg condmons ) : . —
Surface substrate layer and m1ddle substrate layer 230°C
Tacky layer = 180°C '
Coextrusmn temperature 230°C
'. Determmatmn of initial tackmess C |
_ The initial tackmess was determmed in accordance w1th JIS Z0237 1991
The peehng strength as determmed by the 180° peehng method was used as
' the index of tackiness. | |
Change with tlme under heated and pressunzed condltlons o
A test spemmen was prepared by attachmg a plece of surface protectlon _' S
| ﬁlm to stainless steel SUS304 in the same manner as descnbed in the
| determination of m1t1al tackmess propertles Alummum foﬂ 16 pm th1ck was-
~ paidon top of the surface protection ﬁlm and then a s:hcone rubber sheet 3
- mm thick having a spring hardness of 70 Hs as speclﬁed in J'.[S K6301 was put |

onit. 2 kglcm of pressure was applied evenly to the area of the test speclmen o

to the ﬁlm had been attached at 60°C by means of a heating press. In thls

condmon, the test specimen was kept for 240 hours and then removed ﬁ'om the'.' o

. heatmg press. The peeling strength was determmed by the 180° peehng

' method and was used as the mdex of tackmess R
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| Paste res1dues | o P |
" The surface of the aforementloned test spemmen on wh1(:h peehng test had" _
‘been conducted as descnbed above was mspected v1sua11y " Any part of the -
tacky layer rema:mng on the surface of the test spec:men as a result of the
pee]mg-off of an area of the surface protect10n ﬁlm not less than 1 mmin

d1ameter was regarded as paste res1dues
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 Table B P
. CUnit j:_’Exami)le'L-Ei;@plg.s "Enampleﬁ
| Tacky.'layer component; - . | .. o E - ) o
Propylene oma% 81 2
:l-butene.' o _ _. . mol% 21 31 59
P md% 28 - 40 e
Crystallinity =~~~ % 0 0 0
. Intrinsicviscosity  dlg 12 - L1 10
3 'Tacky“properﬁes'- | ' - N _ o - S |
Imtlaltackmess "_'gl25mm 80 .30 110
 Tackiness after lapse. oftlme gl25 mm 600 ‘340 . :750.__
from heatmg and pressure__ S o
| __ apphcatlon _ _ S o |
| Paste res1dues afterlapse of Yenlno No No 'lNo'_- | D
.IMefromheatmgand o I

' pressure apphcatlon '

' : .. : (Polymenzatlon Example D | B ‘
| | The same operatlons as descnbed in Synthes1s Example 3 were performed
" except that the pressure during the polymerlzatlon of propylene was changed
to 1.5 kg/cm”(:‘r the amount of l-butene was changed to 70 ml; the amount of 4-
: methyl- -pentene was 930 ml thhout heptene, and the temperature was .

| changed to 30°C ‘The amount of the propylenel 1-butenel4-methy1- l-pentene R

. copolymer thus obtamed was 0.4¢. Its mtrms1c v1scos:1ty ['r)] as determmed in |

- ,decahn 135°C was 1. 0 dVg; propylene content was 22 mol%, 1-butene content
- was 11 mol%; 4-methyl- -pentene content was 67 mol% and act1v1ty was 1. 6

.kglmﬂhmol Ti«hr.
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The same operations as descnbed in Synthes1s Example 3 were performed |

' (Polymenzatlon Example 9)

.except that the pressure durmg the polymenzatlon of propylene was changed _

t0 2.5 kg/cm“G the amount of 1-butene was changed to 300 ml; the amount of L

4-methyl- -pentene was 200 ml; the amount of heptene was changed to 500 |
" ml; and the temperature was changed to 50°C " The amount ofthe =
propylenel 1-butenel4-methyl- -pentene copolymer thus obtamed was 5.9 g

: Its mtrms1c v1scos1ty ['n] as determmedm decahn 135°C -was 1.1 dl/g; -
propylene content was 31 mol% l-butene content was 51 mol%, 4-methyl- 1- :
) pentene content was 18 mol%; and act1v1ty was 23 6 kg/mﬂhmol T1 hr

| : Examples 7 to9 (V1brat10n Insulatmn Matenal) _
| Films 7 0 . thick was obtamed by moldmg the copo]ymers obtamed as
descnbed in Polymenzatmn Examples 7, 5 and 9 by the T-d1e film moldmg

: method These ﬁlms were put between two low carbon-content steel sheets o o

0.8 mm thlck that had been subjected to treatment of degreasmg w1th an
“alkah detergent and press-molded for 10 min. at 190°C Asa result a
'. -v1brat10n msulatmn board was obtained. Usmg the v1bratmn msulatmn _
' _. | board thus obtamed the coeﬂiclent of v1brat10n loss 7) was determmed by the -
o cantllever resonance pomt VJbratlon decay method The results of the

K determmatlon are shown in the table below
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S vm
| _. _' _.Mid..dle layer"g:o_mponent:_ o | o
- Propylene | _' l_ - .. - mol%
_1-hut_éne | ) '_ mol%_i -
o oaMpL mol%
 Crystallinity %
. Intrinsic viStbsity' - dug
- | Tackyproperﬁes: _- o | )
 Vibrationloss 0°C
coefficient. 77: | - 20°C -
' IndustnalUtlhty

10

98

" E_xampl_e_ 7.

22
11

67

03

03
007

‘Example 8

29
40
RETEE

0.07

Example9

81

51
Cw

o0

1.1

0.16
007
. 0.01

The present mventmn relates toa method for manufactunng atact1c

' ethylenela-oleﬁn copolymers, atactic ethylenelpropylene copolymers obtamed

therefrom, and compos1t10ns thereof and the method for manufactunng such

'composmons More spemﬁca]ly, the present mventlon- prov1des atactlc :

ethylenela-oleﬁn copolymers having excellent opt1ca1 propertres, mechamcal

AR propertles andlor ﬁ]m propertles and is smtable for method of manufacturmg '

3 eﬂ'ectwely the copolymers Furthermore the present mvenuon prov1des

'compos1t10ns of the copolymers and is smtable for manufactunng method of

“such composmons by a polymenzatmn process |



99 . o This Sheet Has Been Rep

Hllllﬂ Mt Ii llll

B CLAMS:
 What we claim is, . |
1. Copolymers compnsmg ethylene and propylene whose structural molar rauo
(ethylenelpropylene) is 1/99 to 20/80 and out of the spectra in the zone (19 to
" 23 ppm) obtamed by Cl3NMR measurement of wh1ch the areas of the "
- s1g_na_1s appearmgm the ﬁ.rst__zone 2 1.1 to 21.9 ppm), se_c_ond zone (20.3 to - .'
| 21 0 ppm) and third zone (1'9 5 to 20.3 ppm) are represented by the total
peak area in the ﬁrst zone =P, the total peak area in the second zone = P2 '_
o and the total peak area in the third zone = p? -respectwely, and X and Y are
* defined by the formulas, P /(P + P*+ P*)=X and P*/(P + P+ P)=Y, |
o respectlvely, wherem Xis 0<X<30 and Yis 0<Y<53 _
2.A process for manufacturmg the ethylene/a-oleﬁn copolymers whlch
compnses copolymermg ethylene and a—oleﬁn in the presence of a catalyst
. system compnsmg (a) shown below as the essent1al component and at least
one compound selected from among (M) to (d) | '
(a) the transmon metal complex expressed by the followmg formula(I)

o N\
X1 x2

- (wherem M stands for ’1‘1 Zr Hf Cp stands for the cyclopentad1eny1 group,
indenyl group, ﬂuorenyl group or the1r denved groupsn’-bonded W1th M X1
‘and X stands for an amomc hgand ora neutral Lewis base hgand Y stands
o _ for a hgand contammg mtrogen atom oxygen atom, phosphor atom or sulfur

atom, and VA stands for mtrogen atom, oxygen atom, sﬂ:con atom or one S

* ¢ L MM s % -

-_carbon atom ), or
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The meso form of the transmon metal compound represented by the o
followmg formula(II) o L

o x'z
_\M_l/_

R

o _(wherem M1 stands for a transition metal atom in the Group IV to VIB of o -.

o the periodic table; R1 R*,R® and R“ whmh may be the same or different -

' _from one another, stand for a hydrocarbon group havmg 1 to 20 carbon . N
: atoms a halogenated hydrocarbon group havmg 1t020 carbon atoms a
: S1hcon-contammg group, an oxygen-contammg group, a sulfur-contammg.h
| N group, a mtrogen-contannng group, phosphor-contmmng group, hydrogen-_ _ -
g .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, Xt and X2 which may be the same or deferent from one another L
o stand for a hydrocarbon group, a halogenated hydrocarbon group, an oxygen-- §
. contammg group, a su]fur-contammg group, a slhcon-contammg group,
: hydrogen atom or halogen atom and Y1 stands for a b1valent hydrocarbon
group, a b1valent halogenated hydrocarbon group, a bxvalent silicon-
= contammg group, a b1valent germamum-contammg group, a blvalent tln-
contammg group, -O- -CO-, -S-, -S0-, -S0, -, -Ge-, -Sn- -NR’5 - -P(R‘5
' PO)®R® )- -BR5 or AlR‘i [however, R® may be the same or deferent from
one another and stands for hydrogen atom, halogen atom, a hyd.rocarbon N

- group, a halogenated hydrocarbon group or an alkoxy group]

- ()a compound wh1ch reacts W1th the transmon metal Min the component

:(a) to form an ionic complex

I||I||IIIl| Jd
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(c) an organoalummum compo
(d) alumoxan
3 A process as deﬁned in Cla1m 2 whrch compnses manufacturmg copolymers |
‘whose crystalhmty is not more. than 5 % and whose structural molar ratlo -
(ethylenela-oleﬁn) is 40/60 to 1/99 by polymenzmg ethylene and one or. more
~ o~olefin monomers havmg 3 to 10 carbon atoms _ -
' 4 A process for manufacturmg c0polymers as deﬁned in Clalm 3 wherem the
a-oleﬁn is selected from propylene butene and 4-methyl- l-pentene and the -
structural molar ratio (ethylene/a-oleﬁn) of the copolymers is 1/99 to 20/80 |
5. A process for manufacturmg copolymers as deﬁned in Cla1m 3 wherem the_
. a-oleﬁn isa combmatlon of an a-olefm monomer (A) having 3 to 10 carbon

- atoms and another a-oleﬁn monomer(B), other than (A), havmg 3to 10 -

L carbon atoms and the structural molar ratio [(ethylene+A)/B] of the -

copolymers is 40/60 to 1/99 _. _

o 6.A process for manufacturmg copolymers as deﬁned in Claim 4 wherem the
a-oleﬁn (A)is propylene, a-oleﬁn monomer(B) is 4-methyl- -pentene and

| the structural molar ratro [(ethylene-l-propylene)l4-methyl- -pentene] of the :
copolymers is 1/99 to 20/80 , S

T.A process for manufacturmg oopolymers as deﬁned n ClaJm 4 wherem the
a-oleﬁn (A) is propylene, a-oleﬁn monomer(B) 1s l-butene, the structural
molar ratlo [(ethylene+propylene)/ 1-butene] of the copolymers is 1/99 to
200, R .

8. Propylene polymer compos1t10ns compnsmg 5 to 80 wt% of the -

' ethylenelpropylene copolymer as defined in Claim 1 10 to 80 wt% of a

| crysta]]me propylene polymer, and as reqmred 10 to 80 Wt% of elastomer :

(The total of the ethylene/propylene copolymer the crysta]lme propylene
polymer and the elastomer i 1s 100 wt%)
10 A process for manufacturmg the propylene polymer compos1t10ns as

deﬁned in Clalm 8 wherem such propylene polymer compos1t10ns are

\\II\I\\ ] III\\ \\l\l ! \II\ s
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manufactured by polymenzmg ethylene and propylene or ethylene, _
propylene andvanother a-oleﬁn by a one-stage or mulh-stageprpcess usmg at
“least two types of catalysts |

11 A process for manufacturmg the propylene polymer compos1t10ns as
defined in Cla1m 11 wherem the at least two catalysts is at least one catalyst
selected from the a-oleﬁn polymenzatmn catalyst ¢)) mentmned below and |
the a-oleﬁn polymenzahon catalyst @ mentloned below and at least one |

-' | catalyst selected from the a-oleﬁn polymerization catalyst (3) mentioned o
below and the a-oleﬁn polymenzatmn catalyst @ mentloned below

" Oleﬁn polymenzat:lon catalyst 1): '
A catalyst compnsmg

o (A)A racem1c form of a trans1t10n metal compound (A- 1) represented by the
followmg formula (II) o '

NS
M

ey

~ (wherein M -stands for a transition metal atom'in the Group IV to VIB of L
" the penodlc table; R, R2 R8 and R*, which may be the saime or dlﬂ'erent T
from one another stand for a hydrocarbon group havmg 1to0 20 carbon |
| atoms, a halogenated hydrocarbon group havmg 1 to 20 carbon atoms, a
R s:hcon-contammg group, an oxygen-contammg group, a su]fur-contammg
group, a mtrogen-contammg group, phosphor-conta1mng group, hydrogen o .
atom or halogen atom and parts of the mutua]ly adJacent groups may be

bonded to form a rmg together w1th the carbon atoms bonded by these

J T llll' o
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. groups; X' and X?, v'vh'ichl'may be the same or different from one a‘noth'er, i
. stand for a hydrocarbon group, a halogenated hydrocarbon group, an oxygen-
| ._ conta1mng group, a su]fur-contammg group, a s1hcon-conta1mng group, |
hydrogen atom or halogen atom and Y stands for a bwalent hydrocarbon .
group, a bivalent halogenated hydrocarbon group, a b1va1ent sﬂ1con- "
' contammg group, a b1valent germamum-contammg group, a bivalent tm-
| .contammg group, -0-, -CO-, -S-, -O-, 80, -, -Ge-, -Sn-, -NR®-, -PE")-, -
P(O)(R5 )- -BRE or -A1R"- [however, R5 may be the same or different from
.. one another and stands for hydrogen atom, halogen atom, a hydrocarbon
. group, a halogenated hydrocarhon group or an alkoxy group], :
@) (B 1) an ‘organic alummumoxy compound and/or -
(B 2)a compound (B1 -2) wh1ch reacts w1th the aforementmned trans1t10n ; '.

- metal (A- 1) to form an ion palr,

o and as requ;_red,

. (C) anl organoalumjnum :c.ompound '
Oleﬁn polymenzatlon catalyst (2)
. .A catalyst compnsmg | o _
A) sohd-state tltamum catalyst component (T) contammg magnesmm
titanium, halogen and an electron donor as the essential components; |
‘B) organometal_]ic'catalyst component Q; | |
l(C)'_s'ilico_n compound (S)flrepresented by the follow_ing' formula ()] or a
-comp_ound ® having not less than 2 ether linkages existing via two or more
';toms-” | _ S S
. By, -sl-(ORq), @ '. . |
o (wherein n is 1, 2 or 3 when nis 1, Rp stands for a secondary or temary
hydrocarbon group; when nis 2or3, at lea_st 1 of Rp’s stands for_. a secondary "
_ or tertiary hydrocarhon group, with the rest of Rp’s bemg hydrocarbon =

- groups, and two or more Rp’s may be the same or dlﬂ'erent Rqisa

HIIlIII llllll ] ||I|I |l III|
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'hydrocarbon group havmg 1 to 4 carbon atoms, and when 4nis 2 or 3 Rq )

104

| may be the same or d:ﬂ'erent ) -
Oleﬁn polymenzatlon catalyst (3)
A catalyst compnsmg ) o _
(A) a meso form of a transxtlon metal compound (A-2) represented by the
aforementloned formula (I), - |
'- B) (B- 1) an orgamc alummumoxy compound or
(B 2) a compound @2 -2) which reacts W1th the aforementroned
trans1tlon metal (A-2) to form an ion pa1r, '
and as reqmred |
(C) an organoalummum compound
- Olefin polymerlzatlon catalyst 4):
B A catalyst compnsmg ' | |
@A) a racemic form of a trans1tlon metal compound (A-3) represented by the '. -
_ .followmg formula (III) ' |

X3

(wherem M2 stands for a transmon metal atom in the Group VIB of the |

| penodrc table; Cp stands for a cychc unsaturated hydrocarbon group ora .-

' cham unsaturated hydrocarbon group; X3 stands for hydrogen atom, halogen o
atom, a hydrocarbon group havmg 1 to 20 carbon atoms or an- alkoxy group

| havmg 1to 20 carbon atoms: Z' stands for SiR’,, , CR" 2 SJR" SiR";,
'CR",CR’,, CR’,CR’,CR',, CR'=CR’, CR" SiR’, or GeRR72 ; Y2 stands

- for -N(R8 )- -O- -S- or -P(Rs) R" stands for hydrogen atom or an a]kyl aryl |
s11y1 halogenated alkyl and halogenated aryl groups ha_vgg_upto_zo_non_,__

IllllIII [N T ||I|I II I|||



_ -.'hydrogen atoms and a group selected from among combmatlons thereof Rs
| stands for an alkyl group havmg 1 to 10 carbon atoms or an aryl group
_ ' havmg 6 to 10 carbon atoms or may form a condensed nng system of one or
~ more R" ’s and up 30 non-hydrogen atoms, and w stands for 1 or 2); .
| (B) (B 1)aAn orgamc alummumoxy compound or _

(B 1) a compound ®° -2) which reacts w1th the aforementloned
| trans1t10n metal (A-3) to form an ion pau'
' and as reqmred
(C) an organoalummum compound o . |
12. A vibration msulatlon matenal which compnses e1ther one of the -

| homopolymers of l-hexene or 1 octene and whose degree of crystalhmty is :'

not more than 5%.
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