SPECI FI CATI ON OLEFI N POLYMER AND | TS FI LM OR SHEET, AND METHOD

FOR PRODUCI NG OLEFIN POLYMER 5 TECHNI CAL FI ELD The
present invention relates to a novel olef in polyner, and a filmor
sheet of the olefin polyner. Furthernore, the present invention
relates to a nethod for producing an 10-1elefin polyner using a catal yst
for olef in polynerization, conprising a transition netal conplex as
one of the catal yst conponents. Mre particularly, the present

i nvention relates to an olef in polymer having a good transparency and

strength characteristics, a filmor_sheet of the olefin 15 polyner, and-a
nmet hod for producing an olef in poI%%?IWFﬁTION a catalyst for olefin

pol ymeri zation, conprising a transition nmetal conplex at high

t enperature under high pressure. In the present invention,

the olef in pol yrrebLE?ﬁh“ﬂGﬁYﬁﬁRaAﬁB”?'EQ'%{%&M%Hﬁn%ﬁaéﬁﬁ%ﬂmr

of two or nore ki nds ol efins IonicC

pol ymeri zat i oprOBULING! OLERIN PordeERtY 25 pol yethylene (LLDPE) as a
copol ynmer of ethylene and an a -olef in has w dely been used as a

film a sh®et, a hollow container and a raw material for injection
nol di ng because :
TECHNICAL FIELD
The present invention relates to anovel olefin polymer,
and a £ilm or sheet of the olefin polymer. Furthermore,
the present invention relates to a method for producing an
10 olefin polymer using a catalyst for olefin polymerization,
comprising a transition metal complex as one of the catalyst
components. More particularly, the present invention
relates to an olefin polymer having a good transparency and
strength characteristics, a £film or sheet of the olefin
15 polymer, and a method for producing an olefin polymer with
a catalyst for olefin polyrneriiation, comprising a
transition metal complex at high temperature under high
pressure. '
3 In the present invention, the olefin polymer includes

20 a homopolymer of an olefin or a copolymer of twoc or more

kinds olefins.

BACKGROUND ART
An ionic polymerization method linear lowé-density
25 polyethylene (LLDPE) as a copolymer 6f ethylene and an «
-olefin has widely been used as a film, a sheet, a hollow

container and a raw material for injection molding because



- 2- of its excellent nechanical strength such as inpact
strength, tensile strength, and environnental stress-crack

resi stance, etc. However, when the above LLDPE is produced by
using a solid catalyst, there arises a probl em of 5 tacki ness of the
mol ded article and it was not necessaril y2- satisfactory. To solve
t heprobl em LLDPE using a vanadi um cat al yst has been studi ed.
However, there arises a problem of coloring due to a | arge anount
of the catalyst residue in the polyner and it was not necessarily

tisfactory. T 10.50! h | i tal] B
atalyats naf Ces exRignt® el fE0E) EFRaniEh, SR AT ol yst.
As thod f | try ' | £f 4 I t ~hi
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pol yneri zi ng an ol efin under the condition where a polyner is nolten
using a sol vasy @efhg a soliads catd e anchefécCariveischa, iprolslea adf y
referred to as a "hi gh-tenperature solution nethod", for exanple, a
met hod 5 tackipessnefithegnalded étickeland ié wasdret ecsssanily

20 250C and 5 to, 50 kg/cni errg. The second nethod is a nethod for .
conduct i ng po?¥HESFIGEPEN -i nTQ SQLYe thfcPEobhem, LLRRE using agyanadip® yner
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: in the polymer and it was not necessarily satisfactory. To
10 solve those problems, various metallocene catalysts have
recently been developed as a homogeneous catalyst.

As a method for industrially producing an olefin
polymer at high temperature using a catalyst for olefin
polymer, the following twb mefhods are practiced at present.

15 The first method is amethod for polymerizing an olefin under
the condition where a polymer-is molten using a solvent such
as cyclohexane, etc., which is generally referred to as a
“high-temperature solution method”, for example, a method
fci'r polymerizing an olefin under the condition of 120 to

20 250°C and 5 to 50 kg/cm?. The second method is a mef.hod for
conducting polymerization in a state where the formed
olefin polymer is molten in an olefin in a super critical
fluid state at high temperature under high pressure in the
absence of a éolvent, which is generally referred to as a

25 *“high-pressure ionic polymerization method”. These
high-temperature solution polymerization method and

high-pressure ionic polymerization method have advantages



hi gh- pressure ionic polynerization nethod have advantages

- 3- that a reactor is conpact and replacenent of a nononer can

be easily perforned. For exanple, a nmethod for obtaining an ol ef

i n pol yner by using a netall ocene catal yst under high pressure is 5
di scl osed in Japanese Patent Publication %kbhyo) No. Hei 1- 503788,
Japanese Patent Publication (Kokai) No. Hei 7-157508 and U.S. Patent
No. 5408017. However, Japanese Patent Publication (Kohyo) No. He
1-503788 discl oses a method for producing an olef in polynmer 10 by using a

catalyst COTNt 10 rla¥lebr is cofiiatle) HH Q0RTLAULEINY o BoRUBURL' Shhor ! de

and nmet hyl al um noxane in a pressur I 'oni ¢ po

met hod. At hgwhed &£l Obgﬁ'gbkﬁ@ﬁl on pressure is consi derably high such
as 1000 bar or nore, ?he nol ecul'ar 15 wei ght of the resulting

et hyl ene- a- ol ef i n FepexaMple\aa methodEokf obtahinghas sE&HOE poBymer
advant age such that an ol efin polyner having a narrow nol ecul ar wei ght
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obt ai ned d f|In1 oduced by using the olef in ymer has no
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However, Japanese Pateht Publication {Kohyo) No. Hei
1-503788 discloses a method for producing an olefin polymer
10 by using a catalyst comprising bis(n- |
butyl)cyclopentadienyl zirconium dichloride and
methylaluminoxane in a high-pressure ionic polymerization
method. Although the polymerizatibn pressure is
considerably high such as 1000 bar or more, the molecular
15 weight of the resulting ethylene-a-olefin copolymer was
insufficient. This method has an advantage such that an
olefin polymer having a narrow molecular weight
distribution and a composition distribution can be
ef;‘-ficiently obtained and a film produced by using the olefin
20 polymer has no feeling of tackiness, but the transparency
of the film produced by using the resulting polymer is
unsatisfactory.
Furthermore, Japanese Patent Publication (Kokai) No.
Hei 7-157508 discloses a method for producing an olefin
25 polymer with a catalyst obtained by using
diphenylmethylene(cyclopentadienyl){fluorenyl)zirconium

dichloride, triisobutylaluminum and N,N-



di phenyl net hyl ene(cycl opent adi enyl ) (fl uorenyl) zi rconi um di chl ori de,
triisobutylalum numand N, N- . o -4-
di met hyl ani |'i ni unt et r aki s( pent af | uor ophenyl )borate in a hi gh- pressure
i oni c polynerization nethod, and U.S. Patent No. 5408017 di scl oses a
met hod for producing an olefin pol yn‘ér with a catal yst obtained by
using . 5 dinethylsilylbis(4,5,6,7-tetrahydro-indenyl)zirconium

di ret hyl and N, N-di net hyl ani li niuntetrakis (pent af | uor ophenyl ) bor at e
in a high-pressure ionic pol yneri zati on nethod. In these _

ol ymerizatio %ttlyﬁp%w ‘o ‘LR I ri.zation pressure Ls high-
gs %ot | ess ?6‘ t ha %(lgv%‘%%%%ggﬁ%@gﬁ%abar ?rlpgg‘ﬁé}ﬁ]&}gf/? ?hég a

mol ecul ar | Whi-Pre sturd 2ol BYpETPmareLak ich &n weany
met hod was ingaﬁhi cient and the ﬁ:a]r::glgar ehai/: of @ﬁgﬂ{;??‘:ﬁnd} prggﬁce& by
using these p¥bysE080ids disxliosdsacd angthodt ffier prodbdidRa61&Ein
descri bed above. 15 Japanese Patent No. 2571280 di scl oses an et hyl ene
copol ymer havPRdyaesnawithvig qatalysbwohbadnedabywsisding | ar ge

MFR err]/ MER err nd excellent fluidity, but the transparency and
tear stren thg&f“]eﬂ'-ﬁ’é’ 3Ly &7 nEehgahydrorindeagt) zircenbany ner

(Kohyo) No. - rBRReesygeBind -3 e iuleni 1 snIRRREEERHS, wherei n the nel

and nuver” of ‘REFEIE A RS g et 4], Sphfofgeeediile diere arises
polymerization method. In these polymerization methods,
although the polymerization pressure is high as not lesé

10 than 900 kg/cm’ and 1300 bar, respectively, the molecular
weight of the ethylene-a -olefin copolymer obtained by any
method was insufficient and the transparency of the film
produced by using these polymers was unsatisfactory in the
same manner as described above.

15 Japanese Patent No.2571280 discloses an ethylene
copolymer having a small Mw/Mn, narrow molecular weight,
large MFR,,/MFR, and excellent fluidity, but the
transparency and tear strength of the film produced by using
tﬁ’is ethylene copolymer were not necessarily satisfactory.

20 Japanese Patent Publication (Kohyo) No. Hei 7.-500622
discloses an olefin polymer wherein the melt flow ratio,
Mw/Mn, shear stress at which a gross melt fracture arises,
and number of melting points are specified, but the
transparency and tear strength of the film produced by using

25 this polymer were not necessarily satisfactory.

It is one of features that an olefin polymer having

narrow molecular weight distribution and composition



transparency and tear strength of the film produced by using 25 this

pol ymer were not necessarily satisfactory. It is one of features
that an ol efin pol yner having narrow nol ecul ar wei ght distribution and
conposi tion di stribution is obtained by using a

nmet al | ocene conpl ex as a catal yst cebponent, but there is a problem

t hat. control of density and pol ynerization activity, particularly a
pol ynmeri zation activity at the reaction tenperature which 5 is efficient
for industrial production are insufficient. DI SCLOSURE OF THE

| NVENTI ON object of fhe present |nvent|ff IS to proyide an -
ol of 11 pol yrehi HeGHHBCEBBULE CHIAASARY JR1 NG AGTALLBSNe OUBLER 8¢ ) cs

bresent | nver KOEA LTS Sntedent” BORErs (it nrqp PRI B8R Lhe
ol ef i" P9I VB déybigy ang BRALLOOIRORMA | 80¢ Syl DHbERR ol Ty coul ar

wei ght and- |trary nder the conditiohs hi gh tenperature

15 and hi gh rﬁ@lsﬁuéﬁlbatmannscalbubl ¥t agheé e dct oy Yempera@né awicy a
novel netall ocene conpl ex. Nanely, according to the present

i nvention,5t hics efificient Hoxviitkebhstir id fprodud tyien, dray deiserfifizacient. t hat
sai d ol efin polyner has: 20 (A) a density of from0.850 to 0.940
g/cnerr]; (B) anelt flowrate (MFR) is from0.1 to 200 g/10

mnutes; and  SCLOSURE OF THE INVENTION
An object of the present invention is to provide an
' olefin polymer having good transparency and strength
10 characteristics, and a £ilm or sheet of the olefin polymer.
Another object of the present invention is to provide
a method for efficiently producing an olefin polymer having
narrow composition distribution, high molecular weight and
arbitrary density under the conditions of high temperature
15 and high pressure by using a highly active catalyst
containing a novel metallocene complex.

' Namely, accofding to the present invention, there is
provided an olefin pblymer characterrized in that said
olgfin polymer has:

20 (A) a density of from 0.850 to 0.940 g/cnm’;
(B) a melt flow rate (MFR) is from 0.1 to 200 g/10
minutes;-and' _
(C) a relation between the melt flow rate (MFR) and
an intrinsic viscosity [77 ] measured in tetralin at 135°C
25 satisfying the range of the following equation 1:
-4.04 log[7]+0.6S10gMFRS-4.04 log[ 7 1+0.96

equation 1



(© arelation between the nelt flowrate (MFR) and an intrinsic

viscosity [[err]] nmeasured in tetralin at 135[err]C 25 satisfying the
range of the follow ng equation 1: -4.04
log[[err]]+0.6[err]l ogMFR[ err]-4.04 log[[err]]+0.96

equation 1 -6- - 6- The
present invention also provides a filmor sheet characteri zed by
bei ng made fromthe above ol ef in polyner. Furt her nore,
according to the present invention, there is provided a nethod for

Dl etin of " O S orBe BE¥HERE ipy SRR A ti T ofyPhest at |
| east 130[erré&yaéeérézaaeﬁg%&x% iddeé Bdm & Qio%‘é%% SEF%F'PORAOESR‘FK) (B)

catal yst for olefin polynerization; conprising

and (Q); (A) and (RirtRérfmdrejndccordity to théAbreéetr{tariWém&i?t al

conpl ex represented by the foll ow ng general "formul a

[err] there ig prenvdidedvheamethodpfes pyicdwc ing i buemﬁepan yake of

Goup IV of the Periodic Table of the Elenents; A represents an atom
5 which comprises homopolymerizing an olef:.n or

copolymerlzing two or more olefins at a temperature of at
least 130°C under a pressﬁre of at least 300 kg/cm’G with
a catalyst for olefin polymerization, -comprising the
? following (A), (B) and (C); (A) and (B); or (A) and (C):
10 (A): a transition metal complex represented by the

following general formula [I]:

R}J/CPLM‘(X;
R ] X
R? A
[I]
R3 R‘I
RZ

i,
(k;herein M' represents a transition metal atom of Group IV
of the Periodic Table of the Elements; A represents an atom
15 of Group XVI of the Periodic Table of the Elements; J

represents an atom of Group XIV of the Periodic Table of
the Elements; Cp' represents a group having a

cyclopentadiene type anion skeleton; X', X?, R', R?, R’, RY,
R® and R® independently represent a hydrogen atom, a halogen

20 atom, an alkyl group, an aralkyl group, an aryl group, a



15 of Group XVI of the Periodic Table of the Elenents; J represents an

atom of Group XV of the Periodic Tabl e of the Elenments; Cp[err]
represents a group having a cycl opent adi ene type ani on skel eton;
Xerr], Xerr], Rerr], Rerr], Rerr], err], Rlerr] and R err]

I ndependent|ly represent a hydrogen atom-& hal ogen 20 atom an al kyl
group, an aral kyl group, an aryl group, a

-7- substituted silyl group, an al koxy group, an aral kyl oxy
group, an aryloxy group or a di-substituted am no group; and Rerr],

Rerrl. Reridybdtetitearbeigh aeeuB o dmoiy g%ﬁgggég{g%QM%}%‘ound

each other toformarin

or ganoal unt nUp empoind IS Fr SR ok (ﬁlsubséﬁérge"f S Brovp;

repr csent ed B RS eRr ¥ murad W"&?&%‘Fﬁ%ﬂ*ﬁﬁ'%ﬁﬁmw w
Goner al for mA erﬁﬁ“ﬁ?hﬁi%ﬂ?ﬁ I TR Epere] T Cuheren Ererr].
C{orr) andElert) SRS LEEY LRB SRR Rl SUHLORRE 000 coreg WM Bk )
hydrogen ator‘g&[ S gﬁ{l?]urrer ngd all of 'Z may be the sanme or

different; a represents a 0 to 3; b represents an integer
of not less than Z(Bﬁﬁchrﬁ} organd&PuMS AlinS cOMPoHRD Hepfed@ht @Sby! Rhe 1) ;

and . (©: a boron conpound of any one of the follow ng (Cl)
general formula E'AlZ,,,
(B2) a cyclic aluminoxane having a structure
10 represented by the general formula {-Al(E®’)-O-},, and
{B3) a linear aluminoxane having a structure
represented by the general formula E’{-Al(E’)-0-}.AlE’
(wherein E!, E? and E® respectively represents a hydrocarbon
group, all of E', E? and E’ may be the same or different;
15 'Z represents a hydrogen atom or a halogen atom, and all of
Z may be the same or different; a represents a numeral of
0 to 3; b represents an integer of not less than 2; and c¢
rgpresents an integer of not less than 1); and
-‘ (C): a boron compound of any one of the following (Cl)
20 to (C3);
(Cl) a boron compound represented by the general
formula BQ'Q%Q’,
(C2) a boron compound represented by the general
formula G'(BQ'Q’Q°0*)", and
25 {C3) a boron compound represented by the general

formula (L-H)*(BQ!Q’Q°Q*)"



20 to (X3); (Cl) a boron compound represented by the genera

formula B err]err]err], (C2) a boron conmpound represented
by the general formula Jerr](BQerr]Qerr]@err]err])-, and 25
(C3) a boron compound represented by the general formul a
(L-H)[err](BQerr]Qerr]Qerr]Qerr])[errg'

-8- . (wherein B represents a boron atomin the trival ent val ence
state; err] to Qerr] may be the sanme or different and represent a
hal ogen atom a hydrocarbon group, a hal ogenat ed hydr ocar bon group, a

substituted siyylrgsaup ek Sl a bOrofl #inUn Endie512f LUl 8REQO

group; derr] represe lnorganic or organic cation; L represents

a neutral Levggate; VAT D' ansly (be HRETddmé VY PNt énBrth i¥bredént
The present invention will be described in detail . hereinafter. 10

The ol efin poadyhalogént beom,ceMydroeaibon §aoup, a hadegenated 0.850 to
0.940 g/cnferr], preferably 0.880 to 0.935 g/cnferr], nore preferably
0.900 to 0. 93Bydroapeboh. dgribap,t e substittwsedysilylogrbup, anf idlkaxy sheet
havi ng hi gh tackiness . Is obtained, On the other hand, when the density
is too 159hi gROUPheTeff 8drsybstiduted spmivncgrarRapfeafapresents -an The

[t fl t MFR) .(JIS K-6760, 190 . d of 2.16 f th
TTelin polvacknORGRRA BF 07 2805 FaB L APA & EeBresdits 3 adisal Hewts s ¢ o

20 9/ 10 m nutggse YNGR R2-HH" rbbPWsents a Brynsted acid).

The present invention will be described in detail
i hereinafter.

10 The olefin polymer of the present invention has a
density of 0.850 to 0.940 g/cm’, preferably 0.880 to 0.935
g/cm®, more preferably 0.900 to 0.935 g/cm’. When the
density is too low, a film or sheet having high tackiness
is obtained. On the other hand, when the density is too

15 high, the effect of the transparency disappears.

The melt flow rate (MFR) (JIS K-6760, 190°C, load of
2.16 kg) of theolefin polymer is from 0.1 to 200 g/10 minutes,
preferably from 0.2 to 20 g/10 minutes. When the melt flow
réte is too low, the load during the molding of the film

20 and sheet is large. On the other hand, when the mélt flow
rate is too high, the strengtﬁ of the film or sheet is
lowered.

The olefin polymer of the present invention is an
olefin polymer wherein a relation between the melt flow rate

25 (MFR) and an intrinsic viscosity [ 7] measured in tetralin
at 135°C satisfies the condition of the following equation

1, preferably the following equation 2. 1In case of the

s



rate is too low, the load during the nolding of the film 20 and sheet is

| arge.” On the ot her hand, when the nelt flow rate is too high, the
strength of the filmor sheet is ° | ower ed. The ol efin pol yner
of the present invention is an olef in polymer wherein a relation
between the nelt flowrate 25 (MFR) and Bn intrinsic vi scosity [[err]]
measured in tetralin at 135[err]C satisfies the condition of the

foll ow ng equation 1, preferably the follow ng equation 2. In case of
t he foll ow ng equati on 3 which does not satisfy the

following  foeuuaingNeduatild aNGRibA WBL3 hbe E%%&%&? %B‘éyfaﬁlﬁo%}irngd‘gt h
oor . n case

characteristics, particularly tear strength, becones p of

t he fol | ow ngeguaaiiban2 /4 .a bAtahteris¢eweanythe &ﬂlﬂmﬁﬁ-ﬁewpr&nd strength
-4.04 log[[err]]+0.6[err]logM-R[ err]-4.04 log[[err]]+0.96 _
equation 1 characterigtdes,opafbichflarljttenr|sundffih; Hecbnss poor.

|l og[[err]] +0. 96 . equation 2
10 - 4.5 £B8P[ ofr theo @) iyt equatiogqgdat itdie Fransparency| og

;I\)/Eﬁ;;rg-rng'$?ﬁ%é§§é§%:gb?’%\Ient [ On,eguat | Otnhg ratio Q (I\/l/leﬁ/%;jlr g:‘ ng the' otetin
Wi ght (M a5 an i ne TBUBP 10 6 PR R Sy TR A B e
pol ymer is preferably not nore than 5, nore prefergjuatid® ¢
-4.04 log{7]+0.76 S10gMFR=-4.04 log[7 ]1+0.96
; equation 2
10 -4,.04 log[ 7 ]1+0.6>10gMFR equation 3
log MFR>-4.04 log[71+0.96 . equation 4
Regarding the olefin polymer of the present invention,
the ratio Q (Mw/Mn) of a weight-average molecular weight
(Mw) to a number-~average molecular weight (Mn) as an index
15 .of a molecular weight distribution of the polymer is
preferably not more than 5, more preferably 2 to 4.
The olefin polymer of the present invention can be
produced with a catalyst for 6lefin polymerization,
cémprising the following compounds (A) and (B), (A) and (C),
20 or (A), (B) and (C). '
Compound (AR): a complex of a transition metal having
a cyclopentadiene anion skeleton, of Group IV of the
Periodic Table of the Elements
Compound (B): at least one aluminum compound selected
25 from the following (Bl) to (B3):

s (Bl) an organoaluminum compound represented by the

general formula E',AlZ,,;



The ol efin polyner of the present invention can be produced with a

catal yst for olefin polynerization, conprising the foll ow ng conpounds
(A and (B), (A and (©, 20 or (A, (B) and (C. Conpound (A):
a conplex of a transition netal having a cycl opent adi ene ani on

skel eton, of Goup IV of the - Periodil®-Tabl e of the Elenents

Conpound (B): at |east one al um num conpound selected 25 fromthe
followng (Bl) to (B3): (B1) an organoal um num conpound
represented by the general formula Eferr]A Z[err];

régr esented by the gg}lera§¥§giri%u%|l%?2i2&%%&eeep?%%m§?[S%f’?ﬁégg‘%&

B3 |
E:jen)ergl :c(r)lrear %E%rrf?aAF?EFglr%?]%n%’gﬁrﬂ%%ﬁ%% Lﬁmgsf?év\ﬁg?el n E[ err],
Eferr] and E[err] {sgpea!linknr’ aduedadame haveg &05tructuiteoup, all of

E[err], E[err] and E[err] nmay be the sane or different; Z represents a
hydrogen at onreprasbakedebyatthe genkerdl fdrmula i’{mylm’)t-lrm-m or
different; a represents a nurreral satisfying O < a [err] 3; b

r epresent s5 an(vhetgén BY, Hoanﬂe& sre.s_pepnaweiy aﬁnreseaﬂ;See diwdregarheager
of not less than 1), ound a boron co d of any
one of the fc¥¥8WPngall °f( El‘) %o )rg; may e the geme ;QIbngc#P %Bund
represent ed bi’ éé‘prg&QS{Q'a hydrogen atom or a halogen atom, and all of
Z may be the same or different; a represents a numeral
i satisfying 0 <a < 3; b represents an integer of not less
10 than 2; and c represents an integer of not less than 1),
and
Compound (C): a boron compound of any one of the following
(Cl) to (C3):
{Cl) a boron compound represented by the general
15 formula BQ'Q’Q’; |
(C2) a boron compound répresented by the general
formula G'(BQ'Q’°Q%Q*)"; and
(C3) a boron compound représented by the general
formula (L-H)'(BQ'00°0")"
20 (wherein B represents a boron atom in the trivalent valence
state; Q' to Q'may be the same or different and represent
a halogen atom, a hydrocarbon group, a halogenated
hydrocarbon group, a substituted silyl group, an alkoxy
group or a di-substituted amino group; G' represents an
25 inorganic or organic cation; L represents a neutral Lewis
base; and (L-H)' represents a Br¢nsted acid).

(A) Transition metal compound



15 formula BQerr]Qerr]derr]; . (C2) "a boron conmpound

represented by the general formula Gerr](BQerr]Qerr]Qerr]QJferr] ;
and (C3) a boron compound represented by the genera

formula (L-H[err](BQerr]Qerr]derr]@err])[err] 20 (wherein B
represents a boron atomin the trival ent-Ial ence state; err] to
Qerr] may be the sane or different and represent - a hal ogen atom a
hydr ocar bon group, a hal ogenat ed hydr ocar bon group, a substituted
silyl group, an al koxy group or a di-substituted am no group; Jerr]

Levi o oS Daser obt tE F) pempief doet stk J&ﬁﬁfﬁ%‘tiﬁeﬁ@ Rg"8"
Transition né%g+lﬁ§gﬂgﬂagene type anion s elet 6? @rSﬁgﬁ&%xo%fﬂi

transition vin C open ene e ani on el et

Group 1V of tﬂénodlcpeéwg 6 £Tale e t.ﬂr& £ 4! Speaidi 8PgRp daxanl €S

t hereof include conpounds described In
(a) Conpl ex cengpuod igpladencefip bunarsedb@uzqwean ngelw:l’e’ﬂfollowil‘mj n(d B

[11]: Cp[err]YN[err]X[err]X[err] [11] (b) Conpl ex conmpound
descri bed 9n Yapbopse Patent 10 Publication (Kokai) No.Hei 3-163088
ﬁfgf”[gygfgg&es AR _Q&gggd(xtggéésentedbg; x:.lhaemf(élzel)l(t:;[m;altnréa r;%nrlayrl'a-l
formula [II]:
CplYMIX!x* [II)
i {b) Complex compound described in Japanese Patent
10 Publication (Kokai) No.Hei 3-163088
| Specific examples of (b) include {tert-
butylamide) (tetramethyl-7 *-cyclopentadienyl)-1,2-
ethanediyl zirconium dichloride, (tert-
butylamide) (tetramethyl-7 *-cyclopentadienyl)-1,2-
15 ethanediyl titanium dichloride,
(methylamide) (tetramethyl-7 *~-cyclopentadienyl)-1,2~
ethanediyl zirconium dichloride,
(methylamide)(tetramethyL-ns—cyclopentadienyl)—l,ZQ
eéhanediyl titanium Qichloride, (tert-~
20 butylamide)dimethyl(tetramethylé775-
cyclopentadienyl)silane zirconium dichldride, (tert-
butylamide)dimethyl(tetramethyl-7n °-
cyclopentadienyl)silane titanium dichloride, etc.

(c) Complex compound represented by the general formula

26 [I]:



et hanediyl zirconiumdichloride, (tert- but yl am de)
(tetramethyl -[err]-cycl opentadienyl)-1,2- 15 ethanediyl titanium

di chl ori de, (nmethyl am de) (tetranethyl- [err]-cyclopentadienyl) -1,2-
et hanedi yl zirconium di chl ori de, (nmethyl am de) (tetranethyl -

[err]-cycl opentadienyl) -1,2- et harrd@ryl titaniumdichloride, (tert-
20 butyl am de)di net hyl (tetranmethyl-[err]- cycl opent adi enyl ) si | ane
zirconiumdichloride, (tert- but yl am de) di met hyl (tetranet hyl -[err] -
cycl opent adi enyl ) sil ane titani um di chI oride, etc. (c) Conpl ex 'corrpound
represented by the general Ftorrrqwep J)k‘]

-12- (in the above formulas [1]
and [I1], Merr] represent t anthlon metal atom of Goup IV of the
Peri odi c Tabl e of t fe eI ENt sS4 A represents an atom of G oup XVI of

t he Periodic Table o

Rivefrents; J represents an atf?j)f G oup 5
el enments; Cp[err] represen a group
|'§E|0n; Xerr], Xerr], Rerr],

XI'V of the Periodic Tabl e of
havi ng a cycl opent adi ene ap

{in the above formulas [I] and [I1], M!' represents a
transition metai atom of Group IV of the Periodic Table of
; the elements; A represents an atom of Group XVI of the
Periodic Table of the Elements; J represents an atomof Group
5 XIV of the Periodic Table of the elements; Cp' represents
a group having a cyclopentadiene anion skeleton; X', X*, R',
R?, R’, R', R® and R’ independently tepresent a hydrogen atom,
a haloggn atom, an alkyl group, an aralkyl group, an aryl
group, a substituted silyl group, an alkoxy group, an
10 aralkyloxy group, an aryloxy group or a di-substituted
amino group, and R', R?, R}, R’, R® and R® may be optionally
co;nbin_ed with each other to form a ring; and Y represents
a {igand, which contains nitrogen, phosphorous, oxygen or
sulfur and has up to 20 atoms other than hydrogen atom}.
15 Among the above (a) to (c¢), (c¢) is particularly
preferred in view of the molecular weight required for
formation of the film and sheet as well as transparency of
the film and sheet.
The above (a) and (c) will be described in detail
20 hereinafter.

In the general formulas [I] and [II], the transition



Rlerr], Rerr], Rerr], Rerr] and R err] independently represent a

hydr ogen at om a hal ogen atom an al kyl group, an aral kyl group, an
aryl group, a substituted silyl group, an al koxy group, an 10

ar al kyl oxy group, an aryloxy group or a di-substituted am no group,
and Rlerr], Rerr], Rerr], Rerr], Rerrigand Rerr] nmay be optionally
conbi ned with each other to forma ring; and Y represents a |ligand,
whi ch contains nitrogen, phosphorous, oxygen or sul fur and has up to
20 atons ot her than hydrogen atom. 15 Anong t he above (a) to (c),

(c) is partic Y eferred in view of the nolecul ar weight required
for forn1%1Hte|6l;(r§"1r1l oﬁt?rﬁepéﬂ:ﬁ?ﬁﬂgeghgéft M smeapE as tmearssitakemaye Al

the filmand ghesdent of ¢ b a) .and (c) will be described in
detail 20 hereinafter, — OUP El%eoﬁng#%e S%Fr&%élc fr)@lbr%ﬂ &f the Blenerts the
transition  (IUPAC Inorganic Chemist 13-, .., nmetal
atomrepresented by Merr] neans altsr g&’s?’ﬂngﬁcr]r‘&téﬂre' Revisgd.Editism,g oup
|V of the Peril8899 ,Tand exfanples| h@résf include L@.’%%ﬂﬂﬁ{,g%&éc Chem stry
Nonencl at ugpe, Revi sed Edition, ] 1989), and exanples th Bt i ncl ude
titani um aPonftTConIum atem. uhafinimm fetfom uresd oM Adeg “HBRY Eﬂ@%hium
titani um atoft! grap or._zirconiumatomis preferred. e group
havi ng a cycl opent adi A& ORI A& b% Preferred.for the substituent

101 bt 1ot o) FEETOR B AR S BRI doraadeten, S|
for the substituent Cp!, includes N 5=
(substituted)cyclopentadienyl group, n °-

10 (substituted)indenyl group, 7 —( Substituted)fluorenyl
group, etc. Specific examples thereof include 7 -
clyclopentadienyl group, 7 5-me‘c.hylcyc10per11:adienyl group,
N s-dimethylc_yclOpentadienyl group, 77 °-
trimethy}.cyc10pentadienyl group, 77 5-

15 _tetramethylcyclopentadienyl group, 77 °-
ethylcyclopentadienyl group, 7 "—n-propylcyclopentadienyl
group, 7 5-—isopropylcyclopentadienyl group, 7 *-n-
butylcyclopentadienyl group, 7 *-sec-
buéylcyclopentadienyl group, 7 5--tert--

20 butylcyclopentadienyl group, 7 5-n-
pentylcyclopentadienyl group, 7 °-
neopentylcyclopentadienyl group, 7 *-n-
hexylcyclopentadienyl group, 7 "’-n-octylcyclopentadienyl
group, 1 s-phenylcyclopentadienyl group, 77 °-

25 naphthylcyclopentadienyl group, 77 -
trimethylsilylcyclopentadienyl group, 7 *-
triethylsilylcyclopentadienyl group, 7 *~tert-



group, etc. Specific exanples thereof include [err]- cycl opent adi enyl

group, [err]-nmethylcycl opentadi enyl group,

[ err]-dimethyl cycl opent adi enyl group, [err]-

trimet hyl cycl opent adi enyl group, [err]- 15 tetramet hyl cycl opent adi enyl

group, [err]- et hyl cycl opent adi eny4- gr oup,

[err]-n-propyl cycl opent adi enyl group, [err]-isopropyl cycl opentadi enyl

group, [err]-n- but yl cycl opent adi enyl group, [err]-sec-

butyl cycl opent adi enyl group, [err]-tert- 20 butyl cycl opentadienyl group,
oup,, [err

ng)ua;r? ;/I cyc:%M%%;fgréggéggikpg‘ﬁﬁdie Ylhl@-ﬁiﬂ‘%gllcﬁoslp‘eirﬂda‘?ﬂ%yl ?roup,
502 S ooy ] Y AR i s
T LAY gD L loprindens). srov, -

butyl di met hylsddpstSirl PReSh ¢t §R8LpY7PuPn-bEEYLihRdaW! group IHOUP,
[err]-methylindenyl “group, Teri]-dinethylindenyl group,

[err]-ethy i nenybutyDigdedel r group), opyLtedeabutglidndenlydr rdroup, 7 *~
| sopropyl i ndenyl group, [err]-n-butylindenyl group, [err]- 5 _
sec- but yl i ndmerwm&dﬁl@yl] grewp, fufyheopenyylindepyl andup, 7 *-n-

n- pentylindenyl group, [err]-neopeptylindenyl group, [err]-n-
eyl i ndenyl, RTBURRGSAYS 9By Pt TRTQPCY SGERE LN 67588, BesPr ndeny!
group, [err]-RNel APy g9588P 7 sLSh&hy1indenyl group, 7 *-

' methylphenylindenyl group, 7 *-naphthylindenyl group,
10 7 °-trimethylsilylindenyl group,
7 *-triethylsilylindenyl group, 77 >-tert-
butyldimethylsilylindenyl group, 7 -tetrahydroindenyl
group, 7 *-fluorenyl group,775—methylf1uoreny1 group,
77 >-dimethylfluorenyl group, 77 *-ethylfluorenyl group,
15 7 *-~diethylfluorenyl group, 7 *-n-propylfluorenyl group,
7 *~di-n-propylfluorenyl group, 7 °-isopropylfluorenyl
group, 7 °*~diisopropylfluorenyl group, 7 °-n-
butylfluorenyl group, 77 *-sec-butylfluorenyl group, 77 *-
tegt-butylfluorenyl group, 77 °~di-n-butylfluorenyl group,
20 7 *-di-sec-butylfluorenyl group, 7 *-di-tert- '
| butylfluorenyl group, 7 *~n-pentylfluorenyl group, 7? °-
neopentylfluorenyl group,775-n-hexy1fluoreny1 group,
77 ’=-n-octylfluorenyl group, 7 *-n-decylfluorenyl group,
77 *~-n-dodecylfluorenyl group, 7 °~phenylifluorenyl group,
25 7 S-diphenylfluorenyl group, 77 *-methylphenylfluorenyl
group, 7 *~-naphthylfluorenyl group,

77 *-trimethylsilylfluorenyl group, 7 °-bis-



met hyl phenyl i ndenyl group, [err]-naphthylindenyl group, 10

[err]-trinmethylsilylindenyl group, [err]-triethylsilylindenyl group,
[err]-tert- but yl di net hyl silylindenyl group, [err] -tetrahydroindenyl
group, [err]-fluorenyl group, [err]-nethylfluorenyl group,

[err]-di methyl fluorenyl group, [err]-ethyifluorenyl group, 15
[err]-dtethylfluorenyl group, [err]-n-propylfluorenyl group,
[err]-di-n-propyl fluorenyl group, [err]-isopropylfluorenyl group,
[err]-diisopropyl fluorenyl group, [err]-n- butyl f1 uorenyl group,

[err]-sec- butylfluoren I err tert-butyl fluorenyl group,
[err]-di-n-butty Xﬁ%& @iﬁpéeQE Piﬂﬁpmﬂ356c butyl fl uorenyl group,
[err]-di-tert- tﬁﬁ#en rou [ersr pentyl fl uorenyl group
[err]- n&d, &Wqﬁ%]l(% %”6’68 E’Pﬂ 12 %?fltﬂ uor enyl group,

Lert] - dodesprtyle DLy 1 FLborBnfa-radity WRe. Iiith then,
[err]-di phenylj sugyenypetitad eryar rdrcrﬁs bphﬁﬁé’éﬁ*l@*éi}bﬁ entad i,

[ err]-napht hyl Iuoreny group, err -trinmeth yl f uorenyl gr oup,
[err] -bis® group,”n *-tert- butylcyclopentad1enyl grbup,
trimethylsilylfluorenyl group, [err] - trretoIeryIquorenyI group,
[err]-tert- tetnamgﬂhyln¥¢ﬁopﬁmvadieoyénﬂrO@EDWﬂ ﬂmﬂﬂen¥ﬁﬂﬂF@“BnPr
[err]-cyclopentgadienyl grqup, [err]-neth IcycIoRentadrenyI 5 group,
[err]-tert-butB ceHEEERYAIIGERNP dro RAT er-'rﬂ arly preferred.

tetramethyl cycl opeqtad) eMedu % ebfhila’ 1987, ¥'1%"% Yigand, which

contains nitrogen, phosphorous, oxygen or sulfur and has
10 up to 20 atoms 6ther than hydrogen atom.

Examples of the atom of Group XVI of the Periodic Table
of the Elements as for A in the general formula [I] include
oxygen atom, sulfur atom, selenium atom, etc, preferably
oxygen atom. | |

15 .~ Examples of the atom of Group _XIV of the Periodic Table
of the Elements as for J in the general formula [I] include
carbon atom, silicon atom, germanium atom, etc., preferably
carbon atom or silicon atom.

' Examples of the halogen atom in the substltuent X!,

20 x?, rR!, R?, R, R', R® or R® include fluorine atom, chlorine
atom, bromine atom and iodine atom, preferably chlorine
atom or bromine atom, more preferably chlorine atom.

As the alkyl group in the substituent X', X?, R!, R?,
R’, R', R® or R®, an alkyl group having 1 to 20 carbon atonms

'25' is preferred. Examples thereof include methyl group, ethyl
group, n-propyl group} isopropyl group, n-butyl groﬁp,
sec-butyl group, tert-butyl group, n-pentyl group,



[err]-fluorenyl group is particularly preferred. In the genera
formula [I1], Y is a ligand, which contai ns nitrogen, phosphorous,
oxygen or sulfur and has 10 up to 20 atons ot her than hydrogen atom
Exanpl es of the atomof G oup XVI of the Periodic Table of the El enents
as for Ain the general fornmula [I] inclugg oxygen atom sul fur atom
sel enium atom etc, preferably. oxygen atom 15 Exanpl es of the
atom of G oup XIV of the Periodic Table of the Elenents as for J in the
general fornmula [I] include carbon atom silicon atom gernmani um atom
etc., preferably carbon atomor silicon atom Exanpl es of the
hal ogen at om iNEaRantyb griovpenamXicg¥Pup, 20-hexy} [9rogryr hF-ockydr grouRerr],
Rlerr], Rerr] o err] include fluorine atom chloripe atom brom ne
at om and i odi & %‘ll'%‘%%'r Mrgoderyt group, é‘t‘&ﬁ‘ﬁrac{]ﬁ%ﬁ X ¥Bm Brror e

f bl hl qri As the_al kyl ' h bst i
Srorr]. X err FLagrt 9y qto- » moge rrst ey aply hehil) SEpSkycrEhYLL,
al kyl group h@ﬁdﬁ%dé’féé?%?ﬁf‘i beg?g%s)n'éer%ibuﬁ,lprﬁf&fg%& iyfp&féu her eof

i ncl ude net hyl™ g p, n-propyl” grooup,” isopr group,
n-butyl greup, Adac dRipHe sl Glkyl Qffobps haPrbe PsubsPEOL¥EdIWRER a
- 16- neopentyl group, anyl group, n-hexyl group, n-octyl group,

n- decyl grouphalcyeie@atomyr{diipominpes dtolecy¢hiopipe atom, bremioneyhatomoup,

etc., nore preferably nmethyl group, ethyl
or iodine atom). Examples of the alkyl group having 1 to
20 carbon atoms ,- which is substituted with the halogen atom,
include fluoromethyl group, difluoromethyl group,

10 trifluoromethyl group, c-hloromethyl group, dichloromethyl
group, trichloromethyl group, bromomethyl group,
dibromomethyl group, tribromomethyl group, iodomethyl
group, diiodomethyl group, triiodomethyl group,
fluoroethyl group, difluoroethyl group, trifluoroethyl

15 - group, tetrafluoroethyl group, pentafluoroethyl group,
chloroethyl group, dichloroethyl group, trichloroethyl
group, tetrachloroethyl group, pentachloroethyl group,
gromoethylgroup,dibromoethylgroup,tribromoethylgroup,
E;trabromoethyl group, pentabromoethyl group,

20 perfluoropropyl group, perfluorobutyl group,
perfluoropentyl group, perfluorchexyl group,
perfluorooctyl group, perfluorododecyl group,
perfluoropentadecyl group, perfluoroeicosyl group,
perchloropropyl group, perchlorobutyl group,

25 perchloropentyl group, perchlorohexyl group,
perchlorooctyl group, perchlorododecyl group,

perchloropentadecyl group, perchloroceicosyl group,



group, isopropyl group, tert-butyl group or anyl group. 5 Al'l of

t hese al kyl groups may be substituted with a hal ogen atom (fl uorine
atom chlorine atom brom ne atom or iodine atom. Exanples of the

.al kyl group having 1 to 20 carbon atonms, which is substituted with the
hal ogen at om I ncl ude fluoronethyl gn@up, difluoronethyl group, 10
trifluoronethyl group, chloronethyl group, dichloronethyl group,

trichl oronmethyl group, brononethyl group, di br ononet hyl group,

tri brononet hyl group, iodonethyl group, diiodonethyl group,

triiodomet hyl graup, f | uoroet hyl group,. dif]uoroethyl group,
trifluoroet hy|per1l519%%59p¥it9%ﬂlmo q?ﬁﬂ“%‘?‘b“’tﬂ)l GFONEN P%gé'é’c"%ﬂe‘b’%%p,
chl oroet hyl grou

di chl | i chl h ,
tetrachl or oet tﬂﬁé)‘b?bﬁ?rggﬁﬁégéf‘g%%g“gIrqcﬁﬁab?xté)‘%m\{b%rr8€9 ; 3ugr oup,
dib t hyl ' t ,
bent abr oot hEAEoBSAS4BERE Bl Serhronopdie AL OTR Lkbed O 1

per f 1 uor opent \He i aifoe PE6EYYOHRBAYY! e/icOUP, perfl uorooctyl group,
per fl uor ododecyl group, perfl uoropent adecyl group, perfl uoroeicosyl
group, Her chl orxdfr ofythese yl kyk grvupsomay\ibe graxtalp sphsthltnrtogdnt vl
group, perchlorohexyl group, perchl orooctyl group, perchlorododecyl
gr oup, pe ittt ragp @dtkarit gropm shchh @sc mMethesiy grpupy @ihoxy group,
-17- per br onmopr opyl . group, perbronobutyl %roup, perbronqpenﬁyl

etc., an aryloxy group such as phehoxy group, etc. or an

aralkyloxy groﬁp such as benzyloxy group, etc.
As the aralkyl group in the substituent X!, X?, R', R?,

10 Rr’, R', R® or R®, an aralkyl group having 7 to 20 carbon atoms
is preferred. Examples thereof include benzyl group,
(2~methylpheny1)methy1 group, (3-methylphenyl)methyl
group, (4-methylphenyl)methyl group, (2,3-
dimethylphenyl)meth}l group, (2,4-dimethylphenyl)methyl

15 group, (2,5-dimethylphenyl)methyl group, (2,6~
dimethylphenyl)methyl group, (3,4-dimethylphenyl)methyl
group, (3,S—dimethylphenyl)methyl group, (4,6~
?imethylphenyl)methyl group, (2,3,4-
éﬁmethylphenyljmethyl group, (2,3,5~

20 timethylphenyl)methyl group, (2,3,6-~
timethylphenyl)methyl group, (3,4,5-
timethylphenyl)methyl group, (2,4,6-~
timethylphenyl)methyl group, (2,3,4,5-
tetramethylphenyl)methyl group, (2,3,4,6-

25 tetramethylphenyl)methyl group, (2,3,5,6-
tetramethylphenyl)methyl group,
(pentamethylphenyl)methyl group, (ethylphenyl)methyl



group, perbronohexyl group, perbronooctyl group, per br onododecyl

group, perbronopent adecyl group, per br onoei cosyl group, etc. 5

Al'l of these al kyl groups may be partially substituted wi th an al koxy
group such as net hoxy group, ethoxy group, etc., an aryloxy group such
as phenoxy group, etc. or an aral kylLpgy group such as benzyl oxy group,
etc. = . As the aral kyl group in the substituent X err], Xerr],
Rlerr], Rlerr], 10 Rerr], Rerr], Rerr] or Rerr], an aralkyl group
having 7 to 20 carbon atons is preferred. Exanples t her eof include
benzyl group, (2- net hyl phenyl ) net hyl group, (3-nethyl phenyl) net hyl
group, (4- netBybppenj@ﬁpndnmlghemmﬂ)metbyl grouﬁﬂnﬂhylphenyl)nethw
group, (2, 4-dinethyl phenyl)nethyl 15 group, di et hyl phenyl ) net hy
group, (2,6- (isopFomu q%iiﬁmﬁﬁ%Y%yﬁrePBUp(WﬁPQLXﬁﬁkﬁhyfpﬁéﬁ Yinet hyl

roup. (2, 3, 490ubs R el K chvan graun o, (EEEY P DY

Eg”gt ny! phenypg&&@ﬁ ﬂlqu%t A1 JoPau, (k-g%g{é)ﬂ;heéyﬁm&@xhg G Hip,
ti met hyl phgnyl h@%tp@ﬂt fm 14{5 group g}%&w@ﬁwb)ﬂ@%@w group,

(2,3,4,6- 25 tetranethylpheny group (2 3,
-tetranethylphgmbhpqequOQﬂylphenyl)méﬁhy&a@&thuhphﬂnyl)nethyl group,

(et hyl phenyl ) net hyl
decylphenyl)methyl group, (n-dodecylphenyl)methyl group,
(n-tetradecylpﬁényl)methyl group, naphthylmethyl group,
anthracenylmethyl group, etc., more preferably benzyl
10 group. _

All of these aralkyl groups may be partially
substituted with a halogen atom {fluorine atom, chlorine
atom, bromine atom or iodine atom), an alkoxy group such
as methoxy group, ethoxy group, etc., an aryloxy group such

15 - as phenoxy group, etc. or an aralkyloxy group such as
benzyloxy group, etc.

As the aryl group in the substituent X!, X?, R!, R?,
P;, R', R® or R®, an aryl 'group having 6 to 20 carbon atoms
f; preferred. Examples thereof include phenYl'group,

20 2-tolyl group, 3-tolyl group, 4-tolyl group, 2;3-xy1yl
group, 2,4-xylyl group, 2,5-xylyl group, 2,6-xylyl group,
3,4-xylyl group, 3,5-xylyl group, 2,3,4-trimethylphenyl
group, 2,3,5-trimethylphenyl group, 2,3,6-
trimethylphenyl group, 2,4,6-trimethylphenyl group,

25 3,4,5-trimethylphenyl group, 2,3,4,5-tetramethylphenyl
group, 2,3,4,6-tetramethylphenyl group, 2,3,5,6-
tetramethylphenyl group, pentamethylphenyl group,



group, (n-propyl phenyl)nethyl group, (1 sopropyl phenyl ) met hyl group,

(n-butyl phenyl) nmet hyl group, (sec-butyl phenyl)nethyl group, (tert-

but yl phenyl ) net hyl group, (n-pentyl phenyl)nmethyl group, 5
(neopentyl phenyl ) met hyl group, (n-hexyl phenyl) nethyl group,

(n-octyl phenyl ) met hyl group, (n- degygl phenyl ) net hyl group,
(n-dodecyl phenyl ) met hyl group, (n-tetradecyl phenyl) net hyl group,
napht hyl met hyl group, ant hracenyl met hyl group, etc., nore preferably
benzyl 10 group. Al'l of these aral kyl groups may be partially
substituted with a hal ogen atom (fluorine atom chlorine atom brom ne

RS Pyt pSivpiabphg gy vsiicfteobi s i oy

ol o vy gepeack By v lenah: grap ot WS S5 e
REE][ re]r’re(I}F errf]e%fr'll?éng??Pehx a Pudr"oﬁlp-,%%ﬁ]gg%e&fzé %gfbon at ons , S
g- tolyl group, %@?‘}?‘Bgrégggéﬁgﬁé' ?‘ywipﬂég?g%r&%ﬁafggﬁlﬁ%

2, 5-xylyl gr Qyoug,; s?xab&&égge;s@,l gr05up3,, ‘h-&l’édéc%l@ldényi, grsubpy ngv oup,

, 3, 4-trimet hyl phen up, 2,3,5-trinethyl phenyl group, 2,3, 6-

ri met hyl pheryét gadepylphéngligrom hnaphithyl group, akthracenyl group,

, 4, 5-trinmethyl phenyl group, 2,3,4,5-tetranethyl phenyl group,

, 3, 4, 6-t et r @t hy| DOTRyPrgfeyably phenyl growmiranet hyl phenyl group,
nt a

ent anet hyl phenyl grou - -109-
_ yl pheny 1911 &% these aryl groups may be partially substitu]ﬁged

! with a halogen atom (fluorine atom, chlorine atom, bromine
10 atomor iodine atom), an alkoxy group such as methoxy group,
ethoxy group, etc., an aryloxy group such as phenoxy group,
etc. or an aralkyloxy group such as benzyloxy group, etc.
The substituted silyl group in the substituent X', X?,
R', R?, R’, R', R® or R®* is a silyl group substituted with
15 -a hydrocarbon grbup, and examples of the hydrocarbon group
include an alkyl group having 1 to 10 carbon atoms, such
as methyl group, ethyl group, n-propyl group, isopropyl
g{oup, n-butyl group, sec-butyl group, tert-butyl group,
isobutyl group, n-pentyl group, n-hexyl group, cyclohexyl
20 group; etc., and an aryl group such as phenyl gfoup.
Examples of the substituted silyl group having 1 to 20 carbon
atoms include mono-substituted silyl group having 1 to 20
carbon atoms, such as methylsilyl group, ethylsilyl group,
phenylsilyl group, etc.; di-substituted silyl group having
25 2 to 20 carbon atoms, such as dimethylsilyl group,
diethylsilyl group, diphenylsilyl group, etc.; and tri-

substituted silyl group having 3 to 20 carbon atoms, such



et hyl phenyl group, n-propyl phenyl group, isopropyl phenyl group,

n- but yl phenyl group, sec-butyl phenyl group, tert-butyl phenyl group,

n- pent yl phenyl group, neopent yl phenyl group, n-hexyl phenyl group,
n-octyl phenyl 5 group, n-decyl phenyl group, n-dodecyl phenyl group, n-
tetradecyl phenyl group, naphthyl group, hracenyl group, etc., nore
pr ef.erably phenyl group. Al'l of 4 hese aryl groups may be partially
substituted wi th a hal ogen atom (fluorine atom chlorine atom brom ne
10 atomor iodine aton), an al koxy group such as nethoxy group, et hoxy
group, etc., an aryloxy group such as phenoxy group, etc. or an :
ar al kyl oxy grﬂyptEMﬁbth§ll%& AM QBo puanetnylsnyl group)e ttibsiit uted
silyl group in the substituent X err X err] Rlerr], Rerr], Rerr],
Rl err], R errpropyRsédy]L ganpyanlgpmpmbppbsnlymtgdomg|1trM;nfi
hydrocarbon group, and exanpl es of the hydrocarbon group i ncl ude an

al kyl group hbutﬂés;lvé ITOMR b T ixteeB-Dutghsilyl gromp,hWrigrirmt- et hyl

i R i an s i e
Eianplesyo§ %ﬁﬂggﬁggﬁﬁgsgd dﬁ%%—n%ggﬂgﬁfgi?gi gggﬁgﬁon atons

i ncl ude nono- ﬁgg§ggaqud f&&ygﬁwhggyisggygo roupGal bon at ons, such
as nethyl silyl group, “et yIS|IyI group, phenyl S|Iyl group, etc.
di - substi t ut egir §phghydsddgylhamioup, . | opréfenably &mmtwlcdnnsl
di met hyl si Iyl group, di et hyl silyl group, diphenylsilyl group, etc.; and
tri- subsgroupedtertybudyddinethyts8lyb gooupr byn tatiphenylsilyl
: group. _
10 All of the hydrocarbon groups of these substituted

silyl groups may be partially substituted with a halogen
atom (fluorine atom, chlorine atom, bromine atom or iodine
atom), an alkoxy group such as methoxy group, ethoxy group,
etc., an aryloxy group such as phenoxy group, etc. or an
15 .aralkyloxy group such as benzyloxy group, etc.
As the alkoxy group.in the substituent X!, X?, R', R?,
*, R*, R’ or R®, an alkoxy group having 1 to 20 carbon atoms
is; preferred. Examples thereof include methoxy group,
ethoxy group, n-propoxy group, isopropoxy group, n-butoxy
20 group, sec-butoxy group, tért-butoxy group, n~pentoxy
group, neopentoxy group, n-hexoxy group, n-octoxy group,
n-dodecoxy group, n-pentadecoxy group, nhn-eicosoxy group,
etc., more preferably methoxy group, ethoxy group or
tert-butoxy group.
25 All of these alkoxy groups may be partially substituted
with a halogen atom (fluorine atom, chlorine atom, bromine

"atom or iodine atom), an alkoxy group such as methoxy group,



- 20- as trinethylsilyl group, triethylsilyl group, tri-n-
propylsilyl group, triisopropylsilyl group, tri-n- butyl silyl group,
tri-sec-butylsilyl group, tri-tert- butyl silyl group,
tri-isobutylsilyl group, tert-butyl- 5 dinmethylsilyl group,
tri-n-pentylsilyl group, tri-n- hexylysi 'yl group, tricyclohexylsilyl
group, triphenylsilyl group, etc., preferably trinmethylsilyl

group, tert-butyldinethylsilyl group or triphenylsilyl group. 10

Al'l of the hydrocarbon groups of these substituted silyl groups may be
partially substituted with a hal ogen atom (fluorine atom chlorine -
atom brom neethexy graup, eéc., anaavylexyngudupsuch aspphenoxysgroupexy
group, ethoxy group, . etc., an aryloxy group such as phenoxy group,
etc. or an 18tQy K \EDAF adRAPRY) (I RVP bewel | a% \bepzyboxXyt group, etc. As

t he al kox roup in the substituent X err], Xlerr errj, errl,

REerr] : R{e?r] : IORi[lé‘-\" r"’]h%Prlﬁ[slé‘rlT]]?x-‘érg ‘R?LV‘ &?&ﬁ%@i‘ﬁd‘%"? gllzox%:arrblon

at ons I sppreferieds %49] I r

et hoxy gr oup,SR r‘l-gr’o%okgz g&(;%pf a%i%%?‘?ﬁ‘%°’5‘?%&§’?’%ng§&’%8\%7%5@? 835?”“

sec- but oxy5 9r fiibins t £5 { pPEEQ¥ ¥ el OURk aRPAYY @rﬁéd%%%fé Eﬁ@!ﬂde”%%mecoxy

group, n-hgxoxy group,” n-oct oxy group, OXy group,
group, n-ei C(lfwu’pgrPﬂpmethylphbﬁyggﬁﬁ@@fﬁr?téﬁby gBthoxy group, ethoxy

group or tert-but oxy group. of these al koxy groups may
be parti al | y metisylphenyl ymethokly gyraimge(d athethylphenyldnetthyxyehl ori ne
atom brom ne atom or iodine atom, an al koxy group such as net hoxy
gr oup, group, (2,3-dimethylphenyl)methoxy group, (2,4-

? dimethylphenyl )methoxy group, (2,5-

10 dimethylphenyl)methoxy group, (2,6-
dimethylphenyl)methoxy group, (3,4-
dimethylphenyl )methoxy group, (3,5-
dimethylphenyl)methoxy group, (2,3.4-
trimethylphenyl)methoxy group, (2,3,5-

15 trimethylphenyl)methoxy group, (2,3,6-
trimethylphenyl)methoxy group, (2,4,5-
trimethylphenyl)methoxy group, (2,4,6-
trimethylphenyl)methoxy group, (3,4,5-
tr&methylphenyl)methoxy group, (2,3,4,5-

20 tetramethylphenyl)methoxy group, (2,3,4,6-
tetramethylphenyl )methoxy group, (2,3,5,6-
tetramethylphenyl )methoxy group,
(pentamethylphenyl)methoxy group, (ethylphenyl)methoxy
group, (n-propylphenyl)methoxy group,

25 (isopropylphenyl)methoxy group, (n-butylphenyl)methoxy
group, (sec~butylphenyl)methoxy group, (tert-
butylphenyl)methoxy group; (n-hexylphenyl )methoxy group,



-21- et hoxy group, etc., an aryloxy group such as phenoxy group,

etc. or an aral kyl oxy group such as benzyl oxy group, etc. As the
aral kyl oxy group in the substituent Xerr], Xerr], Rerr], Rerr],
Rlerr], Rerr], Rerr] or Rerr], an aral kyl oxy group having 7 to 20 carbon
5 atons is preferred. Exanples thereof ipgiude benzyl oxy group, .

(2- met hyl phenyl ) net hoxy group, (3- nmet hyl phenyl ) met hoxy group,

(4- met hyl phenyl ) net hoxy group, (2, 3-dinethyl phenyl) net hoxy group,

(2, 4- di et hyl phenyl ) met hoxy group, (2,5- 10 di net hyl phenyl ) net hoxy
group, (2, 6- di et hyl phenyl ) net hoxy group, (3, 4- :
di net hyl pheny(pnechyiphgnydpmetdoky groupi mehhgepaphlenyd ineehaxpup,

(2,3, 4- trimet hyl phenyl ) met hoxy group, (2,3,5- 15

tr|nethylphen?F?HBthé%ytSFEGEGCQQR?QPyl)m9tb¢¥Hegﬁ9Pphenyl)nethoxy gr oup,

'E r2| ?retS hyl pheny%#ﬁg’x%ygggf%g) n%tf’%%zyﬁ&‘é) écé?Yﬁ@?ﬁ?Pﬁﬂeﬁﬁﬁ% IRB& gr oup,

o oot hyl 5%2%‘5%%%‘%%%*’3?3%?‘)’?3%%%%95? RS ?afre? hyl phenyl ) met hoxy

e o R b

(n-buiylpheny#&hsthﬁuyed with a halogen atom (fluorlne atom, chlorine |
atom, bromine atom or iodine atom), an alkoxy group such
as methoxy group-, ethoxy group, etc., an aryloxy group such
as phenoxy group, etc. or an aralkyloxy group such as

10 benzyloxy group, etc.

As the aryloxy group in the substituent X!, X?, R!, R?,
R’, R', R’ or R®, an aralkyloxy group having 6 to 20 carbon
atoms is preferred. Examples thereof include phenoxy group,
2—methylphenoxy group, 3-methylphenoxy group, 4-

15 methylphenoxy group, 2,3—dimetﬁylphenoxy group, 2,4-
dimethylphenoxy group, 2,5-dimethylphenoxy group, 2,6-
dimethylphenoxy group, 3,4-dimethylphenoxy group, 3,5-

| d;pethylphenoxy group, 2,3,4—trimethy1phenoxy.group,
2,3,5-trimethylphenoxy group, 2,3,6-trimethylphenoxy

20 group, 2,4,5-trimethylphenoxy group, 2,4,6-
trimethylphenoxy group, 3,4,5-trimethylphenoxy group,
2,3,4,5-tetramethylphenoxy group, 2,3,4,6-
tetramethylphenoxy group, 2,3,5,6-tetramethylphenoxy
group, pentamethylphenoxy group, ethylphenoxy group, n-~

25 propylphenoxy group, isopropylphenoxy group, n-
butylphenoxy group, sec-butylphenoxy group, tert-

butylphenoxy group, n-hexylphenoxy group, n-octylphenoxy



group, (sec-butyl phenyl)nethoxy group, (tert- but yl phenyl ) met hoxy
group, (n-hexyl phenyl) nmet hoxy group,

-22- (n-octyl phenyl ) met hoxy group, (n-decyl phenyl) nmethoxy

group, (n-tetradecyl phenyl) net hoxy group, napht hyl met hoxy group,

ant hr acenyl nmet hoxy group, etc., morog.pr ef erably benzyl oxy group. 5
Al'l of these aral kyl oxy groups may be partially substituted with a
hal ogen atom (fluorine atom chlorine atom brom ne atom or i odine
aton), an al koxy group such as net hoxy group, ethoxy group, etc., an
aryl oxy group such as phenoxy group, etc. or an aral kyl oxy group such

as 10 benzyl 8xQuprofipdesyd phenoxy groygp, thetatyadegydpbepoxy tgroup,

substituent X er Xerr], Rerr], err], Rlerr], Rerr], Rerr] or
Rlerr], an ar FR5L89§ g Phaﬂﬂ%fqggﬁP cIFBBR: etC.qtons is preferred.

Exanpl es t hereof i u X - 2-net hyl phenoxy.group,
3-ngPhyIphenoxy grggé,gg-eﬂgggnéfﬁgggﬁﬁﬁH%V“ﬂ%&H%?h%?3pﬂfﬁé¥ﬁ§?bhenoxy
group, 2,4- I I 0 =i . e 97, -
dinethylphenoi?bsgggg?ag,gﬁg?né¥ﬁgpgﬁgﬁbégéggéggy§£%§33 ?ﬁéﬁgﬁﬁiﬁﬁenoxy
R

group, 2, 354- atompt Bybmineosyosr etPiodine Atdnf),! A RHIRGHP R
2,3,6-trimethyl phenoxy 20 group, 2,4,5-trinethyl phenoxy “group,” 2, 4, 6-

tri met hyl phenasymeprhoxy goth- ethoyhgtehppeedc g5 @mparyloxy group such
2,3,4,5-tetranmet hyl phenoxy group, 2, 3,4, 6- t et ramet hyl phenoxy group,
2, 3,5, 6-tetr a®t R}PPABHoGYFOUP, etc. or an aralkyloxy group such as
benzyloxy groué} etc.
The di-substituted amino group in the substituent X!,
10 x%, R', R?, R’, R*, R* or R® is an amino group substituted with
two hydrocarbon groups, and examples of the hydrocarbon
group include alkyl group having 1 to 10 carbon atoms, such
as methyl group, ethyl group, n-propyl group, isopropyl
group, n-butyl group, sec-butyl group, tert-butyl group,
15 .isobutyl group, n-pentyl group, n-hexyl group, cyclohexyl
group, etc.; aryl group having 6 to 10 carbon atoms, such
as phenyl group, etc.; and aralkyl group having 7 to 10
c§rbon atoms. Examples of the di-~substituted amino group
s&'bstituted with the hydrocarbon group having 1 to 10 carbon
20 atoms include dimethylamino group, diethylamino éroup,
‘di-n-propylamino group, diisopropylamino group, di-n-
butylamino group, di-sec-butylamino group, di-tert-
butylamino group, di-isobutylamino group, tert-
butylisopropylamino group, di-n-hexylamino group, di-n-
256 octylamino group, di-h—decylamino group, diphenylamino
group, bistrimethylsilylamino group, bis-tert-

butyldimethylsilylamino group, etd., preferably



group, pentanet hyl phenoxy group, ethylphenoxy group, n- 25 propyl pheroxy--

group, isopropyl phenoxy group, n- but yl phenoxy group, sec-butyl phenoxy
group, tert- but yl phenoxy group, n-hexyl phenoxy group, n-octyl phenoxy
-23- group, n-decyl phenoxy group, n-tetradecyl phenoxy group,

napht hoxy group, anthracenoxy group, etc.24- Al of these aryl oxy
groups.may be partially substituted with a hal ogen atom (fl uorine
atom chlorine 5 atom brom ne atom or iodine aton), an al koxy group such
as net hoxy group, ethoxy group, etc., an aryl oxy group such as phenoxy
group, etc. or_an aral kyl oxy group such as benzyl oxy group, etc. .

The di - subst idimethyhamangr s¥Pum ahdiephylenéne mronpl., 10 Xerr],

, ) 3 Rlerrd i n anj no grou
cbstltured vith Fhe sppReilendRll B W, HETE and pavbepet fRat1y
hydrocar bon con 9{38&%5%' Wderaldtte 9 04 Pe G Ay ﬁgrln 0 10 carbon atons,

y

such as ne group, ethyl ‘group, n-propyl’ grodp, isopropyl
group, n-butyl grafpisSpeeleub1§ anPalket ﬁ%hph 8hoAPalky? %;fgagt,ylm

group, n-pentyl group, n-hexyl group, cycl ohexy group, aryl

group havidig &ryD gfoapr benaasubstitisted silpd E}i(raﬁpl. group, etc.;-and

aral kyl group having 7 to 10 carbon at ons. anpl es of the

di -substituted aniRwefenably, eactubstxt andX g hintepemdbmicly hdralogen

having 1 to 10 carbon 20 atons include dinethylam no group, diethylamno

gr oup, atom, an alkyl group, an aralkyl group, an alkoxy group,
an aryloxy groub or a di-substituted amino group, more
preferably halogen atom.

10 Examples of the compound A represented by the fofmula
[I] (hexeinafter referred to as a “transition metal complex
A", sometimes) include transition metal complex wherein J
is a carbon atom in the general formula [I], such as
methylene(cyclopentadienyl) (3,5-dimethyl-2-~

15 phenoxy)titanium dichloride,
methylene(cyclopentadienyl){3-tert-butyl-2-
phenoxy)titanium dichloride,
mqthylene(cyclbpentadienyl)(3-tert—buty1-5—methyl-2—
pﬁénoxY)titanium dichloride, _

20 methylene(cyclopentadienjl)(3—phenyl-2—phenoxy)titanium
dichloride, methylene(cyclopentadienyl)(3-tert-
butyldimethylsilyl-5-methyl-2-phenoxy)titanium
dichloride, methylene{cyclopentadienyl)(3-
trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,

25 methylene(cyclopentadienyl)(3-tert-butyl-5-methoxy-2-

phenoxy)titanium dichloride,

methylene(cyclopentadienyl) (3-tert-butyl-5-chloro-2-



di - n- propyl anmi no group, diisopropylanino -group, di-n- but yl amno

group, di-sec-butylam no group, di-tert- - butyl am no group,

di -i sobutyl am no group, tert- but yl i sopropyl am no group,

di - n- hexyl am no group, di-n- 25 octylam no group, di-n-decylam no group,
di phenyl am no group, bistrinethylsilysam no group, bis-tert-

but yl di net hyl silylam no group, etc., preferably

-24- di met hyl ami no group or diethyl am no group. The
substituent Rlerr], Rerr], Rerr], Rerr], Rerr] and Rerr] may be
optionally conbi ned with each other to forma ring. Rerr] -

i's preferabl yphenexkyrigpsdym sichlanddegroup, an 5 aryl group or a
oepenaont 1 et hufhRtnechyigustod O LSS RO Ay o )
al kox roup, : I I, ol. & di-substituted am no group, nore
pr ef e?/agl y Ea?%%%ﬁxg?gﬁ-ﬁngéﬁ %J‘%Li%(oa{rrlp‘f%'s of the conmpound A rgpregent ed by
the formla Qsthgikné?ﬁk%h??ﬁﬁﬁ}i?ﬁﬁ%é&ibﬂg%?ﬁ%?g%i£§88%§99&%ﬂ9ta

conpl ex onet i nes) ransiti conpl erein J

is a carbog aﬁsmbﬁysastaﬁa%ahimwﬁaén, such as o
net hyl ene(cycl opent adi enyl ) (3, 5-di nethyl -2- 15 phenoxy)titani um

di chl ori de, methykéehgmethylcyolopendadienyB) {3+tebtt-butyl-5~

phenoxy)titani um di chl ori de,

met hyl ene( cy dhepRyiladr BREAPEY) tdtaninm  dichienidep-
methylene(methficyclopentadiehyl)(3—pheny1—2-
phenoxy)titanium dichloride,

10 methylene(methylcyclopentadienyl)(3-tert-
butyldimethylsilyl-5-methyl-2-phenoxy)titanium
dichloride, methylene(methylcyclopentadienyl) (3~
trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,
methylene(methylcyclopentadienyl) (3~-tert-butyl-5-

15 methoxy-2-phenoxy)titanium dichloride,
methylene(methylcyclopentadienyl) (3-tert-butyl-5-
chloro-2-phenoxy)titanium dichloride, methylene(tert-
bqtylcyclopentadienyl)(3,S—dimethyl-z-phenoxy)titanium
diéhloride, methylene(tert-butylcyclopentadienyl) (3~

20 tert-butyl-2-phenoxy)titanium dichloride,
methylene (tert-butylcyclopentadienyl) (3-tert-butyl-5-
methyl-2-phenoxy)titanium dichloride, methylene(tert-
butylcyclopentadienyl) (3-phenyl-2-phenoxy)titanium
dichloride, methylene(tert-butylcyclopentadienyl)(3-

25 tert-butyldimethylsilyl-5-methyl-2-phenoxy)titanium
dichloride, methylene{tert-butylcyclopentadienyl) (3-
trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,



phenoxy) titani um di chl oride, 20

met hyl ene( cycl opent adi enyl ) ( 3- phenyl - 2- phenoxy) ti tani um di chl ori de, .
met hyl ene(cycl opent adi enyl ) (3-tert-

but yl di met hyl si | yl - 5- et hyl - 2- phenoxy) titani um di chl ori de,

met hyl ene(cycl opent adi enyl ) (:3- -26-
trimethylsilyl-5-nethyl-2-phenoxy)titaniumdichloride, 25

nmet hyl ene(cycl opent adi enyl ) (3-tert-butyl -5-nmet hoxy- 2- phenoxy)titani um
di chl ori de, met hyl ene(cycl opent adi enyl ) (3-tert-butyl-5-chl oro-2-

hé?hylene(ne?ﬁ%ghggtltfk%égié%fg#%§ggﬂpﬁﬁfﬁ9F32Y1)(3 - LR BSY T8N0 um .
o ohlort 06, A YL EYESRALACIRY S L M e

phenoxy)titan

”Ethy|ene(”EtEﬂﬁ?ﬂéjﬁ%ﬂﬁéﬂﬂéﬁ&%ﬁff)RQLEe?HLBht§1 5~chloro-2-
met hyl - 2- phenoxy)ti ttani um di ch! or1d

nethylene(net@Heﬁﬁﬁg}ﬁﬂﬁgﬁiumwaiéﬁlahea¢L-2- phenoxy)titani um
di chloride, 10 nethyl ene(nethyl cycl opent adi enyl ) (3-tert-

but yl di et By| siethylenettat ranetkybeyslopeantadienyl )did; S-atimsthyl -2~

met hyl ene( net hyl cycl opent adj enyl ) ( 3-
tr|nethyIS|Iy§£§Wﬁﬁﬂﬁﬂ itasiHum Sighlessdam di chl ori de,
et hy | ene( et iyl gyl opnt adl enyl d (- Lef LobULYLS: 115 TRUNON: 2 - phenoxy)
phenoxy)titanium dichloride,
i methylene(tetramethylcyclopentadienyl) (3~tert-butyl-5-
10 methyl-z-phenoxy)titanium.dichloride,
methylene(tetramethylcyclopentadienyl) (3-phenyl-2-
phenoxy)titanium dichloride,
methylene(tetramethylcyclopentadienyl)(3-tert—
butyldimethylsilyl-5-methyl-~2-phenoxy)titanium
15 dichloride, methylene{tetramethylcyclopentadienyl) (3-
trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,
methylene(tetrémethylcyclopentadienyl)(3-tert-buty1-5-
methoxy-2-phenoxy)titanium dichloride,
méthylene(tetramethylcyclopentadienyl)(3—tert-butyl—5-
20 chloro~2-phenoxy)titanium dichloride, |
methylene(trimethylsilylcyclopentadienyl)(3,5-dimethyl-
2-phenoxy})titanium dichloride,
methylene(trimethylsilylcyclopentadienyl) (3-tert-butyl-
2-phenoxy)titanium dichloride,
25 methylene(trimethylsilylcyclopentadienyl)(3-tert-butyl-
5-methyl-2-phenoxy)titanium dichloride,

methylene(trimethylsilylcyclopentadienyl) (3~-phenyl-2-



met hyl ene( et hyl cycl opent adi enyl ) (3-tert-butyl -
chl or o- 2- phenoxy) titanium di chl ori de, nethylene(tert-

but yl cycl opent adi enyl ) ( 3, 5- di net hyl - 2- phenoxy) titani um di chl ori de,

met hyl ene(tert-butyl cycl opentadi enyl)(3- 20 tert-butyl-2-phenoxy)titanium
di chl ori de, met hyl ene(tert-butyl cycl opent adi enyl ) (3-tert-butyl -

nmet hyl - 2- phenoxy) titani um di chl ori de, nethylene(tert-

butyl cycl opent adi enyl ) ( 3- phenyl - 2- phenoxy)titanium  dichloride,

met hyl ene(tert-butyl cycl opent adi enyl) (3- 25

tert-butyl di met hylsilyl-5-nethyl-2- phenoxy)tltanlun1 di chl ori de,

met hyl ene(t er tbhRAGFY %%59@h?@dﬂéﬁﬁh?¥¥
L T v
h 2- ph hl d
gﬁty?ﬁ%clogeﬁt %ié& éﬂglg%i&$%ﬁ-ﬁ?ﬁﬁ§i;%}a = Bgysﬁﬁéﬁg%yyiitanium

di chl ori de, gae(tetranet hyl cycl opent adi enyl) (3, 5-di met hyl -
phenoxy)tltanluﬁgﬁ$gﬁ*o§ f de,

”Ethy|ene(UEtﬁﬂ@@ﬁﬁm&ﬁé?kﬁﬂﬁé&h@W@iﬂﬁi&&éIﬁﬁeﬂﬂ&aheﬁ? §3-phenoxy)titanium
di chl ori de net hyl ene(t et ranet hyl cycl opent adi eny )? -tert-butyl-5- 10

met hyl - 2- phend&qiméthmlanlyleBkmemmgl 2-phenoxy)titanium dichloride,
met hyl ene(tetrane {Icyclo ent adi enyl ) ( 3- phenyl - 2- phenoxy)titani um

dichloride, methylieneths methmhaﬂ%xkgxnkmnmmbadeqyy}o33r@ﬁmt-buty1-
outyldimet hyl S tatnony 2 phanbay) ¥ antdn ditnioride,
methylene(trimethylsilylcyclopentadienyl)(3~tert-butyl-

10 S-chloro-2-phenoxy)titanium dichloride,
methylene(fluorenyl)(3,5~dimethyl-2-phenoxy)titanium
dichloride, methylene{fluorenyl)(3-tert-butyl-2-
phenoxy)titanium dichloride, methylene({fluorenyl)(3-
tert-butyl-5-methyl~2-phenoxy)titanium dichloride,

15 methylene(fluorenyl)(3-phenyl-2-phenoxy)titanium
dichloride, methylene{fluorenyl)(3-tert-
butyldimethylsilyl-5-methyl-2-phenoxy)titanium
dlchlorlde, methylene(fluorenyl)(3—tr1methylslly1 -5~
methyl 2-phenoxy)titanium dichloride,

20 methylene(fluorenyl)(3-tert-butyl-5-methoxy-2-
phenoxy)titanium dichloride, methylene(fluorenyl)(3-
tert-butyl-5-chloro-2-phenoxy)titanium dichloride,
isopropylidene(cyclopentadienyl)(3,5~dimethyl-2-
phenoxy)titanium dichloride,

25 -isopropylidene(cyclopentadienyl)(3—tert—buty1-2-
phenoxy)titanium dichloride,

isopropylidene(cyclopentadienyl) {3-tert-butyl-5-methyl-



15 dichl ori de, nethyl ene(tetranethyl cycl opentadi enyl) (3-
trimethylsilyl-5-nethyl-2-phenoxy)titani umdichlori de,

nmet hyl ene(t etranet hyl cycl opent adi enyl ) (3-tert-butyl -

met hoxy- 2- phenoxy) titani um di chl ori de,

met hyl ene(tetranet hyl cycl opent adi enyl ) (398srt-butyl-5- 20
chl ar o- 2- phenoxy) ti tani um di chl ori de,

nmet hyl ene(trinet hyl silyl cycl opent adi enyl ) (3, 5-di net hyl -

2- phenoxy)titaniun1dich|oride,-

nethylene(trlnethyIS|I cl gpent gdi_enyl ) (3-tert-butyl -

2- phenoxy) t i t2TRRARGKE F6¥P&éum:9}°h 8&14

S ot hyl - 2- pHARRRAR) #éﬁs c\gBenta el ) (3 erd By
nethylene(tn éﬁg& Lgxgh@glgﬁﬂiéipﬁé(S phenyl - 2-

enoxy
rret hyl ene(tri beyel(e idié tert-
but yi di met hyl%@#@%t% | -‘29§E§(§xy) ] lenyifldterte | ide. s

met hyl ene (S r ivet yVd sheyhet shagdrtadiethy ) {B-phenoxy ) titanium
trimethylsilyl-5-nethyl -2-phenoxy)titaniumdichloride,

met hyl ene(t r idistildxidel cisbpropyddidane (¢pclopenbadienyl) (3~
5- met hoxy- 2- phenox %tltanlun1d|chlor|de
net hyl ene(t r i ek IRG nﬂéyérépmtamler%rmlz%n?y!tbﬁﬁynnmleimhlonde.

AL TN D SR

TS ey bt gtemmps o 20 o0

dichlori dB isopropylidene{cyclopentadienyl) (3-tert-butyl-5-chloro-
2-phenoxy)titanium dichloride,
isopropylidene(methylcyclopentadienyl)(3,5-dimethyl~-2-
phenoxy)titanium dichloride,
isopropylidené(methylcyclopentadienyl)(3—tert-buty1-2-

15 phenoxy)titanium dichloride, |
isOprOpylidene(methyicyclopentadienyl)(3—tert—buty1-5-
methyl-2-phenoxy)titanium dichloride,
isopropylidene(methylcyclopentadienyl) (3-phenyl-2-
pgénoxy)titanium dichloride,

20 isopropylidene(methylcyclopentadienyl)(3-tert-
butyldimethylsilyl-5-methyl-2-phenoxy)titanium
dichloride, isopropylidene(methylcyclopentadienyl){3-
trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,
isopropylidene{methylcyclopentadienyl) (3-tert-butyl-5-

25 methoxy-2-phenoxy)titanium dichloride,
isopropylidene(methylcyclopentadienyl){3-tert-butyl-5-

chloro—Z-phehoxy)titanium dichloride,



15 nmet hyl ene(fl uorenyl) (3-phenyl - 2- phenoxy) titani um di chl ori de——---

nmet hyl ene(fl uorenyl) (3-tert-

but yl di net hyl si |l yl -5-nmet hyl - 2- phenoxy) titani um di chl ori de,

met hyl ene(fl uorenyl) (3-trinethylsilyl-5- met hyl - 2- phenoxy) titani um
di chl'oride, 20 nethyl ene(fluorenyl)(3-tedg.butyl -5-nmet hoxy- 2-
phenoxy) titani um di chl oride, nethylene(fluorenyl)(3-

tert-butyl-5-chl oro-2-phenoxy)titani umdichloride,

I sopropyl i dene(cycl opent adi enyl ) ( 3, 5- di net hyl - 2- phenoxy)titani um
di chloride, 25 isopropylidene(cyclopentadienyl)(3-tert-butyl-2-
phenoxy) ti t aniaapttophilddens (tert-butylcyclopenta.

i sopropyl i dene(cyc| opent adi enyl ) (3-tert-butyl -5-met hyl -
e P R B enaN A pa. Alchlors

| sopropyl i deng cl opent.adi 1),(3-Rh | - 2- phenoxy)titani um-’
di chl ori de, J'gg%F?BS’ﬁ'&ﬁ%ﬁ%?ﬁ?%‘%ﬁﬁ?@ﬁ?F%3- tert- 5

but yl di net hylgJ - B- AR t| | di chl ori de,
sopr opyli dena{SYaT 2oEneRn iR (il dflae O
trinmethyl s§l y{gé 1k RPHLHY ' | ride,

| sopropyl i dene?cgglagge%%%%%yl ) (3- tﬁﬂ‘&%%é@ﬂ

met hoxy- 2- phelaky ) +5t-meithipldi2ciphenolss ) t tanium d

i sopropylidene(cycl opentadi enyl)(3-tert-butyl-5-chloro-

2- phenoxy) ti t k9epRPOYEAdeneddert-butylcyclopenta

I sopropyl i dene( net hyl cycl opent adi enyl ) (3, 5-di net hyl - 2-
phenoxy) titar® ﬁ?ﬂ?%hFéF?&é?m dichloride, isopro

butylcyclopentadienyl) (3-tert-butyl
10 methyl-2-phenoxy)titanium dichlorid
isopropylidene(tert-butylcyclopenta
trimethylsilyl-5-methyl-2-phenoxy)t
isopropylidene(tert-butylcyclopenta
butyl-5-methoxy-2-phenoxy)titanium
15 .isopropylidene(tert-butylcyclopenta-
butyl-s-chloro-z-phenoxf}titanium d
isopropylidene(tetramethylcyclopent -
d%methyl-z-phenoxy)titanium dichlor
iébpropylidene(tetramethylcyclbpent_
20 butyl-2-phenoxy)titanium dichloride
isopropylidene(tetramethylcyclopent =
butyl-5-methyl-2-phenoxy)titanium d_
isopropylidene(tetramethylcyclopent=
phenoxy)titanium dichloride,
25 isopropylidene(tetramethylcyclopenta
butyldimethylsilyl-5-methyl-2-pheno=

dichloride,



I sopropyl i dene( et hyl cycl opent adi enyl ) (3-tert-butyl-2- 15 phenoxyjtrtamnmiurm
di chl ori de, | sopropyl i dene( net hyl cycl opent adi enyl ) (3-tert-butyl-5-
met hyl - 2- phenoxy) titani um di chl ori de,

I sopropyl i dene( et hyl cycl opent adi enyl ) ( 3- phenyl - 2- phenoxy) titani um
dichloride, 20 isopropylidene(nethylcycggpentadi enyl)(3-tert-

but yl di net hyl si |yl -5- et hyl - 2- phenoxy) titani um di chl ori de,

I sopropyl i dene( net hyl cycl opent adi enyl ) ( 3-
trinmethylsilyl-5-nethyl-2-phenoxy)titani umdichloride,

| sopropyl i dene( et hyl cycl opent adi enyl ) (3-tert-butyl-5- 25

met hoxy- 2- phésopyropytixiena( téthémetiylcyclopentadienyl) (3-

i sopropyl i dene( et hyl_cycl opent adi en I%(S-tert-butyI-S; . .

chl or o- 2- phek&RPetinya d Ay 'QﬁW@ﬁhﬂiT -phenoxy)titanium dichloride,

i et hyl - 2- phERBEFRI LA SF 5 AR Yhi 1 EyeloPetitadienyl) (3-tere-

i sopropylide e | | = : AVARERZPY i tani um

di chl ori de Bg(t g’otrﬁ %ﬂ%eﬂ%r%ﬂ%ﬂ%é{h é#gn%@}ﬁw&é,

butyl -5-ngt h ' ' ; - -
y Mgt hy o g??%??ﬁ@ﬂé( fﬁﬁéthylcyg%gaggﬁﬁq%iﬂﬁl)(3 tert

I sopropyl i dene( utyl cycl opent a _ um di chl ori de,
i sopro butty1csclonkicwl eptyéndRy y Eitahityl dikhloride,
met hyl - 2- phenoxy) titani umdi chlorid
i sopr opyl i demsppeopyividangitoinethylsilylcyclopentadienyl) (3,5~
dimethyl-Z—phenéxy)titanium dichlo;ide,
; isopropylidene(trimethylsilylcyclopentadienyl) (3-tert-

10 butyl-2-phenoxy)titanium dichloride,
isopropylidene(trimethylsilylcyclopentadienyl) (3-tert-
butyl-5-methyl-2-phenoxy)titanium dichloride,
isopropylidene(trimethylsilylcyclopentadienyl)(3-
phenyl-2-phenoxy)titanium dichloride,

15 isopropylidene(trimethylsilylcyclopentadienyl)(3-tert~
butyldimethylsilyl-5-methyl-2-phenoxy)titanium
dichloride, | |
isgpropylidene(trimethylsilylcyclopentadienyl)(3-
trimethylsilyl-s-methyl—z—phenoxy)titanium dichloride,

20 isopropylidene(trimethylsilylcyclopentadienyl)(3-tert-
butyl-5-methoxy~-2-phenoxy)titanium dichloride,
isopropylidene(trimethylsilylcyclopentadienyl) (3-tert-
butyl-5-chloro-2-phenoxy)titanium dichloride,
isopropylidene(fluorenyl)(3,5-dimethyl-2-

25 phenoxy)titanium dichloride,
isopropylidene(fluorenyl) (3-tert-butyl-2-

phenoxy)titanium dichloride,



trinmethyl silyl-5-nethyl-2-phenoxy)t . -
| sopropylidene(tert-butyl cycl openta but yl - 5- met hoxy- 2- phenoxy) titani um
15 isopropylidene(tert-butylcycl openta-

but yl - 5-chl or o- 2- phenoxy) titani um d

| sopropyl i dene(tetranethyl cycl opent glnethyl 2- phenoxy) titani um

di chl or isopropylidene(tetranethyl69 T opent- 20

but yl - 2- phenoxy) titani um di chl ori de

I sopropyl i dene(tetranethyl cycl opent - but yl - 5- et hyl - 2- phenoxy)tltanlun1,
d I sopropyl i dene(tetranethyl cycl opent _ phenoxy)titani um
dichloride, i3oprciylimyneé deDeérenyangEutamclpeyl-5-methyl-2-
butyldlnethylsilyl 5- et hyl - 2- pheno di chl ori de,

- 30- phammxx%ﬂmtknmmmeﬂlahibhﬁbeycIopentadlenyl)(B-

trimethylsilyl-5-methyl-2-phenoxy)titani umdichloride,
isopropyliden@ppmqnyﬁmdgn%gélggﬁﬁnxaué@wehanxknz—phenoxy)tztanlum

T R A s o v 3-cer
b
| ggglr ogyf%Lgﬁ’g‘ﬁﬁ#&%%ﬂ#ﬁ%y?ogﬁﬂx | en%rﬁe(%p’éy )titanium

s0pr opy1 | demeCt T Hety ST v Shent St e T b Foerinethylatiyl-
5-methyl-2-phenoxy)titanium dichloride,
isopropylidene(fluorenyl)(3ftert—butyl-5-methoxy-2—
phenoxy)titanium dichloride,

10 isopropylidene(fluorenyl)(3-tert-butyl-5-chloro-2-
phenoxy)titanium dichloride,
diphenylmethylene(cyclopentadienyl)(3,5-dimethyl-2-
phenoxy)titahium dichloride,
diphenylmethylene{cyclopentadienyl) (3-tert-butyl-2-

15 phenoxy)titanium dichlpride,
diphenylmethylene(cyciOpentadienyl)(3-tert-butyl—5—
methyl-2-phenoxy)titanium dichlorigde,
dlphenylmethylene(cyclopentadlenyl)(3—phenyl -2-
phenoxy)txtanlum dichloride,

20 diphenylmethylene(cyclopentadienyl) (3-tert-
butyldimethylsilyl-5-methyl-2-phenoxy)titanium
dichloride, diphenylmethylene(cyclopentadienyl){3-
trimethylsilyl—s—methyl—z-phenoxy)titanium dichloride,
diphenylmethylene{cyclopentadienyl) {3-tert-butyl-5-

25 methoxy-2-phenoxy)titanium dichloride,
diphenylmethylene(cyclopentadienyl) {3-tert-butyl-5-

chloro-2-phenoxy)titanium dichloride,



10 butyl - 2- phenoxy) titani um di chl ori de,

| sopropylidene(trinethylsilylcyclopentadienyl)(3-tert-

but yl - 5- et hyl - 2- phenoxy) ti tani um di chl ori de,

i sopropylidene(trinmethylsilylcycl opentadienyl)(3-

phenyl - 2- phenoxy)titaniumdichloride, 1 9.

i sopropyl i dene(trinethylsilylcyclopentadiényl)(3-tert-

butyl di net hyl si |yl -5-nmnet hyl - 2- phenoxy) titani um di chl ori de,

i sopropylidene(trinmethylsilylcycl opentadienyl)(3-

trinmethyl silyl-5-nethyl-2-phenoxy)titaniumdichloride, 20

| sopropyl i der@ipliengligthylgheymeehgicydiwpent&dienyl) (3,5-dimethyl-

but yl - 5- met hoxy- 2- phenoxy) titani um di chl ori de,

i sopropyl i derphénexipytitaniomnc diohioadideyl ) (3-tert -

but yl - 5-chl or o- 2- phenoxy) ti tani um di-'chl or.i de,

|sopropyl|cknﬂ%?h%ﬁykﬂ9¥§¥éeBedWﬁﬁbmﬁcxgloﬁﬁﬂﬁﬁﬁ#ﬁﬂxé!(3ahﬁﬁﬁrﬁp&ﬂﬂor|de

|sopropyI|deq£ quoren¥£%£3 tert-hutyl-2- phenoxy)tltanlun1d|chlor|de
1

3 RARSFY YEAEEREHB, ST - but yI - 5- net hyl - |
P | 1816 Y R AL S Pl §Ene (mehy1c é’%&fﬁ’%“ﬁ%ﬁ%m*ﬁr Fpstyds

i sopropyl i deng(gd FDZL%ﬁénB§§§t1tdilum.dlchlorlde,
butyldlnethyIS|Iy yl -2-phenoxy)titani um di chl ori de,

'50pr0py||deﬂﬁﬁﬁﬂéﬁ&fﬁdﬁhﬁﬁehéwﬁﬁthyhﬁydmopentadienyl)(3-pheny1-2-

phenoxy)titanidm dichloride,

diphenylmethylene({methylcyclopentadienyl){3-tert-

10 butyldimethylsilyl-5-methyl-2-phenoxy)titanium
dichloride,
diphenylmethylene{methylcyclopentadienyl) {3-
trimethylsilyl-S—methyl-Z—phenoxy)titanium dichloride,
diphenylmethylene(methylcyclopentadienyl) (3-tert-butyl-

15 5-methoxy-2-phenoxy)titanium dichloride,
diphenylmethylene(methylcyciopentédienyl)(3-tert-butyl-
5-chloro-2-phenoxy)titanium dichloride, '
diphenylmethylene(tert-butylcyclopentadienyl) (3,5~
diﬁethyl-z—phenoxy)titanium dichloride,

20 diphenylmethylene(tert—butyicyclopentadienyl)(3~tert-
butyl-2-phenoxy)titanium dichloride,
diphenylmethylene{tert-butylcyclopentadienyl) (3-tert-
butyl-5-methyl-2-phenoxy)titanium dichloride,
diphenylmethylene(tert-butylcyclopentédienyl)(3—pheny1-

25 2-phenoxy)titanium dichloride, diphenylmethylene(tert-
butylcyclopentadienyl) {3-tert-butyldimethylsilyl-5-
methyl-2-phenoxy)titanium dichloride,



5- et hyl - 2- phenoxy) ti tani um di chl ori de,

| sopropyl i dene(fluorenyl)(3-tert-butyl-5-nethoxy- 2- phenoxy)titani um
dichloride, 10 isopropylidene(fluorenyl)(3-tert-butyl-5-chloro-2-
phenoxy)titani um di chl ori de,
diphenylnethylene(cyclopentadienyl)(3,51§épethyl-2- phenoxy)titani um
di chl ori de, di phenyl net hyl ene(cycl opent adi enyl ) (3-tert-butyl-2- 15
phenoxy) titani um di chl ori de, '

di phenyl net hyl ene(cycl opent adi enyl ) (3-tert-butyl -

-met hyl - 2- phenoxy) ti tani um di chl ori de,

di phenyl net hdigphsnmylhetieyl ane ¢bprrdutlydoycIbpentagbenpXy]) 8-t ani um
dichloride, 20 diphenyl nmethyl ene(cycl opentadienyl)(3-tert-
butyldlnethyhﬂﬂqﬂthyltmhyl Saphbhyifﬂﬁphﬁnqu)tltahxmmodldhlorlde,

di phenyl net hyl ene(cycl opent adi enyl ) (3
tr|nethyIS|Iﬂlﬂﬁﬂﬁ¥¥m¢t@Ykﬁ%ﬁbk?ftrb&ﬁﬁhﬁﬁﬂkﬂﬂQﬂ#Qﬁ@enyl)(3-tert—

g;?ﬂggilgeéﬂ Q%{d(¥$§%ad en%p%é@ 5%,%4%% m é&chf%rlde,

di phenyl nmg thﬁ!;ﬂ?ﬁﬁ{ﬁ%ﬁ@ﬁf% @&LgL%u%?@bfﬁidﬂe&%adlenyl)(3 -tert-

chl or o- 2- phend

- 32- @%ndiﬁﬁiB%SﬂELﬁﬁéﬁ&kQX%M@%ﬂﬂdﬁ“dﬁbﬁﬂéﬁhéed'”Ethy

2- phenoxy) titanium di chl ori

d.phenylnethwyguahymmaﬁmyréméeaéadamathba&yuwapdnﬂadxenyl)(3,5-
2- phenoxy) titani um di chl ori de,
dimethyl-2-phenoxy)titanium dichloride,
; diphenylmethylene(tetramethylcyclopentadienyl) (3-tert-

10 butyl-2-phenoxy)titanium dichloride,
diphenylmethylene(tetramethylcyclopentadienyl)(3-tert-
butyl-5-methyl-2-phenoxy)titanium dichloride,
diphenylmethylene(tetramethylcyclopentadienyl) {3-
phenyl—z-phenoxy)titanium dichloride,

15 diphenylmethylene(tetfameﬁhylcyclopentadienyl)(3—tert—
butyldimethylsilyl-S-ﬁethyl-Z—phenoxy)titanium
dichloride, . .
diphenylmethylene (tetramethylcyclopentadienyl) (3~
trihethylsilyl-s-methyl—z-phenoxy)titanium dichloride,

20 diphenylmethylene(tetramethylcyclopentadienyl)(3-tert-
butyl-5-methoxy-2~phenoxy)titanium dichloride,
diphenylmethylene (tetramethylcyclopentadienyl) (3-tert-
butyl-5-chloro-2-phenoxy)titanium dichloride,
diphenylmethylene{trimethylsilylcyclopentadienyl) (3,5~

25 dimethyl-2-phenoxy)titaniuvm dichloride,
diphenylmethylene(trimethylsilylcyclopentadienyl) {3~

tert-butyl-2-phenoxy)titanium dichloride,



5 di phenyl net hyl ene( et hyl cycl opent adi enyl ).(3-tert-butyl -
5- net hyl - 2- phenoxy) ti tani um di chl ori de,

di phenyl net hyl ene( et hyl cycl opent adi enyl ) ( 3- phenyl - 2- phenoxy)titani um
di chl ori de,- di phenyl net hyl ene( met hyl cycl opent adi enyl ) (3-tert- 10
but yl di net hyl si |l yl -5-net hyl - 2- phenoxy) titani um di chl ori de,

di phenyl et hyl ene( net hyl cycl opent adi enyt34-3-

trimet'hyl silyl-5-nethyl-2-phenoxy)titani umdichl ori de,

di phenyl net hyl ene( et hyl cycl opent adi enyl ) (3-tert-butyl- 15
5- met hoxy- 2- phenoxy) titani um di chl ori de,

L

5-chloro-2-p

d!pheny|”EthﬁéfﬂeBh@&lﬂyﬂﬁéﬁﬁ&iiﬁfﬁﬁéﬂbﬁgzEﬁ@%ﬁium dichloride,
di met hyl - 2- phenoxy) titani um di'chl ori de,

di phenyl net hih pheniyemethyldrycl oieet il eRY vl cydidpPentadienyl) (3~
but yl - 2- phenoxy) titani um di chl ori de,

di phenyl net hphengl+2rphiemop yoyel topeipmdd 2ahlpiddegr t -
but yl - 5- net hyl - 2- phenoxy) ti tani um di chl ori de :
dipheny|néth9iph§pvémﬁﬁgxﬁﬁng&ﬁgﬁmﬁmhnléﬁ}wieyq&qaﬂntadtgpy1)(3—
2 oY) 2 B L AL R ey caniom
ETgg‘fyl-Z-pheggéﬁéhﬁ'ﬁg’ﬁg}lglng?!tg“ijghtylcyclopentadienyl)(S-
trimethyl silyhpheApiRklng2RRQRYIhd ¢ RP1 851 gh ePclidpthtadienyl) (3~

? trimethylsilyl—s-methyl;z-phenoxy)titanium dichloride,

10 diphenylmethylene{trimethylsilylcycliopentadienyl) (3~
tert-butyl-5-methoxy-2-phenoxy)titanium dichloride,
diphenylmethylene({trimethylsilylcyclopentadienyl) {3~
tert-butyl-5~chloro-2-phenoxy)titanium dichloride,
diphenylmethylene(fluorenyl)(3,5-dimethyl-2~

15 phenoxy)titanium dichloride,
diphenylmethylene(fluorenyl) (3-tert-butyl-2-
phenoxy)titanium dichloride,
dighenylmethylene(fluorenyl)(3-tert—butyl-5-methyl-2-
phénoxy)titanium dichloride,

20 diphenylmethylene(fluorenyl)(3-phenyl-2-
phenoxy)titanium dichloride,
diphenylmethylene(fluorenyl)(3-tert-butyldimethylsilyl-
5-methyl-2-~phenoxy)titanium dichloride,
diphenylmethylene(fluorenyl)(3-trimethylsilyl-5-methyl-

25 2-phenoxy)titanium dichloride,
diphenylmethylene(fluorenyl) (3-tert-butyl-5-methoxy-2-

phenoxy)titanium dichloride,



di phenyl net hyl ene(tert-butyl cycl opentadi enyl ) (3-tert-

but yl - 5- met hoxy- 2- phenoxy) titani um di chl ori de, 5

di phenyl net hyl ene(tert-butyl cycl opentadi enyl ) (3-tert-
but yl - 5-chl or o- 2- phenoxy) ti tani um di chl ori de,
dlphenylnethylene(tetranethylcyclopentadbgnyl)(S,S-

di net hyl - 2- phenoxy) ti tani um di chl ori de, N

di phenyl net hyl ene(t et ranet hyl cycl opent adi enyl ) (3-tert- 10
but yl - 2- phenoxy) titani um di chl ori de,

di phenyl net hyl ene(t etranet hyl cycl opent adi enyl ) (3-tert-

but yl - 5- met hyy jpds *léﬁékﬁﬂhngBbQD(@&tert—butyl -5-chloro-2-
dlphenylnethylene(tetrane hyl cycl opent adi enyl ) ( 3-

phenyl - 2- phephendsty pti tem tam dichilde; idd 5 compounds wherein titaniumof
di phenyl et hyl ene(t etranet hyl cycl opent adi enyl ) (3-tert-
butyldlnethymhe%ﬁ-Qbmu9¢n¢321§h9hnl?FBdtbm|mhrconxﬁMﬂQRHhQﬁnlump

di phenyl nmet hyl ene(t et ranet hyl cycl opent adi en

trimethylsil ﬁ°1‘!P-QFH% ds/wh EIBH@r%W'}f?F&ﬁPLﬁﬁ é?‘@ Po‘F‘P‘EEDunQE is replaced
di phenyl net hyl eng(t et ramet hyl ¢ en adi 3-tert :
but y! - bt %W’4§ )t +%§$ﬁ ﬁﬁéﬁﬂﬁﬁk%ylamlde)v

di phe”y' met h¥.J dii’ﬁﬂ? 041995“ §3\ﬁ'e) o¥ Wilsopropoxide,

but yl - 5- chloro Uﬁ]dIC

di phenyl met hk&bﬁﬂﬁdﬂd%hb&bi‘n‘ yﬁwbga&r&ha@e%w))éé +theseeompounds is

di met hyl - 2- phenoxy) ti tani umdi chlori d
di phenyl net hylepisded by hjd sméyhyYcyopepeadiacienyll-,
tert-butyl-2-phenoxy)titani um dichloride,
-34- (trlmethylcyclopentadlenyl), (n-butylcyclopentadienyl),
10 (tert-butyldimethylsilylcyclopentadienyl) or (indenyl),
and compounds wherein (3,5-dimethyl-2-phenoxy) of these
compounds is replaced by {2-phenoxy), (3-methyl-2-phenoxy),
(3,5-di-tert-butyl-2-phenoxy), (3-phenyl-5-methyl-2-
phenoxy), (3-tert-butyldimethylsilyl-2-phenoxy) or (3-
15 trimethylsilyl—Z—phenoxy); and transition metal complex
wherein J is an atom of Group XIV of the Periodic Table of
the Elements other than carbon atom, such as
dipethylsilyl(cyclopentadienyl)(Z-phenoxy)titanium
di%hloride, dimethylsilyl(cyqlopentadienyl)(3-me;hyl—2—
20 phenoxy)titanium dichloride,
dimethylsilyl({cyclopentadienyl)(3,5-dimethyl-2-
phenoxy)titanium dichloride,
dimethylsilyl(cyclopentadienyl)(3-tert-butyl-2-
phenoxy)titanium dichloride,
25 dimethylsilyl(cyclopéntadienyl)(3—tert—butyl—5—methyl—
2-phenoxy)}titanium dichloride, -

dimethylsilyl{cyclopentadienyl)(3,5-di-tert-butyl-2-



di phenyl net hyl ene(tri met hyl silyl cycl opent adi enyl ) ( 3- o

tert-butyl-5-nethyl-2-phenoxy)titani umdichl oride, di phenyl net hyl ene
(trimethylsilylcycl opentadi enyl)(3- phenyl - 2- phenoxy) titani um

di chl ori de, 5 ‘di phenyl et hyl ene(tri met hyl silyl cycl opent adi enyl ) ( 3-
tert-butyl di nethyl silyl-5-nmethyl-2-phenoxy)titanium di chl ori de,

di phenyl et hyl ene(trimet hyl silyl cycl openBédi enyl ) ( 3-
trimethyl silyl-5-nethyl-2-phenoxy)titaniumdichloride, 10
di phenyl net hyl ene(tri net hyl silyl cycl opent adi enyl ) ( 3-
tert-butyl-5-nmethoxy- 2- phenoxy)titaniun1dich|oride,

Lert-butyl - SR bEThaRGR) BAERTARAAR el or) b,
di Chi ot de, At %l&aﬂgffﬂe %%? BPH ‘E%?r%ényfﬂ@t RPPERE PRy 2

phenoxy) titamy H&Bé&fbﬁfﬁéﬂfum dichlorid , ,
di phenyl net hyl ene(fTuorenyl)(3-tert- butyI 5- nethyl phenoxy)titani um

di chl ori de, d&hghmym@ylyttbybﬁopéﬂu&ﬁx&n&)xGapheﬁyL 2-
phenoxy)titani um di chl ori de,

di phenyl mét hybuteldineteydsilgle5-mekiiyl ] rphendsy ) pitaniom

5-net hyl - 2- phenoxy) titani um di chl ori de,

di phenyl net hy mrwpens}weshylsmM%fqlﬂp@mh?nyl);!§-methyl—3-
2- phenoxy)tltanlu

hl
di pheny! net hyiT TR ?%ﬂ¥#i?BPPEPPﬁMhﬁﬁt%ﬂ*ﬁﬁTﬁ&ﬁbkgrlde'phenoxy)titanium
dlchlqude dimethylsilyl(cyclopentadienyl) (3-tert-butyl-5-methoxy~

2-phenoxy)titanium dichloride,

10 dimethylsilyl{cyclopentadienyl)(3-tert-butyl-5-chloro-
2-phenoxy)titanium dichloride,
dimethylsilyl(cyclopentadienyl)(3,5~diamyl-2-
phenoxy)titanium dichloride,
dimethylsilyl{methylcyclopentadienyl) (2~

15 phenoxy)titanium dichloride,
dimethylsilyl(methylcyclopeptadienyl)(3-methy1-2-
phenoxy)titanium dichloride,
digethylsilyl(methylcyclopentadienyl)(3,5-dimethy1-2-
ph;noxy)titanium_dichloride,

20 dimethylsilyl(methylcyclopentadienyl)(3-tert-butyl-2-
phenoxy)titanium dichloride,
dimethylsilyl(methylcyclopentadienyl)(3-tert4butyl-5-
methyl-2-phenoxy)titanium dichloride,
dimethylsilyl(methylcyclopentadienyl)(3,5-di-tert-

25 butyl-2-phenoxy)titanium dichloride,
dimethylsilyl(methylcyclopentadienyl)(5-methyl~3-

phenyl~2-phenoxy)titanium dichloride,



- 35- di phenyl net hyl ene(fl uorenyl)(3-tert-butyl-5-chl oro-2-

phenoxy)titani undi chl ori de, conpounds wherein titaniumof These
conmpounds is replaced by zirconium or hafnium conmpounds wherein

di chl ori de of these conpounds is replaced 5 by di brom de, dii odide,

bi s(di met hyl am de), bi s(di et hyl am de), di-n-butoxide or

di i sopropoxi de, conmpounds wherei n (cgrl opentadi enyl) of these
conpaunds is repl aced by (dimethyl cycl opentadi enyl),
(trimethyl cycl opentadi enyl), (n-butylcycl opentadienyl), 10

(tert-butyl di methyl silylcycl opentadi enyl) or (indenyl), and conpounds
wherein (3,5-dinethyl-2-phenoxy) of these conpounds is replaced by

(2- phenoxy), dameshiysilyd{aedbhylcyclopestaddenydni(3ottent2- phenoxy)

I e R e 50 B Sl .
wherein J is glcRigmal Coul X 141 nBeRy20ye 1 bHME ieny1 | p5-5I emonts

ot her than car

di met hyl si |yl feyg QQgﬁkﬁmﬁl@l%ﬁhyf‘ﬂﬂéhbigbH!E‘tannﬂ i H1dfide,

di met hyl si |l yl (cyct opent adi eny[l") ( 3- enox I tani um

di chl ori dej dxmétﬁ?lBiﬂ?ﬂRh@kﬁW&d¥&i@ﬁ@h€&&héﬁ§l§1®Jﬂ§ﬁBUb&%yl—5-

phenoxy)titani umdicChlorid
d|nethyIS|IyIﬁeyhbsyeappueamﬂQXEit&niumuﬂyéhloride,phenoxy)t|tanlum
dichloride, 25 dinmethylsilyl(cyclopentadienyl)(3-tert-butyl-5-nethyl-
2- phenoxy) t i t dhmethil shlydi( a@thylcyclozaentadlenyl) (3-tert-butyl-5-

dimethyl st iyl (Y 6r8Ps L AnRRY Veidan fim 'Sl énRELY ue?”

5 dimethylsilyl(methylcyclopentadienyl)(3,5-diamyl~2-

10 phehoxy)titanium dichloride, dimethylsilyl{n-
butylcyclopentadienyl) (2-phenoxy)titanium dichloride,
dimethylsilyl(n-butylcyclopentadienyl)(3-methyl-2-
phenoxy)titanium dichloride, dimethylsilyl(n-

| butylcyclopentadienyl)(3,S—dimethyl—z-phenoxy)titanium

15 -‘dichloride, dimethylsilyl(n-butylcyclopentadienyl) (3=
tert—butyl—z—phénogy)titanium dichloride,
dimethylsilyl(n-butylcyclopentadienyl)(3-tert-butyl-5-
methyl 2-phenoxy)titanium dichloride, dlmethylsllyltn—
butylcyc10pentad1enyl)(3 5-di-tert-butyl-2-

20 phenoxy)titanium dichloride, dimethylsilyl{n-
butylcyclopentadienyl) (5-methyl-3-phenyl-2-
phenoxy)titanium dichloride, dimethylsilyl(n-
butylcyclopentadienyl)(3—tert-butyldimethflsilyl-5—
methyl-2-phenoxy)titanium dichloride, dimethylsilyl(n-

25 butyleyclopentadienyl) (5-methyl-3-trimethylsilyl-2-
phenoxy)titanium dichloride, diﬁethylsilyl(n—

butylcyclopentadienyl) (3-tert-butyl-5-methoxy-2-



- 36- phenoxy)titani um di chl ori de,

di met hyl si |yl (cycl opent adi enyl ) (5- et hyl - 3- phenyl - 2- phenoxy) titani um
di chl ori de, di mret hyl si lyl (cycl opent adi enyl ) (3-tert- 5
but yl di net hyl si | yl - 5- net hyl - 2- phenoxy)titaniun1 di chl ori de,

di met hyl si |l yl (cycl opent adi enyl ) (5- net hyl -
trimethylsilyl-2- phenoxy)tltanlun1d|chldﬁﬁde

di met hyl si |yl (cycl opent adi enyl ) (3-tert-butyl -5-net hoxy-
2- phenoxy)titaniumdichloride, 10

di met hyl si l yl (cycl opent adi enyl ) (3-tert-butyl-5-chl oro-

2- phenoxy)tit : : : . -

di et hyl si | yl yﬂ§kg2ntagpg§y d&?ﬁ%ﬁflde é}methylsﬁlxlﬁy)titanium
dichloride, put ﬁwstbpsleﬁtb)ah(ewmlmmeﬂeﬂyéhiaro-15
phenoxy)tltanlun1d|ch ori

di met hyl si | yIpshmhdsxywd:tanénttaduemuo)z(memtdmtae*ehyls119henoxy) ti tani um
di chl ori de, di met hyl si |yl (et hyl cycl opent adi enyl) (3, 5- di met hyl -
phenoxy)tuteubumNU¢znlgpeu§adlgmyl)(3 5-diamyl- 2-phenoxy)t1tan1um

di met hyl si ]yl cl opent adi enyl ) (3-tert-butyl - 2- phenoxy)titanium
dichlorideé él¢@4&§%ﬁ9vsﬁﬁ gﬂﬁ e e | adi enyl ) (3-tert-butyl -

0oty o1y A EeYE éﬁg‘agﬁﬁémﬂ&(?cyhegl%mman% dichloride,
gghélhilgrfgﬁ%y %%fg§g?g9éﬁgk [?ﬁy %ﬁgcloqsqtiglenyl)(3—methyl-2-
pheny[ 2- phernpnendky pPivahdumhbachderide, dimethylsilyl(tert-

: butylcyclopentadienyl)(3,5-dimethyl-2-phenoxy)titanium

10 dichloride, dimethylsilyl(tert-
butylcyclopentadienyl) (3-tert-butyl-2-phenoxy)titanium
dichloride, dimethylsilyl(texrt-
butylcyclopentadienyl) (3-tert-butyl-5-methyl-2-
phenoxy)titanium dichloride, dimeﬁhylsilyl(tert-

15 -butylcyclopentadienyl)(3,5-di—tért—butyl-2-
phenoxy)titanium dichloride, dimethylsilyl(tert-
butylcyclopentadienjl){5-methy1-3-phenyl—2~
pthoxy)titanium dichloride, dimethylsilyl(tert-
buiylcyclopentadienyl)(3-tert-buty1dimethylsi1y1-s-

20 methyl-2-phenoxy)titanium dichloride,
dimethylsilyl(tert-butylcyclopehtadienyl)(5-methy1-3-
trimethylsilyl-2-phenoxy)titanium dichloride,
dimethylsilyl(tert-butylcyclopentadienyl)(3~-tert-butyl-
5—methoxy—2-phehoxy)titanium dichloride,

20 dimethylsilyl(tert-butylcyclopentadienyl)(3-tert-butyl-
S~chloro~2-phenoxy)titanium dichloride,

dimethylsilyl(tert-butylcyclopentadienyl)(3,5-diamyl-2-



- 37- di met hyl si I 'yl (et hyl cycl opent adi enyl ) (3-tert- . _

but yl di nmet hyl si |yl -5- et hyl - 2- phenoxy) titani um di chl ori de,

di met hyl si | yl (net hyl cycl opent adi enyl ) ( 5-

met hyl - 3-trinet hyl silyl-2-phenoxy)titani umdichloride, 5

di met hyl si |l yl (net hyl cycl opent adi enyl ) (3-tert-butyl -

met hoxy- 2- phenoxy) titani umdi chl ori de, -39-

di met hyl si | yl (net hyl cycl opent adi enyl ) (3-tert-butyl -

chl or o- 2- phenoxy) titani um di chl ori de,
dinethylsiIyI(nethylcyclopentadienyl)(3 5-dianyl -2- 10 phenoxy)titani um-

di chl ori de, cl opent adi enyl ) ( 2- phenoxy)tltanlum
di chl ori de, ﬁﬁl?& ﬁﬁéﬁ%ﬁ%@% fopent adi enyl ) ( 3- net hyl -

phenoxy)tltan W!ﬁ . _ _

but yl cycl open B@Eghg?%?&&g?gé%fﬁ?%& %gnoxg?PF?gﬁFﬁx})fg di chl ori de,

di met hyl si | yl éﬂmq tert-butyl-2-phenoxy)titanium
di chl ori de, ﬁﬂegaggb%¥?5|ﬁ%?%QQbuty cyd?opentadienyl)(S tert-butyl -

net hyl - 2- phen@ipigt hi;aBilylqitetirametthy Icyelopenthdlienyl) (3-methyl- z-

but yl cycl opent adi enyl ) (3,5-di-tert-butyl-2- 20 phenoxy)titanium -

di chl ori def dphehbxydhiyfhium dﬂmhhdnmdéppentadlenyl)(5 met hyl - 3- phenyl - 2-.
phenoxy) titani um di chl oride, dinethylsilyl

butKIfycloEen@ﬁ@?éhyﬂﬁeéyﬂgMﬁﬂﬁﬂﬂﬁﬁhxifﬁg @pgytaglenyl)(3 5~
2 - 25
gﬁtyrcyclgpgggﬁﬁééhyif?Sp of AN yé%¥$§ gdgn phenoxy) titani um

di chl ori de,

but yl gycl Ope | enﬁ%gg’?zFtettf%’“ﬁt’ﬁﬂng%l%eatadlenyl) (3-tert-

butyl 2-phenoxyj)titanium dichloride,

10 dimethylsilyl(tetramethylcyclopentadienyl)(3-tert~
butyl-5-methyl-2-phenoxy)titanium dichloride,
dimethylsilyl(tetramethylcyclopentadienyl)(3,5-di-tert-
butyl-2-phenoxy)titanium dichloride,
dimethylsilyl(tetramethylcyclopentadienyl) (5-methyl-3-

15 'phenyl-2-phenoxy)titanium dichloride,
dimethylsilyl(tetramethylcyclopentadienyl) (3-tert-
butyldimethylsilyl-5-methyl-2-phenoxy}titanium
diFhloride,
diﬁethylsilyl{tetramethylcyclopentadienyl)(5—methy1—3-

20 trimethylsilyl-2-phenoxy)titanium dichloride,
dimethylsilyl(tetramethylcyclopentadienyl) (3-tert-
butyl-5-methoxy-2-phenoxy)titanium dichloride,
dimethylsilyl(tetramethylcyclopentadienyl)(3-tert-
butyl-S-chloro-z-phenoxf)titanium dichloride,

25 dimethylsilyl(tetramethylcyclopentadienyl)(3,5-diamyl-
2-phenoxy)titanium dichloride,

dimethylsilyl(trimethylsilylcyclopentadienyl) (2~



- 38- phenoxy)titani um di chloride, dinmethylsilyl(n-

but yl cycl opent adi enyl ) (3-tert-butyl -5-chl oro- 2- phenoxy)titani um
di chl ori de, dinethylsilyl(n-

but yl cycl opent adi enyl ) (3, 5-di anyl - 2- phenoxy)titanium 5 dichl ori de,
dimethylsilyl (tert- butylcyclopentaalenyl)(z phenoxy)titani um

di chl ori de, dinmethylsilyl(tert-buty yclopentadlenyl)(3 nmet hyl - 2-
phenoxy)titani um dichloride, dinethylsilyl(tert-

but yl cycl opent adi enyl ) ( 3, 5- di net hyl - 2- phenoxy) titanium 10 dichlori de,
dinmethylsilyl (tert-

butylcyclope@nﬁgkgﬂyjaigaﬁgﬁh Betnhosipfenoxy) titani um dichloride,
di met hyl silyl'(tert- but yl cyclopentadlenyl)(S tert-butyl-5-nmethyl -

phenoxy) tit ammet;hyré:Dlybl(etrﬂméehwbillﬂdy@lépen&édleny1 ) (3—methyl-—
but yl cycl opent adi enyl ) (3,5-di-tert-butyl- phenoxy)titani um

di chl ori de, @-piteénoxy)yitanivm dlchlorlde,

butylcyclopentadlenyl)(S met hyl - 3- phenyl - 2- phenoxy) titaniu

di chl ori de, @imathyksilyl{trimethylsilylcyclopentadienyl) (3,5~

DU oA S bbb S 0z e, 2
0 o o A LSRR By OF e ey (3-cere.-

di et hyl i |y idey LA RYEY peeehAdLANYitd erde put Y -

5- met hoxy- 2- phenoxy) t'i t ani um di chl or1 de,

d|nethyIS|IyH&myﬁhﬂnﬁylyyptﬁﬂmethﬁlsﬁn&mﬁydkﬂpeﬁmﬁdieny1)(3-tert-
5-chl @r o- 2- phenoxy) titani um di chl ori de,

di met hyl si | ymtafrlt—ﬂme;mltx/h%ppheagxyr}wl)t(amwu@xghlqnde.
10 dimethylsilyl{(trimethylsilylcyclopentadienyl)(3,5-di-

tert-butyl-2-phenoxy)titanium dichloride,
dimethylsilyl(trimethylsilylcyclopentadienyl){5-methyl-
3-phenyl-2-~phenoxy)titanium dichloride,
dimethylsilyl(trimethylsilylcyclopentadienyl) (3-tert-

15 butyldimethylsilyl-5-methyl-2-phenoxy)titanium
dichloride, |
dimethylsilyl{trimethylsilylcyclopentadienyl){5-methyl-
3-Frimethylsilyl—2—phenoxy)titanium dichloride,
di;ethylsilyl(trimethylsilylcyclopentadienyl)(3-tert-

20 butyl-s-methoxy—z-phenoxy)titénium dichloride,
dimethylsilyl(trimethylsilylcyclopentadienyl) (3-tert-
butyl-5-chloro-2-phenoxy)titanium dichloride,
dimethylsilyl(trimethylsilylcyclopentadienyl)(3,5-
diamyl-2-phenoxy)titanium dichloride,

25 dimethylsilyl(indenyl)(2-phenoxy)titanium dichloride,
dimethylsilyl(indenyl)(3-methyl-2-phenoxy)titanium
dichloride, dimethylsilyl(indenyl)(3,5-dimethyl-2-



- 39- phenoxy)titani um di chl ori de,

di et hyl sil yl (tetranet hyl cycl opent adi enyl ) ( 2- phenoxy)titani um

di chl ori de, di met hyl si lyl (tetranet hyl cycl opent adi enyl ) ( 3- net hyl - 2-
phenoxy)titani um di chl ori de,
dinethylsiIyI(tetranethylcyclopentadienyla(S,S-
dinethyl-z-phenoxy)titaniun1dich|oride,'4 -

di net hyl silyl (tetramet hyl cycl opentadi enyl ) (3-tert-

but yl - 2- phenoxy) titani um di chloride, 10

di mret hyl silyl (tetranet hyl cycl opent adi enyl ) (3-tert-

but yl - 5- met hyly s i haht I3y 1 e : : -
di met hyl si |yl (f%%%‘?%?%ﬁ‘%y*éﬂo%%%l“;‘&*eﬁﬁ A ?gf’%‘?%l?xjf%lrjfl'“mdenyl) (3
but yl - 2- phengent ity o2 0paBhekyJ@itanium dichloride,

di et hyl silyl (tetranet hyl cycl opent adi enyl ) (5-net hyl -3- 15

phenyl - 2- pherdinethyhei byl dindeayldq 3-tert-butyl-5-methyl-2-

di met hyl si Iyl (tetranet hyl cycl opent adi enyl ) (3-tert-

but yl di et hyIgienexy) titapiup- giehd: &ani um di chl ori de,

di nret hyl siJ yl (tetranet hyl cy¢l Qpent adi_enyl ) (5- net hyl - 3- 20

trimethyl i ﬁl@%ﬁiﬂﬁaﬁ?a i(@m%wiidﬂ;ert-butyl-%

di met hyl silyl (.t et ranet hyl cycl opent adi enyl ) (3-tert-. . .

Ut yl - 5. et hERERS TR ERb L35 L PR AL AR Gr ey (dAmetyLeilyl (indenyl) (5~
di net hyl si | yl et Lep ' DlaFs it of tgs s

but yl - 5- chl or@%%ﬁgo%%ﬁyfiagi g%@gﬁéﬁ’%@g@nﬂgﬁmhlorlde,

di net hyl si | yld in@$teyEes 1y Ty chapantaqizerdot-butyidiethylsilyl-5-

2- phenoxy) titani um di chloride,

di net hyl si | yingthyletwphengkyy tispoduadiddm qride,

10 dimethylsilyl(indenyl)(5-methyl-3-trimethylsilyl-2-
phenoxy)titanium dichloride, dimethylsilyl(indenyl)(3-
tert-butyl-5-methoxy-2-phenoxy)titanium dichloride,
dimethylsilyl(indenyl)(3—tert¥butyl—5-chloro-2-
phenoxy)titanium dichloride,

15 dimethylsilyl(indenyl)(3,5-diamyl-2-phenoxy)titanium
dichloride, dimethylsilyl(fluorenyl) (2-phenoxy)titanium
dichloride, dimethylsilyl(fluorenyl)(3-methyl-2-
phpnoxy)titanium dichloride,
dimethylsilyl(fluorenyl)(3,5-dimethyl-2-

20 phenoxy)titanium dichloride,
dimethylsilyl(fluorenyl)(3-tert-butyl-2-
phenoxy)titanium dichloride,
dimethylsilyl(fluorenyl) (3-tert-butyl-5-methyl-2-

_ phenoxy)titanium dichloride,

25 dimethylsilyl{fluorenyl){3,5-di~tert-butyl-2-

phenoxy)titanium dichloride,

dimethylsilyl{fluorenyl)(5-methyl-3-phenyl-2-



- 40- phenoxy)titani um di chl ori de,

dimethylsilyl (trinmethylsilylcycl opentadienyl) (3-nethyl -

2- phenoxy) titani um di chl ori de,

dimethyl silyl (trinmethylsilylcyclopentadienyl) (3, 5- 5

di met hyl - 2- phenoxy) ti tani um di chl ori de, '

di met hyl silyl (trinethylsilylcycl opentadi-4Byl) (3-tert- but yl - 2- phenoxy
)titani um dichloride,

dimethylsilyl (trinmethylsilylcycl opentadienyl)(3-tert-

butyl - 5-met hyl - 2- phenoxy) ti tani um di chl oride, 10

tert- butyl - 2 RAGHOEL VI AR tLR GugRidags ) (> o
AT TSt o1 1 It d W S Y S MBI QBSR4 ) 05 P Bbhaeny Lot 1y1-5-

3- phenyl - 2- phenox

di met hyl si | ylgdtn i@ﬁﬁéh&kgyQh%@ﬂﬂd%ﬂdibﬂﬂdﬁkd@rt' 15
but yl di net hyl si |l yl - 5- et hyl phenoxy)titani um di chl ori de,

di met hyl si | yldimettey byi 3yl yEtvorensigdi-emihy5-Iet hihethylsilyl- 2-
3-trinmethylsilyl-2-phenoxy)titaniumdichloride,
d|nethylaﬁ3uqhenomyr@itanyumyduspémmmﬁwal)(3 tert- 20

but yl - 5- met hoxy- 2- phenoxyitltanlun1d|chlor|de

di met hyl si | yI4%mevhy kgi Ly 9:399F8§¥404@1§%H91@9?¥4T5“methoxY*z"
di met hy i 3{%%9%@?2""%%%“%@#%‘33' Edfany ) (3, 5-
TR e e K —
d|nethylmI3M§héukxyjaieaﬁgﬁhyaiahpbemaggt|tan|um '

10 dimethylsilyl(fluorenyl)(3,5-diamy1-2—phenoxy)titanium
dichloride,
dimethylsilyl{tetramethylcyclopentadienyl) (1l-naphthox-
2~yl)titanium dichloride, compounds wherein
{(cyclopentadienyl) of these compounds is replaced by

15 '(dimethylcyclopentadienyl),(trimethylcyclopentadienyl),
(ethylcyclopentadienyl), (n-propylcyclopentadienyl),
(isopropylcyclopentadienyl), (sec-
bugyicyclopentadienyl), (isobutylcyclopentadienyl),
(tért-butyldimethylsilylcyclopentadienyl),

20 (phenylcyclopentadienyl), (methylindenyl) or
(phenylindenyl),'compoﬁnds wherein (2-phenoxy) of these
compounds is replaced by (3-phenyl-2-phenoxy), {3-
trimethylsilyl-2-phenoxy) or (3-tert-
butyldimethylsilyl-2-phenoxy), compounds wherein

25 dimethylsilyl of these compounds is replaced by
diethylsilyl, diphenylsilyl or dimethoxysilyl, compounds

wherein titanium of these compounds is replaced by



di chl oride, dinethylsilyl(indenyl)(3,5-dinethyl-

-41- phenoxy)titani um di chl oride, dinethylsilyl(indenyl)/(3-
tert-butyl-2-phenoxy)titani umdichl ori de,
- dimethyl silyl (indenyl)(3-tert-butyl-5-nethyl-2- phenoxy)titani um

di chl ori de, 5 dinethylsilyl(indenyl)(3,5-di-tert-butyl-
phenoxy) titani um di chl ori de, d|nethyIS|I§3(indenyI)(5-

met hyl - 3- phenyl - 2- phenoxy) titani um di chl ori de,

di met hyl silyl (i ndenyl) (3-tert-butyl di nmethyl silyl -

met hyl - 2- phenoxy) titani um dichloride, 10

di met hyl si lyl 'J%‘H%i}ﬁsnl( ?’yﬁ%ﬂ@?; Egﬁf&t@&lﬁbhw @herein ¥ E4L38EUM |

di chl ori de, &
tert-butyl- t'?i!’ets@%n?pmé’xyyké?ﬂh‘é@dd'w"ﬂ}iﬂ?mlde diiodide,

di et hyl silyl (i ndenyl )(3-tert-butyl-5-chl oro- 2- henoxy)tltanlum
dichloride, bi% @inmthybamydéy pdbagl(Hiethyldinigey 2- &ﬂEﬁow)tUxtmm Vo

di chl ori de, d|nethyIS|IyI(quorenyI)(2 phenoxy)titani um di chl ori de,
di net hyl si | yldifilsepropdiide net hyl - phenoxy)titani um di chl ori de,

di met hyl si_l yl (fluorenyl)(3,.5- dlnethyl 2- 20 phenoxy)titani um di chl ori de,
di net hyl si yl (f1 ua‘h@}ér?pslftéﬂn mwll gomplexm@aﬁgwnttegqunme cHpevede,

hyl,- 2- h t t
ety StV B Tl Ty B e SR B, rorPRIRRE SN

following method.
That is, a compound having a structure that a group
having a cyclopentadienyl skeleton and a group having an
10 alkoxybenzene skeleton are combined via an atom of Group
XIV is obtained by reacting an alkoxybenzene compound whose
ortho-position is halogenated with a cyclopentadiene
compound substituted with a halogenated atom of Group X1V
in the presence of an organcalkalinemetal or a metallic
15 ﬁagnesium. Then, a transition metal complex represented
by the above general formula [I} can be synthesized by
treating the compound with a base, and réacting with a
trgnsition metal halide, a transition metal hydrocarbon
coﬁpound or transition metal hydtocarbonoxy compound.
20 (B) Aluminum compound
The aluminum compound (B) used in the present invention
includes publicly known organocaluminum compounds, that is,
one or more aluminum compounds selected from (Bl) an
organcaluminum compound represented by the general formula
25 E',Al2Z,,, (B2) a'cyclic aluminoxane having a structure
represented by the general formula {-Al(E?)-O-}, and (B3)

a linear aluminoxane having a structure represented by the



25 dinmethylsilyl (fluorenyl)(3,5-di-tert-butyl-2- phenoxy)titani am—

di chl ori de, di met hyl si Iyl (fluorenyl) (5-net hyl - 3- phenyl -

-42- . phenoxy)titani um di chl ori de,

di methyl silyl (fluorenyl)(3-tert-butyldinethylsilyl-

met hyl - 2- phenoxy) titani um di chl ori de,
dinethylsiIyI(fIuorenyl)(5-nethy|-3-trirﬁﬁhylsilyl-z- 5 phenoxy)titani um

di chl ori de, di methyl silyl (fluorenyl) (3-tert-butyl-5-mnmethoxy- 2-
phenoxy)titani um di chl ori de,
di mret hyl silyl (fluorenyl) (3-tert-butyl-5-chl oro- 2- phenoxy)titani um

di chl ori de, géﬁer?l %y,%s([f | A4QES 1@-(}31;5 di gm{éiégigh noxga terdarg:um

di chl ori de, met hyl si t et ramet hyl 6yc I eny )(1 napht hox-

tl
2-yl) titani uregipeltitdvelsy x@@m W aRirbecarbor @roupeaiadiosng!) g
t hese conpounds is replaced by 15 (dinethylcycl opent aofl enyl),
(trimet hyl cyahdpphmagi keyihe same otadbhffeyehbpehregirengnts a hydrogen
(n-propyl cycl opent adi enyll? , (i sopropyl cycl opent adi enyl ), (sec-
butyl cycl opeatam exya halagamtatene| apdnaddi ofyi?) may be the same or
(tert-butyldinethylsilylcycl opent adi enyl ) 20 (phen I cycl opent adi en ),
(met hyl i ngensill fgrent; a geprasenidhd Nunermb 0 (2-3 % of

these represents an J.nteger of not less than 2; and ¢ represents

an integer of not less than 1). As the hydrocarbon group
in E!, E? or E’, a hydrocarbon group having 1 to 8 carbon
atoms is preferred and an alkyl group is more preferred.

10 Specific examples of the organocaluminum compound (Bl)
represented by E',Al1%Z, ., include trialkylaluminums such as
trimethylaluminum, triethylaluminum, tripropylaluminum,
triisobutylaluminum, trihexylaluminum, etc.;
dialkylaluminum chlorides such as dimethylaluminum

15 chloride, diethylaluminum chloride, dipropylaluminum
chloride, diiscbutylaluminum chloridé, dihexylaluminum
chloride, etc.; alkylaluminum dichlorides such as
met,f.hylaluminum dichloride, e_thylaluminum dichloride,
prépylaluminum dichloride, isobutylaluminum dichloride,

20 hexylaluminum dichloride, etc.; and dialkylaluminum
hydrides such as dimethylaluminum hydride, diethylaluminum
hydride, dipropylaluminum hydride, diisobutylaluminum
hydride, dihexylaluminum hydride, ete.

Among them, trialkylaluminum. is preferred and
25 triethylaluminumor triisobutylaluminum is more preferred.
Specific examples of E? and E’ in (B2) a cyclic

aluminoxane having a structure represented by the general



conpounds is replaced by (3-phenyl-2-phenoxy), (3- S
trinmethylsilyl-2-phenoxy) or (3-tert- but yl di net hyl si |l yl - 2- phenoxy),
conpounds wherein 25 dinmethylsilyl of these conpounds is replaced by

di ethyl silyl, diphenylsilyl or dinmethoxysilyl, conpounds wherein
titanium of these conpounds is replaced by

- 43- zi rconi um or hafnium and codpeund wherein dichloride of

t hese -conpounds is replaced by di brom de, diiodide,

bi s(di met hyl am de), bis(diethylamde), di-n-butoxide or :

di i sopropoxi de. 5 The transition netal conplex represented by the -

ol | ovi ng marerta LR EelirloeR8 CYEh i, ity Etfarie v
group haé(iﬁgf&cx?é{féo%g%%%% d iéﬁ"teﬁé’ é’ﬂ%éggﬁgﬂuﬁ"kg an 10

al koxybenzene skeleton are ined via an atom XIVis _
obtai ned by reRE{ENG-N ALkdxYRENEa_CatRYROYPEuPOSEN as mé!ﬁ;hp-;ﬁé&m on is
hal ogenated wth a cycl opentadi ene conmpound substituted wWth a

hal ogenat ed ad¥liyDigroupn-popyl group hésppeopydegoduph n-butyl group,
organoal kal i nenmetal or a netallic 15 nagnesium Then, a transition netal
conpl ex rdpr esxobetlyl groypt he-pbotylggmengl, neopentyl |gweup beetgnt Hesi zed
by treating the conpound with a base, and reacting with a

transition net@lahatRtRges of JRQEt 18ASHENAR RydFod&r B8 integssin®iMPtor
transition nE]t.é%s tharr?cf‘.r b%’l}%’ﬁ/ oc_fo@ogﬂgi’ is preferably methyl group

or isobutyl group. b is from 2 to 40 and ¢ is from 1 to
40.

10 The above aluminoxane is prepared by various methods.
The method is not specifically limited, and the aluminoxane
may be prepared according to a publicly known method. For
example, the alumihokane is prepared by contacting a
solution obtained by dissolving a trialkylaluminum (e.q.

15 trimethylaluminum) in a suitable organic solvent (e.qg.
benzene, aliphatic hydrocarbon) with water. Also, there

" can be illustrated a method for preparing the aluminoxane
by!.{contacting a trialkylaluminum (e.g. trimethylaluminum,
et;.) with a metal salt containing crystal water (e.g.

20 copper sulfate hydrate, etc.).

(C) Boron com?ound
As the boron compound (C) in the present invention,
| there can be used any one of (Cl) a boron compound
represented by the general formula BQ'Q’Q®, (C2) a boron

25 compound represented by the general formula G*(BQ'QQ’Q')"

and (C3) a boron compound represented by the general formula

(L-H)"(BQ'Q*Q°Q")".



20 (B) Al um num conpound - The al um num conpound (B) used in-the—-
present invention I ncl udes publicly known organoal um num conpounds, '
that is, ~  one or nore al um num conpounds sel ected from (Bl) an

or ganoal um num conpound represented by the general fornula 25

E[err]A Z[err], (B2) a cyclic alum noxane having a structure

represented by the general fornula {-A (#trr])-O}[err] and (B3) a

| i near al um noxane having a structure represented by the

-44-. general formula Eferr]{-Al(E[err])-O}[err]AEerr] (wherein
E', Elerr] and Eerr] respectively represents a hydrocarbon group, all
of E[err], E[err]

d E di t: Z
represents a hydroﬁ@nth‘ea%or e?ﬁ%\p@l}éﬁgg@ﬁrggg‘%s%éﬁééaﬁrggezgﬁﬁﬁrsé t he
5 dj te 2 | t] i & < b
Fopresent s antoERaEE BORROP F RERRAAU Bordil sECH B e Erighibnl O

of not less thgledte S2atle QYIEBCH? hRAYILBURhe same o diffeFeéREN hndl
E[err], a hydrocarbon group having 1 to 8 carbon atons is preferred

and an al kyl pepgeseatmar hafogjesr rgitbm, 1 hydroc&pbénf igrotggmd es of the
or ganoal um num conpound ( B1) represented by E[err]Al Z[err] include
trial kyl al&ini hategenahedshydrocarbont gybapyrasubstiteted silylngnoup,
tripropyl al um num triisobuty]alum num trihexylalumnum etc.;

di al kyl al unmi n@&fn @BEKSXY dB50QR (X A& Hi TSt iFukeduaning grPYPi-deEach of

o LTyl e o e SR & YL MO 0, geoup
al kyl al um nu”ﬁé@fﬂl;qr {Q% éHEBoﬁsatoms, a halogenated hydrocarbon group
! having 1 to 20 carbon atoms, a substituted silyl group having

10 1 to 20 carbon atoms, an alkoxy group having 1 tb 20 carbon
atoms or an amino group having 2 to 20 carbon atoms, more
preferably a hydrocarbon group having 1 to 20 carbon atoms
or a halogenated hydrocarbon group having 1 to 20 carbon
atoms.

15 Specific examples of the compound {(Cl) include
tris(pentafluorophenyl)borane, tris(2,3,5,6-
tetrafluorophenyl)borane, tris(2,3,4,5-
te}rafluorophenyl)borane, tris(3,4,5-
tr&fluorophenyl)borane, tris(2,3,4-

20 +trifluorophenyl)borane,
phenylbis(pentafluorophenyl)borane, etc., most
preferably tris(pentaflﬁorophenyl)borane. |

In the boron compound (C2) represented by the general
formula G'(BQ'Q*Q°0Q")", G' represents an inorganic or organic

25 cation; B represents a boron atom in the trivalent valence
state; and Q' to Q' are as defined in Q! to Q°.

Specific examples of G' as an inorganic cation in the



met hyl al um num di chl ori de, ethyl al um num di chl ori de, propyl al um num
di chl oride, isobutylalum numdichloride, 20 hexylal um num di chl ori de, etc.

and di al kyl al um num hydri des such as di net hyl al um num hydri de,

di et hyl al um num hydri de, di propyl al um num hydri de, dllsobutylalun1num
hydri de, di hexyl al um num hydri de, etc. 47 Anong t hem :
trialkylalumnumis preferred and 25 ™%

triethylalum nunortriisobutylalum num s norepreferred. Speci fic
exanples of E[err] and Eferr] in (B2) a cyclic al um noxane having a
structure represented by the general ' :
- 45- fcnpdend -LrépEteented byl ehel g@h@r@ﬁ?’)fcﬁ:ddmad‘ é@iq!a?wa}ﬂe
havi ng a structure represented by the general formula Eferr] -

{Al (E[err]) - @ndRideé Aeireicen iivie batd oal kil kgl ospbstdh e dFeiitdoddoigm

ethyl group, n-propyl %roup, i sopropyl group, n-butyl group, 5 isobutyl
group, r1pemgﬂt{pmupl m&nnﬁmyon.mmgy &xamples of theGims anapgamic not
less than 2, c is an inte not | ess than 1. Each of Eferr] and
E[err] is pré? Je{-HF} \'Afﬁ tgwnylme%wlsqﬁi&% grprs nare%eﬁ%yzato 40

and c is repared by

A hoEbenium ga¢ 188188 Frphcupinet
vari ous h(?c?sr enium Jr%’?h(ﬁla’f%lﬁ?) aEE}XC?f EAPRGOY IS 19
al um noxane gec h! 0 a publicly known net hod. For
exanpl e, the aﬁ ur# oxane 36? gd%r ed%‘% E:Egir?t acting a sol uti on obt ai ned
by di ssol vi n&éutamﬂ&yé&wmaa%gﬁeay13%&4@%@%@&1@&mzmh 5Nea suitable
organi ¢ solvent (e.qg.

tetrafluorophenyl)borate, tetrakis(2,3,4,5-

t
¥

tetrafluorophenyl)borate, tetrakis(3,4,5-

10 trifluorophenyl)borate, tetrakis(2,3,4-
trifluorophenyl)borate,
phenyltris(pentafluorophenyl)borate, tetrakis(3,5-
bistrifluoromethylphenyl )borate, etc.

Specific combination of them include

15 ferroceniumtetrakis(pentafluorophenyl)borate, 1,1’-
dimethylferroceniumtetrakis (pentafluorophenyl )borate,
silvertetrakis(pentafluorophenyl)borate,
tr?phenylmethyltetrakis(pentafluorophenyl)borate,
triphenylmethyltetrakis(3,5— )

20 bistrifluoromethylphenyl)borate, etc., most preferably
triphenylmethyltetrakis(pentafluorophenyl )borate.

In the boron compound (C3) represented by the formula
(L-H)*(BQ'Q’Q°Q"')", L represents a neutral Lewis base; (L-H)’
represents a Br¢nsted acid; B represents a boron atom in

25 the trivalent valence state; and Q' to Q' are as defined in
Q' to Q.

Specific examples of (L-H)' as a Br¢nsted acid in the



benzene, aliphatic hydrocarbon) with water. Al so, .there can be
illustrated a nmethod for preparing the al um noxane by contacting a
trialkylalum num (e.g. trinethylalum num etc.) with a netal salt
containing crystal water (e.g. 20 copper sulfate hydrate, etc.). (O
Bor on conpound As the boron con%gund (© in the present

I nventi on, there can be used any ond8of (Cl1) a boron conpound
represented by the general formula B err]Qerr]Qerr], (C2) a boron 25
conpound represented by the general formula
Gerr](BQerr]err]err]Qerr])[err] and (C3) a boron conpound

Eﬁ?{_{;a[sgm f?B o ?fqﬂgp?]@a&eefrsr%]rnaéldaﬁy) [the formula (L-H)*(BQ'Q?Q°Q*)"

1nc1udént&h%lk9ﬂm%u%'ﬂi(¥ﬁ’ééd Cﬂﬁuméﬁi?ﬁﬂﬁ?nh?ﬁ-by the general
forrrul a BQerr]err]err], Brepresents a boron atomin the trivalent

val ence statedlilkylbnudlﬁﬁamﬂ,d&albylammonammﬂytrﬁafylphbsphdnxums,

represent a hal ogen atom a hydrocarbon ;qroup, a 5 hal ogenat ed

hydr ocarbon (gep, anduexanplesefi{BQ'QJORY, include thoasagdefingd a
substlt%teogom no group. Each of Qerr] to Qerr] is preferably a

halogen at ¥§dr ocar bon group - having 1 to 20 carbon atons a

hal ogenat ed hydro rbon o] havi to 20 on atons,
substituted silyl %? fgg gﬁmblfatiopb%%b ?%mﬁp%f%%% an alkoxy group
having 1 to ZQrfééﬂg?ammonlﬁhE 5%&1%& Ing&%?bgrggezo car bon

atons, nore erably a rocarpon group darbon atons
tr1propy1ammonlumtetrakls(pentafluorophenyl)borate,

; tri(n-butyl)ammoniumtetrakis(pentafluorophenyl)borate,

10 tri(n-butyl)ammoniumtetrakis(3,5-
bistrifluoromethylphenyl)boraﬁe, N,N-
dimethylaniliniumtetrakis(pentafluorophenyl)borate,
N,N-diethylaniliniumtetrakis(pentafluorophenyl)borate,
N,N-2,4,6~pentamethylaniliniumtetrakis

15 ‘(pentafluorophenyl)borate, N,N-
dimethylaniliniumtetrakis({3,5-
bistrifluoromethylphenyl )borate,
di%sopropylammoniumtetrakis (pentafluorophenyl )borate,
diEyc1ohexy1ammoniumtetrakis {pentafluorophenyl)borate,

20 triphenylphosphoniﬁmtetrakis(pentafluorophenyl)borate,'
tri(methylphenyl)éhosphoniumtetrakis(pentafluorophenyl)
borate, |
tri(dimethylphenyl)phosphoniumtetrakis(pentafluoropheny
l)borate, etc., most preferably tri(n-

25 butyl)ammoniumtetrakis(pentafluorophenyl)borate or N,N-
dimethylanilinumtetrakis (pentafluorophenyl)borate.

[Polymerization of olefin])



or a hal ogenat ed hydrocarbon group having 1 to 20 carbon at oms—15~ -
Speci fic exanples of the conmpound (Cl) i nclude

tris(pentafluorophenyl)borane, tris(2, 3,5, 6- tetrafl uorophenyl ) bor ane,
tris(2,3,4,5- tetrafl uorophenyl)borane, tris(3,4,5-
trifluorophenyl)borane, tris(2,3,4- 20 trifluorophenyl)borane,

phenyl bi s( pent af | uor ophenyl ) bor ane, et c.-49npst preferably

tris(pentafl uorophenyl) borane. In the boron conpound (C2)
represented by the general formul a

Gerr](BQerr]Qerr]err]Qerr])[err], Jerr] represents an inorganic or-

organic 25 catio 0 i i e ence
state; and Qerr] ri‘tn %(igpéﬁeéi?{eéagnggh ned i rg é‘att. éé {fir Bretin
Specific exapy8medtisheioh, aéoﬁﬁrh.BQh@aaléoﬁﬁbhﬁa U&‘)ff“&compound (B)
-47- corrpound represented by the general fornu

Jerr] (B er rdnd Aor aCcempbidner (T) [ £srised. Imcasdcofensingna watalysb,
al kyl -substituted ferroceni um cation, silver cation, etc. Exanples of
the G as an dqeilefin polymenizatiode pompurmnqettm cmpcmenq ekB) is

preferably a 5 carbeniumcation, particularly a tri henyI t hyl, cation.
Exanpl es )oé’f e(rﬁh q"é?‘P]EE?%Y?]?Z%f%F)?iPF‘]’-nPPF@P@dé B3) ahd/or linear

otk S SRR RSP m Ll B, e BERESTIRS

tetraki s(3, 4empodiment of the catalyst for olefin polymerization
includes a cataiyst for olefin polymerization, comprising
‘the above (A), (B) and (C). As (B), the above (Bl) is easily

10 used.

The respective components are desirably used so that
a molar ratio of {B)/(A) is usually within the range from
0.1 to 10000, preferably 5 to 2000 and a molar ratio of
(C)/(A) is usually within the range from 0.01 to 100,

15 preferably 0.5 to 10.

When the respective. components are used in the state
of a solutidn_or state suspended in a solvent, the
concentration of the respective components is
api:ropriately selected according to the conditions such as

20 ability of an apparatus for feeding the respective
components in a polymerization reactor. The respedtive
components are desirably used so that the concentration of
(A) is usually from 0.01 to 500 # mol/g, preferably from
0.05tc 100 ¢t mol/g, more preferably from0.05 to 50 £ mol/g;

25 the concentration of (B) is usually from 0.01 to 10000 u
mol/g, preferably from 0.1 to 5000 & mol/g, more preferably
from 0.1 to 2000 £ mol/g, in terms of Al atom; and the



10 trifluorophenyl)borate, tetrakis(2,3,4-_  __ _trifluorophenyl)borate
phenyl tri s(pent af | uorophenyl ) borate, tetrakis(3,5-

bi strifl uoronet hyl phenyl)borate, etc. Speci fi ¢ conbi nati on of
theminclude 15 ferroceniuntetrakis(pentafluorophenyl)borate, 1,1'-

di met hyl f erroceni unt et r aki s( pent af | uor ophenyl ) bor at e,

sil vertetraki s(pentafl uorophenyl) bor at e;50-

tri phenyl et hyl t et r aki s( pent af | uorophenyl ) bor at e,

tri phenyl met hyl tetrakis(3,5- 20 bistrifluoronethyl phenyl)borate, etc.,

nost preferably triphenylnethyltetrakis(pentafluorophenyl)borate.

'< EQE ot f q 2?F§°”§p¥]rqt&qr€ yEfEférF?: i sgB%&é'n?@&‘ Héeﬁrn 5 EQ&AL%‘H%J'E%;Q' -
5 the 111 vaPEREeRaEYCE xR0 08 Rh RoR 1o b/ B hBRE PRy Toe,

Jerr] to qubb to 100umo§p§mf|c exarrpl es of (L- H)[err] as a Bronsted

acid in the - 48- conmpound
represented by thnsfeh&ubaaﬂxdﬂdnﬂdﬁ(&ﬁhebé]Eb@aibaeﬁﬂlﬂﬁerr])[erﬂ
i nclude trial kyl -substituted amoni uns, N, N di al kyl ani |'i ni uns,

di al kyl anbonpadymeriizatilophdaphbei present ingeaticmd odediipisharfing 2
(BQ[err]Q[err]QLerr] err])[err] include those as defined 5 above.
" Speci fic conbPnéfi earbent aAtemppcpagsicularly a-olefin having 3 to 20

~carbon atoms, dioelfins having 4 to 20 carbon atoms, etc.
can be used. Two or more olefins can also be used,
simultaneously. Specific examples of the olefin include
10 straight-chain a-olefins such as ethylene, propylene,
butene~1l, pentene-~1l, hexene~l, heptene-l1l, octene-1,
nonene~-1, decene-1, etc.; branched a-olefins such as 3-
methjlbutene—l, 3-methylpentene-1, 4-methylpentene-1,
5-methyl~2-pentene-1, etc.; diolefins such as butadiene,
15 1isoprene, 1,4—pentédiene, 1,5-hexadiene, 1,7-octadiene,
1,9-decadiene, etc.; and styrene 'and vinylcyclohexane, but
should not be limif.ed to the above compounds in the present
invention.
| Examples of the combination of olefins in the
20 copolymerization include ethylene and propylene, ethylene
and butene-1, ethylene and pentene-1, ethylene and hexene-1,
ethylene and heptene-1, ethylene and octene-~1, ethylene and
decene-1, propylene and butene-1l, etc., but should not be
limited to these combinations in the present invention.
25 Particularly, the content of a-olefin of the
copolymer is preferably from4 to 60% by mol, more preferably

from 5 to 55% by mol, most preferably from 6 to 50% by mol.



triethyl ammoni unt et r aki s( pent af | uor ophenyl ) bor at e,

tri propyl ammoni unt et r aki s( pent af | uor ophenyl ) bor at e,
tri(n-butyl)ammoniuntetraki s(pentafl uorophenyl)borate, 10

tri(n-butyl)ammoniuntetrakis(3, 5- bi strifl uoronethyl phenyl ) borat e,

d|nethylanlI|n|untetrakls(pentafluorophenil)borate,

N N—dlethylanll|nluntetrakls(pentafluoro

enyl ) bor at e,

NN- 2, 4, 6- pentanet hyl aniliniuntetrakis 15 (pentafl uorophenyl)borate,
di et hyl ani |'i ni unt et r aki s(3, 5- bi strifl uoronethyl phenyl ) borat e,
di i sopropyl anmoni unt et r aki s (pentafluorophenyl)borate

di cycl ohexyl ammonipjid r e

tri phenyl phosphoni unt gé é{érﬁi pent a ﬁﬁgﬁogﬁfei&% %g?gérg‘iveag applied to
tri(methyl phamd pplepaiiidiTbe! £ BEi SdRsTymér WF pakeiularly, Rehitlene
tr|(d|nethylphenyl)phosphonluntetrakls(pentafluoropheny - 1) borate,
etc., nost praicoebdbYefin( gpar2icularly, propylene, butene-1, 4-
butyl)annnnluntetrakls(pentafluorophenyl)borate or N, N
d|nethylamI|mﬂhh¥%p€mteﬁpehbaheusngpﬂenﬁqmﬁneﬂk» etc ) [ #odykBei zati on of

ol efin]

In th

present i rﬁlerﬁqwmal%}az?ﬂ-'?&"?thSI g/ﬁ“ﬁlty 1§)cﬂmr| zation, conprisi f
compound (), 2 YPUE {lacs 18PSLL0D.C LI W ARl fotBl 1bn C20° ©

conmpound (A)

(A)

10

15

20

25

performed at a temperature of at least 130°C, preferably
135 to 350°C, under a pressure of at least 300 kg/cn’,
preferably 350 to 3500 kg/cm’.

The polymerization may be performed in a batch-wise
manner or a continuous manner, preferably a continuous
manner. As a reactor, a stirring vessel type reactor or
a tubular reactor can be used. The polymerization can be
performed in a single reaction zone. Alternatively, the
polymerization can also be performed by partitioning one
reactor into a plurality of reaction zones or éommunicating
a plurality of reactors in series or parallel. In case of

using a plurality of reactors, a combination of vessel

reactors or a combination of a vessel reactor and a tubular

reactor. In a method for polymerizing using a plurality
of reaction zones or a plurality of reactors, polymers
having different characteristics can also be produced by
changing the temperature, pressure and gas composition of
each reaction zone.

The respective components used in the catalyst are
usually fed to the reactor in the formof a solution obtained

by dissolving in a suitable inert solvent or a suspension

NN-

N, N-

e
ng a



5 and (B), the above cyclic al um noxane (B2) and/or linear al um-roxane
(B3) are preferable as (B). Other preferable enbodi nent of the

catal yst for olefin polynmerization i ncludes a catalyst for olefin

pol yneri zati on, conprising t he above (A), (B) and (C). As (B), the
above (Bl) is easily 10 used. The respective conponents are
desirably used so that a nol ar rati-82of (B)/(A) is usually within the
range ‘from 0.1 to 10000, preferably 5 to 2000 and a nolar ratio of
(O/(A) is usually within the range fromO0.01 to 100, 15 preferably 0.5 to
10. When the respective conponents are used in the state of - a

sol ution or sifl¢heUshepeesol PeAt$OYER! a hﬁ%h-pre%g%.i ol e

respecti ve conponents iIs appropriately sel ecte g to the

condi tions sydlyaterfzabibhluhddr Bl gARNSE $6é bibe loF thePlidkedthentvenrgeh,ve
conponents in a polynerization reactor. The respective conponents are

desi rabl y usdahescatladtysthd scankisqiidicmdisbolved Ahiformiyalihyard dovext 01 to
500 [err] nol/q, preferably from 0.05 to 100 [err] . .
mol / g, nor epr veny finneodes te jotreducerdihe;cabalyat éBntbst hiGhon of

5000 [err b mATRPS R SOFEIQRABAFD & HHUR-0. AR TARRIYEIT FRFF PPN ¢ er ms

concentr at| ot SATERE i 3 80kic YRISPIHIneS BRI IR Hhe b yeats those

D! L) O S el T £ 8 SIS WA G101 5 10
solvent are preferred. In that case, the maximum particle
diameter is preferably 50 # mor less. Inorder tocontrol

10 the particle diameter of the boron compound (C) or the like,
there can be applied a pulverization method and a method
of adding dropwise a solution obtained by dissolving in
toluene to an aliphatic hydrocarbon solvent such as heptane,
etc.

15 - Examples of the suitable inert solvent include white
spirit hydrocarbon oil, bentane, hexane, cyclohexane,
heptane, octane, toluene, kerosine component., higher
br?.nched saturated aliphatic hydrocarbon, oligomer (e.g.
isi;butene oligomer, l-butene oligomer, etc.) and mixtures

20 thereof. A catalyst liquor is usually handled in an inert
gas atmosphere such as nitrogen, argon, etc. so that is not
brought into contact with water and air.

In the present invention, the above (A), (B) and(C),
{A) and (B), or (A) and (C) may be introduced in the reactor

25 after pfeviously mixing them. _Alternatively , there can be

a method which comprises independently introducing them

through a respective separate introducing tube and mixing



5 polynerization in the present invention, olefins having 2 to 26 -

carbon atons, particularly a-olefin having 3 to 20 car bon at ons,
dioelf ins having 4 to 20 carbon atons, etc. can be used. Two or nore
ol efins can al so be used, si mul t aneously. Specific exanples of the
olef in include 10 straight-chain a-olef_ins such as ethylene, propyl ene,
but ene-1, pentene-1, hexene-1, heptene-I?3bctene-1, nonene- 1,
decene-1, etc.; branched a-olefins such as 3- met hyl but ene- 1,

3- et hyl pent ene- 1, 4-nethyl pentene-1, 5- et hyl - 2- pentene-1, etc.;

di ol efins such as butadiene 15 isoprene, 1, 4-pentadiene, 1,5-hexadi ene, -
1, 7-octadienpg, f&g&ﬁ# ne,¢,et t I xane,
but shoul 3 not be ‘qu mte l’?o t I? ¢ %?/gagoﬁp%ggggnﬁ?%t heri%rlfe%ée:jht

invention. of react@cHPidies] &heyca.law B At deEEai if ithet fﬁrsap

copol yneri zation include ethyl ene and propyl ene, ethyl ene

but ene- 1, et ndastdamdopenikresingdepdrtionpdihmagnaléo be mmdqum and
heptene-1, ethylene and octene-1, ethylene and decene-1, propylene and
but ene-1, etdn omhexsmnqi:m pene in |sevienal terBEEBSEONbi nations in the
present invention, Particul arly, the content, of gyol efin of the

copol yner ¥ s pref EPQDWIWM%QB’-%’O%B Bofis ﬁa&r%@%‘&% ydeci mb5 to
55% by nol ,

The present %ﬁ§§ﬂf efe&%ﬁkgg g&g@%?&oéﬁﬁ Béﬂf?g:PSIYmer and reaction

apparatus, and the conditions are not specifically limited.
In the present invention, a chain transfer agent (e.gq.
hydrogen) can also be added to COn£r01 the molecular weight

10 of the copolymer in the present invention.

The olefin polymer of the present invention can be
applied to a £film, a sheet, a hollow container and an
injection-molded article because of excellent transparency
and strength characteristics.

15 - The olefin polymer is particularly suitable as films
and sheets, for example, various packaging £ilms or sheets,
agricultural films or sheets and films or sheets for
lapinating, or the like which are formed by inflation £ilm
fo;ming, T-die forming, calender forming, etc.

20 Furthermore, the olefin polymer of the present
invention can also be suitable as usage such as inner
thin-wall container (e.g. container for mayonnaise/ketchup,
tubular container for cosmetic/size, container for
seasoning, corrugated box/metal container, etc.), blow

25 molded article (e.g. container for detergent, cosmetic,
drug, etc.), injection molded article (e.g. lid of

container, cap and inside plug of bottle, cap or cover of



t he preparation of the copolynmer of particularly, ethylene and [err}-
-olefin (particularly, propylene, butene-1, 4- nmet hyl pent ene- 1,
hexene-1, octene-1, etc.) and the 5 controllability of the density is
good. In the present invention, the polymerization is

performed at a tenperature of at | east 1gg[err]c, preferably 135 to
350[err] C, under a pressure of at |east 0 kg/cnferr], preferably 350
to 3500 kg/cnmferr]. 10 The pol ynerization nay be perforned in a

bat ch-w se manner or a continuous manner, preferably a continuous
manner. As a reactor, a stirring vessel type reactor or . a tubul ar

reactor can Qﬁwechrgfﬁ@péy f?fééé‘t'é’ﬁ vC8hHo8s, autoﬂ%bﬁ‘l&nﬁtﬁd' guard ngl e
reaction zone. AIternatlver, 15 polynerlzatlon can al so bé perforned

by partitionigi@ e foamedenolaedi Areiale Yedld ! e ody rE6Et s0PetORES OF
comuni cating a plurality of reactors in series or parallel. In case
of usi ngpasckdgirad j tfoamed drnt 0 con ta iowbi fioat iiostEhty food, etc.),
reactors or a conbination of a vessel reactor and a tubular 20 reactor.
In a method W@ﬂ%ﬂﬂ%ﬂﬁ@lé?@gaﬁ§iﬁée§ ¢Eugm|nape for of reaction zones or a

I it t diff t ch ti

e o el e el B
it t

oo e eI i R, 4 son i FRESEEETT

:32‘52 ' on obt a;ﬂeéi/cabwy shedt ¥r¥idihg éflbb%&?cbﬂ&ﬁfnﬁatvw cabie,
steel pipe coating such as extrusion coating onto a steel
pipe using cross head die, etc.), in addition to film and

10 sheet.

Furthermore, the olefin polymer of the present
invention can be molded into a multi-layer film or sheet
of two or more layers of the other material by using various
publicly known methods such as co-extrusion method, dry

15 1lamination method, sandwich lamination method, extrusion
lamination method, etc. As the other material, for example,
there can be used publicly known materials such as paper,
bo?rd, aluminum thin film, cellophane, nylon, PET, PP,
poiyvinylidene chloride, EVOH, various adhesive resins,

20 etc.

The olefin polymer of the present invention can contain
publicly known additives such as antioxidants, weathering
agents, lubricants, anti-blocking agents, antistatic
agents, anti-fogging agents, anti-dropping agents,

25 pigments, fillers, etc., if necessary. The olefin polymer
of the present invention further may be blended with a

publicly known polymer substance such as radical



-52- in the inert solvent, with a high-pressure punp. In the

pol yneri zati on under high pressure of the present invention, t he
catalyst is a liquid or dissolved uniformy in an inert solvent in
order to introduce the catalyst in the high- 5 pressure portion with a
punp. Alternatively, when the cat al §t Is a solid, which is insoluble
i n the solvent, those havi ng snall'é fticle dianmeter and good

di spersion to the solvent are preferred. In that case, the maxi num
particle dianeter is preferably 50 [err] mor less. In order to
control 10 the particle dianmeter of the boron conmpound (C) or the I|ike,

there can be RPRM&E Fa LibN CkE AbON ciklduith Ayl ﬁoi‘fé@ﬁ’f'lene, Aigaddi ng
(6]

dropwi se a sol ut’ion obtai ned by dissolving in | uene to an aliphatic
hydrocar bon sidnsity spolyethpdphanelinear edwv-dddsity pb&Xgephgieak,t he
sui tabl e inert solvent include white spirit hydrocarbon oil, pentane,
hexane, cycl @thglene-a -okahimneopotyner, elastomer k @y prORYISRA Nt |

hi gher branched saturated_aliphatic _hydrocarbon, oligonet (e.qg.

i sobut ene ol iRfkEr1-RuteRencPelygdmBethtl-Y~pantengoF ckheodikgareof . A

S oren, Bon | e WiAnsaRrendy and SLrdigtn chandbE et A0S G AR o0
Ch and (B, BEegept ATGPISR Ake! OVETNGER bO°uBiRY bihed Brotied
previously mgHdly d1eF114) t ShBALI VRLY. 1w VchEeihd¥®, injécEfBbACHoMAeEN

conpri ses independently introducing them through a respective separate
i nt roduci ng tateicls, neke ng Evaluation can also be performed by using

; a pressed sheet as a simple evaluation method.
10
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a relation between the melt flow rate {MFR)
and the intrinsic viscosity [77] measured in tetralin at
135°C in the olefin copolymers-used in the Examples and

15 Comparative Example. '

Fig. 2 is a flow chart for assisting the understanding
of the present invention. This flow chart is a typical
example of an embodiment of the present invention, and the
pr;sent invention is not limited thereto.

20
BEST MODE FOR CARf!YING .OUT THE INVENTION

The following Examples and Comparative Examples
further illustrate the present invention in detail but are
not to be construed to limit the scope thereof.

25 " Properties of the polymers in the Examples were
measured by the following methods.

{1) Melt flow rate (MFR): It was measured at 190°C under



e T T

- 53- themin the reactor. In case of a systemof a plurality-.-. —of . .
reaction zones, they nay be introduced in the first reaction zone in a
single portion, or may al so be introduced in other reaction zone in
several portions. 5 The polynerization tine is appropriately decided
according to the kind of the desired polyner and reaction appar at us,
and the conditions are not specifically #56¥% ted. In the present

i nvention, a chain transfer agent (e.gqg. hydr ogen) can al so be added to
control the nol ecular weight 10 of the copolynmer in the present invention. -
The ol efin polyner of the present invention can be applied to a film a

sheet, a holl ow, container . and an Jnjectian-nol ded.arti.cl e beca of
excel | ent trafisp@PENE 2.18 gﬁd%&ﬁiﬂé }r%r%&? éP?g’P?ésfiefigedbln Eﬁ%
ol efin polynek_kgsgarticularly suitable as filns and sheets, for
exanpl e, various packaging filns or sheets, agricultural filns or

sheet s and. f1 |7y, fhe#hRELE $96conity W 12! tRoval mblS ke 1highrANGn

formed by inf orm die form ng, calender form ng,

etc. 20 atulBBetd By eusihg ahetibbelohdervidcémeteresent i nvention
can al so be suitable as usage such as inner thin-wall container (e.g.
cont ai ner 5or { AayTheadeasli¢iciwas determihedanccoxddingrtd o¥I8oKnbTBO/.si ze,

cont ai ner for ) seasoningg‘corrugated box/ nmetal container, etc.),_ blow
25 ol ded ar t PEPEigedgthasnitdienarakug @ft thgefensidymdescribedyagythec. ),

imjection mi ded atti e (8% difheling) £8"52\MM\e SAPaRIEul"5) ERoRED Of
subjecting to annealing, whereas the value of the density
? described as the density (after annealing) is a value

10 measured after annealing.

(4) Melting point of copolymer: It was measured under the
following conditions by using DSC7 manufactured by
Perkin-Elmer Co. |

Heating: heating to 150°C and maintaining at the same

15 - temperature until calorie is stabilized

Cooling: cooling £rom 150 to 40°C (5°C/min.) and

maintaining for 2 minutes
; Measurement: measured at the temperature within the

ra;xge from 10 to 150°C (5°C/min.)

20 (5) Content of a-olefin: It was determined from
characteristic absorption of ethylene and a-olefin by
using an infrared spectrometer (FT-IR7300, manufactured by
NIPPON BUNKO Inc.) and was shown as the short-chain branch
{(SCB) number per 1000 carbon atoms.

25 (6) Molecular weight and molecular weight distribution:
They were determined under the following conditions by

using gel permeation chromatograph (150, C, manufactured



-54- part, artificial grass, sky shoes, autonobile mad guard,

etc.), foaned nolded article (e.g. tray for stretch packagi ng, foaned
box, container for instant food, etc.), various nolded articles (e.qg.
pi pe for 5 wat erwor k/agriculture, other sundries, industrial parts,

etc.), or coating naterial (e.g. coating.pf electric wi re/ cabl e,
sheath or wiring of pomer/connunication'% bl e, st eel pipe coating such
as extrusion coating onto a steel pi pe using cross head die, etc.), in
addition to filmand 10 sheet. Furthernore, the ol efin polyner
of the present I nvention can be nolded into a multi-layer filmor
sheet of bywatler®iOv .l pyers of the other material by using various
publicly known methods such as co-extrusion nethod, dry 15 |am nation

met hod, sandwi ch Ceokiamati OSKregelodsMBYET usi on | am nati on nmethod, etc.
As the other material, for exanple, - t here can be used publicly known
material s such asMpaguring temperatureunsetnathid5fClm cel | ophane, nylon

PET, PP, ol yvi nyli.dene chl oride, , EVOH, .vari,ouys adhesive resins, 20
etc. gheﬁﬁﬁé rFHﬁmﬂ%ﬂﬁ§“§ﬁ3?+@Pbr%geﬂﬁlﬁﬁv@itPEWhEﬁh contain

publicly 5”°§§9?3§F§H§§35%5*'35 anti oxi dants, weathering agents,

| ubricants, CKIing agents, antistatic agents, anti-fogging
agents, anti(¢hopRhRY FAGRAy 25 Ppigments, fillers, etc., if necessary.
The olef in polymer _ : :
A die (lip distance: 2 mm) was mounted to a EX-50 type
inflation moldihg machine (manufactured by Plako Co.) at
: a diameter of 125 mm ¢ and an inflation film molding was

10 pe'rformed'under the conditidns of a molding temperature of
160°C, a blow-up ratio of 1.8 and an extrusion amount of
25 kg/hour to prepare a film having a thickness of 30 u
m and a film having a thickness of 80 & m, respectively.
(8) Haze of film

15 It was measured by using the method defined in ASTM
D1003.

(9) Tear strength
It was measured by using the method defined in JIS
9-5116.

20 Reference Example (Synthesis of transition metal complex:
dimethylsilyl (tetramethylcyclopentadienyl}(3-tert-~
butyl-5-methyl-2-phenoxy)titanium dichloride
(1) Synthesis of l-bromo-3-tert-butyl-5-methyl-2-phenol

Under a nitrogen atmosphere, 20.1 g (123 mmol) of

25 2-tert-butyl-4-methylphenol was dissolved in 150 ml of

toluene in a 500 ml four-necked flask equippedwith astirrer,

and 25.9 m! (18.0 g, 246 mmol) of tert-butylamine was then



of the present invention further nmay be blended with a publicly known
pol ynmer substance such as radical pol yneri zati on net hod

| ow- density pol yet hyl ene, hi gh- density pol yet hyl ene, |inear

| ow- density pol yet hyl ene, ethylene- [err]-olefin copolyner el astoner,
pol ypr opyl ene, poly 1-butene, poly 4gnethyl-1-pentene or the like. 5
The transparency. and strength characteristics in the present invention
are eval uated by using nol ded products such as film sheet, holl ow
cont ai ner, injection-nolded article, etc. Evaluation can al so be
performed by using a pressed sheet as a sinple evaluation nethod. 10
BRI EF DESCRI RHdeM .OF THis BRAMENGS was cooledRiq ~7D°Chand 0 s®imdt (32 .16et ween

the nelt flowrate (NF*? and the intrinsic viscosity [[err]] measured
intetralin & 204 mmol)refbramine wass iaddashdiq e sebtions hBhexanpl es

and 15 Conpar.,ative Exanple. Fig. 2is | ow chart_ for assisting
the under st afdi¥tgpre wag,stigred for,2 hﬁvgﬁt§5m7&fﬁf°s Thexeaftear  the

by osent i nvelBrOIAS Tt FeAreaqtpnepeny teipsl At add iphsREe, ERe ¥
QUT THE | BVENE{Y by adding 108 APLECVI AT Rya28En LOFRR AL id BvieX P! es
washing. After washing, the fesulting_organic layer was
dried by using anhydrous sodium sulfate and the solvent was
removed by usiné an evaporator. Then, the organic layer
‘ was purified by using a silica gel column to obtain 18.4
10 g(75.7mmol)of1—bfomo-3—tert-butyl-s—methyl-z—phenolas
a colorless o0il. The yield was 62%,
(2) Synthesis of 1-bromo-3—teft-hutyl—2—methoxy—s—
methylbenzene
Under a nitrogen atmosphere, 13.9 g (57.2 mmol) of
15 l-bromo-3—tert-butyl-5-methyi-2-phenol synthesized in
the above (1) was dissolved in 40 ml of acetonitrile in a
100 ml1 four-necked flask equippéd with a stirrer, and 3.8
g (67.9 mmol) of potassium hydroxide was then added.
Fu;thermore, 17.8 ml1 (40.6 g, 286 mmol) of methyl iodide
20 was added, followed by continuous stirring for 12 hours.
Then, the solvent was removed by using an evaporator and
40 ml of hexane was added to the residue, thereby to extract
the hexane soluble matter. The extraction was repeated
three times. The solvent was removed from the extract to
25 obtain 13.8 g (53.7 mmol) of l-bromo~3-tert-butyl-2-
methoxy-5-methylbenzene as a pale yellow oil. The yield

was 94%.



further illustrate the present invention in detail but are - not—to—he—
construed to limt the scope thereof. 25 Properties of the polyners

in the Exanpl es were neasured by the foll ow ng nethods. (1) Melt
flowrate (MFR): It was neasured at 190[ err] C under

- 56- - a load of 2.16 kg according $§ the nmet hod defined in JIS

K- 6760. (2) Intrinsic viscosity [[€YY]]: It was neasured in tetralin

at 135[err] C by using an Ubbel ohde vi sconet er . 5 (3) The density was
determ ned according to JIS K-6760. Provi ded that the value of the
density described as the density (w thout annealing) is a val ue

measured Wit Ryt gynthedil &5f | (9-£OreDBSRYING -kt SRy sDe val ue of the
density descrl bed as the density (affer annealing) is a value 10

nmeasured af t metagledenyd ) chlorddimdehiyled Lament . of copolymer: It was
measur ed under the foll ow ng conditions by using DSC7 manufactured by
Per ki n- El mer Co. Toasolut:.la@amfrtgztﬁaatmdr@f\unanaqmﬂnd:)aridemnﬁt(alw ng at
the sane 15 tenperature until calorie is stabili

cool /g 1 ori30988 dofisane 3 stertrenkyd -P-a}ﬁizhoxy-n%rmﬁhnihgnmnegg:

m nut es Measur.ement : red,at th erature thin t
range froth 1®4§ogl§i[‘b*i'9?@¥%‘?e’rl? ]iéemah (3) exane solution (IH

ml) of n-butyllithium (1.6 mol/liter) was added dropwise
at -40°C over 20 minutes. After the resulting mixture was
maintained at —4-0°C for 1 hour, tetrahydrofuran (31.5 ml)
was added dropwise.

10 To a solution of dichlorodimethylsilane (131 g) and
hexane (306 ml), the mixture obtained above was added
dropwise at -40°C. The resulting mixture was heated to room
temperature over 2 hours, followed by stirring at room
temperature for 12 hours.

15 - The solvent and excess dichlorodimethylsilane were
distilled off from the reaction mixture under reduced
pressure, and the hexane soluble matter was extracted with
hexane from the residue. Then, the solvent was distilled
ofél from the resulting hexane solution to obtain 41.9 g of

20 (3-tert-butyl-2-methoxy-5-methylphenyl)
chlorodimethylsilane as a pale yellow oil. The yield was
84%.

(4) Synthesis of (3-tert-butyl-2-methoxy-5-
methylphenyl)dimethyl(tetramethylcyclopentadienyl)silane

25 To a solution of (3-tert-butyl-2-methoxy-5-
methylphenyl)chlorodimethylsilane (5.24 g) synthesized in

the above (3) and tetrahydrofuran (50 ml),



20 (5) Content of [err]-olefin: It was determ ned from charact ert-sttc

absorption of ethylene and [err] -olefin by using an infrared
spectroneter (FT-1R7300, nanufactured by NI PPON BUNKO I nc.) and was
shown as the short-chain branch (SCB) nunber per 1000 carbon atonms. 25
(6) Mol ecular weight and nol ecul ar meighbodistribution: They were
determi ned under the followi ng conditions by usi ng gel perneation
chromat ograph (150, C, nanufactured

-57- by Waters Co.). Col um: TSK gel GWH HT

Measuring tenperature: set at 145[err]C Measuring concentration:

10 my/ 10 mM  aidtiamet Ry HepbiopeReRAS @MYL 1ithhuni(R1730671 s added at A
die (lip distance: 2 lﬁyn) ?V\gs %Dunted toya I%X—SO t§pe 2 i n?laati%n ?ml di ng

machi ne (manu3s’Cunad bhePhiktufe waat heatedn tdi awoeteipeldt ure [ever and
an inflation filmnolding was 10 perfornmed under the conditions of a

mol di ng t enpet draurs offollowad Oy sthbroingpatarpomotemp@ratibre foarl@i on

anount of 25 kg/ hour to prepare a filmhaving a thickness of 30 [err]
mand a fil mhR%%g a thickness of 80 [err] m respectively. (8) Haze

%flol(‘)gl m ]§ (9) T[ﬁ}e\’?qg%}?ﬁrggs b&i%ik’i&eu]%f@et roéjm df?}];é ”Egsl:'itéﬁTgM
reaction mixture under reduced pressure, and the hexane
soluble matter was extracted with hexane from the residue.
Then, the solven-t was distilled off from the resulting hexane
solution under reduced pressure to obtain 6.69 g of (3-

10 tert-butyl-2-methoxy-5-methylphenyl)dimethyl |
{tetramethylcyclopentadienyl)silane as an yellow oil. The
yield was 97%.

(S) Synthesis of dimethylsilyl
{tetramethylcyclopentadienyl) (3-tert-butyl-5-methyl-2-
15 phenoxy)titanium dichloride
To a solution of (3-tert-butyl-2-methoxy-5-
methylphenyl)dimethyl(tetramethylcyclopenﬁadienyl)siiane
(10.04 g) synthesized in the above (4), toluene (100 ml} and
triethylamine {6.30 g), a hexane solution (19.0 ml) of

20 n-butyllithium (1.63 mol/liter) was added dropwise at -70°C.
Then, the mixture was heated tc room temperature over 2 hours
and maintained at room temperature for 12 hours.

Under a nitrogen atmosphere, the mixture obtained
above was added dropwise to a toluene solution (50 ml) of

256 titanium tetrachloride (4.82 g) at 0°C. The resulting
mixture was heated to room témperature over 1 hour and heated

under reflux for 10 hours.



It was neasured by using the nethod defined in JI'S P-8116. 20

‘Ref erence Exanple (Synthesis of transition netal conplex:

di met hyl silyl (tetranet hyl cycl opent adi enyl ) (3-tert-

but yl - 5- et hyl - 2- phenoxy) ti tani um di chl ori de (1) Synthesis of
1-brono-3-tert-butyl -5-met hyl - 2- phenol  gq_ Under a nitrogen

at nosphere, 20.1 g (123 mmol) of 25 2-?ert-buty|-4-nethy|phenol was

di ssolved in 150 m of toluene in a 500 mM four-necked flask equi pped
with a stirrer, and 25.9 m (18.0 g, 246 mmol) of tert-butyl an ne was
t hen : - 58- added. This

sol uti on was cool &he reatdGommikturentvag3fibtered and2He sallvert wason ne
was added to the solution. The m xture was stirred for 2 hours at
-70[err] C. Thbrstklled ofif from thet fidtwddencallbe wesdisiueg twaserat ure and
washed t hree 5 tines_bz agding 100_.mM of ;10% di |l ut ed hgd ochloric acid
every wkEfnEtaklizedatnrnga tRdvepsnhexane pixsd ﬁggﬁnﬁa§°

dri ed by using .,anh o] sodpum sul fate and the sol vent was renoved by
usi ng an evaﬁgﬁﬂ’d}/%#én‘;’ ?he organic layer  was purified by using a

.silica gelg c q@g 4 AP0 ; _ -

1- br ono- 3-5t e(ratl- u W%Pirgj[.p?%ﬁﬁé%ﬁéﬁgﬂﬁggi%pé a c%e[ﬁﬂa % %?ft The yield
was 62% bt 1 -y héeR) B- 2L pReRORYY t3 tiaitumPHi kh1driiehasYaP orange
met hyl benzene Under a nitrogen atnosphere, 13.9 g (57.2 nmol) of
15 1- brono- prismatie yerpstalhy| TRe phiedd wgst BFSi.zed in t he above
(1) was dissolved in 40 ml of acetonitrile in a

The spectrum data were as follows.
i 'H-NMR (CDCl,) O 0.57 (s, 6H), 1.41 (s, 9H), 2.15 (s,
10 6H), 2.34 (s, 6H), 2.38 (s, 3H), 7.15 (s, 1H), 7.18 (s, 1H)
3C_NMR (CDCl,) & 1.25, 14.48, 16.28, 22.47, 31.25,
36.29, 120.23, 130.62, 131.47, 133.86, 135.50, 137.37,
140.82, 142.28, 167.74 |

Mass spectrum (CI, m/e)458

Me Me
Me Me
e I
o
Me 'Bu

15 Example 1

Using an autoclave type reactor having an internal
volume of 1 liter, equipped with a stirring blade, ethylene

and hexene-1 were continucusly fed into a reactor and



100 m four-necked flask equipped with a stirrer, and 3.8 g (6779 .

nmol ) of potassi um hydroxi de was t hen added. Furthernore, 17.8 m (40.6
g, 286 mmol) of nethyl iodide 20 was added, followed by continuous stirring
for 12 hours. Then, the solvent was renoved by using an evaporator and
40 m of hexane was added to the residug% t hereby to extract t he hexane
sol uble matter. The extraction was repe'i%d three tines. The sol vent
was removed fromthe extract,to 25 obtain 13.8 g (53.7 nmol) of
1-brono-3-tert-butyl-2- met hoxy- 5- net hyl benzene as a pale yellow oil.
The yield was 94% -59-

(3) Synthesi oQ?mé%i&%@&dﬂ“ﬂﬁs:béE¥$E%¥d5' Regarding the

met hyl phenyl’) chl or odi et hyl si | ane To a sol ution of

t et r ahydr of upehyfmétizatiion leombic {drid, the tohgabnfressure was set to

1- brono-3-tert-butyl -2-nmet hoxy- 5- net hyl benzene 5 (45 g) synthesized in
the above (2800akpégmi@ antiuthenconcentratinin af hexeng+liwvasusetlte
nmol/liter) was added dropw se at -40[err]C over 20 mnutes. After the
resul ting niddrbywael. A hgxang seduhiomof{ @7 & mokt/g)hedr, :

t et rahydr of ur,an 1.5, was .added dropwi se.., 1 To a sol ution
o el B o RBeh Br BTl (et R IO BB R 38 L engd W3- tah m wt i
obt ai ned ab S ga ' - 401 e 1.C. : esulyt i L Xture
was heat ed ?%Sir"g%r—ns‘gg%%éﬁpzé' a%’gﬁ%ﬂinﬁghr Eshlzﬁ qu}\%erd %ﬁs r?lmﬁg at
room t egeeh 8L BHE( 197 1o NPy Sof IS isobut%ﬁ@hi!ﬁﬁi\ i atx8tEéne

di chl or odi net hyl si | ane wer e.
solution (1.2 umol/g) of N,N-
i dimethylaniliniumtetrakis{pentafluorophenyl)borate were
10 prepared in separate vessels, and the respective solutions
were continuously fed into the reactor at a feeding rate
of 290 g/hour, 350 g/hour and 580 g/hour, respectively. The
polymerization feaction temperature was set to 215°C, a
molar ratio of Al atom to Ti atom was set to 57, and a molar
15 ratio of boron atom to Ti atom was set to 3.3. As a result,
an ethylene~hexene-1 copolymer having MFR of 4.2, a density
(without annealing) of 0.881, a melting point of 67.3°C,
SCB_ of 40.4, amolecular weight (Mw) of 66000 and amolecular
we:fght_ distribution (Mw/Mn) of 1.8 was produced in a rate
20 of 14 ton per one hour per mol of Ti atom.
Bxample 2
Using an autoclave type reactor having an internal
volume of 1 liter, equipped with a stirring blade, ethylene
and hexene-1 were continucusly fed into a reactor and
25 polymerization was performed. Regarding the
polymerization conditions, the total pressure was set to

800 kg/cm’G and the concentration of hexene-1 was set to



distilled off fromthe reaction m xture under reduced pressure, and

t he hexane soluble matter was extracted with hexane fromthe residue.
Then, the solvent was distilled off fromthe resulting hexane sol ution
to obtain 41.9 g of 20 (3-tert-butyl-2-nmethoxy-5-nethyl phenyl)

chl orodi net hyl silane as a pale yellow oil,,, The yield was 84% (4)
Synt hesis of (3-tert-butyl-2-nethoxy-5- -63-

met hyl'phenyl ) di net hyl (t et ranmet hyl cycl opent adi enyl ) sil ane 25 To a
solution of (3-tert-butyl-2-methoxy-5-

met hyl phenyl ) chl or odi net hyl sil ane (5.24 g) synthesized in t he above (3)
and tetrahydr r .ma, i . - 60-

t et r amet hyl cyjc)(?%pﬁtt&ggeny’il ﬁ’?’t‘ﬂ?ﬁms‘(’%.u%?) (V\9as7 élédré%l{a?) of -35[err]C

and the m xt ldfmeebyDedlell(tetramthyIRgrcliopenOa@ienyl) (3-epts, fol | oned
by stirring at roomtenperature for 10 hour s. 5 The sol vent was
distilled of fbityls+mwetbyli-2i-phenoxy Jdaean inm ndkehileridegr a deptoaine
pressure, and the hexane soluble matter was extracted with hexane from
the residue. solutiper33 ¢ mal {ghofibsidpobutyd@lominymanda telbueneng

hexane solution under reduced pressure to obtain 6.69 g of (3- 10
tert - but yl 2 2-3R HHROR 5 ﬂe? héA Bﬂﬁﬁﬂ) SEmdt i

(9t7§/§ ramet hyl cyGhongpt 494 2Kt Litee21A% @bntl £ D6 Lhbne e yporatd Ghdrdas

prepared in separate vessels, and the respective solutions
were continuously fed in the reactor at a feeding rate of
290 g/hour, 355 g/hour and 565 g/hour, respectively. The
10 polymerization reaction temperature was set to 223°C, a
molar ratioc of Al atom to Ti atom was set to 57, and a molar
ratio of boron atom to Ti atom was set to 3.2. As a result,
an ethylene-hexene-~1 copolymer having MFR of 3.3, adensity
- (without annealing) of 0.887, a melting point of 73.5%C,
15 'sCBof 36.6, amolecular weight (Mw) of 70000 and a molecular
weight distribution (Mw/Mn) of 1.9 was produced in a rate
of 15 ton per one hour per mol of Ti atom.
Eﬁample 3
Using an autoclave type reactor having an internal
20 volume of 1 liter, equipped with a stirring blade, ethylene
and hexene-1 were continucusly fed into a reactor and
polymerization was performed. Regarding the
polymerization conditions, the total pressure was set to
800 kg/cm’G and the concentration of hexene-1 was set to
25 27% by mol. A hexane solution (0.7 # mol/g) of
dimethylsilyl( tetramethylcyclop‘entadienyl y(3-tert-

.butyl-5-methyl-2-phenoxy)titanium dichloride, a heptane



(5) Synthesis of dinethylsilyl _ ' _ _
(tetramet hyl cycl opentadi enyl ) (3-tert-butyl-5-nmethyl-2- 15 phenoxy)titani um

di chl ori de To a solution of (3-tert-butyl-2-nmethoxy-5-

met hyl phenyl ) di met hyl (tetranet hyl cycl opent adi enyl ) sil ane (10.04 9)

synt hesi zed in the above (4), toluene (100 m) and triethylamne (6.30
g), a hexane solution (19.0 m) of 20 n=®tyllithium (1.63 mol/liter) was
added dropwi se at -70[err]C. Then, the m xture was heated to room
tenperature over 2 hours and mai ntai ned at roomtenperature for 12

hour s. Under a nitrogen atnosphere, the m xture obtained above

was added dropw : ol | Ui { 25 titaniu

tetrachl ori degy&.ﬁ%ﬁtogﬁ ?gé 6{@??{%3 %é‘%&%ﬁ?&rﬁﬁum’rﬁ‘%ﬂ’@] \?/aé%%‘é%?%d to
room t enper at 4p@u@4idn I Uy gl /gpt &gl N, y-under reflux for 10 hours.

-61- - The reaction mxture was filtered and the sol vent was

distilled off dﬁmemrign@rﬁjJlirriaimeﬁf@kigepdueamaorophehw)wzéadé Apgrdrom a
t ol uene- hexane m xed solvent to obtain 3.46 g of 5

di met hyl si | yl prepaxeet hnl sspavpeatvesssls) @hd ehe-respective solutions

but yl - 5- rre%hyl - 2- phenoxy) titani um di chlori de as an orange _prismatic
crystal . TRe YRERdCRa&imppusly fed intphdhparmachoriat adieedingorates.

[2.6\;2] |(+SNN§H§ Cc[))g‘%gd E{%o&g,rggggg%% E%DSS#géﬁeg%,lr%ﬂpegt%éei; 'I]"l(m)e 6H),
polymerization _reaction temperature was set to 230°C, a
molar ratio of Al atom to Ti atom was set to 55, and a molar
ratio of boron atom to Ti atom was set to 3.6. As a result,

10 an ethylene-hexene-1 copolymer having MFR of 2.5, a density
(without annealing) of 0.892, a melting point of 80.6°C,
SCB of 29.8, amolecular_ weight (Mw) of 76000 and a molecular
weight distribution (Mw/Mn) of 1.8 was produced in a rate
of 17 ton per one hour per mol of Ti atom.

156 "Example 4

Using an autoclave type reactor having an internal
volume of 1 liter, equipped with a stirring blade, ethylene
and hexene-1 were continuously fed into a reactor and
polymerization was performed. Regardihg the

20 polymerization conditions, the total pressure was set to
900 kg/cm’G, the concentration of hexene-1 was set to 23%
by mol and the concentration of hydrogen was set to 0.05%
by mol. A hexane solution (0.7 U mol/g) of
dimethylsilyl(tetramethylcyclopentadienyl) (3-tert-

25 butyl-5-methyl-2-phenoxy)titanium dichloride, a heptane
solution (33 4 mol/g) of triisobutylalumindm and a toluene

solution (1.2 u#mol/g) of N,N-



[err]CGNVMR (CDCl [err]) [err] 1.25, 14.48, 16.28, 22.47, 31.25, 36. 29,

120. 23, 130.62, 131.47, 133.86, 135.50, 137.37, 140. 82, 142.28,

167. 74. Mass spectrum (Cl, me)458

[err] 15 Exanmple 1 Usi ng an autocl ave type react or
havi ng an i nternal volunme of 1 liter, equipped with a stirring bl ade,

et hyl ene and hexene-1 were contlnuousﬁ fed into a reactor and .
-62- pol yneri zati on was perforned. Regarding the pol yneri zati on
conditions, the total pressure was set to 800 kg/cnferr]G and the
concentration of hexene-1 was set to 34% by nol. A hexane sol ution

(0.7 [err] moligbtAylanilini umtetr k.'I.S entafl henyl)borate were
di met hyl silyl (tet ramaahy cycl opent adi en)sp) {% arrophenyl) w

but yl - 5- met hy prépaliedoxs)deparata vhsob D5 d@nd aheepbapective 88hUtioRs(33

[err] mol/g) of triisobutylalumnumand a tol uene solution (1.2 [err]

nmol /g) of N, Nwere coditimiopsaly Ified uir oo reke st@actet| aer appeadlingorate were
of 210 g/hour, 270 g/hour and 488 g/hour, respectively. The

5 polymerization reaction temperature ﬁas set to 231°C, a
molar ratio of Al atom to Ti atom was set to 64, and a molar
ratio of boron atom to Ti atom was set to 3.9. As a result,
an ethylene-hexene-1 copolymer having MFR of 1.7, a density
(without annealing) of 0.897, a density (after annealing)

10 of 0.901, amelting point of 94.6°C, SCB of 25.0, amolecular
weight (Mw) of 79000 and a molecular weight distribution
(Mw/Mn) of 1.8 was produced in a rate of 18 ton per one hour
per mol of Ti atom.

Example 5 _

15 - Using an autoclave type reactor having an internal
volume of 1 liter, equipped with a stirring blade, ethylene
and hexene-1l were continuously fed into a reactor and
.pq_lymerization was performed. Regarding the
pdlymerization conditions, the total pressure was set to

20 900 kg/cm’G and the concentration of hexene-—l was set to
33% by mol. A hexane solution (0.7 4 mol/g) of
dimethylsilyl(tetramethylcyclopentadienyl)(3-tert-
butyl-5-methyl-2-phenoxy)titanium dichloride, a heptane
solution (33 4 mol/g) of triisobutylaluminum and a toluene

25 solution (1.2 4 mol/g) of N,N-
dimethylaniliniumtetrakis(pentdfluorophenyl)borate were

prepared in separate vessels, and the respective sclutions



10 prepared in separate vessels, and the respective sol utions were- -—--
continuously fed into the reactor at a feeding rate of 290 g/ hour, 350
g/ hour and 580 g/ hour, respectively. The pol ymeri zati on reaction
tenperature was set to 215[err]C, a nolar ratio of Al atomto Ti atom
was set to 57, and a nolar 15 ratio of boron atomto Ti atomwas set to
3.3. As aresult, an et hyl ene- hexeneé8- copol yner having MFR of 4.2, a
density (wi thout annealing) of 0.881, a nelting point of 67.3[err]C,
SCB of 40.4, a nolecular weight (Mvy of 66000 and a nol ecul ar wei ght
distribution (Mv M) of 1.8 was produced in a rate 20 of 14 ton per one -
hour per nol of _Ti an_aut.qcl ave type

react or havi ngeﬁﬁ' F%%’g'r’mﬁé‘lous:"y%r%b&%? ﬁh?if%??tguéhggpgdfﬁefiﬁn@ AN | ng

bl ade, ethyle X - ' f ' . ct nd
25 pol ymeri zata?olnoswgzﬂgglr}?o??rg@?/ _%ﬁﬁé?%ﬁ?@%&k 'pggﬁhg?’%zlgﬁﬁ ¥ne
condi tions, tBglypediAAETH I IFed@EioR! téfiperatdRe WS HSE LS 209°Chea
concentration of "hexene-1 was set to )

- 63- 3nedhy ratiocofHiadaatomntotThrat{dn wdseselt tol 85) ahd a molar

di met hyl silyl (tetranet hyl cycl opent adi enyl ) (3-tert- :

but yl - 5- nebhyragiphefidbgron aomtrodTt Hiom o s seltepoahe?. As somesiudt (33
[err] mol/g) of triisobutylalumnumand a tol uene 5 sqolution (1.2 [err]

mol / g) of NN-2n ethylepenhexgperdi copelyarrdperraMEbPrsphely|d BENSIETier

prepared in seRatbae’ Shat iy 4% §86°CELY°o¥°'H . P "% molecular
weight (Mw) of 77000 and a molecular weight distribution
(Mw/Mn) of 1.9 was produced in a rate of 28 ton per one hour

10 per mol of Ti atom.

Example 6

Using an autoclave type reactor having an internal
volume of 1 liter, equipped with a stirring blade, ethylene
and hexene-1 were continucusly fed into a reactor and

15 polymerization was performed. Regarding the
polymerization conditions, the total pressure was set to
900 kg/cm’G and the concentration of hexene-l was set to
32,‘% by mol. A hexane solution (0.7 £ mol/g) of
dimethylsilyl (tetramethylcyclopentadienyl) (3-tert-

20 butyl-5-methyl-2-phenoxy)titanium dichloride, a heptane
solution (33 umol/g) of triisobutylaluminum and a toluene
solution (1.2 x# mol/g) of N,N-
dimethylaniliniumtetrakis(pentafluorophenyl)borate were
prepared in separate vessels, and the respective solutions

25 were continuously fed in the reactor at a feeding rate of
60 g/hour, 110 g/hour and 260 g/hour, respectively. The

polymerization reaction temperature was set to 195°C, a



were continuously fed in the reactor at a feeding rate of 290 g/ hour,
355 g/ hour and 565 g/ hour, respectively. The 10 polynerization reaction

tenperature was set to 223[err]C, a nolar ratio of Al atomto Ti atom
was set to 57, and a nol ar ratio of boron atomto Ti atomwas set to
3.2. As aresult, an et hyl ene- hexene-1 copol yner having MFR of 3.3, a
density (mﬁthout anneal i ng) of 0.8887-a nelting point of 73.5[err]C,

15 SCBof 36.6, anol ecul arweight (My) of 70000 and anvol ecul ar wei ght
distribution (Mv M) of 1.9 was produced in a rate of 15 ton per one
hour per nol of Ti aton1 Exanple 3 Usi ng an autoclave type

o ae et h g'%e rn%ﬁe&ene €ILL€EET?J % }nl ‘}gé ﬁee@%gpgﬁ t%ﬁg reac d]’.r " nd

bl ade, ethyl and wer & T BRPIMTRTS and

pol ymer | zal | GBS ACpEREREkoRES Yl BiohWas se 9] ¥T9L | Z4b PR esRnd { | Ons,

the total pressure was set to kg/cnferr] G and fhe concentrat'i on of

hexene-1 was a‘i?éth?le%%-h%??ér@-m diy'%@@ﬁﬁviﬁb‘ﬁrﬁ'&f(ﬁ 3,[£dehstly 9) of
dlnethyIS|IyI(tetranethyIcyc opent adi enyl )

but yl - 5- met hyin®-griveradindg) tahi 08 AL ¢chEOBI dE 4a. bephamelecular weight

- 64- solution (33 [err] mol/g) of triisobutylalumnumand a toluene
sol ution (61. AMwx Gf 831008 anpd R Wplecular weight distribution (Mw/Mn)

di met hyl ani linj untetrak entafluorophenél)bor te were %r%pared in
separate ves&f & - & 1ips dt1PeashRrEPi Bhs43 ton per one r per

mol of Ti atom.
Example 7
Using an autoclave type reactor having an internal
10 volume of 1 liter, equipped with a stirring blade, ethylene
and hexene-1 were continuously fed intoc a reactor and
polymerization was performed. Regarding the
polymerization conditions, the total pressure was set to
900 kg/cm’G, the concentration of hexene-1 was set to 14%
15 by mol and the concentration of hydrogen was set to 0.20%
by mol. A hexane solution (0.7 #mol/g) of
dimethylsilyl(tetramethylcyclopentadienyl)(3-tert-
bu;yl—S-methyl-z-phenoxy)titanium dichloride, a heptane
so:iution (33 umol/g) of triisobutylaluminum and a toluene
20 solution (1.2 u#mol/g) of N,N-
dimethylaniliniumtetrakis(pentafluorophenyl)borate were
prepared in separate vessels, and the respective solutions
were continuously fed into the reactor at a feeding rate
of 200 g/hour, 240 g/hour and 365 g/hour, respectively. The
25 polymerization reaction temperature was set to 229°C, a
| molaJ; ratio of Al atom to Ti atom was set to 56, and a molar

ratio of boron atom to Ti atom was set to 3.0. As a res{zlt,



5 were continuously fed into the reactor at a feeding rate of 240

g/ hour, 290 g/ hour and 550 g/ hour, respectively. The pol yneri zati on
reaction tenperature was set to 230[err]C, a nolar ratio of Al atomto
Ti atomwas set to 55, and a nol ar rati o of boron atomto Ti atom was
set to 3. 6. As a result, 10 an ethylene-hexene-1 copolynmer having MR of
2.5,.a density (wi t hout annealing) 8-0.892, a melting point of
80.6[err]C, SCB of 29.8, anvol ecul ar weight (Mv) of 76000 and a

nmol ecul ar wei ght distribution (Mv VMn) of 1.8 was produced in a rate

of 17 ton per one hour per nol of Ti atom 15 Exanple 4 Using an

aut ocl ave typgn rﬁ?ﬁ“%ﬂé?gnaﬂliégﬁé‘%ﬁr havi’li&m 8k ll,tg,' rae&eﬁtgﬂ?'ggped

with a stirring ene exene- 1" were cont1 huous
into a react ofyw@pH VZgki @NgPas : r g 20
pol yneri zat i ngcgngiutt [ grr}g,ebtl%grglt)otagl gp?glgéugg&\%\géﬂggt(?gegf ﬂ@%@ifﬁg)

kg/cnferr] G ofa IIEer melidngopobnkane-108%@S seb 3 133%, a mob¥cdphrand
the concentration of hydrogen was set to 0.05% by nol. A hexane
sol ution (0. We¢kght MW)HgpfoB1l000 and a molecular weight distribution

di met hyl si | yl ((tet ramet hyl cycl opent adi enyl ) (3-tert- 25 :

but yI - 5- me? hy H‘Qlﬁﬂérﬁ&w-@/tﬂéﬁi PEPENERdoi N R ratehoft Bhton persengt honr( 33
[err] mol/g) of tril so?_utﬁl al. umi num and a tol uene solution (1.2 [err]
mol /g) of N, Nper mol- of” atom. . - 65-

di et hyl ani | ii%%f;_rgki s(pent af |l uor ophenyl ) borate were prepared in
separate vessels,” and the respective sol utions

' Using an autoclave type reactor having an internal
| volume of 1 liter, equipped with a stirring blade, ethylene
10 and hexene-1 were continuously fed into a reactor and
polymerization was performed. Regarding the
polymerization conditions, the total pressure was set to
800 kg/cm’G and the concentration of hexene-1 was set to
37% by mol. A hexane solution (0.2 xmol/g) of

156 dimethylsilyl( tétramethylcyclopentadienyl) (3-tert-
butyl-5-methyl-2-phenoxy)titanium dichloride, a heptane
solution (10 4 mol/g) of triisobutylaluminum and a toluene
sq;ution {0.9 £ mol/g) of N,N-
di'methyl aniliniumtetrakis(pentafluorophenyl)borate were

20 prepared in separate vessels, and the respective solutions
were continuously fed into the reactor at a feeding rate
of 80 g/hour, 80 g/hour and 110 g/hour, respectively. The
polymerization reaction femperature was set to 190°C, a
molar ratio of Al atom to Ti atom was set to 50, and a molar

25 ratio of boron atom to Ti atom was set to 6.0. As a result,
an ethylene-he.xene—l copolymer having MFR of 5.6, a density

(without annealing) of 0.866, a melting point of 57.1°C,



were continuously fed into the reactor at a feeding rate of 210
g/ hour, 270 g/ hour and 488 g/ hour, respectively. The 5 polynerization

reaction tenperature was set to 231[err]C, a nolar ratio of Al atomto
Ti atomwas set to 64, and a nol ar rati o of boron atomto Ti atom was
set to 3.9. As a result, an et hyl ene- hexene-1 copol yner having MFR of
1.7, . a density (wi t hout anneal i ng) #90. 897, a densi ty (after
annealing) 10 of 0.901, a nelting point of 94.6[err]C, SCB of 25.0, a

nmol ecul ar wei ght (Mwy) of 79000 and a nol ecul ar wei ght distribution
(Mv M) of 1.8 was produced in a rate of 18 ton per one hour per nol

of Ti atom gep d#33Rlge ?mf]i]":écular w@dg%egﬂmﬁﬁf’gb?p% éxaga @ﬁggle:‘?{léla\’i ng

an internal vol une ‘o Iter, equi rrrn

ethylene  wafghtedgBeribiid (M /MIPDHDY 1If .91 ol pradiRadd Gn A¢ate
pol yneri zati on was perforned. Regarding the pol ynmeri zati on conditions,

the total preesfuldOwiensgen ori® h@&DO percmbadr biffGTdndddme. concentrati on of
hexene-1 was set to 33% by nol. A hexane solution (0.7 [err] nol/g) of
di et hyl si | yl Bx@ampdeefhyl cycl opent adi enyl ) (3-tert -

but yl - 5- hyl - 2- ; titani di chl ori de, a, heptane sol ution_(33
Dot l] ool T8 o 21 POR B, B aRht AN i he (EpathBe baVing an Aptersai. )

oLk el Nigtome b IR S bl AALA SN LAY LERY TR
- 66- | and hexene-l1 were continuously fed into a reactor and
polymerization -was performed. Regarding the
polymerization éonditions, the total pressure was set to
10 800 kg/cm’G and the concentration of hexene-1 was set to
34% by mol. A hexane solution (0.2 g mol/g) of
dimethylsilyl(tetramethylcyclopentadienyl) (3-tert-
butyl-5-methyl-2-phenoxy)titanium dichloride, a heptane
 solution (10 k4 mol/g) of triisobutylaluininum and a toluene
15 - solution (0.45 u mol/g) of N,N-
dimethylanii_l.iniumtetrakis (pentafluorophenyl)borate were
prepared in separate vessels, and the respective solutions
w?re continuously fed into the reactor at a feeding rate
of 120 g/hour, 130 g/hour and 170 g/hour, respectively. The
20 polymerization reaction temperature was set to 190°C, a
molar ratio of Al atom to Ti atom was set to 55, and a molar
ratio of boron atom t6 Ti atom was set to 3.5. As a result,
an ethylene-hexene-1 copolymer having MFR of 4.2, a density
(without annealing) of 0.869%, a melting point of 58.0°C,
25 SCBof 49.7, amolecular weight (Mw) of 72000 and a molecular

weight distribution (Mw/Mn) of 1.8 was produced in a rate

of 70 ton per one hour per mol of Ti atom.



were continuously fed into the reactor at a feeditng rate of 106

g/ hour, 195 g/ hour and 420 g/ hour, respectively. The pol yneri zati on
reaction tenperature was set to 202[err]C, a nolar ratio of Al atomto
Ti atomwas set to 85, and a nol ar 5 ratio of boron atomto Ti atom was
set to 6.7. As a result, an et hyl ene- hexene-1 copol yner having MFR of
2.8, a density (wi t hout annealing) ef0-0.880, SCB of 38.7, a nvolecul ar
wei ght (My) of 77000 and a nol ecul ar wei ght distribution (MM M)  of
1.9 was produced in a rate of 28 ton per one hour 10 per nol of Ti atom
Exanpl e 6 Usi ng an autocl ave type reactor having an internal
volume of 1 I|iter, .equipped with a stirring blade, ethylene and
hexene-1 were c‘%ﬁ'ﬁlﬁugﬁ’gl y fed into a reactor and 15 pol ynerizati on was

perfornmed. Regardi gg%é}}gﬁpeﬁ%ég@% @%gnrggggé%i ﬂ%?rifhtd;ear} o alaPrgesure

was set to 90 oncen ion o exere-1"WwWas set

to 32% byoTRine &fNEAARRrSOLYLEPPewith B it iHh b2hde, ethylene
di met hyl silyl (tetranet hyl cycl opentadienyl) (3-tert- 20

butyl - 5- met hyland hlexemel iveare Uwosit thhetsly, fadhdptd@a reac®®k Udhan (33
[err] mol/g) of triisobutylalum numand a tol uene solution (1.2 [err]

mol / g) of H, Npolymerdizattilon awas i pexfioemedki sRegardihgothehenyl ) borate were
prepared in separate vessels, and the rezé)ect ive solutions 25 were
conti nuousl y Pedymerigationcanditirrsedthg tokalpressugg yagoELL 100

g/hour_and 26808, §8Yeneb S3REHheCblnclitrar 1t S HAELOT $88°kbe ko
-67- ‘ 33% by mol. A hexane solution (0.4 # mol/g) of
' dimethylsilyl{tetramethylcyclopentadienyl)(3-tert-
10 butyl-5-methyl-2-phenoxy)titanium dichloride, a heptane
solution {20 1« mol/qg) of triisobutylaluminum and a toluene
solution (0.9 u# mol/g) of N,N-

dimethy-laniliniumtetfakis (pentafluorophenyl)borate were
prepareqd in separate vessels, and the respective solutions
15 were continuously fed into the reactor at a feeding rate
of 680 g/hour, 740 g/hoﬁr and 1000 g/hour, respectively.
The polymerization reaction temperature was set to 224°C,
a;‘-'molar ratio of Al atom to Ti atom was set to 55, and a
mélar ratio of boron atom to Ti atom was set to 3.3. As
20 aresult, an ethylene-hexene-1 copolymer having MFRof 5.8,
a density (without annealing) of 0.882, a melting point of
64.3°C, SCB of 40.0, a molecular weight (Mw) of 65000 and
a molecular weight distribution (Mw/Mn) of 1.8 was produced

in a rate of 11 ton per one hour per mol of Ti atom.

R 25 Example 11

Using an autoclave type reactor having an internal

volume of 1 liter, equipped with a stirring blade, ethylene



nolar ratio of Al atomto Ti atomwas set to 84,:-and a nol ar ratio of ~
boron atomto Ti atomwas set to 6.7. As a result, an

et hyl ene- hexene-1 copol ynmer having MFR of 2.3, a density (no

anneal ing) of 0.879, SCB of 40.4, a nol ecul ar wei ght 5 (My) of 82000 and
a nol ecul ar wei ght distribution (Mwv Vnh) of 1.8 was produced in a rate
of 43 ton per one hour per mol of T7lat om Exanmple 7

Usi ng an autocl ave type reactor having an internal 10 volunme of 1 liter,
equi pped with a stirring bl ade, ethylene and hexene-1 were
continuously fed into a reactor and pol ynmeri zati on was perforned.

S5 v eoBSRUTTLARER PRrSATE SHE0 T, By o
o {1 CONCEBb kst NI Do SR O dbllting R I A hexane

di et hyl si | ylgéByhapebayienctopantadny)y ltHe3tdtdl pressure was set to
but yl - 5- et hyl - 2- phenoxy) titani um di chl ori de, a heptane solution (33

[err] mol/g) ®60tkg/ewiny whe donuen itk boh b fidiexeRd- Sokas i ®et (o 24%rr]
nmol /g) of N, N di et hyl ani |'i ni unt et r aki s( pent afl uor ophenyl ) borate were
prepared i¥ seymmal andddw congehtratiorpefiivdrogtntvansset to byl
continuously fed ipnto the reactor_at ,a feedi ngbrate of 200 g/ hour, 240

g/ hour and 368Y grRber A rkefaRe| selytiene (024 Jmpl9) 8% on reaction
ws et to sernsghyl BiFEr et kimetovic i el fia ol AR cu o
3. 0. As a resil{yl-5-methyl-2-phenoxy)titanium dichloride, a heptane
| solution (20 u mol/g) of triisobutylaluminum and a toluene
10 solution (0.9 # mol/g) of N,N-
dimethylaniliniumtetrakis(pentafluorophenyl)borate were
prepared in separate vessels, and the respective solutions
were continuously fed into the reactor at a feeding rate
of 470 g/hour, 530 g/hour and 530 g/hour, respectively. The
15 ‘polymerization reaction temperature was set to 231°C, a
molar ratioc of Al atom to Ti atom was set to 55, and a molar
rat_io of boron atom to Ti atom was set to 2.6. As a result,
an ethylene—hexene-—i copolymer having MFR of 7.8, a density
(Qithout annealing) of 0.897, a melting point of 92.8°C,
20 SCBof 28.4, amolecular weight (Mw) of 58000 and a molecular
weight distribution (Mw/Mn) of 1.9 was produced in a rate
of 13 ton per one hour per mol of Ti atom.
Example 12
Using an autoclave type reactor having an internal
25 volume of 1 liter, equipped with a stirring blade, ethylene
and octene-1 were continuously fed into a reactor and

polymerization was performed. Regarding the



- 68- an et hyl ene- hexene-1 copol yner having MFR of 1.5, a density

(wi thout annealing) of 0.908, a density (after annealing) of 0.913, a
melting point of 108[err]C, SCB of 15.5, a nolecul ar wei ght (Mw) of
81000 and a nol ecul ar wei ght distribution 5 (Mv M) of 1.8 was produced
in a rate of 15 ton per one hour . per nol of Ti atom Exanpl e 8
Usi ng an autocl ave type reactor having an-it er nal volume of 1 liter,
equi pped with a stirring blade, ethylene 10 and hexene-1 were continuously
fed into a reactor and pol ymeri zati on was perforned. Regarding the

pol yneri zation conditions, the total pressure was set to 800

kg! G i onQfs -1 tt 37%by [ol. A
Ko e L) C b s PAGERLRAL ARGl Vid ¢ BrdSaure wad 4L B
di met hyl silyl (g8 regpé CEd OPREt @Gh 3 S

b:,lt yl )5/ ?r{et Kyl(ggd phenolgy)'t I tani um di cﬁ?gh}:ggltog{ tr?efpto%:eene—l vgao u ?%nt?lo

[err] mol/g) cfos rbysebulyl Al HEkaHE abd i ild Uahe; toen (0.9 [err]
nol/g) of NN = Ydi met hyl ani |'i ni unt et ralki s?tggnt a%l%%?’é%ﬁegsl )borate were

20 prepared idimephybsblyddsetsametvhyeyebopentaiteagliyii3orert- were
continuousu{ fed into_the reactor at a feeding rate ~of 80 g/hour, 80
g/ hour and 2L1PWHb? TmetBpdcl-pliepoxshititaniynl ¢hchiloxiden @edwptane
wag et 1o 50 URHELORSIIA AEbT/5) 8t fr B Ey bad v A AT A L EeRe o
Ceeity” " EBion P8, RIS ME dEarel ey 0F MR L 5
' dimethylaniliniumtetrakis(pentafluorophenyl)borate were
" prepared in separate vessels, and the respective solutions
10 were continuously fed into the reactor at a feeding rate
of 180 g/hour, 180 g/hour and 440 g/hour, respectively. The
polymerization reaction temperature was set to 234°C, a
molar ratio of Al atom to Ti atom was set to 150, and a molar
ratio of boron atom to Ti atom was set to 3.0. As a result,
15 = an ethylene-octene-1 copolymer having MFRof 4.7, adensity
(without annealing) of 0.891, a melting point of 91.9°C,
SCBof 26.7, amolecular weight (Mw) of 71000 and a molecular
wgight distribution (Mw/Mn) of 1.8 was produced in a rate
.6f 22 ton per one hour per mol of Ti atom.
20 Example 13
Using an autoclave type reactor having an internal
volume of 1 liter, equipped with a stirring blade, ethylene
and octene-1 were continuously fed into a reactor and
polymerization was performed. Regarding the
25 polymerization conditions, the total pressure was set to
800 kg/cm’G and the concentration of octene-1 was set to

33% by mol. A hexane solution (0.7 & mol/g) of



- 69- SCBof 52.0, anol ecul arwei ght (Mv) of 70000 and anol ecul ar

wei ght distribution (MvV WMn) of 1.8 was produced in a rate of 110 ton
per one hour per nol of Ti atom Exanpl e 9 5 Usi ng an autocl ave
type reactor having an internal volunme of 1 liter, equipped with a
stirring bl ade, ethylene and hexene-1 were continuously fed into a
reactor and pol yneri zati on was perfdﬁhed. Regar di ng the

pol ynmeri zation conditions, the total pressure was set to 10 800
kg/cnferr] G and the concentrati on of hexene-1 was set to 34% by nol. A

hexane solution (0.2 [err] nol/g) of .

di net hyl si |yl gt LLGY; i - -ys _ _

but yl - é met Ky?iéggﬂg%tg;l%@%ﬁﬁkﬂ%*%%épgg%ﬁgpteé’%l) (3 ?esrotT uti Zg Elo |
err] nol/ LS aAUPHEHB s URNg 4 ti err

Lml /]g) of RI) I\Pﬁt&l sd?%e%w;}l az;ﬂﬁl I ni u@&%&?g?gleﬁtlg a&éﬁ?ﬁ%’erﬁ?ﬁ%atg wer e
prepared i n ssphusdtionveks®| A maly) bE tebpe6burgladuminditand a tdBGE€ne

continuously fed into the reactor at a feeding rate of 120 g/ hour, 130
g/ hour and 178o§mrkéon, (Dedpdtmoldlg). ofheN,®6 pol ynerization reaction
tenperature was set to 190[err]C, a nolar ratio of Al atomto Ti atom

was set toP55dimaghylapiddniumtesnakis (porbafinoropbenylibonate weret o
St @ "ol bppre. PR SIS PR TEL S 09 R o 2.2 @
25 SOB of 4%dreacoRt2aibAE1YPELN 10¥Y tHe LR M GE {YEEMU RS rate
of 80 g/hour, 90 g/hour and 380 g/hour, respectively. The
polymerization reaction temperature was set to 185°C, a
10 molar ratio of Al atom to Ti atom was set to 280, and a molar
ratio of boron atom to Ti atom was set to 8.0. As a result,
an ethylene-octene-1 copolymer having MFR _of 5.1, adensity
(without annealing) of 0.869, a melting point of 60.2°C,
SCB of 39.8, amolecular weight (Mw) of 72000 and a molecular
15 'weight distribution (Mw/Mn) of 1.7 was produced in a rate
of 33 ton per one hour per mol of Ti atom.
Example 14
: Using an autoclave type reactor having an internal
vélume of 1 liter, equipped with a stirring blade, ethylene
20 and butene-1 were continuously fed into a reactor and
polymerizatién was performed. Regarding the
polymerization conditions, the total pressure was set to
800 kg/cm’G and the concentration of butene-1 was set to
46% by mol. A hexane solution (0.2 # mol/g) of
. 25 dimethylsilyl(tetramethylcyclopentadienyl ) (3-tert-
butyl-5-methyl-2-phenoxy)titanium dichloride, a heptane

solution (35 K« mol/g) of triisobutylaluminum and a toluene



wei ght distribution (Mv Vn) of 1.8 was produced in a rate of

one hour per nol of Ti atom - 70-
Exanpl e 10 Usi ng an autocl ave type reactor having an internal
volunme of 1 liter, equipped with a stirring bl ade, ethylene and
hexene-1 were continuously fed into a reactor and 5 polynerizati on was
performed. Regarding the polynerizafr%n conditions, the total pressure
was set to 800 kg/ cnRG and the concentration of hexene-1 was set to

33% by nmol. A hexane solution (0.4 [err] nol/g) of
di et hyl silyl (tetranet hyl cycl opent adi enyl ) (3-tert- 10

but yl - 5- met hngabQ&gﬁo&)&t*g %im 'f:héf.)rﬁdﬁ_,_ a hept ane sol ution (20-
0 y

[err] nol/Q) triisobutylalumnuniand a fol uene solution (0.9 [err]

mol /g) of NN dimeth@1aERiirERind ¥ 4% £5 [ 8&i hays 40T were
prepared in separ ath(ei’I vessel s, and the rgggggtélﬁggbgg:p&g@ﬁé 15a%r‘2éfe
continuously pedpared fheseparate wisseIepdintlthat fespectivetSO1 gt hers, 740
g/ hour and 1000 g/ hour, respectively. The pol ynerization reaction

t enper at ure wiereeconsinmously ded inta the areacton at & feedingordteat om
was set to_55, an r ratio of boron atomto Ti atomwas set to

da nol a
3.3. As 28 9frtQgihour, &tg/dearhardnt3? ebpenyreresperhivetR-of Thes,

S 0 SRR e o eREnbid B85 et o 100835711

molar ratio of A_l atom to Ti atom was set to 200, and a molar
ratio of boron atom to Ti atom was set to 4.0. As a result,
an ethylene-butene-~1 copolymer having MFR of 2.8, adensity
10 (without annealing) of 0.869, a melting point of 56.7°C,
SCBof 58.0, amolecular weight (Mw) of 80000 and a molecular
weight distribution {Mw/Mn) of 1.7 was produced in a rate
of 110 ton per one hour per mol of Ti atom.
Example 15
15 Using an autoclave type reactor having an internal
volume of 1 liter, equipped with a stirring blade, ethylene
and butene-l were continuously fed into a reactor and
pq‘lymerization was performed. Regarding the
p;lymerization conditions, the total pressure was set to
20 800 kg/cm’G and the concentration of butene-1 was set to
46% by mol. A hexane solution (0.2 L mol/g) of
dimethylsilyl(tetramethylcyclopentadienyl)(3-tert—
butyl-5-methyl-2-phenoxy)titanium dichloride, a heptane
solution (10 4 mol/g) of triisobutylaluminum and a toluene
25 solution (0.45 4 mol/g) of N,N-
dimethylaniliniumtetrakis(pentafluorophenyl)borate were

prepared in separate vessels, and the respective solutions



a nol ecul ar wei ght distribution (Mv Vi) of 1.8 was produced in a-rate

of 11 ton per one hour per nol of Ti atom 25 Exanple 11 Usi ng an
aut ocl ave type reactor having an internal volunme of 1 liter, equipped
with a stirring blade, ethylene

-71- and hexene-1 were continuously fed into a reactor and

pol yneri zati on was perforned. Regardi ng-tde pol yneri zati on
conditions, the total pressure was set to 800 kg/cnferr] G the
concentration of hexene-1 was set to 24% 5 by nol and the concentration
of hydrogen was set to 0.11% - by nol. A hexane solution (0.4 [err]

|/ f i .si Lyl | di enyl ) ( 3- . '
bt o) 6 et nyyebenERREs Bkl v el e Sifd PERLESs VI d (Febfihg Fate 20
" ne . g 0_
Lrglr;]g) mc))f RI) I\tl-g’g 90 bl/d%%'ﬁg?g#ﬂi ni unt et ?ﬁ(@é?ggﬁféf %%‘?%%E%ﬁ%%or%%’%ewr e

prepared in sppiymeeivations redttidit tenpeghtueeswasd! is¥ts to 205% . a
continuously fed into the reactor at a feeding rate of 470 g/ hour, 530

g/ hour and 53flobaharatio esfhadt avemytoThe atidm wadd ¥eertdada prandacihobldar
tenperature was set to 231[err]C, a . nolar ratio of Al atomto Ti atom
was set to55rabhg of heiren atom £giTh ajffommeassetobeto O Aom vasudsy to
2.6. As a result, e- hexene- 1 Cq?@fl yner having MFR of 7.8, a

density - PiethotkensriEb Py L Giowp BYmer SANEIRY NS RBE - f S00eBBREY] G,

20 SOB of 28+ REBLCEHhAR1YRH o W, 2000 1o 3pERhECH 66 . 7°C,
SCBof 61.1, amolecular weight (Mw) of 66000 and a molecular
weight distribution (Mw/Mn) of 1.8 was produced in a rate

10 of 90 ton per one hour per mol of Ti atom.
Example 16

Using an autoclave type reactor having an internal

volume of 1 iiter, equipped with a stirring blade, ethylene
and butene-1 were continuously fed into a reactor and

15 polymerization was perfbrmed._ Regarding the
polymerization conditions, the total pressure was set to
800 kg/cm’G, the concentration of butene-1 was set to 29%
by mol and the concentration of hydrogen was set to 0.06%
by mol. A hexane solution (0'.7 L mol/g) of

20 dimethylsilyl( tetfamethylcyclopentadienyl ) (3-tert-
butyl-5-methyl-2-phenoxy)titanium dichloride, a hepténe
solution (35 & mol/g) of triisobutylaluminum and a toluene
solution (0.9 4 mol/g) of N,N-
dimethylaniliniumtetrakis(pentafluorophenyl)borate were

25 prepared in separate vessels, and the respective solutions
were continuously fed into the reactor at a feeding rate

of 230 g/hour, 280 g/hour and 670 g/hour, respectively. The



wei ght distribution (Mv VMn) of 1.9 was produced in a rate of 13 ton

per one hour per nol of Ti atom Exanple 12 Usi ng an

aut ocl ave type reactor having an internal 25 volunme of 1 liter, equipped
with a stirring blade, ethylene and octene-1 were continuously fed
Into a reactor and pol ymeri zati on was perforned. Regarding the

-72- pol ymeri zation conditions, tH&-total pressure was set to

800 kg/cnferr] G and the concentration of octene-1 was set to 20% by
mol . A hexane solution (0.7 [err] nol/g) of

di mret hyl silyl (tetranet hyl cycl opent adi enyl ) (3-tert- 5

e e oA Tt
1ol /9) of N Nooyar - 44 UBUY AN BLLR YEURL AT (ASNLAE 1OTOpNathd LPREALS wer &
prepar ed in separ ate vessel s, an e respective solutrons wer e

continuously f£g€ibné® Hd¥od @tdmtoati atddiedatdsedi€o 3.5, 0fas@0rabtaqer,. 180
g/ hour and 440 g/ hour, respectively. The pol ymeri zation reaction

t enper at ur e was etiyleneJdheengCl copolymevlavimg MFROOEA . 8 adéensIityat om
was set to 150,_and a nol ar . rati o of boron atomto Ti atomwas set to
3.0. As a Pes(withous aapesliinaneobH@ B8R4 aopelying peintgofrR07°¢,7, a

density émﬁthout anneal ing) of 0.891, a nelting gint of 91.9[err]C,
SCB of 26,7, SCH@HedlrAn uha® Wk Shtotvhiaf 82AB0cand #molecular

weight distribution (Mw/Mn) of 1.9 was produced in a rate
of 10 ton per one hour per mol of Ti atom.
Example 17
10 Using an autoclave type reactor having an internal
volume of 1 liter, equipped with a stirring blade, ethylene
and butene-1 were continuously fed into a reactor and
polymerization was performed. Regarding the
polymerization conditions, the total pressure was set to
15 800 kg/cm’G, the concentration of butene-1 was set to 29%
by mol and the concentration of hydrogen was set to 0.13%
by mol. A hexane solution (0.7 # mol/g) of
d%methylsilyl(tetramethylcyclqpentadienyl)(3—tert—
bﬁtyl—s-methyl-z-phenoxy)titanium dichloride, a heptane
20 solution (35 umol/g) of triisobutylaluminum and a toluene
solution (0.9 £ mol/g) of N,N-
dimethylaniliniumtetrakis({pentafluorophenyl)borate were
prepared in separate vessels, and the respective solutions
were continuously fed into the reactor at a feeding rate
25 of 300 g/hour, 380 g/hour and 700 g/hour, respectively. The
polymerization reaction temperature was set to 230°C, a

molar ratio of Al atom to Ti atom was set to 60, and a molar



wei ght distribution (Mv VMn) of 1.8 was produced in a rate of 22 ton

per one hour per nol of Ti atom 20 Exanple 13 Usi ng an

aut ocl ave type reactor having an internal volunme of 1 liter, equipped
with a stirring blade, ethylene and octene-1 were continuously fed
Into a reactor and pol ynmeri zati on was_perforned. Regarding the 25

pol yneri zation conditions, the total pre§§ﬁre was set to 800
kg/cmferr] G and the concentration of octene-1 was set to 33% by nol. A
hexane solution (0.7 [err] nol/g) of

-73- d|nethyI5|IyI(tetranethylcyclopentadlenyl)(S tert-

buty! -5~ et 1Y Lpd0n6RU LA LA RbE ot ke BBCRL | aq SOHELER, (15

[err] nol/Q) um num and a toluene

mol / g) of N, Nan eénﬁleﬁéhhheehbhmé@@@ipﬁ&t&(&%@ﬁ#ﬁéfmﬂ%ﬁy@@%ﬂ&mre
prepared in separate vessels, and the respective Solutions

conti nuously fledthott hbmeamxngv of & §9%/i aoneéBteng poift 8@ Qbhgﬂﬂv 90

g/ hour and 380 g/ hour, respectively. The pol ymeri zati on reaction
t enper at ure wWiSBsef 300 0]:8691'@rltq031a¥ wedghntl (Mw) aifi 65000/Andiaomlecdiaat om
was set to_280, ,and a tio of boron atomto Ti atom was. set to

8.0. As a PesWpight dlS&ﬁl@WOéhéMUdMéHeot deBowpsepraduced mRacratel, a
density anneal i n of 0.869 lting point of 60.2[err]C,
SCB of ~ 39. 8, §¥Lép %&Papﬁﬁa %?Wﬁ Qﬁr7@@gogg Tia8kBMecul ar 15 wei ght

di stribution gyghpag Qfg 1.7 was produced in a rate of 33 ton per one

hour per nol of TI atom
Using an autoclave type reactor having an internal

l volume of 1 liter, equipped with a stirring blade, ethylene
10 and butene-1 were continuously fed into the reactor and
polymerization was carried out. The polymerization

conditions were set to the total pressure of 800 kg/cm®G,
the concentration of butene-1 of 29% by mol and the
concentration of hydrogen of 0.12% by mol. A hexane

15 solution (0.7 £ mol/g) of dimethylsilyl
(tetramethylcyclopentadienyl) (3-tert-butyl-S-methyl-2-~
phenoxy)titanium dichloride, a heptane solution (35 u
mq}/g) of triisobutylaluminum and N,N- -
dimethylaniliniumtetrakis(pentafluorophenyl)borate

20 (obtained by atomizing accordi'ng to a re-precipitation
method using toluene and heptane, the particle size is from
2 to 3 4 m and particles having the particle size of not
less than 10 4 m are not observed, 1.2 t mol/g) dispersed
in a mixed solution (a volume ratio of heptane: liquid

25 paraffin=1:4) of heptane and liquid paraffin (Crystol 202,
manufactured by Esso Sekiyu K.K.) were prepared in separate

vessels, and the respective ones were continuously fed into



Exanpl e 14 Usi ng an autocl ave type reactor having an internal—
volume of 1 liter, equipped wwth a stirring blade, ethylene 20 and

butene-1 were continuously fed into a reactor and  polynerization was
perfornmed. Regarding the pol ymeri zation conditions, the total
pressure was set to 800 kg/cnferr] G and the concentration of butene-1
was set to 46% by mol. A hexane sol tit8-on (0.2 [err] nol/g) of 25

di met hyl si |yl (tetranet hyl cycl opent adi enyl )(3-tert- _

but yl - 5- et hyl - 2- phenoxy) ti tani um di chl ori de, a heptane solution (35

[err] mol/g) of triisobutylalumn nurnI and aftol uene

-74- t e ) .

di met hyl ani | ?ﬁ%r#%%%(gis p%nfé%?%%%ﬁ?%y?gb%%ﬁgl\%re 360 g_ﬁP@Bﬁr%ﬂd:‘ gd
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g/ hour, respegasveey.to280°C, a RUIVARIFIELb0Of ERALSN L& PEI AL wygs set
to 194[err]C, a nolar ratio of Al atomto Ti atomwas set to 200, and

a nol ar sek i 00 060 poamd atmwldao Fatbooof Wbsrortatom4d. THaEomasast ,
an et hyl ene-but ene-1 copol yner having MFR of 2.8, a density 10 (w thout
anneal i ng)d ofset 869, 4 a4 nelAs$ My TRVt of aB6ethylep€-buteneSaB arpdByer

I | ar | ght of 80000 and anol ecul ar wei ght distribution
(i W) of 1 VAVERS 1R LR rPolih GF 50661, 2 BalFHhar orRigmbr(19e) o

of Ti atom ¢ g4 BLA :}g’no_lecular weight distribution (Mw/Mn) of 1.7
was produced in a rate of 10 ton per one hour per mol of
Ti atom.

10 Example 19

Using an autoclave type reactor having an internal

volume of 1 liter, equipped with a stirring blade, ethylene
and butene-1 were éontinuously fed into the reactor and
polymerization was carried out. The polymerization

15 conditions were set to the total pressure of 800 kg/cm’G
and the concentration of butene-1 of 45.9% by mc;l.
Dimethylsilyl(tetramethylcyclopentadienyl)(3-tert-
butyl-5-methyl-2-phenoxy)titanium dichloride was
dissolved (0.066 #mol/g) in a mixed solution (a volume

20 ratio of heptane: liquid paraffin = 1:4) 'of heptane and
liquid paraffin (Crystol 202, manufactured by Esso Sekiyu
K.K.) and N,N-dimethylaniliniumtetrakis
{pentafluorophenyl)borate (obtained by atomizing
according to a re-precipitation method using toluene and

25 heptane, the particle size is from 2 to 3 4 m and particles
having the particle size of not less than 10 Atm are not

observed) was dispersed (0.4 4 mol/g) in the solution.



15 Usi ng an autocl ave type reactor having an internal vol une of 1
liter, equipped with a stirring bl ade, ethyl ene and butene-1 were
continuously fed into a reactor and pol ymeri zati on was perforned.
Regardi ng the pol yneri zation conditions, the total pressure was set to
20 800 kg/cnferr] G and the concentration of butene-1 was set to 46%
by mol. A hexane solution (0.2 [err] ol F§9- of '

di met hyl silyl (tetranet hyl cycl opent adi enyl ) (3-tert-

but yl - 5- et hyl - 2- phenoxy) titani um di chl oride, a heptane solution (10
[err] mol/g) of triisobutylalumnumand a tol uene solution (0.45 [err]

1/9) Of N NewrencBIDY LA LEBLYLG BERCASHA! yagfgggsgxleabga%were

prepared in separate vessels, € tlve sol'af’i on

- 75 war ﬁoi‘aﬁl YRGS bE Ls&lohnh%o&mecd qelcta%;@tbe%cmféi'mm [alfhis
of 90 g/hour, 110 g/hour and 170 g/hour, respectively.

pol yneri zat i omikedr buspendiksr and & népt&ﬁfe 50 12%5oan r(]5C47a L mol /@) Bf
ratio of Al atomto Ti atomwas set to 60, and a nol ar 5 ratio of boron

atomto Ti atemiizosmiylaluminurwere prepared in sepatrayéaresselsparid
copol ymer having MFR of 5.2, a density (wi thout annealing) of 0.868, a
mel ting poPnt the Fespective syinbions werg mmn&anqguskygﬁed(wnwooﬁheaooo

and anol ecul ar ht distribution (Mv V) 1.8 was produ ced |n a
rate 10 of QGeﬁgﬁcﬁéFﬁ¥ﬁ¥éh) *&ﬁeo?aYantBnglameteﬁkgﬁb

at a feeding rate of 323 g/hour and 240 g/hour, reSpectJ.vely.
The polymerization reaction temperature was set to 205°C
and a molar ratio of Al atom to Ti atom was set to 61.7.

10 As a result, an ethylene-butene-1 copolymer having a
density (without annealing) of 0.873 g/cm®, MFR of 6.8 g/10
min., amolecular weight (Mw) of 72000 and a niolecular weight
distribution (Mw/Mn) of 1.7 was produced in a rate of 98.4
ton per one hour per mol of Ti atom. |

15 "Example 20

Using an autoclave type reactor having an internal

volume of 1 liter, equipped with a stirring blade, ethylene
and butene-1 were continuously fed into the reactor and
pblymerization was carried out. The polymerization

20 conditions were set to a total pressure of 800 kg/cm’G and
a concentration of butene-1 of 47.0% by mol.
Dimethylsilyl(tetramethylcyclopentadienyl)(3-tert-
butyl-5-methyl-2-phenoxy)titanium dichloride was
dissolved (0.066 4 mol/g) in a mixed solution {(a volume

25 ratio of heptane: liquid paraffin = 1:4) of heptane and
liquid paraffin (Crystol 202, manufactured by Esso Sekiyu

K.K.} and N,N-dimethylaniliniumtetrakis



- Using an autocl ave type reactor having an internal volunme of 1 liter,—-
equi pped with a stirring bl ade, ethylene and butene-1 were
continuously fed into a reactor and 15 polynerization was perforned.
Regardi ng the pol yneri zation conditions, the total pressure was set to
800 kg/cnferr]G the concentration of butene-1 was set to 29% by nol
and the concentration of hydrogen was set8G-o0 0.06% by nol. A hexane
solution (0.7 [err] nmol/g) of 20

di mret hyl silyl (tetranet hyl cycl opent adi enyl ) (3-tert-

but yl - 5- et hyl - 2- phenoxy) ti tani um di chl ori de, a heptane solution (35

|/ L i ' l ut.i 0.9
ol 1) of 1, epenarAARERTEAT AL, ContatER, uy) asPBIRIRE) borat e ver o
25 d t L i 3l ' | 44d i e
cont Pnubusly §edor et ne. Feret preabi AR I RREHAEF il ' repn a0

g/ hour and 67Repthfel,  theROStivE: vizE€s from 2 to 3 u4 m and particles
-76- pol ymeri zation reaction tenperature was set to ZC?OC, a

mol ar ratio ohawningt thet paTtigilemsize oft niot A@ssarthan MU 92 m are bt 0 of
boron atomto Ti atomwas set to 3.5. As a result, an

et hyl ene- bRit PRSET¥EHY| YASr digpergad-R bi4 W anok/giknint the Solotkiiomut

ol ccul ar vei SR ERTRPOEF 598 & St i Hp SUSRenSL0n Wascrginsaed sotihabn

P o 1@ ABEa P ARG Dt bSkdA Seom to Wi Whow biIndd's 61" Ails ™
mixed suspension and a heptane solution (5.47 u mol/qg) of
triisobutylalumimim were prepared in separate vessels, and

10 the respective ones were continuously fed into the reactor
at a feeding rate of 373 g/hour and 283 g/hour, respectively.
The polymerization reaction temperature was set to 206°C
and a molar ratio of Al atom to Ti atom was set to 63.3.
As a result, an ethylene-butene-l copolymer having a

15 ’'density (no annealing) of 0.867 g/cm®, a melting point of
42.6°C and a MFR of' 11.8 g/10 min. was produced in a rate
of 106.3 ton per one hoﬁr per mol of Ti atom.
Example 21

| Using an autoclave type reactor having an internal

20 volume of 1 liter, equipped with a stirring blade, ethylene
and butene-1 were continuously fed into a reactor and
polymerization was performed. The polymerization
conditions were set to a total pressure of 800 kg/cm’G and
a concentration of butene-1 of 43.9% by mol.

25 Dimethylsilyl(tetramethylcyclopentadienyl)(3-tert-
butyl-5-methyl-2-phenoxy)titanium dichloride was

dissolved (0.066 (& mol/g) in a mixed solution (a volume



10 Usi ng an autocl ave type reactor having an internal vol une of 1

liter, equipped with a stirring bl ade, ethyl ene and butene-1 were
continuously fed into a reactor and pol ymeri zati on was perforned.
Regardi ng the pol yneri zation conditions, the total pressure was set to
15 800 kg/cnferr] G the concentration of butene-1 was set to 29% by nol
and the concentration of hydrogen was set8}o 0. 13% by nol. A hexane

solution (0.7 [err] nol/g) of
di mret hyl silyl (tetranet hyl cycl opent adi enyl ) (3-tert-
butyl - 5-met hyl - 2- phenoxy) ti tani um di chl oride, a heptane 20 solution (35

o Ty ot B ete! o R PR RBREARIE, 2ok HbiHedS, ob%el o
Cont 1 nuously Feduie: BUFRETR, (CRy ot PPRCRRRNE BT LALEY B350 PRREY® 5a0

g/ hour and 708.g/hoahd m&p@itméﬁhy1aﬂ'ﬂtln1umleé|t¥'!§%rﬂszat ion reaction
tenperature was set to 230[err]C, a nolar ratio of Al atomto Ti atom

was set to 60{pentaflmgiraphenyl)borate (obtained by atomizing -77-

ratio of bgron atomto Ti atomwas set to 3.0. As a result,
et hyl ene- bt eAESPTEIRI) Fer FevPF§ NI At o, methedsuging’ t°1‘(1Wth69€1

Aol ocul 3 veBRE TR tBF RACOW IR HERAGEAPR 2 & 3t gnbngi RO FHELP,
f)]I‘WV/T:VhZit g];n 1. ﬁa%ﬁgpﬂﬁguﬁﬁét'ﬁ&l% 'Hlfe of nd 1dsd WThRE 188 HO¥EePHLL™!
observed) was dlspersed (0.4 ymol/g) in the solution.
Furthermore, the resulting suspension was adjusted so that
10 a molar ratio of boron atom to Ti atom becomes 6.0. This
mixed suspension and a heptane solution (5.47 4 mol/g) of
triisobutylaluminum were prepared in separate vessels, and
the respective ones were continuously fed into the reactor
at a feeding rate of 290 g/hour and 270 g/hour, respectively.
15 -The polymerization reaction temperature was set to 205°C
and a molar ratio of boron atom to Ti atom was set to 77.2.
As a result, an ethylene-butene-1 copolymer having a MFR
o§ 13.3 g/10 min. was produced in a rate of 104.5 ton per
oﬁé hour per mecl of Ti atom.
20 Example 22 |
Using an autoclave type reactor having an internal
volume of 1 liter, equipped with a stirring blade, ethylene
and hexene-1 were continuously fed into a reactor and
polymerization was performed. Regarding the
25 polymerization conditions, the total pressure was set to

796 kg/cm’G and the concentration of hexene-1 was set to

30.8%-by mol. A heptane solution obtained by mixing

-



Usi ng an autocl ave type reactor having an internal volume of 1 liter,
equi pped with a stirring blade, ethylene 10 and butene-1 were conti nuously

fed into the reactor and pol ymeri zati on was carried out. The
pol yneri zati on conditions were set to the total pressure of 800
kg/cnferr] G t he concentration of butene-1 of 29% by nol and the

concentration of hydrogen of 0.12% by mot82-A hexane 15 solution (0.7
[err] 'nol /g) of dinethylsilyl

(tetranet hyl cycl opent adi enyl ) (3-tert-butyl-5-nethyl -2-

phenoxy)titani um di chl oride, a heptane solution (35 [err] nmol / g) of

triisobutyl al ym . -

i et hylani 11 eI RS SR YRS PREPEAS LAY L AT PRET by

| meth et e (PSRRI REREHTT pRSTeE Ry ]
neptane, i ho RaryFopeRettiL- oY) e e ani pul THAMAELA Al TS oy ng

the particle grigsebut9laluminifeg thohdrifit IbRISE e SoriMnE anld 2
[err] nol/g) dispersed in a mxed solution (a volunme ratio of heptane:

liquid 25 pehatfolfi triidphftyiciiuminamdakeqi.87p aidlifg (DrgslBl 5242,
manuf actured by Esso Sekiyu K K. ) were Erepared I n separate vessel s,
and the re@peselfg,orespaetivednti AndudlyTiecd 3Gimpl/mol) and a toluene

- 78- the. reactor _at a feew raie of 300 g/ hour, 360 g/hour and
750 g/ hour, rBQbBEEPPel(} - EPnd! ML/} i95¢i on tenperature was set to

0L 1 2 PO pRA A S Codhe BERUG R nony1 fSlrd e erd™
prepared in separate vessels, and the respective solutions
were continuously fed into the reactor at a feeding rate

10 of 260 g/hour and 425 g/hour, respectively. The
polymerization reaction temperature was set to 200°C and
a molar ratio of boron atom to Ti atom was set to 8.2. As
a result, an ethylene-hexene-1 copolymer having MFR of 3.0,
a density (without axinéaling) of 0.887, a melting point of

15 ' 63.9°C and SCB of 34.8 was produced in a rate of 19.2 ton
per one hour per mol of Ti atom.
Example 23

; Using an autoclave type reactor having an internal

volume of 1 liter, equipped with a stirring blade, ethylene

20 and hexene-1 were continuously fed into a reactor and
polymerization was performed. The polymerization
conditions were set to a total pressure of 796 kg/ém’G and
a concentration of hexene-1l of 29.7% by mol. A heptane
solution obtained by mixing dimethylsilyl

25 (tétramethylcyclopent_adienyl) (3-tert-butyl-5-methyl-2-
phenoxy)titanium dichloride and‘ triisobutylaluminum (the

concentrations of the complex and triisobutylaluminum are



5 set to 4.4. As a result, an ethyl ene-butene-1 copol yner havi ng a

nmelting point of 90.6[err]C, a nol ecul ar wei ght (M) of 64000 and a
nol ecul ar wei ght distribution (Mv M) of 1.7 was produced in a rate of
10 ton per one hour per nol of Ti atom 10 Exanple 19 Usi ng
an autocl ave type reactor having an internal volume of 1 liter,

equi pped with a stirring bl ade, et hyl ene83- and butene-1 were
continuously fed into the reactor and pol ymeri zati on was carried out.
The polynerization 15 conditions were set to the total pressure of 800
kg/cnferr] G and the concentration of butene-1 of 45.9% by nol .

Dinmethylsilyl{teyr C opgn i 3= g 3

but yl - 5- net hy‘f'—gg p%ﬁ%ggét ?ﬁgnPgmggﬁcrﬁ#%{’%éeré\gééctlve%&Sg]n\?eda (nbOJO%%
[err] nol/Q) 4 ' SRt i E u ' e'i\"ﬁ‘it '3 dnb @l d
paraffin = 1:f4§)dc?)? ﬁ%g?la?gdg{n:&@ﬁ' af%‘uﬁ Sp@afa?ﬁﬂnd ?&%?st o) %}8%1&1&%
manuf act ured qy. Epsa hekygy of N,N~K. ) and N, N-dinmethylaniliniuntetrakis
(pent af | uor ophenyl ) borate (obtai ned by atom zing according to a
re-precipi t atdiometley hadiliinngnteiturakd sypen 2 1yemepneny 1 hbopate & si ze
is from2 to 3 [err] mand Earti.cles havi ng the Earticle size of not

| ess t han 8.0 Baxipum pasticie diagstery&f) 24 Bi 9peless)(otPMited byl / g)
in the sol ution.

. . . . . - 79-
Further mor e, et PRLYRTiAgtinRpcRUsBRnAsd 4 Ashied, ligyor (a volume

ratio of heptan_e: liqguid paraffin = 1:4) of heptane and
liguid paraffin (Crystol 202, manufactured by Esso Sekiyu
K.K.), were prepared in separate vessels, and the

10 respective solutions were continuously fed into the reactor
at a feeding rate of 246 g/hour and 484 g/hour, respectively.
The polymerization temperature was set to 210°C and a molar
ratio of boron atom to Ti atom was set to 3.6. As a result,
an ethylene-hexene-1 copolymer having a MFRof 3.8 g/10 min.

15 ‘and a density (without annealing) of 0.889 g/cm’ was
produced in a rate of 28 ton per one hour per mol of Ti atom.
Example 24 |

_ Using an autoclave type reactor having an internal

vo-'iume of 1 liter, equipped with a stirring blade, ethylene

20 and hexene-1 were continuously fed into a reactor and
polymerization was carried out. The polymerization
conditions were set to a total pressure was set to 796 kg/cm’G
and a concentration of hexene-1 of 31.6% by mol. A heptane
solution obtained by mixing dimethylsilyl ‘

25 (tetramethylcyclopentadienyl)({3-tert-butyl-5-methyl-2-
phenoxy)titanium dichloride and triisobutylaluminum (the

concentrations of the complex and triisobutylaluminum are



a nolar ratio of boron atomto Ti atom becones 6.0. This m xed
suspensi on and a heptane solution (5.47 [err] nol/g) of

triisobutylal um numwere prepared in separate vessels, and 5 the
respective solutions were continuously fed into the reactor through a
pi pel i ne having a dianmeter of 3.175 mm at a feeding rate of 323 g/ hour
and 240 g/ hour, respectively. The ptﬁ‘jyr’reri zation reaction tenperature
was set to 205[err]C and a nolar ratio of Al atomto Ti atom was set
to 61.7. 10 As a result, an ethyl ene-butene-1 copolymer having a

density (w thout annealing) of 0.873 g/cnferr], MFR of 6.8 g/10 m n.

a nol ecul ar 0 ¢ i on’
P\ SEALAT 2 o 70008 408/, RS Loy g et O
of Ti atom dp ﬁﬁ%ﬁrﬁt@@'; atom is 10b5idwa am Glp'ﬁi%ﬂﬁﬁﬁﬁ(hﬁl@ﬁ@ﬁréaw ng
an internal volume of 1 liter, equipped with a stirring bl ade,

et hyl ene ofinCirpstole202 (&8O qsratt n8509! mahadacuwedhbyrBasd sekigu
pol ymeri zation was carried out. The polynerization 20 conditions were set
to a total prlssKureIG'f sedvent/ &ﬁ%&ﬂ(?am at 19 ronaenfaativedobybut ene- 1

of 47. O%b D net hyl s I(tetrarrethylcyclopentadlenyl)(S tert-
but yl - %hdegmﬁﬁéﬁoﬁﬁttrQ‘é?ﬁ’%% FPor i HEGnaT 60:40qi(ds W P Yumekh
[err] m)I/g) a m xed Q| utlon vqu % ﬁt o of heptane: liquid
paraffin = 1: ?SB?nﬁéﬁ’E’a 'f)‘é PfiN-Norystol 202,

manuf act ur ed 8¥m§§ﬁ9l§%li'13ﬂu_umtééﬁlQngp%%gﬁ.ﬁgi‘%h@w]})'ﬂo‘fgteé rakis

- 80-
atomized by wet pulverization (maximum particle diameter:

not more than 20 4 m) were prepared in separate vesséls ’
10 and the respective ones were continuously fed into the
reactor at a feeding rate of 90 g/hour and 195 g/hour,
respectively. The polymerization temperature was set to
220°C and the molar ratio of boron atom to Ti atom was set
to7.6. As aresult, an ethylene-hexene-1 copolymer having
15 'a MFR of 5.8 g]lO min;', a density (without annealing) of
0.888 g/cm’, a melting point of 69.8°C and SCB of 32.6 was
produced in a rate of 11 ton per one hour per mol of Ti atom.
E:Eample 25
: Using an autoclave type reactor having an internal
20 volume of 1 liter, equipped with a stirring blade, ethylene
and hexene-1 were continuously fed into a reactor and
polymerization was carried out. The polymerization
conditions were set to a total pressure of 796 kg/cm?’G and
a concentration of hexene-1 of 31.1% by mol. A heptane
25 solution obtained by mixing dimethylsilyl
(tetramethylcyclopentadienyl) (3-tert-butyl-5-methyl-2-
phenoxy)titanium dichloride and triisobutylaluminum (the



(pent af | uor ophenyl ) borate (obtained by atom zing according to a
re-precipitation nmethod using toluene and hept ane, the particle size
is from2 to 3 [err] mand particles having the particle size of not

| ess than 10 [err] m are not 5 observed) was dispersed (0.4 [err] nol/Q)
in the sol ution. Furthernore, the resulting suspension was adjusted so
t hat a nolar ratio of boron atomto8%t atom becomes 6.0. This

m xed ‘suspensi on and a heptane solution (5.47 [err] nol/g) of
triisobutylal um numwere prepared in separate vessels, and 10 the
respective ones were continuously fed into the reactor at a feeding

rate of 373 go'?ﬁ:t&n%f&? &Pgﬂéoﬁf’g‘?’?]%g ia\ﬂﬂ y%%%t ofThe pol yneri zati on

reaction tenperature was se a nolar ratio of Al atom
to Ti atom wag jSeorutPiaBuminum A%ed 088U 4 m@ly &t By4 €78 BULER61}
copol yner havi r?'g ‘a 15 %si% ‘(Jno aﬁneal [ ng'g of 05867 g/ cn e}rlr] , ag'r'rel ting

poi nt of resp e Bl @, Mrd thel indd ¥ ¥atid ofVA3 BegeedTiNatomndi s

of 106.3 ton per one hour per nol of Ti atom Exanpl e 21

Usi ng an aut @@ )awend ygpel igqabd opahafifig dr imixtuxeé 80 Uoysholof202|iter,
equi pped with a stirring blade, ethylene and butene-1 were

cont i nuoud y rasmfiaataized dayt Besangekiyu folKmerIB afodvends 2928 or med. The
pol ymeri zati on conditions were set to a,total pressure of 80
kg/cnierr] G &?ﬂi‘“fa‘:t‘h""c%r&%rﬁq%’HBﬁ“o’r’egﬁPgﬁgﬂT"tﬁl E?'QWoIb‘Ef?TmT . 60 »40

D et Y S P Y S SBEBRATER B U39 4 med /909 M (o
ml/g) in a GordmAldli Pihi{dmVeLPERis (pentafluorophenyl)borate
! atomized by wet grinding (maximum particle diameter: not

10 more than 20 u#m) in a mixed solution were prepared in
separate vessels, and the respective ones were continuously
fed into the reactor through a pipeline having a diameter
of 3.175 mm at a feeding rate of 745 g/hour and 1235 g/hour,
respectively. The polymerization temperature was set to

15 247°C and the molar ratio of boron atom to Ti atom was set
to 6.22. As a result, an ethylene-hexene-1 copolymer
having a MFR of 55 g/10 min. and a density (without
annealing) of 0.886 g/cm® was produced in a rate of 13 ton
pei one hour per mol of Ti atom.

20 As described above, according to the present invention,
there is provided a method for efficiently producing an
olefin polymer having narrow composition distribution,
high molecular weight and arbitrary density, particularly
a linear low-density polyethylene under the conditions of

25 high temperature and high pressure by using a highly active
‘catalyst containing a novel metallocene complex.

Example 26



- 81- ratio of heptane: liquid paraffin = 1:4) of heptane and
liquid paraffin (Crystol 202, manufactured by Esso Sekiyu K. K. ) and
NN- di met hyl ani |'i ni unt et raki s (pent af | uor ophenyl ) borate (obtai ned by
atom zi ng 5 according to a re-precipitation nethod using toluene and
hept ane, the particle size is from2 to 3 [err] mand particles havi ng
the particle size of not less than 10 [e8® m are not observed) was

di spersed (0.4 [err] nol/g) in the solution. Furt hernore, the

resul ting suspension was adjusted so that 10 a nolar ratio of boron atom
to Ti atom becones 6.0. This m xed .suspensi on and a heptane sol ution

(5 47 [err] mol/ohoff parts By el gt IF @n%@ﬁﬂ%&@n%ﬁtﬂfhpg&%ﬂt e

vessel s, and especti ve-ones were contl nuous

reactor produde&fdin ExaMpl Ol WG Miked A% ﬁzqugg‘fﬁs bycsRAgHe el V.

15 The polynerization reaction tenperature was set to errTC and a
mol ar rati o @ff kil Ghiiowidandi (8tmillRersebpe, 7Hhadufactded besul t, an
et hyl ene- but ene-1 copol ynmer having a MR of 13.3 g/10 mn. was

produced i n Sumittomyg CliemicabrCepe; Ltd.)pn@.hO0upapts byl wei.ght stforan 20

Exanpl e 22 ., Usi ng@an autocl ave type reactor havi %an | nt er nal
vol ume of 91 @Entdoxidantibangastad BrEPR, Mapriactured by fandoz Japan

por o mad. - REGamargy Hend 051 BREER BY: e tabas S OrEIREEE DG, T

ras *e L0 o pRARRAAILALI NG R RSN s ek ey
using a single screw extruder, and a filmwas formed by using
the mixture.

10 The physical properties of the resulting copolymer and
evaluation results of the film are shown in Table 1. And,
Fig. 1 is a drawing showing a relation between the melt flow
rate (MFR) and the intrinsic viscosity [ 7] measured in
tetralin at 135°C in the olefin copolymers used in the

15 Examples and Comparative Example.

Comparative Example 1

Using a comme_rcially_available éthylene—butene-l
copolymer (Esprene SPO N0352, manufactured by Sumitomo
Chémical Co., Ltd.) produced by solution polymerization in

20 the presence of a vanadium catalyst, a film was formed in
the same manner as in Example 26.

The results are shown in Table 1. As the result, the
transparency of the resulting film was not satisfactory in
comparison with Example 26.

25 Example 27

Using the ethylene-hexene-1 copolymer produced in

Example 7, a film was obtained in the same manner as in



- 82- di rethyl silyl (tetramethyl cycl opentadi enyl)(3-tert-

but yl - 5- et hyl - 2- phenoxy) titani um di chl ori de and triisobutylalum num
(the concentration of the conplex and that of triisobutylalum numare
0.37 [err] nol/g and 18.5 [err] 5 nol /g, respectively, and Al/Ti = 50

nmol /ol ) and a tol uene solution(l.g [err] nol/g) of

tri phenyl met hyl t et r aki s( pent af | uor opheny ?borat e were prepared in
separate vessels, and the respective solutions were continuously fed
into the reactor at a feeding rate 10 of 260 g/ hour and 425 g/ hour,
respectively. The pol ynmeri zation reaction tenperature was set to
200[err] C antExampl@ 2®lar ratio of boron atomto Ti atomwas set to 8.2.
As a result, an ethyl ene-hexene-1 copol yner having MFR of 3.0, a
density (w thout darinephiysdradf ppope¥tiesnet thegresnbting cdgolpnef @nd C and
SCB of 34.8 was produced in a rate of 19.2 ton per one hour per nol of
Ti atom @tQQn results ofi #deafidn (ﬁ:’l’%lv%h‘?‘y'fbelﬂe'ﬁé?éﬁ avi ng an

i nt ernal vol u #ter |pped with a stirring bl ade, ethylene
20 and hexenecq“ﬁx%?%ti‘:ﬁﬁt ﬁﬁE‘B}Py ed into a reactor and pol yneri zation

bresoure O 706 kLMY Fdthelave iR Mg A8 Potlkny o,
nol . A hept angplume T WtlDbePpletiuigshdy wiith agsﬁlifrﬁmqlwlaldé ethylene

(tetranet hyl cycl opent adi enyl ) (3-tert-butyl-5-nethyl - phenoxy)t| tani um
di chl ori de arghd rhesebe+y| ebrne comtinvwusly fed J.nto a reactor and
polymerization was performed. Regarding the
polymerization conditions, the total pressure was set to
10 800 kg/cm’G and the concentration of hexene-1 was set to
66.0% by mol. A toluene solution (0.1 # mol/g) of
bis(n-butylcyclopentadienyl)zirconium dichloride
manufactured by Witco Co. as a transition metal complex,
a heptane solution (9.05 & mol/g) of triisobutylaluminum
15 and a toluene solution (0.45 K mol/g) of N,N-
dimethylaniliniumtetrakis(pentafluorophenyl)borate were
prepared in separate vessels, and the respective solutions
were continuously fed into the reactor, respectively. The
poiiymerization temperature was set to 200°C, a molar ratio
20 of Al atom to Zr atom was set to 63, and a molar ratio of
Al atom to Ti atom was set to 4.4.
The results of the polymerization are shown in Table
1. Sincetheresulting copolymer had considerably high NMR,

a film could not be produced.

25



concentrations of the conplex and triisobutylalum num are

- 83- 0.37 [err] nol/g and 18.5 [err] nol/g, respectively, and a
nol ar ratio of Al atomto Ti atomis 50) and a suspension |iquor
(0.71 [err] nol/g) of NN\

di et hyl ani | i ni unt et r aki s( pent af | uorophe%l_) borate (a 5 maxi num particle
di ameter of 20 [err] mor |ess) atonized wet pul veri zati on,

suspended in a mxed |iquor (a volune rati o of heptane: |iquid
paraffin = 1:4) of heptane and liquid paraffin (Crystol 202,
manuf act ured by Esso Sekiyu K.K), were prepared in separate vessels;
and the 10 opgspective solutions were continuously fed into the reactor
at a feedi ngTateof 246 g7/ hour _gnd 484 g7 hour, T[EesSpectiyely. e

pol ymeri zatilon t enperatur¢ \/msqu [tMJZJGIarsza{rmﬁ.hn Im‘.lm r alliearof
boron atomtjo Ti "atom was [set to A{ a resultf,

et hyl ene- hexlene- 1 copol ynﬁr(g}éWndCblMFE (FEtem g/tloiekn| Hagg an§tzength
density (w tjhout annealing) of 0./889 g/cn{erri wels r gducked iq(a,rate
of 28 ton per one hour pef B3R )of Ti) at gfirneal-g=pese pA3) (kg{emhg

an autocl aveg type reactor [havi ng{an |nterJE§9 wgh mel of 1 |jifer,

equi pped with a stirring Bl ade, ethylene:L and ihe eﬁe-l wer e % ntinJEBst
fed into a reactor and pol yirer i zat ijopg e §e¥arried t. Thegire- |dir
pol yneri zatijon condidions wgre set {to"a totdl pressjure wap set tp 79

D0

kg/cnferr] G and a concentratfi on of |hexene-1 [of 31. 6P6 by npttidnhkgtiaem
sol uti on obtarmed by M X g -armegnytsT iyt
Example 26 30 2.4 60 100
f - 1.7 1.4 0.901
' 80 2.8 - -
Comparative 30 3.1 30 60
1.8 1.5 0.905
example 1 _ 80 4.4 - -
Example 27 30 3.0 80 14—~
1.5 1.5 0.913
80 4.0 - -

Comparative |Impossible .

‘example 2 to measure
Impossible to produce a
because of 0.924 1
film
too high
value

Industrial Applicability
As described in detail above, according to the present
5 invention, there can be provided a novel olefin polymer
having good transparency and étrength characteristics.
The present invention can also provide a £film or sheet
of the above polyolefin polymer, which has good
transparency and strength characteristics.

10 Furthermore, according to the present invention,



25 (tetranethyl cycl opentadi enyl) (3-tert-butyl-5-nethyl-2-

phenoxy)titani umdi chloride and triisobutylalum num (the concentrations
of the conplex and triisobutylal um num are

-84- 2 [err] nol/g and 200 [err] nol/g, respectively, and a nol ar
ratio of Al atomto Ti atomis 100) gpd aliquid paraffin (a mxture
of Crystol 202(130 cp at 18[err]C manufg tured by Esso Sekiyu K K. :

| P Sol'vent 2028(3.2 cp at 19[err]C) nanufactured by 5 ldemtsu

Petrochem cal Co., Ltd. = 60:40 (% by vol une)) suspension liquor (7.0
[err] nmol/g) of N, N di ret hyl aniliniuntetrakis :
(pent af | uor opase )dei Bee providédna zadthpdWebr pef fieieatilign peatdoimg
particle dianeter: not nore than 20 [err] m) were prepared in separate
vessel s, 10 amdlelfénrpelpner hawing amarrey compesidiion distmiduttion,
reactor at a_feeding rate of 90 g/ hour and 195 g/ hour, respectively.
The pol yneri i’dtglbﬂogéﬁb‘éﬁé't‘fﬁ%g anganQptionabsensiky « H@rﬁ&F’gﬁarrd]th of

ot hyl ene- hex i 18eBHiBoaeRRs Ly pol felndiphl, b Bifng aigniy active |
(wi thout @”%@gﬂsefcon%?iégiﬁ 8 a0neHled et £1 1Bddid L hpTex0f 69-8lerr]C

and SCB of 32. ucéd in arate of 11 ton per” one hour per nol
of Ti atom Exampl e 25 Usi ng an autocl ave type reactor
having an internal 20 volunme of 1 liter, equipped with a stirring bl ade,
et hyl ene and hexene-1 were continuously fed into a reactor and



pol yneri zation was carried out. The pol ynerization conditions were set
to a total pressure of 796 kg/cnierr]G and a concentration of hexene-1
of 31.1% by nol. A heptane 25 solution obtained by m Xi ng d| met hyl si-l yl
(tetramet hyl cycl opent adi enyl ) (3-tert-butyl-5-nmethyl -
phenoxy)titaniumdichloride and trii sobut%(#]al um num (t he

- 85- concentration of the conplex™and that of
triisobutylalumnumare 0.37 [err] mol/g and 18.5 [err] nol/g, :
respectively, and the nolar ratio of Al atomto Ti atomis 50) and a
liquid paraffin (a m xture of Crystol 202 5 manuf actured by Esso Sekiyu-
K. K : I'P Sol venh 1238 manuf actured by ldem tsu Petrochem cal Co., Ltd.
= 60: 40 (% by volunme)) suspension liquor (1.39 [err] nol/g) of N N

di met hyl ani | 'i ni unt &t.r akmethed fdr@opdecyhybanabdefin patlymened by wet
grinding (mexi numparticle diameter: not 10 nore than 20 [err] m in a
m xed sol uti oghazasterdzad by rhomopol ¥perizd nge sde(cdefiny ame respective

2 anetor c0 “éﬁ‘s‘%\'e%wm 300, e DRy AT a%aZé"S%waer‘%%&' Y. 5“""“ "
Sarfert]c Bna  ERBEL AP upd8e R BERBRUER, o o eTTRERE, 00, WU HE bigp
9/ 10 . andiacasearel %‘?%%W“ﬁzﬁx%??k%%?o°§§?‘“#%f%‘ﬁ °f >
produced in af6alewdihglIA)GN (B) an®r(@pg (W)raner(pyt et (a)ahaa (C)

(A) a transitioz; metal complex represénted by the following

general formula [I]:

1 1
R5> J/Cp\M!:.);(z
A /
R A
[I]
R’ R’
R2

10 (wherein M! represents a transition metal atom of Group IV
of the Periodic Table of the Elements; A represents an atom
of Group XVI of the Periodic Table of the Elements; J
répresents an atom of Group XIV of the Periodic Table of
the Elements; Cp' represents a group having a

15 cyclopentadiene anion skeleton; X!, X?, R!, R?, R, R*, R® and
R® independently represent a hydrogen atom, a halogen atom,
an alkyl group, an aralkyl group, an aryl group, a
substituted silyl group, an alkoxy group, an aralkyloxy
gréup, an aryloxy group or a di-substituted amino group;

20 and R!, R?, R}, R*, R® and R’ may be optionally combined with

each other to form a ring);

D



20 As descri bed above, according to the present invention, t here

I's provided a nethod for efficiently producing an ol efin pol yner
havi ng narrow conposition distribution, hi gh nol ecul ar wei ght and
arbitrary density, particularly a linear | owdensity polyethyl ene
under the conditions of 25 high tenperahgre and hi gh pressure by using a
hi ghly active catal yst containing a Vel netall ocene conpl ex.

Exanple 26 - 86- 100
Parts by wei ght of the ethyl ene-hexene-1 copol yner produced i n Exanple
4 was m xed with 0.10 parts by wei ght ~of an antioxidant (Sumli zer

BP76, manuf acigy ek Dleast oREMalARE nUdf BdiPotind séléctedlf¥onmdaiie by

wei ght of an 5 antioxidant (Sandostab P-EPQ manufactured by Sandoz

Japan CEolldwlingn(BD) Okopd BBy :by wei ght of Hydrotal cite DHT- 4A
(manuf actured by Kyowa Chem cal Industry Co., Ltd.) by using a single
screw extruder, and@l) fain nomganbailomdnioym gomppund represertedeby Hhe

The physi cal propertles of the, resultlng copol ymer and eval uati on
resul ts of ttﬁ?ﬁ###ﬂ-aﬁ@r@ﬁéﬂnﬁ'l# ‘Fab.l . And, Fig. 1 is a draw ng

showi ng a yelation hetween t the intrinsic

_ ( & f, raje R%Fang i
viscosity 9[err]] L8 FFHE O “P%PP&‘I"‘\’W zi’(a‘ﬁ’s'lﬁe?rf PEEVEE ol ef i n
copol ymers Ug%f%ké@@edléy%ﬁapggﬁe%q UM P | fll yfg b?’é' and

Conpar ati ve conmercl a
et hyl ene- but ene- 1(83) a linear aluminoxane having a structure

represented by the general formula E*{-Al(E’)-0-}_AlE’
(wherein E!, E? and E’ respectively represents a hydrocarbon
10 group, all of E!, E? and E® may be the same or different,
Z represents a hydrbgen atom or a halogen atom, and all of
Z may be the éame or different, a represents a numeral of
0 to 5, b represents an integer of not less than 2, and c
represents an integer of not less than 1), and
16 (C) a boron compound of any one of the following {(Cl) to
(C3):
{Cl) a boron compound represented by the general
fqrmul'a BQ'0%Q’; B
’ {C2) a boron compound represented by the general
20 formula G'(BQ'Q’Q’Q')"; and
{C3) a boron compound represented by the general
formula (L-H)'(BQ'Q°Q%Q*)"
{wherein B represents a boron atom in the trivalent valence
state, Q' to Q' may be the same or different and represent
25 a halogen atom, a hydrocarbon group, a halogenated
hydrocarbon group, a substituted silyl group, an alkoxy

group or a di-substituted amino group, G’ represents an

Hll!lll ] lllll Hlll H Illl



copol ynmer (Esprene SPO NO0352, manufactured by Sum tono Chem cal Co.,
Ltd.) produced by solution polynerization in 20 the presence of a

vanadi um catal yst, a filmwas fornmed in t he same manner as in Examnple
26. The results are shown in Table 1. As the result, the
transparency of the resulting filmwas nqg{_ satisfactory in conpari son
wth Exanple 26. 25 Exanple 27 i ng the ethyl ene-hexene-1

copol yner produced in Exanple 7, a filmwas obtained in the sane manner
as in - 87- Exanpl e 26.

The physical properties of the resulting copol yner and eval uation

results of thepbirgandice otN8¥ganicTeltoh, L reptesBatat hVEetXRER! Eevis ©
Usi ng an autocl avé type reacfor having an internal volunme of 1 liter,

equi pped w t hbasel,i mndngIbimde repiagdenites a Brepvutdianmiil. were
continuously fed into a reactor and pol ymeri zati on was perforned.
Regar di ng t he 2pthemethead Hor pevdiudingan diefiot pblymessaceordinget to
10 800 kg/cnferr]G and the concentration of hexene-1 was set to ,..66. 0%
by mol. A tol kerfelabmdti whersin the presfiyrp igffrom 350 to 3500 kg/cm’G.

bi s(n-butylLcycl ope / oni um di chl ori nuf act ured.b

Co. as a tPansiti oﬁt' Ieg{‘]‘g%%]%‘lré?r producd‘"t‘?eﬁ?gﬁ’«?féd} Bgﬁgﬁ‘e(rf‘é%ofg#é?vw °°
mol /.g) of trigqbtlh3 $PNUMeld: AhPtERbUSAE LY 15 1M 93824 $5pkcTO! / 9)

of N, N
4. The method for producing an olefin polymer according

toclaim1l, whex:ein A in the general formula [I] is an oxygen
atom.

10 5. The method for producing an olefin polymer according
to claim 1, wherein R! in the general formula [I} is an alkyl
group, an éralkyl group, an aryl group or a substituted silyl
group.

6. The method for producing anolefin polyiner according

15 - to claim 1, wherein each of X' and X? in the general formula
[I] is independently a halogen atom, an alkyl grouﬁ, an
aralkyl group, an alkoxy group, an aryloxy group or a
di-substituted amino group. |

3 7. The method for producing an olefin polymer according

20 to claim 1, wherein the compound (B) is triethylaluminum,
triisbbutylaluminum or methylaluminoxane.

8. The method for producing an olefin polymer according
to any one of claims 1 to 7, wherein the compound (C) is
dimethylaniliniumtetrakis(pentafluorophenyl)borate or

25 triphenylmethyltetrakis(pentafluorophenyl)borate.

9. The method for producing anolefin polymer according

to claim 1, wherein the catalyst for olefin polymerization

* [ L M S *




di met hyl ani |'i ni unt et r aki s( pent afl uor ophenyl ) borate were prepared in

separate vessels, and the respective solutions were continuously fed

into the reactor, respectively. The pol ymeri zation tenperature was set

to 200[err]C, a nolar ratio 20 of Al atomto Zr atomwas set to 63, and a

nmol ar ratio of Al atomto Ti aton1mg§ set-to 4.4. The

results of the polymerization are shown "FH Tabl e 1. Since the

resul ti ng copol ynmer had consi derably hi gh NVR a filmcould not be

produced. 25 - 88- Table 1

MFR [[err]] Density Film Film Tear (g/10 (dli/fg

an/;‘ter t ?LC}S.W%ataﬁé@'EBf‘ olefin polymerlzat'ibﬁ) ) comz:r;s%.’iﬁfQ'A) y neSSND
g/c

D (B2) and/or (B3). (g/cnferr]) dire- dire-

ction ction Exanpl e 26 30 2.4 60 100

1.7 1.4 0.90110. The method for producing an olefin pmﬂymgrs -

- Conparative 30 3.1 30

1.8 1.5 @qgg;dlngxggp¢ga&m 1, wherein the catalyst for o;egln -

i.5 E%g%P'&éigperxzatlon is a catalyga)é%gmq}eéan_polyme%izatlon

Comparative lJRaSSi Py (a), (B) and (cC).

11. The method for producing an olefin polymer
according to cléim 1, wherein the olefin polymer is a
copolymer of ethylene and an a-olefin.

10 12. An olefin polymer obtainable By the method for
producing an olefin polymer of claim 1.

13. An olefin polymer having

(A) a density of from 0.850 to 0.940 g/cm’,

(B) a melt flow rate {(MFR) of from 0.1 to 200 g/10

15 minutes, and '

{C) a relation between the melt flow rate (MFR) and
an intrinsic viscosity [77] measured in tetralin at 135°C
satisfying the condition of the following equation (1):

- ~4.04 log[7]40.651og MFR=-4.04 log[ 7 ]1+0.96 (1)
20 | 14. The olefin polymer according to claim 13, wherein
{C) the relation between the melt flow rate (MFR) and an
intrinsic viscosity [77 ] measured in tetralin.at 135°C
satisfies the condition of the following eqguation 2:
-4.04log{7140.7651log MFR=-4.04 log[7]+0.96
25 | equation 2
15. The olefin polymer according to claim 13 or 14,

which is an olefin polymer obtained by polymerizing in the

AUR A



exanple 2 to neasure ' | npossible to

produce a because of 0.924

film too high val ue | ndustri al
Applicability As described in detail above, according to the
present 5 invention, there can be proviged a novel olefin polyner

havi ng good transparency and strength chH&racteristics. The present
i nvention can also provide a filmor sheet of the above polyolefin

pol ynmer, whi ch has good transparency and strength characteristics. 10
Furthernore, according to the present invention, there can
be provi ded Ppreddwse fOf gfﬁéehgubbgﬂ3(53531¥gt, anol ef i npol yner having a
nar r owconposi tiondi stri bution, hi gh ol ecul ar wei ght and an opti onal

density, particul @6y The ®lefitarpbbymeenaccyrpdng tHoy lodesim bl/3 ust nb4 a
highly active 5 catalyst containing a novel netall ocene conplex.
- 90- @hilidiBis an olefin polymer obtained by polymerizing one or
two olefins.
5 17. The olefin polymer according to claim 13 or 14,
which is an olefin polymer obtainable by homopolymerizing
an olefin or copolymerizing two or more olefins at a
temperature of :—:1t 1.east 130°C under a pressure of at least
300 kg/cm’G.
10 18. A film or sheet characterized by comprising the

olefin polymer of claim 13 or 14.
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1. A method for producing an ol efin pol ymer characterized by

honmopol yneri zing an ol efin or copol ynerizing two or nore olefins at a
tenperature of at 5 least 130[err]C under a pressure of at |east 300
kg/cnferr]Gwith a catalyst for olefin polynerization, conprising the
following (A, (B) and (C; (A and (B); % (A) and (O): (A a
transition nmetal conplex represented by ? e foll ow ng general fornula
[1]: - [err] _ 10 (wherein Merr] represents a
transition nmetal atomof Goup IV of the Periodic Table of the

El ements; A represents an atom of Group XVI of the Periodic Table of-
t he El enent SABSTRACT g resenbysenostigm of Group XIV of the Periodic Table
of the Elenments; Cp[err] represents a group having a 15

cycl opent adi ene anifon cllefiiot @ulytherrthaXpetelrizideiby hdtimgr], Rerr],
Rlerr], Rerr] and Rl err] independentl represent a hyd;ogen atom a

hal ogen at om (Pdn QanQRSJQ#Y)Lfbf xomr 81 BB0 oo 94h WS igroup, a
bstituted silyl :

2Tyl oxy aroup of A% Ltk ASH ERFRo(FBIpOT S6cmd o o) P08 BYap”

Rerr], Rke ;Jl, esrr] &pd Rlerr] may be optionally conbined with - each

other to forma rind) -91-

(B) at least one gleymayBIGATRM LSRR Ee ROTE{ ELow rate (MFR) and
an intrinsic viscosity [ 7 ] measured in tetralin at 135°C
satisfying the iange of the following equation (1l):

i ~4.04 log[ 7 ]+0.6<1og MFR<-4.04 log[ 77 ]+0.96 (1)

10 and its a filmor sheet, and a method for producing an olefin
polymer characterized by homopolymerizing an olefin or
copolymerizing two or more olefins at a temperature of at
least 130°C under a pressure of at least 300 kg/cm’G using
a catalyst for olefin polymerization, comprising the

16 following (A), (B) and/or (C):
(A) a transition metal complex represented by the following

general formula [I]):

R* A
[1]
R3 R!
RZ

(wherein M' represents a transition metal atom of Group 1V
of the Periodic Table of the Elements; A represents an atom
20 of Group XVI of the Periodic Table of the Elements; J

represents an atom of Group XIV of the Periodic Table of



following (Bl) to (BB'): (B1) an organoal um num conpound

represented by the general fornula Eferr]A Z[err] ; 5 (B2) a
cyclic alum noxane having a structure represented by the general
formula {-Al (E[err])-O1}[err]; and (B3) a linear alum noxane
having a structure represented by the general formula -

E[err]{-A (E[err])-O}[err]A Eerr] ‘9§Wnerein E[err], E[err] and E[err]
respectively represents a hydrocarbon 10 group, all of Eerr], E[err] and
E[err] may be the sane or different, Z represents a hydrogen atomor a
hal ogen atom and all of Z may be the sane or different, a represents

a nunmeral of ¢pe Epelﬁg%?sﬁg?bepfgﬁfﬁgﬁngsgghggg%@j&%ﬁg ss than 2, and c

I
represents an | nteger | ess ( a boron conpound of
any one of theydndpéNtadiéheé)anfon skeld¥on; X!, x*, R', RECR®,aRVORPANd
conpound represented by the general _ formil a BQerr]Qerr] Cﬁerr];
(C2) a boron FPohpdependentdyenépriebgnt e hyehrergen aom,f atmilegen atom,
derr](BQerr]derr]Jerr]Qerr])[err]; and (C3) a boron
conpound reprassentkyll bgronp, gancaxialkyl grsupd aan aryl group, a
(L-H[err](BQerr]Qerr]err]Qerr])[err] (wherein B represents a
boron atorf i rfubgtitutedepilydl greup, an alkoxy gEewp. t an REPLKYI®®be t he

SRR LS A T B e N O

group or a digiukeli k4! 89, 3, "R YRR dFHd oA Bhbined with
each other to form a ring),
(B) at least one aluminum compound selected from the

10 following (Bl) to (B3):

(Bl) an organocaluminum compound represented by the
general formula E!,AlZ,,;
(B2) a cyclic aluminoxane having a structure

represented by the general formula {-Al(E?)-0-},; and

15 . (B3) a linear aluminoxane having a structure
represented by the general formula E’-{Al(E*)-0-}_AlE’
(wherein E!, E? and E? reSpectively represents a hydrocarbon
group, all of E', E* and E’ may be the same or different;
4 ;epresents a hydrogen atom or a halogen atom, and all of

20 Z may be the same or different; a represents a numeral of
0 to 3; b represents an integer of not less than 2; and c
represents an integer of not less than 1), and
(C) a boron compound of any one of the following (Cl) to
(C3):

25 (Cl) a boron compound represented by the general
formula BQ'Q*Q*;

(C2) a boron compound represented by the general



inorganic or organic cation, L represents a neutral Lew s base, and

(L-Hy[err] represents a Bronsted acid). 2. The nethod for
produci ng an ol ef in polyner according to claim1, wherein the
pressure is from350 to 3500 kg/cnferr] G 5 3. The method for
produci ng an ol ef in polyner according 97 toclaim1 or 2, wherein the
tenperature is from135 to 350[err]C e 4. The nethod for producing .
an olef in polynmer according to claim1, wherein Ain the general
formula [I] is an oxygen atom 10 5. The method for producing
an ol efin polymer according to claim1, wherein Rerr] in the general
formula [1] ifpoaura kal(BQ'Q?0W*'9UP. and aral kyl group, an aryl group or a
substituted silyl group. 6. The nethod for producing an

ol efin polynmer acqa@3) ng bdﬁohOcoinpbmna repEresenteed hbpf tipegehearad X[ err]
in the general fornmula [1].is |ndependently a hal ogen atom an al kyl

group, an fomala(y(LgHbL(@Q‘QﬁQ& ROxy group, an aryloxy group or a
di - substitut ed am no %2 7. The nethod for produ0| ng, an ol ef
in polymer ad HePFGSGF’&lSn?lb°Mr€bF?¥“t%tBSn§)'€)’d ept yalence

triethylal triisob Lum n mor | al um noxane.
8. ITheyrre[#ocfQ'fag‘Jre’pr%dﬁ& tgwug’re% ; ; %r‘% an rﬁ%%%?ngne of
claims 1 to g H@fé B gb?mcogp uoro(%% rou ha%ogenated

di met hyl an|I|n| unt e rakls pént a orat e or

tri phenyl met hgdid&itbhen pgrbap!, uar enlwwilﬁxb@éat £ilyl group, @n HMkdwmyhod
for producing an ol efin pol ynmer according to claim1, wherein the

cat al yst for gxicafp rmpoaydgﬂmhstgnuted amino group, G’ represents an

i inorganic or organic cation; L represents a neutral Lewis

10 base, and (L-H)' represents a Br¢nsted acid).



- —
- 93- is a catalyst for olefin polynerization, conprising (A,
(B2) and/or (B3). 10. The nmethod for producing an ol efin polyner
according to claim1l1, wherein the catalyst for olefin 5 polynerization
is a catalyst for olefin polynerization conprising (A, (B) and (O.
11. The method for producing an ol efin polyner according to claim1,
wherein the olefin polyner is a copol yner of ethylene and an a-ol ef
in. 10 12. An ol efin polyner obtainable by the nmethod for
produci ng an ol efin polyner of claim1l. 13. An ol efin polyner,
havi ng (A) a density of from0.850 to 0.940 g/cnferr],
(B) anelt flowrate (MFR) of fromO0.1 to 200 g/10 15 m nutes, and
(C a relation between the nelt flowrate (MFR) and an intrinsic
viscosity [[err]] neasured in tetralin at 135[err]C satisfying the
condition of the follow ng equation (1): -4.04
log[[err]]+0.6[err]log MFR[err]-4.04 log [[err]]+0.96 (1) 20 14.
The ol ef in polymer according to claim 13, wherein (© the relation
between the nmelt flow rate (MFR) and an intrinsic viscosity [[err]]
measured in tetralin at 135[err]C sati.sfies the condition of the
foll ow ng equation 2: -4.04log[[err]]+0.76[err]log MFRl err]-4.04
log[[err]]+0.96 25 equation 2

15. The ol efign ru4ﬁ4q}44;4?4¥4a 13—0f—34- whi-gh is an olefin
pol ynmer obt ai by polymgrizing in tjhe

\:‘-M-‘-Qﬁ :
sy ) N - Comparaﬁve

&
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%

LOG(MFR)
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-94- presence of a netallocene catal yst. 16. The olefin

pol ymer according to claim 13 or 14, which is an olefin pol yner
obt ai ned by pol yneri zi ng -one or two olefins. 5 17. The olefin
pol ymer according to claim13 or 14, which is an olef in polyner
obt ai nabl e by honopol greri zi ng an olefin or copolynerizing two or nore
olefins at a tenperature of at |east 130[err]C under a pressure of - at
| east 300 kl/cn{err]G. 10 18. A filmor sheet characterized by
conprising the ol efin polynmer of claim213 or 14.
~~
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