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DESCRIPTION PROCESS FOR PRODUCTION OF SYNDIOTACTIC
PROPYLENE POLYMER TECHNICAL FIELD [0001] The present
invention relates to a process for producing a syndiotactic propylene
polymer by solution polymerizing proEerne singly or monomers, in which
propylene is contained as an essential component, in a specific solvent in
the presence of a catalyst containing a metallocene compound in a
specific 10 temperature range;sEEEHMNIECAL BACKGROUND [0002]
Syndiotactic polypropylene has high transparency and surface gloss and
rits-excellenk flexibility as monparedwiitiy t 5 conveptionalisatactio vver
polypropylene. Therefore, it is desired that the syndiotactic propylene is

TE@geddai.n@wsudes in which conventional isotact ¢ polypropylene cannot
be used, in addition to uses such as films, sheets, fibers, injection molded

t0pvaducts and blow molded products that are known to be the uses of
conventional isotactic polypropylene. [000.3]
ltiscAiveriohatyknownthatsymdiotacticpolypropylene ean He preduci: ing
by a method of polymerization at a low temperature using a catalyst made

2 frgRcd vaRadium, comppuade2 and anorganoalsminuiecompdunt i theng
conventional method, however, the obtained polymers do not exhibit

PrYpfficiertt propertiesietausertiespolymeridogs potdyanessufficient diighined
syndiotacticity and sufficient high melting point. 5[0004]

as an essentlial component, in a specific solvent in the presence

of a catalyst containing a metallocene compound in a specific
temperature range.

TECHNICAL BACKGROUND

[00c2)]

Syndiotactic polypropylene has high transparency and
surface gloss and also excellent flexibility as compared with
conventional isotactic polypropylene. Therefore, it is desired
that the syndiotactic propylene is used for new uses in which
conventional isctacticpolypropylene cannot be used, inaddition
to uses such as films, sheets, fibers, injection molded products
and bilow molded preoducts that are known to be the uses of
conventional isotactic polypropylene.

00032}

It is cenventionally known that syndiotactic

polypropylene can be produced by a method of polymerization at

a low temperature using a catalyst made from a vanadium compound
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Under the circumstances, a method for producing syndiotactic
polypropylene using a polymerization catalyst comprising a metallocene
compound in order to enhance syndiotacticity has been studied hard. For
example, ILA.Ewen 10 and others disclose a method of polymerizing
propylene syndiospecificalIyusingaca%alystcomprising
isopropyl(cyclopentadienyl-1-fluorenyl)ham dichloride and aluminoxane
anNan-patent-document. 1) JR:As514(1992)-80214 (Ratent document 1) .
discloses that polypropylene haying nigh 15 syndiotacticity can be ‘
noEaduced usingas 2:6alalyst.a metallocgne compound with a gpegific. ..

structure haying two transition metal atoms in the molecule.

prdBeAH(1993)-200019:(Patent document2) discloses.a metbod thata, . .
syndiotactic propylene copolymer is produced using a catalyst comprising

syad2spesifie alyminaxane and-a metallocene.compoynd typified by
[phenyldme hyl)methylene](9-fluorenyl) (cyclopentadienyl)hafnium

[ odichloride, at a temperature of from -40 to 150C in a solution, in a
suspension or in a gas phase. dP-A-H8(1996)-67713 (Patent document 3)
discloses:that a-raethodr efipeoducing.syndiotaglic-pelypropylene using,as, .
a co-catalyst, aborateandametallocenecompoundas such '

syrat-2i2-dimethyldimethyipropykdene(t:05-gyclopentadieryh {3 catalyst
-n3-fluorenyl)dichlorozirconium, in a diluted hydrocarbon 5 suspension.

conp@0441987 7% (Patentdacurent 4)-discloses a methask-af-produsintenhance
syndiotactic polypropylene using a polymerization catalyst comprising a

sy nietaliecene compounditaving aspesific: strdcture andemethyle, 7.4 . Ewen
aluminoxane in the pamphlet. Moreover, JP-A-2002-510358 (Patent

angocafient 5) disclosesa methoakof:2@ producing syndiotactiey propylene
polypropylene by propylene bulk

s Y pohpaeiZdiorsing asacatadystdsopropylidenecatalyst comprising

~ (cyclopentadienyl)(3,6-di-tert-butylfluorenyl)zirconium dichloride and

S PSR RO R&TE irExample 11 f0005ny1l) hafnium dichloride and

alumincxane (Non-patent document 1. JP-A-H4 {1992y ~80214
{Patent document 1) discloses that polypropylense having high

syndiotacticity can be produced using, as a catalyst, a

¢t

metallocene compound with a specific structure having two
transition metal atoms in the melecule. JP-R-H5(1593;-209019
(Patent document 2) discloses a method that a syndiotactic
propylens copolymer is produced using a catalyst comprising a
specific aluminoxane and a metallocens compound typified by
fphenyl (methyl)methylene] (S-fluorenyl)

(cyclopentadienyl) hafnium dichloride, at a temperature of from
-40 to 150°C in 2 solution, in a suspension or in a gas phase.

JP-A-HE8 (1996)-67713 (Patent document 3} discloses that a method
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15Any of the above known techniques does not disclose a process for
producing syndiotactic polypropylene having high 20
stereoregula(syndiotacticity)and high melting point by solution polymeriz
-on in an industrial scale. Patent Document 1:JP-A-H4(1992)-080214
Patent Document 2:JP-A-H5(1993)-509019 Patent Document -
3:JP-A-H8(1996)-067713 Patent Document 4:Pamphlet of WO01/019877

Patent-Daguent: 3, JP-A20 «%ipéi lon-Patent Pocument 1. J. Am.
°f Chem 805%88,%1§%?6§§5g %4 sgﬁégﬂgﬁg%%@’ HEglgN%‘EQ&TTOtI\T‘AlySt’

a PRQBLEMS TQ,BE SQLVER BY, THEINVENTION [0006] The present .

invention was made in order to solve the above
rac~2,2~dimethyidimethylpropylidene{1mﬁ5wcyclopentadi@nyl)(1

3

-n"-fluorenyl)dichlorozirconium, in a diluted hydrocarbon
suspension. WOD1/19877 (Patent document 4) discloses a method
of producing syndiotactic polypropylene using a poiymerization
catalyst comprising a metallocene compound having a specific
structure and methyl aluminoxane in the pamphlet. Moreover,
JP-A-2002-3103%8 (ratent document 5) discloses a method of
producing syndiotactic polypropylene by propylene bulk
polymerization using, a8 a catalyst, isopropylidene
{cyclopentadienyl) (3,6—di—tert—butylfluorenyi) zirconium
dichloride and methyl aluminoxane in Example 11.

[0005]

Any of the above known technigues doss not disclose a
process for producing syndioctactic polypropylene having high
stereoregularity (syndiotacticity) and high melting point by
solution polymerization in an industrial scale.

Patent Document JP-A-H4 {1982V -08B0214

fond
1

Patent Document 2: JP-A-H5(1993)-208019

[

Patent Document 3: JP~A-~HB(1996)-067713
Patent Document 4: Pamphiet of WOLL/019877

Patent Document %: JP-A-2002-%10358

Non-Patent Document 1: J. Am. Chem. Soc. 1988, 110, 6255
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subjects. It is an object of the present invention to provide a process for
producing a syndiotact.ic propylene polymer with high polymerization
activity efficiently by a solution polymerization method without deposition
of polymers excluding a state of Whit% turbidity of solution, and, a
production process 10 capable of conducting the above production
continuously, provided that these processes could not be attained

DIgoneentianally. MEANS/EOR SOLVING THE PROBLEMS [0007] .
15Under the circumstances, the present inventors have been earnestly

PRefudigd ofca process/fop efficiently progueing-& propylene polymer having
high syndiotacticity and a high melting point, whicl as been desired to
[0%&datribute to plastic industries greatly. As a result, they found that when
an a-olefin such as 20 propylene is solution polymerized in a specific
solvéiftdnce specificitemperaturesange using.anrelefinmolymerization - oo
catalyst comprising a specific metallocene catalyst, a ‘
subjects. It is an object of the present invention teo provide
a4 process for producing a2 syndiotactic propyvlene polymer with
bigh polymerization activity efficiently by a solution
polymerization method without depcsition of polymers exciluding
a state of white turbidity of sclution, and a production process
capable of conducting the above production continuously,
provided that these bprocesses could not be attained
conventiocnally.
MEANS FOR SOLVING THE PROBLEMS
[¢0G7]

Under the circumstances, the present inventors have bsen
earnestly studied on a process for efficiently producing =
propyienepoiymerhavinghighsyndi@tacticityandaahighn@lting
point,whichhasb@endesiredtocmntribut@tog&asticindustries
greatly. As a result, they found that when an g-olefin such as
prépylene is sclution polymerized in =a specific solvent in a
specific temperature range using an olefin polvmerization
catalyst comprising a specific metallocene catalyét, a
syndiotactic propylene polymer having high syndictacticity, a

figh melting point and a sufficiently high molecular welght can
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syndiotactic propylene polymer having high syndiotacticity, a high melting
point and a sufficiently high molecular weight can be solution polymerized
with good polymerization activty without deposition of polymers excluding
a state of white turbidity in polymerizgtion, not only at ordinary
temperature but also in a high temperature range suitable for industrial
scales, and the polymer can be also produced continuously . Thus, the
be present invention has beeaaceomplisheda[0008] That s the present ; ., .
invention relates to: a process for producing a syndiotactic
w1igropylemepolymert0 baving.a wyadiotastic peatad;fraction (ke fragtiqn), - o
as measured [C-NMR, of at least 85%, a melting point (T,), as measured
tuyBSCy offramIIAEC te: 47060 and@n intrinsie viscosity {6},0f.0.440 40: ¢
di/g, which process comprises a step (Pi) of solution polymerizing a
butprapylenésingly iortat leopers: monomerselecied £10Ta aqIOPYEREs - 15 41
ethylene and an a-olefin having 4 to 10 carbon atoms at a polymerization
SCagfifperataré (TRpoffrom S0CHe 256Cthepresencewmianeefis 1y, Thus,
_ polymerization catalyst which comprises; (A) a bridged metallocene
LR drRFERTE répresahteeh by the follewirgr20fopmuta @ .and (B) at least
__one compound selected from (b-1) an organoaluminum oxy
'Loo&ﬁﬁpound, (b-2) a compound capable of forming an ion pair by

reaction with the metallocene compound (A), and
That i1s, the present invention relates to:

a

ke

recess for producing & syndiotactic propylene polymer
having a syndiotactic pentad fraction {rrry fraction), as
measured by YC-NMR, of at least 83%, a melting point (Tp), as
measured by DSC, of from 145°C to 170°C, and an intrinsic
viscosity [(ni of 0.1 te 10 dl/g, which process comprises a step
{(P1) of solution polymerizing a propylene singly or at least one
monomer selected from a propylene, ethylene and an a-oclefin
having 4 to 10 carbon atoms at a polymerization temperature (Ty)
of from 30°C to 250°C in the presance of‘an.oiefin.polymerization
catalyst which comprises;
(A) a bridged metallocene compound represented by the following
formula (I}, and
{B) at least one compound selected from
{b-1) an organocaluminum oxy compound,
(b~2)eacompouﬂd.capablecn?fsrmingeﬂticwspairtmzreaction

with the metallocens compound (AY, and
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6 (b-3) an organoaluminum compound. [0009] [Chem. 1] 5[0010] In
the formula (1), M is a titanium atom, a zirconium atom orahafniumatonn Q
is selected froma halogenatonn a hydrocarbon group, an anion ligand and
a neutral ligand coordinatable with a Jone electron pair, j is an integer of 1
to 4, Fa and Rh may 10 be identically or differently a single nuclear or
polynuelear hydrocarbon residue capable of forming a sandwich structure
togethier Withh M, of issa cathen atom obasilicen.atom, and Rc and Rd may
be the same or different from each other, is selected from hydrogen, a

{ OHy@rocarbon group and a silicon atom-containing r7, group and further
may be bonded each other to form a ring. EFFECT OF THE INVENTION

[CHe01 1] According to the process for producing the syndiotactic propylene

polymer of-he present invention, when propylene is 20 solution
polymerized 8ihgly, or a-ofefins in which propylene is contained as an
essential comporent afid are solution polymerized in a specific solvent in

a specific tempWri‘g‘@in the 7 commreeiiens (1)

R R
[cero

In the formula (I), M is a titanium atom, a zirconium atom
orakwfniumatom,g}isselectedfromakmﬂogenatom,a%umwocarbon
group, an anion ligand and a neutral ligand coordinatable with
a lone electron pair, 3 is an integer of 1 to 4, R% and R® may
be identically or differently a single nuclear or polynuclear
hydrocarben residue capable of forming a sandwich structure
together with M, Y is a carbon atom or a silicon atom, and R
and R® may be the same or different from each other, is selected
frcn&hydrogen,eahydrocarbon;grou;:andeasiliccn.atom—containing
group and further may be bonded each other to form a ring.
EFFECT OF THE INVENTION
[0011]

According to the process for producing the syndiotactic
propylene polymer of the present invention, when propyiens is
solution polymerized singly, or a~olefins in which propylene is
contained as an essential component and are scluticn polymerized

in a specific solvent in a specific temperature range in the
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presence of a catalyst comprising a specific metallocene compound, an
a-olefin polymer having high syndiotacticity, a high melting point and a
sufficiently high molecular weight can be prepared with good
polymerization activity at not only 5 ordinary temperature but also high
temperatures. [0012] According to the process for producing the
syndiotactic propylene polymer of the present invention, since solution
preopolymerizatiomcanguraceed withewt-deposition of peiyners: 10excludifgen e
estate of white turbidityofsolution, the continuous production thereof ban
corfyeoperformed o-BRIERE DE SCRIREION OF THE: DRAWING: [0043} Fig.-Lis -
an example showing the relation of the polymer 15 concentration, the
higemserature and thesolutioawiscosityrof aysolitionrof the.solventAgft can
syndiotactic polypropylene. Fig. 2 is a graph that a temperature
be JifereRce Betwiedh arrequilibriuymensitiag temperature {Tm) and act  only
solution polymerization temperature (TR) is plotted to the TR with respect
O DY RTEXARTRES. & 16 BeardCormparativeExapsies 120:6:4a the graph, the
meanings of the marks are as follows. 0: a polymer deposited during the
L0 &otition polymerization. G: afinepolymerdeposited during the solution
polymerization and the solution turned into a white-turbidity state. O: the
soluti& PBRARGrZa&tioH PrecCEEEd inf UnifoRfstiatey BESTMODBEFOR ic
CARRYING OUT THE INVENTION [00141 The process for producing a
pr?@%ﬁﬁﬁﬁaﬁﬁ%ﬁ%?%n@%oﬁ%ﬁﬂpreSant invention, since sclution

PO

fot

ymerization can proceed without deposition of polymers
excluding a state of white turbidity of solution, the continuous
production therecf can be performed.

BRIEF DESCRIPTION OF THE DRAWING

[0013]

Fig. 1 is an example showing the relation of the polymer
concentration, the temperature and the solution viscosity of a
solution of the solvent A of syndiotactic polypropylene.

Fig. 2 is a graﬁh that a temperature difference betwean
an eguilibrium melting temperature {7y} and a solution
polymerization temperature (Tg) is plotted to the T with respect
to Examples 1 to 8 and Comparative Examples 1 to 5. Ir the graph,
the meanings of the marks are as follows. 0 a polymer deposited
during the solution polymerization, A: a fine polymer deposited
during the solution polymerization and the solution surned into

a white-turbidity state. 0: the solution polymerization
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according to the present invention is a process for producing a syndiotacti-
propylene polymer having a syndiotactic pentad fraction (rrrr fraction), as
measured in 13CNMR, of at least 85%, a melting point (Tm), as measured
in DSC, of from 145C to 170C, and an intrinsic viscosity [n]of 0.1 to 10
dl/g, which 10 process comprises a step (P1) of solution polymerizing
propylene singly Or propylene and at least one monomer selected from
proetpdent andana-ofefimhaving4 to 10 carbon atoms at a polymerization
temperature (TR) of from 30C to 250C in the presence of an olef
BESPolymieriZationCeataly st whicht comprisesniA)abridged metallocene
compound represented by the following formula (1), and (B) at least one
[0C¢dmpound selected from (b-1) an organoaluminum oxy
compound, (b-2) a compound capable of forming an ion pair by
reactioh 20oWith tneametafideenie eompound(pycanid: propyl¢b8pan ymer
organoaluminum compound- [00151 [Chem.
accoerding to the present invention is a process for producing
a syndictactic propylene polymer having a syndiotactic pentad
fraction {(rrrr fraction}, as measured in “C-NMR, of at least
8€5%, a melting point (Tm), as measured in DSC, of from 145°C *+o
170°C, and an intrinsic viscosity [n]of 0.1 to 10 dl/qg, which
process comprises a step (Py) of solution polymerizing propylene
singly or propylene and at least one monomer selected from
ethylene and an a-olefin having ¢4 to 10 carbon atoms at 2
polymerization temperature (Tr) of from 30°C to 250°C in the
presence of an olefin polymerization catalyst which comprises;
{A) a bridged metallocene compound represented by the following
formula (I}, and
(B} at least one compound selected from
(b-1}) an organoaluminum oxy compound,
(b2} a compound capable ¢f forming an ion pair by reaction
with the metallocene compound (A), and
(b-2) an ocrgsnoaluminum compound.
[00L5]

Chem. 2]



[0016] In the formula (I), M is a titanium atom, a zirconium atom or a

hafnium atom, Q is selected from a halogen atom, a hydrocarbon 5 group,

an anion ligand and a neutral ligand coordinatable with a lone electron

pair, j is an integer of 1 to 4, Rd and Rb may be identically or differently a

single nuclear or polynuclear hydrocarbon residue capable of forming a

sandwich structure together with M, | is a carbon atom or a silicon atom,

and Rc 10 ang‘Rd maybe e same or different from each other, is

selected from h rog;n(’é;hydrocarbon group and a silicon

atom-containing graup angstyrther may be bonded each other to form a

ring. [0017] Thepfodustion process of the present inventior is 15

characterized#h that the aRdve polymerizat n step (P1) is preferably

carried out continuously, and following the polymerization step (P1), a
[C®bsi-treatment step (P2) is carried out in such a way that the

polymerization solution transferred from the polymerization step is

optiohalyTredtmtnelthel 20 tethperature nat fawek than, the pohwperizatian

temperature and not higher than 250C, and a flash procedure is carried
oT gutat alpresdine -ob fions 060 to:0.5 MPaG teldistithavwayithe BONEeBkarhon
group, an anion ligand and = neutral ligand coerdinatable with
& lome electron pair, j is an integer of 1 to &, R® and R may
be identically or differently a single nuclear or polynuclisar
hydrocarbon residue capable of forming a sandwich structure
together with M, Y is a carbon atom or a silicon atom, and R°
and R® may be the same or different from each ;ther, is selected
fronlhydrogen,aahydrocaxbon.group and a silicon atom-containing
group and further may be bonded sazch other to form a ring.
[0017]

. .
fne production process of the present invention ils

characterized in +that *the above polymerization step (P} is
preferably carried out continucusl » and following the
polymerization step (P.), a post-treatment step (Py) is carried
out in such a way that the polymerization solution transferred
from the polymerization step 1s optionally heated t¢ the
temperature not lower than the polymerization temperature and

not nlgher than 250°C, and a flash srocedure is carried out at

a pressure of from 0.00 to 0.5 MPaG to distill away the sclvent.
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10 {00181 With respect to the two steps for constituting the p o ess

for producing the syndiotactic propylene polymer of the present invention,

namely the olution polymerization tep and the 5 post treatment step (P2)

subsequently performed after the so 6ion polerization step, the best mode

forcarryingout the present invention is described. Thereafter, the

properties of the syndiotactic propylene polymer obtain.able by the
[Ogréduction process of the present invention will be described. 10[0019]

111 Solution polymerization step (01) With respect to the step which

is essentiat andeconstifutes the process for predueing the syndigtact £oce s s

propylene polymer of the present invention, namely the solution
topolymerization step (P, ithesest mpde for eareyingoudhepresent, e sent

invention will be described together with the description of the
inolrherizatisnecatatyst fercarrying eutithesstep.sthesoletion (p,) and the

polymerization method in the presence of the polymerization catalyst, and
POghe propErties of @ pelymer obtaindbie bythe selutien 20-pelymerization  he

Jin this order. [0020] -1] Polymerization catalyst The polymerization
SC-gatalystion the présaritinventiem comprises {A)aimetallocene eompound; he

and (B) at least one compound selected from (b-1) an organoaluminum
Pr & Corrip bt - 2) s esfrpolineccapdbile of ddrming amiop paisdyties of

reacting with allocene compound (A), and (b-3) an organoaluminum
Che SHpOLREE fih tReroNBWIR) Geefiptior, (h)thermbtalidcens s campoundon

simply referred to as "(A) component" or metallocene compound”, and (B)
Pr 498 &st°0n e REnfpotinE Seld tBE HGM b 1) the lorgarsatumimsm oxy
mocompound, (b-2) the compound capable of forming an ion pair by reacting
0%t the metallocene compound. (A), and (b-3) the organoaluminum

... .compound is simply referred 10to as "(B)component","co-catalyst" or
1 '|| éT_C}B n 41 py '-”‘ation ste (____)(P’g p y

With respect to the stepwhichlis essential and constitutes
the process for producing the syndictactic propylene polymer of
the present invention, namely the solution polymerization step
(Py), the best mode for carrying out the presant invention will
kmadescribedtcgether‘withtﬁmadescriptioncﬁfthe;@lymerization
catalyst for carrying out the step, the solution polymerization
method in the presence of the polymerization caﬂalyst, and the
properties of a polymer obtainable by  the solution
polymerization, in this order.

100207

i u.\.-i
i A<

tod

-
H

Folvmerization catalvst

The polymerization catalyst of the present invention

comprises (A) a metallocene compound, and (B) at least one
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[0021] (A) Bridaed metallocene compound The bridged met llocene
compound of the present invention 15 is a bridged metallocene compound
represented by the formula (I). In the formula (1), M is a titanium atom, a
zirconium atom or a hafnium atom, Q is selected from a halogen atom, a
hydrocarbon group, an anion ligand and a neutral ligand coordinatable
with a lone electron pair, j is an integer of 1 to 4, Ra and R 20 be
congentically<oredifferently ansingle nueleasef pelypuokarhydrecarbon o una,
residue capable of forming a sandwich struct together with M, Y is a
(b-carborratam ora siiceh btont, antiRG andhRoomaysbe the $amMe0ing with
_ different from each other, and is an atom or substituent selected from
Chehyardgeh! eckydrocarbergrdupi and azstkton atom-centaining: grURim 1 nun
[0022] Among the' 'dgedmetallocene compounds represented by the
COMBRRR: (1), frorhike VisWpoinhgf theirpolymerizatiompropestiestalloccene
availability, and excellent properties of the obtainable polymer,

COMHBtN cendictmpotmEs hesihgCssymmetryrip @reentératombtan ccene
preferred, and further, a bridged metallocene compound represented by
CONRBYBowirid forrRdla HI} ppreferablyarsetd: 10[60231{Ghemr §a024} 1n thee
formula CITY,4 each are selected 15 from hydrogen and a hydrocarbon
O GSrRER (AT AreteraBly atRRecaBon Group ofthto 20 cabondatoms:(fL)y; of

-_and a silicon atom-containing group ( 2), more preferably a silioon
O Mol cBhtaifhgPGrotip (f2'y & 2 62D darbontdtonisst#3 locene compound

{R), and (b—B) the organcaluminum compound is simply referred
te  as M (B} compoenant”, “co-catalyst”  or “co-catalyst
componant”. ]

[0021]

(&) Bridged metallocene compound

The bridged metallocene compound of the present invention
iszibridg@dmetalidcenecempoundzepresentedfuftheformula(I}.
In the formula (I), M is & titanium atom, a2 zirconium atom or
& hafnium atom, Q is selected from & halogen atom, & hydrocarbon
group, an anion ligénd and a neutral ligand coordinatable with
a lone electron pair, j is an integer of 1 to 4, R® and RP may
be ldentically or differently a single nuclear or polynuclear
hydrocarbon residue capable of forming & sandwich structure
together with M, Y is a carbon atom or a gilicon atom, and RS
and RY may be the same or different from each other, and is an

atom or substituent selected from hydrogen, & hydrocarbon group
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[0025] The hydrocarbon group (fa) is alkyl, alkenyl, alkynyl or aryl
groups, which each contains only carbon and hydrogen- The hydrocarbon
groups (f1) may include groups haying alicyclic groups or an aromatic
ring, which are obtainable by replaciqg any two adjacent hydrogen atoms
simultaneously, and groups in which a‘part of hydrogen directly bonded to
these carbon atoms is substituted with a hater atom-containing
andydracarbon:graupreplaced with.a haleggn atom, an oxygen-containing
group, a 10 nitrogen-containing group or a silicon atom-containing group.

: 0®@amples of the hydro bon groups (fl') of 1 to 20 carbon atoms are linear
chain hydrocarbon groups such as methyl, ethyl, n-propyl, allyl,h-butyl,
n-peftybrig- eyl n:hi¢yld msoctyl, In-nenyl cefmirdesany b dranched . 4 1, y the
hydrocarbon groups such as 15isopropyl, t-butyl, amyl, 3-methylpentyl,

FormpdiethiIpropyf,rbi-dinhethyibiutylo d :methyl4-propylouitylo 1 yme r i zat 1 on
1,1-dipropylbutyl, -dimethy1-2-methylbropyl and

ProRfAfethyisl-isepropyd2i hig ylpropyt cyclicesatunateddyysiieearbon graupshe

~such as cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, norbonyl and 20

Obdddmantyl peyclieunsataratetidwdrecarhorogrotps such asghemylet rv to
naphthyl, biphenyl, phenanthryl and antracenyl, and their nuclear alkyl

3 Celibstiteayrbas sattatetehydrocarbongroups:substitytedwith ananth e
group such as benzvl or cumyl; hetero atom-containing hydrocarbon

COTGIOURS SHEH &S PEthBNYY éthoxss L1 phenokyrmula (I7) is preferably
N-methylamino,trifluoromethyl, tribromomethyl, pe afluoroethyl and

usgff’ientafluorophenyl, [0026] The silicon atom-containing groups (f2) are,

g for example, groups in which cyclic carbon atoms in a cyclopentadienyl

: g?r%bp bond to silicon atoms covalently and directly, and specific examples

{Choef tho§q are alkylsilyl oup and arylsilyl group. Examples of the silicon

) at%fn-cdnt'aining groups ( 2) having 1 to 20 carbon atoms include
trimethylsilyi group and 10triphenylsilyl group. [0027] From the
viewpoint of producing #ie syn@jptactic propylene polymer having a high
stereoregularity (syn otaceity) and a high melting point by solution
polymerization inaccog 5 the production process of the present
invention, the bridged metaflo end compound represented by the formula
() is preferably a llocéne compound having Cs symmetry. That is to
say, it is preferable th 4 and R4, are the same atomg or the same

groups, and R2 am®R7 are the ame atoms or the same

712 RS
=Rl / e
Feﬂ) = 7
RQ Ra =

[G0z4]

In the formula (II}, R', R? R® and R’ each are selected
frem hydrogen and a hydrocarbon group (f1), preferably a
hydrocarbon group of 1 to 20 carbon atoms {f1'};, and a silicon
atcm—containing  group  (£2), more preferably a silicon

tom—c ing ron £ }
atom=containing group (£27) of 1 to 20 carbon atoms.
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20 groups, or are bonded to forma ring. It is more preferable that R' andR4
are hydrogen atoms, It is particularly preferable that all of RIl, R2, R3 and
R4 are hydrogen atoms. Moreover, R.' and R42 are the same atoms or
the same groups, R and are me same, 15 same groups araand R9 are the
same atoms or the same groups. [0028] and R12 are each
selected from hydrogen, the hydrocarbon groups (Mr preferably the

[ ¢ dBdrocarbon groups 5 having 1 to 20 carbon atoms (fir), and the silicon
atom-containing groups (f2), preferably the silicon atom-containing groups
havifigd toy20 caxbbratgmsuf2'),fand they maybe theksame ordifferent o
from each other, and the adjacent groups may be bonded each other to

arformraving. RG and R7care-10 the same htoms 0sgroups ssleetesfrom The
hydrogen, hydrocarbon groups and silicon atom-containinggroups, and

hydhagbeisondeereach other toufarmiatingd Ri and Rilaredhe sametatoms. i ¢
or groups selected from hydrogen, hydrocarbon groups, and ilicon

9T BtEM-edntaining groups, ahtdhey miay:bebendedzactdther o femi acing
ring, provided that R6, R7, Rl and R are not hydrogen atoms

ansimtftah@oaskl R17 86918 afcthe sahmel atoms or giaups:selegtetfron.»
hydrocarbon groups and silicon atom-containing groups, and may be

whisohdedBAENTIHEY 16 $617R Frir C [oR g 2ofront the- Viewpoiatblon. atoms
_synthesizing the syndiotactic polypropylene having a high stereoregularity
-5 @yHaiotactis) Bhata high Hilfng PoMBy:Seliten pdlymerizatémin group
S e i U A e el s L

‘ T . roup, a
nitrogen-containing group or a silicon atoem~containing group.
sxamples of the hydrocarbon groups (£17) of 1 to 20 carbon atoms
are linear chain hydrcocarbon groups such as methyl, ethyl,
n—propyl,allyl,mwbutyl,n—pentyl,n—hexyl,n—heptyl,nwoctyl,
n-nonyl, or n-decanyl; branched hydrocarbon groups such as
isopropyl, t-butyl, amyl, 3-methylpentyl, 1,l1-diethylpropyl,
1, I-dimethylbutyl, l-methyl-Il-propylbutyl, 1,1-dipropylbutyl,
l,l~dimethyl-Z-methylpropyl and l-methyl-l-isopropyl-2-
metnylpropyl; cyclic saturated hvdrocarbon groups such as
cyciopentyl, cyclohexyl, cycloheptvl, cycleoctyl, norbonyl and
adamantyl;cyclicunsaturatedhydrocazbongroupssuchas;ﬁenyl,
naphthyl, biphenyl, phenanthryl and antracenyl, and their
nuclear alkyl substituted groups; saturated hydrocarbon groups
substituted with an aryl group such as benzvl or cumyl; hetero

atom-containing hydrocarbon groups such as methoxy, ethoxy,
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preferable that both R7 and Ru are not hydrogen atoms, and more 16
preferable that all of R6, R7, R1 and R are not hydrogen atoms.
Particularly, in the case that R6 and R11 are hydrocarbon groups and the
adjacent groups do not forma ring, it ﬁpreferable that [1] R6 and R11 are
each independently a hydrocarbon group having at least two carbon
atoms, more preferably three or more carbon atoms, particularly
phipneferably foursormbeencaron atems, obi2baciigon atom:gentaining « 1,1
group. It is preferable that R7 and R12 are each a hydrocarbon group ~

rehayingatieasttwo earhareatonis, usereprefgrably three or more carbon
atoms, particularly ' 10 preferably four or more carbon atoms. Especially,

[OREand R' 2are each a sterically bulky alkyl group or aralkyl group having
4 to 20 carbon atoms. [0030] When all of R6, R7,10 and RIl are not
hydrégénzatbins; p@ tkbrand Ridiarerench preferably)an asyl grouR Qfmp e,
substituted aryl group. [0031] R17 and R18 are each selected from

9T 3he hydrocailson groups (fin preferablyrthe. hydrecarbopgroups £H)h ayNgp
1 to 20 20 carbon atoms, or the silicon atom-containing groups (f2), )

Lonsleferabiy Hie eilican aremaomaininglgroaps (f2)having 1 ta 20 casben t i «
atoms, and may be the same or different from each other, and the

Sxfibsfitients raytse Borded torformlating 0082EAT aryMss aytitaniumy .
atom, zirconium atom or hafnium atom, Y is a carbon atom or silicon

Exaigme ©'8 Grkhifefitiddlf or differerilysaléctéddramaibalogéh’ ) having 1

.. hydrocarbon group, anion ligand and neutral ligand capable of

£© cobrdinatitirith a16RES elddtforipair, aneijis amvintebier bf 1doduf0033nd

triphenylsilyl group.
[G027]

From the viewpoint of producing the syndictactic propylena
polymer having a high sterecregularity (syndiotacticity) and a
highn@ltingpointkwrsolutionpolymerizationijlaccordancewith
the production process of the present invention, the bridged
metallocene compound represented by the formula (I) is
preferably a2 metallocene compound having Cs symmetry. That is
to say, it is preferable that R' and R! are the same atoms or
the same groups, and R® and &® are the same atoms or the same
groups, or are bonded to forma ring. It is more preferable that
Rland_Rqax&ehydrogen,atoms. It isparticularly preferable that
all of RY, R*, R’ and R® are hydrogen atoms. Moreover, R® and RY
are the same atoms or the same groups, R® and R' are the same

atoms or the same groups, R’ and RY are the same atoms or the
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Specific examples of the halogen are fluorine atom, chlorine atom,
bromine atom and iodine atom. Examples of the hydrocarbon group are
methyl, ethyl, n-propyl, isopropyl, 10
2-methylbropyl,1,1-dimethylpropyl,2,2-dimethylbropyl,
1,1-diethylpropyl, 1-ethyl-I-methylpropy?,
1,1,2,2-tetramethylpropyl,sec-butyl,t-butyl,

sadelsdi lbutyl, 351 3-trimethy. n ntyl, . )
cyc%fi%?%%tﬁ%l,%yc%f%%l%ﬁ%%%%-ggc%%h%g(?PESOSp%%l i¢ EXEnpies Bf -

i o gegitral, conjugated or non-conjugated dienes having not more than 10
carbon atoms are s-cis or s-trans-n4-1,3-butadiene, s-c s or
S'traﬂg;n‘lﬁw‘lf@ﬁpﬁﬂ@y:k{gg,Sal}tgagﬁﬂﬁ’_sé%@g%ted from hydrogen, the
s-trans-fl4-3-methyl-1,3-pentadiene,s-cisor 20

nyriranshdnl 4-libenzy14i3-butadiens, s:¢is of sdranspds2.A-ngxadiene,
s-Cis or s-trans- -1,3-pentadiene, s-cis or N

hasstttgns-n4-1,4-ditoty1- 1. 3rbutadiene-and s-pgsl@r)g, and the silicon
irans-n4-1,4-bis(trimethylsily1)-1,3-hutadiene. Specific examples of the

at antotigand ane alkaxycgiesps suchygs methexy,-18 j—lputo,}%@nd silicon
phenoxyv carboxylate groups such as acetate and benzoate; and

at guifonates: siclyag mesydatesanc tosylate. Spesificexamplesofthe: | .nq
neutral ligand capable of coordinating with a lone electron pair are organic

thgshospHoric termpoends siich &ras trimethydphosphiner trigthylphosphing. » -
triphenylphosphine and diphenyl methyl phosphine; and ethers such as

gr ewahydnofarane; disttylether, didxanetand dy2xdimethaxy ethang, J0Q34] -«
10The compounds as defined above are catalysts generally

the same atoms or groups sslected from hydrogen, hydrocarbon

groups and silicon atom-containing groups, and may be bonded sach
other to form a ring. R*Y and R™ are the same aloms or groups
selected from hydrogen, hydrocarbon groups, and s=zilicon

atom-containing groups, and they may be bonded sach other to form
a ring, provided that RS, R, R and r** are not hydrogen atoms
simultaneously. R and R*®are the same aroms or groups selected
from hydrocarbon groups and silicon acom-containing groups, and
may be bonded each other o form a ring.
(6029

From the viewpoint of synthesizing the syndiotactic
polypropyliene having a high stereoregularity {(syndictacticity)
anda high m@lt':},ng point by solution polymerization in accordance

with the production process of the present invention, it iz

£ 7 1 1o :
Preferable that both B’ and R are not hycrogen atoms, and more
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having a Cs symmetric structure. [0035] Specific examples of the
component (A) satisfying the above definition will be shown below, but the
scope of the present 15 invention is not limited by the examples.
Theexamplesofthecomponent(A)include:
cyclopropylidene(cyclopentadienyl)(3,6-di-t-butylfluorenyl)z

irconjumdichloride .

pre c%ﬁo%?ﬁ/ﬁa%%(%oﬁénﬁfdie%)(%feg-&i&%r%ﬁmﬁua@%;}vzé15@i%ahiaﬁrpms :
dichloride, cycl‘opentvlidene(cyclopengadienyI)Q,6-di-tert-butylfluoreny

Parth G didRioride, SoeiBhoRiidéneand K are hydrocarbon groups

cyclopentabienyl)(3,6-di-tert-butylfluorenyi )zirconium dichloride, 19

and %ﬁoﬁ@é@ﬁ&éﬁe&%l&%rﬁéd%’é‘h?l)?@,%?eftiﬁlﬁylfm%réﬁypreferable that
1)zirconiumdichloride, diCenzylmethylene(cyclopentadieryl) (3,6-di-te

L1 BhuGlsréh vif zitcEhitmdieRBREESS BibbrzyImethylereldyelopemadienyl i ng
(octamethyloctanydrodiben zofluorenyl) zirconium dichloride,

at lgeibutyimetRyleRe(cyefdentte hyLN2s7-dirthly1:3 Bidite or more carbon
rt-butylflubrenyl)zirconium dichloride,

at oni.n hiimethydene(cytopentadienylp(2; 7edi(@d6-trimethyl EXoms, or [2]
_phenyl)-3,6-di-tert-butyl fluorenyflzirconium dichloride,

a sidilfputyhethylere{eycidpentadienyl) (2 7cdiltemyie3 S=diteat-t hat R’ and

... tylfluorenyi)zircenium dichloride,

R adienchutiimeibylens(zytlopentadienizh (@] 7-dli(3;5idimethylphe-a rbon atoms,
ny1)-3,6-di-tert-bu ylfluorenyi)zirconium dichloride, 15

mo redi-ppifyiméethy lehe toye lopentadienyi) (213,67 -tetractest;bubart icularly
ylflucrehyl)zirconium dichloride, di-

pre fuyinethylenetcyclopentadienyt) (21 -di¢4-methytphenyl) v3, 7 and rR*? are
E-di-tert-butylfluorenyl) zirconium dichloride,

eachdisn-butyimethylenefeyclopertadienyl}(@uédinaphBd-8:6-di-4 roup having 4
to 20 carbon atoms.
[0030]

When all of RY R’, R*® and RY™ are not hydrogen atoms, R®
and R are each preferably an aryl group or substituted aryl
group.

[0031]

R and R'¥ are each selected from the hydrocarbon groups
(f1), preferably the hydrocarbon groups (f17) having 1 to 20
carbon atcms, or the silicon atom-containing groups (f2),
preferably the silicon atom-containing groups (£27) having 1 to
20 carbon atoms, and may be the same or different from each other,
and the substituents may be bonded to form a ring.

[0032]
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20 ert-butylfluorenyl)zirconiumdichloride, di-n-butylmethylene(cyclopenta
enyl) (2,7-di(4-terttylche ny1)3,6-d'-tert-butylfluorenyl)zirconiumdichloride,
diisobutylmethylene(cyclopentadyl)(2,7-dimethyl-3,6-di-te
diisobutyfmethylene(cyclopentadien)él 2,7-di(2,4,6-ti ethyl phenyl) -3,6
i-tert-butylfluorenyl)zirconiumdichloride,
diisobutylmethylene(cyclopentadienyl)(2,7-dipheny1-3,6-te

rt-butylflgorenyi}Zrconium:Sm, zirconivm atom or hafnium atom, Y
diiscbutylmethylene(cyclopentadienyl)(2,7-di(3,

is nyl)<hesshdertbutylfluprenyl)ziseonfurion, ¢s are identically or
diisobutylmethylene(cyclopentadienyl)(2,3,6, ylfluorenyl) zirconium

didiehleride yethyiphe:dightarige -a-tert-byt dichigridescarbon group, anion
ligand and neutral ligand capable of coordinating with a lone
electron paiyr, and J is an integer of 1 to 4.
00337

Specific examples of the halcgen are fluorine atom,
chlorine atom, bromine atom and iodine zatom. Examples of the
hydro;arbon group are methyl, ethyl, n-propyl, isopropyl,
Z~methylpropvi, 1,1-dimethylpropyl, Z2,Z2-dimethylpropyl,
1,1-diethylpropyl, I-ethyl-l-methyipropyi,
1,1,2,2-tetramethylproovl, sec-~butyl, t-butyl,
1, 1-dimethylbutyvl, Lr,b,3-trimethylbutyl, neopentyl,
cyclohexylimethyl, cyclohexyl and 1-methyl-i-cyclohexvyl.
Specific examples of neutral, cenjugated or non-conijugated

dienes having not more than 10 carbon atoms are s-cis or

shtrans—nqmlr3~butadiene, s—-cis or
SMtrans—n4~l,4wdiphenyl~1,3mbutadiene, 8-Cis or
i N " , .
s—trans-n -3-methyl-1,3-pentadiene, s—-Cisg - or
. 4 - . , .
s—trans-n -1, {-dibenzyl-1, 3-butadiene, g~Ci8 or

4 . .
s-trans-rn°-2,4-hexadiene, s-cis or s~trans-n‘-1, 3-pentadiene,
s-cls or s-trans-n‘-1,4-ditolyl-1,2-butadiene and s-cis or
4 : . C e : e
s-trans-n -1, 4-bis(crimethylsiliyli-1,3-butadiene. Specific

examples of the anion ligand are alkoxy groups such as methoxy,
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diisobutylmethylene (cyclopentadienyl) (2, 7-di (4-methylphenyl) 10
-3,6-di-tert-butylfluorenyl)zirconiumdi chloride
diisobutylmethylene(cyclopentadienyl)(2,7-dy 3,6-di-
tert-butylfluorenyi)zirconiumdichloride,
diisobutylmethylene(cyclopentadienyty (2, 7-df(4-tert-butylflu
oreny1)-3,6-di-tert-butylfluorenyl)zirconiumdichloride, 15
t»KHQQQ%MﬁMﬁhﬂﬁaﬁgyﬁppgggﬁa%QWAG%73¥%EbQy%é%ﬁ{ggegcegﬁtﬁ and
-diphe

-butylfluorenyl) zirconium dichloride [sometimes referred to as 3 ny

bezs:om@[@ylid%mﬁ{CYS,@BEQQ{%@QHZ’ZBTQ’HHet%'%esylate and tosyliate.
6-di-tert-butylfluorenyi)zircenium dichloride, hereinafter, the second name

Spanill Hecomitted ] e20cdibenaytmethyiene(cyclopentadienyi)s ¢ coordinat ing
(2,7-di(2,4,6-trimethylph enyl)-3,6-di-tert-butylfluorenyl)zirconium

witdichldride; dibenzylmethyiene(cyclopalitadiepyl) 3:7-diphenylds3.6-3 et on

-hutylfiuorenyl) zirconium dichloride, dibenzylmethylene(cyclepentadie)y
as (2;7rei(3;5divhethylpheny 133 6rditestibebrliEeoreny shenyl phosphine

;zirconiumdichloride, dibenzylmethylene(-yc3opentadienyl)

and2,3te6 phtetia-tertzbutydy fluorenyljzitconiymdichienidest ners  such  as
dibenzylmethylene(cyclopentadienyl) ( 7-di(4-methylpheny1)-3 5

tetaadirendsyHluerenyljzirconumidichloridepxane and 1, 2-dimetnony
dibenzylmethylene(cyclopentadienyi) (2,7-dinaphthy1-3,6-di-te

ethepaitylfluorenyl)zircon um dichlo 'e,dibenzylmethylene(cyc-opentadienyl)
$2,7-di(4-tert -butylpheny1)-3,6-di-ter butyifluorenyl) zirconium 10

L0 %A éRioride,
diohenethylmethylene(cyclopentadienyl)(2,7-dimethyl-3,6-diert-butylfluore
nnyWEﬁnﬁﬂﬁHRﬁﬁéﬁﬁe?s defined above are catalysts generally

having a Cs symmetric structure.

[0035]

Specific examples of the component (A) satisfving the
abovedefinitimxwilibesmownbelow,butthesca§eofthep¢esent
invention is not limited by the examples.

The examples of the component (&) include:
cyclOQropyiidene(cyclopentadienyl)(3,6wdi~t—butylfluorenyl)z
irconium dichloride,
cyclobutyliden@(cyclop@ntadienyl)(3,6~di-tertfbutylfluorenyl
yzirconium dichloride
cyclopentylidene(cyclopentadienyi}(3,6~di—tert~butylfluoreny
1yzirconium dichloride

cyclohexylidene(cyCEOpentadienyl)(3,6~diw@ert~butylfluorenyl

Yord i
FEALYC i 3 Ped
onium dichlioride,



diphenethylmethylene(cyclopentadienyl)(2,7-diphenyl-3,6- -t
ert-butylfluorenyl)zirconiumdichloride, 15
di(benzhydryl)methylene(cyclopentadienyl)(2,7-dimethyl-3,6-d
i-tert-butyifiuorenyl) zirconium diohloride,
d|(benzhydryl)methylene(cyclopentad13nyl)(2 7-diphenyl-  tert-butylf
orenyl) zirconiumdichloride, di(cumyl)methylene(cyclopentadienyl)

cvfd.d leﬁlbﬂé gl fl nyl)zircon mQIChOI‘Id_Q_, -
ydl(camyl)methyle%g%cﬁlgg)eéntat%%r%%ﬁ(zy?%w%;/)l%6 di-t tJC Hryitluoreny

1y tbuddfluerenyl)zirconiumdichloride, dichloride '
di(1-phenethyl)methylene(cyclopentadienyi) (2 7-ethy1-3,6- T

d i detert-bubdiyorenyi) ZircopRERIghlonde; y (3 6-gi-terc-butylfluoren
di(1-Phenyl-ethyl)methylene(cyclopen ad' enyI) (2,7- dlphenyl 3 -

v 1 iteft-butylflworenyl)zirconium dichloride, chloride,

di(cyclohexylmethyl)methylene(cyclopentadienyl)(2,7- dlmethyl

di E&ﬁk@&ﬁ%&b@@ﬁh&ﬁe@ﬂl6@@@%5&&@@9K¥@§®@éﬁethyloctanydrod1ben
yclohexylmethyl)methylene(cyclopentadienyl) (2,7-diphenyl

20 £3 BedisteythutyHfiuerenyd)zirco dichloride, dichioride,
di(cyclopentylmethyl)methylene(cyclopentadienyl)(2,7-d ethy
¢1 1r3i6udistenthutylfleosanyh)zircoaturadicBlofide, 2, 7-dimechyl-3, 6~di-te
di(cyclopentylyi)methylenecyclopentadienyl)(2,7-dipheny 10 1-3,6-di
rt zeuthnity fluorenyi)zirconiumdichloride, dichloride,
di(naphthylmethyl)methylene(cyclopentadieuy (2,7-dimethy1-3
dlIﬁﬁépﬁﬁﬂb@@ﬁkﬁﬁ@@WF&ﬂimmﬂnKmﬁﬂ@ﬂg&#(2,7“di(2f4r6—trimethyl
_ di(naphthylmathyl)me),hylene(cyclopentadienyl) (2,7-dipheny1-3
phegdi-tert-butpifluorenydzircorium dichlorde,l ) zirconium  dichloride,
di—n-butylmethylene(cyclopentadienyl)(2,7—diphenyl—3,6—di~t@
rt-butyifluorenvyl)zirconium dichlioride,
diﬂn—butylmethylene(cyclopentadienyl}(2,7mdi(3,5~dimethylphe
nyl) -3, 6-di-tert~butylflucrenyl)zirconium dichloxride,
dimnwbutylmethylene{Cyclopentadiean)(2,3,6,7mtetra—tert-but
vifluorenylyzirconium dichloride,
dimn—butylmethyiene(cyclopentadienyl}(2,7wdi{4—methylpbenyl)
=3, 6-di-tert-butylfluorenyl)zirconium dichloride,
diwn—butylmethylene(cyclopentadienyl)(2,7—dinaphtyiw3,6~di—t
ert-butylflucrenyl}zirconium dichloride,
di—n~butylmethylene(cyclapentadienyl)(2,7—di{4mtertmbutyiphe
nyl) 3, é-di-tert~butylfluorenyl)zirconium dichloride,

diiﬁobutyimethylene{cyclcpentadienyl}(2,?—dimethyl—3,6wdi~te

rt-butylfluorenyl)zirconium dichloride,
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15di(biphenylmethyl)methylene(cyclonentadienyl) (2,7-dimethy1-3 ,6-di-
ert-butylfluorenyl)zirconium dichloride, a
(blphenylmethyl)methylene(cyclopentadienyi) (2,7-dipheny1-3
,6-di-tert-butylfluorenyl)zirconium dichloride, (benzyl)
(n-butyl)methylene(cyclopentadienyl){®, 7-d ethy1-3, 20 6-di-tert-b
yifiuorenyl) zirconium dichloride, (benzyl)
a: (sbytmethylenelcyclopen 'qu%)] {Z.I-diphenyl1-3,, trimeti
6-di-tert-butylflu%c{%enyl)zir%oh%% dic ?or%éﬁ%eﬁ%y%) &:"U%ﬂ)ﬁlrﬁg rrimethyl
eh¥lene(cyslopentadienyl) @, -dimeliyl:3.6; ditertbutylfluorenyzircpnium
dichloride, 23 (benzyl) (cumyl) me ylene (cyc opentacgltllenyl ) ) o
21 (drdiphenyl:3,8-«ditershutylfiuorenyl)zirconiumdichiorid, 1-5 6-di-te
cyclopropylidene(cyclopentadienyl)(2,7-dimethy1-3,6-di-tert- butylo e
rryhzitconiumeichionde : 5 8%n i um dichloride
Icpropylidene(cyclopentay_0(2,7-diphenyl-3,6-di-tert- ’

a1 bawpfluorenyR EyoQUMENCNIendec acieny 1) (2, 7-di (3, S-dimethyiph

cyclobutylidene(cyclopentadieny1)(2, 7-dimethy1-3,6-di-teft-b Utylfiuoreryi) -

ny zireaniarudichioride, cyelobuty) deng(cyciopamadienyi) (2, gichiorige,
7-dipheny13,6-di-ter b 10 utylfluorenyl)zirconium dichloride,

a1 cyclopentytidene (ayelopentadieayh 2 f-gimethyd;3,6-d -teythutyiflugrenyl)
zirconium dichloride, cyclopentylidene(cyclopentadienyl)(2,7-d p

v 1 hyLeg;8-di-tethutyfiioranyl)zirconium dichloride, 15 cyclohexyk £+ 1 o r: de,
e(cyclopenta e y (2,7-a e hyl-3,6-di-tert-b utylfluorenyl)zirconium

d 1 Hihtoridel royclohiexytidere(cyclopeataidienyl)(2 7-diphenyl-3i6-ditertl r 1 |

Ixtylfluorenyl)zirconium dichloride, cyclohept y-i ene (cyclopentadienyl)
=3 (2,7°dimfeth 13,6 di-férto2@ hulylfiuorenybzirconiumdichlorided s chloride,

~ cycloheptycyckopentadienyl)(2,7-diph y1-3,6-di-tert-
di badyhiorenyhzirésmiarntdictlorde tdibennylmetttyléne)cyelopentadienyd) ¢ ; -

(2,7-dime y1-3,6-0 1-butylfluorenyl)zirconiumdichloride,
tert-butylflucrenyl) zirconium dichloride,
diisobutylmathylene(cyclopentadienyl)(2,?—di(4wtertwbutylflu
orenyl} -3, é-di~tert-butylfluorenyl) zirconium dichloride,
dibenzylmethylene{cyclopentadienyl}(2,?_dimethyl—E,Gmdimtert
~butylfluorenyl) zirconium dichloride [sometimes referred to as
1,3mdiphenyiisopropylidene(cyclopentadienyl)(2,7—dimethyl~3,
6—diwtart—butylflucrenyl)zirconium. dichloride, hereinafter,
the second name will be omitted. ],
dibenzylmathylene(cyclopentadienyl)(2,7—di(2,4,6wtrimethylph
enyl)-3, 6-di-tert-butylfluorenyl)zirconium dichloride,
dibenzylmethylene(cyciopentadienyl}(2,7-diph@nyl—3,6wdi~tert

AR R N . o
butylflucrenyl) zirconium dichlioride,

dibenzylmethylene{Cyclcpentadienyl)(2,7—di{3,5—dimethylpheny
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24 ethylene(cyclopentadienyl) (2,7-dimethy1-3,67dimet
hyl-butylfluorenyi)zirconium dicbloride,
dibenzylmethylene(cyclopentadienyi) (2,7-dimethy1-3,6-dicumyl
-butyifluorenyl) zirconium dichloride,
di-n- butyImethylene(cyclopentedlen‘yf)(z 7-dimethyl-3,6-dicum
y1-butylfluorenyl)zirconiumdichloride, diben y ethylene(cyclopentadienyl)

1) 42, 7s(tam-athylsilyL)-byfluorenyl)zirconjumdichloride, dichlozide
di-n-butylmethylene(cyclopentey (2 7- dlmethyl -3,6-di(tr 10 - !

‘dlﬂ@ﬁﬂp@ﬂ@@%&ﬂ@ﬂgN@%ﬁW@éEQngﬁE% t%? ~tetra-tert-butyl

dibenzylmethylene(cyclopentadienyl) (Z,7- dlmethyl 3 6- d|pheny

1 d=hutyiflupremyd)zirconium dichloride, dichioride
di-n-butylmethylene(cyclopentadienyl)(2,7-dimethyl-3,6-diphe _ '

dimyhaytifiorenyieconium-diehlondenls ) (2, 7-di (4-methylphenyl) -
dibenzylmethylene(cyclopentadienyl) (2,7 |methy1 -3,6- d|benzy

- 6 shutylroremyl)zirconiumardichlerge.diindautyl dichloride,
,ethylene(cyclopentadienyl) (2,7-dimethy1-3,6-diben

41 ryhbytyifeiorgnybzirecontamgichtorites dihenzylmethyicyslopentadienyl s o
(2,7-dimethy1-3,6-dimethy 20 1-butyifluorenyl) zirconiumd chloride,
't dpthity ethyleng(cyclopentadienyl)(2,7ethyi-3, 6-dimet hyl-b yuoremyl)
zirconiumdi chloride, diphenylmethylene(cyclo ntadienyl)
di ¢ Fethyis, 6-ditent vhutylfluoreny) zivedripmdichior (2,7-di(é-tert
~butylphenyl) -3, 6~di-tert-butylfluorenyl)zirconium
dichloride,
diphenethylmethylene(cyclopentadienyl)(2,7~dimethyl—3,6—di~t
ert-butylflucrenyl)zirconium dichloride,
diph@nethylmethylene(cyclopentadienyl)(2,7—diphenyl—3,6~di~t
ert-butylflucrenyl)zirconium dichloride,
di {(benzhydrylim methylene (cyclopentadienyl) (2, 7-dimethyl-3, 6-d
i-tert-butylfluorenyl)zirconium dichloride,
di(benzhydryl)methylene(cyclopentadienyl}(2,7~diphenyl~3,6wd
i-tert-butylfluorenyl) zirconium dichleoride,
di{cumyl?methylene(cyclopentadienyl}(2,?—dimethyl—3,6—di~ter
t-butylfluorenyl)zirconium dichloride,
di(cumyl}m@thylene(cyclopentadi@nyl)(2,7—diphenyl*3,6—dimt@r
t-butylfluorenyl)zirconium dichloride,
di (l~-phenethyl)methylene (cyclopentadie enyl) (2, T-dimethyl-3, 6-

di-tert-butylfluorenyl)zirconium dichloxride,
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25 diphenylmethylene(cyclopentadienyl) (2,7-dipheny1-3,6-di-tert
-butylfluorenyl)zirconium dichloride, di(p-tolyl)methylene(cyclopentadienyl)
(2,7-dimethy1-3,6-di-t ert-butvlfluorenyl)zirconium dichloride, 5
di(p-tolyl)methylene(cyclopentadienyl) (2,7-dipheny1-3,6-di-t
ert-butylfluorenyl)zirconium dichlorides <
di(p-chiorophenyl)methylene(cyclopentadienyl) (2,7-dimethy1-3

; 6-diztert-hutylfl i)zirconiumdichloride . .

dl@l ﬁﬁ@rg}h g%ﬁﬂ%&ﬁ‘ ik neqCﬁfcfgﬁgﬁﬁfff,??aiejﬁéﬁYf-édlphenyl_B

di(p-chlorophenyi)methylene(cyclopen

, 610,6-distert-Rutyifluar irganjumdichloride, o _
di(rln-chIorophécr%I)m§%%%§n§&%?&%53%5%nyl)(2,7-dimethyl-§jlC“lomdef

di 6@6@8%%%@@@5&'%&%%@@&?'899?e%eyxf)téqi%%le;n%g ~dimethyl

di(m-chlorophenyl)methylené(cyclopentadi

-3 pedicterthutylfivorenytzirconiumdichloride, 15 di (p-bromophenyl), . .
methylene (cyclopentadienyl) (2, 7-dimetiiy1-3, Ggghlo”me’

di 6cdidertHustyliiuorenyl)zirconivra dichloride, o v . 1+ —ai
di(p-bromophenyl)methylene(cyclopeOtZd%T:wg/l)?Z,%-d%gl%én{ﬁ%j: diphenyl

-3 6@dﬁﬂ%ﬂ¥”b&@i%bllﬁ@ﬁ@ﬂ%d@ﬂ@é'gl@ium _ dichloride
di(m-trifluoromethyl-phenyl)methylene 20(cyclopentadienyl) '

di (2yedineshyl-Gie-dirfert-huitylfuerenyhz ircopium dichloride, (o ~dimethy
di(m-trifluoromethyl-phenyl)methylene (cyclopentadienyl

1 -2 g-diphenyi-36di-tert-butflyarenyz diconiym dichloride, 5 114744 e,
di(p-trifluoromethyl-phenyl)methylene

d= (cyclopentadieny)(2 7:dimethyl-S:6-di-tert-butifivorenyl)z 126 ireanivgy, o,
dichloride, di(p-trifluoromethyl-phenyl)methylene (cyclopentadienyl) i

£~ 32 F=dipheny1-3;6-di-tertbutytipiorenyt)zircgnium dichloride,q: cnioride,

. di(p-tert-butyl-phenyl)methylene (cyclopentadienyl)

AL (2Frairiethye3i6-ditertiutyfledrenyl)zSicenitimvgichloride, ¢ imethy 1 -3
di(p-tert-butyl-phenyl)methylene (cyclopentadienyl)

- 572 7-dipheny 1136 ditertsbuniflacrenyt) zirconium dichloride, diichicoride,

. (p-n-butyl-phenyl. ) methylene (cyclopentadienyl) (21 7-dimethy1-3,

Al BLEREHBUHP Elubre Ry ) Y ikeomuAYdithioriteadienyl) (2, 7-diphenyl-3

dl(p-n-buj[yll-:)prleny methylene

P b-di-tert- uhylgéuorenyl)zirconium dichloride,
di(biphenylmethyl)methylene{cyclopentadienyl}{Z,Fmdimethyl~3
r 6~di-tert-butylfluorenyl)zirconium dichloride,
di(biphenylmethyl)methyleme{cyciopentadienyl}{2,7—diphenyl~3
»6-di-tert-butylflucrenyl) zirconium dichloride,
(benzyl)(n~butyi}methylene{cyclopentadienyl)(2,7Mdimethyl~3,
6-di-tert-butylfluorenyl) zirconium dichloride,
{benzyl){nﬁbutyl}methylene{cyclopentadienyl}{2,7—dipheny1w3,
6-di-tert-butylfluorenyl)zirconiumn dichloride,
(benzyl)(cumyl)methylene{cyclop@ntadienyl){2,7—dimethyl—3,6—

di-tert-butylfluorenyl)zirconium dichloride
-~ < -r
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10(cyclopentadienyl) (2,7-dipheny1-3,6-di-tert-butylfluorenyl)z
irconiumdichloride,
di(p-biphenyl)methylene(cyclopentadienyl)(2,7-dimethyl-3,6-d
i-tert-butylfluorenyl)zirconiumdichloride,
di(p-biphenyl)methylene(cyclopentadiényi) (2,7-dipheny1-3,6-d 15
I-tert-butylfluorenyl)zirconium dichloride,

(oL naphtbymeibylenelcy ?E&P@“&}‘gg}%h@eﬁﬂm?m#ﬁ Slenyi-3, 6-

i-tert-butylfluorenyl)zirconium. ichlof

a: -dicl-naphthymetbylene(cyciopentadienyl) (2,7-dipheny1-3.6:d, ;.. o

i-tert-butylfluorenyi)zirconiumdichloride,

cyé%Bﬁ@%B9@ﬂﬁ@@@%ﬂ?%@@ﬁ@ﬂ%%ﬁ%@ﬁ@q@WXDGhéfmgggp@f%f%gdi“tert~

i-tert-butylfluorenyl)zirconiumdichloride,

budi(Z-naphtnyd)methyleng(cyclopentadienyl)(2,7-diphenyl1-3,6-d ; 1,5 qe,
i-tert-butylfluorenyl)zirconium dichloride,

cyditraphihylmethy)methyleaelcyslopgntadienyi) (2 Zdimethyl-3 27 ..

,6-di-tert-butylfluorenyl)zirconiumdichloride,
butdi(maphibymethyt)methylene(cyclopentadienyl) (2,7-dipheny}=3.11 -5 e,

,6-di-tert-butylfluorenyl)zirconium dichloride,

cydifrisoprapyipbenylimetulene(cyslopentadienylf2Zndimethy g1 -t ore -1
1-3,6-di-tert-butylfluorenyl)zirconium dichloride,

ut ydifp-isepsopylphenylimethylene(cyclopentadienyl)(2,7-diphenys chioride,
1-3,6-di-tert-butylfluorenyl)zirconium dichloride,

cy dditphenyliethy Dmeathyleneteyclopentadienyh (2 FdigethylS8-di -t erc b
,6-di-tert-butylfluorenyl)zirconiumdichloride, 10di (biphenylmethyl)

ut yméthyterse Gy cidpentadienyl) (2 , 7-diphenyl1-3 dichloride,

,6-di-tert-loutylfluorenyl)zirconiumdichloride,
cyclopentylidene (cyclopentadienyl) (2, 7-dimethyl-3, 6—di~tert—
butylfiucrenyl)zirconium dichloride,
cyclopentylidena(cyclopentadienyl}{2,7mdiphenyl~3,G—di—tertm
butylflivorenyl)zirconium dichloride,
cyclohexylidene(cyclopeﬂtadiemyl}{2,T*dimethylm3,6wdi~tert—b
utylfiucrenyl)zirconium dichloride,
cyclonexylidene (cyclopentadienyl) {2, 7-diphenyl~3, 6~di-tert-b
atylfluorenvl) zirconium dichloride,
cycloheptylidene {cyclopentadienyl) (2, 7~dimethyl-3, é~di-tert-
butylfluorenyl)zirconium dichloride,
cycloheptyiidene{cyclopentadianyi}(2f7—diphenyl—3,6—di~tert—
butyifluorenyl) zirconium dichlorids,
dibenzylmethyiene(cyCAOpentadienyi){2,7~dimethyl—3,G—dimethy

l-butylfluorenyl)zirconium dichloride,
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diphenyisilyiene(cyclopentadienyl)(2,7-dimethyl-3,6-di-tert-
butylflubrenyl)zirconiumdichloride,and
diphenyisilylene(cyclepentadienyl)(2,7-diphenyl1-3,6-di-tert- 15
butylfluorenyl)zirconium dichloride. [0036] Among the above compounds,
it is preferred to use the compounds #fwhich R6 and R11 are each an aryl
group such as phenyl group, tolyl group, t-butylphenyl group,

14 dimethylphenyl group, 20 trimethylphenyl group and biphenyl group, or a
e e

substitu roup betause o giving a’syn

nyhaving a high melting peint._In.the examples of the present invention,
whig;lg{s to be des%%%egTatgﬁlér%ompound used was aichloride,

a1 dike. %ﬂ%@i‘@ﬂ@@39998&9%@8@@%%% 7:dip anl-ﬁz?'dt?f% 28

“butylfiuorenyl) zirconitim dichloridé représeritéd by the ToRowing forrmard™y!

~o¢Hb) i which hoth of R3 and Rn dichloride,

di~n—butylm@thylene{cyciopentadienyl}{2,7“dimethyl—3,6wdicum
yl-butylfluorenyl)zircenium dichloride,
ﬁibenzyimethylene[cyclopentadienyl}(Zr?mdimethyl—B,6~di(trim
ethylsilyl)-butylfluorenyl)zirconium dichleride,
di~n~buty1methylene(cyclopentadienyl)(2,7—dimethyi~3,6~di(tr
imethylsilyl)~butylfluorenyl) zirconium dichloride,
dibenzylmethylen@(cyclopentadienyl)(2,7wdimethyl~3,6—dipheny
l-butylfluorenyl)zirconium dichloride,
di~n~butylmethylene(cyclopentadienyl}(2,7~dimethyl~3,6-diphe
nyl-butylflucrenyl)zirconium dichloride,
dibenzylmethylene(cyclopentadienyl}(2,7—dimethylm3,6—dibenzy
i-butylfluorenyl)zirconium dichloride,
di*n—butylmethylene(cyciopentadienyl}(2,7“dimethyl—3f6-diben
zyl-butylflucrenyl)zirconium dichloride,
dibenzylmethylene(cyclopentadienyl}(2,7—dimethy1*3,6~dimethy
L-butylfluorenyl)zirconium dichleride,
di~n«butylmethylene{cyclopentadienyi}(2,7wdimethyl—3,6—dimet
hyl-butylfluorenyl)zirconium dichloride,
diphenylmethylene(cyclopentadienyl}(2,7wdimethyl“3,6~dimter*

~pbutylfluorenyl) zirconium dichloride,
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at the 2 positionand at the 7 position in the fluorenyl group are phenyl
groups, both of R7 andhe 3 position and at the 6 position 5 in the fluorenyl
group are t-butyl groups, and both of 11 and R18 present in carbon atoms
in the bridged part are benzyl groups. [(10.37] [Chem. 41 10[0038]
Examples of the component (A), furtier, may include compounds
obtainable by replacing "zirconium" with "hafnium" or "titanium" in the

o BhoNo SempRUIS, AL bdaer MEtalaree compRunde QT abIE Y. ...

replacing "dichloride" with 15 "difluoride™, an océne

-beempoundsehtainaple by replacing "dibromide”, "di iodide" or "gmi%rp:eég
with "dimethyl" or "methylethy1”. [0039] The above bridged mgt'éﬂo‘cene‘ o

41 COMPOURCS(A)icanhe 20, produsad Qmm%wrt-zm@L@%%{Qgﬁp?ygﬁ%mt

method thereof is not particularly limited. Examples of the

erpragustion: 29-method-are-a production method disclosed in dichloride
W02001/27124 and a method disclosed in W02004/087775 both filed by '

diﬂ?ﬁpte%eh)tfwlﬂ*i?dl&hJt@@l@@@{%%@l%mre@;'ﬂdﬁmﬁyepﬁf_—?ﬁgéi—r?aq‘lxt
e

or two or more may be optionally combined for use. [0040]
er poleriaatibhueatalyst of the-preseant invention comprises (A) they; 11611 ge
metallocene compound, and (B) at least one compound selected from ’

di (b-1)1the orgarealumisum,eneqmpeusd(or2ktherspmpound gapable,of -
forming an ion pair by reaction

»6-di-tert-butylifluorenyl)zirconium dichlioride,
di(pmchlorophenyl)methylene{cyclopentadienyl)(2,7Hdiphenyl—3
,6~di—tert—buty;fluorenyl)zirconium, dichloride,
di(mwchloroyhenyl}methylene(cyclapentadienyl){2,?mdimethyl~3
re-di-tert-butylfluorenyl) zirconium dichloride,
di{m~chlorophenyl}methyl@n@{cyclopentadienyl){2,7—diph@nylw3
,Gmdiwtert—butylf+uorenyl}zirconium dichloride,
di{p—bromophenyl)methylene(cyclopentadienyl)(2,7—dimethyl—3,
6-di-tert-butylflucrenvl)zirconium dichloride,
di(p~bromophenyl)methylen@(cyclopemtadienyl}(2;?-diph@nylw3,
o-di-tert~butylfluorenyl) zirconium dichloride,
di(m—trifluoromethyl~phenyl}methylene

(cyclopentadienyl)(2,7~dimethyl—3,6~di—tert—butylfluorenyl)z
irconium dichloride, di{m—trifluoromethylwphenyl)methylene
(cyclopentadienyl)(Z,T—diphenyl*B,6mdi—tert~butylfluorenyl)z
irconium  dichloride, di(p-trifluoromethyl—phenyl}methyleﬂe

(cyclopantadienyl)(2,7wdimethyl-3,6mdi—tertwbutylfluoranyl}z
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10 with the metallocene compound (A), and (b-3) the organoaluminum
compound. Furthermore, it is possible to optionally use a support type
catalyst in which the component (A) and/or the component (13) are
supperted on (C) a particulate carrier, as the polymerizatiOn catalyst of the

present invention. Moreover, 15(0) tkfe%rganic compound component to

be described later may be optionally used simultaneously. [0041] (B)

ir&-gmgﬁne@ti&QﬂaQr@@poa@m@uH}:M&B@gﬁgeggi%ﬁg%@aiﬁheethd Lene

organoaluminum oxy compound ofe ent invention times referred to

(cas1'spmpanent{bl)"in t’ﬂ%ﬁ?ﬂ%l&%ﬁ%%% lption), copventionally known , ,
aluninoxane may be used as it is. Examples thereof may include )

iraduninexane depresenteghy 30 the following formula (W)2[0042] [Chen.,. .
5] R--f-Al 0 ) AIR? n- -(IV)
(cyclop@ntadienyl}(2,T—Gimethylm3,6»diwtert~butylfluorenyl)z
irconium dichloride, di{p~tert-butyl~phenylimethylene
{cyclopehtadienyl){2,7~diphenylm3,6~diwtertwbatyifiuorenyl)z
irconium dichlorids, di(p-n-butyl-phenyl)methylene
{cyclopentadienyl}(2,7~dimethylw3,6~d1~terthbutyiflu0remyi}z
irconium dichloride, i{p~n-butyl~phenylimethylene
(cyclspentadienyl){2,7wdiphenyl-3,6—diwtert—butyifluorenyl)z
lrconium dichloride,
di(p~biphenyl}methylene(cyclopentadienyl)(2,7—dimethylw3,6wd
i-tert-butylfluorenyl) zirconium dichloride,
di(p—biphenyl)methylene(cyCIOp@ntadienyl)(2,7mdiphenyl*3,6~d
i-tert-butylfluorenyl)zirconium dichloride,
di(1~naphthyl)methylene(cyclopentadienyl)(2,7—dimethyl~3,6—d
i-tert~butylfluorenyl) zirconium dichloride,
di(l-naphthyi)methylene(cyclopentadienyi}(2,7~diphenyl—3,6md
i~tert-butylfluorenyl)zirconium dichloride,
di(Z-Raphthyl)metbyl@ne{cyciopentadienyl)(2,7mdimethylw3,6—d
i-tert-butylflucrenyl)zirconium dichliorige,
di{2wnaphthyl)methylene{cyclopentadienyl}(2,7~diphenyl—3,6*d
i-tert-butylflucrenyl)zirconium dichloride,

di(naphthylm&thyl)methyiene(cyclopentadienyl){2,7wdimethyi—3
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5[0043] in the formula (IV), R's are each independently a hydrocarbon
group of 1 to 10 carbon atom(s); and n is an integer of 2 or more, and/or
may include aluminoxane represented by the following formula (V):
10[0044] [Chem, 6] [0045] in the formula (V), R is a hydrocarbon group
of 1 to 10 carbon 15 atom(s), and n iS an integer of 2 or more. Particularly,
it is desired to use aluminoxane in which R is a methyl group, namely

, 6-raethydalurinexane, ek (5, 3 or more; preferably at least 10, These . o
aluminoxanes may include some organoaluminum compounds. Moreover, ’

di {hispossibiede:spitpbly use eFgANOMIBIMIN QY enyl) (2, 7-diphenyl-3
20compoundsasdisclosedinJP-A-H2(1990)-167305,and aluminoxanes

 6-having at least pwe kinds-ofyalkyligroups a8 31 disclosed  qicnioride,
in,ZP-A-H2(19.90)-24701 and JP-A-H3(19,91)-103407. [0046]

di Rurthermeney modified methyl.aluminoxanesgenresented by (2 the dinecny
following formula (V1) can be exemplified as the 5 organoaluminum oxy

1~ Zoompoune of the:present inveniionz i rcon i um dichloride,
di(pwisopropylphenyl}methyienegcyciopentadienyl)(2,7~dipheny
1-3, é~di-tert~butylfluorenylizirconium dichloride,
di(biphenylmethyl)methylene(cyclopentadienyi)(Z,T*dimethyi~3
;6=di-tert-butylfluorenyl)zirconium dickloride,
di(biphenylmethyl)methylene{cyclopentadienyl)(2,7~diph@nyl—3
ré~di-tert-butylfluorenyl)zirconium dichloride,
diphenylsilylene(cyclgpentadienyl)(2r7—dimethyl—3,6~di~tert~
butyifluorenyl) zirconium dichloride, and
diphenyisilylene{cyciopentadienyl)(2,7—diphenylm3,6~di-tert«
butylifiuorenyl)zirconium dichloride.

[(0038]

smong the above compounds, it is preferred to use the

. W %
compounds in which R® and R™ are each an aryl group such as phenyl

o}

roup, tolyl group, t-butylphenyl group, dimethylphenyl group,
trimethylphenyl group and biphenyl group, or a substituted aryl
group because of giving a syndiotactic propylene polymer.having
a highmelting point. In the examples of the present invention,
which 1is to be described later, = compound  used  was

dibenzylmethylene(cyciopentadienyl}{2,7—diphenyl—3,6—di—tert
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[0047] [Chem, 7] (Al)( Alo) n Me [0048] 10 in the formula (VI), R is a
hydrocarbon group of 1 to 10 carbon atom(s), and m and n are each an
integer of 2 or more. The modified methyl aluminoxanes are prepared
using trimththylaluminum and alkyl aluminums except for trimethyl
aluminum. Such modified methyl aluifinoxanes (V1) are 15 occasionally
referred to as MMAOs. MMAQOs may be prepared by, for example, a
-piigiheas davaribad LASEA YU oL commergaly avaianle ongs can
M\ formula (V1) in which R

be used as théy are. For example, MMAOS of the formu

£ 13 8N4sebuvl.group, Pﬁ&é}rewwﬁr&%trgg%ﬁby'o%lug?”%%%a%dﬂ”éS@%X:! 2
ne

aluminum, are 20 commercially produced by Tohso em Co.; Lfd,

pod g Hade:names oHMAC or TMAQ, MMAD, is.an.alym %g&(g%ea El%vig?l%n nyl

improved solubility to various solvents and storage stabi ecific

5r MMAOhas.afropesty thavitis soluble in,aliphatic a%?dhxgr%%r%oﬁ%éygion

alicyclic hydrocarbons different to aluminoxanes insoluble or sligh

in sphublelinbenzene; sueh as the compounds sepresented by the formutas | 4

(IV) and (V). Therefore, when there is a demand that a solvent having a

=**high Sdaadito theenvirenmentsueh as-beazeng or the like is n th%‘?gups )
the above modified methyl aluminoxane is preferably used. [0049] (b-2)

i 6 Compound capable of forming an ion pair by reacting with the bridged
metallocene compound (A)

[Chem. 4]

2R Q

— f 'g“
®_> e

I

[0038]

Examples of the component (A), further, may include
compounds obtainable by replacing “zirconium” with “hafnium” or
“titanium” in the above compounds, and bridged metallocene
compounds obtainable by replacing “dichloride” with
“difluoride”, and bridged metallocene compounds cbtainable by
replacing “dibromide”, “di~icdide” or “dichloride” with
“dimethyl” or “methylethyl”.

[0039]

The sbove bridged metallocene compounds (&) can be

produced by a known method. The production method thersof is

not particularly limited. Examples of the known production
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10Examples of the compound (b-2) capable of forming an ion pair by
reacting with the bridged metallocene compound (A) (hereinafter
sometimes referred to as "ionizing ionic compound" or "component (b-2)")
may include Lewis acid, an ionizing ionic compound, a borane compound
and a carborane compound, as 15 de&Cribed in JP-A-H1(1989)-501950
and the like. Examples thereof, further, may include a heteropoly

mecompound ang anisepolrcampouRd The jonizing, o nd ;
preferably used in the present invention is a corﬁpabr%%g%rrae‘g%%tég fl)yatﬂ% a

me formilad{vH).90{0050) [@hero48loRe 33 (0954, «; In the formula r%V'r'%éent

examples of RT.e. are H.+, carbeniu cation, oxonium cation, ammonii

appatmthSMQm@@mmwgmeeg%y@% qgggn@ddfseércpqﬁgegéu@y or
cation having a 5 transition metal. R,R , Rh and R9 maybe the same or

twdifferemtcfrenreachhethesanshareeach-an organic groyp, preferably an
group. [0052] (b-3) Organoaluminum compound 10Examples of the

[0 ®fgEnoaluminun compound (b-3) for constituting the olefin polymerization
catalyst (he e nafter, sometimes abbreviated to "component(b-3)" may
include ergambatemiium compesnds represgntadby thefollawing formula,
(V). 15[00531

comprises {A) the metallocene compound, and (B) at least one
compound selected from {b=1) the organcaluminum OxXy compound,
(b~2) +the compound capable of forming an ion pair by reaction
with the metallocene cempound (A), and (b-3) the organocaluminum
compound. Furthermcore, it is possible to cpticnally use a
Buppcert type catalyst in which the componeant. {A) and/or the
component (B) are supperted on (C) & particulate carrier, as the
polymerization catalvst of the present invention. Moreover,
(D} the organic compound component to be described later may be
optionally used simultaneously.

(00417

(B) Component

{(b-1} Organcaluminum OXy compound
e A .
Az {b-1) the organcaluminum oxy compound of the present
invention {sometimes referred to as “component {(b-11% in the
3 L i e d

£yl 3 ryer 4t !
~oliowing description), conventlonally}QKNﬂzaluminoxamelpaytw

Examples thereof may include aluminoxane represented by
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RamAI(ORDb),H,X(VIII) In the formula, RI' and Rb may be the same or
different from each other and are each a hydrocarbon group having | to 15
carbon atoms, preferably 1 to 4 carbon atoms, X is a halogen atom, O<m,’;
3, 200Rn<3, Op<3, 0g<3 and m+n c.examples of the component (b-3) are
linear chain - yl aluminums such as trimethyl aluminum, triethyl
aluminum, tri-n-butyl aluminum, trihexyl aluminum and trioctyl aluminum;

thebranchee thalkybatdaiaums sueh as triisooropyl aluminum, 34 triisobutyl
aluminum, tri-sec-butyl aluminum, tri-tert-butyl aluminum, tri-2-methylbutyl

[ 0talaminum, tri-3-methylhexyl aluminum and tri-2-ethylhexyl aluminum;
tricycloalkyl aluminums such as tri-yclonexyl aluminum and tricyclooctyl

{ Credumirjum; triaryl aluminums such as triphenyl aluminum and tritoly1
aluminum; dialkylaluminum hydrides such as diisooropyl aluminum

hydride and diisoki@!’fsl*f&l@l|}1=rt1=1t[D\%‘gdl&_iqi’g;2 alkenyl aluminums such as

isoprenyl aluminums represented By the formula (i-gX 9)"Aly(05H1e) 2
(wherein x, yaxo z are egch a positive number 10 and zS2x) and the like;
alkyl aluminum alkoxides such as isobutyl aluminum methoxide and
L0G&aButyl aluminum ethoxide; dialkyl aluminum alkoxides such as dimethyl
aluminum methoxide, diethyl aluminumethoxide and dibutyl aluminum
in Bltexiter alidk aluifinun 'sesgbiatkoxites siftrasiethyl aluminuir ccarbon
sesquietho ide and butyl 1; aluminum sesquibutoxide; partially al
I Roxyratecitallkyd starmiiuntsting &h averabe compositio s espresertedrby e .
formula Ra2.5A1 (012b) 0.5 and the like; alkyl aluminum aryloxides
andyfeh d&diethyF akffindr BREAGEBE andliéRgrted by the following
aluminum(2,6-di-t-butyl-4-met yl 20 pheno de); dialkyl aluminum halides
forgithtas!dindethyl aluminum chloride, diethyl a umirrum chloride, dibutyl
i aluminum chloride, diethyl aluminun bromide and diisobutyl aluminum
LOOc[h%ride; alkyl aluminum sesquthaliaes such as ethyl aluminum
EC}}s.e(‘esqghtc)hloride, butyl aluminum sesquichloride and ethyl aluminum
‘sergqu' romide; 35 partially halogenated alkyl aluminums of alkyl
aluminum dihalides, such as ethyl aluminum dichloride, or the like; dialkyl
aluminum hydrides su¢h as iethyl aluminum hydride, and dibutyl aluminum
hydride; partially hydroggg;:%tieﬁggl | aluminums ®f alkyl aluminum
dihydrides, such as ethyl aluminuntdihydride and propyl aluminum
dihydride, or the like; and partially alkoxylated and halogenated alkyl
aluminums such as ethyl aluminum ethoxy chloride, butyl aluminum utoxy
w{ppgqride and ethyl aluminum ethoxy bromide. 10[0054]

in the formula (V), R is a hydrocarbon group of 1 to 10 carbon
atom{s), and n is an integer of 2 or more. Particularly, it is
desired to use alumincxane in which R is a methyl group, namely
methylaluminoxane, and n is 3 or more, preferably at least 10.
These aluminoxanes may include some organcaluminum compounds.
Moreover, it 1s possible teo suitably use ocrganoaluminum oxy
compounds as disclosed in JP=A=-HZ (1950)-167305, and

@luminoxanes having at least two kinds of alkyl groups as



From the viewpoint of availability, it is preferred to use anyone
oftrimethylaluminum, triethylalumin. andtri sobutyl aluminum as the
organoaluminum compound (b-3). [0055] 15In the present invention, from
the viewpoint of improving the polymerizat'on activity and the properties of
the obtainable syndiotactic propylene polymer, it is preferred to use any
one of the following [ci] to [c4] as the component (B); [cl] the component
disqB) wemprising olyHbI1)othe) ordhhballrmAurE2G oy EoRtpound’ e8] the
component (B) comprising (b-l) the organoaluminum oxy compound, and
{004B43) the organoal m num compound, [c.3] the component (B) comprising
(b-2) the compound forming an ion pair by reacting with the bridged
mefalbeBASTEORTHOGINE (A): =36 4Tt eb'&sf“ﬂﬁ’é“b’r’ga?ﬁi‘aﬁnﬁﬁé?”@cg&%SSnﬁ?
and [c4] the component (B) comprising (b-1) the organcaluminum oxy . N
the coRpotiieh afid (B2YtHe Tonipound fothing &n 67 PaR by reacting twith
the bridged metallocene compound. QA.). 10056]  When the
org wﬁﬂﬁ%%ﬁﬁ%ﬁ&%ﬁé%‘ﬂﬁ&rrﬁma(ﬁﬁn%‘?&%?“is]angiﬁ%ﬁ atom is
used, (b-2) the compound forming an ion pair by reacting with the bridged
{00 ftallocene compound (A) is not used as the component (B) for
_ constituting the olefin 10 polymerization catalyst of the present invention,
[Chg@ gékcribed above. Therefore, among [cl] to (c4], [el] an [ 2] only are
employed for the preferred components (B). [0057] The olefin
ponmerizatTcTn’ig ﬂmﬁbf the bréfgl‘ent 54 m -

lys
Me R

16048
in the formula (VI), R is a hydrocarbon group of 1 to 10 carbon
atom(s), and m and n are each an integer of 2 or more.

The modified methyl aluminoxanes are prepared using
trimethylaluminum and alkyl aluminums except for trimaethyl
aluminum, Such modified methyl aluminoxanes (VI) are
occasiocnally referred to as MMAOs. MMACs may be prepared by,
for example, a method as described in USP4560878 or commercially
available ones éaﬂ ne used as they are. For example, MMAOs of
the formula (VI) in which R is an isobutyl group, prepared by
using trimethyl aluminum and triisobutyl aluminum, are
commercially produced by Tohso Fine Chem Co., Ltd. in the trade
names of MMAO or TMAO. MMAC is an aluminoxane having improved
solubility to wvarious solvents and storage stability.

Sﬁecifically,MMAO}Mﬂaapmopertythat:H:issolublejjxaliphatic
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ion may further comprise the car (C) together with (A) the metallocene
compound represented by the formula (1), and (B) at least one compound
selected from (b-1) the orgahoaluminumoxy compound, (b-2) the
compound capable of forming an ion pair by reaction the metallocene
compound (A), and (b-3) the 20 orgaridaluminum compound, if necessary.
[0058] (C) Carrier The carrier (C) optionally used in the present
hytﬁw@ﬂg@a&hgrelngﬁgr so&ne_tgpge@brex%dotga cgg}nﬂpone% (fC) )is an

37 inorganic ororganiccompound, anda granular or finé partic &Blid. t°

=1 Examples.ebthe,inorganic campound.are porous oxides such as Si02 a
Al203; inorganic halides such as MgClZ9 MgBEZ%%(ntrifanéﬁl\ﬁnBrfuc as

thelaysyolay-minerals o ion-gxchange layer.compounds 5 5“9'{} as ="td0s6]

montmorilionite, Vermiculite, pectolite, teniolite and synthe ic mlca

ThExampies of the:organie compouads ke granular of fine particylate .
organic solids having a particle diameter of from 10 3 to 300 pm,

Lopreferatily Lhtei300:pen Specific examples thereofmayinglude (80 | qeq
polymers which essentially comprise an a-olefin of 2 to 14 carbon atoms

theushaswethylens ;i propytans; 11- butenerand Azmethykl-pentens; , ,saq.
(co)polymers, which essentially comprise vinyl cyclohexane or styrene

[C@hdlpolymers having a 15 polar- functional group obtainable by

~ copolymerizing or draft polymerizing these polymers with a polar

(> ndonéimer suokl as~aerylic:acid, acrylicacishester op maleis,apbydride.or, s « »
modified polymers thereof. [0060] 20The polymerization catalyst of the

thpregditinemioremay ceonrtairap organiczcompound component (D)
(hereinafter sometimes abbreviated to "component (D)"), if necessary.
The éFFpBRBAL (0) isusatbirpondet tdicohtrot the: palymaerization eapability:
and the physical properties of the obtainable polymer. Examples

pair by reacti ng with the br 3 :
a he bridged metallocens compeund (&)

(hereinafter sometimes referred to as “ionizing lonic compound”
or “component (b-2)") may include Lewis acid, an ionizing ionic
compound, a borane compound and a carborane compound, as
described in JP-A-HL1(1989)-501950 and the like. Examples
thereof, further, may I1nclude a heteropoly compound and an
isopoly compound. The ionlzing ionic compound preferably used

ihche present invention is a compound represented by the formula

(VIIy.
0050
{Chem. 8]
RQ
e Rfm%:——;?{'?“‘ --------- (VII)
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38 of the component (D) are alcohols, phenol compounds, carboxylic acid,
phosphorus compounds and sulfonic acid salts. [0061] Next, the
process for preparing the polymerization catalyst for producing the
syndiotactic propylene polymers, which catalyst comprises the
components (A) and (B), and optiona?@/ the component (C) and/or the
component (D) is described. Further, the method for adding them to a

[ o potymerizer is also described. 10[0062] When the polymerization
catalyst comprises only the component (A) and the component (B), a

process @@mm%CQWP@P?n%M§B%p gﬁ-poéyggeg_z’er carbenium

simultaneously or in an rary order is employed. In this process, at least

catweorlb @ﬁ;r@zpmﬁntfaafﬂ@ﬁ,caéaﬂ%@%p@B%&@AD%H@%@&?H&J&’ cation,
contacted. [0063] In carrying out the solution polymerization of

cv piepylene singly e monamersa:in whichspropylenesis.coptained 8. ving -
essential 20 component, by using the polymerization catalyst, the

trgomponentd@)44 userl in plamduahaf fromel0:9ta 40-L mal, preferably, .«
10-8 to 1062 mol per 1 L of the reaction volume. [0064] 39 ratio [(b-1) /M]
£ of.component (bab)te al transition megakatongs Min, the semponept(ALis, 1
usually from 0.01 to 5,000, preferably 0,05 to 2,000. The component (b-2)
grésigsed in an amount such that the molar ratio [(b-2)]/M of aluminum atom
in component 5(b-2) to all transition metal atoms M in the component (A)
(0§ dsually from 110 to 5,000, preferably 1.0 to 2,000.The

(b-3) Organcaluminum compound

Examples of <the organcaluminum compound (b-23) for
constituting the olefin polymerization catalyst {hereinafter,
sometimes abbreviated to  “component (b-337 may linclude
organocaluminum compounds represented by the following fermula
(VIII).

[0053]

RpAL (ORY) 1HpX, ce. VITI)

In the formula, R* and R® may be the same or different from
each other and are each a hydrocarbon group having @ to 15 carbon
atoms, preferably 1 to 4 carbon atoms, X is a nalogen atom, 0<m<3,
0sn<3, Csp<3, 02g<3 and mtn+p+g = 3.

Specific examples of the component (b-3) are linear chain
trialkyl alumninums such as trimethyl aluminum, triethyl aluminum,
tri-n-butyl aluninum, trihexyl aluminum and trioctyl aluminum;

branched trialkyl aluminums =uch as triisopropyl aluminum,
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component (b-3) is used in an amount such that the molar ratio (b-3) /M]
of component (b-3) to all transition metal atoms M in the component (A) is
usually from 1 to 10,000, preferably 1 to 5,00. [0065] Inert hydrocarbon
solvent and Amount of solvent in pol Enerization Examples of the inert
hydrocarbon solvent used in the 15 production process of the present
invention may include aliphatic hy ocarbons such as propane, butane,

trpentane; fiexanewhepiane; petane, decane, kerosene, hydrogepated | .
naphtha and ISOPAR-E Trade Marx) sol\g/ent (mixed s%fvg%ff %f C%l;izb styL

alualiphatic) avaitable-bydrxxpnGhemicals; aliqyclic hydrocarbons such as syl
20 cyclopentene, cyclohexane and methylcyclobentane; and aromatic

allbﬂydf@@ﬁﬁbﬁh&&%@ﬁ:b@ﬂ&&ﬂ@y I@QQ&%@QQ} %ﬂ@@%y’%ﬁr@g‘g ?@1 uminums
hydrocarbons having 5 to 12 carbon atoms are preferred. In the present

sudrventior, it isyioiportang thas whervthe inert hydreeatbon sglvent baving.at, .
least one structure selected from

triaryl aluminums such as triphenyl aluminum and tritolyl
aluminum; dialkyvlaluminum hydrides such as diisopropyl aluminum
hydride and diisobutyl aluminum hydride; alkenyl aluminums such
as isoprenyl aluminums represented by the formula
{(1=C4Ho) ALy {CsHyp) , {wherein x, Yy and z are each a positive number
and z523) and the like; alkyl aluminum alkoxides such as isobutyl
alumirum methoxide and isobutyl zluminum ethoxide; dialkyl
aluminum alkoxides such as dimethyl aluminum methoxide, diethyl
aluminum ethoxide and dibutyl aluminum butoxide; ailkyl aluminum
sesqui-alkoxides such as ethyl aluminum sesquiethoxide and butyl
aluminum sesquibutoxide; partially alkoxylated alkyl aluminums
having an average composition represented by the formula
R% s8]l [OR®) 5 ¢ and the like;

alkyl aluminum aryloxides such as diethyl aluminum
phenoxide and diethyl aluminum (2, 6-di~t-butyl-4d-methyl
phenoxide); dialkyl aluminum halides such as dimethyl aluminum
chloride, diethyl aluminum chloride, dibutyl aluminum chioride,
diethyl aluminum bromide and diiscbutyl aluminumchloride; al kyl
aluminum sesquihalides such as ethvl aluminum sesguichloride,

1t ing ; L d 3 :
butyl aluminum sesquichloride and ethyl aluminum sesquibromide;
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40 a branched structure (k-1), a ring structure (k-2) and an aromatic ring

structure (k-3) in the molecule is used as the inert hydrocarbon solvent,
the equilibrium melting temperature (TN) can be decreased, and as a
result, homogenous continuous solution polymerization reaction can be
carried out without high temperature tonditions. The present inventors
considered that this is because, in the solvent having at least one
pastrugiure selectegddfromdhe strucpures,(kby (3), he sqlybility parameter
(SI) of tﬁe solvfn%i represen%dq%qth:a %ﬁrﬁ%ﬁ%ﬁﬁio %) t?é'l es%lr%ki)lén& il
d1itatet approashes ta thessolubilityparameter (15,6 MPain) of a syndiotagtic .
propylene polymer described in Carl L. Yaws, "Chemical properties
diHandbeokixChapter,14::MeGraucHil <1998 -and/or the molarvolyme (V1)
of the solvent is small. The branched structure (k-1) is a structure having a
dilternaly carbomiatam ongdgttaternansearbonatom. Fhe.cyslic, strugture, 7 1
(k-2) is a cyclic polymethylene skeleton. The solvent preferably has three
alwirictrescdf thedyranched:siructore (ki) dbe cysliestusture, (kr2) andthe.,
linear chain structure. The linear chain structure is a structure such 1....at
dilatdedstthree@0mmethyleneiskeletons lirk lingarle(namely:itis npt aLyclic,
structure). [0066] 41 of availability, three kinds of hydrocarbons, namely
2 fké bancked hydictarbon ((y- D diavingaranehed structure nthecyslisr, » s
_ aliphatic hydrocarbon (y-2) having a cyclic structure and the aromatic
eLihydrdearbonyy-S are gerietally.nixed withla diheat. 5 ehain hydroearbon; de
appropriately and then submitted to use. From the recent viewpoint of
anqeetbade of tHelvad othexnviroamiett and the viewpoint of minimizing
__ the influence on health of the human body for production workers, it is not
ia%éﬁerable to use the aromatic hydrocarbon (y-3) having the aromatic
cyclic 10 structure (k-3). However, the use thereof does not limit the
presehCiveIftidn B¥16ng aséquisrheatsitaking sufficient ndasures forthee
.,.Environmental problems and the health problems for human body are
‘YUSEG. T00B 7T I8 PreterablErdRaipl&s bF e donetitd avenimer triisobutyl
a1 Wgrggarbsong containing at}least 90 % by volume of at least one
Fydrotarbon <dleSedfontydopettace Rorekahe iBoRéxane,
{OO%Lé}ylcyclopentane, cyclohexane and n-heptane. [0068] 20Although the
amount of the inert hydrocarbon solvent used is limited by factors such as
misqp)ill%%f tf}}eessgg/,er}:[rw}i;r}l@ monomer, the solvent generally is fed
continuouslyin an amount stch that the Polyief Lol per®t improving
cnePObReIzAtion soltion.yujt yolums in a polymerizer (hereinafter, simply, |
syndiotactic propylene polymer, it is preferred to use any one
of the following [cl] to [c4] as the component (B):
[c1] the component (B) comprising only {b~1) the organocaluminum
OxXy compound,
(c2] the component (B) comprising (b-1) the organocaluminum oxy
compeund, and (b-3) the organcaluminum compound,

{c3] the component (B) comprising {(bk-2) the compound forming an

1on pair by reacting with the bridged metallocene compound (A),



42 abbreviated to 'polymer content (PC)") is from 5 g/L to 500 g/L,
preferably 10 g/L to 400 g/L, more preferably 15 g/L to 300 g/L,
considering the range of the volume fraction (V2). When the concentration
is less than 5 g/L, the production spee%1 capable 5 of enduring practical
production cannot be attained, whil en it is over 500 g/L, it is possible
that a part of the polymer is deposited during the polymerization to hinder
andhée redulatoentinueus-polymerizationm-Fbereiore; fhe concentration
departing from the above range is not preferable. 10The volume fraction
[c4V2)bEnondimensional) unitof thes polymer-in theermula (EG-1)er then oxy
formula (Eg-2) can be converted to the polymer content (PC) using the
corgepisities ofrthe polymeranditive solvent. j0069] Ablndheprefered-eacting
embodiment of the solution polymerization step (PI) according to the
wihesditt invertio thetinéi hydrocarbow solvent,zhe solvent amount and
the polymerization temperature (TR), and the equilibrium melting
[O%emperature (TO derived from the following formula (Eq-2) satisfy the
following 20 formula (Eg-1), preferably the following formula (Eg-1), more
prefdfaBly theefsioviingdornala (Eedtn Thaf isite saysitis vefy importantch
in the present invention that the inert hydrocarbon solvent and the solvent
T IgmBunt-areaeterhfinedSn oreiér thdt the polymenzatiom terhperatare EFR) on
determined by the 43 method to be described later is always higher than
P ihe R¥mpRR&TIE WHTER s 5T owiei ¥sh the aquiibrnm Amitsgnd (A) is
temperature (TM)( [0070] 5[Formu|a 1] Tm - TR45C-(Eg-1) [0071]

not used as thé component (B) for congtituting the olefin
polymerization catalyst of the present invention, as described
above. Therefore, ameng {cl} to {c4l, [cl] and [c2] only are
aemployed for the preferred components (B).

[6057]

The olefin polymerization catalyst of the present
invention may further comprise the carrier (C) together with [(A)
the metallocene compound represented by the formula (I), and (B)
at least one compound selected from (b-1) the organocaluminum oxy
compound, ({b-2) the compound capable of forming an ion pair by
reacticn with the metallocene compound (A}, and {(b-3} the
organcaluminum compound, 1f necessary.

{00583

(C) Carrier

The carrier (C) optionally used in the present invention

(hereinafter sometimes abbreviated to “compornent (C})”) is an
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[Formula 2] TmTR43C--(Eg-1") 10[0072] [Formula 3] Tm - TR 5:=
40C--(Eg-1") [0073] [Formula 4] 6,700 4- 49X(6 - 15.5)2X(1-v2)2 -
49XR6,700------ (Eg-2) x (1-v2) + T, 15 [0074] Equilibrium melting
temperature [K] Tm:Melting point of syndiotactic propylene polymer [K]
61:Solubility parameter of solvent [(mp&)1/2]

inorganicororganiccompound,and@agranularcxfineparticulate

Jent

solid, Examplesoftheinorganiccompoundareporousoxidessuch
as 51i0; and Al,05; inorganic halides such as MgCly,, MgBrz, MnCl,
and MnBry; c¢lays, clay minerals or ion exchange layer compounds
such as montmorillionite, Vermiculite, pectolite, teniolite and

synthetic mica.

L005G]

[

Examples of the organic compounds are granular or fine
particulate organic solids having a particle diameter of from
3 to 300 pm, preferably 10 to 300 pum. Specific examples thereof
mayinclude{co}polymers,whichessentiallycomprisaan(rmﬂefin
of 2 to 14 carbon atoms such as ethylene, propylene, l-butene
and 4d-methyl-l-pentene, {co)polymers, which essentially
comprise vinyl cyclohexane or styrene; and polymers having a
polar functional group obtainable by copolymerizing or grafe
polymerizing these polymers with a polar monomer such as acrylic
acid, acrylic acid ester or maleic anhydride, or modified
polymers thereof.

[006&0]

Trne polymerization catalyst of the present invention may
containaﬂcnganiccompoundcomponent{D){hereinaftersometimes
abbreviated to “component (D)7}, if necessary. The component
(D} is used in order to control the polymerization capability

and the physical properties of the obtainable polyner. Examples
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20Vi:Molar volume of solvent [cm3/mol] v2:Volume fraction of syndiotactic
propylene polymer [-] R:Gas constant [j/K-mol] The formula (EQ-2) is
derived by substituting the fusion 44 enthalpy AHu (6,700 J/mol) of
syndiotactic polypropylene measuregdby the present applicant, the molar
volume value V, (49 CM 3hmol)unit of the polypropylene represented by
the following formula (1X) and the published solubility parameter 582 (15.6

of fhrolyohtiwe polypropylere forthesformuta ¢Ea-B)detiveefrem the-voxy1ic
_Flory-Huggins theory about solution-solid equilibrium of polymer. [0075]

aCEOrMtE B TS + AP euwrBR)2xr(d-v)2fonic acid salts.

[0061]

Next, the process for preparing the polymerization
catalyst for producing the syndictactic propylene polymers,
which catalyst comprises the components (A} and {Bj, and
optionally the compenent (C) and/or the component (D) is
described. Further, the method for adding them to a polymerizer
is also described.

[0062]

When the polvmerization catalyst comprises only the
component (A) and the component (B}, a process for adding the
components (A) and (B) to a polymerizer simultaneously or in an
arbitrary order is employed. In this process, at least two
components of the catalyst components may be previously
contacted.

[0063]

In carrying out the solution polymerization of propylens
singly or monomers , in which propylene is contained as essential
compenent, by using the polymerization catalyst, the component
(£) is used in an amount of from 107° to 107 mol, preferably 107
to EQQ mol per 1 L of the reaction volume.

[G0o4]

The component {b-1) is used in an amount such that the molar
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V,. X R"V] [0076] [Chem. [00771 the table 1, supposing that the
polymerization tempera ure 50C, and the polymer volume fraction (v2) is
0.10 (the polymer concentration corresponds to 86 g/L) and 0.15 (the
polymer concentration corresponds to 129 g/L) TM and the temperature
difference (TM-TB) concerning typicalhydrocarbon 20 solvents were
calculated.cal thation, the molar volume (VI) of the solvent and the

raSolubameter 1)O%f 45 "Cpemica Praoperties Hangbook",,Chaptgr:]A,
a McGt?rgw-H?l , 1999, \(/:V%Hé%oﬁl%ngolﬂlgmé?v%?ur%%#rgét"i%}#g (V2)98 G'gprt atoms

x s50WeDiS sUiahls.(o (e farmyia,(a-D) are fiteen, kinds,of sqhvents

including spiropentane, cyclopentand, isopentane, R-pentane’, Berzere® 8Ly

gu@yc&h@,adj@@metqggy-ggﬁggggg@- exane,.1,1-dimethylcyclopentane,
cis-1,2-dimethylcyclopentane, transl-’(‘l,Z-Jimﬂéf’hylfgfc?oﬁénézﬁegmount such

this-Lnd-dimetlylcy.pentane; trans-A.3-dimethyleyclope ane, in component

ethylcyclopentane and ‘
(b-Z) to all transition metal atoms M in the component (A} is
usually from 1.0 te 5,000, preferably 1.0 to 2,000. The
component (b-3) is used in an amount such that the molar ratio
[ (b=3) /M] of component (b-3) to all transition metal atoms M in
the component (A) is usually from 1 to 10,000, preferably 1 to
5,000.

[008&E)

inert  Thydrocarbon sclvent and  Amount of solvent in

polymerization

Lxamples of the inert hyvdrocarbon solvent used in the
production process of the pressnt invention may include
aliphatichy'rocarbonsSucha5§ropane,butane,pentane,hexane,
heptane, octane, decane, kerosene, hydrogenated naphtha and
ISOPAR-E {Trade Mark) solvent (mixed solvent of Cg-1z aliphatic)
available by Exxon Chemicals; alicyclic hydrocarbons such as
cyclicpentene, cyclohexane and methylceyclopentane; and aromatic
hydrocarbons such as benzene, tcluene and Xylene. Among them,
hydrocarbons having 5 to 12 carboen atoms are preferred. 1In the
present invention, it is important that when <he inert

hydrocarbon solvent having at least one structure selected from



o

20

methylcyclohmxane.However, from the table 1, it is found that 10 when
the polymer concentration is increased and v2 is 0.15, the suitable
solvents are limited to the six kinds of solvents including spiropentane,
cyclopentane, n-pentane, benzene, c r%/clohexane and methylcyclopentane.
The scope of the claims of the prese finvention are not limited by the
hydrocarbon 15 compounds described in Table I, which are shown as one

2 example:af the caleulation method. aAGr[OP§8]JI§B'ﬁ+ HdTanle L Typical _
names of hydrocarbon compounds v2 - 0.1'v2 =0.15 Polymer

argoacentiation F8G/LRAYMEBr-3) in the molecule is used as the inert
hydrocarbon sclvent, the equilibrium melting temperature (Ty)
c&abedecreased,andem;aresult,homogenoascontinuoussoiution
polymerization reaction can be carried out without high
temperature conditions. The present inventors considered that
this is because, in the solvent having at least one structure
selected from the structurss (k-1) to {k=3}), the solubility
parameter (8;) of the solvent represented by the formula (Eg-1)
to be described later approaches to the solubllity parameter
(15.6 MPa™) of a syndiotactic propylene pelymer described in
Carl L. Yaws, “Chemical properties Handbook” Chapter 14,
Mobraw-Hill, 1939, and/or the molar volume (V1) of the solvent
is small. The branched structure {k=1} is a structure having
& ternary carbon atom or a quaternary carbon atom. The cyclic
structure{sz}isaacyclicpoiymethyleneskeleton. The solvent
preferably has three structures of the branched structure (k~1),
the cyclic structure {(k-Z} and the linear chain structure. The
linear chain structure is a structure such that at least three
methylens skeletons link linearly (namely it is nct a cyclic
structure) .
(00661

The three kinds of structures {k—1) to {k-3) may be present

in the same molecule or plural molecules. From the viewpoint
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concentration - 129 g/L TC] TM- T1[C1 Tm][C] T-TR[C] spiropentane
73.35 23.35 77.15 27.15 cyclopentane 74.97 24.97 78.65 28.65

41

of availability, three kinds of hydrocarbons, namely the
branched hydrocarbon (y-1) having a branched structure, the
cyclic aliphatic hydrocarbon (y-2) having a cyclic structure and
the aromatic hydrocarbon (y-3) are generally mixed with a linear
chain hydrocarbon appropriately and then submitted to use. From
the recent viewpoint of decrease of the load to the environment
and the viewpoint of minimizing the influence on health of the
human body for production workers, it is not preferable to use
the aromatic hydrocarbon (y-3) having the arcmatic cyclic
structure (k-3). However, the use thereof does not limit the
present invention as long as equipments taking sufficient
measures for the environmental problems and the health problems
for human body are used.

[(0067]

Preferable examples of the solvents are inert hydrocarbons
containing at least 90 % by volume of at least one hydrocarbon
selected from cyclopentane, n-hexane, isohexane,
methylcyclopentane, cyclohexane and n-heptane.

[0068]

Although the amount of the inert hydrocarboeon solvent used
is limited by factors such as miscibility of the solvent with
a monomer, the solvent generally is fed continuously in an amocunt
such that the poclymer content per polymerization solution unit

velume in a polymerizer (hereinafter, simply
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isopentane 93.69 43.69 96.44 46.44 n-pentane 89.59 39.59 92.72 42.72
benzene 89.01 39.01 91.12 41.12 cyclohexane 85.25

42

abbreviated to “polymer content (PC)”) is from 5 g/L to 500 g/L,
preferably 10 g/L to 400 g/L, more preferably 15 g/L to 300 g/L,
considering the range of the volume fraction (Vy}. When the
concentration is less than 5 g/L, the production speed capable
of enduring practical production cannot be attained, while when
it is over 500 ¢/L, it is possible that a part of the polymer
is deposited during the polymerization to hinder the regular
continuous-polymerization. Therefore, the concentration
departing from the above range is not preferable.

The volume fraction (v} of non-dimensioconal unit of the
polymer in the formula (Eg-1) or the formula {(Eg-2) can be
coenverted to the polymer content (PC) using the densities of the
polymer and the solvent.

[0069]

In the preferred embodiment of the soluticn polymerization
step (P} according to the present dinvention, the inert
hydrocarbon solvent, the solvent amount and the polymerization
temperature {Tg}, and the eguilibrium melting temperature (T
derived from the following formula (Eg-2) satisfy the following
formula (BEg-1), preferably the following formula (Eg-1"), more
preferably the following formula (Eg-177). That is to say, it
is wvery important in the present invention that the inert
hydrocarbon solvent and the solvent amount are determined in

order that the polymerization temperature {Tz) determined by the
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35.25 88.56 38.56 nethylcyclopentane 2,2-dinethylbutane 85.76 35.76
89.17 39.17 102.18 52.18 104.55 54.55 2,3-dimethylbutane 97.16 47.16
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method to be described later is always higher. than the
temperature which is 45°C lower than the equilibrium melting
temperature (Ty).

60701

[Formula 1]

Ty — Tx

[FaN
28
83
o
[
3
0

fe

[GGT711
{Formula 2]

Ty = Tp € 43°C - (Eg-17)
(0072
[Formula 3]

Tu - Tx £ 40°C e {Bg-177)
LCGT73]
[Formula 4]

6,700 - 49X (5 ;— 15,81 X (1—v )

Tw =
19 %R \ TR0 T (Eq-2)
\/ b (l“‘"‘«'g) + e
i Tm
(00747
T BEguilibrium melting temperature [X]
Th: Melting point of syndioctactic propylene polymer [K]
81: Solubility parameter of solvent [ (MPa)/?)
Vi Molar volume of solvent [cm’/mol]
Vo Volume fraction of syndiotactic propylene polymer [-]
R: Gas constant [J/K-mol]

The formula {(Eg-2) is derived by substituting the fusion



15

99.97 49.97 n-hexane 94.71 44.71 97.77 47.77 2-methy pentane 97.62
47.62 100.43 50.43 3-methy pentane 95.45 45.45 98.41 48.41
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enthalpy AHy, (6,700 J/mol) of syndiotactic polypropylene
measured by the present applicant, the molar volume valus V, (49
cr’/mol) of a unit of ﬁhe polypropylene represented by the
following forrmula (IX) and the published solubility parameter
Op (15.6 J/mol)'of the polypropylene for the formulsa (Bg-3)
derived from the Flory-Huggins theory about solution-solid
equilibriun of polymer.

[GOT5]

[Formula 5)

BHy, 4 Vo X(§ = § Fx vy

T = ‘
) v“ R e Fal }-{U ---------------- (’EQ-B)
XAl +
vi T,
00761
[Chem. 9]
— CHQ - Cﬁ o
cH, e (IX)
(0077}

in the table 1, supposing that the polymerization

n

ja
ot
Lie]

temperature is 50°C, andtﬂm&polymei volume fraction (vy) i
(the polymer concentration Corresponds to 86 g/L) and .15 (the
polymer concentration corresponds to 129 g/L), Te and the
temperature difference (Ty-Tg) concerning typical hydrocarbon
solvents were calculated. In the calculation, the molar volume
(Vi) of the solvent and the solubility parameter (8,) of the

solvent were taken from the values described in Carl L. Yaws,



toluene 97.14 47.14 99.19 49.19 cyc ohep ane 95.17 45.17 97.92 47.92
1di e hy cyc open ane 93.78 43.78 96.92 46.92
cis-1,2-dimethylcyclopentane 93.07

45

“Chemical Properties Handbook”, Chapter 14, McGraw-Hill, 1999.
Wwhen the polymer volume fraction (vy) is 0.10, solvents suitable
to the formula (Eg-l) are fifteen kinds of solvents including
spiropentane, cyclopentane, isopentane, n-pentane, benzene,
cyclochexane, methyleyclopentane, n~hexane,
1,1-~dimethylcyclopentane, cis-1,2-dimethylcyclopentans,
Lrans-~1,2-dimethylcycliopentane, cls=-1,3-dimethylcyclopentane,
trans-1,3-dimethylcyclopentane, ethylcyclopentane and
methylcyclohexane. However, from the table 1, it is found that
when the polymer concentration is increased and vy 15 0.15, the
suitable solvents are limited tc the six kinds of solvents
inciuding spiropentane, cyclopentane, n-pentane, benzene,
cyclohexane and methyleyclopentane. The scope of the claims of
the present invention are not limited by the hvdrocarbon
compounds described in Table I, which are shown ag one axample

of the calculation method.
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43.07 96.20 46.20 trans-1,2-dimethylcyclooentane 94.03 44.03 9.6 47.16
c s-1, 3-dimethylcyclopentane 94.49 44.49 97.61 47.61 trans-1,3-dime
hylcyclopentane 94.26 44.26 97.38 P

[0078]
[Table 1]
[Table 1]
v, = (0.1 v, = 0.15
Polymer Polymer
Typical names concentration concentration
of hydrocarbon compounds = 86 g/L = 129 g/L
Tu[°C] | Tw— Tg [°C] | Ty[°C] Ty —Tr[°C]
spiropentane 73.35 23.35)  77.15 27.15
cyclopentane 74,97 24,97 78.65 28.65
isopentane 93.69 43,69 96.44 4¢ .44
n-pentane 89.59 39,59 92,72 42,72
benzene 89.01 39.01 91.12 41,12
cyclohexane 85.25 35.25 88.56 38.56
methylceyclopentane 85,76 35.76 89.17 39,17
2, 2-dimethylbutane 102.18 52.18 ] 104.55 54,55
2, 3~dimethylbutane 97.16 47.16 99,97 49, 97
n—hexane 94.71 44,771 97.77 47 .77
Z-methylpentane 97.62 47.62 1 100.43 50.43
3-methylpentane 95.45 45.45 98.41 48.41
toluene 97.14 47.14 9%.19 49,19
cyclcheptane 95.17 45,17 97.92 47.92
1, 1-dimethylcyclopentane 93.78 43.78 96, 92 46.92
cis-1, 2~dimethylcyeclopantane 93.07 43.07 96,20 46.20
trans~1, 2~dimethylcyclopentane 94,03 44.03 G7.16 47.16
cis-1, 3-dimethylcyclopentane 94.49 44.49 97.61 47.61
trans-1, 3-dimethylcyclopentane 94,26 44.26 97,38 47,38
ethylcyciopentane 93.97 43,97 97.04 47,04
methylcyclohexane 93.51 43.51 96.61 46.61
I 2, 2-dimethylpentane 104.95 54,951 107.38 57.38
2, 3—dimethylpentane 100.52 50.52 | 103.32 53,32
2, 4~dimethylpentane 104,44 54,441 106,94 56.94
3, 3~dimethylpentane 102.08 52.09 104.74 h4.74
3-ethylpentane 99.63 49.63 | 102.49 52,49
n-heptane 100.32 50.32 ] 103.1 53,18
Z2-methylhexane 101.57 H1.571 104.34 54.34
3-methylihexane 100.54 50.54 1 103.37 53,37
2,2, 3-trimethylbutane 103.62 53.621 106.12 56,12
[00792]
When the solvent to be submitted to  solution




47.38 ethylcyc opentane 93.97 43.97 97.04 47.04 methylcyclohexane
93.51 43.51 96.61 46.6 2,2-dinethylpentane 104.95 54.95 107.38 57.38

2,3-dimethylpentane
47

polymerization comprises at least two kinds of inert
hydrocarbons, for example in the case of two hydrccarbons, it
ispossibletod&terminetheequilibriumn@ltingtemperatura(Tm
using the following formula (Eg-4).
[0080]
[Formula 6]

é{“]u -V, i}"lvi (5! — &, )2 - (v, +v, ){va (5 -3, )2 Yy (.,53 -3, )2 H

- 8 5
AT NN |
7 oy -~ (Bg-4)

I, =

Ed

ey
<2
o«
o
[
.

In the formula (Eg-4), AH,, Vi, Ty and R are the same as
thoze in the formula (BEg-3}, v: and vs show volume fractions of
the solvent 1 and the solvent Z respectively, V, and V. show molar
volume of the solvent 1 and solvent 2 respaectively, and &, 3,
and &p are solubility parameters of the solvent 1, the solvent
2 and syndiotactic polypropylene, respectively.

The equilibriuvummelting temperature Ty of the mixed sclvent
used in the example or the comparative example to be described
later is determined using the formula {Eg-4) and the partially
expanded formula thereof.

[ocez2:

In the particularly preferred embodiment of the solution

polymerization step {P;) according to the present invention, the

volume fraction (vz) of the syndiotactic propylene polymer in
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100.52 50.52 103.32 53.32 2,4-dimethylpentane 104.44 54.44 106.94
56.94 3,3-dinethylpentane 102.09 52.09 104.74 54.74 3-ethylpentane

.99.63 40.63
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theformula(ﬁq—Z)isﬁromG.OOStaG.SS,preferably0.0ltoO.dO,
more preferably 0.15 to 0.30, Wﬁéﬁ the volume fraction {va}) is
less than 0.005, the production 59eed is low and thereby the
production process is hardly carried out industrially. On the
otherhand,thevolumefraction(v¢)overO.SDdecreasestherange
of selection of the awvailable solvent, which satisfies the
formula (Eg~1) of relations of the eguilibrium melting
temperature (Tw) determined Ffrom the formuls {Eg~2)} and the
polymerization temperature {(Tg) . Therefore, the volume
fraction (v,) of over 0.50 is not preferred,

[G0B3]

(1-2] Polymerization process

The “solution polymerization” according to the present
invention includes not only completely homogeneuous solution
polymerization such that polymerization is carried out at a.
specific temperature in a condition of poelymers substantially
dissolved in the inert hydrocarbon solvent completely but zlso
partially heterogensous solution polymerization such that

polymerizatiomj&scarriedout3&1awhite—turbiditystatejjawhich

fine polymers are deposited partly. As the homogeneity of the
sciution, namely the transparency is  higher, in the
polymerization, it  is  easier to carrs out  solution

polymerization of syndiotactic polypropylene according to the

rf

present invention and to carry scut the continuous production by
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102.49 52.49 n-heptane 100.32 50.32 103.18 53.18 2-methylhexane
101.57 51.57 104.34 54.34 3-methylnexane 100.54 50.54 103.37 53.37
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the solution polymaerization, and mereover, the ccourrence of
operation trouble caused by deposited polymers can be decreased.
Therefore, the homogenous condition is more preferred. The
present invention 13 not limited to the solution polymerization
in a complete homogeneous conditicn as long as polymers having
almed gquality can be obtained.

[60B4]

Monomer (s} used in the solution polymerization staep (Py)
of the present invention is propylene only or a mixed olefin
comprising or propylene as an essential component. In the
present Ipvention, the meaning of “egsential component” is
defined by the fact that the propylene concentration in the mixed
olefin is not less than 50 mol%, preferably not less than 70 mol%,
more preferably not less than 80 mcl%. It is possible to
optionally use, as the other olefins other than propylene,
clefins having 2 to 19 carbon toms.such as ethylene, IL-butene,
Z-butene, l-pentene, I-methyl-I-butene, l-hexene, I-heptene,
l-octene, I-decene, 3-methyl-l-pentene, d-methyl-l~pentene.
Frmnthevi@wpointofavaiiability,ethylen@,1—but@ne,1mhexene,
l-octene and 4~methyl-l-pentene are used. Furthermore, in the
Soiuticmlpciymexization‘oftﬁwapresent.invention, it is possible
To use a ‘known melecular weight modifier such as hydrogen

ike.

Jt

molecule or the

(0085

[}
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2,2,3-trimethylbutane 103.62 53.62 106.12 56.12 5[0079] When the
solvent to be submitted to solution 47 polymerization comprises at least
two kinds of inert hydrocarbons, for example in the case of two
hydrocarbons, it is possible to determine the _
equilibriummdiltingtemperature (TM) aging the following formula 74).
[0080] [Formula 6] [0087?]

In the process for producing the syndiotactic propylene
polymer of the present invention, the characteristics in the
process of the sclution polymerizatiocn step (P1) are the
following two points.

[008&]

1) The step is carried out by the solution polymerization
[0087]

2) The polymerization is carried out at a temperature in
the specific range.

[oog8]

Bach of the characteristics is described in detail below.
[O0897

The polymerization step (P.) of the present invention is
carried out in a solution condition, preferably continuously.
That is to say, in the polymerization step (Py), propylene singly
or monomers in which propylene is containad as the essential
component, the solvent and the polymerization catalyst are
continuously fed each alone or mixed into a poelymerizer with
forced stirring capable of attaining complete mixing, to carxy
cut pelymerization, and then the polymer sclution is taken out
continuously, and transported To the post—treatmeht sﬁep (B

<

as described later. In the polymerization step (P,

o]

polymerization temperature is regulated by removing

olymerization haat generated in such a way that vapor, in the
PCLY s Y F



(&3]
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In the formula (EO0-4), AH,, V,, TM and R are the same as those in the
formula (Eg-3), vi and v2 show volume fractions of the solvent 1 and the
solvent 2 respectively, tfl and V2 show molar volume of the solvent 1 and
solvent 2 respectively, and 51, 52 and 8p are solubility parameters of the
solvent 1, the solvent 2 and syndiotactic polypropylene, respectively.
The equilibrium melting temperature TM of the mixed solvent used in the

cof¥ample ar the comparative examgsli to be described later is determined

r

using the formula (Eq-4) and the partialfFékpahed foritiila thetegrssed a

[20821 90In articylarly reﬁfergse}d mbodiment of the solution
COponmerizat%o%ﬁe%%#g'gc%or&ﬁgﬁgﬁh% BreRent iEn 66 theSolime the
gafractiondvi2) of the syndi i propylene polymer in 48 the formula

? (éﬁz) is f%gm 0.005){%?;1 0. %?%)%ﬂé%é%a%?f 0. f)t%“éfﬁé,tmﬁrgdpfe7§rﬁﬁl9‘%ﬁT§@d-

s010:0:30, When the yolume fraction (y2) is less than 0.005, the production
speed is low and thereby the p%‘%dl%ﬁoﬁ*ﬁrggéﬁ TS hatdfy CanfedBar a = on

1 atighustrially: Onsthe.pther hand, the volume fraction (v2) over 0.50
decreases the range of selection of the available solvent, which satisfies

[ otieenformula (Eg-1) of relations of the equilibrium melting temperature (TN)
determined from the formula (Eg-2) and the polymerization temperature

(TR)ITherefora:-the valurme L0faction {y,) of over 0,50 js not preferred. .
[0083] [1-2] Polymerization process The "éoluti%n poﬁr‘:ﬁ Fization™ -~

timecording ovthe presesp sventigndncludes;notonly completely, . o, .o ¢
homogeneuous solution 15 polymerization such that polymerization'is N

thegrredout atarspeniiciemperatureipa ce Hgit@t%f"i%}{n&ﬂ% centration

substantially dissolved in the inert hydrocarbon solvent completely but

2nd|se paptielyrheterogeneous:-splution pelymerzation sueh that oy 5 min o
polymerization. is carried out in avflaite-turbidity state in which 20 fine

4 polymess aredéposited.partly. Ans-thenhemogeneity of the selytion, ., » s
namely the transparency is higher, in the polymerization, It is easier to

N carry out solution 49

[GCSl]

As the continuous polymerizer, one polymerizer may be usad,
Or Lwo Or more polymerizers may he aligned linearly for use. In
the later case, the polymerizers each may have different
polymerization conditions capable of attaining different
polymer properties,
[0092]

In the polymerization step (P} of the present invention,
although the polymerization temperature (Ty) varies depending
on the polymer content (PC) per volume of the polymerization
sclution in the polymerizer as described later, the

3 - [ 4 .4 . e :
Playmerization is carried out at a temperature generally from
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the solution polymerization, and moreover, the occurrence of operation
trouble caused by deposited polym s can be decreased. Therefore, the
homogenous condition is more preferred_ The present invention is not
limited to the solut on polymerization 5 in a complete homogeneous
condition as long as polymers havin95§imed quality can be obtained.
[00841 Monomer(s) used in the solution polymerize on step (F1) of

30 the present =i@ye5t,~i%r}g§?ggpgqulr@p enly or,a mixed z%erﬁe? 19;@? mI%rkiDsjjng or. o
propylene as an essential componenin the presént invention, the me%n?ng

v of essental qomponany” definsd tyheJact hat e, propylene -

concentration in he mixed olefin is not less than 50 moil, pre erab?y A6t che

poessithan 70 mal%, dnerepreferably notless than 80 m%%%)ﬁisi%oigg Leeztaot% ed

optionally use, as the other olefins other than ropyleng, olefins having

by l@:caehomatoms suecheas ethylene: Lbiiene, 2;hutene, Lpenfne,. . ;¢
3-methyl-lI-butene, 1-hexene, 1-o0 ene, 1-decene, 3-methyl-l-pentene,

indemetihyl;|-pene fronp theviewnointofavailability, gthylene | 1-butene, 5. .
1-hexene, 20 1-octene and 4-me hyl-lI-pentene are used, Furthermore, In
to theiselutionwpelymerization-af thera eseptinvenon,itisossiblefo use a, ,,
known molecular weight modifier such as hydrogen molecule or the like.

posi00854a60=nt dndhe(processdorpreducingthe:syndiotagtic prapylens, .
polymer of the present invention, the characteristics in the process of the

it selutien potymerization;stey (P 1) are the following twe points. [0086h,cr v e
1) The step is carried out by the solution polymerization [0087]

the polymer sclution is continuously fed to the post~treatment
step (P} and thereby process economy is often damaged.
Accordingly,thetemperaturecﬁflowerthanBO“C:&snotpreferable.
When the temperature is over 25C°C, there is a pcssibility that
thermal decomposition of the polymer itself is induced.
Accordingly, the temperature of over 250°C is not preferable
also.
[£0093)

In the polymerization step (P,), the polymerization

temperature (Tg) preferably satisfies the following formula

P Y e Fel T o~
(Eg~3), more preferably thée following formula (Eg-6). When the

Tyt d ] :
so.ution  polymerization progresses at  a polymerization

temperature satisfying the formulas, the solution is always kept
L. . 2 S = T 4

nomogeneously during the polymerization, and thereby the
contlnuous production can be attained without troubles which

§3 b e o ] e s
Gisturi continuous cperation, caused Ly deposition of solid
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2) The polymerization is carried out at a temperature in the specific
range. 10[0088] Each of the characteristics is described in detail below.
[0089] The polymerization step (1)1) of the present invention is
carried out in a solution condition, préférably continuously. 15 That is to
say, in the polerization step (Eh), propylene sing or monomers in
wpropylene is contained as the essential component, the solvent and the
POlY&%geri‘igﬁé‘nac%t%g?a?elegﬁm%us%&&&ﬁ%ﬁ%@&%%ﬂ nteaYlene
polymerizer with forced stirring capable of attaining complete mixing, to
PO LYOER S G BUL PRy MERD Ao ARd jtl‘gér? fhe palyRier Solufion s thkeR bepared.
continuously, and transported to the post-treatment step (p2) as described
100%4ker. In the polymerization step (P1), polymerizationtemperature
isregulated by removing polymerization heat generated in such a way that
vapor, in the:5T pdlymetizér, of tHe mrorionté(s) and the(§slvént is passed
a condenser to be condensed through a pipe whose opening is in the gas
phase space of thé Bolymefizet upperpdrt4&hd the eendéitsetl)solution ,is
returned to the polerjzer, and thereby evaporation 5 latent heat is
remévédiF0090TnéTontiRtods paly¥ndfzation the.average réeterition imesst

which varies depending on conditions such as the shape of
temperature of when the solution viscosity and the temperature

of a syndiotactic propylene polymer solution generated by
solution polymerization show a linear relationship. Tomin
usually shows a different value depending on the polymer content
(PC) or the molecular weight of an aimed syndiotactic propylene
polymer. Normally, the lowest temperature T, at which the
temperature and the solution viscesity satisfy the linear
relationship is determined by a method of separately preparing
an alimed syndiotactic propylene polymer in a small scale and
measuring a relationship between the temperature and the
solution viscosity of the polymer content (PC) of the designed
polymer, or by using relationships such as a known Mark-Eouwink
formula. For example, Fig. 1 shows the fact that in the
syndiotactic polypropylene having an intrinsic viscosity [n] of

1.6 dl/g and a melt flow rate (MFR) of 4 ¢/10 min, when PC i

s
w0

200 g/L, Twn is 83°C, when PC is 100 g/L, Tu. is 80°C, when BC
is 50 g/L, Tms is 70°C, and when PC is 30 g/L, Tmn i85 62°C, and

further, when in each polymer concentration PC, at a temperature
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the polymerizer, the catalyst type, the catalyst concentration 10 and the
polymerization temperature, is generally from 5 min to 4 hr, preferably 10
mm to 3 hr, more preferably 15 min to 2.5 hr. [0091] As the
continuouspoiymerize one polymerizémaybe used, 15 or two or more
polymerizers may be aligned linearly for use. In the later case, the
polymerizers each may have different polymerization conditions capable
not Gfattaining différent poliimérpropefties’ {66571 2bih Me!pblymertzatipnature
step (P]) of the present invention, although the polymerization temperature
havqesadepgéﬁh‘ﬁ?g‘onstﬁé%ﬁﬁﬁé"rlddh?entr@@tﬁéﬁv%]ﬁ}rﬁe of the? the usual
polymerization solution in the polymerizer as described later, the
POl yEsiyrhénZation iSkakfed 6t at'a eriperaiife yenbidlly fismrs2a30es (T=)
250°C, preferably 40'C to 200C, more preferably 40C to 150C. When the
1s seeniperstuie B owerthar 30° ecthiblpdssibilitythat fHeansourt ot ture (Tw) .
deposited polymers is increased by internal or external disturbance in the
L 00 %olymerizer is increased, and the polymerization temperature is largely
under to lower r of the optimum temperature of the posttreatment step
(P2Yhe befdeseribed tater. O thigmecournitlit isnecessary toxemploycd ut ion
temperature-increasino step before the polymer solution is continuously
polvied1o the: post-treatmént 10 stepathereby processeconomy isiofteno 1 lowing
damaged. Accordingly, the temperature of lower than 30C is not
steppreferable. When the temperature is over 250'C, there is a possibility that
thermaldecomposition of the polymer itself is induced. Accordingly, the
[00Aeéimperature of over 250C is not preferable 15also. [0093] In the
polymerization step (P1), the polymerization
[Step 1] The quality (Tp) of an aimed syndiotactic

propylene polymer is determined.
16097]

[Step 2] The inert hydrocarbon solvent is selected and the
eguilibrium melting Temperature (T is determined by
substituting the molar volume (Vi) of the solvent, the solubility
parameter (&) of the solvent and the voliume fraction {v;) of the
syndictactic propylene polymer for the formula (Eg-2) or the
formula (Eg~4). The volume fraction {(v,) is selected from the

range of 0.005 to 0.50.

[Step 3] The polymerization temperature (Tr) is determined
according to the formula (Eg-5).
(00929]

[Step 4] When the relation between the equilibriummelting
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temperature (TR) preferably satisfies the following formula (Eg-5), more
preferably the following formula (1(4.01-6). When the 20 solution
polymerization progresses at a polymerization
temperaturesatisfyingtheformulas, theé $olution is always kept
homogeneously during the polymerization, and thereby the continuous
‘ roduction can be attained without troubles which disturb continuos
SISABTHHONS cddged BY Uepdtition ‘o &ohid 283 bBlynicispsuchtas ipéTr) does
cIogEgm and the syndlotactlc propylene polymers having stable qualities
0t SHTHS EanSBRtYy DrEared: [0094] (TF&IR A45) e TR-EPrain T5OREGS) 51 th
Train - 40 ) < TR < (Train + 40 )(Eq -6) In the formulas (Eg-5) and
reSREGle) FramtfE)is the Iwdst fetipératuie 6f when thensclatiornvvidcosity (Vi)
and the temperature of a syndiotactic propylene polymer solution
and fehetatedby solition palyaterization.shclr @ lindarretationship AT hiorkdi + 1 on
usually shows a different value depending on the polymer content (PC) or
satifd wdlecuidraweightiotan diffedlsyndiotattic propylede polymesnging the
Normally, the lowest temperature Tmjn, at which the temperature and the
vo Ligpfutioheviscosity satisfy thetlinear veldtionship issdetermineerby aoiethed in
of separately preparing 15 an aimed synd otactic propylene polymer in a
the gimalbscatefanid Meastking a rélationship betweendhe temperatune andat i on
the solution viscosity of the polymer content (PC) of the designed polymer,
tempgrisytusing (dlationshipssuchaga kifown Mark-Hauwisk forsxsa.droro £ «he
example, Fig. 1 shows the fact that in the 20 syndiotacticpolypropylene
formyaMing @ irftrinsic viscosity [n] of 1.6 dl/g and a melt flow rate (MEP) of 4
g/10 min, when PC is 200 g/L, Tmim is 83 C, when PC is 100 /L, Train is
[01080C, when PC is 50 g/L, Timm, is 70C, and when PC is 30 g/L, Tm.m., is
62C, and further, when in each polymer concentration PC, at a
temiperatued ymerization pressure in the polymerization step

{P1) is a value, which varies depending on the polymerization
temperature or the amount of the sclvent used and can be
determined to the arbitrary range. Usually, the pressure is more
than 0 to 10 MPaG, preferably to 8§ MPaG, more preferably to @
MPagG.

[0101]

(2] Post-treatment step (P;)

The process for producing the syndiotactic propylene
polymer of the present invention is characterirzed by, following
the polymerization step (P), preferably carrying out the
post-treatment step (P;) such that the polymerization solution
transported from the polymerization step is optionally heated

to the temperature range of not lower than the polymerization
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54 not lower than TROm, the solution viscosity and the temperature have
a linear straight-line relationship. In the usual polymerization operation,
the polymerization temperature (TR) is set to be higher than the
equilibrium melting temperature (TM) 5[0095]
Therefore,thepolymerizationinthesoldtton polymerization step (Pt) is
carried out usually in the following steps. [0096] 10[Step 11 The quality

e ek of an.aimed syndiotactic propylene polymer is determined. [0097]
we [é%paZ]ﬂlgﬁe%ﬁgrtr%%r%cl:grgbeo'?l s”%l%én |“‘s(%gléc‘taeﬂd:l andheequifibruR™c *s

di %%liiﬂgée&%{ﬁfﬁuf§ {Ix) is determined by 15 §%@S£i%§§hg%t%% rolay £90.5

volume (V1) of the solvent, the solubility paraméter the solven

mpdhe yolume fragtion. (vR), of th@.@V@ﬁ@%@M&@é‘@&B%'yT%ﬁ_éorflhsm she

formula (Eg-2) or the formula (Eg-4). The volume fraction (v2) Is selecte

poften the range of 0:00% éQOéQ@{&OB%@l - ré:@&%?‘l TQ?@BOWFQHZ?‘QO@ s
temperature (TR) is determined according to the formula (Eg-5). fddQQ]

prafetemperatuse CHy) and theppolymerization %QE@H&%Q@@G Miner

satisfy the formula (Eg-1), the above step is repeated with respect to other

so isolvent having,different-melas ydumeitsb-andior solubility-patameter, (6). .,

The polymerization condition
atoms with pressure at anarbitraryposition. As the hydrocarbon

having 5 to 12 carbon atoms, the solvent same as the inert
hydrocarbon solvent submitted to the sclution polymerization
reaction is preferably used. In this method, the solvent
Temperature is set to the range of from the polymerization
temperature (ITx) to Ty + 50°C. In the injection to the line, *the
pressure is usually set to a range from the internal pressure
of the polymerization reactor to 10 MPaG.
[0102]

The preferred embodiment of the flash operation coording
te the present invention is described below.
(61033

In the post-~treatment step of the present invention, the
continuousflashoperationjiscarriedcmtzﬂ:avaportemp@rature
in a flash vessel of from 90 to 250°C, praferably 90 te 220°C
more preferably 20 to 200°C, at an internal pressure of the flash
vessel of from 0.00 to 0.5 MPa'G, preferably 0.01 to 0.3 MPa-G.

The waper flashed is dischargsd continuously from the flash
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5 satisfying the formula (Eg-1) is determined by changing the volume
fraction (v2) of the syndiotactic propylene polymer in the range of 0.005 to
0.50 or by varying the polymerization temperature (TR) in the range of
inequality expression of the formula (Eg-5). 10[0100] The
polymerization pressure in the poly fization step (P1) is a value, which
varies depending on the polymerization temperature or the amount of the

ve SOlentused,andican.he determined o the g@iggaﬁv@we- Hsually, the
y

pressure is more 15than 0 to 10 MPaG, prefera 08 MlgaG, more

rhpreferablyio-6 MRaG. 0101){2} Poststreatiment step.(P2) The process for

producing the syndiotactic propylene 20 polymer of the present invention

cong eharacierizegby Jollowing the-pelymerization step (P, preferably, .,
carrying out the post-treatment step (P2) such that the polymerization

su solutivsrtrapsporied fsem the pelymerization.stepds optigpally:heated (0,
the temperature range of not lower than the polymerization 56

Ustempgrature-ansbngikigheniban 259C sand then the soluentis.distilled off, .
by flash operation under a pressure of 0.00 to 0.5 MPa in a flash vessel.

so Im¢he tianspartatiorcline frem the-potymerizationslegie then, preferanly
post-treatment step (P2), it is preferable to employ a method of ’

notransporting:the polymes selytion, (Spby intreducing ahydrogarben-having o

12 carbon atoms with pressure at an arbitrary position . As the
we Inyitogarbon having 5 to 12 carbon atoms, the solvent same as the inert
hydrocarbon solvent submitted to the solution polymerization 10 reaction
[ 038 preferably used. In this method, the solvent temperature is set to the
range of from the polymerization temperature (TR) to TR -1- 50C. In the
injectibnttorttiecline; the prassureds usuallyrset4o a rangerfrdrarthesnigraakn
pressure of the polymerization reactor to 10 MPaG.
of  controlling the temperature of the polymer solution
continuously discharged from the polymerizer is provided in
order to regulate the vapor temperaturs in the flash vessel to
the above range, and & pressure control device of controlling
the pressure of the polymer solution is provided. The polymer
solution satisfying a prescribed temperature and a prescribed
pressure ereinafter,sometimesreferredtm)as“polym@rization
solution for flash” is prepared using the system and the device
and then continuously injected inte the fiash vessel. In the
continuous line of connecting the polymerizer and the flash
vessel, a heating system capable of heating with jacke:r steam
or the like and pressure controlling bulbs for controlling the

bressure are usually provided. However, there is no limitation

on these systems in the present invention.
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[0102] The preferred embodiment of the flash operation according to
the present invention is described below. [0103] In the post-treatment step
of the present invention, the 20 continuous flash operation is carried out at
a vapor temperature in a flash vessel of from 90 to 250C, preferably 90 to
220C, more preferably 90 to 200C, af&n internal pressure of the flash
vessel of from 0.00 to 0.5 MPa.G, preferably 0.01 to 0.3 MPe-G. 57

[0 vessel and thereby the monomer and the solvent are recovered. The flash
operation of the present invention can decrease the content of the solvent
remaineddnthe r to-th ' ow level capable of pelletizing
the polymer. E Uﬂ%%{{l?/,%tﬁe po(?llfnzfggrj %g%r%e\%lgaiféecr T%g%%grc%ﬁfg’lllﬁs]tﬁe%mm

10¢elventdn f:nofg than 2000 weight ppm, preferably not
mor?t}l%rﬁnggor@\?vge% k%ipsgrﬁ%%qﬁe%r%férgg@en%% rQnigﬁfpé ?ﬁgr‘( Ség v@l i& o°c-

[0 ppm. [0104] 10in the post-treatment of the present invention, a system of
controlling the temperature of the polymer solution continuously
dischiarged from thepolymen zekisravided in,arder to;regulate the vapor,
temperature in the flash vessel to the above range, and a pressure control

inwdevicesof cantrotlings 25 the pressure of the polymet selution is @gg@g!g% 9
The polymer solution satisfying prescribed temperature and a. prescribed

to pressutes(hereinatter, rsontetimes yeferred-to as, ‘palyyperzation solution
for .ash" is prepared using the system and the device and then

{ 0ldbntinuously injected into the flash vessel. In the 20 continuous line of
connecting the polymerizer and the flash vessel, a heating system
capdbleof beatingewitk jacket steamior:the like anehpressure €98treling e -
bulbs for controlling the pressure are usually provided. However, there is

S0 lng ivitafion 6A dhésesystemsinghe pre$estivyention. the flash vessel

satisfy the above ranges, continuous production can be carried
out effectively without marring the gualities of resulting
polymers in the post~treatment of the present invention.
101081

The polymer obtained by the separation of the monomer and
the solvent through the flash operation is pelletized by a
conventionally known methed. For example, 1t i3 preferable to
employ the methed which comprises an extrusion step of extruding
amoltenpolymer,whichiscxnnjnuouslydischar'edfromthefiash
vessel into a strand state, through & nozzle of an extruder, a

cut step of preparing pellets by

9
ot
ot

utting the strand product
+ ey wrd —~ - 7 o 4 i :
extruded with a cutter having a rotating blade, a cooling step

of ceoling the cut pellets in a state of contacting with water,

and a dehydration step of separating the cooled pellets and water
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58 [0105] he temperature of the polymer solution for flash is from 100
to 250C, preferably 100 to0O, more preferably 120 to 200C. [0106] The
pressure of the polymer solution continuously injected into the flash vessel
isom 1.0 to 10 MPa , preferably 2.0 to 8.0 MPa-G, more preferably 3.0 to

6.0 MPa-G. [0107] When the temperattire and the pressure of the polymer
10 solution for flash continuously injected i O the flash vessel satisfy the

by abeve ranges; Lorunueus production can be carried out e fectively without

marring the qualities of resulting polymers in the pgs?ﬁég et SFiHer esent
n-peesantinvention; [0108lLaThe pelyarbiained by the separgtion of the
monomer and the solvent through the flash operation is Pélletzed by a
[0 ohaventionally known method. For example, it is preferable to employ the
method which comprises an extrusion step of extrud a molten polymer,
3 whichds continueusly.discharged from the flash 20 vessel info a,strand .
state, through a nozzlean extruder, a cut Step of preparmy peftetsby
Erauatirgecstrand praductextrudest-with,a cutter having a rotating blade, a
cooling step or cooling th cut pellets in a state of contacting with water,

The syndictactic propylene polymer of the present

invention generally has a skeleton derived from propylens in an
amount of not less than 90 mol%, preferably from 93 mols to 100
mel%, and satisfies all the following properties [1] to [31,
preferably all the following properties [1] to (61, and further
has excellent moldability, heat resistance, transparency,
blocking resistance and balance between mechanical properties
and strength.

{1} The syndiotactic pentad fraction (rrrr fraction) as measured
by “C-NMR is not less than 85%, preferably not less than 90%,
more preferably not less than 93%, further preferably not less
than 94%,

21 The intrinsic viscosity [n] measursed at 135°C in decalin is
from 0.1 to 10 dl/qg, preferably 0.2 te 7 dl/g, more preferably
G.5 to 5 dl/g.

(3] The melting point (Tn) determined by a differential scanning
calorimeter is not lower than 145°C, preferably not lower than
145°C and not higher than 170°C, more preferably not lower than

15CG°C and n hiogher +kh= - Q . . i
ot higher than 170°C, further preferably not lower



59 by a centrifugal dehydrator. However, the method in the present
invention is not limited to the method described above. [2109] [3]
propyleneobtainable by the production process of the present invention
The syndictactic propylene polymer of the present invention generally has
a skeleton derived from propylene in 8 amount of not less than 90 mol%,
preferably from 93 mol% to 100 mol%, and satisfies all the following
i t 0, referably. all th lowing prope ties [1] to [6], and
h%ﬁﬁﬁ{,ﬁs%ﬁéﬂ%%%m eabiIi’g"},a‘rl?ee—‘a"f%ﬁs(i:é;ta%g)gf:"ﬁ‘étﬁ%[}é(re‘:i'n‘cff/,E Bicgtking "ot
1= kesistance %Qa@p&en%eftwggnhrggcg%nigalipfr pcerties and strength,
[1] The syndiotactic pentad fra |on“"(rr‘r"r‘f?act|on as measured 15 by
4 3Grh j fdess %, preferably not less thap 9Q%, more .
[ bcr;g%&rﬂa%?f r?c?f ]Fl:% #\jagrg 5%%% f%r%h%?aﬁrgfeigb%ynﬁgt Iilegsgn %{gnr? 949651 Fhe™ Y
nottrivsie viseasty [Abmeasured at 35C-n decalin.is. , frQ 1% %Ongi//q'h
preferably 0.3 to 7 dl/g, more preferably 200.5 to 5 dl/g. [3] The melting 9

espeint £Im) deterraingd by adifferentialscanning calopimeter is not lower
than 145C preferably not lower than 145C and not higher than 170C,

[5 more: preferablyaat dower than; 150G and pehigher than 170C ’dfé*EtQ%:]Qi ned
preferably not lower 60 than 155C and not higher than 176C, especially

by preferablydiot fess:thamns 156 Csandhnat-higher than 170G. . [4] The heat of ,
fusion (AH) is not less than 40 mJ/mg, preferably not less than 50 mJ/mg,

semiore:preferably-notless than52 mIimg, especialy-preferablynotless. . : .,
than 55 mil/mg.

tl/2 satisfy the following formula (Eg-7), preferably the

following formula {(Eg-8), more preferably the following formula

{(BEg~9) in the range 110 £ Tiw £ 150. (°C).

(01103

[Formula 7]

1.67 2 107 %exp (0. 108 T:s) € t1,5 < 5.56 x 107%exp (0.12 ¥ Tis) (Eg-7)

(G111

[Formula 8]

1.67 % 107%exp (0. 10xT ) €ty < 3

ra
A
Ea)
-
%
o
‘,‘,!
(9]
s
8
e
3
(@]

exp (0,12 x Tige) (Eq-8)
[0112]

[Formulia 8]

= A S . . N - g .

1.67 2 107%exp (0. 10xT:ig,) < T/ € 2.23 % 1Géexp(0.i2 ¥ Tise) (Eg-9)
[0113]

[6] The amount of a part soluble in n-decane 1s not more than
i wt%, preferably not more than 0.8 wi%, more preferably not more

than 0.6 wt%.
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[5] The isothermal crystallizat ion temperature Ciao as determined
byadifferenscanningcalorimeterandthe semi-crystallization time in the
isothermal crystallization t1/2 satisfy the following formula (Eq-7),
preferably the 10 following formula (Eg-8) , more preferably the following
formula (Eg-9) in the range 110T1s.0150 (C) [0110] [Formula 7] 1.67 x
10-'exp (0.10xTiso)t1/2 5- 5.56 x 10- xp (0.12 X Tiso) (Eq-7) 15[0111]
ro{fFanmula 8] 1.67 x 10-4exp (00xTis0)112 5 3.71 x 10-4exp (0.12 x Tis,)
(Eg-8) [01'.12 ] [Formula 91 201.67 x 10-'exp 0.10><T1; )t-172 -5 2.23 x

10-4ex0- 18X T1aQ).(5G:B QL33, [6] The amoynt af.a partsqlyble in .
n-decane is not more than %, preferably not more than 0.8 wt %, more
mo PEeferably: net more thap 0.6 Mm% v, the syndioctactic propylene
polymer of the present invention, further, satisfies the
following properties [7] and (8] preferably in addition to the

properties {1] to [6}.
(7] The melt flow rate as determined at 230°C under a load of
2.16 kg in accordance with ASTM D-1238 is from 0,01 to 50 g/10
min, preferably 0.1 to 30 g/10 min.
(8] The molecular weight distribution (Mw/Mn) as measured by Gel
permeation chromatography {(GPC) is from 1.5 to 20, praferably
2.0 to 10.
101157

The syndioctactic propylene polymer of the present
invention is optionally blended with additives such as weather
stablilizer, heat stabilizer, antistatic agent, anti-slipping
agent, anti-blocking agent, forming agent, crystallization
assistant, anti-fogging agent, transparent nucleating agent,
lubricant, vpigment, dye, plasticizer, antiaging agent,

hydrochloric acid absorbent, cxidation inhibitor, mold

Y

eleasing agent, impact improver or anti-UV agent. Thereafter,
thepolymerisnmldedbykﬁownheatnwldingnethods,forexampie,
extrusion molding, injection molding, inflation molding,

extrusion laminating molding, cast molding, blow moelding,
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61 [0114] From the viewpoint of improving the capabilities of a
molded article and moldability, the syndiotactic propylene polymer of the
present invention, further, satisfies the following properties [7] and [8]
preferably in addition to th properties [1] to [6].  The melt flow rate as
determined at 230C under a load of 2.16 kg in accordance with ASTM
0-1238 is from 0.01 to 50 g/10 min, preferably 0.1 to 30 g/10 min. 10[8]
ex Thesrhoteculamugodistriutian: (Mw/Me) as measyred b ,Gﬁk—%%fgnﬁ%;i%ﬁng
chromatography (GPO) is from 1.5 to 20, preferably 2.0 to 10. [0115] The *"
vasyndioacticipropyleagqolymenof ihenpreseatds invention is, gptianally, . .
_blended with additives such as weather stabilizer, heat stabilizer, antistatic
s . agentrahtislippingiagentanti<iacking agentaforming agent eerui for
crystallization assistant, anti-fogging agent, transparent nucleating agent,
va Tisticant spignient, tye mplasticizer, antiaging agent, 20 hydrochloric acid
absorbent, oxidation inhibitor, mold releasing agent, impact improver or
EXRAGLUEY agent. Thereafter, the polymer is molded by known heat molding
methods, for example, extrusion molding, injection molding, inflation
WH@IHing, extrusion laminating molding, cast molding, blow molding, 62
extrusion blow molding, injection blow molding, press molding, vacuum
moldi{g Sédlerdérmoldirgpioarmainy molding drpowder bhehdmelehgrag ix
the results, molded articles useful for various uses can be prepared. 5
mo ey ARPLE SOt Lo RérsiRaRer, the Preséntiibvention wilkhe describad iR he

present invention is not restricted by the examples. In the
examples, various physical propefties ware determined in the
following manners.

(01173

Melt flow rate {MFR)

The melt flow rate was measured at 230°C under z load of
2.16 kg in accordance with ASTM D-1238.

{0118}

Intrinsic viscosity [n]

The intrinsic viscosity was measured at 135 °C in a decalin
solvent. Namely, about 20 mg o a polymer was dissolved in 15
ml of decalin and a specific viscosity Mg was measured in an
01l bath at 135°C. To the decalin solution, 5 ml of a decalin
solvent was added and the decalin solution was diluted, and then
a specific viscosity ns was measured in the same manner. This

diluting operation and the meastrement of specific viscosity ns
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more detail with reference to the following examples, but the present
invention is not restrictea by the examples. In the 10 examples, various
physical properties were determined in the following manners. [0117] Melt
flow rate (MFR) The melt flow rate was measured at 230C under a load of
15 2.16 kg in accordance with ASTMPP-1238. [0118] Intrinsic viscosity [n]
The intrinsic viscosity was measured at 135 C in a decalin solvent.
we Namely; about 20.mg.of Qggéygper Ix@@qﬂlgl]issol%/ din 15 20 ml of decalin
and a specific \%féosity lisp was measured in aﬁ%ifﬁ&tﬁ“ﬁfﬁ.gﬁo {hd +s
exdegalinsolytion, 5 ml of a decalip.solvent was.added and the decalin
solution was diluted, and then a specific @T§2§sit§'f figp WESTi8AdHRd 7P an
inthesame manngThis dilubing,aperation and the megsurement cf specific
viscosity nsp 63
in]l = lim (Ms/C)  (C—0)

(011G

Amocunt of n-decane soluble

To 5 g of a polymer sample, 200 ml of n-decane was added
and the sample was dissolved with heat at 145°C for 30 min. The
resultingsolutionvwmscaoledtx)EG%ioveraboutEihr,andailowed

- R . . . . . \
to stand for 30 min. Thereafter, a ceposit {n-decane insoluble)

was separated by filtration. The filtrate was introduced into
about 3 times the filtrate amount of acetone and thereby a
componeant dissolvédjj1n~decane was depcsited. The deposit was
separated by filtration from acetone and then dried. When the
filtrate was concentrated and dried, no residue was observed.

The amount o©of the n-decane socluble was determined by the

following formula.

Amount of n-decane soluble (Wt %)

= [Weight of deposit / Weight of sample] x 100
[10120]

Molecular weight distribution (Mw/Mn

s 1 Tar woloaht A ot e ]
The melecular weight distribution (Mw/Mn) was determined
using a gel permeation chromatograph Alliance GPC-2000 mode]

oy . . . - -
manufactured by Waters Co., Ltd in the following manner. As a



Jt
<

fot
[ €]

were further repeated twice, and when the concentration (C) is
'‘Extrapolated into 0, the value risp/C was determined as an intrinsic
viscosity (referred to the following formula). lim (risp/C) (C->0) 5[0119)
Amount of n-decane soluble To 5 g of a polymer sample, 200 ml of
n-decane was added and the sample&fas dissolved with heat at 145C for
30 min. The resulting solution was cooled to 20C over about 3hr, and

allowed 10 tq stanc f%g 30 mm._phqeregt;gr a dgppsit decane insoluble)
" Was separated %&%’ltraﬁ%n@l’h‘éﬁﬂﬁﬁé Was %%&i%é‘ﬁto%"b%ﬁt‘@ fiiRégmns
orthesfiltrate amopntef ag e.and thereby a component dissolve )

"' PR st LEPSiad by Shiditrefons 7-5

nn-decane was deposited. The dep

wmaggtone and then dried, When the, 15 filtrate was concentrated and dried,
no residue W%S observed. Thé amoust of the H-deRBRE SdIbIE Was L40°C,
o~ determines by the following, formula. Amount of n-decane soluble (wt%)
Welght of depos/ Weight of sample] m 100 Eé[oﬁ%]mmegﬁ%? weight™-cal
Indistribution MWYIMR): s - The molgewlar weight distribution, (Mw/Mn) was
determined using a gel permeation chroma og?agpgﬁ &Iﬁgnbgéb g%(‘i-%dﬁ +ght
of modehmanufastured by Waters GosrLid 0 the following manner. As a_64
separation column, two columns of TSRge FEIE-HT art?fd' w6 Colunias’ of ¢
an TSK get GNHE-HTE were used (any, column had %Q'gamg%%f OLESMD: e o
and a length of 300 mm). The column temperature was 14 % -
1. bdichicrobenzene fpasufacturad by Wako Pure hemical 5 Industries,
Ltd.) was used as a ob le phase, and 0.025 % by we ght 9f BHT o
of (Meanufactuled byjBakeda PharmecesticabCo, ddd.) wasusedian. .. -
oxidation inhibitor, the mobile phase was moved at a rate of 1.0 ml/min,
teihesample Coneentrationaas 15:mg/10 &al, the amoynt of the.sample, .,
injected was 500 micro liter, and a differential refractive index detector
=t Yasrgsedras adeteetor o lve standardopalystytenes haying amolecular, .
weight satisfying Mw<1000 and MW>4x10, polystyrene manufactured by
MwFdHS® Tr! Vit Wk used, wndhfos ores:having aumelesylacweight, . 1vq.

satisfying 1000
was used, and for ones having a molecular weight satisfying 1000

iy

el -
S Mw < 4x10% polystyrene manuractured by Pressure Chemical Co.,

was used,
f0121]

Melting point (T,) and Heat of fusion (AH)

The melting point (T, and heat of fusion (AH) were
determined using m%:Pyrisl<w:DSC?manufacturedlufPerkinEﬁmer
Inc. About 5 mg of a sample was packed in a special aluminum
pan, the temperature was increased to 200°C in a nitrogen
atmosphere (nitrogen flow rate: 20 mi/min), and was kept at 200°C
for 10 min. Thereafter, the sample was cooled at a rate of

10°C/min to 30°C. The temperature was kept at 30°C for 5 min,



Mw 4x106, polystyrene manufactured by Pressure Chemical Co., 15 was
used. [0121] Melting point (Tm) and Heat of fusion (AM) The melting
point () and heat of fusion (AH) were determined using DSC Pyrisl or
DSC7 manufactured by Perkin ElImer 20 Inc. About 5 mg of a sample was
packed in a specie] aluminum pan, th@temperature was increased to
200C in a nitrogen atmosphere (nitrogen flow rate: 20 mi/min), and was
n&ept , in.;Thereaftey, the sample was cogled at a rate of
: j%o%%ﬁg %é%r#%éﬂtg qa p%%atu‘f;e v(\;as'%eapt %O?E&:O for%é)}]% AT g anfdithht s
ti ipeeased:t rate.of in. At this time, the melti oint
Ivﬁ: determine%gﬁon%% gggk %opsgféaé)cgr%/%%ﬁ%g m%togeai, %%%Ethé{] %a?%f a
rfusian was-deierminad froman integrating.valug;of a crystalline melt peak,
[0122] Inthepropylene polymers described iexamples of the present ~ ~
an invensignawhen tia peaks were observed; the low temperature side .peak
was regarded as Trni and the high temperature side peak was defined as
[0Tm2, and Tm2 was defined as the melting 10point (Tm). [01231 Half time
of Isothermal crystallization itlfl)
in the propylene polymers described in the examples ¢f the

present invention, when two peaks were observed, the low
temperaturesidepeakwasr@gardedasﬁglandthehightemperatur@
side peak was defined as Tur, and Ty was defined as the melting
point {T,).

{01233

Half time of Isothermal crystallization (ti,)

About 5 mg of a sample was packed in & special aluminum
pan, and the temperature of the sample was increased using DSC
Pyrisl or
DEC7 manufactured by Perkin Elmer Inc. from 30° C to 200°C at

a rate of 320°C/min and then kept at 200°C for 5 min. Thereafter

r

‘The temperature was decrsased from 200° to +he temperature of

isothermal crystallization 110°C at a rate of 320°C/min. From
the L3C curve obtained by keeping each isothermal
Crystallization temperature, a half time of crystallization
{Lis2) was obtained. The half time of crystallization (ti,n) was

determined by taking the starting time

th

or the isothermal

crystallization process (the time that the te

3

nperature reached
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About 5 mg of a sample was packed in a special aluminum pan, and the
temperature of the sample was increased using DEC 15Pyrisl or DSC7
manufactured by Perkin Eimer Inc. from 30 C to 200C at a rate of
320C/min and then kept at 200C for 5 mini Thereafter, the temperature
was decreased from 200C to the tem%rature of isothermal crystallization
110C at a rate of 320C/min. From 20 the DEC curve obtained by keeping

sneachdsabermal cpslalizaton emperaie.  hall.im /E‘)Sfm‘:%?%éa“o”«-
was ae

(t1/2) was obtained. The half time of crystallization (t rfhed °

Thby:taking theustarting dime-for:{he isathermal crystallization process the -,
time that the temperature reached 66 the isothermal crystallization

ex tamperaturedron: 209€) Bisitz0: Thg 03/4is ysually determined in the . .5
above manner. However, for example, when crystallization was not

iscabsedal acertainlisathetmahcrystallizationtemperature, forexample gt
11.0C, measurement was expediently carried out at several points at an

me fsothermalicrystalization seraperatire net higherthan 1406 apd the half. .,
time of crystallization (tin) was determined by the extrapolation value.

is {01240 he sotverts fersolutioapolymerizatiopused i ther an 11000 ang
the half time of crystallization iL1/2) was determined by the
extrapolation wvalue,

[0124:

The solvents for solution polymerization used in <the
examples and comparative examples according to the present
invention are as follows:
cycichexane,
n—-heptane,
solvent A; a mixed solvent which comprisges n-hexane (60 to 65 %
by velums), ischexane (10 to 19 % by volume), methylcyclopentane
(18 to 22 % by volume) and other aliphatic hydrocarbon components
(G to 2 % by volume), and
solvent B; a mixed solvent which comprises ischexane (85 to 100 %
by volume and n~hexane (0 to 5 % by volume) .

The isohexane which is a constituent of the solvents B and
B is a mixed sclvent of 2-methylipentane and 3-methyl pentane {in
a volume ratio of about 2/1).

[0125]
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examples and comparative examples according to the present invention
are as follows: cyclohexane, n-heptane, 15solvent ; a mixed solvent which
comprises n-hexane .(60 to 65 % by volume), isohexane (10 to 19 % by
volume), methylcy, lopenta e (18 to 22 % by volume) and other aliphatic
hydrocarbon components (0 to 3 % b§ Yolume), and solvent B; a

mixed solvent which comprises isohexane (95 to 100% 20 by volume and

nghga@ngcgoﬂqa‘anﬁgyy lume). The isohexane which is a constituent
of the solvents A and B is a mixed solvent of 2-methylpentane and

3-metiy ma,valume. rat Qu 5],67.S nthetlc
Exampleﬁfgw%%bﬁzylﬁﬂhﬁ%%e%:y% opcén é’ J{'gg;%(?_‘ 7- &.B SWI-Q?G-@"
didi-tert-butyluore u bl uced in the.
following makﬁnerﬁglx\l)%gép(% S@ﬁﬁes?§$W§§g g@ vasproduced in the
fo2 [f=dibreme=3,Q:di-tert-Putyl-fluorene In a nitrogen atmosphere,
15.22 g (54.7 mmol) of 3,6-di-tert-butyl-fluorene synthesized in
[ 0&aeegrdance with a method described in Bull. Chem. Soc. Jpn., 59, 97
(1986) and 170 10 mL of propylene carbonate were added to a
(1 300althreeseckflask, and stived. 19 the solutiop, 2}9&%/91}13 ﬂ}@oe) of
imide N-bromosuccinate was added and the fiixture was stirred wite
heating at:80@ fer-b fenTheteaften thereaction mixtyre was - .. 1) of
spontaneously cooled, and then was added to 800 ml of water and 15 -
3, tirted ‘et roeimtepiperaturesoe 15 prinnAfter the stirring,a,solid, deposited
was separated by filtration. The resulting solid was washed with 10 mL of
e givaholfivertimes. Thereattertasthe selid, aprixedssplution afqr-bexane - 7
and a small amount of dichloromethane was added and the mixture was
mLW&ﬁg@ﬁw@@@gcarbonatewereadd@dtoeaBDOmLthree—neckflask,

and stirred. To the solution, 20.52 @ {115 mmol) of imide
N-bromosuccinete was added and the mixture was stirred while
heating at 80°C for 5 hr. Thereafter, the reaction mixture was
spontaneocusly coocled, and then was added to 800 ml cf water and
stirred at room temperature for 15 min. After the stirring, a
solid deposited was separated by filtration. The resulting
501id was washed with 10 mlL of ethanol five times. Thereafter,
to the solid, a mired solution of n-hexane and a small amount
Gf dichloromethane was added and the mixture was heated to g0°C,
thereby'the solid was dissolved in the sclution completely. The
solution was then allowed to stand over night at -20°C. The
crystal deposited was washed with 5 mL of hexane Three times to
prepare an aimed product (in an amount of 21.16 g in a yield of

o Ea EREE g . ! \
76%} . The identification of the aimed product was carried out
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20 thereby the solid was dissolved in the solution completely. The solution
was then allowed to stand over night at -20C. The crystal deposited was
washed with 5 mL of hexane three times to prepare an aimed product (in
an amount of 21.16 g in a yield of 76%). The identification of the aimed
product was carried out 68 by IH NMR and ED-MS spectrum. 1H NMR
(270 MHz, CDC13,TMS): 51.60 (s, t2u(Flu), 18H), 3.75 (s, Flu-9H, 2H),

by (3 1Y, 2H) AT s, Flu, 2H). MS (FD) :M/z 436(M). 5[0127] (ii)

ijnthesis or% 2,7-dis8gper%fle-§, -H?-)t'ert-butyl-fluorene In a nitrogen

‘1 gnosphere, 8,15 g(d18.7,mmol) of 2,7-dibromo-3,6-di-tert-butyl-fluorene

and 1.08 g (0.93 mmol) of #’%}(93 3)”v§8re" 20ded1d 7300 mid thred neck! s/

r1 fask, and;then; 10 120.mL_qf dehydrated 1,2-dimethoxyethane was added
an?l%ﬁe%&fu:z&vggs g’[sir're%q at ’rogr%{témb'igrgtui{eg for 2(5}‘/ mif™To the

s SOktion gbtained, (%p+5n_l of ethanol solution containing 5.01 g (41.1 mmol)
of phenyl boric acid was added and the mixture was stirred at room

( d¢emperature for 20 min, and then 37.4 mL (74.8 15 mmol) of a 2.0 mol/L

sodium carbonate aqueous solution was added. Thereafter, the mixture

(1 wassrathuxed whilerheating: for;, 18,0 and gooled spontaneously, and then
guenched with dilute hydrochloric acid in-arn ; € artwas
extrapted by adding ether, andJbgrganic layerwas washedwitha . - .
saturated sodium 20 hydrogen carbonate aqueous solution twice, with’ o

2, wateptwiae -andswith saturated. brine twice,and then dri W(gthfoﬁ 93 mmol)
magnesium sulfate Thereafter, the solvent was distilled off and the

°F résulting sofidwas separated with secolmnshiamalagraphy o PIERare .,
an aimed product (in an amount of 4.36 g in a yield of 54%). The 6

12Gderftificefioneofittie aimed produstwas caried:outby, tH-NMRand.ER-MS
spectrum. 11-1-NMR(270 MHz, CDC13,TMS): 51.29 (s, tEu(Flu), 18H),

mig7g¢swas stirred at room Cemperature for 20 min. To the

solution obtained, 20 mL of ethancl solution containing 5.01 g
(41.1 mmol) of phenyl boric acid was added and the mixture was
stirred at room temperature for 20 min, and then 37.4 mL (74.8
mmol) of 2 2.0 mol/L sodium carbonate agueous sclution was added.
Thereafter, the mixture was refluxed while heating for 18 hy and
cooled spontanesusly, and then guenched with dilute hydrochloric
acid in an ice bath. The soluble part was extracted by adding
ether, and the organic layer was washed with a saturated sodium
hydrogen carbonate aqueous solution twice, with water twice and
with saturated brine twice » and thendried with magnesiumaulfate.
Theresafter, the solvent was distillad off and the resulting solid
was separatsd with a8 column chromatography to prepare an aimed

rod 4 o N & - : - ;
procuct {in an amount of 4.36 g in = yield of 54%). The

P
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Flu-9H; 2H), 7.16 (s, Flu, 2H), 7.34 (br, PhFlu 10H), 7.97 (s, 5Flu, 2H). MS
(FD) :M/z 430(M+). [0128] ( 1 ) Synthesis of 6,6-dibenzofulvene In a
nitrogen atmosphere,8.0 g (121 mmol) of 10 cyclopen adiene and 100 mL
of dehydrated tetrahydrofurane were added to a 500 mL three-neck flask,
and stirred, The mixed solution was c@led in an ice bath, and 80 mL
(125.6 mmol) of a 1.57 mmol/L hexane solution of n-butyl lithium was
: Ided.. Thereafter,.the oure was stirred at room temperature for 3 hr and
' d%géqggshﬁ%% White | lﬁ’er}F\yE WAL ESoIRE T ARTicd BRLKT S Biéra SOl o~ NMR
anBrepargd gigégll\lling 25.0 g (118 mmol) of 1,3-diphenyl-2-propanone
50 mL of de ydratela tetrahydrofurane was added.Thereafter, the mixture
1 Was; stirred,at yoo igpler: re faor 12 hr, and the resulting yellow 20
%ﬁ&n@va@éﬁe%ﬁ% w!?t{l%t; éatgg"réjg:gd afm&riahT éh’lbri(?égé'due&ﬁ 8 (s,
£ solytion; 100 mls of n:hexane was added to the solution and thereby the
squbIerEp%rt W@Slgxtﬁgétﬁ%rh%garﬁé% aSBWwak Washed Withwatet (s
rland;gaturated brine, and then dried with magnesium sulfate. The solvent
was distilled off, and the 70 residue was purified with a column
M5 chgqmatpggp%@&gpgre an aimed yellow solid (in an amount of 3.7 g in
a yield of 12%). The identification of the aimed product was carried out by
[0AHENMR, 'H-NMR (270 MHz, COC13, TMS): 53.69 (s, PhCH2, 4H),
6..60-6.72 (m, 50p, 4H), 7.13-7.32 (m, PhORB, 10H). [0128) (iv)Synthesis
(1 1of dienzyhmethylerre(cyelopentadienyl) ;.

(277-diohenyl-3,6-di-tert-Putylfliorene)tma hitrogen atmosphere,30 mL
of dehydratedn: t rogen atmosphere, 8.0 g (121 mmol) of

cyclopentadiene and 100 ml of dehydrated tetrahydrofurane were
added to a 500 mlL three-neck flask, and stirred. The mixead
solution was cooled in an ice bath, and 80 mL (125.5 mmol) of
@ 1.57 mmol/Il. hexane solution of n-putyl Iithium was added.
Thereafter, the mixture was stirred at room temperature for 3
hr and the resulting white siurry was coocled in an ice bath, and
then a solution prepared by dissolving 25.0 g (118 mmoli of
1,3~diphenyl-2-propanone in 50 ml of dehvydrated
tetrahydrofurane was added. Thereafter, the mixture was
stirred at room temperature for 12 hr, and the resulting yellow
solution was guenched with a saturated ammonium chloride asueous
selution. 100 mL of n~hexane was added to the sol#ticn and
thereby the soluble part was extracted. The organic phase was
washed with water and saturated brine, and then dried with

magnesium sulfate. The solvent was distilled cff, and the
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10 tetrahydrofurane was added to 1.60 q (3,71 mmol) of
2,7-dipheny1-3,6-di-tert-butylfiusrene and the mixture was stirred. The
solution obtained was cooled in an ice bath, and then2.65mb (4. 13 rrimol)
of a 1. 56 mol/b hexane solution of n-butyl lithium was added to the
solution and the mixture was stirred 18 at room temperature for 2 hr. The
resulting red solution was cooled to -78C in a dry ice-methanol bath, and
re 2040 pkterabydrofiran eentaining, 1.C Jomohof .
6,6-dibenzot¢(u rvenggvgaind%op%e%%%lgr r%%gfﬁ(l%%gfﬁeg éghi}ignferﬁé:r‘é%?tlé% an
a1irthe mixtureas stirredfor 18 hiwhile the- 29 tempetgture Y g agy%{'yg )
increased to room temperature. To the resulting red-black solution, 60 mL’ -
Thot i hydrachlone acid was added, andtherey the Ieaction was, o 1y o
~ terminated. The separation of the liquid was carried out by adding BO ml
Hw@fﬁvﬂqemyléthez,an@m%ngbwme soluble part was-extragted. This,orgapic m,
layer 71 was washed with saturated sodium hydrogen carbonate aqueous
Cpsofution twice;-withavater twieerand with, saturated brine once, and then
dried with agnesium sulfate. The solvent was distilled off and a
[ Gw/Hite-yellow powdery aimed product was obtained (in 5 an amount of 0.59
gina yield of 23%) by purification with silica gel chromatography. The
| Hvidentifigation of the aimed praduct wassearyied:out by 2H-NMR apd FR:NS)
spectrum_ 19-NMR (270 MHz, .."DC13,TMS): 61.25 (s, tBu(Flu), 18H);,
(2,2 66 (BRaGM; BH)6 3022 (ry CHRR14H), vb4k far) FIOE, 18), 5.65-6.51
10(m, Op, 4H), 6.82-7.40 Km, Ph(Flu) and CH2Ph and Flu, 22H), 7.67 (s,
Flu, 2H). MSD)iM7£688(MH) it 2 r38]r@) Synthesisof dibenzylmefyleneq
(cyclopentadie vi) (2, 7- 15 diphenyl1-3, 6-di-f-Putylfluorenyl) zirconium
teldieRigriBef vrang a migBgen atndsphere, 0.590g (03655 M) ofmel)  of
dibenzylmethylene (cyclopentadienyl) (2, 7-dipheny1-3, 6-di-tert
2 THtREBrene ; Srnd 40TRE lof dlehydFatedmdiethylether were adedidea was
_.100 mL Schlenk tube and stirred. This mixedslurrysolution 20 was cooled
ST 4ihTdiTice bath, Mhd'E 2ATMPH@68 Afmiehofke® ¢ B&I1A rhexane schation, ofnd
thﬁnn-Bu:[Qé/%wlithium was added to the slurry solution, and t mixture was stirred
TR E AR hPwhie themel) of a 1. 56 ol /L hexane solution of n-butyl

lithium was added to the solution and the mixture was stirred

at room temperature for 2 hr. The resulting red sclution was
cooled to -78°C in a dry ice-methanol bath, and 20 nL of
Tetrahydrofuran contalning 1.0¢ g (4,10 mmol )} of
6, 6-dibenzofurvene was dropped over 20 min to the solution.
Thereafter, the mixture was stirred for 18 hr while the
temperature was gradually increased to room temperature, To the
resulting red-black solution, 60 mL of 1N hydrochloric acid was
added, and thergby the reaction was terminated. The separation
cf the liguid was carried cut by adding 80 mlL of diethylether,

ana thereby the soluble part was extracted. This oroanic laver
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72 bath, and then 0.200 g (0.858 mmol) of zirconium tetrachloride was

added thereto. Thereafter, the solution was stirred for 42 hr while the

temperature was increased to room temperature gradually, to prepare a

reddish and orange suspension liquid. 5 The solvent was distilled off

under a reduced pressure and then thé resultant was dissolved

inn-hexane in a nitrogen atmosphere, passed through a glass filter packed
it ite, hen. washed with n-hexane. The orange powder insoluble

wai%]/ r?—?%%gée%v{}gs}lsuﬁé&éa & extracton b BREHIGOhStRARE e sevenpus

so@fithe,10,soluble part.in dichloromethane was distilled off and the residue
was washed with diethylether/co d%fpeﬁt‘a\gné’,l&ﬁb“tﬁielaﬁ%t&%ﬁéré%émCer

zndimed.pioduct as.an arange powder (in.an amount of 515 mg in a yield of
71 %). The ide‘ﬁtificatiog of the rgli?nl'lel‘EL Sfovduc%aessc%%ﬁga%ﬁiaﬁyciﬁ-wPﬁd
o£ BNGHED:M:speatum 15 1HNMR (270 MHz CDC13, TMS): 61.30 (s,
tBu(Flu), 18H), 3.§}Zg?d, 3=155 H’z“,%ﬁi%%?zﬁﬁ,o Y3 3218 fed (in
an Ghiiik 2H)02.80 1.:3:2.6:H7,,Q, 2H), 6,55 (1, 3=2,6 Hz, Cp, 2H), . .
6.97-7.34 (m, Ph(Flu) and%HZPh, 2oﬁ),’3.°3°?* é{%ézé}f%?%%”@?%fla}*ma
ge 2H)n MS (D) - MUz 848(14%). 20[0131)[Example 1], Toa 1 Linternal
volume stainless steel autoclave thoroughly b‘u?g‘e ir\f/viﬁwhrcfitr"ﬂc')‘gﬁeif?lla; TBOECT
we of eyelohexane angd156 mijw:0f Nsheptangwere fed and the internal
temperature of the 73 autoclave was kept at 45C for 20 minwhile passing
i-puspylerinag, ameunt,of 39 L/ Orsthe other.hand, o 4 30,mLinternal -
volume side-armthoroughly purged with nitrogen, a magneticas put and
Crihelffank wasThargedwithn?212:8 5 mmmol (346 regl/l. interms ofy ge.6 5y
aluminum atom) of hexane slurry of TMAO-341 (manufactured by Tohso
(m!F.iﬁEf’CHiém Go. petey).amd (5 &'lf;xmﬂh@c) and CHzPh and Flu, 22H), 7.67
dibenzylmethylene(cyclopentedienyl) (2,7-dipheny1-3,6-di tert
(s ~ba#AfluctEnyl)zirconium dichloride prepared in Synthetic 10 Example
1,and then further charged with n-heptane. The mixture was stirred for 1
M3 hirEThe résualtipgisaiation was added to amixed solvent of cyclohexane
Fand n-heptane (volume ratio of 1:1) in a stainless steel autoclave through
[Gwhich propylene had been passed, and polymerization was started.

Thereafter, the
(vl Synthesis of dibenzylm@thylmae{Cyclopentadienyl)(2,7*

alphenylw3,6~di~tertmbutylfluorenyl)zirconium dichloride

In @ nitrcocgen atmosphere, 0.59 g {0.855 mmel) -of
dib@nzyimethylene{cyclop@ntadianyl}(2,?~diphenyl~3,6~di—tert
-butylfurcrene , and 40nﬂaof’dehydrated.diethylether'were aaded
to a 100 ml, Schlenk tube and stirred. Thismixed slurry solution
was cooled in an ice bath, and 1.21 mlL {(1.B8 mmol) of & 1.56 mol/L
hexane solution of n-butyl lithium was added to the slurry
sclution, and the mixture was stirred for 45 hr while the
Lemperature was increased to roon temperature gradually. The

red reaction 1 ' a i 1 {
saction liguid was cocled to ~-78°C in a ary ice-methanol
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15 polymerization was carried out at 50C for 1 hr while the total pressure
was kept to 0.5 MPa-G by passing only propylene continuously, Since the
control of exothermic heat during the polymerization was easy, the mixture
in the autoclave was presumed to h 2 a homogenous condition in the
polymerization. 20 After the completion of polymerization, the pressure
was released while keeping the temperature at 50C to be brought into
batordinaty pressure.cbhieteafters unreacted prepylenewas purged while . 4o
keeping the temperature at 50C. It was confirmed that the polymer
wa sseldtien was inahiomogeneus condition: bysthe:visual; 74 gbservation for, ,
the polymer solution in the autoclave after a top plate of the autoclave was
hr opened. The resuiting upiforn palymer SOLEIOBWASPULIBLY ANBXEESSt e
amount of methanol to deposit a polymer. The polymer was dried under a
gragduded5 pressuspat 80(Cferid2 4t ancti30.64-g of thespelymeswas quid.
obtained. The polymerization activity of the polypropylene polymerization
Thayas bie2 kghmmolkZishr ardthé resuking: polnerhad assigtrinsiend then
viscosity [n] of 1.66 dl/g, MFR of 3.4 g/10 min, Tmi of 155C, Tm2 of 160C,
theanps frattioh wR9413% andan amouhei@ ot the a-decane solubleofimotre,
more than 0.6 % by weight. The equilibrium melting temperature (TM)
P& detdrined:from the formd k(g 1) ahekthe. differences(Tm-ER) hetweeied
~ Tm and the polymerization temperature (TR) according to the present
wi GRvehtionsaressumiicgizeddn Table 2 dE5{0182 [Example 21n-heFhee was
procedure of the Example 1 was repeated except that 300 mL of
SU Reptihd Was hsed bsoa solvehtior solutiohpolymerZation; amertheof the
internal temperature of the autoclave 20 was kept at 60C before and
SOl BRE polyrié fizatoir rsHdtons Irwas dificdli srsaf it thercontreliofe
exothermic heat during the polymerization was easy, but the
waspoWéf%tiHﬁEBuIalﬁetﬁrﬁ%aftﬁﬁmﬂ@coﬁﬂ%ﬁm@am@rpoa'ﬁf}‘bri?aﬁ@qi to
condition, 75 therefore it was presumed that the polymerization
PrefiarEeGaq iR HEAte TWRRE TuRsidA steP L ROt bf (He palyraBeias of
5+ deposited. After the completion of polymerization, the pressure was
released while ReEpiRg the térhperatire At 8DE o be bictiyHt ntb ttdinaRpd
. pressure, Thereafter, unreacted propylene was purged while keeping the
PE O?%{%ép%ervaqt%?e SEB0C it \?vlé% g%ﬁfirr%e%%tﬁa?ﬂﬁje Egﬁe'r%‘?ﬁtmas ina
1, \White idity, state, the.visual gbservation o_the polymer solution in the
e o & 155 Hite Sthe StoAaE Wt by anda The A0 aotit 6
s=1thedegyltin mer.was,26.809.. The_palymerizatiqn activity of the
Eolgp%%y%\%{ggp%ly%%ﬁz;ﬂb%%vagg 536 %Hﬁr?]{él-’z‘rf F,Bg‘rid %{5 fesulfing ' &
—=-palyn rhga trinsic yiscosity of 1,47 dlig, MER of 6.9,9/10 mm,
- 2‘?’% r(?fgiSZ@ ) T?n% of ?Sgé ah%’aﬁ%jhb%r]ﬁ%f thieg h-l\gghc)ahegs'o?t%]lhg'o hot™
Ph 15than.0.6% igh{. The eguilibrium.melting temperature (T
(dmth{egrmﬁli% fg}gm%eb%g\f(gﬂly (Ear?l)ggﬁd kt)ﬁ”]éy 'dilgflgfe’nc%' (%Er:]%r«’) UggtWe“éziﬂ )
ng KN@nd the, Qoglgée\%a}tipn temperature ( according to the present
invention are summarized in Table 2. [01 33)

[0131]
[Example 1]

To a 1 L internal volume stainless ateel autoclave
thoroughly purged with nitrogen, 150 mL of cyclohexane and 150

ml of n-heptane were fed and the internal temperature of the
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20[Example 3] The procedure of the Example | was repeated except
that 75 raL of cyclohexane and 225 ml of n eptane were used as a solvent
for solution polymerization. It was difficult to say that the control of
exothermic heat during the polymerization was easy, 76 but the
polymerization could be carried out while controlling the polymerization
condition, it was presumed the polymerization proceeded in a
auWhitefurbidity state that a parg, of the polymer was deposited, After the
completion o%p?}éﬁ}?neralfatﬁc%n, ‘fhét %rpr%%sﬁﬁer\/v‘?iglréféég‘éﬁ%ﬁ% REepingene
1nthe temperatyre a,50'C to be braught g ordinary pressure. Thereafter,
unreacted propylenehv{/%ég "|our{(31réélRL L{‘V\‘/gﬁiléj T’(%%Diﬁ e téfperatirelad sernal
volasconfirmed that the polymer solution was in a white-turbidity state, by
the visual observation for the po yr:r:)nde?%s"@(uti5)':‘1l Fr?ﬁﬁ[; ' ddtodiaveafisia @

s toRplate of the autoclav s epened. The amount of the resulting
ma cla SYaS, QRENED, fhaqk Cb%ﬁ/%%ﬁﬁiéﬁez*‘z'*q’

polymer was 10.54 g. The polymerlzatlon*ac"tlviti’/g of tive

mmPOlymerization was 21,1 kg/mmel-Zrohr, and the resulting polymer had an
intrinsic viscosity [n] of 1.70 di/9., KZA%%SQ%%% S/i%%ir?ﬁﬁll%%%%%f 5 urry

of anehBm2saf 1016, The-equilip ting-temperature (T determined
from the forn%lula (Eﬁ%%%%%mf%}%n&gé %%r%%?%e vévéén”ﬁ? a‘hdﬁfh% 0.5

um@olymerization temperature (T2) according to the present invention are
summarized in Table 2. [0134] 20[Example 4] The procedure of the

difsampled wad tepeaied exsentihal 300 ML, of eyclohexane wasused as
a solvent for solution polymerization. Since the control o gxothérmiclhe?ff

~beuring the palymenzation was easydtwas presymed the polymegization . .
proceeded in a homogenous condition. After the completion of -

Ex pulymetization; the. fressure:was seleases; while-kesping, the temperatwe, .
at 50C to be brought into ordinary pressure. Thereafter, unreacted

wa propylerrei\ifas purged White-keeping: the Sdemperatyeeat 590G K was,: yeq
confirmed that the polymer solution was in a homogenous condition, by

o ¥evisuaf observatiomfor thepalyepseltion ia thenautaclave after atop; .,
plate of the autoclave was opened. The amount of the resulting polymer

2 Sfas 41939 5The polyenZation adtivityof the pelyprepdened9 had been
polymerization was 82.5 kg./mmol-Zr. , and the resulting polymer had an

P2 9fiffihsic $REosis gl of i Hotdify; MFRsof $tkg/Lemin, Tmhef25F€and +he
Tm2 of 159C. The equilibrium melting temperature (Tx) determined from

PO LKBISmaIR &Y 13 arith e differerice (TR TR)dvetwieen TN ahd thee total

_ epolymerization temperature 15(TR) according to the present invention are
PrER A ed P TR, T 0.5 MPa-G by passing only propylene

of

contlnucusly. Since the control of excthermic heat during the
1 “d oo '

posymerization was easy, the mixture in the autoclave wWaa

presumed to be in a homogenous condition in the polymerization.

A

h

Ler the completion of polymerization, the pressure was
released while keeping the temperature at 50°C to be brought into
ordinary pressure. Thereafter, unreacted propylene was purged

while keeping the temperature at 50°C, IT was confirmed that

+ c ' 1 } it d
the polymer solution was in a aomogenous condition, by the visual
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[0135] [Comparative Example 1] The procedure of the Example 1 was
repeated except that 20 300 mL of n-heptane was used as a solvent for
solution polymerization, and the internal temperature of the autoclave was
kept at 40C before and during the pofyimerization reaction. After the start
of polymerization, the removal of heat in a. polymerizer became difficult
and then the polymerization was 78 stopped. After the stop of

CPSeiolyihenization” the bré¥stid as TBleased Whild keepifg e temfieratire * =
at 40C to be brought into ordinary pressure. Thereafter, unreacted .

Lo Gopieng wad furgidiiHi Kedfing Breifiberatire dt40E Tiwgs uniforn
confirmed that a significant amount of a polymer deposited, by the visual

o LygiiserdationfoPthe’folyRier soltitioniif the abfotldverafier £fopipiatersol to
the autoclave was opened. The amount of the resulting polymer was

deposp. 52 §. Thelpthiferizatioh aBRAl 6t thegdlypiépyienepslvimerizatigsuced
was 52.4 kg/mmol-Zr.hr, and the 10 resulting polymer had an Intrinsic

Presiycosity-[§] of 2 A2rdilg, MFR6f 102 610 mih thmlePisTe andEFPef ined.
162C. The eguilalo ium melting temperature (TM) determined from the

The gsridle Hg-H aheticdiintel(TMETR) bewkenrPaid e golyrmarzationt i on
temperature (TR) according to the present invention are summarized in

was Table’2. [0136]{Comparative Exampl&é@] resTHe proceduré phithe had  an
Example | was repeated except that the internal temperature of the

intrautedlave Wasckept at 40C beéfote 20 ahd/durintfthecgolymerizdfionmin, T,
reaction, and the polymerization time was changed to 55 min. After the

of lstafttaf gotymetzatioh; € oval of heatarpalymerizertbédamé difficultandmount
then

of the n-decane soluble of not more than 0.6 % by weight. The
egullibriummelting temperature (Ty) determined from the formula
(Eg-1) and the difference {(TuTr) between Ty and tThe
polymerization temperature (Ty) according to the present
invention are summarized in Table 2.
[0132]
[Example 2]

The procedure of the Example 1 was repeated except that
300 mL of n-heptane was used as a solvent for solution
polymerizaticn, and the internal temperature of the autoclave
was kept at 60°C before and during the polymerization reaction.
Itwasdifficult to say that the control of exothermic heat during
the polymerization was easy, but the polymerization could be

carried out while contrelling the polymerization condition,
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79 temperature at 40'C to be brought into ordinary pressure. Thereatter,
unreacted propylene was purged while keeping the tempe 40C. It was

- confirmed that asignificant amount of a polymer was deposited, by the
visual observation for the polymer s1ozllgtion in the autoclave after a top
plate of the autoclave was opened. The amount of the resulting polymer
was 59.95 a. The polymerization activity of the propylene polymerization

‘thewas d:30.8 kglmmel-Zk bk and the reswting polvimer,had an ininsic .4 1p

viscosity [n] of 1.86 dl/g, MFR of 2.2 10 9/10 min, Tml of 156C and Tm2 of

a si61€. Theiequilibriumdaneling teraperatiyre M)determiped fromhe ., was
formula (E(4-) and the difference (Tm-TR) between TM and the

deppelymetization temperatuee (IR)@aceanthng t@ the presentinyentiomare e
summarized in Table 2. .15[0137] [Comparative Example 3] The
preprocedure of the Exampledwas repedied excepidhat30Q akofat s0°c to
cyclohexane was used as a solvent for solution polymerization, and the
be intervalitémperature of the:autoclave 20rwas kephat 40€-keforeant:scteq
during the polymerization reaction. After the start of polymerization, the
Profmeva offteatingepoymeérzeebecame-diffictand therther 60°c.  1¢
polymerization was stopped. After the stop of polymerization, the pressure
wa S\g feleasat While keeping thetempératurenat 40C rnte be: breught into480y
state, by the visual observation for the polymer solution in the
autcclave after a top plate of the autoclave was opened. The
amount of the resulting polymer was 26.80 ¢g. The polymerization
activity of +the polypropylene polymerization was 53.6
kg/mmol-Zrehr, and the resulting polymer had an intrinsic
viscosity [n] of 1.47 dl/g, MFR of 6.9 g/10 min, Tm, of i52°¢C,
Tmy of 158°C and an amount of the n~decane soluble of not more
than 0.6 % by weight., The equilibrium melting temperature (Tw)
determined from the formula (Eg-1) and the difference (Ty-Ty)
between Ty and the polymerization temperature (Ts) according o

the present invention are summarized in Table 2.

[0x3

(93

]
[Example 3]

The procedure of the Example 1 was repeated asxceaept that
75ml of cyclohexane and 225 mL of n-heptane were used as a solvent
for sclution polymerization. It was difficult o say that the

control of exothermic heat during the polymerization was easy,
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ordinary pressure. Thereafter, unreacted propylene was purged while
keeping the temperature at 40C. It was confirmed that a significant
amount of a polymer was deposited, by the visual observation for the
polymer solution in the autoclave after a 5 top plate of the autoclave was
opened. The amount of the resulting pblymer was 76.13 g. The
polymerization activity of the propylene polymerization was 152.3 :

nuKgl ~ANAL, £ esulti lymer had an intrinsic viscosit M[n% f
178 Qg VIER ST 1 110 Mt and Toa 5 LE7C e Batibrif ntding =

t hel @ demperat I)-determined fra ar uaE-z%an\d-the,,, .
d%ferg{? ce ('I'yl\%l%'lglg%ﬂt)):eg&%ié?i%ﬁﬂg’aﬁ%%;gp%@%g r%?zéactl%r% emperature (1R)“"

rBee0dingite the,present invention are. rized,in Table 2. [0138]

’ 15[Example 5] The B?ﬁg%oﬁﬁﬁﬁggg 1@\/%?5&_3 r%éeé%eed %15865%11? £
wa dhat300:mieof thersolwent B was ysgd asia solvent fgr solusion.. .., .+ +, .
polymerization and the internal temperature of the autoclave was kept at
pr 606 beforesand tusingdherpolymerization reaction.20 Singe the, control.of.

exothermic heat during the polymerization was easy, it was presumed that
be therpolymerization preeeeded in@-bamagenous-eondition. Afterthe, . . 4
completion of polymerization, the pressure was released while keeping
prape tlemperatureiatB0rGita be Reought into-erdirarypressue. .kheeeafter, -,
unreacted
was confirmed that the polymer solution was in a white-turbidity

state, by the visual observatiocn for the polymer solution in the
autoclave after a top plate of the autcclave was opansad. The
amountcﬂftheresultingpolymarwaslo.54gp The polymerization
activity of the polypropylene polymerization was 21.1
kg/mmol~Zrehr, and the resulting polymer had an intrinsic

viscosity [n] of 1.70 dl/g, MFR of 3.2 g/10 min, Tm; of 1

ol
DT,

[ 3]

and Tmy of 161°C. The equilibrium melting temperature (Ty)
determined from the formula (Eg-1) and the difference {Ty~Txg)
between Ty and the polymerization temperature (Tr) according to
the present invention are summarized in Table 2.
[0134)]
[(Example 4]

The procedure of the Example 1 was repeated except that
300 mL of cyclohexane was used as a solvent for soclution
polymerization. Since the control of excthermic heat during the

polymerization was easy, it was presumed the polymerization
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81 propylene was purged while keeping the temperature at 60C. It was
confirmed that the polymer Solution was in a homogenous condition, by
the visual observation for the polymer solution in the autoclave after a top
plate of the autoclave was opened. 5 The amount of the resulting polymer
was 21.61 g. The polymerizatio ctivity’ 6f e polypropylene polymerization

was 43.2 kg/mmol-Zrshr, and the resulting polymer had an intrinsir
10 min, Tm of 149C and Tm2 of

rMiseasity [n]0f.1:41 di FRof 7.5.9/ )1 : '
° 1?%%%31&3”%%%&%% ting t%%?ﬁ%‘%%&r%vs%%‘e?&mﬁﬁéd%(iﬂltﬁ*élOn of
ofopmula {Egs1).an ?ﬁf re (TM-TR) between T1,1 and the _
° p%rlymerizagtilc}n)p ter?wcgga 'urg ?‘%‘Rg)ggcgdﬁ%in%etéetﬁé%?esfdéﬂhjt}rﬁve’fﬁ%?ﬁ*&r‘é the
regbmraarized i Table 2. [01391.[E 6] 15The procedure of the
Example 1 Wfs r:ﬁd(;tedgegjxcgggt tégtmg %Lm L of Gyclohaxans and 1505 < -
Theftherselvent Brwere- a o] solution polymerization, Since
the controleof exothern%?ée%e_za%t%iﬁ}é%?htg%ol ﬁéﬁ?ﬁio%wzé e%a%‘?’ﬁ”ft%aé'be
temprestoeddhat the-polymerizati » in mogenous 20 ,
condition. After the complet@%?%%ggg%g&%h%%ﬁ s%rl EWagotution
wa seleasedonbile: keepingthe; temperatyre at 30C ta be br %{g@g into Qména%
pressure. Thereafter, unreacted propylene was purged while Kéeping the '~
potemperatune:at 6&Ci it wascconfieped that the polymer solutionwas ina ., _
homogenous 82 condition, by the visual observation for the polymer
&usolutioneinithe autootave afteeadep plate.ef the.aytoclave;was opened. |
The amount of the resulting polymer was 37.29 g. The polymerization
41 activity-of theepolypropylene polymerizationwas %§4.§M/?H}%L£8 [iene
and the resulting polymer had an intrinsic viscosity [n] of 1.55 dl/g, MFR o
po B/ggyiG atibe Mitof ESAC and fim2 o 159€, Thesequlibdum meliing i yye
temperature (TN) determined from the formula (Eg-1) and the difference
LaqEN-TRY betwéervTvkard the polymerizativnitengperature { TR) aceording,
to 10 the present invention are summarized in Table 2. [0140]
TmiCBhmpdrative Examplérd] of THé precedurerof thedtxample; Livasie 1< i ng
___repeated except that 300 mi of the solvent B was used as a solvent for
“ETgSTdtorT A5 pblymefizationliatest the start bEpolymerizatiorsdhe remavalkofe
di fheat in a polymerizer became difficult and then the polymerization was
+ 5P 58G Entter the SSRGS Inerizhtidr, thelpressureawasreteased-whilee
the temperature at 50C to be brought into ordinary pressure.

eepin
{ . - i i
{Tw h%?&aﬁ@ﬁ?ﬁwbacﬁﬁf present invention are summarized in Table

2.
[0135)
[Comparative Example 1]

The procedure of the Example 1 was repeated except that
300 mL of n-heptane was used a5 a solvent for solution
polymerizetion, and the internal temperature of the autoclave
was kept at 40°C before and during the polymerization reaction.
After the start of polymerization, the removal of heat in a

poiymerizer became difficult and then the polymerization was
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20 propylene was purged while keeping the temperature at 50C. It was
confirmed that a significant amount of a polymer was deposited, by the
visual observation for the polymer solution in the autoclave after a top
plate of the autoclave was opened. The amount of the resulting polymer
was 37.92 g. The 83 Polymerization‘dctivity: of the polypropylene
polymerization was 75.8 kg/mmol-Zrohr, and the resulting polymer had an

Jntripsic visepsity f 1,73 dlig, MFR of 3.1 9/10 min, Tml of 154C and
=t Tnt£”5|I2 of 15%%§'I|£heggaoui ibﬁ%m‘éﬁweﬁ%&%ﬁﬁe%t%ﬁg?’n) detefmitiet froiff

reibe @@M}Iﬁ @éqﬁge%ri% Ez%ft?é%ﬂ%% g MELRQ ?"b%t(\fv'%e@ c;r g]eagzg ﬁtg § 3‘51% into

polymerization temperature (TR) according to the preséntinve =
le 5],10The procedure

or@ﬂﬁé@?rgﬁgsigu@"le %0 l‘éékwp%@té\éecgé%mcﬁ%h éa aﬁ%ngngﬁg%ﬁ%?d

of the Example 1 was repeated except that | of cy

whihe sphwnt.B,were U@@HR%S.:@@QP@@{OQ%G'Ht.iO”@'%‘Q%rié%‘g%r}r’?‘nfé%r he..
er

start of polymerization, the removal of heat in a polymerizer became

a diffeultand:thentha.pelymerization was stopped. Aftex the 15 stop of , _ .,

polymerization, the pressure was released while keeping thé temperature

obsd SOC iebetyought inte oydinary presswe. Thereafter, unreacted _ ... .
propylene was purged while keeping the temperature at 50C. It

cowaslecndirmed that asigrificantameunt gf apolymerwas deposited, by« .
the visual observation for the

resulting polymer was 26.22 g. The polymerization activity of
thepolypropylenepolymerizationwas52.4kg/mmol—Zrﬂhr,andthe
resulting polymer had an intrinsic viscosity in] of 2.12 di/g,
MW?QfE‘Zg/10min,Tmiof157GCandngof162°C. The equilibrium
melting temperature (Ty) determined from the formula (Eqwl} and
the difference (Ty~Tg) between Ty and the polymerization
temperature (Tr} according to the present invention are
summarized in Table 2.

[0136]

[Comparative Example 2]

The procedure of the Example 1 was repeated except that
the internal temperature of the autoclave was kept at 40°C bafore
and during the polymerization reaction, and the pelymerization
time was changed to 55 min. After the start of polymerization,
the removal of heat in a polymerizer became difficult and then
the polymerization was stoppead. After the stop of

poiymerization, the pressure was released while keeping the
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20 polymer solution in the autoclave after a top plate of the autoclave was
opened, In the visual observation of syndiotactic polypropylene separately
prepared in a glass vessel, a significant amount of a polymer deposited in
the above polymerization conditions. The amount of the resulting polymer
84 was 47.07 g.The had a polymerizatfon activity of the polypropylene

polymerization was 94.1 kg/mmol-Zrohr, and the resulting polymer had an

teHpERSIC viscosity [plofd.63,di/g, MEP]of 3.8 g/10min, Tmlof 154C andTm2
of 1595C. The equilibrium 5 melting %ﬁaératﬁ?éﬁﬁf etefmined ffomure -

Thihe formula (E:1).and.the diff %cf?e(%zJRaﬁ%gyEe@hm and the

polymerization temperature ( according to. presen nvehtion dté “he

te@pgawaanzed in Table 2. L{_}é—ﬁz%p-gwgc?]tha* Ehgjrgggteqlggn%f gr‘t? unt
e solven

Example 1 was repeated except that 300 m.L of th was use

of as asoleatfarsolution polymerization, @qgitggaj@t%rﬂgl temperature of the
the autoclave was kept at 60C before and during the po?ymet ation. Since

po Lrthe controkebexothermic heat during the.palymerization was easy, it |,
was presumed that the polymerization proceeded in a homogenous

aucondition. Adterdpecampletion gmglxmef;@aéiﬁ?@,E@%M%%%’iegéé% Mer was
released while keeping the temperature at 60C to be brought into ordinary

59 présswe. Thereaftesounreacted 20-propylenewas purged while E%%@?@ene
the temperature at 60'C. It was confirmed that the polymer solution was in

PO bymembgenaus. condition: by thexdsualabservation far.the poly MEEsulting
solution in the autoclave after a top plate of the autoclave was opened.

BO Theeaniowuntaof thetresulting palymer was 22:84 ¢. Thes 8D /g, MFR of 2.2
g/1l0 min, Tm of 156°C and Tme of 161°C. The equilibrium melting
temperature (Ty) determined from the formula (Eg-1) and the
difference {Ty-Tg) between Tw and the polymerization temperature
{Tr) according to the present invention are summarized in Table
2.
(61371
[Comparative Example 3)

The procedure of the Example 1 was repeated except that
300 mL of cyclohexane was used as a solvent for solution
polymerization, and the internal temperature of the autoclave
was kept at 40°C before and during the pelymerization reaction.
After the start of polymerization, the removal of heat in a
pelymerizer became difficult and then the polymerization was
stopped.  After the stop of polymerization, the pressure was

s ] O M : o
released while keeping the temperature a2t 40°C +o be brought into
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polymerization activity of the polypropylene polymerization was 45.7
kg/mmol-Zrand the resulting polymer had an intrinsic ositV [11] of 1,42
dl/lg, MER of 8.0 g/10 min, Tml of 149C and Tm2 of 157C. The equilibrium
melting temperature (TM) 5 determined from the formula (Eg-1) and the
difference (Tm-RR between Tm and the Polymerization temperature (TR)
according to the present invention are summarized in Table 2. [0143]

ordExample 81 10The procedure of the Example 1 was repeated except that
300 mI? %‘ the sozl%ent A was Used 2 a solventfor $SidHan pofyHanzatoH S

nitwas difficult tq say that the cantrol of exathermic heat during the .
! polymerizgatiogn was easy, bu?f%% Sol?/}the%%aﬁdn could be ga?rl%l 43 Whife

= sopiroling.he 13,polymetizatign copdi ion, Jt was presumed that the

polymerization proceeded in a white-furbidity state that a bartyof“tﬁg vesual

ob@@h’&@%&‘@ﬁsﬂﬁpoﬁiﬁ@dp@f}%éqe completion qf polymer iZ@tiOMP%e after a
e

pressure was released while keeping the temperature at 50°C to be

toprought into erdinary pressure,20 Jhereafter, upreacted p':a%égj?rﬁce WaS e

purged while keeping the temperature at 50C. It was confirmed that the

repolymerselutipnavas in arly exturbidity-state, by.the visual observation for .
the polymer solution in the autoclave after a top plate of the autoclave was

thopenedy Theamouptektheresyliingpolymer was, 86,:31.08,..The . 1.
polymerization activity of the-polypropylene polymerization was 62._1

rekglmmel Zsdiryrand-the tasuling pelymerhad-an intrinsic; viseosity, fnlaf
1.70 dl/g, MFR of 4.6 g/10 min, Tmi of 154C and Tm2 of 160C. The

MERquililriumonelting b tesperature (ThY tetermined gm:theformiiaie1 ¢ 1 ng
(Eg-1) and the difference (TM-Tp) between TM and the polymerization

tenempetature (TM) acearding te:theqresentinvention.are summarizedin e

Table 87 [0 1 4 4] [Table2]

differance (Ty~Tr) betwaen Ty and the polymerization temperature
(Tr) according to the present invention are summarized in Takle
2.
[0138]
[Example 5]

The procedure of the Example 1 was repeated except that
300 mL of the solvent B was used as a solvent for solution
polymerization and the internal temperature of the autoclave was
kept at 60°C béfore and during the polymerization reaction.
Since the control of exothermic heat during the polymerization
was sasy, 1t was presumed that the polymerization preceeded in
a homogenous condition. After the completion of polymerization
the pressure was released while keeping the temperature at 60°C

to be brought into ordinary pressure. Thereafter, unreacted

f
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Solvent for | Polymeri- solutionlzation polymeri-1 tempera- zationture(TR)
(volumel ratio) Condition of solution during polymeri- zation Volume
fraction of polymer (v7.) Equili-

g1

propylene was purged while keeping the temperature at 60°C. Tt
was conrirmed that the polymer sclution was in a homogenous
condition, by the visual observation for the polymer sclution
in the autoclave after a top plate of the autoclave was opened.
The amount of the resulting polymer was 21.61 G. The
polymerizationactivityof1jwepolypﬂopylenepolymerizatimnwas
43.2 kg/mmol-Zr-hr, and the resulting polymer had an intrinsic

viscosity [n) of 1.47% dl/g, MER of 7.5 g/10 min, Tm, of 14%°C
and Tm; of 157°C. The equilibrium melting temperature ({Ty)
determined from the formula (Eg-1) and the difference (Ty~Tg)
bétween Tx and the polymerization temperaturs (Ta) according to
the preéent invention are summarized in Table 7.
101397
[Example 6]

The procedure of the Example 1 was repeated except that
150 ml of cyclohexane and 150 ml of the solvent B were used as
a solvent for solution polymerization. Since the control of
exothermic heat during the polymerization was gasy, 1t was
presumed that the polymerization proceeded in a homogenous
condition, After the completion of polymerization, the
pressure was released while keeping the temperature at 50°C to
be Dbrought - into ordinary pressure. Thereafter, unreacted
propylene was purged while Keeping the temperature at 50°C. It

was confirmed that the polymer solution was in a homogenocus



1¢

20

brium melting temperature (Tvi) Tm-TE EX, cyclohexane/l n-heptane
mixed solvent (50:50) 50 - dis- solution 0.12 92.35 42.35 Ex. 2

82

condition, by the visual ebservation for the polymer sclution
in ﬁue autoclave after a top plate of the autoclave Qas opened.
The amount of the Eésulting polymer was 37.29 g. The
polymerizationactivityof1ﬂwspolypropylenepolymerizaiicnums
74.6 kg/mmol-Zrehr, and the resulting polymer had an intrinsic
viscosity [n] of 1.55 di/g, MFR of 5.0 g/10 min, Tmy of 154°%C
and Tm; of 135%°C. The equilibrium melting temperature (Ty)
determined from the formula {Eg~1l) and the difference {Tu~Tg)
between Ty and the pelymerization temperature (Ty) according to
the present invention are summarized in Table 2.
[C140]
:Comparative Example 41

The procedure of the Example 1 was repeated except that
300 mL of the solvent B was used as a scivent for solution
polymerization. After the start of polymerization, the removal
of heat in a polymerizer became difficulr and then the
polymerization was stopped. After the stop of polymerization,
the pressure was released while keeping the temperature at 50°C
to be brought into ordinary pressure. Thereafter, unreacted
propylene was purged while keeping the tenperature at 50°C. It
was confirmed that a significant amount of = polymer was
depcsited, by the visual observation for the polymer soluticn
in the autoclave after a top plate of the auvtoclave was opened,

The amount of <the resulting polymer was 37.92 g. The



n-heptane 60 white-turbidit state 0.10 00.4 40.4 EXx. 3 cyclohexane/
n-heptane mixed solvent (25:75) 50 white-turbidit state

83

golyme£izationaativitycﬂfthepolypropylenepolymerizationwas
75.8 kg/mmol-Zrehyr, and the resulting polymer had an intrinsic
viscosity In] of 1.73 dl/g, MFR of 3.1 g/10 min, Tm of 154°C
and Tms: of 15%°C. The equilibrium melting temperaturé (T
determined from the formuia {Eg-1) and the diffarence {Ty~Tx)
between Ty and the polymerization temperature (Tg) according to
the present invention are summarized in Table 2.
[0141]
iComparative Example 5]

The procedure of the Example 1 was repeated except that
75 mlL of cyclohexane and 225 mL of the solvent B were used as
a2 solvent for socolution polymerization. Aftrer the start of
polymerization, the removal of heat in a polymarizer became
difficult and then the polymerization was stopped. After the
Stop of poiymerization, the pressure was released while keeping
the temperature at 30°C to be brought into ordinary pressure.
Thereafter, unreacted propyiene was purged while keeping the
temperature at 50°C. It was.confirmed that a significant amount
of a polymer was deposited, by the visual observation for the
polymer solution in the autoclave afrer a top plate of the
autoclave was opened. Inthevisual observation of syndiotactic
polypropylene separately prepared in a glass vessel, a
significant amount of a polymer deposited in the above

polymerizaiion conditions. The amount of the resulting polymer
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0.04 F91.63 41.63 WY. 4 cyclohexane 50 dis- solution 0.16 89.1939.19
solvent B60 dis- solution 0.08 95.8135.81

B84

was 47.07 g. The had a polymerization activity of the

polypropylene polymerization was 94.1 kg/mmol-Zrehr, and the

resulting polymer had an intrinsic viscosity [nlof 1.63 dl/qg,
MFROfB.B@JlOmiﬁ,Tm;oflﬁé“Candngof139“C‘ The eguilibrium
melting temperature (Ty) determined from the fotmula (Eg-1) and
the difference (Ty-Ta) between Ty and the polymerization
temperature (Tx} according to the Present inventiocn are
summarized in Tabkle 2.
[6142]
[Example 7]

The procedure of the Example 1 was repeated except that
300 mL of the solvént A was used as a scolvent for solution
polymerization, and the internal temperature of the autoclave
was kept at 60°C before and during the polymerization. Since
thecontrolof@xothermich@atduringthe;mlymerizationwaseasy,

itwasgmesumedthatthepolymerizationproceededixzahomogenous

condition. After the completion of polymerization, the
pressure was releazsed while keeping the temperature at 60°C to
be brought into ordinary pressure. Thereafter, unreacted

propylene was purged while keeping the temperature at 60°C. I+
was conflrmed that the polymer sclution was in a homogenous
condition, by the visual observation for the polymer soluticn
in the autocclave after a top plate of the autoclave was spened.

The amount of the resulting polymer was 22.84 g. Th

i
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Ex. 6 cyclohexane/ solvent B mixed solvent (50:50) 50 dis- solution 0.14
90.91 F 40.91 Ex. 7 solvent A60 dis-

g5

polymerization activity of the polypropylene polymerization was
5.7 kg/mmol-Z%rehr, and the resulting polymer had an intrinsic
viscosity [n] of 1.42 dl/g, MFR of 8.0 g/10 min, Tm: of 14%8°C
and Tm, of 157°C. The equilibrium melting temperature (Ty)
determined from the formula {Eg~1) and the difference {Ty—Tg)
between Ty and the polymerization temperature (Twi according to
the present invention are summarized in Table 2.

{61433

[Example 8]

The procedure of the Example 1 was repeated except that

2300 mL of the solvent A Wwas used as a solvent for sclution

polymerization. It was difficult to say that the control of
exothermic heat during the polymerization was easy, but the
polymerization could be carried out while controliing the
polymerization condition, it  was presumed that the
polymerization proceeded in a white-turbidity state that a part
of the polymer was deposited. After the completion of
polymerization, the pressure was released while keeping the
temperature at 50°C to be brought into ordinary pressure.
Thereafter, unreacted propylene was purged while keeping the
temperature at 30°C. It was confirmed that the polymer solution
was in a white-turbidity state, by the visual cobservation for

the polymer solution in the autoclave after a top plate of the

autoclave was opened. The amount of the resulting polymer was



N

solution 0.09 91.93 31.93 Ex. 8 solvent A50 white-turbidity state 0.12
93.81 43.81 Corn. Jn-heptane40 Ex. 1 deposition 0.10

86

31.02 g. The polymerization activity of the polypropylene
poilymerization was 62.1 kg/mmol-2rehr, and .I:'ne resulting polymer
had an intrinsic viscosity [n] of 1.70 dl/g, MFR of 4.6 /10 min,
Tm: of 154°C and Tms of 160°C. The equilibrium melting
temperature (Ty) determined from the formula (Eg~-1} and the
difference (Ty-Tr) between Ty and the polymerization temperature

(Tr}) according to the present invention are summarized in Table

2.



100.4 60.4 Corn. Ex. cyclohexane/ n-heptane mixed solvent (50:50)
40deposition 0.73 99.59 59.59 Com, Ex. 3 cyclonexane

g7
[0144)
[Table 2]
Solvent for | Polymeri- Condition Volume | Equili- ‘
solution | zation of solution | fraction| brium
polymeri~ | tempera- during of melting | Ty-Tx
zation | ture (Ty) polymeri-— . polymer | tempera- |
tvolume | zation (Vo) __jture (Tyy |
ratio) ! C - °C °C
Ex. | cyclohexans/ 30 dis=- 0.12 92.35 1 42.35
1 n-heptanes sciation
il xed
solvent
(50:50)
Bx. n~heptane 60 white-turbidity 0.10 100. 4 40.4
2 state _
Ex. | cyclohexane/ 50 white~turbidity |, 0.04 91.63 | 41.63
3 n-heptane | state
mixed
solvent
(25:75)
Ex. | cyclohexane 50 dis— 0.16 89.19 35,19
4 solution
X, solvent B 60 dig= .08 £5.81 35.81
5 solution
Ex. | cyclohexane/ 50 dig— 0.14 90.9L J40.91°
& solvent R solution ; |
mixed 5
aolvent
(50:50)
Ex. solvent A &0 dis— .08 21.93 31.83
7 solution
Eax, solvent A 50 white-turbidity 0.12 893.81 |43.81
;B8 state
| Com. r~heptane 40 deposition 0.10 i00.4 60, 4
i
Com. | cyclohexans/ | 40 deposition 0.23 98.58 159,59
Ex. n~heptanse
2 mixad
solvent
[(50:50;
Com. | cyclohexane 45 deposition 0.30 98.9 | 58.9
i Eoe. ,
3
Com. ! solvent B 50 deposition 0.15 89.8 49.8
L oEx.
{4
Com. | cyclohexane/ 50 deposition | 0.18 97.02 | 47.02
Ex. sclvent B |
5 mixed | '
solvent
{25:75)
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40deposition0.3098.9 58.9 H".1.om. Ex. L4 solvent B 50 deposition 0.15
99.8F 49.8 [Corn. Ex. 5 ovcionexanei solvent B mixed solvent 50

88

[0145]
[Example 9]

Toonefeedopeﬁingcﬁfa310};vo}umecontinuouspolymerizer,
the solvent A dehydrated te be purified was fed at a rate of 75
L/hr, and to ancther feed opening, a hexans slurry of TMA-341
{125 mmol/L in terms of aluminum atom) manufactured by Tohso Fine
Chem Co., Ltd. was fed at a rate of 0.1 L/hr and a solution of
solvent A (0.25 mmol /L) of dibenzylmethylene
{cyclopentadienyl}(2,7~diphenyi—3,6—di~tert~butylfluorenyl}
zirconium dichloride prepared in Synthetic Example 1 was fed at
a rate of C.4 L/hr continuously (total of the solvent A was 75,5
L/nhry. Simultanecusly, to the other feed opening of the
polymerizer, propylene was continuously fed at a rate of 12.4
kg/hr and continuous solutien pelymerization was carried out at
a polymerization temperature of from 60 to 70°C, under the total
pressure of from 0.5 to 0.7 MPaG at a retention time of 1.0 hr.
The control of exothermic hea® during the polyvmerization was
extremely easy. It was confirmed the polymer sclution was in
ahomogenausconditionfromanjjmpectionwatchwindowwithwhich
the polymerizer was eguipped.
[014¢]

The soluticn of solvent & of polypropylens produced in the

polymerizer was

1§

ontinuously discharged at a flow rate of 100
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deposition0.1819/.02 47.02 (25:75) 88 [0145) pie 9] To one feed
opening of a 310 L volume continuous polymerizer, the solvent A
dehydrated to be purified was fed at a rate of 75 L/hr, and to another feed
opening, a hexane slurry of -341 (125 gnmol/L in terms of aluminum atom)
manufactured by Tohso Fine Chem Co., Ltd. was fed at a rate of 0.1
aldh.r and a solution of solvent A (0.25 ol/L) of dibenzylmethylene 10
L/hrdysropentadienyh 12, 7odiphery1 o6 ot sury OB &RA Y Afcohitas pottom
dichloride prepared in Synthetic Example | was fed at a rate of 0.4 L/hr
and confin@esty fotal bfthe sefeht AlkasI 75 5A9bry Simaltarcoksly, ithe was
other feed opening of the polymerizer, propylene was continuously fed at
heatgehte bf 22 B kéar and contintiowssoliticn pblymeszatornvas cafiedthe
out at a polymerization temperature of from 60 to 70C, under the total
solyjressurelofsonive 5007 MPaG wr aaetaition time okgothe Théewontrod to
of exothermic heat during the polymerization was extremely easy. It was
180 “Gonfirfed tive pofyimérosolition was ine20a themogeneos tonditionsfrom feed
an inspection watch window with ich the polymer z r was equipped. [0146]
oper8d/hrahroughea diainingeport providedon the pslymerdzerbottompaadcher,
introduced into a connecting pipe whose jacket part was heated with a 25
was kglcmisteanmdonthatthedémperature of the sohution ofisotventrAe ofclution
polypropylene was kept at from 70 to 5 180C. On the position just close to
of dhéweennectingypife; pfeedropeningfor-injecting metharol, ovhich.wwas a The
catalyst quencher, was provided and methanol was joined together with
soluthesolution of selvent Aby tnjecting @t a nate of about Vel dfimdbeing pipe
solution of solvent A kept at about 180C in the connecting pipe 10
equiggupped with the: stteam jacket wastcontipuously transported inie:a flash+«d
vessel at a rate of about 100.1 L/hr while regulating the opening of a

intdpressurercontsaling avalye-provided at the: endoof the/conpecting pig st ing
that the pressure was kept to be about 4 MpaG. In the transportation to

the Hheflashyessel, thesselution controlling valve provided at the end

of the connecting pipe so that the pressure was kept to be about
4 MpaG. 1In the transportation to the flash vessel, the gsolution
temperature and the opening of a pressure controlling valve were
set so that the pressure in the flash vessel was kept to be about

.1 MpaG, and the temperature of the vapor part in the flash vessel
was kept to be about 190°C. As a result, a polypropvlene was
obtained at a production rate of 7.0 to 8.0 kg/hr. The
polymerization activity of polypropylene polymerization was
7.1 kg/mmol-Zrehr, and the resulting polypropylene had an
number average molecular weight of 92,000 and a weight average
molecular weight of 19,9000, as measured by GPC, an intrinsic

viscosity [n] of 1.5 di/g, Tm; of 148°C, Tm, of 156°C, a rrrr
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15 temperature and the opening of a pressure controlling valve were set
so that the pressure in the flash vessel was kept to be about 0.1 MpaG,
and the temperature of the vapor part in the flash vessel was kept to be
about 190C. As a result, a polyprop)g ne was obtained at a production
rate of 7.0 to 8.0 kg/hr. The 20 polymerlzatlon activity of polypropylene
polymerization was 67.1 kg/mmo -Zr.hr, and the resulting polypropylene
frahad an number aveeage moleeularweight ot92,000-and asweight average
molecular weight of 19,9000, as measured by GPO, an intrinsic viscosity
moxfh)] ohi:s dilg, Embef 448GHTm2 of 156C, a rrrr 90 fraction of 93.1% and
an amount of the n-decane soluble of not more than 0.6 % by weight.
1010147] [Comparative Example 6] 5The continuous polymerization was
carried out in the condition of Example | except that the polymerization
[Cotepperatuve Wasa80Ce After 5 hr from the start of the polymerization, the
removal of heat in the polymerizer became difficult and the polymerization
was Btepped: 10f0148 [ExamplerLG=fd one feed opening:df @310 Ln  the
volume continuous polymerizer, the solvent A dehydrated and purified
congas fethat a fateFof3® Lnr dnd eyciobexarewas fedat apate/ o33 Létirion
and to another 15 feed opening, TMAO0-341 (150 mmol/L in terms of
tenggmiimaton)s and aSsolutidhtoftheSsolventiA ¢€0.30 himoittdofc of the
dibenzylmethylene(cyclopentadie-y1)(2, 7-dipneny1-3,6-

polymerization, the removal of heat in the polymerlzer became
difficult and the polymerization was stopped.
(0148}
[Example 10]

To one feed opening of a 310 L volume continuous polymerizer,
the solvent A dehydrated and purified was fed at a rate of 33
L/hr and cyclohexane was fed at a rate of 33 L/hr, and to another

feed opening, TMAO-341 (150 mmcl/L in terms of aluminum atom),

and a solution of the @solvent A {(0.30 rmmol/L) of
dibenzylmethylene (cyclopentadienyli} {2, 7-diphenyi~-3, 6-
di-tert-butylflucrenyl) zirconium dichloride prepared in

Synthetic Example 1 at a rate of 0.15 L/hr were fed continuously
{the total solvent: 66 L/hr}. Simultaneously, to the other feed

opening of the polymerizer, propylene was continuously fed at

{1

rate of 15.3 kg/hr and continucus solution polymerization was

arried out at a peolymerization temperature of 55°C, under the

¢

total pressure of 0.7 MPaG for & retention time of 1.0 hr. The
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d - ebutylfluorenyi) zirconium dichloride prepared in Synthetic Example 1
at a rate of 0.15 L/hr were fed continuously 70 (the total solvent: 66 L/hr).
Simultaneously, to the other feed opening of the polymerizer, propylene
was continuously fed at a rate of 15.9 kg/hr and continuous solution
polymerization was carried out at a pgpymerization temperature of 55C,
under the total pressure of 0.7 MPaG for a retention time of 1.0 hr. The

codeontreliof exethesmig heat duringthe:polymerization. was extremely

easy. It was confirmed that the polymer solution was in a homogenous

ex coBdiiDR, 460 an inspedlionwindeye with,which, palymerizer was, ;. as
equipped. 5The solution of the solvent A of polypropylene produced in the

in polymesizenwas continuausly diseharged in-a flowirate,of 190, L(by through.,
a draining port provided on the polymerizer bottom and introduced into a

po Cpmpedting pipeswbese jackes part was heated with a 25 kg/cm2 steam so
that the temperature of the 10 solution of the solvent A of polypropylene

was kept atffomiz:te 1806 Qnike:pesition jugclose i the-eannecting . 4
pipe, a feed opening for injecting methanol, which was a catalyst

in quenchet, wras previded ancbmethanol was joineshtogethenwith the o rate
hexane solution by injecting at a rate of about 10 L/hr. The 15 hexane
of sghdtior keptiat about 480G im theycpnrecting pipged on the polymerizer
bottom and introduced into a connecting pipe whose jacket part
was heated with a 25 kg/cm® steam so that the temperature of the
sclution of the soclvent A of polypropylene was kept at from 70
to 18B0°C. On the positien just close to the connecting pipe,
& feed opening for injecting methanol, which was a catalyst
guencher, was provided and methanol was Jjoined together with the
hexane solution by injecting at a rate of about 10 L/hr. The
hexane solution kept at about 180°C in the connecting pipe
equipped with the stream jacket was continuously transported
into a flash vessel at a rate of about 100 L/hr while regulating
the opening of a pressure controlling valve provided at the end
of the connecting pipe so that the pressure was kept to be abour
4 MpaG. Inthe transportation to the flash vessel, the solution
temperature and the opening of the pressure controlling valve
were set so that the pressure in the flash vessel was kept to

be about 0.1 MpaG, and ths temperature of the vapeor part in the

Tlash wvessel was kept to be about 190°C. As a result, a
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equipped with the stream jacket was continuously transported into a flash
vessel at a rate of about 100 L/hr while regulating the opening of a
pressure controlling valve provided at the end of the connecting pipe so
that the pressure was kept to be aboudt20 4 MpaG. In the transportation to
the flash vessel, the solution temperature and the opening of the pressure

pol ﬁ@ﬂ@{é}ﬂi@gﬁl@l%\ge%%gﬁpetgamﬁeap?%%rL?CiE the flgg& ge%sgl é\{fpzslghe t6 P

to be about 0.1 Mpag, and the temperature of the vapor part in‘th

kg /rMessel was keplta he about 190C. As aresult, a 92 polypropylene was .
obtained in aegoc%lﬁtion rate of 4.0 o 6.0 KgThr. ﬁfé pbl‘?//r%e Fatightorylene

Vi izatio s 95.6 kg/mmol-Zrohr, and
P o T e s

the resulting polypropylene n

o 0149] [ le 11] To feed opening of a 1.0 L
P ly\?géf%aoﬁ c%%%ﬁ&éi Sély%quniz%]rs t]%égsoﬁ?eﬂn AadhydiStePdnd phrifiednd Tme

of 1W@sfed at arate of 0.32 10 L/hr, and to another feed opening, a hexane

slurry of TMAO-341
(0149}
[Example 113
ToonefeedopeningofaJ”O};volumecontinuouspolymerizer,
the solvent A dehydrated and purified was fed at a rate of 0.32
L/hr, and to another feed opening, a hexane slurry of TMAO-341
(50 mmol/L in terms of aluminum atom) and a solvent A-containing
sclution (0.1 mmol /L) of dibenzylimethylene
{cyclopentadienyl)(2,?~diphenyl—3,6“di—tert—butylfluorenyl)
zirconium dichloride at a rate of 0.012 L/hr were fed
continuously (the total of the solvents: 0.65 mL/hr}.

Simultaneously, to the other feed cpening of the polymerizer,

propylene was continuously fad at a rate of 327 ml/hr and
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(50 mmol/L in terms of aluminum atom) and a solvent A-containing
solution(0.1ol/L)ofdibenzylmethylene
(cyclopentadienyl)(2,7-diphenyl-3,6-di-tert-butylfluorenyl) zirconium
dichloride at a rate of 0.012 L/hr Wergi‘ec 15continuously (the total of the
solvents: 0.65 mL/hr). Simultaneously; to the other feed opening of the
polymerizer, propylene was continuously fed at a rate of 327 ml/hr and 20

cor@3 aartinuoys Settien pelymerization was-carried out-ata polymetization
temperature of 50C, uncle- the total pressure of 3.6 MPaG for a retention

poltime of 1:0 htnThengontrot of-exethenmic heatduring the polymerizatign . ¢
was extremely easy. It was confirmed that the polymer solution was in a

3. horffagendus canditions Hraman tnspectagn window with whieh the - ro1  of
polymerizer was equipped. The polypropylene solution of the solvent

ex A peoticed i thelpolymerizes was sentinuoushdischargas at-adlow ratey
of 10 1 L/hr through a draining port provided on the polymerizer bottom

it and imroduced thtofeconumecting. pipexwhoder jacket pag was:heatedaumithy s
a 10 kg/cm2 steam so that the solution of solvent A of polypropylene was

corkept ava tdmperaturerfrgm S0 ton80Co Qrvihe positiondust close tothe i zer
connecting pipe, a feed opening 15 for injecting methanol, which was a

wascatalyspgaencher, was provided and methanol was joined together with
the solution of solvent A by injecting at a rate of about 0,15 L/hr. The
hexare sBRAIOAIENE B aBoaP Z0Ciinthe Tohhecting pipeceguippeduithi in
the stream jacket was continuously transported into a flash 20 vessel at a

the g SYBBBGE T T /NERhAE REGEIALHG tie dpenimyrafalprassuré controlling of
valve provided at the end of the connecting pipe so that the pressure was

+ Lééﬁﬁgﬂb%%o%t%éé WIS, B FretFarisstn tation 1 ehiecflashevésset, g © on

opening of e pressure controlling valve was set so that the pressure 94
and ‘introduced intc a connecting pipe whose Jacket part was

heated with a 10 kg/cm® steam so that the solution of solvent
A of polypropylene was kept at a temperature from 50 to 80°C.
On the position just close to the connecting pipe, a feed opening
fer injecting methanol, which was a catalyst quencher, was
provided and methanol was joined together with the solution of
solvent A by injecting at a rate of about 0.15 L/hr. The hexane
sclution kept at about 70°C in the connecting pipe equipped with
the stream jacket was continuously transported into a flash
vessel at a rate of about 1 1l/hr while regulating the opening
of & pressure controlling valve provided at the end of the
connecting pipe so that the pressure was kept to be about 3.6
MpaG. In the transportation to the flash vessel, the cpening

£ + 1 14 i i ;
of the pressure controlling valve was set so that the pressure
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in the flash vessel was kept to be about 3.6 MpaG. As a result, a
polypropylene was obtained in a production rate of 70g/hr. The
polymerization activity of the polypropylene polymerization was 95.6
kg/mmol-Zr.hr, and the resulting poly@épylene had an MFR oof 4.3 g/10
min, Tmi of 154C, Tm2 of 160C, and a rrrr fraction of 95.2%. [0150]
in t[l%éagaple 1,]1.2\];T0 one feed opening of a 2000 L volume (working volume of
13 Contindous Boymeider-a MkePsovert ¢ &tdhexdre andanalt,
5 O§°|V%nt B imixing ratio of 1:1), which are dehydrated and purified, was fed
POIE AR Bt 376 /AP SR fo- ARGtHET feld oPEMAG oA pretrmixdd Bolution .of The
1 the solvent B (0.30 ol/L) of a hexane slurry of TMA0-341 (150 mmol/L in
PO XEITiS 6F allMinBmats i 15 mARe atdrsayoTdsosinelChemiCe.; Ltch was
d a solution of solvent B (0.30 mmo1/L) of dibenzylmethylene
. ‘?c%&%%ﬁéa‘éf‘yr)ftﬁ,r7-a%emﬁ-$e%ﬁ@m@pmmzy2@@9@ ZirednitmMER
. dichloride were continuously fed at a rate of 0.32 L/hr (total solution:
“3703240nfy - ISinfiearsdodsiy, 16 themthef faeb8ganiagdfdher rr fraction
gpolyrperizer, propylene was continuously fed at a rate of 85.0 kg/hr and
cntifiuous solution polymerization 5 was carried out at a polymerization
__temperature of from 55 to 57C, under the total pressure of fron 0.7 to 0.75
[O15QPaG for a re e tion time of 1.0 hr. The control of exothermic heat during
the polymerization was extremely easy. It was confirmed that e polymer
[Exagidiontwas in a homogenous condition, from an 10 inspection window
with which the polymerizer was equipped. The polypropylene mixed
soltifioR &t chelohexane and thé solzerit® imixingratiof @bLL) Rroducashin +
the polymerizer was continuously discharged at a flow rate of 600 L/hr
600 hroagh aidraiming port previdetkan the polymerizen betiemand-iproduesd 1. o
15 into a connecting pipe which jacket part was heated with a 3 to 25
and kgfenssteants@ that the polypeapytenermixed;solution-of GYEOREXRP8 2t g
and the solvent B (mixing ratio of 1:1) was kept at a temperature from 150
and po190CeOn thespdsition just clase te the TONNEEling pipe,a-feerhepening.. . 4
for injecting methanol, which
opening, a pre-mixed solution of the solvent B (0. 30 mmol/L) of

9

[ox

O
i

of

ahexaneslurryofﬁMAO~341(150mmolﬂLintermsofaiuminumatom)
manufactured by Tohso Fine Chem Co., Ltd. and a solution of
solvent B {0.30 mmol /L) of dibenzylimethylene

(cyclopentadienyl) (2, 7T-diphenyl-3, 6-di- tert-butylfluorenyl)
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20 was a catalyst quencher, was provided and methanol was joined
together with the mixed solvent of cyclohexane and the solvent B (mixing
volume ratio of 1:1) by injecting at a. rate of about 0.75 L/hr. The mixed
solution of cyclohexane and the solve9 t B (mixing ratio: 1:1) kept at about
190C in the connecting pipe 96 equip%ed with the stream jacket was
continuously transported into a flash vessel at a rate of about 600.75 L/hr

zimhile regulating the epening ol pressura eonioliing valve providedsat the,
end of the connecting pipe so that the pressure was kept to be about 5

(x 413 MpaGLunibe transpoptationie the flashvessel the SOIULER rhe orner
temperature and the opening of the pressure controlling valve were set so
fetaptherpressuredincthe-tiaste vesset was kegtitorke about 0,1 MpaGsagde .4
the temperature of the vapor part in the flash vessel was kept to be about
at ¥B0C. Has afrésult) &40 polypropytenei was obtainedinsnpradugtionrate of.r,

20 to 25 kg/hr. The polymerization activity of the polypropylene
wa pofFhernzation wast257 kglnmot-Zrehr anditbegesuktingpalypropylens +o

_had a number average molecular weight of 104,000 and a weight average

57 tholeEtiae weight 6£197,000: as measuief:hyGPC, arintinsicMtas for a

viscosity [n] of 1.54 dl/g, Tnn of 155C, Tm2 of 160C and a rrrr fraction of
T e IO POSSIBIEI TY OFINDUST RIAL: USE §0153) Syadiatactie: 2« during
___propylene polymers having a narrow 20 composition distribution, a high
ChenefingPRnHtEd athigh mektukirweightcan belprepared withihighd thar
.. activity and high efficiency by the production process with the solution
“h g oRietEtioRcactormgitethé Praseheiinentions The resulting pol§mers an
. are raw material resins useful in the field of various molding materials
1 PRCH G HInERAE th&'fiké. Thereforéhtheproduetion proeass eidhépped.

present invention has a great influence on the industrial world. 98

CLAMMS POLYPAYKISLESS o prdduding d spidipfacticprobylemespelymeris
50?h$Vinﬁ a s{){nr}diotacticﬂQentad;frﬂa_ction (rrrr fraction), as measured by

13C MR Bt 16a5E 856 O& melting o), 15 as! hcasbe by DSCyas
corQf from 145C t0.170C, and an1:intrinch viscosity [n] of 0.1 to 10 dl/g, which

DrOCESS COMPpHsas A stép (P ofsolutBh paymeriziry Withouk depssitioh =
;. Of mers.. propylene singly, or propylene and at least one monomer
dra%_rpl ¥ ‘S % p" = yt p P2 1 + 1 e

selectédfrom 5%}// elr%e gn#an?\é(?oﬁ)e i REVinG 416 10 bR hibis geg ced
into a connecting pipe which Jjacket part was heated with a 3 to
25 kg/cm® steam so that the polypropylene mixed solution of
cyclcehexane and the solvent B (mixing ratio of 1:1) was kept at
@ temperature from 150 to 180°C. On the position Just close to
the connectingpipe, a feed opening for injecting methanol, which
was a catalyst quencher, was provided and methanol was Joined
Cogether with the mixed solvent of cyclohexane and the solvent
B {mixing volume ratic of 1:1) by injecting at a rate of about

n i 1 :
9.75 L/hr. The mixed solution of cyclchexane and the solwvent

B (mizing ratio: 1:1) kept at about 19%0°C in the connecting pipe
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10 polymerization temperature (TR) of from 30C to 250C in an inert
hydrocarbon solvent in the presence of an olefin polymerization catalyst
which comprises; (A) a bridged metallocene compound represented by
the following formula (1), and 15(3) at least one compound selected from
(b-1) an organoaluminum oxy compo ﬁd (b-2) a compound capable
of forming an ion pair by reacting with the metallocene compound (A), and

e q(b:@ﬁn@ﬂ arganoakuminum sempodnd . 2QIChem, 14 ; 99 Qis o lected té%

a halogen atom, a hydrocarbon group, an anion ligand and a neutral

intigand tesrdiratable wvith alene-glegtran-pairy | issan/nteger .1.10.4,.Ra ing
and Rb may be identically or differently a single nuclear or polynuclear

thhydrecarborod residue sapable-efforming.a sandwdch structing together .. g

with M, Y is a carbon atom or a silicon atom, and FR' and Rd may be the
of samse orditerent frempeaeh ofher: is selected from hydiogepra: o ve about
hydrocarbon group and a silicon atom-containing group and further may
4. be honded each other ta foraparing: wherein thentOpolyaerizatione1, the
temperature (TR),and the equilibriummelting temperature (TM) satisfy the
s o following-fonmerta (Eq< pn IR 5AbLar(Bgzl) f ¢ dhefyeeess@strolling
claimed in claim 1 wherein the step (P1) is carried out continuously. 153,
valtre process:asslairhed infolajm dzon2-wheteimthe inert vessel was kept
Lo be about 0.1 MpaG, and the temperature of the vapor part in
the flash vessel was kept to be about 180°C. as a result, a
polypropylene was obtained in a production rate of 20 to 25 kg/hr.
The polymerization activity of the polypropylene polymerization
was 257 kg/mmol-Zrehr, and the resulting polypropylene had a
number average molecular weight of 104,000 and a welght average
molecular weight of 197,000, as mesasured by GPC, an intrinsic
viscosity [n] of 1.54 d1/g, Tmy of 155°C, Tm, of 160°C and a rrrr
fracticn of 92.7%.
POSSIBILITY OF INDUSTRIAL USE

[0153]

[#3]

Syndictactic propylene polymers having & narrow
composition distribution, a high melting peint and a high
molecular welight can be prepared with high activity and high
efficiency by the production process with +the soclution
polymerization according to the present invention. The

resulting polymers are raw material resins useful in the field



hydrocarbon solvent is a hydrocarbon having 5 to 12 carbon atoms. 4.
The process as claimed in any one of claims 1 to 3 wherein the inert
hydrocarbon solvent has at least one structure selected from a branched
structure, a ring structure and an aromatlc 20structure in the molecule,

5. The process as claimed in any on€ 6f claims 1 to 4 wherein the inert
hydrocarbon solvent comprises at least one selected from a branched

of hydrecathonrhavingg branched.structure,a %Yg"%%'ﬂ?{?“%@é{dmﬁ%rbﬁn ke
having a ring structure and an aromatic 25hydrocarbon.

Tharedess:3s claimadimany enenfclains 409 whereinthe QQ%%%lon has
metallocene compound (A) shows Cs symmetry. 100 . The process

& aseclainied iniany-ene of claims kite 6 mhereipthe bridged metallocene
compound (P..) is represented by the following formula (1) ; [Chem. 2) S

in which RI, R2 '
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R5, R5, R9 and R2 - each selected from hydrogen, a hydrocarbon Group,
and a silicon atom-containing group and they may be the same or different
from each other, and adjacent groups may be bonded to form a ring; R6
and R7 are the 10 same atoms or 9roups selected from hydrogen, a
hydrocarbon group and a silicon atom-containing group, and may be
bonded to form ag; Rl and R are the same atoms or groups selected from
hydrogen, a hydrocarbon group angl-a-silicon atom-contag group, and may
be bonded to form aring; R6, R7, Rl and R are 15 not hydrogen atoms

simultaneousty; RdgsanddR18each-are-an alkylgroupoanarakyl group ahe
aryl group or a substituted aryl group, may be identical or different each

polgther, ard may beshunded to-farma sangidV s adtaniim atem, @ acrion)
zirconium atom or a hafnium 101 atom; Y is a carbon atom or a silicon
as gtons Q ésialeomhiration ob fdentically or differentlyselected frama: (Tm)
halogen atom , a hydrocarbon group, an anion ligand and a neutral ligand
as coordinatable with8 Jone electron: gairantg is andntegef@f &1 1@d4rinsic
8. The process as claimed in claim 7, wherein all of R6, R7, le and R11 of
vighedridgedihetallécéne cdrbpdundg, (A)répiesented by therformsias (1) areep
not hydrogen atoms.
{F1} of solution polymerizing, without deposition of polymers,
propylene singly or propylene and at least one monomer selected
frem ethylens and an wu-olefin having 4 to 10 carbon aﬁoms at a
polymerization temperature (Ty) of from 30°C to 250°C in an inert
hydrecarbon solvent in the presence of an olefin polymerization
catalyst which comprises;
{A} a bridged metallocene compound represented by the following
formula (1), and
(2} at least one compound selected Ffrom
{b~1) an organcaluminum oxy compound,
{(b~2) & compound capable of forming an ion pair by reacting
with the metzllocene compound (A&}, and

{b=3) an organcaluminum compound.

[Chem. 1]
R:\\
/Y
d

R

"
MQj e (1
\\;{b

inwhich Mis atitaniumaton, a zirconium atom or a hafnium aton,
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9. The process as claimed in any one of claims 1 to 8 wherein the 10
syndiotactic propylene polymer has a meft flow rate (MFR), as measured

at 230C under a load of 2.16 kg, of 0.1. to 50 g/10 min. 10. The )
prOcdss SR ffled I P IBISWIRERSTY tHie SHFHIBtREROPréyERe @n anion
palymer, has a syndiotactic pentad fraction (rrrr fra tiog@ s 15measured
bat\é@f{lMﬁ’,‘%f R 1e85H8F. 193081 FR}N r‘B@éEEFs ecfin diijFonglectron

of claims. 1 to 10 Whi%h further,

ccf?r?f)rrisés,fglIo@vfi}ng'tfﬁeep%?;cmgﬁizétioﬁ%te%(Pﬁ?a Sgﬁ-tr%tétn%ﬁ‘t’ stBf (pagntically

of gptio eating a_polymer, solution% discharged_from the
poc%/pme?i;ﬂs%g%nngr ptgathe)%énrﬁé)eeratﬂr%c hot Iwer %oJmHéear hydrocarbon

p%%{”éa“%&ggwer%?’r?c?r’?ﬁi;’%‘ th@“%%?%&i%ﬁ(?%;fﬁ%ﬂ%%”&%%%r with

out procedure at a pressure T a flash vesse

MRiaG,thereby distling gibihe spiventand the,mopomery e 15, dM&e oy pe

process as claimed in any one of claims 1 to 11, 25 wherein at any

Pasition o rapsperingdnerfim thgpelynetization SIRREL) tRothe hydrogen,

post-treatment step (NI the polymer solution (S) is transported by

ingrodugHe YeibBFesYHA @ hyshiacatboniawing 26 k2 CARORIAMSroup  and
102 13. The process as claimed in claim 12, wherein the hydrocarbon

havingertorhd cathon istemsds the-polveRbsame amine inertrhygroeareain the
solvent submitted to the solution polymerization reaction. 103
ABSIRACEationlt istampljettobthe(Prgsentindentidm to prpviidlerium  melting
process for producing a syndiota tic propylene polymer with high

pdlymperattiore ddtivityedisdhvhible éfficieroyg by arsdkuti@a 5 polymerization

method without deposition of polymers (excluding a white state), and a
production-precegs>8apable. offmdriducting the above production

continuously, provided that these processes could not be attained
conventtondlije TREQSRSeneveERtimedk: in claim 1 wherein the step (Py)

is carried out continuously.

3. The process as claimed in claim 1 or 2 wherein the inert
hydrocarbon solvent is a hydrocarbon having 5 to 12 carbon atoms.

4, The process as claimed in any one of claims 1 to 3 wherein
the inert hydrocarbon solvent has at least one structure selected
from a branched structure, a ring structure and an aromatic
structure in the molecule.

5. The process as claimed in any one of claims 1 to 4 wherein
the inert hydrocarbon solvent comprises at least one selected
from a branched hydrocarbon having a branched structure, a cyclic
aliphatic hydrocarbon having a ring structure and an aromatic
hydrocarbon.

6. The process as claimed in any one of claims 1 to 5 wherein

the bridged metallocene compound (A) shows Cs symmetry.
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-10a process for producing a syndiotactic propylene polymer having a
syndiotactic pentad fraction (fraction), as measured by 12t-NMR, of at
least 85%, a melting point (Tm), as measured by DSC, of from 145C to
170C, and an intrinsic viscosity [n] of @1 to 10 dl/g, which process
comprises a step 15 (F1) of solution polymerizing propylene singly or
propylene and at least one monomer selected from ethylene and an
a-oléfinThavingo4 ¢a 4G earhen atamsnat aypolymerizatiopiempesafure {TRIn
of from 30C to 250C in an inert hydrocarbon solvent in the presence of an
theplefin pglynenfzatioh ccatalyst wvhiph comprises; 20(Akra bédgeded by the
metallocene compound represented by the following formula (1), and (B) at
foléastione Eompoundidelected from (b-1) an organoaluminum cxy
compound, (b-2) a compound capable of forming an ion pair by reacting
{ChiEga. with the metallocene compound (A), and (b-3) an organoaluminum
compound, [Chem, 1] MK4 Rb 5in which M is a titanium atom or the like,
Q is a halogen atom

in which R*, BR?*, R®, ®Y R% R% R® and R*® cach are selected from
hydrogen, a hydrocarbon group, and a silicon atom-containing
group and they may be the same or different from each other, and
adjacent groups may be bonded to form a ring; R® and R’ are the
same atols Or groups seiected from hydrogen, a hydrocarbon group
and a silicon atom—containing group, and may be bonded to form
a ring; R and R are the same atoms or groups selected fror
hydrogen, a hydrocarbon group and & silicon atom-containing

¥ ang RY are

group, and may be bonded to form a ring; Rf, R, R
not hydrogen atoms simultaneously; R'' and RY each are an alkyl
group, anaralkyl group, anaryl group or a substituted aryl group,

may be identical or different each other, and may be bonded to

form a ring; M 1s a titanium atom, a zirconium atom or a hafnium
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or the like, j is an integer of 1 to 4, Re- and Rb maybe identically or

differently a single nuclear or polynucledi®lydrocarbon residue capable of
forming a sandwich structure together with M, Y is a carbon atom or a
sifitBitatom, iand REAMRPRA AhafbeOT0 thesBigor oridiffere fismaachmbination
other, is selectedfromhydrogen, a hydrocarbon group and a silicon

afIm-IRREFRNY grelp SHEERRT mesiededndadraach othetagdormatom , a

coordinatable with a lone electron pair: and i 8 an integer of
ito 4.

8. The process as claimed in claim 7, wherein all of R, R7, RY® and
R' of the bridged metallocene compound (A) represented by the formula
{(II) are not hydrogen atoms.

9. The process as claimed in any one of claims 1 to 8 wherein the
syndiotactic propylene polymer has a melt flow rate (MFR),
as measured at 230°C under a load of 2.16 kg, of 0.1 to 50 g/10
min.

10. The process as claimed in claim 1 to 9, wherein the syndiotactic
propylene polymer has a syndiotactic pentad fraction (rrrr franction), as
measured by *C-NMR, of at least 93%.

11. The process as claimed in any one of claims 1 to 10, which
further comprises, following the polymerization step  (Py), a
post-treatment step (P,) of optionally heating a polymer solution
(8) discharged from the polymerization step to the temperature
not lower than the polymerization temperature and not higher than
250°C, and then carrying out flash procedure at a pressure in
a flash vessel of from 0.00 to 0.5 MPa-G thereby distilling off
the solvent and the monomer.

12. The process as claimed in any one of claims 1 to 11,
wherein at any position of a transporting line from the
polymerization step (P:) to the post-treatment step (Pz), the
polymer solution (S) is transported by introducing with pressure

a hydrocarbon having 5 to 12 carbon atoms.
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13. The process as claimed in claim 12, wherein the hydrocarbon having
5 to 12 carbon atoms is the solvent same as the inert hydrocarbon

solvent submitted to the solution polymerization reaction,



10

15

20

103

ABSTRACT

It is an obiject of the present invention to provide a
process for pr§ducing a syndiotactic propylene polymer with high
polymerization activity and high efficiency by . a solution
polymerization method without depesition of polymers {excluding
a white state), and a preoduction process capable of conducting
the above production continucusly, provided that these processes
could not be attained conventicnally.

The present invention is:

a process for producing a syndiotactic propylene polymer
having a syndiotactic pentad £fraction {rrrr fraction), as
measured by C~NMR, of at least 85%, a melting point (Tm), as
measured by DSC, of from 145°C to 170°C, and an intrinsic
viscosity [n] of 0.1 te 10 dl/g, which process comprises a step
(P1) of solutiocon polymerizing propylene singly or propylene and
at least one monomer selected from ethylene and an a-olefin
having 4 to 10 carbon atoms at a polymerization temperature (Tg)
of from 30°C to 250°C in an inerﬁ hydrocarbon solvent in the
presence of an olefin polymerization catalyst which comprises;
(A) & bridged metallocene compound represented by the following
formula (I}, and
(B) at least one compound selected from

{b-1} an organcaluminum oxy compound,

(b~2) a compound capable of forming an ion pair by reacting
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with the metallocene compound (A}, and

(b-3) an crgancaluminum cempound.

[Chem. 1]
R R’
\\Y/ ;i«cz; ................. (1)
NN

5 in which M is a titanium atom oxr the like, 0 is a halogen atom
or the like, 3 is an integer of 1 to 4, R®* and R® may be identically
or differently a single nuclear or polynuclear hydrocarbon
residue capable of forming a sandwich structure together with
M, Y is a carbon atom or a silicon atom, and R® and rRY may be

10 the same or different from each other, is selected from hydrogen,
a hydrocarbon group and a silicen atom~containing group and

further may be bonded each other to form & ring.



