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1 DESCRIPTION PROCESS FOR PRODUCTION OF SYNDIOTACTIC
PROPYLENE POLYMER TECHNICAL FIELD [0001] 5 The present
invention relates to a process for producing a syndiotactic propylene
polymer by solution polymerizing propylene 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 rang@&EHEGHNITAN BACKGROUND [0002]
Syndiotactic polypropylene has high transparency and surface gloss and
P&ISE eXkEel R fIEXIDINBLAS CHmMpared with % canvertirnakispiactioor yMER
polypropylene. Therefore, it is desired that the syndiotactic propylene is
TECHSEd Y n8REUses in which conventional isotactic polypropylene cannot
be used, in addition to uses such as films, sheets, fibers, injection molded
[CO@rbducts and blow molded products that are known to be the uses of 20
conventional isotactic polypropylene. [0003] It is conventionally known that

syndrhtacgicemémmapy{wetamb@ﬂ@@l@@dc@y@ pethadsaf 7o producing
polymerization at a low temperature using a catalyst made from a
a wpnadidteeampouptopylene polymer by solution polymerizing
propylene 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
temperature range.
TECHNICAL BACKGROUND
[C002]

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
conventionalisotacticpolypropylenecannotbeused,inaddition
to uses such as films, sheets, fibers, injecticn molded products
and blow molded products that are known to be the uses of
conventional isotactic polypropylene.

(00037

It is conventionally known that syndictactic

polypropylene can be produced by a method of polymerization at

1 P 1 3 3
a .ow temperature using a catalyst made from a vanadilium compound
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2 and an organoaluminum compound. In the conventional method,
however, the obtained polymers do not exhibit sufficient properties
because the polymer does not have sufficient high syndiotacticity and
sufficient high melting point. 5 [0004] &nder the circumstances, a method
for producing syndiotactic polypropylene using a polymerization catalyst
comprising a metallocene compound in order to enhance syndiotacticity
anchagbeery studied:hard.sFor examplel J.A. Ewenhk0 and:others disclosesa hod,
method of polymerizing propylene syndiospecifically using a catalyst
howeoraprisingh ésopropylifcydopentadiemd-I-fiuorenyhatntwnidiehlosideransk e nt
aluminoxane (Non-patent document 1). JP-A-H4(1992)-80214 (Patent
progecument Hsliscleses-that polyprapylenehaving highdd syngiotacticity high
can be produced using, as a catalyst, a metallocene compound with a
synspiecific-stiucture havdng twa teansitiorbmetal atoms inthesmalecule.
JP-A-H5(1993)-209019 (Patent document 2) discloses a method that a
[ 0 Cgyhdiotactic propylene copolymer is produced using a catalyst comprising
a 20 specific aluminoxane and a metallocene compound typified by

[phenyi{emethyhmethylene](B-Huerenyl) , (cyclopentadienyhafiumy o qucing
dichloride, at a temperature of from -40 to 150C in a solution, in a

syﬁﬁﬁ@@@@@ﬂﬁrﬁb@ﬁﬁ@dﬁ?@@néPﬁ%k@§1%96b5¥yﬂ§ﬂEégﬂﬁgQ“HQ%@lyst
3) discloses that a method

comprising a metallocene compound in order to enhance
syndiotacticity has been studied hard. For exanple, J.A.Ewen
and others disclecse a method of polymerizing propylene
syndiospecifically using a catalyst comprising
isopropyl (cyclopentadienyl-l-flucrenyl)hafnium dichloride and
aluminozane (Non-patent document 1). JP-A-H4 (1992)-80214
(Patent document 1) discloses that polypropylene having high
syndiotacticity can be produced using, as a catalyst, a
metallocene compound with a specific structure having two
transition metal atoms in the molecule. JP-A-H5(1993)-209019
(Patent document 2) discloses a method that =a syndiotactic
propylene copelymer is produced using a catalyst comprising a
specific aluminoxane and a metallocene compound typified by
[phenyl {methyl)methylene] (9-fluorenyl)

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

JP-A-HE({1996)~67713 (Patent document 3) discloses that a method
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3 of producing syndiotactic polypropylene using, as a co-catalyst, a
borate and a metallocene compound such as
rac-2,2-dimethyldimethylpropylidene(1-r5-cyclopentadienyl)(1
-rn5-fluorenyl)dichlorozirconium, in agiluted hydrocarbon 5 suspension.
W001/19877 (Patent document 4) discloses a method of producing
syndiotactic polypropylene using a polymerization catalyst comprising a

of Phetilleceaesomtipotmd-havirkpa specifiv lstruetureiand methyto-catalyst,
aluminoxane in the pamphlet. Moreover, JP-A-2002-510358 (Patent

a2  documdrt 5) distibses @ methotkef I0pmdacing syndiotastic  such as
polypropylene by propylene bulk polymerization using, as a catalyst,

racisopropyiienky (cytlopehtatienyl)y(3;6iditetibutyHiuprdnybezicomiumyl ) (1
dichloride and methyl aluminoxane in Example 11. [0005] 15 Any of the

-1°-above lerown téthhijues does mof disclosera processlfor rodicigocarbon
syndiotactic polypropylene having high stereoregularity (syndiotacticity)

suspadsignmelting poing by 7salbtiorpolymerization injar incuistial scalee thod
Patent Document 1: JP-A-H4(1992)-080214 20 Patent Document 2:

of PPAU5(1993)r209019 cRatenidgeument 3 dR-AHSI 998)0647d3: 25+ 1 on
Patent Document 4: Pamphlet of W001/019877 Patent Document 5:

cat dPyA2002rpLOSSBrYon: Patant Dacsment dodoAi £hest: 506 1988ecific
110, 6255

structure and methyl aluminoxane in the pamphlet. Moreover,
JP-A~2002-510358 {(Patent document 5) discloses a method of
producing syndiotactic polypropylene by propylene bulk
polymerization using, as a catalyst, iscpropylidens
{cyclopentadienyl) (3,6-di-tert-butylfluorenyl) zirconium
dichloride and methyl aluminoxane in Example 171.

[0005]

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

Patent Document 1: JP-A-H4(1992)-080214
Patent Document 2: JP-A-H5(1993)~-209019
Patent Document 3: JP-A-HB({1996)-067713
Patent Document 4: Pamphlet of W001/019877

Patent Document 5: JP-A-2002-510358

Non-FPatent Document 1: J. Am. Chem. Soc. 1988, 110, 6255
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4 DISCLOSURE OF THE INVENTION PROBLEMS TO BE SOLVED BY
THE INVENTION 0006] The present invention was made in order to solve
the above 5 subjects. It is an object of the present invention to provide a
process for producing a syndiotactic propylene polymer with high
polymerization activity efficiently by a solution polymerization method

ithout depasition of polymers excluding a state of white turbidity of
DISQ%#E%BE,% st

aﬁ)g ar%?gd 1o

&B@st 10 capable of conducting the above
roduction continuousﬁli/P, '\grovided that these processes could not be

FROZttained” comentidriaty, MEANS FOR/SBE VNG THE PROBLEMS

00 0007] 15 Under the circumstances, the present inventors have been
: gﬂnestly studied on a process for efficiently producing a propylene
polymmer having high syndiotacticity and a high melting point, which has
beeh HeSiFtPerContriBai toPlasac iRaGsries graRy. 1% acegalttteyabove
found that when an a-olefin such as 20 propylene is solution polymerized
SUb P4 sPecifittsdVeRtined Epekificitehiiferating 2arngd Dmgtarmslefin provide
polymerization catalyst comprising a specific metallocene catalyst, a
2 PsyRGivtactiehrepyiene bolyrer Hadihg high syndiotastidisna highymeltingi th
~ point and a sufficiently high molecular weight can
high polymerization activity efficiently by a sclution
polymerization method without deposition of polymers excluding
a state of white turbidity of solution, and a producticn process
capable of conducting the above production continucusly,
provided that these processes could not be attained
conventionally.
MEANS FOR SQOLVING THE PROBLEMS
[0007] .

Under the circumstances, the present inventors have been
earnestly studied on a process for efficiently producing a
propylene polymer having high syndiotacticity and & highmelting
point, which has been desired to contribute toplastic industries
greatly. As a result, they found that when an g-olefin such as
propylene is solution polymerized in a specific solvent in a
specific temperature range using an olefin polymerization
catalyst comprising a specific metallocene catalyst, a

syndictactic propylene polymer having high syndlotacticity, a

high melting point and a sufficiently high molecular welght can
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5 be solution polymerized with good polymerization activity without
deposition of polymers excluding a state of white turbidity in
polymerization, not only at ordinary temperature but also in a high
temperature range suitable for industbial 5 scales, and the polymer can be
also produced continuously. Thus, the present invention has been
he acc mtgjl[ished.ég}()),gg‘% That is, the present invention relates to: a process
© f%?é)}'b Bihg ™ StACEE pripylene Folyner CLYRaving & syrliofetie vity
. _pentad fraction (rrrr fraction), as measured by 13C-NMR, of at least 85%,
WL LRSI B FRPS. a8Em8RsufBE by DBES bf frone 7.85C i Froc hndhite
an intrinsic viscosity [n] of 0.1 to 10 dl/g, which process comprises a step
CUrke By dsolitiE pslyteriig & propylénedinglyier aFéABESite 15mperature
monomer selected from a propylene, ethylene and an a-olefin having 4 to
LUt 13 lcarhdiiatoriis dha peRRTervEAGR ERPERLTI(TRY 16f ffor 3DTHestrial
250C in the presence of an olefin polymerization catalyst which
SCatBmpAsEsH() AbkidERE ArstaNBcehe CoMPOURE Fepradentedbythe Thus,
following 20 formula (1), and (B) at least one compound selected from
the (BAy aRBrgdRoAllmimim oxg cerfpound c(be@)ld ebapound capable of
[Oog%rgning an ion pair by reaction with the metallocene compound (A), and

That is, the present invention relates to:

& process for producing a syndiotactic propylene polymer

]

having a syndiotactic pentad fraction (rrr fraction), as
measured by C-NMR, of at least 85%, a melting point (Tg), as
measured by DSC, of from 145°C to 170°C, and an intrinsic
viscosity [n] of 0.1 to 10 dl/g, which process comprises a step
(P1) of sclution polymerizing a propylene singly or at least one
monemer selected from a propylene, ethylene and an a-olefin
having 4 to 10 carbon atoms at a polymerization temperature (Tq)
of fron13O°C'to250°Cjjithe:presence‘afeulolefirlpolymerization
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,

(b-2) a compound capable of forming an ion pair by reaction

with the metallocene compound (A), and
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6 (b-3) an organoaluminum compound. [0009] [Chem. 1] R R"Y MQ)j
----------------- (1) Rdgb5[0010] 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 group, an anion ligand &nd a neutral ligand coordinatable
with a lone electron pair, j is an integer of 1 to 4, Ra and Rb may 10 be
iden icalljéy or differently a single nuclear or polynuclear hydrocarbon

> Capable BrI6rRiAG A sdHdNi GHERGHIR: together with M, Y is a

resi L}])e
fGO%%;E(m atom or a silicon atom, and R* and RC may be the same or
: ifferent from each other, is selected from hydrogen, a hydrocarbon
roup_and a silicon atom-containing 15 group and further may be bonded
[Chgﬁbh Sther to form a ring. EFFECT OF THE INVENTION [0011]
According to the process for producing the syndiotactic propylene

polymer of t%“%sw@ﬁtion, when propylene is 20 solution
nely, -0l

polymerized si efins in which propylene is contained as an
essential componghf and d&isolution polymerized-in-a spetific solvent in
a specific temgeéure nge in the

R R"

[0010]

In the formula (I), M is a titanium atom, a zirconium atom
ore&hafniumatom,CgisselectedIﬂxmtahalogenaton“eahydrocarbon
group, an anion ligand and a neutral ligand coordinatable with
a lone electron pair, j is an integer of 1 to 4, R® and RP may
be identically or differently a single nuclear or volynuclear
hydrocarbon residue capable of forming a sandwich structure
together with M, Y is a carbon atom or & silicon atom, and R®
and R® may be the same or different from each other, is selected
fronmhydrogen,51hydrocarbonkgroug)andeasilicon,atom—containing
group and further may be bonded each cther to form a ring.
EFFECT OF THE INVENTICHN
[0011]

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

in a specific solvent in a specific temperature range in the
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7 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 ofdinary temperature but also high
temperatures. [0012] According to the process for producing the
sgndiotacticc prop%lene polymer of the present invention, since solution

a

PLE e meriZation ¢ aﬁt%%@ég withidiit deposition®of fayers 30 Bdidding aere

state of white turbidiltiy,of solution, the continuous production thereof can
ComBRWKHoriRd*BRIEE DESCRIPTION:OF IHE DRAWVING J00E3] Hig it s 2
an example showing the relation of the polymer 15 concentration, the

02 9k ipetatiife Bt the Stiution Viscosity 6F & YsolonTet the soRentaleht can

syndiotactic polypropylene. Fig. 2 is a graph that a temperature difference

be  BifiRehan datilibritit theRing 1@fpeFRGreTMI BhaE Solutioh not  only
polymerization temperature (TR) is plotted to the TR with respect 20 to

ord A mpldSIRE BRI oRiparathve EXurples TMBS: M tiegraph, the
meanings of the marks are as follows. 0: a polymer deposited during the

L00&8lution polymerization. L: a fine polymer deposited during the solution
polymerization and the solution turned into a white-turbidity state. o: the
solteRpolymerizaticrne process for producing the syndiotactic

propylene polymer of the present invention, since solutiocn
polymerization can proceed without deposition of polymers
excluding a state of white turbidity of solution, the continuous
production thereof can be performed.

BRIEF DESCRIPTION OF THE DRAWING

[0013]

Fig. 1 i1s an example showing the relation of the polymer
concentration, the temperature and the sclution viscosity of a
sclution of the solvent A of syndiotactic polypropylene.

Fig. 2 is a graph that a temperature difference between
an eguilibrium melting temperature (7)) and a solution
polymerization temperature (Tz) is plotted to the Tywith respect
to Examples 1 to 8 and Comparative Examples 1 to 5. In the graph,
the meanings of the marks are as follows. ¢: a polymer deposited
during the sclution polymerization. A: a fine polymer deposited
during the solution polymerization and the solution turned into

a white~turbidity state. C: the solution polymerization
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8 proceeded in a uniform state. BEST MODE FOR CARRYING OUT THE
INVENTION [0014] The process for producing a syndiotactic propylene
polymer 5 according to the present invention is a process for producing a
syndiotactic propylene polymer havirfy a syndiotactic pentad fraction (rrrr
fraction), as measured in 13C NMR, of at least 85%, a melting point (Tm),
pro ase?g%s%redén DSC, of from 145C to 170C, and an intrinsic viscosity
T16F 0.1 to'10 dl}f;{}%?éﬂn 16 process comprises a step (P1) of solution

=0l izing. propylene_ singly or propylene and at least one monomer
B“S‘sg%c g:i?r%%ﬁ %‘iﬁ%}i{é%\]gngqé ézg%fig%\é@malép% 10 carbon atoms at a
ﬂymerization temperature (TR) of from 30C to 250C in the presence of

goagn olefin polymerization catalyst which comprises; 15 (A) a bridged
metallocene compound represented by the following formula (1), and (B)
at |64t B CEMPoUIREREIEd rorf Th1Y aR GrGancaRimiRLIEORy POl ymer
compound, (b-2) a compound capable of forming an ion pair by reaction
ACCOR Y tHe mgtall GEePe EompaTRI () and h-8) aRcsrganodleminamducing

compound. [0015] [Chem. 2] 9
a syndiotactic propylene polymer having a syndiotactic pentad

fraction (rrrr fraction), as measured in °C-NMR, of at least
85%, a melting point (Tm), as measured in DSC, of from 143°C to
17¢°C, and an intrinsic viscosity [nlef 0.1 to 10 dl/g, which
process comprises a step (P} of solution polymerizing propylene
singly or propylene and at least one monomer selected from
ethylene and an o-olefin having 4 to 10 carbon atoms at a
polymerization temperature (Tz) 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 compeound selected frem

(b-1} an organcaluminum oxy compound,

(b—2)eacompoundcapablecﬂfformingen1ionpairk3rreaction
with the metallocene compound (&), and

(b-3}) an organoaluminum compound.
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R*R"Y DMQ)j --------------- (1) RaRb[0016] Inthe formula (1), 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 electfon pair, j is an integer of 1 to 4, Ra
and Rb may be identically or differently a single nuclear or polynuclear
hydrocarbon residue capable of forming a sandwich structure together
with M, Y is afc rbor:nat/oa'f_%r a silicon atom, and R 10 and Rd may be the
same or differe&o each other, is selected from hydrogen, a
hydrocarbon grou aqd a %ﬂ@on atom-containing - greup andfurther may
be bonded eaq}(o?her form a ring. [0017] The production process of
the present ifvention is 1% characterized in that the above polymerization
step (P j) is preferably carried out continuously, and following the

EO%& merization step (P1) , a post-treatment step (22) is carried out in such
a way that the polymerization solution transferred from the polymerization
step-i optiortdlffhidsted o thid 26 taniperaturemot fower than theonium atom
polymerization temperature and not higher than 250C, and a flash

OT abGcedtirg i barried bat 3t L& pressirecot frdm D@0:to O:5MPaG td distilrbon

away the solvent. 10
group, an anion ligand and a neutral ligand coordinatable with

a lone electron pair, 9§ 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}fimay be the same or different from,eachh;ther, is selected
fromhydrégen,alnmuocarbongroupand¢asiliconatom—containing
group and further may be bonded each other to form a ring.

[6017]

The preduction process of the present invention is

characterized in that the above polymerization step (Py) is

preferably carried out continuously, 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 is optionally heated to the
temperature not lower than the polymerization temperature and
not higher than 250°C, and a flash procedure is carried out at

a pressure of from 0.00 to 0.5 MPaG to distill away the solvent.
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[0018] With respect to the two steps for constituting the process for
producing the syndiotactic propylene polymer of the present invention,
namely the solution polymerization step (P1) and the 5 post treatment
step (P2) subsequently performed aftét the solution polymerization step,
the best mode for carrying out the present invention is described.
moil’ @freafter, the properties of the syndiotactic propylene polymer
- obtainable by the production process of the present invention will be
des&ri?gd;ﬁ 10#00%9]Cé11_t:§o|ution polymerization step (P;) With respect to
the Step which & essentidifand Constifttel “the prothis Wrptadutig e e ss
£ ?/ndgjotactic pr pylene£plymer of the present invention, namel%l the
Or Soition pORMETZ A0 SR pAB L P HBe& Hode for&arrihg bt Breesent
‘ resent invention will be described together with the description of the
m"%%l‘ﬁﬁ&u&ﬁ&%?t}éﬁ@& FStCarify BOL RS Ahé QBldige (P1) and the
pol¥merization method in the presence of the polymerization catalyst, and
POSthe pRGIEIFES of S FElyniérobtaHEBIRBYERE SoIuReT DOrp6iimariation, the
in this order. [0020] [1-1] Polymerization catalyst The polymerization
50 L e hidNSPORiE e SentliRve AliGH comprizes pemeiaiotens Edmpound,the

and (B) at least one 11
present invention is described. Thereafter, the properties of

the syndictactic propylene polymer ocbtainable by the production
process of the present invention will be described.
[(0019]

{1] Soluticn polymerization step (P;)

With respect to the stepwhich is essential and constitutes
the process for producing the syndiotactic propylene pplymer'of
the present invention, namely the solution polymerization step
{P1), the best mode for carrying out the present invention will
be described together with the description of the polymerization
catalyst for carrying out the step, the solution polymerization
method in the presence of the polymerization catélyst, and the
properties of a polymer obtainable by the solution
polymerization, in this order.

[0020]

[1-1] Polymerization catalyst

The polymerization catalyst of the present invention

comprises {A) a metallocene compound, and (B)] at least one
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compound selected from (b-I) an organoaluminum oxy compound, (b-2) a
compound capable of forming an ion pair by reacting with the
metallocene compound (A) , and (b-3) an organoaluminum compound. [In
the following description, (A) the metaflocene 5 compound is simply
referred to as"(A) component” or "metallocene compound", and (B) at

t onge_compound.selected from (b-1) the organoaluminum oxy
o oy the & ip ind Laipdbld of Aa RGO ahiby MG
_with the metallocene ¢ ound. (A),.and (b-3) the organoaluminum P
e %\{or%p%arﬁ%?g %lgm%ﬁ/pr%ggreg % f)orgls”@)éc%n%ﬁgngﬁgF"@&cﬁ?ﬁﬁﬁl16?‘ wit
"co-catalyst component”.] [0021] (A) Bridged metallocene compound The
the bIrtlﬁg%eadEi1 %Oeﬁgﬁﬂ‘oecer?é) I@@r%%éﬁ%d%‘ﬁ the Sfé(gen&k?ﬁ\;énti&? 187§ Biidget-nun
metallocene compo epresented by the formula (I). in the formula (1),
COMIRT S S it %iﬁmtgigm%n%ﬁr‘g%hfb% %?cﬁ’ﬁ%]rpéc ﬁgﬁiung‘gé&orﬁ,h@ igebfebtérene
from a halogen atom, a hydrocarbon group, an anion liaand and a neutral
COmhgaRT &&o?gﬁséa%%%ﬁ%%ﬁeoeﬁlécné%b&ew}&oaﬁﬂﬁeg%F of'Etd REene
and Rb may 20 be identically or differently a single nuclear or polynuclear
COMBRMPSCarbresidud tapabit of FsthingResarwR heast Rl togéthel ) the
with M, Y is a carbon atom or a silicon atom, and R and Rd may be the
©T I S dfeFer® FEmEABRBREr, ar@ian abm 6PSmsstidentabRieled ©f

from hydrogen, a hydrocarbon group 12
forming an ion pair by reacting with the metallocene compound

(A}, and (b—3) the organcaluminum compound is simply referred
to as  “(B) component”, “co-catalyst” or “co-catalyst
component”. ]

[6021]

(A) Bridged metallocene compound

The bridged metallocene compound of the present invention
is a bridgedmetallocene compound represented by the formula (I).
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
group, an anion ligénd and a neutral ligand coordinatable with
a lene electron pair, j is an integer of 1 to 4, R® and R® may
be ldentically or differently a single nuclear or polynuclear
hydrocarbon residue capable of forming a sandwich structure
together with M, Y is a carbon atom or & silicon atom, and RS
and RY may be the same or different from each other, and is an

atom or substituent selected from hydrogen, a hydrocarbon group
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and a silicon atom-containing group. [0022] Among the bridged
metallocene compounds represented by the formula (1), from the
viewpoint of their polymerization 5 properties, availability, and excellent
properties of the obtainable polymer,¥aetallocene compounds having Cs
symmetry to a center atom M are preferred, and further, a bridged
amdmﬂetgl}l}ﬁ cene com ound represented by the following formula (I1) is
prefafably Used 10 [60232 [CHéH. 3'RUR3 R RG R17 Y MQJ - R12
00 R Rio R9 RS R7 [0024] In the formula (1), R1, R2, R3 and R4 each
: arel selected 15 from hydrogen and a hydrocarbon group (f1), preferably a
hydrocarbon group, of 1 to 20 carbon atoms (fl'), and a silicon
atom contaiming group oy Shére serdt sl R eiliebA SaFscoptaifing by the

1%r(iup (fZ'B of 1 to 20 carbon atoms.
formula " (1), from the viewpoint of their polymerization

properties, availability, and excellent properties of the
obtainable polymer, metallocene compounds having Cs symmetry to
acenteratombﬁarepreferraj,andfurther,eabridgednmtallocene

cempound represented by the following formula (II) is preferably

used.

[0C23]

[Chem. 3]

=2 R
R RA
R?T
------ (ID)

[0024]

In the formula (II), Rl, Rz, R* and R? each are selected
from hydrogen and a hydrocarbon group (fl), preferably a
hydrocarbon group of 1 to 20 carbon atoms {(fl17), and a silicon
atom-containing group (£2), more preferably a silicon

atom-containing group (f27) of 1 to 20 carbon atoms.
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13 [0025] The hydrocarbon group (fl) is alkyl, alkenyl, alkynyl or aryl
groups, which each contains only carbon and hydrogen. The hydrocarbon
groups (fl) may include groups having alicyclic 5 groups or an aromatic
ring, which are obtainable by replacing® any two adjacent hydrogen atoms
simultaneously, and groups in which a part of hydrogen directly bonded to
o O%g?jse carbon atoms is substituted with a hetero atom-containing
ydrocarbon group replaced with a halogen atom, an oxygen-containing
group, a 10 nitrogen-containing g or a silicon atom-containing group.
Exa%r?]lpﬁe[s1 of e %ﬁ/‘:gﬁ’)%a%‘f@ﬁl ro{?pie(ﬂl)sofiilféj 20 67 Blomse &rgny L or
ar inear chain hydrocarbon groups such as methyl, ethyl, n-propyl, allyl,
Y n-BhtyE hEpeltyt HEHeh EREpGT Pyt InFRnyPoriidesfyegen . The
h dbranched hydrocarbon groups such as 15 isopropyl, t-butyl, amyl, .
Y §9rﬁ$fﬁ'§/fbrénﬁﬁﬂﬂﬁﬁetlﬁglﬁoﬁ§7ﬁYl,i%‘?rh’éﬂ@l%ﬁﬂ@-?nétﬁ%ﬁ%ﬁo@%&yﬁilC
1,1-dipropylbutyl, 1,1-dimethyl-2-methylpropyl and 1-methyl-i-isopropyi-2-
I ORANIPradyI 2&RR SafuratétPhy diddarbohigrotps &tiér Bs soropaiyia cing
cyclohexyl, cycloheptyl, cyclooctyl, norbonyl and 20 adamantyl; cyclic
anyu%ﬁ&tu‘? ed4RroEABbBAFBUPS Stich 83 Phelyinsriphiny, BipHeayloups in

phenanthryl and antracenyl, and their nuclear alkyl substituted groups;

whighifaRst hydrodaybiai §rsupht SaBStkuteePwiBieantaryLgroum Suchbas atons
_benzyl or cumyl; hetero atom-containing hydrocarbon groups such as
is ﬁﬁaﬁg%ﬁqgﬁgxyithaihetero atom-containing hydrecarbon group

replaced with a halogen atom, an oxygen-containing group, a
nitrogen-containing group or a silicon atom-containing group.
Examples of the hydrocarbon groups (f1’) of 1 to 20 carbon atoms
are linear éhain hydrocarbon groups such as methyl, ethyl,
n—propyl,ailyl,n—butyl,nmpentyl,nwhexyl,n—heptyl,n~octyl,
n-nonyli, or n-decanyl; branched hydrocarbon groups such as
isopropyl, t-butyl, amyl, 3-methylpentyl, 1,]1-diethyipropyl,
l,l—dimethylbutyl,l~m@thyl—l—propylbutyl,i,lmdipropylbutyl,
1,1-dimethyl-2-methylpropyl and I-methyl-l-isopropyli-2-
methylpropyl; cyclic saturated hydrocarbon groups such as
cyciopentyl, cyclohexyl, cycloheptyl, cyclooctyl, norbonyl and
adamantyl;cyclicunsaﬁuratedhydrocarbongroupssuchasgﬂmmyl,
naphthyl, biphenyl, phenanthryl and antracenyl, and their
nuciear alkyl substituted groups; saturated hydrocarbon groups
substituted with an aryl group such as benzyl or cumyl; heterc

atom-containing hydrocarbon groups such as methoxy, ethoxy,
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14 phenoxy, N-methylamino, trifluoromethyl, triboromomethyl,
pentafluoroethyl and nentafluorophenyl. [0026] The silicon
atom-containing groups (f2) are, for example, 5 groups in which cyclic
carbon atoms in a cyclopentadienyl gtdup bond to silicon atoms
covalently and directly, and specific examples of those are alkylsilyl group
and arylsi . .[Examples of the silicon atom-containing groups (f2)

hefiox %ng4w A .+

PREHavVING 1 1o 20 carbon atonts incldde trintethfiSiyt gtoup and-Apemomethyl,
riphenylsilyl group. [0027] From the viewpoint of producing the

pen%)%.' |8é1%ﬁ%%%8’[!)ﬂylgr% pbo%y%@r}t]tré\ﬁﬁ@ B Stereoregularity

és%/pdiotacticity) and a high melting point by solution polymerization in

accordance with 15 the production process of the present invention, the

bridged metallocene compound represented by the formula (1) is

pref%?ébl?la%%?éﬁ|8€é%ﬁ%‘€&ﬁ6&dﬁblﬁ&/%%@§yﬁﬁﬁét@wha€ 5T tesagple,
it is preferable that R1 and R4 are the same atoms or the same groups,

9IEOURE RS dHHR3 &réthe Sdthe ARSMS To?Tite ‘SamMe R0°graps fordrerhondachup
to form a ring. It is more preferable that R1 and R4 are hydrogen atoms. It

PONGE T harh BreféraPRSthaP &l bPRL 1R, R3iand Recareshydeogbnspecific
atoms. Moreover, R' and R'2 are the same atoms or the same groups, R6

exagRd #81 afe HOsame tatombior Heé sameyroups, Rard R1G ale/thegroup.

same atoms or the
Examples of the silicon atom-containing groups (f2') naving 1

(00

to 20 carbon atoms include trimethylsilyl group and
triphenylsilyl group.
[0027]
Fromtﬁmeviewpointcﬁfproducingiﬂnasyndiotacti«:propylene
polymer having a high stereoregularity (syndiotacticity) and a
highmelting point by solution polymerization in accordance with
the production process of the present invention, the bridged
metallocene compound represented by the formula {Iy 1is
preferably a 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 R® are the same atoms or the same
groups, or are bonded to forma ring. It ismore preferable that
r' and Réazfzhydxogen_atoms. It i1s particularly preferable that
ail of R*, BR®, R? and R' are hydrogen atoms. Moreover, R® and R'2
are the same atoms or the same groups, R® and RY are the same

atoms or the same groups, R’ and R are the same atoms or the
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15 same groups, and R8 and R9 are the same atoms or the same
groups. [0028; R5, R8, R9 and R12 are each selected from hydrogen, the
hydrocarbon groups (fl), preferably the hydrocarbon groups 5 having 1 to
20 carbon atoms (fl'), and the silicon atom-containing groups (f2),
preferably the silicon atom-containing groups having 1 to 20 carbon
atoms (f2'), and they may be the same or different from each other, and
S 20EH 8 BNt GO dbs Ay he DoRdedeacH 8RB fofmn & fifgs Recand RS .
are 10 the same atoms or groups selected from hydrogen, hydrocarbon
[ooﬁﬁdups and silicon atom-containing groups, and may be bonded each
other.to form a ring. R'0 agnd R" are the same atoms or groups selected
frorit hydFoge® hydtecdtbort §foups Cand silieot: atorficontainidg ageups, the
and they may be bonded each other to form 15 a ring, provided that R6,
hy AR RADPaN IR PYarE notRydrogeit dtonsb simuttanedustiz REFant Ri8oups
are the same atoms or groups selected from hydrocarbon groups and
havjligon atonizonthing grups, and amay bé bbhiled eacki otherdo fartidcon
ring. [0029) 20 From the viewpoint of synthesizing the syndiotactic
at opolypropylens tavingzehigh stergbtegularity-(syrdiststticity) laad a Bighi con
melting point by solution polymerization in accordance with the production
at oprocessafthe presentinventionnit is. preferableshatbothiRhandR¥0 aresng
not hydrogen atoms, and more
they may be the same or different fromeach other, and the adjacent

groups may be bonded each other to form a ring. R® and R’ are
the same atoms or groups selected from hydrogen, hydrocarbon
groups and silicon atom-containing groups, and may be bonded each
other to form a ring. R* and R!Y are the same atoms or groups
selected from hydrogen, hydrocarbon groups, and silicon
atom—-containing groups, and they may be bonded each other to form
a ring, provided that RS, R’, R* and R are not hydrogen atoms
simultaneously. R and R*® are the same atoms or groups selected
from hydrocarbon groups and silicon atom-containing groups, and
may be boended each other to form a ring.

[0029]

From the viewpoint of synthesizing the syndiotactic
polypropylene having a high stereoregularity {syndiotacticity)
and a highmelting point by sclution pelymerization in accordance
with the production process of the presént invention, it is

preferable that both R’ and R zre not hydrogen atoms, and more
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16 preferable that all of R, R7, R10 and R11 are not hydrogen atoms.
Particularly, in the case [1] that R6 and R11 are hydrocarbon groups and
the adjacent groups do not form a ring, it is preferable that R6 and R11
are each independently a hydrocarbanégroup having 5 at least two carbon
atoms, more preferably three or more carbon atoms, particularly
preferably four or more carbon atoms, or [2] a S|I|con atom-containing

Pfeé?oiﬁabh%stp?érer%ﬂe HalfR7 Bnd R1228 Batteahydr6cAlbRogronpat ons .

aving at least two carbon atoms, more preferably three or more carbon
Pargfd?hgap‘”arﬁculéﬁy IO pretarlyl ﬁdur oR Afor& carbeh Bfones: Espediatiya rioon
R7 and R12 are each a sterically bulky alkyl group or aralkyl group having
ITOUPH PO AR AlGHHS DB \WhelPallwf R6rRE R10@ENdRLE arefietrable
hydrogen atoms, R6 15 and R11 are each preferably an aryl group or
Lﬁaéu%stﬁf}féd%arﬁ*@f&ﬁﬁ%@&ﬁ?@ﬂ@ﬁdﬂm aregdcivselebted fromuthéiaving
hydrocarbon groups (fl), preferably the hydrocarbon groups (fI') having 1
at }g2ot20varbsniatomst omthe siticenaterhecontdiging greapsy(f@)re carbon
preferably the silicon atom-containing groups (f2') having 1 to 20 carbon
atopmsaand mayebel the samereidiffefentfrom rack athel, candtbes, or [2]
substituents may be bonded to form a ring. [0032]
a silicon atom-centaining group. It is preferable that R’ and
R' are each a hydrocarbon group having at least two carbon atoms,
more preferably three or more carbon atoms, particularly
referably four or more carbon atoms. Especially, R’ and R*® are
each a sterically bulky alkyl group or aralkyl group having 4
to 20 carbon atoms.
[0030]

When all of R6, R7, R*® and R 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
(fl}, preferably the hydrocarbon groups (f1’} having 1 to 20
carbon atoms, or the silicon atom-containing groups (£2),
preferably the silicon atom~containing groups (f27) having 1 to
20 carbon atoms, and may be the same or different fromeach other,

and the substituents may be bonded to form a ring.

[0032]
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17 M is a titanium atom, zirconium atom or hafnium atom, Y is a carbon
atom or silicon atom, Q's are identically or differently selected from a
halogen, hydrocarbon group, anion ligand and neutral ligand capable of
coordinating with a lone 5 electron paif, and j is an integer of 1 to 4. 0033]
Specific examples of the halogen are fluorine atom, chlorine atom,
bromine atom and iodine atom. Examples of the hydrocarbon group are
metHyt, Btriy1 -pPEpyATIseppY|, ZO-ZATetyIpRopyr RI-diméthiipropgiom, ¥
~ 2,2-dimethylpropyl, 1,1-diethylpropyl, 1-ethyl-I-methylpropyl,
15 R1 Sredameiiipregyl, Seeistayl, thutyl, 12 dimethylbutygntically or
~1,1,3-trimethylbutyl, neopentyl, cyclohexylmethyl, cyclohexyl and
dif{smethyiivcydokeyt s Spacifichexamypies oh meutvalacbwjugatetter, anion
non-conjugated dienes having not more than 10 carbon atoms are s-cis
ligars-gansiavt,8abutadieardscivele of coordinating with a lone
s-trans-n4-1,4-diphenyl-1,3-butadiene, s-cis or
eleshppr-mb3metyll B-pentadiener seisrors20 1 to 4.
s-trans-n4-1,4-dibenzyl-1,3-butadiene, s-cis or s-trans-n4-2,4-hexadiene,
[0Us-&ls or s-trans-n4-i,3 pentadiene, s-cis or
s-trans-n9-1,4-ditolyl-1,3-butadiene and s-cis or s
tranSpie1, Azlois(trmaathyisilyl)el:, 3-butadiane cgrecifis rexanples-ohe atom,
anion ligand are alkoxy groups such as methoxy,
chlorine atom, bromine atom and iodine atom. Examples of the

hydrocarbon group are methyl, ethyl, n-propyl, isopropyl,

Z-methylpropyl, 1,1-dimethyipropyl, 2,2-dimethylpropyl,

1,1-diethylpropyl, iI-ethyl-l-methylpropyl,
1,1,2,2-tetramethylpropyl, sec~butyl, t-butvyl,
l,i-dimethylbutyl, 1,1,3-trimethylbutyl, necpentyl,

cyclohexylmethyl, cyclchexyl and l-methyl-l-cyclohexyl.
Specific examples of neutral, conjugated or non-conjugated

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

s—-trans-n‘-1, 3-butadiene, s-cis or
s—trans-n®~1, 4-diphenyl-1, 3-butadiene, s-cis or
s-trans-n'-3-methyl-1, 3-pentadiene, s-cis or
s—trans—ngml,4—dibenzylwl,B—butadiene, s~Cls cr

s—trans—n4—2,4—hexadiene, s-cls or s—tranSwnébi,3—pentadiene,
s—cls or SWtrans—nq—l,4wditolyl—1,3*butadiene and s-cis or
s—tran3wn4—l,é—bis(trimethylsiiyl)hl,3~butadiene. Specific

exampies of the anion ligand are alkoxy groups such as methoxy,
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18 t-butoxy and phenoxy; carboxylate groups such as acetate and
benzoate; and sulfonates such as mesylate and tosylate. Specific
examples of the neutral ligand capable of coordinating with a lone
electron pair are organic phosphoric ¢émpounds such 5 as trimethyl
phosphine, triethyl phosphine, triphenyl phosphine and diphenyl methyl
phosphine; and ethers such as tetrahydrofurane, diethylether, dioxane
CbAREAY2 HiRe XY C8than 20RSAY 18 TFrheeop6uritscds defirattalove and
are catalysts generally having a Cs symmetric structure. [0035] Specific
bengoahples %Fge éaﬁqg@ﬁéﬁﬁm Suiistying the maveafefinitioriwiltbe ylate .
shown below, but the scope of the present 15 invention is not limited by
SPe e dkaMpiBs e ekahiptes ©f Bi@ dohippnbat ¢apmclutef coordinating
~cyclopropylidene(cyclopentadienyl)(3,6-di-t-butylfluorenyl)z irconium
witgichibfite, ceyrIoBiylidenelcyelepentaticnyj(B6sditertibutytiuoremd 2B uch
)zirconium dichloride,

as tgyelspentylisdnsehdopentadieniy3, 6> ditartbutylfliorépy eb)zitconisph i ne
dichloride, cyclohexylidene(cyclopentadienyl)(3,6-di-tert-butylfluorenyl

and)zireégmbsndichlonde;hyl  phosphine; and ethers such  as

tetrahydrofurane, diethylether, dioxane and 1, 2~dimethoxy

ethane.

[0034]

The compounds as defined above are catalysts generally
having a Cs symmetric structure.
[0035]

specific examples c¢f the component (A) satisfying the
abovedefinitionvﬁjjmbeshownbelow,knn:thescopecﬂfthepresent
invention is not limited by the examples,

The examples of the component (A) include:
cyclopropylidene(cyclopentadienyl)(3,6—di—t—butylfluorenyl)z
ilrconium dichloride,
cyclobutylidene(cyclopentadienyl)(3,6—di—tertwbutylfluorenyl
yzirconium dichloride,
cyclopentylidene(cyclopentadienyl)(3,6—di—tert—butylfiuoreny
1y zirconium dichloride,
cyclohexylidene(cyclopentadienyl)(3,6~di—tert—butylfluorenyl

Jzirconium dichleoride,
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19 cycloheptylidene(cyclopentadienyl)(3,6-di-tert-butylfluoreny
1)zirconium dichloride,
dibenzylmethylene(cyclopentadienyl)(3,6-di-tert-butylfluoren yl)zirconium
dichloride, 5 19
dibenzylmethylene(cyclopentadienyl)(octamethyloctahydrodiben -
zofluorenyl)zirconium dichloride,

cy CHPH%VIMHVI@ﬁ@@éI@B@ﬁ@@W@ ?idfvmétr@/irs*@mtteout ylfluoreny
rt-butylfluorenyl)zirconium dichloride,

1) z gi-adsutyimethylene(cyclopentadienyl)(2,7-di(2,4,6-trimethyl 10dichloride,

phenyl)-3,6-di-tert-butyl fluorenyl)zirconium dichloride,

dibeinibutphiatheend @yclbpentadiehyd (2, 7 dighenyti3;6:diste-but v1 £ luoren
rt-butylfluorenyl)zircpnium dichloride,

Y1) di-ndmunylrethylene(cyclopentadienyl)(2,7-di(3,5-dimethylphe dichloride,
nyl)-3,6-di-tert-butylfluorenyi)zirconium dichloride, 15

dibdrpsputgniethylerd(cycdpentatiehyd(2;3,)6(Hteteanterthlloct ahydrodiben
ylfluorenyl)zirconium dichloride,

zo T tiznsbutylinethylepe(tyelopentadienyl)(2,7-di(4-methylphenyl) dichloride,
-3,6-di-tert-butylfluorenyl)zirconium dichloride,

di-di-bbigyimethylere(cyeopentadieny (B h-inaphtyl-3i6£i-t 201 -3, 6~di-te

ert-butylfluorenyl)zirconium dichloride,

rt-pi-aputylmetylone (eyclopentadienyl)(2,7-di(4-tert-butylphe  gichioride,
nyl)3,6-di-tert-butylfluorenyl)zirconium dichloride,

di-dliisehupyimathyleae(cyelopentadienyh(2 A dimethyl-36rdistes , -+ rimethyl
rt-butylfluorenyl)zirconium dichloride,
phenyl)-3,6-di-tert-butyl fluocrenyl)zirconium dichloride,
di-n-butylmethylene (cyclopentadienyl) (2, 7-diphenyl-3,6-di-te
rt-butylfluorenyl)zirconium dichloride,
di-n-butylmethylene (cyclopentadienyl) (2, 7-di (3, 5-dimethylphe
nyl)-3,6-di~-tert-butylfluorenyl)zirconium dichloride,
dimnwbutylmethylene(cyclOpentadienyi)(2,3,6,7—tetra—tert~but
vifluorenyl)zirconium dichloride,
di-n-butylmethylene (cyclopentadienyl) (2, 7-di (4~methylphenyl)
—-3,b-di~tert-butylfluorenyl)zirconium dichloride,
di-n-butylmethylene (cyclopentadienyl) (2, 7-dinaphtyl-3, 6-di-t
ert-butylfluorenyl)zirconium dichloride,
di—n—butylmethylene(cyciopentadienyl)(2,7~di(4—tert—butylphe
nyl) 3, 6~-di-tert~butylfluorenyl)zirconium dichloride,
diisobutylmethylene (cyclopentadienyl) (2, 7-dimethyl-3, 6-di-te

rt-butylfluorenyl)zirconium dichloride,
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20 diisobutylmethylene (cyclopentadienyl) (2, 7-di (2, 4, 6-trimethyl
phenyl) -3, 6-di-tert-butylfluorenyl) zirconium dichloride,
diisobutylmethylene(cyclopentadienyl) (2,7-diphenyl-3,6-di-te
rt-butylfluorenyl) zirconium dichloride 2%
diisobutylmethylene(cyclopentadienyl)(2,7-di(3,5-dimethylphe
~nyl)-3,6-di-tert-butylfluorenyl) zirconium dichloride,
dilgpsobusimetiviesseyeiBpéntaienyt(x3 817 tetraltettibidt, 4, 6-trimethyl
ylfluorenyl)zirconium dichloride,
phegiisobudimetiyténe(eyslopentatieny 2y 1-did methylphenyl) 18:ichloride,
-3,6-di-tert-butylfluorenyl) zirconium dichloride,
diigidobuidmetiydre(eycupénadienyndinaphiiitdiedeny1-3, 6-di-te
tert-butylfluorenyi)zirconium dichloride, '
r t-diigabufdmettnyierie(eyclopentadienyl)(2,7-di(4-tert-butylflu dichloride,
orenyl)-3,6-di-tert-butylfluorenyl) zirconium dichloride, 15
d1idibenzylinetinylgie(cyciopentaienyt) (2, Z:dimethy}-3;6:dierts —dimet hylphe
-butylfluorenyl) zirconium dichloride [sometimes referred to as

ny11;33diphenylisopropylidene(tyclopentadienyhh f-gimethyl-3, dichloride,
6-di-tert-butylfluorenyl) zirconium dichloride, hereinafter, the second

diipaimetwillbetomittedd, 20clopentadienyl) (2,3, 6, T-tetra-tert-but
dibenzylmethylene(cyclopentadienyl)(2,7-di(2,4,6-trimethylph

y 1 £eny)-36¢distertutyifluarenyl)zirconium dichloride, dichloride,
dibenzylmethylene(cyclopentadienyl)(2,7-diphenyl-3,6-di-tert

diidwylftyaresyh gireoriumdichlosfleadieny1) (2, 7-di (4-methylphenyl)

dibenzylmethylene(cyclopentadienyl)(2,7-di(3,5-di.methylpheny
=3, 6-di-tert-putylfluorenyl)zirconium dichloride,
diisobutylmethylene(cyclopentadienyl)(2,7—dinaphthyl~3,6—di"
tert—butylfluorenyl)zirconium. dichloride,
diisobutylmethylene(cyclopentadienyl)(2,7—di(4wtert—butylflu
orenyl) -3, 6-di-tert-butylfluorenyl) zirconium dichloride,
dibenzylmethylene(cyclopentadienyl)(2,7—dimethyl—3,6—di—tert
~butylfluorenyl) zirconiumdichloride [sometimes referred to as
1,B—diphenylisopropylidene(cyclopentadienyl)(2,7~dimethyi~3,
6-di-tert-butylfluorenyl)zirconiun dichloride, hereinafter,
the second name will be omitted.],
dibenzylmethylene(cyclopentadienyl)(2,7—di(2,4,6~trimethylph
enyl) -3, 6-di~tert-butylfluorenyl)zirconium dichloride,
dibenzylmethylene(cyclopentadienyl) (2, 7-diphenyl-3, 6-di~tert
~butylflucrenyl)zirconium dichloride,

dibenzylmethylena(cyclopentadienyl)(2,7—di(B,S—dimethylpheny
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21 1) -3, 6-di-tert-butylf luorenyl) zirconium dichloride,
dibenzylmethyiene(cyclopentadienyl)(2, 3, 6, 7-tetra-tert-butyl
fluorenyl)zirconium dichloride,
dibenzylmethyiene(cyclopentadienyl)(2, 7-di(4-methylphenyl)-3 5
,6-di-tert-butylfluorenyl)zirconium dichloride,
dibenzylmethyiene(cyclopentadienyl)(2,7-dinaphthyl-3,6-di-te

1)—ﬁ4ﬁﬁﬂﬂm§%%9ngﬁ§yﬁéﬁporenyl)zirconium dichloride,

__dichloride,dibenzylmethyiene(cyclopentadienyl)(2,7-di(4-tert

AibesiypReriy 3 B diftercb ety B rshiyp zirdoniiim 316 dichioridea—tert-but yl
diphenethylmethylene(cyclopentadienyl)(2,7-dimethyl-3,6-di-t

f Lugmsundflgcreagihdirgonium dichloride, dichloride,
diphenethylmethylene(cyclopentadienyl)(2,7-diphenyl-3,6-di-t

dibgrpwipfddrenghzrconumicitienddes 181 ) (2, 7-di (4-methylphenyl) -3
di(benzhydryl)methylene(cyclopentadienyl)(2,7-dimethyl-3,6-d

+ 6~ pterttlsutytfluorenydiircoriumidichloride,: um dichloride,
di(benzhydryl)methylene(cyclopentadienyi)(2,7-diphenyl-3,6-d

dibktertyDutylflugienyd) zirgodiupedichlotide,y 1) (2, 7-dinaphthyl-3, 6-di-te
d4(cumyl)methylene(cyclopentadienyl)(2,7-dimethyl-3,6-di-ter 20

rt -bhatylfiidremdzirconiuptdichlaride,
di(cumyl)methylene(cyciopentadienyl)(2,7-diphenyl-3,6-di-ter

dickbutylferenybhzitegnivetdighloride cyclopentadienyl) (2, 7-di {4~tert
di(1-phenethyl)methylene(cyclopentadienyl)(2,7-dimethyl-3,6-

-budivteptHatylfluerenyhaircenivm-dichlonde.uorenyl) zirconium

dichloride,

diphenethylmethylene (cyclopentadienyl) (2, 7-dimethyl-3, 6-di-t
ert-butylflucorenyl)zirconium dichloride,
diphenethylmethylene (cyclopentadienyl) (2, 7-diphenyl-3, 6-di-t
ert-butylfluorenyl)zirconium dichloride,
di (benzhydryl)methylene (cyclopentadienyl) (2, 7-dimethyl-3, 6-d
i~tert-butylfluorenyl)zirconium dichloride,
di(benzhydryl)methylene{cyclopentadienyl)(2,7-diphenylw3,6—d
i-tert-butylfluorenyl) zirconium dichloride,
di(cumyl)methylene(cyclopentadienyl)(2,7wdimethyl—3,6mdi—ter
t-butylflucrenyl)zirconium dichloride,
di(cumyl)methylene(cyclopentadienyl)(2,7mdiphenyl—3,6mdi—ter
t~butyifluorenyl)zirconium dichloride,
di(1—phenethyl)methylene(cyclopentadienyl)(2,7—dimethylm3,6—

di-tert-butylfluorenyl)zirconium dichloride,
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22 di(I-phenyl -ethyl)methylene (cyclopentadienyl)(2, 7-diphenyl-3
,6-di-tert-butylfluorenyl)zirconium dichloride,
di(cyclohexylmethyl)methylene(cyclopentadienyl)(2,7-dimethyl
-3,6-di-tert-butylfluorenyl)zirconium dighloride, 5
di(cyclohexyimethyl)methylene(cyclopentadienyl)(2,7-diphenyl
-3,6-di-tert-butylfluorenyl)zirconium dichloride,

di (diteyeropehtylitethymethyleretcyciopentaienyd)(2 7ydimehy -1 pheny 1 -3

1-3,6-di-tert-butylfluorenyl)zirconium dichloride,

» 5~ difcyetopentylinetiiyl)methylehetcyctopentadienyl)(2,7-dipheny 3 chloride,
1-3,6-di-tert-butylfluorenyl)zirconium dichloride,

di {dipaiphtyimetieylméthytene(dyetepentadiemd)(2 Zadierethyl-@ , 7-dimethyl

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

— 3, ditusiphiteyimethylyneéthytenetgyiclonentadienyt) (2, 7-diphenyl-3 qichloride,
,6-di-tert-butylfluorenyl)zirconium dichloride, 15

di {dithipberyimieteydimethylene(QuelopestadiemaAz Zdimeiyl-3 , 7-giphenyl

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

-3, dithipheryimetiyd)methylenetcyclapentadienyt) (2, 7-diphenyl-3 4ichiorige,
,6-di-tert-butylfluorenyl)zirconium dichloride,

di (thenzyherbutyhmetylene(eyciorartadienyb R -dimetty;3,29  7-gimethy

6-di-tert-butylfluorenyl)zirconium dichloride,

1-3(benayhincbutymethyiene(eyclopentadieny)(Z,/-diphenyl-3, 1 115riqge,
6-di-tert-butylfluorenyl)zirconium dichloride,

di (herzybeumylimethylengoyelppeptadienyD@ L-limetvl316- 2 7 -4 pheny
di-tert-butylfluorenyl)zirconium dichloride,
1-3,6-di-tert-butylfluorenyl)zirconium dichloride,
di(naphthylmethyl)methylene(cyclopentadienyl)(2,7"dimethyi~3
y b-di-tert-butylflucrenyl)zirconium dichloride,
di(naphthylmethyl)methylene(cyclopentadienyl)(2,7~diphenylw3
» 6-di-tert-butylfluorenyl)zirconium dichloride,
di(biphenylmethyl)methylene(cyCIOpentadienyl){2,7wdimethy1w3
r 6-di-tert-butylfluocrenyl)zirconium _ dichloride,
di(biphenylmethyi}methylene(cyclopentadienyl}(2,7—diphenyl—3
, 6-di-tert-butylflucrenyl)zirconium dichlioride,
(benzyl)(n—butyl)methylene{cyclopentadienyl)(Z,T—dimethyl-B,
6-di-tert-butylfluocrenyl)zirconium dichloride,
(benzyl){n—butyl}methyiene(cyciopentadienyl){2,7—diphenyi~3,
6-di-tert-butylfluocrenyl)zirconium dichloride,
(benzyl)(cumyl)methylene(cyclopentadienyl)(2,7—dimethyl—3,6—

di-tert-butyifluorenyl)zirconium dichloride,
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23 (benzyl)(cumyl)methylene(cyclopentadienyl)(2,7-diphenyl-3,6-
di-tert-butylfluorenyl)zirconium dichloride,
cyclopropylidene(cyclopentadienyl)(2,7-dimethyi-3,6-di-tert- butylfluorenyl)
zirconium dichloride, 5 213
cyclopropylidene(cyclopentadienyl)(2,7-diphenyl-3,6-di-tert- butylfluorenyl)
zirconium dichloride,
bewaﬂébd@n@@dé(@wbﬁéma@@yg@wmemyeaﬁldméut:bdlphenyl 3,6~

_utylfluorenyl)zirconium dichloride,

di“E?él*éb@‘ﬂyﬁdérfé(wclepéyﬁmdt'enqi;(&@diphenyl-&6-di-tert-b 10dichloride,
utylfluorenyl)zirconium dichloride,

cyc ggslopentylidens( ¢yctopemadianyl) €,7-tintethyi-3, 6rditakt1 botyfluoremd)- - -
zirconium dichloride,

butgydlopentyligene(tyciopentadienyl)(2,7-diphenyl-3,6-di-tert-  dichioride,
butylfluorenyl)zirconium dichloride, 15

cyceycloheyylidearcyclopeotaienyd)i( 2, 7sdimethy-38-ghtertb-3, 6-di-tert-
utylfluorenyl)zirconium dichloride,

but gyclohexyidenglcyetopentadienyl)(2,7-diphenyl-3,6-di-tert-b  qicnicride,
utylfluorenyl)zirconium dichloride,

cycryelobeptylidene(eyclopeniadienyb 2, 7-dimethy3 Sedirtort 20 ¢- 435 —vert b
butylfluorenyl)zirconium dichloride,

utyEy@lghggﬁyﬁe@(@yﬁm@madIenyl)(2 7-diphenyl-3,6-di-tert- butyflugreny); .
zirconium dichloride, ’

cycUihenzyimethylene(eyclopentadieryl)(2, 7 dimethyi:3.6-dimetlys - 45 —rert—p
1-butylfluorenyl)zirconium dichloride,
utylflucrenyl)zirconium dichloride,
cyclopentylidene {cyclopentadienyl) (2, 7-dimethyl~3, 6-di-tert-
butylfluorenyl) zirconium dichloride,
cyclopentylidene (cyclopentadienyl) (2, 7-diphenyl~3, 6-di-tert-
butylfluorenyl)zirconium dichloride,
cyclohexylidene (cyclopentadienyl) (2, 7~dimethyl-3, 6-di~tert-b
utylflucorenyl)zirconium dichloride,
cyclohexyiidene{cyclopentadienyl)(2,7—diphenyl—3,6mdi—tert—b
utylfluorenyl)zirconium dichloride,
cycloheptylidene(cyclopentadienyl)(2,7wdimethyl—3,6~di—tert—
butylfluorenyl)zirconium dichloride,
cycloheptylidene(cyclopentadienyl)(2,7mdiphenyl—3,6~di—tert~
butylfluorenyl)zirconium dichloride,
dibenzylmethyleme(cyclOpentadienyi)(2,7~dimethyl—3,6—dimethy

l-butylfluorenyl)zirconium dichloride,
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24 di-n-butylmethylene(cyclopentadienyl)(2,7-dimethyl-3,6-dimet
hyl-butylfluorenyl)zirconium dichloride,
dibenzylmethylene(cyclopentadienyl)(2,7-dimethyl-3,6-dicumyl
-butylfluorenyl)zirconium dichloride, 5 4
di-n-butylmethylene(cyclopentadienyl)(2,7-dimethyl-3,6-dicum
yl-butylfluorenyl)zirconium dichloride,
di-gideazylhvsthylehefcyclopehtasiermnd(2, Zrdimetiy)-3;6Ldifeith y 1 -3, 6-dimet
ethylsilyl)-butylfluorenyl)zirconium dichloride,
hy 1 dknbotylmettndend(tydlopentadienyl)(2,7-dimethyl-3,6-di(tr 10dichloride,
imethylsilyl)-butylfluorenyl)zirconium dichloride,
dibdibenzylidthylene(tyslopentadiemd), ¥ dimeihy-3;6diphehy 3, 6-dicunyl
1-butylfluorenyl)zirconium dichloride,
-butdirhbutydmettylene(eyclopentadienyl)(2,7-dimethyl-3,6-diphe dichloride,
nyl-butylfluorenyl)zirconium dichloride, 15
di-ditenzylmethylehefcyclopentasieryd)i@, Z-dimetty)-3:G:dibenzy 1 -3, 6-dicum
1-butylfluorenyl)zirconium dichloride,

y1-diznshutyimetiytene(eydepentadienyl)(2,7-dimethyl-3,6-diben gichiloride,
zyl-butylfluorenyl)zirconium dichloride,

dibdibepzylsiathylene(cyclopeptadiem)és ¢idimethyl-3;6.dimethy 206 - ¢ (trim

1-butylfluorenyl)zirconium dichloride,

ethdiaugyimethgnei{cyclopentadienyb G 7-gimethyl-3,6-dimet ; ch1oride,

hyl-butylfluorenyl)zirconium dichloride,

di -dipeepylmetbylone(cyclopentadienyda Zrdimethy|-3.6:0it8rh o1 - 3, 6-d1 (tr
-butylfluorenyl)zirconium dichloride,
imethylsilyl)-butylfluorenyl)zirconium dichloride,
dibenzylmethylene(cyclopentadienyl)(2,7wdimethyl—3,6—dipheny
i-butylflucrenyl)zirconium dichloride,
di—n—butylmethylene(cyclopentadienyl)(2,7wdimethyl—3,6—diphe
nyl-butylfliuorenyi)zirconium dichloride,
dibenzylmethylene(cyciopentadienyl)(2,7mdimethyl—3,6—dibenzy
l-butylfluorenyl)zirconium dichleride,
di-n-butylmethylene (cyclopentadienyl) (2, 7-dimethyl-3, 6-diben
zyl-butylfluorenyl)zirconium dichleoride,
dibenzylmethylene(cyciopentadienyl)(2,7—dimethyl*3,6—dimethy
l-butylflucrenyl)zirconium dichloride,
di-n-butylmethylene(cyclopentadienyl) (2, 7-dimethyl-3, 6-dimet
hyl-butylfluorenyl)zirconium dichlioride,
diphenylmethylene (cyclopentadienyl) (2, 7-dimethyl-3, 6-di-tert

~putylfluorenyl) zirconium dichloride,
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25 diphenylmethylene(cyclopentadienyl) (2,7-diphenyl-3,6-di-tert
-butylfluorenyl)zirconium dichloride,
di(p-tolyl)methylene(cyclopentadienyl)(2,7-dimethyl-3,6-di-t
ert-butylfluorenyl)zirconium dichloridez
di(p-tolyl)methyiene(cyclopentadienyl)(2,7-diphenyl-3,6-di-t
ert-butylfluorenyl)zirconium dichloride,

dlPaﬁﬁb%mébwemﬁdgmmwmﬁmnwi7ddqnm@mw&3 6-di-tert
,6-di-tert-butylfluorenyl)zirconium dichloride,

‘buaNé@%ﬁéﬁﬁéﬁﬁlﬁﬁétﬁ?@h@(cyclopentadienyl)(2,7-diphenyl-3 t0.chloride,
,6-di-tert-butylfluorenyl)zirconium dichloride,

1 (Biticchidrophiehylmethiders(cyctopentadieny!) (277 -BimethylkB v1 -3, 6-di-t

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

e r tditmtehldropheaylymetiyieme(cyctopentadienyl)(2,7-diphenyl-3 dichloride,
,6-di-tert-butylfluorenyl)zirconium dichloride, 15

di (ditp-biorhopheymethytene{copentadienyl)(2 7 dimetbyflehy 1 -3, 6-di-t

6-di-tert-butylfluorenyl)zirconium dichloride,

e r teifp-bydrhdopheryl)meéthylenefcyotopentadienyl)(2,7-diphenyl-3,dichloride,
6-di-tert-butylfluorenyl)zirconium dichloride,

i (ditmktlifluorgmeethylypremi)metbylepe 20pentadienyl) (2, T-dimethyl-3
(cyclopentadienyl)(2,7-dimethyl-3,6-di-tert-butylfluorenyl)z irconium

, 6-dichloside-digmytrifluaroraethyl:phenyhmethylene dichloride,
(cyclopentadienyl)(2,7-diphenyl-3,6-di-tert-butylfluorenyl)z irconium

1 (dieblorideogifp-tifluoremeindphepybdmetwieneiieny1) (2, 7-diphenyl-3
(cyclopentadienyl)(2,7-dimethyl-3,6-di-tert-butylfluorenyl)z

r6-di-tert-butylfluorenyl)zirconium dichloride,
di(m—chlorophenyl)methylene(cyclopentadienyl)(2,7—dimethyl—3
ro~di-tert-butylfluorenyl)zirconium dichloride,
di(m—chiorophenyl)methylene(cyclopentadienyl)(2,7—diphenyl~3
s ~di-tert-butylfluorenyl)zirconium dichloride,
di(p—bromophenyl)methylene(cyclopentadienyl)(2,7—dimethyl—3,
o-di~tert-butylfluorenyl)zirconium dichloride,
di(p~brom0phenyl)methyl@ne(cyclopentadienyl)(2,7—diphenylh3,
e—-di-tert-butylfluorenyl)zirconium dichloride,
di (m~trifluoromethyl-phenyl)methylene
(cyclopentadienyl}(2,7wdimethyl—3,6udi—tert—butylfluorenyl)z
irconium dichleride, di(m-trifluoromethyl-phenyl)methylene
(cyclopentadienyl)(2,7—diphenyl—3,6~di—tert~butylfluorenyl)z
irconium dichloride, di(p-trifluoromethyl-phenyl)methylene

(cyclopentadienyl)(2,7—dimethyl—3,6~di—tertwbutylfluorenyl)z
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26 irconium dichloride, di(p-trifluoromethyl-phenyl)methylene
(cyclopentadienyl)(2,7-diphenyl-3,6-di-tert-butylfluorenyl)z irconium
dichloride, di(p-tert-butyl-phenyl)methylene (cyclopentadienyl)
(2,7-dimethyl-3,6-di-tert-butylfluoreny®) 5 irconium dichloride,
di(p-tert-butyl-phenyl)methylene
(cyclopentadlenyl)(z 7-diphenyl-3,6-di-tert-butylfluorenyl)z irconium
erthRWme Hﬂ%#ﬁﬁa@@phe§ﬂﬁmgﬁykﬁéuoromethyl phenyl)imethylene
clopentadienyl)(2,7-dimethyl-3,6-di-tert-butylfluorenyl)z |rcon|um
Cyai%ﬂﬁﬁﬁﬁﬂﬂﬁqybmyﬁpﬂe@ﬂﬁﬁ@mykné;ﬁrdl ~tert-butylflucrenvyl)z
(cyclopentadienyl)(2,7-diphenyl-3,6-di-tert-butylfluorenyl)z irconium
ircqichistide, dﬂb%iéwﬁwethylenéwwmta@eﬁw(zﬂneméthwe&BﬁdLen

i-tert-butylfluorenyl)zirconium dichloride,

{CY@R@Hﬁﬁﬁéﬁﬁﬁﬁ%ﬁh%éﬁe&W@bﬁ@hﬁﬂﬂEﬁybﬁﬁﬁﬂﬁpheﬂyHBﬁ%QMfﬂuorenyl)z

i-tert-butylfluorenyl)zirconium dichloride,

ircgigdyaphthyhsethyteniefeyclopentsidignytz; 7-dimethyk3iGdy 1) methylene
I-tert-butylfluorenyl)zirconium dichloride,

(cyditbaphdnidpmathylehe (cyclopeatadierty) 62, idipkenyH3,6-d1 £ luorenyl) z

i-tert-butylfluorenyl)zirconium dichloride, 20

lrCdr@mphthyl)rﬂethylhneéoyelppentad|erwm(>2—ﬂ~dbme§fwl—13rﬁsdyl methylene
i-tert-butylfluorenyl)zirconium dichloride,

{cydil2maphthylymethylene (cyclopentadienyj)2.didipkemy3.6-d1 f 1uorenyl) z
i-tert-butylfluorenyl)zirconium dichloride,

i rcdifhaphthylmetbydmethyiene(cyclopentadigpy ) @i7-imetAvr3; 1 ) methylene
{cyclopentadienyl) (2,7-diphenyl-3, 6-di-tert-butylflucrenyl)z
irconium dichloride,
di (p-biphenyl)methylene (cyclopentadienyl) (2, 7~dimethyl-3, 6-d
i-tert-butylfluorenyl)zirconium dichloride,
di (p-biphenyl)methylene (cyclopentadienyl) (2, 7-diphenyl-3, 6~d
i-tert-butylfiucrenyl)zirconium dichloride,
di(l—naphthyl)methyiene(cyclopentadienyl)(2,7~dimethyl~3,6—d
i-tert~pbutylfluorenyl) zirconium dichloride,
di(1—naphthyl)methylene(cyclopentadienyi)(2,7~diphenyl—3,6wd
i-tert-butylflucrenyl)zirconium dichloride,
di(2~naphthyl)methyiene(cyciopemtadienyl)(2,7—dimethyl~3,6~d
i-tert-butylfluorenyl)zirconium dichleoride,
di(2—naphthyl)methylene(cyclopentadienyl)(2,7~diphenyl—3,6~d
iftert—butylfluorenyl)zirconium dichlorids,

di(naphthylmethyl)methylene(cyclopentadienyl)(2,7wdimethyl—3
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27 ,6-di-tert-butylfluorenyl)zirconium dichloride, di (naphthylmethyl)
methylene (cyclopentadienyl) (2, 7-diphenyl-3
,6-di-tert-butylfluorenyl)zirconium dichloride,
di(p-isopropylphenyl)methylene(cyclapentadienyl)(2,7-dimethy 5
1-3,6-di-tert-butylfluorenyl)zirconium dichloride,
di(p-isopropylphenyl)methylene(cyclopentadienyl)(2,7-dipheny

' 6‘Ci%g,éﬁﬁﬁéﬁwﬂﬁgﬁ@ﬁwzﬁcbﬁw@m::hu@ride, dichloride,

_di(biphenylmethyl)methylene(cyclopentadienyl)(2,7-dimethyl-3

di (re gt buE uote MA)Ziredaium dichibiient@dienyl) (2, 7-diphenyl~3
di(biphenylmethyl)methylene(cyclopentadienyl)(2,7-diphenyl-3

» 6~ 6. gi-fft- bty b ES AR oA LT dichiofide, dichloride,
diphenylsilylene(cyclopentadienyl)(2,7-dimethyl-3,6-di-tert- butylfluorenyl)

di(@né@mgﬁp@mh@ﬁgéyéﬁ@ethylene(cyclopentadienyl)(2,7~dimethy
diphenylsilylene(cyclopentadienyl)(2,7-diphenyl-3,6-di-tert- 15

1 -3 patyffucrenyhzirconiuid dichioride) $0036)Among the above cosipoings; de,
it is preferred to use the compounds in which R6 and R" are each an aryl

di (groupsuctpas phenyll growph ol prgrauy,dimdpheayl @iup, (2, 7-dipheny
dimethylphenyl group, 20 trimethylphenyl group and biphenyl group, or a

1~ 3 sabstitutedraryb grouf hecauseyof)giving @rsymdiotactic propylene polyirede,
having a high melting point. In the examples of the present invention,

di (windteisytorbecdescried iatesracamppound Hsediwasy 1) (2, 7-dimethyl~3
dibenzylmethylene(cyclopentadienyl)(2,7-diphenyl-3,6-di-tert

y 6-di-tert-butylfluorenyl)zirconium dichloride,
di(biphenylmethyl)methylene{cycloPentadienyi)(2,7—diphenyl—3
y6-di-tert-butylfluorenyl)zirconium dichloride,
diphenylsilylene (cyclopentadienyl) (2, 7-dimethyl-3, 6~di-tert-
butylflucrenyl)zirconium dichloride, and
diphenylsilylene (cyclopentadienyl) (2, 7-diphenyl-3, 6~di-tert-
butylfluorenyl}zirconium dichloride.

[0036]

Among the above compounds, it is preferred to use the
compounds in which R® and R* are each an aryl group such as phenyl
group, 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 1s to be described later, a compound  used was

dibenzylmethylene(cyclopentadienyl)(2,7-diphenyl—3,6—diwtert
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28 -butylfluorenyl)zirconium dichloride represented by the following
formula (II1) in which both of R6 and Rn at the 2 position and at the 7
position in the fluorenyl group are phenyl groups, both of R7 and R10 at
the 3 position and at the 6 position 5 jrgthe fluorenyl group are t-butyl
groups, and both of R17 and R18 present in carbon atoms in the bridged
part are benzyl groups. [0037] [Chem. 4] ZrC12 ---------- ails 10 [0038]
~buEyamphesreitie lcohaponerityA), flirthet omaylincludepcempounds by  the
obtainable by replacing "zirconium™ with "hafnium" or "titanium" in the
fol dbwversorfipounds, ahtlBridged metatocénet bompoiids obtainablecbythe 2
replacing "dichloride™ with 15 "difluoride”, and bridged metallocene
Pos gompounds eibtainable by sreplaving tidiirenfidels, tiFigdide” orpdichdorideh v 1
with "dimethyl" or "methylethyl". [0039] The above bridged metallocene
grogpmpdunds @A) Gancbel 20 praduced byoa knave meathoch The: pradpetian: i on
method thereof is not particularly limited. Examples of the known
in preduction:29 yethoduareza pradiction methodighisclased ikoth of R and
W02001/27124 and a
ngpresent;in,carbon.atoms in the bridged part are benzyl groups.

[0037)

[Chem. 4]

[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-iodide” or “dichloride” with
“dimethyl” or “methylethyl”.

[0039]

The above bridged metallocene compounds (A) can be

produced by & known method. The production method thereof is

not particularly limited. Examples of the known production
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method disclosed in W02004/087775 both filed by the present applicant.
These metallocene compounds may be used singly or two or more may
be optionally combined for use. 5 [0040] The polymerization catalyst of the
present invention comprises (A) the metallocene compound, and (B) at
least one compound selected from (b-1) the organoaluminum oxy
compound, (b-2) the compound capable of forming an ion pair by reaction
met?@%iﬁfﬁ@nﬁ?&%%b%rﬁﬁ@uﬁﬂﬁ@?éﬁél?@-%91 the dfgafddlmimud and &
compound. Furthermore, it is possible to optionally use a support type
met pad yatinchRiAthe Eoﬁﬁ%@ﬁé)r@t/(% andfor te-keoimpbaent(B) ahe present
supported on (C) a particulate carrier, as the polymerization catalyst of
aPPihegresent MveRfioReidte/ernEs (DFthe WiganisTompountecbmponsnt or
to be described later may be optionally used simultaneously. [0041] (B)
LWOCHmMPOMERt [51) Drgandalaminthy osprsmpednd 20 As fh-1) the
organoaluminum oxy compound of the present invention (sometimes
[0Ufcterred to as "component (b-1)" in the following description) ,
conventionally known aluminoxane may be used as it is. Examples
therésEmayp ghslel alaiiinoxane tepresented by:3@ therfodlewing farawaion
(IV):
comprises (A) the metallocene compound, and (B) at least one

compound selected from (b-1) the organcaluminum 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. Furthermore, it is possible to optionally use a
support type catalyst in which the compenent (B) and/or the
component (B} are supported on (C) a particulate carrier, as the
polymerization catalyst of the present invention. Moreover,
(D) the organic compound component to be described later may be
optionally used simultaneously.

[0041]

(B) Component

(b-1) Organcaluminum oxy compound

As {b-1} the organcaluminum oxy compound of the present
invention (sometimes referred to as “component (b-1)" in the
following description), conventionally known aluminoxane may be

used as it is.

Examples thereof may include aluminoxane represented by
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[0042] [Chem.5] R -( A]-O)AIR2 LIV) I R 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 formula3(V): 10 [0044] [Chem.6] 1-0-}~ R
[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

the SfinihoXaRg inf KRR R is' a'feéthyl group, namely methylaluminoxane,
and n is 3 or more, preferably at least 10. These aluminoxanes may

[00%tclude some organoaluminum compounds. Moreover, it is possible to
suitably use organoaluminum oxy 20 compounds as disclosed in

[Chgp-&%:2(1990)-167305, and aluminoxanes having at least two kinds of
alkyl groups as 31 disclosed in JP-A-H2(1990)-2470Il and

IP-A-H3(1991)-10%207-AD0A8D T—AIR, . V)
R
[0043]
in the formula (IV), R’s are each independently a hydrocarbon
group of 1 to 10 carbon atem{s), andn is an integer oﬁZEor more,
and/or may include aluminoxane represented by the foilowing

formula (V) :

[0044]
[Chem. 6]
E TP““O%;—' --------- (V)
R
[06045]

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 aluminoxane in which R iz a methyl group, namely
methylaluminoxane, and n is 3 or more, preferably at least 10.
These aluminoxanes may include some organoaluminum compounds.
Moreover, 1t 1is possible to suitably use organcaluminum oxy
compounds as digclosed in JP-A-HZ2(1990)-167305, and

aluminoxanes having at least two kinds of alkyl groups as
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Furthermore, modified methyl aluminoxanes represented by the following
formula (VI) can be exemplified as the 5 organoaluminum oxy compound
of the present invention. [00471 [Chem.7] fAl-O i 1-O --- (VI) Me R
[0048] 10 in the formula (VI) , R is a Bydrocarbon 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
4 G A eXRRH OGR! - BT PSucH bt AGiy 103407
aluminoxanes (VI) are 15 occasionally referred to as MMAOs. MMAQOs
be prepared by, for example, a method as described in USP4960878
or commercially available ones can be used as they are. For example,
MMBSE 6 BROfGEm e BV i WFiek ik ad ipblek greup yeepars iy d by
using trimethyl aluminum and triisobutyl aluminum, are 20 commercially
the prddicka by PohsbPrie Bhen 'E4., LtgaTh thedradex aamesiofaMAG or the
TMAO. MMAO is an aluminoxane having improved solubility to various
CrzpRemETaNd Btorage StablitynSpedifically, MMAOHasia propertythat it is
soluble in aliphatic 32 hydrocarbons and alicyclic hydrocarbons different

[004g]

{Chem. 7]

(0048}
in the formula (VI}, R is & hydrocarbon group of 1 to 10 carbon
atom(g), 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 trimethyl
aluminum. Such modified methyl aluminoxanes (VI) are
occasionally referred to as MMAOs. MMAOs may be prepared by,
for example, a method as described in USP4960878 or commercially
available ones can be 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 Tchso Fine Chem Co., Ltd. in the trade
names of MMAO or TMAO. MMAO is an aluminoxane having improved
solubility to wvarious solvents and storage stability.

Specifically, MMAO has a property that it is soluble in aliphatic
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aluminoxanes insoluble or slightly soluble in benzene, such as the
compounds represented by the formulas (IV) and (V). Therefore, when
there is a demand that a solvent having a high 5 load to the environment,
such as benzene or the like is not uséd, the above modified methyl
aluminoxane is preferably used. [0049] (b-2) Compound capable of
forming an ion pair by reacting with the bridged metallocene compound
hydERF£6 BRBfpled Bfithe @bATBOURETb-2 eababiesblorming aniée pmaitby to
reacting with the bridged metallocene compound (A) (hereinafter
& LugbRie¥irie’seferred vas "fonizing dorié corpbunde or'dompenent (b)) as
may include Lewis acid, an ionizing ionic compound, a borane compound
the 5 rfePHEaMeiEne CoRipotRid; s 19 testrited i IRA-B (1989)-504850 (V) .
and the like. Examples thereof, further, may include a heteropoly
Theggipbandentran lisagolycompemah T Hepnizing idnieconponndg a high
preferably used in the present invention is a compound represented by
Loathggornala(Vily. 20050 s[Clems8pRIzea RiB-Rh4 VI kR’ 33 {0851k <d,

the above modified methyl aluminoxane is preferably used.
(G049]
(b-2) Compound capable of forming an ion pair by reacting with
the bridged metallocene compound (A)

Examples of the compound (b-2) capable of forming an ion
pair by reacting with the bridged metallocene compound (R)
(hereinafter sometimes referred to as “ilonizing ionic compound”
or “compeonent (b-2)”) may include Lewis acid, an ionizing ionic
compound, a borane compound and a carborane compound, as
described in JP-A-H1{(1989)~501950 and the like. Examples
therecf, further, may include a heteropoly compound and an
isopoly compound. The ionizing ionic compound preferably used

hnthepresentinventionjf;acompoundrepresentedknztheformula

(VIL).
[0050]
{Chem. 8]
RY
gé Rt__%:;mgh --------- (VII}
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In the formula (VII) , examples of R e are H+, carbenium cation, oxonium
cation, ammonium cation, phosphonium cation, cyclohepthyl trienyl cation
and ferrocenium cation having a 5 transition metal. Rf, R9, Rh and R1
may be the same or different from each other and are each an organic
group, preferably an aryl group. [0052] (b-3) Organoaluminum compound
10 Examples of the organoaluminum compound (b-3) for constituting the
(00 Bfefin polymerization catalyst (hereinafter, sometimes abbreviated to
"component(b-3)" may include organoaluminum compounds represented
by the followiAg faiiia (VHT)! 1596083} RanAI{OR) rHeXE ... . Ceiémiun
the formula, R and Rb may be the same or different from each other and
catafeeadikahydrocsrbon groupiaviAgl t6 45 carhorp ratemsppraferablycl on,
to 4 carbon atoms, X is a halogen atom, 0<m-<3, 20 0<-n<3, 0Sp<3,
cycOege® andimEnipry T 3cSpécific eramples obthecomporentqb-Bare ng a
linear chain trialkyl aluminums such as trimethyl aluminum, triethyl
tragkuiingm, nekadbutyRAluRhum” tihex i ahuminum and tioctyl@uminmrens
branched trialkyl aluminums such as triisopropyl aluminum, 34 triisobutyl
froalgminiumi tréseesiutyt alemirtumn ti-tersltylo roup, preferably an aryl
group.
0052
(b-3} Crganoaluminum compound
Examples of the organcaluminum compound (b-3) for
constituting the olefin polymerization catalyst (hereinafrer,

sometimes abbreviated to “component (b-3)” may include
organcaluminum compounds represented by the following formula
(VITI).
[0053]

R*AL (OR) HoX, ce. (VITIY

In the formula, R® and R” may be the same or different from
each other and are each a hydrocarbon group having 1 to 15 carbon
atoms, preferably I to 4 carbon atoms, X is a halogen atom, 0<m<3,
0sn<3, 05p<3, 0=£g<3 and m+n+p+g = 3.

Specific examplies of the component (b-3) are linear chain
trialkyl aluminums such as trimethyl aluminum, triethyl aluminum,
tri-n-butyl aluminum, trihexyl aluminum and tricctyl aluminum;

branched trialkyl aluminums such as triisopropyl aluminum,
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aluminum, tri-2-methylbutyl aluminum, tri-3-methylhexyl aluminum and

tri-2-ethylhexyl aluminum; tricycloalkyl aluminums such as tricyclohexyl

aluminum and tricyclooctyl aluminum; 5 triaryl aluminums such as

triphenyl aluminum and tritolyl alumiddm; dialkylaluminum hydrides such

as diisopropyl aluminum hydride and diisobutyl aluminum hydride; alkenyl

fri aISurginy S ch as isoprenyl aluminums represented by the formula

RCARRRA(CBRIONY (wWhereinSE yahd'Z afer8EeH FPositive nbfibderaor v L

aluand z<-2x) and the like; al yéb?ﬂl:ltjminum alkoxides such as isobutyl
Biiminum méthokideand YraluninimstiBxide; Giatkyf AGmintmre= vl
alkoxides such ag dimethyl aluminum methoxide, diethyl aluminum

= L e A bty P AT Butbxide: BIJF aldminlind Sesii akoRidesms
such as ethyl aluminum sesquiethoxide and butyl 15 aluminum

SuC%eéqijibﬁ&ﬁ&&%ﬁ&%ﬁﬂ&%l@i&%ﬁ@&%kwﬁurﬁiﬁaﬁﬁécPaaﬁﬁesah aRerge um;

. composition represented by the formula Ra2.5Al (ORb) 0.5 and the like;

EE 230t al@mifum Efloxdded sut as Bisth BiimidurTpReRoxigeand ritolyl
diethyl aluminum (2,6-di-t-butyl-4-methyl 20 phenoxide) ; dialkyl

a Lumi HR G A falibes S HER-A8 WiniiRy eRahinuR it Re ikl iyl ainsAumi num
chloride, dibutyl aluminum chloride, diethyl aluminum bromide and

hydghigshatyft i erforidesmikyimaundnd s se souitsalide sduehiassthyluch
aluminum sesquichloride, butyl aluminum sesquichloride and ethyl

as  aldRfRATBESqUibFSrHensSspartiaiyp halogenaed alkyl aluminums HHrmula

~alkyl aluminum
(1-C4Hs) xALy (CsHyp) 2 {wherein x, yv and z are each a positive number

and z52x) and the 1ike; alkyl aluminum alkoxides such as isobutyl
aluminum methoxide and isobutyl aluminum ethoxide; dialkyl
aluminum alkoxides such as dimethyl aluminum methoxide, diethyl
aluminum ethoxide and dibutyl aluminum butoxide; alkyl aluminum
sesqui-alkoxides such as ethyl aluminum sesquiethoxide and butyl
aluminum sesquibutoxide; partially alkoxvlated alkyl aluminums
having an average composition represented by the formula
R*, sB81 (OR”Yy.5 and the like;

alkyl aluminum aryloxides such as diethyl aluminum
phenoxide and diethyl aluminum (2, 6-di-t-butyl-4-methyl
phenoxide); dialkyl aluminum halides such as dimethyl aluminum
chloride, diethyl aluminum chloride, dibutyl aluminum chloride,
diethyl aluminum bromide and diiscbutyl aluminum chloride; alkyl
aluminum sesquihalides such as ethyl aluminum sesquichloride,

butyl aluminum sesquichloride and ethyl aluminum sesquibromide;
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dihalides, such as ethyl aluminum dichloride, or the like; dialkyl aluminum
hydrides such as diethyl aluminum hydride, and dibutyl aluminum
hydride; partially hydrogenated alkyl 5 aluminums of alkyl aluminum
dihydrides, such as ethyl aluminum @itiydride and propyl aluminum
dihydride, or the like; and partially alkoxylated and halogenated alkyl
aluminums such as ethyl aluminum ethoxy chloride, butyl aluminum

PAT hifoky thIBAdE EPERTI afimiinidm etheRy:Bronside £0 [0654] Fromi thel num
.. viewpoint of availability, it is preferred to use any one of trimethyl
dlh%ﬂﬁﬁi‘ﬁﬁm, ficthyl afunfintim arneitiisebutyl diuphihomisetheor the like;
. _organoaluminum compound (b-3). [0055] 15 In the present invention,
dia il the WelWpEInhoFirisievint the poldhetization otvityand g ide, and
.. properties of the obtainable syndiotactic propylene polymer, it is preferred
dibyd tide ady Blénafthe folldwing fci] toded]iasithe componentBtfet] thetlkyl
component (B) comprising only (b-1) the organoaluminum 20 oxy
a Lugpdmipeand! [62)tvé cohpoimesm (B} comprisiag (bsl)thezerganoglunibuwm num
~oxy compound, and (b-3) the organoaluminum compound, [c3] the
dihggmpdaeritr(B) comprnsinge(bs) thecompoydd farmingan orepdirile; and
reacting with the bridged metallocene compound (A), 36 and (b-3) the
par biganbaluhimmy tempouaddahd logenated alkyl aluminums such as
ethyl aluminum ethoxy chloride, butyl aluminum butoxy chloride
and ethyl aluminum ethoxy bromide.
(0054]
From the viewpoint of availability, it is preferred to use
any one of trimethyl aluminum, triethyl aluminum and triisobutyl

aluminum as the organcaluminum compound (b-3).
[0055]

In the present invention, from the viewpoint of improving
the polymerization activity and the properties of the obtainable
syndiotactic propylene polymer, it is preferred to use any one
of the following [cl] to [c4] ag the component (B);

[cl] the component (B) comprising only (b-1) the organoaluminum
oxXy compound,

{cZ] the component (B) comprising (b-1) the crgancaluminum OXYy
compound, and (b-3) the organcaluminum compound,

[c3] the component (B) comprising (b-2) the compound forming an

lon pair by reacting with the bridged metallocene compound ({(A)

r
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[c4] the component (B) comprising (b-1) the organoaluminum oxy
compound, and (b-2) the.compound forming an ion pair by reacting with
the bridged metallocene compound (A). 5 [0056] When the metallocene
compound of the formula (1) in which3¥ is a silicon atom is used, (b-2) the
compound forming an ion pair by reacting with the bridged metallocene
andcggyp%) ngéé) idc,r ngt gscid as the component (B) for constituting the olefin
10 po mer|zatlongczatrfz;lﬁ‘/s%1 of" trﬁ%mprggerﬁ?ﬁl\fé tiofi;” gs described above.
Therefore, among [cl] 1q [c4], [cl] and [c2] only are, employed for the
et }oré"e?é‘?re%‘%“@rﬁssﬁén@( RIGET] THEBIRT oy M2 AR Ay 8o e

resent 15 inventijon may further comprise the carrier (C) together with
COmERT the retallogah ke

n
efé COMipOUt TEprésentét by tE OfTURL (If , Ahd B5)° hi "
. _least one compound selected from (b-1) the organoaluminum oxy
"1 E oo uRd -GS tHR PG Eapabi 8Ffd ity an ion pair by reaction
with the metallocene compound (A) , and (b-3) the 20 organoaluminum
[Ooégﬁnpound, if necessary. [0058] (C) Carrier The carrier (C) optionally used
in the present invention (hereinafter sometimes abbreviated to

"coMiPEReRt T Iar 37SRPr§aAte Ot bfyardictesmpannt Jand Blgramutdri ch

. or fine particulate .
Y 1s a silicon atom is used, (b-2)} the compound forming an ion

pair by reacting with the bridged metallocene compound (A) is
not used as the component (B) for constituting the olefin
polymerization catalyst of the present invention, as described
above. Therefore, among [cl] te [c4], [cl] and [cZ2] only are
employed for the preferred components (B). |
[0057]

The o¢lefin polymerization catalyst of the present
invention may furthez‘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 crgancaluminum oxy

~ compound, (b-2) the compound capable of forming an ion pair by

reaction with the metallocene compound (A}, and (b-3) the

organcaluminum compound, if necessary.
[0058]

(C) Carrier

The carrier (C) optionally used in the present invention

(hereinafter sometimes abbreviated to “component (C)”) is an
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solid. Examples of the inorganic compound are porous oxides such as
Si02 and A1203; inorganic halides such as MgCI2, MgBr2, MnC12 and
MnBr2; clays, clay minerals or ion exchange layer compounds 5 such as
montmorilionite, Vermiculite, pectolite3 teniolite and synthetic mica. [0059]
Examples of the organic compounds are granular or fine particulate

. organic solids having a particle diameter of from 10 3 to 300 m, preferably

10X 3§ 300°M CSPEEE Semnples thefsol mayrintlubie(co)pdlynrers: whichilate
essentially comprise an a-olefin of 2 to 14 carbon atoms such as

solgfhylefeipropylers, tisutarer aad 4aethyldwentene, Kcojpolymelsies such
which essentially comprise vinyl cyclohexane or styrene; and polymers

as hatingad 5 pofar functionalgroupobtairablesyhcepolinetizingoB graftMnCl,
polymerizing these polymers with a polar monomer such as acrylic acid,

andainfic acid lester, or ifeitiandydride cor modifedipohyeetsthereabmpounds
[0060] 20 The polymerization catalyst of the present invention may

suctoatainaniorganicicompeund eomponént®) (herainafterssometingsite and
abbreviated to "component (D)"), if necessary. The component (D) is

s ynbisetincondécto. control the polymerization capability and the physical
properties of the obtainable polymer. Examples 38 of the component (D)

[ 0 C&]alcohols, phenol compounds, carboxylic

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 um. Specific examples thereof
may include (co)polymers, which essentially comprise ana~olefin
of 2 to 14 carbon atoms such as ethylene, propylene, l-butene
and 4-methyl-l-pentene, {co)polymers, which essentially
comprise vinyl cyclohexane or styrene; and polymers having a
polar functional group obtainable by copolymerizing or graft
polymerizing these polymers with a pelar monomer such as acrylic
acid, acrylic acid ester or maleic anhydride, or modified
poclymers thereof.

[0060]

The polymerization catalyst of the present invention may
contain an organic compound component (D) (hereinafter sometimes
abbreviated to “component (D)”), if necessary. The component
(D} is used in order to control the pclymerization capability

and the physical properties of the obtainable polymer., Examples
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acid, phosphorus compounds and sulfonic acid salts. [0061] Next, the
process for preparing the polymerization 5 catalyst for producing the
syndiotactic propylene polymers, which catalyst comprises the
components (A) and (B) , and optioﬁ@ly the component (C) and/or the
component (D) is described. Further, the method for adding them to a

£ +R Iyg‘n rizer _is,alsq described. ch 062{:h hen.the polymerjzation catalyst
° cc%mp?%gg%ﬁytth%eg )céarﬁgo%eﬁ? ( Qasn'd eeg‘oor%p"c:)cr?:ealg?t)é By°& brSééCgsofgg’ Hic

.daddin the com onentsﬂf\ nd B{%toap lymerizer simultaneously or in
2 Hn %rrl%)itsrgpyOSP er s emp o]%/cgsd. r(P issblr%gggs%cat?é:ajs(f[?\ﬁgﬁs‘
ponents of the catalyst components may be previously contacted.
100 é“ . . ay .
('f:&o 63] In carrying out the solution polymerization of propylene singly or

in which pro%) lene.is contained as essential 20 component,

mopomers , in . 7 ent,
by USiNG the poTlymBRZ &0 catalyst, e ésipoient(AY is BiSedRian zation

ount of from 10-9 to 10-1 mol, preferably 10-8 to 10-2 mol per 1 L of
°224hd Feactich VBT 10564 e cofiforfet A5-4F istiseaiin Hhearodntne rs

. such that the molar 39 ratio [ (b-1) /M] of component (b-1) to all transition
Whlﬁﬁeuﬂ%ﬁg%%St comprises the components (A) and (B}, and

optionally the component (C) and/or the component (D) is
described. Further, the method for adding them to a polymerizer
is also describéd.

[0062]

When the polymerizaticn catalyst comprises only the
compconent (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 propylene
singly or monomers , in which propylene is contained as essential
component, by using the polymerization catalyst, the component
(A} is used in an amount of from 107° to 107! mol, preferably 107°
to 1077 mol per 1 L of the reaction volume.

[0064]

The component (b-1) isused in an amount such that themolar
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M in the component (A) is usually from 0.01 to 5, 000, preferably 0.05 to
2,000. The component (b-2) is used 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) 33 usually from 1.0 to 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
rat jfomemin/the ednipotient ¢AYis Bsually-froal 1 tork0)800; iprefersibiyi latooms
10 5,000. [0065] Inert hydrocarbon solvent and Amount of solvent in
M impslymerzaionExanplest of thelmkltvhydrocafbchlsolvent U8ed inthéelmbly
production process of the present invention may include aliphatic
0. OhydrocarBéis sudth as propame; iutdie, entane; hestane, heptane;nt such
octane, decane, kerosene, hydrogenated naphtha and ISOPAR-E (Trade
thaMarkpsolvéat{mixed solVeéit-Qf C841 2 dliphatin) mvailablebyiExxemmponent
Chemicals; alicyclic hydrocarbons such as 20 cyclopentene, cyclohexane
(b-2ahdmethylcyclopestanie; andsaramadicchydracarbonssuchras-benzenes) is
toluene and xylene. Among them, hydrocarbons having 5 to 12 carbon
usualdrgs drecpreferred. tmthe, presentdaeantioanit s important thaf when therne
inert hydrocarbon solvent having at least one structure selected from 40
compdaranched sgyctuse (ledy, asingstauciure:(kscnd88+ 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.
[0065]

Inert hydrocarbon solvent and BAmount of solvent in

polymerization

Examples of the inert hydrocarbon solvent used in the
production process of the present invention may include
aliphatichydrocarbonssudnaspropan@,butane,pentane,hexane,
heptane, octane, decane, kerosene, hydrogenated naphtha and
ISOPAR-E (Trade Mark) solvent (mized solvent of Cg1; aliphatic)
available by Exxon Chemicals; alicyclic hydrocarbons such as
cyclopentene, cyclohexane and methylcyclopentane; and aromatic
hydrocarbons such as benzene, toluene and xylene. Among them,
hydrocarbons having 5 to 12 carbon atoms are preferred. 1In the
present inventicn, 1t 1is important that when the inert

hydrocarbon solvent having at least one structure selected from
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aromatic ring structure (k-3) in the molecule is used as the inert
hydrocarbon solvent, the equilibrium melting temperature (TM) can be
decreased, and as a result, homogenous continuous solution 5
polymerization reaction can be carrie¢iCout without high temperature
conditions. The present inventors considered that this is because, in the
bsolvent having at least one structure selected from the structures (k-1) to
3 OERCARE sBlubtity pafamidter (81) Bf theSdIvehtieprasentet by thednd an
formula (Eg-1) 10 to be described later approaches to the solubility ‘
2 ONArmeter 11576 MPa1%) o & symdiotaEiiropyleRe. fofyiRer Heddibédert
N in Carl L. Yaws, "Chemical properties Handbook" Chapter 14,
YANREGraBRAiIF 19887 and/or thé blar vl (V-0F Hhe sbRBRE T8 s, (Tw)
The pbranched structure (k-1) is a structure having 15 a ternary carbon
can e K BeGEemaR carbBm & BThE Weme REuE G (kiDe Becyelicit L on
polymethylene skeleton. The solvent preferably has three structures of
Polyme biriehe@struchire (kon), thelyche sttiuré F2) @it thellieain thal oh
structure. The linear chain structure is a structure such that at least three
LempYLAsihyRSKEIEDAS fink Heamr@aaidy itis tot atyclienstigbine). that
0066; The three kinds of structures (k-1) to (k-3) may be present in the
thigahfe kRt or plirahfofkeclies: Fromthaviewpoinest ofravaiiability;ure

three kinds of hydrocarbons, namely the
selected from the structures (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 solubility parameter
(15.6 MPa'’?) of a syndiotactic propylene polymer described in
Carl L. Yaws, “Chemical properties Handbook” Chapter 14,
MceGraw-Hill, 1889, and/or the moclar volume (V1) of the solvent
is small. The branched structure (k~1) is a structure having
a ternary carbon atom or a quaternary carbon atom. The cyclic
structure (k-2) is a cyclic polymethylene skeleton. The solvent
preferably has three structures of the branched structure {(k~1),
the cyclic structure (k-2) and the linear chain structure. The
linear chain structure is a structure such that at least three
methylene skeletons link linearly (namely it is not a cyclic
structure)}.
(00661

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

in the same moclecule or plural molecules. From the viewpoint
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branched hydrocarbon (y-l) 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 5 chain hydrocarbon
appropriately and then submitted to uge. 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
of prefetalsle o LisE . the-hroatis hydrocarbont(y<d) dravirioothe aromaticl y  the
cyclic 10 structure (k-3). However, the use thereof does not limit the
bragrsedt invéatior asdong las-dquipmentstakindg saffictent neeasuresifar, the
the environmental problems and the health problems for human body are
Cy Cgseada[00s73 5 Preferable axamples 2f the sohvertsarglinerst ructure and
hydrocarbons containing at least 90 % by volume of at least one
thehydrovarbonh gelectegifram cyclddentane; erhexaneyisdhexane,th a linear
methylcyclopentane cyclohexane and n-heptane. [0068] 20 Although the

chaamdur 0f the nert yydrogarhert sdlyeat dsedeis imited hydactersisuch as-on
miscibility of the solvent with a monomer, the solvent generally is fed

thecortirudusly éwvan amoudt such daaidhe Palymer €9nten! P& environment
polymerization solution unit volume in a polymerizer (hereinafter, simply

andabbrewadteddo 42: "palymiet content {PE) 9 is from 89410 800+ 1 of the
preferably 10

human body for production workers, it is not preferable to use
the aromatic hydrocarbon (y-3) having the aromatic 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 problens
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 cyciopentane, n-hexane, isohexane,
methylcyclopentane cyclohexane and n-heptane.

[0068]

Although the amount of the inert hydrocarbon solvent used
is limited by factors such as miscibility of the solvent with
& monomer, the solvent generally is fed continuously in an amount

such that the polymer content per polymerization solution unit

volume in a polymerizer (hereinafter, simply abbreviated to
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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 not more than 5
g/L, the production speed capable of enduring 5 practical production
cannot be attained, while when it is o¥ér 500 g/L, it is possible that a part
of the polymer is deposited during the polymerization to hinder the regular
“ ontinuous-polymerization. Therefore, the concentration, departing from
po%?’é“%ﬁo\%’?gﬁéyétigﬁ p?%fé%ﬁé% TheVolametacidn (gt erably 10
/Lnon-%i%ensggnal unit of theronmer in the formulaéEa-l) or the formula
97 - (ER-2)Cary b cBiveHET foths Hdlyercartent BPE Y Gshilthe fdtsitiar 1 ng
£h of the rfﬂ;})olkgmer and the solvent. [0069] 15 In thevfgjreferred embodiment of
® th& B8fLtidn FOmERZETS “Staf te Dradibriing tB:6e redenpiveRtigRtion
. theinert hydrocarbon solvent, the solvent amount and the polymerization
s %8%6@5&%“@%5, Srd thé BEuRBRTRThe R RPRSE RN Herivddr ing
from the following formula (Eg-2) satisfy the following 20 formula (Eqg-i),
PfaﬁFéféPaleﬁé‘m?bWﬁg FoHitS (B§-B § Livbree preférably thagslidwings over
formula (Eg-i" ) . That is to say, it is very important in the present
500 3/dtichtthat the $iere Hydrbedrbarrsoientiaid the sslvearamouiteps i ted
determined in order that the polymerization temperature (TR) determined
durphgne 43hmethdertoecddstiibed later isalwaysinigher thatitkee regular

continuous-polymerization. Therefore, the concentration
departing from the above range is not preferable.

The volume fraction (vy) of non-dimensional unit of the
polymer in the formula {(Eg-1) or the formula (Eg~2) can be
converted to the polymer content {PC) using the densities of the
polymer and the solvent.

[0069]

In the preferred embodiment of the solutionpolymerization
step (P1) according to the present invention, the inert
hydrocarbon solvent, the solvent amount and the polymerization
temperature (Tx), and the equilibrium melting temperature (Ty)
derived from the following formula (Eg-2) satisfy the following
formula (Eg-1l), preferably the follewing formula (Eg-17), more
preferably the following formula (Eg-1’’). That is to say, it
is very dimportant in the present invention that the inert
hydrocarbon solvent and the sclvent amount are determined in

order that the polymerization temperature (Ty) determined by the
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temperature which is 45C lower than the equilibrium melting temperature
(TM) [0070] 5 [Formula 1] TM - TR 45C ... (Eg-1) [0071] [Formula 2] TM -
TR <43C ...(Eg-i") 10[0072] [Formula 3] TM - TR <40C ... (Eg-1") 0073]
[Formula 4] 6,700 + 49X(6 15.6)2 X (3+,)2 Tn~_49 X R x (1 'v2) + 6,700
---- (Eg-2) 5V, T.[0074] T,,: Equilibrium melting temperature [K] Tm:
Melting point of syndiotactic propylene polymer [K] Si: Solubility

metharhmeter bksolertiMPad 112420V 1t Molai walyme bf solyent than the

[cm3/mo v2: Volume fraction of syndiotactic propylene polymer [-] R: Gas

tempenstant/KmofTheformatta (Ea:2)isdesived by substituting the.fusion: | ng

temperature (Ty).

[0G70]

[Formula 1]

TM - TR L 45°C (Eq*l)

[(0071]

[Formula 2]

Ty — Tz £ 43°C - (Eq-1")

[0072]

[Formula 3]

Ty — TR < 40°C (EC_{“‘]_”)

[0073]

[Formula 4]

6,700 + 49X (8 ;—15.8F X (1—v,)

TM = A9%xR .  @&9nn 0 e (Eq")}

; X (I—v, + __._.?...'ZE_Q.“__

Vi m
[0074]
Ty Equilibrium melting temperature [X]
T Melting point of syndiotactic propylene polymer [K]
81: Solubility parameter of solvent [ (Mpa)>/?)
Vi Molar volume of solvent [cm’/mol]
vyl Volume fraction of syndiotactic propylene polymer [-]
R: Gas constant [J/K-mol]

The formula (Eg-2) is derived by substituting the fusion
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44 enthalpy 4H" (6,700 J/mol) of syndiotactic polypropylene measured by

the present applicant, the molar volume value V,; (49 cm3/mol) of a unit

of the polypropylene represented by the following formula (IX) and the

published solubility parameter 5 62 (#3.6 J/mol) of the polypropylene for

the formula (Eqg-3) derived from the Flory-Huggins theory about

solution-solid equilibrium of polymer. [0075] [Formula 5] A Hu + V, X (S
enthakRyy %%R-v)&TR/P\C), R &-L-—-0 (E§ @) DG EARY ¥<10 88 M H{ooPs]Lene

Chem. 9] Cr [,-CH 'CT) (IX) [0077] 15 In the table 1, supposing that the
m@a}[s% ??eﬁ?éfaﬁ&? RifF&atufPiRI56€ Bhd the HElgmer voldrssracibasvsy (49

5Js 0,10 ghe polymer concentration corresponds to 86 g/L) and 0.15 (the

c/iiyrer-tonBeritration TorreEforids 1y 229N TR siRPiRS fsHperakire the

difference (TM-TA) concerning typical hydrocarbon 20 solvents were

ol caltuhited ARtHe Talddiation dhéolRFvdlufeed sclubility parameter
S (15.6 J/mol}.of the polypropylene for the formula (Eg-3)
derived from the Flory-Huggins theory about solution-solid
equilibrium of polymer.

[0075]

Formula 5)

AH, 4 V(8§ = 6 F X (—y)

TM - V ¥R ﬁl """""""""" (E '3)

77 X vy A el !

V; Tm
[0076]
[(Chem. 9]

—CHy~CH—

cH, o m— 1%

o071

In the table 1, supposing that the polymerization
temperature is 50°C, and the polymer volume fraction (v,) is 0.10
(the polymer concentration corresponds to 86 g/L) and 0.15 (the
polymer concentration corresponds to 129 g/L), Tw and the
temperature difference (Ty-Tz) 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,

L)
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(V1) of the solvent and the solubility parameter (61) of the solvent were
taken from the values described in Carl L. Yaws, 45 "Chemical Properties
Handbook", Chapter 14, McGraw-Hill, 1999. When the polymer volume
fraction (v2) is 0.10, solvents suitable4 to the formula (Eg-1) are fifteen
kinds of solvents including spiropentane, cyclopentane, isopentane,
n-pentane, benzene, 5 cyclohexane, methylcyclopentane, n-hexane,
“Chenlditdethyityelopehtaie nGss 2 dimetiyicyetopdritands Graw-Hi1l, 1999,
trans-1,2-dimethylcyclopentane, cis-1,3-dimethylcyclopentane,
Wherdrsel, BaliveehyIeyclspentares eftiicyclopehtafie afid solvents suitable
methylcyclohexane. However, from the table 1, it is found that 10 when
Lo Wepélyniee concBatration isintiddasedandivis G I5sthevsuitabléncluding
solvents are limited to the six kinds of solvents including spiropentane,
spigypsieparnane, repentapenbenzene; syclehexare and-pentane, benzene,
“methylcyclopentane. The scope of the claims of the present invention are
cychohkmited:by the hydrocansor:15 compourds:-described in Table t,-whichne,
are shown as one example of the calculation method. 46 [0078] [Table 1]
1, 1{Tabte thy2eve lo@m@4be Polymer Rolymer, 2-dimethylceyclopentane,

trans-1,2-dimethylcyclopentane, cis-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 v; is 0.15, the
suitable solvents are limited to the six kinds of solvents
inciuding spiropentane, cyclopentane, n-pentane, benzene,
cyclohexane and methylcyclopentane. The scope of the claims of
the present invention are not limited by the hydrocarbon
compounds described in Table 1, which are shown as one example

of the calculation method.



Typical names concentration concentration of hydrocarbon compounds =
6/L=129¢g/L TM[C]T.-TR[C]TM -C] TM -TR[C] spiropentane 73.35
23.35 77.15 27.15 cyclo entane 74.97 24.97 78.65 28.65 isopentane
93.69 43.69 96.44 46.44 n entane 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
methylcyclopentane 85.76 35.76 89.17 39.17 2,2-dimethylbutane 102.18
{0085 18 104.55 54.55 2,3-dimethylbutane 97.16 47.16 99.97 49.97

n-hexane 94.71 44.71 97.77 47.77 2-meth 1 entane 97.62 47.62 100.43

[TaBd=13l B-meth 1 entane 95.45 45.45 98.41 48.41 toluene 97.14 47.14
99.19 49.19 c clohe atane 95.17 45.17 97.92 47.92

[Tak ledinethylcyclopentane 93.78 43.78 96.92 46.92 cis-1,2-dimeth Ic clo

entane 93:0743:0796:20-46-20-trans-1;2-dimethyleyelopentane-94.03

44.03 97.16 47.16 cis-1,3-dimetth-teyeld ertather04.49-44.49.076 £ 4%:68

trans-1,3-din eth Ic clopentane 94.26 44P§é3§56§8 47.38 Polymer

sisle tafe 93.97 43.97 97. OEW@ﬁtﬁ%ﬂﬂ&yclohex&ﬁ@@@@latlon
%k%ﬁj §8C§f 6?[@5535%1%eth 1 entand 1896854 05 107.38 57.38% /L
TM[OC] Ty — T [°C] | TWI®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 46.44
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
methyleyelopentane 85.76 35.76 89,17 39.17
2, 2-dimethylbutane 102.18 52.18 1 104.55 54.55
2, 3~dimethylbutane 97.16 47.16| 99,97 49.97
n-hexane 24.71 44.71 97.77 47.77
2-methylpentane 07.62 47.62 | 100.43 50.43
3-methylpentane 25.45 45.45 98.41 48.41
teluene 97.14 47.14 9%.19 49.19
cyclohepatane 95.17 45.17 97.92 47.92
1, 1-dimethylcyclopentane 23.78 43.78 96.92 46.92
cis-1, 2~dimethylcyclopentane 83.07 43.07 96.20 46.20
trans-1, 2-dimethylcyclopentane 94.03 44.03 97.16 47.16
cis-1, 3-~dimethylcyclopentane 94,49 44.4% 97.61 47.61
trans-1, 3~dimethyleyclopentane 94,246 44 .26 97, 38 47.38
ethylcyclopentane 93.97 43,97 97.04 47,04
methylcyclohexane 93.51 43.51 96.61 46.61
2, 2-dimethyipentane 104.95 54.85| 107.38 57.38
2, 3~dimethylpentane 100.52 50.52 | 103.32 53.32
Z, 4-dimethylpentane 104,44 54 .44 106.94 56.94
3, 3-dimethylpentane 102.09 52.09] 104.74 54.74
3-ethylpentane 95.63 49.63 1 102.49 52.49
n-heptane 100,32 50.32 ] 103.18 53.18
2-methylhexane 101.57 51.57 104.34 54.34
3~methylhexane 100.54 50.54 1 103.37 53.37
2,2, 3~trimethylibutane 103.62 53.62 | 106.12 56.12
[0079]

When the solvent to be submitted To sclution
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2,3-dimethylpentane 100.52 50.52 103.32 53.32 2,4-dimethylpentane
104.44 54.44 106.94 56.94 3,3-dimethylpentane 102.09 52.09 104.74
54.74 3-ethylpentane 99.63 49.63 102.49 52.49 n-heptane 100.32 50.32
103.18 53.18 2-meth lhexane 101.5251.57 104.34 54.34
3-methylhexane 100.54 50.54 103.37 53.37 2,2,3-trimethylbutane 103.62
53.62 106.12 56.12 5 [0079] When the solvent to be submitted to solution
POL S bk AterZRtiors COMPLSES at Reast tWeAdids dfiert ‘Hydfscarbons, farert
example in the case of two hydrocarbons, it is possible to determine the .
hyAEgGibRaRrmefivg e Afire ATM)euSiAG the folloviang Fotrnia (Bgmy., it
. 5[0080] [Formula 6] j AFI~-V"wiv2(S, 8J2_(, +vz)lvi(ai 6n)2+v2(5,-a 4H
5 PRPGIRAD TR T S EGRAY 68 1A Hhe formma (Edqr), mparatiMe (Ty)
and R are the same as 10 those in the formula (Eg-3) , vl and v2 show
US 138I0rhE frittdiidm thefaIvEnREL ARETHe solvent 2 respectively, Vi and

V2 show molar
[0080]

[Formula 6]

7 AH, -V, [vxvz (51 - 51)2 - ("1 + "2){"1 ("51 “"5;9 )2 *‘ﬁ(‘% "5;))2 }j

M .

Ay R vy |

r,o )  Egd)
[0081)

In the formula (Eg-4), AH.,, Vu, Ty and R are the same as
those in the formula (Eg-3), v, and v, show volume fractions of
the sclvent 1 and the solvent 2 respectively, V, and V. show molar
volume of the solvent 1 and sclvent 2 respectively, and 3, &,
and &, are sclubility parameters of the solvent 1, the solvent
2 and syndiotactic polypropylene, respectively.

The equilibriummelting temperature Tyof the mixed solvent
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.

[o082]

In the particularly preferred embodiment of the solution

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

volume fraction (v;) of the syndiotactic prepylene polymer in
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volume of the solvent 1 and solvent 2 respectively, and bl, 62 and 5p are
solubility parameters of the solvent 1, the solvent 2 and syndiotactic
polypropylene, respectively. 15 The equilibrium melting temperature TM of
the mixed solvent used in the examplg or the comparative example to be
-described later is determined using the formula (Eg-4) and the partially
expanded formula thereof. [0082] 20 In the particularly preferred
thegmpsdirentofthe dolution folyMerizatiorbstepRifaceording tatheo 0. 40,
present invention, the volume fraction.(v2) of the syndiotactic propylene
morgoRmFdran a8l thé farmtla (Eg32).is fiorar0.086 todl sty epreferablydh 0140 is
0.40, more preferably 0.15 to 0.30. When the volume fraction (v2) is less
Lesthann@.008, heprodoetianrspiectisdow anddhereby the produelichreby the
process is hardly carried out industrially. On the 5 other hand, the volume
profactiorr(v)oves §:50 decreasks the rangel of seleetionsehthe available, the
solvent, which satisfies the formula (Eg-1) of relations of the equilibrium
othmehiagdieriperature(EMy detetmined frosvthe forpwlae(Ege2)sandihe range
polymerization temperature (TR) Therefore, the volume 10 fraction (v2) of
of owelrdr50 snat prefered {083 [le2] RalymearzatignNFacesserie s the
"solution polymerization" according to the present
formula (Eg-1) of relations of the equilibrium melting

temperature (Ty) determined from the formula (Eg—~-2} and the
polymerization temperature (Tg). Therefore, the volume
fraction (vy) of over (.50 is not preferred.

[0083]

[i~-2] Polymerization process

The “sclution 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 polymers substantially
dissolved in the inert hydrocarbon solvent completely but also
partially heterogeneocus solution polymerization such that
polymerizationjjscarriedoutjj1awhite—turbiditystatejjlwhich
fine polymers are deposited partly. As the homogeneity of the
solution, namely the transparency is higher, in the
polymerizaticn, it is gasier to carry out solution
polymerization of syndiotactic polypropylene according to the

present invention and to carry out the continuous production by
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invention includes not only completely homogeneuous solution 15
polymerization such that polymerization is carried out at a specific
temperature in a condition of polymers substantially dissolved in the inert
hydrocarbon solvent completely but alsp partially heterogeneous solution
polymerization such that polymerization is carried out in a white-turbidity
state in which 20 fine polymers are deposited partly. As the homogeneity
theofheusslbtioncramelyitha ramsparendy ishigher in tHeh polymerizationg of
it is easier to carry out solution polymerization of syndiotactic
opepalypropyleneatectdingad the presentinveptdnyand tocarpeutdhecased.
continuous production by 49 the solution polymerization, and moreover,
Thetrelscturrehite of wpeyationirouble dausedbyi deposited polyfiars€an berhe
decreased. Therefore, the homogenous condition is more preferred. The
Preprsent imaritioprisinotlimitéd to tedsolutionepelyimerizatiopSlird rizat ion
complete homogeneous condition as long as polymers having aimed
in gualitycasrbe robtained 6084-Menomes(s) asethinghe sottiofme rs having
polymerization step (P1) of the present invention is propylene only or a
aimeikeghelefin y1@ sanipsisinigtarjptepylene as an essential component. In
the present invention, the meaning of "essential component" is defined by
[ 0 Othe)fact that the propylene concentration in the mixed olefin is not less
than 50 mol%, preferably not less than 70 mol%,

Monomer (s) used in the sclution polymerization step {(P;)
of the present invention i1s propylene only or a mixed olefin

comprising or propylene as an essential component. In the

~present invention, the meaning of “essential 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 mol%. It is possible to
optionally use, as the other oclefins other than propylene,
olefins having 2 to 10 carbon atoms such as ethylene, l-butene,
Z—buténe, l-pentene, 3-methyl-l-butene, l-hexene, l-heptene,
l-octene, l-decene, 3-methyl-l-~pentene, 4-methyl-l-pentene.
From the viewpoint of availability, ethylene, l-butene, l-hexene,
l-octene and 4-methyl-l-pentene are used. Furthermore, in the
sclution polymerization of the present invention, it is possible
to use a known molecular weight modifier such as hydrogen
molecule or the like.

[0085]
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more preferably not less than 80 mol%. It is possible to 15 optionally use,
as the other olefins other-than propylene, olefins having 2 to 10 carbon
atoms such as ethylene, 1-butene, 2-butene, 1-pentene,
3-methyl-I-butene, 1-hexene, 1-heptérie, 1-octene, 1-decene,
3-methyl-lI-pentene, 4-methyl-I-pentene. From the viewpoint of availability,
ethylene, 1-butene, 1-hexene, 20 1-octene and 4-methyl-I-pentene are
use%r.‘ Firhermore S the SATtSH PO MeriZ4tichy BfiHe sresém invemiorene
it is possible to use a known molecular weight modifier such as hydrogen
PoLyfSiec % cﬁktﬁe%F@.S[%BESPW?HTH@&OC%%§ fSipteaGciRg tfe 1cs in the
syndiotactic propylene polymer of the present invention, the
pr o%%ﬁ?act(éﬁstﬁgqn the - Protess SNy SEIfidR pbRmeRsaton skep (Payarethe
the following two points. 5 [0086] 1) The step is carried out by the solution
Lol OR/RérZitfor® f0087% 2) The polymerization is carried out at a
temperature in the specific range. 10 [0088] Each of the characteristics is
[00&fakcribed in detail below. [0089; The polymerization step (P1) of the

present invention is
1) The step is carried out by the sclution polymerization

[0087]

Z) The polymerization is cairied‘out at a temperature in
the specific range.
[0088]

Fach of the characteristics is described in detail below.
(00897

The polymerization step (P1) of the present invention is
carried out in a solution condition, preferably continucusly.
That is to say, in the polymerizaticn step (Pﬂ; propylene singly
or monomers in which propylene is contained as the essential
component, the solvent and the polymerization catalyst are
continuously fed each alone or mixed into a polymerizer with
forced stirring capable of attaining complete mixing, to carry
out polymerization, and then the polymer solution is taken out
continuously, and transported to the post-treatment step (Py)
as described later. In the polymerization step (Py),
polymerization temperaturs is regulated by removing

polymerization heat generated in such a way that vapor, in the
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carried out in a solution condition, preferably continuously. 15 That is to
say, in the polymerization step (P1) , propylene singly or monomers in
which propylene is contained as the essential component, the solvent and
the polymerization catalyst are contingously fed each alone or mixed into
a polymerizer with forced stirring capable of attaining complete mixing, to
carry 20 out polymerization, and then the polymer solution is taken out
polggntinvotsly, afdd trassporedtotiie postitrbathentstéy ¢P2) as passed a
described later. In the polymerization step (P1), polymerization
conggnseratire eregulaedsmndremoving hpelymerizatiorsheapganerated inn the
such a way that vapor, in the 51 polymerizer, of the monomer(s) and the
gassplventispassed A tdonderisende be €ondensedthraugh apipravbeseiensed
opening is in the gas phase space of the polymerizer upper part, and the
solgondensedr solutiordsretuinedta theepalyraerizenand sherebyevaporation
evaporation 5 latent heat is removed. [0090] In the continuous
lat polyntesization, theravesage retention time, which varies depending on
conditions such as the shape of the polymerizer, the catalyst type, the
[ CO@étalyst concentration 10 and the polymerization temperature, is generally
from 5 min to 4 hr, preferably 10 min to 3 hr, more preferably 15 min to

2.5 ht. PO91¢ontinuous polymerization, the average retention
time, which varies depending on conditions such as the shape of
the polymerizer, the catalyst type, the catalyst concentration
and the polymerization temperature, is generally from 5 min to
4 hr, preferably 10 min to 3 hr, more preferably 15 min to 2.5
hr.

[0091]

As the continuous polymerizer, one polymerizer may be used,
or two or more polymerizers may be 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 (Tq) varies depending
on the polymer content (PC) per volume of the polymerization
solution in  the ©polymerizer as described later, the

polymerization is carried out at a temperature generally from
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As the continuous polymerizer, one polymerizer may be 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
of attaining different polymer propertigs. [0092] 20 In the polymerization
step (P1) of the present invention, although the polymerization
30° temperature (TR) varies dependirg% on the polymer content (PC) per u
Voltimé oF tie pBiyfietization Siufiori e bdlymBrzer a3 aésaitfelly 40°C
Ié%;—:‘é,nthe polymerization is carried out at a temperature generally from 52
t&ZSOCf’,‘}/?)?é]ferBBE/ 4BBTIBDOVE Ffore Freféritty 401 as 156CC,  the
When the temperature is lower than 30C, the possibility that the amount
Pos{tadpodited peIynidre RuReeased ByRREMEREr BRieYRaTisturbaneca e sed
the polymerizer is 5 increased, and the polymerization temperature is
BY  [Higély BRdercio the Towerimitérths Bptiftemm témpékeureof theerizer is
~ post-treatment step (P2) to be described later. On this account, itis
INCHaREsShry B ripRyP4 tethpsiatarelintraasingestep befores the podimyennder
solution is continuously fed to the post-treatment 10 step (P2) and thereby
Lo prdcesslevtnomyistéften damaged. Accotdingly, thertemperatiee of £ the
lower than 30C is not preferable. When the temperature is over 250"C,
PO Shéress arpussibitigptiat therral decompositiohaf ¢he polymet itselfiscunt,
induced.
it is necessary to employ a temperature-increasing step before

to

the polymer solution is continuocusly fed to the post-treatment
step (P} and thereby process economy is often damaged.
Accordingly,thetemperaturecﬁflowarthanBO“C:Usnotpreferable.
When the temperature is over 250°C, there is a possibility 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 (P1), the polymerization
temperature (Tp) preferably satisfies the fellowing formula

(Eg-5), more preferably the following formula (Eg-6). When the

_solution polymerization progresses at a polymerization

temperature satisfying the formulas, the solution is always kept
homogeneously during the polymerization, and thereby the
continuous production can be attained without troubles which

disturb continuous operation, caused by deposition of €olid
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Accordingly, the temperature of over 250C is not preferable 15 also.
0093] In the polymerization step (P1), the polymerization temperature
(TR) preferably satisfies the following formula (EQ-5) , more preferably the
following formula (Eqg-6). When the 2@ solution polymerization progresses
at a polymerization temperature satisfying the formulas, the solution is
always kept homogeneously during the polymerization, and thereby the
PO L @BRtifuoGs prodachén eanliss gttaitiedanith bitaroublds which disturbpylene
continuous operation, caused by deposition of solid 53 polymers, such as
PO L Wi Sloggingand B syndiveactic probylerne Ipelymers havingystablepared.
qualities can be constantly prepared. [0094] (Tmin - 45) < TR < (Tmin +
[CO%H) ... (Eg-5) 5 (Tmin - 40) < TR < (Tmin + 40) ... (Eq-6) In the formulas
(Eg-5) and (Eg-6), Tmin ("C) is the lowest temperature of when the
solution viscasity ahdthe témperdflire, of asyndiotactic prapyiene
polymer solution generated by solution polymerization show a linear
relationshifi=i:min 10 usvallyz shows.a differens value depenging on the
polymer content (PC) or the molecular weight of an aimed syndiotactic

propylenke polymer]l Normiadly Stheslowest senaperatyre Tmin, atwhigh theye st
temperature and the solution viscosity satisfy the linear
temperature of when the solution viscosity and the temperature

of a syndiotactic propylene polymer solution generated by
solution polymerization show a linear relationship. Trin
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 viscosity satisfy the linear
relationship is determined by a method of separately preparing
an aimed syndiotactic propylene polymer in a small scale and
measuring a relationship between the temperature aﬁd the
solution viscesity of the polymer content {PC) of the designed
polymer, or by using relationships such as a2 known Mark-Hauwink
formula. For example, Fig. 1 shows the fact that in the
syndiotactic polypropylene having an intrinsic viscosity [n] of
1.6 di/g and a melt flow rate (MFR) of 4 g/10 min, when PC is
200 g/L, Twn is 83°C, when PC is 100 g/L, Tma is 80°C, when BPC
1s 50 g/L, Tmin is 70°C, and when PC is 30 g/L, Tnin 18 62°C, and

further, when in each polymer concentration PC, at a temperature
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relationship is determined by a method of separately preparing 15 an
aimed 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; gpolymer, or by using relationships
such as a known Mark-Hauwink formula. For example, Fig. 1 shows the
fact that in the 20 syndiotactic polypropylene having an intrinsic viscosity

not[drefe 1.6 BHg ahda mdleflow ratel (MFR} of:4 gll0 ynian whemneP Ceisp20G ture
g/L, Tmin is 83C, when PC is 100 g/L, Tmin is 80C, when PC is 50 g/L,

havemin islZ0@ 2and Whed RO is 30mpL, Tmirisi62G and. further, whea inisual
each polymer concentration PC, at a temperature 54 not lower than Tmir"

po L ywesdlation viscosity and the tempemtlrenhave atinear skaightbneire (Ty)
relationship. In the usual polymerization operation, the polymerization

1s semperature () istseb tolze dnighidr than thereguilibrign spelirg ture (Ty) .
temperature (TM) . 5[0095] Therefore, the polymerization in the solution

[ 00pblymerization step (P1) is carried out usually in the following steps.
[0096] 10 [Step 1] The quality (Tm) of an aimed syndiotactic propylene
polyrherisidetermined 09 7h [Step<t Thednert hydrogarbam solvesbis; t 1 on
selected and the

polymerization step {P:) is carried out usually in the following

steps.
[00961

[Step 1] The quality (T, of an aimed syndiotactic
propylene polymer is determined.
[0097]

[Step 2] The inert hydrocarbon sclvent is selected and the
average melting temperature (Ty) is determined by substituting
the molar volume (V;) of the sclvent, the solubility parameter
(8) of the solvent and the volume fraction {(vo) of the
syndiotactic 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.

[0098]

[Step 3] The polymerization temperature (Tx) is determined
according te the formula (Eg-5}.
[0099]

[Step 4] When the relation between the equilibriummelting



10

15

20

average melting temperature (TM) is determined by substituting 15 the
molar volume (V1) of the solvent, the solubility parameter (b) of the
solvent and the volume fraction (v2) of the syndiotactic propylene polymer
for the formula (Eq-2) or the formulad€Eg-4). The volume fraction (v2) is
selected from the range of 0.005 to 0.50. 20 [0098] [Step 3] The
olymerization temperature (TR) is determined according to the formula
tem (%a%‘g)‘?fc?ogb“j“[’a“téiﬁff] \Wheer%mgyﬁa%ﬁbﬁ%‘éﬁﬁé’eﬁwgdﬁ%mﬁn Meltingoes
55 temperature (TM) and the polymerization temperature (TR) does not
not SHisty the IotmdR (EG-S, 250 ave Sip it peateERithS réspecti6d with
other solvent having different molar volume (V1) and/or solubility
re s nStAmeter (6 The polyhiérizatiorn ‘conditidrh eatiafyintrtha formmdiame (Vi)
(Eg-1) is determined by changing the volume fraction (v2) of the
and/Shderhehd propy e pBIyaTar idthe rdfige bPO Y0516 VB0 onbywagyihg on
the polymerization temperature (TR) in the range of inequality expression
satigtiie "rmia (EC5T1070166] The pelyRelisativhsiessure i thesing the
polymerization step (P1) is a value, which varies depending on the
voluyngyrhefigation tdiperatiiré of te Rfiotihe ofthe sotvart Lised arolicarebe in

the range of 0.005 to 0.50 or by varying the polymerization
temperature (Tg) in the range of inequality expression of the
formula (Eg-5).
(01007}

The polymerization 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 0 to 8 MPaG, more preferably 0 to
6 MPaG. -
(01013

(2] Post-treatment step (Py)

The process for producing the syndiotactic propylene
polymer of the present invention is characterized 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 opticnally heated

to the temperature range of not lower than the polymerization
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determined to the arbitrary range. Usually, the pressure is more 15 than 0
to 10 MPaG, preferably 0 to 8 MPaG, more preferably 0 to 6 MPaG.
[0101] [2] Post-treatment step (22) The process for producing the
syndiotactic propylene 20 polymer oftthe present invention is
characterized by, following the polymerization step (P1), preferably
carrying out the post-treatment step (P2) such that the polymerization
temBBRAbH rtansgorted fronsterpolymerizafidn step s optonadllycheatédetor is
the temperature range of not lower than the polymerization 56
disidmpératiicang héerighep tat250C iane thenthe solventds distilfled off . 5
by flash operation under a pressure of 0.00 to 0.5 MPa in a flash vessel.
MPa |nlthedranspeitaficire fromlthe tpolyhetzation:$tep(Py) td thee from the
post-treatment step (P2), it is 5 preferable to employ a method of
polympsperting the Potymér :solttioh(8) bysntraducingarhy droearbop, having 1s
5to 12 carbon atoms with pressure at an arbitrary position. As the
prehgdrearbonchasing 5o 32 carbbrdtoms, thessolvent same asithe ineltyner
hydrocarbon solvent submitted to the solution polymerization 10 reaction
so ligpreferably wgeth incthismethod, thedsolventbtemperaiure is sef tothearbon
range of from the polymerization temperature (TR) to TR + 50C. In the
atomgection torthedinesthe pressutecisaisually=set 1o a range frmiherocarbon

internal pressure

having 5 to 12 carbon atoms, the solvent same as the inert
hydrocarbon solvent submitted to the solution polymerization
reaction 1is preferably used. In this method, the sclvent
temperature is set to the range of from the polymerization
temperature (Tz) to Tp + 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.

(01027

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
continuous flash operation is carried out at a vapor temperature
in a flash vessel of from %0 to 250°C, preferably 90 to 220°C,
mere preferably 90 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 vapor flashed is discharged continucusly from the flash
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of the polymerization reactor to 10 MPaG. 15 [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 opgration 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, at an internal pressure of the flash vessel of
VESHEh 608 tbhGEMPat; praferabiz0.01r1d 0.3 MPaGy <Fhe waporfiashedred.
is discharged continuously from the flash 57 vessel and thereby the
Thenfolpiiercand tie solverdt dresecoveredt Theviashiaperation obthesase the
present invention can decrease the content of the solvent remained in the
conpglynerad thehsufficiertiyriow lewsicapable dfrpellgtizingtheypolymet.d the
Usually, the polymer obtained after flashing contains the solvent in an
sufaeunarsf votinerethar 200%:weight ppm, preferahly znetgmaredhan 1 ymer .
1000 weight ppm, more preferably not more than 500 weight ppm. [0104]
Usug0 rythetpost-reatyment obthe present infentionsasysteny; obeenteoling the
the temperature of the polymer solution continuously discharged from the
so 1 pelymenizenismpravidedin ordextoaregudate thevapartemperajurs-inthe 1 v

flash vessel to
not more than 1000 weight ppm, more preferably not more than 500
welight ppm.
[0104]

In the post-treatment of the present invention, a system
of contrelling the temperature of the polymer sclution
continuously discharged from the polymerizer is provided in
order to regulate the vapor temperature in the flash vessel to
the above range, and a pressure control device of controlling
the pressure of the polymer solution is provided. The polymer
solution satisfying a prescribed temperature and a prescribead
pressure (hereinafter, sometimes referred to as “polymerization
solution for flash” is prepared using the system and the device
and then continuously injected into the flash vessel. In the
continuous line of connecting the polymerizer and the flash
vessel, a heating system capable of heating with jacket steam
or the like and pressure controlling bulbs for controlling the
Dressure are usually provided. However, there is no limitation

on these systems in the present invention.
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the above range, and a pressure control device of controlling 15 the
pressure of the polymer solution is provided. The polymer solution
satisfying a prescribed temperature and a prescribed pressure
(hereinafter, sometimes referred to as&polymerization solution for flash
is prepared using the system and the device and then continuously
___ Injected into the flash vessel. In the 20 continuous 'line of connecting the
iOl?:)t%iymerizer and the flash vessel, a heating system capable of heating

with jacket steam or the like and pressure controlling bulbs for controlling

the%ﬁ%s%%?@%?@ﬁé‘u%lfﬁr&ﬁ&e@.%@%@%ﬁ@Hé%%@%ofmﬁitﬁﬁiéﬁl’bﬁs from
these systems in the present invention. 58 [0105] The temperature of the

100 selyhiér Soliticrifor #lask is Hfome £60°fo 280G: predéaibaiQ01o 226, 200°C.
more preferably 120 to 200C. [0106] 5 The pressure of the polymer

(01 &Blution continuously injected into the flash vessel is from 1.0 to 10
MPaG, preferably 2.0 to 8.0 MPaG, more preferably 3.0 to 6.0 MPa-G.
[0187vpEES et mperatrecdndtthe prasstiteofthe polyniers 10 delgtorted
for flash continuously injected into the flash vessel satisfy the above

inteatiges, Contihuges produttiofitan be. Carried 1 6uti@ectivetyrwitleoutb 1y 2.0
marring the qualities of resulting polymers in the post-treatment of the

to Prédsdftamentivnre preferably 3.0 to 6.0 MPa-G.

[0107)

When the temperature and the pressure of the polymer
solution for flash continuously injected into the flash vessel
satisfy the above ranges, continuous production can be carried
out effectively without marring the qualities of resulting
polymers in the post~treatment of the present invention.
[0108]

The polymer obtained by the separation of the monomer and
the solvent through the flash operation is pelletized by a
conventionally known method. For example, it is preferable to
employ the method which comprises an extrusion step of extruding
amolten polymer, which is continuously discharged fromthe flash
vessel into a strand state, through a nozzle of an extruder, a
cut step of preparing pellets by cutting the strand product
extruded with & cutter having a rotating blade, a cooling step
of cooling the cut pellets in a state of contacting with water,

and a dehydration step of separating the cocled pellets and water
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[0108] 15 The polymer obtained by the separation of the monomer and
the solvent through the flash operation is pelletized by a conventionally
known method. For example, it is preferable to employ the method which
comprises an extrusion step of extrudifg a molten polymer, which is
continuously discharged from the flash 20 vessel into a strand state,
b through a nozzle of an extruder, a cut step of preparing pellets by cutting
Y &iie® gﬁd%fdfﬁfé%&eé&ﬁﬁéa?\mh d euesraravifig a Retatimgibladeha present
. __cooling step of cooling the cut pellets in a state of contacting with water,
ANV ERE S dehyirdion o idiadparatiiyithecbbled pitlees dhe Watér5% by a
centrifugal dehydrator..However, the method in the present invention is
[0143¢ limited to the method described above. [0109] [3] Syndiotactic
on 5 process of the present
[37 ifyartio =X oPatESHYS e ENSEl Vot of thad bresent ieventichuct i on
generally has a skeleton derived from propylene in an amount of not less
PrOoQef£oQ mdloe peeteesily fromy 98 mial®% to 100 mol%, and satisfies all the
following properties [1] to [3], 10 preferably all the following properties [1]
to [6r&nd Furtisero has ekeellentangltiabitity, heatresistande, the present
~ transparency, blocking resistance and balance between mechanical
lnv%mﬁygﬁege@mig&éggﬂﬁs a skeleton derived from propylene in an

amount of not less than 90 mol$, preferably from 93 mol% to 100
mol%, and satisfies all the following properties [1] to 131,
preferably all the following properties [1] to [6), 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 %4%,

[Z] The intrinsic viscosity [n] measured at 135°C in decalin is
from 0.1 te 10 dl/g, preferably 0.3 to 7 dl/g, more preferably
0.5 to 5 dl/g.

[3] The melting point {(T,) determined by adifferential 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

150°C and not higher than 170°C, further preferably not lower
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[1] The syndiotactic pentad fraction (rrrr fraction) as measured 15 by
130-NMR is not less than 85%, preferably not less than 90%, more
preferably not less than 93%, further preferably not less than 94%. [2]
The intrinsic viscosity [r] measured at135C in decalin is from 0.1 to 10
dl/g, preferably 0.3 to 7 dl/g, more preferably 20 0.5 to 5 dl/g. [3] The
melting point (Tm,) determined by a differential scanning calorimeter is
thapot fower Bih 1250 prsferablyaiot IOWEE thars 148 Card not hitghesithan not
170C, more preferably not lower than 150C and not higher than 170C,
Lesfurter préferablyaiot loweér 60 ¢han 155€rantiSthigher than 170C,
especially preferably not less than 156C and not higher than 170C. [4]
[4 ] THeshleabsf fisibn(AHY) is Mot |éssitiugn 40gmIimgrptéferdblygnoblesserably
than 50 mJ/mg, more preferably not less than 52 mJ/mg, 5 especially
not pheferably diot €s8 tharus5mm3mg {5 Ehe isbtherpiallergstailization2 mJ/mg,
temperature T1lsas determined by a differential scanning calorimeter and
esp e sémii-crystallizatiohytimetin e sothermabrystallization tl/2 satisfy
the following formula (Eqg-7) , preferably the 10 following formula (Eg-8),
[ 5] ribre preferabty tledolfowmyformmulac(Easd)ir the range 11Q Fidst d60ined
(C) [0110] [Formula 7]
by a differential scanning calorimeter and the

semi-crystalliization time in the isothermal crystallization
tl/2 satisfy the following formula (Eg-7), preferably the
following formula (Eg-8), more preferably the following formula
{(Eg=9) in the range 110 £ Tii, < 1506 (°C).

[0110]

[Formula 7]

1.67 x 107 %exp (0.10x T e) S ti, < 5.56 x 107%xp (0.12 % Tis) (Eg-T)
[0111]

[Formula &)

A

1.67 x 107%exp (0. 10xTig0) Sty < 3.71 x 107%exp (0.12 X Tig) (Eg-8)
(0112}

[Formula 9]

1.67 x 107%exp (0. 10xTiso) € ti,2 £2.23 x 107%exp{0.12 x Tis) (Eq-9)
(011371

(6] The amount of a part soluble in n-decane is not more than
1 wt%, preferably not more than 0.8 wt%, more preferably not more

than 0.6 wt%.
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1.67 x 10-4exp(0.10xT s) 5 t1i2 5.56 x 10-4exp(0.12 x T153) (Eg-7) 15
[0111] [Formula 8] 1.67 x 10-4exp(0.10xT1s") t112 3.71 x 10-4exp(0.12 x
Tis) (Eg-8) [0112] [Formula 9] 20 1.67 x 10-4exp (0. IOXT s) <t172 2.23 x
10-4exp (0.12 x T) (Eg-9) [0113] [6]dhe amount of a part soluble in
n-decane is not more than 1 wt%, preferably not more than 0.8 wt%,
more preferably not more than 0.6 wt%. 61 [0114] From the viewpoint of
[Olilrﬁéroving the capabilities of a molded article and moldability, the
syndiotactic propylene polymer of the present invention, furth'er,‘sa_tisfies
the 5F6MbWiREG properies-[7] and [S)preferably intidditiorr®ithéities of a
_ properties [1] to [6]. [7] The melt flow rate as determined at 230C under a
mo L {5l of 1416 k@ ikt ABcordartERwith ABTMEDE 238 isifrome:01 to 50 gl ene
min, preferably 0.1 to 30 g/10 min. 10 [8] The molecular weight distribution
polymaivMm) as reasured b5rGel jpermeation chrématdgaphy §6PCG)fis fmmthe
1.5 to 20, preferably 2.0 to 10. [0115]
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, preferably
2.0 to 10,

[0115]

The syndiotactic propylene polymer of the present
invention is opticnally blended with additives such as weather
stabilizer, heat stabilizer, antistatic agent, anti-slipping
agent, anti-blocking agent, forming agent, crystallization
assistant, anti-fogging agent, transparent nucleating agent,
lubricant, pigment, dye, plasticizer, antiaging agent,
hydrochloric acid absorbent, oxidaticn inhibitor, mold
releasing agent, impact improver or anti-UV agent. Thereafter,
the polymer is molded by known heat molding methods, for example,
extrusion molding, injection molding, inflation molding,

extrusion laminating molding, c¢ast molding, blow molding,
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The syndiotactic propylene polymer of the present 15 invention is
optionally blended with additives such as weather stabilizer, heat
stabilizer, antistatic agent, anti-slipping agent, anti-blocking agent,
forming agent, crystallization assistai, anti-fogging agent, transparent
nucleating agent, lubricant, pigment, dye, plasticizer, antiaging agent, 20
ext h dr,ochrlg ic acid absorbent, oxidation inhibitor, mold releasing agent,

R BACT VP &1 NSOV HGePE “THETORKER THOFOIer R RETIER by Lng
known hle t molding methods, for example, extrusion molding, injection
VaCiBidifg - ratien fOlGiRG S ExPQsion Teminafig otdif &St thofding owder
blow molding, 62 extrusion blow molding, injection blow molding, press
sLa§holdiRg S VaBaum TholdiRig, c%?éﬁﬂé?%olaﬁﬁé%%mﬁ@tﬁa%ﬂeﬁﬁg sesdwderfor
slash molding. In the results, molded articles useful for various uses can
Varhastepafed. SEXRMPLERJ9®E6] Hereinafter, the present invention will

be described in more detail with reference to the following examples, but
EXAD@#@‘%esent invention is not restricted by the examples. In the 10

examples, various physical properties were determined in the following
[0 ¥dnners. [0117] Melt flow rate (MFR)

Hereinafter, the present invention will ke described in
more detail with reference to the following examples, but the
present invention 1s not restricted by the examples. In the
examples, various physical properties were determined in the
follewing manners.

[0117]

Melt flow rate (MFR)

The melt flow rate was measured at 230°C under a 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 of a polymer was dissolved in 15
ml of decalin and & specific viscosity N 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
& specific viscosity ng was measured in the same manner. This

diluting cperation and the measurement of specific Viscosity Ny
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The melt flow rate was measured at 230C under a load of 15 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 of a polymer was dissolved in 15620 ml of decalin and a specific

viscosity ilsp was measured in an oil bath at 135C. To the decalin solution,

5 ml of a decalin solvent was added and the decalin solution was diluted,
eI HdHRER® A ST VISEOSiyITsp WS ieasuredrinthe SaRie mahmer. (C) is

This diluting operation and the measurement of specific viscosity rise 63

extigaelanker répéated widelandwhien thecoficentraticie(@risined as an

. extrapolated into 0, the value r)sP/C was determined as an intrinsic
1INt Adedsity Treférred tortheoliewingfolrAuleR g T L= isrE)sp/Cpusby 15
[0119] Amount of n-decane soluble To 5 g of a polymer sample, 200 ml of
n-decane was added{anhd=the samptewas disSe&d with heat at 145C for
30 min. The resulting solution was cooled to 20C over about 3 hr, and
[01fbwed 10 to stand for 30 min. Thereafter, a deposit (n-decane insoluble)
was separated by filtration. The filtrate was introduced into about 3 times
Amound filrdate adwmumtof acetonéand thereby a component dissolved in
n-decane was deposited. The deposit was
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

resulting sclution was cooled to 20°C over about 3 hr, and allowed

to stand for 30 min. Thereafter, a deposit (n-decane inscluble)

was separated by filtration. The filtrate was introduced into
about 3 times the filtrate amount of acetone and thereby a
component dissolved.in_n—decane was deposited. The deposit was
separated by filtration from acetone and then dried. When the
filtrate was concentrated and dried, no residue was observed.

The amcunt of the n-decane soluble was determined by the

following formula.

Amount of n-decane soluble {(wt%)

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

[0120]

Molecular weight distribution (Mw/Mn)

The molecular weilght distribution (Mw/Mn) was determined
using a gel permeation chromatograph Alliance GPC-2000 model

manufactured by Waters Co., Ltd in the following manner. As a
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separated by filtration from acetone and then dried. When the 15 filtrate
was concentrated and dried, no residue was observed. The amount of the
n-decane soluble was determined by the following formula. Amount of
n-decane soluble (wt%) = [Weight of deposit / Weight of sample] x 100 20
[0120] Molecular weight distribution (Mw/Mn) The molecular weight
distribution (Mw/Mn) was determined using a gel permeation

SePEHTd rieRBgPaphATliaricecGRE: 2000 mbdelKnuamiufaitifred by Waters Gol umns
Ltd in the following manner. As a 64 separation column, two columns of

of T8K gelGRNHEHITandewe colemnsaof TSKIgehGNEGE-H Tl wereused £ 7.5
(any column had a diameter of 7.5 mm and a length of 300 mm) . The

mm - goldmn fernerature Was 140C, oxtichlersbenzene fpandfactwed by 140°¢,
Wako Pure Chemical 5 Industries, Ltd.) was used as a mobile phase, and

o~dg 256 byaveighte of BRA(mzmufactured by T aketskBharmaceuticahG@ical
Ltd.) was used an oxidation inhibitor, the mobile phase was moved at a

Indraté of <50 mt/rhin, thes semple.soneenfrationwasd s mel 10, ot theny weight
amount of the sample injected was 500 micro liter, and a differential 10

of Befattive indextdetedterwaskused RS ardetector.ikorthe, standard, as used
polystyrenes having a molecular weight satisfying Mw<1000and

an Munizdx 06 polystyrene manutachaed by FehseGea.-L g was yised, and. ¢
for ones having a molecular weight satisfying 1000

1.0 ml/min, the sample concentration was 15 mg/10 ml, the amount

of the sample injected was 500 micro liter, and a differential

refractive index detector was used as a detector. For the

standard polystyrenes having a molecular welght satisfying

Mw<lOGC)ande>4x106,polystyreneHanufacturedknfTohso(kx, Ltd.

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

< Mw < 4x10°, polystyrene manufactured by Pressure Chemical Co.,

was used.

[0121]

Melting point (Tn) and Heat of fusion (AH)

The melting point (T,) and heat of fusion (AH) were
determined using DSC Pyrisl or DSCT manufactured by Perkin Elmer
Inc. About 5 mg of a sample was packed in a special aluminum
pan, the temperature was increased to 200°C in a nitroegen
atmosphere (nitrogen flow rate: 20 ml/min), and was kept at 200°C
for 10 min. Thereafter, the sample was cooled at & rate of

10°C/min te 30°C. The temperature was kept at 30°C for 5 min,
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5 Mw < 4x106, polystyrene manufactured by Pressure Chemical Co., 15
was used. [0121] Melting point (T.) and Heat of fusion (AH) The melting
point (T,) and heat of fusion (AH) were determined using DSC Pyrisl or
DSC7 manufactured by Perkin EImers20 Inc. About 5 mg of a sample was
packed in a special aluminum pan, the temperature was increased to
200C in a nitrogen atmosphere (nitrogen flow rate: 20 ml/min) , and was
andkgpeat 206C L forkemi Therd&ftér, the sampleavas coofm)/atia rateraf +his
10C/min to 30C. The temperature was kept at 30C for 5 min, 65 and then
timgas if@edsdd i6:2000 ata ratesofdOCHIN. At thig time shemelting poinf a
was determined from a peak top of a crystalline melt peak, and the heat
crysffusiornfascdateradifiedsfront lan integrating valierofva sryistallineimelll from
peak. 5[0122] In the propylene polymers described in the examples of the
an  preseat mveéntonawhen oo peaky weed dhiserved, ithedew ktemperature
side peak was regarded as Tml and the high temperature side peak was
[01d@éfined as Tm2, and Tm2 was defined as the melting 10 point (Tm)
10123] Half time of Isothermal crystallization (t1/2) About 5 mg of a
sampte was packed ¢ma speECiat@iUMiiRribed in the examples of the

present invention, when two peaks were observed, the low
temperature side peak was regarded as Ty and the high temperature
side peak was defined as Ty, and Ty, was defined as the melting
point {T,).

101237

Half time of Isothermal crystallization (tis,)

About 5 mg of a sample was packed in a special aluminum
pan, and the temperature of the sample was increased using DSC
Pyrisl or
DSC7 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,
the temperature was decreased from 200°C to the temperature of
isothermal crystallization 110°C at a rate of 320°C/min. From
the DSC  curve obtained by keeping each isothermal
crystallization temperature, a half time of crystallization
(L1/2} was obtained. The half time of crystallization (ti,:) was
determined by taking the starting time for the isothermal

crystallization process (the time that the temperature reached
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pan, and the temperature of the sample was increased using DSC 15
Pyrisl or DSC7 manufactured by Perkin Elmer Inc. from 30 C to 200C at a .
rate of 320C/min and then kept at 200C for 5 min. Thereafter, the
temperature was decreased from 200 to the temperature of isothermal
crystallization 110C at a rate of 320C/min. From 20 the DSC curve
obtained by keeping each isothermal crystallization temperature, a half

ERe i GRESealliZtion t il ) s GBtaleEe FrHe Halfdinges of cRystafizationt =0 .
h (t1/2) was determined by taking the starting time for the isothermal
© Cry Stalif AT proded (e R E Ihab e femBeiRUTE Féthed B6WhEer, for
isotherma| crystallization temperature from 200C) as t=0. The tut is
eX 3Bl debéimirtdolinthe ab9é hhnel Howelerchytseshniple, whemrtain
. __crystallization was not caused at a certain isothermal crystallization
1 SOt fipératurer Yor éxahipe bt 21 0EeBrRcasurement Wassesqreelientlyt 110°C,
carried out at several points at an isothermal crystallization temperature
e & BPERPABE tHAF 19008 ¢ i Nafitiraé of chystallization¢ndd) pasnts at an
~determined by the extrapolation value. [0129] 10 The solvents for
1sosbktion polymetizaticrz ased in teenmxaaiplesandcamnpasative examples and
according to the present invention are as follows: cyclohexane,
the half time of crystallization (€1/2) was determined by the
extrapolation value.
[0124]

The solvents for solution polymerization used in the
examples and comparative examples according to the present
inventicn are as follows:
cyclohexane,
n—heptane,
solvent A; a mixed solvent which comprises n-hexane (60 to 65 %
by volume), isohexane (10 to 19 % by volume), methylcyclopentane
(18 to 22 % by volume} and other aliphatic hydrocarbon components
(0 te 3 % by volume), and
solvent B; amixed solvent which comprises isohexane (95 to 100 %
by volume and n-hexane (0 to 5 % by volume).

The ischexane which is a constituent of the solvents A and
B is a mixed solvent of 2-methylpentane and 3-methyl pentane {(in

a volume ratio of about 2/1).

[0125]
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n-heptane, 15 solvent A; a mixed solvent which comprises n-hexane (60

to 65 by volume), isohexane (10 to 19 % by volume), methylcyclopentane

(18 to 22 % by volume) and other aliphatic hydrocarbon components (0 to

3 % by volume), and solvent B; a mixgd solvent which comprises

isohexane (95 to 100 % 20 by volume and n-hexane (0 to 5 % by

volume). The isohexane which is a constituent of the solvents A and B is
[ Sya whiréd solveatpilz-nigthylpentane and 3-methyl pentane (in a volume

ratio of about 2/1). [0125] 67 [Synthetic Example 1]

Diberzymathylere{tyclepentagiehyrt-diphenyli3,62, 7-diphenyl~3, 6-

di-tert-butylfluorenyl)zirconium dichloride was produced in the following
d1i-hrnbeb B0l 2616y Synthesisraf?, Tkt moid 6ididertbus Huqrene 1M + he

a nitrogen atmosphere, 15.22 g (54.7 mmol) of 3,6-di-tert-butyl-fluorene
folsynthesized imaccordance with a method described in Bull. Chem. Soc.

Jpn., 59, 97 (1986) and 170 10 mL of propylene carbonate were added to
[01@3P0 mL three-neck flask, and stirred. To the solution, 20.52 g (115

mmol) of imide N-bromosuccinate was added and the mixture was stirred

(1) while: theading at 80C, for Sivx Jherepfterdhe feagtiopupixture was-ene

In a nitrogen atmosphere, 15.22 g (54.7 mmol) of
3,6-di-tert-butyl-fluorene synthesized in accordance with a
method described in Bull. Chem. Soc. Jpn., 59, 97 (1986) and 170
mL of propylene carbonate were added to a 300 mL three-neck fiask,
and stirred. To the solution, 20.52 g (115 mmol}) of imide
N-bromosuccinate was added and the mixture was stirred while
heating at B0°C for 5 hr. Thereafter, the reaction mixture was
spontaneously cooled, and then was added to 800 mL of water and
stirred at room temperature for 15 min. After the stirring, a
solid deposited was separated by filtration. The resulting
solid was washed with 10 ml of ethanol five times. Thereafter,
to the solid, a mixed soclution of n-hexane and a small amount
of dichloromethane was added and the mixture was heated to a0°C,
thereby the solid was dissolved in the solution completely. The
solution was then allowed to stand over night at -20°C. The
crystal depcsited 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

o
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spontaneously cooled, and then was added to 800 mL of water and 15_
stirred at room temperature for 15 min. After the stirring, a solid deposited
was separated by filtration. The resulting solid was washed with 10 mL of
ethanol five times. Thereafter, to the sglid, a mixed solution of n-hexane
and a small amount of dichloromethane was added and the mixture was
heated to 60C, 20 thereby the solid was dissolved in the solution

by cBmpidteRndhEDsHation swasrthen allowed to stand over night at -20C.
The crystal deposited was washed with 5 mL of hexane three times to

'H PBt8pare’ antimedBroduct ¥if lan amoant ok21 46w imayield ®f ;76%).75 (s,
The identification of the aimed product was carried out 68 by 1H NMR

Fluafdt FONIS spectium.siHNMR (220 MHz,8aDC13,TMS),: 6160 (s,
tBu(Fiu), 18H) , 3.75 (s, Flu-9H, 2H), 7.73 (s, Flu, 2H), 7.81 (s, Flu, 2H).

MS - NESX(FD)/M/z 486 ¢M) .5 [0127] (ii) Synthesis of 2,7-Biphenyl-3
6-di-tert-butyl-fluorene In a nitrogen atmosphere, 8.15 g (18.7 mmol) of

[02Ztdibromo-3,6-di-tert-butyl-fluorene and 1.08 g (0.93 mmol) of
Pd(PPh3) were added to a 300 mL three-neck flask, and then 10 120 mL
(110f dehydnatedlsl 2dimethaxysthaneiwas, added anrd the, MixtUre WaS. oo

stirred at room temperature for 20 min. To the "solution obtained, 20 mL of
ethanol salutionCoNtRIAING:5-Rd Goidl-L mmel) of phgnyl cgrlc7aC|M§ of
added and the mixture was

'2,7—d1bromoH3,6—d1—tert—butylmfluorene and 1.08 g_(O.93 mmol)

0of Pd(PPh;) were added to a 300 mlL three-neck flask, and then
120 mL of dehydrated 1,2-dimethoxyethane was added and the
mixture was stirred at room temperature for 20 min. To the
solution obtaiﬁed, 20 mL of ethanol 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 mlL (74.8

mmol) of a 2.0 mel/L sodium carbonate agueous solution was added.

Thereafter, the mixture was refluxed while heating for 18 hr and
cooledspontaneously,andtjuulquenchedeujndilutehydrochloric
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 agqueous solution twice, with water twice and
withsaturatedbrinetwice,andthendziedwithnwgnesiumsulfate.
Thereafter,thesolventwasdistillajoffandtheresultingsolid
was separated with a column chromatography to prepare an aimed

product (in an amount of 4.36 g in a yield of 54%). The
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stirred at room temperature for 20 min, and then 37.4 mL (74.8 15 mmol)
of a 2.0 mol/L sodium carbonate aqueous solution was added.
Thereatfter, the mixture was refluxed while heating for 18 hr and cooleq
spontaneously, and then quenched with dilute hydrochloric acid in an ice
bath. The soluble part was extracted by adding ether, and the organic
Iayer was washed with a saturated sodium 20 hydrogen carbonate
depdidousiddlatior twith ewithgateptwice and wwith satirated bring WycéH-—nuMr
and then dried with magnesium sulfate. Thereafter, the solvent was
anddisfittboff mmdtthemesulting solid was separated with a column
chromatography to prepare an aimed- product (in an amount of 4.36 g in a
"H- ~Yietd of 540)i ZLhe 69 lideificatian ofthe @medmroduet)was garriedsouts (s,
by "H-NMR and FD-MS spectrum. 1H-NMR(270 MHz, CDCI3,TMS):
FlusBRe @HBuUlFlLp, 18H)F3.78 (5 )Flu0H,2H)% 7, 16Ks; [y, @b‘l}){ﬂ%@ﬁ (s
PhFlu, 10H), 7.97 (s, 5 Flu, 2H). MS (FD) :M/z 430(M+). [0128] (iii)
rlugyathesis of 6,6-dibenzofulvene In a nitrogen atmosphere, 8.0 g (121
mrnol) of 10 cyclopentadiene and 100 mL of dehydrated tetra_thydrofura_ne
MS WEre added taa®00:ml three-neck flask, and stirred. The mixed solution
was cooled in an ice bath, and 80 mL (125.6 mmol) of a 1.57 mmol/L
[C1Réxane solution of n-butyl lithium was added. _

(1ii) Synthesis of 6,6-dibenzofulvene

In a nitroggn 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 mixed
solution was cooled in an ice bath, and 80 mL (125.6 mmol) of
a 1.57 mmol/L hexane solution of n-butyl lithium was added.
Thereafter, the mixture was stirred at roem temperature for 3
hr and the resulting white slurry was cooled in an ice bath, and
then a solution prepared by disscolving 25.0 g (118 mmol) of
1,3~diphenyl-2-propanone in 50 mL of dehydrated
tetrahydrofurane was added. Thereafter, the mixture was
stirred at room temperature for 12 hr, and the resulting yellow
soluthmawasquenchedwitheasaturatedammonimnchlorideaqueous
solution. 100 mL of n-hexane was added to the sclution and
thereby the scluble part was extracted. The organic phase was
washed with water and saturated brine, and then dried with

magnesium sulfate. The solvent was distilled off, and the
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Thereafter, the mixture was stirred at room temperature for 3 15 hr and
the resulting white slurry was cooled in an ice bath, and then a solution
prepared by dissolving 25.0 g (118 mmol) of 1,3-diphenyl-2-propanone in
50 mL of dehydrated tetrahydrofurari€ was added. Thereafter, the mixture
was stirred at room temperature for 12 hr, and the resulting yellow 20
solution was quenched with a saturated ammonium chloride aqueous
fes%%ﬂﬁia’r%Slcl?élﬁﬂfaﬁﬁiH&Bﬁ%@%&%ﬂb—&ﬂ@%fﬁ@iéﬁ%ﬁ %ReFslPhes an
. _soluble part was extracted. The organic phase was washed with water
2L & Fited Bing, dRd tiéh BREEWith® agnésfim BuRaté! The sofvem®) -
was distilled off, and the 70 residue was purified with a column
The deitatography s Prepare anmarmeas/ene S6If fmian ameurt by 37gMR .
... Inayie'd of 12%). The identification of the aimed product was carried out
H= 'J%\?MPMHEH-NWB(QWMHL@D@MSMS@:CSS:GQf@é,rpﬁcﬁz—,61Hb,2 (m,
6.60-6.72 gm, 5Cp, 4H), 7.13-7.32 (m, PhCH2, 10H). [0129] (iv)
Cpr SYfhthesis e?dfbeg yltiethyierE{cydlépeéntadienyl)
(2,7-diphenyl-3,6-di-tert-butylfluorene) In a nitrogen atmosphere, 30 mL of
L Cidehldrated 10 tetrahydrofurane was added to 1.60 g (3.71 mmol) of
2,7-diphenyl-3,6-di-tert-butylfluorene and the mixture was stirred. The
{1vsoluffor besided wasfcooléthiarayite dathy; ade then 2,65 mbedtkRlienyl)
mmol) of a 1.56 mol/L hexane solution of n-butyl
(2, 7-diphenyl-3, 6-di-tert-butylfluorene)

In a nitrogen atmosphere, 30 mL  of dehydrated
tetrahydrofurane was added to 1.60 g (3.7 mmol) of
2,7-diphenyl-3, 6-di~tert-butylfluorense and the mixture was
stirred. The solution obtained was cooled in an ice bath, and
then2.65mL(4.13mmol)ofa1”56le/Lhexanesoiuticnofnwbutyl
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-methancl bath, and 20 mL of
tetrahydrofuran containing 1.06 g (4.10 mme 1) 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 1IN hydrochloric acid was
added, and thereby the reaction was terminated. The separation
of the liquid was carried out by adding 80 mL of diethylether,

and thereby the soluble part was extracted. This organic layer
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lithium was added to the solution and the mixture was stirred 15 at room
temperature for 2 hr. The resulting red solution was cooled to -78C in a
dry ice-methanol bath, and 20 mL of tetrahydrofuran containing 1.06 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 20
temperature was gradually increased to room temperature. To the

wa s resuitigcred-Bllickssolution; €0 mb®f I hydrochiosio acienas ddedgueous
and thereby the reaction was terminated. The separation of the liquid was

solgarerl oL by adding:8eaht ni disthylether, wainditherely thessohible:pashce,

was extracted. This organic layer 71 was washed with saturated sodium

and pfRsgénicatbonaieaqesssusciutionatice, Withewatertwicey and withi 11 ed
saturated brine once, ‘and then dried with magnesium sulfate. The solvent

of £ wasddistited off-areld whitesyellonwpavdery aimedproduatavas obtaired (in
(in 5 an amount of 0.59 g in a yield of 23%) by purification with silica gel

an achwomatodrépt®? Theridentificationfob tie) aieghproductawascarried eut: 1 ca
by 1H-NMR and FD-MS spectrum. 1H-NMR (270 MHz, CDCI3,TMS) :

ge 1 5&1250fsa tB(FADHL8H), 2166 (bfie CpH: 1dH£3.2R (bE CH2Ph; 46} 44Lduct
(br, Flu-9H, 1H), 5.85-6.51 10 (m, Cp, 4H), 6.82-7.40 (m, Ph(Flu) and

was CH2Rh and &t 2241); 7-6WKs anly, 2i).M4S {EBXM/z688(M+). [0130]

1H-—NMR(Z?O MHz, CDCls, TMS): 81.25 (s, tBu(Flu), 18H), 2.66 {(br,

CpH, 1H), 3.22 (br, CH;Ph, 4H), 4.41 (br, Flu-9H, 1H), 5.85-6.51

(m, Cp, 44), 6.82-7.40 (m, Ph(Flu) and CH,Ph and Flu, 22H), 7.67

(s, Flu, 2ZH).

MS (FD) :M/z 688 (M+).

[0130]

(vl] Synthesis of dibenzylmethylene (cyclopentadienyl) (2, 7-

diphenyli-3,6-di-tert-butylflucrenyl)zirconium dichloride

In a nitrogen atmosphere, 0.59 g (0.855 mmol) of
dibenzylmethylene(cyclOpentadienyl)(2,7—diphenyl—3,6mdi—tert
-butylfurorene , and 40 mL of dehydrated diethylether were added
toa 100 mL Schlenk tube and stirred. This mixed slurry sclution
was cooled in an ice bath, and 1.21 mL (1.88 mmol) of a 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
temperature was increased to room temperature gradually. The

red reaction liquid was cooled to ~78°C in a dry ice-methanol
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(v) Synthesis of dibenzylmeth lene(cyclopentadien )(2 7- 15
diphenyl-3,6-di-tert-butylfluorenyl)zirconium dichloride In a nitrogen
atmosphere, 0.59 g (0.855 mmol) of
dibenzylmethylene(cyclopentadienyl){2,7-diphenyl-3,6-di-tert
-butylfurorene , and 40 mL of dehydrated diethylether were added to a

b 100 mL Schlenk tube and stirred. This mixed slurry solution 20 was cooled

2tk aRice bafl! dnd ¥ PmL0 588 MHGH bf AT B6FREM Hexahe bhiton: L de

of n-butyl lithium was added to the slurry solution, and the mixture was

was Fda%or 2845 While The 18mpertard VassiRereasen t6asont irred for 42
temperature gradually. The red reaction liquid was cooled to -78C in a dry

hr WBIhEth&R61 72 BRI HhdtRer’® 200 GIOEESIRMDN of 2ivdoniemperature
tetrachloride was added thereto. Thereafter, the solution was stirred for

graggapdynild thé iSmpéfatdre ®as ifdreassll rvoRttEMpeaeon liquid.
gradually, to prepare a reddish and orange suspension liquid. 5 The

The spReTit Wasdistifled biflurmibrat feduréd pressarkiand ther the reseltant-hen
was dissolved in n-hexane in a nitrogen atmosphere, passed through a

the glgss filferParkedddiss Cllites dndthére washeth within-heyamneza Thesphere,
orange powder insoluble in n-hexane was subjected to extraction by

pas gihlorometharie s The sovertof the Aesblubte paetlin dichlonomethanea shed
was distilled off and the residue was washed with diethylether/cold

with-pentertesand dridtetoo prepase thewaimed ipredictias-an orange powder was
(in an amount of 515 mg in a yield of 71 0). The identification of the aimed

subjected to extraction by dichloromethane. The solvent of the

soluble part indichloromethane was distilled off and the residue
was washed with diethylether/cold n-pentane, and dried to
prepare the aimed product as an orange powder {in an amcunt of
515 mg in a yield of 71 %). The identification of the aimed
product was carried out by *H-NMR and FD-MS spectrum.

"H-NMR (270 MHz, CDCls, TMS): 81.30 (s, tBu(Flu), 18H), 3.82 (d,
J=15.5 Hz, CH»Ph, 2H), 3.93 (d, J=15.5 Hz, CH,Ph, 2H}, 5.80 (t,
J=2.6 Hz, Cp, 2H), 6.25 (t, J=2.6 Hz, Cp, 2H), 6.97-7.34 (m,

Ph (Flu) and CH,Ph, 20H), 7.37 (s, Flu, 2H), 8.32 (s, Fiu, 2H).

MS (FD} : M/z 848 (M+).

[Example 1]
To a 1 1L dnternal volume stainless steel 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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product was carried out by 1H-NMR and FD-MS spectrum. 15 'H-NMR
(270 MHz, CDC13, TMS) : 81.30 (s, tBu(Flu), 18H) 3.82 (d, J=15.5 Hz,
CH2Ph, 2H), 3.93 (d, J=15.5 Hz, CH2Ph, 2H), 5.80 (t, J=2.6 Hz, Cp, 2H),
6.25 (t, J=2.6 Hz, Cp, 2H), 6.97-7.34tm, Ph(Flu) and CH2Ph, 20H), 7.37
(s, Flu, 2H), 8.32 (s, Flu, 2H). MS (FD) : M/z 848(M+). 20 [0131]

[Example 1] To a 1 L internal volume stainless steel autoclave thoroughly

Ut pEiGERWItE hitkegen, 1504 Lof yclobexane and 150 wals of ndiaptaney lene
were fed and the internal temperature of the 73 autoclave was kept at

in YsEFSr2O-noiA WAilé passingpropytene: ik antemduntof 3010hnIOnrthernal
other hand, to a 30 mL internal volume side-arm flask thoroughly purged

vo lwith nitrbgenz amnmdgiretie stirmernvassputiang thesflask wasrchargedadth, =
212.3 5 mmol (3.46 mol/L in terms of aluminum atom) of a hexane slurry

ma giok TMAGBdr@ramufactumed by T otise Rine €hem €ochladd=andQ.5n 212.3
kmol of dibenzylmethylene(cyclopentadienyl)(2,7-diphenyl-3,6-di-tert

rreo dpUtyifldioremyly zirdoniumrdichtofidelprepared intSyinthetic 4 Orxamplest.urry
and then further charged with n-heptane. The mixture was stirred for 1 hr.

of THwCre3ultingrsolutien wasatided tooa sixed neolveatoteyclohexane and ¢ .5

n-heptane (volume ratio of 1;1) in a stainless steel autoclave through
umo Which propylene had been of
dibenzylmethylene (cyclopentadienyl) (2, 7-diphenyl-3, é-di-tert
~butylfluorenyl)zirconium dichloride prepared in Synthetic
Example 1,and then further charged with n-heptane. The mixture
was stirred for 1 hr. The resulting solution was added to a mixed
solvent of cyclohexane and n-heptane (volume ratio of 1:21) in
a stainless steel autoclave through which propylene had been
passed, and polymerization was started. Thereafter, the
polymerization was carried out at 50°C for 1 hr while the total
pressure was kept to 0.5 MPa-G by passing only propylene
centinucusly. Since the control of exothermic heat during the
polymerization was easy, the mixture in the autoclave was
presumed to be in a homogencus condition in the polymerization.
After the completion of polymerization, the pressure was
released while keeping the temperature at 50°C'tokmebrought.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 homogenous condition, by the visual
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passed, and polymerization was started. Thereafter, the 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 be in a homogenous condition in the
p s Polymerization. 20 After the completion of polymerization, the pressure

© S%ﬁé@%é&%i&%@%ﬁ@% ftiperatiite ot 5B tG He BFddght irto~e 2

ordinary pressure. Thereafter, unreacted proﬁPerne was purged while '

LoD Ry fie oot it AR BBCY fivaS Eafiimed IHak SRé poRymanreacted

solution was in a homogenous condition, by the visual 74 observation for
PR PORMECsAUEGIT - thel AGtobRve Hitsr 8 1Pl platdoPmeyaiRclave Ut ion
was opened. Thereafter, unreacted propylene was purged. The resulting
Was Ghiforki polyiRe ESSIGHGh 2HAs Pt ot excess aRodRPeRHhethaRsltpneT -
deposit a polymer. 5 The polymer was dried under a reduced pressure at
The god igta2 e and30e61 gneiahe polpiaiamas pbetmett Thet 80°C for 12
polymerization activity of the polypropylene polymerization was 61.2
Rr apgintAelZrisy, ahdihe EslitvrrpolymertiadiareihtrinSloeviscdsineidiofat ion
1.66 dl/g, MFR of 3.4 g/10 min, Tm of 155C, 10 Tm2 of 160C, a rrrr
act fractivn o 94.3andzniamoantéfehe n-gecaneesdlubleicfmot waore 61.2
than 0. 6 % by weight. The equilibrium melting temperature (TM)
kg /rderemiied fromahe forieala (Eql) midhe differencen@an ER) betweens ic
TM and the polymerization temperature -
viscosity [n] of 1.66 dl/g, MFR of 3.4 g/10 min, Tm; of 155°C,
Tmp, 0f 160°C, arrrr fraction of 94.3% and an amount of the n~decane
soluble of not more than 0.6 % by weight. The equilibriummelting
temperature (Ty) determined from the formula (Eg-1) and the
difference {Ty-Tg) between Ty and the polymerization temperature
(Tz) 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
polymerization, and the internal temperature of the autoclave
was kept at 60°C before and during the polymerization reaction.
It wasdifficult to say that the control of exothermic heat during

the polymerization was easy, but the polymerization could be

carried out while controlling the polymerization condition,
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(TR) according to the present invention are summarized in Table 15 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 20 '
polymerization, and the internal tempgbature of the autoclave was kept at
60C before and during the polymerization reaction. It was difficult to say
that the control of exothermic heat during the polymerization was easy,

the bt tepdlyntérizdtiohedtid be” EaridtPoBPWHIRE EémPolling the oceeded in
polymerization condition, 75 therefore it was presumed that the

& SifiymeliZatichrproceeded ih <& state (Whitd-turbiditytstafe)that apartefr was

. the polymer was deposited. After the completion of polymerization, the

AP PR wastéleased Wiile keaping tHeotempdratarelat60C a5 ben, the
brought into ordinary pressure. Thereafter, unreacted propylene was

Prepiiiged Whilelk@epiitthevempseratie at 60 4t wasbeordirmes that €1 ¢ to
polymer solution was in a white-turbidity state, by the visual observation

be  foF thelpélymersolutiolin iy antoekeveafter a Tpeplatefafthe autockaveted
was opened. The 10 amount of the resulting polymer was 26.80 g. The

P ropolyeneriration wctivity of e pobgromdena paymerizationrwas53.6°c. It
kg/mmol-Zrhr, and the resulting polymer had an intrinsic viscosity [p] of

was 47 dl/gniERod 6.0tg 10chimFimbofilf2@n was in a white~turbidity

state, 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 26.80 g. The polymerization
activity of the polypropylene polymerization was 53.6
kg/mmol-%re«hr, and the resulting polymer had an intrinsic
viscosity [n] of 1.47 dl/g, MFR of 6.9 g/10 min, Tmy of 152°C,
Imy of 158°C and an amount of the n-decane soluble of not more
than 0.6 % by weight. The equilibrium melting temperature (Ty)
determined from the formula (Eg-1) and the difference (T,-Tx)
between Ty and the polymerization temperature (Ta) according to
the present invention are summarized in Table 2.
[0133]
[Example 3]

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

control of exothermic heat during the polymerizaticn was easy,
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Tm2 of 158C and an amount of the n-decane soluble of not more 15 than
0.6 % by weight. The equilibrium melting temperature (TM) determined
from the formula (Eg-1) and the difference (Tm-TR) between TM and the
polymerization temperature (TR) accargling to the present invention are
summarized in Table 2. [0133] 20 [Example 3] The procedure of the
Example 1 was repeated except that 75 mL of cyclohexane and 225 mL

DUt oF fehdiftanE weks 2isedasc@ selvehte forasolutioh polymerizationoit asl 1ing
difficult to say that the control of exothermic heat during the

the pulymiBfzaticiwas easyE 761 but the polynrerizatior douie be tarmiediout t ion

~while controlling the polymerization condition, it was presumed the

P I CpeRfRstiZaticn wirbteeded nta Whitesttirvidity. stateahatatparfof the polymer
polymer was deposited. After the completion of polymerization, the 5

was pressarelwas releadéd whild keeping hectemperdtupeatya@G ta &6 on, the
brought into ordinary pressure. Thereafter, unreacted propylene was

preparget while kebpingetedeniperatuse ah50€NLE wasconficned that @' c to
polymer solution was in a white-turbidity state, by the visual observation

be  fortheghalymertsolutiod im they1Gcawteclave after arep late Of theunreacted
autoclave was opened. The amount of the resulting polymer was 10.54 g.

profhtpolymerization sactivitylof theqolypEopylene-pelymetization was2t.1 1+
kg/mmol-Zrhr, and the resulting polymer had an intrinsic

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 10.54 g. 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 ¢/10 min, Tm; of 155°C,
and Tm; of 161°C. The equilibrium melting temperature (Ty)
determined from the formula (Eg-1) and the difference {(Ty=Tx)
between Ty and the polymerization temperature (Tg) 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 solution

polymerization. Since the control of exothermic heat during the

polymerization was easy, 1t was presumed the polymerization
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viscosity [ill of 1.70 dl/g, MFR of 3.2 g/10 min, Tml of 155C, 15 and Tm2 of
161C. The equilibrium melting temperature (TM) determined from the
formula (Eg-1) and the difference (TM-TR) between TM and the
polymerization temperature (TR) according to the present invention are
summarized in Table 2. [0134] 20 [Example 41 The procedure of the
Example 1 was repeated except that 300 mL of cyclohexane was used as
Pfoa%%ﬂféhtlfar SolufiBR I5eNMEriZatish: Shtte thebddrtrol of exothephicheat of
during the polymerization was easy, it was presumed the polymerization
polypegioeabded in &honiogeRsus eonditor: After thelcormpletionketping the
polymerization, the pressure was released while keeping the temperature
temgesac s De drought toterdinarylpressiirs. Thereafterdimreagtegressure.
propylene was purged while keeping the 5 temperature at 50C. It was
Thegenafiratad that Hee polyrhep sofutibanwaw drs a ompgenels tendiiep by, -he
the visual observation for the polymer solution in the autoclave after a top
tempiyté of the aguidcléve whs spenednThemmbuntzof theaesylting=polymer: i on
was 41.23 g. The polymerization activity of the polypropylene 10
wa s piolymérizatipanwass 82¢5: Kg/mmaolr Zohyr, tang thestesulting pelyaer chad @i « he
intrinsic viscosity [r ] of 1.50 dl/g, MFR of 6. 1 g/10 min, Tml of 151C and
pol mofsk69C. e equilibriemarneltingatemperatre @M)determined fremy 1o
the formula (Eg-l) and the
autoclave was opened. The amount of the resulting polymer was

41.23 g. The polymerization activity of the polypropylene
polymerizationwasE%LESkg/mmol—Zr=hr,aﬂuitheresultingpolymer
had an intrinsic viscosity [n} of 1.50 dl/g, MFR of 6.1 g/10 min,
Tmy of 151°C and Tm, of 15%°C. The eqguilibrium melting
temperature (Ty) determined from the formula {(Eg-1}) and the
difference (Ty~Tg) between Ty and the polymerization temperature

(Tz) according to the 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 as a solvent for solution
pceclymerization, and the internal temperature of the autoclave
was kept at 40°C before and during the polymerization reaction.
After the start of polymerizaticn, the removal of heat in a

polymerizer became difficult and then the polymerization was
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difference (TM-TR) between TM and the polymerization temperature 15
(TR) according to the present invention are summarized in Table 2.
[0135] [Comparative Example 1] The procedure of the Example 1 was
repeated except that 20 300 mL of nzleptane was used as a solvent for
solution polymerization, and the internal temperature of the autoclave
was kept at 40C before and during the polymerization reaction. After the -
stogRftof pdiihterization, therembvalof reat inza tpolymerizer becammire was
difficult and then the polymerization was 78 stopped. After the stop of
rel ppRpaserpaton kirpressufe wasreleased white keépingthe temperaturent o
at 40'C to be brought into ordinary pressure. Thereafter, unreacted
ordprepiiens wespergedt hilekeeping thertempecatyse ab 40End was purged
confirmed that 5 a significant amount of a polymer deposited, by the visual
whippsésmstiondorthe polymerssolution drt thihdutoclave after a-doF plate @f that
the autoclave was opened. The amount of the resulting polymer was
2 s2@227. JHepalymerization astivitylofrihie palypseayens palymerzations ual
was 52.4 kg/mmol-Zrhr, and the 10 resulting polymer had an intrinsic

cbswiscasityfn] 0f 2. 12 dl/go MER of 402 g 0omini A milvaf 157CandFm2eter =
162C. The equilibrium melting temperature (TM) determined from the

top fophatas(EgEl) wind thetdifferense (EM-TR)bebween TMandithen: of the
polymerization

resulting polymer was 26.22 g. The polymerization activity of
the polypropylene polymerizationwas 52.4 kg/mmol-Zrehr, and the
resulting polymer had an intrinsic viscosity [n] of 2.12 dl/g,
MFRof 1.2 ¢g/10min, Tmy of 157°C and Tm, of 162°C. The equilibrium
melting temperature (Ty) determined from the formula (Eq—l) and
the difference (Ty-Tr) 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 before
and during the polymerization reaction, and the polymerization
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 stopped. After the stop of

polymerization, the pressure was released while keeping the
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temperature (TR) according to the present invention are 15 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 40C before 20'&nd during the polymerization
reaction, and the polymerization time was changed to 55 min. After the
start of polymerization, the removal of heat in a polymerizer became
LeMpRfEHE&T then tRe polymefizatiBl WaE topbRECAfEIGhE Stup afressure.
polymerization, the pressure was released while keeping the 79
Theysipérature st ZTsice PRSI 716 ofdifaly pressureh Meréaftaring the
unreacted propylene was purged while keeping the temperature at 40C. It
tempaisadonfitnidd f¥ata sighificart afpthtrotd polymer wasrdeposited, dyount
the visual observation for the 5 polymer solution in the autoclave after a
of jop plateret the: auissiavd Wed openeth & he amaeuintof ske resulting for the
polymer was 59.95 g. The polymerization activity of the propylene
2o L pefyinetization was 1808 kg/mniol<Zrby @nd fheresaltingppalymerhadan he
intrinsic viscosity [r] of 1.86 dl/g, MFR of 2.2 10 g/10 min, Tm, of 156C and
aut Jed2ufl1626. Fhereeguilibritine meking ttendperature(TM)tdeterminedrfeamy a s
the formula (Eqg-1) and the difference (TM-TR) between TM and the
59 . pblyrgerizatifh ¢empetaturer (TR} aceording:tovthe present inventipr-&fe; L ene
summarized in Table
polymerization was 130.8 kg/mmol-Zrehr, and the resulting

polymer had an intrinsic viscosity [n] of 1.86 dl/g, MFR of 2.2
g/10 min, Tm; of 156°C and Tmy of 161°C. The equilibrium melting
temperature (Ty) determined from the formula (Eq—l) and the
difference (Ty-Tz) between Ty and the polymerization temperature

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

2.
[0137]
[Comparative Example 3]

The procedure of the Example 1 was repeated except that
300 mL of cyclohexane was used as a solvent for soluticn
polymerizaticn, 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
polymerizer became difficult and then the polymerization was
stopped. After the stop of polymerization, the pressure was

released while keeping the temperature at 40°C to be brought into
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2. 15 [0137] [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
20 was kept at 40C before and duringthe polymerization reaction. After
the start of polymerization, the removal of heat in a polymerizer became
difficult and then the polymerization was stopped. After the stop of
ordppiyEierzativnitife préssure wakerele asethwhite Rep pingythe tempesatureged
at 40 C to be brought into 80 ordinary pressure. Thereafter, unreacted
whipropyiaielwes purgédnkiekesping thelteriperaliirevat A0 tfwased that
confirmed that a significant amount of a polymer was deposited, by the
& s yual bbsetvationdfor the palymérysoiutiorin therautaclade dfter e top sual
plate of the autoclave was opened. The amount of the resulting polymer
obswas F6ik8gf Thepolymelization activity bbrihe prapylene polymerizadioter a
was 152.3 kg/mmol-Zrhr, and the resulting polymer had an intrinsic

topvisdosity [n]f 11778 diigr MERWE 3ulag/ 1@ pimeand Trohef 158Cudhe of the
equilibrium melting 10 temperature (TM) determined from the formula

res(E¢-1)andothendifferenced TM TR) betweep IiMaadithe pobrmeezation: v of
temperature (TR) according to the present invention are summarized in
theTablep2lene polymerization was 152.3 kg/mmol-Zrehr, and the
resulting poelymer had an intrinsic viscosity [n] of 1.78 dl/q,
MFR of 3.1 ¢/10 min, and Tm; of 157°C. The equilibrium melting
temperature (Ty) determined from the formula (Eg~1l) and. the

difference (Ty-Tg) between Ty and the polymerization temperature

{Tr) according to the present invention are summarized in Table

2.
[0138]
[Example 5]

The procedure of the Example 1 was repeated except that
300 mL of the sclvent B was used as a solvent for solution
polymerization and the internal temperature of the autoclave was
kept at 60°C before and during the polymerization reacticn.
Since the control of exothermic heat during the pelymerization
was easy, it was presumed that the polymerization proceeded 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
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[0138] 15 [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
60C before and during the polymerization reaction. 20 Since the control of
exothermic heat during the polymerization was easy, it was presumed
that the polymerization proceeded in a homogenous condition. After the
PLORYMPIERioH 6f Polfstizdtione thegiéssurehsas ¢aleased Whileskedfing . It
the temperature at 60C to be brought into ordinary pressure. Thereafter,
wasfidatied'8t propylenid waspuygedwhite kedping tstempetatbrenagenous
60C. It was confirmed that the polymer solution was in a homogenous
congaridifion, by thévisuabolssereationfos theopolymer Sotutionl imthe solution
autoclave after a top plate of the autoclave was opened. 5 The amount of
in the rasdlting polyméitwas21.6% g Tiee pofymerzatidroadtivity oftheopened.
polypropylene polymerization was 43.2 kg/mmol-Zrhr, and the resulting
The polymeertiad @f intirsic ndscosity fi of Acdlydléy; MFRsof 25.0010 min,  The
Tm, of 149C and Tm2 of 157C. The equilibrium melting temperature (TM)
po .l ¢0eleteratined faam ithe formila (Egsip and thesdifferenge (IMeIRration was
between TM and the polymerization temperature (TR) according to the
43 . présphtrinvertiontare summatizedds Tablen?y [943%her had an intrinsic

viscosity i(n] of 1.41 dl/g, MFR of 7.5 g/10 min, Tm; of 149°C
and Tmp of 157°C. The eqguilibrium melting temperature (Ty)
determined from the formula (Eg-1} and the difference {(Tu—Tr)
between Ty and the polymerization temperature (Tx) according to
the present invention are summarized in Table 2.
[0139]
[Example 6}

The procedure of the Example 1 was repeated except that
150 mL of cyclchexane 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 easy, it 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 brought 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 homogenous
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[Example 6] 15 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 easy, #fvas presumed that the
polymerization proceeded in a homogenous 20 condition. After the
completion of polymerization, the pressure was released while keeping
CONGHE tthipefurel & 50C 1 bebrotgHeihie Brdinary pressureyThereafiers ion
~ unreacted propylene was purged while keeping the temperature at 50C. it
10 548s eBhfred that thée polyrer solftibh wis ia Horhogérous 82s cpened.
condition, by the visual observation for the polymer solution in the '
The 51561406 aftef a teplatesttheidigioclave wasoperssd. The 2nognt of The
the resulting polymer was 37.29 g. The polymerization activity of the
PO L yaRpapyians polymedzatiod was 74 BrkgimmictZzhpodnh thel restlting was
polymer had an intrinsic viscosity [r] of 1.55 dl/g, MFR of 5.0 g/10 min, Tm
74 . of 454N ahdZIm2 of 159¢. The eqeiliBriummeltihgrtempesature TM)rinsic
determined from the formula (Eg-l) and the difference (TM-TR) between
visqig ahe tHe polymerizatiod témperatares(TR).daccprding4anlO the present 4°c
invention are summarized in Table 2. [0140] [Comparative Example 4]
and The:prodedut® b the Exemple divas repeatateaxcapt theénperature  (Ty)

determined from the formula (Eg~1) and the difference (Ty~Tg)
between Ty and the polymerization temperature (Tg) according to
the present invention are summarized in Table 2.
[0140]
[Comparative Example 4}

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

The amount of the resulting polymer was 37.92 g. The
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300 mL of the solvent B was used as a solvent for solution 15
polymerization. After the start of polymerization, the removal of heat in a
polymerizer became difficult and then the polymerization was stopped.
After the stop of polymerization, thegressure was released while keeping
the temperature at 50C to be brought into ordinary pressure. Thereafter,
unreacted 20 propylene was purged while keeping the temperature at

PO 1 BIRY. i WasebAfiist thatd sigeifeastmpemticiepolyarwagat fon was
deposited, by the visual observation for the polymer solution in the
15 . Butediave aftdraiep piate ohtheranod fve wascopaned. NEke aimonntofns i c
- the resulting polymer was 37.92 g. The 83 polymerization activity of the
V1sgolyprapylane pblymerizatibionad Trs. 8 kgnmotZ ¥ hrrand tiaesuiting 4 °C
polymer had an intrinsic viscosity [p] of 1.73 dl/g, MFR of 3.1 g/10 min,
and Thy: oPT540 HiHd- Tm2iof 159G The equitibrum Mmelting-tempperaturee  (Ty)
(TM) 5 determined from the formula (Eg-1) and the difference (TM-TR)
det hemesd TRand thespélymerizatioB terhperatutet(TR) @ctdrding tee tHe,~T5)
present invention are summarized in Table 2. [0141] [Comparative
betE@mple 5td 0 Theprogedurezef the £xample Aavas repgatedexeept that o
75 mL of cyclohexane and 225 mL of the solvent B were used as a
the solvestfor sbiutientpolymetizatiomAdter theistart of apalymerization, the
removal of heat in a polymerizes became
[0141]
[Comparative Example 5]
The procedure of the Example 1 was repeated except that
75 mL of cyclcohexane and 225 mL of the solvent B were used as
a solvent for solution polymerization. BAfter the start of
polymerization, the removal of heat in a polymerizer becanme
difficult 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
temperature at 50°C. It was confirmed that a significant amount
of a polymer was deposited, by the visual cbservation for the
polymer solution in the autoclave after a top plate of the
autoclave was opened. In the visual observation of syndioctactic
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
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difficult and then the polymerization was stopped. After the 15 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 temperature at 50C. It was
confirmed that a significant amount of a polymer was deposited, by the
-visual observation for the 20 polymer solution in the autoclave after a top
wasn|dté of theJautocfave wasdpeneddn Wevisualobservationiefity of the
syndiotactic polypropylene separately prepared in a glass vessgl, a
POl ¥igAtic dnEam oAt ofe pokaierdepositedih.-the abovecpolymernizatiemd the
conditions. The amount of the resulting polymer 84 was 47.07 g. The had
resy okjmenzaioneactivit ofhe rpolypropyleme polymerizalionogas 943 ¢1 /g,
kg/mmol-Zrhr, and the resulting polymer had an intrinsic viscosity [r]of
MER P63 dIfgy MPRoM 3. Brg/a6 irfird, “Thai ofl 154 € And THi2 of 168G.qTHE ibrium
equilibrium 5 melting temperature (TM) determined from the form_ula_
meEE@Q)WWGWE%NGQXTMEE@@EM@Eﬂ'cbﬂzatﬂdethﬁﬂﬂle[@rl@go@) and
temperature (TR) according to the present invention are summarized in
theTable"2 {0442k 10([Exdmple 73 The procedure atithe: kxample dwas 24t i on
repeated except that 300 mL of the solvent A was used as a solvent for

temgelution rpolyieyjzation; and the; intemal termperatureaf-the awtoglave,  zre
summarized in Table 2.

[0142]

_[Example 7]

The procedure of the Example 1 was repeated except that
300 mL of the solvent A was used as a solvent for solution
polymerization, and the internal temperature of the autoclave
was kept at 60°C before and during the polymerization. Since
thecxxﬁnxﬂ_ofexothermic}uﬁﬂ:duringtﬂmapolymerizationvmﬁseasy
itwaspresumedthatthepolymerizationproceededijzahomogenous
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
propylene was purged while keeping the temperature at 60°C. It
was confirmed that the polymer sclution was in a homogenous
condition, 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 22.84 g. The

F
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was kept at 60C before and during the polymerization. Since 15 the
control of exothermic heat during the polymerization was easy, it was
presumed that the polymerization proceeded in a homogenous condition.
After the completion of polymerizatiog,sthe pressure was released while
keeping the temperature at 60C to be brought into ordinary pressure.
Thereafter, unreacted 20 propylene was purged while keeping the
PO Ligfgdratirecdt 66C1 It Lwascontirmed that the pdlnepsdlytiervastil an was
homogenous condition, by the visual observation for the polymer solution
25 -ih tHe aiRetiake dfter sop plate of theldutoglave wassapened aThentrinsic
~amount of the resulting polymer was 22.84 g. The 85 polymerization
v1sgemityof the polyprepylené polyriétization avas @B10kg/mmolkrZrshr, andagec
the resulting polymer had an intrinsic viscosity [0] of 1.42 dI/g, MFR of 8.0
andg/In:minf Thfl 6f 149CTard Ean2idfil57CarT heeguilibgurnaneliiRgture (T,
temperature (TM) 5 determined from the formula (Eg-1) and the difference
det €EMITRY bEtween T andthe polymerizatiom teraperagure {Z Ry aseording . |
to the present invention are summarized in Table 2. [0143] [Example 8]
bet 20 dhe pracedure of theyExampler 1 wiasreppatedexcept that 3000mkiofy «o
the solvent A was used as a solvent for solution polymerization. It was
thedifficiditotsaythat thieceondro of exathermiciheat duringthe |
polymerization was easy, but the
[0143]

[Example 8]

The procedure of the Example 1 was repeated except that

300 mL of the solvent A was used as a solvent for solution

polymerization. It was difficult to say that the control of
exothermic heat during the polymerization was easy, but the
polymerization could be carried ocut while controlling 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 crdinary pressure.
Thereafter, unreacted propylene was purged while keeping the
temperature at 50°C. Tt was confirmed that the polymer solution
was in a white-turbidity state, 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



[ 521

polymerization could be carried out while controlling the 15 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. 20
Thereafter, unreacted propylene was purged while keeping the
31. temperaturé at 50CMwaS Tohfiffedthat tstpolynder Sotution \was apalene
white-turbidity state, by the visual observation for the polymer solution in
polyme giterlaverafte s oplpletd Bh the Autdctave Whs bperresh Theranmoiyme ¢
of the resulting polymer was 86 31.03 g. The polymerization activity of the
had gglypropyiere: olymerization Was 62.1 kgfntiol-ZrhY,Ehd thé résulting mirn,
polymer had an intrinsic viscosity [n] of 1. 7 0 dl/g, MFR of 4.6 g/10 min,
Tmy Tl of 54T andrFm 2lof160€. Theléduilibritth eeking Sltemperatutes 1 £ ing
(TM) determined from the formula (Eg-1) and the difference (TM-TR)
tempetiwaerrTM (dhd theepalymenizationtempenaturgo FiR)laccording to thel the
present invention are summarized in Table 2. 87 [0144] [Table 2] Solvent
di f foriRolymeliCBaditer VekumeEquili-tseiution zatien ebsalutiondractient ure
brium
(Tr) according to the present invention are summarized in Table

2.



polymeri- tempera- during of melting TrTR zation ture (TR) polymeri-
---(y2)--- ture (TM)--

polymer tempera- (volume
ratio) C - C C Ex. cyclohexane/ 50 dis- 0.12 92.35 42.35 1

zation

n-heptane solution mixed solvent (56:50) Ex. n-heptane 60 _ o
white-turbidity 0.10 100.4 40.4 2 state EX. cyclohexane/ 50 white-turbidity

' %} 4 91.63 41.63 3 n-heptane state mixed solvent (25:75) EXx. _
wlcycllohexane 50 dis- 0.16 89.19 39.19 4 solution EXx. solvent B 60 -dis-
0,08 95,81 35.81 5 solution Ex. cyclohexane/ 50 dis 0.14 90.91 40.91 6
[ngl\l/%ntz solution mixed solvent (50:50)

Solvent for | Polymeri- Condition Volume | Equili-
solution zation of solution fraction| brium
polymeri- tempera- during of melting | Ty-Tx

zation ture (Tg) polymeri-— polymer | tempera—
(voluwe | | zation | val . ture (Tw) ]
ratio) C - °C °C
Ex. | cyclohexane/ 50 digm= 0.12 92.35 42.35
1 n~-heptane solution
mixed
solvent
(50:50)
Ex. n-heptane 60 white-turbidity 0.10 10C.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- .16 82.19 | 39.19
4 selution
Ex. solvent B 60 dig- .08 85.81 35.81
5 solution
Ex. | cyclohexane/ 50 dis— 0.14 90.91 | 40.91
6 solvent B solution
mixed
solvent
(50:50)
Ex. solvent A 60 dis- 0.0%9 91.93 |31.93
7 solution
Ex. solvent A 50 white—turbidity 0.12 93.81 43.81
g8 state
Com. n~heptane 40 deposition 0.10 100.4 60. 4
Ex.
1
Com. | cyclohexane/ 40 deposition 0.23 98.59 | 59.59
£x. n-heptane
2 mixad
solvent
(50:50)
Com.  cyclohexane 40 deposition 0.30 28.9 58.9
Ex.
3
Com. solvent B 50 depesition G.15 99.8 45.8
Ex.
4 .
Com. | cyclohexane/ 50 depozition 0.18 97.02 | 47.02
Ex. solvent B
5 mixed
solvent
(25:75)
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Ex. solvent A 60 dis- 0.09 911.93 31.93 7 solution Ex. solvent A 50
white-turbidity 0.12 93.81 43.81 8 state Com. n-heptane 40 deposition
0.10 100.4 60.4 Ex.1 Com. cyclohexane/ 40 deposition 0.23 99.59 59.59
EX. n-heptane 2 mixed solvent (50:58% Com. cyclohexane 40 deposition
0.30 98.9 58.9 Ex. 3 Com. solvent B 50 deposition 0.15 99.8 49.8 Ex. 4
Com. cyclohexane/ 50 deposition 0.18 97.02 47.02 Ex. solvent B 5 mixed
solvent (25:75) 88 [0145]

[0145]
[Example 9]

Toonefeedopeningofka310];volumecontinuouspolymerizer,
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 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—diphenyl—3,6—di—tert~butylfluorenyl)
zirconium dichloride prepared in Synthetic Example 1 was fed at
a rate of 0.4 L/hr continuously (total of the solvent A was 75.5
L/hr). Simultaneously, to the other feed opening of the
polymerizer, propylene was continuously fed at a rate of 12.4
kg/hr and continuous solution polymerization was carried out at
a pclymerization 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 ceontrol of exothermic heat during the polymerization was
extremely easy. It was confirmed the polymer soluticn was in
ahomogenousconditionfromanjjmmectionwatchwindowwithwhich
the polymerizer was equipped.
[0146]

The sclution of solvent R of polypropylene produced in the

polymerizer was continuously discharged at a flow rate of 100
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[Example 9] To one feed opening of a 310 L volume continuous
polymerizer, 5 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 TMA-341 (125
mmol/L in terms of aluminum atom) rA&nufactured by Tohso Fine Chem
Co., Ltd. was fed at a rate of 0.1 L/hr and a solution of solvent A (0.25

I/L) of dib |Imethylene 10 L . ,
L/ h%}%ﬁeo d%‘e%%lz%ﬁ?ﬁﬂl eIy E -t RBuRin SR i Fresrigm Potton

dichloride prepared in Synthetic Example 1 was fed at a rate of 0.4 L/hr

and c%ﬁﬁﬁu%%%ﬁfa(gotép&ﬂh@ SGRERE AW 7S 5 PE i SiRulictebbitlyPithe v as
other feed opening of the _polymerizer, propylene was continuously fed at

neatfadiof 2.4 15kdif & cohfiffiout soliifon poifmeRPRSIFHAS Baffedthe
out at a polymerization temperature of from 60 to 70C, under the total

SO ykd<anré bt FonT 65%40%0.7 MPaGEYR RS Mih HRE oFar0 hat TRE@BNT8I to
of exothermic heat during the polymerization was extremely easy. It was

180 ConfirmBd the peryiiet 2BIdH6T WaSiH26 2 hbmegerves conditdrfrors feed
an inspection watch window with which the polymerizer was equipped.

oPeTgI4b]He $6LE6H DR SolveRpATG polyirbpYieneroduetd iy e quencher,
polymerizer was continuously discharged at a flow rate of 100 89 L/hr

wa s thicrighdedrainfhdg pdit provided-on thegsolyhmegizenbottent larithe solution

introduced into a connecting pipe whose jacket part was
of solvent A by injecting at a rate of about 0.1 L/hr. The

sclution of solvent A 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 100.1 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 about
4 MpaG. 1In the transportation to the flash vessel, the solution
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 190°C. As a result, a polypropylene was
obtained at a production rate of 7.0 to 8.0 /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 welaght average
molecular weight of 19,9000, as mesasured by GPC, an intrinsic

viscosity [n] of 1.5 dl/g, Tmy of 148°C, Tm, of 156°C, a rrrr
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heated with a 25 kg/cm2 steam so that the temperature of the solution of
solvent A of polypropylene was kept at from 70 to 5 180C. On the position
just close to the connecting pipe, a feed opening for injecting methanol,
which was a catalyst quencher, was$tovided and methanol was joined
together with the solution of solvent A by injecting at a rate of about 0.1
fra Léhr. The sgléai n of solvent A kept at about 180C in the connecting pipe
10'&qlipped with the trédmIacket was coithusTSRARR R st o not
flash vessel at a rate of about 100.1 L/hr while regulating the opening of a
Tore &dkifte Lofitrdlifg vARESthvided at the end of the connecting pipe so
[Ol‘%hat the pressure was kept to be about 4 MpaG. In the transportation to
He flash vessel, the solution 15 temperature and the opening of a
pressure controlling valve were set so that the pressure in the flash
[Conpasawatekdptasbesatdlt 0. 1 MpaG, and the temperature of the vapor
part in the flash vessel was kept to be about 190C. As a result, a
pOlyPtBpYEHE-WAE ColstaiRed WA réatctim ratesof 700080 /ruThe 20 the
polymerization activity of polypropylene polymerization was 67.1
conggimpiol-zehr, dvekitielirsulinggsthairepylehe had ane numbeyaweraget i on
molecular weight of 92,000 and a weight average molecular weight of
tempergipor as measuwed By GPES Bnrintdnsier vidoosity [rihef 155 alify, Todi ok he
148C, Tm2 of 156C, a rrrr 90 fraction of 93.1% and an amount of the
pol yirgadanetsiohble o fiot amormthamf0 6% tbyiweight polymerizer became

difficulit 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, TMAC-341 (150 mmol/L in terms of aluminum atom),
and a solution of the solvent A (0.30 rmmol/L) of
dibenzylmethylene (cyclopentadienyl) (2,7-diphenyl-3, 6-
di-tert-butylfluorenyl) 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
& rate of 15.9 kg/hr and centinuous solution polymerization was
carried out at a polymerization temperature of 55°C, under the

total pressure of 0.7 MPaG for a retention time of 1.0 hr. The
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[0147] [Comparative Example 6] 5 The continuous polymerization was
carried out in the condition of Example 1 except that the polymerization
temperature was 30C. After 5 hr from the start of the polymerization, the
removal of heat in the polymerizer begame difficult and the polymerization
was stopped. 10 [0148] [Example 10] To one feed opening of a 310 L

volume cantinuous polymerizer, the solvent A dehydrated and purified
Congvlé%% a?gt%ti%@xt?hr 4R tycomexafe wiEte® at &t oras er, was

and tq another 15 feed opening, TMAO-341 (1§O mmol/L in terms oz ‘
3 ST &), nchi SoRABA PR soveht (.86 WAL 6F 4= ion was

. dibenzylmethylene(cyc'opentadienyl) (2,7;diphen3d-_3, 6- ' '
-1 YRR IR ST AcbRitm dicloRBe litepaeainnSyhitie Etampidich
1 at a rate of 0.15 L/hr were fed continuously 20 (the total solvent: 66 L/hr)
POl ¥RA A TEoUSRS t& tHel6tBR feed opening of the polymerizer, propylene
was continuously fed at a rate of 15.9 kg/hr and continuous solution
polylmériZfioh wad cafriéd-susata polyrferization emperatlrnef 550duced
. under the total pressure of 0.7 MPaG for a retention time of 1.0 hr. The
1N gRecHRHOIE BiatR e heanddmmitthe polymediationasas rextrethely rate
easy. It was confirmed that the polymer solution was
of 100 L/hr through a draining port provided 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
solution of the solvent A of polypropylene was kept at from 70
to 180°C. On the position just close to the connecting pipe,
a feed opening for injecting methancol, which was a catalyst
quencher, was provided and methanol was joined together with the
hexane solution by injecting at a rate of about 10 L/hr. The
hexane sclution 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 about
4 MpaG. In the 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 the temperature of the vapor part in the

flash vessel was kept to be about 190°C. As a result, a
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in a homogenous condition, from an inspection window with which
polymerizer was equipped. 5 The solution of the solvent A of
polypropylene produced in the polymerizer was continuously discharged
in a flow rate of 100 L/hr through a df&ining port provided on the
polymerizer bottom and introduced into a connecting pipe whose jacket
ol gagowa Qnegted withb%ZS kg/cm2 steam so that the temperature of the
PO~ 1B sdution of tha solvert A 'of bollprdpyfene Was Réptat forf 70%td = €-C
-y gOC. Oﬂlthe oiitionj{ltéf%close to the connecting pipe, a feed opening
9/ for injectifg mefhafdl WHEH WAk a B&faiyst ‘Glencher-as PrROvIERT ERE- e
methanol was joined together with the hexane solution by injecting ata_
PO LYIR T abotP 10 1YAF The 15 hekaa&tution ket at AUt 186C inftheLting
connecting pipe equipped with the stream jacket was continuous!jy/

PO LY RRSBIHEd Snitf4 fiaBh NEEsalTath raté OF SoBafr06 T hile fegulatisy T

the gpening of a pressure controlling valve provided at the end of the
of %gr[?né’cting pipe so that the pressure was kept to be about 20 4 MpaG. In

the transportation to the flash vessel, the solution temperature and the
[Oléaéning of the 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
[ CompavadorarEirame Lfashlvessel was kept to be about 190C. As a result,

a 92 polypropylene was obtained in a production rate of 4.0 to 6.0 kg/hr.

The Pty FeRiz Ao Hétivig loftiee pol/piopyldme Example 10 was carried

out except that the pelymerization temperature was 60°C and only
the solvent A was used as a solvent. After 5 hr from the start
of the polymerization, the removal of heat in the polymerizer
became difficult and the polymerization was stopped.
01501
[Example 11]

To one feed openingof a 1.0 L volume continuous polymerizer,
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
solution (0.1 mmol /L) of dibenzylmethylene
(cyclopentadienyl) (2, 7-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/nhr).
Simultaneously, to the other feed opening of the polymerizer,

propylene was continuously fed at a rate of 327 ml/hr and
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polymerization was 95.6 kg/mmol-Zrhr, and the resulting polypropylene
had an MFR of 4.9 g/10 min, Tml of 154C and Tm2 5 of 160C. [0149]
[Comparative Example 7] The continuous polymerization in Example 10
was carried out except that the polyriérization temperature was 60C and
only 10 the solvent A was used as a solvent. After 5 hr from the start of
he Bogmersi%altilggjt%grg \r/\cla%r% val of heat in the polymerizer became difficult

cont Opped=fo1s01 [EREmpkf i 5 TobE feBl 2

and the %olymerlza |
opening of.a 1 . 0 L volume continuous polymerizer, the solvent A

201 YRS drared ARSI CHAWR fod it A Tate RO LIRS dreftoaRGthepure of
feed opening, a hexane slurry of TMAO-341 (50 mmol/L in terms of

3 6alﬁ§ﬁ‘ﬁ%n¥% o) ahd &Soivért AtddTRaifihg SofltiGif (0.1 Msol/EpBELCL of
djbenzylmethylene 20 ’ ,

eX Ot eidhentaarehy i 7 b ety iR06- ditfest-BatyiRioram) SHesRmmy easy.
dichloride at a rate of 0.012 L/hr were fed continuously (the total of the

It QRS T0 BB SALIRT CSinmatatoBRY (6 Tle 6theR feFopenidiermaenous
polymerizer, propylene was continuously fed at a rate of 327 ml/hr and 93

congdhtiiious SeMtiih pBIFRTRFizAREN WA SareHSutate bolpmarzhiparizer

temperature of 50C, under the total pressure of
was eguipped.

The polypropylene solution of the solvent A produced in
the polymerizer was continuously discharged at a flow rate of
1 L/hr through a draining port provided on the polymerizer bottom
and introduced into 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
for injecting methanol, which was a catalyst guencher, was
provided and methancl was joined together with the solution of
solvent A by injecting at a rate of about 0.15 L/hr. The hexane
soluticn kept at about 70°C in the connecting pipe equipped with
the stream jacket was continuocusly 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 opening

of the pressure controlling valve was set so that the pressure
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3.6 MPaG for a retention time of 1.0 hr. The control of exothermic heat
during the polymerization was extremely easy. 5 It was confirmed that the
polymer solution was in a homogenous condition, from an inspection
window with which the polymerizer Wéas equipped. The polypropylene
solution of the solvent A produced in the polymerizer was continuously

. ischarged at a flow rate of 10 1 L/hr through. a draining port provided on
mY %p%d?r%e}éri‘%%?%%\{f\t/o‘"rﬁgn %Ht‘roaﬁt%a iﬁ%ﬁ’) a'Eogn c %%i‘pe Whdsg sty
A ojf\ck%topariwas heategtwith a C}O kga/tcmZ steam so that the solution of
POSINERE A GF ol propyieRaWas Kapt RIS thmeraturé 6t 50 tdoE . onne
the position just close to the connecting pipe, a feed opening 15 for
Pel%ﬁsgﬁnzgaﬁfe Aol WHicH v %h@a%@%gaﬁa%ﬁ?%o prdGided ahgon was
95 gw%%\éanol \{t\)@s joined together with the_solution of solvent A by injecting at
‘4 FtéBF Aot 6 15 /LAY ITie fiekERd dotttfor Reptadt abbhie 76 mdnen MER
connecting pipe equipped with the stream jacket was continuously

of 4t ahshorted e alffash 20 vésdel at Berdts drebott 120fr WAl regtatig on

the opening of a pressure controlling valve provided at the end of the

of E%Bnﬁécting pipe so that the pressure was kept to be about 3.6 MpaG. In
the transportation to the flash vessel, the opening of the pressure

[0 1%%}1trolling valve was set so that the pressure 94 in the flash vessel was
kept to be about 3.6 MpaG. As a result, a polypropylene was obtained in

[Compgreaitiéiich Fate®f Yoght. The

The continuous polymerization was carried out in the
condition of Example 11 except that the polymerization
tempefature was 60°C. After 5 hr from the start of the
polymerization, the removal of heat in the polymerizer was
difficult and the polymerization was stopped.

[0152]
[Example 12]

To one feed opening of a 2000 L volume (working volume of
600 L) continuous polymerizer, a mixed solvent of cyclohexane
and the solvent B {mixing ratic of 1:1), which are dehydrated
and purified, was fed at a rate of 370 L/hr, and to another feed
opening, a pre-mixed solution of the solvent B (0.30 mmol/L) of
& hexane slurry of TMAC-341 (150 mmol/L in terms of aluminum atom)
manufactured by Tohsc Fine Chem Co., Ltd. and a solution of
solvent B {(0.30 mmol /L) of dibenzyimethylene

(cyclopentadienyl) (2, 7-diphenyl-3, 6~di- tert-butylfluorenyl)
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polymerization activity of the polypropylene polymerization was 95.6
kg/mmol-Zrhr, and the resulting polypropylene had an MFR 5 of 4.3 g/10
min, Tml of 154C, Tm2 of 160C, and a rrrr fraction of 95.2%. [0151]
[Comparative Example 8] The continddus polymerization was carried out
in the 10 condition of Example 11 except that the polymerization

. ~lemperatyre was 60C. After 5 hr from the start of the _polymerization, the, .
2 G L A TR s MEbr WAL AL S P g e Baton® /=
was stopped. 01_5%] 5 [Ex le 12] To,one feed opening of a 2000 L
(tm\:/%ﬁmse V\lfgtrﬁé%'vo Jr;‘]rjfeggr %E?gl £y Cont%h%ﬂi%%%@ﬁﬁ,’aﬁﬁxé&le other
£ olvent of cyclohexane and the solventg %nyixing ratio of 1:1), which are fed
2o P AREH Shd piriHed WAL fee At a AT S70/M 2 1 ARtREF ¥ e

feed 20 opening,.a pre-mixed solution of the solvent B (0.30 mmol/L) of a
AT fexdh s?ﬁr%gof%?ﬂ 13431956 POl R ot ahthirtin gy zation

exan
manufactured by Tohso Fine Chem Co., Ltd. and a solution of solvent B
Was(6%5§ﬁﬁ8VEf6f8%6%299%&%§@ﬁ5at10n temperature of from 55 to
. écyclopentadienyg(z,7-diphenyl-3,6-di- tert-butylfluorenyl) 95 zirconium
7 QichiSHiR WERS coftiftioUShPREH B rafe 5£0B20/Ar (fotdl-sbiuliBipG for a

370.32 L/hr). Simultaneously, to the other
retention time of 1.0 hr.  The control of exothermic heat during

the polymerization was extremely easy. It was confirmed that
the polymer soluticon was in a homogencus condition, from an
inspection window with which the polymerizer was eguipped.
The polypropylene mixed solution of cyclohexane and the
solvent B (mixing ratio of 1:1) produced in the polymerizer was
continuously discharged at a flow rate of 600 L/hr through a
draining pert provided on the polymerizer bottom and introduced
into a connecting pipe which jacket part was heated with a 3 to
25 kg/cm® steam so that the polypropylene mixed solution of
cyclohexane and the solvent B (mixing ratio of 1:1) was kept at
a temperature from 150 to 190°C. On the position just close to
the connecting pipe, & feed opening for injecting methanocl, which
was a catalyst gquencher, was provided and methancl 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
U.75 L/hr. The mixed solution of cyclohexane and the solvent

B (mixing ratio: 1:1) kept at about 190°C in the connecting pipe



10

15

20

feed opening of the polymerizer, propylene was continuously fed at a rate
of 85.0 kg/hr and continuous solution polymerization 5 was carried out at a
polymerization temperature of from 55 to 57C, under the total pressure of
from 0.7 to 0.75 MPaG for a retentiofi fime of 1.0 hr. The control of

- exothermic heat during the polymerization was extremely easy. It was
confirmed that the polymer solution was in a homogenous condition, from

2RI BInggedtiontFindowSRth whicHthe Pof ntétizet Wi Squippece FRe rted

. _ . polypropylene mixed solution of cyclohexane and the solvent B (mixing

R B rdaacedtifthe B%@FX@#&%V WaS Cohtihidusy ischar@alat ing
a flow rate of 600 L/hr through a draining port provided on the polymerizer

thepghGm At firBdiced 18%/d a CoRRectiryipe Wi chjackel partashe end
heated with a 3 to 25 kg/cm2 steam so that the polypropylene mixed

o SBRITTITEE EYAORERARE aifdl BieadolveRt BYARRIAG Fatia DKER was kepearut
a temperature from 150 to 190C. On the position just close to the

4. 3coMEting pibe, i feel BPRARRYTER injetting Methamolf Whidh 20ewash, the
catalyst quencher, was provided and methanol was joined together with

so liHelfked 8B REAt 6y eloRexan eoamt: thedsolfénte B (mixmgreolunme ratibl ing
of 1:1) by injecting at a rate of about 0.75 L/hr. The mixed solution of

valggclonssafie armbthésolvene Bimbang eatior 1113 kebt ahabest290GHn kept
the connecting pipe 96 equipped with the stream jacket was continuously

to pansperdd Oindo ¥rfsh vesset bea tatersf about 600 75 bir whiler part in
regulating

the flash vessel was kept to be about 180°C. As a result, a

polypropylenewasobtainedjjlaproductionrateonO11325kg/hr.
Thepolymerizationactivityof'thepolypropylenepolymerization
was 257 kg/mmol-Zrehr, and the resulting polypropylene had a
number average molecular weight of 104,000 and a weight average
molecular weight of 197,000, as measured by GPC, an intrinsic
viscosity [n] of 1.54 d1/g, Tm of 155°C, Tm; of 160°C and & rrrr
fraction of 82.7%.

POSSIBILITY OF INDUSTRIAL USE

[0153]

Syndiotactic prepylene polymers having a narrow
composition distribution, a high melting point and a high
molecular weight can be prepared with high activity and high
efficiency by the production process with the solution
polymerization according to the present invention. The

resulting polymers are raw material resins useful in the field



the opening of a pressure controlling valve provided at the end of the
connecting pipe so that the pressure was kept to be about 5 4.3 MpaG. In
the 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 the temperature of
o he ya%or part in .the flash vessel was kept to be about 180C. As a result,
& 16 boRprdpyteht’ Was'Ghtahedin a production rate Bt203895 ki, Like.
oh The polymerization activity of the polypropylene polymerization was 257
SRGMMBEZHAE, BRE e FeitiRg PORPropyiene hatie SRimber agsragen has
molecular weight of 104,000 and a weight average molecular weight of
2 91§9 boo" A4S WredsEr&d by P ENaN fHtdRsie 15seBsity [r] of 1.54 dl/g,
Tm1 of 155C, Tm2 of 160C and a rrrr fraction of 92.7%. POSSIBILITY OF
INDUSTRIAL USE [0153] Syndiotactic propylene polymers having a
narrow 20 composition distribution, a high melting point and a high
molecular weight can be prepared with high activity and high efficiency by
the production process with the solution polymerization according to the
present invention. The resulting polymers are raw material resins useful
in the field 97 of various molding materials such as films and the 'like.
Therefore, the production process of the present invention has
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a great influence on the industrial world. 98 CLAIMS 1. A process for
producing a syndiotactic propylene polymer having a syndiotactic pentad
fraction (rrrr fraction), as measured by 13C-NMR, of at least 85%, a

melting point (Tm), 5 as measured by&DSC, of from 145C to 170C, and

an intrinsic viscosity [rj] of 0.1 to 10 dl/g, which process comprises a step

(PI) of solution polymerizing, without deposition of polymers, propylene
singly or propylene and at least dné*ronomer selected from ethylene and

an %-olefin having 4 to 10 carbon atoms at a 10 polymerization

temperaturd (1) S From S0P fP280C P andnett Ry dRocamor soree i e ne

the presence of an olefin polymerization catalyst which comprises; (A) a

PO Pidgetietaflotend Bdhctind repraserted byaRs ¥ofowingT forriag FHon) /

and 15 (B) at least one compound selected from (b-1) an
as %‘?&%’dﬁ?nﬁmn? 6y B mpoting® (5-27 & 'cofnsourdl Espable 8f Fstiriig ARm) /

ion pair by reacting with the meta!ﬁlocp(pe compound (A), and (b-3) an
25 BEganbaiimminPebmpsiind r 20 [Ehentl] RORL KU NN rdfdvifich Misrdnsic
. titanium atom, a zirconium atom or a hafnium atom,
viscosity in] of 0.1 to 10 dl/g, which process comprises a step
(P1) of solution polymerizing, without deposition of polymers,
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 (Tx) of from 30°C to 250°C 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 (I), and
(B) at least one compound selected from

{b-1) an organcaluminum oxy compound,

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

(b-~3} an organoaluminum compound.

[Chem. 1]

. N

\Y/li/[Qi | (1)

Ak J
NN

inwhichMis a titaniumatom, a zirconium atom or a hafnium atom,
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99 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 Rb may be identically or differently a single
nuclear or polynuclear hydrocarbon 5°fesidue capable of forming a
sandwich structure together with M, Y is a carbon atom or a silicon atom,
. and R and Rd. may be_the same or different from each other, is selected
Q lsfrgﬁ%fd?ggeﬁ,r §dPGctE6R GHoE arfd B L8R G caMang fodp on
. _and further may be bonded each other to form a ring, 10 2. The process
hgaa%gd&]ﬂﬁg&iﬁéﬁéﬁﬁi%“e%’iﬁ%&%féﬁ%ﬂé‘ﬁé%f«"-‘rié’dsi}t BohtiiFoFshE g ron

. The process as claimed in claim 1 or 2 wherein the.inert hydrocarbon

Paiolvent s &Rydrdtafson Rdving 5o 412 carbBR@tdmsned, e préeesd aally
claimed in any one of claims 1 to 3 wherein 15 the inert hydrocarbon

O SoivdArids-atledst 88 StrEictiiCséiedte® TroRPa rarcherIstiticlite c& rbon
ring structure and an aromatic structure in the molecule. 5. The process '

e s Ld¥faiffifin dhydnd 6F Blaites 2 DAPRHARIN The Weerthpdiocaddrer with
solvent comprises at least one selected 20 from a branch%d hydrocarbon

M, havifga Brafiehed SRS, & cyélicialiphatic hydrozarbdi havingRi ringy be
structure and an aromatic hydrocarbon. 6. The process as claimed in any

the giaresf elaitist £ 26 swhérain tebridgbd metallccehectomipbund (A)drogen,
shows Cs symmetry.

a hydrocarbon group and a silicon atom-containing group and

further may be bonded each other to form a ring.

2. The process as claimed in claim 1 wherein the step (P1)
is carried out continucusly.

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

4. The process as claimed in any one of claims 1 to 3 wherein
the inert hydrocarbon sclvent has at least one structure selected
from a bkranched 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
fromaabranchedhydrocarbonhavingeabranchedstructure,eacyclic
aliphatic hydrocarbon having a ring structure and an aromatic
hydrecarbon.

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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100 7. The process as claimed in any one of claims 1 to 6 wherein the
bridged metallocene compound (A) is represented by the following
formula (II); [Chem.2] RZR RR4 R\W6 Y MQj (U) R12RsR"R6 SR
R~ Ra R7 in which R', R2, R3, R4, R5JR8, R9 and R72 each are selected
from hydrogen, a hydrocarbon group, and a silicon atom-containing
ro d they may be the same or different from each other, and _
gdji@eﬁ%&r@&ﬁscﬁ'n y B E&ﬁdé&%% foPrt ARG SR antAR P are fife Q@herein
samecflto s or groups selected from hydrogen, a hydrocarbon group and
a’giicd eﬁoﬂ?c%# iRMG Grou BHa THay Bé boridedT6RS1RT A fRG: FL0 the
fol nd R" are the same atoms or groups selected from hydrogen, a
L hYUrdEArGH Groub arfd-a silicon atom-containing group, and may be
bonded to form aring; R, R7, R'C and R11 are 15 not hydrogen atoms
mh?ﬁpn@lﬂaneously; R17 and R18 each are an alkyl group, an aralkyl group,
an aryl group or a substituted aryl group, may be identical or different
each other, and may be;bondedﬁgo

the

in which R!, R% R3,Ef, R>, R?, »? and R'? each 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 atoms or groups selected 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 from
hydrogen, a hydrocarbon group and & silicon atom~containing
group, and may be bonded to form a ring; RY, R’, R' and R are
not hydrogen atoms simultaneously; R' and R'® each are an alkyl
group, anaralkyl group, an aryl group or a substituted aryl group,
may be identical or different each other, and may be bonded to

form a ring; M is a titanium atom, a zirconium atom or a hafnium
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form a ring; M is a titanium atom, a zirconium atom or a hafnium 101
atom; Y is a carbon atom or a silicon atom; Q is a combination of
identically or differently selected from a halogen atom , a hydrocarbon
group, an anion ligand and a neutral i§adnd coordinatable with a lone
electron pair; and j is an integer of 51 to 4. 8. The process as claimed in
any.one of claims 1 to 7 wherein_the syndiotactic propylene polymer has
at"%’mgﬁﬁov@ rSRIMERT "a¥ ndastrdd at $36C iR aﬁ/oaa Gf £eBRynetion
£ 0.1 to 50$/i0 min. 10 9. The process as claimed in any one of claims 1 to
ot HKCHT FurtheP Eofhbris&S SBifowingths Pofindrisfich SepiBAY, atom , a
hod gost-treatment step (P2) of optionally heating a polymer solution (S)
'Y AGRCRERGEY R e poRfneAZEHdh stepd8Tite témPeraturBeasEdwerl 1 gand
than the palymerization temperature and not higher than 15 250C, and
cooftbleaing SUt'fRash ProtBdRre aF& Predsute in 2a flashivessel bifroser of
0.00 to 0.5 MPaG thereby distilling off the solvent and the monomer. 10.
9hd ‘process as claimed in any one of claims 1 to 9, wherein at any
position of a transporting line from the 20 polymerization step (P1) to the
posttrdatmBACSEs $P Ctheiguiirier solition¢S)fistharnsporeddy wherein

introducing with pressure a hydrocarbon having 5 to 12 carbon atoms.
the syndiotactic propylene polymer has a melt flow rate {MERY,

as measured at 230°C under a load of 2.16 kg, of 0.1 to 50 g/10
min,

9. The process as claimed in any one of claims 1 to 8, which
further comprises, following the polymerization step (Py1), a
post-treatment step (P;) of optionally heating a polymer solution
(5) 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.

10. The process as claimed in any cne of claims 1 to 9,
wherein at any position of a transporting line from the
polymerization step (P;) to the post-treatment step (P}, the
polymer solution (8) is transported by introducing with pressure

& hydrocarbon having 5 to 12 carbon atoms.



