SF-2196 - 1 - DESCRI PTI ON PROPYLENE HOMOPOLYMER FOR CAPACI TORS 5 Techni cal
Field [£801]gdhe present invention relates to propyl ene honopol yners
having high withstand voltage and suifable for capacitor filnms and
stretched films formed thereof for capacitors. 10 Background Art [0002]

Pol ypr opyl ene, having superior stretch properties, can be formed into
uniformthin filns and has been widely used in various fields because of
its superior properties. 15 Pol %ﬁ%f "has al so been wi dely used for
capacitor filnms because of its superior electrical properties. Recently,
the demand for capacitor filns has been growing in the fields of household
appl i ances and autonobiles, and there is a need for further inprovenents

in the withstand volrragereficcaprorboyMR@ Fokneabacmedrof propyl ene. [0003]
For further inprovenments in the withstand voltage of capacitor filns
~formed of propyl ene, various propyl enes have been proposed. Anong those
are, for exanple, a propyl ene

5 Technical Field
[0001]

The present invention relates to propylene homopolymers
having high withstand voltage and suitable for capacitor
films and stretched films formed therecf for capacitors.

10  Background Art
[0002]

Polypropylene, having superior stretch properties, can
be formed into uniform thin films and has been widely used in
various fields because of its superior properties.

15 Polypropylene has also been widely used for capacitor films
because of its superior electrical properties. Recently, the
demand for capacitor films has been growing in the fields of
household appliances and autcmobiles, and there is a need for
further improvements in the withstand voltage of capacitor

20 films formed of propylene.

[0003]

For further improvements in the withstand voltage of

capacitor films formed of propylene, varicus propylenes have

been proposed. Among those are, for example, a propylene



SF-2196 - 2 - with increased tacticity whose isotactic pentad fraction in
a boiligg heptane insoluble fraction is 0.955 or nore (see, for exanple,
PTL 1), a propylene with an ash contepnt_of 40 ppm by weight or |less and a
chlorine content of 2 ppmby weight or 5 |ess (see, for exanple, PTL 2),
and a propyl ene whose racem c pentad fraction i.n a boiling n-heptane
insoluble fraction is 0.0005 to 0.01 (see, for exanple, PTL 3). Also
propos et & et 672 rﬁﬂ"etl‘éltpif dﬁif?%enel%ﬁqgff:talri: o5t el %Fa(?&rgrtolnolll“e& meso
pentad fraction and anount of burnt residue (see, for exanple, 10 PTL 4),
a propyPehklvwhoseriawm aotdel brle yinhOtiawt i s gbrit™dd dr actdeon siee,afloai | i ng
hept ane soluble fraction is 0.5 or nore (see, for exanple, PTL 5), and a
propy!| esnearfis DelUCELL, USi NG gosfegidrice wiedlaldrocaite caftalntstofand hawi g a
pentad fraction of 93 nole percent or nore, a xylene soluble fraction

cont ent,of 15 é].esﬁe§§1aarhcil-()/£ %mlqm o UL AEGHY 3»%@1@0 gte%r&?%()%%] al um num

and chl ori ne of less than 25 ppm (see, for exarrp

However, only reducing the bur re5|du ash._cont ent)

D OBy R 1T o by PG or 1ot Dby InGY LG A4 SBoRBrBMiEng ¢ he
hept ane or x Iene sol uble fraction content have not led to a materi al

sat i sf 9Ty ahef istieritied -1 e doidiing thdemidnsolinagd ubiie Eralsadobeén rapi dly
increasing recently. GCtation List SF-2196 - 3 - Patent Literature [0005]

PTL 1: Qlapaitess UneXaniswed Ratrenrixafppld,cattliiors Rubhieat poopdeed 56431921
for example, a propylene with an optimally controlled meso
pentad fraction and amount of burnt residue (see, for example,

10 PTL 4), a propylene whose isotactic or syndiotactic pentad
fraction in a boiling heptane soluble fraction is 0.5 or more
(see, for example, PTL 5}, and a propylene produced using a
specific metallocene catalyst and‘having a pentad fraction of
93 mole percent or more, a xXylene soluble fraction content of

15 less than 1% by weight, and recoverable contents of aluminum
and chlorine of less than 25 ppm (see, for example, PTL 6).
[0004]

However, only reducing the amount of burnt residue (ash
content} of propylenes, improving the tacticity of propylenes,

20 and contrelling the heptane or xylene socluble fraction
content have not led to a material satisfying the demanded
level of withstand voltage, which has been rapidly increasing
recently.

Citation List



5PTL 2: Japanese Unexam ned Patent Application Publication No. 6-236709
PTL 3: qlapangse Unexam ned Patent Application Publication No. 9-302036
PTL 4: Japanese Unexam ned Patent Appjication 10 Publication No.

2006- 143975 PTL 5: Japanese Patent No. 3618130 PTL 6: Japanese
Unexam ned Patent Application Publication (Translation of PCT Application)
No. 2004-506788 Sunmmary of Invention 15 Techni cal Problem [0006] An

obj ect FSf-He Tgrt€déttienvention is to devel op a propyl ene honmopol yner t hat
can provide a capacitor film having high w thstand voltage, particularly,
a capaclixidx>1 il m 20 having high w thstand voltage when fornmed as a thin
film Solution to Problem[0007] To sol ve the above problem the

present inventons bawyeneeBduskedmiAbE@NsiVent e8EPI LhaoioRr Opyl ene _
honmopol yners that SF-2196 - 4 - could provide capacitor filns having high

wi t hst ang vol tage, hus Lcqmpleti ng the present invention. [0008]
5 ETL 2: Japanese Unexamined Patent Application
Publication No. 6-236709

PTL 3: Japanése Unexamined Patent Application
Publication No. 9-302036

PTL 4: Japanese Unexamined Patent Application

10  Publication No. 2006-143975

PTL 5: Japanese Patent No. 3618130

.PTL 6: Japanese Unexamined Patent Application
rPublication (Translation of PCT Application) No. 2004-506788
Sﬁmmary of Inventicn

15 Technical ?roblem
[0006]

An object of the present invention is to develop a
propylene homopolymer that can preovide a capacitor film
having high withstand voltage, particularly, a capacitor film

20 having high withstand voltage when formed as a thin film.
Sclution to Problem
[0007]
To solve the above problem, the present inventors have

conducted intensive research on propylene homopolymers that



That is, the present invention includes the followng 5 itens. [0009]

[1] A p&opyl gpe hormopol yner for capacitors, satisfying the follow ng

requi renents ?i) to (v) and (ix): _ 4 (i) the nelt flowrate (MFR;
measured at 230C under a 10 |oad of 2716 kg according to ASTM D1238) is 1
to 10 g/ 10 m nutes; (ii1) the nmeso pentad fraction (mmm) neasured
by 13CG-NMR is 0.940 to 0.995; _ (iti) the integrated amount of

el uti on“atl YORT HYL ¢ gExRAG kT Bhat hont vt d@ftdw%@r{dcwaln@g%g

o-di chl orobenzene is 0.5% by wei ght or |ess; (iv) the nelting point
measur edhwsi ogrrl di friergnt i@ate soannimgemcalord neter (DSC) is 152C or nore;
(v) the chlorine content is 2 ppmby weight or less; and 20(ix) in an
elutionj¢emperature - elution volume curve neasured by cross-fractionation
chr omat ogr aphy (CFC) using odi chl orobenzene, the maxi num peak has a peak

t t i.n t - 3 ' . 7.0C
| o5s. ©BF 22dE 2 Phso0RSed IISnsh anetiasansrsmer 't a0 Bdnac  ors
accgrdi{géég_[l], further satisfying the follow ng requirenment (vi):

[0009]
[1] A propylene homopolymer for capacitors, satisfying
the fellowing requirements (i) to (v) and {ix):
(i) the melt flow rate (MFR; measured at 230°C under a
10 load of 2.16 kg according to ASTM D1238) is 1 to 10 g/10
minutes;
(i1) the meso pentad fraction (mmmm) measured by B3c-NMR
is 0.940 to 0.995;
(iii) the integrated amount of eluticn at 90°C by cross-
15 fracticnation chromatography (CFC) using o-dichlorobenzene is
0.5% by weight or less:;
(iv) the melting point measured using a differential
scanning calorimeter (DSC) is 152°C or more;
(v} the chlorine content is 2 ppm by weight or less; and
20 (ix) in an elution temperature - elution volume curve
measured by cross-fractionation chromatography (CFC) using o-
dichlorobenzene, the maximum peak has a peak top temperature
in the range of 105°C to 130°C and half width of 7.0°C or

less.



(vi) the sumof the proportion of irregularly bonded 5 unit due to

2, 1-insgrtiph of propyl ene nononer and the proportion of irregularly
bonded unit due to 1, 3-insertion of_péqpylene nmononer in all propyl ene
constituent units determined froma 13(S-NVR spectrumis 0.2 nole percent
or less. [0011] 10[3] The propyl ene honopol ymer for capacitors according
to [1] or !2 , Wherein the propyl ene honopol yner is polynerized using a
nmetallo atalyst. [0012] [4] A stretched film for capacitors, fornmed
by 15 stretching the propyl ene honopol ymer according to one of [1] to [3]
at an area dtletltls pgopatieas( aceaprdlinerolivai negabytbeagbbcuaraddgh) of 30
to 80 tines. Advantageous Effects of Invention [0013] 20The stretched film

formed wf the M@M&ﬁ%&%ﬁ%w@fﬁl@wﬁw diPERHION vf Ok
na volta

capaci tors has high wthsta ge and is suitable as a capacitor film
DescrlptIOn(gE)Eq%%dEGEDE% kgglékop§§£%%%6of Qriegularly bonded

5 unit due to 2,l-insertion of prepyvlene monomer and the
proportion of irregularly bonded unit due to 1,3-insertion of
propylene mcnomer in all propylene constituent units
determined from a '*C-NMR spectrum is 0.2 mole percent or less.
[001%]

10 [3] The propylene homopolymer for capacitors according
to [1] or [2], wherein the propylene homopolymer is
polymerized using a metallocene catalyst.

[0012]
[4] A stretched film, for capacitors, formed by

15 stretching the propylene homopolymer according to one of [1]
to [3] at an area stretching ratio {(area ratio obtained by
length x width} of 30 to 80 times.

Advantageous Effects of Invehtion
[0013]

20 The stretched film formed of the propylene homopolymer
of the present -invention for capacitors has high withstand
voltage and is suitable as a capacitor film.

Description of Embodiments

[0014]



Propyl ene Honopol yner for Capacitors The propyl ene honopol yner of the

presentgd ny. ion for capacitors is characterized in that it satisfies the
fol |l ow ng requirenents (i) to (v) and (ix) and preferably 5 further
satisfies the follow ng requirenent (V|) (i) the nelt flowrate
(MFR, neasured at 230C under a load of 2.16 kg according to ASTM D1238) is
1 to 10 g/10 m nutes; (ii) the meso pentad fraction (nmm um

measur e IR 4SS NMRICE .5 0401 & apagys:ors (iii) the integrated
amount of elution at 90C by cross-fractionati on chromat ography (CFC) using
0- di chl or ob&hze peopyléntYhbyoweilghteropf] ébs; present inventioyx foe nelting
poi nt measured using a differential 15 scanning calorinmeter (DSC) is 152C

OF NDr &apacitord Ws tdi@r@Qiine£ont eMad S t2 spRAMsBY cweicght or | ess;
(ix) in an elution terrperature - elution volume curve neasured by

cross-f t raph ) di_chl t he

maxi nunﬂlrof)lglai‘ghr};qts J:%rhpeak Ept%?e%e?[tﬁ( gg fg‘%i qqﬁﬁeaﬁgngrggggéggg to 130C
and_hal f w dth of 0C or |l ess; (vi) the sum of the proportion
of Prrdgtitdisy S@&r’?&é&eﬁmtthedﬁé)%]&“?nﬂ LR EER S (Sropyl ene monomer and

t he proportlon of irregularly bonded unit due to 1,3-insertion of SF-2196

- 7 - propyl{énethenoaet Chcal Kapﬁoﬁvﬁénemceﬁsrﬁdu@ht2&%@suld@@erém ned from
a 13C-NWR spectrumis 0.2 nole percent or less. [0015] A stretched film
f or med 16facd 4ot opyllengy khemepalivercd }sTM D1238) is 1 to 10 g/10
minutes;
{ii)} the meso pentad fraction (mmmm) measured by 13c_NMR
i0 is 0.940 to 0.995;
(iii) the integrated amount of elution at 90°C by cross-
fractionation chromateography (CFC) using o-dichlorcbenzene is
0.5% by weight or less;
~{iv) the melting point measured using a differential
15 scanning caloriméter (DSC) is 152°C or more;
(v) the chlorine content is 2 ppm by weight or less;
{ix) in an elution temperature - elution vclume curve
measured by cross-fractionation chromatography (CFC) using o-
dichlorobenzene, the maximum peak has a peak top temperature
20  in the range of 105°C to 130°C and half width of 7.0°C or
less; and
{(vi) the sum of the proportion of irregularly bonded

unit due to 2,l-insertion of propylene monomer and the

proportion of irregularly bonded unit due to 1,3-insertion of



5 capacitors that satisfies the above requirenents (i) to (v) and (ix) and
prefen@%AQfégther sati sfies the above requirenent (vi) has high w thstand
vol t age an&'ls suitable as a capacL;o;_jiInl The individual requirenents
wi |l now be described in detail. 10[0016] Requirenent (i) For the
propyl ene honopol yner of the present invention for capacitors, the MR
(ASTM D1238, at 230C under a _|load of 2.16 kg) is 1 to 10 g/10 m nutes,

pr ef er ABIOPYLR S gogiogieg/ 10 P lmibAeres enef CORELMERSRAI PB1bElow 1, it is
difficult to forman ori?inal fabric by an extruder, and it may be

i Mpos sidaltes rird et Mramdas i fediMt ratodadind i 19n e ause qfer deort exartplse,.
detachnment fromthe chuck during stretching. On the other hand, if the MFR
exceedsphQ =g/ 10 minutes, the film 20 productivity may be significantly
decreased because of, for exanple, frequent film breaks during stretching.

[0017] Requir n L) <For th r.opyl ene_h | yyrer _of .t he present

i nvention gFggﬁsgcgeg ?l9?0%0§%%%c$¥ogsgr?ﬁgP%§%aﬁ%ﬁ&ﬁ%} ?%é??gn ( M)
measured by 13C-NMR is 0.940 to 0,995, preferably 0.945 to 0.990, If the
mesa péﬁ@é@lﬁpéét¢8ﬁt(ﬁﬁﬁﬁffﬁ§§sﬁb§da@VVfBG?NWRr?QPP§SbéFbmF@.@ﬁb, it may
be inpossible to forma filmhaving the desired 5 wthstand voltage. If

t he nesadpdntad afhcaptrede remiymfurtasur edthyfi8€- VR ekceeds 0. 995, it may
be inpossible to forma filmthin enough for capacitors or may be

di ffi Culetqitiochenm avil| RuBaviae a:¥Riskanm tBiekpessndi strshut ione because
the stress during stretching is significantly high. 10[ 0018]
as a capacitor film. The individual requirements will now be
described in detail.
10 [0016]
Requirement (i)
For the propylene homopolymer of the present invention
for capacitors, the MFR (ASTM D1238, at 230°C under a load of
2.16 kg) is 1 to 10 ¢g/10 minutes, preferably 1.5 to 8.0 g/10
15 minutes. If the MFR falls below 1, it is difficult to form
an original fabric by an extruder, and i1t may ke impossible
to form a desired stretched film because of, for example,
detachment from the chuck during stretching. On the other
hand, if the MFR exceeds 10 g/10 minutes, the film
20 productivity may be significantly decreased because of, for
example, frequent film breaks during stretching.
[0017]
Reguirement (ii)

For the propylene homopolymer of the present invention



Requirenment (iii) - For the propyl ene honopol yner of the present
invention fpg.capacitors, the integrated anount of elution at 90C by
cross-fractionation chromat ography (hgreinafter also referred 15 to as
"CFC') using o-dichl orobenzene is 0.5% by weight or |ess, preferably 0.4%
by weight or less, nore preferably 0.3% by weight or less. If the

i ntegrated amount of elution at 90C by CFC exceeds 0.5% by weight, it may
be i npos¥T HFE &0 HHT e vid1d HEE S 197 i fsttend Vidgimmide MeRdaE eChE&Ywi t hst and
20 vol tage nmeasurenent conditions described later. [0019] Requirenent
(iii)" PC-NMRoistBedhP opyl @nedhonppefyneblpf 0t IS preseridd nvart itbe f or
capacitors, the integrated anount of elution at 100C by SF-2196 - 9 - -
CFC i s v f eyt 30 2206 (b eingiidim )0imd L8 8 1B Rr-afiet atd 1 sL.1%dy wei ght

or less, still nore preferably 1.0% by weight or less. If the integrated
amount pf ut.i : 0Q f 1.t hin.the g £l m
for med d;'fgﬂw’e lpﬁr)g][b I eb;llequnzﬁ%)/srrsoqgao eyraftleér %O\grﬁ%% P%l%a\l;%gﬁ“:ﬁ hrta"ﬁgt ﬁg’tsgﬁga

vol tage., !0020 Requi r enment t he propyl ene honopol ynmer of

i F
St ifq i S%r &él(o'aﬁ%%t Beso Pﬁgrtﬁél tFRAGL B N{™HBEB5ur ed usi ng a

t he~pr
measured by PC-NMR exceeds 0.995, it may be impossible to
form a f£ilm thin enough for capacitors or may be difficult to
form a2 film having a uniform thickness distribution because
the stress during stretching is significantly high.
10 [0018]

Reguirement (iii)

For the propylene homopcolymer of the present invention
for capacitors, the integrated amount of elution at 20°C by
cross~fractionation chromatography (hereinafter also referred

15 to as "CFC") using o-dichlorobenzene is 0.5% by weight or
less, preferably 0.4% by weight or less, more preferably 0.3%
by weight or less. If the integrated amount of elution at
96°C by CFC exceeds 0.5% by weight, it may be impossible to
achieve the desired withstand voltage under the withstand

20  veoltage measurement conditions described later.

[0019]
Requirement (iii)’
For the propylene homopolymer of the present invention

for capacitors, the integrated amount of elution at 100°C by



10 differential scanning calorinmeter (hereinafter also referred to as
"DSC") %ELég%%; or nore, preferably 153C to 166C. If the nelting point
measured using DSC falls bel ow 152C, grany probl enms nmay arise, including
filmbreaks due to heat applied during netallization for capacitor filns
and unsatisfactory 15 capacitor characteristics due to thermal shrinkage
during processes for producing capacitor devices or in practical use
enviro t’sS RFehGIeHel ta g PO e s e d FSirngopscrégdesaslye6C, it may
be inpossible to forma filmthin enough for capacitors or may be

di fficul t5% doyf oranctf idzm1Z3 shadtnig la movief grmmfdmiatkivess 06i dyr wbaghon
because the stress during stretching is significantly high. [0021]

Requi r ejeniteds) F@r thheiprepyhena hesopel yrer10tibheapr esent hpvention
SF-2196 - 10 - for capacitors, the chlorine content is 2 ppm by wei ght or

less (G419 2 PRA:QY &l %@f)ve agjff%r ahl ki%nf&@&%d“%ifg%eo rbggigﬁgf the

chl orine content exceeds ppm Vei ght’, "t he "pol'ynmér contali
i ncreased anmount of conductive conponent, 5 and accordingly the resulting
str tcﬁjéﬁ“ofﬁq t&“ﬂ%cﬁ:@aw%%lﬁﬂg’t A NPEPOSg @O 1TREE - may degr ade
| ong-term capacitor characteristics. [0022] If, for exanple, the catal yst
used fdi0Gadllyneri zation of 10 the propyl ene honopol ymer of the present
invention contains chlorine, it may remain in the resulting propyl ene
honopolRewerirdfidriy & imat al | ocene conpound described | ater, the chlorine
content can be controlled to the above range. [0023] 15 Requirenment (vi)
For the propylene homopolymer of the present invention
for capacitors, the melting point measured using a
10 differential scanning calorimeter (hereinafter also referred
to as "DSC") is 152°C or more, preferably 153°C to 166°C. If
the melting point measured using DSC falls below 152°C, many
problems may arise, including film breaks due to heat applied
during metallization for capacitor films and unsatisfactory
15 capacitor characteristics due to thermal shrinkage during
processes for producing capacitor devices or in practical use
environments. If the melting point measured using DSC
exceeds 166°C, it may be impossible to form a film thin
encugh for capacitors or may be difficult to form a film
20 having a uniferm thickness distribution because the stress
during stretching is significantly high.
10021]

Reguirement (v)

For the propylene homopolymer of the present invention



For the propyl ene honopol yner of the present invention for capacitors, the
sum of §§Ebf§ portion of irregularly bonded unit due to 2,1-insertion of
propyl ene ‘wononer and the proportion %f_irregularly bonded unit due to

1, 3-insertion of 20 propyl ene monorerYi n al | propyl ene constituent units
determ ned froma 130-NVR spectrumis preferably 0.2 nole percent or |ess,
nore preferably 0.15 nole percent or less. |If the sumof the proportion of

i rregulZT yCamHEde Ui tthfuChie 2 ne igdraritod of2 piosplvee igboREr and t he

proportion of SF-2196 irregularly bonded unit due to 1,3-insertion of

propyl enesaoitoner 2 ol [oypmepydrene gonsidrtakant lumiphs bgetverghnedxf rom a
C-NMR spectrum exceeds 0.2 nole percent, the crystals of the propyl ene

honopol ydmey. begorpe"BLecki hedubakendnNdxaeeasdbnghy éyt@@i§$£§t@$@d film
formed of the propyl ene honopol yner contains |ess crystallized conponent.

Thi s decrease .t he wi_thstand vol fage and incr t.he heat shrinkage.
[ 0024] elcfg?errenczoﬁita(l\%sl )anl ocrretahseeépr%np?ﬁnencneo' &?%%%I%&%gr SE%PﬁgeBFésent
invention for capacitors, the hoiling n-heptane insoluble fraction content
(herei I SCREH-1EerEd teedd g St ged ghest &dB #2958 20956629829 % by

wei ght, nore preferably 98.5%to 99.9% by weight. If the H falls bel ow
98. 0% byitieitghtd vidlbteme .beThbsi mpyssieblcedtol bogntarhi tapdaiiog t he desired
wi t hstand voltage. If the H exceeds 99.9% by weight, it nay be inpossible
to formmaddddetiidicgnough for capacitors or may be difficult to forma
filmhaving a uniformthickness distribution because the stress during
stret ch[id&é]s 20 significantly high. [0025]

If, for example, the catalyst used for polymerization of
10 the propvlene homopolymer of the present invention contains
chlorine, it may remain in the resulting propylene
homeopelymer. With a metallocene compound déscribed later,
the chlorine content can be controlled te the above range.
[0023]
15 Requirement (vi)

For the propylene homopolymer of the present invention
for capacitors, the sum of the proportion of irregularly
bonded unit due to 2,l-insertion of propylene mcnomer and the
proportion of irregulariy bonded unit due to 1,3-insertion of

20 propylene mconomer in all propylene constituent units
determined from a **C-NMR spectrum is preferably 0.2 mole
percent or less, more preferably 0.15 mole percent or less.
If the sum of the propertien of irregularly bonded unit due

to 2,1l-insertion of propylene monomer and the proportion of



Requirement (viii) For the propyl ene honopol yner of the present
invention fpg.capacitors, the xylene soluble fraction content SF-2196 -
12 - (hereinafter also referred to_aﬁl"QXS") is preferably 0.1%to 1.0% by
wei ght, nore preferably 0.1%to 0.8% by weight. If the CXS falls bel ow
0.1% by weight, it nmay be inpossible to forma filmthin enough for
capacitors or. may be difficult to 5 forma film having a uniformthickness
di stri mﬁx%ﬁpmﬁns@wﬁéﬂ s Furiring stretxHiien € SiRFerMieast |y hi gh.

If the CXS exceeds 1.0% by weight, it may be inpossible to forma film
havi ng ndrecmas i rredz Wi thstranicenm | dage: 1 3026 Jurlit Retpiiamnead Eiron a For
t he propyl ene honopol yner of the present invention for capacitors, in an

el uti on>tenper abdEerumebit£68s VOl PR LI Y8 BBRE UT €6k Dy g4 1058 fy@adHonat i on
chromat ography (CFC) usi ng o-di chl orobenzene, the maxi num peak has hal f

wi dt h 7 ef |y 6, I o SEI L e

pr ef er%ﬁ%&%—peo&l%@s&ﬁ“f%%aﬁ{% ggg er%rer?eﬁq'luqrag[r'i r?%tsqflé:wr é’ﬁ&én§$5’105c to
130C, re preferab 107C to 127C, still nore preferably 110C to 125C.

[ oog7] % Sfpﬂeft-%?f{ yrﬁ m Zqrsd | s i %Yéﬁr%d hqmpﬁét%fm&rf i | m havi ng

hi gh wi thstand vol tage can be forned, and a peak top tenperature of 105C
to 125Cdrsiref erasd duytimltl ized gnmpperitor Thitemay deéchease shiré nkage
rati o and capacitor characteristics and thin enough for capacitors can be
for med.wit$st2k36 voltage and increase the heat shrinkage.

[0024]
Requirement {vii)

10 For the propyiene homopolymer of the present invention
for capacitors, the boiling n-heptane insoluble fraction
content (hereinafter also referred to as "HI") is preferably
98.0% to 95.9% by weight, more preferably 98.5% to 992.9% by
weight. If the HI falls below 98.0% by weight, it may be

15 impossible to form a film having the desired withstand
voltage. If the HI exceeds 99.9% by weight, it may be
impossible to form a film thin enocugh for capacitors or may
be difficult to form a film having a uniform thickness
distribution because the stress during stretching is

20 significantly high.

[0025]
Requirement (viii)
For the propylene homopoiymer of the present invention

for capacitors, the xylene soluble fraction content



- 13 - [0028] A stretched filmfornmed of the propyl ene honopol yner

for ca I t hat sinultaneously sati sfies the above requirenents (i) to
(v) an (|£) preferably further s§5|sf|es t he above reqU|renent (vi),
more preferably further satisfies the“above requirenent (iii)', still nore

preferably further satisfies the above requirenent (V||) and partlcularly
preferably further satisfies the above requirenment V|||%é|s superior in

ternms ofSeddEdtiovi By SOf TEHREIT Sy 6PerEi e§2Sandleapaefese Ma?a%ﬁe?@stlcs
particularly, withstand voltage, and is suitable as a capacitor film

[0029] 1.0% byTheighdpyheme poedeakiisr Oofl$t he pPrésehy waventi oniff or
capacitors is preferably polynerized using the netall ocene 15 catal yst

descri hed liserra1Rel veBbkzZat nenpysiRgqathetal hagepe ¢apakysbiéstgesirable
because it can easily yield a propyl ene honopol ymer having a hlgh nmeso

pentad 1 gcti gn (), gﬁ%ﬁﬁke%OQY %%SFEERFﬁaBQ 8 t NGl LEEL € £XS

conponent whi ¢ch™i's presumabl e |nsu I'ON proper |es

20[ 0030] Met had _for Produ0|ng Pr opyl ene_Honop The net hod for

pr oducitRg™ Re éBB‘vé‘ab’ulBﬁyPeH&lﬁé’ﬁB‘pGW%PeﬁérdééEééPPBiL%nl RerdtEstimited as
| ong as the propyl ene honopol yner sinultaneously satisfies the above

requi r &mentsg re8p- 20g6ng s4retthlingoipvpigndffcahilprieiehablRf falre her
satisfies the above requirenent (vi), nore preferably further satisfies

the abowg keeuietemenos( bl veightl, | Ltnbae peeligpabkyoiygrtberosatasfies the
above requirenent (vii), and particularly preferably 5 further satisfies

{he aboven! AYs06TeAL Lubikly FOLeXaRD! 6o L, propyl ene homopol yrer can

be produced nmet ho yneri zing propylene using a propyl ene
polynerlé% iion catal yst such as a supported titaniumcatalyst or a
met al | ¢ catalyst described |l ater. 10[0031]

10 Requirement (ix)

For the propylene homopolymer of the present inventicn
for capacitors, in an elution temperature - elution volume
curve measured by cross-fractionation chromatography (CEC)
using o—-dichlorobenzene, the maximum peak has half width of

i5 7.0° C or less, more preferably 6.0°C or less, still more
preferably 4.5 or less and a peak top temperature in the
range of 105°C to 130°C, more preferably 107°C to 127°C,
still more preferably 110°C to 125°C.

[0027]

20 A half-width of 7.0 or less is preferred in that a film
having high withstand voltage can be formed, and a peak top
temperature of 105°C to 125°C is preferred in that a film
superior in terms of heat shrinkage ratio and capacitor

characteristics and thin enocugh for capacitors can be formed.



As the supported titaniumcatal yst, for exanple, a polynerization catalyst
i's prefgggfiy used that contains a solid titanium catal yst conponent

cont ai ni ng |?aniun1 magnesi um a halagen, and an internally added

el ectron- 15 donating conpound; an organometal I i c conmpound containing a
netal selected fromgroups I, Il, and Il of the periodic table; and an
external | y added el ectron-donating conpound. [0032] A nore specific
exanple[QgéQhe pol ymeri zation catal yst 20 used is a catal yst used for

i ndustrial production of propylene polyners (polypropylenes). For exanple,
titani um tr irichltoritddedr fiitnafoumetebifachkopirdpydapporbrdpohyassupport such
as a magnesi um hal i de and an organoal um num conpound are used. In

parti cadacid &t alnest handing gl 1actdad itar jand o 8F=24968 - 15 - originally
containing little titani umconponent is preferably used. [0033] Because

the propylene.lompolymer, aqeording 49 the & hresent iayention is used for

capaci tor , ca yst ue nee ere by "post-treatnent if
t he anmount_ of. pol%gfr produced per unit anmount of catalyst is small. Al so,
cat al ystt it ifife Ghe FPorer AP IrEHsTed B/ )poBOrreRERERE2PE Yt RETERBUNt of

pol ymer produced is |arge because 10 the catal yst has high activity. An
exanpl eadfislimst Hdd: faboviche eppsiramesdt nEritl )i's soidlemnrehprpfepsbépe
honopol ynmer produced by pol yneri zation with, for exanple, liquid

propy! engstHeit a1 SFaxaneheokteRt arepu Aerichics (vine, khe catal yst
conponents, such as titanium and magnesium nay be 15 solubilized to nake

then‘e%%ﬂﬁﬁéaﬂﬁﬁg;?&E%e@&bﬁgd%%gthkgrsatisfies the above

requirement (viii) is superior in terms of productivity, film
10 properties, and capacitor characteristics, particularly,
withstand voltage, and is suitable as a capacitor film.
[0029]
The propylene homopoclymer of the present invention for
‘capacitors is prefe;ably polymerized using the metallocene
15 catalyst described later. Polymerization using a metallocene
catalyst is desirable because it can easily vield a propylene
homopolymer having a high meso pentad fraction (mmmm)
measured by PC-NMR, and containing little CXS component which
is presumably harmful for the insulation properties.
20 [C030]
Method for Producing Propylene Homopolymer
The method for producing the above propylene homopolymer
for capacitors is not limited as long as the propylene

homopolymer simultaneously satisfies the above requirements



exanpl e, water, an al cohol conmpound, a ketone conpound, an ether conpound,
an estegncoppound, an amine conpound, an organic acid conpound, or an
inorganic acid conmpound. It is also Rﬁe[erable to clean the propyl ene
honopol ymer with a 20 pol ar compound such as water or an alcohol. Wth
such post- treatnment, the chlorine content of the resulting propyl ene
honopol yner can be reduced. [0034] On the other hand, as the netallocene
cat al ysti) ato sfrhimel - (08 - B iarerqzath it et alafsis fdent aile rgoxe

nmet al | ocene conpound havi ng cycl opent adi enyl backbones in the nol ecul e

t her eof re@jpraziartabl wius ethrd @3F]erFEiiey netreiHeoc ene icdipeund chabvionrg

| i gands with cycl opent adi enyl backbones in the nol ecul e thereof include as

t he Che@@@ﬁﬂréﬁéﬂﬁﬂGHfiﬁ*F”éﬂﬁlﬂ|M%ﬂé”ﬂf@@éﬂhﬂﬂ¥)ﬂwﬁ%ﬁ%m RANBlY4 <3
nmet al | ocene conpound (D1) represented by general formula (1) below and a

o} Socc, P ALLAP SR, PTG 0T SSa A B generslpgor e (1)
[OOEG] %é%gggr]éatisfies the above requirement (viii); For examplie,
the propylene homopolymer can be produced by a method for
polymerizing propylene using a propylene polymerization
catalyst such as a supported titanium catalyst or a
metallocene catalyst described later.

10 f00311

As the supported titanium catalyst, for example, a
polymerization catalyst is preferably used that contains a
solid titanium catalyst component containing titanium,
magnesium, a halogen, and an internally added electron-

15 donating compound; an organometallic compound containing a
metal selected from groups I, II, and III of the periodic
table; and an externally added electron-donating compound.
[00321

A more specific example of the polymerization catalyst

20  used is a catalyst used for industrial production of
propylene‘polymers (polypropylenes). For example, titanium
trichlofide or titanium tetrachleride supported on a support
such as a magnesium halide and an organocaluminum compound are

used. In particular, a catalyst having high activity and



15[ 0037] (I'n general formulas (1) and (11) above, Mis a titanium
Z|rcon|§?129§ ghafniumatom Qis a halogen atom a hydrocarbon group, an
anionic lTigand, or a neutral ligand that can coordinate with a | one pair
of electrons; j is an 20 integer of to 4, where if j is 2 or nore, Q may
be the same SF-2196 - 17 - as or different from each ot her; and Op' and

2 may be the sane as or different fromeach other and are

Cp

cycl opeMt s MYty orortbstinat bt Ty | oiderit aER IR grttpst & Paefesalor m a
sandwi ch structure with M Here, the substituted 5 cycl opent adi enyl groups
i ncl udezsedienyl, fluorenyl, and azul enyl groups and those substituted with
one or nore hydrocarbyl groups, and for the indenyl, fluorenyl, and

azul enylo@mzpups, some of the double bonds of the unsaturated rings fused
to the cyclopentadienyl groups may be 10 hydrogenated. In general formula

(1)) o Ts polivaleent.hudigcarbon group iauing .t 9,2 arbpn atom. a

di val ent halogenate bon gr carbon at ons,

di val ent_sili.con- contalnln roup, a dlvalent rnanlun}contalnlng group,
2 dPvallhR=gn. J&b%ﬁ%ﬁ%ﬁrhgl% (B Lop canssitops g ins.seAtalges. | - Co-,

-Sn-, -NRa-, -P(Ra)-, -P(0) (Ra)-, or -AlRa- (where Ra may be the sanme as
or di f frasimtud memdmdte dichareremed $ya poadrduaaioergr dufp thevemguhtt o 20
carbon atons, a hal ogenated hydrocarbon group having 1 to 20 carbon atons,

a hydr agempaltyear Aalegen miromni® ndlidtd QeRARNRA¥Nds small.
- Also, catalyst residue is preferably removed by post-
treatment if the amount of polymer preoduced is large because
10 the catalyst has high activity. An example of a method for
the post-treatment is to clean the propylene homopolymer
produced by polymerization with, for example, liquid
propylene, butane, hexane, or heptane. At this time, the
catalyst components, such as titanium and magnesium, may be
15 solubilized to make them easily extractable by adding, for
example, water, an alcohol compound, a ketone compound, an
ether compound, an ester compound, an amine compound, an
organic acid compound, or an inorganic acid compound. It is
also preferable to clean the propylene homopolymer with a
20 polar compound such as water or an alcohol. With such post-
treatment, the chlorine content of the resulting propylene
homopolymer can be reduced.
[0034]

On the other hand, as the metallocene catalyst, a



20 residue having one or two hydrocarbon groups having 1 to 20 carbon
atons on. & jd rogen aton.) O the above propyl ene pol yneri zation
catal ysts, the nmethod for producing t{he_above propyl ene honmopol ymer for
capacitors preferably uses the nmetal locene catal yst. The SF-2196 - 18 -
met hod for production using the netall ocene catal yst is desirable because
it can easily yield a propyl ene honopaol yner having a high neso pentad
fracti W aMECHFRHEN G 1alte cERS EFrPEnEnTetRHIIORSPS pPBBEREBI y har nf ul
for the insulation 5 properties. [0038] The pol ynerization catal yst
pr ef er dislwings ed/dlIrpptehne apriesarit bamkédnomiesn ins theefreralny eatiretrabFotene

catal yst containing a bridged netall ocene conpound represented by 10

gener alp AqigBdia  hida)i .bel ow, which has already been internationally
publ i shed (W01/27124) by the applicant; at |east one conpound sel ected
from or tallic conpounds, organoal um num oxy conpounds, and conpounds
capabl e of formng an ion pair by reacting wwth a netall ocene conpound; 15

and,optional| v 8 pary) culat e suppert [ 09391 ;LChem 2L, SF-2196

cyclopentadienyl backbones in the molecule thereof include as
the chemical structure therecf the following two types,
namely, a metallocene compound (Dl) represented by general
formula (I) below and a bridged metallocene compound (D2)

10 represented by general formula (II) below. Of these, the

bridged metallocene compound (D2) is preferred.

[0036]
[Chem. 1]
MQj — [q] Yo MY —
‘:P? C@E

15 f0037]

(Tn general formulas (I) and (II) above, M is a titanium,
zirconium, or hafnium atom; Q is a halcgen atom, a
hydrocarbon group, an anicnic ligand, cor a neutral ligand
that can coordinate with a lone pair of electrons; j is an

20 integer of 1 to 4, where 1f j i1s 2 or more, Q may be the same



- 19 - [0040] In general formula (111) above, R, R2, R3, R4, R5,
R6, FW,S¢%2 ; R10, R11, R12, RI3 r and Rl14 are selected froma hydrogen 5
atom a hydrocarbon group, and a sLlﬁjog-containing group and nay each be
the sane or different. Exanples of hydrocarbon groups include |inear

hydr ocar bon groups such as nethyl, ethyl, n-propyl, allyl, n-butyl,
n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, and n-decanyl groups;
br anchetf Hr thcﬁp@%m%mh% isg6h Cepy RRdt EP?-W E gfd‘rﬁfl ,
3-net hyl pentyl, 1, 1-diethylpropyl, 1,1-dinethylbutyl,

1- met hydane propyt blitfifisrentl -fprappydanit ydthel, hodi metehyi<2openhybdpeopyl , and
1-met hyl- 1- isopropyl -2-nethyl propyl groups; saturated cyclic hydrocarbon
groups sticdums: e epeiidlopaitd Bhexyl gexglsohepltY lcanl Foe¥ckooct yl ,

nor bornyl, and adamantly groups; unsaturated cyclic hydrocarbon groups

such a éﬁgﬁgg gé?ﬁétungﬁhﬁgﬁb%cag -%}QQhé ggbé%g%??%@yl’ phenant hryl ,

and ant racenJT; aturate on groups su ed with unsaturated
cyclLic hydrocarbo rqups, such as benzyl, cunyl, 1, 1-di phenylethyl, and
tribheﬁ@%ﬂ%ﬂﬂﬁﬂtiﬁi§%¥, Fr et OGREAmi Ad YRy @Pgar BBH groups such
as 5 net hoxy, ethoxy, phenoxy, furyl, N-nmethylam no, N, N- di methylam no,

N- phenydzaniany,l mprauds, aaved thivisendubgitddpg edEwampl eseobrsinbiceon- cont ai ni ng
groups include trimethylsilyl, triethylsilyl, dinmethylphenylsilyl,

di phenH yetdudraiviy lgroamng ,t rEnghemd siHey lindenyaddiftiverent/he adiacent
substituents of R5 10 to R12 may conbine with each other to forma ring.

Exanpl g5, . ofe n;{waag;%ti tsg)&r%d o L‘t%e%'ubqreopeﬁdisn%u@ﬁebﬁﬂé%hyg&say ¥

di benzof | uor péhy rodi benzof I'uoreny
oct ameCTHIT oo M UGl By s FOBRE BTG EAYI: GFBUps. may be
10 hydrogenated. In general formula (II), Y is a divalent
hydrocarbon grocup having 1 to 20 carbon atoms, a divalent
halogenated hydrocarbon group having 1 tc 20 carbon atoms, a
divalent silicon-contalning group, a divalent germanium-
containing group, a divalent tin-containing group, =-0-, -CO-,
15 -8~-, -S0-, -80;-, -Ge-, -Sn-, -NR®-, -P(R®*)-, -P(0O} (R®*)-, -BR?-,
.or -RA1R*- {where R® may be thé same as or different from each
other and is a hydrocarbon group having 1 to 20 carbon atoms,
a halogenated hydrocarbon group having 1 to 20 carbon atoms,
a hydrogen atom, a halogen atom, or a nitrogen compound
20 residue having one or twoc hydrocarbon groups having 1 to 20
carbon atoms on a nitrogen atom).)
Of the above propylene polymerization catalysts, the
method for producing the above propylene homopolymer for

capacitors preferably uses the metallocene catalyst. The



15[ 0041] For the metal |l ocene conpound used in the present invention,
R1, RZSEE%ﬂQ%Pd R4, which are substituents on the cyclopentadienyl ring in
general formula (I11), are preferapl¥8a*hydrogen atom or a hydrocarbon
group having 1 to 20 20 carbon atons” "More preferably, R2 and R4 are

hydr ocar bon groups having 1 to 20 carbon atons. Particularly preferably,
Rl - and R3 are hydrogen atons, and R2 and R4 are |inear or branched al kyl
gr oups "RAViIoRy fo1t prodesitien atsdms. theongfaidpogrgecataiyst 1s | n genera
formula (111), additionally, R5 to R12, which are substituents on the

f | uor enlesiinadgi eatbe cpusteridblogra ehypdilggenedtiom proayhydeobarbpnlgneup
having 1 to 20 carbon atons. Exanples of hydrocarbon groups having 1 to 20

car bon p2 3% ma@mu@%sbh%@%t@%sg&hg%qoﬁb@ﬁ@-CEH%aQQRﬁiém&tﬁyéscksuents of
e

R6 to R12 may conbine wt ach other to forma ring. preferable

fluore i IS LN whi L.ul. a hydrogen
atom avirsieats BRLAE 48 EAbFELY Franiie ot thSarehiReite” Ric. and
R11 are not 1Q simultaneously a hydrogen atom [0043] For the

net Al | 8EERETEAESl'yst used in the present invention, in general fornula
(rrr), Y, which bridges the cycl opentadienyl ring with the fluorenyl ring,
is prefl@aBlly 15 a group 14 el enent, nore preferably carbon, silicon, or
germanium still nmore preferably a carbon atom [0044] I n addition,

P73 and Rl4rthahpshyvaeei sabsbht U8DaByoN Dref@YabEy theegaire @ase or different
fromeach other and are 20 hydrocarbon groups having 1 to 20 carbon atons
t hat ”%%esent invention is preferably a metallocene catalyst
containing a bridged metallocene compound represented by
10 general formula (III) below, which has already been
internationally published (WO01/27124) by the applicant; at
least one compound selected from organometallic compounds,
organcaluminum oxy compounds, and compounds capable of
forming an ion palir by reacting with a metalliocene compound;
15 and opticnally a particulate support.

[0039]

[Chem. 2]



conbine with each other to forma ring, nore preferably, selected from
al kyl gipupssdhaving 1 to 3 carbon atons and aryl groups having 6 to 20
carbon atons. As such substituents, Egr _exanpl e, nmethyl, ethyl, phenyl,
and tolyl SF-2196 - 22 - groups are preferred. R13 and R14 nmay conblne
wi th the adjacent substituents of RS to R12 or the adjacent substituents
of RLto R4 to forma ring. [0045] 5In general formula (I11), Mis
preferably a grgup 4 teansition metal, nore preferably a titanium
zirconium or hat n|U‘ atom In addltlon Qis selected froma hal ogen, a
ani oni c |igand, and a neutral | i gand that can

pair of electrons in a 10 conbi nation of the sane
pesffj is an integer of 1 to 4, where if j is 2 or
nore, Q may be th. same as or different fromeach other. Specific exanples
h uorine, chlorine, bromne, and iodine atons, and
ydrocarbon groups include 15 ones simlar to those

gr oups Su@mw as g tert but oxy, and phenoxy; carboxyl ate groups such
as acetate gpd benzoate; @and sul fonate groups such as mesylate and
tosylate. Sp gxanples of neutral |igands that can coordinate with 20
a lone pair

tri met hgt'p tosphi ne, triphenyl phosphi ne, and
di phenyl net d ethers such as tetrahydrofuran, diethyl ether,
di oxane, oxyet hane. Preferably, at |east one Qis a hal ogen
or SF-2 R
R R8 . n s [111]
[0040]

In general formula (III) above, R', R?, R3, RY, R, RG, R’,
rR®, R?, RY, R, R*?, R™, and RY are selected from a hydrogen
5 atom, a hydrocarbon group, and a silicon-containing group and
may each be the same or different. Examples of hydrocarbon
groups include linear hydrocarbon groups such as methyil,
ethyl, n-propyl, allyl, n-butyl, n-pentyl, n-hexyl, n-heptyl,
n—ocfyl, n-nonyl, and n-decanyl groups; branched hydrocarbon
10 groups such as isopropyl, tert-butyl, amyl, 3-methylpentyl,
l,1-diethylprepyl, 1,1-dimethylbutyl, l-methyl-l-propylbutyl,
1,1-propylbutyl, 1,1-dimethyl-2-methylpropyl, and l-methyl-1-
isopropyl-Z2-methylpropyl groups; saturated cyclic hydrocarbon
groups such as cyclopentyl, cycichexyl, cyclicheptyl,
15 cyclooctyl, norbornyl, and adamantly groups; unsaturated

cyclic hydrocarbon groups such as phenyl, tolyl, naphthyl,



an al kyl group. [0046] Exanpl es of preferred bridged netall ocene
conpounQ;_bﬁggude di nmet hyl net hyl ene(3-tert-butyl-5- 5
nethylcycIopentadienyl)(3,6-ditert1pq&ijluorenyl)zirconiun1dich|oride,
1- phenyl et hyl i dene(4-tert-butyl-2-

met hyl cycl opent adi enyl ) (oct anmet hyl oct ahydr odi benzof | uorenyl )z irconi um
dichloride, [3-(1',1',4',4",71,71,101, 101-

oct anet RyPoetahy dPbenbehkby b, h3nd usRrBRYAFENY1; 353 matery | hBlrogeroon
tert-butyl-1,2, 3, 3a-tetrahydropental ene)] zirconium di chl ori de, and

di met hygretbyl| sneéBiteteédbuiyh- Basaturated cyclic hydrocarbon groups,
nmet hyl cycl opentadienyl)(1,1,4,4,7,7, 10, 10-

oct amet vkechaydedi besael b, M {1 uar giuhy zétoon um Al chlorddand 90AT]
15For the netalloceﬁe cata ygt used ?ﬁat%e ﬁ?%gent inve%??éﬁé'as at | east
one co (c t | e from organonetal i ¢ _conpounds,

o ganoat ciien 858 Benebtn e R E bR R e R ey
reacting with a netall ocene conpound and an optionally used particulate 20
suppor tTethegE: dFsePBEe Pt Re abevel pubTIREY B0 N 2Y124) by the
applicant and in Japanese Unexam ned Patent Application Publication No.
11- 3151@Bneany benised ¥-ogetinetamind, titer met al drot ertel eagnipgurmdiprsepr esent ed
by general formula (I11) without Iimtation. SF-2196 - 24 - [0048]

An exanpten®fef dBtHOD Eo—EoPE LB d NG S@5E I e S 1hade dHAa anepy)l ene
honopol ynmer si nul t aneously satisfies the above requirenents (i) to (v) and

(12),, Bl S0l 1411 oty ot alh e bt LSRN 1) ol
ool oT LD, S 31 S5 s Sbove. T SOOI L A, Lol o1

appropriatquolynerization 10 conditions, including polynerization

t edfer sturk,” wangorhéneavaryiseagh deberi bedfabove. rOne. speeinbilesexanpl e
is a nethod in which the type of catalyst is dinethylnethyl ene(3-

t - but ylo5-smedthyd ayst operd B df Byt riydl Gyt D uitnd 1fd deo ey o)fZinceemiyam
dichloride, the polynerization 15 tenperature is set to 50C to 90C,

pr ef er ablye, 806G 1.0, 8061 AngEdr QSR i sh SUPRId A J0get her wi th the raw

mat eri al s such

octamethyloctahydrodibenzofluorenyl, and
octamethyltetrahydrodicyclopentafluorenyl groups.
15 [0041]

I'or the metallocene compound used in the present
invention, R;, RZ, R3, and R, which are substituents on the
cyclepentadienyl ring in general formula {(III}, are
preferably a hydrogen atom or a hydrccarbon group having 1 to

20 20 carbon atoms. More preferably, R® and R’ are hydrocarbon
groups having 1 to 20 carbon atoms. Particularly preferably,
R' and R® are hydrogen atoms, and R? and R* are linear or
branched alkyl groups having 1 tc 5 carbon atoms.

[0042]



that the anpunt of hydrogen supplied is 0.03 to 0.3 nole percent,
preferafl .36 to 0.21 nole percent, still nore preferably 0.07 to 0.18
nol e percent 20[ 0049] In the_e?gnples herein, described |ater, the
propyl ene honopol yners of the present invention were produced by
perform ng prepol ynerization in the presence of a netall ocene conpound of
general formula ( Illi where R and are hydr g oSF-2196 - 25 - atons,
R2 is a tertDbHEYFTH oﬁﬁrmﬁﬁalélélhetﬁQﬁlE%ﬁﬁ%l Y7 BndORR ar Tt - but yl
groups, R5, RR8, RO, R and R12 are hydrogen atons, Y is a carbon atom
R13 an@rRNS@b@tdemhmmsgp@umﬁe MlmQr&nzimd@gbunratpnefexhbla eghl ori ne atom
and | is 5 2, nanely, dinethylnethylene(3-tert-butyl-5-
th?{!exek%@e%§@3@@$p&ig3h@ﬂdbbe&bohu@ybhbuQeemmb)ZIt@omouaaﬂb@ﬂlorlde
oct ane cta enzo 1

tert b%’%ﬁrgi Zgg%gg%gtggh%geﬁg%é%#}g en %% ﬁ}rc%%%r#? ﬁo%qsd:ear 0 or

t hyl net hyl e 3-tert- ,
ot by ! BB hare LG an s Frre feytribed gRoys. The adjacent
octanethyloctahydrodlbenzo[b ;Jfluorenyl)2|rcon|un1d|chlor|de a
cocat abybstitaeslty, of 891 td Bat abyscondinegvwishhehahuather ake Sepported on
silica support, and 15 triethylalum num and then perform ng main
pOIyﬁEEiZathn_Anpﬂ@féf@$EeSfE@6reﬂéthﬂughiéhﬁuphﬁsaﬂﬁxﬂﬂwénhhanFb not
limted to those conditions. [0050] Stretched Filmfor Capacitors 20The

stretched Bbkﬁ%@%1@sneeﬁ§§§0p'ﬂyaebbeﬁ LebmCapagi Lohsrk SpRefdtapfor med by

stretchlng t he propyl ene ol yner “at an afea stretchlng ratio (area
ratio t ali ned b | engt h x wi dt 0 ﬁe Qotl ]preferably 35 to 75
tines, PéeBFe Fébi- 286t6n76 ’ A" Hi et chfhg

10 simultanecusly a hydrogen atom.
[0043]

For the metallccene catalyst used in the present
invention, in general formula (III), Y, which bridges the
cyclopentadienyl ring with the fluorenyl ring, is preferably

15 a group 14 element, more preferably carbon, silicon, or
germanium, still more preferably a carben atom.
i0044]

In addition, R*® and R”, which are substituents on Y, may

be the same as or different from each other and are

20 hydrocarkon groups having 1 to 20 carbon atoms that may
combine with each other to form a ring, more preferably,
selected from alkyl groups having 1 to 3 carbon atoms and
arvl groups having 6 tc 20 carbon atoms. As such

substituents, for example, methyl, ethyl, phenyl, and tolyl



SF-2196 - 26 - ratio allows the propyl ene honopol yner to be highly
crystald.iz cb6thus yielding a stretched fil mhaving higher dielectric

br eakdown strength. [0051] The %tgetched filmof the present

i nvention for capacitors has high mﬁ? stand voltage. The wi thstand voltage
is preferably 650 V gmor nore, nore preferably 660 V/gm or nore,
particularly preferably 670 V/ gm or re, for a stretched filmhaving a

t hi ckneBL B @GutPBf e Her 8, 19l O Wl hsE AL Vol 't idde it a val ue
obt ai ned by the nmeasurenent nethod used in the exanples described later.

[ 0052] adjacehicamimt ishresttehed A’ tof 81° capadict ey acends to have a | ower

w thstand voltage with increasing operating 15 tenperature; the stretched

film ofsdhe ipnpsent Jmenthortfos £apAChtOf§g1 s characterized in that it
can maintain high withstand voltage at el evated operating tenperatures
becausqxhﬁﬁgses a propyl ene honopol ymer having high tacticity and high
nol ecul ar i ght. 20[0053] The stretched filmof the present

invention for capacitors typicallg has a thickness_of 1 to 50 gm
preferably 175986301 RAPITHBartildur al!, 1EnBTSEFERBREA2f 9T A D4 t he present
invention for capacitors is expected to SF-2196 - 27 - provide a

par ti cHrarisy tsiogninfeitednt mefrfee gtr & fferiap liys aa ttitviam ifinl, mzhaepngua, t bickness of
15 pmor |ess because it uses a propyl ene honopol ynmer havi ng hi gh
tacti cinayrrangh Rit@h . nmokgculaftWehght. is selected from a halogen, a
hydrocarbon group, an anionic ligand, and a neutral ligand
that can coordinate with a lone pair of electrons in a
10 combination of the same type cor different types. J is an
integer of 1 to 4, where if j is 2 or more, Q may be the same
as or different from each other. Specific examples of
halogens include fluorine, chlorine, bromine, and iodine
atoms, and specific examples of hydrocarbon groups inciude
15 ones similar to those described above. Specific examples of.
anionic ligands include alkoxy groups such as methoxy, tert-
butoxy, and phenoxy; carboxylate groups such as acetate and
benzoate; and sulfonate groups such as mesyiate and tosylate.
Specific examples of neutral ligands that can coordinate with
20 a lone pair of electrons include organophosphorous compounds
such as trimethylphosphine, triethylphosphine,
triphenylphosphine, and diphenylmethylphosphine and ethers

such as tetrahydrefuran, diethyl ether, dioxane, and 1,2-

dimethoxyethane. Preferably, at least one Q is a halogen or



5[ 0054] The stretched filmof the present invention for capacitors
can be gFc ed by a known nethod for producing a biaxial stretched film
such as sinultaneous biaxial stretching or sequential biaxial stretching.
The conditions 10 for biaxial stretching nay be those for production of
known OPP filns or capacitor filnms; in sequential biaxial stretching, for
exanpl e, the longitudinal stretching tenperature may be 125C to 145C with
a draw #at3 el FEBR0 9 tines, and the transverse stretching tenperature
may .be 15 150C to 190C with a draw ratio of 7 to 11 tines. If bl ocking
occurs b&ldwelen filns, it is desirable to control the chill roll
tenperature to 70C to 110C to appropriately roughen the surfaces thereof.

[0055] 20Ongxamiched wirl brbecdeser bhedgas acshetbbbecexanpbengt the met hod
for producing the stretched filmfor capacitors, although the present

inventig lilﬁ:lepinhnleiﬂﬂ;}l%%_tti%gtrg‘?{eogsi%%@bu@aﬂi@— a 30 mmdianeter T-die is

used to forma sheet aving a thickness of 100 to 1,200 pm
at di e tenperature of_ 200C to 250C and roll nperatyre of 70C
g et 3

to OCTSHE TBEU T SHERY st Jrreredtdd Ct%géu%ei@ “t-6+°8hE M nut e
and is stretched at 154C to 158C and a stretching 5 speed of 6 ms by 5 to
9 ti megliighltdia deongi-tolidinydle tdivlaetanen dartgrz-botg lt2mes in the transverse
direction to yield a stretched filmhaving a thickness of 3 to 15 pm
EXAVPLES {305 fclopentadienyl) (octamethyloctahydrodibenzofluorenyl) z
irconium dichloride, [3-(1',1',4',4',7',7',10',10"'~
octamethyloctahydrodibenzoib,hjfluorenyl) (1,1, 3~trimethyl-5=-
10 tert-butyl-1,2,3,3a~tetrahydropentalene)]zirconium dichloride,
and dimethylmethylene (3-tert-butyl-5-
methylcyclopentadienyl) (1,1,4,4,7,7,10,10-
octamethyloctahydrodibenzo[b,h] fluorenyl) zirconium dichloride.
[0047]
15 For the metallocene catalyst used in the present
invention, as at least one compound (cocatalyst) selected
from organometallic compounds, organcaluminum oxy compounds,
and compounds that form an ion pair by reacting with a
metallocene compound and an optionally used particulate
20 support, those disclosed in the above publicaticn
(WC01/27124) by the applicant and in Japanese Unexamined
Patent Appliéation Publication No. 11-315109 can be used

together with the metallccene compound represented by general

formula (III) without limitation.



10The present invention will now be nore specifically described with
refere ﬁ%?béhe exanpl es, al though the present invention is not limted

t her et o. e properties of the progyEgng honopol ynmers used in the exanpl es
and conparative exanples were nmeasuré&d as follows. 15[0058] (1) Melt Flow
Rate ( MFR) The nelt flowrate (MFR) of the propyl ene honopol yners was
nmeasured at 230C under a |load of 2.16 kg according to ASTM D1238. 20[ 0059]

(2) Mesld Peht ad Fracti on ( mmm) The neso pentad fraction (nmm of

t he propyl ene honopol yners, which is a val ue defined by the assignnent
shown by A. AZamtrelrpbiieetfab. menhbdcifompliaplkbrent 8n§8FofiBFD) sucldF- 2196 - 29
- was determ ned by neso pentad fraction - (peak area at 21.7 ppm/ (peak

area fromtldHo R3IRnEhe hem ViIRAS UierRRLS cebkalned by r136 MYR under
the follow ng conditions. [0060] 5 Measurenent Conditions Type:
JNME Larg%)%q/ae Z_ereQ;{u(lq%ﬂlléfn%%t Ltrle)‘d tl?}y (‘JVEIGanltf C{':L)x) Begglelfgrggiyllggr%r
5 satisfies the above requirement (vi), more preferably further
satisfies the above requirement (iii)', still more preferably
further satisfies the above requirement (vii), and
particularly preferably further satisfies the above
requirement (viii) is to set appropriate polymerization
10 conditions, including polymerization temperature, using the
catalyst as described above. One specific example is a
method in which the type of catalyst is dimethylmethylene (3-
t-butyl-5-methylcyclopentadienyl) {3, 6-di-t-
butylfluorenyl) zirconium dichloride, the polymerization
15 temperature is set to 50°C to 90°C, preferably 60°C to 80°C,
and hydrogen is supplied together with the raw materials such
that the amount of hydrogen supplied is 0.03 to 0.3 mole
percent, preferably 0.06 to 0.21 mole percent, still more
preferably 0.07 to 0.18 mole percent.
20 [0049}
In the examples herein, described later, the propylene
homopolymers of the present invention were produced by
performing prepolymerization in the presence of a metallocene

compound of general formula {(III) where R' and R® are hydrogen



Measurenent tenperature: 125C Solvent: 1,2,4-trichlorobenzene/ deuterated
benzeness_ 10 Pul se width: 7.8 psec Pulse interval: 5 sec Nunber of
acqui sitions: 2,000 Shift standard: = 0 ppm Mde: single-pul se

br oadband decoupling 15(3) Integrated Amount of Elution Measured up to
100C by CFC during heating and peak hal f-wi dth and peak top tenperature

nmeasured by CFC The integrated anoynt of elution of the propylene
honopol 348y fas lfedstPE8-HEFHg EREURndEl TFCG TEBUA XU dthuffaceiifed by
M t subi shi Petrochemi cal Co., Ltd. as follows. [0061] The separation

col umKR ez ze Shedexb Ty BOSMRIs hrRe &I, uiis)R’,t Bé' elarehtRfasre
o-di chl orobenzene, the sanple concentration was 0.15 to 0.3 w/vol % the

amount 13fd-58H & toalfy, 2108 5 a3Qardd ealad was £ Hit, spadntteyfl ow rate

was 1.0 nL/mn. The sanples were heated at 135C for two hours and were

| ed C 1.0 m . n. e th . f 60 i nut
1(‘: 8? goa‘”j{l%r%léjos ’Tﬁé l\]/soia(rtln g&(ﬁc&%guoar%)éeoﬁe%{%r &- ﬁﬂ%@ﬁr&ﬂgaéfcgﬁ, O%Egoau%n\?\ags

0.88 m(? and the pi.pe volume was 0.06 nL. [0062] A detector was a
FoxBor & i if%iled G oBrsIeRAN I ASSIFUEYRZ5Cel 1). Infrared light of

3.42 ' Am (2924 cm 1) was neasured in an absorbance node at a response tine
of 10 methylcyclopentadienyl) (3,6-ditert-butylfluorenyl) zirconium

dichloride, [3-(1',1',4',4',7',7',310",10"-
octamethyloctahydrodibenzo|[b,hlflucrenyl) (1,1, 3-trimethyl-5-
tert-butyl-1,2, 3, 3a-tetrahydropentalene) ] zirconium dichloride

10 or dimethylmethvylene (3-tert-butyl-5-
methylcyclopentadienyl) (1,1,4,4,7,7,10,10-
octamethyloctahydrodibenzo[b,h] fluorenyl)zirconium dichloride,
a cocatalyst, namely, a solid catalyst having
methylaluminoxane supported on silica support, and

15 +tfriethylaluminum, and thén performing main polymerization in
multiple steps, although the present invention is not limited
to those conditions.
[0050]
Stretched Film for Capacitors

20 The stretched film of the present invention for
capacitors is a film formed by stretching the propylene
homopolymer at an area stretching ratic (area ratio cbtained
by length x width) of 30 to 80 times, preferably 35 to 75

times, more preferably 40 to 70 times. A higher stretching



10 seconds. The elution tenperature range between 0C and 135C was di vi ded
into 25;40,8ggfractions. In particular, the elution tenperature range in
the vicinity of the elution peak energed was divided into 2Cinterval.
fraction. Al the tenperatures were expressed by an integer. For exanple,
the 15 elution fraction at 120C refers to conponents eluted in the range
of 118 Cto 120C. The integrated anmount of elution at. 90C by CFC is the
total artht dtLFutHon RIS iHFMmRetEye 01 Chigdoc. ~ The integrat ed
anount of -elution at 100C by CFC is the total anount of elution fraction
in the 2ysnbel 8d 0Chws 100G difhe arod teceld credve] ight haofinchéighmronent t hat
formed no coating even at 0C and the fractions eluted at the individual

t enper aiisBScinel € weaskdaeh ankddien PP- equi val ent nol ecul ar wei ght's
t hereof were cal cul ated using a universal calibration curve. The SEC

SF- 2196 OO§§]- tenperature was 135C, the amount of internal standard
injected was 0.5 nlL, the injection position was 3.0 nL, and the data

sampling ti was 0.50 secaond. [0063] 5The sanple concentration can be set
to Pess thaﬁ%ﬁ:é%ﬁﬂﬂé%ﬂd%ﬁqimaﬁgaggﬁrP&Fsﬁpﬁsé VENGELhr §%hecause of an
excessi ve anount of conponent eluted in a narrow tenperature range. The
dat a prevessi iy sdw perifar raid-hadiang tvel g ysTheproghamandre Dazae
Processing (version 1.50)" supplied with 10 the apparatus. The cross

fracti onatderd GOy idsehf/)ind LORRIEST ethred pie Ry a3l Weoc&l/pebhod t hat
reproduces results with high analytical precision if exactly identical

neasurqqﬁgg 4] e i he .present invention,
val ues "obt di m&é@%&r@i’ %glsegjetréttﬂe}} ?ﬁ](ﬁég urg)ﬁr:en rtghcgggré shown. [0064]
The peak hal f-w df. s defined and determned as .the width between the
1t Lo MBSt o8t S I (G KRS OF “Hred f ponbit aeiathal f ¢ he
maxi mum amount of eluted 20 conmponent, and the peak top tenperature was

defPnediditr et rifiiedaas & e wedmserchtiiaad tahitdle fsasaFstiantof el uted

conponent was nmaxim zed.
method used in the examples described later.

[C0521]
A common stretched film for capacitors tends to have a
lower withstand voltage with increasing operating
15 temperature; the stretched film of the present invention for
capacitors is characterized in that it can maintain high
withstand voltage at elevated operating temperatures-because
it uses a propylene homopolymer having high tacticity and
high molecular weight.
20 [0053]
The stretched film of the present invention for
capacitors typically has a thickness of 1 to 5@ pm,
preferably 1.5 to 30 pm. In particular, the stretched film

of the present invention for capacitors is expected to



[0065] (4) Melting Point (Tm SF-2196 - 32 - The nelting point (Tn) of
t he pr _Iéelrgl%hormpol ynmers was neasured using a differential scanning
cal orinmeter (DSC, manufactured by Ee&éi nEl mer Inc.) as follows. The
endot herm ¢ peak neasured in the thi step was defined as 5 the nelting
point (Tm. [0066] Measurenent Conditions Sanpl e preparation
conditions: the sanples were pressed at 230C for two m nutes and were
cool ed WiPa dfeat RHK Fotlar0. oriv o idutcantto Fidaftsdifplid diseét §hRavi ng a
thickness of 0.1 to 0.4 mm [0067] About 5 ng of hot-pressed sanple
was putfilmn agperfprated HHidBNWA SR Ran Hayivigaikd Atepgak wol unme of
30 R, and 15 was subjected to neasurenent with the pan closed with an

al um nyRddf.e {D088lopol yme Fidati ntf #igH heasamhe, was; heated to 230C at
500C/ mn and was held for ten mnutes.
moiecular weight.
5 [0054]

The stretched film of the present invention for
capacitors can be produced by a known method for producing a
biaxial stretched film such as simultaneous biaxial
stretching or sequential biaxial stretching. The conditions

10 for biaxial stretching may be those for production of known
OPP films or capacitor films; in sequential biaxial
stretching, for example, the longitudinal stretching
temperature may be 125°C to 145°C with a draw ratio of 4.5 to
9 times, and the transverse stretching temperature may be

15 150°C te 190°C with a draw ratio of 7 to 11 times. If
blocking occurs between films, it is desirable to control the
chill roll temperature to 70°C to 110°C to appropriately
roughen the surfaces thereof.

[0G55]

20 One method will be described as a specific example of
the method for producing the stretched film for capacitors,
althéugh the present invention is not limited thereto.

[0056]

First, a 30 mm diameter T-die is used tc form a sheet



20[ 0069] Second step: the sanple was cooled to 30C at 10C m n and was
hel d fchjzg?%? nute. [0070] Third step: the sanple was heated to 230C at
10C/ m n. -2196 - 33 - [0071] _ (5) Chlorine Content (CQ) The
chl orine content of the propyl ene ho%%polyners was neasured as foll ows.

5[ 0072] A burner manufactured by Mtsubishi Kasei Corporation was
used to burn 0.8 g of a sanple at 400C to 900C in an argon/oxygen fl ow,

t he cofBusticon gas okaescaptiurld® wiot B, @I00r apuré watlée, tamderhbusanpf e

sol ution was concentrated and 10 subjected to neasurenent using the

DI ONEX-2DX300 ticor? SéiiCommtdogr aphiy 1s yetlémtemprf-atneed oy ORCpponsf onex K. K
and t he AS4A- SC ani on colum (manufactured by D onex K K ). [0073]

(6) Praper ticons tahg headl ard y-BerdedUnkt ssdue g 25328 Epseptdion and
1,3-Insertion The proportion of 2,1-insertion of propylene nononer

d the. [ f..1,.3-1 ' ' | I
Const | FHBHCRArES Wiorb ReAbhod oy foC. RUR atbr ARgot L EREhEtRod >

di scl osed i n Japanese Unexan ned Patent 20 Agpliqation Publ i cati on No.
7_1 52ff?efbéihf m/s by 5 to 9 times in the longitudinal direction

and 7 to 9 times in the transverse direction to yield a
stretched film having a thickness of 3 to 15 pm.
EXAMPLES

[0057]

10 The present invention will now be more specifically
descfibed with reference to the exampies, although the
present invention is not limited theretec. The properties of
the propylene homopolymers used in the examples and
comparative examples were measured as follows.

15 [0058]

(1) Melt Flow Rate {MFR)

The melt flow rate (MFR} of the propylene homopclymers
was measured at 230°C under a load of 2.16 kg according to
ASTM D1238.

20 [0059]

(2) Mesc Pentad Fraction (mmmm)

The meso pentad fraction (mmmm) of the propylene

homopolymers, which is a value defined by the assignment

shown by A. Zambelll et al. in Macromolecules, 8,687 (1975),



(7) Boiling n-Heptane Insoluble Fraction Content (H') The H of the

propyl ege_hosppol yners was neasured as follows. SF-2196 - 34 - [00795]

As the method for determining the H ,first, 1 g of a sanple was put in a
Soxhl et extractor and was subjected to extraction in boiling n-heptane for
ten hours. The sanple 5 was then cleaned with acetone, was dried at 120C
for six hours, and was wei ghed, and the percent mei%?t based on the

i ni ti al"3otmte gt RS h%e e Rt htieRcisire] (R ASRe Soltdble
Fraction Content (CXS) 10The CXS of the propyl ene honopol yners was

cal cul aven) Afpdat o TEO77]° to 23Mimghed mant hias rE:agugfer@nsanpl e

propyl ene honopol yner, which was conpletely dissolved in 500 mMl of boiling

xyl ene &5 aitkdvasy dftonerl tedstatbe unbllotheg sebndi©odenperature reached
20C. After the solution tenperature reached 20C, it was further allowed to
stand fgig m nutes and was filtrated to renove precipitate. The filtrate
was concentrated and dried to solid and was further dried at 60C 20 and

160 for six haours,, and the residue was wei ghed. The wei ght fraction
of ?Hgﬁ%3ﬁ38ﬁ%%?“di?ﬂﬂ%ﬁh?qﬁlxylene in the sanple used was cal cul ated as
t he CSX. [0078]
Type: JNM-Lambada 400 (manufactured by JEOL Ltd.)
Resolution: 400 MH=z
Measurement temperature: 125°C
Seolvent: 1,2,4-trichlorobenzene/deuterated benzene = 7/4
10 Pulse width: 7.8 usec
Pulse interval: 5 sec
Number of acguisitions: 2,000
Shift standard: TMS = 0 ppm
Mode: single-pulse broadband decoupling
15 (3) Integrated Amount of Elution Measured up to 100°C by CFC
during.heating and peak half-width and peak top temperature
measured by CFEC
The integrated amount of elption of the propylene
homopolymers was measured using the model CFC T-150A
20 manufactured by Mitsubishi Petrochemical Co., Ltd. as follows.
[0061]
The separation columns were Shodex AT-806MS (three

columns}, the eluent was o-dichlorcbenzene, the sample

concentration was 0.15 to 0.3 wi/vol%, the amount of sample



(9) Wthstand Vol tage (BDV) SF-2196 - 35 - The BDV of the resulting
stretcgﬁpzﬁkhﬁs was neasured at 80C according to JIS-C2330. [0079] EXAMPLE

1 5 Production of Propylene HonDpoLygBr_(PPl) (1) Production of Solid
Cat al yst Support Sanpled into a 1 L Srde-armflask was 300 g of Si02
( SUNSPHERE H121 manufactured by AGC Si-Tech Co., Ltd.), which was slurried
by addi.ng 800 nmL of toluene. The slurry was 10 then transferred into a 5 L

f our - néckEF TS Ind 260 MnDftheolfdéme rRas Haded. OFBREYRER-i Mhdduced was

2,830 m of a nethylalum noxane (hereinafter MAO) -toluene solution (10
W % solsatricd®s. WEre mexttede atad 38tICr fed atvor bomrseapdr atueecbote80toi nut es.
The m xture was heated to 110C in one hour and 15 was reacted for four

hours. oUYpomr:tcartpl/atinQn ohet Bempeast ¥8he then Mh1dr gL Wasc ceok egsh to room
tenperature. After the cooling, supernatant toluene was renoved, and

P AR Iy B3 0 voRE O Ao SR L By EpLageTE i © O 9%

5 elution column was 0.86 mi, and the pipe volume was 0.06 mL.

[0062]
A detector was a Foxboro infrared spectrometer MIREN 1A

CVE (Cal2 cell). Infrared light of 3.42 pm (2924 cm-1) was
measured in an absorbance mode at a response time of 10

10 seconds. The elution temperature range between 0°C and 135°C
was divided into 25 to 35 fractions. In particular, the
elution temperature range in the vicinity of the elution peak
emerged was divided into 2°C-interval fraction. All the
temperatures were expressed by an integer. For example, the

15 elution fraction at 120°C refers to components eluted in the
range of 118° C to 120°C. The integrated amount of elution at
90°C by CFC is the total amount of elution fraction in the
range of 0°C to 90°C. The integrated amount of elution at
100°C by CFC is the total amount of elution fraction in the

20 range of 0°C to 100°C. The molecular weights of the
component that formed no coating even at 0°C and the
fractions eluted at the individual temperatures were measured,
and the PP-equivalent molecular weights thereof were

calculated using a universal calibration curve. The SEC



Cat al yst Conponent onto Support) Weighed out in a 5 L four-necked
flask id-a,pglove box was 1.0 g of dinethylnethylene(3-t-butyl-5-
nethylcyclopentadienyl)(3,6-di-t-ng%IfLuorenyl)zirconiun1 SF-2196 - 36 -
di chloride. The flask was taken out, (}.5 L of toluene and 2.0 L (100 g as
the solid conponent) of the MAQ Si 02/toluene slurry prepared in (1) above
wer e added under nitrogen, and the m xture was stirred for 30 m nutes for
suppor PSR IR st +1hd- di st ISty lend(tsiadusfpnsiard

met hyl cycl opent adi enyl ) (3, 6-di -t-butyl fluorenyl)zirconi um

di chl orimed MAQE Si02/Q .0 uehe SHeauriry] avasi sulgecittedt ova@9%. Oepllacement with
n- hept ane such that the final anmount of slurry was 4.5 L. This procedure

was carthedime mgioam 0 denpes af re.sdQA8L] (3) Production of
Prepol yneri zed Catal yst An autocl ave having an internal volunme of 200 L

and equt with a stirrer was charged with 101 g of the solid 15
cat al yst conponent prepared in (2) above, 111 m of triethylalumnum and

80 h of heptane and _was further c_har%ed ith 303 glof etg%l epe ¥\/ni |l e
mai At ai ni ng e SPAPSEN EPPCERNERAE-GPe 40 PSCSEG 26CledRd ARy were react ed
with stirring for 180 minutes. Upon conpletion of the 20 pol ymerization, a
sol i d conffonentiiven abrowstht eoprsoiys teat®ir saie gearssy iofg aguper nat ant
liquid and cleaning with heptane was carried out tw ce. The resulting
pr epol yarefd Z€itr < alrd il SR Scngsispandaditiat A i ined rfeptangcaad uns
adj usted with heptane to the solid catalyst conponent concentration of 1
g9/ L. 1Ty$hge. The data processing was performed using the analysis
program "CFC Data Processing (version 1.50)" supplied with
10 the apparatus. The cross fractiocnatiocn (CFC) itself is
considered to be an analytical method that reproduces results
with high analytical precision if exactly identical
measurement conditions are set; in the examples in the
present invention, wvalues obtained by carrying out the
15 measurement once are shown.
[0064]
The peak half-width was defined and determined as the
width between the elution temperatures at which the amount of
eluted component was half the maximum amount of eluted
20 compenent, and the peak top temperature was defined and
determined as the temperature at which the amount of eluted
component was maximized.

[0065]

(4) Melting Point (Tm)



SF-2196 - 37 - prepolynerized catal yst contained 3 g of polyethyl ene per
gram ofsd he, gplid catal yst conponent. [0082] (4) Main Polymerization

5Pol yneri zati on was performed by cgn%bngously supplying a jacketed
circulation tubular polynerization ré&actor having an internal volune of 58
L with propylene at 30 kg/h, hydrogen at 5 NL/h, the catalyst slurry
produced in g%% above at 3.2 q/h as the solid catalgst conponent, and
triethyl al ufidfumcat i1 Podndi /IAmd o ods the ReEepYI-ErfulPRAPP hELRET Any2Fapor
phase. The tenperature of the tubular polynerization reactor was 30C, and
t he pr essurerddersiofg wasli¥ fenvPda/iG1 [QE88)inthealesuleiteg SDEEFY was
transferred into a vessel 15 polynerization reactor having an internal

vol une refnulf 4 te B, egUiPREA Mt e St idy &o1fieksf urther pol ynerization.
The pol ynerization reactor was supplied with propylene at 50 kg/h and with

hydrog%é&’&l&%ﬁ% r%e%.e}‘{ Y:fe%%fur%*&aﬁgb%% 3y egen concanttatiop.of 0.12
nol e percent. Polynmeri zation was performed at a pol ynerization
tenperature of 70C and a pressure of 3.0 MPa/G [0084] The resulting
sl u ryiﬁﬁ%rﬁ eM%ed Y ft'd'a vessel pol ymerization reactor having an

internal volunme of 500 L and SF-2196
[0066]

Measurement Conditions
Sample preparation conditions: the samples were pressed
at 230°C for two minutes and were cooled on a heatsink for
10  one minute to form sample sheets having a thickness of 0.1 to
.4 mm.
[00e7] .
About .5 mg of hot-pressed sample was put in a perforated
aluminum sample pan having an internal volume of 30 pL and
15 was subjected to measurement with the pan closed with an
aluminum 1id.
[0068]
First step: the sample was heated to 230°C at 500°C/min
and was held for ten minutes.
720 [0069]
Second step: the sample was cooled to 30°C at 10°C/min
and was held for one minute.
(0070]

Third step: the sample was heated to 230°C at 10°C/min.



- 38 - equipped with a stirrer for further polynerization. The

pol ynmerégzafd reactor was supplied with propylene at 15 kg/h and with
hydrogen such that the vapor phase_had a hydrogen concentration of 0.12
nol e percent. Polynerization was 5 performed at a pol yneri zation
tenperature of 69C and a pressure of 2.9 MPa/G [0085] The resulting
slurry was transferred into a vessel polynerization reactor having an

i nt er nat’Yotume of 500 L and 10 equi pped with a stirrer for further

pol ynmeri zati on. The polymerization reactor was supplied with propyl ene at
12 kg/ h{andEmiahirty dicogemtsudhl )t hat t he vapor phase had a hydrogen
concentration of 0.12 nole percent. Polynerization was perforned at a

pol ymeri zat ifeR enperaktutentkn®8crandcaptbpplessuUn8mObo 2yl Mrakss [ 0086]
The resulting slurry was transferred into a vessel polynerization reactor

havinglﬁgggdyéawgﬁ]f@%;gy%_of 500 L and equi pped with a stirrer for further
e pol

pol ymeri zat 1 on. ynmerization reactor was supplied with propyl ene
at 13 kﬁﬁ?mﬂnd wi th hydrogen such that the vapor phase had a hydrogen
content ion of 0.12 nole percent. Polynerization was perforned at a
pol ymeri zation tenperature of 67C and a pressure of 2.9 MPa/G  SF-2196 -
39 - [0087] A burneThwapufaktimgdsbur Mytaabishbj Besed forwapatricati on and
was subjected to gas-solid separation to yield a propyl ene honopol yner
(PP1) . wHe yepemadom@olgy e o RRIp1wastb ayioélcded anod@ kg/ bn The
propyl ene honmopol yner (PPl) was dried in a vacuum at 80C.
argon/oxygen flow, the combustion gas was captured with
ultrapure water, and the sample solution was concentrated and
10 subjected to measurement using the DIONEX-DX300 ion
chromatography system manufactured by Nippon Dionex K.K. and
the AS4A-~-SC anion column {manufactured by Dionex K.K.).
[0073]
(6) Proportions of Irregularly Bonded Units due to 2,1-
15 Insertion and 1,3-Insertion
The proportion of 2,l-inserticn of propylene monomer and
the proportion of 1,3-inserticn of propylene monomer in all
propylene constituent units were measured by B3C_NMR according
to the method disclosed in Japanese Unexamined Patent
20 Application Publication No. 7-145212.
[0074]
(7) Boiling n-~Heptane Insoluble Fraction Content (HI)

The HI of the propylene homopolymers was measured as

follows.



[ 0088] The properties of the propyl ene honopol ynmer (PPl) thus

yi el ded;arg ggzhown in Table 1 below. 10[0089] Pelletizing The

propyl ene honopol ymer (PP1) was pellgyized by bl ending 100 parts by weight
of the resulting propyl ene honmopol yner (PP1) with 0.2 part by wei ght of
3,5-di-tert- 15 butyl -4-hydroxytol uene, as an antioxidant, 0.2 part by

wei ght of tetrakis[nmethylene-3(3,5-di-tert-butyl-4-
hydrox%ﬁﬁ@ﬁvl)propionatelnethane, as an antioxidant, and 0.01 part by

wei ght of calciumstearate, as a neutralizer, and nelt-kneading the bl end
at a resin Benpkeatgtbodf f2830€ctsingn20gatkengle- §crew ekty udera The

pell etizer used was GWZ50-32 (L/D = 32, 50 nm di aneter single screw)

manuf actuiad by sGuEnginneergorg16e. exdttrdctb@090H SheekubMhkding tSF- 2196 -
40 - The pellets of the propyl ene honopol yner (PPl) forned as above were

|t ed - - h [ ' db
G Engl A g G LrU e e et ke Ehol G876 ol CoaTT gt ol | or hel d

a o Lemeratie 590 300l 2 take ol [ speed of 1,0,uLmn to; form a sheet

hours, and was weighed, and the percent weight based cn the
initial amount of sample was calculated.
[007&]
(8) Xylene Soluble Fraction Content (CXS)
10 The CXS of the propylene homeopolymers was calculated as
follows.
[0077]
Weighed out was 5 g of a sample propylene homopolymer,
which was completely dissolved in 500 mlL of boiling xylene
15 . .and was allowed to stand until the solution temperature
reached 20°C. After the solution temperature reached 20°C,
it was further allowed to stand for 30 minutes and was
filtrated to remove precipitate. The filtrate was
concentrated and dried to solid and was further dried at 60°C
20 and 160 mmHg for six hours, and the residue was weighed. The
weight fraction of the component dissolved in xylene in the
sample used was calculated as the CSX.
[oo78]

(9) Withstand Voltage (BDV)



[ 0091] Formation of Stretched Film The sheet fornmed as above was cut to 85
nm X 85spmpagg 10 was biaxially stretched to forma biaxially stretched
filmhaving a thickness of 14 gmunder the foll owi ng conditions. The
wi t hstand voltage of the resulting stretched filmwas neasured by the
met hod descri bed above. The results are shown in Table 1. 15[0092]
Stretcher: Bruckner KARO IV Preheat tenperature: 154C Preheat tine; 60
seconds The BOVglaitdlyi i SHtG189 S&qednticsl THilaR wpsstracehtAgiby 5 x 7
20 times (5 times in MDand 7 tinmes in TD) Stretching rate: 6 mnmin
EXAMPLES Q" Pot yorprd izt i ton dvas-@et3br ned as follows, and a stretched film
was fornmed in the sanme manner as in Exanple 1 except SF-2196 - 41 -
[0079]
EXAMPLE 1
5 Production of Propylene Homopolymer (PP1)
(1) Production of Solid Catalyst Support
Sampled into a 1 L side-arm flask was 300 g of SiO;
(SUNSPHERE H1Z21 manufaciured by AGC Si-Tech Co., Ltd.), which
was slurried by adding 800 mL c¢f toluene. The slurry was
10 then transferred into a 5 L four-necked flask, and 260 mL of
toluene was added. Further introduced was 2,830 mL of a
methylaluminoxane (hereinafter MAO)-toluene solution (10 wt$
solution). The mixture was stirred at room temperature for
30 minutes. The mixture was heated to 110°C in one hour and
15 was reacted for four hours. Upon completion cof the reaction,
the mixture was cooled to rcocom temperature. After the
cooling, supernatant toluene was removed, and replacement
with fresh toluene was performed to a replacement rate of 95%.
10080]
20 {2) Production of Sclid Catalyst (Supporting of Metal
Catelyst Component onto Support)
Weighed out in a 5 L four-necked flask in a glove box

was 1.0 g of dimethylmethylene (3-t-butyl-5-

methylcyclopentadienyl) (3, 6-di~t-butylfluorenyl)zirconium



that the resulting propyl ene honopol ymer (P22) was used. The w t hstand
voItageS@i2%@g resulting stretched filmwas neasured by the nethod

descri bed above. The results are sho in Table 1. 5[0093] Production of
Pr opyl ene Honopol ymer (P22) (1) Production of Solid Catal yst Support
Sanpled into a 1 L side-armflask was 300 g of 5i 02 ( SUNSPHERE H121
manuf act ured by AGO Si-Tech Co., Ltd.), which 10 was slurried by addi ng
800 nlL SFchbriEie. The dHasky "rss teeR Cdnsferr bdofntelyeseLargur - necked
flask, and 260 nL of toluene was added. Further introduced was 2,830 nL of
a net hyZ d) um hiokane hertst neflied MA@ ordroluere tdal 1RGO 100t wl %esel uti on).
The m xture was stirred at roomtenperature for 15 30 mnutes. The m xture

was heajpgdrip JdGidd Qne Nouramsdies Wasrd eatded ur@ferf oun Rerrs. aHaon
conpl etion of the reaction, the m xture was cooled to roomtenperature.

W Lh 1 raeh ol Uere e RarTarmaP o b T abl arerent AP g 6556 5] oo

with fresh toluene was per 0 a replacenent [ 0094]
(2) _Productj.on of Solid Catalyst (Supporting of Metal Catalyst Conponent
ont 8 SﬂﬁﬁﬁiSIW%ﬂﬁﬂ%ﬁjﬁﬂﬂﬁﬁpﬁég?QJ%TRW@H%@Kéﬁ'flask in a glove box was
1.0 g of [3-(1',1",4",4 ,7",7",10",10"' - SF-2196
methylcyclopentadienyl) (3, 6-di-t-butylfluorenyl)zirconium

dichloride/MAC/Si0;/toluene slurry was subjected to 99%
repiacement with n-heptane such that the final amount of
. siurry was 4.5 L. This procedure was carried out at room
10 temperature.
[0081]
(3} Production of Prepolymerized Catalyst
An autoclave having an internal volume of 200 I, and
equipped with a stirrer was charged with 101 g of the solid
i5 catalyst component prepared in (2) above, 111 mL of
triethylaiuminum, and 80 L of heptane and was further charged
with 303 g of ethylene while maintaining the internal
temperature at 15°C to 20°C, and they were reacted with
stirring for 180 minutes. Upon completion of the
20 polymerization, a solid component was allowed to precipitate,
and removing supernatant liquid and cleaning with heptane was
carried out twice. The resulting prepolymerized catalyst was
resuspended in purified heptane and was adjusted with heptane

to the solid catalyst component concentration of 1 g/L. This



- 42 - oct anet hyl oct ahydr odi benzo[ b, h] fl uorenyl) (1, 1, 3-tri met hyl-5-
tert-butylsilg2, 3, 3a-tetrahydropental ene) ] zirconi um d| chloride. The flask
was taken out 0.5 L of toluene and 2,0 L (100 g as the solid conponent)
of the MAQ Si 02/to| uene slurry prepar ed '51in (1) above were added under
nitrogen, and the m'xture was stirred for 30 m nutes for supporting. The
resulting [3- (1, 7,10, 10

oct anetPRARSet EbFr %ﬁfi'l tfearinad[Xb‘;th]q‘quRﬁ’]é??ﬂ )3( ] Pfsﬂor%Y%PE@LFHS- per
tert-butyl-1, 2, 3, 3a-tetrahydropental ene)l zirconium 10

di chl ordg ket Wﬂi@ﬁqumma@lm yamgsorsubj.ected to 99% repl acenent with
n- hept ane such that the final anmount of slurry was 4.5 L. This procedure
was carrgegbput at roomtenperature. [0095] 15(3) Production of

Pr epol yrreri zed Catal yst An aut ocl ave having an internal volunme of 200
L and e hl,rae i.J/s8J, was charged with 101 g of the solid catalyst
corrponent prepar ed1 I?L a 51ve, 111 nmL of triethylal um num and 80 L of

hep ane and s further charged 2% vvitg %03 g of et héLene vvh

i At ai ni ng FOMEMERt EPAP "t SRpePEFUPE™EE PECOPBT2BECUAY ?‘ﬁ%@/ We% teacted
W|th stirring for 180 m nutes. Upon conpletion of the polynerization, a
sol i d cooriert Gierrwldtowed tudvdreet ins lnates, 1 zaid one e dichg Ts BPBILALL ant
liquid and cleaning with heptane was SF-2196 - 43 - carried out tw ce.
The r esifid g Iprepalnererfi zad icatially siroms aresuspended /kn pydirbged hept ane
and was adjusted with heptane to the solid catal yst conponent

concent.y.at IS +Pr. wATel § d33,9 of
pol yet r%/t?egnceﬁtpfeﬂr lt% g:r%tgpyt%te Sg%ﬁ: éﬂgfta ysetgaconpgne%tBBEFO%SG %4) Mai n

Pol t f I
Pl yiHE & Beer 8 18 P eI TR S ol ReEr A ran o ARt Kovi ng an

10 1.0 mL/h so as to keep it full without any vapor phase. The
temperature of the tubular polymerization reactor was 30°C,
and the pressure thereof was 3.1 MPa/G.

[0083]
The resulting slurry was transferred into a vessel

15 polymerization reactor having an internal volume of 1,060 L
and equipped with a stirrer for further polymerization. The
polymerization reactor was supplied with propylene at 50 kg/h
and with hydrogen such that the wvapor phase had a hydrogen
concentration of 0.12 mole percent. Polymerization was

20 performed at a polymerization temperature of 70°C and a
pressure of 3.0 MPa/G.

[0084]
The resulting slurry was transferred into a vessel

pelymerization reactor having an internal velume of 500 L and



10 internal volune of 58 L wth propylene at 30 kg/h, hydrogen at 5 NL/h,
the catgltystigglurry produced in (3) above at 3.2 g/h as the solid catalyst
conmponent, and triethylalumnumat 153 ni/h so as to keep it full without
any vapor phase. The tenperature of the tubul ar polynerization reactor was
30C, 15 and the pressure thereof was 3.1 MPa/ G [0097] The resulting
slurry was, transferred into a vessel polynerization reactor having an

i nt er nafIYAIRAR BF SR, DO Hd Ui W PTG 3 oFor TRt her

pol ynmeri zation. The 20 pol ynerization reactor was supplied with propyl ene
at 50 kg hyreervdi % it horhyelraotferr sUch suratl itdik widgorpiraslensad ta 1y dodhen
concentration of 0.10 nole percent. Polynerization was perforned at a

pol ynerdzatdicih tieppespdrurenef tHE amk ardy@siH=e0thadt @ MParegenSF- 2196 -
44 - [0098] The resulting slurry was transferred into a vessel

| 098] | : _ _ ' oed
po yrrerao%.?éérp&a;& el f@@z;q?@%e ﬁ%ﬁg}@éﬂ.’ vgbﬁag@egiﬁée%ﬁ apd equi ppe

wth a stirrer for turther po he ol'ynerization reactor
was _suppl i dﬁﬁ\%}h rop Ieneeclg;t@é%tkg/h and with %r gen _such that the
vaplr BIRIEHIRE £y PGB 050 Hol - FePREnt.
Pol ynmeri zati on was;erfor med at a pol ynerization tenperature of 69C and a
pr essurkEefsur e WPad @ ME3{/5099] The resulting slurry was transferred into
a vessel polynerization reactor having an internal volume of 500 L and
equi ppedodxlh a stirrer for further polynerization. The pol ynerization
reactor was supplied with propylene at 12 kg/h
The resulting slurry was transferred into a wvessel
polymerization reactor having an internal volume of 500 L and
10 equipped with a stirrer for further polymerization. The
polymerization reactor was supplied with propylene at 12 kg/h
and with. hydrogen such that the vapor phase had a hydrogen
concentration of 0.12 mole percent. Polymerization was
performed at a polymerization temperature of 68°C and a
15 pressure of 2.9 MPa/G.
(00861
The resulting sliurry was transferred into a vessel
polymerization reactor having an internal velume of 500 L and
equipped with a stirrer for further polymerization. The
20 polymerization reactor was supplied with propylene at 13 kg/h
and with hydrogen such that the vapor phase had a hydrogen
concentration of 0.12 mole percent. Polymerization was

performed at a polymerization temperature of 67°C and a

pressure of 2.9 MPa/G.



15 and with hydrogen such that the vapor phase had a hydrogen
concentggatiigy of 0.10 nole percent. Polynerization was performed at a

pol ymerization tenperature of 68C andga_pressure of 2.9 MPa/G [0100]
20The resulting slurry was transferred into a vessel polynerization
reactor having an internal volume of 500 L and equi pped with a stirrer for
further polynmerization. The polynerization reactor was supplied with
propyle[r%)8 H 13 kg/h and with hydrogen such that the vapor phase had a
hydrogen SF-2196 - 45 - concentration of 0.10 nol e percent.

Pol yneri zat Fba wasuperhor mbdray wapobyheerkzati on vepperziuren ofnd7C and a
pressure of 2.9 MPa/G [0101] 5The resulting slurry was subjected to
vapori zatsd eribdrd teas tsUkjaectsed 1H0 sgaaradliicd sepgiatton poopietdea

propyl ene honopol yner (PP2). The propyl ene honopol yner (PP2) was vyi el ded

at 40 h l-ene L eds cuum at 80C.
T LT s ot R b L e e B S s A

yleéde%i%&%e%h%¥n4bnkgagte %hQ?&?&ﬁyig%QS ogg%% %ﬁ%g (PP1l) was

dried in a vacuum at 80°C.
[0088]

The properties of the propylene homopolymer (PPl) thus
vielded are shown in Table 1 below.

10 [0089]

Pelletizing

The propylene homopolymer (PPl) was pelletized by
blending 100 parts by weight of the resulting propylene
homopolymer (PP1l) with 0.2 part by weight of 3,5-di-tert-

15 butyl~4-~hydroxytoluene, as an antioxidant, 0.2 part by weight
of tetrakis[methylene-3(3,5-di-tert-butyl-4-
hydroxyphenyl)propionate]methane, as an anticxidant, and 0.01
part by weight of ¢alcium stearate, as a neutralizer, and
melt-kneading the blend at a resin temperature of 230°C using

20 a2 single-screw extruder. The pelletizer used was GMz50-32
(L/D = 32, 50 mm diameter single screw) manufactured by GM
Tngineering Co., Ltd.

[0080]

Sheet Molding



15Pol ymeri zati on was perfoLnmed as follows, and a stretched filmwas
formed gp_%f]%same manner as in Exanple 1 except that the resulting

propyl ene honopol yner (PP3) was used.,gThe withstand vol tage of the
resulting stretched filmwas neasured by the nethod described above. The
results are 20 shown in Table 1. [0104] Production of Propylene

Honopol ymerﬁI'(PP3 (1) Production of Solid Catalyst Su %ort Sanpled into a
1 L side-armig WS §60 eoP iyt ensrhorgpol v . ((% UNSBREREIHES 1

manuf actured by AGC Si-Tech Co., Ltd.), which was slurried by addi ng 800
m of tabeeneveThansligd yvinaddd Herrid arsfordest tihtaigh % 130f our - necked
flask, and 260 nL of toluene was added. Further introduced was 2,830 nL of

a 5 nethydadtsd noxane mhareiaaitel MAQM -Hrafuens ise) Wd.Qn 16H , W
solution). The mixture was stirred at roomtenperature for 30 m nutes. The

m Xt ur & yas, heateds 1o, H10C 4n é”l&%cﬂ?{{rﬁ angh \as He%?taletd 3f f&%m&%%r%tﬁ%r S

Upon conpl etion of the reaction, xture was cool e

temperature., After the 10 olin super nat ant tol yene was renoved, and
reg}%ace‘?#nfo 't%tf?e]%aﬁ(et“é?ﬁgn?%%% Cb‘i&f(ﬁf Fito B réfmale e T ate of 95%
[0105] (2) Production of Solid Catalyst (Supporting of Metal Catalyst
ConponemVior ¢ SuppdrtgssIBvigiGhedmut in a 5 L four-necked flask in a

gl ove box
[0091]

Formation of Stretched Film
The sheet formed as above was cut to 85 mm x 85 mm and
10 was bilaxially stretched to form a biaxially stretched film
having a thickness of 14 um under the following conditions.
The withstand voltage of the resulting stretched film was
measured by the method described above. The results are
shown in Table 1.
15 [0092]
Stretcher: Briickner KARO IV
Preheat temperature: 154°C
Preheat time: 60 seconds
Stretching ratio: seguential biaxial stretching by 5 x 7
20 times (5 times in Mb and 7 times in TD)
Stretching rate: 6 m/min
EXAMPLE 2
Polymerization was performed as follows, and a stretched

film was formed in the same manner as in Example 1 except



was 1.0 g of dinethylnmethylene(3-tert-butyl-5-

nethquﬁg opgnt adi enyl ) (1,1, 4,4,7,7, 10, 10-
oct armet hyl oct ahydr odi benzo[ b, h]fluorg pyl)zirconi umdichloride. The flask

was taken out, 0.5 L of toluene and OL (100 g as 20 the solid

conponent) of the MAQ Si 02/toluene slurry prepared in (1) above were added

under nltro and the m xture was stirred for 30 m nutes for suggortlng

The reddt %&edlrr?&%ﬁ% RACBYEE3S &MpRtlyTes. (PP2) was used

nethylcyclopentadienyl)(1,1,4,4,7,7,10,10- SF-2196 - 47 -

oct anetwiyheotaatsy draddidgen zd] Bhe] fiesorldriylo) sitredahgm film was

di chl ori de/ MAQ 5i 02/ tol uene slurry was subjected to 99% repl acenent with

n- hept are such thattHhadtihtal emeunbheef aSlowely ThS fAebults This procedure

was carried out at room5 tenperature. [0106] (3) Production of

Pr epol lyst An autoclave having an internal volume of 200 L

and eqé?%%gﬁggiﬁﬁkﬂ's?irrer was charged with 101 g of the solid 10

catgly onent prepared in (2) above, 111 m of triethylalum num and
f“%%%ﬁgne and was further charged with 303 g of ethylene while

mai ntai ning the internal tenperature at 15C to 20C, and they were reacted

wi t h stinodusg ifcer ofgFrneiydess. Hogporoedomsicet(iP6A) of the 15 pol yneri zation, a

solid conponent was allowed to precipitate, and renovi ng supernat ant

l'i qui d {@nd rdeeRRiti@nWictrh shapidate tway seasupedroaut twi ce. The resulting

prepol ynerized catalyst was resuspended in purified heptane and was

adj ust ed w khrnBepkangebos! hey sel hegahatystcpmRosegty copcemy ation of 1
g/L. This 20 prepolynerized catal yst contained 3 g of polyethylene per
gram of SR s3kd 13303 l%eh S2MR0E Ly hALOEL GAL,MRLY PRLYMPrI ZaLien
10 was slurried by adding 800 mL of tcoluene. The slurry was
then transferred inteo a 5 L four—necked flask, and 26C mL of
toluene was added. Further introduced was 2,830 mL of a
methylaluminoxane {hereinafter MAQO)-toluene solution (10 wt®
sclution). The mixture was stirred at room temperature for
15 30 minutes. The mixture was heated to 110°C in orie hour and
was reacted for four hcurs. Upon completion of the reactiocn,
the mixture was cooled to room temperature. After the
cooling, supernatant toluene was removed, and replacement
with fresh tcluene was performed to a replacement rate of 95%.
20 [0094]
(2) Production of Solid Catalyst (Supporting of Metal
Catalyst Component onto Support)

Weighed cut in a 5 L four-necked flask in a glove box

was 1.0 g of [3-(1",1',4",4",7",7',10"',10"'-



Pol ymeri zati on was perfornmed by continuously supplying a SF-2196 - 48 -
jacket%gugggﬁflation t ubul ar pol yneri zati on reactor having an internal

vol une of wi th propyl ene at 30 ﬁglh, hydrogen at 5 NL/h, the catalyst
slurry produced in (3) above at 3.2 g/'h as the solid catal yst conponent,
and triethylalumnumat 5 1.0 nL/h so as to keep it full w thout any vapor
phase. The tenperature of the tubul ar. pol yneri zation _reactor_ was 30C, and
the pr&S&eethero s cfitary & Jldiesyeme ridsdi- Bitg 18Rty Ras
transferred into a vessel 10 polynerization reactor having an internal

vol unme tefr ;000 1-laritd Jaqia-ppedabivtdr e estiadreere )flori riowrtier  gigthlmeriideat | on.
The pol ynerization reactor was supplied with propylene at 50 kg/h and with

hydr ogemes uth dihatad heswapuinhass had @ tydicegenneoncentr atipongoks0. 12
nol e percent. Polynerization was 15 perforned at a pol ynerization

tenper At & s o Uil el SR Ynchd MPREEHhOLOPrry prdDerdsul ting

slurry was transfer polyferi zation reac ng an
internal volu of 500 L d 20 equipped with a stirrer for further

ol § o a0 REOHRo HdiSy AOHEAt o r BAGTsH Vs 200pH el ALERepFBPyl ene at
15 kg/h and with hydrogen such that the vapor phase had a hydrogen
concentstatinsd dfor0. 3102 mwlvg gse ricantsucRoiniec -zatrenreasl peng ol fred at a

pol ymeri zation tenperature of 69C and a SF-2196 - 49 - pressure of 2.9
MPa/ G (1',1',4',4',7',7',10",10" -

octamethyloctahydrodibenzo[b,h] fluorenyl) (1,1, 3-trimethyl-5-
tert-butyl-1,2,3,3a-tetrahydropentalene) lzirconium

10 dichloride/MAO/Si0;/toluene slurry was subjected to 99%
replacement with n-heptane such that the final amount of
slurry was 4.5 L. This procedure was carried out at room
temperature.
[0095]

15 (3) Production of Prepclymerized Catalyst

An autococlave having an internal volume of 200 L and

equipped with a stirrer was charged with 101 g of the solid
catalyst component prepared in (2) above, 111 mL of
triethylaluminum, and 80 L of heptane and was further charged

20 with 303 g of ethylene while maintaining the internal
temperature at 15°C to 20°C, and they were reacted with
stirring for 180 minutes. Upon complietion of the
polymerization, a sclid component was allowed to precipitate,

and removing supernatant liquid and cleaning with heptane was



[ 0110] The resulting slurry was transferred into a vessel

pol ynerdzatiqQn reactor having an internal volunme of 500 L and 5 equi pped
with a stirrer for further ponnerngéign. The pol ynerization reactor was
supplied with propylene at 12 kg/h and wi th hydrogen such that the vapor
phase had a hydrogen concentration of 0.12 nole percent. Polynerization
was performed at a pol ynerization tenperature_of 68C and a 10 pressure of
2.9 MP&PEIYEL PHE twicerheTRasHPERAGIRPUPEFGPRAETEF ARSE eF 2 BRI Y Hit 0725 vessel
pol yneri zation reactor having an internal volune of 500 L and equi pped
with amstdugremdedt frunctvherf ipol yeprtiezat isom. WEse 285 upakyiner tkabéphaneact or
was supplied with propylene at 13 kg/h and wi th hydrogen such that the

vapor phasechasdia hydegesC ol drefn@ b2 1Bl erpergent. This
Pol ynmeri zation was perfornmed at a polynerization tenperature of 67C and a

f 2] ot 5 s |t . bj ected t
Vapor | SRCRon T v b ecria on et & Sn BRIkl geg Y ot el 1

propyl ene honopol yner. (PP3). .The propyl ene honopol yner (PP3) was vyi el ded
at 50 ﬁ&ﬁﬁ%O%ﬁégﬁ%dﬁvﬂghgaﬁé&ﬁﬁ6lﬁﬁ@POPﬁﬁ§y was SF-2196 - 50 - dried in a

vacuum at 80C. [0113] The properties of the propyl ene honopol yner
(PP3) tlRGSB)i el ded are shown in Table 1 bel ow. 5[0114]

(4) Main Polymerization

Polymerization was performed by continuously supplying a

jacketed circulation tubular polymerization reactor having an
10 internal volume of 58 1L with propylene at'30 kg/h, hydrogen

at 5 NL/h, the catalyst slurry produced in (3) above at 3.2

g/h as the solid catalyst component, and triethylaluminum at

1.0 mL/h so as to keep it full without any vapor phase. The

temperature of the tubular polymerization reactor was 30°C,
15 and the pressure thereof was 3.1 MPa/G.

[0097]

The resulting slurry was transferred into a vessel
polymerization reactor having an internal wvelume of 1,000 L
and eguipped with a stirrer for further polymerizatiocn. The

20 polymerization reactor was supplied with propylene at 50 kg/h
and with hydrogen such that the wvapor phase had a hydrogen
concentration of 0.10 molie percent. Polymrerization was
performed at a polymerization temperature of 70°C and a

pressure of 3.0 MPa/G.



COVPARATI VE EXAMPLE 1 Pol ynerization was perfornmed as follows, and a
stretched fidgn was fornmed in the same manner as in Exanple 1 except that
the resulting propyl ene honopol yner. (;BP4) was used. The 10 wi thstand
voltage of the resulting stretched flln1mas measured by the nethod

descri bed above. The results are shown in Table 1. [0115] Production of
Propyleﬂﬁﬁggnnpolyner (PP4) 15(1) Production of Solid Catal yst Support
Sanpl ed alLlL side-armflask was 300 g of 5i02 (SUNSPHERE H121

manuf actured by AGC Si-Tech Co., Ltd.), which was slurried by addi ng 800
m. of tol ueA&e Iﬁ@uéﬁuﬁQySWQ§rWh@ﬁSttaﬁgﬁéﬁreddlmnboaaSVESS@br-necked
flask, and 260 ml of 20 toluene was added. Further introduced was 2,830 ni
of a n&:td”l)ylnaslrlﬂﬁaﬁﬂ)c&nete(ahﬁ:rcﬁj nafitierg MAOL ntieohyen & c3@lndt ioan s0101,Wefa
solution). The mixture was stirred at roomtenperature for 30 m nutes. The

m xt ur e pasJeeated ¢ LG idy ang Wth%&d pvsg?mre%%fa%qoﬁpr fiur hours.

Upon conpletlon of the reaction, SF-2196 m Xt ure was cooled to
:gg at(::g) & aétrl'llrzei\at:L'Ao‘fnt Ei\:rea:[c Eé:rcowoalsI ns%’ppﬁli%%r QJ?Ltt%n%rto%lyﬂ%?uee \é\%s 1Eeﬂgy h’ and
and with hydrogen such that the vapor phase had a hydrcgen
concentration of 0.10 mole percent. Polymerization was
performed at a polymerization temperature of 69°C and a
pressure of 2.9% MPa/G.

10 [0099]

The resulting slurry was transferred into a vessel
polymerization reactor having an internal volume of 500 L and
equipped with a stirrer for further polymerization. The
polymerization reactor was supplied with propylene at 12 kg/h

15 and with hydrogen such that the vapor phase had a hydrogen
concentration of 0.10 mole percent. Polymerization was
performed at a polymerization temperature of 68°C and a
pressure of 2.9 MPa/G.

[0100]

20 The resulting slurry was transferred into a vessel
polymerization reactor having an internal volume of 500 L and
cquipped with a stirrer for further polymerization. The
polymerization reactor was supplied with propylene at 13 kg/h

and with hydrogen such that the vapor phase had a hydrogen



with fresh toluene was perforned to a replacenent rate of 95% [0116] 5(2)
Productdmmnyof Sol id Catal yst (Supporting of Metal Catalyst Conponent onto
Support) Wi ghed out ina 5L fg gr-necked flask in a glove box was
1.0 g of dlphenylnethylene(B t-butyl-

nethylcyclopentadlenyl)(z -t-butyl fluorenyl)zirconium 10 dichloride. The
fl ask was taken out L of toluene and 2.0 L (100 g as the solid
conmponéitCEGTt %%@%lq}ﬂiq FUsh @Gy pP@E)éfﬁ“@ElliZﬁ ta} “%dBve were added
under nitrogen, and the m xture was stirred for 30 m nutes for supporting.
The refdnfargedi sitery lnmetvnd mrs(t3-an hemperstulrs of 67°C and a

nmet hyl cycl opent adi enyl ) (2, 7-t-butyl fl uorenyl ) zi rconi um

di chl ordrde/svA@ &f02/ tolMrene sl urry was subjected to 99% repl acenent with
n- hept ane such that the final anount of slurry was 4.5 L. This procedure
was carfgigd jout at roomtenperature. 20[0117] (3) Production of
Prepolynerlzed Catalyst An autocl ave having an internal volune of 200

L d d t t h th 101 f th I tal yst
e R e

trlethylalunlnun1 and 80 L of tane and was further charged with 303 g
of et hylRén&uRiieICE efaitiit aaﬁ—ﬁ@l{uﬁg siepa@aialont éppaiatidr e arcp3tene 20C, and
they were reacted with stirring for 180 m nutes. Upon conpletion of the 5
pol ynehicrapiodymea J@H2d .comhengnbpwasnal homedol gnpr eCPpi )t ates and renovi ng
supernatant |iquid and cleaning with heptane was carried out tw ce. The

resul t iyag 1pEaPakY H®r ikgs .CatALYStoNRshESHSRSHIEGL Ppiss f ied; hept ane and
was adj usted vvlth hept ane to the sofid catalyst ‘conponent concentration of

1 g/L. i.s 10 po r| z at al yst contained 3 g of polyethyl ene per
gram ofﬂ; ﬁ% 518 (‘?gtua ?g onent. [0118]

10 [0102]
The properties of the propylene homopolymer (PP2) thus

yielded are shown in Table 1 below.
[0103]
EXAMPLE 3

15 Polymerization was performed as folloﬁs, and a stretched
film was formed in the same manner as in Example 1 except
~that the resultiﬁg propylene homopolymer (PP3) was used. The
withstand veltage of the resulting stretched film was
measured by the method described above. The results are

20 shown in Table 1.
[0104]
Production of Propylene Homopolymer (PP3)
(1) Preduction of Solid Catalyst Support

Sampled into a 1 I side-arm flask was 300 g of Si0;



(4) Main Polymerization Polynerization was perforned by continuously

suppl yidyg & dlb jacketed circul ation tubular polynerization reactor having
an internal volume of 58 L with propylene at 30 kg/h, hydrogen at 5 NL/h,

the catal yst slurry produced in (3) above at 4.4 g/h as the solid catal yst
conponent, and triethylalumnumat 1.0 nmi/h so as to keep it full w thout

any vapoSr hase. The 20 tenperature of the tubular pol ynerization reactor

was 30C, HERE pHeds dratirsiiabredly 36 MPal6c §Pto] LiRe ) r e¥WhiElng

slurry was transferred into a vessel polynerization reactor having an
i nt er natasy ol lumy igfd pY0EEIAIinESRBRL 96 oS3 oluaeme .eqlihppetluniyhwas stirrer for
further polynerization. The polynerization reactor was supplied with

propy!| efieerate L d@dreand nMd b My di ogenr-sudvedhati alshe wapop éphaseohad a
hydr ogen concentration of 0.06 nole percent. Polynerization was 5

f j.zat i 7 e e of 3.0
pertor : i.geaéa‘v}%@ %'%égz-?eg’ﬁ?{&l%pgf@%ﬁﬁc% %9E angs@ pregsur

MPa/ G ing slurry was transferred’into a vessel

pol ymer i i.on reactor haying an internal volume of 500,L a 10 equi pped
e e e Ao s e e s, sed s grr Q00T 858 L or P
supplied with propylene at 15 kg/h and wi th hydrogen such that the vapor
phase Kad v ifpdr-ogéhecoatentearRensofl ros06ahorecpetreeperaPolg vy zat i on
was performed at a polymnerization tenperature of 69C and a 15 pressure of
2.9 MP&HCmik2E. The mixture was heated to 110°C in one hour and

was reacted for four hours. Upon completion of the resaction,
the mixture was cooled to room temperature.‘ After the
10 cooling, supernatant toluene was removed, and replacement
with fresh toluene was performed to a replacement rate of 95%.
[0105F
(2} Production of Scolid Catalyst (Supporting of Metal
Catalyst Component onto Support)
15 Weighed out in a 5 L four-necked flask in a glove box
was 1.0 g of dimethylmethylene (3~tert-butyl-5-
methylcyclopentadienyl) (1,1,4,4,7,7,10,10-
octamethyloctahydrodibenzo [b,h] fluorenyl)zirconium dichloride.
The flask was taken out, 0.5 L of toluene and 2.0 L (100 g as
20  the solid component) of the MAO/Si0,/toluene slurry prepared
in (1) above were added under nitrogen, and the mixture was
stirred for 30 minutes for supporting. The resulting
dimethylmethylene (3—-tert-butyl-5-

methylcyclopentadienyl) (1,1,4,4,7,7,10,10-



The resulting slurry was transferred into a vessel polynerization reactor
havi ng @n.dyggernal vol ume of 500 L and equi pped with a stirrer for further
pol yneri zation. The 20 pol ynerizationyreactor was supplied with propylene
at 12 kg/h and with hydrogen such that the vapor phase had a hydrogen
concentration of 0.06 nole percent. Polynerization was perforned at a

pol ymeri zati on tenperature, .of 68C a ressure.of 2.9 MPa/G  SF-2196 -
54 )| GO Yo S g e g P Vool

pol yneri zation reactor having an internal volune of 500 L and equi pped

wi th adﬁQH%QﬁidﬁﬁMﬂ%mﬁﬁéftQgpyﬁérEiaﬁrﬁnwa$h§u5j9@t9@et®z%@%on react or
was supplied with propylene at 13 kg/h and wi th hydrogen such that the
vapor phrasedwacra hydihogemcgoncentsiath ahaaf tO=061imalie speneents

Pol ynmeri zation was performed at a polynerization tenperature of 67C and a

pressurg @y 2.& Ma/sGr, 100Q143brocedurdhfabesibii B9 SLLTLY Was,Subj ected
to vapori zation and was subjected to gas-solid separation to yield a

propyl ene _hamopal yner (P24). The propyl ene honopol yner (224) was vyi el ded
at go Eﬁ?@?egﬁéglbropylene honopol ymer  (PP4) was 15 dried in a vacuum at
80C. [0124 The properties of the propyl ene honopol ynmer (224) thus
yieldeéoéﬁg]shown in Table 1 bel ow. [0125]

(3) Production of Prepolymerized Catalyst
An autoclave having an internal volume of 200 L and
eguipped with a stirrer was charged with 101 g of the solid
10 catalyst component prepared in (2) above, 111 mL of
triethylaluminum, and 80 L of heptane and was further charged
with 303 g of ethylene while maintaining the internal
temperature at 15°C to 20°C, and they were reacted with
stirring for 180 minutes. Upon completion of the
15 polymerization, a sclid component was allowed to precipitate,
and removing supernatant ligquid and cleaning with heptane was
carried out twice. The resulting prepolymerized catalyst was
resuspended in purified heptane and was adjusted with heptane
to the solid catalyst component concentration of 1 g/L. This
20 prepolymerized catalyst contained 3 g of polyethylene per
gram of the solid catalyst cocmponent.
[0107]
(4) Main Polymerization

Polymerization was performed by continuously supplying a



20 COVPARATI VE EXAMPLE 2 Pol yneri zation was perfornmed as foll ows,

and a

stretchgd 4idsam was formed in the same manner as in Exanple 1 except that

the resulting propyl ene honopol yner

of the

descri bed above. The results are shown in Table 1. [0126] Production of
Propyl ene Honopol yner. (PP5) 5 (1) Productiagn of Solid Catal
Sanple@QQﬁ?F%g) qqé%ﬂ@

25) was used. The withstand voltage

resulting stretched filmwas F-2196 - 55 - neasured by the nethod

st Supp

ySt
A Side-4"m MW 1305 g %61 1810 5 S SURSPRERE" Pi1 21

ort

manuf actured by AGC Si-Tech Co., Ltd.), which was slurried by addi ng 800
nmL of tigitiremal Ted wieurody Sfads thidh tramsfleneedti Aoka/B, Lhy/dupgarcked
and 260 nL of 10 tol uene was added. Further introduced was 2,830 m
of a neithy aliym, naxaneathareimnafiter Widedudledena sehutbere( 20 Bt 20

solution). The m xture was stirred at roomtenperature for 30 m nut

fl ask,

m Xt ur

& Mas Nealed 419 L1061 Qe gt and was E%%%Ttﬁgcl)%ggmiﬂtéﬁl hou

Upon conpletion of the reaction, 15the mxture was c to room

t t - Aft th | i ng, tant t
" epacombnt i 11 AR BTG Swik er Ao el CBYaVFEPraBBRBRT (e of 95%

[0127]

10

15

20

temperature of the tubular polymerization reactor was 30°C,
and the pressure thereof was 3.1 MPa/G.
[0108]

The resulting slurry was transferred into a vessel
polymerization reactor having an internal veolume of 1,000 L
and equipped with & stirrer for further polymerization. The
polymerization reactor was supplied with propylene at 50 kg/h
and with hydrogen such that the vapor phase had a hydrogen
concentration of 0.12 mole percent. Polymerization was
performed at a polymerization temperature of 70°C and a
pressure of 3.0 MPa/G.

[0109]

The resulting slurry was transferred intc a vessel
polymerization reactor having an internzl volume of 500 L and
equipped with a stirrer for further polymerization. The
pelymerization reactor was supplied with propylene at 15 kg/h
and with hydrogen such that the wvapor phase had a hydrogen
concentration of 0.12 mole percent. Polymerization was

performed at a polymerization temperature of 69°C and a

es.
rs.

d

The



(2) Production of Solid Catalyst (Supporting of Metal 20 Catal yst
Conponesd_ong® Support) Wei ghed out in a 5 L four-necked flask in a
gl ove box was 1.0 g of dinethylsilyl gmehi s-(2-methyl-4-

phenyl i ndenyl ) zirconi um di chl oride. The flask was taken out, 0.5 L of
toluene and 2.0 L (100 g as the solid conmponent) of SF-2196 - 56 - the

MAQ' Si 02/t ol uene_ sl.ur repared in (1) above were added under nitrogen,
and t h&HisS&tre ?/ésij's%i%ﬁ’%ﬁfor 30 mnutes for supporting. The resulting

di met hyl si |l yl enebi s-(2-nmet hyl- 4-phenylindenyl)zirconium

di chl oriHe/MAQ Si 02/t ol uene slurry 5 was subjected to 99% repl acement with
n- hept ane such that the final anmount of slurry was 4.5 L. This procedure
was carriedToet retsuladmgt edpergt wae. tfF@b2&eria8) Pnoduat ressel

Prepol yneri zed Catal yst 10An autocl ave having an internal volume of 200 L

and equiPRet MW A @S tidd@ic as ey asd Mkl @10t be Sobi d eanal yst _
conponent ‘prepared in (2) above, 111 nL of triethylalum num and 80 L of

heptane urt her_.charge i t 3 of, et hyl ene whi | i ntaining
t hegi nte unr}%pvé%g ‘{lgtrrpp}eér as‘[tﬁlrrerreg:t %fgC$uor3%€é? pé)nla'%keﬁéf%\%elpg'r e,g% ed with

stirring for 180 mi nutes. Upon conpl etion of the polynerizatign solid
conpondtitl YREE 13 oVt TE6 S iR P ird ﬁ@%ipﬁgpgﬁﬁéﬁnaﬁaﬁ? ikszai d and
cl eaning with heptane was carried out twi ce. The resulting prepolynerized
cat al ysindhvasi t20 Ingbuspendedh haur ifheedrdpept ahe seantdavas hdpusted wit h
heptane to the solid catal yst conmponent concentration of 1 g/L. This
prepol yWlidaad Lot bt ccant ained ok ¢t pobyeihylengc pes @aam of the

solid catal yst conponent. [0129] SF-2196
performed at a polymerization temperature of 68°C and a
10 pressure of 2.9 MPa/G.
(01117
The resulting slurry was transferred into a vessel
polymerization reactocr having an internal volume of 500 L and
equipped with a stirrer for further polymerization. The
15 polymerization reactor was supplied with propylene at 13 kg/h
and with hydrogen such that the vapor phase had a hydrogen
concentration of 0.12 mole percent. Polymerization was
performed at a polymerization temperature of 67°C and a
pressure of 2.9 MPa/G.
20 [0112]
The resulting slurry was subjected to vaporization and
was subjected to gas-scolid separation to yield a propylene

homepolymer (PP3). The propylene homopolymer (PP3) was

yielded at 40 kg/h. The propylene homopolymer {PP3) was



- 57 - (4) Mai
conti nupkisi 9 &
react or having
hydrogen 5 at

as the solid c

n Pol ymeri zation Pol ynmeri zati on was perfornmed by
upplying a jacketed circul ati on tubul ar polynerization
an internal volune af s58_L with propylene at 30 kg/h,
5 NL/h, the catalyst slurry produced in (3) above at 1.7 g/h
atal yst conponent, and triethylalumnumat 1.0 nL/h so as to

keep it full w thout an& %gggkcﬁhase. The tenperature of the tubular

pol ymeriZ=iG or* reatt Bt

10[0130%
pol yneri%atilon
with a stirrer

and the pressure thereof was 3.1 MPa/ G
The resulting slurry was transferred into a vessel

reactor having an internal volune of 1,000 L and equi pped
for further polynerization. The pol ynerization reactor was

suppl i ed w ttheppaopylkeendeat o050 tkg/ bripyardewhthobpdragen (BBBh tias t he
vapor phase had a hydrogen concentration of 0.30 nole percent.

Pol ymery izatdon
pressure of 3.

Mas JRFoLrEd Al & 1peloeri zation tenperature of 70C and a
0 MPa/ G [0131] 20The resulting slurry was transferred into

a vgsse%xﬁgﬁynerization react or having an internal volune of 500 L and
Wi

equi ppe h
reactor_was su

a stirrer for further polynerization. The pol ynerization
|ied with propylene at 15 kg/h and wi th hydrogen such that

t he vapdtly ad X MRfdr dgen SF-2196 - 58 - concentration of 0.30 nole
percent. Polymnerization was perforned at a pol ynerization tenperature of
69C and a predsueeicht208 WRa/ GerfO0iB2H BFhdolésubti agdshustyewalsed

transferred in

to a vessel polynerization reactor having an internal volune

of 500 fli 183&has formed in the same manner as in Example 1 except

that the resulting propylene homopolymer (PP4) was used. The

10 withstand voltage of the resulting stretched film was

measured by the method described above. The results are

shown in Table 1.

[0115]

Production cof Propylene Homopolymer (PP4)

15 (1) Production of Solid Catalyst Support

Sampled into a2 1 L side-arm flask was 300 g of SiQ:

{SUNSPHERE H121 manufactured by AGC Si-Tech Co., Ltd.), which

was slurried by adding 800 mL of toluene. The slurry was

then transferred intoc a 5 I four-necked flask, and 260 mL of

20 toluene

was added. Further introduced was 2,830 mL of a

methylaluminoxane (hereinafter MAO)-toluene solution (10 wt%

sclution). The mixture was stirred at room temperatuie for

30 minutes. The mixture was heated to 110°C in one hour and

was reacted for four hours. Upon completion of the reaction,



equi pped with a stirrer for further polynerization. The pol ynerization
reactorsyx_@?s]h%mpl ied with propylene at 12 kg/h and with hydrogen such that
t he vapor phase had a hydrogen 10 congentration of 0.30 nol e percent.

Pol yneri zati on was performed at a pol'ynerization tenperature of 68C and a
pressure of 2.9 MPa/G [0133] The resulting slurry was transferred into a
vessel 15 polynerization reactor having an internal volune of 500 L and
equi pped W SR a3 rCTored drd &I dl s Fathcon. Afherpbli§neri zati on
reactor was supplied with propylene at 13 kg/h and with hydrogen such that

t he vaporoiphase shgoandhadriogen wone evdts atdngry aof, G0 mwpllecpercént .
Pol yrmeri zation was 20 perforned at a pol ynerization tenperature of 67C and

a pressiiieh ofreksid dPaldae [WHS4erformddier & esWhdp N Shat yranas subjected to
vapori zation and was subjected to gas-solid separation to yield a

pr opylﬁgﬁleﬁF-ﬂ% - 59 - honopol yner (PP5). The propyl ene honopol yner
(PP5) s yi'elded at 40 kg/ h. The propyl ene honopol yner (PP5) was dried in

a vacuum at_80C. [0135]_5The properties of the propylene honopol yner (PP5)
thug yi Al oo d 03] 3 AR S, (ppset ing of Metal

Catalyst Component onto Support)

Weighed out in a 5 L four-necked flask in a gloveKbox
was 1.0 g of diphenylmethylene (3-t-butyl-5-
methylcyciopentadienyl)(2,7—tmbutylfluorenyl)zirconium

10 dichloride. The flask was taken oult, 0.5 I of toluene and
2.0 L (100 g as the solid component) of the MAO/Si0;/toluene
slurry prepared in (1) above were added under nitrogen, and
the mixture was stirred for 30 minutes for supporting. The
resulting diphenylmethylene (3-t-butyl-5-

15 methylcyclopentadienyl) (2, 7-t-butylfluorenyl) zirconium
dichloride/MAO/Si0;/toluene slurry was subjected to 99%
replacement with n-heptane such that the final amount of
slurry was 4.5 L. This procedure was carried out at room
temperature.

20 [0117]

(3) Production of Prepolymerized Catalyst

An autoclave having an internal volume of 200 1L and

equipped with a stirrer was charged with 101 g of the sclid

catalyst component prepared in (2) above, 111 mL of



COVPARATI VE EXAMPLE 3 Pol yneri zation was perfornmed as follows, and a
stretched L, il mwas formed in the sanme nmanner as in Exanple 1 except
that the resulting propylene honopol y ?e (PP6) was used. The wthstand
voltage of the resulting stretched fri'mwas neasured by the nethod

descri bed above. The results are shown in Table 1. 15[0137] Production of
Pr opyl ene Honopal yner (PP6) %é? Production of Solid Titanium Cataly
Conponértiethylad ignsge oﬂuﬁﬁbﬁeﬁ§§“ﬁr§B§r§65b§uﬁ55?Fn6h95986 of
anhydr ous nagne5|un1chlor|de 4,420 nL of decane, and 3,906 g 20 of

2- et hylWiey |30 coledl eahvi30E M@ﬁlﬁmmmhaaﬁgniﬁhi$h§oﬁntbcnaﬁas m xed with
213 g of phthalic anhydride and was further stirred at 130C for one hour

to di ssewe themhthalise canhy dnicdg. ahde thesukiih-ag rbaaegangous sol uti on was
cooled to 23C, and 750 niL of the honpbgeneous solution was SF-2196 - 60 -

added %?99%; eEg?oi%%o - gkst't@ﬂbﬁ”&&ﬁéﬂ?ﬁb&ﬂréﬁetﬁgld at -20C in one

hour ter t pmﬁse addition ere ting mxed solution was heated

10C i.n four haqurs, ed wit 2.2 ¢ di i.sobut ate
(D1 ) BSOS A ng 21 260 ot es St ed 2L LPHAE COnBLPALEFbaFor two
hours. A solid was then collected by hot filtration, was resuspended in
2, 750 mindoframavamoumipernathingr ldauighdndaslreated wgahnhaptaneciésr two
hours. Upon conpl etion of the heating, a solid was coll ected again by hot
filtratdaoiand cl@ wascel.eaned weihl desanprandl fexaneed@t cdd0G smntwds no
titani um conmpound was detected in the cleaning solution. The solid

titani ypcatalysl; GAMRERERY BhH%pE %BaE%@ W@% 8h9LEeHeaSwachexapeaskurry.

When a portion of the hexane slurry was

to the solid catalyst component concentration of 1 g/L. This
10 prepolymerized catalyst contained 3 g of polyethyliene per
gram of the solid catalyst component.
[0118]
(4) Main Poclymerization
Polymerization was performed by continuously supplying a
15 | jacketed circulation tubular polymerization reactcr having an
internal volume of 58 L with propylene at 30 kg/h, hydrogen
at 5 NL/h, the catalyst slurry produced in {3) above at 4.4
g/h as the solid catalyst cocmponent, and triethylaluminum at
1.0 mL/h so as to keep it full without any vapor phase. The
20 temperature of the tubular polymerization reactor was 30°C,
and the pressure thereof was 3.1 MPa/G.
[0119]
The resulting slurry was transferred into a vessel

polymerization reactor having an internal volume of 1,000 L



and exam ned for catal yst conposition, the solid titanium 15 catal yst
conponeft_-coyit ai ned 2% by wei ght of titanium 57% by weight of chlorine,
21% by wei ght of nagnesium and 20% by wei ght of DI BP. [0138] (2)
Production of Prepolynerized Catal yst 20An aut ocl ave havi ng an i nternal
vol une of 200 L and equi pped with a stirrer was charged with 120 g of the
solid titanium catal yst conponent prepared_ in (1) above, 20.5 ni of

tri et hyAsl FEHERSAAE I @ 1S Iedptiae fadheds P@H&F‘&éétzwtf-ﬁn'fzﬁ@ of

propyl ene while maintaining the internal tenperature SF-2196 - 61 - at
5C, angalheyenviersg raracteediwizt wast isupolg cowish wiropyésneUponS8okpleti on of
the polynerization, a solid conponent was allowed to precipitate, and

r enovi nghd Waarmatyaitoddriwudranth¢l eani Reipsxt brhept ane wasyaabgead out
twice. The resulting 5 prepol ynerized catal yst was resuspended in purified

hept ane. 4.0y adci%zpro%p%'.bféeﬁozl%dﬁ%@caérb‘ét ?B%&%ﬁ@é‘% NG e sol i d

titani um catal'yst conponent concentration o I's prepolynerized

catal yst contaiped 6 f praqpyl ene honopol y per gram of the solid
Uit ant HRCRUEIS  C GrEHERE T T0 P30T BE TR A SPBT y Hr FzalFor A

vessel polynerization reactor having an internal volunme of 100 L and

equi pp@d-asisturea ot iF-eMBae($-cont i nuously supplied with propyl ene at 110
kg/ h, the prepolymnerized 15 catalyst slurry prepared in (2) above at 9.8
g/ h, tricatayl al um num at 5.8 nl/h, and dicycl opentyl di net hoxysilane at 2.6
m/h and was supplied with hydrogen such that the vapor phase had a

hydrogen copgenttahh@ingf s9u2riolesPeraRlker POLY IREL 2R QN MBS

polymerization reactor having an internal volume of 500 1L and
10 equipped with a stirrer for further polymerization. The
polymerization reactor was supplied with propylene at 15 kg/h
and with hydrogen Suéh that the vapor phase had a hydrogen
concentration'of 0.06 mole percent. Polymerization was
performed at a polymerization temperature of 69%9°C and a
15 pressure of 2.9 MPa/G.
[0121]

The resulting slurry was transferred into a vessel
polymerization reactor having an internal vcolume of 500 L and
equipped with a stirrer for further polymerization. The

20 polymerization reactor was supplied with propylene at 12 kg/h
and with hydrogen such that the vapor phase had a hydrogen
concentration of 0.06 mole percent. Polymerization was
performed at a polymerization temperature of 68°C and a

pressure of 2.9 MPa/G.



20 perforned at a polynerization tenperature of 73C and a pressure of 3.2
MPa/ G gihe,1gsulting slurry was transferred into a vessel polynerization
reactor having an internal volume of £}, 000 L and equipped with a stirrer
for further polynerization. The polynerization reactor was supplied with
SF-2196 - 62 - propylene at 30 kg/h and with hydrogen such that the vapor
phase ﬂg&jg%hydrogen concentration of 1.3 nole percent. Polynerization was
per f or Ta pol ymeri zation tenperature of 71C and a pressure of 3.0
MPa/ G The resulting slurry 5 was transferred into a vessel polynerization
react or havithg aesivdténgals lugkunwasf t3e0sfeangdeduicppadvesshia stirrer for
further polynerization. The polynerization reactor was supplied with
propyl enel vale dite K0 dh. arghoriddh Hhawdmegerh siicdedrat tdlemeapdr spbaseahad a
hydr ogen concentration of 1.3 nole 10 percent. Polynerization was

per for AHpeh REOHTRY 128110 LRIPer Al S of, 1896, and, 8 Jprespyge of 2.9

MPa/ G e resulting slurry was I nactivated and was transferred to a

cl eani ng .bat h cont.aining |iquid propylene tao clean the propylen

oo AR TSRl (1375 ST PO et 5 F2 B EF B 2o Lga§8Y Paat i on
and was subjected to gas-solid separation to yield a progylene
honopolapferitfhdydzgan migy diAterfd e oidsd! yesawdsed gt hgdueaani nto a

conical drier and was dried in a vacuum at 80C. Then, 100 kg of the
pr oductcomseriivesd oml tdf 36.086 guodfe mulrecsstt.er PahgmOrb3ation paopyl ene 20
oxi de, was subjected to dechlorination treatnent at 90C for two hours, and

was dried- fdy i/ aQUUMAT BQG 0 iRl & gyl ene theypokyper (PP6) .
[ 0140] The properties of ‘the propyl ene honmopol yner (PP6) thus SF-2196
pressure of 2.9 MPa/G.
10 [0123]

The resulting slurry was subjected to vaporization and
was subjected to gas-solid separation to yield a propylene
homopolymer (PP4). The propylene homopolymer (PP4) was
yielded at 40 kxg/h. The propylene homopolymer (PP4) was

15 dried in a vacuum at 80°C.
[0124]

The properties of the propylene homopolymer (PP4) thus
yielded are shown in Table 1 below.
{0125]

20 COMPARATIVE EXAMPLE 2

Polymerizafion was performed as follows, and a stretched

film was formed in the same manner as in Example 1 except

that the resulting propylene homopolymer (PP5) was used. The

withstand voltage of the resulting stretched film was



- 63 - yielded are shown in Table 1 below. [0141] COVWPARATI VE EXAVPLE 4
Pol ynergzation was perfornmed as follows, and a stretched 5 filmwas forned
in the sane manner as in Exanple 1_exgept that the resulting propyl ene
honopol ynmer (PP7) was used. The w thstand voltage of the resulting
stretched fil mwas neasured by the nmethod descri bed above. The results are

shown in Table, 1. 014 Productiqn of Propyl ene Honopolyner (PP7) (1)

Pr oductof 0 e%é‘?%’ #q{i,eatnéeiz%/hs d §E?pspcd:rjt%@§grﬁ)kfoev i n&gearfsﬁfg?dﬁg%r m flask was
300 g of Si @2 (SUNSPHERE H121 manufactured by AGC Si-Tech Co., Ltd.),

whi ch 13'%s § k336 oy addi ng 800 nlL of toluene. The slurry was then
transferred into a 5 L four-necked flask, and 260 nL of toluene was added.
Furt her[GIftdloduced was 2,830 m of a nethyl al um noxane (hereinafter MAO
-tol uene solution (10 wt % solution). The m xture was stirred at room

t enper atr@di0ror? b8P Ml HhedBXiL was)heated to 110C in one hour
and was reacted for four hours. Upon conpletion of the reaction, the

m xture 0 e} t.enperat ter .the cooling, supernatant
t ol Eene(l&g?lfoe%o@%d%n é.;lfg%!rgel& acent%ln]’[%s\;eﬁ tﬁ?&proer% tol uene was perforned to a

repl acenent rate of 95% SF-2196 ,
Sampled intc a 1 L side~arm flask was 300 g of S5i0;

{SUNSPHERE H121 manufactured by AGC 5i-Tech Cc., Ltd.), which
was slurried by adding 800 mlL of toluene. The slurry ﬁas
then transferred into a 5 I four-necked flask, and 260 mlL of
10 toluene was added. Further introduced was 2,830 mL of a
methvlalumincxane (hereinafter MAQO)-tcluene solution (10 wt%
solution) . The mixture was stirred at room temperature for
30 minutes. The mixture was heated to 110°C in one hour and
was reacted for four hours. Upon completion of the reaction,
15 the mixture was cooled to room temperature. After the.
cooling, supernatant toluene was removed, and replacement
with fresh toluene was performed to a replacement rate of 95%.
[0127]
(2} Preducticn of Solid Catalyst (Supporting of Metal
20 Catalyst Component onto Support)
Weighed out in a 5 I. four-necked flask in a glove box
was 1.0 g of dimethylsilylenebis-{(Z-methyl-4-
phenylindenyl) zirceonium dichloride. The flask was taken out,

0.5 L of toluene and 2.0 L (100 g as the scolid component) of



- 64 - [0143] (2) Production of Solid Catal yst (Supporting of Metal

Cat al yst r%)onent onto Support) Weighed out in a 5 L four-necked flask in
a gl ove box was 1.0 g of (phenyl) %%et_hyl ) met hyl ene(3-t-butyl-5-

met hyl cycl opent adi enyl ) (1, 1, 3, 6, 8, 8- hexanet hy1- 1H, 8Hdi cycl opent a[ b, h] f | uor
enyl ) zirconiumdichloride. The flask was taken out, 0.5 L of toluene and
2.0 L (100 as the solid conponent) of the MAQ Si 02/to| uene slurry

pr epar ed*§ r‘n‘gl(oléﬁﬁ}/éﬁé9§nﬁeFeuéddearﬁﬁdé?dnﬁﬁrééenabaﬁﬁ YRES # %%t e was
stirred for 30 minutes for supporting. The resulting

( pheny lir(dest mil)megdny,| emel 34te mitytlirs was stirred for 30 minutes

nmet hyl cycl opent adi enyl ) (1, 1, 3, 6, 8, 8- hexanet hyl- 1H, 8Hdi cycl opent a[ b, h] fl uor

enyl ) zigregoniugpoki idiehl onkbdebMADE5hE26E Ak URPEs Sh Y EMeWBS~ $RIbheete-t 0 99%
replacenent with n-heptane such that the final anmount of slurry was 4.5 L.

This pr CANT t A 2

Pr oductélog) thyelli}\ﬁ%%oq r%erl zegﬂgﬁﬁl&ﬁ@& @%\ autlg)é {égjééﬁﬂé?n%é%%yl nt er nal
vol ume of 200LandeU| Jed V\nthastlrrer was char ed t 1 of the
sol Pd C&=aIsrd ﬁgh 3 & %W*?r’(tz)w%ﬁb%%efff W'h Und2tcHle
triethylal um num and 80 L of heptane and was further charged SF-2196 -
65 - wiftina@303mpusit etthydlewe wwhidse 4vdi dt-ai Bhhg Phecedube nadstexpered ure at
15C to 20C, and they were reacted with stirring for 180 m nutes. Upon
conpl etdan af Adign peImp@iEtzatd.on, a.solid conponent was allowed to
precipitate, 5 and renoving supernatant |iquid and cleaning w th heptane
was carr&e% jout tw ce. The resulting prepol ynerized catal yst was

resuspended ‘i n puri fi ed hept ane and was adjusted with heptane to the solid
ggtn?;?/ﬁ %q__po q tratl on %flzjédg/ééta-EhI $ pr epol yneri zed catal yst
10 An autoclave having an internal volume of 200 L and

equipped with a stirrer was charged with 101 g of the solid
catalyst component prepared in (2) above, 111 mL of
triethyilaluminum, and 80 L of heptane and was further charged
with 303 g of ethylene while maintaining the internal

15 temperature at 15°C to 20°C, and they were reacted with
stirring for 180 minutes. Upcn completion of the
polymerization, a solid component was allowed to precipitate,
and removing supernatant liquid and cleaning with heptane was
carried out twice. The resulting prepolymerized catalyst was

20 resuspended in purified heptane and was adjusted with heptane
to the solid catalyst component concentration of 1 g/L. This
prepolymerized catalyst contained 3 g of polyethylene per
gram of the solid catalyst component.

[0128]



10 gram of the solid catal yst conponent. [0145] (4) Main Polynerization
Pol ymerdzatiign was performed by continuously supplying a jacketed

ci rcul ation tubul ar polynerization_rggcgor having an 15 internal volune of
58 L with propylene at 30 kg/h, hydrogen at 5 NL/h, the catalyst slurry
produced in (3) above at 2.6 g/h as the solid catal yst conponent, and
triethylalumnumat 1.0 nL/h so as to keep it full w thout any vapor

phase. (PHe Medip&odtiice IGR & t ubul ar pol yneri zati on reactor was 30C, 20
and the pressure thereof was 2.6 MPa/ G [0146] The resulting slurry was
transferredfPphvocaivesseh pekyperizanednbyeactbinhavshyg smpphiietnad vol unme
of 1,000 L and equipped with a stirrer for further polynerization. The

SF- 2196 acikf e RAlIBEIZR GmpiAdct eb1vas rSUBREbad rwhtRopr BRYERGEadt S0
kg/ h and wi th hydrogen such that the vapor phase had a hydrogen

ol yror T IStTAN CERBE atir € b S0CTaRd CEVathrecturt a3 e RRATE™  0147)

The resulti%% %Iurry was transferred intg a vessel
5 "at 5 /h, the catalyst slurry produced in (3) above at 1.7

g/h as the sclid catalyst component, and triethylaluminum at
1.0 mL/h so0 as to keep it full without any vapcr phase. The
temperature of the tubular polymerization reactor was 30°C,
and the pressure therecof was 3.1 MPa/G.

10 [0130]

The resulting slurry was transferred into a vessel
polymerization reactor having an internal volume of 1,000 L
and equipped with a stirrer for further polymerization. The
polymerization reactor was supplied with propylene at 50 kg/h

15 and with hydrcgen such that the vapor phase had a hydrogen
concentration of 0.30 moie percent. Polymerization was
performed at a polymerization temperature of 70°C and a
pressure of 3.0 MPa/G.

[0131]

20 The resulting slurry was transferred into a vessel
pclymerization reactor having an internal volume of 500 L and
equipped with a stirrer for further polymerization. The
polymerization reactor was supplied with propylene at 15 kg/h

and with hydrogen such that the vapor phase had a hydrogen



pol yneri zation reactor having an internal volune of 500 L and equi pped
wth a §Ifiﬁ% for further polynerization. The 10 pol ynerization reactor
was supplied with propylene at 15 kg/sR and with hydrogen such that the
vapor phase had a hydrogen concentration of 0.19 nole percent.

Pol ynmeri zation was perfornmed at a polynerization tenperature of 59C and a
pressure of 2.5 MPa/ G _15[ 0148 The resull]1ti ng.slurry was transferred
into a SRIESEITTRARTRAZ 4t oh e R HdVi-ngt a yT“ﬁgéFﬁEFo oF@fre of 500 L
and equi pped with a stirrer for further polymerization. The pol ynerization
r eact oro&waBoBuEshldtedt Wwayrpr oA teimen drentz tegitr 2@ fark® "W ehdhydr ogen such
that the vapor phase had a hydrogen concentration of 0.19 nole percent.
Pol yerpZad 40t was 2per fMpayesl at a pol ynmeri zation tenperature of 58C and a
pressure of 2.5 MPa/G [0149] SF-2196 - 67 - The resulting slurry
was transfesred into a vessel polynerization reactor having an internal
vol une of 50]0 L and equi pped with a stirrer for further polynerization.
The_pol yneri_zation reactor _was supplied w.th pro ene at 13 kg/h 5 and
LR hyor 008 s GeR U Raten e S Eyo MR SE 8 R CHy AbbGen CBRTEht rati on o
0.19 nol e percent. Polynerization was perfornmed at a pol ynerization

t enper RAURENVL BHG Ghd @ Pras el ngr an 4nvegrel volsor e6TREOr ésaPdi ng
slurry was subjected to vaporization and was subjected to gas-solid

separ atdcpni ppeed/iveltch & pridpyeand dyo mapalhare po 1Addeeri ziheé opr.opyhene
honmopol ymer was yi el ded at 40 kg/h, it was dried in a vacuumat 80C to
yield §olymerization reactor was supplied with propylene at 12 kg/h
and with hydrogen such that the vapor phase had a hydrogen
10 concentration cof 0.30 mole percent. Polymerization was
performed at a polymerization temperature of 68°C and a
pressure of 2.9 MPa/G.
[0133]
The resulting slurry was transferred into a vessel
15 polymerization reactor having an internal wvolume of 500 L and
equipped with a stirrer for further polymerization. The
polymerization reactor was supplied with propylene at 13 kg/h
and with hydrogen such that the vapor phase had a hydrogen
concentration of 0.30 mole percent. Polymerization was
20 performed at a polymerization temperature of 67°C and a
pressure of 2.9 MPa/G.
[0134]

The resulting slurry was subjected to vaporization and

was subjected to gas-solid separation to yield a propylene



propyl ene honopol yner (PP7). 15[0151] The properties of the propyl ene
honopolgser; {£P7) thus yielded are shown in Table 1 below [0152] [Table
1] 20 SF-2196 - 68 - Table 1 Item.Usigt _Exanpl e Conparative exanple 12
homopolymer (PP5). The propylene homopolymer (PP5) was
yielded at 40 kg/h. The propylene homopolymer (PP5) was
dried in a vacuum at 80°C.
[0135]
5 The properties of the propylene homopolymer (PP5) thus
yielded are shown in Table 1 below.
[0136]
COMPARATIVE EXAMPLE 3
Polymerization was performed as follows, and a stretched
10 film was formed in the same manner as in Example 1 except
that the resulting propylene homopolymer (PP6). was used. The
withstand voltage of the resulting stretched film was
measured by the method described above. The results are
shown in Table 1.
15 [0137]
Production of Propylene Homopoiyﬁer (PPG)
(1) Production of Sclid Titanium Catalyst Component
A homogeneous solution was prepared by heating. 952 g of
anhydrous magnesium chloride, 4,420 mL of decane, and 3,906 g
20 of 2-ethylhexyl alcohol at 130°C for two hours. This
solution was mixed with 213 g of phthalic anhydride and was
further stirred at 130°C for one hour to dissolve the
phthalic anhydride. The resulting homogeneous solution was

cooled to 23°C, and 750 mL of the homogeneous sclution was
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2 3 4 Propyl ene honopol ynmer Type of PP PPl PP2 PP3 PP4 PP5 PP6 PP7

SF-2196
._.60_..

added dropwise to 2,000 mL of titanium tetrachloride held at
-20°C in one hour. After the dropwise addition, the
resulting mixed solution was heated to 110°C in four hours,
was mixed with 52.2 g of diisobutyl phthalate (DIBP) upocn
reaching 110°C, and was heated at that temperature for two
hours. A s0lid was then collected by hot filtration, was
resuspended in 2,750 mL of titanium tetrachloride, and was
heated again at 110°C for two hours. Upon completion of the
heating, a solid was collected again by hot filtration and
was cleaned with decane and hexane at 110°C until no titanium
compound was detected in the cleaning solution. The solid
titanium catalyst component thus prepared was stored as a
hexane slurry. When a portion of the hexane slurry was dried
and examined for catalyst composition, the solid titanium
catalyst component contained 2% by weight of titanium, 57% by
weight of chlorine, 21% by weilght of magnesium, and 20% by
weight of DIEBEP.
[0138]
(2) Producticn of Prepolymerized Catalyst

An autoclave having an internal velume of 200 L and
equipped with a stirrer was charged with 120 g of the solid
titanium catalyst component prepared in (1) above, 20.5 mL of
triethylaluminum, and 120 1 of heptane and was charged with

720 g of propylene while maintaining the internal temperature



MR g/10 min. 4.0 4.0 4.0 4.8 4.2 3.1 4.0 mmm 0.97 0.95 0.98 0.91

10

15

20

SF-2196
_61_

at 5°C, and they were reacted with stirring for 60 minutes.
Upon completion of The polymerization, a solid compeonent was
allowed to precipitate, and removing supernatant liquid and
cleaning with heptane was carried out twice. The resulting
prepolymerized catalyst was resuspended in purified heptane
to yield a prepolymerized catalyst slurry having the solid
titanium catalyst component concentration of 1 g/L. This
prepolymerized catalyst contained 6 g of propylene
homopolymer per gram of the solid titanium catalyst component.
[C139]
(3) Main Poliymerization

A vessel polymerization reactor having an internal
volume of 100 L and equipped with a stirrer was continuously
supplied with propylene at 110 kg/h, the prepolymerized
catalyst slurry prepared in (2) above at %.8 g/h,
triethylaluminum at 5.8 mi/h, and
dicyclopentyldimethoxysilane at 2.6 mL/h and was supplied
with hydrogen such that the vapeoer phase had a hydrcgen
cencentration of 0.2 mole percent. Polymerization was
performed at a polymerization temperature of 73°C and a
pressure of 3.2 MPa/G. The resulting slurry was transferred
into a vessel pelymerization reactor having an internal
volume of 1,000 L and equipped with a stirrer for further

polymerization. The polymerization reactor was supplied with



0.95 0.98 0.94 integrated amount of elution at 90C by CFC W% 0.1 0 0 3.8
5.0 3. 4.6 96

- 62 -
propylene at 30 kg/h and with hydrogen such that the vapor
phase had a hydrogen concentration of 1.3 mole percent.
Polymerization was performed at a polymerization temperature
of 71°C and a pressure of 3.0 MPa/G. The resulting slurry
5 was transferred into a vessel polymerization reactor having

an internal volume cof 500 1L and equipped with a stirrer for
further polymerization. The polymerization reactor was
supplied with propylene at 46 kg/h and with hydrogen such
that the wvapor phase had a hydregen concentration of 1.3 mole

10 percent. Pclymerization was performed at a polymerization
temperature of 69°C and a pressure of 2.9% MPa/G. The
resulting slufry was inactivated and was transferred to a
cleaning bath containing liguid propylene to clean the
propylene homopolymer powder. The resulting slurry was

15 subjected to vaporization and was subjected to gas-—solid
separation to yield a propylene homopolymer. The resulting
propylene homopolymer was introduced into a conical drier and
was dried in a vacuum at 80°C. Then, 100 kg of the product
was mixed with 35.9 g of pure water and 0.63 L of propylene

20 oxide, was subjected to dechlorination treatment at 90°C for
two hours, and was dried in a vacuum at 80°C to yield a
propylene homopolymer (PPG).
[0140]

The properties of the propylene heomopolymer (PP6) thus



I ntegrated anmount of elution at 90C by CFC W% 0.1 6.8 0 75 60 5.1 27
peak tagrtemeerature C 116
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vielded are shown in Table 1 below.
[0141]
COMPARATIVE EXAMPLE 4
Polymerization was performed as follows, and a stretched
film was formed in the same manner as in Example 1 except

that the resulting propylene homopolymer (PP7) was used. The

- withstand voltage of the resulting stretched film was

measured by the method described above. The results are
shown in Table 1.
[0142]
Production of Propylene Homopolymer (PP7)
{1) Productiocn of Solid Catalyst Support

Sampled intc a 1 L side-arm flask was 300 g of 5i0;
(SUNSPHERE H121 manufactured by AGC Si-Tech Co., Ltd.), which
was slurried by adding 800 mL of toluene. The slurry was
then transferred intoc a 5 L four-necked flask, and 260 mL of
toluene was added. Further introduced was 2,830 mL of a
methylaluminoxane (hereinafter MAO)-toluene soluiion (10 wt%
sclution). The mixture was stirred at room temperature for
30 minutes. The mixture was heated to 110°C in one hour and
was reacted for féur hours. Upon completion of the reaction,
the mixture was cooled to room temperature. After the
cooling, supernatant toluene was removed, and replacement

with fresh toluene was performed to a replacement rate of 95%.

CFC



110 118 101 103 121 115 CFC half- width C 2.8 4.1 3.8 4.7 5.7 5.8 8.7
SF-215%6
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[0143]
(2) Production of Solid Catalyst (Supporting of Metal
Catalyst Component cnto Support)
Weighed out in a 5 L four-necked flask in a glove box
5 was 1.0 g of (phenyl) (methyl)methylene (3-t-butyl-5-

methylcyclopentadienyl){1;1,3,6,8,8—hexamethyl~lH,8HH
dicyclopentaib,hlfluorenyl)zirconium dichioride. The flask
was taken out, 0.5 L of toluene and 2.0 L (100 g as the solid
component) cf the MAO/Si0O;/toluene slurry prepared in (1)

10 above were added under nitrogen, and the mixture was stirred
for 30 minutes for supporting. The resulting
(phenyl) (methyl)methylene {3-t-butyl-5-
methylcyclopentadienyl) (1,1,3,6,8,8-hexamethyi-1H, 8H-
dicycleopenta[b,h] fluorenyl) zirconium

15 dichloride/MAQ/Si0z/toluene slurry was subjected to 99%
replacement with n~heptane such that the final amount of
slurry was 4.5 L. This procedure was carried out at room
temperature.
[0144]

20 (3) Production of Prepolymerized Catalyst

An autoclave having an internal veolume of 200 L and

equipped with a stirrer was charged with 101 g of the solid
catalyst component prepared in (2) above, 111 mL of

triethylaluminum, and 80 L of heptane and was further charged



Melting point C 158 155 160 145 148 161 152 Chlorine content Wt ppm <1 <1
SF-21%96

._.65.__
with 303 g of ethylene while maintaining the internal
temperature at 15°C to 20°C, and they were reacted with
stirring for 180 minutes. Upon completion of the
polymerization, a solid component was allowed to precipitate,
5 and removing supernatant liquid and cleaning with heptane was
carried out twice. The resulting prepolymerized catalyst was
resuspended in purified heptane and was adjusted with heptane
to the solid catalyst component concentration cf 1 g/L. This
prepolymerized catalyst contained 3 g of polyethylene per
i0 gram of the solid catalyst component.
[0145]
(4) Main Polymerization
Polymerization was performed by continuously supplying a
jacketed circulation tubular polymerization reactor having an
15 internal volume of 58 L with propylene at 30 kg/h, hydrogen
at 5 NL/h, the catalyst slurry produced in {3) above at 2.6
g/h as the so0lid catalyst component, and triethylaluminum at
1.0 mL/h so as to keep it full without any vapor phase. The
temperature of the tubular polymerization reactor was 30°C,
20 and the pressure thereof was 2.6 MPa/G.
[0146]
The resulting slurry was transferred into a vessel
polymerization reactor having an internal volume of 1,000 L

and equipped with a stirrer for further polymerization. The



<]l <1 <1 2 <1 2,1-Insertion mol% 0 O 0 0 0.85 0 0 1,3-Insertion
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polymerizatiocn reactor was supplied with propylene at 50 kg/h
and with hydrogen such that the vapor phase had_a hydrogen
concentration of 0.19 mole percent. Polymerization was
performed at a polymerization temperature of 60°C and a
pressure of 2.5 MPa/G.
[0147]

The resulting slurry was transferred into a vessel
polymerization reactor having an internal volume of 500 L and
eqguipped with a stirrer for further polymerization. The
polymerization reactor was supplied with propylene at 15 kg/h
and with hydrogen such that the wvapor phase had a hydrogen
concentration of 0.19 mole percent. Polymerization was
performed at a polymerization temperature of 59°C and a
pressure of 2.5 MPa/G.

10148}

The resulting slurry was transferred into a vessel
polymerization reactor having an internal volume cof 500 L and
equipped with a stirrer for further pélymerization. The
polymerization reactor was supplied with propylene at 12 kg/h
and with hydrogen such that the vapor phase had a hydrocgen
concentration of 0.19 mole percent. Polymerization was
performed at a polymerization temperature of 58°C and a
pressure of 2.5 MPa/G.

[0149]
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The resulting slurry wasgs transferred into a vessel
polymerization reactor having an internal volume of 500 L and
equipped with a stirrer for further polymerization. The
polymerization reactor was supplied with propylene at 13 kg/h
and with hydrogen such that the vapor phase had a hydrogen
concentration of 0.12 mole percent. Polymerization was
performed at a polymerization temperature of 57°C and a
pressure of 2.4 MPa/G.

[0150]

The resulting slurry was subjected to vaporization and
was subjected to gas—-solid separation to yvield a propylene
homopolymer. After the propylene homopolymer was yielded at
40 kg/h, it was dried in a vacuum at 80°C to yield a
propylene homopolymer {PP7) .

[0151]

The properties of the propylene homopolymer (PP7) thus
yvielded are shown in Table 1 beloﬁ.
[0152]

[Table 1]



96.0 CXS %0.5 0.5 0.3 0.4 0.8 1.4 0.5 BDV of stretched filmat 80C V/p. m
690 67GrA00 &80
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Table 1
. Example Comparative example
ltem Unit 7 5 3 1 5 3 2
Type of PP - PP1 | PP2 | PP3 | PP4 | PP5 | PP6 | PP7
MFR ?n’;no 40 | 40 | 40 | 48| 42 | 3.1 | 40
mmmm - 097 (0985/098|091|0951/10.98|0.94
integrated
amount of
clution at wit% | 0.1 0 0 38| 50|34 | 06
90°C by CFC
integrated
amount of
olution at wi% | 0.1 | 6.8 0 75 | 60 | 5.1 27

Propylene 90°C by CFC
homopolymer CFC peak top
femperature
CFC half- o

width C 28 |41 | 38 | 47 |57 |58 | 87

Melting point | °C | 158 | 155 | 160 | 145 | 148 | 161 | 152
Chilorine wi

content ppm <1 <1 <1 <1 <1 2 <1
2,1-Insertion | mol% | 0 0 0 0 |085] O 0
1,3-Insertion {mol% | 0 0 0 0.1 0 0 0

Hi wi% |995(99.0|99.8|400|76.0(98.0|96.0

CXS % 05105103 |04,08| 14| 05

BDV of stretched film at 80°C | V/um | 690 | 670 | 700 | 580 | 560 | 640 | 640

°C | 116 110 { 118 | 101 | 103 | 121 | 115




560 640 640 SF-2196 - 69 - CLAIMS [C ai m 1] A propyl ene

honopol yFfez2l1$6ér capacitors, satisfying the 5 follow ng requirenents (i) to
(v) and (ix): (i) the nelt f1wow rate (MR, neasured at 230C under a
| oad of 2.16 kg according to ASTM D1238) is 1 to 10 g/ 10 m nutes;

(i1) the neso pentad fraction (mmm neasured by 13C-NVR 10is 0.940 to

0. 995; (ii1) the i ntegrated(%@ggt of elution at 90C by

cross-fractionati on chromat ography usi ng o-di chl orobenzene is 0.5%
by wei ght or |ess; (itv) the nelting point neasured using a
differential -15 scanning calorinmeter (DSC) is 152C or nore; (v) the
chlorine content is 2 ppmby weight or |ess; and (ix) in an elution
t enper at@¥® ™ Xl uti on vol ume curve measured by cross-fractionation
chr omat ogr aphy (CFC) using odi chl orobenzene, the maxi nun peak has a peak
top tenper ature @ lienct hencrgemer % Cabacilore,asdthakl;ingdtheof 7.0 C
or less. [Caim?2]
5 following requirements (i) to (v) and (ix):
{i) the melt flow rate (MFR; measured at 230°C under a
load of 2.16 kg according to ASTM D1238) is 1 to 10 g/10
minutes;
{(ii) the meso pentad fraction (mmmm) measured by Bo_NMR
10 1is 0.940 to 0.995;
(1ii) the integrated amount of elution at 90°C by cross-—
fractionation chromatography (CFC) using o-dichlorobenzene is
0.5% by weight or less;
(iv) the melting point measured using a differential
15 scanning calorimeter (DSC) is 152°C or more;
{v) the chlorine content is 2 ppm by weight or less; and
(ix) in an elution temperature - elution volume curve
measured by cross-fractionation chromatography {(CFC} using o-
dichlorobenzene, the maximun peak has a peak top temperature

20 in the range of 105° C to 130° C and half width of 7.0° C or

less.

[Claim 2]

The propylene homopclymer for capacitors according to



The propyl ene honopol yner for capacitors according to SF-2196 - 70 -

G aim IsFfarsder satisfying the follow ng requirenent (vi): (vi) the
sum of the proportion of irregularly 7gonded unit due to 2,1-insertion of
propyl ene nmononer and the proportion of irregularly bonded unit due to
1,3-insertion of 5 propylene nmononer in all propylene constituent units

det erm H'{romﬂJ r;;cgl ch?lﬂa%l Oqoerrec tffg“ I es [CI ai m 3]

The propylene 'homopo yner or's ‘accor ‘or 2,
wherein the propylene ho polyner i S pqlynmerized using_a netallocene
catal yst. éﬁ&? ¥%F Sum OF ¢ eAP§PP8F€H8@'ﬂfl&FrﬁSPléébﬁcPPBg§ formed by
stretchlng 15 the propyl ene honmopol yner according to one of Clains 1 to 3
at an ardd stuyeetichihg riatderiarea i attap v mehdned emgt e wi dt h) .

proportion of irregulariy bonded unit due to 1,3-insertion of
5 propylene monomer in all propylene constituent units

determined from a *PC-NMR spectrum is 0.2 mole percent or less.

[Claim 3]
The propylene homopolymer for capacitors according to
10 Claim 1 or 2, wherein the propylene homopolymer is

polymerized using a metallocene catalyst.

[Claim 4]
A stretched film, for capacitors, formed by stretching
15 the propylene homopolymer according tc one of Claims 1 to 3
at an area stretching ratio (area ratio obtained by length x

width) .



