DESCRI PTI ON CATALYST COVPONENT, CATALYST FOR OLEFI N POLYMERI ZATI ON, AND
PROCESS FOR PRODUCI NG OLEFI N POLYMER USI NG CATALYST 5 TECHNI CAL FI ELD The
present invention relates to a catalyst conponent and a catal yst for

pol ymeri zati on of ol efins capable of maintaining high stereoregularity and
yield of the polyner and capable of producing olefin polymers having a high
nelt flowrate with a 10 given anount of hydrogen (excell ent hydrogen
response), and to a process for p i ggﬂg?fin pol ymers using the catal yst
conmponent or the catalyst. BACK solid catal yst conponent
cont ai ni ng magnesium titanium an electron donor 15 conmpound, and a

hal ogen as essential conponents used for polynerization of olefins such as
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pol ymeri zi ng or copolynerizing o Ins in the presence

ol efin pol ynepraaEsSFR FRURICHNG 02 FaQ SOV GaGS ¥tragymgonent, an

or ganoal um num conpound, and an organosilicon conpound have been proposed.
For exanple, Patent 20 Document 1 (JP-A-57-633 10) and Patent Docunent 2
(JP-A-57-633 11) propose a nethod for polynerizing olefins with three or
nmor e car bqipcahesyL FIFIwWhi ch a catal yst conprising a conbination of a
‘magnesi um conpound, a titani um conmpound, and an organosilicon conpound

having an Si - OTfe ?@@@htii&veﬂﬁ&drelm\@éecratalﬁeﬁelﬁﬂﬁﬁlehhﬁld J&kdlpd fbs not

necessarily satisfactory for producing highly stereoregular polyners in a 25

i gh yi el glfgggﬂkﬁmmefﬁfs chp®ReoMTRAIARHInd Righ RREWM &R End ViRldestithdocunent 3

(JP- A-63- proposes a catalyst and a nmethod for pol ynerizing propyl ene.

The cat al yslynfep B ¢4pabledf pRIdubing aledinyly R GERIBNE highlthat fled ratd vih Hr ocessi ng
a powder produced from a di al koxy nmagnesium an aronmatic di carboxylic acid
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producing olefin polymers using the catalyst component or the catalyst.

BACKGROUND ART
A solid catalyst component containing magnesium, titanium, an electron donor
15 compound, and a halogen as essential components used for polymerization of olefins
such as propylene has been known in the art. A large number of methods for
polymerizing or copolymerizing olefins in the presence of a catalyst for olefin
polymerization comprising the above solid catalyst component, an organoaluminum
compound, and an organosilicon compound have been proposed. For example, Patent
20 Document 1 (JP-A-57-63310) and Patent Document 2 (JP-A-57-63311) propose a
method for polymerizing olefins with three or more carbon atoms, in which a catalyst
comprising a combination of a magnesium compound, a titantum compound, and an
- organosilicon compound having an S1-O-C bond is used. However, because the
method is not necessarily satisfactory for producing highly stereoregular polymers in a
25 high yield, improvement of these methods has been desired.
Patent Document 3 (JP-A-63-3010) proposes a catalyst and a method for

polymerizing propylene. The catalyst comprises a solid catalyst component, obtained



or ganoal um num conpound, and an organosilicon conpound. Patent Docunent 4
(JP- A-1-315406) proposes anot her catal yst for propylene 5 polynerization and
a nmethod for polynerizing propylene in the presence of this catalyst. The
catal yst for propyl ene polynerization conprises a solid catal yst conponent
prepared by causing a suspension |liquid containing diethoxymagnesi um and an
al kyl benzene to cone in contact with titaniumtetrachloride, reacting the
suspensi o and causi lting
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reduction in the manufacture of "a 25 highly functional block copolyner to be

used 3§ acy@RitGif HBAIGMH tefrachlddd ifBielRekefie ofinQMGbdgeR, 69POl YMEr in an
anount just required for obtaining an ol efin-based thernoplastic elastoner

(her ei naf bgiansfh@tigdednthodnd, abd@nlorghodili6OP& Rl zat i on reactor, 2 and
obtaining the TPO directly in the polynerization reactor w thout adding a
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react or - made
improving catalytic activity to the extent of permitting dispensing with an ash-removal
step for removing catalyst residues such as chlorine and titanium from formed polymers,

15 improving the yield of stereoregular polymers, and improving durability of catalytic
activity during polymenization. However, there is a demand for continued
improvement of such a catalyst.

The polymers produced using these catalysts are used in a variety of applications
including formed products such as vehicles and household electric appliances,

20  containers, and films. These products are manufactured by melting polymer powders
produced by polymerization and, after palletizing, forming the polymer using various
molds. In manufacturing formed products, particularly large products by injection
molding, melted polymers are sometimes required to have a high fluidity (melt flow
rate: MRF). In particular, for the purpose of cost reduction in the manufacture of a

25 highly functional block copolymer to be used as a vehicle material, in a method of

producing a copolymer in an amount just required for obtaining an olefin-based

thermoplastic elastomer (hereinafter referred to as “TPO”) in a copolymerization reactor,



TPO by direct polynerization", a nelt flowrate of 200 or nore is demanded
in a honopolynerization stage in order to produce a finished product with a
high nmelt flow 5 rate and to ensure ease of injection nolding. For this
reason, many studies for increasing the nelt flowrate of polyners have
been undertaken. The nelt flow rate greatly depends on the nol ecul ar wei ght
of the polyners. |In the industry, hydrogen is generally added as a

ol ecul ar kgmniﬁggtﬂgﬁkpaimfcam @gp}){,ﬁ%ﬁzﬁ% ﬂagctepwﬂaﬁiaagi}aggn of propyl ene.
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order to add a Iarger anount of hydrogen in vapor phase polynerization, the
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resulting in a decrease in productivity. 15 The 'use of a | arge anount of

hydrogen gk andtd é?@t?re%ﬁ%fiﬂ‘ﬁ%ﬁdmh@mﬁ ' ¢98this Rfscd, nABRY bRdict @r solving this
probl em Patent Docunent 5 ( 2004- 16662) proposes a " nmethod of producing a

pol yner haﬁ{éré&ir% thé BRIt TR ratd SFWoly3hds RvelzbR nder@Repound  shown by the
formula Si (OR )3(NR2R3) as a catal yst conponent for polynerization of

ol efins. 20 Hovye¥edolt MREE AS Brehile 6Bl HoMs naleulRtwelgs @S BRMPolpm&at | sfactory
Jor basically solving the above problens of TPO production by direct

pol yneri zah itmnddstrp,r%xdecsg%ntisOgaiferdlllsv@aeemtmaﬁcmaﬁwsigmcg@aiof &4 (Patent
Docunment 1) JP-A-57-63310 (Clains) (Patent Docunent 2) JP-A-57-633 11

(A aims) pabnidradeity fodansreatiosH gidpfehsd- 3010 (fstaba ) lafePatanity Bocunment 4)
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Ther efior e hydrvgeb]sastialbf addbe tqopredesetiow e edul @ Rvdight tpol ypiedy haléngda highal yst
conponent and a catal yst for polynerization of ol efins capabl e of
excel | ent Inyelnfidwkae.ni Mewever, the quantity of hydrogen which can be added is limited
because pressure resistance of the reactor is limited for the sake of safety. In order to
add a larger amount of hydrogen in vapor phase polymerization, the partial pressure of
monomers to be polymerized has to be decreased, resulting in a decrease in productivity.

15 The use of a large amount of hydrogen also brings about a problem of cost. Asa
method for solving this problem, Patent Document 5 (WO 2004-16662) proposes a
method of producing a polymer having a high melt flow rate by using a compound
shown by the formula Si(OR");(NR?R?) as a catalyst component for polymerization of
olefins.

20 However, because these methods are not necessarily satisfactory for basically
solving the above problems of TPO production by direct polymerization, improvement
of these methods has been desired.

- (Patent Document 1) JP-A-57-63310 (Claims)
(Patent Document 2) JP-A-57-63311 (Claims)

25  (Patent Document 3) JP-A-63-3010 (Claims)

(Patent Document 4) JP-A-1-315406 (Claims)

(Patent Document 5) WO 2004-16662 (Claims)



stereoreqgularity and yield of a polyner and capabl e of producing ol efin
polymers having a high nelt flowrate with a given anount of hydrogen
(excel l ent hydrogen 5 response), and a process for producing an olefin

pol ymer using the catal yst conponent or the catalyst. DI SCLOSURE OF THE

I NVENTION In view of this situation, the inventors have conducted extensive
studies. As a 10 result, the inventors have found that a catalyst for
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el ectron donor conpound (an internal donor solid catal yst conponent

or an gl e%srp@ﬁlsegl%era ROEROMRGrdhiciRg caﬁbeéfmqsol}(xﬁa BiffpahdadtalyiQBRpbnenthese
findings have led to the conpletlon of the present 1nvention. Specifically,

the preseny tienw@iMfst.on provides a catalyst conponent for olefin 20

‘pol yneri zati on shown by the followi ng fornula (1),

(R R2N) m{ RBHN) nR4pSi (ORS)q (1) wherein in is an integer of 0, 1, or 2, n and
g are integers of 1 to 3, and p is an integer of 25 0, 1, or 2, wherein in

Fono+ p +DISELOSURE OFFTHERIVENTIPR3-n; R, R2, and R3 individually
represent a |inear or branched al kyl group haV| ng 1 to 20 carbon atons, a

cycl oal kyl gro@pviety ¢f thigsitiaionyhe imeh®ed havd cohdickeddx@dt@ivedtudik] yAs@r oup, or
an aral kyl 4 group, each of which nmay contain a hetero atom wherein R and

R2 mayobonmgbultotht divehdrs Kdvie Fourfddhatradiatdl gh &l ofefirepil gnefitation chhta@éiyg «r br anched
al kyl group having 1 to 20 carbon atons, a cycloal kyl group or a derivative

t her eof , aminosilknegromppundmvithla spkcific etmgctureras an activeadoknplonentpetfy caesdydn of whi ch
may contain a hetero atom and, when n=0, n=1, and gq= 1, 5 two R4s may bond
to form afoinmg;framd sélid catalysticdmabhant cegaiamenhagnasibung @mnium, abnbgehed

and an electron donor compound, an organoaluminum compound, and an aminosilane

compound having a specific structure is suitable as a catalyst for polymerizing olefins as

15 compared with general catalysts, and that the aminosilane compound has not been

known heretofore to be usable as an electron donor compound (an internal donor) of a

solid catalyst component or an electron donor compound of a catalyst (an external

donor). These findings have led to the completion of the present invention.

Specifically, the present invention provides a catalyst component for olefin

20  polymerization shown by the following formula (1),
(R'R*N)(R’HN), R Si(OR"), (1

wherein m is an integer of 0, 1, or 2, n and q are integers of 1 to 3, and p is an integer of
25 0,1, 0r2, wherein m + n + p + g=4, when m=0, g=1 and p=3-n; R! R? and R’
individually represent a linear or branched alkyl group having 1 to 20 carbon atoms, a

cycloalkyl group or a derivative thereof, a vinyl group, an allyl group, or an aralkyl



al kyl group having 1 to 12 carbon atonms, a cycloal kyl group or a derivative
thereof, a vinyl group, an allyl group, or an aral kyl group, each of which
may contain a hetero atom The present invention also provides a catalyst
for olefin polynerization 10 conprising the above-nentioned catal yst
conponent for olefin polynerization. The present invention further provides
a catalyst for polynerization of olefins conprising (A a solid catal yst
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I nvention gontains the am nosilane conpound shown by the above-nentioned
formul a (1a) as an effective conponent. Specifically, the am nosilane

conpound can b efhléﬁgg&eﬁtsin@é?lti%h %f;s[) .p?&ig]é%%ocrataﬁ ! srf'g o ‘?ﬂﬁgﬁzaﬁ%p ound of the

. n .
solid catal yst corrponent, which i's an essenti conponent of the olefin
10 comprising the above-mentioned catalyst component for olefin polymerization.

Q

The present invention further provides a catalyst for polymerization of olefins
comprising (A) a solid catalyst component containing magnesium, titanium, a halogen,
and an electron donor compound, (B} an organoaluminum compound of the following
formula (2),

15

R%,AIQ;,, )

wherein R® represents an alkyl group having 1 to 4 carbon atoms, Q represents a
hydrogen atom or a halogen atom, and p represents a real number satisfying the formula
20 0<p=3, and (C) the above-mentioned catalyst component for olefin polymerization,
Moreover, the present invention provides a process for producing an olefin
polymer, wherein polymerization of the olefin is carried out in the presence of the

catalyst for olefin polymerization.

25 BRIEF DESCRIPTION OF THE DRAWING
Figure 1 is a flowchart showing a process for preparing the catalyst component

and polymerization catalyst of the present invention.



pol ynmeri zation catal yst, and an el ectron donor conpound (external donor) of
the olefin 10 polynerization catalyst. The am nosil ane conpound shown by
the above formula (1) is a conmpound having a nitrogen atomdirectly bonded
to a silicon atom As exanples of the hetero atomof the formula (1), an
oxygen atom a nitrogen atom a sulfur atom and a silicon atomcan be
given. As exanples of the derivative of the cycloal kyl group, a cycl oal kyl
15 group having a substituent such as an al kyl -substituted cycl opentyl
group, an al kyl-substituted cycl ohexyl group, and an al kyl -substituted

cycl ohept wrsg\ABPHFCAOR REARRY VS -QRr THRINWEGTRSN! n the formula (1) are

preferably linear or branched al kyl groups having 1 to 10 carbon atons or

cycl oal kyl gr 0?9§c£ﬁ¥ét%néoﬁ&1t%ﬁﬁéﬂﬁ9ﬁolﬁﬁl H§at1o¥i"off qungeééﬁ{ folv & caris bhe
pref erabl e groups being Iinear or branched al kyl groups having 1 to

carbon at gpEoRflar e hPeliy shodrbiPse B&Wef}ﬁelﬁldm@d ?t)rﬁﬁu[é%QE af R Gatal Y\ férhe R1IR2N
group produced by ring-formation of RL and R2, a per ydrqu|noI|no group

and a s pephyidpeiyeRaizhid 6fBe PreoéH iMfeBti &fnediabihe anftosilanddodiua®l y a |inear
or branched alkyl group having 1 to 10 carbon atons or a cycl oal kyl group

having 5 tigvwh §2heaBowLRe&iondd fvntula Q3 hE hiE efféstivy compbemabl SegiiRuldg being a
Tinear or branched al kyl group having 1 to 8 carbon atons or a cycl oal kyl

group haviietnfinddlafe EahiRnd b B8 usddas af cREebL e Yinterndlidogar) c@h]f:)(b.ﬁﬂnC hed
Al kyl group having 1 to 6 carbon atoms, with a particularly preferable 6

‘group bei pgtha sbliheadlyQrcobpanaiodhiah kyn gienupl ddmonentoftie defi@r bon at ons. The
conpound groups shown by the fornmula (1) particularly include a group

wher ei n mpoivpefiZzdionaafal ysgtand anpleoneh gord pompaurgl @xtermahésirnoffti®olefirl, p=2,
and =1 (a second conpound group), a group wherein m=0, n=3, p=0O and g=1
(a thilod polynierigation cgrabtsp) , a group wherein n¥l, n=1, p=0, =2 (a fourth
conpound group), a group wherein nel, n=2, p=0, and g=1 (a fifth conpound
group), a groupfhaainesitanercdmpommd shopm(y the dbay=Tofnauls (Ktiha canmpoudd group), a

group wherein nel, n=2, p=0, and g=1 (a seventh compound group), a group
wher ei n nmhfvingz hitroged atoandiragtl® boadeddd glsillvon atom.  As examples of the hetero
atom of the formula (1), an oxygen atom, a nitrogen atom, a sulfur atom, and a silicon
atom can be given. As examples of the derivative of the cycloalkyl group, a cycloalkyl
15 group having a substituent such as an alkyl-substituted cyclopentyl group, an
alkyl-substituted cyclohexyl group, and an alkyl-substituted cycloheptyl group can be
given.
R, R% and R? in the formula (1) are preferably linear or branched alkyl groups
having 1 to 10 carbon atoms or cycloalky! groups having 5 to 8 carbon atoms, with
20  particularly preferable groups being linear or branched alkyl groups having 1 to 8
carbon atoms or cycloalkyl groups having 5 to 8 carbon atoms.  As the R'RN group
produced by ring-formation of R! and R?, a perhydroquinolino group and a
- perhydroisoquinolino group are preferable. R” is preferably a linear or branched alky}
group having 1 to 10 carbon atoms or a cycloalkyl group having 5 to 8 carbon atoms,
25  with particularly preferable groups being a linear or branched alkyl group having | to 8

carbon atoms or a cycloalkyl group having 5 to 8 carbon atoms. R’ is preferably a

linear or branched alkyl group having 1 to 6 carbon atoms, with a particularly preferable



conpound group), a group wherein m=0, n=2, p=1, and gq=1 (a ninth conpound
group), 10 a group wherein n=0, n=1, p=0, and g=3 (a tenth conpound group),
and a group wherein m=0, n=2, p=0, and g=2 (an el eventh conpound group).
Anmong these, the first to ninth conpound groups are preferable. As exanpl es
of the first conpound group, an

al kyl (di al kyl am no) (al kyl am no) al koxysi | ane, a 15

cycl oal kyl (di a] kyl am no) ( Iky m ﬁ)alkoxysllane
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first to ninth compound groups are preferable.

As examples of the first compound group, an

alkyl(dialkylamino)(alkylamino)alkoxysilane, a

15 cycloalkyl(dialkylamino)(alkylamino)alkoxysilane, a
vinyl(dialkylamino)(alkylamino)aikoxysilane, an
allyl{dialkylamino)(alkylamino)alkoxysilane, an
aralkyl(dialkylamino)(alkylamino)alkoxysilane, and a dialkyl(alkylammno)alkoxysilane
can be given. Of these, an alkyl(dialkylamino)(alkylamino)alkoxysilane is preferable.

20 In the first compound group, R', R?, and R? in the formula (1) are preferably
linear or branched alkyl groups having 1 to 8 carbon atoms or cycloalkyl groups having
5 to 8 carbon atoms.  As the R'R*N group produced by ring-formation of R and R, a
perhydroquinolino group and a perhydroisoquinolino group are preferable. R'is
preferably a linear or branched alkyl group having 1 to 8 carbon atoms or a cycloalkyl

25  group having 5 to 8 carbon atoms. R’ is preferably a linear or branched alkyl group

having 1 to 4 carbon atoms, particularly a methyl group, an ethyl group, or a propyl

group.



As exanpl es of the second group conpound, a 10
di al kyl (cycl oal kyl am no) al koxysi | ane, an

al kyl cycl oal kyl (al kyl am no) al koxysi | ane, an

al kyl cycl oal kyl (cycl oal kyl am no) al koxysi | ane, a
di cycl oal kyl (al kyl am no) al koxysi | ane, a

di cycl oal kyl (cycl oal kyl am no) al koxysi | ane, a

di vi nyt (a1 ky] am gk akk grskbanS s ol Abbid A hartambabiipus) | ane. an

al kylal Iyl (cycl oa Koxy
cycl oal ky|(géﬂhyh&%bﬁﬁ’lh@lﬁﬂd}%ﬁb}lﬂ%métﬁﬂﬁzet%x}@ane,

cycl oal kylal Iyl (cycl oal kyl am no) oxysi | ane, an

di al Iyl (al dyply i ROL Bk ¥$hd)BR&ho:8) )vidyRilAnel (cycl oal kyl am no) al koxysi | ane, an
an

al kyl ar al kyl (al kyl"am no) al koxysi | ane,

al kyl ar al KhyRwihOadilkkihgniag RétkoxysiddRratylsfane,
a

cycl oal kyl aral kyl (al kyl am no)al koxysi | ane,

cycl Oa|5ky|(@ﬂhglaﬂh&)(‘cﬁ@th?lﬁh'fr)/d)@Eﬂd&?)i@&ﬂf%bfﬁiah@,ne, a
a

di ar al kyl (al kyl am no) al koxysi | ane,

di ar al kyl ((@&‘Zlaﬂﬂh ydimeihyhahkoeysbkAaexyBilgieal kenyl (al kyl am no) al koxysi | ane,
a dicycl oal kenyl (al kyl am no) al koxysi | ane, an

al kyl al ker[yihg&hkﬂd adiine )y Binki 8XY&hd:8/)€inyBilane, and

cycl oal kyl al kenyl (al kyl am no) al koxysi | ane, an

al kyl cycl qathyrmihd)aditel}laniimgletde@xpshdthngphaidsiRne can be given.

cycl oal kyl cycl oal kenyl (al kyl am no) al koxysi | ane can be given. O these, a 25
di al kyl (cycl oal kyd amphe odltheaeysid groep c@npound, a
al kyl cycl oal kyl (al kyl am no) al koxysi | ane, an

al kyl cycl ahslkyl(dyelpalkyhinkiydyatkorpsiahd axyatiiyl@reallgyi(alkylamino)alkoxysilane, an
di cycl oal kyl (al kyl am no) al koxysi | ane, and a

di cycl oal kajkylcyebdatialikyétlastkylemnalcRakysistlaree a dicgclpalf Ealaplamin@alkexedamp| es of
t he conpound formed by ring-formation of two R4s of the formula (1), a
1- ( al kyanm axdiyydeallatlcpxlpdlkilasiyghlak ysdlmms, aaivinyl(alkylamino)alkoxysilane, an
1- (cycl oal kyami no) - 1- (al koxy) si | acycl oal kane, a _ ‘
1- ( al kyamiatkplaliyl (aidyleoxpd athospsilape,-andist alivlicpedodkylamyw)dlbksilane, a 5
1- (al kyam noﬁ)— 1- (al koxy) di al kyl -substituted silacycl oal kane, a
1- ( cycl oal drywedkpitsflyHalkplaininoyl dane/R- substituted silacycl oal kane, and a
1- (cycl oal kyam no) - 1- (al koxy) di al kyl -substituted silacycl oal kane can be
gi ven. 13| n okeabslalndcxctnaiolanaingladinrysiee) an digllylfalipamiaolalioxysilasecf er abl y a
| i near or
diallyl(cycloalkylamino)alkoxysilane, an alkylaralkyl(alkylamino)alkoxysilane, an
alkylaralkyl(cycloalkylamino)alkoxysilane, a
cycloalkylaralkyl{alkylamino)alkoxysilane, a
cycloalkylaralkyl(cycloalkylamino)alkoxysilane, a diaralkyl(alkylamino)alkoxysilane, a
20 diaralkyl(cycloalkylamino)alkoxysilane, a dialkenyl(alkylamino)alkoxysilane, a
dicycloalkenyl(alkylamino)alkoxysilane, an alkylalkenyl(alkylamino)alkoxysilane, a
cycloalkylalkenyl(alkylamino)alkoxysilane, an
- alkylcycloalkenyl(alkylamino)alkoxysilane, and a
cycloalkylcycloalkenyl(alkylamino)alkoxysilane can be given. Of these, a
25 dialkyl(cycloalkylamino)alkoxysilane, an alkylcycloalkyl(alkylamino)alkoxysilane, an
alkylcycloalkyl(cycloalkylamino)alkoxysilane, a dicycloalkyl(alkylamino)alkoxysilane,

and a dicycloalkyl(cycloalkylamino)alkoxysilane are preferable.



branched al kyl group having 1 to 8 carbon atons or a cycl oal kyl group having
5to 8 10 carbon atons. R4 is preferably a substituted or unsubstituted,

| i near or branched al kyl group having 1 to 12 carbon atons or a substituted
or unsubstituted cycloal kyl group having 5 to 8 carbon atons. R5 is
preferably a Iinear or branched al kyl group having 1 to 4 carbon atons,
particularly a nmethyl group, an ethyl group, or an n-propyl group. As
specific preferable exa | es of the _co ound t he second ,conpound 15
group, dicycl op’%‘u ea?ﬂmﬂﬂ'lﬁgif pqrgllg ormation of two R’s of the

§: E%éhEES?PMk&Z?%Tﬁ@Y g?ﬁ%ﬁg@gﬁécycloalkane, a

Cycl ooyl MGV SO ﬁ%%%{?&%ﬁ%g

E EEE §i i”:‘ii hbqﬁlgzeea%qﬁggqm@b@;xg@h@%@ 80wy silacycloalkanc, &
d Cyclyghex\/(aglgyaﬁly c&%%a@l?c#&ﬁ@ﬁ EbbIRa sitacycloalkane, a

di -t- butyl( x
di i sopr opy H’CISXIkg %jﬁ(% (%)r&o&@lglﬁgl -substituted silacycloalkane, and a

Pt R ——————
hyl hy$
(et hyl am no) et “ﬁﬁ%ﬁs%ee?lﬁf‘forﬁ#ﬁléﬁf ﬁe%hbgyg FQ}‘A&%J‘& f%r@ﬁ%%%'z LﬁH@ar or 2

di decahydr onaph ane

E re![ ﬁ)(/ra%eﬁ%% gﬂchéﬂagﬁ éﬂdhﬁe‘ﬁh% IC'aérlb n %t)(/)c s 912 ncgzcloalkyl group having 5 to 8
(ethyl gy §(y)R4%s ? e@érém? Q%h@tllt@cgd' 5! BREX@Red Jinear or branched alkyl

benzyl et h et h am no) e oxys I"ane,

EQﬁBXL%h“XI"@f’h 'ﬂ%@ﬁpcmﬁ‘ﬁ‘ﬁ’éé‘é%?ﬂ%?‘ﬁ%‘m%@?f% P SRR AR e

tri (cycl ogldyloami)-abdrnyms. aves Eﬁsféabl?f a hnear or bra.nched alkyl group having 1
di (al kyl am no)(cycl oal kyl am no) al koxysi I ane,

(al kyl am nghdiafenGh@ad, wh@maﬂ?)a%éf@wg%dpaaﬁe& p%rlaﬁp,g:lr\éﬁ@r-pr% yit a

tri (al kyl am no) al koxysi |l ane and a tri(cycl oal am no) al Koxysi ane are
preferable. |n AhgetificitefeRBRABRAPRE 0Fthe cRﬁlpbﬁhd o¥athé SecBHl Bompourids pref erably

a linear or

15  group, dicyclopentyl(methylamino)methoxysilane,
dicyclopentyl(ethylamino)methoxysilane, diisopropyl(methylamino)ethoxysilane,
cyclohexylmethyl{ethylamino)ethoxysilane,
cyclohexylmethyl(methylamino)methoxysilane,
t-butylethyl(methylamino)methoxysilane, t-butylmethyl(ethylamino)ethoxysilane,

20 t-butylmethyl(ethylamino)methoxysilane, dicyclohexyl(ethylamino)methoxysilane,
di-t-butyl(methylamino)methoxysilane, diisopropyl(n-propylamino)methoxysilane,
phenylmethyl(methylamino)methoxysilane, diisopropyl(ethylamino)n-propoxysilane,
p-methoxyphenylmethyl(ethylamino)ethoxysilane,
thexylmethyl(ethylamino)methoxysilane,

25  didecahydronaphthyl{ethylamino)methoxysilane, tris(n-decylamino)methoxysilane,

(ethylamino)(methoxy)-2,5-dimethylsilacyclopentane,

(ethylamino)(methoxy)-2,6-dimethylsilacyclohexane,



branched al kyl group having 1 to 10, particularly | to 6, carbon atons, or a
cycl oal kyl 10 group having 5 to 8 carbon atons. R5 is preferably a |inear
or branched al kyl group having 1 to 4 carbon atons, particularly a nethyl
group, an ethyl group, or a n-propyl group. As the specific preferable
exanpl es of the conpound of the third conpound group,
tris(ethylanino)nethoxysiIane tris(isopropyl am no)ethoxysilane, 15

Lri s(oyel opentuh AT AALIBL RS BN . SEHS | ASIHRATBLIB SR KEH | ane.

bi s(t-but
(t-butylanj, g)gnethylanlno)(ethylanlno)nethoxy5|Iane
bi s(cycl ohey! am no) (et hyl am no) et hoxysi | ane,

bi s(i sobutyl am qu
tris(n- decylanlng%&gﬁﬁgéggghe&%g 0 trls Sﬁ??gﬁ¥% ?mPﬂ%toxysilane and
trls(ethykﬁG% Conpoaggﬁ§Q%M§lHﬁ@@cgamygﬁngb%g5X¥$@ﬁeqxanples of the conmpound

of the fo und group, a i al kyl am no) {al kyl anmi no) di al koxysi | ane,

an(aliylgugb aalioauiam alkkagpekil aborysi | ane, and a

(dlcycloal m no)’'( al kyl am no)di al koxysi | ane can be given. 25 In the fourth

conpound %lﬁﬂﬁmn&%}dl(d?%loaﬁ(@fhnﬁﬁo)afkok?ﬁlaﬁ@Ezm-%eagl(zélr) Fheheeeherably linear or

‘branched al kyl groups having | to 8, particularly 1 to 6, carbon atons, or

cycl oal kylm@ﬂég%nbﬁmoﬂgslfan& anda ﬁﬁéﬁ@&l@ﬁl%ﬁ)ﬁﬁoﬁyﬁ%@Wﬁ}e%rﬂHQ produced by

10 ring-formation of Rl R2, a perhydroqui nolino group and a

per hydr oi soqui n®tHenRird %rﬁptﬁmarg@ow Bf &f ablfermuRP (1) s prefhIpRlivea dri near or
branched al kyl group having 1 to 4 carbon atons, particularly a nethyl

group, an bedmeléd aﬂkﬂtgﬁ@uplﬁavmg NtoPIQ PaticAaAY P to Asmmpmm@ Raelelaltye exanpl es
of the compound of e fourth conmpound group,

(di -t -lput @i Oinge )8 cmonaksthet MOXY picfamisly a linear or branched alkyl group
(cycl opentyl am no) (di phenyl am no) di net hoxysi | ane, and

(benzyl amhaeihg ditb & @prbopvitonts, paidulatl @ xyeshy]l areipe anethel Gows or aAspreyainpl es  of

t he conpound of the fifth conpound group, a
group.

As the specific preferable examples of the compound of the third compound
group, tris(ethylamino)methoxysilane, tris(isopropylamino)ethoxysilane,

15 tris(cyclopentylamino)methoxysilane, tris(cyclohexylamino)methoxysilane,
bis(t-butylamino)(methylamino)methoxysilane,
(t-butylamino)(methylamino)(ethylamino)methoxysilane,
bis(cyclohexylamino)(ethylamino)ethoxysilane,
bis(isobutylamino){methylamino)propoxysilane, tris(n-decylamino)methoxysilane,

20 tris(ethylamino)t-butoxysilane, and tris{ethylamino)cyciohexoxysilane can be given.

As examples of the compound of the fourth compound group, a
(dialkylamino){alkylamino)dialkoxysilane, an
(alkylcycloalkylamino)(alkylamino)dialkoxysilane, and a
(dicycloalkylamino)(alkylamino)dialkoxysilane can be given.

25 In the fourth compound group, R!, R%, and R? in the formula (1) are preferably

linear or branched alkyl groups having 1 to 8, particularly 1 to 6, carbon atoms, or

cycloalkyl groups having 5 to 8 carbon atoms. As the R'R°N group produced by



(di al kyl am no) di (al kyl am no) al koxysi | ane, an 10
(al kyl cycl oal kyl am no) di (al kyl am no) al koxysi | ane, and a

(di cycl oal kyl am no) di (al kyl am no) al koxysi | ane can be given. O these, a

(di al kyl am no) di (al kyl am no) al koxysilane is preferable. In the fifth
conpound group, R, R2, and R3 in the formula (1) are preferably Iinear or
branched al kyl groups having 1 to 8, particularly | to 6, carbon atons, or

Dy 11 mo- 1 BPREPREOBP! o S R RS GO A YPO S T
hydr oi i nol i f ble. R5 I f I i

br anched EFOYRRGRBEAEy s Bersitls 2darao Db AP BURTg! 1 Fot hyl
OF°¥Pe SoBbO OB MR B BiRh Rt G e SPEEh b Ll 20l e exameles
D g S B0 A AL MR BN R o b o
bi s(et hyl am no . Sil : >of the
R oA L e ST
di (al kyl | pal ' -(hal kyl am | koxysil : d 25
‘d: ggi C%;Cfgcgrftg@fngtﬂaﬁ%{}@lél@qng%mﬁr%)gﬁeg};&x ;S( agllﬁé%@:n gg giaven. In the sixth

d ; ' ] f bl i
comoune PRy Fomn S hol Jeh BB ot 2 PLETET DY 1 near or
11 cycl oal kyl ggyﬁﬁ?@%hggaérﬂbgm% oﬁ{@@? %ﬁ?@&dﬁ‘)@hg R R2N group produced

by ring-formation o a per ogroup and a

per hydr oi g@@&m‘ﬁdﬁ(af%gf}?ﬁgmiﬂﬁ%’aﬁﬂ“% le. R5 is preferably a linear or

branched group rbon atons, particularly a nethyl

group,, ang@g){]ﬁ}gk%g Bnin fdi@ﬁ?»’[]}érﬁ'iﬂﬁﬂ{?x GiRUP-an 4As specific preferable

exanpl es . orfpound” o e sixt onpound group,
D 5{ et SIS R N AASYIR Caro e ores
bi s(di et hydiap) BRI SEMLATRIR)ARENRMNRIS AREraiifd

In the fifth compound group, R', R?, and R? in the formula (1) are preferably
linear or branched alkyl groups having 1 to 8, particularly 1 to 6, carbon atoms, or

15  cycloalkyl groups having 5 to 8 carbon atoms.  As the R'R*N group produced by
ring-formation of R' and R?, a perhydroquinolino group and a perhydroisoquinolino
group are preferable. R’ is preferably a linear or branched alkyl group having 1 to 4
carbon atoms, particularly a methyl group, an ethyl group, or an n-propyl group.

As specific preferable examples of the compound of the fifth compound group,

20 (di-t-butylamino)(t-butylamino)}(ethylamino)methoxysilane and
bis(ethylamino)(diethylamino)ethoxysilane can be given.

As examples of the compound of the sixth compound group, a
(dialkylamino)(alkylamino)alkoxysilan, a
di(alkylcycloalkylamino)(alkylamino)alkoxysilane, and a

25 di(dicycloalkylamino)(aikylamino)alkoxysilane can be given.
In the sixth compound group, R', R%, and R’ in the formula (1) are preferably

Jinear or branched alkyl groups having 1 to 8, particularly 1 to 6, carbon atoms, or



bi s(di et hyl am no) (et hyl am no) n- but oxysi | ane can be given. 10 As exanpl es of
t he conpound of the seventh conpound group, a

(di al kyl am no) di (al kyl am no) al koxysi | ane, an

(al kyl cycl oal kyl am no) (al kyl am no) (cycl oal kyl am no) al koxysi | ane, and a

(di al kyl am no) di (cycl oal kyl am no) al koxysi | ane can be given. In the seventh
conpound group, RL, R2, and R3 in the fornula (1) are preferably 15 |linear
or branched al kyl groups having 1 to 8, particularly 1 to 6, carbon atons,
or cycl ogykpplkyl grapes haxingnos casba@ ateinsom athe is R TAgreupereduredibyr oup
produced by ring-formgtion,of R and R2, a perhydroquinolino qroup and a
per hydr oi stgderaitionef Ryesd K o kerpydsp@rngine ereup and apeshdraisequinplinonear or
branched al kyl group having | to 4 carbon atons, aLticuIanIy a net hyl
group, an £8URAre gredeipbleor Rais preferabiya h‘@?‘b‘ﬂfpbfa@e@ﬁé gopp 8avipE L {¢d conpound

f th h d i hyl ani di phenyl ani hoxysi |
and the | IRGOBAIPDEPRGURIY b Ris ] STPe 8! I LSTBL O ATRIOH EEH- e ght h
O ky Ll o A iesiBs Blest b PP aRet S cogpai] TerdX G sBPPITd BRURpI s of
th . he ei.ghth d .25
1 - guf;)Im()SWP%LH%B‘)%H‘%&‘H%?Qﬁg}%ﬂﬁ'i@lneﬁﬁ%g‘ﬁgﬂ}ﬂ%t hyl ani no) di et hoxysi | ane,
thyl (t-bytyl am no) di met hoxysi d ethyl (t-butyl am no)di et hoxysi |
L e
al kyl di ( al. m.n OXYS e,eicc(gaylayamno XySi ,
an al byl disdsty B s neRstan and,
L kyl (al kyl ani L oal kyl ami | koxysi |
al | g;l él?( a%@%@%@f‘é@&%@%&@ﬁ&%gﬂ%ﬁ 5@%%3%“3? (al kyl ani no) al koxysi | ane
can 8,3 YO, SRR R AR gk R GRURRlot o e compoure
bi s( et hyl ani cl t v met i be given. As | f th
Comount PRl AR R MRS B2 Kyl S noj 1 al Koxys! Tane and a
(cyel oal kyligghDAMLik) Ak RRERL NS0 KA M BBl SAIPLAS of the compound

of the
(dialkylamino)di(cycloalkylamino)alkoxysilane can be given.

In the seventh compound group, R, R?, and R? in the formula (1) are preferably
15 linear or branched alkyl groups having 1 to 8, particularly 1 to 6, carbon atoms, or
cycloalkyl groups having 5 to 8 carbon atoms.  As the R'R*N group produced by
ring-formation of R' and R, a perhydroquinolino group and a perhydroisoquinolino
group are preferable. R’ is preferably a linear or branched alkyl group having 1 to 4
carbon atoms, particularly a methyl group, an ethyl group, or an n-propyl group.
20 As examples of the compound of the seventh compound group,
bis(ethylamino)(diphenylamino)ethoxysilane and the like can be given.

As examples of the compound of the eighth compound group, an
alkyl(alkylamino)dialkoxysilane and a cycloalkyl(alkylamino)dialkoxysilane can be
given. As specific examples of the compound of the eighth compound group,

25  t-butyl(ethylamino}diethoxysilane, cyclohexyl(ethylamino)dimethoxysilane,
ethyl(t-butylamino)dimethoxysilane, and ethyl(t-butylamino)diethoxysilane can be

given. As examples of the compound of the ninth compound group, an

12



el eventh conmpound group, a di(al kyl am no)di al koxysi |l ane, an 10

(al kyl am no) (cycl oal kyl am no) di al koxysi | ane, and a

di (cycl oal kyl am no) di al koxysi |l ane can be given. These compounds can be

synt hesi zed by a general synthesis nethod such as a chlorine exchange

met hod, a method using an organolithium conpound, or a nethod using a
Gignard reagent, or by conbination of these nethods. It is also possible to

15 d h ) hiZl t .G 0t di at h
ot raki o R B R e L A B R R Sl MG e o
i t : | d i fi diti . dditi
Vo the: abon iRyl RRhDaBx PIRRE & L0 oF “the formila (1), the o o
talvst f ; . . _ '€ . {nel ud
ol 1’ oat BN ORI AR B ey e DRI N PRI T 26
) Conponenta(]%?i‘)i é%aél%mﬂgzﬁ@l%ﬁﬁ??% 1EHECafs BEBRKAT. ASSBRIR! é!a.rr%@és'o@ﬂ%at al yst

conponent or ganoa num conpound “may be used. Anpng the conponents

of thescate?kgﬁﬁa% ?ﬂétﬁ@h&iﬂ sblﬂpduylﬂrg&&@ggis&%ﬂémﬁqhﬁe@.mgyﬁﬁ&thomm{yainqn, the

conponent conpri ses nagnesium ‘titanium al ogen, and an 25
el ectron dpnohyRRAIRALMLpeAATnBRoRARIIBNEH HRYIFAUS INExhADIc] oPBGNESi um

‘conpound, (b) a tetrdvalent titani um hal ogen conpound, and (c) an el ectron

donor conmpg Quﬂ&oﬁﬁ@?enﬂ{‘con%%é%}o | (288G M Bb RBLIkolRi1A% &wanpl es of the
magnesi um conpound (hereinafter sinply referred to as "conmponent (a)" from

Time 0 tiERloolRyIIAEOARKNG AL L. dvall AAOERENESH iflcorfpoutt bthgragnesi um

hal i de, a al koxymagnesi umy a di aryloxynmagnesi um an al koxynmagnesi um

hal i de, angkwvanthabhipoasd ggo[fﬁ,gmﬁwmmgcﬁﬂk&wﬁﬂle,ﬁﬁmhg these 5 nmagnesium
conpounds, a magnesi um di halide, 'a m xture of magnesi um di hal i de and

di al kopy MaEPREIMYcyolRElka]aehind RO XFRENE Sind M cﬁ@cl@ﬁlﬁpmﬁam)aial@aﬁsiﬁnai al koxy
magnesiumis particularly preferable. As speciftic exanples, dinethoxy
magnesi Umcan 8 @fvieexy nmagnesi um di propoxy magnesi um di but oxy magnesi um
et hoxynet hoxy
These compounds can be synthesized by a general synthesis method such as a
chlorine exchange method, a method using an organolithium compound, or a method
using a Grignard reagent, or by combination of these methods. It is also possible to
15  produce these compounds by synthesizing a synthetic intermediate such as
tetrakis(alkylamino)silane and reacting the synthetic intermediate with various types of
alcohols or phenols under specific conditions.
In addition to the above-described aminosilane compound of the formula (1), the
catalyst for olefin polymerization of the present invention may include a solid catalyst
20 component (A) (hereinafter may be simply referred to as “component (A)”) and an
organoaluminum compound. A general solid catalyst component (A) and
organoaluminum compound may be used.
- Among the components of the catalyst for olefin polymerization of the present
invention, the component (A), which comprises magnesium, titanium, a halogen, and an
25 electron donor compound, can be obtained by causing (a) a magnesium compound, (b} a

tetravalent titanium halogen compound, and (c) an electron donor compound to come in

contact with each other.

i3



magnesi um et hoxypropoxy magnesi um and but oxyet hoxy nagnesi um can be given.
10 D et hoxymagnesiumis particularly preferable. Al so, these

di al koxymagnesi um nmay be obtai ned by reacting netallic nagnesiumw th an

al cohol in the presence of a hal ogen-contai ning organic netal conpound or
the like. The dial koxymagnesi um may be used al one or in conbination or two
or nore. 15 The di al koxymagnesi um conpound used is preferably in the form of
granules or a powder and either anorphous or spherical in configuration.
For exanpl e, exampigshod thecmbgrgbiamkenmymeuga derreinafies sueply refarrgbloaser powder
having a better particle shape, and a narrower particle size distribution
can be obt“szpmanenrm)’éfrpmravgﬁstnn%ama\ggeswpéimbﬁ%iat@lallsilmaséewraombed pol ymer
powder during the polynerizatjon operation and 20 elininates problens such
as cl oggi rigkximagnpgsium K@lé#e, dalkegymagaesium, prkarplokymagnesBPh Bt i on  devi ce
caused by fine particles, contaiped in the produced pol yner powder. The
spheri cal Bék%ykﬁﬁwsﬁﬁ@ﬁé‘é‘i%uﬁ'? E’é‘@’aﬁ’cﬁltm%@élé‘g’d}apl gheenc o Eneneehspe spheri cal |

but may be oval. or potato-shaped. Specifically, the particles. have a
ratio (L/ \Ayla%slr:ﬂvwewﬁmoangsaﬁﬁgaga?%%?iﬁﬁhéﬁ)a YPB‘¥‘FF|8P R G or (W
usual |y of . 25 or less, preferably of .1 to 2, .a nore preferably of 1 to
1.5. Dial %i&%ﬁ@ﬁ%‘?ﬁh‘%ﬁ& ﬁﬁﬁﬁ‘%é‘%’&&éﬂbﬁﬁﬁ me&r%q%@nﬁﬁéﬁalﬁowo 200 pm can
be wused. A nore preferable a erglge article siz? ia. 5 to 150 m, I n the case
of spher | CRIEICHATHS BRRGHKRE SN AS RRCHAPRTPIosa R Ry BB UM s al | y

Troml to 100 m preferahl from5 t.o 50. and nore preferably from10 to
20°m A polEBPOHEB R Ainrorstsy TAEET o e SRAehr e S ORI Sl i
content of fine powder and coarse .powdey. is referably used Sﬁecifi cally,
the cont erPagsESiy FRGTEEORgey g i i byspessthors qEBenum Canbe B ele 2096 or
| ess, and preferably 10% or |ess. C%t ot her hand, the content of
particl'es %e Xgn%féﬁ’él%ﬂs%uﬁlc %@Yﬁf F35r e shoul d be 10% or |ess, and

PLELSTEDNY 2% o Ga aRuSMEb BBR LR TR, S,

size and Dmlggrgeaw% Wit 51'1 gllc&oi ii]% %e%fresélgc%) o(%fa halogen-containing organic metal
compound or the like. The dialkoxymagnesium may be used alone or in combination
or two or more.

15 The dialkoxymagnesium compound used is preferably in the form of granules or
a powder and either amorphous or spherical in configuration. For example, when a
spherical dialkoxymagnesium is used, a polymer powder having a better particle shape
and a narrower particle size distribution can be obtained. This improves handling
operability of the produced polymer powder during the polymerization operation and

20  eliminates problems such as clogging of the filter or the like in the polymer separation
device caused by fine particles contained in the produced polymer powder.

The spherical dialkoxy magnesium needs not necessarily be completely
spherical, but may be oval or potato-shaped. Specifically, the particles may have a
ratio (L/W) of the major axis diameter (L) to the minor axis diameter (W) usually of 3

25 or less, preferably of 1 to 2, and more preferably of 1 to 1.5.

Dialkoxy magnesium with an average particle size from 1 to 200 pum can be

used. A more preferable average particle size is 5 to 150 pm. In the case of spherical

14



o . R i

the integrated particle size, is 3 or less, and preferably 2 or less. 10

Met hods for produci ng such spherical dial koxynmagnesi um are described in, for
exanmpl e, JP-A-58-4132, JP-A-62-51633, JP-A-3-74341, JP-A-4-368391, and

JP- A-8-73388. The tetravalent titani um halide conpound (b) (hereinafter
referred to fromtine to tinme as "conponent (b)") used for the preparation
of the conponent (A) in the 15 present inventi on is one or m)re corrpounds

sel ected fg the rou onsistin h]a{:g7 itani um
ol e SnciaRyy HadeRh, SRRk Ak ARl e f L0 PNt AR
group havigng, 4 ?% gmcﬂﬁcP@prsef%QféFab %(fr&g oe:?j%ttgn a Rﬁh&gghem ’Qnan%ﬁlﬂ n

represents anin er sa yrng rmul a |c exanpl es

| ncl ude, }ﬁgfcletﬁiy HEBAkd G Rn fsfntﬁgbﬁramt pawe%d%gﬁeg wdgsti tani um

tetrachlo trtanrunttetra rom anium tetrai e and, as

al koxyti tgy?éfh’&bfl}aﬂsé@'ess eeﬁ*th < Yikd éo%tunvmdﬁarma@gb@rthQ%tan%t&%@st e 3P

trichlori oxytrtanru ‘trichlori utoxytitani um't rrcLIorrde

di met hexyi,5aahenpd) &ftésgrarﬂgjrefe%gt 1105 Bt ickani g iofidh %ﬁdﬂ @he content of
di propoxytitani um dichl orid n- but oxytitani um dichldride

Lr T et NOXhkicARivHIR £BLAEIASY 100 BRSO L L1 o bpresgendbrefaraagwt i tani um

25 chl ori and trr-n-butoxytrtanrumch ori de. hese, titani um

tetrahal i defesar eMBrB{ &l ARIarticH difk allstmﬂtlmﬁo%r@g@%mﬂﬁ WRiBE oY fiacul arly
referable. These titanium conmpounds may be uséd eitherf individually or in

conbi nat i artRie fiNOfONYBS B¢ intSprdld@ pRitiRLi R nd WP is § PARRW . dTaI0es Haf t er
referred to fromtine to tine as corrponent (c)") used for preparing the

sol i d cat ghy/StegfddiRREAE sizd)is B r Bi3s, g PRifErably@gqeydd cont ai ni ng an oxygen
atomor a nitrogen atom Alcohols, phenols, ethers, esters, ketones, acid

hal i dgg, al dehwd@bodsabi ;rteaumﬁgmuiﬁ%phaichrmh&axym@@mamadreaescawh B, for
organosi | i con conpounds containing an Si-O C bond or an Si-N-C bond can be

given as egxappl BSA-78s41Spe0h-A-62-6 K6RIPIBA-3- AU B0 0P\ -3436B3 %S an@t hanol ,
et hanol, n-propanol, 2-ethyl hexanol; phenols such as phenol and cresol;
et hers suqR-48-7338&t hyl et her,
The tetravalent titanium halide compound (b) (hereinafter referred to from time
to time as “component (b)) used for the preparation of the component (A) in the
15  present invention is one or more compounds selected from the group consisting of a
titanjum halide or alkoxytitanium halide shown by the formula Ti(OR")mX}4..m, Wherein
R’ represents an alkyl group having 1 to 4 carbon atoms, X represents a halogen atom,
and n represents an integer satisfying the formula 0<m<4.
Specific examples include, as titanium halides, titanium tetrahalides such as
20  titanium tetrachloride, titanium tetrabromide, and titanium tetraiodide and, as
alkoxytitanium halides, methoxytitanium trichloride, ethoxytitanium trichloride,
propoxytitanium trichloride, n-butoxytitanium trichloride, dimethoxytitanium dichloride,
. diethoxytitanium dichloride, dipropoxytitanium dichloride, di-n-butoxytitanium
dichloride, trimethoxytitanium chloride, triethoxytitanium chloride, tripropoxytitanium
25  chloride, and tri-n-butoxy titanium chloride, Of these, titanium tetrahalides are

preferable, with titanium tetrachloride being particularly preferable. These titanium

compounds may be used either individually or in combination of two or more.

15



di et hyl ether, dipropyl ether, dibutyl ether, dianyl ether, diphenyl ether,
10 9, 9- bi s( et hoxynet hyl ) fl uor ene,

2-i sopropyl -2-iso-pentyl -1, 3-di net hoxypr opane,

2, 2-diisobutyl -1, 3-di met hoxypropane, 2, 2-dicycl ohexyl -1, 3-di net hoxy propane,
2, 2-bi s(cycl ohexyl net hyl ) - 1, 3-di net hoxypr opane,

2-cycl ohexyl - 2-i sopropyl -1, 3-di net hoxypr opane,

2-i sopropyl - 2-sec-butyl -1, 3-di net hoxypr opane, ) _

2, 2- di phenyl - 11he gieﬁ@@m@(@p copaeied (heregager referred to from time to time as
2-cyc|opegtyl-z-iSOﬁéopyl-l,3-dlnethoxXPropane; nonocar boxylic acid esters
such as netmRanepiderptiad for prpparngsthg selid catalyst campengns (Ahis@Byreasicet at e, oct yl
acetate, cyclohexyl . acetate, ethyl propionate, ethyl butyl ate, ethyl
benzoat e, %‘PB?J‘WdXCl?EW?B% &0 OB{FCY Lo Az bRITagen gy | pg%?@i’a?é?nojr‘y E‘lhﬁfﬁexyl
benzoate, phenyl benzoate, ne | p-toluate, ethyl p-toluate, nethyl

ani sat e, aﬁarsg%%es’aﬂwfg%ﬁ?@?&é@ﬁy%mm{%& 361 deseRlrleS igKalEs. dot hy|

mal onate, 20 di.propyl mal pnate, .di but,) | opat e, .diisobutyl nalonate,

di pentyl REBAALEON C%H}H‘?%%e“r‘?f‘ n‘%i"‘b%bé&ﬂ? PR Slﬁﬁ'&;g PG #BEHES nat e,

di et hyl but%%ﬁfonnnalonate, di et hyl diisobutyl brononal onat e, diethyl

«di i sopr opy¥ Bhat e, diethyl dibutylmalonate, diethyl diisobutyl mlonate,

dlethyl a1 sopent il oel cnaL e StV So SR P svate,, o eyl
25 Do B O oRU VR anat G et Teleat Bl gt e ety
ol vt 94085 Koef Bl MRS R murR gl o © 201, st er
EEI TR NS e e T T N
et RS AR SR DA, o "
R R L .
Sueh o SR g orgenosi | son compeinds
phenyl al kyligl G Sl deaRity1 QY= hR ok Bp e 817 @Bfeny®1 3 _dimethoxypropane,
| 15  and 2-cyclopentyl-2-1sopropyl-1,3-dimethoxypropane; monocarboxylic acid esters such

as methyl formate, ethyl acetate, vinyl acetate, propyl acetate, octyl acetate, cyclohexyl

acetate, ethyl propionate, ethyl butylate, ethyl benzoate, propyl benzoate, butyl benzoate,

octyl benzoate, cyclohexyl benzoate, phenyl benzoate, methyl p-toluate, ethyl p-toluate,

methyl anisate, and ethyl anisate; dicarboxylic acid esters such as diethyl malonate,
20  dipropyl malonate, dibutyl malonate, diisobutyl malonate, dipentyl malonate,

dineopentyl malonate, diethyl isopropylbromomalonate, diethyl butylbromomalonate,

diethy! diisobutylbromomalonate, diethyl diisopropylmalonate, diethyl dibutylmalonate,

diethyl diisobutylmalonate, diethy! diisopentylmalonate, diethyl isopropylbutylmalonate,

dimethyl isopropylisopentylmalonate, diethyl bis(3-chloro-n-propyl)malonate, diethyl
25 bis(3-bromo-n-propyl)malonate, diethyl maleate, dibutyl maleate, dimethyl adipate,

diethyl adipate, dipropyl adipate, dibutyl adipate, diisodecyl adipate, dioctyl adipate,

phthalic acid diesters, and phthalic acid diester derivatives; ketones such as acetone,

16



cycl oal kyl al kyl al koxysi | ane, and organ05|llcon conpounds haV|ng an Si-N-C
bond such 10 as an am noal koxysi | ane shown by the above-nentioned formula
(1), bis(al kyl am no)di al koxysi | ane, bis(cycl oal kyl am no) di al koxysi | ane,

al kyl (al kyl am no) di al koxysi | ane, di al kyl am notri al koxysi |l ane, and

cycl oal kyl am notri al koxysi |l ane can be given. As specific exanples of the
am noal koxysi | ane conpound of the above fornmula (1), the sane conpounds
menti oned 15 above can be given. Anong the above el ectron donor conpounds,
the est er dnethdetind ketape, ynf‘éhlgrbé}tbil <1fetoa?>ca§ﬁ1199bﬁﬂop%> agd ban@ipberBesaciy e

preferably used. Phthalic aci ster thalic iid,. dieste
derivat i V(-I"Q}J 1des syl s Balos QIChg‘ﬁgﬁlaP Fé%ldéj? q“t lorides pldghydes aci d

S‘E? E;:e;t o shh 5’5?@%5 At elzh!eiﬁaf[]ﬂﬂ%%a@ :un?5@@3??@5%@%?2@5%@%?@&| |
Bhih% o ggn%th'ﬂ@% - ﬁiﬂfﬁlﬁgﬂﬁﬁeaaﬂﬁpaiﬂﬁ%@ Pl%?rﬁizﬁ% ihiliee ;ﬂ? Pyiuﬂﬁﬁ}?aﬁlﬁt%g Sh 'hlsopropy )
S;:lnéolglé?l? ot Rt ta’i?fh%%frc mrgh Fisth @ltrtﬂaﬁasw% RS pRege 'Iﬁféﬁ? %5?4%1‘}“@“ hahﬁlt octyl
-pht Ralngﬁﬁ ang iy ;ﬁﬁ%gﬁélsog%ana%f 364 hﬁﬁﬁﬂ L aite ﬂlﬁ‘.f‘é@e%c Th e hEpiyr) ae
ﬁh'toﬁﬁf o1 Cioakippior SRRRERS dord f%‘e’%a?tsi&g%?r‘ﬁf SO YRS e?ée}l%%ﬁ% Chaptyl)
Bht nal at e SRS IR RS %‘9@%@5’?3?@%@3 3RO Dal at e,

| sopent yl (cl %l%hl%?%éhggﬂﬁllg&)ﬁgrgxﬂn%t ard cﬂ‘% f{lcgg C(%nP(%un%%F%wF ?P( b -NPB%BS‘& 91}0%’

n- hexyl(ls nony n-decy

h I ht hal ,
2 hggt ?I ]Eﬁaé% ecyﬁ%ﬁ%ﬁ'%ﬁﬁagﬁé V%%athg aB?ﬁt%ﬁﬁﬂ‘@%??%r%%gﬁ%t pﬁ?} ﬁ%ﬁfate Ong or
5
ai Zﬁiir"de?%?%?la@%@&% R B R A BB OB atons on ¢ he
benzene r| 1%&%%1555‘1&{}%’&%@Salﬁlﬁ(y%ﬁﬁ'&ﬁﬂ%’g’scarﬁﬁgﬁ‘ba' ic diesters bond

are repl ace an ‘a group on atons or a hal ogen
cycloalkylaminotrialkoxysilane can be given. As specific examples of the

aminoalkoxysilane compound of the above formula (1), the same compounds mentioned
15  above can be given.

Among the above electron donor compounds, the esters, particularly aromatic
dicarboxylic acid diesters, are preferably used. Phthalic acid diester and phthalic acid
diester derivatives are ideal compounds. Specific examples of the phthalic acid diester
include the following compounds: dimethyl phthalate, diethyl phthalate, di-n-propyl

20 phthalate, diisopropy! phthalate, di-n-butyl phthalate, diisobutyl phthalate, ethyl(methyl)
phthalate, methyl(isopropyl) phthalate, ethyl(n-propyl) phthalate, ethyl(n-butyl)
phthalate, ethyl(isobutyl) phthalate, di-n-pentyl phthalate, diisopentyl phthalate,
dineopentyl phthalate, dihexyl phthalate, di-n-hepty] phthalate, di-n-octyl phthalate,
bis(2,2-dimethylhexyl) phthalate, bis(2-ethythexyl) phthalate, di-n-nonyl phthalate,

25  diisodecyl phthalate, bis(2,2-dimethylheptyl) phthalate, n-butyl(isohexyl) phthalate,
n-butyl(2-ethylhexyl) phthalate, n-pentyl(hexyl) phthalate, n-pentyl(isohexyl) phthalate,

isopentyl(hepty!) phthalate, n-pentyl(2-ethylhexyl) phthalate, n-pentyl(isonony!)

17
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atom such as a chlorine atom a bromne atom and a fluorine atom can be
given. The 10 solid catal yst conponent prepared by using the phthalic acid
di ester derivatives as an electron donor compound can particularly
contribute to a nelt flowrate increase with a given anount of hydrogen by
i ncreasi ng hydrogen response, that is, can increase the nelt flow rate of
pol ymer by using the sanme or a smaller anount of hydrogen during

Ll ST P W
N
4 ol or optirrayRheest) bEARNSHEYS b QU0 ot Slar Sl RBARESnomD e na at e,
di neopent #Jﬁlg]%.légé, %E%b?%%b@éc?}) Elfjliaia%? Bhd Y—letl‘ér?lgﬁ'@ﬂ%gmm Iﬂf;?a}atg.i i eRbexy!

4- br onoph at e, cty br onmopht hal

4, 5-di ghl qorgpRF hRbA Enpdind fcdibedlsedt: 5- di chl oropht hal ate, diisohexyl
4, 5-di chl oropht hal ate,” and di i sooctyl 4,5-dichl orophthal ate can be given.

Anbng t hese, dﬁ@@ﬁﬁ%)@kﬁf&-&ﬂﬁﬁ@a&am@é%%eri@leitrv@s,%hapbuﬁﬁs%wmm&%at e, and

dii sobutyl 4-bronophthal ate are preferable. The ‘above ester conpounds are

al so pref eyalirogeestohd oBARDbMREQhh WEh Bk twé 2st8PEBupd & thObBthhist ance,
the esters aré preferably conbined so that the total carbon atons in the

al kyl  gr 0gesROS BARISRE rdp¥aced &iBShalkyIBboug bl iBE 19% 5T @onQtoIPELa hdl@Fent hat
possessed by another ester. 18 The conponent (A) of the present invention

can be pr etsh sidhasRrcBRF RGN, a KidMideBorh e daPRWRine AfRR baNbSgiven., TH), and
(c) to cone in contact with each other in the presence of an aromatic

hydr ocigr bagli€ etRigst@dnipdhert pespaicd iyt Ing TRy phBalsd 48 Fiestef @rivatlvesta ags
"conponent (d)"). Aromatic hydrocarbon conpounds having a boiling point of 5

50C to 15Q€caus doms coflpvaitcanpattRntur]yandirbuiybanaefewaite ifsredserdthlay used as
the conponent (d). These aromatic hydrocarbons can be used either

i ndi vi dualgivenaindunt oftiouies gea by dicredsidpiy deogeipdsponsefthabis peadfigcraideeharet hod f or
preparing the conponent (A) of the present invention,
melt flow rate of polymer by using the same or a smaller amount of hydrogen during
polymerization. As specific examples, dineopentyl 4-methylphthalate, dineopentyl
15 4-ethylphthalate, dineopentyl 4,5-dimethylphthalate, dineopentyl 4,5-diethylphthalate,
diethy! 4-chlorophthalate, di-n-butyl 4-chlorophthalate, dineopentyl 4-chlorophthalate,
diisobutyl 4-chlorophthalate, diisohexyl 4-chlorophthalate, diisooctyl 4-chlorophthalate,
diethyl 4-bromophthalate, di-n-butyl 4-bromophthalate, dineopentyl 4-bromophthalate,
diisobutyl 4-bromophthalate, diisohexyl 4-bromophthalate, diisooctyl 4-bromophthalate,
20 diethyl 4,5-dichlorophthalate, di-n-butyl 4,5-dichlorophthalate, diisohexyl
4,5-dichlorophthalate, and diisooctyl 4,5-dichlorophthalate can be given. Among these,
dineopentyl 4-bromophthalate, di-n-butyl 4-bromophthalate, and diisobutyl
. 4-bromophthalate are preferable.
The above ester compounds are also preferably used in combination of two or
25 more. In this instance, the esters are preferably combined so that the total carbon

atoms in the alkyl group possessed by one ester may differ by four or more from that

possessed by another ester.
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a nethod of preparing a suspension |IC]UI d of the corrponent (a) t he
conponent (c), and 10 the aromatic hydrocarbon conpound (d) having a
boiling point of 50 to 150C, causing this suspension liquid to contact a

m xed sol ution made fromthe conponent (b) and the conponent (d), and
reacting the mxture can be given. In the preparation of the solid catal yst
conponent (A) of the present invention, in addition to the above
corrponents a pol ysil oxane (herei naf t er may be sinply referred 15 to as
"conponent ( e) "Ihecamperenp (A efithdprrsens dtyenhon ??ﬁ‘r}ité’\l?éefFWé YsRrep&ed Byul arity or
crystallinity of the formed polyner and to reduce the anmount of flne pol yne
particl es.causmy iig ﬁb%%?@oa?lgs | Phepd (D40 Frge i «antask W8 cBenetherigithey hond)
in the main cha and enerally referre s silicone oil

pol ysi | ox RFEENG: an.awne%iﬁ@@#pn CP‘F?%‘I‘Rdi @h F%nq}f?ém@Y@FrSHEPlﬁrr%@m‘Eartl ally

hydr ogenat ed, . cyclic dified po oxanes 2 i.ch ui d,or
V|yscogs atl® Aor POP@H@‘@r @“W‘Fﬁ %1)‘/) E%%?@@O“&g }é\%@‘g ﬁg?‘ﬁ‘é‘grp myef of 0.02
to 100 s/ 2 9-.10,000 cSt). S 0 ai,n-structured
ol ysi Pox ka0 On%ts‘ﬁgh aaaplygﬁ s¥isie aaﬁgﬁwﬁ:&%iﬂeﬁﬁ%m? 'yt can be
iven; as exa artl dro ted ol ys e met hyl
fydr ogen 58?*9@%*%@ Reeh ety ars G esre et v EHBE a0E can be
gi ven; as ex r}%J[ g the c cI i c polysil oxanes hexanet hyl cycl otri si | oxane,
oct anet hylc8§®} “%IEP té"fol 06)?& decanet hyl cycl opent asi | oxane,

2

can SetgLUﬁL“y d és'h elifiafﬁfP%@gﬁ&%%ﬁ?gswpéﬁ%n;@t%%ﬁ%szﬁtﬁ% Bl 0y aci ¢
di ?rEE hii‘s.%fr% HyEsk Pa{ﬂl%i‘fnlg‘té F;;;“’B%?&?l)éi g o e %gpé)ﬂig@%i%c 2 "té’%fi’%ﬁﬁfitﬁﬁ)l 89 oxane

ai et 91 pop P Te e e SRR O PR S AT oY a0 o etsintonane
bei 9. Par e MBENIOPSRHE LA ot THHGOIRANG Mok Aol B NEBRER M agient i on 15

prepared by cadsin

required, g@@{)ﬁ%ﬁ@nﬁﬂt eéﬂeﬂﬁ%ﬁﬁ@%@%f’e éﬁ,}ento ;:grre in contact with each

ot her. f pre ng t onponént (A)
In the preparation of the solid catalyst component (A) of the present invention,

in addition to the above components, a polysiloxane (hereinafter may be simply referred

15 to as “component (¢)”) can be preferably used to improve the stereoregularity or
crystallinity of the formed polymer and to reduce the amount of fine polymer particles.
Polysiloxanes are polymers having a siloxane bond (-Si-O bond) in the main chain and
are generally referred to as silicone oil.  The polysiloxanes used in the present
invention are chain-structured, partially hydrogenated, cyclic or modified polysiloxanes

20 which are liquid or viscous at normal temperature with a viscosity at 25°C in the range
of 0.02 to 100 s/cm? (2 to 10,000 cSt).

As examples of the chain-structured polysiloxanes, dimethylpolysiloxane and
methylphenylpolysiloxane can be given; as examples of the partially hydrogenated
polysiloxanes, methy! hydrogen polysiloxanes with a hydrogenation degree of 10 to

25  80% can be given; as examples of the cyclic polysiloxanes, hexamethylcyclotrisiloxane,
octamethylcyclotetrasiloxane, decamethylcyclopentasiloxane,

2,4,6-trimethylcyclotrisiloxane, and 2,4,6,8-tetramethylcyclotetrasiloxane can be given;



described below in detail. One specific exanple of the nethod for preparing
the 10 conponent (A) conprises suspendi ng the magnesi um conpound (a) in an
al cohol, a hal ogenated hydrocarbon solvent, the tetraval ent titanium halide
(b), or the aromatic hydrocarbon conpound (d), and causing the electron
donor conpound (c) such as a phthalic acid diester and/or the tetraval ent
titanium halide (b) to come in contact with the suspension. In this nethod,

t he conponent (A) in the form of spheri cal partlcles 15 with a sharp
particle & 9ENIStH tbwpelrﬁeégﬁf) BOsHE-d1ighed wwgr@uasgwaﬁﬁ%m magnesi um

d he, f f. I h

charp  pafiERYSLEGEE apery eoubsu LR SREToDu BB PHERNPORYE e ng a

h I t I f db d t hod
B i oh &SBrupHORes AT ”Bﬁﬂefiod@ng P3P ik Q'aher ayed and dried using a
R e L
from whic rIdvva r n? lee ave rEane velﬂ while stirring. The contact
t enper at uFECANGIGYC Oé’eatafl R8s B DE Balip At PrfFe&se conponents are caused to
o et M B e 5 AR 2
fromthe reacti S e 0 cone

t tact t t f th
Igfs;;?g%Qgt%ﬁwéIefgpsfﬁi@ AP B Bk SRRt @Eﬁ% ce%ﬁp%e‘ EIIeIItmyb

[ u
tenper at rele iFQTRRL ARG ph & HBURRNA S B RE AR BTRE L e e
product by £c‘%‘%§& bABwH hishil Coﬁhé‘gﬁec ﬁche?(a%léan(fttleeg%eglgﬁ?oﬂﬁgpaﬁﬂng(fee

sufficient reactron te res "ng a solid

catal y5t ¢oup gr%glg "Iéo‘g&bfr%s Cu‘§ r?gtﬂéﬂﬂ ﬁéshﬁr?corﬁg ﬁd&e(ajiglgh‘ér al@Bfl, control of

the reaction at Ta tenperature ove ueto

vapor i zat 'th’ES Hat h‘sldﬁ)cﬁfﬂoﬁ%ﬂfveﬁtn%etta?avlafeh@ma%lﬁﬁl 1551‘?1@8&(0)0& fhk FForhticone _m nute

or nore, pre era ten mnutes’ or nore fe preferably 30
m nut es 0'h Eé‘rboﬁéorﬂ%&ﬁﬁr@})hﬁd Sulin g%ﬁeeéeétﬂfn d&hﬁpé’cfmallﬂﬁmﬁ'@ﬁ saeppopent (A) of

t he presen i nventi a process conprising suspen e conponent (a) in

the conpongmhlié Sdid diester and/or the tetravalent titanium halide (b) to come in contact with
the suspension. In this method, the component (A) in the form of spherical particles

15 with a sharp particle size distribution can be obtained by using a spherical magnesium
compound. Such a component {A) in the form of spherical particles with a sharp
particle size distribution can also be obtained without using a spherical magnesium
compound if particles are formed by a spray dry method in which a solution or a
suspension liquid is sprayed and dried using a sprayer, for example.

20 ‘These components are caused to come in contact with each other in a vessel
equipped with a stirrer in an inert gas atmosphere from which water and the like have
been removed while stirring.  The contact temperature, which is a temperature at
which these components are caused to come into contact with each other, may be either
the same as or different from the reaction temperature. When the components are

25 caused to come into contact with each other by stirring for preparing the mixture or are

dispersed or suspended for a denaturing treatment, the components may be stirred at a

comparatively low temperature of around room temperature. A temperature in a range

20



causing the resulting suspension to conme in contact with the conponent (b),
then the 10 conponent (c) and conponent (d), and causing these conponents to
react; and a process conprising suspending the conponent (a) in the
conponent (d), causing the resulting suspension liquid to cone in contact
wi th the conponent (c), then the conponent (b), and causing these
conponents to react can be given. The conponent (A) thus prepared may be

or the co onentﬁ%15 (b)

and- (o) | ool S a0 eetblq i S G BF Gty rﬁé?#%ﬁ&ﬁ W ORIt mat e
lid I d i
The preiiﬁa%aﬁ%’%ﬁdce%wg ﬁa%géﬁgtsuﬁ‘w@ﬁoaéﬁﬁ%gﬁga B PR PP AT EoteaTRBE HD for |
B b pensrond AP P rehéh el bAGPAE R orlcl OhuB he el “BRaE0 the

aromat i Ifﬁ’e%&’c%%ﬁ%%@orﬁ&nq?%ﬂﬂ 3(? n@%\g{[&% agope? L'J]doﬁ%ug ?d 5%30? %U%Ql 150C’

causi ng thi's suspensit on

COMPONSNt <(i R e, CORRRERY, il 15 ANnEERSH G et y@t%ﬁ%lﬁ@t@ be- gi ven.

pref erable exa prepari ng onen

foI I ovm ng, Fg@'fé’qsu?ﬁﬂl Hl%r r¥EFh(bc)f3§Hﬁﬁﬁ€§dr%ﬂes pr epar ed from t he above

'corrponent an aromati c hydrocarbon conpound (d)
52352%§r£8hLh?@ﬁ%ﬁﬁﬁq{%@%ﬁ?‘aﬁ@% £ 855 0%8#@3%23%3359%‘3?%2& g
I Caui d
added fo theoigl, &?%%S@@ﬂ% S‘“?Q“?F‘fé‘ﬁg‘%%“%ure R O
primary reachi Hé resﬁifn %‘J@ﬁﬁ&? ncBﬁ'l%cts‘H]Itﬁ theRb Hﬁént Meshrd with a
s |1 qu

hydr ocar bon ¢ rrpoun t normal tenpe atur fo obtain a solid

produgp. E%E&?é’nﬁwj @nd @deﬁ&th (donak cﬁﬁ’é@ﬂﬂ@%tcoﬁﬂ%n@tﬁg i} G124 RAIBlrbEess

hydr ocar bon conpound havi g a boi I'ing point of 50 to 150C may be
caused tocgﬁﬁﬁsm@s&%&i the \tbinPohdde ()88 R EofPbohsht R0 S4iEIngahe RstigApPer at ure of

-20 to 100C. The tenperature is raised to react the m xture (a secondary

reaction) suspeskif iQlid idnERGTohAB, with thel@afpoh&l (c)Mbeh WicdnonagiBd wWith a
hydr ocar bon conpound, which is liquid at normal tenperature,

and causing these components to react can be given. The component (A) thus

prepared may be caused to come in contact with the component (b) or the components
15  (b)and (c) once or two or more times to improve the performance of the ultimate solid
catalyst component. This contacting step is preferably carried out in the presence of
the aromatic hydrocarbon (d).
As a preferable method for preparing the component (A) of the present invention,
a method of preparing a suspension liquid of the component (a), the component (c), and
20 the aromatic hydrocarbon compound (d) having a boiling point of 50 to 150°C, causing
this suspension liquid to contact with a mixed solution of the component (b) and the
component (d), and reacting the mixture can be given.
As a preferable example of the method for preparing the component (A), the
following method can be given. A suspension is prepared from the above component
25  (a), component (¢), and an aromatic hydrocarbon compound (d) having a boiling point
of 50 to 150°C. A mixed solution is prepared from the above component (c) and the

aromatic hydrocarbon compound (d) having a boiling point of 50 to 150°C. The
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one to ten tines to obtain the conponent (A). 10 Based on the above
description, a particularly preferable process for preparing the solid
catal yst component (A) conprises suspending the dial koxymagnesi um conpound
(a) in the aromati ¢ hydrocarbon conpound (d) having a boiling point in the
range of 50-150C, causing the tetravalent titaniumhalide (b) to contact the
suspension, and reacting the mxture. In this instance, one or nore

el ectron donor conpounds (c) ., 15 such as phthalic acid diester, are_caused to
cone in coRpPcdesgiite Selﬁéenélage)lak\@ﬂaﬁddqﬂdﬂiﬂas slution. t dibsssslineamPfBRIS 20 to

R i B
out an- ag iy = sbedBiGi Srbali vbifper ifeitar BPRb i S P aRER i above
ST
washi ng) . COmEoUEL Lol et Sotibe ppohafodS¥ Ehey S dahen 1 et FLont act
Aydr ocar b8 sata S RUBEh el A5RPIEREEEE The bPafi®d ™o o
eacti on TRSCHBE} o FEELERRBE Al I LOPE BB aBER RRE Sori o
o mal  t caliS TRORA Wb Taiop 808 pouthls Qs GRS AR AL RSl (FRFAME ' 02, 7

normal tenperature 0 conpo e ratio

of the Comgﬂ)el%h%inﬂg?dj?$t8i%&ﬁ$@0rxgé§§lgg{@;[3i on of the solid catal yst conponent
y de , be

(A) cannot be generica In use such a ratio varies according to
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range of 50-150°C, causing the tetravalent titanium halide (b) to contact the suspension,
and reacting the mixture. [In this instance, one or more electron donor compounds (c)

15 such as phthalic acid diester are caused to come in contact with the suspension liquid at
a temperature from -20 to 130°C, either before or after the tetravalent titanium halide
compound (b) is contacted, then optionally, the component () is contacted and reacted
to obtain a solid product (1). In this instance, it is desirable to carry out an aging
reaction at low temperature either before or after the above one or more electron donor

20 compounds are caused to come in contact with the suspension liquid.  After washing
the solid product (1) with a hydrocarbon compound which 1s liquid at normal
temperature (intermediate washing), the tetravalent titanium halide (b) is again caused
to contact and react with the solid product (1) in the presence of the aromatic
hydrocarbon compound at a temperature of -20 to 100°C to obtain a solid reaction

25  product (2). As required, the intermediate washing and the reaction may be further

repeated several times.  Subsequently, the solid product (2) is washed with a liquid

hydrocarbon compound by decantation at normal temperature to obtain the solid
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500 nol, preferably fromO0.001 to 100 nol, and still nore preferably from
0.005 to 10 10 nol; and the polysiloxane (e) is used in an anmount from 0.01
to 100 g, preferably from 0.05 to 80 g, and still nore preferably from1l to
50 g, for one nol of the nmagnesium conpound (a). Although there are no
specific limtations to the amounts of titanium magnesi um hal ogen atons,
and el ectron donors in the solid catal yst conponent (A), the 15 content of
titaniumis [}10m0 O % preferably from1l.0 to 8.0 w% and still
nor e prefé@é %PW?Q%*@Wé*to 8.0 wt% the content of nagne3|un1|s from10 to
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a hydrogen a or ‘a bromne a s preferably

2 or 3, ‘andopapsi gl %‘%’*‘%@Wfﬁﬁ”@@é&PﬁPﬂﬁ@Zpﬂ%% hrCarf lt?x%moé 06 h an

or ganoal um num conpou direthyl'al'um num chlori de,
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compound (a).
Although there are no specific limitations to the amounts of titanium,
magnesium, halogen atoms, and electron donors in the solid catalyst component (A), the
15 content of titanium is from 0.5 to 8.0 wt%, preferably from 1.0 to 8.0 wt%, and still
more preferably from 2.0 to 8.0 wt%; the content of magnesium is from 10 to 70 wt%,
preferably from 10 to 50 wt%, more preferably from 15 to 40 wt%, and particularly
preferably from 15 to 25 wt%; the content of hatogen atoms is from 20 to 90 wt%,
preferably from 30 to 85 wt%, more preferably from 40 to 80 wt%, and particularly
20 preferably from 45 to 75 wi%; and the total amount of electron donor compounds is
from 0.5 to 30 wt%, preferably from 1 to 25 wt%, and particularly preferably from 2 to
20 wt%.
Any compounds shown by the above formula (2) can be used without any
specific limitations as the organoaluminum compound (B) (hereinafter referred to from
25 time to time simply as “component (B)”) for preparing the catalyst for the
polymerization of olefins of the present invention. In the above formula (2), R® is

preferably an ethyl group or an isobutyl group; Q is preferably a hydrogen atom, a
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whi ch can be used for preparing the catalyst for olefin polynerization of
the present 10 invention. Specific exanples include the above-nentioned
conpounds. I n addition to the above conponents, an organosilicon conpound

ot her than the above-described am nosil ane conpound (hereinafter may be
sinply referred to as "conponent (D)") may be used for preparing the
catalyst for olefin polynerization of the present invention As exanpl es of
t he organosilicon conpound (D), a 15 tetraal koxysil ane,

al kyl al koghleringaiem, ana Araeying aipet: ¢ad Rys prafokably & iof Annd p@mcularly preferably
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bi s(di cycl opentl l\cﬁfﬂl&ﬁ% %QQ%X& ln"f‘erﬂ?s’ an organosﬂlcon compound other than the

bls(dlcyclohex OXYSI ane

bi's(di - '&B&J&Y&eﬁé’r?ﬂeﬁ*}%xdsﬁ%é‘é’&n%dﬁh Ii‘l?@fgiﬁﬁilt&rﬁ’?ay be simply referred to as

“component (D)) may be used for preparing the catalyst for olefin polymerization of
the present invention. As examples of the organosilicon compound (D), a

15 tetraalkoxysilane, an alkylalkoxysilane, an alkyl(cycloalkyl)alkoxysilane, a
cycloalkylalkoxysilane, a phenylalkoxysilane, an alkyl(phenyl)alkoxysilane, an
alkyl(alkylamino)alkoxysilane, an alkylaminoalkoxysilane, a
cycloalkyl(alkylamino)alkoxysilane, an alkyl(cycloalkylamino)alkoxysilane, a
polycyclic aminoatkoxysilane, and an alkyl(polycyclic amino)alkoxysilane can be

20 given.

Specific examples of the organosilicon compound (D) include
tetramethoxysilane, tetracthoxysilane, triethoxychlorosilane, diethoxydichlorosilane,
di-n-propyldimethoxysilane, diisopropyldimethoxysilane, di-n-butyldimethoxysilane,
di-n-butyldiethoxysilane, t-butyl{methyl)dimethoxysilane,

25  t-butyl{ethyl)dimethoxysilane, dicyclohexyldimethoxysilane,
cyclohexyl(methyl)dimethoxysilane, dicyclopentyldimethoxysilane,

cyclopentyl(methyl)diethoxysilane, cyclopentyl(ethyl)dimethoxysilane,
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bi s(et hyl - n-but yl am no) di net hoxysi | ane,
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bi s( di rot - Hig(yharh-PEIS i eiiRENIEEthansilatd, Bis@tisYiedmppybymimndineidxediaxysi | ane,

bi s(di cycl ohexyl am no) di et hoxysi | ane,

bi s(di - 2- ra$(byrlcy-bhghexiyb @it ety :chistideo kisithyanebutylamino)dimethoxysilane,
bi s(di per hydr ol soqui nol i no) di et hoxysi | ane,

bi s(di per hysethgi-noylamincdieidioky sildnanisis(isdbutyl-n-propylamino)dimethoxysilane,
bi s( et hyl - n- propyl am no) di et hoxysi | ane,

bi s( et hyl iss{pthplpytlapintddine)dimetteklyalaas,

bi s( et hyl - n- but yl am no) di et hoxysi | ane,

bi s( et hyl -ti{ethplcytlamxyndheXdhostheiysdare, ethyl(diethylamino)dimethoxysilane,

bi s(ethyl -t-butyl am no) di et hoxysi | ane,

bi s(i s@butnypropylidispyloapiama)dilietctimzysildnane,

bi s(et hyl cycl opentyl am no) di et hoxysi | ane,

bi s( et hyl o§anremyddi-t- hmy}?@)1u®)§tm@h9’)§1311mcycgjhexy1(d1ethylam1n0)d1methoxys1lane
n- propyl (dii sopropyl am no) di et hoxysi | ane,

et hyl ( per W@aﬁbqﬁiq@ppﬂw@h@x}ﬁdm pt]ha}(ﬁgerhydrmsoqu1n011n0)d1methoxysﬂane
n- propyl (per hydr oi soqui nol i no) di et hoxysi | ane,
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n- butyl(perhydr0|squ|nollno di et hoxysi | ane,

et hy! { per H5RAFRyUPEBY HrosdrBe HesK Engthgysilane,

20 n-butyl(perhydroisoquinolino)dimethoxysilane,
ethyl(perhydroquinolino)dimethoxysilane, n-propyl(perhydroquinolino)dimethoxysilane,
isopropyl(perhydroquinolino)dimethoxysilane,

. n-butyl(perhydroquinolino)dimethoxysilane, bis(diethylamino)diethoxysilane,
bis(di-n-propylamino)diethoxysilane, bis(di-n-butylamino)diethoxysilane,

25  bis{di-t-butylamino)diethoxysilane, bis(dicyclopentylamino)diethoxysilane,
bis(dicyclohexylamino)diethoxysilane, bis(di-2-methylcyclohexylamino)diethoxysilane,

bis(diperhydroisoquinolino)diethoxysilane, bis(diperhydroquinolino)diethoxysilane,

25



n- propyl ( per hydr oqui nol i no) di et hoxysi | ane, 10
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20 per hydr oi,soqui nol i nqtrj et hoxysi l.ane, . per hydr oqui nol.i not ri et hoxysi | ane,
bi s?t ' but ;hls&ﬁﬁﬂlsyapmﬁwy@ﬁtﬂ’?aﬁéyssm évﬁq%ﬂéseﬁ%wﬁ@m) fhﬁ)asw@p@yaane,
bi s(t-butyl am .di et hoxysi l.ane, bi.s(cycl ohexyl am no) dj.et hoxysi |.ane,
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of the present l(ipn egt i on,. o.efinﬁ1 are EOl yneri zed or copol ynmeri zed by
random or 'HIP6ER 9&% apinoRQ)dirthoRy§ikES o esence of the catal yst for ol efin
pol yneri zat | of . the present invention.. Th | ef.i ns ch as.ethyl ene,
B r o%y | ene ,n'liui%glmeé]i%ﬂmig%’él?@@ﬁ ,“gh%yﬁﬁ?rﬁy ?I?IVI-(B%ﬁff‘ﬁ'ﬂ%‘fm&H'&B@Fﬁﬁ?rysélﬁﬂff’g hexane

can be used either idndi Vi uaﬁiéhor i conbi nation of two or nore. O these,

et hyl ene, SPGBy RERRY drogyinofing %Xyc?g%’ebe suitably used. A particularly

f bl lefin i . . P | b | hzed.wth oth
Dot il dachrsia ! Getof R tRgl S0 PR T uIPH oty o R BRI TR IERE M Dot cme,
4- et hyl - | ¢ t. i: : . ik b d ith
vt dual SRR oY SHEHARRANE R & Thece, et hyl ene and

L-butene 5006508 anc8i-A G AR RHo:GORRky Tr 1 21 NG propyl ene
di-t-butylaminotrimethoxysilane, dicyclopentylaminotrimethoxysilane,
dicyclohexylaminotrimethoxysilane, di-2-methylcyclohexylaminotrimethoxysilane,

15 perhydroisoquinolinotrimethoxysilane, perhydroquinolinotrimethoxysilane,
diethylaminotriethoxysilane, di-n-propylaminotriethoxysilane,
di-n-butylaminotriethoxysilane, ethyl-t-butylaminotriethoxysilane,
ethyl-sec-butylaminotriethoxysilane, dicyclopentylaminotriethoxysilane,
dicyclohexylaminotriethoxysilane, di-2-methylcyclohexylaminotriethoxysilane,

20  perhydroisoquinolinotriethoxysilane, perhydroquinolinotriethoxysilane,
bis(t-butylamino)dimethoxysilane, bis(cyclohexylamino)dimethoxysilane,
bis(t-butylamino)diethoxysilane, bis{cyclohexylamino)diethoxysilane,
trivinylmethylsilane, and tetravinyl silane. These compounds may be used either
individually or in combination of two or more as the organosilicon compound (D).

25 According to the process for manufacturing olefin polymers of the present

invention, olefins are polymerized or copolymerized by random or block

copolymerization in the presence of the catalyst for olefin polymerization of the present
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random copol yneri zation of polynerizing propylene with a small anmount of
ethylene as 10 a conmpnomer in one step, and propyl ene-ethyl ene bl ock
copol yneri zation of polymerizing only propylene in a first step (first

pol ynmeri zati on vessel) and copol ynerizing propylene and ethylene in a
second step (second polynerization vessel) or nore steps (nmultiple stage
pol ymeri zation vessel) are typical nethods. The catalyst of the present
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is 0.002 t ably 0.01 t particularly preferably
0.01 to GupoRRerRfiz ]}?&?yléﬂélanefeth}'%e%%%ﬁﬂﬁteﬁ?ecox?d‘ﬁ%l ﬁeﬁﬂﬁmﬁ%é&@f) of

0.001 to 10" nol, preferably O to 10 nol larly preferably
0.01 to 2 %o&%fep?(}ﬁulﬁﬁie s®lge BB/ merization vessel) are typical methods.  The catalyst
of the present invention comprising the component (A), component (B), and component
15 (C) is effective in both the random copolymerization and block copolymerization for
improving the catalytic activity, stereoregularity, and/or hydrogen response,
copolymerization performance, and properties of resulting copolymers.
In addition to the catalyst component (C), the above-described component (D)
may be used. The components {C) and (D) may be used either as a mixture or
20 separately in a multiple stage polymerization vessel of the block copolymerization. A
known electron donor compound such as an alcohol, oxygen gas, or a ketone may be
added to the polymerization reaction system in order to prevent formation of gel in a
. finished product, particularly when shifting from homopolymerization of propylene to
the block copolymerization. As specific examples of the alcohol, ethyl alcohol and
25  isopropyl alcohol can be given. These alcohols are used in an amount of 0.01 to 10

mol, and preferably 0.1 to 2 mol, for one mol of the component (B).

The ratio of each component used is not specifically limited inasmuch as such a
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optional, it is desirable to first add the organoal um num conpound (B) to
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reaction. In addi{'on, t he pol ynerization can be conpleted either in one
step or if° re steps. In polymerizing olefins using the catal yst
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the organcaluminum compound (B), or cause the component (C) and component (D) in
an optional order to contact the organoaluminum compound (B) and cause the solid

15  catalyst component (A) to contact the resulting mixture. A method of forming a
catalyst by adding the organoaluminum compound (B) to the polymerization system,
separately causing the component (A) to contact the component (C) or the components
(C) and (D), and feeding the contacted component (A) and component (C) or the
components (C) and (D) to the polymerization system is also a preferable embodiment.

20 Itis possible to further improve the hydrogen response of the catalyst and crystalline
properties of the resulting polymer by using a previously contacted mixture of the
component (A) with the component (B) or the component (C), and the component (D).

In the present invention, polymerization can be carried out either in the presence
or in the absence of an organic solvent. Olefin monomers such as propylene may be

25  used either in a gaseous state or in a liquid state. The polymerization reaction is

preferably carried out at a temperature of 200°C or less, and preferably at 150°C or less,

under a pressure of 10 MPa or less, and preferably 6 MPa or less.  Either a continuous
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the main pol ynerization, nmononers such as styrene can be used in the
prelimnary 10 polynerization. Specifically, after causing the conponent (A
to contact the conponent (B) and/or the conponent (C) in the presence of
olefins to prelimnarily polynerize 0.1 to 100 g of the polyolefins for 1 g
of the component (A), the conponent (B) and/or the conponent (C) are
further caused to contact to formthe catalyst. In the case where the
conponent (D) is used in conbination, it is possible to cause the 15
conponent PelMErBakIhtvalem enicbabdrRdrasRZetiopsysigia map)beivsed f08 thir esence of
olefins durjng .the pre|limnpary,. polynerization and to use the. conponent (C)
during t h&@CHEIHIZAH I%ﬁ@mnza o0, {icRagrmetation ey bgo Hed SIS ¢ he
conmponents and nononers in the prelimnary polynerization is arbitrary, it
i s desiral9PgSEB oF I 0 URRPTEREPE onponent (B) to 20 the prelimninary
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(B) and/or the component (C) are further caused to contact to form the catalyst. In the

case where the component (D) is used in combination, it is possible to cause the
15 component (A) to contact the components (B) and (D} in the presence of olefins during
the preliminary polymerization and to use the component (C) during the main
polymerization.
Although the order of contact of the components and monomers in the
preliminary polymerization is arbitrary, it is desirable to first add the component (B) to
20  the preliminary polymerization system in an inert gas or in an atmosphere of a gas to be
polymerized such as propylene, cause to come in contact with the component (C) and/or
the component (D), and then with the component (A), and then cause an olefin such as
propylene and/or one or more other olefins to come in contact with the mixture.
Although not specifically limited, the preliminary polymerization temperature is from
25  -10°C to 70°C, and preferably from 0°C to 50°C.
The polymerization of olefins in the presence of the olefin polymerization

catalyst of the present invention can produce olefin polymers having higher
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can be pronoted by using of the conponent (C) having an appropriate
structure. 10 The present invention will be described in nore detail by
exanpl es, which should not be construed as limting the present invention.
Exanpl e 1 <Synthesis of am nosilane conmpound 1> A three-necked flask of

whi ch the internal atnosphere was sufficiently purged 15 with nitrogen gas
was charged with 70 m of a THE solution containing 0.1 nol of nethylam ne

in a nitrogen strea}m ﬁ‘p?e ol utiqQn_was $ erd tQ -1OChvvhi.I stirring. 50 m

of a hexarBTEBTEHTAN oL BHPaTRTIG S ePRgrd BrrEgim SmeEssianis Bded dr opwi se to
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ith 80 nm_. | ' i10l 1 .
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Teacted at r frve er e reaction, the sofid was separated
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with 20 m o washi ng solution was ad to the liquid
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portion a e mal n product

bi s( per hydnis ahdied bk FEE MY k@g?@%ggéﬁ%ﬁ%i Aln%gro\ﬁﬁate&%bﬁﬂ@d by

distillation under reduced pres a result of elenentary anal ysis,

the cogpound WagefRRAk iRvdri®ioR HR be bscibedin AoreIRMIB xR W os. Which0. 52%
(10.75%, N 11.39% (11.49%, wherein the percentages in the parentheses

are theor ghb@ianoVd 4astruddANRhifng tiePrechepiéntidh. am nosi | ane conpound 2>

Example |
<Synthesis of aminosilane compound 1>
A three-necked flask of which the internal atmosphere was sufficiently purged
15 with nitrogen gas was charged with 70 ml of a THF solution containing 0.1 mol of
methylamine in a nitrogen stream. The solution was cooled o -10°C while stirring.
50 ml of a hexane solution containing 0.1 mol of BuLi was slowly added dropwise to
the amine solution using a dripping funnel.  After the addition, the mixture was
gradually heated and reacted at 50°C for three hours, thereby obtaining a slurry of Mg
20  salt of methylamine. A three-necked flask of which the internal atmosphere was
sufficiently purged with nitrogen gas was charged with 80 ml of a toluene solution
containing 0.1 mol of bis(perhydroisoguinolino)dimethoxysilane synthesized by a
- common method in a nitrogen stream.  The solution was cooled to -10°C.  The
above-mentioned slurry of Li salt of methylamine was slowly added to the toluene
25  solution using an injector.  After the addition, the mixture was gradually heated and
reacted at 60°C for five hours.  After the reaction, the solid was separated from the

liquid by centrifugation in a nitrogen stream and washed twice with 20 mi of toluene.
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A three-necked flask of which the internal atnosphere was sufficiently
purged 10 with nitrogen gas was charged with 70 ml of a toluene solution
containing 0.1 nol of di-t-butylamne in a nitrogen stream The sol ution
was cooled to -10C while stirring. 50 m of a diisopropyl ether solution
containing 0.1 nmol of BuMgd was slowy added dropw se to the am ne
solution using a dripping funnel. After the addition, the mxture was

o AR R L Sl
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After the a xture was heat to 60C and reacted for three
hour s. ﬁhﬁ,’ e was cooled to -10C. A slurry of My salt containing 25
equi ol ar am ne was added, heated to 60C, and reacted for five hours

in the sagﬁ, {Egg]ggfamﬁfogl%etcgﬁ pb&afsd on, the produced solid was separated
| i qui

fromthe In a nitrogen stream by a centrifugal nethod. The solid was

washed tw ce W'AE{Pue?eoné&ecpﬁask%v&lﬁéﬂlﬁl%'%tel%ﬂleaﬂﬂaimefwwm él&ﬁ &ﬂded to

the liquid portion. The solvent was evaporate nder re uce ssure from

the ligui QJvﬂpﬁﬁrb?é])t SRyds Qﬁarﬁ@d RitR 703G aQbluene solution containing 0.1 mol of

(di -t-butylam no but yl am™no) (et hyl am no) net hoxysi | ane was purified by

di still atiQRpuRgiahing BANARD BN §RAH. © THESoRIIbE Sk bolEd &) @DBRNLANY s@dabysi s, the
corrpound 5 was ‘found to consist of C 59.30% (59.35%, H 12.32% (12. 29%

o ol g g aanau o angn o dsages
dropwise to the amine solution using a dripping funnel. After the addition, the mixture
was gradually heated and reacted at 50°C for three hours, thereby obtaining a slurry of

15 Mg salt of di-t-butylamine. A slurry of Mg salt of di-t-butylamine and methylamine
was obtained in the same synthesis method. A three-necked flask of which the internal
atmosphere was sufficiently purged with nitrogen gas was charged with 70 ml of a
toluene solution containing 0.05 mol of tetramethoxysilane in a nitrogen stream. The
solution was cooled to -10°C while stirring. A slurry of Mg salt containing 0.05 mol of

20 di-t-butylamine was added to the toluene solution in a nitrogen stream using a dripping
funnel. The mixture was reacted at 60°C for three hours and then cooled to -10°C. A
slurry of Mg salt containing equimolar di-t-butylamine was slowly added dropwise in a
nitrogen stream.  After the addition, the mixture was heated to 60°C and reacted for
three hours. The mixture was cooled to -10°C. A slurry of Mg salt containing

25 equimolar methylamine was added, heated to 60°C, and reacted for five hours in the

same manner. After the reaction, the produced solid was separated from the liquid in a

nitrogen stream by a centrifugal method. The solid was washed twice with 20 ml of
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A three-necked flask of which the internal atnosphere was sufficiently
purged 10 with nitrogen gas was charged with 60 n] of a toluene solution
containing 0.1 nol of perhydroisoquinoline. The solution was cooled to -10C
while stirring. 60 mM of a hexane solution containing 0.1 nol of
butyllithium which was prepared by diluting comercially avail abl e hexane
solution of butyllithiumw th hexane, was slowy added dropw se to the

t ol uene solution _agt -10C i
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heated to an ct for fiye hours. After the reaction, the produced
solid vvas%ggwgﬁgf)é%%fnﬁggmﬁiCPPBB%I#%t ream by a centrifugal nethod. The solid
was washed 32 ice W . . shin 0 ' s added
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commercially available hexane solution of butyllithium with hexane, was slowly added

dropwise to the toluene solution at -10°C in a nitrogen stream using a dripping funnel.

15  After the addition, the mixture was gradually heated and reacted at 60°C for two hours,
thereby obtaining a slurry of lithium salt of perhydroisoquinoline. Mg salt containing
0.1 mol of methylamine was prepared in the same manner as in Example 1. A
three-necked flask of which the internal atmosphere was sufficiently purged with
nitrogen gas was charged with 60 ml of a toluene solution containing 0.05 mol of

20 ethyltrimethoxysilane. The solution was cooled to -10°C while stirring. A slurry of
lithium salt containing 0.05 mol of perhydroisoquinoline was slowly added dropwise to
the cooled solution using a dripping funnel. ~ After the addition, the mixture was heated

- to 60°C and reacted for four hours. After the reaction, the mixture was again cooled to

-10°C. A slurry of Mg salt containing 0.05 mol of methylamine was slowly added

25  dropwise to the cooled mixture in a nitrogen stream. After the addition, the mixture
was heated to 70°C and reacted for five hours.  After the reaction, the produced solid

was separated in a nitrogen stream by a centrifugal method. The solid was washed
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A slurry of Iithiumsalt containing 0.1 nol of perhydroisoquinoline was 10
synthesi zed in the sanme manner as in Exanple 3. A three-necked fl ask of
which the internal atnosphere was sufficiently purged with nitrogen gas was
charged with 50 m of a toluene solution containing 0.06 nol of

t et ramet hoxysi |l ane. The solution was cooled to -10C while stirring. 30 m

of a slurry containing 0.06 nol of the above synthesized |ithiumsalt of
per hydr oi soqui nol i ne was sl ow y added dropwise in a 15 nitrogen. stream using
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cooled to -10°C while stirring. 30 ml of a slurry containing 0.06 mol of the above
synthesized lithium salt of perhydroisoquinoline was slowly added dropwise in a
15  nitrogen stream using a dripping funnel.  After the addition, the mixture was gradually
heated and reacted at 70°C for five hours. The mixture was cooled to -10°C while
stirring. A three-necked flask of which the internal atmosphere was sufficiently purged
with nifrogen gas was charged with 40 ml of a THF solution containing 0.06 mol of
methylamine. The solution was cooled to -10°C while stirring. 40 ml of a hexane
20 solution containing 0.06 mol of butyllithium, which was prepared by diluting
commercially available hexane solution of butyllithium with hexane, was slowly added
dropwise to the THF solution.  After the addition, the mixture was reacted at 40°C for
two hours, thereby obtaining a slurry of lithium salt of methylamine. All the slurry of
lithium salt of methylamine was slowly added to the cooled mixture in a nitrogen
25  stream while stirring.  After the addition, the mixture was heated to 70°C and reacted

for five hours.  Afier the reaction, the produced solid was separated in a nitrogen

stream by a centrifugal method. The solid was washed twice with 20 ml of toluene.
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A three-necked flask of which the internal atnosphere was sufficiently
purged 10 with nitrogen gas was charged with 50 mMl of a toluene solution
containing 0.1 nol of diethylam ne. The solution was cooled to -10C while
stirring. 50 m of a diisopropyl ether solution containing 0.1 nol of
BuMgyCl was slowy added dropwi se to the ethylam ne solution using a
dripping funnel. After the addition, the m xture was gradually heated and
reacted at 50C for three hours, thereby obtaining a slurry of My 15 salt of
et hyl ami ndheavashiggsglugen gs added te gistsapainisd liguid nesionof Tdiesphgntatidsne was
obtained in the sa mapner. A three-necked flask of which the internal
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reaction, Eg{he %{fduced 25 solid was separated fromthe liquid in a nitrogen
stream by "Xt tifugal method. The solid was washed twice with 20 nl of
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the ethylamine solution using a dripping funnel.  After the addition, the mixture was
gradually heated and reacted at 50°C for three hours, thereby obtaining a slurry of Mg
15 salt of ethylamine. A slurry of Mg salt containing 0.1 mol of diethylamine was
obtained in the same manner. A three-necked flask of which the internal atmosphere
was sufficiently purged with nitrogen gas was charged with 60 ml of a toluene solution
containing 0.05 mol of tetracthoxysilane. The solution was cooled to -10°C while
stirring. ~ All the slurry of Mg salt of ethylamine prepared above was slowly added to
20 the solution using a dripping funnel. ~After the addition, the mixture was heated to
60°C and reacted for three hours.  After the reaction, the mixture was cooled to ~10°C
while stirring. A slurry of Mg salt containing 0.05 mol of diethylamine was added
dropwise to the mixture in the same manner. After the addition, the mixture was
gradually heated and reacted at 70°C for four hours.  After the reaction, the produced
25  solid was separated from the liquid in a nitrogen stream by a centrifugal method. The
solid was washed twice with 20 m] of toluene. The washing solution was added to the

liquid. The solvent was evaporated under reduced pressure from the solution and the
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of ethylanlne was obtained in the same manner as in Exanple 5 A

t hree-necked flask 10 of which the internal atnosphere was sufficiently
purged with nitrogen gas was charged wth 60 m of a toluene solution
containing 0.05 nol of tetraethoxysilane. The solution was cooled to -10C
while stirring. 60 mM of a slurry of Mg salt containing 0.05 nol of

di -t-butylam ne was slowly added dropwi se to the cooled solution in a
nitrogen stream After the additjo the m xture was gradually heated and
reacted atmdn pH@ectrqfeblq(ﬁhé'ém%U%etgﬂ glo)%thwrsxémwaa%rpuntfwé%g|deﬁn?19tl<a¥ t he
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the sdlut x&ﬁl hdl the main product of
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pht hal at e, m xture was heated to reacte s while
0.05 mol of di-t-butylamine was slowly added dropw1se to the cooled solution in a

nitrogen stream. After the addition, the mixture was gradually heated and reacted at
15 60°C for three hours.  After the reaction, the slurry of the mixture was cooled to -10°C.
70 ml of a shurry of Mg salt containing 0.05 mol of ethylamine was slowly added
dropwise to the slurry of the mixture in a nitrogen stream. After the addition, the
mixture was gradually heated and reacted at 70°C for five hours.  After the reaction,
the produced solid was separated from the liquid in a nitrogen stream by a centrifugal
20  method. Thé solid was washed twice with 20 ml of toluene. The washing solution
was added to the liquid. The solvent was evaporated under reduced pressure from the
solution and the main product of (di-t-butylamino)(ethylamino)diethoxysilane was
purified by distillation under reduced pressure. As a result of elementary analysis, the
compound was found to consist of C: 57.75% (57.88%), H: 11.65% (11.80%), N: 9.55%
25 (9.64%), wherein the percentages in the parentheses are theoretical values.
Example 7

<Preparation of solid catalyst component 1>
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stirring. After the reaction, the resulting reaction m xture was washed four
times with 10 1,300 m of toluene at 80C 1,200 m of toluene and 300 m of
titaniumtetrachloride were added to the washed product and the m xture was
heated to 110C and reacted for two hours while stirring. The internediate
washi ng and the secondary treatnent were repeated once nore. The resulting
reaction m xture was washed seven tines with 1,300 m of heptane at 40C,
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conponent §_ t&k&zlr?g Watike, tROGiNB e twdshedted & foooE: ahﬁ'?earcﬁﬁlf{)ﬁt'“%%dﬁ% 36 were

nmeasured. T 't fl'ow rate was | ndi cated the nelt flow index (M,

g- pp/ 10 'EhHthges)AfQF%rr@ddﬁgnttﬁe M Rh"etlgﬁhﬁﬁu}e%asvﬁésﬁm fHr Siffels Bl on of
the polynmer was neasured. The resul %s are shown in Table 1. The catal yst

act i virhy inmioGAtdmalubRex30rNt 1 260 &h@f&ﬁfeﬁ@%domwrﬁ%ft(tﬁalu& @ﬁachiorme 5 of
solid catalyst conponent per one hour of polynerization was cal cul ated by

the fol | Quwrdgde@tdtHedvashad odsdt adg tHeMhikYure whOheR&l 1801 PN hnd Fehetod sl 1 d
cat al yst conponent g/one hour 10 The pol ymer was continuously extracted
wi th boi | ego Rol@Réhalatifriip. S The tkhfediate washing and the secondary treatment were
repeated once more. The resulting reaction mixture was washed seven times with
1,300 m] of heptane at 40°C, filtered, and dried to obtain a solid catalyst component in
15  the form of a powder. The content of titanium in the solid component was measured
and found to be 3.1 wt%.
<Preparation of polymerization catalyst and polymerization>
A 2.01 autoclave equipped with a stirrer, of which the internal atmosphere had
been entirely replaced with nitrogen gas, was charged with 1.32 mmol of
20 triethylaluminum, 0.13 mmol of bis(perhydroisoquinolino)(methylamino)methoxysilane
obtained in Example 1, and the above solid catalyst component in an amount, in terms
of the titanium atom contained therein, of 0.0026 mmol, thereby forming a
polymerization catalyst. Then, with the addition of 4 1 of hydrogen gas and 1.4 1 of
liquified propylene, preliminary polymerization was carried out for five minutes at 20°C,
25 following which the preliminary polymerization product was heated and polymerization

was carried out for one hour at 70°C.  The catalyst activity, bulk density (BD, g/ml),

heptane insoluble components (HI, wt%), and melt flow rate of the resulting polymer
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An n- hept ane-insol uble polynmer (G was dried and the wei ght was neasured.
The ratio of the heptane insoluble (H, wt% in the polyner was cal cul ated
by the following forrmula. 15 H (ww% _ (G g/(F) g x 100 A nelt index (M)
indicating the nelt flow rate of the polynmer was neasured according to
ASTEM D 1238 and JI'S K 7210. A nol ecul ar wei ght distribution of the pol yner
was evaluated by the ratio of 20 Mwv M, a wei ght average nol ecul ar wei ght

d nmb I i ght t
Fol | ow ng VEBPORETBHS IS RF N BSET et B BT G BOFROY) &R (» cre
T- 150B" f act d by M i shi Chem.cal . . ti Sol t:
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UT- 806M Concen%crlat' on ofl sa Io%n i4.[86I ilt er-ObCB (200 ng/ SOM - CDCB) 37
Amount  add&d=UEds Hie replisers Ao g Tblel) i T Measured range: 0 to 140C
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Exanmple 7 WS [ out, except for using
(per hydroifsoqulrﬁggcfljlrnﬁlo (et hyl am no) et hyl net hoxysi | ane obtained in Exanple 3

i nstead of bis(perhydroisoquinolino)(nethylam no)nmethoxysilane. The results
are shown in

Catalyst activity = formed polymer (F) g/solid catalyst component g/one hour

10 The polymer was continuously extracted with boiled n-heptane for six hours.
An n-heptane-insoluble polymer (G) was dried and the weight was measured. The
ratio of the heptane insoluble (HI, wt%) in the polymer was calculated by the following

formula.
15 HI (wt%) =(G) g/(F) g x 100

A melt index (MI) indicating the melt flow rate of the polymer was measured
according to ASTEM D 1238 and JIS K 7210.
A molecular weight distribution of the polymer was evaluated by the ratio of
20 Mw/Mn, a weight average molecular weight (Mw) and a number average molecular
weight (Mn) measured under the following conditions using cross fractionation
chromatography (CFC) (“CFC T-150B”manufactured by Mitsubishi Chemical
Corporation).
Solvent: o-dichlorobenzene (ODCB)
25 Temperature: 140°C (SEC)
Column: Shodex GPC UT-806M

Concentration of sample: 4 g/liter-ODCB (200 mg/50ml-ODCB)
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Table 1. Exanple 10 15 The sanme experinment as in Exanple 7 was carried out,
except for using bis(perhydroisoquinolino)(ethylam no)nethoxysilane
obtained in Exanple 4 instead of

bi s( per hydr oi soqui nol i no) (et hyl am no) net hoxysi | ane. The results are shown
in Table 1. Exanple 11 20 The sanme experinent as in Exanple 7 was carried
out, except for using bis(etylam no)(diethylam no)ethoxysilane obtained in
Exanpl e 5 | nstead,of . Dbi s(perhydroi soqui nol i no) (et hyl am no) met hoxysi | ane.
The resulﬁgnQFHaaﬁ%hﬂjﬂﬂf Table 1. Exanple 12 25 The sane experiment as in
Exampl e 7 S carréﬁﬁ/out, except for using

(di - t - but yIIRHE) AW no) di et hoxysi | ane obtai ned in Exanple 6 i nstead of
bi s( per hy roisoguinolbgo%&p&thylanino)nethoxysiIane. The results are shown
in 38 Tabl'8*¥UEISSHY & Preparation of solid catalyst conponent 2> A 500
m round ttgﬁ1§lask equi pped with a stirrer, of which the internal 5

at nospher I Deen sufficiently replaced with nitrogen gas, was charged

W th 4'576 g of Th%@%gé?&%r@ggsfﬁ% sl é)rl]é ‘f)wag@arrigé 8maf:)9gf§g%?$§rggt and 23.4 m

of 2-ethyl hexyl "al'co e nx was Teacte wo hours,
t her eb i Ni i : | i hydri d
e SR M o e I R SR i g R

L1 ani um (R S S AR AL o PE MRS Dot tom

Tlask equi - W stirrer, of which the internal atnosphere had been
suffici entspgﬁgé%w}‘%ggeeg with nitrogen gas. After heating the solution to 110C

over four Example 9

10 The same experiment as in Example 7 was carried out, except for using
(perhydroisoquinolino)(methylamino)ethylmethoxysilane obtained in Example 3 instead
of bis(perhydroisoquinolino)(methylamino)methoxysilane. The results are shown in
Table 1.

Example 10

15 The same experiment as in Example 7 was carried out, except for using
bis(perhydroisoquinolino)(ethylamino)methoxysilane obtained in Example 4 instead of
bis(perhydroisoquinolino)(methylamino)methoxysilane. The results are shown in
Table 1.

Example 11

20 The same experiment as in Example 7 was carried out, except for using
bis(ethylamino)(diethylamino)ethoxysilane obtained in Example 5 instead of
bis(perhydroisoquinolino)(methylamino)methoxysilane. The results are shown in
Table 1.

Example 12

25 The same experiment as in Example 7 was carried out, except for using

(di-t-butylamino)(ethylamino)diethoxysilane obtained in Example 6 instead of

bis(perhydroisoquinelino)(methylamino)methoxysilane. The results are shown in
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hours, 2.68 m of diisobutyl phthalate was added and reacted for two hours.
After the reaction, the liquid was renoved by filtration and the solid was
washed with decane and 15 hexane at 110C until no free titanium conpound is
detected. The solid was then filtered and dried, thereby obtaining a solid
catal yst conmponent in a formof a powder. The content of titaniumin the
solid catal yst conponent was neasured and found to be 3.1 wt% <Preparation
of polyneg%ﬁijon catal yst and pol yneri zation> 20 A catal yst for

pol ymeri z on " was prepared and pol yneri zation was carried out. in the sane
manner asE%ﬂm@ﬁ?ﬂple 7, except for using the solid catal yst conponent 2
obt ai ned above 1nstead of the solid catal yst conponent 1. The results are

shown in ﬁg! : < ration of solid catal yst conponent 3>
A 1,000 nf:r Sﬁg%ggfégg? Aéﬁcég ?g%gggmjth a stirrer, of which the interna

atmospher e had HagnPihbh hENh bkl EREARA%IN 1 irflk Q05 88%neHP Char ged

with 32 g of magnesi um t ur ni ng I ghard reagent . m xed sol ution

cont ai gi nqtnl&ﬁh&e%d bR %kﬁ&éﬁgbrgﬁg@ea%@ggigﬁ*ﬁe@éasgwyé% é?:lt\bfgﬁ g?@googdded

dropwi Se to the nagnesi um at ver ours” and reacte for one

nour A Sl BARIAM cHHRIo50) M bPhcall@Snd 99lGH J10-GRAMLATERAL ure.  and

the solid wds renove I'tration to obtain a 5 magnesi um-conpound

sol uti on. Th: 300 whOHALPOL 130PT Forash HoEM] ﬁ@%ﬁ;y%falihi_ §Bbfnﬁ§éneou§)f whi ch the

internal atnosphere had been sufficiently replaced wth nitrogen gas, was

charged Wighlyiigd0 1rh1 pbf PR%AREaciParthydri® wheidRBW ﬁﬁ’i%gﬂggélﬁoﬁgkolﬁﬁ&l 61.4 g of

tetraet hoxysilane to obtain a honbgeneous sol ution. of the magnesi um

conpound 50k WabRD anesn’edeesheicdPW BR tailidlereRARGS LR v3 Ahddd @BpRRE react ed
at 5C 10 for four hours. The m xture was then stirred at roomtehperature

for ong h@vérontBur foSM0lhl dTdithRaa tdtRRhBkidé Wathiivasd i -LO%er Bthndthef S6MM!
tenperature to renove the liquid. The solid was washed eight tinmes with 240
M of hexangd dndildsk @quippal witk duGeer, Bf WEiSH R internal atmosphere had been
sufficiently replaced with nitrogen gas. After heating the solution to 110°C over four
hours, 2.68 ml of diisobutyl phthalate was added and reacted for two hours. After the
reaction, the liquid was removed by filtration and the solid was washed with decane and
15 hexane at 110°C until no free titanium compound is detected. The solid was then
filtered and dried, thereby obtaining a solid catalyst component in a form of a powder.
The content of titanium in the solid catalyst component was measured and found to be
3.1 wt%.
<Preparation of polymerization catalyst and polymerization>
20 A catalyst for polymerization was prepared and polymerization was carried out
in the same manner as in Example 7, except for using the solid catalyst component 2
obtained above instead of the solid catalyst component 1. The results are shown in
Table 1.
Example 14
25  <Preparation of solid catalyst component 3>

A 1,000 ml round bottom flask equipped with a stirrer, of which the internal

atmosphere had been sufficiently replaced with nitrogen gas, was charged with 32 g of
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to obtain a solid product. 8.6 g of the solid product was put into a 100 m
round bottom flask equi pped with a stirrer, of which the internal

at nosphere had been 15 sufficiently replaced with nitrogen gas. 48 m of
toluene and 5.8 m of diisobutyl phthalate were further added and reacted

at 95C for one hour. After renmoving the liquid by filtration, the solid was
washed eight tines with 85 n1 of tol uene After vvashi ng, a flask was
charged with 21 m of t 48 m ht hal and 12.8 ni
of 1 Lt ant aitpetyicnnised S Cherdicabele R S0Rur sortoutEd 2 Eorghe hours.

20 Af h h |id 95C. Th
<ol 0 was UpAeRER e L0 Oﬁd%éﬁ% S?W?ﬁﬁ?aﬁeeﬁémpawéﬁ@ﬁ Tl Ao
t t t tu d tyl phthal d

et raonl o eovady Ak T %dhf{t'ﬁﬁ@ e Ay B PAbh T o0 s ¢ nen

washed ei %?Js HMEER ﬁnlqel%gemurg aSQ)?ld W i 'rnj:r}lg Oe?qig fﬁﬂgtl q”o ch}i)%alﬁ_her eby

obt ai ni ng a solrd ca com:ione ina ftorm fie content

21w dh “@%%é‘?@??@ﬁ!’ﬁ@ SEHBL A SPTREEL w1t ﬁg&sﬂﬁﬁeﬁg‘ﬁﬁzg Pns° 20 A
cat al yst %hmwmérﬁﬁta&@ggﬁ@é 1AL 303 Sftnaatl gpr@hmgmﬁ biRelB, a1 ed out

in the same nmanner as I n except Sin cat al yst

conponent cﬁaréﬁmﬁhQ@@'nﬁ%gp&ah@%$ggf9eftraw@o§méxrﬂmﬁaﬁlﬁs'<y184ggf.ﬂponent L. The

results are own I n arativ le 1A id catal yst

component té’fPa%thBWs?ﬁ%@Q it B%X@géﬂe%ﬁé bcﬁﬂﬂdﬁ’?‘s 1@@5{1'0?%6301’1’1%%'] he same

manner as 1 n except usi ng cycl ohexyl net hy oxysi | ane

i nst ead Ofcoﬁlgﬁﬁd?%‘éhﬁioﬁ%é'aﬁ@éd &@%&ﬁ@%‘%‘e%@]ﬂ%@\ér@h?%ﬁﬂ%d @aefeacmﬁatrseéul ts are

shown in Ta Conpar ative Exanple 2 cat st conmponent was
prepangd gRdoROolorer IARIHQMYGAs BRA A A4bohRempd8uiAfTE oIBARR" &Fe i N

Exanpl e 7, except for using bis(diethylam no)d nethoxysilane
resuiting reaction mixture was filtered at room temperature to remove the liquid. The
solid was washed eight times with 240 ml of hexane, and dried under reduced pressure
to obtain a solid product. 8.6 g of the solid product was put into a 100 ml round
bottom flask equipped with a stirrer, of which the internal atmosphere had been

15  sufficiently replaced with nitrogen gas. 48 ml of toluene and 5.8 ml of diisobutyl
phthalate were further added and reacted at 95°C for one hour.  After removing the
liquid by filtration, the solid was washed eight times with 85 ml of toluene.  After
washing, a flask was charged with 21 ml of toluene, 0.48 ml of diisobutyl phthalate, and
12.8 ml of titanium tetrachloride. The mixture was reacted at 95°C for eight hours.

20  After the reaction, the liquid was separated from the solid at 95°C.  The solid was
washed twice with 48 m] of toluene, and the above-mentioned treatment with the
mixture of diisobutyl phthalate and titanium tetrachloride was repeated in the same
manner. The resulting solid was then washed eight times with 48 ml of hexane,
filtered, and dried, thereby obtaining a solid catalyst component in a form of a powder.

25  The content of titanium in the solid catalyst component was measured and found to be

2.1 wt%.

<Preparation of polymerization catalyst and polymerization>
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i nst ead of (perhydr0|squ|noI|no)(nethylanlno)nethoxy5|Iane The results are
shown in Table 1. 15 Conparative Exanple 3 A solid catalyst component was
prepared and pol ymerization was carried out in the same nanner as in
Exanpl e 7, except for using diisopropylamnotriethoxysilane instead of
(perhydroisoquinoIino)(nethylanino)nethoxysiIane. The results are shown in
Table 1. 20 Conparative Exanple 4 A solid catalyst conponent was prepared
and polynerizatlo i

d aut th 7.
oot Y oer 2 2 SRy o e heeh g S0 Bel T iR s g B ©
hyd ' | ani I | t h i
e Y (" O Al 3hA2 Bl AT5 B AR DOLERb 00K S he Bt d b S ehse ° oar o

8.0 0. 44° Eweﬁ%ﬁ% ot U8 st ool 17 PP 4009 9o a3 250 -

12 46, 800 ql g 0. 44 180 15 13 36,100 97.6 0. 44 250 - 14 48,900 98.1 0. 44
190 - §0°97.2 0.44 17 7.3 Conparative 2 16,500 94.4 0.44 199 - Exanple

3 30, 990 % nipafxti¥é EXQmple 1

A solid catalyst component was prepared and polymerization was carried out in
the same manner as in Example 7, except for using cyclohexylmethyldimethoxysilane
instead of (perhydroisoquinolino)(methylamino)methoxysilane. The results are shown
in Table 1.

10 Comparative Example 2

A solid catalyst component was prepared and polymerization was carried out in
the same manner as in Example 7, except for using bis(diethylamino)dimethoxysilane
instead of (perhydroisoquinolino)(methylamino)methoxysilane. The results are shown
in Table 1.

15  Comparative Example 3

A solid catalyst component was prepared and polymerization was carried out in
the same manner as in Example 7, except for using diisopropylaminoiriethoxysilane
instead of (perhydroisoquinolino)(methylamino)methoxysilane. The results are shown
in Table 1.

20 Comparative Example 4

A solid catalyst component was prepared and polymerization was carried out in
the same manner as in Example 7, except for using tris(dimethylamino)methoxysilane
instead of (perhydroisoquinolino)(methylamino)methoxysilane. The results are shown
in Table 1.

25
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4 15 300 90.3 0.43 79 -

carried out,
i nst ead of
catal yst activity,

except

for

hept ane

Exanpl e 15 The same experinment as in Exanple 7 was
using 5 bis(diethylam no)(ethylam no)ethoxysil ane

(M) of the resulting polynmer were

bi s( per hydr oi soqui nol i no) (et hyl am no) net hoxysi | ane.
i nsol ubl e conponents (H),

The
and nelt flowrate

nmeasured. The results are shown in Table

2. Exanple 16 10 The sane experinment as in Exanple 7 was carried out,

for using bis(ethylam no)(di phenyl ]{@%ﬁt hoxysi | ane i nstead of
bi s( per hydr oi soqui nol i no) (et hyl am ﬁlg?) oxysilane. The results are shown

except

in Table|2. Exanple 17| Rblyeezstameacaxiper i nidht |asBDn Exakipl e YM\A%ncarri ed
out, except for using et hy p-aiWgrodt( di et hywais nokrmet hogN O myl|si Mane |i nst ead
of  bi s(peérhydroi soquf nol i no) @Ryl am ng) ABthdxyWsid ane. 60he Jreddl t s are
shown in [Table 2. Ex&nple 18 33000he sang 8%@er|i wekt |as I8 BtandlSe 7 was
carried out, except [f%r| usi ng 495®0 08.0 0.44 210 -
(et hyl am no)éx%immfé hyl18m no) (etd8cB00) cycl opeBT I Ji 10ade |i nski86ad |of 17
bi s( per hydr oi sod’w nollilnjo) (et FBLEG no) nefl h8XPsi|l &kl [The250esul t s- ar g shown
in Table|2. Exanpl ¢ 129 5 The 4808 exper i mBht ds 0i4d BExaniBle 7 wd$ cgrried
out, except for usind3 (ethyl &6106) (di et hybawi no)x 4t hoxyAsDsopr opyl si|l ane
‘instead off bi s(peryidrioi soqui4sgitiono) (net hgBam|nd)44et hoxp9i | ane. - The resul ts
are showmn|in Table|2] 47,100 97.2 0.44 17 7.3
. Comparative | 2 16,500 944 | 0.44 199 -

Example 3 30,900 97.7 0.44 40 -

4 15,300 90.3 0.43 79 -
Example 15

The same experiment as in Example 7 was carried out, except for using

5  bis(diethylamino)(ethylamino)ethoxysilane instead of
bis(perhydroisoquinolino){methylamino)methoxysilane. The catalyst activity, heptane
insoluble components (HI), and melt flow rate (M) of the resulting polymer were
measured. The results are shown in Table 2.

Example 16

10 The same experiment as in Example 7 was carried out, except for using
bis(ethylamino)(diphenylamino)ethoxysilane instead of
bis(perhydroisoquinolino)(methylamino)methoxysilane. The results are shown in
Table 2.
Example 17

15 The same experiment as in Example 7 was carried out, except for using

’ (ethylamino)}{diethylamino)methoxyvinylsilane instead of

bis(perhydroisoquinolino)(methylamino)methoxysilane. The results are shown in
Table 2.
Example 18

20 The same experiment as in Example 7 was carried out, except for using
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Exanpl e 20 10 The sane experiment as in Exanple 7 was carried out, except
for using (ethylam no)(dinethylam no)(nmethoxy)thexylsilane |nstead of

bi s( per hydr oi soqui nol i no) (et hyl am no) net hoxysi | ane. The results are shown
in Table 2. Exanple 21 15 The sanme experinent as in Exanple 7 was carried
out, except for using (ethylam no)(dinethylam no)(ethoxy)vinylsilane
instead of  bi s(perhydroi soqui nol i no) (met hyl am no) met hoxysi | ane. The results

are shown in . Tabl 220Thesneexer nt as in Exanple 7 was
carri ed Odpthy@gelé@fdImgyh%xﬂq@)(etﬁoxy)cyclopenty silane 1nFs)tea nip P

bi £( per nycSPEBEP RN RO NG G ATTRBPIBE HONY | A48 TP S SBBIDD ar o shown

in Tabl efb ?fanpl e 23 25 The sane experinent as in Exanple 7 was carried
out, excep F usi ng (benzyl am no) (dii sopropyl am no) di et hoxysi | ane i nstead
of bis(p3%£¥§%ok§oquinoIino)(nethylanino)nethoxysiIane. The results are
shown in Exanpl e 24 The same experinent as in Exanple 7 was

‘netead of b Eﬁﬁf‘%‘éwfﬁ"%?eﬁﬁé%ﬁas Rt mheR S R8S ReRlky Biane. e
resul ts ar(gthgr' Itlo) dq eth%lgl%%1I'fo(;&e’choxpfi”]lg(}f)ropy%s‘l:l’la,nng| s845r experiment as in Exanple

“7 was carrie exc

bis(perhydroisoquinolino)(methylamino)methoxysilane. The results are shown in
Table 2.
Example 20

10 The same experiment as in Example 7 was carried out, except for using
(ethylamino)(dimethylamino)(methoxy)thexylsilane instead of
bis(perhydroisoquinolino)(methylamino)methoxysilane. The results are shown in
Table 2.
Example 21

15 The same experiment as in Example 7 was carried out, except for using
(ethylamino)(dimethylamino)(ethoxy)vinylsilane instead of
bis(perhydroisoquinolino)(methylamino)methoxysilane. The results are shown in
Table 2.
Example 22

20 The same experiment as in Example 7 was carried out, except for using
(cyclopentylamino){diphenylamino)dimethoxysilane instead of
bis(perhydroisoquinolino)(methylamino)methoxysilane. The results are shown in

‘ Table 2.

Example 23

25 The same experiment as in Example 7 was carried out, except for using
(benzylamino)(diisopropylamino)diethoxysilane instead of

bis(perhydroisoquinolino)(methylamino)methoxysilane. The results are shown in
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(et hyl am no) (di met hyl am no) ( et hoxy) p- met hoxyphenyl si | ane i nstead of 10

bi s( per hydr oi soqui nol i no) ( et hyl am no) net hoxysi | ane. The results are shown
in Table 2. TABLE 2 Pol ynerization activity H M PP/ -cat. wt% g/ 10 mn
15 35,000 95.8 150 16 40, 100 94.3 250 17 30,000 96.4 52 18 31,000 96.2
160 19 30,500 96.1 170 Exanple 20 41,000 96.5 43 21 36,000 95.7 150 22
37,000 97.2 25 23 32,000 92.1 160 24 35,000 92.6 165 25 28 000 93.5 140
Exanpl e 23{&%@ <Synt hesi s of am nosil ane conpound 7>

Tet r aki s( 1% no) sil ane was synt hesi zed by a conmmon net hod by reacting
silicon te%{aaclgl?d{ide and ethylam ne in an anmount of ten tines nol of
silicon tEPM&htoride in a toluene solvent. A three-necked flask of which

char ged i th 60 TanF e Mg GuRRL 7 Kk FRIATRD. BB fppiiggen oo o
ot L (S DAAONSH AN TR0y PO o0 L0100 whi e otirring.
Fetr akis( ST At pioS et i ERIEL g, Ahe FRLICIre OB 1 on, ¢ e
mxture wagyeo.
Example 25
The same experiment as in Example 7 was carried out, except for using
(ethylamino)(dimethylamino)(ethoxy)p-methoxyphenylsilane instead of

10 bis(perhydroisoquinolino)(methylamino)methoxysilane. The results are shown in

Table 2.
TABLE 2
Polymerization activity HI MI
o-PP/g-cat. wt% g/10 min
15 35,000 95.8 150
16 40,100 94.3 250
17 30,000 96.4 52
18 31,000 96.2 160
19 30,500 96.1 170
Example | 20 41,000 96.5 43
21 36,000 95.7 150
22 37,000 97.2 25
23 32,000 92.1 160
24 35,000 92.6 165
25 28,000 93.5 140
Example 26

15  <Synthesis of aminosilane compound 7>
Tetrakis(ethylamino)silane was synthesized by a common method by reacting
silicon tetrachloride and ethylamine in an amount of ten times mol of silicon
tetrachloride in a toluene solvent. A three-necked flask of which the internal
atmosphere was sufficiently replaced with nitrogen gas was charged with 60 ml of a
20  THEF solution containing 0.05 mol of tetrakis(ethylamino)silane. The solution was

cooled to -10°C while stirring. 30 ml of a THF solution containing 0.05 mol of methyl
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heated to 40C and reacted for three hours. The solvent of the reaction

m xture was evaporated under reduced pressure and the main product of 5
tris(ethylam no) et hoxysilane was purified by distillation under reduced
pressure. As a result of elenentary analysis, the conpound was found to
consist of C 43.79% (43.94%, H 11.01% (11.06%, N 21.90% (21.96%,
wherein the percentages in the parentheses are theoretical values. Exanple

hesi f ' j | . Ki.s.(i |.am il
was 135? K%&gﬁ@hvﬁﬁ%&@&}aﬁéﬁ PRSP BRI Sl ; Fiin) Bedibrng ;s]?I) f%;_oﬁ”e
totr achi or i CARSEERIGRN EThEE Ao RE APRL AR b RAGE B TRief Ve "
| nternal LIRS RNATE ARSI ChENUN! CRBSEIAI GV AIGR RS Wi char ged

wth 60 m utron contarl ni

tetrakis(i 1 i T i led to -10C whil

s?i \Efi 'nZ,;'62%%%@9%@%&?%Eﬁédﬁﬁﬁuaenﬁ?&ﬁ?éﬁﬂ%%Iﬁéd%.*’éﬁ_ mol of et i cohol was
slo a . . )

et ao( CadniamMAmeldifind Way pild s sh Bt Paltis PRssBY At ¢ on,
the m xt ura%e%uﬁzo?eﬁm%%g%ﬁsqgt%rﬁﬁﬂﬁ&%sE&fndtt oﬂl}gsg%?& I’.{]%‘%Ol vent and

the like of reacti o m’xt ure “‘was evapor ate er reduced pressure
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distillation under Ssure. aresult o ntary anal ysi s,

the conpound,RLAIRCHYRAJ QHRPs L © consist of C - 53.35% (53.39%, H 11.78%
(11.819%, "N 16.92% (16.98%, wherein the percentages in the parentheses

are theor ghhgale @l ues. 25 Exanple 28 <Synthesis of ani nosilane conpound 9>
Tetraki s(cycl opentyl am no) si | ane was synt hesized by a common net hod by 45

reactigg sishhheds beihmeiilE cepidde-cycl opentyl am ne and di methylaniline in
anounts reSpectively of four PI mes and five tines nol of silicon
tetrachl oride mMetraki§(@opRPelaithd)Siline was synthesized according to the appropriate
method by reacting stlicon tetrachloride and isopropylamine in an amount of ten times
mol of silicon tetrachloride in a toluene solvent. A three-necked flask of which the
internal atmosphere was sufficiently replaced with nitrogen gas was charged with 60 ml
15 of a THF solution containing 0.05 mol of tetrakis(isopropylamino)silane. The solution
was cooled to -10°C while stirring. 30 ml of a THF solution containing 0.05 mol of
ethyl alcohol was slowly added dropwise to the THF solution containing 0.05 mol of
tetrakis(isopropylamino)silane using a dripping funnel.  After the addition, the mixture
was heated to 40°C and reacted for two hours. The solvent and the like of the reaction
20  mixture was evaporated under reduced pressure and the main product of
tris(isopropylamino)ethoxysilane was purified by distillation under reduced pressure.
As a result of elementary analysis, the compound obtained was found to consist of C:
‘ 53.35% (53.39%), H: 11.78% (11.81%), N: 16.92% (16.98%), wherein the percentages
in the parentheses are theoretical values.
25  Example 28

<Synthests of aminosilane compound 9>

Tetrakis(cyclopentylamino)silane was synthesized by a common method by
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A three-necked flask of which the internal atnosphere was sufficiently
replaced with nitrogen gas was charged with 60 ml of a THE sol ution
containing 0.05 nol of 5 tetrakis(cyclopentylam no)silane. The sol ution was
cooled to -10C while stirring. 30 m of a THE solution containing 0.05 nol
of nmethyl al cohol was slowy added dropw se to the THE sol uti on contai ni ng
0.05 nol of tetrakis(cyclopentylam no)silane wusing a dripping funnel. After
the addition,. the. m xtur S ated to 40C and ,.reacted for three hours.
The sol veriEading SHise FReTafas wit Eudtnerbrmineant angbsghos Sstbld under
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stirring. a THE solution containing 0.0 al cohol was

sl ow y adq%&tamg)v}d[r&ehou& the SIHEn%hqﬁémge rHé B Hom Bt QR wR!  Of

t et raki s(cycl ohexyl am no)silane using a 2 I ppt ng funnel. After the

addi tign, &Eﬁorﬁ@e&hﬁﬁ&r&ﬁée&‘ﬁé&ﬁﬁe bR B0 GadtDghoigacked for three hours. The
solvent and the like of the reacted m xture were evaporated under reduced

pressure emﬁtcya@peiman%ﬁﬂétﬁ&xﬁnaﬂermgﬁu‘meeIwwétmaiimrm%& haysl | ane was 46
purified by distillation under reduced pressure. As a result of elenentary

anal ysi s, co i i , H
an: 1%% i 'rgbg%e, ﬁ@%&%lt%%l&%%y bal $d) ShheSdonHoulkd 084ird@ Yak §stind 389

consist of C: 61.55% (61.68%), H: 10.70% (10.68%), N: 13.42% (13.49%), wherein the

percentages in the parentheses are theoretical values.

15  Example 29
<Synthesis of aminosilane compound 10>

Tetrakis(cyclohexylamino)silane was synthesized by a common method by

reacting silicon tetrachloride and cyclohexylamine in an amount ten times mol of silicon
tetrachloride in a toluene solvent and purified by a recrystallization method. A

20  three-necked flask of which the internal atmosphere was sufficiently replaced with
nitrogen gas was charged with 60 ml of a THF solution containing 0.05 mol of
tetrakis(cyclohexylamino)silane. The solution was cooled to -10°C while stirring. 30
ml of a THF solution containing 0.05 mol of methyl alcohol was slowly added dropwise
to the THF solution containing 0.05 mol of tetrakis(cyclohexylamino)silane using a

25  dripping funnel.  After the addition, the mixture was heated to 40°C and reacted for
three hours. The solvent and the like of the reacted mixture were evaporated under

reduced pressure and the main product of tris(cyclohexylamino)methoxysilane was
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11.86% (11.88%, wherein the percentages in the parentheses are theoretical
val ues. Exanple 30 5 <Synthesis of am nosilane conpound 11> A three-necked
flask of which the internal atnosphere was sufficiently purged wth
nitrogen gas was charged with 80 ml of a toluene solution containing 0.12
mol of t-butylam ne. The solution was cooled to -10C while stirring. 60 m
of a THE solution containing 0.12 nol of n-BuMgd was slowy added to the

| uti i Adr i ppi f | . Af h dition, the mi
" eact ed atPiBoe Pyl BRI R ST G LY SaE i sal t
Of L5 DUty Bt ol PLEFINGSSH,FE Bk soR T Dl L8 100 65 N3k rospher e was

sufficient puryg rogen gas wa ed""w uene sol ution

cont ai i g 90Tl hSLLIE IBSARIL S ST 998 RCA 30t ToSPher e

The system was iTri ove slurry of 15
magnesi um@&h@l o§0 t-butyl am ne was sl owy added dropw se to the sol ution.
After the —a |e’[|on, the m xture was gradually heated and reacted at 50C for

three hour : X solution of 30 m of toluene containing
0. 06 rrgl oﬁy%@eﬂgﬁggﬁhﬁégh%@%@o ed“to -10C. 50 M of a hexane sol ution

contai ni ng 0. Q@&HPée-xﬁJck&Fﬁésk lyeHich M@%t%%@@%%ﬁe%%ﬁu?@ﬁ%fﬁe étdgl Lene

avai |l abl e BuLi ‘I n a hexane solution was a
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hours to obtain thiumsalt o am ne. rry was

added dr opwagarhfe! Neh@RMYEor KA doRI tTL HPEhikQBikGth. t Go-nh0Sf SRk | oned above.

After the addition, the mxture was reacted at 50C for three hours. The

solid was C?%Fﬁlﬁ%ﬁ %&ﬁgi_nirfﬁr(gfoﬁ ﬁrﬁBFoiSrQBHMg@{PmQX slo®]] aacfeag@&ﬂe%dﬂan%sﬁ%far ogen

stream and washed w't of 25 tol uene. e washing solution was added

to themSO'dt'fprx%-fuﬂéﬂ% SREMERE addifol, MR hixtce WBTECRMBRSORE A cHOHS, r educed
pressure and the main product of

bi s(t - but Yhashy iRk H) MBEEheMxMSiTe-HiBSarRine! f AeRrebYieticatiakk at i on
under 47 reduced pressure.” As a result of elenentary analysis, the conpound

was found drevhichoRs irémif ateosphéredd suftlcidBpurddd vhth Bil¥eénldas6Rdcharded 17. 89%
(18.00%, wherein the
with a toluene solution containing 0.06 mol of tetramethoxystlane under a nitrogen gas
atmosphere. The system was cooled to -10°C while stirring. The above slurry of
15  magnesium salt of t-butylamine was slowly added dropwise to the solution.  After the
addition, the mixture was gradually heated and reacted at 50°C for three hours. A
separately prepared solution of 30 ml of toluene containing 0.06 mol of methylamine
was cooled to -10°C. 50 ml of a hexane solution containing 0.06 mol of BuLi which
was prepared from a commercially available BulLi in a hexane solution was added
20  dropwise to the toluene solution using a dripping funnel. The mixture was reacted at
40°C for two hours to obtain a slurry of lithium salt of methylamine. The slurry was
added dropwise to the above reaction mixture cooled to -10°C mentioned above.  After
‘ the addition, the mixture was reacted at 50°C for three hours. The solid was separated
from the solution by centrifugation in a nitrogen stream and washed with 20 mi of
25  toluene. The washing solution was added to the solution. The solvent and the like

were evaporated under reduced pressure and the main product of

bis(t-butylamino)(methylamino)methoxysilane was purified by distillation under
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percentages in the parentheses are theoretical values. Exanple 31 5

<Synt hesi s of am nosilane conmpound 12> A three-necked flask of which the

i nternal atnosphere was sufficiently purged wth nitrogen gas was charged
with 40 m of a toluene solution containing 0.06 nol of t-butylamne. The
solution was cooled to -10C while stirring. 60 m of a THE solution
containing 0.06 nol of n-BuMjCd was slowy added to the solution using a 10
dri ppi ng funnel After the addition, the m xture was reacted at 50C for one

hour, ther@iRpd BERSEIRI nds & reuliof glegrentaryanphsis the compourd was wafam ne. A

i Ui r oBBAStRE i h g b ¢ e et 6BE oo oo kG e ol

of tetranethoxysil an undetgl a ni téo(g ? sl at nosphere. The syst em was
cool ed to PERSEIERR] 1nd %P?TF? fiys APHRCAFUGAF YAIBES- a 15 nmgnesium salt of

t - butyl amlgx ﬁs flow{y added dropwi se to the solution. After the addition,
the m xtur e; adual |y heated and reacted at 50C for two hours. This
re is.referred to as ction mxture (1). Ina separate flask,

ggacr:r;ce %gd'nﬁ?ﬁlé éaﬁ‘ﬂ%sﬂ?nr‘?gcoﬁlp%n#r@ of methyl anine was cool ed to -1OC. 50

conme & oy ATt AT OB SRR e g o
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sol utlon 0 pw’se” usin |ng funnel & m xture

was 1 eact gdcgh éﬁ%@@ﬁﬁe@%é@%e Qs thﬁ; oflimlet MMy sk hy! ani ne

was added ISt reacti on mxture cool ed

to -10C m&%lﬁ&?@xe%@ﬁg} atﬁfogﬂ{eret WEs &&ﬁlélgﬁt%uré&fewith nitrogen gas was charged

with a toluene solution containing 0.06 mol of tetramethoxysilane under a nitrogen gas
atmosphere. The system was cooled to -10°C while stirring. The slurry of a

15  magnesium salt of t-butylamine was slowly added dropwise to the solution. After the
addition, the mixture was gradually heated and reacted at 50°C for two hours. This
reacted mixture is referred to as reaction mixture (1). In a separate flask, 30 ml of
toluene containing 0.06 mol of methylamine was cooled to -10°C. 50 ml of a hexane
solution containing 0.06 mol of BuLi, prepared from a commercially available hexane

20  solution of BuLi was added dropwise using a dripping funnel. The mixture was
reacted at 40°C for two hours to obtain a slurry of lithium salt of methylamine. The
slurry was added dropwise to the reaction mixture (1) cooled to -10°C mentioned above.

. After the addition, the mixture was reacted at 50°C for three hours. This reacted

mixture is referred to as reaction mixture (2). 30 ml of toluene containing 0.06 mol of

25  ethylamine was cooled to -10°C. 50 ml of a hexane solution containing 0.06 mol of
BuLi which was prepared from a commercially available hexane solution of BuLi was

added dropwise using a dripping funnel. The mixture was reacted at 40°C for two

48



m xture was reacted at 50C for three hours. The solid was separated fromthe
solution by centrifugation in a nitrogen stream and washed twice with 20 m
of toluene. The 5 washing liquid was added to the solution. The sol vent and
the like were evaporated r under reduced pressure and the main product of
(t-butyl am no) (et hyl am no) (et hyl am no) met hoxysi | ane was purified by
distillation wunder reduced pressure. As a result of elenentary analysis,
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Wth a toluene so n cont al ni ng | of tetraethoxysilane under a
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reacted at or ree hours. epar at e uene contal ni ng
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cont ai ni ng Li h was pr oma <conmercla

avai | al e tH@%&@&té:g%l;H{fh@?a&hﬂl@%ﬂgiaré"ﬁﬁo@ﬂgeﬂQaﬂEpr se using a dripping

funnel . The xture was reacted at 40C tor two hours to obtain a slurry of
lithium 49 . sald3of ethylam ne. The slurry was added dropwi se to the
above-nentionéd reaction mxture cooled to -10C. After the addition, the

m xture vessyherss 8fadinosi®aelcdmpbtMe e3>
A three-necked flask of which the internal atmosphere was sufficiently purged
with nitrogen gas was charged with 80 ml of a toluene solution containing 0.12 mol of
15 cyclohexylamine. The solution was cooled to -10°C while stirring. 60 ml of a THE
solution containing 0.12 mol of n-BuMgCl was slowly added to the solution using a
dripping funnel. After the addition, the mixture was reacted at S0°C for one hour,
thereby obtaining a slurry of magnesium salt of cyclohexylamine. A three-necked
flask of which the internal atmosphere was sufficiently purged with nitrogen gas was
20 charged with a toluene solution containing (.06 mol of tetraethoxysilane under a
nitrogen gas atmosphere. The system was cooled to -10°C while stirring.  The slurry
of magnesium salt of cyclohexylamine was slowly added dropwise to the solution.
* After the addition, the mixture was gradually heated and reacted at S0°C for three hours.
Separately, 30 ml of toluene containing 0.06 mol of ethylamine was cooled to -10°C.
25 50 ml of a hexane solution containing (.06 mol of Bul.i which was prepared from a
commercially available hexane solution of BuLi was added dropwise using a dripping

funnel. The mixture was reacted at 40°C for two hours to obtain a slurry of lithium
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hours. The solid was separated fromthe solution by centrifugation in a
nitrogen stream and washed twice with 20 ml of toluene. The washing liquid
was added to the 5 solution. The solvent and the |ike were evaporated under
reduced pressure and the r main product of

bi s(cycl ohexyl am no) (et hyl am no) et hoxysi | ane was purified by distillation
under reduced pressure. As a result of el errent ary anal ysi s, the conpound

was found t ons t of 25% ( H 11.10% (11. 25 N 13. 25%
(15, 4006 safeerBylne JhecDibay q%ﬁdﬁ teﬁhereé@gg(’ﬂaepaw htoncal
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After the ﬂ%@amm&g%f%ﬁ%; ; .993%1“9! o%g?ﬁésaﬁ),gkng;rzﬁg/ﬁ@g@g), 50C f or

t hr ee hours arate ene cont ai ni’ng

met hyl am W@n o% Qs 1n]t9 eétﬂes{&. %fth@org't?c?é??ﬁ ?5 ol ution containing 0.07
y

nol of BuL| par ed Froma conmer ci a avai | abl e hexane
sol uti@n gf aﬁwfé as added dropwi se using a dripping funnel. The m xture
was reacted( 40C for two hours to obtain a slurry of lithium salt of

met hyl am ng,nihes of Mhnosias BRgechdapwi se to the systemwhich is the above
50 nmentioned mxture cooled to -10C. After the addition, the m xture was

reacted at 50 fiPde-AdKELNRXUYTWhidBe $REMA MRS sFRRAK A s‘i‘x‘i‘ﬁélérﬁﬁ? fulpgedsol ution

by centrifugation in a
with nitrogen gas was charged with 80 m! of a toluene solution containing 0.14 mol of
isobutylamine. The solution was cooled to -10°C while stirring. 60 ml of a THE

15 solution containing 0.14 mol of n-BuMgCl was slowly added to the solution using a
dripping funnel. ~ After the addition, the mixture was reacted at 50°C for one hour,
thereby obtaining a shurry of magnesium salt of isobutylamine. A three-necked flask
of which the internal atmosphere was sufficiently purged with nitrogen gas was charged
with a toluene solution containing 0.07 mol of tetra-n-propoxysilane under a nitrogen

20  gas atmosphere. The system was cooled to -10°C while stirring.  The slurry of
magnesium salt of isobutylamine was slowly added dropwise to the solution.  After the
addition, the mixture was gradually heated and reacted at 50°C for three hours.
Separately, 30 ml of toluene containing 0.07 mol of methylamine was cooled to -10°C.
50 ml of a hexane solution containing 0.07 mol of BuLi which was prepared from a

25  commercially available hexane solution of BuLi was added dropwise using a dripping

funnel. The mixture was reacted at 40°C for two hours to obtain a slurry of lithium

salt of methylamine. The slurry was added dropwise to the system which is the above
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nitrogen stream and washed twice with 20 ml of toluene. The washing |iquid

was added to the solution. The solvent and the |i ke were evaporated under

reduced 5 pressure and the main product of

bi s(i sobut yl am no) (et hyl am no) propoxysilane was purified by distillation

under reduced pressure. As a result of elenentary analysis, the conpound

was found to consist of C 55.10% (55.12%, H 11.92% (11.95%, N 16.01%
ent heses are theoretical val ues.
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bi s(t- but )ﬂﬁmpmi met hyl am no) nmet hoxysi | ane obtai ned in Exanpl e 30 instead
of

10  <Preparation of polymerization catalyst and polymerization>
The same experiment as in Example 7 was carried out, except for using 0.13
mmol of tris(ethylamino)methoxysilane obtained in Example 26 instead of 0.13 mmol
of bis(perhydroisoquinolino)(methylamino)methoxysilane. The results are shown in
Table 3.
15  Example 35
The same experiment as in Example 34 was carried out, except for using
tris(isopropylamino)ethoxysilane obtained in Example 27 instead of
tris{ethylamino)methoxysilane. The results are shown in Table 3.
Example 36
20 The same experiment as in Example 34 was carried out, except for using
tris(cyclopentylamino)methoxysilane obtained in Example 28 instead of
tris(ethylamino)methoxysilane. The results are shown in Table 3.
Example 37 |
The same experiment as in Example 34 was carried out, except for using
25 tris(cyclohexylamino)methoxysilane obtained in Example 29 instead of
tns(ethylamino)methoxysilane. The results are shown in Table 3.

Example 38
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tris(ethylam no)nmet hoxysilane. The results are shown in Table 3. Exanple 39
5 The sane experinent as in Exanple 34 was carried out, except for using
(t-butyl am no) (et hyl am no) (et hyl am no) met hoxysi | ane obtai ned in Exanple 31
i nstead of tris(ethylam no)nethoxysilane. The results are shown in Table 3.
Exanpl e 40 The same experinent as in Exanple 34 was carried out, except for
using 10 bis(cyclohexylanino)(ethylanino)ethoxysiIane obt ai ned in Exanple
32 instead of ééeth anlnﬁénﬁfhoxrs | ane. The results. are shown in Table
3. Exanple 41 XTI A S GOCRIAPT VRRE out, except

33 i not oad Ei‘?u%ﬂ%l?lebﬁé?ife”?ﬂ%@%ﬁs%fa% UERE TR BARE L oo e
Tabl e 3. OB uS RS R AR O BRI %?}th Syt an

polynerlz rirzation pared and
polyneriz%% B carrled out in the same manner as in Exanple 34, except
for using @ sol'id catal yst conponent 2 20 obtai ned above instead of the

solid gat al yst TBQ Qg)&)erl enizrzg ?6334%% c%pr?é/&qodt exc%}lﬁ%leu i,l%Exanpl e 43

<Pr eparation of ynmeri zatl on ‘Ca nerization> atal yst for
e O, T T St S L
o LAY QB B IE b Mk SIRIE g, 5 covl 1S @
Example 40
The same experiment as in Example 34 was carried out, except for using
10 bis(cyclohexylamino)(ethylamino)ethoxysilane obtained in Example 32 instead of
tris(ethylamino)methoxysilane. The results are shown in Table 3.
Example 41
The same experiment as in Example 34 was carried out, except for using
bis(isobutylamino)(methylamino)propoxysilane obtained in Example 33 instead of
15  tris(ethylamino)methoxysilane. The results are shown in Table 3.
Example 42
<Preparation of polymerization catalyst and polymerization>
A catalyst for polymerization was prepared and polymerization as carried out in
the same manner as in Example 34, except for using the solid catalyst component 2
20  obtained above instead of the solid catalyst component 1. The results are shown in
Table 3.
Example 43
<Preparation of polymerization catalyst and polymerization>
A catalyst for polymerization was prepared and the polymerization as carried out
25  In the same manner as in Example 34, except for using the solid catalyst component 3
obtained above instead of the solid catalyst component 1.  The results are shown in

Table 3.
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PP/ -cat.
280 -
97.5 0.44

51, 000 96.

W%g/m g/10 min 34 39,200 97.5 0.44 220

- 35 41,600 96.2 0. 44

36 46,000 95.5 0.44 320 - 37 47,800 95.1 0.44 520 Exanple 38 57,100
172 - 39 46,100 96.5 0.44 189 - 40 36,100 97.0 0.44 200 - 41
8 0.44 174 - 42 20,500 96.2 0.43 230 - 43 40,200 96.4 0.45 220 -
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Example 44
<Synthesis of aminosilane compound 15>

A flask of which the internal atmosphere was sufficiently replaced with nitrogen
gas was charged with 60 ml of a THE solution containing 0.05 mol of methylamine.
The solution was cooled to -10°C while stirring. 60 ml of @ hexane solution containing
0.05 mol of BuLi was slowly added to the solution in a nitrogen stream using a dripping
funnel. After the addition, the mixture was gradually heated and reacted at 50°C for
two hours. Another flask of which the internal atmosphere was purged with nitrogen
gas was charged with 60 m! of a toluene solution containing 0.05 mol of
dicyclopentyldimethoxysilane in a nitrogen stream. The solution was cooled to -10°C
while stirring.  All the slurry of the reaction mixture synthesized above was slowly
added to the toluene solution using a dripping funnel.  After the addition, the mixture
was gradually heated and reacted at 50°C for two hours.  After the reaction, the solid
was separated from the liquid by centrifugation in a nitrogen stream and washed twice
with 10 ml of toluene. The washing liquid was added to the solution. The solvent
was evaporated under reduced pressure and the main product of
dicyclopentyl(methylamino)methoxysilane was purified by distillation under reduced
pressure. As a result of elementary analysis, the compound was found to consist of C:

63.34% (63.38%), H: 11.01% (11.08%), N: 6.10% (6.16%), wherein the percentages in
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20 pressure. As a result of elenentary analysis, the conmpound was found to
consist of C 63.34%(63.38%, H 11.01% (11.08%, N 6.10% (6.16%,
wherein the percentages in 53 the parentheses are theoretical val ues.
Exanpl e 45 <Synt hesi s of am nosil ane conmpound 16> A flask of which the

i nternal atnosphere was sufficiently replaced with nitrogen 5 gas was
charged with 60 m of a THE solution containing 0.06 nol of nethylam ne.

The sol utiﬁn vvashcool edhto -10C while stirring. 60 m of a THE sol ution
cont ai ni nghe BAEBthesP A5 thesiRefe! VHES: sl owl y added to the solution in a

ni trogen {silgrreamgfi ng a dripping funnel. After the addition, the m xture
was gradu W“Hl.% ed and reacted at 50C for two hours. Another flask of
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i nternal atno ufficiently re ni t en gas was
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while stirring.  All the slurry of the reaction mixture synthesized above was slowly

added to the toluene solution using a dripping funnel.  After the addition, the mixture

was gradually heated and reacted at 50°C for two hours.  After the reaction, the solid
15 was separated from the liquid by centrifugation in a nitrogen stream and washed twice

with 10 ml of toluene. The washing liquid was added to the solution. The solvent

was evaporated under reduced pressure and the main product of

diisopropyl(methylamino)ethoxysilane was purified by distillation under reduced

pressure.  As aresult of elementary analysis, the compound was found to consist of C:
20 57.03% (57.08%), H: 12.18% (12.24%), N: 7.34% (7.40%), wherein the percentages in

the parentheses are theoretical values.

Example 46

<Synthesis of aminosilane compound 17>

A flask of which the internal atmosphere was sufficiently replaced with nitrogen

25  gas was charged with 60 ml of a THF solution containing 0.05 mol of ethylamine. The

solution was cooled to -10°C while stirring. 60 m! of a hexane solution containing

0.05 mol of BuLi was slowly added to the solution in a nitrogen stream using a dripping
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solution was cooled to -10C while stirring. 60 mMl of a hexane solution
containing 0.05 nol of BuLi was slowy added to the solution in a nitrogen
streamusing a dripping 54 funnel. After the addition, the m xture was
gradual ly heated and reacted at 50C for two hours. Another flask of which
the internal atnosphere was purged with nitrogen gas was charged with 60 n
of a toluene solution containing 0.05 nol of cycl ohexyl net hyl di et hoxysi | ane
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e
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70C wai | Aer R AGeseed ol AL RN Aol A AR BB ) Gr

BUNGQ v, ShOeAfRdo b of 150 UG 2Rl geRaat AR o

dri ppi ng funneéef. a Iron, the m e was gradu eated and

react 61‘3 atThe‘Eéggeﬂto\xrasgﬁ%(%}ﬁféﬁ r%]lln?é%’qgci&g& g[felsﬁé(a&{]th\@m%\b%topﬁcti ternal

at nosphere Was purge rogen gas was charge O m of a toluene
20 1o SEPLAEARIOR B Al CHULITEIABEDY RO RORlr 3
slurry of gigukeadkhfuifofehnnB P hileri< ft ARPHEnY3s found to consist of C:
61.23% (61.33%), H: 11.63% (11.70%), N: 6.44% (6.50%), wherein the percentages in
the parentheses are theoretical values.
15 Example 47
<Synthesis of aminosilane compound 18>
A flask of which the internal atmosphere was sufficiently replaced with nitrogen
gas was charged with 60 ml of a THF solution containing 0.05 mol of methylamine.
The solution was cooled to -10°C while stirring. 60 ml of a THF solution containing
20 0.05 mo] of BuMg(] was slowly added to the solution in a nitrogen stream using a
dripping funnel. After the addition, the mixture was gradually heated and reacted at
50°C for two hours.  Another flask of which the internal atmosphere was purged with
nitrogen gas was charged with 60 ml of a toluene solution containing 0.05 mol of
cyclohexylmethyldimethoxysilane in a nitrogen stream. The solution was cooled to
25  -10°C while stirring. ~ All the slurry of the reaction mixture synthesized above was
slowly added to the toluene solution using a dripping funnel.  After the addition, the

mixture was gradually heated and reacted at 50°C for two hours.  After the reaction,
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slowy added to the toluene solution using a dripping funnel. After the
addition, the mxture was gradually heated and reacted at 50C for two
hours. After the reaction, 55 the solid was separated fromthe |iquid by
centrifugation in a nitrogen streamand washed twice with 10 m of toluene.
The washing liquid was added to the solution. The solvent was evaporated
under reduced pressure and the nai n product of

nder 51 SR SeeBiG! Ag (B FUGHPY cBtiGIeBNoN P AR JERE D e compound

(7 s wneeiene floborplisss” ’ﬁﬁ{wéﬁﬁgl@qﬁ'ﬂﬁéﬁaé oo tiegiboroal val es.
ntorngl JPRSURHEre: sudrosTr q%@a%% ﬂf@%%’éﬁﬁn% TREMAPMIAT gas was char ged
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the interf ere ‘was nltrb en arged with 60 m

of a tol uﬁ&%?rﬁg%e%ﬁ %’%ggg&%}}?e%&lﬁgthgbggcﬁ%%@% t- but yl et hyl di met hoxysi | ane in

a nitroge Iron was cooled to -10C while stirring. Al the
slurry of %Bﬁ e@ction mxture synthesized above was slowly added to the
tol uene so Pon using a dripping funnel. After the addition, the m xture 20

was gradugg%\%h&%aé%lﬁ&gl Elrom (ﬂlé‘t 1g20C for two hours. After the reaction,

the solid S Separate I'"quid by centrifugation in a nitrogen

st r eam and waslmf,%\%ﬁ}ch%ém&f?amm&f bR E K YEIAAG il b gbnras added

to the sol uti on e solvent was evaporate pressu e and t he

mai n_prod Estw%f tézﬁ{heéd%l &mhyls@mﬁmmlh@gmd RABEo Rﬂﬂfnirf( d.ed by

distillat on un uced 25 pressure. The | vent an e were
evapor at eqpi E'é;iﬁﬂor{ RAUCRIEID E BPET Ghiddinife 60 ml of a hexane solution containing

0.06 mol of BuLi was slowly added to the solution in a nitrogen stream using a dripping
funnel. After the addition, the mixture was gradually heated and reacted at 50°C for

15 two hours. Another flask of which the internal atmosphere was purged with nitrogen
gas was charged with 60 ml of a toluene solution containing 0.06 mol of
t-butylethyldimethoxysilane in a nitrogen stream. The solution was cooled to -10°C
while stirring.  All the slurry of the reaction mixture synthesized above was slowly
added to the toluene solution using a dripping funnel. After the addition, the mixture

20 was gradually heated and reacted at 50°C for two hours.  After the reaction, the solid
was separated from the liquid by centrifugation in a nitrogen stream and washed twice
with 10 ml of toluene. The washing liquid was added to the solution. The solvent
was evaporated under reduced pressure and the main product of
t-butylethyl(methylamino)methoxysilane was purified by distillation under reduced

25 pressure. The solvent and the like were evaporated under reduced pressure and the
main product of t-butylethyl(methylamino)methoxysilane was purified by distillation

under reduced pressure. As a result of elementary analysis, the compound was found
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mai n product of t-butylethyl (nmethylam no)nmethoxysilane was purified by
distillation wunder reduced pressure. Asa result of elenentary analysis, the
conmpound was found 56 to consist of C 54.73% (54.80%, H 12.00% (12.07%,
N 7.92% (7.99%, wherein the percentages in the parentheses are

t heoretical values. Exanple 49 <Synthesis of am nosilane conpound 20> 5 A
flask of which the internal atnosphere was sufficiently replaced with

ni trogen as was.ch i 6Q.n T so) ytion _caont.ai ni n . 05 nol
ot er oyl Ao R C L PR bl Va0 i D e ob D P where Py of e
hexane sol uti on cantai ni n 0.05 nol of, BuLi was slowy added to the

sol ution ipﬁrcﬁmﬁg?srlBéléerPaéffn%éeéﬁﬁ i‘f&iﬂﬁfé’f%{lcalr‘fﬂg Sng funnel?/ After the addition,

t he mxturEg(gmier%{adually heated and reacted at 50C for 10 two hours.
Anot her f IF28P8F*whi ch the internal atnosphere was purged with nitrogen gas

was charge Lth 60 ml of a toluen ol ution containing 0.05 nol of
t-butyl rrptﬁ%?’f’ .eﬁﬁ Bg%?gﬁofljiaﬁlg CP’ﬂpgurﬁiieztO}ogen stream The solution was cooled to
40, W SUA RSO RS S ot AR S ol 2
AL e UL e U5, B R BRI R BRERRCT 18,7500,
Py, contr 1 LAGRLASRE Ko RSS2 1A, B pLoLIRGRAGi iR oL
evapor Bt o Lo 1SR BTSN 4180 PSS ienadiog e
cduced 20, ouif o/ SugghE gl ol SHE TR SRR YL A TR, e
LT 0% ($R536h,  Rohet RSN AG6 1 OTABERSSHIESGR A GADEPATHIETL, o oo
internal ghiRIPORHLdWeEh 60 bEL fMidn¥ sbRBbAEGHaMAE!D 6 hbPgen
t-butylmethyldiethoxysilane in a nitrogen stream. The solution was cooled to -10°C
while stirring.  All the slurry of the reaction mixture synthesized above was slowly
added to the toluene solution using a dripping funnel. After the addition, the mixture
15  was gradually heated and reacted at 50°C for two hours.  Afier the reaction, the solid
was separated from the liquid by centrifugation in a nitrogen stream and washed twice
with 10 ml of toluene. The washing liquid was added to the solution. The solvent
was evaporated under reduced pressure and the main product of
t-butylmethyl(ethylamino)ethoxysilane was purified by distillation under reduced
20 pressure. As aresult of elementary analysis, the compound was found to consist of C:
56.98% (57.08%), H: 12.20% (12.24%), N: 7.35% (7.40%), wherein the percentages in
the parentheses are theoretical values.
Example 50
<Synthesis of aminosilane compound 21>
25 A flask of which the internal atmosphere was sufficiently replaced with nitrogen
gas was charged with 60 ml of a THF solution containing 0.05 mol of ethylamine. The

solution was cooled to -10°C while stirring. 60 ml of a hexane solution containing
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gas was charged with 60 ml of a THE solution containing 0.05 nol of

et hyl am ne. The solution was cooled to -10C while stirring. 60 m of a
hexane sol ution containing 57 0.05 nol of BuLi was slowy added to the
solution in a nitrogen streamusing a dripping funnel. After the addition,
the m xture was gradually heated and reacted at 50C for two hours. Another
flask of which the internal atnosphere was purged with nitrogen gas was
charged wi t

60 f, I | uti i ni 0.05 mal of 5.
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the int .4 , -
char ged. i T SCOTRY B ey e ok BRlAC R R PR RORE s RET, e 20
Th | uti - i PET] | uti
cot g SR O By B S0 A o P ln e R RRCE L 00,
or sty ML boARAe | b iAgi MBI LONIR, IR ESS |
the interngl &ﬁm&e@ﬁﬁ&rmﬁ &%«Mdﬁhghﬁ; Buct@ps was charged with 60 m
of a toluene solution containihg 0.06 nol of 25 di-t-butyldi nethoxysilane in

a ni trogen;Sklohefy(clfaribithdtRfkysBmn SRR Rk by 48&llation under reduced
pressure. As a result of elementary analysis, the compound was found to consist of C:
66.65% (66.85%), H: 11.47% (11.59%), N: 5.12% (5.20%), wherein the percentages in

15  the parentheses are theoretical values.

Example 51
<Synthesis of aminosilane compound 22>

A flask of which the internal atmosphere was sufficiently replaced with nitrogen
gas was charged with 60 ml of a THF solution containing 0.06 mol of methylamine.

20  The solution was cooled to ~10°C while stirring. 60 ml of a hexane solution containing
0.06 mol of BulLi was slowly added to the solution in a nitrogen stream using a dripping
funnel. After the addition, the mixture was gradually heated and reacted at 50°C for
two hours, Another flask of which the internal atmosphere was purged with nitrogen
gas was charged with 60 ml of a toluene solution containing 0.06 mol of

25 di-t-butyldimethoxysilane in a nitrogen stream. The solution was cooled to -10°C
while stirring.  All the slurry of the reaction mixture synthesized above was slowly

added to the toluene solution using a dripping funnel. After the addition, the mixture
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while stirring. All the slurry of the reaction m xture synthesized above was
slowy added to the toluene solution using a dripping funnel. After the
addition, the m xture 58 was gradually heated and reacted at 50C for two
hours. After the reaction, the solid was separated fromthe liquid by
centrifugation in a nitrogen stream and washed twice wth 10 m of toluene.
The washing liquid was added to the solution. The solvent was evaporated

e e BTSN S0 A TRLA BN s il e
found o CBRrEmast nt tegibp ssabyBagonah 1Ry i iy SRl R o
Ecanpl ¢ 52vi0 L&y AT RUERE” oFhERFRIATiatd Seb AE0HA BRI, o dRHT i cn The
i nternal a&%s?e%%ﬂo%rﬁﬁd‘gﬂﬁerﬁg&j&gi geggdrga%ﬁ%%%gg%%dh& 0qfi trogen gas was charged

with 60 n ol'utron contal ni of "n-propyl am ne. The

Lo O S P SRR L, o
St eam ust g RIS SO AHLSS DS AR R PR TSRS,
(he ntr el o} FRERDSS SR 98b GBI @A) BRSIOR ORCARELY 1 ©0,

a ni trOgequggr%%%e;rgleetﬁ@dr%éa?@al‘ﬂ@ss cooled to -10C while stirring. Al the

slurry of reactiron m xture synthesized above was slowy 20 added to the
t ol uene SOJF’FHHFﬂQS?Si ng a dripping funnel. After the addition, the m xture
was gradually "heated and reacted at 50C for three hours. After the reaction,

the solj d <m@@g@gﬁ&%%&%gﬁ bgi d by centrifugation in a nitrogen

stream and tw ce of toluene. The washing liquid was added

to the sol ution qIlESAVeHe intdfal ﬁﬁﬁsﬂﬁé‘é 6ds Hﬁﬁ%m{[@i@ e PR Bfikdggy and the

mai n product of 25 diisopropyl (n-propyl am no) nmet hox ane was purified by

distillation WRdRErgECHHESH mi of a THF solution containing 0.05 mol of n-propylamine.

The solution was cooled to -10°C while stirring. 60 mi of a hexane solution containing
0.05 mol of BuLi was slowly added to the solution in a nitrogen stream using a dripping

15 funnel. After the addition, the mixture was gradually heated and reacted at 50°C for
two hours. Another flask of which the internal atmosphere was purged with nitrogen
gas was charged with 60 ml of a toluene solution containing 0.05 mol of
diisopropyldimethoxysilane in a nitrogen stream. The solution was cooled to -10°C
while stirring.  All the slurry of the reaction mixture synthesized above was slowly

20  added to the toluene solution using a dripping funnel. After the addition, the mixture
was gradually heated and reacted at 50°C for three hours. Afler the reaction, the solid
was separated from the liquid by centrifugation in a nitrogen stream and washed twice
with 10 ml of toluene. The washing liquid was added to the solution. The solvent
was evaporated under reduced pressure and the main product of

25  diisopropyl(n-propylamino)methoxysilane was purified by distiliation under reduced
pressure.  As a result of elementary analysis, the compound was found to consist of C:

59.00% (59.05%), H: 12.23% (12.39%), N: 6.61% (6.89%), wherein the percentages in
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pressure. As a result of elenentary analysis, the conpound was found to
consist of C 59.00% (59.05%, H 12.23% (12.39%, N 6.61% (6.89%,
wherein the percentages in 59 the parentheses are theoretical val ues.
Exanpl e 53 <Synt hesi s of am nosil ane conmpound 24> A flask of which the

i nternal atnosphere was sufficiently replaced with nitrogen 5 gas was
charged with 60 m of a THE solution containing 0.06 nol of nethylam ne.
The sol uti on was cooleqlto -10C while stirring. 60 m of a THE sol ution
cont ai ni n§he RArBBENGSHT ars FhegiAtisal Vaies: sl owl y added to the solution in a

ni trogen ;%rea sing a dripping funnel. After the addition, the m xture
was gr aduaf PP ted and reacted at 50C for two hours. Another flask of
whi ch the ji.nternal,.atnosphere was ged with 10 nitrogen gas was charged
with 60 niSSRbEE of GRARsEgF somBandgia: ni ng 0.06 mol of

P T R PR B R R R
e VoL A e PR TR B0 B, Sk 1o
Lo o gl B G2 U S S R g 2

The washi | i qui added to the utihan. -The.sol vent was evapor at ed
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pheny! et i GrBaTHl A AT DY, LB IR RUERAL BN, B il gt gn under

reduced pr aresu nen ySsi e npound was found

to_consi siual Gy 58, STASERZ T witte B MBLAAA e Nalp Bl 720,

wherein the percentages 1n rentheses are ues. Exanple
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at nosp y repl ace nitrogen was charged with

60 m of oy TSR iihARSRNLA R B3Rl Ot el AN eooldo -10°C

while stirring. ~ All the slurry of the reaction mixture synthesized above was slowly
added to the toluene solution using a dripping funnel. After the addition, the mixture
was gradually heated and reacted at 50°C for two hours.  After the reaction, the solid
15  was separated from the liquid by centrifugation in a nitrogen stream and washed twice
with 10 ml of toluene. The washing liquid was added to the solution. The solvent
was evaporated under reduced pressure and the main product of
phenylmethyl(methylamino)methoxysilane was purified by distillation under reduced
pressure. As a result of elementary analysis, the compound was found to consist of C:
20 59.59% (59.62%), H: 8.41% (8.34%), N: 7.61% (7.73%), wherein the percentages in the
parentheses are theoretical values.
Example 54
<Synthesis of aminosilane compound 25>
A flask of which the internal atmosphere was sufficiently replaced with nitrogen
25  gas was charged with 60 ml of a THF solution containing 0.05 mol of ethylamine. The
solution was cooled to -10°C while stirring. 60 ml of a hexane solution containing

0.05 mol of BuLi was slowly added to the solution in a nitrogen stream using a dripping

60



solution was cooled to -10C while stirring. 60 mMl of a hexane solution
containing 0.05 not of BuLi was slowy added to the solution in a nitrogen
streamusing a dripping 60 funnel. After the addition, the m xture was
gradual ly heated and reacted at 50C for two hours. Another flask of which
the internal atnosphere was purged with nitrogen gas was charged with 60 n
of a toluene solution containing 0.05 nol of diisopropyldi-n-propoxysilane
e.solution was cooled to -1 irring. A
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20 The sanme éexperi nen was car out, except for using

di | sopr oPX{ITI QY bABAR. e TRVALLATRAPHA DRk INEXATRLE. 4Pd AkRd of

tris(ethylamno oxysi | ‘ane. are own In'T anpl e 57

The ‘sgge %@?E@E‘iﬁ%@fﬁé}&d L&ur Mﬁeg)g{ngrﬁgg?iﬂ" except for using 25

cycl ohexyl ne am no) et'’hoxysi [ ane I'n Exanpl e 46 instead of
diisopropyl(ethylamino)n-propoxysilane was purified by distillation under reduced

pressure. As a result of elementary analysis, the compound was found to consist of C:
60.57% (60.77%), H: 12.43% (12.52%), N: 6.32% (6.44%), wherein the percentages in
the parentheses are theoretical values.
15  Example 55
The same experiment as in Example 34 was carried out, except for using
dicyclopentyl(ethylamino)methoxysilane obtained in Example 44 instead of
tris(ethylamino)methoxysilane. The results are shown in Table 4.
Example 56
20 The same experiment as in Example 34 was carried out, except for using
diisopropyl(methylamino)ethoxysilane obtained in Example 45 instead of
tris(ethylamino)methoxysilane. The results are shown in Table 4.
Example 57
The same experiment as in Example 34 was carried out, except for using
25  cyclohexylmethyl(ethylamino)ethoxysilane obtained in Example 46 instead of
tris(ethylamino)methoxysilane. The results are shown in Table 4.

Example 58
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tris(ethylam no)nmet hoxysilane. The results are shown in Table 4. Exanple 58
61 The sanme experinment as in Exanple 34 was carried out, except for using
cycl ohexyl net hyl (met hyl am no) met hoxysi | ane obtai ned in Exanple 47 instead of
tris(ethyl am no) et hoxysilane. The results are shown in Table 4. Exanple 59
5 The sane experinment as in Exanple 34 was carried out, except for using

t - butyl et hyl (et hyl am no) nmet hoxysi | ane obtai ned in Exanple 48 instead of
tris(ethyl am ng) et hoxysi| ane. _nge reﬂi%gs are shown in Table 4. Exanple 60
The same exper i HERME EXRRIMSHL AHINS G WAt raTRer Bt CXCERIOpESIESr using 10

t - butyl met hyl { et hyl ami_no) ef hoxysi l.ane .pbt aj ned .i. n_Exanpl e .49 i nstead of
trbo( ot ylAHohE R Ry e e SR Eu e SbGREd L BRRRR bt dd Banpl e 61
The sane experipent .as.,n anple 34 s _carried t,, except for using

di cycl ohei?&?@?ﬁs}%w&oﬁ%fl B%Sﬁearﬁém’gﬁf%f ) IPﬁ[%Egganpl e 50 instead of 15
tris(ethylamn t hoxysil ane. The results are shown in Table 4. Exanple 62
The sane e[%ﬁg\p nt as in Exanple 34 was carried out, except for using

oot et el e Lot P e ted iy el Sl gt exd of
o, e o BB RORTR R BT s Rl BITD Lor
S LSRR ARG, T SR R0 AR TebLe ¢ Eram e o4
Example 60
The same experiment as in Example 34 was carried out, except for using
10 t-butylmethyl(ethylamino)ethoxysilane obtained in Example 49 instead of
tris(ethylamino)methoxysilane. The results are shown in Table 4.
Example 61
The same experiment as in Example 34 was carried out, except for using
dicyclohexyl(ethylamino)methoxysilane obtained in Example 50 instead of
15 tris(ethylamino)methoxysilane. The results are shown in Table 4.
Example 62
The same experiment as in Example 34 was carried out, except for using
di-t-butyl(methylamino)methoxysilane obtained in Example 51 instead of
tris(ethylamino)methoxysilane. The results are shown in Table 4.
20 Example 63
The same experiment as in Example 34 was carried out, except for using
diisopropyl(n-propylamino)methoxysilane obtained in Example 52 instead of
tris(ethylamino)methoxysilane. The results are shown in Table 4.
Example 64
25 The same experiment as in Example 34 was carried out, except for using

phenylmethyl{methylamino)methoxysilane obtained in Example 53 instead of

tris(ethylamino)methoxysilane. The results are shown in Table 4.
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phenyl nmet hyl (et hyl am no) net hoxysi | ane obtai ned i n Exanpl e 53 instead of
tris(ethylam no)nethoxysilane. The results are shown in Table 4. 62 Exanple
65 The sane experinent as in Exanple 34 was carried out, except for using

di i sopropyl (et hyl am no) n- pr opoxysi | ane obtai ned in Exanpl e 54 instead of
tris(ethylam no)met hoxysilane. The results are shown in Table 4. 5 Exanple
66 A catalyst for polynerization was prepared and pol ynerization was carried
out in the sa nner as in Exanple 55, except for using the solid

cat al yst &@ﬁﬁﬁﬁ% 2 obtained in Exanple 13 instead of the solid catalyst

conmponent 1. T results are. sh [ ble 4.. 10 Exanple 67. A catal yst for
T ati on thesamtakBertn aS o omde 32 Ruf aittiod S ERBLB- 8rE T2 Tl cam
manner as |.n Exanpl.e .55 xcept far usi.n he.sol id_cat al yst. component 3
obt ai ned ichls%’fgprg%éﬁﬁlﬁmfnﬁ '85’5’06*5%% a&@ﬁ?iﬂ‘“‘z@fﬂé@%}%ﬁ&ﬁﬁﬁéﬁtnt gp The
results are hown in Table, 4. 15, TABLE 4 Pol| ynerjzatjon activity H BD
\oa0- - oe HEpETDRng Pl Ry Eitie ) The sty TR TR0 05 8 0 4a by 49, 000
97.5 0.44 52 8@0 (‘395. 1 0.44 59 48100 97.5 0.44 60 45,800 97.5 0.44 180

Exanpl € 615898997, 0 0.44 70 - 62 48 900 98.1 0.44 90 - 63 45 000 96. 2

0210”61 49,400 80 0o s 5 A0y o s i 500 97-2
in the same manner as in Example 55, except for using the solid catalyst component 2
obtained in Example 13 instead of the solid catalyst component 1. The results are
shown in Table 4.
10  Example 67
A catalyst for polymerization was prepared and polymerization was carried out
in the same manner as in Example 55, except for using the solid catalyst component 3
obtained in Example 14 instead of the solid catalyst component 1. The results are

shown in Table 4.

15 TABLE 4
Polymerization activity HI BD MI
o-PP/g-cat. wi% | g/ml | /10 min | MW/Mn

55 50,500 98.0 0.44 90 -
56 48,600 97.8 (.44 120 -
57 49,000 97.5 0.44 240 -
58 52,800 95.1 0.44 96 - -
59 48,100 97.5 0.44 80 -
60 45,800 97.5 0.44 180 -

Example | 61 51,100 97.0 0.44 70 -
62 48,900 98.1 0.44 920 -
63 45,000 96.2 0.43 210 -
64 48,200 974 0.45 96 -
65 47,100 96.5 0.43 193 -
66 21,500 97.2 0.44 230 7.3
67 51,100 95.7 0.43 99 -

Example 68

The same experiment as in Example 34 was carried out, except for using
p-methoxyphenylmethyl{ethylamino)ethoxysilane instead of

20  tris(ethylamino)methoxysilane. The catalyst activity, heptane insoluble components
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The sane experinent as in Exanple 34 was carried out, except for using

p- met hoxyphenyl net hyl (et hyl am no) et hoxysi | ane i nstead of 20
tris(ethylam no)met hoxysil ane. The catal yst activity, heptane insoluble
conponents 63 (H), and nelt index (M) of the resulting polymer were
measured. The results are shown in Table 5. Exanple 69 The sanme experi ment
as in Exanple 34 was carried out, except for using 5

t hexyl net (e | am n th ane instead o

e st et hy IR, ) e HleS LU AIahY FormBng acliit Pramemuted | ThHHES 85 xanpl e 70
The sane e erl s in Exanple 34 was carried out, except for using

di decahydrS rc%? e(gt hyl am no) net hoxysi | ane i nstead of 10

tris(ethylam nfe)rngEt hoxysi |l ane. The results are shown in Table 5. Exanple 71
The sane é%ﬁ nt as in Exanple 34 was carried out, except for using

d I hox I i f h I
e oA R b 80l GRS EL B i 21
Ex 3 t
e & i%%’?ﬁn%ﬁpéiet@ﬁﬁﬁ%oanﬁé?ﬁ@@e?é%t%ﬂtI Iietlemngrtprgpione.
,tr'S(Ethyhﬁ@%&ﬁtgﬁkgﬂﬁxﬁHIﬁﬂﬁﬁiThe results are shown in Table 5. Exanple 73

20 The sane exper| ‘anpl e 34 was carried out, except for using
(et hyl am ﬁ y) 2, 6-di met hyl si | acycl ohexane i nstead of
trls(ethylanl 53nethoxy5|lane The results are shown in Table 5. Exanple 74

The sane. exper i Rhm @8y loinfR IR Exdthple G2 Lhfch QtexcBiGEPlsidPT US N

didecahydronaphthyl{ethylamino)methoxysilane instead of
10 tris(ethylamino)methoxysilane. The results are shown in Table 5.
Example 71
The same experiment as in Example 34 was carried out, except for using
tris(n-decylamino)methoxysilane instead of tris(ethylamino)methoxysilane. The
results are shown in Table 5.
15 Example 72
The same experiment as in Example 34 was carried out, except for using
(ethylamino)(methoxy)-2,5-dimethylsilacyclopentane instead of
tris(ethylamino)methoxysilane. The results are shown in Table 5.
Example 73
20 The same experiment as in Example 34 was carried out, except for using
(ethylamino)(ethoxy)-2,6-dimethylsilacyclohexane instead of
tris(ethylamino)methoxysilane. The results are shown in Table 5.
Example 74
The same experiment as in Example 34 was carried out, except for using
25  benzylethyl(ethylamino)ethoxysilane instead of tris(ethylamino)methoxysilane. The
results are shown in Table 5.

Example 75
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25 benzyl et hyl (et hyl am no) et hoxysi | ane i nstead of

tris(ethylam no)nethoxysilane. The results are shown in Table 5. Exanple 75
64 The sane experinent as in Exanple 34 was carried out, except for using
phenyl vi nyl (et hyl am no) net hoxysi | ane i nst ead of
tris(ethylam no)met hoxysilane. The results are shown in Table 5. Exanple 76
5 The sane experinent as in Exanple 34 was carried out, except for using

tris(ethylam ng)t-butoxysilane instead _of tris(ethylam nqg)nethoxysilane. The
results are SHERHMGFAPARIENGS ERAMBPIE 3§7N3Fﬁéﬂ§ér?é‘¥é%ﬁé¥ KraEas i n Exanpl e

34 was carried.o xcept for using 10 tr.is(ethyl am.no)cycl.ohex si | ane
st oad’ aphang Pt PR Rt Tr g o ey bR B R T Taol @ 5.
TABLE 5 Pola/lmari é%a?t i on ”IaE%iSVi ty H M PP/ -cat. t%g/10 mn 68 32,000
96.2 78 BEURRHHPANL2RE 270" 27, 000 96.3 45 71 31,000 92.5 30 Exanple 72
42,000 97,8 5é ,£3_45 000 97.6 34 74 36,000 96.3 85 75 32,000 96.5 65 76
26, 000 94°8*MBH/°77 32,000 95.1 128

5 The same experiment as in Example 34 was carried out, except for using
tris(ethylamino)t-butoxysilane instead of tris(ethylamino)methoxysilane. The results
are shown in Table 5.
Example 77
The same experiment as in Example 34 was carried out, except for using
10 tris(ethylamino)cyclohexoxysilane instead of tris(ethylamino)methoxysilane. The

results are shown in Table 5.

TABLE 5
Polymerization activity HI MI
g-PP/g-cat. wi% ¢/10 min

68 32,000 96.2 78
69 41,000 97.1 48
70 27,000 96.3 45
71 31,000 92.5 30
Example 72 42,000 97.8 52
73 45,000 97.6 34
74 36,000 96.3 85
75 32,000 96.5 65
76 26,000 94.8 120
77 32,000 95.1 128

From the above results, it is clear that polymerization of propylene in the
15  presence of the catalyst containing the aminosilane compound as an external donor can
produce a propylene polymer having high stereoregularity in a high yield and an
excellent hydrogen response.  Also, the molecular weight distribution of the resulting

polymer can be broaden depending on the aminosilane compound.

20 INDUSTRIAL APPLICABILITY

A catalyst for polymerization of olefins of the present invention is capable of
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Fromthe above results, it is clear that polynerization of propylene in the
15 presence of the catal yst containing the am nosilane conpound as an
external donor can produce a propyl ene polymer having high stereoregularity
in a high yield and an excellent hydrogen response. Al so, the nolecul ar

wei ght distribution of the resulting polynmer can be broaden dependi ng on

t he am nosi | ane conpound. 20 | NDUSTRI AL APPLI CABI LITY A catal yst for

I f .ol ef f th i bl f
i ot ai i A 'nﬁqalﬁg#l?sgﬁa'ﬁtg%%gutaa&% ﬁﬁ%%@fg st i GRER R o3 mou
cat al yst gﬁaggle \?gﬁgo%ugm oleq: np l1l crg hg\ng% Sx oﬁy%a\” gléegl{p h%Lgf l t flow

rate with rogen

Ther ef or oo Mo @ATEL Al AL YALEL IS el bﬁ,lere%revehg chehhi oS Eahe Lo the

reduced ano roge yneriza ron

cat al yst &

manuf act u?ﬁud\éﬁ “ﬁuoﬁg qeotﬁgl'll I%Plzéfel}ﬁrsi‘h&u ymg%g%ggg%_%gwg%%weﬂzg%%ponent of
a cat ri i fornula (1), 5
(R RN o ﬁ%‘% h%ﬁé*&%ﬁ?&% ﬁﬁke@éfﬁﬂﬁéﬂ RS 1 T2 D i
g are int teger of O, 1, or 2, mhere|n m+ n
+p + Q= 4{%q\%ﬁmﬁctgltm%hitgH f%mﬂ%ggl &%ﬁl§P@%nbﬁ , and R3 10 indi Vi dual ly represent
a linear or branched aIkyI group having 1 to 20 carbon atonms, a cycl oal kyl
group or a derivative thereof, a vinyl group, an allyl group, or an aral kyl
group, each of which may contain a heteroatom wherein Rl and R2 may bond to
forma ring; R4 individually represents a linear or branched al kyl group
having | to 20 carbon atons, a cycloal kyl group or a derivative thereof, a
vi nyl group, an al kyl group, or an 15 aral kyl group, each of which may
contain a heteroatom and, when nm=0, n=1, and =1,
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two R4s may bond to forma ring; and R5 individually represents a |linear or
branched al kyl group having 1 to 12 carbon atons, a cycloal kyl group or a
derivative thereof, a vinyl group, an allyl group, or an aral kyl group,
each of which nay contain a heteroatom 20 2. The conponent of a catal yst
for olefin polynerization according to claim11, wherein, in the fornmula
(1), men=p=g=1. 3. The conponent of a catalyst for olefin polynerization
according to claiml1, 25 wherein, in the fornmula (1), m=0, n=1, p=2, and
g=1. 4. The conponent of a catalyst £bAIMSefin pol ymerization according to
claim1l1, 67 wherein, inthe formula (1), m0, n=2, p=1, and g=1. 5. The
conponent of a catalyst for olefin polynerization according to claim1,
wherein, in the formula , 0,. n=3 =0, and. g=1. 5 6. The conmponent of a
cat al yst flgr OI%F?IHPWR/Y&%%?&PT;’?%W %\%@bﬁg‘di”’i‘?ﬁn%%lo Isé?‘ﬁﬁl by th%ﬂﬁ?@inﬁ, in the
formul a (%%, WF% n=1, p=0, and g=2. 7. The conponent of a catalyst for

ol efi n pol YHBM E&ion according to claiml1l, 10 wherein, in the formula (1),
m=1l, n=2, p=0, and g=1. 8. The conponent of a catalyst for olefin

pol ymeri zati on according to claiml1l, wherein, in the formula (1), m=2, n=1,
p=0, and g=1. 15 9. Ac PAVASY N sef.] ol yneri zatj.Qn which contains the
tonponent of a catalysta§$%$iﬂﬁeﬁﬁﬁ$%§$gﬂgﬁlzation ac@grding to any one of
claims 1 to 8. 10. A catalyst for polynerization of olefins conprising (A a
solid catal yst conponent containing magnesium titanium a hal ogen, and an

el ectron dopor. 20 conpound., (B) .an_organoal unin o ound of. the f.ol | owi ng
Formul o ( Y SCREERBITRE Cubveiras A B RO Tuf SRR S P dubER 6 ng 1 1o
4 carbon a(;,qvgf 2,%1{6? i &oF Plt+sp g gq=4, when m=0, g=1 and p=3-n; R, R? and R®

10 individually represent a linear or branched alkyl group having 1 to 20 carbon atoms, a
cycloalkyl group or a derivative thereof, a vinyl group, an allyl group, or an aralkyl
group, each of which may contain a heteroatom, wherein R' and R? may bond to form a
ring; R* individually represents a linear or branched alky! group having 1 to 20 carbon
atoms, a cycloalkyl group or a derivative thereof, a vinyl group, an allyl group, or an

15  aralkyl group, each of which may contain a heteroatom, and, when m=0, n=1, and g=1,
two R*s may bond to form a ring; and R’ individually represents a linear or branched
alkyl group having 1 to 12 carbon atoms, a cycloalkyl group or a derivative thereof, a
vinyl group, an allyl group, or an aralkyl group, each of which may contain a
heteroatom.

20
2. The component of a catalyst for olefin polymerization according to claim 1,

wherein, in the formula (1), m=n=p=q=1.

3. The component of a catalyst for olefin polymerization according to claim 1,

25  wherein, in the formula (1), m=0, n=1, p=2, and q=1.
4. The component of a catalyst for olefin polymerization according to claim 1,
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25 hydrogen atomor a hal ogen atom and p represents a real nunber
satisfying the fornmula O<p<3, and (C) the conponent of the catalyst for

ol efin polynerization according any one of clainms 1 to 8 68 11. The

catal yst for olefin polynerization according to claim 10, wherein the
conponent (A) is obtained by causing (a) a magnesium conpound, (b) a
tetraval ent titani um hal ogen conpound, and (c) an el ectron donor conpound
to come in contact 5 with each other. process for producing an olefin
pol ymer cafsFiithgedomydafl)zmg. arr- @FéfE}Qﬁlq—H the presence of the catalyst
for olefin polynerization according to claim9 or 10. 10 13. The process for
produci ng an olefin polynmer according to claim12, wherein the olefinis

propyl ene.s. 69 The component of a catalyst for olefin polymerization according to claim 1,

wherein, in the formula (1), m=0, n=3, p=0, and g=1.

. 6. The component of a catalyst for olefin polymerization according to claim 1,

wherein, in the formula (1), m=1, n=1, p=0, and g=2.

7. 'The component of a catalyst for olefin polymerization according to claim 1,

10 wherein, in the formula (1), m=1, n=2, p=0, and g=1.

8. The component of a catalyst for olefin polymerization according to claim 1,

wherein, in the formula (1), m=2, n=1, p=0, and g=1.

15 9. A catalyst for olefin polymerization which contains the component of a catalyst

for olefin polymerization according to any one of claims 1 to 8.

10. A catalyst for polymerization of olefins comprising (A) a solid catalyst
component containing magnesium, titanium, a halogen, and an electron donor

20 compound, (B) an organoaluminum compound of the following formula (2),

R%,AIQs,, (2)

wherein R® represents an alkyl group having 1 to 4 carbon atoms, Q represents a
25  hydrogen atom or a halogen atom, and p represents a real number satisfying the formula
0<p=<3, and (C) the component of the catalyst for olefin polymerization according any

one of claims 1 to 8.
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11.  The catalyst for olefin polymerization according to claim 10, wherein the
component (A) is obtained by causing (a) a magnesium compound, (b) a tetravalent

titanium halogen compound, and (c) an electron donor compound to come in contact

with each other.

12. A process for producing an olefin polymer comprising polymerizing an olefin in

the presence of the catalyst for olefin polymerization according to claim 9 or 10.

13.  The process for producing an olefin polymer according to claim 12, wherein the

olefin is propylene.
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