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organosilicon compound as an electron donor. For example, JP-A
2-84404 discloses a method that employs a cyclopentyl (alkyl)
dimethoxy silane or di(cyclopentyl) dimethoxy silane as an
electron donor. The catalyst systems using such the silicon
compounds, however, arenot alwaysexcellent inhydrogen response.
JP-A ©3-223008 discloses a catalyst system that employs a
di (n-propyl) dimethoxy silane as an electron donor excellent
in hydrogen response, which is though not particularly
satisfactory at stereoregularity and causes a problem because
an o-olefin polymer can not has an increased solidity.

JP-A 9-40714 proposes an alkoxy silane compound having
an aliphatic amino substituent. JP-A §-3215, 8-100019 and
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manufacturing a-olefin using a dial koxy silane having
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A propylene polymer with a wide molecular weight
distribution and high stereoregularity can be produced in such
a method that can be considered as comprising: producing a high
stereoregularity and lowmolecular weight propylene polymer and
ahighcrystallinityandhighmolecular weight propylene polymer

previously using a conventional method; and then melting and
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JP-A8-143620 according to the applicant proposes a method
of manufacturing an a-clefin using a dialkoxy silane having two
aliphaticamino substitutions as anelectrondonor. Thismethod,
however, may lower stereoregularity (H. I.) and polymerization
activity on production of polymers with MFR of 200 or more and
is not always satisfactory at performance.

JP-A 8-3215 and 9-40714 also according to the applicant
propose an alkoxy silane compound having an aliphatic amino
substitution andmethodes of manufacturing stereoregularityand
melt fluidity (that is, high MFR) using the same. The silane

compound described therein, however, is only a dialkoxy silane



by RSI (OR2) 2 (NR3R4) . In addition, specifically
exenplified conpounds are only dinethoxy silanes, for
exanpl e, a nethyl (diethylanm no) di methoxy sil ane. As
for a trialkoxy silane repdesented by Si ( OR2) 3
(NR3R4 ) , no specific conpound is exenplified. The
obt ai ned pol yneri zation result is not almays

b I VER .1 | t I
na3ALb3AA AElpPESEE Sb B0 S R L aL B Do W and
ongj lszcﬂoeeanle@no;jtsouxs,l rtglatpn_gan@sizlaldom;cerr;ialmredmpﬂdsented
byp%hgg)(@ q(%'ﬁbﬂ’n) or ogcﬁc!ii&? ”ngf%éaly\h exempllfled

npoun escri’bed erein are’ eR
Comaﬂahﬁgtsareheynéxhldnmehhghysteméanegulafory butmpie, a

me@H 14 ah%M?aﬁﬁI&hé aﬁ&ﬁ%%h%%xg%q]%%%%negﬁsgn drgnorl-g?lalkoxy

rier ca st system usi
Slélé§@r¥%1éﬁe%%1ﬂ¢‘érb}f Sif6R” bt MR'R' b at e farstairfi cacompound is

ex@ﬁb@ﬂ ¢edq. pofﬂ@%%‘té@h‘e@“p@f}ﬁl%[ HYar BLE rr%%gﬁg:uigrrfa:ttyailways

d_hydrogen response in perfornance, accor
Saﬁlﬁﬁﬁﬁﬁ@FYInb?§@@ﬁ%nta ikanaeui MER  Imestddent ipears, lower

stbPebbeqghinglket of lnjectlon nol ding mainly for
autonog mat eri al s and househol d el ectrica

nate??a9320090§34¥ﬁ5%ﬂﬁ;%ﬁﬂ??%ﬂﬁh% fils§ e8¢ methods using

or ngélm@b@ﬁt cBéhp @ﬁnﬁrso%lzh@i Spoldyfb}ﬂileifddnarﬁ%&”ﬁfé?%ghllcon
an | ea

| ui d t , h I
copb8iafnc i e FeREPHGR FEBCBHoSS (N S ifpareantpLoyed
ast @atI&Ey@tﬁat‘aﬁe'ySteXMitHhtﬁ Hiigh sheafeRgerulesReRs BudUhirBdnot
ol ner'za oduce such a-ol efin polyners.
algﬁ% i??té? gé ﬁ%?%?n 58 @PPBYF hydr ogen to
coexTis¢ aara:.ehabat‘allgssf elystagehnisﬂm; tii‘rﬁ—T eleci_:r%? donor
t t_ the ecul ar [
aeBOLYRES' )0, SVl L At g MRLES el U Ol ances
poihmengtgtlthIdctyvmtythes&aﬂeﬂhagqﬂﬂnmﬁy Tz?{ogyﬁrogen
re:lrsé?lggggr{eﬁ‘% EBr%QH@E érpc? Ef% %%fuL %ELéJ A rt];hlelfl aﬁn;l){_j'oxé?ment

as an i ndex
isthequipedfin polyner. The | ower the nolecul ar wei ght

of the r%c%lnet m},@apgl mﬁphg%f{l&%deﬁgé&{mm Nighe mainly

the nelt rate ower drog response req
fon ik qeokivbrma tefr ialdy @g@nhDHSEh@lploeyﬁstrzaaﬂomaterlals,

fofyﬁﬁe?rﬁ&fbo%é‘QJ@%%q%{}gﬁgméhh ﬁthtr @E%gﬂ(’.lhﬁ £§f§u8ts ,

pol ymer i gher en response does qUIre
a-glehinheobymems witthydrdyeeltadliud diggui heghi aoihélty and

hi§RIR rbBeskanee WdroQeR A83RANSRebed. It is important
to use a catalyst with a high hydrogen response during
polymerizationtoproduce sucho-olefinpolymers. Specifically,
it is general to allow hydrogen to coexist as a chain transfer
agent inthepolymerizationsystemtoadjust themolecularweight
of the a-olefin polymer. 1In particular, to increase the melt
fluidity of the a-olefin polymer, hydrogen is required to lower
the molecular weight. Melt flow rate is employed as an index
of the melt fluidity of the o-olefin polymer. The lower the
molecular weight of the a-olefin polymer is related with the
higher the melt flow rate. A lower hydrogen response requires
a large amount of hydrogen in the polymerization system to

increase the melt flow rate of the a-olefin polymer. A higher



produce the a-olefin polyner with the sane nelt flow
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ethylene and propylene so that the produced block polymer has
sufficient fluidity.

As for the block copolymer from the conventional catalyst
system, if anamount of the polymer inthe following stages reaches
10% or more of the polymer in the first state, molding is
substantially impossible. This is because the melt fluidity
is extremely small unless the rubber component in the block
copolymer {(a room temperature p-xylene soluble component) has
an extremely small value of [n}.

As a method of manufacturing ethylene propylene block



as a conponent of a polynerization catalyst.
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For achievement of the above object, the present invention

component
a nlap

is directed to a catalyst constituent of catalyst for
polymerizing or copolymerizing an a-olefin, represented by
Formula 14.

Formula 14
Si (OR') 5 (NR?RY)

In Formula 14, R' is a hydrocarbon group with 1 to 6 carbon
atoms, such as an unsaturatedor saturated aliphatic hydrocarbon
group with 1 to 6 carbon atoms, and more preferably a hydrocarbon
groupwith 2 to 6 carbonatoms. Specifically, it includesmethyl
group, ethyl group, n-propyl group, iso-propyl group, n-butyl
group, iso-butyl group, ter-butyl group, sec-butyl group,



Specifically, it includes hydrogen, and
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reaction; and then reacting tetraethoxysilane with
ethylisopropylaminotriethoxysilane; and
methylethylaminotriethoxysilane. These organosilicon
compounds may be employed solely or in combination of two or
more.

The compound of Formula 14 can be synthesized by reacting
an alkyl amine equivalently with a Grignard reagent to produce
a magnesium salt of an alkyl amine through Grignard exchange
reaction; and then reacting tetraethoxysilane with equivalent
amount of the magnesium salt of alkyl amine. A lithium salt
may be employed instead of the magnesium salt. In addition to
synthesis using the Grignard reagent, the compound of Formula

14 may also be synthesized by reacting an alkoxy silane halide



equi val ent anount of the magnesium salt of
diethylamne. A lithiumsalt of diethyl am ne may be
enpl oyed i nstead of the nagnesiumsalt of diethyl

am ne. Met hyl - n- propyl am noe#ri et hoxysi | ane, or the
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magnesi um salt of nethyl et hyl am ne
lithium salt of t-butylamine may be employed instead of the

magnesium salt of t-butyl amine.
Ethyl-n-propylaminotriethoxysilane, or the compound of
Formulal4 foruseinthe invention, canbe synthesizedbyreacting
ethyl-n-propylaminewithequivalent amount of a Grignard reagent
to produce a magnesium salt of ethyl-n-propylamine through
Grignardexchange reaction; and then reacting tetraethoxysilane
with equivalent amount of the magnesium salt of
ethyl-n-propylamine. Alithiumsaltofethyl-n-propylaminemay
be employedinsteadof themagnesiumsalt of ethyl-n-propylamine.
Methylethylaminotriethoxysilane, or the compound of

Formula 14 foruseinthe invention, canbe synthesizedbyreacting



For achi evenent of the above object, the present
invention is directed to a catalyst constituent of
catal yst for polynerizing or copol ynerizing an
(x-olefin, represented by -Fernula 15. Fornula 15 RNS
i (OR) , In Formula 15, Rl is a hydrocarbon group
with 1 to 6 carbon atonms, such as an unsaturated or
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er hydr oi soqui noli no)tri et hoxysil ane ,
Fo%@uga 9E‘l-tetrahydroquinolino)triethoxysilane ,
(1, 2, 3, 4-tetrahydroi soqui nolino)triethoxysilane , and

oct h ei mnotri et hoxysilane. The conpound of
Forﬁgﬁg %éﬁgén be synthesized by reacting polycyclic

am ne such as perhydroquinolin e with equivalent -10
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group, cyclohexyl group and others. An ethyl group is
particularly preferred.

In Formula 15, RN is a cyclic amino group, such as
perhydroguinolino group; perhydroisoquinolino group;
1,2,3,4-tetrahydroguinolino group; 1,2,3,4-tetrahydro
isoguinolino group; and octamethyleneimino group.

The compound of Formula 15 specifically includes
(perhydroquinolino)triethoxysilane,
(perhydroisoguinolino)triethoxysilane,
(1,2,3,4-tetrahydroquinolino)triethoxysilane,
(1,2,3,4-tetrahydroisoquinolino)}triethoxysilane, and
octamethyleneiminotriethoxysilane.

The compound of Formula 15 can be synthesized by reacting

polycyclic amine such as perhydroquinoline with equivalent



addition to the above synthesis using the Gignard
reagent, the catal yst conponent of Fornula 14 nmay al so
be synthesized by reactinglfan al koxy sil ane halide
represented by Formula 16 with a dial kyl am ne
represented by Fornmula 17. Fornmula 16 X1Si(OR )4 -n
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n- propyl group, iso-propyl group, n-butyl group

i so-butyl group, ter-butyl group, sec-butyl group,
Fopmpeat ¥6 group, iso-pentyl group, cyclopentyl group,

n- h : 10up, cycl ohexyl group, octyl group and

oth2$%#'%§ﬁifmgroup is particularly preferred. In the

di al kyl am ne represented by Fornmula 17, R3 is a
FobydiQcarbon group with 1 to 12 carbon atons, such as

an unsq;grated or saturated aliphatic hydrocarbon

gr odHBiR'h 1-12 carbon atons. Specifically, it

i ncl udes net hyl group, ethyl group, n-propyl

In the alkoxy silane halide represented by Formula 16,
X denotes halogen group, such as fluoro group, chloro group and
bromo group, and more preferably chloro group. In the alkoxy
silane halide represented by Formula 16, R! is a hydrocarbon
group with 1 to 4 carbon atoms, for example, methyl group; ethyl
group; propyl group such as n-propyl group and iso-propyl group;
and butyl group such as n-butyl group, iso-butyl group and
tert-butyl group. Ethyl group is particularly preferred. 1In
the alkoxy silane halide represented by Formula 16, n =1, 2,

3. The alkoxy silane halide represented by Formula 16

specifically includes fluorotriethoxysilane,
chlorotriethoxysilane, chlorotrimethoxysilane,
chlorotri-n-propoxysilane, and bromotriethoxysilane.

Chlorotriethoxysilane is particularly preferred.



group, iso-propyl group, n-butyl group, iso-butyl
group, ter-butyl group, sec-butyl group, n-pentyl
group, iso-pentyl group, cyclopentyl group, n-hexyl
group, cycl ohexyl group, oetlyl group and ot hers.

Et hyl group is particularly preferred. The dial kyl
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methyl-n-propylamine, t-butylamine, ethyl-n-propylamine,
ethylisopropylamine, methylethylamine and others.

In addition to the above synthesis using the Grignard
reagent, the catalyst component represented by Formula 15 may
also be synthesized by reacting the alkoxy silane halide
represented by Formula 16 with a cyclic amine represented by

Formula 18.
Formula 18
RNH

In the cyclic amine represented by Formula 18, RN is a
cyclic amino group, such as perhydrogquinolino group,
perhydroisoquinolino group, 1,2, 3,4-tetrahydrogquinolino group,
1,2,3,4-tetrahydroisoquinolino group, and octamethyleneimino

group.



tetrafl uorosilane, tetrachl orosilane, and

tetrabronosilane. Tetrachloro silane is particularly

preferred. In the orthoformate ester represented by

Formula 20, Rl is a hydroe&-bon group with 1-4 carbon

atons, for exanple, nethyl group; ethyl group; propyl

group such as n-propyl group and i so- propyl gr oup;

and 0 utyI roup ut
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between 0 and 120 C. A reaction tinme normally ranges
betmgﬁg 0.25 and 120 hours and vari es based on types
and tints of the tetrahalo silane and orthofornate
ester and the catalyst and solvent, and on the
eact i tenperatures. In another case, preferably, a
Fo¥%%g |gﬁ is performed at between -20 and 15 C for
betmeen 0.25 and 24 hours, and then another reaction
E qu at roomtenperature for between 0.25 and
120 ours An additional ratio between the tetrahal o
silane represented by Fornmula 19 and the orthofornmate

oo G Xeana anchoadaact ooar- o oRed M Werh{ 49, x 1o
a kaggen mroaw f such asléluQRQhaﬁqugmIqhﬂyrcrgppe@eanédbromo
grib_ﬂdx:la%d m&%)zpl?’e fé‘rélglfgy E:%S_’L%r%f 1ﬁfeetc%rt?9&|h}§l§| & ane

reacti on ca
rGW%%%He%thbﬁo cdteiysta t hodgh tlﬁ@ameflqﬁlhm acini¢tudes

te@?&ﬁiﬂéﬁoéﬁlgﬁé'r@@f@a@ﬁf@ﬂé 1l$n@anaﬁ§dy réﬂ@bmos%%ene.

reaction tine effectlvely e acldic catalyst nay
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aci dri RHAIRE WIFYFAHRA ester represented by Formula 20, R
is a hydrocarbon group with 1-4 carbon atoms, for example, methyl
group; ethyl group; propyl group such as n-propyl group and
iso-propyl group; and butyl group such as n-butyl group,
iso-butyl group and tert-butyl group. Ethyl group 1is
particularly preferred. The orthoformate ester represented by
Formula 20 specifically includes methyl oxrthoformate and
ethylorthoformate. Among those, Ethyl orthoformate is
particularly preferred.

The reaction between the tetrahalo silane represented by
Formula 19 and the orthoformate ester represented by Formula
20may proceed without the use of any solvent though such a solvent

may be employed that can not react with a material and with a



chl oride, titaniumchloride, and boron fluoride.
Preferably, fromthe viewpoint of suppressing the
generation of hydrogen halide gases, the Bronsted
acid includes an acid in suBh a form that does not
contain an extra water content. For exanple, it
i ncl udes carboxylic acid (such as a trifluoroacetic
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halide gases, the Bronsted acid includes an acid in such a form
that does not contain an extra water content. For example, it
includes carboxylic acid (such as a trifluoroacetic acid),
sulfonic acid (such as p-toluene sulfonic acid), and
polyphosphoric acid. Among those, p-toluene sulfonic acid is
preferable. The p-toluene sulfonic acid may be employed as a
hydrate unless generation of a small amount of hydrogen halides
causes any problem.

An additional amount of the p-toluene sulfonic acid to
Sinrangespreferablybetween10‘5amilOmole%,morepreferably
between 1072 and 5 mole %.

Preferably, the reaction is performed by dropping the

orthoformate ester represented by Formula 20 into the tetrahalo



a hal ogeno group and an al koxy group and variations in
the substituted nunber of the substituents, various
hi gh val ue-added silicon conmpounds can be derived.

Met hodes of manufacturing tHe above al koxy sil ane
hal i des are disclosed, for exanple, in J. Am Chem
Soc., vol. 68, p. 70 (1996) and Khimya i Industriya,
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p ethanol. In this reaction system
thﬁﬁgﬁggg 9% i s obvious that hydrogen chloride gas is

genefat edldiTHenabiowe tiret hosk ob fretrh aGtI;thggd tﬂ%gent a
I
dgéf_ﬁkY?ﬁllﬁQP Q_[Q&;gl ﬁlfél%gxﬁ{ ﬁé §{:Odugﬁ|ﬂ S?/Iﬁgffua alkoxy

nes
Slhﬁﬂﬁoﬁ@lg@ﬁeemplQﬂe@fa@oarmata31@hses auknoms thydnogen

Chl oﬁl]ggx a8y 1 dns gagf R 5 Egéor ac é)vggmgcon]dutctor method

}_/ zat 1 on tal ysts enent O
maia%:y@ %H?‘é"etalﬁmeﬁ%t@éém mwelmsuom onscHemécaédsyothesis

fo E %ta@ll)é%ts fQf-pal é’cf{ﬁrd rzé He h‘i"ghC-QLBQEY:GEEIrZE! N9 coc?p%&nlgutﬁrflds

ch includes the cat afy const1 tuent
Nalﬁi.‘ér HoroRaT I Ussr oéxgiﬁc§| erencepsnéhudeact Ayiay seeideen

a Balab¥sbd g@@ﬁ?t hhueah %‘1‘?@3%} 'g‘%t@%@ﬁ'@%ﬂa@fons in the

nesi um ti um a hal 0 ogen el'enent an
Sul%?ak‘f%% aaﬂsﬁrO[fs}heaﬁubaizg*aﬁ%rﬁmvwﬁcpuesd?mumlue -added
siTOO6H | toepbun@®ded ] bd h@e£gab@hyst constituent of

For rw'sl:tahodes of manufacturing the above alkoxy silane halides
are disclosed, for example, in J. Am. Chem. Soc., vol. 68, P.
70 (1946) and Khimiya i Industriya, No. 6, p. 248 (1983), which
produce chloroethoxysilane by reacting tetrachlorosilane with
ethanol. These methodes, however, generate hydrogen chloride
gas in the reaction system. Therefore, it is required to remove
the gas and make it harmless. In addition, a restriction occurs
on the reactor due to the gas being corrosive. Measures applied
for those are unsatisfactory not only at method steps but also
at costs. Thus, a further improvement is desired.

On the other hand, a patent publication (JP-A 5-310751)

proposes a method of manufacturing through a reaction of



14 or Fornula 15. In the present invention, a solid
constituent of the catalyst, containing magnesi um
titanium a hal ogen el enment and an el ectron donor
i ndi spensably, is used as tle constituent (A) . Since
there is no particular restriction as to the nethod
for preparation of the solid constituent of the
I n_. r U met hods for
vl S prid i it SR SR g0, T nélnod can
PrgpPent 5655196 of R ALHE- hﬁ@@@geﬂ%mﬁﬁldéw though yields

o B s 0 I S B I e yieis o

degprade0- 23404, JP- A-60- 32805, JP- A-61- 18300,
JP- AAQJdlgé%-lQJASeq’]]EnAZ}%Jng'll%bsﬂghélzKﬁ%?Sv%'ld 654 BigtL4?

ot hers e repr esentative net or pr epah
(1PR&) s SuirhdamaefdoxysrisEna e bearodudest at earmbignum yleld

ofeX@@El | firedugh) & metdiad 5 whi C@fCOE'@f£§@1§lSPOQ{iQIQéngw1th

gne3|un1conpound an el ectron donor and
tefrpankarvRALAGE IEoRPB e s HcP S Fdhsingg -andn £his reaction

sydtéﬁpl MbPEvEREmM & N & SOF VAN ﬂk&@lhlfy@\ﬁ'ob@%”k:h@o%@ﬂ%aﬁﬁs is
th each other for preparation o hé cat al yst

geE%ﬁ%F??uent (ii) A nmethod which conprises dissolving
a nagn@abw%e&@émmdfar%mceﬂmtﬁgo@he daman yisR ¢an ]?]rovide
lfgolvent and %ﬂtcg%;a hltan nihallde conmpound tQ t
3LEREY| TR S SIS PEYHEEFPY HaTENg Bt bRt Alysinemat a
highhdled d WitthdRggese uat CONpauWsk eyl bk €e b @ich as hydrogen
Chgorﬁgratlon of the solid catalyst constituent [A]
iRt tded?’ magnesi um hal i de and a di (al koxy)

nagne5|un1 The magnesi um hal i de specifically includes
chlorld-_ bronlde , [

i's | E‘rar EICIGaZEhly:anrCEﬁ Ehablb@veﬁpieymﬁt pahb)pretshmt invention
1sd{ ALKOXY )t o @%%%Sﬁ%gmﬂ) el u% erg%h 0x¥) copolymerizing

magnest um
an dx—(criqmapowly;ahgm@udes thellc(art-akjiytsm(gzc)ma’gﬁ’esenmof Formula

14 ec;rh@ﬁ‘ ek haxy) FRgnesi e, it include etpﬂ S)Olld catalyst

et hoxy( n- propoxy) magnesi but oxy
CORBghEBEU @0 bihirs . eﬂ&@@all(xeﬂfowpnﬁ&gn@m tftanadm, a

ha8b&dn b@i%ﬁ@%%w r@le%rt%o@%b'n%lf' arnky pref f%é’lt&l)glumlnum
These nesi um may prepare
corpeRnq ﬁ@nétﬁfétlapt ; @é@ﬁ@l e Wﬁﬁlﬁﬁt&%@ﬁdltweﬁltt%%rmﬂa

14 pseSeperuos ashal ogen or a halogen cont ai ni ng net al

conpound. The dial koxy nagne3|unHﬂ6¥ be enpl oyed
sol eIy BPRej RTEBRBENANVERtPRY WS GO éomﬁféfd%%tko@& the

ca bBUPES) Wanft@n nisg rhdys £0ak At @An@hint REnSObLEN element and
an electron donor indispensably, is used as the constituent (&).
Since there is no particular restriction as to the method for
preparation of the solid constituent of the catalyst, it can
be prepared by using methods for example those proposed in
JP-A-54-84580, JP-A-56-55405, JP-A-56-45909, JP-A-56-163102,
JP-A-57-63310, JP-A-57-115408, JP-A-58-83006, JP-A-58-83016,
JpP-A-58-138707, JP-A-59-149905, JP-A-60-23404, JP-A-60~32805,
JP-A-61-18300, JpP-A-61-55104, JP-A-2-77413, JP-A-2-117905 and
others.

As to the representative method for preparing the solid



catal yst constituent [A] may be shaped in a
granul at ed, powdery, indeterm nate or spherical form
For exanple, the use of spherical dial koxy
magnesi um can produce an a-®-efin honopol yner
excel l ent in norphol ogy and having a narrow particle
di aneter distribution, or a copolymer pomder W th

eve d_powder, .f
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gloro |etho )t| an| é;chloro (di propoxy)
infh§ RPUMCORET G CHIHPEL (e bBFERGFLET RHOIAAE ragnesiun

io8atedeghdi aialg@é:)é)mmt @Alusnideich & magnesium chloride is

l ho
pa%EF%?%%F??Q?&%%%%%%#%%$ n%p%ﬁ?g}gal%Yflpﬁgﬁ%xy§l alkoxy)
maghéa@hmmcéndesdﬂ m‘rectl(dxyhllmﬂgmqst %ld'm tc&h(eutthox;;) Tg%?251um,
orotitanium i re ..
A RSB Al Lok O B o b, erol By Ch-BPafy ThESgsiun,
etb@nbimathQRmeagmﬂﬂlwm,nDre ThEhekgc?fpnopomprmé@mes1um,
n

E i (BeRoERERabh Ol Gh AIE S, CAh8 AP LPERGRY | hY b s sum
gladsifec: Ny @fragnﬁmempaee(ﬂeattﬁ:)makamy poplfemabile. These

di @af?ég g\@%egrl&/;ﬁm %]atr}?abéhtphaﬁp%%g (%fﬁcﬁ%\b%?bhy a metal

inc i"met h hop ate
ma@m@ﬁbbmt%htht@n gl eehyl l@rth@pﬁrﬁ%ﬁ@@% of a halogen or a

L e,
hai&%@% p%?ngé g;?%ﬂlg Ql%tt%gu%g(?}fl 1‘3(',;1 opyﬂeg(?% ht 4 n]agnesuum may

be (@ﬂnah?wsie%%%@iy o ¥ h-brp;h@%blra@*élow i 2b- w@ Yoy eneige -

ort hﬂ@@ﬂﬂ@'l@tb&y méijné‘siﬂﬂﬁ ¥brafd0RENA AR i on of the solid
di j so-buty orthos%i al ate, n-pentyl orthophthal ate

cam}g%tﬁaﬁ&s;*fﬂtusﬂth S éhaa?dﬁ-mmﬂanulated powdery,

in@&tdpphided abe, sphleyicad- eddp .hexydy) example, the use of
or t hopht hal at e, di - n- hept yl ort hopht hal at e, di - n-oct yl
sphericaldialkoxymagnesiumcanproduce and-olefin homopolymer

excellent in morphology and having a narrow particle diameter
distribution, or a copolymer powder with another a-olefin to
achieve good powder fluidity. This is effective to solve the
problem associated with clogging of hoppers and lines during
production, for example.

Specific examples of the titanium halide compounds
available for preparation of the solid catalyst constituent [A]
include tetrahalide titanium such as tetrachloro titanium and

tetrabromo titanium; trihalide(alkoxy) titanium such as



ort hopht hal at eand ot hers. Particul arly, diethyl

ort hopht hal at e, di - n- propyl ort hopht hal ate, di-n-butyl
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um Specl fic exanples jnclude tr|(

ChiPaﬂ1EaﬁPrPPP§¥?EyF%nlamunﬁﬁuh1CF%P(ﬂIEFéEVFyxy titanium.
paatuanmuanytrtha b@trbbhabwﬁtmuahluhruél@Qagbybble These
ey g trlén heég alun1qﬁ tri (n- og%yl)
LEPOTRL AR MR h s, SR hyAot Yur‘?irn&f"h pembination of
twpr ek emabke partlcularly These organoalun1ggm
d b oved so in o i nati
Cnor SHE S SR ol S DS AR B el ettt the Solid
cat&hth0no®Btakh¢htwﬂHmrumm&m@esmat@@wﬂﬁﬂbéﬁﬂ@nbbmyednd
f, the_organo um co
or g bk aBE L A O L e e A PP D RSP na L ic
dleaterystTMng@stMQpMEmmltb1dlaﬂde15GqumﬁﬁaHkﬂyylncludes
ALRELHEER PR CBREnadd e | e I i Pl g Oyt etnyl
orghpphthatatae &@hhyituepropﬁj rahigeshbes heea, 0diefipropyl
oréﬂgphé9a1$£§ferably (heLuesn, ﬁ %? fd S, 'gr€R£§ﬁ¥hal?te,

ratio relative t in the cons uen
nf@ﬁtkaetazhuevenen@rbhophbhab@vérobject (the—pubgéhethyl
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Sheh

or co nmerizing an a-ol efin, I'n addit
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ortEdpefh 81 geQ0s il LHELAMBREAdphthalate, bis{2-ethylhexyl)
orthophthalate, di-n-heptyl orthophthalate, di-n-octyl
orthophthalate and others. Particularly, diethyl
orthophthalate, di-n-propyl orthophthalate, di-n-butyl
orthophthalate, dilso-butyl orthophthalate, di-n-heptyl
orthophthalate, bis(2-ethylhexyl) orthophthalate, and
di-n-octyl orthophthalate are preferable. Theseorthophthalic
diesters may be employed solely or in combination of two or more.

Compounds having two or more ether groups shown in JP-A
3-706, 3-62805, 4-270705 and 6-25332 may preferably be employed
as the electrondonor. Further, maleicdiesters havinga linear
or branched alkyl group with 2-8 carbon atoms shown in the

republished WO 00/39171 may be employed as the electron donor.



constituent represented by Forrmula 21 or Formula 22.
Formula 21 RN NR3 Si~ RILOOR Fornmula 22 -1 9 RAN °
S RIO "URX In Formula 21 or Fornmula 22 of the
invention, Rl represents aldydrocarbon group having 1
to 8 carbon atons including an unsaturated or
saturated aliphatic hydr ocar bon group having 1 to 8
C_exanmm ude I
Amgggqgﬂa FlarcﬁﬁftﬁFﬁdréﬁj}%6Faﬂpma}gggﬁﬁﬁbyﬁré}%Hﬁ?rly
prafbuapﬂegroup, i so- butyl group, ter-butyl group,
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89%3{1 ?E.SIHEHUIH @cg'ﬁgg rlld@ 4R, &ﬁ&é’ Cﬁ lhexy Ft’B] used
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alpgpépeRabl YrD(rgooRek bort lamsingm, AgAdnrhesel)a aluminum,

trBYQEQB@Eg or QuRmikAW, N0 Z 4024 LAFBON Al DR Aim@  and
dr ocar am no group havin 2 to 24 carbon atons is

trbﬂ%r@FFéé E%E@FFP@ ex%m%W%st PS¢ het By feblwt bonl yrbupm is
pr@ﬂ&tﬁgla @@rtgéuPﬁfpﬁn QMﬂHEé|d%§a%@%l§b?ﬁkmgE@MEounds may
lso pro roup, n-buty rou
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- hept rou 0 cycl opentyl group,
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gr ou@n amlth gfaupe amqanbheuknuham ddrep @t lcogdsatplenits [B]

h ocarb roup.containin silicon atom such as

us?ge%%fﬁ§Fgliﬁ B@%Yﬁ?ﬁﬁﬁaaﬁ n&q;alystranges%etween0.1
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toh%ﬁf&%ﬁﬁ&yiﬁn%QQ QLPYR DAVLNgsr 2.1 05 £ GALPOPA AL OB

i nclude, dinethyl amno group,

An amount of the constituent [C] ranges between 0.001 and
10, preferably between 0.005 and 5, in molar ratio (Si/Al)
relative to aluminum in the constituent [B].

For achievement of the above object, the present invention
is directed to a catalyst for polymerizing or copolymerizing
an a-olefin, which, in addition to the constituents [A], [B]
and [C], further includes [D] an organosilicon compound

constituent represented by Formula 21 or Formula 22.

Formula 21

NR3
AN
si
r'G~ \onl

Formula 22



nmet hyl et hyl am no group, diethylam no group,
et hyl - n- propyl -am no group, di-n-propyl-am no group,
et hyl i sopropyl -am no group, diisopropyl-am no group
-20 pyrrolidino group, pipeti-dino group, and
hexamnet hyl enei m no group. Specific exanples of the
hydr ocar byl al koxy group having 2 to 24 carbon atons
i ncl ude met hoxy group, iso-propoxy group, and
ter-butoxy grou Among them propyl group such as
hQ\b gr oupR: nd i sopropyl group, butyl group such
'as i so= g} group and ter-butyl group, cycl opentyl
group, yl ami no group, ter-butoxy group, and the
|]£Ecﬁre preteg® vy used. R3 N represents a polycyclic
am no group having 7 to 40 carbon atons, wherein the
carbon atons and the nitrogen atom forn1a cyclic
skel eton. The polycyclic am no group may be a

sat Ut AtFRARAlYEY 6/l o AL 10 28I HPhe A vERY iR8) 8R! represents
Eartlall or entirely unsaturated golycgcllc an no

YetpcarhenngrPBgeRakinth lotot Recpsbyryetprsaimabuding an
uHQEQUEatédQQﬁCB%d:L&Ht%(H bYip@athe ﬁjrdii:@@i‘rbé‘ﬁ _(Il_i;i‘ﬁp BB%lng 1

silicon conmpouynd to formSi--N
topﬁgg %P.%‘C%ﬁ népsFéébcc%*fﬁrﬁéleo%PffrPedla‘élla%ak%tm&lu%@upr

etﬁ?ﬂr@ﬂou;b,y rG-l'ltflfl‘ilC@"ﬂl' lg)tobpndi@@ Lbf*@ptl AP Onsbuﬁwn@i’oup,
e

eoyi ng grog tomfromt secondary ani ne

15 pEBREY 1T R Y ERe ey §) GEPab o b CoaRRy bngehto Wb paRtyL

grbdugy o:lms—pimytf tjﬁb gtfwmaﬁgcmbpdntﬁger@ﬁcbupSﬁﬁ?déXﬁ group and
0 e ic_amn ncl ude

Cyggﬁggu 2sgr0u on%d %es?hem?ngg EﬁuEh%ﬁ1eﬁF€lcufarly

prefeucedr al fornulas 23; perhydr0|ndole

per hﬂﬁr%:psf:%'s%g%l €y 98&%%[‘%8}{' % av1ng 2 to 24 carbon

per hydr U|noI|ne roc
atg@s hﬂﬂ%‘%ﬁﬂ%ﬁﬂl&né t@érm@ph@m h@lhlyldir@e:arbylamlno group

haPERAYAIr ODOSZ %ﬂ%chﬂge prRYIN19PENZA(B) GULAGLT D€ens,
per hydr obenzo
orpar Wrmq:m )l|k§g:qru|qmmmehav1ng 2 to 24 carbon atoms,

pr@féPXQ_rL?@ef‘é%( H599Y k- BRk| nﬁmong t}hescﬁ oaac drocalrbon group

per hydrobenzo(f)i soqui noline qui ncl i’ ne
hayeneyitoad i SHRAMGILONS, oL per ammdgmurbegéouan@avmg

2 881 P EOPPONNEEohE YHI SP.BOPB.Qf the hydrogen atoms
other than the nitrogen atomare substituted with

al kyPPRF bl pEmAeHBuFher hygersaripn greyp. having 2 to

24 carbon atoms include ethyl group, n-propyl group, iso-propyl
group, n-butyl group, iso-butyl group, sec-butyl group,
ter-butyl group, n-pentyl group, iso-pentyl group, n-hexyl group,
n-heptyl group, n-octyl group, cyclopentyl group, cyclohexyl
group, texyl group, phenyl group benzyl group, tolyl group and
the like. The other example is a hydrocarbon group containing
silicon atem such as trimethylsilylmethyl group and bis
trimethylsilylmethyl group.

Specific examples of the hydrocarbylamino group having
2 to 24 carbon atoms include, dimethylamino group,
methylethylamino group, diethylamino group,
ethyl-n-propyl-amino group, di-n-propyl-amino group,

ethylisopropyl-amino group, diisopropyl-amino group,



Formula 23 HCCNH N H Perhydroi ndol e

Per hydr oi soi ndol e Per hydroqui noline H Perhydrocarbazo

| e Per hydrobenzo(g)quinoline H

Per hydr obenzoNqui nol i ne  Petthydr obenzo(g) i soqui nol i ne

Per hydr obenzo(h)i soqui nol i ne H Perhydroacequi nol i ne

NH Perhydroaceisoquinoline Per hydr oi soqui nol i ne
PY%%; 8%886% ijqgﬁﬁofﬁﬁénﬁydroehenanthkggggethylenelmlno
grenpydrobenzo(f)lsqu|noIine C(NDH

P h = {
er gggggﬁgggﬁ&ﬁff&?ﬁ&&@%{&dﬁgﬂg&aﬁ@% RPN h G ng
2 tQ2_4 tagbgniatens dndnoiessngbhasli geows, AsvHroeeddyygroup,

athQeEbe98kP9 rgQ§n1cal structural formulas 24, which
is a partiall aturated polycyclic am no conpound

or |hmﬂh90ﬁh§wwe9ﬁoﬁﬂkagﬁQ#mgéﬁCbt@ﬁsn1ﬂﬂﬂﬂ¥hfﬁﬁpmmeand
1sB Ebﬁ @ndydﬂﬁz”ﬁh@fPSPEbﬁbe%&%ﬂhiglﬁ%l— %Q%ﬁ group and
ter~ u¥ylgr§¥§u§f cycfggeg%ygr%ﬂgnqnorgge%hylamlno group,
ter-butoxy group, and the like are preferably used.

RN represents a polycyclic amino group having 7 to 40
carbon atoms, wherein the carbon atoms and the nitrogen atom
form a cyclic skeleton. The polycyclic amino group may be a
saturated polycyclic amino group, or may be a partially or
entirely unsaturated polycyclic amino group. The nitrogen atom
of the polycyclic amino group is bonded directly to the silicon
atom of the organosilicon compound to form Si--N bond. Thus,
the polycyclic amino group can be defined as a substituent formed
bychemicallybondingtheNatomto Siatombyremoving thehydrogen
atom from the secondary amine R® NH. In the general formula 21,
each one of two R® N groups may be the same or different.

Specific examples of the polycyclic amino group include
amine compounds asmentionedbythe following chemical structural
formulas 23; perhydroindole, perhydroiscindole,

perhydroquinoline, perhydroisoquinoline, perhydrocarbazole,

perhydroacrydine, perhydrophenanthoridine,
perhydrobenzo (g)quinocline, perhydrobenzo {h)quinoline,
perhydrobenzo (f)quinoline, perhydrobenzo(g) isoquinoline,

perhydrobenzo (h) isoquinoline, perhydrobenzo (f)isoquinoline,
perhydroacequinoline, perhydroaceisogquinoline,
perhydroiminostilbene, and amine compounds in which some of the
hydrogen atoms other than the nitrogen atom are substituted with

alkyl group, phenyl group or cycloalkyl group.
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clude per hydr oqui nol i ne, -2Ilper hydr oi soqui nol i ne,
,2,3 4-t et rahydroqui nol i ne,
2
1
r

, 4-tetrahydroi soqui nol ine, and their derivatives.

Ege or ganosi |l i con conpounds represented by the
21, there can be exenpllfled a

» drqu|-- npoung
|la R5, a i sl
senfed b 26

. ydTpi soqui onmpound Ep S
formul 427, bis (1, 2, 3, 4-tetrah brqu|noI|no)

PEATRBIAGe! ePIERSANEAL Rl he pg&g%an&%e Pl

et rahydroi soqui nol i no ound repreé%°?°?fm°mw
by the formula 29, a

(1 2,3,4-tetrahydroqui nolino)(1,2,3,4-tetrahydroi
rerpound represented by the formula 30.

R4 For i a.27 For nul a
N- IL -HN 041

Perhydrocarbazole Perhydroacridine Perhydrophenanthridine

H HN
N NH
Perhydrobenzo(g)quincline Perhydrobenzo(hlquinoline Perhydrobenzo(f)quinoline
H
N
NH
NH
Perhydrobenzo{glisogquincline Perhydrobenzolh)isoquincline  Perhydrobenzo(fisoquinoline
&H dmb
H
Perhydroacequinoline Perhydroaceisoquinoline Perhydroiminostilbene

Further, R® NH represents amine compounds such as

1,2,3,4-tetrahydroquinoline and




si, -25 Formula 29 N JAN R d \OR .Fornula 30 a In
t he above fornulas, R4 represents a substituted group
on the saturated cyclic skeleton of the genera
formula R3 N and is hydrog&r atom or a saturated or
unsaturated aliphatic hydrocarbon group having 1 to
24 carbon atonB The preferable exanples of R4

| ydes t th
1 R0, 4B DY 98T BT BV APy Yy, 858" 10wing
chemocbltsylrugrtoug,]l £ dmmelag 34, ghmup;aﬁ@ﬁtﬁﬂq&lgnnaaturated
I f b
o3t e TOROURC 2 DY L AEPOP HE I pocsafoms
othay tean tdre ml;teogma atgon mecsnpsumdutegrvestdntaédtyﬂygroup,

phgﬁﬁet%oxyé Pgﬁgyfgbé§g§%r¥?§gggi?gigi?g% conpound is

nost preferable for the constituent [ D of the
FoPhB$8nb4 i nvention. Specific exanples of the
bls(nethyl substi t ut ed- per hydr oqui nol i no) di net hoxysi |l a
[ i nclude, bis

r hydr oqui nol
per hydr oqui nol i .
bls(6 nmet Iperhydrqu|noI|no)d|nethoxy5|lane
bi s(7- met hyl per hydr oqui nol i no) di met hoxysi | ane,
1 ZBp%eﬁrafeﬂrgmps@hmdr oqui nol i no) & dretthsrpsirdiapauinoline

bi s(9- net hyl per hydr oqui nol i no) di et hoxysi | ane, bis

(10- et hyl per hydr oqui nol i no) di net hoxysil ane and the

| i kespapetidatl pragiieasidfe examples of the amine compounds
reBLELGRIELNY! 2auibstji ut effzper hydriognl nol L) dimsthoxyst
pebhg@ﬁpSsdqunhyiperhydrqu|noﬂ;apydﬂﬁeehnaygdtaqeinoline,
1,9, 5542 4 dLABLDYL BSLOYAL PPHLNOLLBOLAL Bt BOXYSLE 208s

As to the organosilicon compounds represented by the

formula 21, there can be exemplified a bisperhydroquinolino
compound represented by the formula 25, a
bisperhydroisoquinolino compound representedby the formula 26,
a (perhydroquinolino} perhydroisogquinolino compound
represented by the formula 21,
bis(1,2,3,4-tetrahydroquinolino) compound represented by the
formula 28, a bis(l,2,3,4-tetrahydroisoquinoline) compound
represented by the formula 29, a
(1,2,3,4~tetrahydroquinolino} (1,2, 3, 4-tetrahydroisoquinclin
o) compound represented by the formula 30. In the present
invention, the bisperhydroquinolino compound represented by

Formula 25 is particularly preferable.

Formula 25



bi s( 2,
bi s(2,
bi s(2,
bi s( 2,
bi s( 2,
bi s(2,
bi s( 3,
bi s( 3,
bi s( 3,
bi s( 3,
bi§(3,8
!$s(3,
bi s(4,
bi s(4,

bi s(4,
bi s(4,
bi s(4,

1

5- di met hyl per hydr oqui nol i no) di et hoxysi | ane,
6- di net hyl per hydr oqui nol i no) di net hoxysi | ane,
7- di met hyl per hydr oqui nol i no) di met hoxysi | ane,
8- di met hyl per hydr oqtd3rol i no) di met hoxysi | ane
9- di met hyl per hydr oqui nori no) di net hoxysi | ane,
10 -di net hyl per hydr oqui nol i no) di met hoxysi | ane,

4 -di met hyl per hydr oqui nol i no) di met hoxysi | ane,
5- di met hyl per hydr oqui nol i no) di et hoxysi | ane,

6 d|nethylperhydrqu|nchno)dlnethoxyS|Ian

7 ; v

5
6
7—d|nethylperhy Fnoti o|nethoxy5|la

8- di met hyl per hydr oqu gtino ) di met hoxysi | ane,
9 dlnethylperhyd U|n8#kgo)d|fethoxy3|lane

i nclude, -27_ %{
bi s(4, 10-di net hyl éghrqu|noI|ng} met hoxysi | ane,

bi s(5,
bi s(5,
bi s(5,
bi s(5,
bi s(5,
bi s(6,
bi s(6,
bi s(6,
bi s(6,
bi s(7,
bi s(7,
bi s(7,
bi s(8,
bi s(9,

6- di met hyl per hydr oqui nol i no) di et hoxysi | ane,
7-di met hyl per hydr oqui nol i no) di net hoxysi | ane,
8- di met hyl per hydr oqui nol i no) di met hoxysi | ane,
9- di et hyl per hydr oqui nol i no) di et hoxysi | ane,

| 0- di et hyl per hydr oqui nol i no) di net hoxysi | ane,
7-di met hyl per hydr oqui nol i no) di net hoxysi | ane,
8- di met hyl per hydr oqui nol i no) di met hoxysi | ane,

9 -di net hyl per hydr oqui nol i no) di met hoxysi | ane,
10- di met hyl per hydr oqui nol i no) di et hoxysi | ane,
8- di net hyl per hydr oqui nol i no) di met hoxysi | ane,
9- di met hyl per hydr oqui nol i no) di met hoxysi | ane,
10- di net hyl per hydr oqui nol i no) di met hoxysi | ane,
9- di met hyl per hydr oqui nol i no) di et hoxysi | ane,
10- di et hyl per hydr oqui nol i no) di net hoxysi | ane and

the |ike. Specific exanples



of
¢ bi s(trinmethyl -substituted-perhydroqui nolino)di net hoxys
i lane conpounds i ncl ude, -
bi s(2, 3, 4-trinmet hyl per hydraqui nol i no) di net hoxysi | ane,
bi s(3, 4, 5-trinmet hyl per hydr oqui nol i no) di met hoxysi | ane,
bis(4 5, 6- trinmethyl per hydroqui nol no) di met hoxysi | ane,
5,6, 7-di met hyl per hydr oqui nol i no) di net hoxysi | ane,
Foqﬂ 2P 8-t rimet hyl per hydr oqui nol i no) di met hoxysi | ane,
bIS(7 8, 9-tri nmet hyl per hydr oqui nol i no) di met hoxysi | ane,
bi s(8,9,10- trinethyl perhydroqui nol i no)di net hoxysi | ane
and e Ilke Further, tyherg can be exenplified
=™ drocU|ncI|no

(per ydrqu|noI|no)(5 mxr1}perhydrqu|nollno)élnethox
ysila ne, -28 (perhydro QS ol i no)
(6- et hyl per hydr o agrgno) th yS|Ia ne,
(perhydrqu|noI| qy nethylpe(h]ﬁrqu|nollno)dlnethox
ysila ne,
" (perhydroqui nol i no) (8- net hyl per hydr oqui nol i no) di net hox
Formsld a27 ne, (perhydroqui nol i no)
(9- nethylperhydrqu|nollno)dlnethoxy3|la ne,
(per hydr oqui nol i no)
(10- et hyl per hydr oqui nol i ng) di met hoxysi | _ ane and the

i ke. Apong these congoundf, bls(perhydrquinoIino
) di net ijo [ | Swprief ery ed .
quou d repre'ented y t

vntlonfd

Formula 28

R* +—R*

r'd “or!



bi s(met hyl - substi t ut ed- - per hydr oi soqui nol i no) di net hoxy
silane s include, bis (1-nethyl perhydroisoquinolino)
di met hoxys i | ane,
bi s(3- met hyl per hydr oi soquissal i no) di met hoxysi | ane,
bi s(4- et hyl per hydr oi soqui nol i no) di net hoxysi | ane,
bi s(5- net hyl per hydr oi soqui nol i n. o ) di net hoxysi | ane,
bi s( 6-_ et hyl per hydr oi soqui nol i no) di met hoxysi | ane,
© 'ék ﬁﬁgthylperhydroisoquinoIino)dinethoxysiIane,
bi s( 8- et hyl per hydr oi soqui nol i no) di net hoxysi | ane,
bi s(9- met hyl per hydr oi soqui nol i no) di net hoxysi | ane,
i nol i no) di met hgxysi | ane and

rpgydro "Ilno)dinathox

i hoxyéﬁ;ane,

vl p& et no) ™ heshoxysi | ane,
bi s(1, 5- dlnethylperhydr ' _quinollno)dlnethoxy3|lane
bi s(1, 6- dlnethylperhydro gui nol i no) di met hoxysi | ane,

bis(1,7- dlnethylperh§§?6 U|noI|no)d|nethoxyS|Iane
bi s(1, 8-di net hyl oi s 6‘%&1 no) di met hoxysi | ane,

-29 bis
(1, 9- dlnethylperhydr0|squ|noI|no)d|nethoxy3|lane
bi s

"Forftt1a03ali net hyl per hydr oi soqui nol i no) di met hoxysi | ane,
bi s (3, 4-di nethyl per hydroi soqui nol i no) di net hoxysi | ane,
bi s (3, 5-di nmet hyl per hydr oi soqui nol i no) di net hoxysi | ane,
bi s (3, 6-di nethyl perhydroi soqui nol i no) di met hoxysi | ane,
bi s(3, 7-d} met hyl per hydr '.qu|noI|no)d| hoxysi | ane,
bi s(3, 8- |nEthyIperhydro hoxyS|Iane

hoxy
i§1 ane
hoxySi1 ane,

] S hoxysi | ane,
Bog ol i no) di hoxysi | ane,
kao i nol i no) di met hoxysi | ane,
0 gui nol i no) di net hoxysi | ane,

bi s( 4, 9-di et hyl per hydr _
bi s(4, 10- di net hykper hydr oqui nol i no) di met hoxysi | ane,
bi s(5, 6- dlnethylperhé;;ﬂ |noI|no)d|nethoxyS|Iane

v

In the above formulas, R* represents a substituted group
on the saturated cyclic skeleton of the general formula R® N
and is hydrogen atom, or a saturated or unsaturated aliphatic
hydrocarbon group having 1 to 24 carbon atoms. The preferable
examples of R* includes hydrogen atom, inethyl group, ethyl group,
n-propyl group, iso-propyl grbup, n-butyl group, isb—butyl group,
ter-butyl group, sec-butyl group, and the like. The number of
- hydrocarbon groups substituted on the saturatedcyclic structure
of R N may be 1 or more. _

As to the compound represented by the formula 23,

bis(perhydroguinolino)dimethoxysilane is exemplified. This



bi s(5, 7-di met hyl per hydr oi soqui nol i no) di net hoxysi | ane,
bi s(5, 8- di net hyl per hydr oi soqui nol i no) di net hoxysi | ane,
bi s(5, 9-di met hyl per hydr oi soqui nol i no) di nret hoxysi | ane,
bi s(5, 10- di net hyt per hydr oi s&qui nol i no) di net hoxysi | ane,
bi s( 6, 7-di met hyl per hydr oi soqui not i no) di net hoxysi | ane,
bi s( 6, 8- di net hyl per hydr oi soqui nol i no) di net hoxysi | ane,

[ |Iane
oSBT B P Sy s PR PRk TR Pl R o Rgoent
lnﬁﬁ@@los-dlnethylperﬁyép@ﬁsqu|nolexmwmﬂawthoxysniane the

[ A
o B G 57 Saad o Ty A EEE RO LT aaae
CO@P@PBdg di met hyl per hydr oi soqui nol i no) di net hoxysi | anelude,
b1§'§Cﬁe%ﬁyﬁb@?hEMkB%EEMQEQhé?SHhBEF g}gigﬁ&hoxyS"ane

di met hyl per hydr ol soqui no i met hoxysi | ane
blaﬁa ~pREhyLRErhERARBREBOSINP helneRbotras L ane,

blbl3GhétH?lBékh?é?éhh&Hb@§n@?&hMQEHbﬁQSHlQHE'no)dlnEthO

blﬁl§(Te§hﬁlP?Fﬁﬁﬁﬁ9HBéFﬁ§HP8 dofarReryadaneet hoxysil an

blS(G methylperhydroqulnollno)dlmethoxy51lane

0129 3 Eng1 LLLEL YR hY o0l S9uL RSl no) df et hoxysi | an

bibi(8{Acbh§ibernptibyhpenbydne) aoaet RekiyH0) ghapt hoxysi |l an

b1 Ei SR EPYLPPTREEROAPLRAY RS SHREFRBTY RO aRRet hoxysi | an

bie{l0-methylperhydroguinolino)dimethoxysilane and the like.
bls(gpg¢§fté|nethylperhydr0|sogy|nq}lno)dlnethoxy5|lan of

blblQimeathtsuhsthyupedhydrbydnqqunmb1hm@ﬂdﬂméhbdyﬁsiamne

Coﬁ?%?gég,lo-trinethylperhydroisoquinolino)dinethox§%?}5de’
bipé2, andimgehyikrerhFaredernobxanpdsse ohoxhel tamppounds
bi9f2 &Dﬁiﬁ¥gﬁgi§8$H%&§$%89ﬂ IPAOIE ﬂ¥£h§§§$li£Héed

ol So oxysiTané in
bl%b%rgy@%@?%bﬂhPﬁ@hY@b?ﬁan@lhy®}@@mﬁyh®@YSDh@mﬂol|no)d

bik Bt B- d9ﬁ¥§ﬁ§fﬁ§rhydro uinolj e%h silane
( erhydr0|squ|no i no % h per% r ol qu|no1|no)d|
blﬁé@h%—dkygthgh@erhydroqulnol1no)dlmethoxy51lane,

bléptL@¥@£ﬁ§§@9y¢aﬁﬁy@9&&61ﬂ@1Dﬂ&P@iﬁagﬁ@&ﬁgﬂyéﬁglIno)dl

bl%b%r%yﬂ%%?%%&%?%6¢Y%%9%@ﬂ?@ﬁ%@@kﬁ%m@%ﬁﬁﬁx%ah¢W%i|no)d

bi§ee hoo- -dimethylperhydroquinolino)}dimethoxysilane,

bis(3,4-dimethylperhydroquinolino)dimethoxysilane,

bis (3, 5-dimethylperhydroquinolino)dimethoxysilane,

bis (3, 6-dimethylperhydroquinolino)dimethoxysilane,

bis (3, 7-dimethylperhydroquinoline)dimethoxysilane,

bis(3,8-dimethylperhydroquinolino)dimethoxysilane,
)

bis (3, 9~dimethylperhydroquinoclino)dimethoxysilane,

bis(4,5-dimethylperhydroquinolino)dimethoxysilane,
bis{(4,6-dimethylperhydrogquinolino)dimethoxysilane,

{
(
(
(
(
bis(3,10~-dimethylperhydroquinolino)dimethoxysilane,
(
{
(
bis{4,8-dimethylperhydroquinolino}dimethoxysilane,
(

)

)
bis{4,7-dimethylperhydroquinolino}dimethoxysilane,

}

)

bis(4,9~dimethylperhydroquinolino)dimethoxysilane,




xysi | ane,

(per hydr oi soqui nol i no) ( 6- net hyl per hydr oi soqui nol i no) di
met ho xysil ane, _
(per hydr oi soqui nol i no) ( 7- methyl per hydr oi soqui nol i no) di
met ho xysil ane,

(perhydr oi soqui nol i no) ( 8- net hyl per hydr osoqui nol i no) di

o R AR e AT REF PREFSuABPRI P RAPRYEF BPEBGATABP no) o

bigdbhé-dipsichghperhydroguinolino)dimethoxysilane,

b1§R8; I ALEROHLRTN O InTRL AY) RERREAPRLE SRR Lo,
blBu5(ﬁeﬁhm@tbyépquhmdkpqu}dohenhbdymethneysslane
blergfgtaQEchygﬁ gpgaggaﬁlhpﬁéﬁe989M@9ﬁo§995fgsgted by

enera
bl@éév%9dﬁé@@thﬁﬂpﬁﬁyyﬁépﬁydn@ﬂanhdmmetho¥nsntahexys|Ia

biB¢s, 7 -dimethylperh droqulnollnohdémethOXﬁ51l
(per hydroqui ho |no¥( | per ror soqui no |no)d|net
blﬁé§y§ dpmgﬁgylperhydroqulnollno)dlmethoxy31lane

blémerbygﬁﬁeﬂhQQbéBH}é§oaﬁlﬂwhEﬁ&h&ﬂﬁ9t§8995995h80)d'”Et

31 rhydr oqui nol i no
blFi6néPﬁ9FB@Fh¥8P6F§BaHPHBFPﬁé}HPhﬁ%ﬁ@ hexysi haee,

blémetB¥diﬂ§ﬂhﬁ@béﬁﬂ}droqulnol1no)dlmﬁthoxy51%ane,

bl%zgnﬁtg¥ggﬁﬁﬁ g%gbygggaggkgggnglg?%egﬁgiysilggg

bléevnmohyhmethpr@rsgaﬂbqahnapiﬂbnaiﬁ@ﬂu§xysi§@ﬁe,
\ A n I N , . , .

o1 b D8 B AL AREh Mok Rk narmbre hbsal HirRERgEY st ane,

blépérhyddmmetnplpebhydroqulnol1no)dlmethoxysilane and the
1i nethylperhydr0|squ|nollno)dlnethoxys i | ane,
perhydrqu|noI|no)

(9- neperyl HEe hydr oi soqui nol i nokdiamgtlleaxys il ane, of
: i
o P PR eP Bt heRer T o Rby®) diighaonysidane
cogipowediy| per hydr oqui nol i no) include,

b1 P€S Ny d5 oL SPQUEROY OO Jh PELHPXY $ind | e thoxysilane,
bis(3,4,5-trimethylperhydroguinolino)dimethoxysilane,
bis(4,5,6-trimethylperhydroquinolno)dimethoxysilane,
bis(5,6,7-dimethylperhydroquinclino)dimethoxysilane,
bis(6,7,8-trimethylperhydroquinolino)dimethoxysilane,
bis(7,8,9-trimethylperhydroquinolino)dimethoxysilane,
bis(8,9,10-trimethylperhydroquinolino)dimethoxysilane and
the like.

Further, there can be exemplified compounds of
(perhydroquinolino) (2-methylperhydroquinolino)dimethoxysila
ne,

(perhydroquinolino) {3-methylperhydroquinolino)dimethoxysila
ne,

(perhydroquinolino) (4-methylperhydroquinolino)dimethoxylsil
ane, _

{(perhydroquinolino) (5-methylperhydroquinolino)dimethoxysila

ne,



(3- met hyl per hydr oqui nol i no)

(per hydr oi soqui nol i no) di net hoxys il ane,
(4- et hyl per hydr oqui nol i no)
( per hydr oi soqui nol i no) di net38oxys il ane,
( 5- met hyl per hydr oqui nol i no)
(per hydr oi soqui nol i no) di net hoxys il ane,

6; hyl d [ j . . . .
(op R BV HRESRqHT RONP by B ROPRERYS=ofipiRgLino) dinethoxysila
ne(?-nethylperhydroqyinol!no)h ”

: I Q ILtane, . . .
(o SR A Dy P PR VT S C B Ay anb PRS ima b mey b pue L
nehoxys il ane, _ _ _ _ _ ,
(péggggyagkgﬁéhxga9%5Lﬂ8£h99§é9ﬁ§8¥ga8iﬁ89958P&iﬁ@%ﬁbyyéi1a
ne(1O-nethylpe’rhydroquinoIino)(perhydroisoquinoIino)dime
e ST M TR T I e e
Neno)di  net hoxysi |l ane,

(pé2n0BEBYLPEEIYAS 0qUb DALLAD) 63 HFL BYLRERDY hO) SLALLAOKY 11
no)di. net hoxysil ane, - 3
ang42hdt Repetk§dr oqui nol i no) (4-
met hah@eg hydr oi soqui nol i nexdise et hoxysi | ane, compounds,
. (5- net hyt per hydr oqui nol i no ) ]
bl;?@¢ﬁ%¥ﬁ§$ﬁgi%9g?%?E%ﬁ%?ﬁ%?¥%%}b?nen%?hB&?§¢¥5%%;
(Gﬂﬂﬁﬁmﬁlﬁﬁbyih@hﬂﬂﬁﬂdﬂﬁ&%fkesentedbythegeneralformula
24methylperh groisoquinoligg&kl netho&ysilane, ,
(7-nethy|p§ fiy&r opui nol i - € mentioned
bigepayhpearbysogisnouine) dhed thox pehDxysi hadethe like.
(8- net hyl hydr oqui nol i.no) ( 8-
net %ﬂ%r%‘ci’soqui noPfno) di metfix ysi | &fpounds of
bi¢ meakhhyt bylds it ned+peyifPdroisoquinoline) dimethoxysilane
: hy] _hy i, SOQUJ LN i hox...ysilane,. .
51 df%%%h§ﬁ§§§r%%tﬁﬁ%??%%gfggiqulegilnoFdlmethOXySllane’
b1 8 hipd biydi pe sloydi nd$ ¢ el ud hiend) doryshdapel hamge t he

b"lf—ﬁ'i'g Lhese i ' .
l%gefﬂidr g%?nofén% %@?ﬁﬁ%?%?%%%ﬁ?%% ?%%?ll%%?hoxy5|la
bigéStmethylperhydroisoquineline)dimethoxysilane,
bis(6-methylperhydroiscquinolino)dimethoxysilane,

bis(8-methylperhydroisoquinolino)dimethoxysilane,

)
)
bis(7-methylperhydroisoquinolino)dimethoxysilane,
( )
bis (9-methylperhydroisoquinolino)dimethoxysilane,
bis (10-methylperhydroisoquinolino)dimethoxysilane and the
like.

Examples of the compounds of
bis(dimethyl-substituted-perhydroisoquinolino)dimethoxysila
ne include,
bis(1l,3-dimethylperhydroisoquinolino)dimethoxysilane,

bis(1,4-dimethylperhydroisoquinolino)dimethoxysilane,

bis(1l, 6-dimethylperhydroisoquinoclinoc)dimethoxysilane,

( )

{ )

bis(1l,5-dimethylperhydroisoquinolino)dimethoxysilane,

( )

bis(1l,7-dimethylperhydroiscoquinoline)dimethoxysilane,
(

bis(1l,8~dimethylperhydroisoquinclino)dimethoxysilane,



preferable. Exanples of the conmpounds represented by

the general fornmula 26 include, bis (1, 2,
3, 4- -t et rahydr oqui nol i no) di net hoxysi | ane and the I|ike.
Exanpl es of the conpounds of9-
bi s(met hyl -substituted-1, 2, 3, 4-t et rahydr oqui nol i no)
di met hox ysilane include, bis(2-nethyl-
ui.nol. i no) di

: 3.4-tetrahydro t hoxysil ane, .
01§ S e s PR e P ah P S hUP O RO R KBE hBRS s |
biné¢l, 10-dimethylperhydroisoquinolino)dimethoxysilane,
b1§é§$ﬂ—ﬂe OYhidpdrRy &z ELE8NYYLO94L NGL L 0p) di et hoxysi | a
bibi(8¢ 6-dembyhylp@rBydroesoghydodine hdinathdkpet haxgsi | a
b S RE Y 1P ST Y 4T PP R RP B P LA R BR GV ARS8 1 a
biﬁé3 7= dlmethylperhydr01soquinolino)dimethoxy31lane,

le §§ AehB¥hy1peZndadol 8LLANAT 094 oL PRLGL OBt hoxYsi |

bl§|§(© fenaiyhyiperBydreéseaniyde bgue hdinabhdkyel hangsi | a

blg@s @addaﬁ@thykﬁerﬁ§aypksé%einébfnsPapﬁaﬁﬁéxyéllane,
di met h é}a--su bstituted

blFéﬁréh?ﬁW@ v ABEFRBREP HESAULBRYSNP hA e Hepxyeilane,
biBic8( 8- alﬂéﬂﬁyDﬁérﬂy@réigoﬁﬁiﬁéngéPSH&@QﬁbQ?&llane,

dlnethoxy3|lan e, -
bipild(3; ﬁla?hayﬁyﬁrEYQrglaog%%?aﬁy@@baamﬁBPPﬁb§alﬂ%@hoxy

(
b1§Khﬁ9 d@methylperhydr01soqulnol1no)dlmethoxySJ.laneh

blgﬁ ﬁ g egEyT¥ %ygr01soéggggfxgéogyﬁggﬁgggggiggé,oxy
blbms(20¥dﬁmeﬁhpypeih?dsoﬂsbqﬁiabyﬂﬁ@naim@thaﬁygin@ﬁ@pxy
o1 B8 (8- 4P p Ry pPEySr 9t soret Pah bR LELRBRORET b BT hoxy
(
(
(

blSIBam demethylperhydr01soqulnol1no)dlmethqu31lane,
bi Q3 & QALIRY M¥Leny 41 doLGLABIYAL PALNOLLERPA 1 IRL NOXY
blb|§(3 dlﬂﬁhhyhpérﬂydr@;é@QﬁimahymoDdﬂmabhbmp$ﬂlaméhoxy
o1 Bl o PoaSmethyypeinydzolsoariant tn Rl BRF RS o HeRony
blg(ﬁaﬁ demethylperhydr01soqulnotlno)dlmethoxy51lane,
bi%??éﬁLééﬂéﬁﬁ§D¥éiﬂy§r§ié5&8££8f¥96P&H&QQ&&QQ&PiQE&Poxy
bis (6, 9-dimethylperhydroisoguinolino)dimethoxysilane,
bis(6,10-dimethylperhydroisoquinolino)dimethoxysilane,
bis(7,8-dimethylperhydroisoquinolino)dimethoxysilane,

bis(7,9-dimethylperhydroisoquinolino)dimethoxysilane,

{
{
(
(
bis(7,10~dimethylperhydroisoquinolino)dimethoxysilane,
bis (8, 9-dimethylperhydroisoquineline)dimethoxysilane,
bis(8,10~dimethylperhydroisoquinolino)dimethoxysilane,
bis(9,10-dimethylperhydroisoquinoline)dimethoxysilane
the like.

Examples of the compounds
bis(trimethyl-substituted-perhydroisogquinolino)dimethoxy
ane inclu
bis(1,3,4-trimethylperhydroisoquinolino)dimethoxysilane,
bis(3,4,5-trimethylperhydroisoquinolino)dimethoxysilane,

and

of
sil
de,



bi 5( 3, 8- dlnethyl 1,2, 3, 4- tetrahydrqu|ndllno)dlnethoxy
silan e,

bi s(3,9-di methyl -1, 2, 3, 4-t et rahydr oqui nol i no) di net hoxy
silan e, -30-

bi s(4, 6- dinEthyI-1,2,3,4-tet.rahydroquinoIino)dinEthox
yS|Ian

blg# aﬁ & ngﬁégﬁylpérh§a§01Eé&&?%gi9&8 50LLDRAGL et hoxy
b1bK§(6 8- ﬁrmméhyylﬁeﬁhgdﬁeisbqahydlbﬂu)ﬂDheﬂb&ﬂyﬁEl@@ay
a : . .
blB# 2 B- Erlm?EthRe§h§d£°%e? Hhar b30! ARFHByBY Rbt ARy
blsKUaB 9etrlmethylperhydr01soqulnol1no)dlmethoxy51lane,
(

b19 ﬁ(g ZOdtEE&Q¥hyipEr§yér5EEB&Q!Q&?QHBP8£h89ﬁ9&9§£f§%¥

andusbe $1ﬁEnethyI 1,2,3,4- tetrahydrqu|nollno)dlnethoxy
sila

bls(gug dln%th I§%agp% 4- tetrahydrqu|noI| 6?%?%%%%oxy ot
pgrhgﬁrogsoqulnollno)(monomethyl -substituted

pe9h§&z0§sgqaﬁﬁaxhné;2d§métﬁskp§byQﬁQqUInollno)dIHE£He%Mde,

(PBFRYrol gpFRiRglined (3-met by} apgEhpauehoranbyeal #ee hdipeth

ox%éh@ﬂnee
9-di met hyl -1 4-t et rahydr oqui nol i no) di net hoxy

p@rhaﬁrOéS%ﬁalPﬂélPPké3-@&Ehﬁiﬁgr%rd¥ﬂés%%ﬂb%ﬁ%a%ob@lmetho
Xth§éhéLﬁEthy| substituted-1, 2, 3, 4-tetrahydroqui nol i no)
silane i

oX | ude i , , ,
(o5 Bpsral SodR e h??yi?2@%?2Y%B?F%H96?bﬁﬁﬂghB?%h%?H?H%%tho
xybmxaﬁe i | ane,
etr

(pg%ﬁéérggggéﬁﬁHgiQXSS%52m§tﬁ§£per§§¥959@8&3?5&?9&91Sfégtho
xybn$éﬂe3 7- trinethyl-1,2,3,4-tetrahydroquinoIino)dineth
% ¥3r%l§°%? HREAYP! (5 3eHhy PR RAYAF 34EP AR Aby AP hdt R the

xyxy$ahe, ane,
p%kﬁéét§i§o&ﬁiﬂ8£?¥£ %72m§t§§1§§££§§¥9£QS&u?S&i?Q%Falmetho
xXysilane,
(perhydr-oisoguinolino) (8-methylperhydrosoquinolinc)dimetho
xysilane,
(perhydroisoquinoline) (9-methylperhydroisoguinolinc)dimetho
Xysilane,
{(perhydroiscoquinolino) (10-methylperhydroisoquinclitno)dimet
hoxysilane and the like.
Among these compounds,
bis(perhydroisoquinoclino)dimethoxysilane is preferable.
Examples c¢f the compounds represented by the general
formula 25 include,
(perhydroquinolino) (perhydroisoquinolino)dimethoxysilane,
(perhydroquinelino) (1-methylperhydroisoquinolino)dimethoxys
ilane,
(perhydroquinolino) (3-methylperhydroisoquinolino)dimethoxys

ilane,



il ane,
bis(3,4,6-trinethyl-1,2, 3, 4-tet-rahydroqui nortno)di net

hoxys il ane,
bis(3,4,7-t-rinethyl-1, 2, 3;#-tetrahydroqui nol i no) di net
hoxysi | ane,

bis(3,4,8-trinethyl-1, 2,3, 4-tetrahydroqui nolino)dineth

(oBEER g fping) (4rmothyiperhydrais B RAPPhG IR RRpHYS
ilaorys il ane,

pgkﬁgérgﬁ8155igﬁgw¥b $e€h§1éekﬁ§598¥QB&SHhB?LhQ?AQ&Q@BQXYS

11§P§(4 6,8-trinethyl-1,2, 3, 4- tetrahydrqu|noI|no)d|neth
e&m Hroh@fol (6- th 1 13 '

o e o P TSy BT YRRy AP B Rl PRb bRy

llé%?sl | ane,

(pBE-B(Eréq81hbi FBERYY- Ae%h?léekﬁ&&@BXQBQGHhBPLhBP&ﬁh@?ﬁ@xys

, oxy3| ["ane,
i1BP8&¢6, 7, 9-trinet hyl - 1, 2, 3, 4- t et r ahydr oqui nol i no) di met h

p@XM drohﬂﬂﬁollno (8-methglperhydr01soqulnollno)dlmethoxys
, 9-trimethyl 4-t et rahydr oqui nol i no) di neth

il 8§§5| -35 | ane and the |ike. Exanples of the conpounds

(p@ihydroqulnollno)(Q methylperhydr01soqulnollno)dlmethoxys
bls(tetranethyl substituted-1, 2,3, 4-tetrahydroqui nolin

1189871 m et hoxysi | ane i ncl ude,
(pbkB{Ar3gdifel eho ANk Ayt Ay Pp3riytiet i abydi 06ui N6} d e thoxy
Slge%ho xysi | ane,

?2 3,4, 7-tetramet hyl -1, 2, 3, 4-t et rahydr oqui nol i no) di
(2ﬁmehbylxyshydnequlnollno)(perhydr01soqu1nollno)dlmethoxys
1lQh§(2 3,4,8-tetranet hyl - , 3, 4-tetrahydr oqui nol i no) di

xyS|Iane
(3picetRy Bparbydecgabmmohyholl (ReBhydret sahyinofunobpiime}bxys
ho xysil ane,

1's(3,4,6, 7-tetranet hyl -1, 2, 3, 4-t et r ahydr oqui nol i no) di
4n@@hbleyghy@n@qulnollno)(perhydr01soqu1nollno)dlmethoxys

llghégs 4,6,8,-tetranmet hyl -1, 2, 3, 4-tetrahydr oqui nol i no)d

I meth oxysil ane,
(5= methylperhydroqulnollno)(perhydroisoquinolino)dimethoxys

ilane,

{6-methylperhydroquinolino) (perhydroisoquinolino)dimethoxys
ilane,

(7-methylperhydroquinolino) {(perhydroisoquinolino)dimethoxys
itane,

(8-methylperhydroquinolino) (perhydroisoquinolino)dimethoxys
ilane,

(9-methylperhydroquinolino) (perhydroisoquinolino)dimethoxys
ilane,

{10-methylperhydrogquinolino) (perhydroisoquinolino)dimethoxy
silane,

{(Z-methylperhydroquinolino} (1-methylperhydroisoquinolino)di
methoxysilane,

(3-methylperhydroquinolino) (3-methylperhydroisoquinolino)di

methoxysilane,



bis(3,4,6,9,-tetranethyl -1, 2, 3, 4-t et rahydr oqui nol i no) d
i meth oxysil ane,
bis(4,6,7,8,-tetranet hyl -1, 2, 3, 4-t et rahydroqui noli no)d
i meth oxysil ane, -32-
bis(4,6,7,9,-tetranethyl -1, 2, 3, 4-t et rahydr oqui nol i no) d
i meth oxysil ane,

(B3R TR P BLRTE YT 7R P YOS BOL RIS
mebhs@yszlané7tetrahydroquinoIino)dine;hoxysiIane is
(PR B AR TR0 L 05 O APRISLLLESN SETRNDNE Loy s
metbopgandsneepresented by the general fornmula 31 or

(s efigeriipeta Pt inbgee g e T Ber rSRPL et i) s
meChBRYEOCH3N®I --, N \S CH3Q "OCH3 /Si ~ CH30 OCH3
(7Lﬁ@kﬂyIﬁ%iﬁydropuinolino)(7-methylperhydroisoquinolino)di
mehoxysilane,

(8—methylhydroguinolino} (8-methylhydroisoquinolino)dimethox
ysilane,

{9-methylhydroquinolino) (9-methylhydroisoquinolino)dimethox
ysilane, '

(10-methylhydroquinolino) (10-methylhydroisoquinolino)dimeth
oxysilane and the 1like.

Among these compounds,
(perhydroquinolino) (perhydroisoquinolino)dimethoxysilane is
preferable.

Examples of the compounds represented by the general
formula 26 include,
bis(l,2,3,4~tetrahydroquinolino)dimethoxysilane and the like.

Examples of the compounds of
bis (methyl-substituted-1,2,3,4-tetrahydroquinoclino)dimethox
ysilane include,
bis{(2-methyl-1,2,3,4~tetrahydroquinolino)dimethoxysilane,
bis(3-methyl-1, 2, 3,4-tetrahydroquinolino)dimethoxysilane,
bis{(4-methyl-1, 2, 3,4-tetrahydroquinolino)dimethoxysilane.
6-methyl~1, 2, 3,4-tetrahydroquinolino) dimethoxysilane,
7-methyl-1,2,3,4-tetrahydroquinclino

bis dimethoxysilane,

{

{
bis( )

{ )
bis(8-methyl~-1,2,3,4-tetrahydroquinolino)dimethoxysilane,
bis(9-methyl-1,2,3,4~tetrahydroquinclino)dimethoxysilane
and the like.

Examples of the compounds of
bis (dimethyl-substituted-1, 2,3, 4-tetrahydroquinolino)dimeth
oxysilane include,
bis(2,3-dimethyl-1,2, 3, 4-tetrahydroquinolino}dimethoxysilan

S



/S\ CH30 OCH3 NN ~Si CH30 OCH3 -37 Fornula 32 CH30
OCH3 ~~N\ /N Si ~\/ CH3O \OCH3 r',~n N\ Si ZN \
CH30 OCH3 MNSi / \ OCH3 CH30 Si CH3O/ \OCH3 jSi \
CH30 OCH3 C M\Si ZN CH30/ YBCH3 cl D~c CH30/ OCH3 N
N\Si  CH30/ \ OCH3

bis(2,4-dimethyl-1,2, 3, 4~tetrahydroquinolino)dimethoxysilan
<,
bis (2, 6-dimethyl-1, 2, 3, 4-tetrahydroguinolino)dimethoxysilan
<,
bis(2,7-dimethyl-1,2,3,4-tetrahydroquinolino}dimethoxysilan
e,
bis{2,8-dimethyl-1,2, 3, 4-tetrahydroquinolino)dimethoxysilan
=
bis ({2, 9-dimethyl-1,2, 3,4-tetrahydroquinolino)dimethoxysilan
e,
bis(3,4-dimethyl-1,2,3,4-tetrahydroquinolino)dimethoxysilan
€,
bis (3, 6-dimethyl-1,2, 3, 4-tetrahydroquinolino)dimethoxysilan
=¥
bis (3, 7-dimethyl-1,2,3,4-tetrahydroquinolino)dimethoxysilan
e,
bis(3,8-dimethyl-1,2, 3, 4-tetrahydroquindlino)dimethoxysilan
e,
bis (3, 9-dimethyl-1,2,3,4-tetrahydroguinolino)dimethoxysilan
=¥
bis (4, 6-dimethyl-1,2, 3,4-tetrahydroquinolino)dimethoxysilan
e,
bis(4,7-dimethyl-1,2,3,4-tetrahydroquinolino)dimethoxysilan
e,
bis(4,8-dimethyl-1,2,3,4-tetrahydroquinolino)dimethoxysilan
=y
bis(4,9-dimethyl-1,2, 3, 4-tetrahydroquinolino)dimethoxysilan
e,
bis(6,7-dimethyl-1,2, 3, 4-tetrahydrogquinolino)dimethoxysilan
=¥
bis{(6,8~dimethyl-1,2, 3, 4-tetrahydroquinolino)dimethoxysilan
=¥
bis (6, 9-dimethyl-1,2, 3, 4-tetrahydroquinolino)dimethoxysilan
€,
bis(7,8-dimethyl-1,2, 3, 4~tetrahydroquinolino)dimethoxysilan

=¥




Si CH30/ \OCH3 N\Si,N / \ CH30 OCH3 Examples of the
organosi | i con conpounds represented by -38 the genera
formula 22 include, the perhydroquinolino conpounds
represented by the general-Fornula 33, the

per hydr oi soqui nol i no conpounds represented by the
general fornul a 34 and the like. Fornmula 33 5i Rid

\ Far \1 In the. ab
o157 QAEBHE e stndt At bEbGR LY SEpuSBo bRTONELmELABx S 1an
e,saturated cycllc skel eton of the general fornmula R

. hyd t d .
01808, oo YR} S oo PR Mo BBy B8 AL Sy opgostan

e andcahbomLHEQns The preferable exanples includes

hydr m meth group, gthyl group, pyl
grou%gsaggé%ropyl g%gup bu?mi group‘Plégﬂgﬁ%Q of

bigloupmethgt=-bubgtignbag; 1séc3b@tyetgabuﬁxoanﬁnoheno )dimet

hokkgﬁlagge nunber of hydrocarbon groups substltutegcque
e saturated cyclic structure of R sup .3 N may !

biglZpdr é-tEXBAPLES-bf 2t Bedpbehydhvdupavi rnosihahéimethoxys
i1§Rapounds represented by the general fornula 33
Include, eth erh drqu|nollno)dlnethoxy5|lane
blﬁi§r§p§rF§éWﬁ¥Hygq&r oBi hoj ot hebKaxggiiapdlno) dimethoxysi
lahéo propyl(perhydrqu|nollno)dlnethoxy3|lane
er hydr oqui nol i no) di met hoxysi | ane , .
o1 34 BTG F T BEE AU Ghuné {NOFOF ABPADRGST hahbno) dimethoxys
1aherl - butyl(perhydrqu|noI|no)d|nethoxy3|lane
dlnethox Si

013 T8 emt BEEBERROAVbhGE Nt RO AF REE PRGN ahE0) dimethoxysil

ane,
bis(2,3,9-trimethyl-1,2,3,41-tetrahydroguinolino)dimethoxys
ilane,

bis (3,4, 6-trimethyl-1,2,3,4-tet-rahydroquinortno) dimethoxys
ilane,
bis(3,4,7-trimethyl-1,2, 3, 4-tetrahydroquinolino)dimethoxysi
lane,
bis(3,4,8~-trimethyl-1,2, 3, 4-tetrahydroquinclino)dimethoxysi
lane,
bis(3,4,9,-trimethyl-1, 2,3, 4-tetrahydroquinolino)dimethoxys
ilane,

bis (4,6, 7-trimethyl-1,2,3,4-tetrahydroquinolino)dimethoxysi
lane,
bis(4,6,8-trimethyl-1,2,3,4-tetrahydroquinolino)dimethoxysi
lane,
bis(4,6,9-trimethyl-1,2,3,4-tetrahydrogquinolino)dimethoxysi
lane,
bis(6,7,8-trimethyl-1,2,3,4-tetrahydroquinolino)dimethoxysi
lane,

bis(6,7,9-trimethyl-1,2, 3,4-tetrahydroquinolino)dimethoxysi
lane,

bis(7,8,9-trimethyl-1,2,3,4-tetrahydrogquinolino)dimethoxysi



I so- pentyl (per hydr oqui nol i no) di met hoxysi | ane,
cycl opentyl ( per hydr oqui nol i no) di net hoxysi | ane,
n- hext yl (per hydr oqui nol i no) di net hoxysi | ane,
cycl ohextyl (per hydr oqui nol 13¥3) di et hoxysi | ane,
t hext yl ( per hydr oqui nol i no) di net hoxysi | ane,

n- oct yl ( per hydr oqui nol i no) di net hoxysi | ane,

henyl,( per hydr oqui nol i no) di net hoxysi | ane,
langSEQdEES(ééFﬁydroquinoIino)dinethoxysilane,

di neEhgiabeso( per hydifoqui nol ithe) di met hoxyspdwuanes of
L - pr.opo erhydroguingl in di, met hoxysi,l ane . ,
B R e L DR

ethpkgsikzmapl es of the nethyperhydroqui nolinosil anénclude,

. upds _. | _ _ . . .
oGP BoE Ryt Bar At 4731 £ 5T GF AR AERgR Tghino) dimetho
xyAaipevpyl (2- met hyl per hydr oqui nol i no) di met hoxysi | ane,

L se.Br ] : er hyde 0gUj . . :
oL T B DI 2R N e Y paboct LAOARLOBLIBKIAL) atfecne
xypsdanpatyl (2- met hyl per hydr oqui nol i no) di net hoxysi | ane,

bigig;@yhybcgéeﬁamékﬁﬁihygzpgyhne&&99&9&9@&99ﬁa§££§ﬂ&1metho

XY§&&2B8t yl (2- et hyl per hydr oqui nol i no) di net hoxysi | ane,
biBiE?BEXL92t8EEBMé@§9D¥@[9991@P£éB?&HY&?&EQ%MéIiﬁ@?dimetho
i so-pentyl (2- et hyl per hydr oqui nol i no) di net hoxysi | ane,
XY8y¢&RBBent yl (2- net hyl per hydr oqui nol i no) di met hoxysi | ane,
biBiB?KIBLﬁztGEEBMé@B?D¥Q[QHQlmOtéﬂ@éﬂ&ﬂ?é@@%ﬂ@liﬁ@?dimetho
cxflohextyl(Z-nethy per hydr oqui nol i no) di met hoxysi | ane
#YSLL8HExt yl (2- met hyl per hydr oqui nol i no) di net hoxysi | ane,
biB{B8¢ctyk(8; retbyhpet hylroaR| Bplbe) danpihogyshdaige) dimeth
n- detyl (2- met hyl per hydr oqui nol i no) di met hoxysi | ane,
Ox%-S?jzeéFrno(Z-nethylperhydroquinolino)dinethoxysilane
bipliany} 629petbykpretydi ofjul nd} 4 Ao rakydoxaysihabeno) dimeth
OXiggigrrlgpyl(3-nethy|perhydroquinolino)dinethoxysilane
Vso-propyl(4-nethy|perhydroquinoIino)dinethoxysiIane,
bigs$d; pr 6pfl ¢ Betebhgt el hYd? pdué nbekt nah ddneghbngsihangimeth
OXnglgﬁgpyl(6-methy|perhydroquinoIino)dinethoxysiIane,
 SO-propyl (7- met hyl per hydr oqui nol i no) di met hoxysi | ane,
Lipsh, pr 0p§t (Behrvahgtpet hyd? ogui nbet nahdinethbngtihahdjimeth
OXbéglgﬁgpyl(9-msthy|perhydroquinolino)dinethoxysilane,

bis(6,7,8,9-tetramethyl-1,2, 3, 4-tetrahydroguineclino)dimetho

xysilane and the like.

Among these compounds,
bis(1l,2,3,4-tetrahydrogquinolino)dimethoxysilane is
preferred.

Examples of the organosilicon compounds represented by
the general formula 21 include, the compounds represented by

the general formula 31 or 32.



Forgpigy

and the |like. Anong the above-nentioned conpounds,

et hyl ( per hydr oqui nol i no) di met hoxysi | ane,

n- propy!l (per hydr oqui nol i no)¥i-met hoxysi | ane

I so- propyl (per hydr oqui nol i no) di met hoxysi | ane

n- but yl ( per hydr oqui nol i no) di net hoxysi | ane,

i SO- bu% | (per hydr oqui nol i no) di net hoxysi | ane,
él(perhydroquinolino)dinethoxysilane,

sec- butyl (per hydr oqui nol i no) di net hoxysi | ane,
cyclopentyl(perhydrqu|noI|no)d|nethoxy3|lane

and

perhydr0|squ| 'n05|lane conpounds ry%ﬁe§ented by
the general formy a 34 include, CH;0 OCH;4
ethyl(peﬂhﬁgfblsodhCﬁhjlno)d|nethoxy3|lane

n- propyl ( per hydr oi soqui nol i no) di_ et hoxysi | ane,

I So- propyl(perhydr0|squ|noI|no et hoxysi | ane,

n- but yL¢perhydr o I no) di | ane

i So-bu ber h dr0|s- ol i no) di OXysj Ifane
ter-b er. by drqi @l i no) di oxys) llane
sec- drof soq i no) di oXNsi | hb,

per hyoSlol soqu no) di met hoxysiy

I So- pent p gui nol i no) di met hox ane
cyclopen%#ﬁ@@brhyéf@i@qu|nollno)dlﬁﬂlybxys Hj
n- hextyl (per hydr oi soqui nol i no) di met hoxysi | ane,

t hoxysi | ane,
yS|Iane,

plper|d|ﬁﬁﬂ@@khydﬂbﬂihQU|nollno)d|ne Oxy3¢{ an
d|nethylan1no(perhydr0|squ|nollno)%iﬁetb0xygllane

3 O0CH;
§ ) < ; £N N}
N\Si/N st
/
cHy0” OCH, CH3;0”° OCHj;
Vs

CH30 0CH3 CH30 0CH3

i so- propyl (10- met hyl per hydr oqui nol i no) di net hoxysi | ane




I SO- propoxy( per hydr oi soqui nol i no) di net hoxysi | ane,

t er - but oxy (perhydroi soqui nolino) dinethoxysilane and

the |ike. Exanples of the

met hyper hydr oi soqui nol i nost¥’ane conpounds i ncl ude,

et hyl ( 2- net hyl per hydr oi soqui nol i no) di et hoxysi | ane,

n- propyl ( 2- met hyl per hydr oi soqui nol i no) di net hoxysi | ane,
Fokﬁglgrgeyl(z nmet hyl per hydr oi soqui nol i no) di net hoxysi | an

n but yl (2- met hyl per hydr oi soqui nol i no) di met hoxysi | ane,
i so-butyl (2- nethylperhydr0|squ|nollno)d|nethoxy3|lane

y| (2- thy ydr oi so I Ny di mane
t hoxysrT1ane

sec but yl Esnéthylperhydr0|squ| ollnolQSWE
n- petyl ({mst();@};[%r hydr oi soqui nol |ﬁc§‘)%| met Qoxy§| | ane,

I So- pengyI(Z met hyl"per hydr oi soqui nol i no) di net hoxysi | an

el

cy(2- met hyl per hydr oi so) si | a
ne

n- fre N2- net?iié%l;;gr0|squ|no |ndN megNoxysT | ane,
cyclohexty $ Y hydr0|squ|noI|n nethoxy3|la
ne, thextyr(-nethyl perhydroi

squ|(I1HI3010) di @€ Hgxysi | ane, -42 CH30 0CH3

n-octyl (2- met hyl per hydr oi soqui nol i no) di mret hoxysi | ane,
n-detyl (2-met hyl per hydr oi soqui nol'i no) di et he ihane,

2- mdr oi smo) d| | an
Y I soqui @hgthgyysilane

plperldlno( 1nethy|perhydr0|squ|noIIHO)SlnethoxyS|Ian

mst h%%dr%&ggﬁ nol i no) di et h&%q ane, 0CH3

|so propoxy(2-
h

iso-propyl{\
met hyl perh 9Q\squ|nollno)dlnethoxy5|f53¢

i so- pChy®(4- OCHj4
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Examples of the organosilicon compounds represented by
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the like are preferred. Specific exanples of the
Forak@an@si | i con conpounds represent by the general
formula 22 include a conpound represented by the
chenical structural formula 35 or 36. -43 Fornula 35
CB8 OOCH3 \ CH30 _OCH3 CHBOOCHB ~N \\\

L, ~N
O CI}B -- NS S/

R

Formula 34

/
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In the above formulas, R! represents a substituted group



Si  H30 \OCH3 N\ 5i CH30/ 0 CH3 CC\\ jSi \ CH3O
OCH3 CCN\ CH30 OCH3 'Si 5 CH30/ \OCH3 -44
Formula 36 /Si CH3OOCH3 ~,~M -N--,/" Si CH30 \ OCH3
N N-, jSi\ CH3OOCH3 jSi -¥H30 OCH3 N ~N jSi CH30
\OCH3 N\'Si "-N /\ CH30 OCH3 N\ /Si CH30 \OCH3 /Si
CH30 \ OCH3 N

on the saturated, cyclic skeleton of the general formula R.sup. 3
N and is hydrogen atom, or a saturated or unsaturated aliphatic
hydrocarbon group having 1 to 24 carbon atoms. The preferable
examples includes hydrogen atom, methyl group, ethyl group,
n-propyl group, iso-propyl group, n-butyl group, iso-butyl group,
ter-butyl group, sec-butyl group, and the like. The number of
hydrocarbon groups substitutedonthe saturatedcyclic structure
of R.sup.3 N may be 1 or more.

Examples of the perhydroquinolinosilane compounds
represented by the general formula 33 include,
ethyl (perhydrogquinolino)dimethoxysilane,
n-propyl (perhydroquinolino) dimethoxysilane,
iso-propyl (perhydroquinolino)dimethoxysilane,
n-butyl (perhydroquinolino)dimethoxysilane,
iso-butyl (perhydroquinolino)dimethoxysilane,
ter-butyl (perhydroquinolino)dimethoxysilane,
sec-butyl (perhydroquinolino)dimethoxysilane,
n-pentyl (perhydroquinolino)dimethoxysilane,
iso-pentyl (perhydroquinolino)dimethoxysilane,
cyclopentyl (perhydroquinelino)dimethoxysilane,
n-hextyl (perhydroquinolino)dimethoxysilane,
cyclohextyl (perhydroquinolino) dimethoxysilane,
thextyl (perhydroquinolino}dimethoxysilane,
n-octyl (perhydroquinolino)dimethoxysilane,
phenyl (perhydrogquinclino)dimethoxysilane,
piperidino (perhydroquinolino)dimethoxysilane,
dimethylamino {perhydroquinolino)dimethoxysilane,
iso-propoxy (perhydroquinolino)dimethoxysilane,
ter-butoxy (perhydroguinolino)dimethoxysilane and the like.

Examples of the methyperhydroquinolinosilane compounds
include, ethyl (2-methylperhydroguinolino)dimethoxysilane,
n-propyl (2-methylperhydroquinolino)dimethoxysilane,
iso-propyl (2-methylperhydroquinolino)dimethoxysilane,
n-butyl (2-methylperhydroquinolino)}dimethoxysilane,
iso-butyl (2-methylperhydroquinolino)dimethoxysilane,
ter-butyl (2-methylperhydroguinolino)dimethoxysilane,



NS, CH30~\OCH3 \ NNS CH3O \OCH3 NN jSiz
CH30 \OCH3 MN\\'Si N CH30/ \ OCH3 Exanpl es of the
above-nmenti oned organosilicon conpounds having two
saturated pol ycyclic ami no-#roups have geonetrical -
45 isoners since the polycyclic am no group may have a
cis- or trans isonmer. That is, there exist isoners
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iso-propyl (9-methylperhydroquinolino)dimethoxysilane,
iso-propyl {10-methylperhydroquinolino}dimethoxysilane and
the like.

Among the above-mentioned compounds,
ethyl {perhydroquinolino)dimethoxysilane,
n-propyl (perhydroquinolino)dimethoxysilane,
iso-propyl (perhydroquinolinec)dimethoxysilane,
n-butyl (perhydroquinolineo)dimethoxysilane,
iso-butyl {perhydroquinolino)dimethoxysilane,
ter-butyl (perhydrogquinolino}dimethoxysilane,
sec-butyl (perhydrogquinolino)dimethoxysilane,
cyclopentyl (perhydroquinolino)dimethoxysilane,
n-hextyl (perhydroquinolino)dimethoxysilane,
piperidino (perhydroquinolino)dimethoxysilane,
ter-butoxy (perhydroguinolino)dimethoxysilane,
diethylamino (perhydroquinolino)dimethoxysilane and the like
are preferred,.

Examples of the perhydroisoquinolinosilane compounds

represented by the general formula 34 include,



catal yst constituent (D) represented by the genera
formula 22 can be synthesized by reacting an al kyl
trimet hoxysilane or al kyl chlorodi net hoxysilane wth
a magnesiumsalt or lithiumisalt of the secondary

am ne represented by the formula HNR When the
constituents [C] and [D] are enployed, they may be
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iso-propyl (2-methylperhydroisoquinolino)dimethoxysilane,
n-butyl (Z-methylperhydroisoquinolino}dimethoxysilane,
iso-butyl (2-methylperhydroisoquinolino)dimethoxysilane,
ter-butyl (2-methylperhydroisoquinolino)dimethoxysilane,
sec-butyl (Z-methylperhydroisoquinolino)dimethoxysilane,
n-pentyl (Z-methylperhydroisoquinolino}dimethoxysilane,
iso-pentyl (2-methylperhydroisoquinolino}dimethoxysilane,
cyclopentyl (2-methylperhydroisoguinolino)dimethoxysilane,
n-hextyl (2-methylperhydroisoquinolino)dimethoxysilane,
cyclohextyl (2-methylperhydroisoquinolino) dimethoxysilane,
thextyl(2—methylperhydroisoquinolino)dimethoxysilane,



conventional conbination is difficult to achieve a

nmol ecul ar wei ght distribution of MM VMh = 12 under the
condition of total pressure of 3.8 MPa or bel ow while
mai ntai ning a MFR of 120 am?- a stereoregularity of
98.5% The use of the catalyst of the invention can
achleve this target value. Copolynerization with
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teBIRLOYEUpethydl89sb8GL HEESno) dimethoxysilane,
sec-butyl (perhydroisoquinolino)dimethoxysilane,
cyclopentyl (perhydroisoquinolino)dimethoxysilane,
n-hextyl {perhydroisoquinolino}dimethoxysilane,
piperidino {perhydroisoquinolino)dimethoxysilane,
ter-butoxy (perhydroisoquinolino}dimethoxysilane,
diethylamino (perhydroisoquinolino)dimethoxysilane and the
like are preferred.

Specific examples of the organosilicon compounds
represent by the general formula 22 include a compound

represented by the chemical structural formula 35 or 36.




a gas-phase pol ynerization nethod, in which a nonomer
in gas state is contact with a catalyst for
pol ynmeri zation; and a bulk polynerization method, in
which a nonomer in liquid stlate is enployed as a
sol vent for polynerization therein. These
pol yneri zati on net hods may be perfornmed by continuous
Fo@0|§ Egzatlon or batch polymerization, and
Myferization reaction may be perfornmed in a single
stage or a plurality of stages with conbination of
t he above pol ynerization nmethods. In the above
pol yneri zati on nethods, a polynerlzatlon pressu-rei sO
1t e Pa, preferably 0. 5 to 6fP ) yneri zati on
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it is enployed in the so-called |inear polynerization

to subsequently produce an ethyl ene/ propyl ene

copol ymer after the production of the present

pol ymer, an excellent effeet4-can be shown.

Preferably, in the present invention the main

pol yneri zation of a-olefins is perforned after
FOgregoléﬁerizetion of an ethylene or a-olef in in

ce wth the above various pol ynerization
met hods. The prepolynerization is effective to
i nprove the polymarization reaction rate, inprove the

stereqregtlarity of the pol yner, and abilize the
no bf thg polyner. Int hod] of
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Examples of the above-mentioned organosilicon compounds

having two saturated polycyclic amino groups have geometrical



conmpound constituent [D], subsequent polynerization or
copol yneri zation of an a-olefin my be perfornmed with
addition of the organosilicon conmpound constituent
[C]. As the relatively exp#nsive organosilicon
conmpound constituent [D] is enployed only during such
t he prepol yneri zati on, even a small anpbunt shows a
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When the constituents [C] and [D] are employed, they may
bemixedpreviouslyor solelyaddedinthe polymerization system.
A mixed molar ratio ([C]/[D]) is between 0.01 and 3, preferably
between 0.02 and 2, and more preferably between 0.05 and 1.

The catalyst system consisting of the catalyst
constituents [A], [B], [C] and [D] exhibits high catalyst
activity and high hydrogen response. In addition, a produced
a-olefin polymex has high stereoregularity and a wide molecular
weight distribution. The molecular weight distribution has a
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invention, a chain transfer agent such
weight distribution of Mw/Mn = 12 under the condltlon of total
pressure of 3.8 MPa or below while maintaining a MFR of 120 and
a stereoreqularity of 98.5%. The use of the catalyst of the
invention can achieve this target value. Copolymerizationwith
ethylene or other a-clefins can produce a copolymer with good
randomness and a high melt viscoelasticity.

The a-olefin polymer produced using the catalyst has a
molecular weight distribution almost similar to that of an
ag—-olefin polymer produced with a conventional titanium
trichloride catalyst called the second generation catalyst with
low polymarization reaction rate. Therefore, it has good

moldability and no problem associated with appearance deficits
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n-hexane, n-heptane and n-octane is employed. It also includes
a gas-phase polymerization method, in which a monomer in gas
state is contact with a catalyst for polymerization; and a bulk
polymerization method, in which a monomer in liquid state is
employed as a solvent for polymerization therein. These
polymerization methods may be performed by continuous
polymerization or batch polymerization, and polymerization
reaction may be performed in a single stage or a plurality of
stages with combination of the above polymerization methods.

In the above polymerization methods, a polymerization
pressureis0.1to20MPa, preferably0.5to6MPa, apolymerization
temperature is 10 to 150 °C, preferably 30 to 100 °C, and more
preferably 60 to 90 °C, and a polymerization time is 0.1 to 10




response, high polymarization reaction rate, high
stereoregularity of the produced a-olefin polyner, and
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it 1s employed in the so-called linear polymerization to
subsequently produce an ethylene/propylene copolymer after the
production of the present polymer, an excellent effect can be
shown.

Preferably, in the present dinvention the main
polymerization of a-olefins is performed after
prepolymerization of an ethylene or a-olefin in accordance with
the above various polymerization methods. The
prepolymerization is effective to improve the polymarization
reaction rate, improve the stereoregularity of the polymer, and
stabilize the morphology of the polymer.

In the method of prepolymerization, the solid catalyst
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propyl ene in the rubber-like copolyner has a
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copolymerization of an a-olefin may be performed with addition
of the organosilicon compound constituent [C]. As the

relatively expensive organosilicon compound constituent [D] is
employed only during such the prepolymerization, even a small
amount shows a sufficient effect thereof, resulting in reduced
polymerization costs of a-olefins. Alsoc in this case, the
a-olefinpolymerwithahighstereoregularity, highmelt fluidity
andwidemolecularweight distributionexhibitsgoodmoldability
angd excellent property against appearance deficits of moldings
such as flow marks.

Inthecontactmethodingoftheinvention, theconstituents
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insufficient stereoregularity of thea-olefinpolymer. Ifmore
than 100 g, the polymarization reaction rate and the
crystallinity of the a-olefin polymer may be lowered possibly.

A prepolymerization temperature is 0 to 100 °C, preferably 10-70
°C in the presence of each catalyst constituent. When
prepolymerization is performed at a high temperature over 50
°C, it 1is preferable to reduce an ethylene or a-olefin
concentration or shorten the polymerization time. Otherwise,

it is difficult to control the production of the prepolymer by
0.1tol00gperlgofthecatalystsolidconstituent. Inaddition,
the polymarization reaction rate may lower in the main
polymerization, or the crystallinity of the a-olefin polymer
produced may lower.
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below 3 PMa. In the present invention, to lower a heat seal
temperature at a film, for the purpose of lowering a melting
point and increasing transparency of the film, during
polymerization of the wa-olefin, é small amount of another
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a-0lefin Propylene Block Copolymerization




accordance with the above various pol ynerization
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a-ol efins can be prepolynerized. A prepolynerization
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yst systemof theinventionprovidesgoodhydrogen
response, high polymarization reaction rate, high
stereoregularity of the produced a-olefinpolymer, and highmelt
fluidity. Particularly, inproductionofanethylene-propylene
copolymer, a constituent of propylene homopolymer is employed
80 to 70 wt. %, and a constituent of random copolymer of propylene
with the a-clefin other than propylene is employed 20 to 30 wt. &
In this case, after melting and kneading, the constituent of
random copolYmer of propylene with the a-olefin other than
propylene does not bleed out of the surface of the a-olefin
propylene copolymer in structure. Thus, it is possible to

provide an a-olefin propylene copolymer having a sea-island




As descri bed above, the catal yst systemof the

i nvention provides good hydrogen response, high

pol ymari zation reaction rate, high stereo regularity

of the produced a-olef in3Polynmer, and high nelt

fluidity. As the a-olef in polyner produced in the

i nvention has high stereoregularity, it provides
st%f,%gkgm eCh&”égéﬁ PRYeLERAL, RIopeiLl Sbfé'%ﬁ—g\?tf can be

eat resistance and tensile siren 0

prpmpéeﬂedsnaldomQQSlﬁhoB wstbehesscsatCkmnehsnanueimproved

' e in e.g Lt fluldi eof
nabfL AL des TLD: oy 10cg 00mm Lty prLALLY GrPhrg g gPene:
ingppeaedncemuef il svaluepl di ngs typified by flow

mar ken el £ £ 88O RGN er bl 8El £AROLY BRIha 1 ERanster

ot her a-olefins ca an 1 hpact resistance and
agptl‘édit@@djawtaadn@ﬁe%ub@t wmrghitt Ph gHooduaduced podvingr, if
re@ﬂﬁr@ﬁcelirﬁﬁwoﬁntbéf%gs&{ it ¥r88Hct IBRAUF the polymer

resi stance. The a-olefin polyner produced in the
hayipe st don Fey Sbererpreyéar sy empmm) na g getitdnt U 1q 4t yrftER)
cah® LBt OWRLhSS a@p%ﬁp@aeelwa%ré&én algb B 2t bn method

ot her_. plastics or elastoners in conbination with

and & pip bYBehbfr s OF 6PAASE G| CG%\IH%Ir%t HanPE FPPL¥Rersgahion

teRpeghasef | Pelcd rarG poalde, toand o8 ker 1 Qunst plreFescleuy 0.01
age?t It can provide excellent performance, not
to %BFaFPyQFF tBESFB Aut onobi | e and househol d

eIectnthe@t@mﬁnﬂfﬂvéﬁﬁfwnatSntghelugeraéﬂdﬁbaéﬁahyalyst
efin

COREBORE bt D oA et PA- OFYRGF Nt heBEgn SRyt Sgch

preésp3h$etohhﬁwaﬁquﬂgaﬂaBLbﬂcbﬁ&bhp@ﬂndﬁﬂth@tghst1tuent
[C Ett%rc?ﬁr e&ifééﬁgﬁcéagtg%%de é@ild c!atu_ §§¥ cn'fI trhe constl’auent

articu drogen response s greatly 1 Apro
[Atoopayed to the conventlonal catalyst system an

a- Olgf%gr%ﬁgbgfg gtg_ltbxg t%o ?y&%gfi#ﬁgtpgg#ﬁner through

flu y can uce sacritice
prppmbaneih@mqpolrmem@at@fon ke theafysst ststenpobpydene and

t
on K 520 (R Rl SR e e gt yappheec
mogaqﬂpltlasgoawth%trﬁﬁcmrbij @dtatbrt%pr@duﬁ@a@t BropHiengpPolock
coﬁ&ﬁ'ﬁem&’@r@la%v@t&%%ﬂ&n 1ESC]§BQV\’§H§CH§§§ted

spectrum of a synthesi zed consti tuent
di et Ayt ariiiee 11l dteheepodivingreof b xop 2l et vedich ticagrakefin

otREr NMRrepib Py esh & pi-oldestidt €8&is@tond step has a proportion
of 3 to 50 wt. % generally, and more preferably 5 to 40 wt. %
on the basis of the amount of the entire block copolymer.
Preferably, thea-olefin other thanpropylene in the rubber-like
copolymer has a proportion of 10 to 50 wt. %.

Hydrogen may be added to copolymerize in the second step.
During the ethylene/propylene gas-phase polymerization
reactioninthe catalyst systemof the present invention, methods
of elevating a reaction temperature, adding an organoaluminum
constituent, increasing a monomer pressure, determining
different polymerization times for the first and second steps,
and adding another donor constituent are generally known to

improvepolymarizationreactionrate. Inaddition, coexistence
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constituent according to Exanple I
anﬁthﬁ@ph@t@@ﬁébhl(4000Th¢negrOdEfemtrmmaﬁudes non-cyclic

mono—-olefins, such as ethylene, butene-1, 3-methylbutene-1,

3-methylpentene-1, 4-methylpentene-1, hexyene-1,
4-methylhexyene-1, octene-1, styrene, 2-methystyrene,
3-methylstyrene, 4-methylstyrene, vinylcyclohexane,

vinylcyclopentane, 2-vinylnaphthalene, and 9-vinylanthracene;
cyclicmono-clefins, such as cyclopentene, cyclohexene, and
norbornene; and diclefins, such as dicyclopentadiene,
5-ethylidenenorbornene-2, 4-vinylcyclohexene, and
1, 5~hexadiene.

A copolymerization pressure generally ranges from
atmospheric pressure to 3 MPa, preferably from atmospheric
pressure to 1.5 MPa. A polymerization temperature generally
ranges between 30 to 95 °C, preferably between 40 to 80 °C. A
polymerizationtime generally ranges from 30 minutes to 10 hours,
preferably between 1 to 5 hours.

A catalyst solid consisting essentially of magnesium,

titanium, a halogen element and an electron donor can be employed



of an et hyl ene-propyl ene bl ock copol ymer produced in
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Theprepolymerlzedsolldortheprepolymerlzedandthencleansed

solid may be employed in the main polymerization to improve
polymarization reaction rate per solid catalyst and
stereoregularity of the polymer.

In the present invention, if the prepolymerized sclid is
employed as the solid catalyst constituent in the main
polymerization, the constituent [C] can be omitted from the main
polymerization. The method and time of prepolymerization are
same as those described above.

The gas-phase polymerization of propylene with the
a-olefin other than propylene performed subsequent to the
homopolymerization of propylene produces a rubber constituent
oracopolymer of propylenewiththea-oclefinother thanpropylene.
The copolymer can be cbtained as a copolymer that has a high
o—olefin content, a highmolecular weight, and good randomness.
This block copolymer has an excellent low-temperature

characteristic, solidity and impact resistance.

o-Olefin Propylene Random Copolymerization

The at-olefin polymerization or copolymerization catalyst
according to the present invention can be employed in random
copolymerizationof amixedmonomer of propylenewithanao-olefin
other than propylene.

The random copolymerization of the mixed monomer of
propylene with the a-olefin other than propylene includes a
slurry polymerization method, in which a nonpolar solvent is
employed, such as propane, butane, hexane, heptane and octane.
It also includes a gas-phase polymerization method, in which
a monomer in gaseous state is employed for polymerization; and
a bulk polymerization method, in which a monomer in liquid state

is employed as a solvent. These polymerization methods may be
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Alternatively, propylene and one a-olefin other than propylene
may be copolymerized or propylene and two or more kinds of
a-olefins other than propylene may be copolymerized. The
a-olefin other than propylene includes ethylene, l-butene,
3-methyl-l-butene, 3-methyl-l-pentene, 1-hexyene, vinyl
cyclohexane, cyclopentene, cycloheptene, norbornene, and
5-ethyl-2-norbornene. 'Among those, ethylene, 1-butene,
3-methyl-1-butene, 3-methyl-l-pentene, l-hexyene and others
are preferable. When propylene and one a~-olefin other than

propylene are copolymerized, the other a-olefin is employed by
preferably 0.005 to 0.17 mole, and more preferably 0.01 to 0.1

mole per one mole of propylene.

A copolymerization pressure ranges between 0.1 to 20 MPa,
preferably 1 to 6 MPa. A polymerization temperature ranges
between 10 to 150 °C, preferably 30 to 100 °C, and more preferably

60 to 90 °C. Polymerization time generally ranges between 0.1
to 10 hours, preferably 0.5 to 7 hours. Hydrogen may be added

as a chain transfer agent to adjust a molecular weight of the
produced polymer, if required. An amount of hydrogen to produce
ano-clefinpolymerwithadesiredstereoregularityandmolecular
weight canbe determined appropriately based cnapolymerization
method and apolymerizationcondition. Inthepresent invention,
after propylene or other oa-olefins are prepolymerized in
accordance with the above various polymerization methods, the
prepolymerization catalyst may be employed for main
polymerization. Preferably, in the presence of the
constituents [A] and [B], or the constituents [A], [B] and [C],
propylene or other a-olefins can be prepolymerized. a
prepolymerization ratio ranges between 0.1 to 300, preferably
0.5 to 100 in weight ratio of Prepolymer/Constituent [A]. The
prepolymerization can be performed in gas-phase, slurry andbulk
methods. The solid constituent produced in prepolymerization

may be separated and then employed in main polymerization or
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Thecatalyst systemof the inventionprovides goodhydrogen

response, high polymarization reaction rate, high
stereoregularity of the produced o-olefin polymer, good
randomness, and highmelt fluidity. Inparticular, as hydrogen
response 1is greatly improved compared to the conventional
catalyst system, an a-olefin with high solidity and excellent
melt fluidity canbe producedwithout sacrifice of productivity.
A highly transparent film can be produced because of good
randomness. A film with no atactic constituent-originated
stickiness can be produced because of high stereoregularity of
the polypropylene part. The use of the catalyst system of the
invention can provide production of an ethylene-propylene block
copolymer with a block ratio of 10 to 50 wt. %, and production
of a reactor-made TPO. The a-olefin polymer produced in the
inventionmaybeemployedsolely. Inaddition, itmaybeemployed
as acompoundmaterial, inblendwithotherplasticsorelastomers,
and in combinationwith reinforcements for inorganic and organic
fillers such as glass fibers and talc, and other crystal nucleus
agents. It canprovide excellent performance, not particularly
limited, to automeobile and household electric structural

materials.

Effects of the Invention

As described above, the catalyst system of the invention
provides good hydrogen response, high polymarization reaction
rate, high stereoregularity of the produced a-olefin polymer,
and high melt fluidity.

As the a-olefin polymer produced in the invention has high
sterecoregularity, it provides excellent mechanical physical
properties suchassolidity, heat resistanceandtensile strength
of injected moldings. This is beneficial to thin the injected

moldings. Thegoodmelt fluiditythereof canshortenaninjected
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Wlt{'\ll dth Xagpofe%lns"can 1mp9\@ an J_mpact resistance and produce
an o-olefin polymer with good melt fluidity and excellently
balanced solidity and impact resistance. The a~olefin polymer
produced in the invention may be employed solely. In addition,
it may be employed as a compound material, in blend with other
plastics or elastomers, and in combination with reinforcements
for inorganic and organic fillers such as glass fibers and talc,
and other crystal nucleus agents. It can provide excellent
performance, not particularly limited, to automobile and
household electric structural materials.

The use of the catalyst of the invention on a-olefin
polymerization allows production of an a-olefin polymer with
high hydrogen response, high pelymarization reaction rate, high
stereoreqgularity, and good melt fluidity. In particular, as
hydrogen response 1s greatly improved compared to the
conventional catalyst system, an a-olefin with high solidity
and excellent melt fluidity can be produced without sacrifice
of productivity. Theuseof the catalyst systemof the invention
can provide production of an ethylene-propylene block copolymer
with a block ratio of 10 to 50 wt. %, and production of a

reactor-made TPO.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a mass spectrum of a synthesized constituent

[C] or diethylamino triethoxy silane.

Fig. 2 shows a diagram of NMR employed for identification
of a synthesized constituent [C] or diethylamino triethoxy
silane.

Fig. 3 shows a mass spectrum of a synthesized constituent
[C] or (perhydro isoquinolino)} triethoxy silane.

Fig. 4 shows a mass spectrum of a synthesized constituent
[C] or (1,2,3,4-tetrahydro isoquinolino) triethoxy silane.

Fig. 5 is a flowchart of an adjustment method and

polymerization method of a catalyst constituent for use in
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Experimental example 3.

Fig. 7 is a flowchart of an adjustment method and
polymerization method of a catalyst constituent for use in
Experimental example 4.

Fig. 8 is a graph showing GPCmolecularweight distribution
curves of Example 1 (50:50), Comparative example 11 {(50:50) and
Example 1 (100:0) in Experimental example 4.

Fig. 9 is a graph showing relations between a prepared
amount of hydrogen (MPa) and a MFR.

Fig. 10 is a graph showing relations between hydrogen
response and stereoregularity.

Fig. 11 1is a graph showing GPC molecular weight
distribution curves of Example 1 and Comparative example 3 in
Experimental example 8.

Fig. 12 is a flowchart of an adjustment method and
polymerization method of a catalyst constituent for use in
Experimental example 9.

Fig. 13 is a flowchart of an adjustment method and
polymerization method of a catalyst constituent for use in
Experimental example 10.

Fig. 14 shows amicrophotograph (4000 times) of extrusions
of an ethylene-propylene block copolymer produced in
Experimental example 12 using a catalyst constituent according
to Example 1.

Fig. 15 shows amicrophotograph (4000 times) of extrusions
of an ethylene-propylene block copolymer produced in
Experimental example 12 using a catalyst constituent according

to Comparative example 3.

THE BEST MODE FOR CARRYING OUR THE INVENTION

Examples of the present invention shown in Tables 1-4 will

now be described below. The present invention is not limited

to the description of below-described Examples.
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Exanpl e 8. This synthesis was perfornmed in the sane
manner as the synthesizing nethod of Exanple 1 except
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41.79(0.2 nol) of tetraethoxy silane previously
introduced into the dropping funnel is dropped into
the flask, spending 15 minutes. After conpletion of
droppi ng, a reaction was fuf-her perforned at 60 C
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the target product. The target product is a liquid with a
colorless transparent appearance, which has a boiling point of
57.5 °C/5 mmHg, and a GC purity of 98.0 %. The target product
is identified by gas-mass chromatography, of which mass spectrum

is shown in Fig. 1, and NMR is shown in Fig. 2.

Example 2

Diethylaminotri-n-propoxysilane was synthesized as



27.89. The target product is a quU|d with a colorless
transparent appearance, which has a boiling point of
151 ¢1 nmmHg, and a GC purity of 96.3 % Exanple 14
(1,2,3,4- tetrahydroqui nol 16%e) tri et hoxysi |l ane was
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perforned in the sane manner as the synthesizing
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appearance, which has a boiling point of 65.0 °C/5 mmHg, and
a GC purity of 96.1 %.

Example 5
Methylethylaminotriethoxysilane was synthesized as

Example 5. This synthesis was performed in the same manner as
the synthesizing method of Example 1 except for the use of
methylethylamine 11.8g instead of the diethylamine 14.6g. The
target product is a liquid with a colorless transparent

appearance, which has a boiling point of 57.0 °C/6 mmHg, and
a GC purity of 98.2 %.

Example 6
Methyl-n-propylaminotriethoxysilane was synthesized as
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Example 9

T-butylaminotriethoxysilane was synthesized as Example
9. This synthesis was performed in the same manner as the
synthesizing method of Example 1 except for the use of
t-butylamine 14.6g instead of the diethylamine 14.6g. The
target product is a liquid with a colorless transparent

appearance, which has a boiling point of 31.0 °C/0.4 mmHg, and
a GC purity of 96.6 %.

Example 10

Di-isopropylaminotriethoxysilane was synthesized as



for 6 hours. Melting point (Tm is neasured by use of
DSC (nodel : ASC- 5200, manufactured by Sei ko Densh
Kohgyo, Co.). As to the measuring conditions, 10 ng
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mmHg, and a GC purity of 96.3 %.

Example 14

(1,2,3,4-tetrahydroguinolino)triethoxysilane was
synthesized as Example 14. This synthesis was performed in the
same manner as the synthesizing method of Example 11 except for
the use of 1,2,3,4-tetrahydroquinoline 24.0g instead of the
perhydro isoquinoline 27.8g. The target product is a liquid
with a colorless transparent appearance, which has a boiling

point of 150 °C/1 mmHg, and a GC purity of 98.5 %.
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content was 1.7 w. As Conparative experinents, -73

Exhggigohénerization of propyl ene was perforned using
i pol ymeri zation catal ysts consisting of the
sol i jpeabhpdlysisoqgoistiinentr{Ap- ptb@bﬁ@@f&ﬁﬁétﬂﬁ num was
ynd congt i Bl and the catal
Sylﬁgﬁg %céln e Eﬁ“gacclogf di r%utsos-‘@)?rp%sr%l [ vé p%%(%%rfl% in the
sate 311armé211_a|sntte¢ aymﬂtlhnwlaumcﬂnat/hodmﬁaﬁxempdné kl axalepssfor

englopls 206 o PRSL NG RPR SaROL il Sor i

tehr@ebg@ﬁysshppeuféh 7qnt on@etaagebcpaQ@umrJes aahiquid with

at S
f%@’ﬁf SRR SRoRarficer FhLEA hfE e bty poine
oftitife CM'O )1 ainfig numdas: te mrganoalufaumconpound
constituent [B] by 2.0 mmol; and the organosilicon
conpound constituents according to Examples 1-9 and
Exgppleat§l yst constituents according to Conparative

eXan@&@&n&tl@y?&n@nﬁﬁnmietﬂ_&?ﬁ31i‘é{ﬂé ogenx (strf\:heMi@ed as

and_liquefi edpropylene (1.2 L) were introduced
EX%‘E%%nHSaI IBPE% eindings 15 as E’Sélfioﬁ@lefjhénl RBpdeame paener

as a’_tﬁé)@yﬁh\t@le_%q\fb{l_dgoméeho@ ofﬂ@E}l nY l\ma?-)éb@ptl%ﬁlﬁ‘il”@dse of
repo rrzatl on per or M Nu S
oo R EY B SRl bR Y e AP B FBE PReRvatpESpayinoline

278§ . el atal etlatiget 0 ptdGett e pol Mirprizawi®n wWAScolorless
further Eerforned at S&QQ f r one, hour - under o
L OPRREF Ty AR P ESs é‘ssal\}P%llAF@elPOJc‘b*hrﬂfet]ﬁ&w c/1
mmbd;, pghyner Gzapiontytbe 9®on-teacted propyl ene gas was
di scharged, and the polynmer was dried under reduced
pressure at 60 C for 20 hours to produce a white
Exgopter ¥/ pol ypropyl ene. A flomchart of an adj ust nent

th ' ' t
cons e Eare BOLY SR ASH RO Rt Rt YT s wes
syshloemi zad EiSQExsmpéﬁdL?e.xp@hnmnth%sm we saper Showed iim the
saﬁ[@l?rla%n%r ggb&ﬁe @ t:ﬁ'é%rl'zi E %@ﬁ%ﬁ%ﬁr EQE&BXEBI 1 é@(tc'e?)rtl. for

Tenper at ur eHydr ogenReact i o
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silane 41.7g. The target product is a liquid with a colorless

transparent appearance, which has a boiling point of 147 °C/1

=)

mmHg, and a GC purity of 96.8 %.

Example 18

{(Perhydroisoquinolino) tri-n-butoxysilane was
synthesized as Example 18. This synthesis was performed in the
same manner as the synthesizing method of Example 11 except for
the use of tetran-butoxy silane 64.1g instead of the tetraethoxy
silane 41.7g. The target product is a liquid with a colorless
transparent appearance, which has a beiling point of 129 °C/1

[}

mmHg, and a GC purity of 99.4 %.
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employs bis{diethylamino)dimethoxysilane. Comparative

employs

example 13 employs dicyclopentyldimethoxysilane.

In the following Experimental examples, the term
polymerization reacticon rate means an yield (kg) of the polymer
obtained per 1 g of the solid catalyst.

Melt flow ratio {(M.F.R.} is determined by measuring an
amount by weight (g) of a polymer melted at a temperature of
230.degree. C. and under load of 2.16 kg for 10 minutes in
accordance with the method prescribed in ASTM-D1238. H.I means
the ratio (%) of weight of insoluble polymer to preparedpolymer,
when extraction test of polymer ismade by usingboiled n-heptane
for 6 hours.

Melting point (Tm} 1s measured by use of DSC
(model :ASC-5200, manufactured by Seiko Denshi Kohgyo, Co.). As
to themeasuring conditions, 10mg of propylene polymer is heated
at temperature from 23.degree. C. until 230.degree. C. with a
temperature gradient of 10.degree. C. per minute, thereafter

the polymer was kept as it is for 5 minutes, then the temperature



using a-olefin polynerization catal ysts consi sting of
the solid catalyst constituent [A], the

or ganoal um num conpound constituent [B], and the

catal yst constituents [C] daBicording -75 to Conparative
exanples 1-3. Experinmental exanple 2 dif f ers f roml
Experinental exanple in the following nethod to

Wagghﬁﬁgptgaeﬁglg%gg@at aI st c?’.r;st it.u nt402[gﬁ%ﬁee Yaith a

temphydtous gm@nelst U oﬂﬁ.lctﬂfgm 35 Ipier( ﬂu.ﬁu)telOTHlemDéltlng

po?{lt §t(n5‘/%4§1?2<é’d SB%LntV\@Ltigt wwﬁﬂ%e@ )%%us greaFed is

unme 0 equl pp magnet Séa
remgiltaddry hEldinag ﬁeomdﬁaeieaqnﬂf@ iCn wheidysikeregmee. C. by

cefiglthebledspbatan: Conndo gl pbbnacuase peff prppd T or

ours orma uniformsoflufio
10- 2Shetrgorefuphthty i c ofanryakymeRr WaSSaddj&iet?@Utﬂﬂi from

Me¥BLEQR LSO A dtanyy Rﬁﬁlﬂm?(iﬁrgﬂi%glneraeggteh%ﬂrawotacticity,

pertornmed for another onhe hour
whi gbmegisgne aé thengetitaiionmst cderes résnd ard tyconpolymer
i st@MRAIBHEE r rof R D18 2@tikes £ %lﬂq s%QQngt:hE]ois @Wﬁ)l )13 @f-NMR

tetrachloro titanium and
SP%ﬁE?H’i“oué“rra@‘ﬁ@@FG‘ﬁPéﬁl of”ldcél v‘v’é‘ree %ﬁ%eo‘jw*@@ in

"MakroR16chied, fyasks ,(\@s;sldgmsaof Q19 7l)) e@l‘HbDDSQpW'lBhCaNMR

net seal aglt tor an l'ass filter.

ma
SPRAFF B 18MRt Uit HénLﬁﬁRao‘"ralﬁ%%PEf“PG’ﬁlv@@Qﬂ &%%%Hf?ﬁFBred
bytdeot l1ask.,) a@p@@ﬁp@ﬁa@@ﬁe ImmoA}‘dbe_;rre@r oppi e iatlgaréber of

tenp e in the was, el evated up to '
ochSTRELAN® LS,y ShT 0w gl ofted t (k0 G ane
o-di thbphtbhahaterevas addetlvefititt her agitating and

reacti on wer erforned for t hours e

reacl%'{rgn, Jﬂ@r °Fil frath® O%Js rberf&?ﬁgguﬁ%eext?%%wer
wefigho) Pdepanstiiddisnter wBighgot Ede OhCéJ:fﬁSéJt ttllé%ltb.n\gaéxtractlon

r S in .2, 4-dj r uen n
Ofrgggt gggﬁwgg Wll;'%}?or ne%gg%%qs%ﬁlafg?%gngnég o%%}? %&QS

r eadﬂmmpulewemmlghfu fitstriont was gerfprhyer dsexétagtated

[ n t T | i t]

frg?gg#%g 48 ;ﬁ ?%§Q§HEWQ§ Be @gﬁggggéﬁ% @qhﬂﬁ%elght (Mw)
an@li m@nb@m@mmmq@mtweﬁ@mt éﬂ@t edndi hheheate (Mz/Mw)

a'?)gz Iﬁﬁt %’(}ﬁf@r w-lév\gﬂt EDJI'% ﬁ ta!vt I‘ﬁ‘@fecular

rle n a powiery sol I cat St con |tuen

We{%Hlt frlﬁ‘é thtJafﬁ’P e dafreaminad thﬁfeu§@mgdp@évalty§ﬁne as the

stéﬁ@§£&t5§ﬁét¥‘ﬁ§e mﬁﬁ“iﬁQt@ﬁQeﬁ@“Bﬂ cBelbae Pl irﬁ‘@CV type,
content of di-iso-b &/%ort hopht hal at e vvas f ound

mapgfagtuped Prdtategs.chCof) ppoﬂwéﬂr@rﬁmnaéﬂﬁ@@rﬁtﬁSolvent
co§hrﬂh| abty shoDEXpertsmpéabtexanphe li43hgegesdlt &romang

conc I?’H:gglr.]})gl ngg Ll‘i" by weight.

Rubber constituent (room temperature p-xylene soluble
constituent) wt. % was measured in the following manner. 5g
of block copolymer is dissolved in a 500 ml of p-xylene at 135
°C spending one hour, then slowly cooled down, and left at room
temperature over one night. Next, p-xylene soluble and
inscluble constituents were centrifuged to deposit the soluble
constituent with acetone, then filtered through a glass filter
under reduced pressure, and the depositedproduct was dried under

reduced pressure at 60 °C for five hours. The filtered and
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of the rubber constituent using a viscosity equation.

Randomness (rlr2)} was calculated from a peak intensity
ratio of 13C-NMR spectrum ratio belonged based on K. Soga et
al. POLYMER COMMUNICATIONS 32, No. 10, 310 (1991).

Ethylene content was calculated after forming a film by
hot pressing a sample using a spacer with a thickness of 0.3
mm, and using an infrared spectrum technology to compensate for

the thickness from a analytical curve.

Experimental example 1 (Homopolymerization of propylene)

As Experimental example 1, homopolymerization of
propylene was performedusinga-olefinpolymerizationcatalysts
consisting of the solid catalyst constituent [A], the
organcaluminum compound constituent [B}, and the catalyst
constituents [C] according to Examples 1-9. In Experimental
example 1, as the solid catalyst constituent [A], a THC-JC type
wasemployed, whichiscommerciallyavailable fromTohoCatalyst.

Ti content was 1.7 wt. %. As Comparative experiments,
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Table 6

Polymerizati

on Prepared |Polymerization

Temperature| Hydrogen | Reaction Rate MFR Tm mmmm

Pressure
(°C) (MPa) | (Kg/g-Cat.hr) | (g/10min) (°C) (%)

Example 1 70 0.4 43.9 444 162.7 98.9
Example 2 70 0.4 32.9 1000 159.6 95.8
Example 3 70 0.4 38.6 533 161.3 98.4
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1-Sareemployed. It is foundthat whenthe catalyst constituent
according to Comparative example 2 is employed, polymarization
reaction rate and stereoregularity are lower than when the
organosilicon compound constituents according to Examples 1-9
are employed. It is found that when the catalyst constituent
accordingtoComparative example 3 isemployed, hydrogen response
and stereoregularity are lower than when the organosilicon

compound constituents according to Examples 1-9 are employed.

Experimental example 2
As

(Homopolymerization of propylene)
2,

Experimental example homopolymerization of

propylene was performedusingoa-olefinpolymerizationcatalysts
of the [A], the

and the catalyst

constituent
[B],
according to Examples 1-4.

consisting solid catalyst
organcaluminum compound constituent
constituents [C] As Comparative
experiments, homopolymerization of propylene was performed
using —olefin polymerization catalysts consisting of the solid
fA], the

constituent [B], and the catalyst constituents

catalyst constituent organcaluminum compound

[C] according
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and n—hexane until any titanium compound could not be detected
inthecleansingsolution. Then, thesolidconstituentwasdried
toobtalinapowderysolidcatalyst constituent [A]. Thetitanium
content in the solid catalyst constituent was measured and found
1.1wt. $. The content of di-iso-butylorthophthalate was found
10.8wt. %. Polymerizationofpropylenewasperformedsimilarly
inExperimental example l. Theresult fromExperimental example

2 1s shown in Table 7.
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Experimental example 3 (Homopolymerization of propylene)

As Experimental example 3, homopolymerization of

propylene was performedusingo-olefinpolymerizationcatalysts
[A]l, the
and the catalyst

constituent

[B],
constituents {C] according to Examples 11-15.

consisting of the solid catalyst

organcaluminum compound constituent

As Comparative

experiments, homopolymerization of propylene was performed

using a~olefin polymerization catalysts consisting of the solid

catalyst constituent [A], the organcaluminum compound



and the polynmer was dried under reduced pressure at 60
C for 20 hours to produce white powdery

pol ypropyl ene. A flowchart of an adjustnent nethod
and pol yneri zation method of7-t he cat al yst

constituents for use in Experinental exanple 7 is
shown in Fig. -81 7, and experinent results are shown
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Homopolymerizatlon of propylene was performed in the
following manner. A 2L-inner volume autoclave composed of
stainless steel and equipped with a magnet seal agitator is
employed, of which inside is fully substituted for nitrogen.
Supplied into the autoclave were: n-heptane slurry as the
previously obtained solid catalyst constituent [A] by 5 x 1073
mmol on titanium atom basis; tri(ethyl) aluminum as the
organcaluminum compound constituent {[{B] by 2.0 mmol; and the
organosilicon compound constituents according to Example 11 to
17orthecatalyst constituentsaccordingtoComparative examples
3 to 5 by 0.36 mmol. Then, hydrogen (0.4 MPa) and liquefied
propylene (1.2 L) were introduced sequentially therein. After

cooling the inside of the autoclave down to 10 °C, agitating
wasinitiatedandprepolymerizationwasperformedfor l10minutes.
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It is found that when the catalyst constituent according
to Comparative example 3 1s employed, hydrogen response is
particularly lower and stereoregularity is lower than when the
organosilicon compound constituents according to Examples 11~15
are employed. It is found that when the catalyst constituent
accordingtoComparativeexample 4 is employed, hydrogen response
is particularly lower than when the organosilicon compound

constituents according to Examples 11-15 are employed. It is




nitrogen. Supplied into the autoclave were: n-heptane
slurry of the previously obtained prepolyner by 2.5 x
10"3 mmol on a titaniumatom basis; triethyl alum num
as the organoal um num - 83 €®rpound constituent [B] by
2.0 mol; and 0.36 mml of di ethylam notriethoxy as
the constituent [C]. Then, hydrogen (0.03 MPa, 0.12
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coﬁt@@ﬁhﬂ"/ﬁéﬂé’glﬂ@@&t ED]. In Experimental example 4, as the

solidcatalyst constituent [A], a THC-JC type was employed, which
is commercially available from Toho Catalyst. A Ti content was
1.7 wt. %.

As the organosilicon compound constituent [D], a
bis(perhydroisoquinolinc)dimethoxysilane was employed. This
bis(perhydroisoquinolino)dimethoxysilane was synthesized in
the following manner. A stirrer piece was inserted into a 200
mL-volume, three-necked fiask equipped with a dropping funnel.
A vacuum pump was employed to substitute the inside of the flask
sufficiently for nitrogen. Then, 100 mL of distilled and
dehydrated n-heptane and 17.9 mL (0.12 mol) of decahydro
isoguinoline were supplied into the flask. 75 mL (0.12 mol)
of 1.6 Mbutyl lithium hexane solution was fed into the dropping
funnel. While the temperature in the flask was maintained at
4°C, thebutyl lithiumsolution in the dropping funnel was slowly
dropped therefrom into the flask. After dropping, agitating
was subsequently performed at room temperature for 12 hours to
ocbtainalithiumsalt of perhydro isoquinoline. Astirrer piece
was inserted into a glass filter-added flask (volume of 400 mL)
equipped with a dropping funnel. A vacuum pump was employed
to substitute the inside of the flask sufficiently for nitrogen.
Then, 60 mL of distilled and dehydrated n-heptane and 9 mL {(0.06

mol) of tetramethoxysilane were supplied into the flask. The
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previously obtained solid catalyst constituent [A] by 2.5 x 1073
mmol on a titanium atom basis; tri{ethyl) aluminum as the
organocaluminum compound constituent [B] by 2.0 mmol; and 0.18
mmol of the organosilicon compound constituent according to
Example 1 as the constituent [C], and 0.18 mmol of bis (perhydro
isoquinolino) dimethoxy silane as the constituent [D]. Then,
hydrogen (0.4 MPa} and 1liquefied propylene (1.2 L) were
introduced sequentially therein. After cooling the inside of
the autoclave down to 10 °C, agitating was dinitiated and
prepolymerization was performed for 10 minutes. Subsequently,
the temperature inside the autoclave was elevated up to 70 °C,
then polymerization was further performed at 70 °C for one hour
under polymerization pressure of 3.8 MPa. After completion of
peolymerization, the non-reacted propylene gas was discharged,
and the polymer was dried under reduced pressure at 60 °C for
20 hours to produce white powdery polypropylene. A flowchart
of anadjustment method and polymerizationmethodof the catalyst

constituents for use in Experimental example 7 is shown in Fig.
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As Comparative experiments to the Experimental example
4, similar homopolymerization of propylene was performed to
obtain the following products over the above experiments. In
a product, 0.19 mmol of the catalyst constituent according to
Comparative example 11 was employed as the constituent [C]
instead of the organosilicon compound according to Example 1.
In another preoduct, the organosilicon compound according to
Example 1 was employedas theconstituent [C], and the constituent
[D] was not employed. Inyet another product, the oxrganosilicon
compound according to Comparative example 12 was employed as
the constituent {C], and the constituent [D] was not employed.
In another product, the organosilicon compound according to
Comparative example 11 was employed as the constituent [C], and
the constituent [D] was not employed. In yet another product,
the constituent [C] was not employed, and the bis(perhydro
isoguinolino) dimethoxy silane was employed as the constituent

[D].

Table S
Compone Compone
nt C nt D He Activity | MFR | H.I Tm Mw | Mw/Mn | mmmm
g-PP/ gl
Component C mol% MPa | g-Cathr |10min| % | °‘C | x10 4 %
Example 1 50 50 04 42,900 129 96.8 | 163.1 20.2 12.2 99.0
Example 1 40 60 0.4 40,100 102 96.9 | 163.2 21.5 124 98.6
Example 1 30 70 0.4 40,400 79.9 | 96.9 | 163.6 22.2 11.2 98.8
Comparative
example 11 50 50 0.4 43,400 216 95.9 | 161.8 15.2 10.3 97.8
Example 1 100 0 04 43,900 444 06.6 | 162.7 12.4 7.1 98.9
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0. 4042. &t6v E3u S Froh @Ta@334 9] 7t 88. PEJadcXamil®y Example 1 as
thg%r%%%%sﬁ 1%%&%%mpoundconst1tuent[C],andthebls(perhydro
isoquinoline) dimethoxy silane as the organosilicon compound
constituent [D] has better hydrogen response and
stereoregularity and a wider molecular weight distribution

compared to other products using other constituents.

Experimental example 5 (Bulk Homopolymerization of propylene)

As Experimental example 5, bulk homopolymerization of
propylene was performed in the following manner using a-olefin
polymerization catalysts consisting of the solid catalyst
constituent [A], the organocaluminum compound constituent [B],
and the catalyst constituent [C] according to Examples 1, 3-13
and 15-18; and an a-olefin polymerization catalyst consisting
of the solid catalyst constituent [A], the organcaluminum
compound constituent [B], thecatalyst constituent [C] according
to Example 1 and the organosilicon compound constituent [D].
In Experimental example 5, as the solid catalyst constituent
[A], a THC-JC type was employed, which is commercially available
from Toho Catalyst. Ti content was 1.7 wt. %. As the
organcaluminum compound constituent [B], tri(ethyl) aluminum
was employed. As the organosilicon compound constituent [D],
the bis(perhydro isoquinoline) dimethoxy silane was employed,
which was similarly synthesized as Experimental example 4.

In Experimental example 5, a 2L-inner volume autoclave
composed of stainless steel and equipped with a magnet seal
agitator is employed, of which inside is fully substituted for
nitrogen. Supplied into the autoclave were: n-heptane slurry

of the previously obtained prepolymer by 2.5 x 10”3 mmol on a
titanium atom basis; triethyl aluminum as the organcaluminum
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°C,160d 1226me6i42t198. wa Opd0i5riéd FDr6a8: Bour. When hydrogen
{0.40 MPa) was prepared, polymerization pressure was 3.8 MPa.

After completion of polymerization, the non-reacted propylene
gas was discharged, and the polymer was dried under reduced
pressure at 60 °C for 20 hours to produce white powdery
polypropylene.

As Comparative experiments to the Experimental example
5, similar homopolymerization of propylene was performed using
o-clefin polymerization catalysts consisting of the solid
catalyst constituent [A], the organcaluminum compound
constituent [B], and the catalyst constituents [C] according
to Comparative examples 3, 6-10. These results are shown in
Tables 10-13.

Table 10
Polymerizati
on.
Hydroge| Reaction
n Rate MFR H.I Te Tm 5!
MPa |g-PP/g-Cat.hr{ g/10min | % C T Jlig |
0.03 29,600 9.5 98.7 | 1154 | 165.3 | 110.0
Example 1 0.12 42 000 48.1 98.1 | 116.3 | 164.6 | 113.0
0.40 43,900 444 96.6 | 116.6 | 162.7 | 117.0
0.03 31,900 11.9 98.7 | 114.1 | 164.1 | 107.0
Example 3 0.12 38,400 72.0 978 | 1155 | 163.4 | 113.0
0.40 38,600 533 95.9 | 1156 | 161.3 | 117.0
0.03 28,900 13.8 98.5 | 114.0 | 164.3 | 106.0
Example 4 0.12 31,600 73.3 97.5 | 116.0 | 163.2 | 110.0
0.40 31,800 533 95.8 | 117.1 | 1616 | 117.0
0.03 28,100 13.0 98.7 | 114.5 | 164.6 | 108.0
Example 5 0.12 40,000 77.6 97.9 | 1149 | 163.4 | 114.0
0.40 38,700 615 95.8 | 115.5 | 161.3 | 116.0
Example 6 0.03 34,400 14.6 98.4 | 114.8 | 164.6 | 105.0
0.12 45,400 89.8 972 | 1164 | 163.6 | 110.0




0. 0347.811.55.094.9 Exanple 170.1232. 011. 34. 496. 2

0.4019. 413. 64.896. 7 0.0323.17.84.65.5693.4 E |
0.1213. 06. 93. 74.5495.1 18 xanp 0.407.56.82.996.4 e
Exanpl e 1 0.4020.212. 25. 099840 +D

Conpar ati ve0. 1230. 47. 33. 397. 7 exanpl e

30. 4022. 414. 44. 198. 2 Conparative 0.4022.59.73.899.0

exanpl e 16oGampar a bye O 4833 4932 |5PR.53| $%8%P| $140
0. 1233, 46098 4o a%8% 7| o 17, Std i} 164958086
Examglz Conpafdli ve é%40f| o 9634032979 7. B4.459468.8 | 112.0
0. 0354. §4098. 29847 4@ nplar 883 ve exanplis.3 | 161.9 | 119.0
100.1231. 8.6363. 382 6&P8.16 102 | 98.5 | 113.7 | 164.9 | 106.0
Example 8 0.12 40,000 689 | 975 | 114.5 | 163.8 | 1120
0.40 42,200 666 | 95.2 | 115.8 | 161.8 | 118.0
0.03 27,200 950 | 98.0 | 115.8 | 164.1 | 103.0
Example 9 0.12 50,800 116 | 97.1 | 115.6 | 163.5 | 108.0
0.40 53,000 615 | 95.7 | 117.1 | 162.4 | 114.0
0.03 24,400 70 | 982 | 1155 | 1652 | 106.0
Example 10 0.12 35,200 299 |974 | 1158 | 1637 | 110.0
0.40 39,600 190 | 957 | 1195 | 1628 | 115.0
0.03 38,300 85 | 98.6 | 1188 | 165.4 | 106.0
Example 11 0.12 38,900 43.2 | 98.1 | 116.3 | 164.3 | 109.0
0.40 44,600 266 | 96.9 | 119.7 | 163.2 | 115.0
0.03 34,400 11.2 | 98.7 | 116.1 | 165.3 | 107.0
Example 12 0.12 45,200 619 | 97.7 | 118.2 | 164.7 | 112.0
0.40 44,500 421 | 966 | 117.9 | 162.2 | 118.0

Table 11

Polymerizati
on
Hydroge[Reaction

n [Rate MFR | HI Te Tm pis|
MPa |g'PP/g-Cat.hr| g/10min | % C C Jlg
0.03 31,100 97 1984 1153 | 164.7 | 1100
Example 13 0.12 37,100 53.6 | 97.9 | 116.5 | 164.0 | 113.0
0.40 40,200 400 | 96.1 | 117.4 | 162.6 | 116.0
0.03 18,800 642 | 954 | 117.0 | 1625 | 103.0
Example 15 0.12 26,900 276 | 944 | 117.0 | 161.5 | 109.0
0.40 32,000 - 91.0 | 118.1 | 159.9 | 115.0
0.08 35,300 87 | 986 | 1156 | 165.3 | 108.0
Example 16 0.12 50,700 386 | 982 1158 | 164.3 | 111.0
0.40 52,600 228 | 96.9 | 1155 | 162.8 | 116.0
0.03 30,800 75 | 962 | 1125 | 165.2 | 985
Example 17 0.12 41,700 246 | 95.7 | 1137 | 163.9 | 103.0
0.40 43,500 127 | 941 | 114.4 | 1629 | 108.0
0.03 16,100 66.0 | 93.8 | 114.1 | 160.2 | 102.0
Example 18 0.12 24,200 444 | 919 | 115.6 | 159.6 | 109.0
0.40 32,400 . 86.6 | 117.1 | 1585 | 115.0
E"a’“plfn ! 0.40 | 42,900 129 | 968 | 116.1 | 163.1 | 115.0




0.4020.69.23.91.0498.9 It is found that when the

catal yst constituents according to Conparative
exanples 3, 6-10 are enpl oyed, hydrogen response is
particularly |lower and ster®cregularity are | ower than
when the organosilicon conpound constituents
according to Exanples 1, 3-13 and 15-18 are enpl oyed.
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[A2]). Asgogonpasat| vey gxper iyrents, pol yagy i zati on of
ExalmiQPY ! €TEOMBS | 211 | 7.9 3.8 97.4
0.40 13.2 10.3 5.4 98.1
0.03 36.0 4.5 3.5 97.4
Example 5 0.12 21.9 5.8 3.3 98.4
0.40 12.4 6.5 3.3 98.3
0.03 34.1 7.8 3.9 97.1
Example 6 0.12 20.4 6.9 3.6 974
0.40 11.3 8.4 3.2 98.0
0.03 42.3 7.2 4.2 97.8
Example 7 0.12 24.2 6.0 3.3 98.2
0.40 12.1 6.5 2.8 98.7
0.03 45.0 8.5 4.9 979
Example 8 0.12 25.4 8.4 5.5 98.4
0.40 12.0 7.9 3.0 98.4
Example 9 0.03 29.4 7.3 3.9 96.4




performed using the catal yst constituents according to

Conparative exanples 3, 6 and 7 as the constituent [(]
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0.03 23.1 7.8 4.6 5.56 93.4
0.12 13.0 6.9 3.7 4.54 95.1
Example 18
0.40 7.5 6.8 2.9 96.4
Examplfn ' 040 | 202 | 122 | 50 99.0
Comparative 0.12 30.4 73 3.3 Q7.7
example 3 0.40 | 22.4 14.4 4.1 98.2
Comparative
example 6 0.40 22.5 9.7 3.8 99.0
Comparative
example 7 0.40 31.4 9.3 3.5 98.8
Comparative 0.03 | 614 7.3 3.7 98.5
IV
example 8 0.12 33.2 6.3 3.5 0.67 98.7
0.40 194 9.1 4.1 1.12 98.7




into the flask continuously at a flow rate of 165
m/mn. The resultant prepolyner has a weight ratio
of PP/ Constituent [A] 1.89. This prepolynmer was
enpl oyed for the follow ng-%ain polynerization of
propyl ene. Nanely, a 2L-inner volunme autoclave
conposed of stainless steel and equi pped with a magnet
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(0.4 MPa) and |iquefied propylene (1.2 L) were
i ntroduced therein. The tenperature inside the
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R@%aﬁh@atbebween Prepared hydrogen amount and MFR)

Polymerization of propylene was performed 1like
Experimental example 5 using the organosilicon compound
according to Example 1 as the constituent {C] and varying a
prepared hydrogen amount (MPa) from 0.03 through 0.12 to 0.40.
As Comparative experiments, polymerization of propylene was
performed like Experimental example 4 using the catalyst
constituent accordingtoComparativeexample 3as theconstituent
[C] and varying a prepared hydrogen amount (MPa) from 0.12 to
0.40. These results are shown in Fig. 9. As can be seen from
Fig. 9, when the organosilicon compound according to Example
1 is employed, hydrogen response is more excellent, because of
achievement of a high MFR with a less prepared hydrogen amount,
than when the catalyst constituent according to Comparative

example 3 is employed.

Experimental example 7

{Relation between Hydrogen response and Stereoregularity)
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Prepypgnenaasl. perfoyped |U|$t1rn@du@@d0t olefin polymerization
catalyst consisting of the solid catalyst constituent [A], the

organocaluminum compound constituent [B], and the catalyst
constituent [C] according toExample l. InExperimental example
8, as the solid catalyst constituent [A], a THC-JC type was
employed, which is commercially available from Toho Catalyst.
Ti content was 1.7 wt. %. As the organocaluminum compound
constituent [B], tri(ethyl)aluminum was employed. As the
organosilicon compound constituent D],
bis (perhydroisoquinolino)dimethoxysilane synthesized 1like
Experimental example 4 was employed.

For prepolymerization, a 200 ml-inner volume flask
equipped with a magnet seal agitator is employed, of which inside

is fully substituted for nitrogen. Sequentially injected into




sequentially therein. After cooling the inside of the
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As Comparative experiments to Experimental example 8§,
polymerization of propylene was performed using the solid
catalyst constituent [A], the organocaluminum compound
constituent [B], and the catalyst constituent according to
Comparative example 3. These experiment results are shown in
Tables 14 and 15, and GPC molecular weight distribution curves

are shown in Fig. 11.

Table 14
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for use in Experinental example 9 is shown in Fig. 12.
Pol ynmeri zation results and characteristics of the
resultant copolyners are shown in Tables 16-18.
Simlarly, propylene bl ock-®oepol ymer was produced
except for addition of a diethylamno triethoxy
silane as the constituent [C] by 0.125 mmol and a
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937, Boe3plop gy @ reompavaeiniged in Experimental example 8

has high stereoregularity, highmelt fluidity and widemolecular

weight distributions, the a~olefin polymer has good moldability
and excellent property against appearance deficits of moldings
such as flow marks. Particularly, Example 1 employs the
expensive bis(perhydroiscquinolino)dimethoxysilane only for
prepolymerization and thus can reduce the cost of polymerization

of propylene.

Experimental example 9

(Block copolymerization of Ethylene-propylene)

As Experimental example 7, block copolymerization of
ethylene/propylene was performed using an a-olefin
polymerization catalyst consisting of the solid catalyst
constituent [A}, the organocaluminum compound constituent [B],
and the catalyst constituent [C] according to Example 1; and
an a~olefin polymerization catalyst consisting of the solid
catalyst constituent [Al, the organoaluminum compound
constituent [B], the catalyst constituent [C] according to
Example 1, and the organosilicon compound constituent [D]. In
Experimental example 7, as the solid catalyst constituent [A],
a THC-JC type was employed, which is commercially available from
Toho Catalyst. Ticontentwasl.7wt. %. Asthe organosilicon

compound constituent [D],




exanpl e 1359, 90025. 50. 699 Table 17 Copol ynmeri zati on
Yield from MFR Bl ock Ti ne Copol yneri zation

gl OminRatio Hg-CP/ g-Catwt % 0. 53,5001117. 8 Exanpl e
115, 80066. 312. 3 28, 8003917-% -310, 70034. 920. 7

0. 53, 90029. 38. 5 Exanpl e 116, 40018. 113. 3

+p29, 40010. 218. 4 311, 3008.921. 4 0.55, 40026. 511. 3

o1 YRR b8y 00, AL BXOTRLE, 921°, GOPB 328,540
Experpment219¢8600011828. gas employed.
<First step: Propylene bulk homopolymerization>

A 2L-inner volume autoclave composed of stainless steel
and equipped with a magnet seal agitator is employed, of which
inside 1s fully substituted for nitrogen. Supplied into the
autoclavewere: n—-heptaneslurryofthepreviouslycbtainedsolid
catalyst constituent [A] by 2.5 x 1073 mmol on a titanium atom
basis; tri(ethyl)aluminum as the organocaluminum compound
constituent [B] by 1.5 mmol; and the organosilicon compound
constituent according to Example 1 by 0.25mmol. Then, hydrogen
(0.4 MPa} and liquefied propylene (1.2 L) were introduced
sequentially therein. Aftercoolingthe insideof the autoclave
down to 10 °C, agitating was initiated and prepolymerization
was performed for 10 minutes. Subsequently, the temperature
inside the autoclavewas elevatedup to 70°C, thenpolymerization
was performed at 70 °C foxr one hour under polymerization pressure
of 3.8MPa. Aftercocmpletionofpolymerization, thenon-reacted
propylene gas was discharged, and the inside was substituted
sufficiently for nitrogen. Then, pressure in the autoclave
was held at 0.02 MPa in gauge pressure. Thereafter, the weight
was measured, and the yield of polypropylene was calculated from
the weight of the empty autoclave and found 288 g. After
measurement of the yield, 76 g of polypropylene was extracted
from inside the autoclave in nitrogen ambient. Then, the
extracted polymer was dried under reduced pressure at 60 °C for
20 hours to produce white powdery polypropylene.
<Second step: Gas-phase ethylene/propylene copolymerization>

After completion of bulk polymerization, in which the
pressure in the system was held at 0.02 MPa in gauge pressure,
the temperature in the autoclave was set at 70 °C. Mixed gas
of ethylene and propylene was continuously supplied to the
autoclave at a proportion of 0.7:1 in volume ratio (700 Ncc/min
and 1000 Ncc/min, respectively) to adjust the copolymerization
pressure at 1.2 MPa in gauge pressure. For copolymerization

reactions at the same temperature under the same pressure, the




ve exanple 6 323,4004.232.2 0.54,00045.29.3 C

16, 60026.214.6 ti onpara ve 210, 10015.420.7 exanple 8
312,40012.424.1 -94 0.53, 10015.47.7 15, 3009. 212.5
Conpar ative 28,5004.918.5 €®anple 9 311, 0003. 922. 8

0. 510, 500615 C 117,1003.222.2 ti onpara ve

225, 400229. 8 exanpl e 13 330, 5001. 333. 7 Table 18

no&}%g@@g{i &ag(Wa%nglg%gp&gd %I{%%%ﬂ%hgssolli em so as to hold
the copolymerlzatlon pressure at 1.2 MPa in gauge pressure,
followed by copelymerization reaction at 70 °C for 3 hours.
During the copolymerization reaction (aftexr 0.5 hour, one hour
and two hours), each 20 g of the polymer was extracted from inside
the autoclave. The extracted copolymer was dried under reduced
pressure at 60 °C for 20 hours to produce white powdery block
copolymer. A proportion of the copolymer part in the total
polymer (block ratio) was calculated and found 7.83 wt. % after
0.5 hour; 12.34 wt. % after one hour; 17.54 wt. % after 2 hours;
and 20.65 wt. % after 3 hours. A flowchart of an adjustment
method and polymerization method of the catalyst constituents
for use 1in Experimental example 9 is shown in Fig. 12.
Polymerization results and characteristics of the resultant
copolymers are shown in Tables 16-18.

Similarly, propylene block copolymer was produced except
for addition of a diethylamino triethoxy silane as the
constituent [C] by 0.125 mmol and a bis{perhydro isoquinolino)
dimethoxy silane as the constituent [D] by 0.125 mmol, as the
catalyst constituent. Polymerization results and
characteristics of the resultant copolymer are shown in Tables
16-18.

As Comparative experiments to Experimental example 7,
ethylene-propylene block copolymers were similarly produced
except for use of the catalyst constituents according to
Comparative examples 3, 6, 8, 9 and 13 as the constituent [C]
instead of the organosilicon compound according to Example 1.
Polymerization results and characteristics of the resultant

copolymer are shown in Tables 16-18.

Table 16

Homo-PP
Homo Yield MFR | CXS| mmmm
g-HP/g-Cat.hr | g/10min | wi% | %{UBE)
Example 1 41,100 400 1 99.1




i ght Et hyl ene Cont ent [n ] Ethyl ene Rubber Transfer

w % % |1 gContent Rate t% 6.439.6111. 40. 81 Exanpl e

19. 639. 511. 62. 30. 78 13.840122.70. 79

15.940. 412. 33.70. 77 6.637.980. 81. 80. 77 Exanpl e

19 737.811.230. 73 +014.538.211.84.10.79
.738.612.15.10.73 8. 831 46.32.10. 77 Com a

E% g,g 96. 63. 50. 77 i ra 1981. 274. 90. 78 ve exanple
34 75 aQ 666 10 73@)15134_]223. Gsm €
Comparahve L. QO "I'U l l I |Jal A
example 3 42,300 60.1 1 98.2
Comparative
example 6 49,100 71.3 1 0.6 98.9
Comparative
example 8 38,900 113 0.9 08.6
Comparative
example 9 37,300 349 |11 98.8
Comparative
example 13 59,900 255 | 06 99
Table 17
Copolymerization Yield from MFR Block
Time Copolymerization Ratio
Hr g-CP/g-Cat ¢g/10min wi%
0.5 3,500 111 7.8
Example 1 1 5,800 66.3 12.3
2 8,800 39 17.5
10,700 34.9 207
0.5 3,900 29.3 8.5
Example 1 1 6,400 18.1 13.3
+D 2 9,400 10.2 184
3 11,300 8.9 214
0.5 5,400 26.5 11.3
) 1 9,100 14 17.7
Comparative
example 3 2 13,600 8.9 24.3
3 16,400 75 27.9
0.5 7,500 15.8 13.3
) 1 12,800 7.4 20.8
Comparative
example 6 2 19,300 4.9 28.2
3 23,400 4,2 322
0.5 4,000 452 9.3
. 1 6,600 26.2 14.6
[Comparative
example 8 2 10,100 154 20.7
3 12,400 12.4 24.1




24.432.412. 34. 80. 76 Conparative6.834.57.32. 20. 73
exanpl e 811.533.67.53.40.79 1634.57.84.30.77 -95
18. 934. 385. 70. 78 5. 633. 38. 6%¥.-80. 73 C 9. 333. 69. 430. 75

ti onpar

a

16. 734. 610. 15.50. 73 12.63110.81.80.84 m r

ve 13.934.410.13.90. 75 exanple 9

18.531. §11.12,,90.83 G ti PRygp0 2 253L10. p4.40. 80 ve
_ 1 5,300 9.2 125
[Comparative
example 9 2 8,500 4.9 18.5
3 11,000 3.9 228
0.5 10,500 6 15
L A 1 17,100 3.2 222
Comparative
example 13 2 25,400 2 29.8
3 30,500 1.3 33.7
Table 18
p-xylene
p-xylene Soluble Component Insoluble
Component
Ethylene Rubber Transfer
Weight [Ethylene Content inl Content Rate
wit% wi% difg wi%
6.4 39.6 11 14 0.81
Example 1 9.6 395 11.8 23 0.78
13.8 40 12 27 0.79
15.9 404 12.3 3.7 0.77
6.6 379 10.8 1.8 0.77
Example 1 97 37.8 11.2 3 0.73
+D 14.5 38.2 11.8 4.1 0.79
15.7 38.6 121 5.1 0.73
8.8 314 6.3 2.1 0.77
) 13.6 30.9 6.6 35 0.77
[Comparative
example 3 19 31.2 7 4.9 0.78
21.2 32 7 52 0.76
10.7 325 10.1 2 0.8
) 16 318 11.3 34 0.77
{Comparative
example 6 21.8 325 11.9 4.4 0.77
24.4 324 12.3 4.8 0.76
|Comparative | 6.8 34.5 7.3 22 0.73
example 8
11.5 33.6 7.5 34 0.79
16 34.5 7.8 4.3 0.77




exanpl e 13 28.631114.60.85 It
catal yst constituents of
8, 9 and 13 are enpl oyed,
| ower MFR and worse nelt ft¥i-dity than when the
or ganosi |l i con conpound according to Exanple 1 is

enpl oyed sol ely

It is

lLow int

ng§h

ha ‘11

or
erfogggthat

hheor constitu

t he bl ock

pel

is found that when the
Conparative exanples 3, 6,

thesgthylt

the ot h\/

copol ynmers have

in addition to the constituent [D]

Ul

Fne ccb%ent [

aene

reacti vi

t .6 S

i nfeBBdr. It

foundﬁthat

when ot#ze

cat al yst

|Compitative d-

92N

titue
b! nr\ggr\nnnl \I

agga

rat|v§ exa
}as—|-ower—

aamiplle ol i 5.9 )]

than3mhen th

31(]31'

ganosid i co

Tplesoggls
N compdand

AN LA
that as |t &6 e
constityen g
Congpataised—o+
echmglenyd qmiddot
the ethybepd

+ lnr\ nﬂnof X

Exanpgg 1is

r\nnef | f L

oyed %ola

|s idﬂiln 1
tIVIEb IS

c-fh:ﬁ- fh_

eﬂH% t he 4donst |
D copol,xmrer
eland narfnr ql* e_g_nié_a_l_an
stereoregularity, hydrogen response, nelt fluidity of
bl ock copol yners, and reactivity of ethyl ene.
Experinmental exanple 10 (Random copol yneri zation of

Et hyFendspriopyr@néhnais whaser Fhencalt ad ¥gip| @onsk i yugndam of

mﬁﬁ@@bi%&'é@érﬁﬁﬂe@% 86 @tfwla%raefler&)ﬁal&ﬁwyaeﬁ, the block
per f ormed using a-ol e pol ynmeri zation ‘cataly

coeeﬁgif@tfﬁ Mp 6t lpwsrsl‘éw @“@a’t’ﬁF?@tme]ébﬁéﬁﬂfj%Ht thag wneﬁnethe

or@éﬂ@ﬁ@@héﬂh@dﬁﬁp‘é@lﬂé@éﬁ%ﬁﬂ?ﬂ% tbmmﬂl@ 1 1saémplté},eed solely
tal yst  constitue %C: according to

Or%@fifiﬁﬁmﬁ%%aﬁp@@ taRn% KB )sol T8 léa{f'ary@%r ‘fouhd that
asC’Qllﬂétéﬁl'_UﬁLrﬁne[ AlontentThHe I6wt P e s @R ovedstwiueht], Sthe
0 rC|aII vai |l abl e fron1 Toho Catal yst. Ti content
etﬁﬁ e??7rﬁfc %ﬁytﬁé br§8hL&F uni num  conpound

consttt uent £oBhd tohat( ekhyh) talauntavalves ermplsyetierAS of

Co 10, d
CORRRBRy hFFaTF O - ECRY BE pr Ot P e e resr it

MFRsimgwanse melt fluidity than when the organosilicon compound

ﬂﬂ%
nto.8

I ﬁaiC

or |1
furthor found

he r @d8er
InferjQr. It

use—eo+—the
t uentt.8C] i nj
can a%mseve

Jvu

thyleﬁﬁ conte
the ethyl ene

hthno Qhr\\la ek
LI LA 2 AT

ri et hoXlysil an
- pr opyj,ene bl

J-C.)OWGI

according to Example 1 is employed solely or in addition to the
constituent [D}. Itisfurther foundthatastheethylenecontent
is low in the rubber constituent, the ethylene reactivity is
inferior.

It is found from the above results that, the use of the
[C]

ethylene-propylene block copolymer can achieve the most

diethylaminotriethoxysilane as the constituent in the

excellent performance on balanced stereoregularity, hydrogen
response, melt fluidity of block copolymers, and reactivity of

ethylene.

Experimental example 10

{Random copolymerization of Ethylene-propylene)

As Experimental example 10, random copolymerization of
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autod29Pe were: n-heptane slurry of the constituent [A] by 2.5
x 107 mmol on a titanium atom basis; triethyl aluminum as the
constituent [B] by 2.2 mmol; and the organosilicon compound
according to Example 1 or the catalyst constituent according
- to Comparative example 3 as the constituent [C] by 0.36 mmol.
Then, hydrogen (0.12 MPa), ethylene (0.2 MPa) and liquefied
propylene (1.2 L) were introduced sequentially therein. After
cooling the inside of the autoclave down to 10 °C, agitating
wasinitiatedandprepolymerizationwasperformedforl0minutes.
Subsequently, the temperature inside the autoclave was elevated
up to 70 °C, then polymerization was performed at 70 °C for twenty
minutes under polymerization pressure of 3.3 MPa. After
completionofpolymerization, thenon-reactedgaswasdischarged,
and the polymer was dried under reduced pressure at 60 °C for
20 hours to produce white powdery polymer. A flowchart of an
adjustment method and polymerization method of the catalyst
constituents for use in Experimental example 10 is shown in Fig.

13, and experiment results are shown in Tables 19 and 20.
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It is found that when the catalyst constituent according
to Example 1 1is employed, hydrogen response is better,
polymarization reaction rate is higher, stereoregularity of the
resultant a-olefin polymer is higher, randomness is better, and
melt fluidity is higher than when the catalyst constituent
according to Comparative example 3 is employed. It is defined

that the smaller the value of rir; the better the randomness.

Experimental example 11

(Block copolymerization of Ethylene-propylene)

As Experimental example 11, block copolymerization of
ethylene/propylene was performed using an o-olefin
polymerization catalyst consisting of the solid catalyst
constituent [A], the organcaluminum compound constituent [B],
and the catalyst constituent [C] according to Example 1. 1In
Experimental example 11, as the solid catalyst constituent [A],
a THC-JC type was enployed, which is commercially available from

Toho Catalyst. Ticontentwasl.7wt. %. Astheorgancaluminum
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au cr)g g‘rréla%rh %gugd73010% Ozgf’lcgr\l/rr?elausrlrlerermaetr{toof the yield, 102
g of polypropylene was extracted from inside the autoclave in
nitrogen ambient. Then, the extracted polymer was dried under
reduced pressure at 60 °C for 20 hours to produce white powdery
polypropylene.
<Second step: Gas-phase ethylene/propylene copolymerization>
After completion of bulk polymerization, in which the
pressure in the system was held at 0.02 MPa in gauge pressure,
the temperature in the autoclave was set at 70 °C. Mixed gas
of ethylene, propylene and hydrogen was continuously supplied
to the autoclave at a proportion of 0.7:1:0.026 in volume ratio

(700 Ncc/min, 1000 Ncc/min and 26 Ncc/min, respectively) to



(700 Ncc/mn, 1000 Ncc/mn and 26 Ncc/ m n,
respectively) to -99 adjust the copol ynerization
pressure at 1.22 MPa in gauge pressure. For

copol yneri zation reacti ons-®- the sane tenperature
under the sanme pressure, the non-reacted gas was

di scharged outside the systemso as to hold the
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pogxg@‘ggd(%sltoé:r}( raﬁhogq&% igﬁg?)ﬁggﬁ% Eg 3,% Orb wt % after
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st ep. hese re3urts Are°“Shown in Tables 21 and 22.

Tabl &s 2Joneaa PR dempof islaERuERCBHy deagen Bastpak 11,
etﬁg?éggagﬁgggg%g%ééigc%”ég?%ggﬁg@%ga 1%ﬁ9w§%tb8rformed like
Experimental example 11 to obtain a product using the catalyst
constituent according to Example 1, in which hydrogen was not
added in the second step; and products using the catalyst
constituentaccordingtoComparativeexample 3, inwhichhydrogen
was added and not added in the second step. These results are
shown in Tables 21 and 22.

Table 21
Homo-PP
HomoYield | MFR |mmmm| Ep | HydrogenPartial
Pressure
gHP/g-Cathr | g/l0min| % | Molar MPa
Ratio
42,900 470 - 0.7 0.02
Example I
41,100 400 99.1 0.7 0
Comparative 43, 100 76. 1 - 0.7 0.02
example 3 42,300 60.1 98.2 0.7 0
Table 22
I | ! I p-xylene p-xylene




e 41,10040099. 10. 70 Conpar ative43, 10076. 1-0. 70. 02

exanpl e 342, 30060. 198. 20. 70 Tabl e 22 p-xyl ene p-xyl ene
100 Sol ubl el nsol ubl e Conponent Conponent
Copol yner - Copol yner -
i zati oni zati onBl ockEt hyl eneEt hyl ene
Ti meYi el dMFRRat i oWei ght Cont ent [ ] Cont ent

- 100 -

hrg- CP/[g- Cat gi { Om nwWt 9% 78w 7dgwt 9% EXanpt e
10. 55, 80024212 011. 37. 53. 01. 3 Soluble Insoluble
(Hydrogenl9, 70p14518. 415. 39. 18. 22. 5| par t i afomponent Component
pr essuri@spdlthe4D08H1825- 221. 39| 83. 337
0. 02MP3) 3hipY 0D61zalidf. 224 ﬁg? 83m§5.5wg¥g | Bthylene [n] Ethylene
10. 53, 500T@e7. B6. 01611 01° # [ Heaiooged® ™ | conent | ©77 | content
15, 80046. 312. 3p. 39.511.162.3 | | part |a
pressurle: 2 8003OHITuS KA DIZR2| 7 wirs | win | dvg | we
uvr'a) S1U, 7UUS4 9ZU_ 7 Lo, |HU. 4{.4 9. [
Exgopdsal at i v0OB6| 30048%810 7#1 31149 81.8 dkQnpl &7-5 | 30 1.3
(nggg?@( 30. 018. 516. 5380 42. 8258| 184 158 391 | 3.2 2.5
p#ydl ogen214, 00021, 124621, 321129319 partial
pERsEs U e: 31626001 24480 [2256.85] s35dal= O ab Ipa) 398 | 33 8.7
0@3MBak ati v0. 55} 400260611. 8813[L. 46232. 1 243 398 | 3.4 5.5
Example 1 0.5 3,500 111 7.8 6.4 39.6 | 11.0 1.4
(Hydrogen 1 5,800 66.3 12.3 9.6 895 | 11.6 2.3
partial
pressure: 2 8,800 39.0 17.5 13.80  40.0 | 12.0 2.7
OMPa) 3 10,700 | 349 | 207 159 404 | 123 3.7
Comparativ 0.5 6,300 40.6 12.7 11.3 314 | 2.8 1.8
eexample 3 1 9,800 30.0 18.5 16.5 324 | 28 2.8
(Hydrogen 2 14,000 21.1 24.5 21.6) 32.1 2.9 3.9
partial
pressure: 3 16,600 17.0 27.8 21.9 325 | 3.0 5.5
0.02MPa)
Comparativ 0.5 5,400 26.5 11.3 8.8 314 | 6.3 2.1
eexample 3 1 9,100 14.0 17.7 13.6 309 | 66 3.5
(Hydrogen 2 13,600 8.9 24.3 19.0 31.2 | 7.0 4.9
partial
pressure: 3 16,400 75 27.9 21.2 320 | 7.0 5.2
0MP3z)

As obvious from Tables 21 and 22, in the product using

the catalyst constituent according to Example 1, addition of

hydrogen can particularly improve copolymarization reaction

rate compared to that for use in Comparative example 3.

Experimental example 12

(Melting and kneading of Ethylene-propylene block copolymer)

In Experimental example 11, to ethylene-propylene block

copolymer with hydrogen partial pressure of 0.02 MPa and

copolymerization time of 3 hours, additives (BHT, hydrotalcite,

calcium stearate, Irganox 1010, and distearyl thiocpropionate




exanpl e 319, 10014. 017. 713. 30. 96. 63. 5
(Hydrogen213, 6008. 924. 319. 31. 27.04. 9 partia
pressure. 316, 4007. 527. 921. 232. 07. 05. 2 OWPa) As obvi ous
from Tables 21 and 22, in -tihk- product using the

catal yst constituent according to Exanple 1, addition
of hydrogen can particularly inprove copolynarization
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equu@p@@b %ﬁ%ﬁ%@&'ﬂl@ém%q@@%d with an agitating blade

and dropping funnel was employed, of which inside was substituted

for nitrogen using a vacuum pump. Then, 8.5 g (0.050 mol) of
tetrachlorosilane; 100 mL of dehydrated n-heptane; and 0.48 g
(0.0025mol) of p-toluenesulfonicacidmonohydratewere supplied
into the flask and agitated igoodbath. Solutionof22.2g (0.15
mol) ethyl orthoformate dissolved in 25 mL dehydrated n-heptane
is suppliedintothedropping funnel. Whilebeingagitatedigood
bath, the ethyl orthoformate solution was dropped slowly from
the dropping funnel, followed by ice cooling and agitating for
5 hours, and left for 3 nights at room temperature. From gas
chromatography at +this moment, it was confirmed that
chlorotriethoxysilane was generatedby 78 3. After another ice
cooling, 10.1 g (0.10 mol) of triethylamine was added to the
reacted solution, thensolutionof3.7g (0.050mol) diethylamine




and dropping funnel was enpl oyed, of which inside was
substituted for nitrogen using a vacuum punp. Then,
8.5 g (0.050 nol) of tetrachlorosilane; 100 niL of
dehydr at ed n-heptane; and -00248 g (0.0025nmol) of

p-tol uene sul foni caci dnonohydrate were supplied into
the flask and agitated igood bath. Sol ution of 22.2 ¢
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solution was dropped slowly from the dropping funnel, followed
by ice cooling and agitating for 4 hours, and left for 2 nights
at roomtemperature. Analysisoftheresultant reactedsolution
by gas chromatography found production of 7% target
chlorotriethoxysilane, and by-productiocn of 60%
tetraethoxysilane.

Instead of ethyl orthoformate, sodium ethoxide was added
to perform Comparative experiment 2 to Experimental example 13.
Namely, a 300 mL-volume flask equipped with an agitating blade

and dropping funnel was employed, of whichinsidewas substituted




(0.30 not) of triethylamne were supplied into the

flask and agitated igood bath. A solution of 6.9 ¢

(0.15 nol) ethanol dissolved in 20 nL dehydrat ed

n- heptane is supplied intolthe dropping funnel. Wile

bei ng agitated i good bath, the ethanol solution was

dropped slowy fromthe dropping funnel, follomed by
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tetrachlorosilane and 70mL of dehydratedn-heptanewere supplied
intothe flask, then18.2g (0.18mol} of triethylamine was added,
and agitated igood bath. Sclution of 2.2 g (0.030 mol)
diethylamine dissolved in 20 mL dehydrated n-heptane is supplied
into the dropping funnel. While being agitated igood bath, the
diethylamine solutionwasdroppedslowly fromthedropping funnel,
followed by 1ice cooling and agitating for two hours.
Triethylamine hydrochloride of the reacted product was remove
by filtration in nitrogen gas ambient. The resultant reacted
solution was ice cooled again. Then, 23.8 g (0.16 mol) of

triethylorthoformate was dropped into the reacted solution. It
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substituted for nitrogen using a vacuum punp.
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into the dropping funnel. While being agitated igood bath, the

diethylaminesolutionwasdroppedslowly fromthedropping funnel,
followed by ice cooling and agitating for two hours. Triethyl
amine hydrochloride of the reacted product was remove by
filtration in nitrogen gas ambient. The resultant reacted
solution was ice cooled again. Then, 61.2 g (0.18 mol) solution
of 20wt . % sodiumethoxide inethanol was dropped into the reacted
solution. It was agitated for 3 hours igood bath. Analysis
of theresultant reactedsolutionbygaschromatographyconfirmed
39% triethoxy(diethylamino)silane and by-production of 40%

tetraethoxysilane.




into the flask, then 20.2 g (O 20 nDI) of
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a Cross
test was a Ten31lon universal tester RTA-500 available from

Orientech Inc. As a result of the test, the one produced like
The reacted product 1 had a tensile elastic modulus of 733 MPa,
and the one produced like The reacted product 4 had a tensile
elastic modulus of 757 MPa.

Experimental example 15

(Electron density of Compound)

Specific compounds having the constituent represented by
the above Formula 14 were structurally optimized using a PM3
approximation to calculate electron densities on nitrogen (N)

and oxygen (0), which are shown in Table 23. The calculation
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avai l able from Oientech Inc. As a result of the
test, the one produced |i kd06The reacted product 1 had
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_ 6.4203 | 6.4718 | 6.4476 | 6.4466 | 5.2002
triethoxy silane

Di n-propylamino
) ) 6.4460 | 0.4438 | 6.4516 | 6.4471 5.1978
triethoxy silane

n-butylamino
] ) 8.4499 | 6.4562 | 6.4562 | 6.4541 5.1950
triethoxy silane




1. A catalyst constituent of catalyst for polynerizing
or copolynerizing an a-olefin, represented by Fornul a
1. Formula 1 Si (ORl) 3 (NR2R3) (wherein in Fornula 1,
Rl is a hydrocarbon group -WtHh 1 to 6 carbon atons;
R2 is a hydrocarbon group with 1 to 12 carbon atons
or hydrogen; and R3 is a hydrocarbon group with 1 to
12 carbon atons). 2. Th%: yst constituent of
catal yst for ponnerizin&J copol yneri zing an
a-olefin according to claim 1, wherein RL in the
conpound rgpr . I [ I roup. 3.
Ther Sat al AP 2Eanrr it oy of st anue ssarbacRisthgine
orocopopghymieingngnan-alefehj nrapeesdnngdt byckairmmid, 1
wherei n the conmpound represented by Fornula 1
conprises one or nore of:
Fogimpbeh¥l ami not ri et hoxysi | ane;
di et hyl am notri et hoxysi | ane;
di et hyl am not r i net hoxysi | ane;
dietﬁ%ﬁ@g%mdﬁﬁkgﬁ-propoxysiIane;
di - n- propyl am not ri et hoxysi | ane;
nethyl-n-propylaninotrfethox¥siIane; .
(ngﬁﬁﬁyléﬂ1ﬁ%¥$?%@h%xﬁ%lP&né; ydrocarbon group with 1 to 6

caebbii|atord 0RY L and Rericekbhoxnsdteiewith 1 to 12 carbon atoms
et hyl i sopropy| amgi not ri et hoxysi | ane; and

O Yty 13 FotT5 & RYRYFSIPEReN rolpPciatEp ylsito 12 carbon
ate@Bsti tuent of catalyst for polynerizing or

copol yneri zing an a-olefin, represented by Fornula 2:

Formula 2 -108 RNSi (OR') s (wherein in Formula 2, R

i s a2hydr otlas bonagaayptw tdorsttitfentcar bén ataars,ysand for

N is.a.cyclic ami.no grouyp). 5. The catalyst . ,

POl FHRH OO E PR Sl 0 2By Tof s Carding to claim
1, copoteime R Zimghencampbehi nrqoooratitteg] by Ebmnwlad, is ethyl
grggﬁrein R in the conmpound represented by Fornula 2 is

ethyl group. 6. The catal yst constituent of catalyst

for polynerizing or copolynerizing an a--olefin

accogQIng fﬁbC|@EQElyst constituent of catalyst for

-
.

polymerizing or copolymerizing an oa-olefin according to claim
1, wherein the compound represented by Formula 1 comprises one
or more of: dimethylaminotriethoxysilane;
diethylaminotriethoxysilane; diethylaminotrimethoxysilane:;
diethylaminotri-n-propoxysilane;
di-n-propylaminotriethoxysilane;
methyl-n-propylaminotriethoxysilane;
t-butylaminotriethoxysilane;
ethyl-n-propylaminotriethoxysilane;
ethylisopropylaminotriethoxysilane; and

methylethylaminotriethoxysilane.

4. A catalyst constituent of catalyst for polymerizing

or copolymerizing an o-olefin, represented by Formula 2:

Formula 2




4 or 5, wherein the conmpound represented by Fornula 2

conprises any one of: perhydro quinolino group;

per hydro isoqui nolino group;

1, 2, 3, 4-tetrahydroqui nol i ne0%yr oup; 1,2, 3,4-tetrahydro

I soqui nolino group; and octanethylene imno group. 7.

A catal yst for polynerizing or copolynerizing an

a-olefin, including the catal yst constituent according

to any one of clains 1 to 6. 8. A catalyst for

pol yregi zORY ;or copol yneri zing an a-olefin, including

[A] a solid catal yst constituent consisting

essentially of magnesium titanium a hal ogen el enent
(waadean iel Betmoha ddndR’ isBk agdepgambahugirnum sbdtpolintdo 6

t t; (o g | h I 0 I fuent

caZ808 4HUEEL BT R ER of " ST FRE RS R R Lty

for polynerizing or copolynerizing an a-olefin,

further i di n gggg.' [.Gon np

cons ftueﬂ?ﬁgep?ggégggg b3£ ornﬂ#%ggporggor%%F%;KSt for
poFpneaui ai8g-01 @@pRANMeNRZ I nd &ndo~ORef Forandeerd nRAND claim
4, Riferedn RME] € b@mﬁ@ﬁﬁ&ﬂlxaeg;{régerﬁc‘gc{% Fdrmitla !B 18 ethyl

hydrocarbon group with 1 to 8 carbon atons; R2 i1s a
9rayeEr ocarbon group with 2 to 24 carbon atons, a

hydr ocarbon am no group with 2 to 24 carbon atons or
a hydrocar bon aIkoxg group with 2 to 24 carbon at ons;
4

and 3N i sTRE poFPEPerPe afitic® igriotastni t RE7 @tedyst  for
po@?ﬁ@?ﬂz§ﬁ8n§r(xﬁﬁﬂf?ﬁ?ﬂlzﬁa ﬁﬁ&%QQlé¥£Eﬁédﬁa}éﬂH§ to claim

ni trogen at om form skel et on). . &olﬁlf ,
4 PoPyrBheoath o nEPHBATST YRR AhEY Grrmula 2 comprises
anGopPnRLYHEE | gepyafoaqai 8bl tnbngtbep presengerof i§bguinolinoe

or SEh S 1 PSR SR AR BT 104 eddnyae

isocgpbhybhens, geoupr i shdgoatdmeshyséep Dhiino group.
honopol ynmeri zing propylene in the presence of the
catal yst according to any one of clains 7-9; and a

secohnd step @ﬁtaﬂynﬁ<ﬁgnnﬂqiwaekﬁhﬁggaoaonbpnégmerizing an
a-gﬁgggﬁgrﬁgﬁ?ﬁ&f’%& % Wt0180, 9 S D QY d ¥ ng to any
one of claims 1 to 6.

8. A catalyst for polymerizing or copelymerizing an
o-olefin, including [A] a seolid catalyst constituent consisting
essentially of magnesium, titanium, a halogen element and an
electron donor; [B] an organcaluminum compound constituent; and
[C] the catalyst constituent according to any one of claims 1
to 6.

9. A catalyst for polymerizing or copolymerizing an
o-clefin, further including [D] an organosilicon compound

constituent represented by Formula 3 or Formula 4:

Formula 3



step. 12. The nethod of manufacturing a-olefin
propyl ene bl ock copol ynmers according to claim 11,
wherein the second step i-ne¢-udes gas- phase
copol yneri zing the conbi ned nononer of propylene wth
the a-olefin other than propyl ene wthout
i nactivation of the catalyst used in the first step.
3y he net hagqe® nmanufacturing a-olefin propylene -
110 el ock~€opol yners according to claim1l or 12,
wherei n¥%ke a--olefin is ethylene. 14. The method of
ﬁgnufﬁgturl ol efin propyl ene bl ock copol ynmers
according to any one of clainms 11-13, wherein the
d,step includes addi ng hydrogen in
Fogﬁgggyﬁerization. 15. A nethod of manufacturing
a-ol efin propyl ene random copolyners, conpri sing
ri?an1copoly?§£izing a conbi ned nononer of propyl ene
-wth™sg a-gkefin other than propylene in the presence
of the c®#al yst according to any one of clains 7-9.
16tlIh6'né?hod of manufacturing a--olefin propylene
rBaddm copol Y™ Fs according to claim15, wherein the
a-olefin is ethylene. 17. A nethod for preparing an
a-olefin polyner consiting the step of polynerizing
or copolynerizing an a-olefin, copprising
(Whespbl yHerf My d ¥ Che Fpravéacs, of & Scat Byggpcarbon group
witRCl udh M daidboh Selond ;catal ¥y HeNYIdadriM geongl §ikAJ2 to
essentially of nmagnesiu titanium a hal ogen el enent
24 GRFLAP X500 BrYRRRTICPE) RIS GERGR BT AU ConrdotnERon
at6@ssd Tauﬁg}ﬁroaﬁﬁbobl:&lg@)é@rql&j’iqs:w|i'ft(h02 E@mo&ﬁ%‘bog atoms;
I,.tuent represente Fornmul a ., 5 0or FEqQrnu ;
and R a1 AP Y TEE AR B0 e Fheht-adboPdFRGS 250mS
whaayednecef cakrbons tlon® abd Hos milkacheRAMN MRS rmSEk&l dtton) .
" X Fornula 6 -111 R3N R2 5i

10. An a-olefin polymerization method of polymerizing

or copelymerizing an a~olefin in the presence of the catalyst
according to any one of claims 7 to 9.

11. A method of manufacturing a-olefin propylene block
copolymers, comprising a first step of homopolymerizing
propylene in the presence of the catalyst according to any one
of claims 7-9; anda secondstepofblockcopolymerizinga combined
monomer of propylene with an a-olefin other than propylene in
the presence of the same catalyst after the first step.

12. The method of manufacturing o-olefin propylene
block copolymers according to claim 11, wherein the second step

includes gas-phase copolymerizing the combined monomer of

propylene with the a-olefin other than propylene without
inactivation of the catalyst used in the first step.

i3. The method of manufacturing oa-olefin propylene



RHO OR (where in Fornmula 3 or Formula 4, R is a

hydr ocarbon group with 1 to 8 carbon atons; R2 is a

hydrocarbon group with 2 to 24 carbon atons, a

hydr ocar bon am no group w-tino2 to 24 carbon atons or

a hydrocarbon al koxy group with 2 to 24 carbon atons;

and RBN is a polycyclic amno group with 7 to 40

carbon atons, whierein the carbon atons and the .
LlAckCogent YAESH FHTMEKY &P 6ARimEls. O AR 2 a WhiedRLR it ynetefin
ishavhp@ieaeMFR equal to or nore than 300 neasured at

230 Cwth a weight of 2.16 kg in conpliant wth

ASTM D1238 and having a neso-pentad fraction (nmmm

equall4.t o Diie Meehbhan fOblerak&burlihey axodrdfin pelypPelene

or di o.cl aj rein the_a-olefin.pglyner .
bl?éﬁo‘%c?%{%gﬁde rl% a%&l@%%ﬂg&%g rallr!lz%ltoin(()a noﬁnC earlmsarilleggt’i %ﬂereln
therescunae sdfer8i8clRdesnadtengriegbroemfint bepchyméystation.

according to any one of clainms 7-9 to polynerize an

a-olefin under a hydrogen partial pressure equal to
or |&ss thane@hod dVRaanzac#ur anobebile fpngmydeneritd pakdom

. haloie , | L ai
oGP SBNIS,00 S ELOBENRELLEL G SO e
of plrapmlede virdpyh enelednd chb3thaw prépytepeliyndre presence

ofCOREL LAHEN s Of 2LB6ra1 R eEENaRY NERe t HANC- PL OR 'fﬂ_ﬂ@: 21.
A nmet hod of manufacturing an al koxy silane halide,
conprising reacting a tetrahal o silane represented by

Formiga 7oy t e ARLQT B%oﬁ%rﬂ@a%ﬂlﬁﬂg%s%-t@eﬂn F%f%{/f‘ene
8 to produce an al koxy silane hali represente .
rapgein f P Ok YIRF AKX AP £ g sdaipwhor atheried nathgl @gehefin
isgedHplen&ormula 8 HC(OR )3 (where Rl is a hydrocarbon
group with 1 to 4 carbon atons) Fornula 9 XnSi (OR1)
4-n (where X is a halogen group; Rl is a hydrocarbon

group7 wi t mﬂqeth@défo@%mﬁﬁq@h oejd e i gol e B¢ond2t ing
The net hod of manufacturing al koxy sil ane hal i des .
the o &l ngtt P EITH L P hh8F ei FPROT Yot FlA 67 s*ephgfin,

cogpouping prepolymerizing in the presence of a catalyst
including [A] a solid catalyst constituent consisting
essentially of magnesium, titanium, a halogen element and an
electron donor, [B] an organcaluminum compound constituent, and
[D] anorganosilicon compoundconstituent representedby Formula
5 or Formula 6; and adding [C] the catalyst constituent according

to any one of claims 1 to 6:

Formula 5

NR3

3N
S
Rl('( \OR]-

Formula 6




23. The nethod of manufacturing al koxy silane halides
according to claim?21 or 22, wherein X in Formula 7 is
chl or group. 24. The nmethod of manufacturing al koxy
silane halides according-tiolany one of clainms 21-23,
wherein the tetrahalo silane represented by Fornula 7
is reacted with the orthoformate represented by
Formula 8 in the presence of an acidic catal yst. 25.
The net hod of manufacturing al koxy silane halides
asﬁhndlng to_ak®im24, wherein the acidic catalyst is
" p- t ol rsnesutfoni c acid. 26. The nethod of

nanuf (ng al koxy silane halides according to any
clalﬁq?§i1to 25, wherein nin Fornmula 9 is
equa 3 27. A method of manufacturing a

dlalkylan1no trial koxy silane, conprising reacting
t he al koxy silane halide, produced in the nmethod of

(wﬂ?Pé’H@?%%&%nﬂg%a@ Al F8§Mu§5'@”§1@goj bggfdﬁf&aoxgﬁér[‘%trﬁh% with

6" and represent ed
1 tdi Bldapdboraptpnsy épresgnhye@r@qaﬁmmr@uwmh gr odddecarbon

| k e r ted r
= 8! B RSN, R BenSER) 2oRY 6 Bl TLbAs o
a Imydrecaripon yrkormy \Alltqvplwtlé:hlg t@a?‘bdhaldft@n@’@msr and RN

isY 3L998R-130d:R3nb Q%x%d%ygﬁﬁﬁa’f Bong 9 r&é{&fbc\/ﬂ R omk, t@hidrein
carbon atons) For 1 3 (NR2R3) (mhere in

thﬁo?ﬁﬂbanlatﬁﬂslénﬁ E?@r%kﬁ?%@ﬁng@B%% fP¥R gkebeon) .
carbon atons; R2 is a hydrocarbon group with 1 to 12
carbon atonms or _ hydrogen; and R3 is a Eé/drocarbon

groupBwi t AL Gk thﬂﬁﬁﬂmﬁﬁbﬁﬁylngzg MER fstUidd tef or more
thQﬁ@ﬁ(ﬁﬁEHEbBGdC%/@ b'3@tc%fmvﬂ|@htar wahlg;}a%yof ﬁl :1@31@@ in compliant
risi eact.in e al koxy silane_halide, pro
wifR ATt RS TF PHoP R ARG S i By | ggual
toaceondir8gthan BBaﬁﬁB 21 to 26 and represented by
Formula 9, with a cyclic amne represented by Fornul a

12 to produce a cyclic amno trialkoxy silane
repregent echdy-boefihgodBmdOrfebadldg to claim 18, wherein

the a-clefin polymer is obtained in bulk polymerization under
a reaction pressure of 3.8 MPa in the presence of the catalyst
according to any one of claims 7-9 to polymerize an a-olefin
under a hydrogen partial pressure equal to or less than 0.7 MPa.

20. An o-olefin propylene block copolymer having a
sea-island structure, comprising a 99-70 wt. % a—olefin polymer

constituent according to claim 18; propylene; and a 1-30 wt. %

copolymer constituent of the a-oclefin other than propylene.

21. A method of manufacturing an alkoxy silane halide,
comprising reacting a tetrahalo silane represented by Formula
7 with an orthoformate represented by Formula 8 to produce an

alkoxy silane halide represented by Formula 9:

Formula 7



RNH (where in Formula 12, RN is a cyclic am no group)
-114 Formula 13 RNSi (OR) 3 (where in Fornmula 2, Rl

is a hydrocarbon group with 1 to 6 carbon atons; and
RN is a cyclic am no grouphiz-

SiX,
{(where X is a halogen group)
Formula 8
HC (ORY) 3
(where R! is a hydrocarbon group with 1 to 4 carbon atoms)
Formula 9
¥XnSi (ORY) gon

(where X is a halogen group; R' is a hydrocarbon group with 1

to 4 carbon atoms; and n = 1, 2, 3).

22. The method of manufacturing alkoxy silane halides

according to claim 21, wherein R in Formula 9 is ethyl group.

23. The method of manufacturing alkoxy silane halides
according to claim 21 or 22, wherein X in Formula 7 is chlor

group.

24, The method of manufacturing alkoxy silane halides
accordingtoanyoneofclaims21-23, whereinthe tetrahalosilane
represented by Formula 7 is reacted with the orthoformate

represented by Formula 8 in the presence of an acidic catalyst.

25, The method of manufacturing alkoxy silane halides
according to c¢laim 24, wherein the acidic catalyst is

p-toluenesulfonic acid.

26. The method of manufacturing alkoxy silane halides
according to any one of claims 21 to 25, wherein n in Formula

9 is equal to 1.
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27. A method of manufacturing a dialkylamino trialkoxy
silane, comprising reacting the alkoxy silane halide, produced
inthemethodof manufacturinganalkoxysilanehalides according
to claims 21 to 26 and represented by Formula 9, with a dialkyl
amine represented by Formula 10 to produce a dialkylamino

trialkoxy silane represented by Formula 11:
Formula 10
NHR®R?

(where in Formula 10, R? is a hydrocarbon group with 1 to 12
carbon atoms or hydrogen; and R?® is a hydrocarbon group with

1l to 12 carbon atoms)
Formula 11
Si (OR'} 3 (NR?R®)

(where in Formula 1, R* is a hydrocarbon group with 1 to 6 carbon
atoms; R? is a hydrocarbon group with 1 to 12 carbon atoms or

hydrogen;andR3isahydrocarbongroupwithl1x>12carbonatoms).

28. A method of manufacturing cyclic amino trialkoxy
silanes, comprising reacting the alkoxy silane halide, produced
in the method of manufacturing an alkoxy silane halide according
to claims 21 to 26 and represented by Formula 9, with a cyclic
amine represented by Formula 12 to produce a cyclic amino

trialkoxy silane represented by Formula 13:
Formula 12
RNH

(where in Formula 12, RN is a cyclic amino group)
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Formula 13
RNSi (ORY),

(where in Formula 2, R' is a hydrocarbon group with 1 to 6 carbon

atoms; and RN is a cyclic amino group).



