DESCRI PTI ON SCLI D CATALYST COVPONENT FOR COLEFI N POLYMERI ZATI ON,
CATALYST FOR OLEFI N POLYMERI ZATI ON, AND 5METHOD FOR PRODUCI NG OLEFI N
POLYMER TECHNI CAL FI ELD [ 0001] The invention relates to a solid

catal yst conmponent for olefin polynerization, an 10 ol efin

pol ynmeri zation catal yst, and a nethod for producing an ol efin polyner
that ensure that a pol ynmer exhi bDESQRIPTIIN St ereoregul arity can be
obtained in high yield without using a phthalic diester. BACKGROUND
ART 15[ 0002] A solid catal yst conponent that includes nagnesi um
titanium an el ectron donor conpound, and a hal ogen as essenti al
conponentSOIHBLABREHY 3E SDONBONEN T FORI QL BEINPODY MERIZAFIQN, CATALYST
propyl ene). A nunber of methods have been proposed that pol ynerize or
copol yneri ze an ol ef i n FORtQIEEHNeR@hY MERIZATIGNeAND pol yneri zati on
catal yst that includes 20 the solid catal yst conponent, an
orgaﬁioaluninun1conﬂﬂﬁﬁﬂﬁﬂhE@RdﬁuaDQKHEEi%LEBH*B@&E@@H@. [ 0003]

It has been known that excellent polynerization activity and
stereospecificity can be obtained using an ol efin polynerization
catal yst_that includes a solid titanium 25 catal yst conponent that
suppor t STEREBIEeALTdRLBonor such as a phthalic ester, an
organoalﬂgﬁﬂunlconpound (co-catalyst), and a silicon conpound that

i ncl uded | east

The invention relates to a solid catalyst component for olefin polymerization, an
10  olefin polymerization catalyst, and a method for producing an olefin polymer that
ensure that a polymer exhibiting high stereoregularity can be obtained in high yield

without using a phthalic diester.

BACKGROUND ART
15 [0002]

A solid catalyst component that includes magnesium, titanium, an electron donor
compound, and a halogen as essential components has been used for polymerizing an
olefin (e.g., propylene). A number of methods have been proposed that polymerize or
copolymerize an olefin in the presence of an olefin polymerization catalyst that includes

20  the solid catalyst component, an organoaluminum compound, and an organosilicon
compound.
{0003]

It has been known that excellent polymerization activity and stereospecificity

can be obtained using an olefin polymerization catalyst that includes a solid titanium
25  catalyst component that supports an electron donor such as a phthalic ester, an
organoaluminum compound (co-catalyst), and a silicon compound that includes at least

one Si-OR linkage (wherein R is a hydrocarbon group) (see JP-A-58-83006 (Patent



one Si-OR |inkage (wherein Ris a hydrocarbon group) (see

JP- A-58- 83006 (Patent Docunent 1), JP-A-56-811 (Patent Docunent 2),
and JP- A-63-3010 (Patent Docunent 3), for exanple). It has been

wi dely reported that it is preferable to use a phthalic ester as the
el ectron donor. However, di-n-butyl phthal ate and benzyl butyl

pht hal at ®dcument, 1)pR-Aad6-81 lePaeans Poatreent @3, apd dP )63 304 0 [jBitamtddscunfent
very high concern (SVHC) specified by 5 Registration, Evaluation, and
Aut hor i z8),ifonexangldye s Itrlias beenwilel Glepoiteahthsat i REpadkabld to ke r phthalicisderof
di -n-butyl phthal ate and benzyl butyl phthalate will be banned from
Febr uar y ag2the ek@1on idongyy | Mowsiver, difhvdutfl phtbalate andtbehydbutyl/phtbatate .,
does not utilize such SVHC has been desired in the industry. [0004]
10A sol i gbhaliarsiers) wodpvigeated asmibstanges pf very digh opcerp{ENEQtspediied bieen
known as_a solid catal yst conponent that utilizes a phthalic ester
that 8oeRegisiratien, EVGJHG%QD: ayhduthesizeationandRestichopof SeemirplsAREACH)> 720
(Patent Docunment 4) .and JP-A-57-63311 (Patent Docunent, 5)). ver,
al ong wi thEpreesaRf axgn@fﬂy(hph 2laig md%ﬁ%ﬁéwi ehthalate g by bapess from

pht hal ate,, t her been a.tendency to avoid the use of phthalic

Dot or's. bl 0T Bpoms- T DI cR T b RS ABiol e st
Ther ef Orgvﬂ& ﬁ0| i d cat.al,yst. co nent for olefin polynerization and a
cat al yst BPerpAetitediiP $he BEBhal i ¢ ester as an el ectron donor

have bee (g) ii red. [0005] A solid catal yst conponent has been known
that is E[F g red using a fatty acid 20ester (e.g., malonic ester or

k01, 22 el iRl By LA B e b s
8o gl o i PSSt gl e R
specified by REACH (see JP-A-10-182720 (Patent Document 4) and JP-A-57-63311
(Patent Document 5)). However, along with the banning of di-n-butyl phthalate and
benzylbutyl phthalate, there has been a tendency to avoid the use of phthalic esters as an
15  electron donor for a solid catalyst component, Therefore, a solid catalyst component
for olefin polymerization and a catalyst that do not utilize a phthalic ester as an electron
donor have been desired.
[0005]
A solid catalyst component has been known that is prepared using a fatty acid
20  ester (e.g., malonic ester or succinic ester) or a diether (e.g., 1,2-diether, 1,3-diether, or
1,4-diether) that does not fail under SVHC as an electron donor instead of a phthalic
ester.
[0006]
A solid catalyst component for olefin polymerization that utilizes a malonic ester
25  isdisclosed in JP-A-2004-91513 (Patent Document 6), JP-A-2000-516987 (Patent
Document 7), JP-A-2000-516989 (Patent Document 8), and JP-A-2000-516988 (Patent

Document 9), for example.



25 is disclosed in JP-A-2004-91513 (Patent Docunent 6),

JP- A- 2000- 516987 (Patent Docunent 7), JP-A-2000-516989 (Patent
Docunent 8), and JP- A-2000-516988 (Patent Docunent 9), for exanple.

[ 0007] Patent Docunent 6 discloses a solid catal yst conmponent that
utilizes a malonic diester selected fromdiethyl dibutyl nal onate,

di et hyl pboogppr opyl mal onat e, diethyl diisobutyl mal onate, diethyl

bi s(3-chl oro-n-propyl ) nal onate, and di ethyl 5 butyl bronomal onat e.

[ 0008] PRiiteint D daveione 6 disélostsscdotid @ atabyss eumsbneas thhyigilizeoapalvaid
that utilizes a malonic diester represented by RI R2C( COOR3) ( COOR4)
(wher ei ndiskter =leztddyfelim gémthyd tddmtylRaldnateadieihye diisopropytrasioiee] didtkyil
group having 3 to 20 carbon atons, a cycl oal kyl group, or an 10

aryl al ky#iispbotypnalanate, RBethylcbistd-chtozo-nruepy)manedty, andldietlsdr or br anched
al kyl group having 4 to 20 carbon atons, an al kyl cycl oal kyl group, a
pri meYy butylbxomemalgngap, or a primary al kyl aryl group). [0009] Patent
Docunment 8 di scl oses a solid catal yst conponent that utilizes a

mal oni ¢ 808] ester represented by R R2C(COOR3) (COOR4) (wherein Rl is
a linear al kyl grqup havi ngi 1 to 20 carbon atons, a_ l|linear al kenyl

g8 g ep o an
differi ﬁe}eg%f risée,nt%‘ev ﬁ@ﬁsﬁﬁ@ﬁ@%@ﬁ éwﬁ%a%#ﬁ‘giﬁ]athﬁm@% Ao Risa
vl opr ot B Beipshe BB ayP besivie o BO.eaERE i P 521 GURY Howh oF ap
ﬁtm‘&y RET L SR LTS %%?@P%Bﬂ%ﬁfﬂ%%@qéﬁﬁéﬁéﬁ%ﬁﬁ B0 dup
g?oupghgf\lléivﬁlqu %totcﬁg)j %gg%ngértglg%’ agfaélﬁé&cgo%% %ﬁdg%mgbeﬁ?lr?g{g%gﬁhgﬁrl ay an
alkyl 9 RitRad) MMyl group).

[0005]

Patent Document 8 discloses a solid catalyst component that utilizes a malonic
15  diester represented by R'R*C(COOR*)(COOR?) (wherein R! is a linear alkyl group
having 1 to 20 carbon atoms, a linear alkenyl group, a cycloalkenyl group, an aryl group,
an arylalkyl group, or an alkylaryl group, R® is an alkyl group having I to 4 carbon
atoms differing from R?, and R? and R* are selected from the group consisting of an
alkyl group having 1 to 3 carbon atoms and a cyclopropyl group).
20 [0010]

Patent Document 9 discloses a solid catalyst component that utilizes 2 malonic
diester represented by R'R*C(COOR?)(COOR*) (wherein R? is a linear or branched
alkyl group having 5 to 20 carbon atoms, a cycloalkyl group, or an arylalkyl group
having 7 to 20 carbon atoms, and R? and R? are independently an alkyl group having 1

25  to 3 carbon atoms or a cycloalkyl group).
[0011]

JP-T-2002-542347 (Patent Document 10) discloses a solid catalyst component



25 to 3 carbon atons or a cycloal kyl group). [0011] JP-T-2002-542347
(Patent Docunent 10) discloses a solid catalyst conponent for olefin
pol yneri zation that includes a succinic ester represented by

(R100C) CR2R3CRAR5( COOR6) (wherein RL and R2 are independently a

| i near or branched al kyl group having 1 to 20 carbon atons, an

al kenyl frralgfin polpyetizagiok that gnapades aanccmiy lestgr wpesemtad by yl al kyl gr oup,
or an alk%IaryI rgup4t%at og}ionallylinclgdes a 5 heteroatom R3 to
R6 are i fﬁléﬁéﬁhﬁ%ﬂ CRIRHGMQHY? (wbareimR aantl iR @z indepandanitshetinest Ry |
group having 1 to 20 carbon atons, an al kenyl group, a cycl oal kyl
group, ahraaehad alied gpoupsheving/] ta 1 earberoatpmsgin akenyl BYAuay § Pycheadiyd srovm;
optionally includes a heteroatom provided that R3 to R6 bhonded to an
i dent i caPi atybeioypt aoaralalkyl sene. errnealera sroup dhptogranallyinsigdesgng,
when R3 to R5 arehydrogen atons, R6 is a grou el ected fr a
primady, qtemg@abﬁ%iéfaﬁﬁ aaerméwggﬁtkyaalv ?gf'@g%femf) m@%aﬁar Brapehed s r bon
atons, a cycloal kyl group, an aryl group, an arylal kyl group, .and an
o Ryt ar yEagpoape tagospbon Horst 5y ety st ViRl henb A Ee
pol ymeri zat | that utilizes a.diether is discl din JP-A-3-706
(Pat ont | BORUTHER! ERoup: ah e S50 Ssipdb anlo Bl pbins Perdiaptoimy phnaged
exanpl e. i Rat ent c nt 11 di 0ses i | yst
componenttal Rald B pcsd® leBRes FoRLonkbudhy BuRf 5 %eft SRt AR AE:
(wherein ' @t [ al kyl
o oup. nathgiEen FE MR Er AR SASRERO RS | plhub sDEREd Boubh BRAREY, )0
grou a . I r Q¥ .1
o R oy B et iR sl Bl © 20 Carnnitins B Hlc B, o

di scl ose [ OSRPREk Jib).| 1 zes a di et her
repr esen?gggﬁgbh%l?%a%&-%%%?( 0-120?4))(1%]}\/@}3%? eli))n R1 and R2 are an al kyl

group 25[gmay)jng 1 to 18 carbon atonms, a cycloal kyl group, or an aryl
group, and and R4 are an al kyl group having 1 to 4 carbon atons).
A solid catalyst component for olefin polymerization that utilizes a diether is

disclosed in JP-A-3-706 (Patent Document 11) and JP-A-3-62805 (Patent Document 12),
15 for example.
[0013]
Patent Document 11 discloses a solid catalyst component that utilizes a diether
represented by RO-CH’CHR'R*CH,-OR (wherein R, R, and R? are independently a
linear or branched alkyl group having 1 to 18 carbon atoms, an alicyclic group, an aryl
20  group, an alkylaryl group, or an arylalkyl group, provided that R' or R> may be a
hydrogen atom). |
[0014]
Patent Document 12 discloses a solid catalyst component that utilizes a diether
represented by R'R*C(CH,0R*)CH,0R*) (wherein R' and R? are an alkyl group
25  having 1 to 18 carbon atoms, a cycloalkyl group, or an aryl group, and R® and R* are an
alkyl group having 1 to 4 carbon atoms).
[0015]



[ 0015] When using a catal yst systemthat includes a solid catalyst
conponent that utilizes a malonic ester or a succinic ester for

pol yneri zi ng propyl ene, the resulting pol ypropyl ene general ly has

i nsufficient stereoregularity. Therefore, it is difficult to apply
such a pol ypropylene to injection nolding or the Iike for which high

rigidity is SWiRduwksi@ catiibht Sybédin thaPRcHAELPYIIRI @t cHRpoaARiat Y used
as a general -purpose resin for which very high nechanical strength is

not requitilests aMMlGHY ester & duecihicdsRE B} palbinetizing prépylencatieveditidg gh,

it is difficult to apply the above catal yst systemto production of a
resi n f opolydrophlene bensraliyl Has finsofficient etetedragatpity. e ACHeeefore, it $di€licult to

[ 0016] 10When using a catal yst systemthat includes a solid catalyst
conponenapphaichut pdlypresylencstodnjection meltlang caashe Iikechon evhichl legh rigiditdanor ,
the resulting olefin polymer has a broad nol ecul ar wei ght

di st ri butequingd, andi swohis mailypropyléry hagbegny inmatyussd @p eigeneral-fuzpope resin for
stereoregularity) as conpared with a pol ymer produced using a solid
cat al yst whishivent high peshapi¢sh strengticisaet wequiaed. arMeteevery srcedoidargen
Therefore, it is difficult to produce resins 15 of various grades

usi ng t hectiyBpisrclasivelyigh, 4y is didfeulf toopply theaboviesatalyshsysiam fopdugione m
t hat incl udes, sogiiﬁg gat al 3&5)#1 conponent, that utilizes a diether as
an i nt er P regindex Voish adawmelollow sty rapauiredde 8 spsAtlene, the resul ting

pol ypr opyl ﬁ:&(e (ol efin polymer) generally has insufficient
stereore%@ ity, and has a 20 narrow nol ecul ar wei ght distribution

SR oo RaREe R R o HOUAE ol SRR By
0 oo e, SLARAE e i el RSS! BB S
e e L T e L s
cost stereoregularity) as compared with a polymer produced using a solid catalyst that
utilizes a phthalic ester as an electron donor. Therefore, it is difficult to produce resins
15  of various grades using the above catalyst system.
[0017]

When using a catalyst system that includes a solid catalyst component that
utilizes a diether as an internal electron donor for polymerizing propylene, the resulting
polypropylene (olefin polymer) generally has insufficient stereoregularity, and has a

20  narrow molecular weight distribution suitable for high melt flow fibers. However,
when producing a sheet, a blow molding body (e.g., bottle), a film, or a high-rigidity
injection molding body, it is necessary to perform multistep polymerization while
changing the amount of hydrogen, or it is necessary to use a special external donor.
Therefore, the polymerization process conditions become complex, and increase in cost

25 occurs. Moreover, since hydrogen activity is very high, it is difficult to apply the

above catalyst system to production of a resin for which a low melt flow rate is required.

Therefore, a further improvement has been desired.



25o0ccurs. Moreover, since hydrogen activity is very high, it is
difficult to apply the above catal yst systemto production of a resin
for which a lownelt flowrate is required. Therefore, a further

i nprovenent has been desired. RELATED- ART DOCUMENT PATENT DOCUMENT
[0018] Patent Docunent |: JP-A-58-83006 5 Patent Docunment 2:

JP- A- 56- RELAPEDeARTIDOCIMENS: JP- A- 63- 3010 Pat ent Docunent 4:

JP- A-10- 182720 (exanpl es) Patent Docunment 5. JP-A-57-63311 (exanpl es)
Pat ent DBATENTtDOGCUMENIT2004-91513 10 Patent Docunent 7:

JP-T-2000- 516987 Patent Docunent 8: JP-T-2000-516989 Patent Docunent
9: JP-T-008} 516988 Patent Docunent 10: JP-T-2002-542347 Patent
Docunment 11: JP-A-3-706 15 Patent Docunent 12: JP-A-03-62805

(exanpl eBategURoummenOb: JP-E-33RAGNS| ON TECHNI CAL PROBLEM [ 0019] 20An
object of the invention is to provide a solid catal yst conponent for
ol ef ih pBatgntdPecumenbd HhAt56-&llpr oduced using a novel el ectron donor
conponent other than_a phthalic ester that is suitable for producing

an ol ef | R‘f‘%‘&l%ﬂleﬁh@i gA[ﬁr3i”3rﬁal_rOy properties (e.g., nolecular weight
based poPYRBOGBIET IR ol 2725 PEBIhl yst companent That Ut zes
a phthal p G e imaat 5: JP-A-57-63311 (examples)

Patent Document 6: JP-A-2004-91513

10 Patent Document 7: JP-T-2000-516987

Patent Document 8: JP-T-2000-516989

Patent Document 9: JP-T-2000-516988

Patent Document 10: JP-T-2002-542347

Patent Document 11: JP-A-3-706

15  Patent Document 12: JP-A-03-62805 (examples)

SUMMARY OF THE INVENTION
TECHNICAL PROBLEM
[0019]

20 An object of the invention is to provide a solid catalyst component for olefin
polymerization that is produced using a novel electron donor component other than a
phthalic ester that is suitable for producing an olefin polymer having primary properties
(e.g., molecular weight distribution and stereoregularity) similar to those of an olefin
based polymer obtained using a solid catalyst component that utilizes a phthalic ester as

25  an electron donor, as well as an olefin polymerization catalyst, and a method for
polymerizing an olefin.

SOLUTION TO PROBL.EM



25an el ectron donor, as well as an ol efin polynerization catalyst,
and a nethod for polynerizing an ol efin. SOLUTI ON TO PROBLEM [ 0020]
In view of this situation, the inventors of the invention conducted
extensive studies. As a result, the inventors found that an olefin
pol ymeri zation catal yst that essentially includes a solid titanium
catalyst(gggponent (I') including titanium 5 magnesium a hal ogen,
and an ester conpound having a specific structure, ensures high

st er eor egul ar I Yiedd thik Sffuatioh yiNB inveiorH6X tBE trivihtion &Jnﬂhét@d eitendose
obtai ned using an ol efin polynerization catalyst that utilizes a

pht hal i cstegieer Asaaituk] @6 ifventodoRdand thhb ks olefil @bliendmatidrechtdlest e
conpl etion of the invention. [0021] 10According to one aspect of the

i nvent i oessertiadlylincludstasdolid titandum emelkt donipopbti{)inglodiyiggitdannahj on
i ncludes titanium nmagnesium a hal ogen, and an ester conpound
r epr es enmagndsyum,rachalageh canidray ayten eompodnariaming a(specific structure, ensures high
RI R2C=C( COOR3) (COOR4) (1) wherein Rl and R2 are independently an atom
or a gr ostpresesigalaritsdarfdriogh polyyndrisafem astivity sitcblantorthbsegetgined dsingear
al kyl grougnhaV|ng 1 to 20 carbon atons, a branched al kyl group
havi ng 30le8n polymerisaiionaeataiest thet utilizds aghthabic estet asrracaleattontdoner: hddis
al kenyl oup_having 3 to 20 carbon atons, a |inear or branched
hal ogen- g%% hesded p telepmplgtion of Eounyeptions o 20 carbon at ons, a
cycloalkg ?boup having 3 to 20 carbon atons, a cycloalkenyl group
havi ng 3l08ho carbon atons, an aromatic hydrocarbon group having 6
to 20 carbon 20 atons, a nitro contalnln group, an
oxygth- cont ai ‘%F?Pé ige &2pne %pﬁ‘ﬁé’g @rﬁ%@t’@aﬁ sgiid “145#35? gemppongAtfos olefin
silicon-c nt ai.ni.n 0 rovi ded that RI are either
| dent i cabOgRetPE e mﬂ’éﬂwt%wgﬁw BEASEED, %84 2 eTET IR or m a
ring, an when RI is a hydrogen atom or
a met hyl %ﬁ%&f%ﬁ%%@%ﬁgﬁ%ﬁ%&nfo rTEg‘ldent ly a linear alkyl group
having 1 to 2 ranched al kqb] 25 group having 3 to 20
carbon atons, a Vi n gro P, a I”i near or braanched al kenyl group
wherein R' and R? are independently an atom or a group selected from a hydrogen atom,
15  ahalogen, a linear alkyl group having 1 to 20 carbon atoms, a branched alkyl group
baving 3 to 20 carbon atoms, a vinyl group, a linear or branched alkenyl group having 3
to 20 carbon atoms, a linear or branched halogen-substituted alkyl group having 2 to 20
carbon atoms, a cycloalkyl group having 3 to 20 carbon atoms, a cycloalkenyl group
having 3 to 20 carbon atoms, an aromatic hydrocarbon group having 6 to 20 carbon
20  atoms, a nitrogen-containing group, an oxygen-containing group, a
phosphorus-containing group, and a silicon-containing group, provided that R! and R?
are either identical or different, and optionally bond to each other to form a ring, and R?
has 2 or more carbon atoms when R' is a hydrogen atom or a methyl group, and R® and
R* are independently a linear alky} group having 1 to 20 carbon atoms, a branched alkyl
25  group having 3 to 20 carbon atoms, a vinyl group, a linear or branched alkenyl group
having 3 to 20 carbon atoms, a cycloalkyl group having 3 to 20 carbon atoms, a

cycloalkenyl group having 3 to 20 carbon atoms, or an aromatic hydrocarbon group



having 3 to 20 carbon atons, a cycloal kyl group having 3 to 20 carbon
atons, a cycl oal kenyl group having 3 to 20 carbon atons, or an
aromati ¢ hydrocarbon group having 6 to 20 carbon atons, provided
that R3 and R4 are either identical or different. [0022]

Accordi ng to anot her aspect of the invention, an olefin

pol yner i BEatih®e t¢ 20 sAts6i afons] prdeRied hat Riand &' itk atthtwidysticabondifeent. f or
ol efin polynerization, (l11) an 5 organoal um num conpound represented
by the fpioR0W ng general fornula (2), and (lI11) an optional externa
el ectron donor conpound, R5pAl B. p(2) wherein R 5 is an al kyl group
havi ng 1 to 6Aceoridog tatoother a§peat ofithwyivengion, au defivpolgmhatadipercatatyst p
is a real nunber that satisfies 0<p<3, provided that a plurality of
R5 are lishudestD) ihgeoliil catblystcomfonentefr olgfin polymsrigatin, (§)) af R5 are
present. ADVANTAGEQUS EFFECTS OF THE | NVENTI ON [ 0023 When t he
sol i & catrepelusbwpoemERpound repsesehied bydhs fadlowing gearal Frrmula@).ppd<Iihe |
ester conpound having the above specific structure is used to

pol yner i 2opiipng| etermal ¢lection dpgongesmpaynd, t o sol ve the probl ens that
occur when using a solid catal yst conponent ;that utilizes a malonic
diester or a BugﬁQﬁbc di ester, and ensure tkat an ol efin polyner

ha Mg o LSRRI SRl o At el 3 o 200D
cot sty emporent 1o LicLuves B el ot 1A LA T
[ 002% either identical or different when a plurality of R’ are present.

ADVANTAGEOUS EFFECTS OF THE INVENTION

[0023]

When the solid catalyst component for olefin polymerization that includes the
ester compound having the above specific structure is used to polymerize an olefin, it is
15 possible to solve the problems that occur when using a solid catalyst component that

utilizes a malonic diester or a succinic diester, and ensure that an olefin polymer baving
stereoregularity, a molecular weight distribution, and the like similar to those of an
olefin polymer obtained using a solid catalyst component that includes a phthalic ester
is obtained in high yield without using a phﬂlalic ester.
20
DESCRIPTION OF EMBODIMENTS
[0024]
Solid catalyst component for olefin polymerization
A solid catalyst component for olefin polymerization (hereinafter may be
25  referred to as “component (I)”) according to one embodiment of the invention includes

magnesium, titanium, a halogen, and the ester compound represented by the general

formula (1) (electron donor compound) (hereinafter may be referred to as “ester



Solid catal yst conmponent for olefin polynerization A solid catalyst
conponent for olefin polynerization (hereinafter may be 25 referred
to as "conponent (l)") according to one enbodi nent of the invention
i ncl udes nagnesium titanium a hal ogen; and the ester conpound
represented by the general fornmula (1) (el ectron donor corrpound)

(herei na&@xﬁpomm(Al)’e)ars%fs@hﬁﬁd:oh@oﬁaﬁsester compound (A)") as
essential conponents. [0025 Exanpl es of the hal ogen incl ude

fl uori ne[ooel] ori ne, brom ne and iodine. Anong these, chlorine,

brom ne, and iodine are preferable, and chlorine and iodine are
Sparti cul ar| yEgpamples abthe halogéiRficlude fluokxevhlogimieBroibre, hiad iddie. i n t he
general fornmula (1) include fluorine, chlorine, brom ne, and i odine.
Anong t hAsmngdhdseydhb@inehbmming and nulinoate pecfemble panef chtaxibleend dodine are
chlorine and brom ne are particularly preferable. Exanples of the

| i nea¥ ap&titulgyprefadblaaving 1 to 20 carbon atons include a nethyl
group, an ethyl group, an n-propyl group, an n-butyl group, an

n- pentyl [¥26Lp, an n-hexyl group, an n heptyl group, an n-octyl
group, an n-nonyl group, an n-decyl ou and the |ike. [0027]
Exanpl es of tﬁéamplaﬁe halpg‘;qmgth@a@% Pl (1) dnchedechiasioe, ehiemng, i n

the 15 general fornula (1) ing¢lude alkyl groups that i ncl ude a

secondar YORERS 3R idR: orAramtgeﬁhﬁffeaﬁlgloea%mmaﬁo% dedige areprefsrabisy pnd

gr oup) '%‘I%@%%%Mw B%taéwmi{fﬁgeﬁw%m Sérﬁm?wéﬂ%hpa”d Ui
Et E teg%‘?e*vé}r?a)ﬁﬁo,”ﬁa FrherpRs R | rahrﬁﬁ y %oﬁx% f@»@ Emg% a?xi—paq%yl group,

n- de(F:) e ny%/Il %‘g‘éﬁg§g‘°£ﬁﬁal’t’h§8‘5t§ Ou %‘pﬁ%& S%uphaél rbﬁ?ﬂrﬁ@%ﬁup& E?n tylgr oup

havi ng 3 0 i I 1 droups that include a
secondar g%%%él IBQR¥E% gf?dg lggﬁmbgﬁﬁﬁﬁ atom (e.g., isopropenyl
group, ﬁ@?ﬂfenyl group, t-butenyl group, isopentenyl group, and
neopent e group). [0028]

Examples of the branched alkyl group having 3 to 20 carbon atoms in the

15  general formula (1) include alkyl groups that include a secondary carbon atom or a
tertiary carbon atom (e.g., isopropyl group, isobutyl group, t-butyl group, isopentyl
group, and neopentyl group). Examples of the linear alkenyl group having 3 to 20
carbon atoms in the general formula (1) include an n-propenyl group, an n-butenyl
group, an n-pentenyl group, an n-hexenyl group, an n-heptenyl group, an n-octenyl

20  group, an n-nonenyl group, an n-decenyl group, and the like. Examples of the
branched alkenyl group having 3 to 20 carbon atoms include alkenyl groups that include
a secondary carbon atom or a tertiary carbon atom (e.g., isopropenyl group, isobutenyl
group, t-butenyl group, isopentenyl group, and neopentenyl group).
[0028]

25 Examples of the linear or branched halogen-substituted alkyl group having 2 to
20 carbon atoms include a methyl halide group, an ethyl halide group, an n-propyl
halide group, an isopropyl halide group, an n-buty! halide group, an isobuty! halide



25Exanpl es of the linear or branched hal ogen-substituted al kyl group
having 2 to 20 carbon atons include a nmethyl halide group, an ethyl
hal i de group, an n-propyl halide group, an isopropyl halide group, an
n- butyl halide group, an isobutyl halide group, an n-pentyl halide
group, an n-hexyl halide group, an n-heptyl halide group, an n-octyl

hal i de gpfup, arﬁn-ﬁ@xﬁtyl hdlidk igettupg a0 thexylthlide dedip) athehéptel igilide group, an
Exanpl es of the hal ogen include fluorine, chlorine, bromne, and

i odi ne. hQRAIhabde@om,asnoall lidlide gyaipoahd & decyd halide ey, nExantpdesa the
carbon atons in the general formula (1) include a cycl opropyl group,
a cycl obhalggeminomgde flaoxins; chlpeine \Hromgineyand @dioycl ohexyl group, a

cycl oheptyl group, a cyclooctyl group, a cyclononyl group, a

cycl odec{002§t oup, and the |ike. Exanples of the cycloalkenyl group
having 3 to 20 carbon atons include a cyclopropenyl group,

cycl obut enyl Eramples af thy cydpdkylegronp having & ip20 aarbg«rtat@méxreﬂwgegm@hp, a
cycl ohept enyl rouP a cycl ooctenyl group, a cycl ononenyl group a
cycl odec&ngm agﬁ ud&@@y@herqm&sroupo%%#obuty grtEspaﬁﬁycégpwy tZHeup, 2
aromatic h drocarbon gro having 6 to 20 carbon at P t he general
formul a g¥9lohexy graup, é*%lé’%? tyherghp, 2 gyclroc F}@gﬁmnw graupa

. Eﬁé%l&qﬁ%cﬁ%ﬁéougﬁheﬁ | EseRore s g Rt e P By &

: ?FCF”y' Siihon oS53 lu%aow% 5B Wﬁ%ﬁéﬂyhm“ &P&%feixﬁwé YE%%' %%&ﬁ%g os

(0] 1 nLn:[rO e b tal 58[.1 OI n,t ? ener COO {CHUI o | NCl ude

o A e i e e e
I&l%ng%%té?ou ch o& c ﬁl%lngg aﬂ&ﬁi‘éﬁ X

propyl antho gro oup, utyI am no group, a
di but yl aﬁj g1group, a pentyl am no group, a d| pentyl am no group, a
hexyl am oup, a di hexyl am no group, a heptylam no group, a

di hept yl am nogpgLamRs oftle ‘Bfotiﬂdtﬁrﬁyﬁﬂ)cgf%ﬂ%ro Hﬂvﬁfgtfyﬂo% B AGHMs irfthe
nonyl am no group, a di nonylam nd group, a decylam no group, a

g' decyl apdfaeal 36 2ida (13 xmﬁa&mwgﬂoﬂp 2Rl DByl @fshpda dimethylpheny}
i cycl ohéxyl am no group; arylam no groups or aIkyIaryIanlno groups
15  group, an ethylphenyl group, a benzyl group, a 1-phenylethyl group, a 2-phenylethyl
group, a 2-phenylpropyl group, a 1-phenylbutyl group, a 4-phenylbutyl group, a
2-phenyltheptyl group, a tolyl group, a xylyl group, a naphthyl group, and the like.
Examples of the nitrogen-containing group in the general formula (1) include an amino
group; alkylamino groups such as a methylamino group, a dimethylamino group, an
20  ethylamino group, a diethylamino group, a propylamino group, a dipropylamino group,
a butylamino group, a dibutylamino group, a pentylamino group, a dipentylamino group,
a hexylamino group, a dihexylamino group, a heptylamino group, a diheptylamino
group, an octylamino group, a dioctylamino group, a nonylamino group, a
dinonylamino group, a decylamino group, a didecylamino group, a cyclohexylamino
25  group, and a dicyclohexylamino group; arylamino groups or alkylarylamino groups
such as a phenylamino group, a diphenylamino group, a ditolylamino group, a

dinaphthylamino group, and a methylphenylamino group; polycyclic amino groups;

10



such as a phenyl ami no group, a di phenylam no group, a ditolylam no
group, a dinaphthylam no group, and a nethyl phenyl am no group;

pol ycyclic am no groups; am de groups such as an acetam de group, an
N- net hyl acet anmi de group, and an N-net hyl benzam de group; im no groups
such as a nethylimno group, an ethylimno group, a propylimno

group, aaRide)grbdfsRAckiLCiPaceRRAdAIBNSE M N F IRy IS PiBde bfufl Saddf AUPS such
as an acetoi mde group and a benzini'de group; a hydrazino group; a 5

hydr azonN-@e@yenfuniibé %ﬁbuﬁ!i@d&ﬁb groupt §UchSe aGh@bimifo GYRPOart) ERYRiRN
i socyano group; an am dino group; a diazo group; an anmonium salt

derived froap) epropyliiinogeu a batliniihe giduF,eand[ &ﬁ&ﬁ}li@h@@b?, iafdet he
e

oxygen-containing group in the general torrmula (1) inclu an 10 oxy

group; agpeposuehgs anpcetaintiyalgrony kndja benzimidelpy ol pdwydpaying repoyp; aal Koxy
groups such as a nethoxy group, an ethoxy group, a propoxy group, a

but oxy ghwlrgonagréupo pmipogrpupranifrosegrdugra ¢yand gtonpyargisoeyano gropppaty
groups such as a phenoxy group, a nethyl phenoxy group, a

di met hy| ghisiroxgrogp; aubiazoesgrdury anaphndrivy sght demyedafrarh ah kwine grooppaedshe h
as a phenyl net hoxy group and a phenyl et hoxy group; an acetoxy group;
a 15 car¥léhyl group; an acetyl acetonato group; an ether group; an
acyl grouB' an oxo group; a hydroxyl group; a peroxy group; a
car boxyl % 3lsﬁnhydr i de group; and the like. [0032] Exanples of the
phosphor us- copt ai ni n roup in the general fornula (1) .include
di al kyl phos pﬁ’qua% %ﬁfggo ACRBtaHIing oA the1EeagRl t(ﬁ@mglaéwd,nclade an
di but yI phosphi ne 20 group, .and a, di cycl ohexyl phosphine group;
i arl - SICRTIHG RSFETHEOUE DAL ! GoBHH Y MO RALP GG Stpsuch
ditolyl phosphine aroup; phosphite groups ho i de _groups) such as
2 oty R TORBRAY PR RO 0 B et § Bty il 2 pheRyrey
h hit : . . : hi ni i d :
PhosphT ol W s S BIRSD IR 2 FEAHRLoRPLBRABL bfoufd ¢ 97 OUP
methylphenoxy group, a dimethylphenoxy group, and a naphthoxy group; arylalkoxy
groups such as a phenylmethoxy group and a phenylethoxy group; an acetoxy group; a
15 carbonyl group; an acetylacetonato group; an ether group; an acyl group; an 0xo group;
a hydroxyl group; a peroxy group; a carboxylic anhydride group; and the like.
[0032]
Examples of the phosphorus-containing group in the general formula (1) include
dialkyl phosphine groups such as a dimethyl phosphine group, a dibutyl phosphine
20 group, and a dicyclohexyl phosphine group; diaryl phosphine groups such as a diphenyl
phosphine group and a ditolyl phosphine group; phosphite groups (phosphide groups)
such as a methyl phosphite group, an ethyl phosphite group, and a phenyl phosphite
group; a phosphonic acid group; a phosphinic acid group; and the like. |
[0033]
25 Examples of the silicon-containing group in the general formula (1) include a

silyl group, a siloxy group, a hydrocarbon-substituted silyl group, a

hydrocarbon-substituted siloxy group, and the like. Specific examples of the
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25Exampl es of the silicon-containing group in the general formula (1)
include a silyl group, a siloxy group, a hydrocarbon-substituted
silyl group, a hydrocarbon-substituted siloxy group, and the I|ike.
Speci fic exanples of the silicon-containing group include

hydr ocar bon-substituted silyl groups such as a phenylsilyl group, a

di phenyl silicyh-ciiteihg @olip intRidehyaidcyibogistbraitutad $ilyl @idupk $adhyds 20r oup, a
tripropylsilyl group, a tricyclohexylsilyl group, a triphenylsilyl

group, aphetyilytlppipydiphénglsit group, atrinidthylbisl réupl, a giahyisily poow, a
trinaphthylsilyl group; 5 hydrocarbon-substituted silyl ether groups

such as @ifiropytetsheloupi b icyetdhexylsityd gpoups a highenylsildgrodupytaed al kyl
groups such as a trirnethylsilylnmethyl group; silicon-substitution
awl  gr oupmtisidibhenylsilyl gionps dtyitelylsilyigrevyland adumgphtiydsilyhgroupke. [ 0034]
The nunber of carbon atons of R2 is 2 or nore when Rl is a hydrogen
at om or hydocarbemyubstiusessilyRethangrorps sugheha tuselbybsilyl ethaugraup:1)
optlonall¥ bond to each other to forma ring. Exanples of a ring
formed byiliren-substitwiertalkereunsisyeh at » mBhrslyimstl g988; R2 i ncl ude a

cycloallcyl ring, a fluorenyl ring, an i ring, an imd oIe
ring, a piigersel sﬁgntlop.awa STRHRY Shelea aqweﬂpg@%hem gropR; 39 dhesk

that R ﬁﬁﬁ ﬁ?\’z in the general formula (1) be a hydrogen atom a

| i near a f group having 1 to 6 carbon atom; a branched al kyI group

e o A S A e SR 8 W
SR R e P e
20, 2o AL AR e ands%&%gwaﬁ%nﬁoﬁqeww
group hayj ng2 i'ncM?.ie g@gglgpl ﬁ#@ ré‘sﬂuo?ezﬁrg i) %r}&gn hngragioﬂuék}}ﬂer}ﬂlg?’?t gn

6 carbon atons, a cy group n atons

aromatic jg)g ?ﬁql%o@ngmqg{chaw ng 6 to 10 car bon atoms. It is
prefer abF t ha and R4 be a linear alkyl group having 1 to 10

carbon ajgs]or a branched al kyl group 25 having 3 to 8 carbon atons.
It is particularly preferable that 123 and R4 be a linear al kyl group

having 1 to 4ItCi§18 REfalilk €iE ROand RB irpme peseral fspthulg (D1 dieydrogenditah, £
carbon atons 36] Exanpl es of a preferable ester conpound
(A) repr Hﬁ@mtaﬂad'l byoup hevigg nao al caftonnkdms, @ brariched aibtgl glbophimihg 3 to 6
propyl i denenmal onate, diethyl propylidenenal onate, di-n-propyl

propyl i dearbombtonma} ®yingi grevfa §reapoopahchad abweaylgrenpehavamgi3 th 6 parbont vl
propyl i denenmal onate; di methyl butylidenenal onate, diethyl

but yl i deatoms) aepdealky grhuprhayingoy or hearhon @tem@;mtwﬂmﬂl@nyhgmgpbmwg Sor

butyl i denemal onate, and )
6 carbon atoms, or an aromatic hydrocarbon group having 6 to 10 carbon atoms. Ifis

20  particularly preferable that R be a hydrogen atom or a linear alkyl group having 1 to 6
carbon atoms, and R? be a linear alkyl group having 1 to 6 carbon atoms, a branched
alkyl group having 3 to 6 carbon atoms, a cycloalkyl group having 5 or 6 carbon atoms,
or an aromatic hydrocarbon group having 6 to 10 carbon atoms. It is preferable that R?
and R* be a linear alkyl group having 1 to 10 carbon atoms or a branched alkyl group

25  having 3 to 8 carbon atoms. It is particularly preferable that R* and R* be a linear alkyl
group having 1 to 4 carbon atoms or a branched alkyl group having 3 or 4 carbon atoms.

[0036]
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di -n-butyl butylidenenal onate; dinethyl pentylidenenal onate, diethyl

pentyl i denemal onate, di-n-propyl pentylidenemal onate, diisobutyl

pentylidenemal onate, and di-n-butyl pentylidenemal onate; dinethyl

hexyl i denemal onat e, di ethyl hexylidenemal onate, 10 di-n-propyl

hexyl i denemal onat e, diisobutyl hexylidenemal onate, and di-n-butyl

hexyl i denenal Br@hgles dfm?kf&éblé BStéfﬁiohtﬂoﬂﬁ@m{j fefRBENEEFb MR genertli et hy!

(2- et hyl propyl i dene) nmal onat e - n- propyl

(2- et hyfopmay(l) thehele Iiﬂiihﬁhﬂt]ﬁopﬁideﬁ@hﬂbydte diethyl propylidenemalonate,

(2- nmet hyl propyl i dene) mal onat e, di-n-butyl

( 2- met hydlipi-ppplyl prepelideabmakhete, disdbutybepdopllidenemalonate, and di-n-butyl

(2, 2-di net hyl propyl i dene) nal onat e; 15[ 0037] di net hyl

( 2 met hyplbplfliddndmnb)lmi dimzthy] buliyidénemalchatep tiieiHyb butylidetena)omatepnat e,
- n- pro (2-met hyl butyl i dene) nal onat e, diisobutyl

(2 et hy lfmplsﬂpw gdmbmﬁhmete difsgbetyl butylidepemalonate; and

(2-met hyl butyl i dene) mal onat e; di met hyl (2-ethyl butylidene)mal onat e,

di et hy| ~ disn-butyl bykidencamaloapiendiseing peléwhdpns te,

(2-ethyl butyl i dene) mal gnat e, 20di i sobut

(2- et hyl H§ tthyl P%ﬂ ﬁaneiﬁa%t@ di-grpropyl pgnty) mflvremalonate

(2- et hyl ene I on di met hyl - et hyl pen yl i dene) mal onat e,
di et hyl “20 P {%P'FIH H%ﬁ)t rﬁiéﬁpémtﬂ.peaty fi onate

(521 v BB MSAER ﬂé‘é%’dl%ﬂ%aﬁw%aww
ng 2%/ |r ent Qfeggéﬁe%e f &ﬁ% gus%ﬁ];&i/ h%yhdenemalonate and

o e el Ao
(2-isoprapy gﬁ%’{ ﬂhg@[’%ﬂmro a%l%natginﬂ-xﬁglropylb&tﬁi!ethylpropyl1dene)malonate,

(2-1 sopropy
3-neth I j :
(3 ot ) L ) ARG 0
(3-met hYAnHlJﬁéthj'IgQ Q@1ﬂﬁk@[ﬁb®l1d%ﬁ%rrﬁloﬂﬁte‘?m yl
(3-met hyl but yl1 dene) mal onate; [ 0038]
15 [0037]

dimethyl (2-methylbutylidene)malonate, diethyl (2-methylbutylidene)malonate,
di-n-propy! (2-methylbutylidene)malonate, diisobutyl (2-methylbutylidene)malonate,
and di-n-butyl (2-methylbutylidene)malonate; dimethyl (2-ethylbutylidene)malonate,
diethyl (2-ethylbutylidene)malonate, di-n-propyl (2-ethylbutylidene)malonate,

20  dusobutyl (2-ethylbutylidene)malonate, and di-n-butyl (2-ethylbutylidene)malonate;
dimethyl (2-ethylpentylidene)malonate, diethyl (2-ethylpentylidene)malonate,
di-n-propyl (2-ethylpentylidene)malonate, diisobutyl (2-ethylpentylidene)malonate, and
di-n-butyl (2-ethylpentylidene)malonate; dimethyl (2-isopropylbutylidene)malonate,
diethyl (2-isopropylbutylidene)malonate, di-n-propyl (2-isopropylbutylidene)malonate,

25  diisobutyl (2-isopropylbutylidene)malonate, and
di-n-butyl {2-isopropylbutylidene)malonate; dimethyl (3-methylbutylidene)malonate,

diethyl (3-methylbutylidene)malonate, di-n-propyl (3-methylbutylidene)malonate,
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3

thyl (2, 3-dinethyl butylidene)mnmal onate, diethyl
-di net hyl butyl i dene) mal onate, di-n-propyl
-di net hyl butyl i dene) mal onate, 5 dii sobutyl
-di net hyl butyl i dene) mal onate, and di - n-butyl
-d
-p
-p

3333300000000

i met hyl but yl i dene) nal onat e; di et hyl
r ogjidddutyy (3 -deneibay adui pnalohaes, Ayl di-n-butyl (3-methylbutylidene)malonate;
ropyl butyl i dene) mal onate, di-n-propyl
- propyd3sut yl i dene) mal onate, dii sobutyl
- propyl butyl i dene) mal onate, and di -n-butyl
- pi ofinhdthyly(? Bettimefhyttubyladeas)niddomiaydietiyl (2,3-dimethylbutylidene)malonate,
-i sobutyl- 3-net hyl butyli dene) mal onate, diethyl
(2-i sobuﬂyn-pﬁépﬁfﬁl%dbnc@lﬂbueﬁhém@m@mg@, di - n- pr opyl
(2-isobutyl-3-net hyl butyI i dene) mal onat e, diisobutyl
( 2- i sDbutisebgtyiéd, bndinpetbyl bp&éndeoe)mabmaweandand di - n- but yl

(2-1sobutyl-3-nethyl butylidene)nal onate; 15 di et hyl
(2- n- but 91—9@%@/ (3 élélﬁés‘»thﬁhb@ﬁéldéne palonAigs dimethyl (2-n-propylbutylidene)malonate,

E% - but Bé{e H@g@ i Gmairalongts, gbg[ﬁﬁgpyl (2-n-propylbutylidene)malonate,

(2- - but Yo %»M-Siﬁex%sﬂﬁ e dpmenpd

(2-n- penfurmER) G- de”@yﬁﬁwtxﬁ@%n%)maﬂbfﬁ%'r opy!

(2- nif et i BN A BT DRy |

E(Z:y(r:ll 8ﬁ2§i§éhﬁeﬁq e gf')’ ﬁétﬁg?ﬁ&%&ngﬁﬁak %é’;nélt gﬁlaxyl met hyl ene) nmal onat e,

(cycl ohewTs &%F@%ﬁ?ﬁmnat eﬁgﬁ?ﬁgg‘ﬁ‘?ﬁﬁmﬂ“g' sonay!
(evel ohexglpni b pasirionas ﬁbu@ﬁdéﬂeﬁ&lmﬁte, and

(cycl opentyl I ene di et

(eyel opepty bRl Wis@ﬂ@t%d@]r@éiﬁilﬁutyﬂﬂeﬂ%)rﬁﬁl@ﬂétb
(cycl opent yl net hyl ene) mal onate, diisobutyl

( cychopedinydtigg(dnHritgpemy Bdaicinalatdle, dihthj?l (Bui-yitylpentylidene)malonate,

(cycl opentyl net hyl ene) mal onat e; di net hyl

( 1- et hy tipn-ppopiyl (Bndntgdbantyidene)diabirate, diisoboet I3-hinoypétgléteny el o, e,
di - n-propyl (1-methyl propylidene)nal onate, diisobutyl

(1- met hy gt dipy-butyb@ed-atyipeatdidenejthalondie; n- but y|

(1- et hyl propyl i dene) mal onat e; di net hyl ]

(di -t - butiphetiesl Iﬁgf-llmm))ﬁmxdhd@l@)msbn@tﬁ pthyl (2-n-pentylhexylidene)malonate,

(di -t-butyl met hyl ene) mal onat e,

(di -t - buliyn: (’kn@enqﬂh%gh@ene};mlg@sé@,t({;qsobutyl (2-n-pentylhexylidene)malonate,

di -t -butyl net hyl ene) nal onat e,
( 20 agd dl-Il-b%lltyl (2—1)1—pentylhexyhdene)malonate

di
(
(
(
(
(2-
(2-
(2-
(2-
(2-
(

I\)I\)I\JNI\)I\)I\)NI\)I\)_

[0039]
dimethyl (cyclohexylmethylene)malonate, diethyl (cyclohexylmethylene)malonate,
di-n-propyl (cyclohexylmethylene)malonate, diisobutyl (cyclohexylmethylene)malonate,
and di-n-butyl (cyclohexylmethyiene)malonate;

25  dimethyl (cyclopentylmethylene)malonate, diethyl (cyclopentylmethylene)malonate,
di-n-propyl (cyclopentylmethylene)malonate,

diisobutyl (cyclopentylmethylene)malonate, and
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di -n-butyl (di-t-butyl methylene)malonate; [0040] dinethyl

(diisobutylinethyl ene)nmal onate, diethyl

(dii sobutyl net hyl ene) mal onat e, 10di - n- propyl
(diisobutyl met hyl ene) mal onat e, dii sobutyl
(diisobutyltnethyl ene)mal onate, and di-n-butyl

(di i sobudiyh-betyhidyelopemzlnosiaglene)ialoatteydimethyl (1-methylpropylidene)malonate,
(dii sopropyl net hyl ene) nal onat e, di et hyl

(di i sopr dipthlybélt- tmyﬂgiquiiden@nmlonﬂt& di-pipogpyl (1~methylpr0py11dene)malonate
(di i sopropyl met hyl ene) mal onate, diisobutyl

(di i sopr digspbutet Hymﬁvimazbsdrdan@mmwlsmﬂu -n- but yl

(di

sopropyl rret hyl eneiﬁ mal onat e; ditnet
(di cycl ofigkb Wf,ﬂ;d@g@mlon@teedm}qthyl (di-t-butylmethylene)malonate,

(di cycl ent I rret h | ene) mal onat e,
(dic %é iﬁ éﬂlléﬁ@)’h’v&FB??é‘?f@te di-neetH @-t-butylmeﬂlylene)malonate,

(a Eiﬁl B GRPY R BBy Rl ORAEAnaB & oyl

(di oycl MoK %v%% SREPREY BRSFEIOME . r opy!

(dicycl 8@@; | met hyl ene) mal onat e, dii sobutyl
(dicycl @h met hyl ene) mal onat e, and di n- but yl

0 e SRR TEBASIAAL B ook R AR A oo,

10 di-n-propyl (diisobutylmethylene)malonate, diisobutyl (diisobutylmethylene)malonate,
and di-n-butyl (diisobutylmethylene)malonate;
dimethyl (diisopropylmethylene)malonate, diethyl {diisopropylmethylene)malonate,
di-n-propyl (diisopropylmethylene)malonate,
diisobutyl (diisopropylmethylene)malonate, and

15 di-n-butyl (diisopropylmethylene)malonate;
dimethy] (dicyclopentylmethylene)malonate, diethyl (dicyclopentylmethylene)malonate,
di-n-propyl (dicyclopentylmethylene)malonate,
diisobutyl (dicyclopentylmethylene)malonate, and
di-n-butyl (dicyclopentylmethylene)malonate;

20  dimethyl (dicyclohexylmethylene)malonate, diethyl (dicyclohexylmethylene)malonate,
di-n-propyl (dicyclohexylmethylene)malonate,
diisobutyl (dicyclohexylmethylene)malonate, and
di-n-butyl (dicyclohexylmethylene)malonate;
[0041]

25  dimethyl benzylidenemalonate, diethyl benzylidenemalonate,
di-n-propyl benzylidenemalonate, diisobutyl benzylidenemalonate, and

di-n-butyl benzylidenemalonate; dimethyl (1-methylbenzylidene)malonate,

15



di - n- propyl benzylidenenal onate, diisobutyl benzylidenenal onate, and
di - n-butyl benzylidenenal onate; dinethyl

(1- met hyl benzyl i dene) mal onate, di et hyl

1- net hyl benzyl i dene) mal onat e, di - n- propyl

1- net hyl benzyl i dene) nal onat e, dii sobutyl

1- met hy dizeing Y1 -nobetindh srayiddumt poal aitde, di-nRoropsl Y | -methylbenzylidene)malonate,

1- met hyl benzyl i dene) mal onat e; di net hyl (1-ethyl benzyli dene) nal onat e,
i et hyl @ifsabuty ( beretiylbahepkdame)malatate, add - n- pr opy!

1- et hyl benzyl i dene) mal onat e, 5dii sobutyl

1- et hy| Bemsbytyil denefhmbauzlidene pmaloutite; iditethy] (1-ethylbenzylidene)malonate,

1- et hyl benzyl i dene) mal onat e; di net hy

1- n- pr ofiethyd ﬁhylhwﬂnn@)lmn@)m!@atedﬁrenmpyl (1-ethylbenzylidenejmalonate,

1- n- propyl benzyl i dene) mal onat e

1-
1-
1-

b oBYsabena /1 reepridsnamalongis %ﬁq.w%um (-toybenzylidenematoai

n- propyl benz | i dene) mal gnate, and di -
n-pro W ni-]grgg ﬁahqygﬁg%eémalpgat& c#gtthﬁl),ﬂ-n—propylbenzyhdene)malonate

(11 Sopr 869 'be” i posevio e %ﬂ%@éﬁmzﬂ%&%&plopyl

1- b lid b I

(1 288?8@%13@2@5;1@&% e Be Bl s 4o Lygum v

1- 42] 15

El 'nsﬁﬁi §f—’%—i’H§f$ﬁ’aéf’ﬁi&ﬁ%ffn&x@?ﬁ@ef%%ﬁ ) tsdimethy

E 1- (g éinﬁ%ﬂ;éif g@%ﬁn%ngﬂ?cteﬁe)ngﬂ ?dé(t)eg rdféﬂ%’)}l (1-isopropylbenzylidene)malonate,
(1 b A BEREH EREBRBaA Bendii iyt o1ty

(1-1 SObUH{Y B yﬂ kﬁ@%@?ﬁ@@% mqlo%{eyénd

(1- |sobuty be zyl i - n- propyl
(1-isobugyh Bertyl is@ﬁ%&lﬁh@ﬂﬁ%@e)malonate;

[0042]

(
(
(
(
di
(
(
(
(
(
(
(
(

15  dimethyl (1-n-butylbenzylidene)malonate, diethyl (1-n-butylbenzylidene)malonate,
di-n-propyl (1-n-butylbenzylidene)malonate, diisobutyl (1-n-butylbenzylidene)malonate,
and di-n-butyl (1-n-butylbenzylidene)malonatc;
dimethyl (1-isobutylbenzylidene)malonate, diethyl (1-isobutylbenzylidene)malonate,
di-n-propyl (1-isobutylbenzylidene)malonate,

20  diisobutyl (1-isobutylbenzylidene)malonate, and
di-n-butyl (1-isobutylbenzylidene)malonate; dimethyl (1-t-butylbenzylidene)malonate,
diethyl (1-t-butylbenzylidene)malonate, di-n-propyl (1-t-butylbenzylidene)malonate,
diisobutyl (1-t-butylbenzylidene)malonate, and
di-n-butyl (1-t-butylbenzylidene)malonate; dimethyl (1-n-pentylbenzylidene)malonate,

25  diethyl (1-n-pentylbenzylidene)malonate, di-n-propyl (1-n-pentylbenzylidene)malonate,
diisobutyl (1-n-pentylbenzylidene)malonate, and -

di-n-butyl (1-n-pentylbenzylidene)malonate;

16



20
(1
(1
(1
(1
(1
(1
(1
(1
(1
(1
(1
(2
(2
(2
(2
(2
(2
(2
(2
(2
(2
(1
(1
(1
(1
(1
(2
(2
(2

di i sobutyl (1-isobutyl benzylidene)nal onate, and di-n-butyl
i sobutyl benzyl i dene) mal onat e; di net hyl

t - butyl benzyl i dene) mal onat e, di et hyl

t - butyl benzyl i dene) nal onat e, di-n-propyl

t - butyl benzyl i dene) nal onat e, dii sobutyl

t - but ginkeeing Y2-neisindp el birahgengidlonatd] - n- but yl

t - butyl benzyl i dene) mal onat e; di net hyl

n- pendigibye (2ylethyiphenyialetndéne)modatet hyl

n- pentyl benzyl i dene) mal onat e, di - n-propyl

n- pendiyn-pepyl/ (2-viethglphehdnmetbylendjmalohate,y |

n- pent yl benzyl i dene) mal onat e, and di -n-butyl

n- pendijdobutyk (2-ingthylphenyloetydene)alonatiydnd

met hyl phenyl met hyl ene) mal onat e, di et hyl

et hydliphbwyl Gemkiytabenyimediviens)malonaiepr opy |

nmet hyl phenyl net hyl ene) mal onat e, dii sobutyl
thyioﬁﬁ@nyl nmet hyl ene) mal onate, and 5 di-n-butyl

e e T onaL 9943 9 et

SRR RSl Bl T P,

R T e

T Dstold UAMEMBLNASIRNE. 4oL
e AR 1 5 ol

me
me
me
et hyd; X ner Vil e di Met hyl
met hy lg%fe]:\(ygge@t; ?%%ﬁ%ﬁ%ﬁat e,%@?ﬁfyﬁme’
met hyd;gigl (CIﬂﬁéﬂi}lﬂ?—f(ﬂ)ﬂeﬁﬁgHE%PJBH@Hﬁrlen@)mé]oﬁ'cQ py!
met hyl cycl ohexyl net hyl eri€) mal onat €,
di-n-propyl (1-methyl-1-(2-methylphenyl)methylene)malonate,

nme
met

6-d
6-d
6-d
6-d
6-d

[
Lh

diisobutyl (1-methyl-1-(2-methylphenyl)methylene)matonate, and

di-n-butyl (1-methyl-1-(2-methylphenyl)methylene)malonate;

dimethyl (2-methylcyclohexylmethylene)malonate,

diethyl (2-methylcyclohexylmethylene)malonate,

di-n-propyl (2-methylcyclohexylmethylene)malonate,

20  diisobutyl (2-methylcyclohexylmethylene)malonate, and
di-n-butyl (2-methylcyclohexylmethylene)malonate;
dimethyl (2,6-dimethylcyclohexylmethylene)malonate,
diethyl (2,6-dimethylcyclohexylmethylene)malonate,
di-n-propyl (2,6-dimethylcyclohexylmethylene)malonate,

25  diisobutyl (2,6-dimethylcyclohexylmethylene)malonate, and

di-n-butyl (2,6-dimethylcyclohexylmethylene)malonate;

dimethyl (1-methyl-1-(2-methylcyclohexyl)methylene)malonate,
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obutyl (2-nethyl cycl ohexyl nmet hyl ene) nal onate, and di-n-butyl

S
met hyl cycl ohexyl nmet hyl ene) mal onat e; di net hyl
i
[
i

di
, nmet hyl cycl ohexyl net hyl ene) nal onat e, di et hyl
met hyl cycl ohexyl nmet hyl ene) nal onat e, di-n-propyl

met hyl cycl ohexyl nmet hyl ene) mal onate, 25 dii sobutyl

i
t
6- di
6- di
, 6-di
g gl meiekhil Qyﬁ:leﬂ{wiy(arrﬁéthylb@ashemd)ﬁfbm}&eneaﬁ@loﬂatc n- but yl
t
t
t
t

I met hyl eycl ohexyl net hyl ene) nal onat e; di net hyl
hy Bi-A-peépyirel-metisy-é L@ heatity e peidinadydnelinddnehailonate,di et hy|

hyl - 1- ( 2- met hyl cycl ohexyl ) net hyl ene) mal onat e, di - n- propyl

hy Hiidob(RA (rbtﬂe;hﬁgle(ﬁaheihylbydahmm)maﬂ)}dmmabmate dindsobut yl

hyl - 1- ( 2- net hyl cycl ohexyl ) net hyl ene) nal onat e, and di - n- but yl
thdel=b(-lW1 (e tteitiyiyl eRanethyleystehdnyDeretiyieieimalbrate;5[ 0044] di met hy|
apht hyl met hyl ene) mal onate, diethyl (naphthylmethylene)nal onate,

- n-pr of¥¥4{ napht hyl net hyl ene) mal onat e d| i sobut vyl
napht hyl net hyl ene) mal onat e, and di -
( napht hy st} (@@i@ﬂw&m@ﬁh leee)nzeﬁlmehp;etlmwnhélw;mﬁémlfw)m&m}qm| onat e,

di et hyl (1-n-hex Ibenz dene onat I -n-p
(1-n- Kex %—@F&{ml{ hﬂ}y h)@at@, glés(ggmyy[naphtgy methylene)malonate,

Eli N hexad b -E&as%ﬁ@ lene)%atel &WM& e vbenalidanamelasate,
ol oo diethaf DR RRVIES %%P I R R R S g

A r t raI r 1 herei nafter may be
Ee12 eF 0 8 S(S)% @?(]g-ﬁ-élg ol(rll%nre)%lor%rr%{uhadlﬁ( )D) () Exanpl es of yt he

el ectr OndidI?B'R{XI gpﬁlﬁg%ﬁgerfz%déﬂéglhhﬁ 2@C1 ¢ %elcbgggu%dg%ﬁda& k?erﬂsggﬁnhff

T.
nitriles car pona r c carpboxylic

esters Oélﬁﬁéoﬁﬂ%nibﬁfanﬁﬁter corrpound (A) and the like. It is
preferable to use sol 1 d catal yst conponent prepared using the ester

conpoundrgod)]

-ne
ne
-ne
-ne
-ne

The solid catalyst component (I} may include an electron donor compound other

15  than the ester compound (A) represented by the general formula (1) (hereinafter may be
referred to as “electron donor compound (D)”). Examples of the electron donor
compound (D) include acid halides, acid amides, nitriles, acid anhydrides, carbonates,
ether compounds, carboxylic esters other than the ester compound (A), and the like. It
is preferable to use a solid catalyst component prepared using the ester compound (A)

20  and the component (D) selected from carboxylic diesters such as succinic diesters,
cycloalkanedicarboxylic diesters, cycloalkenedicarboxylic diesters, malonic diesters,
alkyl-substituted malonic diesters, and maleic diesters, substituted carboxylic diesters,
compounds that include an ester groupl and an ether group, and diether compounds,
since the stereoregularity of the resulting clefin polymer can be improved, and the

25  molecular weight distribution and the hydrogen response can be controlled within the
desired range in the same manner as in the case of preparing a solid catalyst component

using a phthalic ester and another electron donor.
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20 and the conmponent (D) selected from carboxylic diesters such as
succinic diesters, cycloal kanedi carboxylic diesters,

cycl oal kenedi carboxylic diesters, malonic diesters, alkyl-substituted
mal oni ¢ diesters, and naleic diesters, substituted carboxylic

di esters, conpounds that include an ester group and an ether group,

and di et her coraNHOERsteR NEIRad BifncHiy? HRMREURIdidyIGhalbhie,” eSul ti ng
ol efin polyner can be inproved, and the 25 nol ecul ar wei ght

di stri butijatitylasidnichestrslniefien dimahgntiRob@lokeord@¥ddalidéteet Wi thin the
desired range in the sanme manner as in the case of preparing a solid

cat al yst diwbpoihestonats] maer didstdrakich a8 Hiathiyl andeaddaiddirn-Bhtglinaleatedonor .
Mai oni ¢ di esters such as dinethyl mal onate and di et hyl mal onate,

di al kyl meyaerlkanddiestbex gicsdiedtera such avetitgihybeyciahlexdnet h2ddomagiosyhne) and

di et hyl diisobutyl mal onate, maleic diesters such as diethyl nal eate
and di - ni Budisthenswiidaase), 9-bisChethbkymestllyipBudyens dre particelstl g ps:ferakle aathe

di met hyl cycl ohexane-1, 2-di carboxylate, and 5 1, 3-diethers such as
9, 9- bi s( eermpaenh@Dhy Theserbsctne dener geamounds @)Inpayheassed itbéwnbivatidne
conponent (Df. These el ectron donor conpounds (D) may be used in
conbi nat {4461 [ 0046] The solid catal yst conponent (1) may include a
pol ysi | oxane %herej nafter may be referred to as "polysil oxane (E)"

The' st er eor egtinafqlidcatplyst prmponest €) mayimnghudsra polysilpyatedbereiafigr may p%n'er
o1 e 1an Sey Sleia (5 ol e Secpearialey g e RSt Rl Ldes
e b A
R LT T G i S e R P e
to 5 ool el (S kb BRI 3pd & A RERr R PR B doud O
pol ysi | Ol §st icHﬁlbUﬁi&t @l’) ﬁﬁ&hﬂélﬁ&’é ¥ éﬁdhﬁ’—i‘iﬁ@ﬁ)a@tfh@ly hydrogenated, cyclic, or

modified polysiloxane that is liquid or viscous at room temperature, and has a viscosity

15  at25°C of 0.02 to 100 cm?/s (2 to 10,000 cSt), and preferably 0.03 to 5 cm?/s (3 to 500
cSt).
[0047]

Examples of the chain-like polysiloxane include dimethylpolysiloxane and

methylphenylpolysiloxane. Examples of the partially hydrogenated polysiloxane

20-  include methyl hydrogen polysiloxanes having a degree of hydrogenation of 10 to 80%.
Examples of the cyclic polysiloxane include hexamethylcyclotrisiloxane,
octamethylcyclotetrasiloxane, decamethylcyclopentasiloxane,
2,4,6-trimethylcyclotrisiloxane, 2,4,6,8-tetramethylcyclotetrasiloxane, and the like.
[0048]

25 The content of titanium, magnesium, the halogen, and the ester compound (A) in
the solid catalyst component (I) is not particularly limited. The content of titanium in

the solid catalyst component (I} is 0.1 to 10 wt%, preferably 0.5 to 8.0 wt%, and still
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met hyl phenyl pol ysi | oxane. Exanpl es of the partially hydrogenated

pol ysi | oxane 20 i nclude methyl hydrogen pol ysil oxanes havi ng a degree
of hydrogenation of 10 to 80% Exanples of the cyclic polysiloxane

i ncl ude hexanet hyl cycl otri sil oxane, octanethyl cycl otetrasil oxane,
decanet hyl cycl opent asi | oxane, 2,4, 6-trinmethylcyclotrisil oxane,

2,4, 6, 8- hidhd IRERIIBIY §Y00b BtEHI%BST ThX 8t entdTchdpisiirh ke thels8Rd 8dtaBiThe
content of titanium nmagnesium the hal ogen, and the ester conpound
(A) in t bgnpeient(IyatIAlty IO vaospesterably(10)tois wios, nivae bieferhblyl 15 thi40ivites].
The content of titaniumin the solid catalyst conponent (1) is 0.1 to
10 Wt % pticpatiallhyy Preferitiy 85 @o 26 ¥t%and’hetcbhent ofelichddo ghen alid solill. 0 t o
8.0 wt% The content of magnesiumin the solid catal yst conponent (I)
is 10 tocatflystmponefi€h)abl§ tal9 wdoSfretardhly A0 teed pwtthamats prefetabip4a
wt% and particularly preferably 15 to 25 wt% The content of the

hal ogen BGwiheasbpardcudad aprg&raldpdp dm@hwitel ) The tatal qontedOoihegster
preferably 30 to 85 wt% nore preferably 40 to 5 80 W% and

par ti cul eethgoynddia ishd $o 46w, msiaxably 11h80 maYe indpatierarly preferably: ter
conpound éA) is 0.5t0 40 wt% preferably 1 to 30 wt% and )
parti cul 3 F§%epr dfkandbe goli qagalysy cmwnw@ﬁ includes ghe compapentyB), the ratio
conponent &I) i ncl udes the corﬁ}onent (D%, the ratio of the content of
the conpehidacopteyt afshe spenpassRiliY) to theyqopteat plthe ssiarrommoupd(A) s BOktp ¢ o

19,0 (7oL Bt Sty %38, b B B B T 2. ©°

i ncl ijde fq?%?ﬁgent that includes silicon, phosphorus, or a netal
(e.g.o, a um in addition to the above conponents. Exanples of the

{iﬁazgz, o of JeRD %%%h%%ﬁa@?f’rﬁiﬁﬂ Tl Clsak AR Fisige, a
. . . B .

Do bfesible 1 s SRR By MBS RO O BRI on R

chi ori dep, byt RLUTifiRA hflfreafddflidoh Binis BN ThOUAY oD RN

al um numtrihal 1 de. Affong these, an organosilicon corrpounoflt at

i ncl _Udesliﬂ&g§i zin%rgaﬂoisﬂi'é&g @@mﬁéhrﬂrtﬁé’triﬁ&h&és%ﬁrsi@@mﬁﬂﬁge}aﬁﬁﬂ)sﬁHH%ic%'x%IS
an Si-N-C linkage, and an organoal um num conmpound ar @ preferabl e.

When; ¢ hecsimbhduthd 20at Gadldde 8 1P-OQHRAAE Bh ofdahoklimlinishe Soripdiihddegeagent , the
pol yneri zation activity of the resulting solid catal yst conponent and

the st ergRlggalh@invih), deditoalutiimgg Blbride CkdXyaluminudodatipide sandnd
speci fic exanples of the organosilicon conpound that includes an

Si - O C | irinlaggalamdhinie amd graiominvos aihatidap oAmdng Heke, ianokgaesiliaom Si - N- C
| i nkage 25 include those nentioned |ater in connection wth the
or ganosi ¢angpound dingd dnpdieties ep Se€eGtldtapy ah hegagesibeal cohgronnd tha Bchaiesian he
organosi |l icon conpound represented by t hemgener al formula (4).
Exanpl esSielN-& hokagegandoml arganea mmtiowpeenpoind inggecfetablee  When the solid
20  catalyst component (I) includes such a reagent, the polymerization activity of the
resulting solid catalyst component and the stereoregularity can be improved.
[0050]
Examples and specific examples of the organosilicon compound that includes an
Si-O-C linkage and the organosilicon compound that includes an Si-N-C linkage
25  include those mentioned later in connection with the organosilicon compound

represented by the general formula (3) and the organosilicon compound represented by

‘the general formula (4). Examples of the organoaluminum compound include those
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mentioned later in connection with the organoal um num conpound
represented by the general formula (2). These reagents nmay be used

ei ther alone or in conbination. [0051] The solid catal yst
conponent (1) that includes the reagent may further include an 5
organosi |l i con conpound represented by the follow ng general formula
(7) that menttdneddstenin consation atithdha bigghoajuminmm compound represented by the

[ CH2=CH (CH2)] Si R204-t(7) wherein R2 is a hydrogen atom an al kyl

gr oup hagénstal formpil2(2)c alhesa reagents may ywskd aitherplong oo ipgonabipdtiomy |

group, a vinyl group, or a halogen atom provided that a 10 plurality
of R2 malP0Bé] either identical or different when a plurality of R2 are
present, u is_an integer fromO to 5, and t is an integer fromlto 4.
In this case, Thhiolidsa roraponsat €t thatinclpdes the meagentsney fungesisriuge an
catal yst conmpgnent and the hydrogen response can be further inproved.
[oosﬁl 197ERROSHicOR comRew epreyentest by thedelayiagesnegalipayyla )b insludes

al kenyl group. EXx | es of the organosilicon conpound include vinyl

gr oup- cofft HsAfuFye &PY¥Rines, vinyl group-containing al koxysil anes,

i nyl - ' Oal kyl si | ., Viayl - t ai ni
bhenyl &1 Fanes CH H-CEHEMEaM Xi ni ng hai ogliat ed oi & anes, vinyl’
iyl si 1 ER@eR 0 T ChRHFE Al ol TR | B M o T "
0o s T RPAR bR 8057, AR SO HRROL N Fi ot s
Darele RAAhE) P it etoBy AnGRured PLEDU AU Bl
and the @bkai¥der Hoatdtd § AARICAERI r DYmGHRZCHIL Hildase, tdTONg L hese,
vinyltrialkylsTlanes, 25allyltrialKylsilanes, divinyldialkylsilanes,

di al Iyl diciyrhénidasivh ai@ssy dfithe/teBtial KollBdtAPR TomPBsknt and the hydrogen

£

response can be further improved,
[0052]

15 The unsaturated alkyl group refers to a vinyl group or an alkenyl group.
Examples of the organosilicon compound include vinyl group-containing alkylsilanes,
vinyl group-containing alkoxysilanes, vinyl group-containing cycloalkylsilanes, vinyl
group-containing phenylsilanes, vinyl group-containing halogenated silanes, vinyl
group-containing halogenated alkylsilanes, alkenyl group-containing vinylsilanes,

20  alkenyl group-containing alkylsilanes, alkenyl group-containing alkoxysilanes, alkenyl
group-containing cycloalkylsilanes, alkenyl group-containing phenylsilanes, alkenyl
group-containing halogenated silanes, and alkenyl group-containing halogenated
alkylsilanes. The vinyl group is represented by CH;=CH-, and the alkenyl group is
represented by CH,=CH-(CH,),~- Among these, vinyltrialkylsilanes,

25  allyltrialkylsilanes, divinyldialkylsilanes, diallyldialkylsilanes, trivinylalkylsilanes, and
triallylalkylsilanes are preferable, and allyldimethylvinylsilane, diallyldimethylsilane,

triallylmethylsilane, di-3-butenylsilane, dimethylsilane, diallyldichlorosilane, and

21



triallylalkylsilanes are preferable, and allyldinmethylvinylsilane,

di al l yl di met hyl silane, triallylnmethylsilane, di-3-butenylsilane,

di net hyl sil ane, diallyldichlorosilane, and allyltriethylsilane are
particularly preferable. These organosilicon conpounds that include
an unsaturated al kyl group nmay be used either alone or in

conbi nat aRAtridtAGiBhe MR predcdlaly Prefaiatlé. NOTIRRE bekafadiidondongoindam (1)
for olefin polynerization 5The solid catal yst conponent (1) for

ol ef i n p@ichutieranambatomntedetiof graup mhay beresed withel AiMitordh combinativent i on is
produced by bringing a magnesi um conpound, a titani um conpound, an
opt i onal [¢0BBdgen conpound ot her than the titani um conpound, the ester
conpound (A) represented by the general fornmula (1), and the optional
el ect r on Mutimmt foc prodocing s¢li3) catalyst coompbaertt (I)ifotholefic polymieazatich0[ 0054]
Exanpl es of the magnesi um conpound used to produce the solid catalyst
conpohent accdhdselyl catalyst sompbuant (g for alélin pelyinaxieaiton@ncqriingdo ené t er
may be referred to as "magnesi um conpound (B)") include one or nore
magnesi ufmbedipsahelshe mve@@@wsmmcaggﬁgﬁwn& AAghesivEeompound, a

di al | cyl magnesi um an alkylnagnesiun1halide, a 15 di al koxymagnesi um

a di ary| HiapingpemEpeind, amorticeakhaleganes pihgethay thefitaniug Gognpound,
magnesi um salt, and the |ike. Ampng these, .a gnesi di halide, a
m xture ¥ csteRARARAMG Y repapseaisd bydhs genes ffwgﬁ%lgﬁe%ﬂi Oa%lag

di al koxy nesium are preferable, and di al koxymagnesi umi s

parti cul g@&&oﬁ%&%@ﬁ@%jﬂ c%téﬁta"ﬁ% %@%ﬁ?ﬁe di al | wxymagnesi um
i ncl ﬁge ﬂqﬁﬁ hoxymagnesi um di et hoxymagnesi um di propoxymagnesi um
di butoxy si um et hoxynet hoxymagnesi um et hoxypr opoxynagnesi um

DUt oy " BB e AN s oY ShBRTHRTRAR, T e

prepared by reacting nmagresi um e Tesence

O 22 888 Ronch IRLRIRCOILAIRUARB e iFUNAOH Pibreifind B % i

The di al koxynmagnesi u be 'use ne or 1 n conbination.
[0056] g a5 “magnesium compound (B)”) include one or more magnesium compounds

selected from a magnesium dihalide, a dialkylmagnesium, an alkylmagnesium halide, a

15  dialkoxymagnesium, a diaryloxymagnesium, an alkoxymagnesium halide, a fatty acid
magnesium salf, and the like. Among these, a magnesium dihalide, a mixture of a
magnesium dihalide.and a dialkoxymagnesium, and a dialkoxymagnesium are
preferable, and a dialkoxymagnesium is particularly preferable.

[0055]

20 Examples of the dialkoxymagnesium include dimethoxymagnesium,
diethoxymagnesium, dipropoxymagnesium, dibutoxymagnesium,
ethoxymethoxymagnesium, ethoxypropoxymagnesium, butoxyethoxymagnesium, and
the like, These dialkoxymagnesinms may be prepared by reacting magnesium metal
with an alcohol in the presence of a halogen, a halogen-containing metal compound, or

25 thelike. The dialkoxymagnésiums may be used either alone or in combination.
[0056]

It is preferable to use a granular or powdery dialkoxymagnesium when
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It is preferable to use a granular or powdery di al koxymagnesi um when
produci ng the solid catal yst conponent according to one enbodi nent of
the invention. The dial koxymagnesi um nay have an indefinite shape or
a spherical shape. For exanple, when using a spherical

di al koxymagnesi um a pol yner powder obtai ned by pol ynerization has a
better pardicihgtiztsalid camlysibcongoneny aoedrdingl te ofé emboldisient dflthé iventddi. s 5
i nproves the handling capability of the polynmer powder during

pol yner i Th¢ dialkoxpmedgreksium may hsvernihiefirsteshepe ars sphengil sippeauBed by
fine particles contained in the polynmer powder. [0057] The spheri cal
di al koxyerunpdsivthennsing arspheniat dislaxjingereainm, a nobmiegowsiphahtiioed by 0
shape, but may have an elliptical shape or a potato-like shape. The
ratio (1nelymerizatioa haap betterpagicth spe end § ngmqvo parhielersizeclistalutiondi dikist er
(w) of the spherical dial koxymagnesiumis 3 or less, preferably 1 to
2, and nisaaovasdhehandlipg canability of thepobner prwder dringeoopanerizatien,spde D50
(i.e., tr]e particlcla size at 50%in th& chmul atjgeg 15 vol une particle
si ze di stlnBates Bropless Uk agirlapging GANSSH BY maPARiSIsS cantainsd Hyths Prlyarsr
diffraction/scattering particle size distribution analyzer is

pref er abPR¥%F"t 0 200 gm and nore preferably 5 to 150 gm The average
particl e[(@%@e of the spherical dialkoxymagnesiumis preferably 1 to
100 gm preferably 5 to 50 gm and still nore preferably 10 to

i f bl e. t.h h herical _dial k i .h
2 narrow part 5 wRERcA Bkt R Rbo R it et °
o of S anftaPe but A S8 ARG EdBo EPLpGIqbPIEREP SR I ofhe ' °

(measur egaiish g dﬁylzeger?ﬁf) Ct)?’ h:fgfrﬁﬁ% &ﬂ?ﬁﬁﬁé&e& ‘E{v}ﬁﬁthQ %%ﬁén%kl]e size

di stributi‘on ana gmor [ess 1n'the spherica

di al koxyaragBeshAlRelEnA Yoplesh GeferablL 17, nBpRebRAL I A% q1s. | 55 1!

is preferable that the content of particles 25 having a particle size
of 100 §21 nore in the spherical dial koxymagnesi um be 10% or | ess,
and nore preferably 5% or |ess. [0059] The particle size

di stribution Thyd0eRgDpMticledirs B50 B thépdriicle pRE i $1% i ie@uainl QW i n

the cunul ative volune particle size distribution, and D10 is the
par tiscl evoburae particlkGtel disttibnetion) nfithatdialleoxyel agnesiya hidagdred 8siaga laser
di stribution) of the spherical dial koxymagnesiumis preferably 3 or
| ess, andiffractien/pratteangpdryicl2 stre disksisution analyzer is preferably 1 to 200 um, and
more preferably 5 to 150 um. The average particle size of the spherical
dialkoxymagnesium is preferably 1 to 100 um, more preferably 5 to 50 pm, and still
more preferably 10 to 40 pm. It is preferable that the spherical dialkoxymagnesium
20  have a narrow particle size distribution, and have a low fine particle content and a low
coarse particle content. More specifically, it is preferable that the content of particles
having a particle size (measured using a laser diffraction/scattering particle size
distribution analyzer) of 5 um or less in the spherical dialkoxymagnesium be 20% or
less, and more preferably 10% or less. It is preferable that the content of particles
25  having a particle size of 100 pm or more in the spherical dialkoxymagnesium be 10% or

less, and more preferably 5% or less.

[0059]

23



5[ 0060] The spherical dial koxymagnesi um nay be produced using

t he met hod di sclosed in JP-A-58-41832, JP-A-62-51633, JP-A-3-74341,
JP- A- 4- 368391, JP-A-8-73388, or the like. [0061] 10The nagriesi um
conmpound (B) may be used in the formof a magnesi um conpound sol ution
or a magnesi um conpound suspensi on. Wen the nagnesi um conpound (B)
is solid, theThagatsiewmeadistributivh 16E)90/510) (sdhetey @D0iintle pacickesite sthat
can di ssol ve the magnesi um conpound (B) to prepare a nagnesium
conpound 968%l in theosummdativeusiianel patticle sizesidtsigutiont mat Di@istbe pattiskesizeat t he
magnesi um conpound (B) to prepare a 15 nmagnesi um conpound suspensi on.
When t he 10%gnds amdatiyeowiang Birticls sizeqlistabutiong ofithgspkdrieal conpound ( B)
may be used directly as a magnesi um conpound sol ution, or may be

di ssol vedialkexymegnesaim isimeferablnd af Ssb ppdmorepistgHds 2 wmlessnpound ( B)
to prepare a magnesi um conpound sol ution. [0062] 20Exanples of a
corrpo%nd[QQ@Ql can di ssol ve the magnesi um conpound (B) i nclude at

| east one corrg_oun sel ected fromthe group cgnsi stjng, of al

oho] s,
ethers, and edhesrheriegldizlkorymagargivednaybe paduaSHYSREINE MY ogéﬁciosed

car bon aPHEACTOR G ThArhslo2te 1 Avb o B dphronndl aRoh BB ol
hexanol , ,2-et hyl hexanol , octanol, dodecanol, octadecyl 25al cohol,
ol eyl al %Hﬁ(le benzyl al cohol, phenylethyl alcohol, cunyl al cohol,

i sopr opytooﬁtl ohol , isopropyl benzyl al cohol, and ethyl ene glycol;
hal ogen-€o0 i ning al cohols having Ito 18 carbon atons such as

navi Ny 2 to 200epa iR AR ORITR mayHilerd 1 GO ORI ARR el 1o ©

i : | ; . h

pany | oE TR g o e B iR S oe gl i g
esters S&B&Hp@uﬁldt(sg 21 B0y InldeARNitT cofBbiiit (B) B @RIV ihAoHRht that can

t etrai sopropoxytitanium tetrabutoxytitanium 5 tetrahexoxytitanium
t et r abut gxyAT¢ heMhdsibsid GolPolidtH)Qs Yédpa o iniifesRitd cdrigoundlkBlution, or
suspended in a solvent that cannot dissolve the magnesium compound (B) to prepare a

15  magnesium compound suspension. When the magnesium compound (B) is liquid, the
magnesium compound (B) may be used directly as a magnesium compound solution, or
may be dissolved in a solvent that can dissolve the magnesium compound (B) to prepare
a magnesium compound solution.

[0062]

20 Examples of a compound that can dissolve the magnesium compound (B)
include at least one compound selected from the group consisting of alcohols, ethers,
and esters. Specific examples of the compound that can dissolve the magnesium
compound (B) include alcohols having 1 to 18 carbon atoms such as methanol, ethanol,
propanol, butanol, pentanol, hexanol, 2-ethylhexanol, octanol, dodecanol; octadecyl

25  alcohol, oleyl alcohol, benzyl alcohol, phenylethyl alcohol, cumyl alcohol, isopropyl
alcohol, isopropylbenzy! alcohel, and ethylene glycol; halogen-containing alcohols

having 1 to 18 carbon atoms such as trichloromethanol, trichloroethanol, and
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Anmong these, al cohols such as ethanol, propanol, butanol, and

2- et hyl hexanol are preferable, and 2-ethyl hexanol is particularly
preferable. [0063] A saturated hydrocarbon solvent or an unsaturated
hydr ocar bon sol vent that does 10 not di ssol ve a nagnesi um conpound is
used as a nmediumthat cannot dissolve the magnesi um conpound (B). The

sat ur at egidnybiRandlofthee e 2a6 20 Rerben SRy steds MEGyPEBED efySahstent
is safe and has hi gh industrral versatility. Exanples of the

sat ur at efbopiypgylosthdrpontyisathetedthylQither tetrabydledfiifaa) ellylheds ¥ Giidpatibagl ofledi!
i nclude linear or branched aliphatic hydrocarbon conpounds having a

boi | i ng atisdle, anfl dighehyl I Gnetaliadid tsierd Sudteasaaegetixgtimnmm, decane, and
nmet hyl hept ane, alicyclic hydrocarbon conpounds having a boiling point

of 50 t oteR@GHropohitasumnyietraiseprapexytitniyh, cyirdbmteytiteaiunan d
decahydr onapht hal ene, and aromati c hydrocarbon conmpounds having a

boi | ing fstrakexosytitBoum, te@bTox wzivdoninm, and tetraethoxyrdirsneinm aod the like.

et hyl benzene. Anong these, linear aliphatic hydrocarbon conpounds
havi ng aApwngithege.pdeoiolseuclses etbapbeopangk huisoh andzethyleganmare 20 and
decane, and aromatic hydrocarbon conpounds having a boiling point of
50 to 20peferable qnd 2-athylhexaaol is padicularly preferablpl benzene are preferabl e.
These sof vgnits may be used either alone or in conbination. [0064]
Exanpl es 0963k he titanium conmpound used to produce the conponent (1)

22 200110 L0, QNG ARULIENt ot e NERLL O (RSt 2S
o SRR LRSS0 5! AR AR AR 6 )
caroon SRRy DAREAIAE, oAb s BlaBhe PR BEE 0
vl soen By RERUASEC e P bl ol DS oo,
from 0 tQnfatel HO88tarbon solvent or the unsaturated hydrocarbon solvent inchude linear or
branched aliphatic hydrocarbon compounds having a boiling point of 50 to 200°C, such
15  as hexane, heptane, decane, and methylheptane, alicyclic hydrocarbon compounds
having a boiling point of 50 to 200°C, such as cyclohexane, ethylcyclohexane, and
decahydronaphthalene, and aromatic hydrocarbon compounds having a boiling point of
50 to 200°C, such as toluene, xylene, and ethylbenzene. Among these, linear aliphatic
hydrocarbon compounds having a boiling point of 50 to 200°C, such as hexane, heptane,
20  and decane, and aromatic hydrocarbon compounds having a boiling point of 50 to
200°C, such as toluene, xylene, and ethylbenzene are preferable. These solvents may
be used either alone or in combination.
[0064]
Examples of the titanium compound used to produce the component (I)
25 according to one embodiment of the invention (hereinafter may be referred to as

“titanium compound {C)”) include a tetravalent titanium compound represented by the

following general formula (6).
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The tetraval ent titanium conpound represented by the general formula
(6) is one compound or two or nore conpounds sel ected from an

al koxytitanium a titanium halide, and an al koxytitani um hal i de.
Speci fic exanpl es of the tetravalent titanium 10 conpound incl ude
titaniumtetrahalides such as titaniumtetrafluoride, titanium
tetrachl ori deTi(OR'YHym t et r abromi de, and t {&ani um t et rai odi de,

al koxytitaniumtrihalides such as nethoxytitaniumtrichloride,

et hoxyt i wheieimR’ris e hiydworatbon proop haying tlanil 0 wathon atingy; powjdedrbat a

n- but oxytitani um Egri chloride, dial koxytitanium dihalides s]ych as

di met hoxpluralisn pfiR dhaghboeithte jdediies] looshfferent mibgmagilwhlityrof @R ~ are present,
di propoxytitani um 15 dichloride, and di-n-butoxytitanium dichloride,
and t ri aKikesyiogem piom, pevidrdshaiiiatualitn of ey beyeitherddentieabon difprgat
triethoxytitaniumchloride, tripropoxytitaniumchloride, and

tri-ns bulvbsye phusdityef &hire pregent, suddrigan mbegsr figa Qtch- cont ai ni ng
titani um conpounds are preferable, titaniumtetrahalides such as
titani ur’r{ocoégfachl oride, titaniumtetrabrom de, and titanium

tetraiodid f erabl e, d.titani t et hl oride, is. 20
par t cul ar |y BRe RSP MHERSOMEOUR TRTSEHES i SragrebloraulaS) v

| i i i . Th | i i d.
F epr o5 enfUIPERh I SR BOR CETRamRSS R ym s R & o,
whi ch t he  tet | ent titani . i 4 i . b
ompounaiaid AR ARk MBSO RO chafiblel b alpRnl WlER DOR
hal e HLL ani um: i onal |
bo uibq FEIRTAN bRl ARL LR b bla gl | PO LY
enbodi n»e{éhaaﬂgx{i&e ti'td?lYLﬁHEétﬁﬂrongﬁ@,rgghﬁﬁarﬂﬁmtt%iwhé’g%é il ANEinafgdsude

tetraval ent ogen-contai nin I'I'1'con conpounds. f1c exanpl es

of the hal-agem Hithnh BichtRieSéthenRitdBih 3IHbEERS pfdpeRytRinium

tetrachl orosilane (silicon tetrachl oride) and tetrabronosilane, and

al koxy gfRURIE MM Mbitgx PahatRnAtIEdrigs, ldaesysitiiund gihalides such as
met hoxytrichl orosi |l ane, ethoxytrichl orosil ane,

pr opoxyt dinfeloxfytifintuan eichloride dizhbL ytitilichaii¢Hl adide, dipropoxytitanivm
5di net hoxydi chl or osi | ane, di et hoxydi chl or osi | ane,
di pr opoxgidhlotiderandidi-aratoxdititanidm dchjwtidehdmk taiaikloaytitanium halides such as
tri met hoxychl orosil ane, triethoxychl orosil ane, _
tri pr opotcynedthanytisaniwm ehlogide, ttiethoxytiartivmyohhirsleptiprepoaytif 06 hlgide,
ester conpound (A) used to produce the solid catalyst conponent (I)
10 accor gfidtgi-n-buionetitenivovihiende. ofAmeng thesee halpgen-¢antainiag sifapiumas t he
ester conpound (A) o . o L
compounds are preferable, titanium tetrahalides such as titanium tetrachloride, titanium
tetrabromide, and titanium tetraiodide are more preferable, and titanium tetrachloride is
20  particularly preferable. These titanium compounds may be used either alone or in a
combination. The tetravalent titanium compound represented by the general formula
(6) may be used in a state in which the tetravalent titanium compound is diluted with a
hydrocarbon compound, a halogenated hydrocarbon compound, or the like.
[0066]
25 A halogen compound other than the titanium compound (C) may optionally be
used to produce the solid catalyst component (I) according to one embodiment of the

invention. Examples of the halogen compound include tetravalent halogen-containing
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included in the solid catal yst conponent (1) according to one
enbodi nent of the invention. Therefore, description thereof is
omtted. The el ectron donor conpound (D) that is optionally used to
produce the solid catal yst conponent (I) according to one enbodi nent
of the invention is the same as the el ectron donor conmpound (D) that

accor i ngra oo B Shorlcop iRl dE R o bR AR hakleny, o1 on

ther eof  {graffidet @&Eh %h?tra%ﬁio‘fééﬂ'aﬁégsﬂf‘co%n tratcﬁl%hdg)sarﬁ%t‘ré?ﬂ@ﬁlbéﬂ 8&fhdt O -

produce the solid catalyst conpon according to one e I ment

of the i peRY LR lcénﬁaﬁﬁn%?ﬁ‘ﬂg ocdntedRBamQ W& ARk tih1bdalareS
optionally in€luded in the solid catal yst conponéent (1) according to

one enbogheRyiticllbrdsiishe? itkIBrosilaRy, BftRtckytritdkebdiRhé,on thereof is
omtted. [0068] e id catal yst conponent (1) may preferably

be produdeskthoxydichRirdsildng, hl@éth@@dgjhldidﬁlaﬁe stiprogoEhésbsitmsonpound

t hat does not have a reducing capability, the ester conpound (A), and
a titani dirn-batoxglidichlaroviade) dirhéthbxyrhlongslane, nhgthesjichlordsilange 25
conmpound that includes an alcohol or the like, the ester conpound
(A), andtripropoxychlorosiaie] siel inm-bumaptldetosiinieh each other in the
presence of an inert hydrocarbon solvent, a nethod that brings a

di al koxyH#§Rksi um the ester conpound (A), and a titanium halide
into contact with each other in the presence of an inert hydrocarbon

sol vent, a nmethoetersamperndgy) %edﬁgw@émﬁfh@@hmmmmmgn@t fRduci ng

capability, the ester corrpound (A), and a_titanium halide intaq

cont Hbt dhcPHingornsembodineens phtheinteation i the parae asthe ester congound éA) i ke.

5[ 0069] npl es of the hod for producing the solid
cat al yst m&Blﬁﬁ%wetﬁ? S‘elrff caF%YSt&P’é‘PPFFT’;SQ) %%Fis%&tt‘? o AROLBERATERE bel ow

o B STl b L S SR
Sl Rt eh oty Se b Bl
or alum gim 4308 & Rl AGHANS the same as the electron donor compound (D) that is
15  optionally included in the solid catalyst component (I} according to one embodiment of
the invention. Therefore, description thereof is omitted. The polysiloxane (E) that is
optionally used to produce the solid catalyst component (I) according to one
embodiment of the invention is the same as the polysiloxane (E) that is optionally
included in the solid catalyst component (I) according to one embodiment of the
20 invention. Therefore, description thereof is omitted.
[0068]
The solid catalyst component (I) may preferably be produced by a method that
co-grinds a solid magnesium compound that does not have a reducing capability, the
ester compound (A), and a titanium halide, a method that brings a magnesium halide
25  compound that includes an alcohol or the like, the ester compound (A), and a titanium
halide into contact with each other in the presence of an inert hydrocarbon solvent, a

methed that brings a dialkoxymagnesium, the ester compound (A), and a titanium
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[0070] (1)A magnesium halide is dissolved in an allcoxytitani um
conpound, and an organosilicon conmpound is brought into contact with
the solution to obtain a solid 15 product. The solid product is
reacted with a titanium halide, and the ester conpound (A) is reacted
with the resulting product to produce the solid catal yst conponent
(1) for bhigdd intopswnarewith @hdhostherlin thdpresenas of art inert hodfpomboh s¢lvgntpmy be
subjected to prelimnary polynerization using an organoal um num
conpoundmethmddhgdmmgs b nagnestumeompdundilmeyigna mdeding cap2bilit the estigrnesi um
hal i de and an al cohol are reacted to obtain a honbgeneous sol ution,
and a cacdopgundd Agvngdr titemiumshabide igh contactovitoerch othenia precipgate a solid
honogeneous solution. A titaniumhalide and the ester conpound (A)
are reaccaalysi ohthefi&esol ution to obtain a solid, and a titanium
halide is brought into contact with the solid to produce the solid
cat al §st [B§Fbonent (1) for olefin polymerization. 25 (3)Magnesium
nmetal, butyl chloride, and a dial kyl ether are reacted to synthesize
an or ganomagneBeuks esmRieRtd thamethed oy wedyeing @ﬁis ratalyg conpgneit(h

t he organo esi.um conpound. to.ohtajn a soJid._product he. es
Conpoundie R meR B AR e g cae - 1Bdas BUSHEmEedL) b,
product to produce the soli atal yst conponent (1), for olefin,.
ol yner | BeRsHon Anerjornpuad 5 yerdin GRESRE Sittndintia)S S et e ¢ o
relimnary, .polynerization usin organoal um num. ¢ ound.. .an
bt ganos: RRRRUAT IR AR SR RAGAMN TR SPaHA R R PR o0
conpgnen .Qr | .gf i i r ium
compinacetih v ezl fy BE LB ER s rllken () Abofl ABIAIRACEE T
are reac&ﬁﬁﬁ%ﬁ%ﬁkﬁyhéﬁdgagﬂ+ in the presence of a hydrocarbon sol vent
to obtain a honbgeneous solution, and a silicon conpound such as
silicon Bﬁﬁbfchloride is brought into contact with the solution to
obtain a solld product. 10 Atitanium halide and the ester conpound
(A) are g&}act Rn¥refiutR1i801s dsddlvedys bn bikokRRaliRRRGRuAd, 280 afl OMBL I C
hydr ocar bon sol vent, and titaniumtetrachloride is brought into
contact yighfosii@nlcofipblihd 3 bpsdY ito Eentidt adticlBe bhlatisOtol dhtaahabist
conmponent (1) for olefin polynerization. (5) Magnesium chloride, a
t et r aml kpeodtittt amhe solidprddact isdchstedivithraitasing latide taad theestdteodpound
presence of a hydrocarbon solvent to obtain a honogeneous sol ution,
and a t i ¢(Ans weacted|witlethe sedoltggirodichtooprodumteabe salid datdlyat cammponand (D) fothe
m xture is then heated to precipitate a solid, and the ester conpound
(A) is belefigholymerizatient duthiscask, thheomponent (Ifmayhiexubjeeted ¢o pigkiminary

reacted wth a titanium halide to produce the solid catalyst
conponenpolymgerizaionaisig; an gsgAnpAEplingm cempound, an organosilicon compound, and

an olefin.

20 (2) Amagpesium halide and an alcohol are reacted to obtain a homogeneous
solution, and a carboxylic anhydride is brought into contact with the homogeneous
solution. A titanium halide and the ester compound (A) are reacted with the solution
to obtain a solid, and a titanium halide is brought into contact with the solid to produce
the solid catalyst component (I) for olefin polymerization.

25 (3) Magnesium metal, butyl chloride, and a dialkyl ether are reacted to synthesize an
organomagnesium compound, and an alkoxytitanium is reacted with the

organomagnesium compound to obtain a solid product. The ester compound (A) and a
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20 (6) A magnesi um netal powder, an al kyl nonohal ogen conpound, and
iodine are reacted, and a tetraal koxytitanium an acid halide, and a
fatty al cohol are reacted with the mxture in the presence of a

hydr ocar bon sol vent to obtain a honogeneous solution. After the
addition of titaniumtetrachloride to the solution, the mxture is
heat ed t fitapivachglideakereactad Wil thasulid gredes teeprodeoeibeisulid(od)alyss br ought
into contact with the solid. 25 The m xture is then reacted with

tit ani uncdmporeat(Ipfor dkefin@opymodirton. helnghis icakec dieablid tompoeatwaay bé | )
for olefin polynerization. (7)A dialkoxymagnesi umis suspended in a
hydr ocar fudyectest te erelimiaany fotyueytzatiomtising ew ntgastaluinhm ¢angpoiund an
tetrachloride. The mxture is heated, and brought into contact with
t he est eprgeansplingngornppund; andemplefin te praddcgthodeled catatyiss comippaient (1 derc t
is washed with a hydrocarbon solvent, and brought into contact with
titani undleBnpalymesizatid i n t he presence of a hydrocarbon sol vent to
pr oduce @Se solid catalyst conponent (I) for_olefin 5 polynerization.
In this @se, ARRBZEGMAZISENH EATBPRUIGHCIhes hdigkylmagresing a9d@8ence or

B
d I ; t wt
tS:Jtsgﬁinu;h | ide anf taﬁ t.er .compound éA&.to obtain a solid \pl)mrcigugt.

The. sol | B AEP RS oy ebla PR AP RORH oMbt 408 & LG PO EFuct o
b ht i.nt t.,with 10 .a titanij | . t he.
nvar ocar SR ERRRELAEAS hibudth Bl dob PR W ol bRREE SRE 9% o7

ot i ) e . i
L
o i : BBgRES . X
group-c tsaelnﬁé ﬁﬁgaﬁ?lﬂ ??gﬁﬂg%npoundéd;@g t’ga%!i g;lirt%hﬁjﬂnﬂé %@Egﬂiﬁgg 35:'153?1?%1‘: gﬂrt%un)é
sol i d i sonuPRREeKL leSulBndYHIRGAE %Huégﬂ&%bﬁégétaly&%n{ acdied M HiBAA

titani um halide and the ester conpound (A). ti'tani am hali'de is
brought pdNMesfibaCt W th the m xture to produce the solid catalyst
conponent (1) for olefin polymerization. (10) A dial koxymagnesi um

and the @5t erMagugunchioAde, aneraUeReAESTIn, Anda Bt Qechob R readteteiRtthe
and brought into contact (reacted) with a titaniumhalide to obtain

20 aissol présepcodfchydrddaebandol vbnproashigih aihombsgeieds vélutiors ahd 8 tHematrhon
sol vent, and brought into contact with a titaniumhalide in the
pr esenc ehatifle & Wrpught deto bomtastobittetit solmtipn.o dlisemixtere sothien heaedtoy st
conmponent (1) for olefin polynerization. (11) An aliphatic
magnesi upregipitdte asolidh gné dieastes cermpeninsl (A9 is bravghddnipicohtast with theisalidl.
hal i de and the ester conpound (A). A titanium halide is then brought
i nt o contheomixfreiis then rasetediwithu g Elaniynphadide éeproducestbe selideatalystst
conponent (1) for olefin polynerization.

component (I} for olefin polymerization.

20 (6) A magnesium metal powder, an alkylmonohalogen compound, and iodine are
reacted, and a tetraalkoxytitanium, an acid halide, and a fatty alcohol are reacted with
the mixture in the presence of a hydrocarbon solvent to obtain a homogeneous solution.
After the addition of titanium tetrachloride to the solution, the mixture is heated to
precipitate a solid, and the ester compound (A) is brought into contact with the solid.

25  The mixture is then reacted with titanium tetrachloride to produce the solid catalyst
component (I) for olefin polymerization.

(7)  Adialkoxymagnesium is suspended in a hydrocarbon solvent, and brought into
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(12) A diallcoxymagnesiumis suspended in a hydrocarbon sol vent, and
brought into contact with a titanium halide. The m xture is heated,
and reacted with the ester conpound (A) to obtain a solid product.
The solid product is washed with a hydrocarbon sol vent, and brought
into contact with a titaniumhalide in the presence of a hydrocarbon
sol vent tentjut edthogtahinm 8@adhibridet all¥is migmppicmesttd,(ahfl biaughoined éontact

pol yneri zati on, wherein alum numchloride is brought into contact in
t he 5suspéthshoestaanhpotnd (o obtaime salahpradudtr edhd sodid podyet is wasBed A

di al koxymagnesi um. 2-et hyl hexyl al cohol, and carbon di oxi de are
react ed withtatydpreadenselveht, andhiminghtantocontiot with titanoino ketraciloride in the
honogeneous solution. A titaniumhalide and the ester conpound (A

ar e r eacprsdense vfiaiidrosgbon sgdwent o pradacathg selid catalystisempongmd () dor ole

di ssolved in tetrahydrofuran, and a solid product is precipitated. A
titanf unPalgmesratioa. | &n thiseasedhepalid composentirayhediated in Histaresears 9r t wo
or nore tinmes) to produce the solid catal yst conponent (I) for olefin
pol yner i 32senesPf adiyairocarkon sebigPound such as tetrabut oxysi | ane may be

di h 1 1 , .th 1 t/ i 1 , 1 ]
N
O oen s s il REROR hafigd Sadg asten oo dlAT s SRR g rtedieh, A

b | dride. and i, i hal i.d ith th )
o ooy s SRS i i3 bR QR ESoRES AREGH bt RobBimith o

w ¢ 1" bl BRRUE tue APSalOGr d BRLHA (SRR RoBI I ol o0,
with the. hp@)p %?Bfgﬁﬁ_tpoi ,%fr%?ﬂb'ﬁgﬁlﬂﬁéﬁ% E]e%@fi@lf:éfrﬁéorfeﬂmm

20(1) for efin yneri zat I'al koxymagneSium a
titani umiGemRPHfhe ity hd t16udt iRb cERTRAWRLedclotRE Bvd 6PMbRAIhE. t he

presence of a hydrocarbon solvent, and a silicon conpound such as
pol ysi | opggne AsiidIRGSnREn¥ntd, éallttheshwridep&dr@%ﬁd@;gr@&pa%fﬁﬁinin@ silicon
titanium halide and a netal salt of an organic acid are sequentially
react ed wdoipbunf@reossionsd. aTke Rsultih@proufd 28lidialsishended iBradiydiicaiboho
contact with the mxture to produce the solid catal yst conmponent (1)
for m ef satvemel apdeédcaiwitna titahifm) hAlidd adkhxssiagoapound @od tAgtagRber
conpound (A) are suspended in a hydrocarbon solvent. The suspension
i s heat elshlidansibionghtghto contact withn theahixmire ko prodide the solithdatalest cdimponent

m xture is brought into contact with a titaniumhalide to obtain a
sol i d pr@ifeeolefifipligoerizatipn.oduct is washed with a hydrocarbon

sol vent, and brought into contact with a titaniumhalide in the
presence(18} aANl}@dI?@@maﬁéwm lané the astsr geropeinsl () ere suspended in a

hydrocarbon solvent, and brought into contact (reacted) with a titanium halide to obtain

20 asolid product. The solid producf is washed with a hydrocarbon solvent, and brought
into contact with a titanium halide in the presence of a hydrocarbon solvent to produce
the solid catalyst component (I) for olefin polymerization.

(11)  An aliphatic magnesium such as magnesium stearate is reacted with a titanium
halide and the ester compound {A). A titanium halide is then brought into contact with

25  the mixture to produce the solid catalyst component (I} for olefin polymerization,

(12) A dialkoxymagnesium is suspended in a hydrocarbon solvent, and brought into

contact with a titanium halide. The mixture is heated, and reacted with the ester
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5 solid catal yst conponent (I) for olefin polynerization. In this
case, the solid conponent may be heated in the presence or absence of
a hydrocarbon solvent. [0071] In the nethods (1) to (16), a
titanium halide and a hydrocarbon sol vent may be brought into contact
with the washed solid catal yst conponent (I) at 20 to 100C, the 10

m xture papdi;idiBdteobibin jolidgroduct. e atelsolid pERIBONIE ayhddese 4 on) , and
washed with an inert organic solvent that is liquid at room

t enper at hydrocaabish $dbeenaland dragght Aito contatewithe: titggiemtiedidd id the peesenddrg i n
order to further inprove the polynerization activity when

pol ymer i Zbpdrotdreombadiém tapddtdecths saidaatagrtlcampbdneno(I) fdrelefasul ti ng

pol ymer. [0072] 15The conponent (1) according to one enbodi nent of

t he i nvepelyorrirsipns whergin alubmupr ddoridedis beiught mfycantact fretheret hods (1)
to (16). It is preferable to use the nmethod (1), (3), (4), (5, (7),
(8), r subDInsicavepnirgt step of e contpetatantiabisiept he met hod (3), (4), (7),
(8), or élO) since a solid catalyst conponent for olefin i

pol yneri @3} i oft diglkexyarpgnessumnd-gthyhesyleadeahgliland carpor digxisle asbreastadin | t
i s nost %F'ef erabl e to produce the solid catalyst 20 conmponent (1) for
ol efi n pWePHEFREATiadydmpaton selyantig ohtan ahpeegamagiesiuionand HaRuBSt er

T oo ar B 258 B 410 G RPYHIAD FES RGP RSB SOLHeRIp PB{F § Golid.  The
hydr ocar bon,. and .an, aromati,c .hydr ogar ban, dj.ng the spension to a
!t anitnidis BRSO ERLRN SRR AR P 08 ppREiEt S recialit P Araf o
rashing el AR DARES %oﬁd&?é@:ﬁ%%rt@ﬁ%fyb&% oir%%%@ef%%{r’w? B89 2
titani um hali dée Into ¢ Yo} Il

f ) . i Y
b g ol el E AR PR Y ookHeribh. | & o pARSLBIANER Do
Cnt ) o o S -0 C
| niage R poulyslladd iaPhORRATH HetofE OIS N el MGR P fher L e,

t he or gafiealisntey conpound (optional), and the organosilicon
conmpound represented by the general fornmula (7) (optional). The solid

cat al yst(1gpmmoBgRtsivin thlbSdd) =R éedahid dpoRy 2oBPHRIC ind¥ phbspRGREackPMPOUNdS

in the presence of a hydrocarbon solvent. After bringing the solid

cat ajsy steoaymad efttsubpendediing Rndaetonolvent a6 heéREPDin a hBfofntoUs €
is sufficiently washed with a hydrocarbon solvent to renove

unneces ssaiutiono NPoraehixylic Ateydsidt bl ¢ dtamius haltdege reasted @ith thewyolbon to
repeatedly brought into contact with the above conmpounds. 10[ 0074]
obtain a solid product. The ester compound (A) is reacted with the solid product, and
the resulting reaction product is washed with a hydrocarbon solvent. A titanium halide
is brought into contact with the reaction product to produce the solid catalyst component
20 (D) for olefin polymerization.
(15) A dialkoxymagnesium, a titanjum compound, and the ester compound (A) are
reacted in the presence of a hydrocarbon solvent, and a silicon compound such as
polysiloxane is reacted with the resulting reaction product. A titanium halide and a
metal salt of an organic acid are sequentially reacted with the mixture, and a titanium
25  halide is brought into contact with the mixture to produce the solid catalyst component

(I) for olefin polymerization.

(16) A dialkoxymagnesivm and the ester compound (A) are suspended in a
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The solid catalyst conponent (I) is brought into contact with each
conponent at a tenperature of -10 to 100C, preferably 0 to 90C, and
particularly preferably 20 to 80C. The contact tine is 1 mnute to 10
hours, preferably 10 mnutes to 5 hours, and particularly preferably
30 mnutes to 2 hours. The conponents nay be used in an 15arbitrary
rati o ashydmogarben sdlecradvahd agpeaisionat heated, anfl bidught invceddnitavn wather silddon
adversely affected. The organosilicon conpound that includes an

Si - O C | halkdege The hexmrgaiosight oo cadageitich titaaiun edidede sbtaim Solid- C

| i nkage, and the organosilicon conpound represented by the general .
fornul a piBduetr e Thesolid prpdustas wiashedrwithnohydrocfib@én lvent, 20d odyght into
preferably 0.5 to 10 nol, and particularly preferably 1 to 5 nol, per
mol of 200nthet with atifenivmskadide in Fhelnrerstc of  iysirecsrian seleat fpqrodusatement
(1'). The aorganoal um num conpound_is normal |y used in an ampunt of 0.5
to 509 erFOth?aéﬁﬂ%‘-i’iﬁBm?OlleD{t &) ey alefin pelpaerzatione uluihiscaps.dhasalld y 1.5 to
10 nol, per nol of the tl(i um at ons i pncl ude n,the solid catalyst
conponenFOl'(lP9nenf @6379? heate © PrEfReC LB PRSAIEE ¢ O‘%aﬁ@“s?ﬂl‘(ﬁ‘élﬁt from
t he resutﬁ(vnﬂ solid catal yst conponent (1) so that the weight ratio
of the s dht relative to the solid conponent is 1/3 or less, and

frﬁﬁgsreztg' i et tﬁ} wiFod B fﬂgi '8&?ﬁw@e@fﬁ@%@rhYHocgﬁi%g;ng‘%%@gi by ;
he Port BlofieftthlotoRREPRARMe WisnR Solfd Ak <PRboRE: f ok e,
comRen i ig& i Sty T
exanpl e 1Ln[1 ete?jf e%; teltanaiumﬁ) (%8% céﬁ(g Gsed 1T an
anount O{nep: oPpdi cl%)%n]maélsmqgﬁcgitq‘?b% t%ng?rﬁﬁﬁes gn@‘ﬁleabaggo htidn rﬂ%; ?B)

preferably 1 ase 8 magnesi um corrpo
The est efeIpE&E!mlﬂ@@'O {ifes iPbrder t%%ﬁhél%ip%lre%e ﬁ&l?m%ﬁ&a%{on%ﬁpi%uﬁﬁer( A)

and the electron donor conpound (D), is used inh an anmount of 0.01 t

10 nol, g&yﬁkﬂﬁﬁg@w Me@ngﬁdﬂl@ sterdBRbgul@t§ of thel resuligepdiméer ably 0. 02

to 0.6 nol, based on 1 nol of the magnesi um conpound ( B). The sol vent
is used [(m)m anount of 0.001 to 500 nol, preferably 0.001 to 100
nol, and still nore preferably 0.005 to 10 nol, based on 1 nol of the
magnesi um confphelcsnfonent ([heccpalivgio @eanthodimerit of thedavantion mayritaily of
0.01 to 100 g, preferably 0.05 to 80 g, and still nore preferably 1
to 50 g, bbpmddcarusingranly offthet tnethads (T gmES).unit coprplembde (o Yse the method (1),
(3), 4, (5), (T, (8), or (10), and particularly preferably the method (3), (4), (7), (8), or
(10) since a solid catalyst component for olefin polymerization that ensures high
stereoregularity can be obtained. It is most preferable to produce the solid catalyst
20  component (I} for olefin polymerization by suspending a dialkoxymagnesium and the
ester compound (A) in a hydrocarbon solvent selected from a linear hydrocarbon, a
branched aliphatic hydrocarbon, an alicyclic hydrocarbon, and an aromatic hydrocarbon,
adding the suspension to a titanium halide to effect a reaction to obtain a solid product,
washing the solid product with a hydrocarbon solvent, and bringing a titanium halide
25  into contact with the solid product in the presence of a hydrocarbon solvent.

[0073]

It is also preferable to bring the solid catalyst component (I) obtained by the
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[0077] A efin polynerization catalyst An ol efin polynerization
catal yst according to one enbodi nent of the invention is produced by
bringing the solid catal yst conmponent (1), (lI1) an organoal um num 20
conpound (hereinafter may be referred to as "organoal um num conpound
(F)"), and (I1l) an external electron donor conmpound (hereinafter may

be ref er gifletrRetRSd infoXE AR it RS biaBibsARRA comPPRA MG i6hPrdds 4n¥i%0-C

contact with each other. An olefi 1 can be polynerized or

copol ynelihkee, the o%é"ﬁﬁoﬁlé&(?ﬁcibﬁﬁso%d iaeireRids ¥ %N@‘liﬁkéé&?&et he external

el ectron donor conpoun G my not be used en the solid catal yst

conponenbrgahdaldhinuficdosiRming (GptRnIR@dithd 6:@8ndsiitea¢Bspbal rebféﬁédﬂél?%r an
Si-OC linkage, the organosilicon conpound that includes an Si-N

| i nkage, thergehdrel forgalaqa) (optionat). c Aheculid citalgag@ripone ()b Broughdnsol i d
catal yst conmponent that includes the reagent further includes the

or ganosi tontam withrthese rdmpemdase teqaedayicd bita lyeireragbonf sotvent. a A for.
Specifically, the catalyst formed by the solid catal yst conponent and
t he or gabmagivgrihesnlid catplystrmdnposent€l inocehtaciyitip edchroenippatritothe atkiuve t y
and hydrogen response even when the external electron donor conpound
(G is netuffiviagilysyashaByith a hydropxdem belyensfto rdmovsngaecsssauyrcoraponents.
conmpound_(1'l1) include a conpound represented by the foll ow ng general
f or mul a T solidzaialysg corpponephd} miny; breepeatedly reneght inde contagtotiduthe rhgie
group having 1. to 6 carbon atons, Qis a 10 hydrogen atom or a

hal ogen, CHMPUBdS-s a real nunber that satisfies 0<p<3. It is

preferabﬂ <§ %ﬂ\at Rs be an ethyl group or an isobutyl group, Q be a
hydr]d)genog a chlorine atom or a bromne atom and g be 2 or 3

(particularly.prefera 3). [0079]. Speci.fic exanpl es of the

or ganoal uni nu"FrlFec &ﬁﬁh%f ﬁ%ﬂﬂ%’&n (ﬂ el ‘;H%F ?Rm%}% %%ﬁ%c%ponent at

triethyl 1 rid s | al um i -nrbutylal um pu

tri < n ekttt oh: tRAePRE P tiRLor Lt S R 20 fues

such as gHegt h ] l,QF 4 et ' r.om

i et hyt i e et 13hind BT pSuig Bt 21 DTS o g

hal i des Iﬁdy‘? 1 LEeLAY ] | d J 1 {0 such

as triethy éh %ﬁ%‘%ﬁm tgrrlgb %‘&F{an uﬂlﬁ%uﬁlfhe?%glp%éé@% %&%&E%@g{%m num

are @ ef gpidatPratig A6 1dnipl R HRYARLMELNTCABMs bF ihk HARUEY ettt AWTRALF

particul arly "preferabl’e. These of ganoal um num conpounds may be “used

ei ther alfRRRAOr Th oRAREH RGN Rfhpound that includes an Si-O-C linkage, the
organosilicon compound that includes an Si-N-C linkage, and the organosilicon
compound represented by the general formula (7) are normally used in an amount of 0.2
to 20 mol, preferably 0.5 to 10 mol, and particularly preferably 1 to 5 mol, per mol of

20  the titanium atoms included in the solid catalyst component (I). The organoaluminum
compound is normally used in an amount of 0.5 to 50 mol, preferably 1 to 20 mol, and
particularly preferably 1.5 to 10 mol, per mol of the titanium atoms included in the solid
catalyst component (I).
[0075]
25 It is preferable to remove the solvent from the resulting solid catalyst component

(I) so that the weight ratio of the solvent relative to the solid component is 1/3 or less,

and preferably 1/6 to 1/20 to obtain a powdery solid component, and remove a fine
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[ 0080] Exanpl es of the external electron donor conpound (I111) used to
produce the 25 ol efin polynerization catalyst according to one

enbodi nent of the invention include organic conpounds that include an
oxygen atom or a nitrogen atom Exanples of the organi c conpounds

t hat include an oxygen atomor a nitrogen atominclude al cohol s,

phenol s, pekB& Hving S Rkcle kiek ONEB umaskilehs fidki G powdkaanYid @Empafenh B air
am des, nitriles, isocyanates, and organosilicon conpounds. The

ext er nal ckk#gédtion odeiedikeconmpound (I111) may be an organosilicon
conpound that includes an Si-O C |linkage, an am nosil ane conpound
that inc|ooyéd an Si-N-C |inkage, or the like. The ester 5 conpound
(A) may be used as the ester. [0081] Anong these, esters such as
et hyl benzoat &he sdtioydf the cenroepts evizo prejuckghid sqlidetabmdysf bempone(l) is
nmet hyl p-toluate, ethyl p-toluate, nethyl anisate, and ethyl anisate,
1, 3- d et Hetempined depsodingiondhe prodpasiomdsethorht Honekadpleathe Sitragalent i nkage,
and am nosi |l ane 10 conpounds that include an Si-N-C |inkage are

pr ef er abtitanivambalidegamporngd (s veadoanamnopntel 0-hta Lamgh peitereplg 0.5 to

| i nkage, am nosi | ane conpounds that include an Si-NC |inkage, and

1, 3- di et Amoland spl mare grederehlydr terlOme)) kased gnd apol of the magneswisl es of

t he organosilicon conpounds that jnclude an Si-O C |inkage and may
be used ETPHEIARY.or Ha AT EETPERAoPT %Weﬁaon(crﬁtL9 eﬁtw&oaw@ua%&)

B o SRR RSB
G e BT VIR AR R A T
o b am g LSRR A4 18, s GOLER L0 Bl S g 0
oL | A ) 0 e Bt OOl T LSl
L2600 S5H e Bkl )P e () M iR
ei ther i demgigréferBly 6103 {8@BLanANEN rfore preferably 1 to 50 g, based on 1 mol of the
15  magnesium compound ().
[0077]
Olefin polymerization catalyst
An olefin polymerization catalyst according to one embodiment of the invention
is produced by bringing the solid catalyst component (I}, (IT) an organoaluminum
20 compound (hereinaﬁer may be referred to as “organoaluminum compound (F)”), and
(III) an external electron donor compound (hereinafter may be referred to as “external
electron donor compound (G)”) into contact with each other. An olefin can be
polymerized or copolymerized in the presence of the catalyst. Note that the external
electron donor compound (G) may not be used when the solid catalyst component (I)
25  includes the organosilicon compound that includes an Si-O-C linkage, the organosilicon
compound that includes an Si-N-C linkage, or the organoaluminum compound (reagent),

or when the solid catalyst component that includes the reagent further includes the
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25plurality of R7 are present, and q is an integer that satisfies
0<g<3. [0083] Exanples of the am nosilane conmpounds that include an
Si-N-C linkage and may be used as the external el ectron donor
conmpound (I11) include an am nosil ane conmpound represented by the
foll owing general forrmula (4). oz8ensiRi04.s(4) wherein R8 and RO are

a hydr oggz;gaﬁ&ﬂmon@ofdpaﬁﬁd r@késyﬁte&wuﬁ ¥ Nbrhufaq 770 ﬁ%&@i@ﬁllﬁ tid ON®,

a branch al kyl group having 3 to 20 carbon atons, a vinyl ‘group, an

al Iyl gr eatilystamadtkibe salidedtalyst coMmpbRat kil tHa R%Hhoﬁl%iﬂlﬁlﬁn BofnPouddl

carbon atons, or an aryl group, provided that and R9 are either

i dentic abnsm‘es@kéefll@:hﬁ;ﬁﬁlymaﬁihtmﬁfab@ﬁﬁﬂ dnd Hyarugeh Gespatde b Ghert thefeRtehal
ring, Rl is a linear alkyl group having | to 20 carbon atons, a

br anchedelattky dagoo ogapaund(() & fod ud€d. car bon atons, a vinyl group, an
allyl group, an 10 aral kyl group, a |inear or branched al koxy group
havi g 1[G0G8R0 carbon atons, a vinyloxy group, an allyloxy group, a
cycl oal kyl group havi 3 to 20 carbon atons, an aryl group, an

aryl oxy gr oupExamples d%ﬂgt,lbOmahvadumhmnmﬂmpqwld\(ﬂ)jmludhatcomppm ality of
Rl are either identical or different when a plurality of Rl are

pr esent , regrgerded by e folewigageneralniormulg (2. 15[ 0084] Exanpl es of
t he organ05|I|§on conpound i nclude a phenyl al koxysi | ane, an

al kyl al koxy5| RahdQim phenyl al kyl al koxysi | an@) a

cycl oal k k &y3|lane n cycl oal kyl) aIk ilane, an
(allcyla KR @Pﬁ% ranahe%?lfs Yl qravn Ra)imghd Hb‘? afrrﬁ%wf@msﬁlﬁésaa

g ot E%ﬂ{@d&%{%ﬁ KBS LAoERL AR o w?ﬁﬁé%&ﬁ%@?fﬁf ﬁ@fgff e .
ke SR 8@%18?%%%\%5@4@%‘%“ (H A PR S
G 1 sopr ORI Ry b 5 POEX T Rarbe mestety e,

di i sopentyy Ql met hoxysi | ane, bi s(2-ethyl hexyl)di met hoxysil ane,
25t - but yi net'hyl di met hoxysi | ane, t-butyl ethyl di net hoxysil ane,

Spectfic examples of the organoaluminum compound include trialkylaluminums
15 such as triethylaluminum, triisopropylaluminum, tri-n-butylaluminum,
tri-n-hexylaluminum, and triisobutylaluminum, alkylaluminum halides such as
diethylaluminum chloride and diethylaluminum bromide, diethylaluminum hydride, and
the like. Among these, alkylaluminum halides such as diethylaluminum chloride, and
trialkylaluminums such as triethylaluminum, tri-n-butylaluminum, and
20  triisobutylaluminum are preferable, and triei:hylaluminum and triisobutylaluminum are
particularly preferable. These organoaluminum compounds may be used either alone
or in combination.
[0080]
Examples of the external electron donor compound (III) used to produce the
25  olefin polymerization catalyst according to one embodiment of the invention include
organic compounds that include an oxygen atom or a nitrogen atom. Examples of the

organic compounds that include an oxygen atom or a nitrogen atom include alcohols,
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di cycl opent yl di et hoxysi | ane, di cycl ohexyl di net hoxysi | ane,

cycl ohexyl cycl opent yl di net hoxysi | ane,

cycl ohexyl net hyl di net hoxysi | ane, tetraethoxysil ane,

t et r abut oxysi | ane, bi s(ethyl am no) net hyl et hyl si | ane,

t - but yl met hyl bi s(et hyl am no) si | ane,

bi s( et hypkeniois) tiliesy esterhdoeydnes,| agfdchalides, aldehydes, amines, amides, nitriles,

di cycl opent yl bi s(et hyl am no) si | ane,

bi s( et hisbeydnaiey,(amd tohganoyititapentpduads. n Aleetxbgrhalielewiren donor compound
di et hyl am notri et hoxysi | ane, 5 bi s(cycl ohexyl am no) di net hoxysi | ane,
bi s( per h{ith oiaydgurnrnoganosilidomesthpoundithai mecludes an Si-O-C linkage, an

bi s( per hydroqui nol i no) di met hoxysi |l ane, ]

et hyl (i serinopidanerromporned tekipsludanan SialNdC linkage ardhe Jikenglhearstes,
phenyl tri met hoxysi | ane, t-butyl net hyl di net hoxysi | ane,

t - but¥y| ecypnddAhsiaydeiusedas @eies®hr opyl di net hoxysi | ane,

i sopropylisobutyl di net hoxysi | ane, diisopentyl di net hoxysilane, 10
diphenylﬂmﬁélhoxysilane, di cycl opent yl di et hoxysi | ane,

RV TR T AT AR e——

3: ig&t 2%'@%@9?%%{'@%@}1&?@%@%4@%@in p-toluate, methyl anisate, and ethyl anisate,

i ot byl b PR BRSRAR ORRAREY Riet Ptfide gp $10-G kg and pyngsilare

Ex m

ST oo MRS A BB
T O o Eatd BRSLOFC AL, ARk fine BEdh A R i ER e R RCOIMRLED

a |inear ;i Kyldic@he¥ RreRYARG Y frbrebibtar bon atoms, a branched al kyl
group having 3 to 6 carbon atons, a cycl oal kyl group having 3 to 6

carbon a . or a phenyl group, provided that R11 to R16 are either
identical or different, and Rl7 and R18 are a hydrogen atom a |inear

al kyl group hBwdniglesloft the Broaabdilidonadogipeunds thitanclheslaabkLC tnkage akavi ng
3 to 6 carbon atons, a cycloal kyl group having 3 to 6 25carbon atons,

or alphemyy bgusadms tiy extertiaicklédtmt dohar cnchoihd (HY) énctuddwr orgalesilicoal or
different, and optionally bond to each other to forma ring. [0086]
compound represented by the following general formula (3).
R%,Si(OR")sq ' (3)
wherein R® is an alkyl group having 1 to 12 carbon atoms, a vinyl group, an allyl group,
an aralkyl group, a cycloalkyl group having 3 to 12 carbon atoms, a phenyl group, an
20  alkylamino group having 1 to 12 carbon atoms, or a dialkylamino group having 1 to 12
carbon atoms, provided that a plurality of R® are either identical or different when a
plurality of R® are present, R” is an alkyl group having 1 to 4 carbon atoms, a cycloalkyl
group having 3 to 6 carbon atoms, a phenyl group, a vinyl group, an allyl group, or an
aralkyl group, provided that a plurality of R’ are either identical or different when a
25  plurality of R are present, and q is an integer that satisfies 0<q<3.

[0083]

Examples of the aminosilane compounds that include an Si-N-C linkage and
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Speci fic exanples of the 1, 3-di ether conpounds include
2-1 sopropyl -2-isobutyl-1, 3-di net hoxypr opane,
2,2-diisobutyl-1, 3-di met hoxypr opane,

2-i sopropyl -2-isopentyl-1, 3-di met hoxypr opane,

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

5
2, 2- bi s( gpglvehgxyismé Bytedmlleldctin®inBe cﬁﬂﬂr(HR include an aminosilane
9, 9- bi s(net hoxynet hyl )fl uorene, and the 1ike. Anong these,

2-isopr omﬂaﬂaxﬂd&epageﬂedlbﬂmé fSTRIWIAY ¥@ifepfl d6@aula (4).

9, 9- bi s(net hoxynmet hyl )fl uorene, and the |ike are preferable. [0087]
The external @WN)SiIR'@anor conpound (111) By be one compound or two
or 10 nore conpounds sel ected fromthe organosilicon conpound

r epr esentvberelyRY el Rieare malydfogenatom, @3ineart dleyl @ragrinyidg btmrﬁOocmtmﬁu nd
represented by the general fornmula (4), and the diether conpound

r epr e$enstethshy biahehegeutied grovpdranings 10520. caft@da8jmsyatvingd gfap, an allyl
pol ymerizing olefin 15In one enbodi nent of the invention, an olefin
i s pol yneroupean asalkplogrony rmegyicloatkyl group daying $¢a e catbon ptens, ef amaryl
pol yneri zation catal yst, Exapples of the ol ef minclude ethylene
pr opy| engtoup. pyayidedthat Rpand Rnare eifherddengicahor didierent and optionally bond to
vi nyl cycl ohexane, _and the | jke. These olefins may be used eit her
i ndi vi dugachythsr t¢ formang & | 5 h%ﬂbﬂ%@&é@“&ﬂwiﬁ%?”‘&%?%ﬁe, and
1- but ene, ar referable. A partjcularl referable 20olefin is
pr opyl en'ar.an?hf@a@}ﬁmweha&nﬁﬁ*e i20; SaEPop =éﬁé}y7§r%layﬁ%ﬂ§1r%%%en
copol ynerized with anoth ol.ef.in. Exanpl.es. of, t ol.efin
copol o stistibin BRGHGT ErerRrelknrs SRR e, | o R PERE *Hhént ene,
4- et hyl -l -pent ene, _ vinyl | ohexan a he |ike. ese 25 0l efins
ey b oLBHOEY ERP: i HRD BB Y8R arSh sk Be kS 128 Fitp b
et hyl eneaﬁp&oﬁﬁ,%tagﬂgxﬁ bfoul! & £6@Rafve {hng:%Q]provided that a plurality of R'® are
either identical or different when a plurality of R'° are present, and s is an integer from 1
fo 3.
15 [0084]

Examples of the organosilicon compound include a phenylalkoxysilane, an
alkylalkoxysilane, a phenylalkylalkoxysilane, a cycloalkylalkoxysilane, an
alkyl(cycloalkyl)alkoxysilane, an (alkylamino)alkoxysilane, an
alkyl(alkylamino)alkoxysilane, a cycloalkyl(alkylamino)alkoxysilane, a

20 tetraalkoxysilane, a tetrakis(alkylamino)silane, an alkyltris(alkylamino)silane, a
dialkylbis(alkylamino)silane, a frialkyls{alkylamino)silane, and the like. Specific
examples of the organosilicon compound include phenyltrimethoxysilane,
t-butyltrimethoxysilane, diisopropyldimethoxysilane, isopropylisobutyldimethoxysilane,
diisopentyldimethoxysilane, bis{2-ethylhexyl)dimethoxysilane,

25  t-butylmethyldimethoxysilane, t-butylethyldimethoxysilane,

dicyclopentyldimethoxysilane, dicyclohexyldimethoxysilane,

cyclohexylcyclopentyldimethoxysilane, cyclohexylmethyldimethoxysilane,
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The ratio of each conponent is not particularly limted as |ong as

t he advant ageous effects of the invention are not adversely affected.
The or ganoal um num conpound (F) is nornmally used in an anobunt of 1 to
2000 nol, and preferably 50 to 1000 nol, per nol of the titanium
atonms included in the solid catalyst conponent (1). 5 The external

el ect r ontetiaahox wilapg tetchb( ok ysikne e ethiylantinclethnticthlsilar®@0?2 to 10 nol ,
preferably 0.01 to 2 nol, and particularly preferably 0.01 to 0.5

mol , per t-butglmathylbfs(dtind amimgasilaat, las(etbplacompdepclohdRylsilei€)91] The
conponents may be brought into contact with each other in an

ar bi t r ar icygopendtdbis(athylamingggiianebl e t o add t he or ganoal ur ni num
conmpound (F) to the polynerization system bring the external

el ect r onbisGnethylewinso Yigyclopemtyleoimodaethylstlane fisthylapinesicthoxrulene,
conmpound, (F),. and brjng _the solid catal yst conmponent (1) into contact
with § hebw{Cﬂﬂ@h@%ﬂ%@ogil@Pﬂﬁxﬁ%ﬁ%éﬂ%B?fi}wplsﬁwnplﬁm)ﬁ@%é@}?@& or
absence of an organic, so].vent. The olefin n’pnﬁprrér such as propyl ene

may be ublstPemidrrguinaling)imgthoxyiang eyilisgauizo dirgetipryiarierpid the
A e P L R e R
pol yrer i ERE SRR B R e TR RBRRGHER 2ot i on react i on may be
SLT 5%???:"%&8%’ 'Sé)%%\%’g‘%ifn%{hﬁg‘\?,’?l&g%’hdgg‘répj"tng’f@g‘fﬁl%%‘g%iﬁ)%’%tz:} Ldes the el i d
cat aﬁé’Stdﬁ@%ﬁ@ﬁﬁﬁm&%ﬂaﬂ%eﬁg@@%@ﬁﬁgﬁﬁ%&'&ﬁﬁn&et he or ganoal um num

conpound, € external onor - conpound (herei nafter may

be refer éfé%ﬁe?yﬁ?etﬂﬁ&iﬂbﬂ%yﬁ’i%’éi &a&&l@.ﬁégysng%{%e,go a‘lﬂu%k?ﬁﬁh& to effect

prelimnary pofymerization prior to t ynerfzation in

250r der L Qul Ediahist MRS Bo)MAE BisRettflamilicyilbloxylsine,

¢l
stereoreqgul arity, t%e particle properties of ¥he résulti'ng polyner,

and the hick&opehgbialchyl imindRilahs bsshirBEdr6idodiindlhR)dBiethoRQdilae) | zat i on

or a nononer such as styrene may be used for the prelimnary
pol yner i giathytimindtti@dkysilanc, ahti ehcliltnee prifgabled t he nononer may be

brought into contact with each other in an arbitrary order during the
prel iam ng0g5pol yneri zation. Note that it is preferable
Examples of the 1,3-diethers that may be used as the external electron donor
compound (IIT} include a 1,3-diether compound represented by the following general
formula (5).
RIRPZRBCOCH,(R'R®¥C)CH,0CRMRPR (5)
20  whereinR" to R are a hydrogen atom, a linear alkyl group having 1 to 6 carbon atoms,
a branched alkyl group having 3 to 6 carbon atoms, a cycloalkyl group having 3 to 6
carbon atoms, or a phenyl group, provided that R!! to R'® are either identical or different,
and R'” and R"® are a hydrogen atom, a linear alkyl group having 1 to 6 carbon atoms, a
branched alkyl group having 3 to 6 carbon atoms, a cycloalkyl group having 3 to 6
25  carbon atoms, or a phenyl group, provided that R'” and R'® are either identical or

different, and optionally bond to each other to form a ring.

[0086]
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5 to add the organoal um num conpound (F) to the prelimnary

pol ymeri zati on system containing an inert gas atnosphere or an olefin
gas atnosphere, bring the solid catal yst conponent (I) into contact
wi th the organoal um num conpound (F), and then bring the olefin
(e.g., propylene) or a mxture of propylene and one or nore

addi tional ol 8pédific bxngplestitae 1, 3iéther doenpBundsiheludd O[ 0094] Wien
effecting the prelimnary polynerization using the external electron
donor coffsupnchyl-Gyisobutylr 53-dasethabipeopane, a2j2-diifubus g3 dinh athoxvpropane,
conmpound (F) to the prelimnary polynerization system contalning an

i nert gag-isipnopplesepentyl diB-dinsdthoxygepant, nospher e, bring the external
el ectron donor conpound (G into contact with the 15 organoal um num
conpound2£riicydielienyl-1,halimothoslyiapaniey st conponent (1) into contact
with the mxture, and then bring the olefin (e.g., propylene) or a

m xt ut e &2-hislepsiphexylmgibylhn & -dimethoxapropans, 9;9nlas(g texymethiybiloorsont act
with the m xture. [0095] Wen_ produci ng a propyl ene bl ock copol yner,
two or nekdthedike, BE ﬁhﬂse,é’olsgprépsl-%risgb%ﬁiér%@@thwmapme is
normal |y l.ymerized in the first step in the presence of the

pol yner i %ggqlgfﬁleg?ﬁ‘mg%yptﬂ&ﬂﬁn%tﬁwweaﬁﬁP{ﬁf‘?fﬁl?/lPene are copol yneri zed
in the s&&gﬂﬂ step. It is possible to copolynerize or polynerize an
a-olefin r than propylene in the second or subsequent step.

Exanpl es of t a-ol ef minclude ethyle 1- butene, 4-nethyl-1

-pent ene, Vi n?ﬁ%%?%ﬁe&%%? D ,“nﬁf’d&%f ,eofi‘r?cfomgmll‘? fwo or
25Speci f] i ion tenperature and the I rizat,i on
Cnet n PRE omohfs @RC1 4 hd BB SIREH B ey Ay e ekt
pol yprop i % { e
and pr op%? eﬂlé& (gi’ﬂgé(n&g%’g]lsaggﬁgPl%gs)%ﬁd;%F%Qeél&%@?ﬁ@rg%g u%redfjg Hg%gt(ﬁygﬁd‘

pol yrer | gedhicerchbod LR bPthe' (e.g.,

et hyl ene- pr (l)pylreneb?ulgﬁrg'?&?EP% ?’Qfs‘?%p‘?{f"g‘%&@w@ The pol yneri zation
terrperatm)gg' nthe first step and the second step is preferably 200C
or less, and preferably 100C or | ess. The polynerization pressure iIs
10 MPa oNfeltRaSor polgmpriAahebrRBhY 5 MPa or |ess. The 5 pol ymerization
time in each polynerization step (or the residence time when using
contisuous poinyierehibatinght of thelinvemtibh yanllefimid elyinterzel ot Espol el
Exanpl es of the polynerization nmethod include a sluny polynerization
met hod in the presence of the olefin polymerization catalyst. Examples of the olefin include

ethylene, propylene, 1-butene, 1-pentene, 4-methyl-1-pentene, vinylcyclohexane, and
the like. These olefins may be used either individually or in combination. Among
these, ethylene, propylene, and 1-butene are preferable. A particularly preferable

20  olefin is propylene.
[0089]

When polymerizing propylene, propylene may be copolymerized with another
olefin. Examples of the olefin copolymerized with propylene include ethylene,
l-butene, 1-pentene, 4-methyi-1-pentene, vinylcyclohexane, and the like. These

25  olefins may be used either individually or in combination. Among these, ethylene and
1-butene are preferable.

[0090]
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that utilizes an inert hydrocarbon sol vent such as cycl ohexane or
hept ane, a bul k 10 pol ynerization nethod that utilizes a solvent such
as liquefied propyl ene, and a vapor-phase pol ynerization nethod in
whi ch a solvent is not substantially used. The bul k pol ynmeri zati on
met hod and t he vapor-phase pol ynerization nethod are preferable.
EXAMPLES 15[ 0@ tatio of eadiheomponent is ant patidular yhBmited sclonpesithsel ow by
way of exanples. Note that the follow ng exanples are for

i |1 ust r abdventageoysodtestsaditlye inwendiontaes nothadwnersep affsctedt Thenirgawahminge
fol l ow ng exanpl es. [0098] 20 Production Exan'gl el Di net hyl
benzyl i deerapeung(H) s nomwally wssdriedn amouetsdrli tb@@00 alobvend preferablyddltee
with the nethod described in "Bioorganic & Medical Chem stry, Vol. 4,
7377 (200830 mokper mekekthe titagivme ateyns 1dndad in dnwobid| catabitsecormpansnt -
tetrachl oride (43.6 Q), B benzal dehyde (17.2.9), and pyridine (36.7 Q)
25 wet e $BedRtRESIRGTOgT empaInd AR i sed inrppanaeynt o 8193% fo k(gﬂohof

di et hyl | onate (15.3 g) at QC. The m xture was stiyred and r t ed
2t 55C t BeerBPINGUNSo el rebpap oHed Gty S t9 9wl PRy oG ek TiHR or
to quench the reaction ana lgi;\;ract ed with ethyl acetate. The
extract QEROQUWABHLEIHWPARIhat er | and dehydrated using sodi um

sul fate. ‘5@? dehydrat ed sol ution was concentrated using a rotary
evapor at [)Or land distilled under vacuumto obtain a reaction product
(17 g, yield: p. The.11- I\{SFR r I ﬂgwt

obt ai ned usi ngﬁg(ﬁlnﬁ%?%§$3%na%fé?\e chkﬁ Z@éﬁﬁ%@g@ﬁgﬁ@%@i@ r%ge%ré[?gl% RI\FR/as

anal yzed d : ] C I 7
onal g o 1 fs MGRUOHN e B GRETLyR (B e el
the pr _odégta A in@ LN REOA0h IRRSIIRLRAAL 8G) THAS catiidd: WihGhe t he

resul tingd dimethyl benzylidenemal onate deternined by liquid

chr omat ogfoapdiumsmldiBound P hnd bring the solid catalyst component (I) into contact

with the mixture. The olefin may be polymerized in the presence or absence of an
organic solvent. The olefin monomer such as propylene may be used either in a

15  gaseous state or a liquid state. The polymerization temperature is 200°C or less, and
preferably 100°C or less.  The polymerization pressure is 10 MPa or less, and
preferably 5 MPa or less. A continunous polymerization method or a batchwise
polymerization method may be used. The polymerization reaction may be effected in
one step, or two or more steps.

20 [0092]

When polymerizing the olefin using the catalyst that includes the solid catalyst
component for olefin polymerization, the organoaluminum compound, and the external
electron donor compound (hereinafter may be referred to as “main polymerization™), it
is desirable to effect preliminary polymerization prior to the main polymerization in

25  order to further improve the catalytic activity, the stereoregularity, the particle properties
of the resulting polymer, and the like. The olefin that is subjected to the main

polymerization or a monomer such as styrene may be used for the preliminary
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10 Production Exanple 2 Synthesis of di-n-butyl benzylidenenal onate
The target product was obtained in the sane manner as in Production
Exanpl e 1, except that di-n-butyl mal onate was used instead of

di ret hyl mal onate (yield: 88% . The 1H NWVR spectrum of the product
obt ai ned usi ng a nucl ear nagnetic resonance 15spectroneter was

anal yzedpolgfidrizdtionas found that the chemical shift values were 0.89
(t, 311), 0.95 (t, 3H), 1.28-1.45 (m 4H), 1.58-1.72 (m 4H), 4.25
(q, 4H),[0093%-7.39 (m 3H), 7.43-7.46 (m 3H), and 7.73 (s, 1H). It
was thus confirmed that the product was di-n-butyl

benzyl i denemaTheedreponthi apd thet momdmérhmay leshibtighn dntdicomtabiutiyhh each other
benzyl i denenmal onate determ ned by |iquid chromatography was 100%

20[ 0100] inRmcebitraiyorrdéExdurinigahSprslimiteey pelyoferidatemhy Note that it is preferable
(2-rnet hyl phenyl net hyl ene) mal onat e The target product was

obt aihedtoi additheorgaraalurainner compound (F)dd e prelimipagnpelpmerizativo epsternhat
o-tol ual dehyde was used instead of benzal dehyde, and di ethyl mal onate
was 25 UBBKRINING @B RFrgas imresphgic onan efelinesas wiredsghere dogng tie solid-casaiyat
spectrum of the product obtained usi n(I; a nucl ear magneti c resonance
spect r on’iétné?"%%(%dﬁﬁl SoaEast with dhg ereanealyraigia QORwOURG ) s thembrirgthe+
val ues r .15 (t,  3H), 1.33 (t, 311), 2.36 (s, 3H),4.2 2H) ,
428 (0, sk ,%e-sﬁe Rpiens) qf Xy ofpiggylene ang gne rimaga aldiea olsies e
t hat the_produc di et hyl (2-net hyl phenyl net hyl ene) mal onate. The
purity olflp‘}%%lqcég’g}ﬁt%?’%@"m‘%t hyl (2-met hyl phenyl net hyl ene) mal onat e
det ef n@g @y | i qui d chromat ography was 99% 5[0101] Production
Exanpl e % nt hesi s of di net hyl (4-nmethyl phenyl net hyl ene) mal onate The

g;?rgf o P ?L f) du Cﬁ/h‘é@éﬁ@&ﬁ@itﬂeeﬁjreiiﬂﬁﬁa% pmﬁ%{b%el{sin%ﬁzhé thgﬁlgpéi%ni'o%ndonor
compound (G), it is desirable to add the organoaluminum compound (F) to the
preliminary polymerization system containing an inert gas atmosphere or an olefin gas
atmosphere, bring the external electron donor compound (G) into contact with the
15  organoaluminum compound (F), bring the solid catalyst component (I) into contact with
the mixture, and then bring the olefin (e.g., propylene) or a mixture of propylene and
one or more additional olefins into contact with the mixture.
f0095]
When producing a propylene block copolymer, two or more polymerization
20  steps are performed. Propylene is normally polymerized in the first step in the
presence of the polymerization catalyst, and ethylene and propylene are copolymerized
in the second step. It is possible to copolymerize or polymerize an a-olefin other than
propylene in the second or subsequent step. Examples of the a-olefin include ethylene,
1-butene, 4-methyl-1-pentene, vinylcyclohexane, 1-hexene, 1-octene, and the like.
25  Specifically, the polymerization temperature and the polymerization time in the first

step are adjusted so that the content of polypropylene blocks is 20 to 80 wt%. Inthe

second step, ethylene and propylene or an additional o-olefin are introduced, and
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except that p-tolual dehyde was used instead of benzal dehyde (yi el d:
49% . The 10 1H NWR spectrum of the product obtained using a nuclear
magneti c resonance spectroneter was anal yzed, and it was found that
the chem cal shift values were 2.39 (s, 311), 3.86 (s, 311), 3.87 (s,
3H), 7.21 (d, 211), 7.34 (d, 2H), 7.76 (s, 111). It was thus

confi r megobhRtizdd'Q MAOHE EintdR D ABBRE Bbkks (e_.g[., ethylene-propylene rubber
(4- met hyt phenyl nmet hyl ene) mal onate. The purity of the resulting

di met hy| (pRyy®f Sdorsnanivh. et iyp e iphion By dabRy ifithetrsbited and fhaui d
chromat ogr aphy was 100% [0102] Production Exanple 5 Synthesis of

di et hyl ¢ebofd biep Repraicribile DE)° Tedr 06sa] and refetAIORI0 Qloplsst TS obt ai ned
I n the sane nmanner as in Production Exanple |, 20 except that

pr opi ophpslgmerivationygeuieris 1 @ MPaodr 1bssnaml shefeybdy 5 MRh ¢tiledshy Tharl onat e
was used instead of dinmethyl malonate (yield: 8% . The 1H NWR

spectd unpaiymietigatpmditue in eablh polyerriastiangstep (ou teaasideneg hiete whenasingance
spectroneter was analyzed, and it was found that the chem cal shift
val ues weendinQo@2paiymerdidfion) B @ofmally3Hmimitte 815 hoyrs.311), 2.76 (g, 211),
3.92 (q, 2H), 4.27 (q, 2H), 7.15-7.23 (m 211), 7.30-7.40 (m 3H). It
was thus[086konfirmed that the product was diethyl

(1-et hyl benzyl i dene) mal onate. The purity of the resulting diethyl

( 1- et hyl benzyExaeples ahthe patymegiaationmabgd picludeq sl pelywansaiongngthods
99% [0103] .Production Exanple 6 nt hesi s _qof diethyl

(1- et hyl @@bw;qeaéﬁg)eﬁtd:}ygfp&@@on solvent such as cyclohexane or hieptane, a bulk

10  polymerization method that utilizes a solvent such as liquefied propylene, and a
vapor-phase polymerization method in which a solvent is not substantially used. The

bulk polymerization method and the vapor-phase polymerization method are preferable.

EXAMPLES
15 [0097]

The invention is further described below by way of examples. Note that the
following examples are for illustration purposes only, and the invention is not limited to
the following examples.

[0098]
20  Production Example 1

Dimethyl benzylidenemalonate was prepared as described below in accordance
with the method described in “Bioorganic & Medical Chemistry, Vol. 4, 7377 (2006)”.
Synthesis of dimethyl benzylidenemalonate

Titanium tetrachloride (43.6 g), benzaldehyde (17.2 g), and pyridine (36.7 g)

25  were sequentially added to an anhydrous THF solution (1.2 I) of dimethyl malonate
(15.3 g) at 0°C. The mixture was stirred and reacted at 25°C for 16 hours. The

‘reaction solution was poured into iced water to quench the reaction, and extracted with
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The target product was obtained in the sane manner as in Production
Exanple 1, 5 except that 3-pentanone was used instead of

benZal dehyde, and di ethyl mal onate was used instead of dinethyl

mal onate (yield: 29% . The 1H NWVR spectrum of the reaction product
obt ai ned usi ng a nucl ear nagneti c resonance spectroneter was

?pa' yz ‘i?eth%ﬂ%;ia? Ve fgaﬁa‘g %Ag%ash&?ﬁ@n@@ g,g{ef %HHEEB%E%&Q@ESL}QE iﬂm09

confirne t
ColL, ey bt HHicRIGARANOASn Uaf bbiientrated using g rotary evaporator, gnd |

(1- et hyl giaped ﬁxﬂﬂf‘@édiﬁﬁhﬁﬂ%bﬁuﬂﬂe%ﬁbrﬂ?@d@& (U %adcw%}mt% #PRWINAS
100% [0104] Production Exanple 7 S hesi s o di et hy

(2, 2- di NEebirtmroTmd ﬂeslam)mm@nammnwiiﬁmgaaﬁlaleh rﬁﬁgeféﬂe&eswﬁm@bt ai ned
in the sane manner as in Production Exanple 1, except that

2, 2- di meggeyirpmetet waghnbdyped candds whsfand deit eﬁad:hexfmdaﬁﬂﬂﬂlvdlﬁhydere AN,
di et hyl mal onate was used instead of dinmethyl nmalonate (yield: 449%.
The 1H NSIR), Fpkci, Gid)odndthes 1 bHuctlt ot dius ednfisiedgha thessdodadt wamgnet i ¢
resonance spectroneter was anal yzed, and it was found that the

cheni cal digieﬂml beladyliéslfmmlcmang 1T hepurigHHf the re@ultipg diBdthyl, 1.32 (t, 20
3H), 4.21 ( 2H), 4.27 , 2H), 6.87 (s, 1H. It was thus confirned
that t heboyepl mﬁi@gafmd@ten}zine@byilqmmepwpwwaeih@()%al onate. The
purity of the resulting diethyl (2,2-dinethylpropylidene)nal onate
det erm n®898Y 1i qui d chromat ography was 99% [0105] Production

Exanpl e 8 25 Synt hesis_of diethyl (cyclohexylmethylene)malonate The
targ p? %ODM& ned in the sane manner as in Production

Exanpl e exc exan car bal dehyde was used i nstead of
benzal d SIS 1‘8%‘[‘“&*’ Sﬁ@ﬁ s used instead of dinethyl

o g it o e g U gt 6 e
12 o 2tk 5 SISl D ot ey B 1.
.75, ST H I I RO e Bl Bl Byt
(¢ 36%50“%%&%5&&’11 VAR 00308 105 iSothd Rt BY chbALHER VTR QGHY (1 1as
3H), 0.95 (t, 3H), 1.28-1.45 (m, 4H), 1.58-1.72 (m, 4H), 4.25 (q, 4H), 7.34-7.39 (m, 3H),
7.43-7.46 (m, 3H), and 7.73 (s, 1H). It was thus confirmed that the product was
di-n-butyl benzylidenemalonate. The purity of the resulting di-n-butyl
benzylidenemalonate determined by liquid chromatography was 100%.
20 [0100]
Production Example 3
Synthesis of diethyl (2-methylphenylmethylene)malonate
The target product was obtained in the same manner as in Production Example 1,
except that o-tolualdehyde was used instead of benzaldehyde, and diethyl malonate was
25  used instead of dimethyl malonate (yield: 98%). The 'H-NMR spectrum of the
product obtained using a nuclear magnetic resonance spectrometer was analyzed, and it

was found that the chemical shift values were 1.15 (t, 3H), 1.33 (t, 3H), 2.36 (s,
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[0106] Exanple 1 10Synthesis of solid catalyst conponent A 500 mi
flask equi pped with a stirrer, of which the internal atnosphere had
been sufficiently replaced with nitrogen gas, was charged with 10 g
(87.4 mmol ) of diethoxymagnesium 55 nl of toluene, 30 ml of titanium
tetrachloride, and 3.8 g (15.3 mml) of diethyl benzylidenenal onate.

h i . i M .
The m xt 9'1384%933{%@ 2%33@,}99@143}54 @R, 4T)<Y 96 ¢s WRD, t hephsiBRCdRfinatd

100C for conpl etion of ‘the réaction, the resulting

reacti ongpg %%ﬁédﬂé@@aé’@i&ﬁ%ﬁ(ﬁ-@%ﬁzﬂ IHERFInMHylenéimalbnAE. t Dhe/giray 6EARC) -

After the additlon of 10 0 0 vol % t ol uene solu_tion of "titanium
tetrachi férshﬂi‘ﬂg didiiey 12-steiyBphens i@ Rylesk)inaloh@R Ceteamthedbyliqeed and

reacted for m nutes. The m xture was then washed once with tol uene
(100C) . Hhbaatoseipbatwdda@9the above operation tw ce, the 20 m xture was
washed six tines wwth 75 m of n-heptane (40C) to obtain a solid

cat al yst [@otponent (A). The solid catal yst conponent was subjected to
solid-liquid separation, and the titaniumcontent in the solid was
det er m nBohduetich Exeamgle 80 be 2.9 wt % The titani um content and the

di et hyl benzyl i denenal onate content in the solid were neasured as
descr i beSynthesiswf digiethiyt éhingthytmdwndmethydeneynalgnate  The titani um
content in the solid was neasured in accordance with JI S M 8301.

Di et hyl benzyThedergehpriodwritveas obtaings: injthe samq manner as in Progpgiondiagiple bf
the internal electron donor conpound such as dieth

bonzyl | GeHeRkatBraioa D domas R ABeabr s imeadyge BB Thias
e R e R Pt B S 1
IR R ST R T A TR )
INC-) 311y, 3.86 (s, 3H), 3.87 (s, 3H), 7.21 (d, 21), 7.34 (d, 2H), 7.76 (s, 1H). It was thus’
confirmed that the product was dimethyl (4-methylphenylmethylene)malonate. The
purity of the resulting dimethyi (4-methylphenylmethylene)malonate determined by
15 liquid chromatography was 100%.
[0102]
Production Example 5
Synthesis of diethyl (1-ethylbenzylidene)malonate
The target product was obtained in the same manner as in Production Example 1,
20  except that propiophenone was used instead of benzaldehyde, and diethyl malonate was
used instead of dimethyl malo_nate (vield: 8%). The "H-NMR spectrum of the product
obtained using a nuclear magnetic resonance spectrometer was analyzed, and it was
found that the chemical shift values were 0.92 (t, 2H),1.00 (t, 3H), 1.31 (t, 3H), 2.76 (q,
2H), 3.92 (g, 2H), 4.27 (q, 2H), 7.15-7.23 (m, 2H), 7.30-7.40 (m, 3H). It was thus
25  confirmed that the product was diethyl (1-ethylbenzylidene)malonate. The purity of
the resulting diethyl (1-ethylbenzylidene)malonate determined by liquid

chromatography was 99%.
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Detector: flame ionization detector (FID) 10 Carrier gas: helium
flowrate: 40 m/m n Measurenent tenperature: vaporization chanber:
280C, columm: 225C, detector: 280C [0108] Preparation of

pol ymeri zati on catal yst and pol ynmeri zati on 15A 2. 01 autocl ave

equi pped with a stirrer, of which the internal atnosphere had been
conpl ete pI aced with nitrogen gas, was charged with 1.32 muol of
triethyl num 0.13 mmol of cycl ohexyl net hyl di met hoxysi | ane

(CIVDIVB) conmponent in an anmount equivalent to 0.0026
Pl.%ﬂ cildieEaal AJI 6
of titanium at to obtain a polynerization catalyst. After the

add| ti onsﬁ{thgm'i)fjdlaﬁ 1y % pEffnethidnafel Of 20 liquified propylene,

. prelimnary pol yrrerlzatlo s effected at 20C for 5 mnutes. The

m xture was hepktadedRodiREwasd 0BtalRel Y el 81 thftherdadi8Wrodubi6n Example 1,
pol ymeri zation activity per gramof the solid catal yst conponen t he

p- XW%”%}@?}R%BM@ ; ¢ waXSRed ifstéddonR ez ddhde, Rat Ingayl n@dn@hatt&ﬁamlt

flowrate he resulting polyner are shown in Table
25[ 0109] used lismeadiof dirhethylandlonté (yigldr 2996 RMThe 'HONMR gﬁbﬁhmsift}@‘d) nponent
The pol ynerization activity per gramof the solid catal yst conponent
was caleadtanegroduct dbteintd hiinga ngclexpmeggtio resofoicy spactomictepvagct i vity
(g-pp/ g-catalyst) = mass (g) of polynmer / mass (g) of solid catal yst
conponeranalyaed,cind it was found that the chemical shift values were 1.09 (t, 6H), 2.27 (t, 6H),
2.36 (q, 4H), 4.20 (q, 4H). It was thus confirmed that the product was diethyl
10  (l-ethylpropylidene)malonate. The purity of the resulting diethyl
(1-ethylpropylidene)malonate determined by liquid chromatography was 100%.
[0104]
Production Example 7
Synthesis of diethyl (2,2-dimethylpropylidene)malonate
15 The target product was obtained in the same manner as in Production Example 1,
except that 2,2-dimethylpropionaldehyde was used instead of benzaldehyde, and diethyl
malonate was used instead of dimethyl malonate (yield: 44%). The "H-NMR spectrum
of the product obtained using a nuclear magnetic resonance spectrometer was analyzed,
and it was found that the chemical shift values were 1.13 (s, 9H), 1.27 (t, 3H), 1.32 (t,
20 3H),4.21(q, 2H), 4.27 (g, 2H), 6.87 (s, 1H). It was thus confirmed that the product
was diethyl (2,2-dimethylpropylidene)malonate. The purity of the resulting diethyl
(2,2-dimethylpropylidene)malonate determined by liquid chromatography was 99%.
[0105]
Production Example 8
25  Synthesis of diethyl (cyclohexylmethylene)malonate

The target product was obtained in the same manner as in Production Example 1,

except that cyclohexanecarbaldehyde was used instead of benzaldehyde, and diethyl
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5 Measurenment of xylene-soluble content (XS) in polyner A flask
equi pped with a stirrer was charged with 4.0 g of the pol yner

(pol ypropyl ene) and 200 m of p-xylene. The external tenperature was
i ncreased to be equal to or higher than the boiling point (about
150C) of xylene, and the polyner was dissolved over 2 hours while

TRl Nt a1 NSV AREd R 0P findity ol diBeIal 48010 TRTRENBRE ST

to 138C) ower than t boi ling point. Thé soluti'on was then cool ed

to 23C oyethebrotRF @btﬁ’iﬁ@d @élng A RALIR Iﬁagieﬁp%asﬁnca@pecﬁoﬁe{éﬂ a8 anal?(z
conponent were separated by filtration. A solution of the solub

. conponeghd Wakas §8ldaRitaRe clahtlcdl skifl RgesWade €\22P03 LRl (BY), heatlisoynand
drylng under reduced pressure. The wei ght of the residue

(xyl ene- sHb, W62 49 RO NHN 4 20G@S 2HR 14028 @) 2H),&s78(dy &H)e I¢ wia8Ghus ebafiinesl
to the 15 weight of the polyner (polypropylene), and taken as the
xyl eng- satitheraduot was diekS] (cycRhédylmbthytentinmalonait. e THeRRYitpof thel yer
The nelt flowrate (MFR) (nelt flow index) of the polynmer was

measur edrdsnlting cloatitid ifcyeloliek ilnkSTNed )b alBaate det@rikingd b liquiicihddra@pgraphy
Mol ecul ar wei ght distribution of polyner The nol ecul ar wei ght

di st ri buwiaph0®h. t he pol yner was eval uated by the ratio "Mwv M1" of the
wei ght avera nol ecul ar weight (Mvy) to the nunber average nol ecul ar
wei ght (Nﬁpﬁlgmasured by gel perneation chromatography (GPC) 25
("GPCV2000" manufactured by Waters) under the follow ng conditions.
Sol vent Bx@mpl§llor obenzene (ODCB) Tenperature: 140C (SEC) Col um:
Shodex GPC UT- 806 garrp e concentration: 1 g/1-0DCB (50 ng/50

m - OBEB) Synhesis ol t coynppngt

A 500 ml flask equipped with a stirrer, of which the internal atmosphere had
been sufficiently replaced with nitrogen gas, was charged with 10 g (87.4 mmol) of
diethoxymagnesium, 55 ml of toluene, 30 ml! of titanium tetrachloride, and 3.8 g (15.3
mmol) of diethyl benzylidenemalonate. The mixture was heated to 100°C. The

15  mixture was then reacted at 100°C for 90 minutes. After completion of the reaction,
the resulting reaction product was washed four times with 75 ml of toluene (100°C).
After the addition of 10 ml of a 10 vol% toluene solution of titanium tetrachloridg, the
mixture was heated to 100°C, and stirred and reacted for 15 minutes. The mixture was
then washed once with toluene (100°C).  After repeating the above operation twice, the

20  mixture was washed six times with 75 ml of n-heptane (40°C) to obtain a solid catalyst
component (A). The solid catalyst component was subjected to solid-liquid separation,
and the titanium content in the solid was determined, and found to be 2.9 wt%. The
titanium content and the diethyl benzylidenemalonate content in the solid were
measured as described below.

25  Titanium content in solid

The titanium content in the solid was measured in accordance with JIS M 8301.

Diethyl benzylidenemalonate content in solid
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Flowrate 1 O m/mn 5[0113] Exanple 2 Pol yneri zati on was
effected in the sane manner as in Exanple 1, except that 0.13 mmol of
di cycl opent yl di net hoxysi | ane (DCPDMS) was used instead of 0.13 mmol

of cycl ohexyl et hyl di net hoxysi |l ane (CVMDVB). The pol yneri zation
results are 10 shown in Table 1. [0114] Exanple 3 Pol yreri zati on

ol Cof “di 1 sois boHem BN dRBnoRe i Bhnfodid SRR HhIR, O 0. s
| of ¥ ' T -

ol yrer | S2prHSRRI LB SRS AP (b posiBasured ping o

Pol ynmer i zat inedn¥¥8sra NEDQ?G-QQBi’ than{ifs cRREELVERRRAZRE of fordmt AR er ah§

except that 20 0.13 of diethylam ndtriethoxysi'| ane ({ DEATES) was

used i nstgR&IY cdhdlidngnol of cycl ohexyl net hyl di met hoxysi | ane ( CVDVEB) .
The pol ynerization results are shown in Table 1. [0116] Exanple 5

5 [0107]

Measurement conditions
Column: packed column (2.6 (diamater) x 2.1 m, Silicone SE-30 10%, Chromosorb
WAW DMCS 80/100, manufactured by GL Sciences Inc.)
Detector: flame ionization detector (FID)

10 Carrier gas: helium, flow rate: 40 ml/min
Measurement temperature: vaporization chamber: 280°C, column: 225°C, detecfor:
280°C
[0108]
Preparation of polymerization catalyst and polymerization

15 A 2.01 autoclave equipped with a stirrer, of which the internal atmosphere had
been completely replaced with nitrogen gas, was charged with 1.32 mmol of
triethylaluminum, 0.13 mmol of cyclohexylmethyldimethoxysilane (CMDMS), and the
solid component in an amount equivalent to 0.0026 mmol of titanium atoms to obtain a
polymerization catalyst. After the addition of 1.5 1 of hydrogen gas and 1.4 1 of

20  liquified propylene, preliminary polymerization was effected at 20°C for 5 minutes.
The mixture was heated to 70°C, and polymerized for 1 hour. The polymerization
activity per gram of the solid catalyst component, the p-xylene-soluble content (XS) in
the resulting polymer, and the melt flow rate (MFR) of the resulting polymer are shown
in Table 1.

25 [0109]
Polymerization activity per gram of solid catalyst component

The polymerization activity per gram of the solid catalyst component was
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25Pol yneri zation was effected in the sane manner as in Exanple 1,
except that 0.13 nunol of 9, 9-bis(nethoxynethyl)fluorene (BMVWF) was
used instead of 0.13 mmol of cycl ohexyl net hyl di met hoxysi | ane ( CVDVB) .
The pol ynerization results are shown in Table 1. [0117] Conparative
Exanple 1 A solid catal yst conponent was produced, a pol ynerization

cat al yst cye8iaRd ;R Adwikd ek hkioaer | zation was effected in the same
manner as 1 n Exanple 1, extept that 15.3 mmol of diethyl

di i sobut yhjRALRa6 M%ity%%?P}gU&ttﬁ?ﬁ) Stnald(ed o F / fia8d (Y bf solid

benzyl i denénal onate. The anium content 1Tn thée resulting solid
cat al yst 4@ @S 3.9 wt % The pol ynerization results are shown
in Table 1. [0118] 10 Conparative Exanple 2 A solid catalyst
conponenf0M@% produced, a polynerization catalyst was prepared, and
pol ymeri zati on was effected in the same nmanner as in Exanple 1,
exceps t Mdasiremaniofolylenk-sdlubidgdntaht (XSpihqpiymsercci nat e was used
I nstead of 15.3 mmol of diethyl benzylidenenmal onate. The titanium
content in thd flaskehtipped withiadtivat why diarged withmp.Orpeoftthepadyed Wt % The
pol yneri zation results are shown in Table 1. } 0119] Conparative
Exanpl e @olypropylene) and 200 ml of p-xylene. The external temperature was increased to be
equal to or higher than the boiling point (about 150°C) of xylene, and the polymer was
dissolved over 2 hours while maintaining p-xylene contained in the flask at a
10 temperature (137 to 138°C) lower than the boiling point. The solution was then cooled
to0 23°C over 1 hoﬁr, and an insoluble component and a soluble component were
separated by filtration. A solution of the soluble component was collected, and
p-xylene was evaporated by heating and drying under reduced pressure. The weight of
the residue (xylene-soluble component) was calculated as a value (wt%) relative to the
15  weight of the polymer (polypropylene), and taken as the xylene-soluble content (XS).
[0111]
Melt flow rate (MFR) of polymer
The melt flow rate (MFR) (melt flow index) of the polymer was measured in
accordance with ASTM D 1238 (JIS K 7210).
20 [0112]
Molecular weight distribution of polymer
The molecular weight distribution of the polymer was evaluated by the ratio
“Mw/Mn” of the weight average molecular weight (Mw) to the number average
molecular weight (Mn) measured by gel permeation chromatography (GPC)
25  (“GPCV2000” manufactured by Waters) under the following conditions.
Solvent: o-dichlorobenzene (ODCB)

Temperature: 140°C (SEC)
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Pol yrmeri zation was effected in the same manner as in Conparative
Exanmpl e 2, except that 0.13 mmol of dicycl opentyl di net hoxysil ane
(DCPDVB) was used instead of 20 0.13 nmol of

cycl ohexyl net hyl di met hoxysi | ane (CVDVS). The pol yneri zation results
are shown in Table 1. [0120] Conparative Exanple 4 A solid catalyst

conponentol@s: BheSMCERC 1Rr-pednfner i zat i on catal yst was
] pz@ar edandpol yneri zati on was effected in the sane manner as in

Exanpl e Samﬁlé%@ﬂéen&ﬁﬁén:'l?l-mm 50dhg/m0 patgbepht hal at e was used

i nstead of 15.3 mmol of diethyl benzylidenemal onate. The titanium
content [njectiog afabt: i@l sol i d catal yst conponent was 2.7 wt% The
pol yneri zation results are shown in Table 1. [0121] Conparative
Exanpl e BloRodayame i mbiniron was effected in the sane manner as in
Conparative Exanple 4, 5 except that 0.13 nmol of
di cyd opgriy]) di net hoxysi | ane (DCPDMS) was used instead of 0.13 nmol
of cycl ohexyl net hyl di net hoxysi | ane (CVMDMS). The pol yneri zati on
resul ts Bxamplhédwn in Table 1. [0122] Conparative Exanple 6
10Pol yreri zation was effected in the same manner as in Conparative
Exanpl e 4, Polymerization was effected in the same manner as in Example 1, except that
0.13 mmol of dicyclopentyldimethoxysilane (DCPDMS) was used instead of 0.13 mmol
of cyclohexylmethyldimethoxysilane (CMDMS). The polymerization results are
10 shown in Table 1.
[0114]
Example 3
Polymerization was effected in the same manner as in Example 1, except that
0.13 mmol of diisopropyldimethoxysilane (DIPDMS) was used instead of 0.13 mmol of
15  cyclohexylmethyldimethoxysilane (CMDMS). The polymerization results are shown
in Table 1.
[0115]
Example 4
Polymerization was effected in the same manner as in Example 1, except that
20  0.13 mmol of diethylaminotriethoxysilane (DEATES) was used instead of 0.13 mmuol of
cyclohexylmethyldimethoxysilane (CMDMS). The polymerization results are shown
in Table 1.
[0116]
Example 5
25 Polymerization was effected in the same manner as in Example 1, except that

0.13 mmol of 9,9-bis(methoxymethyl}fluorene (BMMF) was used instead of 0.13 mmol

of cyclohexylmethyldimethoxysilane (CMDMS). The polymeriéation results are

49



except that 0.13 mml of diethylam notriethoxysilane (DEATES) was
used instead of 0.13 mmol of cycl ohexyl net hyl di met hoxysi | ane ( CVDVEB) .
The pol ynerization results are shown in Table 1. [0123] 15
Conpar ati ve Exanple 7 Pol yneri zation was effected in the sane
manner as in Conparative Exanple 4, except that 0.13 mml of '
9, 9- bi s(gRihonymeiehy! ) fl uorene (BMW) was used instead of 0.13 mmol
of cycl ohexyl net hyl di net hoxysi | ane (CVMDMS). The pol yneri zati on
resul ts me7phown in Table 1. 20[0124] Exanple 6 Synthesis of solid
cat al yst conponent (B) A solid catal yst conponent (B) was produced in
t he sanmeCsmpaetivéBxaripledanpl e 1, except that 15.3 nmol of dinet hyl
benzyl i denemal onate obtained in Production 25 Exanple 1 was used
i nst ead of 15A3oclidrodtalyft @ingtonyit vesmryducedd reeprdyoerddation Thielyst wani um
content in the resulting solid catal yst conmponent was 2.7 wt% and
t he di nepreparethend polyierezatdrowas effectotionbe same henneo ks th Beamglly &texcept
conmponent was 8.3 wt% Preparation of polynerization catal yst and
pol yner i that 155hmmol of dietiyd djisehuitylaalonatecasaisgd insigad opl &p arael of gligthyl
pol ymeri zati on was effected in_the same manner as in Exanple 1,
except tbraeylidracmalongtee aflhp fitanine aepiertin thegpsulting splidpatalist eerapgient ne
solid catal yst conpaonent (A), .and 0,13 npol o

was 3.9 wi%. The polymerization results are shown in Table 1.

[0118]
10  Comparative Example 2
A solid catalyst component was produced, a polymerization catalyst was
prepared, and polymerization was effected in the same manner as in Example 1, except
that 15.3 mmol of diethyl diisopropylsuccinate was used instead of 15.3 mmuol of
diethyl benzylidenemalonate. The titanjum content in the resulting solid catalyst
15 component was 2.1 wi%. The polymerization results are shown in Table 1.
[0119]
Comparative Example 3
Polymerization was effected in the same manner as in Comparative Example 2,
except that 0.13 mmol of dicyclopentyldimethoxysilane (DCPDMS) was used instead of
20 0.13 mmol of cyclohexylmethyldimethoxysilane (CMDMS). The polymerization
results are shown in Table 1.
[0120]
Comparative Example 4
A solid catalyst component was produced, a polymerization catalyst was
=y_%5’_/p1:%§ared, ‘ | polymerization was effected in the same manner as in Example 1, except
— that 15.3\:2)1 of di-n-butyl phthalate was used instead of 15.3 mmol of diethyl

benzylidenemalonate. The titanium content in the resulting solid catalyst component
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5 di cycl opent yl di met hoxysi | ane (DCPDVS) was used instead of 0.13 mol
of cycl ohexyl net hyl di met hoxysi | ane (CVDVS). The pol yneri zation
results are shown in Table 1. [0125] Exanple 7 10 Synthesis of solid
catal yst conmponent (C) A solid catal yst component (C) was produced in
the sane manner as in Exanple 1, except that 15.3 nmmol of di-n-butyl -
benzyl i deaenyl st erigs :t)rﬁ@@zduﬂn?ésﬁﬁy%isﬁﬁwﬁi&ﬁml@l.z was used instead
of 15.3 mmol of diethyl benzylidenenmal onate. The titaniumcontent in
the resufgi2np solid catal yst conponent was 3.1 wt% and the 15
di - n-butyl benzylidenemal onate content in the solid catalyst
conponenCompsrafide Bxavtipte SPr epar ati on of pol yneri zati on catal yst and
pol yneri zati on A pol ynerization catal yst was prepared, and
pol yneri zat i oRolmesriedtioncyascifeatet] e theasame nwanner asdn Gompkaivp Bxarhple 4,
except that the solid catalyst conmponent (C) was used instead of the
solidh cac;ajeptsﬁmatdbtﬂgmmitof disyclopendyldimi@honysilansf (DEPDMS) was used instead of
di cycl opent yl di net hoxysi | ane ( DCPDVMS) was used instead of 0.13 mmol
of bycl ohdA B o heuHE P EBOTSHENEICMINES poTmppbmerivefion
results are shown in, Table 1. [0126] Exanple 8 25Synthesis of solid
cat al ystresdlifrspshwymTable . A solid catal yst conponent (D) was
produced in the sanme manner as in Exanple 1, except that 15.3 mmol of
di et hyl wz%t hyl phenyl nmet hyl ene) mal onate obtained in Production
Exanpl e use ad of 15.3 mmol of diethyl
benzyl i d ﬂ’@ﬁﬁrlaﬁﬁ% titaniumcontent in the resulting solid

oo ol by Eﬁgﬁ%ﬂ%@%ﬂ%ﬁ @H&%&?ﬁ%ﬁ/ggﬂ 3 fh s e N asdn Comparais Ergraple 4
conponery, oL s W% of SRR ML) ARL YTBAIES) L BB Al AL

pol yneri Za
0.13 mmol of cyclohexylmethyldimethoxysilane (CMDMS). The polymerization

results are shown in Table 1.
[0123]
15  Comparative Example 7
Polymerization was effected in the same manner as in Comparative Example 4,
except that 0.13 mmol of 9,9-bis(methoxymethyl)fluorene (BMMF) was used instead of
0.13 mmol of cyclohexylmethyldimethoxysilane (CMDMS). The polymerization
results are shown in Table 1.
20 [0124]
Example 6
Synthesis of solid catalyst component (B)
A solid catalyst component (B) was produced in the same manner as in Example
1, except that 15.3 mmol of dimethyl benzylidenemalonate obtained in Production
25  Example 1 was used instead of 15.3 mmol of diethyl benzylidenemalonate. The
titanium content in the resulting solid catalyst component was 2.7 wt%, and the

dimethyl benzylidenemalonate content in the solid catalyst component was 8.3 wi%.
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A pol ynerization catal yst was prepared, and polynerizati on was
effected in the same manner as in Exanple 1, except that the solid
cat al yst conponent (D) was used instead of the solid catalyst
conmponent (A), and 0.13 mmol of dicycl opentyl di net hoxysil ane ( DCPDVS)
was used instead of 0.13 mmol of 10 cycl ohexyl net hyl di net hoxysi | ane
( CVDVB) . Prdperapioh yiipolyaeiizativnreatilyst andpeysbrinationn Table 1. [0127]
Exanple 9 Synthesis of solid catal yst conponent (E) 15A solid

cat al yst conpdAnmiymérfizatina satplysiduasgitepared, had palymeniaativer wasseffenteBin thel e
1, except that 15.3 mol of di nethyl

( 4- met hy bgphemahmertak yii Bxapla 1 oexxept thigtthe salil ¢atal pat cdmponenh (Byouaspised 4
was used instead of 15.3 mmol of diethyl benzylidenemal onate. The

tit ani uninstsad ehtheisalid hetalysisapmpongntd 4 anddat oyl of onponent was 1. 6
wt % and the di net hyl (4-nethyl hengl met hyl ene) mal onate content in
the sdl i dicyelopgnpydireshponiame QGRS wasusadonsteadgfdh el of

pol ynmeri zation catalyst and pol ynerization A pol yneri zation
cat al yst cm&@w%%h:@é{m%y MBS o n Therolemedzation Tesylts are shgwe
manner as ,J'r_?g%Egarrpl e 1, except that the solid catal yst conponent (E)
was used t¥f%ad of the solid catal yst component (A), and 0.13 mol
of 25 di 2%§pentyl di nmet hoxysi | ane (DCPDMS) was used instead of 0.13
nmol  of @j hexyl met hyl di net hoxysi | ane (CVDVS). The pol yneri zati on
results are hown in Table 1. [0128] Exanple 10 Synthesis of solid
cat al yst %@8 ent (F) A solid catal yst conponent (F) was produced in

the sAMESHRANG oAl RafaliR Bfhonent (C)

A solid catalyst component (C) was produced in the same manner as in Example
1, except that 15.3 mmol of di-n-butyl benzylidenemalonate obtained in Production
Example 2 was used instead of 15.3 mmol of diethyl benzylidenemalonate. The
titanium content in the resulting solid catalyst component was 3.1 wt%, and the
15  di-n-butyl benzylidenemalonate content in the solid catalyst component was 11.9 wt%.
Preparation of polymerization catalyst and polymerization
A polymerization catalysf was prepared, and polymerization was effected in the
same manner as in Example 1, except that the solid catalyst component (C) was used
instead of the solid catalyst component {(A), and 0.13 mmaol of
20 dicyclopentyldimethoxysilane (DCPDMS) was used instead of 0.13 mmol of
cyclohexylmethyldimethoxysilane (CMDMS). The polymerization results are shown
in Table 1.
[0126]
Example 8
25  Synthesis of solid catalyst component (D)
A solid catalyst component (D) was produced in the same manner as in Example

1, except that 15.3 mmol of diethyl (2-methylphenylmethylene)malonate obtained in
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51, except that 15.3 nmmol of diethyl (1-ethylbenzylidene)nmal onate
obtained in Production Exanple 5 was used instead of 15.3 mmol of

di et hyl benzyli denenal onate. The titaniumcontent in the resulting
solid catal yst conponent was 2.6 W% and the diethyl

(1- et hyl benzyl i dene) mal onate content in the solid catal yst conponent

was 9.3 g E’iﬁﬁ%& §vaa9q139é inRfehd BE14. 7 Ah Qb r ARk Yehe ﬁﬂgnemalcc)jrxate

pol ymer i zat| on merization catalyst was prep

pol yneri gt h%u‘f@éorﬁéﬁt%E}f%‘}eéd”'tn{é%hﬂ%ﬁﬁlﬁ%}ﬁé\ﬂ it Wik 3% WP, Sndlihe

except that the solid catalyst conponent s used I nstéad of the
sol i d cafRthys -y IncMyleRaldnds cBﬁT@ﬁt ifthe solid catalyst component
di cycl opent yl di net hoxysi | ane ( DVB) was used instead of 0.13 nmol
of 15 cyghobh®:aywhoet hyl di met hoxysil ane (CVDMS). The pol yneri zati on
results are shown in Table 1. [0129] Exanple 11 Synthesis of solid
cat al y st Prpamatioe of pdlEhedLibion @hiatysC aidpalphetanpanent (G was produced
in the sanme manner as in Exanple 1, except that 15.3 mmol of diethyl
(1- et hyl pr opyAipdémedrivationedta ystbt i preghred) akd pelymierigatiobveaseifiected vathe
used instead of 15.3 mmol of diethyl benzylidenemal onate. The
tit ani unsapwrmnenter anin Fremms b)) eicept thaglthelsatigitcatayyst cooppentd)) wessisad 9
wt% and the diethyl (1-ethylpropylidene)mnmalonate content in the
sol i d cainategd of thowplicheatal ysteeomporert $AMal OF3gpaiobef on of
pol yneri zation catal yst and pol ynerization A polynerization catalyst
was pr ep@lﬁléﬂﬂopeéﬁdd igsthorypilang(DEXDMS) Wﬁ&@@ﬂé@tqaﬁ Oﬁ"ﬁé-” m@makciranner ~ as
in Exanple 1, except that the sqolid catalyst corrponentFﬁ?B]) was_ used
i nst ¥hd quh%ymeédle’ﬁWy@laneéﬁlb@Mﬁﬂ (The podyiaerration fRsaits g shown
di cycl ope di met hoxysi | ane (DCPDVS) was used instead of 0.13 mol
of cycl o’ﬁgﬁ% thyI di met hoxysi | ane (CVDVB). The pol yneri zation
results fb Sﬂshown 5in Table 1.

Example 9
Synthesis of solid catalyst component (E)

15 A solid catalyst component (E) was produced in the same manner as in Example
1, except that 15.3 mmol of dimethyl (4-methylphenylmethylene)malonate obtained in
Production Example 4 was used instead of 15.3 mmol of diethyl benzylidenemalonate.
The titanium content in the resulting solid éatalyst component was 1.6 wt%, and the
dimethyl (4-methylphenylmethylene)malonate content in the solid catalyst component

20 was 16.5 wt%.

Preparation of polymerization catalyst and polymerization

A polymerization catalyst was prepared, and polymerization was effected in the
same manner as in Example 1, except that the solid catalyst component (E) was used
instead of the solid catalyst component (A), and 0.13 mmol of

25  dicyclopentyldimethoxysilane (DCPDMS) was used instead of 0.13 mmol of
cyclohexylmethyldimethoxysilane (CMDMS). The polymerization results are shown
in Table 1.
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[0130] Exanple 12 Synthesis of solid catal yst conponent (H) A solid
catal yst conmponent (H) was produced in the sane manner as in Exanple
101, except that 15.3 mmol of diethyl

(2, 2-di net hyl propyl i dene) mal onat e obtai ned in Production Exanple 7
was used instead of 15.3 mmol of diethyl benzylidenemal onate. The
titani umgogjent in the resulting solid catalyst conponent was 2.6
wt % and the diethyl (2,2-dinethyl propylidene)ml onate content in the
sol i d cakghyple 1@oMponent was 10.8 wt % 15 Preparation of

pol ynmeri zation catal yst and pol yneri zation A pol yneri zation

cat al yst Symbedps ePlidGataBREc@MpIHREI (FFat i on was effected in the same
manner as in Exanple 1, except that the solid catal yst conponent (H)

was used i nst gadlidfcatalist cmtpoiestaERiws prodasgbinahid safe) mamiesl aOinlBxampie
of dicycl opentyl di met hoxysil ane (DCPDVS) was used instead of 0.13

mol Hf P0excystlthitebs\d meatohyf dietiwt Heathglbbmryidéf)hshate Dhtained in

pol yneri zation results are shown in Table 1. [0131] Exanple 13

Synt hesi Brogctimi Exangple dlwestusedimpieadof 13.3 meélofsldthyd benydidgsemalonate.
conmponent (1) was produced in the same nmanner as in Exanple 1, except
t hat 15. Bhertitaniveh cetitenttiy the(respdtingheskid| cated ysy temnponent wand-6 vl andithe in
Production Exanple 14 was used instead of 15.3 mmpl of diethyl

benzyl i déisthyh(loathylbenzylidene)malonpigrrontsat mthe polid ¢ptalyss somponeyt ¥@f P

catal yst conmponent was 2.8 wt% and the diethyl
(cycl oheWEf%rret hyl ene) mal onate content in the solid catal yst conponent

was 13.3 w % o .
10 Preparation of polymerization catalyst and polymerization

A polymerization catalyst was prepared, and polymerization was effected in the
same manner as in Example 1, except that the solid catalyst component (F) was used
instead of the solid catalyst component (A), and 0.13 mmol of
dicyclopentyldimethoxysilane (DCPDMS} was used instead of 0.13 mmol of

15  cyclohexylmethyldimethoxysilane (CMDMS). The polymerization results are shown
in Table 1.

[0129]
Example 11
Synthesis of solid catalyst component (G)

20 A solid catalyst component (G) was produced in the same manner as in Example
1, except that 15.3 mmol of diethyl (1-ethylpropylidene)malonate obtained in
Production Example 6 was used instead of 15.3 mmol of diethyl benzylidenemalonate.
The titanium content in the resulting solid catalyst component was 2.9 wt%, and the
diethyl (1-ethylpropylidene)malonate content in the solid catalyst component was 8.8

25 wt%.

Preparation of polymerization catalyst and polymerization

A polymerization catalyst was prepared, and polymerization was effected in the
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" Preparation of polynerization catalyst and pol ynerizati on 5A

pol ymeri zation catal yst was prepared, and polynerization was effected
in the sanme manner as in Exanple 1, except that the solid catalyst
conmponent (1) was used instead of the solid catal yst conmponent (A),
and 0.13 mmol of dicycl opentyl di net hoxysil ane (DCPDMS) was used

ol yror | S Al @*ag?%igEﬁ%&ﬁﬁ%ﬁ%ﬁidﬁ%@%@é@%ﬁdT“e
Sy el oldaRLALScSOmANTAY bl 3ok o2t al Yst corponen:

15.3 mhicgcg?%’én lﬁﬂﬁeﬂ%ﬁ%ﬂidgqmw@%@us%ﬂ%&eaﬁ di“i’f]ﬂh ftn {)ﬂ!ﬁ‘mt hyl

di i sobut yl ate were used 1 nstead of 15.3 mmol o

benzyl i dm&g&%ﬂﬂzldiﬂbﬁa&%im@émﬁmTﬁé‘%dlﬁﬁeﬁz_%ﬁklh tdsOfs &@lshwn
cat al yst ‘conmponent was 2.5"w % the diethyl benzylidenenal onate
cont ent jnrabhel.solid catal yst conponent was 9.8 w % (0.40 nmol ), and
the di nethyl diisobutyl nmal onate content in the solid catal yst
conponenf0I®dp 2.1 20 wt % (0.09 mol ). Preparation of polynerization
catal yst and pol yneri zation A pol ynerization catal yst was
pr epar edExameepd| yneri zati on was effected in the sane manner as in
Exanpl e 1, except that the solid catal yst conponent (J) was used
i nst ead Bynthdses afeblid catalysi opstponemgtident (A), and 0.13 mmol of 25
di cycl opentyl di met hoxysi | ane (DCPDMS) was used instead of 0.13 mmol
of cycl ohexyl freohy tatalysitconppaént4He wachoByed iflike ssaiementiey ag indixample
results are shown in Table 1. [0133] ) o
10 1, except that 15.3 mmol of diethyl (2,2-dimethylpropylidene)malonate obtained in
Production Example 7 was used instead of 15.3 mmol of diethyl benzylidenemalonate.
The titanium content in the resulting solid catalyst component was 2.6 wt%, and the
diethyl (2,2-dimethylpropylidene)malonate content in the solid catalyst component was
10.8 wt%.
15  Preparation of polymerization catalyst and polymerization
A polymerization catalyst was prepared, and polymerization was effected in the
same manner as in Example 1, except that the solid catalyst component (H) was used
instead of the solid catalyst component (A), and 0.13 mmol of
dicyclopentyldimethoxysilane (DCPDMS) was used instead of 0.13 mmaol of
20 cyclohexylmethyldimethoxysilane (CMDMS). The polymerization results are shown
in Table 1.
[0131)
Example 13
Synthesis of solid catalyst component (I)
25 A solid catalyst component (I) was produced in the same manner as in Example

1, except that 15.3 mmol of diethyl (cyclohexylmethylene)malonate obtained in

Production Example 14 was used instead of 15.3 mmol of diethyl benzylidenemalonate.
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Exanpl e 15 Synthesis of solid catal yst conmponent (K) A solid catalyst
conponent (K) was produced in the sane manner as in Exanple 51

except that 15.3 mmol of diethyl benzylidenemal onate and 1.5 nmol of

di et hyl diisobutyl mal onate were used instead of 15.3 mmol of di et hyl

benzyl i denemal onate. The titaniumcontent in the resulting solid

cat al yst TROARARBAEoME irfthe rédulfing MBI LaRl Y borlistent WAL 8 RRYDBAA the

content in the solid catal yst conponent was 11.1 w% (0.45 nmol ), and

the di et méhayd'(di%@gsi ﬂgxwﬁﬂﬂywﬁéﬁﬁalsmé Edtiteritin tHe@oB@batalystadorponbnt was

conponent was % (0.09 mml ). Preparation of polynerization
cat al yst 1aBavtpQ! yneri zati on A pol ynerization catal yst was
prepared, and pol ynerization was effected in the sanme manner as in
Exanpl e Brepavatepbf pdlgdnetitetionebiatyst aidpolgmedzatiponent (K) was used

i nstead of the solid catal yst conponent (A), and 0.13 nunol of 15

di cydd opent yl Aipoistrherieption cataly§tDGRRIVE})aredh andipelgimierigatmadvasfeffected imths)
of cycl ohexyl net hyl di met hoxysi |l ane (CVDVS). The pol yneri zation

resul ts sanee whmven a$ in Bxeptrde 1, exjeeptangt thxsohl catalst comsynenhdy wves vsedsol i d
catal yst conmponent (M A solid catal yst conponent (M was

pr oducedinsi¢ad pEthe sekd paialetcompopent €A Y. 13 mmeteht that 15.3 mol of
di et hyl benzyli denenal onate and 1.5 mol of .

9, 9- bi s( HeyHenspRddmathPyske P CRIMS L watused dasised ob (- lpgnmohab)  of

di et hyl benzyli denensl onate., Th itanium.content .in the resultin

sol i d camwylér&%gﬁ%@?ﬂwzsswg?@@@ﬁ% " yragrigfion resulS are show
benzyl i de | onate content in the solid catal yst conponent was 11.1
wt % {(b. 4% f and the 9, 9-bi s(net hoxynet hyl )fl uorene content in

t he sol ifé)lgi]t al yst conponent was 4.6 wt % (0.18 nop.

Example 14
Synthesis of solid catalyst component (J)
A solid catalyst component (J) was produced in the same manner as in Example
15 1, except that 15.3 mmol of diethyl benzylidenemalonate and 1.5 mmol of dimethyl
diisobutylmalonate were used instead of 15.3 mmol of diethyl benzylidenemalonate.
The titanium content in the resulting solid catalyst component was 2.5 wit%, the diethyl
benzylidenemalonate content in the solid catalyst component was 9.8 wt% (0.40 mmol),
and the dimethyl diisobutylmalonate content in the solid catalyst component was 2.1
20 wt% (0.09 mmol).
Preparation of polymerization catalyst and polymerization
A polymerization catalyst was prepared, and polymerization was effected in the
same manner as in Example 1, except that the solid catalyst component (J} was used
instead of the solid catalyst component (A), and 0.13 mmol of
25  dicyclopentyldimethoxysilane (DCPDMS) was used instead of 0.13 mmol of
cyclohexylmethyldimethoxysilane (CMDMS). The polymerization results are shown
in Table 1.
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Preparation of polynerization catalyst and pol ynerization A

pol ymeri zation catal yst was prepared, and polynerization was effected
in the sanme manner as in Exanple 1, except that the solid catalyst
conmponent (M was used instead of the solid catal yst conmponent (A),
and 0.13 mmol of 5 dicycl opentyl di net hoxysil ane (DCPDMS) was used

i nst ead 13§] 13 mmol of cycl ohexyl met hyl di net hoxysi | ane (CVDVB). The
pol yneri zation results are shown in Table 1. [0135] Exanple 17 10

Synt hesi gxghpieqki d catal yst conponent (N) A solid catal yst conponent
(N) was pI‘OdIl)JCEd in the sane manner as in Exanple 1, except that 15.3

ol of ginehéiyd of(sbtie chlyst @lone@g)mal onate and 1.5 nmmol of &met hyl
di i sobutyl mal onate were used instead of 15.3 innol of diethyl

benzyl i denenmaAGBHY eatalyBecchigoaent (K) 68 pesthucédintthesantsnihirien 8s fiokxBnple
catal yst conmponent 15was 2.5 wt % the diethyl

(1- ethyl prexpsptitike néBmainohal dicthplictnylidenemblenste land 1 Sahmbysf dietpponent
was 9.6 W% (0.42 nmmol ), and the dinetlayl diisobutylmal onate content
i n the sdiisobuiyabalbyat weomped ésteadas 13.33nmoPof{dethyl teneylidenénalpaatat i on
of polynerization catal yst and pol ynerization A polynerization

cat al yst Thedtapiugpeanéant irathd resoltingesolid satalyst soaspoatihterdsdds wibot the dkdhdanme
manner as in Exanple 1, except that the solid catal yst conponent

was usedbingglideagmalonatssonisht i thasadidystalyst agropenent va§ 11.hmte0(0#3 ol

of dicycl opentyl di net hoxysi | ane DCPDI\/S% was used instead of 0.13
ol of B AR e ity o Rl e-avB e ThERClidTetal R FomBPReBh BN

results are sh in Table 1. 25[0136] Exanple 18 Synthesis of solid
cat a‘oystféﬂi‘ﬂ%bﬁ%m{n@;g-

Preparation of polymerization catalyst and polymerization
A polymerization catalyst was prepared, and polymerization was effected in the
same manner as in Example 1, except that the solid catalyst component (K) was used
instead of the solid catalyst component (A), and 0.13 mmol of
15  dicyclopentyldimethoxysilane (DCPDMS) was used instead of 0.13 mmol of
cyclohexylmethyldimethoxysilane (CMDMS). The polymerization results are shown
in Table 1.
[0134]
Example 16
20  Synthesis of solid catalyst component (M)
A solid catalyst component (M) was produced in the same manner as in Example
I, except that 15.3 mmol of diethyl benzylidenemalonate and 1.5 mmol of
9,9-bis(methoxymethyl)fluorene were used instead of 15.3 mmol of diethyl
benzylidenemalonate. The titanium content in the resulting solid catalyst component
25  was 2.5 wt%, the diethyl benzylidenemalonate content in the solid catalyst component
was 11.1 wt% (0.45 mmol), and the 9,9-bis(methoxymethyl)fluorene content in the solid

catalyst component was 4.6 wt% (0.18 mmol).
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A solid catal yst conponent (0) was produced in the same manner as in
Exanpl e 1, except that 15.3 mmol of di et hyl

(2- met hyl phenyl net hyl ene) nal onate and 1.5 mmol of di net hyl

di i sobutyl nal onate were used i nstead of 15.3 nmol of diethyl

benzyl i denemal onate. The titaniumcontent in the resulting solid

catal yst Pﬁgﬂ%ﬁﬂﬁ? af%&?maﬁz@mﬁ oataWst hkepdlizatiisation
p en

(2- met hyl phenyl et e) mal onate content in the solid catal yst
conponent was A%o@m\ér%aﬁ&l Sdialfyniok 3s, pregudled, had gdolyrickigdtion was effected in the

di i sobutyl mal onate content in the solid catal yst conponent was 3.1
wt % ( 0. 1ganmembiner B apExaaiple b, efcepichytrike solilt datahyst avrapgrent Avigiwas used

pol yneri zation A pol ynerization catal yst was prepared, and

pol yrer i mateadnf thasokd taglystccompontrs (Ad awd®el 3mamobef as i n Exanpl e 1,
except that the solid catalyst conponent (0) was used instead of the
sol i & cadisyslepentydipentizonysilane, (DQ?@MSIUEW ingtead of 0.13 mmol of

di cycl opent yl di net hoxysi | ane was_used instead of _0.13 mol

of cycl ommmﬂyhﬁdm@wéwéﬁm he polEmpazafien Fesplfs prsshown
results are shown in Table 1. 15[0137] Exanple 19 Synthesis of solid
cat al yst iicEbfohent (P) A 200 ml flask equipped with a stirrer,
of which_the internal atnosphere had been sufficiently replaced vmth
nitrogen%ﬁg was charged with 5.7 g of the solid catalyst 20
corrponeng obt al ed in Exanple 1 and 70 ml of heptane to prepare a
suspen5| suspensi on was heated to 30C. 6 muol of

ai eyl opSHt b?%ﬁ' Sopfil GyepPitiknd Mggent a F? added to the
o . T e S B Al 9 it
L ot
0L R st s scomegenty ey e o o
pol yner i galyReereplafindet gne tieRliviebhtéRtih @ resulting solid catalyst component
15  was 2.5 wt%, the diethyl (1-ethylpropylidene)malonate content in the solid catalyst
component was 9.6 wit% (0.42 mmol), and the dimethyl diisobutylmalonate content in
the solid catalyst component was 3.3 wit% (0.14 mmol).
Preparation of polymerization catalyst and polymerization
A polymerization catalyst was prepared, and polymerization was effected in the
20  same manner as in Example 1, except that the solid catalyst component (N) was used
instead of the solid catalyst component (A), and 0.13 mmol of
dicyclopentyldimethoxysilane (DCPDMS) was used instead of 0.13 mmol of
cyclohexylmethyldimethoxysilane (CMDMS). The polymerization results are shown
in Table 1.
25  [0136]
Example 18

Synthesis of solid catalyst component (O)
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A pol ynerization catal yst was prepared, and polynerizati on was
effected in the same manner as in Exanple 1, except that the solid
cat al yst conponent (P) was used instead of the solid catalyst
conmponent (A), and 0.13 mmol of 5 cycl ohexyl et hyl di net hoxysi | ane
(CVDMS) was not added. Specifically, the polynerization catal yst was
formed by t heAsolid datebstdopgionemtr(P) mean prddaredindhé sanet myhed asimExamplbe
pol yneri zation results are shown in Table 1. [0138] Exanple 20 10
Prepar at i grrceyit thas|15 @ romobbfdicthybiZpoetbyiphegyimethytnemalomdmardbs tunol
flask, of which the internal atnosphere had been sufficiently

r epl acedofdimethyl ditenbutylmalesate h@r@wdmatwdloid 5 meol pidicthykd

n- heptane. After the addition of 15 of anhydrous nagnesi um chl ori de

and 106 henzghd enﬁ(f@lqaﬂwu) Ihe tlﬁ@lw ﬁ@l@tﬁ@ indhe readingepligicatiist eqyppomest

A doet sttt
i ity: 20 cS i 40C
703 thaltiss s B b e

- hopt ar@ R B0 SpY sﬁﬂﬁ%ﬁaﬁfpaﬁ%%‘ébe@ﬁ?y 5%2’23“60' o stirrer. o

A
tsglai;lﬁ)p:[ oduct %agzggt%}g;é}%t;(?%f ?%ﬂ% ?ﬁolﬁﬁ %E naisl eéf} %%ﬁ\%as
sufficiently was ed Wt h puri ?ce@tha%he talf'llecat-gggt5 r|1 gﬁv&%ep%ane

was addegsiead &mefsaﬁf&tﬁgﬂwﬁa oﬁé}@(&p@ﬁéotleaﬁmenofof the reaction
product was 100 ng/ni | er the'addition of 10 mmol of di et hyl

benzyl i dg eﬁf}aalmetﬂdi?mmnzswcmm WARAREE thsitad 69018 @4md] dyour . The
reaction product was sufficiently washed with purified n-heptane,

f ol | owedcylelohekimetioil dimethog{silkBO (OMDMIS ) U rTHei ety merhanbangultsXrs ehowie
addition of 20 nil of TiCl4, the mxture was reacted at 95C for 3
hours. Ahtlabledonpl eti on of the reaction, the supernatant |iquid was
renoved. After the addition of 20 m of TiCl4, the m xture was

r eactsed [@137]00C for 2 hours. The reaction product was sufficiently

washed with purified n-heptane. The resulting solid product was dried
Example 19

Synthesis of solid catalyst component (P)
A200 ml flask equipped with a stirrer, of which the internal atmosphere had
been sufficiently replaced with nitrogen gas, was charged with 5.7 g of the solid catalyst
20 component obtained in Example 1 and 70 ml of heptane to prepare a suspension. The
suspension was heated to 30°C. 6 mmol of divinyldimethylsilane, 18 mmol of
triethylaluminum, and 6 mmol of dicyclopentyldimethoxysilane were sequentially
- added to the suspension with stirring.  After the addition of 15 mi of heptane, the
mixture was reacted at 30°C for 2 hours.  After completion of the reaction, the
25  supematant liquid was removed by decantation. The solid component in the flask was
washed three times with 150 ml of heptane (30°C) to obtain a solid catalyst component

(P). The titanium content in the solid catalyst component was 1.7 wt%.
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5 under reduced pressure to obtain a powdery solid catal yst conponent
(Q. The titaniumcontent in the resulting solid catal yst conponent
was 2.1 wt% and the diethyl benzylidenenmal onate content in the solid
catal yst conmponent was 15.6 wt % Preparation of polynerization

catal yst and pol ynerization A polynerization catalyst was prepared,
and pol yRespatation ehpolsmenzdtion catelyshandpolymeszgi®nmanner as i n Exanpl e
1, except that the solid catal yst conmponent (Q was_ used instead of
the solid cat&npdymeriastionexelysiayas pisepred, aad pplymesigation was effected in the

di cycl opent yl di met hoxysi | ane (DCPDVS)  was, used instead of 0.13 I
of cycl oﬁ%&?mﬁ%@f}iﬁﬁmwﬂsﬁ%ﬂ@h? id catglist semppRsot E@t"l’%ﬁﬁmm

of o1 i n_pBIFARAT Replit 28R SFeropeR AU € 1 TS g ment s of 1he
( thS;b;ErBycfi@fﬁ%ﬁfﬁaﬂ%ﬁ%%ﬁ : :eﬁgﬂﬂéﬁr A SO LR TR 2
comonenPORHa e aba? 155 RRAEE O AR ReffaP oo n L ol
Zomonent i Pl B AR E AR res MR i BEU hmgnes: um a
hal ogen&%gg]lan ester conpound represented by a general formula (1),

5RI R2C= 2.3)(CO0OR4) (1) wherein RI and R2 are independently an
atom or pyghoposel ected froma hydrogen atom

10 Preparation of solid catalyst component (Q)

A 500 ml round-bottom flask, of which the internal atmosphere had been
sufficiently replaced with nitrogen, was charged with 120 ml of purified n-heptane.
After the addition of 15 g of anhydrous magnesium chloride and 106 ml of Ti(O-n-Bu)a,
the mixture was reacted at 90°C for 1.5 hours to obtain a homogenous solution. The

15  solution was cooled to 40°C.  After the addition of 24 ml of methyl hydrogen
polysiloxane (viscosity: 20 cSt) while maintaining the solution at 40°C, the mixture was
subjected to a precipitation reaction for 5 hours. A precipitated solid product was
sufficiently washed with purified n-heptane. A 500 ml round-bottom flask equipped
with a stirrer, of which the interal atmosphere had been sufficiently replaced with

20  nitrogen, was charged with 40 g of the solid product, and purified n-heptane was added

| to the flask so that the concentration of the solid product was 200 mg/ml.  After the
addition of 12 ml of SiCls, the mixture was reacted at 90°C for 3 hours. The reaction
product was sufficiently washed with purified n-heptane, and purified n-heptane was
added to the flask so that the concentration of the reaction product was 100 mg/ml.

25 After the addition of 10 mmol of diethyl benzylidenemalonate, the mixture was
reacted at 70°C for 1 hour. The reaction product was sufficiently washed with purified

n-heptane, followed by the addition of 100 ml of purified n-heptane. After the
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a hal ogen, a linear alkyl group having 1 to 20 carbon atons, a
branched al kyl group having 3 to 20 carbon atonms, a vinyl group, a

| i near or branched al kenyl group having 3 to 20 carbon atons, a

| i near or branched hal ogen-substituted al kyl group having 2 to 20 10
carbon atons, a cycloal kyl group having 3 to 20 carbon atons, a

cycl oal kedWitiorg6f200mbaf/Tid, thelBixAle AL BABted2003°C RN 3 AOORAL iAGer
hydr ocar bon group having 6 to 20 carbon atons, a nitrogen-contai ning

group, acomplytieneftha tection ghgsupemataat PHE phe FévowrdNt Aiflt e addRion ofand
a silicon-containing group, provided that RI and R2 are either

i dent i cal0 ol of TiGle tenixtemedvaspeactadadt [190%bfod 2thoussac The téretion prolostm a
ring, and the 15 nunber of carbon atons of R2 is 2 or nore when Rl is
a hydr ogwas sufietently washetl with muridied n-lepthnee  ThelrdRdltiag solidpiedectdestdrigd a

| inear al kyl group having 1 to 20 carbon atons, a branched al kyl
group® hawidegraiuces pressusg 9obiain a pewderysphig katglysigempantrnt(@ir The
branched al kenyl group having 3 to 20 carbon atons, a cycl oal kyl
group hatieRyIBCniens ; thgresyHing sekd catalysh commenreiwas 25t v, andthadiethyl o
20 car bon atqgs, 0{ an aromati c 20 hydrocarbon group having 6 to 20
carbon abRELdgeRalionals coptent indhegspkidratalyst cemponsnt waeht ¢ #4le- or
different. 2. TmﬁﬁiO|id QataJ%ft conp?nent f.or olefin polynerization
accor di rr:%‘ef’%fa?,?lh? ymezatign Gatyystand@elymenzgioleneral formula (1) is

R B R S R A
i I [ b

cycl el IreRATST Rl mante QB AR et iRt agoesh
havi ng %n%%cpoﬁﬁ% g@r{sh &gg%goég??%@£§¥gﬁr§bllg nt&%glroqcar bon group having

6 to 10 carbon a st “conponent for olefin

pol ymerig él%n?cﬁ%ﬁigggsifaﬂe gb@b%)%as%se%fggl{i Br 63 lgﬁ‘ﬁ&lrb% gener al

formula (1T n atomor a’llnear grou aving 51 to 6
carbon aheiBhex ARtHREindHoRE RS ECRADNISY. MR drizafion 1eBOR ard S0k

gr oup ha\y?ng 1}qto}§?dcar bonﬁsatorrgj,f a b%ncheg%mﬁagr oup ﬁ%a\}-?ng to
6 carbonpatplrs, a cycl oal kyl group having 5 or 6 carbon atons, or an
aromati ¢ hydrocarbon group having 6 to 10 carbon atons. 10 4. The
solid catal yst conponent for olefin polynerization according to any
one of
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is a

Z9

o

formula (1)

1

ol Ao

5. An olefin polynerization

~nn nf

R4 in the general

wherein R3 or

group having 1 to 10 carbon atonms or a branched al kyl

catal yst conprising (1) the solid catalyst conponent 15 for olefin

group having 3 to 8 carbon atons.

| i near al kyl

claine 1 to 3,
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15 group, an aral kyl group, a cycloal kyl group having 3 to 20 carbon
atons, or an aryl group, provided that BY and RO are either identical
or different, and optionally bond to each other to forma ring, 1(1
is a linear alkyl group having Ito 20 carbon atons, a branched al kyl
group having 3 to 20 carbon atonms, a vinyl group, an allyl group, an
aral kyl G¥BUISTRAALARRIICABIbIENched al | coxy group having 1 to 20
carbon atons, a 20 vinyloxy group, an allyloxy group, a cycloal kyl
group halll4§l13 to 20 carbon atons, an aryl group, or an aryl oxy
group, provided that a plurality of 121 are either identical or

di f f erent wheRhbeolsfinipalymeyizatiorRpatalys apeardiagt therembodinserdnof the eger
from1l to 3. 8.The ol efin polynerization catal yst according to claim
6, wher effYCRE @EHISh Hiak mzalgép@@lm having priswRpBoRertics (a.9. melegulds et her

represented by a_general forrmula (%), Ri ni?2

RI 3co‘c:H2tVPé§?%18 %ﬂfgﬁgﬁl@5§3’§mﬂ%itﬁ*\%qof 2 qlefin hased RolypHr ogen
atom a ljnear alkyl oup having 1 to 6 bon_ at gns, a branche
Syl o kiR ne ¥ solfd Cat mmboncy et et p@RMEDY Sirrot tRANHG
to 6 carban .ato .or .a phenyl. gro provided that RHto R18 are

ei ther i gﬂﬁﬁﬁ‘gﬁﬁtﬁ“@gé‘#@%ﬁﬁgﬁﬂ and R18 are a hydrogen atom a
| i near al kyl group having 1 to 6 carbon atons, a branched al kyl group
having 3 to 6 carbon atons, a cycl oal kyl group having3 to 6 5 carbon
atons, or a phenyl group, provided that R1L7 and R18 are either
identical or different group, and optionally bond to each other to
formaring. 9. The olefin polynerization catalyst according to
claim7, wherein the organosilicon conmpound is one organosilicon
conpound or two or nobre organosilicon 10 conpounds sel ected from
phenyl tri met hoxysi | ane, t-butyl net hyl di net hoxysi | ane,

t - but yl et hyl di net hoxysi | ane, dii sopropyl di net hoxysi | ane,

i sopropyl i sobutyl di met hoxysi |l ane, diisopentyl di net hoxysil ane,

di phenyl di net hoxysi | ane, dicycl opentyl di met hoxysi | ane,

cycl ohexyl net hyl di met hoxysi | ane, tetranethoxysil ane,

t et raet hoxysil ane, 15t-butyl nethyl bi s(ethyl am no) si | ane,

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

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

bi s(per hydr oi soqui nol i no) di net hoxysi | ane, and

di et hyl am notri et hoxysi | ane.
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10. The olefin polynerization catalyst according to claim8, wherein
the diether is 20 2-isopropyl-2-isobutyl-1, 3-di net hoxypropane or

9, 9-bi s(nmet hoxynet hyl )fluorene. 11. A nmethod for producing an ol efin
pol ymer conprising polynmerizing an olefin in the presence of the

ol efin polynerization catalyst according to any one of clains 5 to

10. 25

10

15

20

25

CLAIMS

1. A solid catalyst component for olefin polymerization comprising titanium,
magnesium, a halogen, and an ester compound represented by a general formula (1),
R'R2C=C(COOR’*)(COOR% (1)
wherein R! and R? are independently an atom or a group selected from a hydrogen atom,
a halogen, a linear alkyl group having 1 to 20 carbon atoms, a branched alkyl group
having 3 to 20 carbon atoms, a vinyl group, a linear or branched alkenyl group having 3
to 20 carbon atoms, a linear or branched halogen-substituted alkyl group having 2 to 20
carbon atoms, a cycloalkyl group having 3 to 20 carbon atoms, a cycloalkenyl group
having 3 to 20 carbon atoms, an aromatic hydrocarbon group having 6 to 20 carbon
atoms, a nitrogen-containing group, an oxygen-containing group, a
phosphorus-containing group, and a silicon-containing group, provided that R' and R?
are either identical or different, and optionally bond to each other to form a ring, and the
number of carbon atoms of R? is 2 or more when R’ is a hydrogen atom or a methyl
group, and R* and R* are independently a linear alkyl group having 1 to 20 carbon
atoms, a branched alkyl group having 3 to 20 carbon atoms, a vinyl group, a linear or
branched alkeny! group having 3 to 20 carbon atoms, a cycloalkyl group having 3 to 20
carbon atoms, a cycloalkenyl group having 3 to 20 carbon atoms, or an aromatic
hydrocarbon group having 6 to 20 carbon atoms, provided that R® and R* are either

identical or different.

2. The solid catalyst component for olefin polymerization according to claim 1,
wherein R’ or R” in the general formula (1) is a hydrogen atom, a linear alkyl group
having 1 to 6 carbon atoms, a branched alkyl group having 3 to 6 carbon atoms, a vinyl
group, a linear or branched alkenyl group having 3 to 6 carbon atoms, a cycloalkyl

group having 5 or 6 carbon atoms, a cycloalkenyl group having 5 or 6 carbon atoms, or
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an aromatic hydrocarbon group having 6 to 10 carbon atoms.

3. The solid catalyst component for olefin polymerization according to claim 1 or 2,
wherein R’ in the general formula (1) is a hydrogen atom or a linear alkyl group having
1 to 6 carbon atoms, and R? in the general formula (1) is a linear alkyl group having 1 to
6 carbon atoms, a branched alkyl group having 3 to 6 carbon atoms, a cycloalkyl group
having 5 or 6 carbon atoms, or an aromatic hydrocarbon group having 6 to 10 carbon

atoms.

4. The solid catalyst component for olefin polymerization according to any one of
claims 1 to 3, wherein R* or R* in the general formula (1) is a linear alkyl group having

1 to 10 carbon atoms or a branched alkyl group having 3 to 8 carbon atoms.

5. An olefin polymerization catalyst comprising (I) the solid catalyst component
for olefin polymerization according to any one of claims 1 to 4, and (II) an
organoaluminum compound represented by a general formula (2),

R’A1Qs. @)
wherein R is an aikyl group having 1 to 6 carbon atoms, Q is a hydrogen atom or a
halogen, and p is a real number that satisfies 0<p<3, provided that a plurality of R’ are

either identical or different when a plurality of R’ are present.

6. The olefin polymerization catalyst according to claim 5, further comprising (I1I)

an external electron donor compound.
7. The olefin polymerization catalyst according to claim 6, wherein the external

electron donor compound (III) is one organosilicon compound or two or more

organosilicon compounds selected from an organosilicon compound represented by a
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general formula (3) and an organosilicon compound represented by a general formula
4,

RCSi(OR")4q (3)
wherein R® is an alkyl group having 1 to 12 carbon atoms, a vinyl group, an allyl group,
an aralkyl group, a cycloalkyl group having 3 to 12 carbon atoms, a phenyl group, an
alkylamino group having 1 to 12 carbon atoms, or a dialkylamino group having 1 to 12
carbon atoms, q is an integer that satisfies 0<q<3, provided that a plurality of R® are
either identical or different when q is equal to or larger than 2, and R” is an alkyl group
having 1 to 4 carbon atoms, a cycloalkyl group having 3 to 6 carbon atoms, a phenyl
group, a vinyl group, an allyl group, or an aralkyl group, provided that a plurality of 1
are either identical or different when a plurality of R’ are present,

(RER°N) SR (4)
wherein R® and R® are a hydrogen atom, a linear alkyl group having 1 to 20 carbon
atoms, a branched atkyl group having 3 to 20 carbon atoms, a vinyl group, an allyl
group, an aralkyl group, a cycloalkyl group having 3 to 20 carbon atoms, or an aryl
group, provided that R® and R? are either identical or different, and optionally bond to
each other to form a ring, R'? is a linear alkyl group having 1 to 20 carbon atoms, a
branched alkyl group having 3 to 20 carbon atoms, a vinyl group, an allyl group, an
aralkyl group, a linear or branched alkoxy group having 1 to 20 carbon atoms, a
vinyloxy group, an allyloxy group, a cycloalkyl group having 3 to 20 carbon atoms, an
aryl group, or an aryloxy group, provided that a plurality of R' are either identical or

different when a plurality of R are present, and s is an integer from 1 to 3,

8. The olefin polymerization catalyst according to claim 6, wherein the external
electron donor compound (III) is a diether represented by a general formula (5),
RIRZRPCOCH,(R'R™®C)CH,0CRMRR® (5)

wherein R to R'® are a hydrogen atom, a linear alkyl group having 1 to 6 carbon atoms,
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a branched alkyl group having 3 to 6 carbon atoms, a cycloalkyl group having 3 to 6
carbon atoms, or a phenyl group, provided that R'! to R'S are either identical or different,
and R!” and R'® are a hydrogen atom, a linear alkyl group having 1 to 6 carbon atoms, a
branched alkyl group having 3.to.6 carbon atoms, a cycloalkyl group having .3 to 6
carbon atoms, or a phenyl group, provided that R'” and R'® are either identical or

different group, and optionally bond to each other to form a ring.

9. The olefin polymerization catalyst according to claim 7, wherein the
organosilicon compound is one organosilicon compound or two or more organosilicon
compounds selected from phenyltrimethoxysilane, t-butylmethyldimethoxysilane,
t-butylethyldimethoxysilane, diisopropyldimethoxysilane,
isopropylisobutyldimethoxysilane, diisopentyldimethoxysilane,
diphenyldimethoxysilane, dicyclopentyldimethoxysilane,
cyclohexylmethyldimethoxysilane, tetramethoxysilane, tetracthoxysilane,
t-butylmethylbis(ethylamino)silane, bis(ethylamino)dicyclohexylsilane,
dicyclopentylbis(ethylamino)silane, bis(perhydroisoquinolino)dimethoxysilane, and

diethylaminotriethoxysilane.

10.  The olefin polymerization catalyst according to claim 8, wherein the diether is

2—isopropy1-2-isobutyl-1,3-dimethoxypropane or 9,9-bis(methoxymethyl)fluorene.
11. A method for producing an olefin polymer comprising polymerizing an olefin in

the presence of the olefin polymerization catalyst according to any one of claims 5 to

10.
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