SOLID CATALYST FOR OLEFIN POLYMERIZATION, OLEFIN
POLYMERIZATION METHOD, AND OLEFIN POLYMER PARTICLE
PRODUCED BY THE METHOD BACKGROUND OF THE INVENTION 1.
Field of the Invention [0001] The present invention relates to solid
catalyst for olefin polymerization, olefin polymerization method using the
solid catalyst, and olefin polymer particle produced by the method. 2.
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1. Field of the Invention
[0001]

The present invention relates to solid catalyst for olefin
polymerization, olefin polymerization method using the solid catalyst, and

olefin polymer particle produced by the method.
2. Description of the related arts
[0002]

It is known that polyolefine, such as polyethylene, polypropylene,
ethylene - a-olefin copolymer, and propylene - a-olefin copolymer can be
manufactured by olefin polymerization or olefin copolymerization under
existence of metallocene catalyst known as homogeneous catalyst comprising
metallocene compound, such as metallocene compound of fourth group metal,
e.g. zirconium, and co-catalyst, such as organoaluminum compound, etc. For
the metallocene catalyst, “homogeneous catalyst” comprising metallocene
compound and co-catalyst component, such as aluminoxane, and “supporting

solid catalyst” supporting metallocene, co-catalyst, etc. on a carrier.
1



From the view point of polyolefin industry, the homogeneous catalyst is
suitably used for a solution polymerization process, however, when said
catalyst is used for a gas-phase or a slurry polymerization process, there
is a problem that polymer becomes indeterminate form particles showing
low hulk density, causing aggregation or adherence in the polymerization
vessel. To the contrary, it is known that the supporting solid catalyst, when
[Omé)ared to the homogeneous catalyst, is superior in polymer particulate
hology and higher bulk density can be obtained when used in a
gas-phase or a slurry polymerization process. However, said supporting

solid ﬁ@gﬁh/%h@@i’e%?%%ﬁx@gﬁﬂ?m%ﬁﬁIYM?ﬁ%ﬁ%oﬁ%}uﬁ%ﬁgé’&%tggta}ygt

(hereinafter, these phenomena sometimes re

is pelymgrization pr%%%iﬁmﬁfﬁf%v%@ﬁxaﬁt?&&r&}%o;%@s%?%%%%&%{n a]ong, said

term stable polymerization process. [0004 It is known that'when

catRBRYIRCIIINDIHA Y PLES SRS ING COMPARe RIS having,a ﬁ%@ggi%em is a

point, e.g. ethylene-propylene copolymer having relatively ethylene

prdgatentonnonciysiallibecpropylenaLtviane COROME  NAMEY showing iow
propylene-ethylene block copolymer manufactured by multistep ‘

buolymerizatiom progesgwheraimfomeIRieerss: i$ MeqMiRUOUS »ation vessel
polymerization of propylene alone or a mixture of propylene and a small

To atheurbotethyleme andilattenprocasstis:-aconinHeHs PRIKMEZaionOf when
propylene and ethylene, fouling tends to occur. Accordingly, a solution for

conthig issugowas: réquireg {0005 katalhsta sokilipayidapanesinaxaminediate
Patent Publication No. 2000-297114 discloses the use of an olefin
moppdrpolgihetivédisaic:cataliist depporteddherteonch surfadtantfonr used in a
polymerization. Further, Japanese Unexamined Patent Publication No.
g£a2pDeB207 0 FxempiES apolynerizatienmEthod vehereinlamplefining solid
pre-polymerized solid catalyst is used and surfactant is added during
catabivmerRations Miwevagzafeete &f theberesamplbsarédanfropvheing,  ete.
sufficient. Moreover, when surfactant is added during polymerization
(heppapatietiurtherdevit@prpnmanptiomeyuisfertds reqliediog” ) during

.su Iying. the surfactanﬁ This is not preferable in an interest of economy.
poi{@é)@p@]za ion process, therefore, 1t may become an obstacle for a long term

stable polymerization process.
[0004]

It is known that when manufacturing polymers comprising
components having a low melting point, e.g. ethylene-propylene copolymer
having relatively high ethylene content or noncrystalline propylene-ethylene
copolymer, namely propylene-ethylene block copolymer manufactured by
multistep polymerization process wherein former process is a continuous
polymerization of propylene alone or a mixture of propylene and a small

amount of ethylene and latter process is a continuous polymerization of



On the other hand, methods wherein metallocene supporting solid catalyst

is washed with solvent are disclosed. For instance, pamphlet of

W000/008080 discloses a method wherein metallocene supporting solid

catalyst is washed with specific solvent at a specific temperature for

several times. Japanese Unexamined Patent Publication No. 2004-51715

discloses a metallocene supporting solid catalyst washing method wherein
__the catalyst js w sg‘ed tilgﬁc ncentration of transition metal derived from
ORI OB i WA FER o8 BEEOIe oS R speefition for
th.amount. Further, Japanese Unexamined Patent Publication No.

5062 584864 Hikioses a method wherein pre-polymerized metallocene

supporting solid catalyst is washed with organic solvent comprising
[pgayghnoaluminum. [0007] However, said methods requiring highly

effective washing use a large amount of solvent and generate a large

amount of waste. From the view point of industrial production, said

methdds confsdsé oany problesss, Elgerequirsrder® ofca tonBubination No.

washing process. Patent Article 1: Japanese Unexamined Patent
20Q038catibh Nechore-2b7114cPatent Artidlier 2p Japapseinedaminddeatal yst

Patent Publication No. 2000-327707 Patent Article 3: a pamphlet of
sumgoDEId04b8rEPAteht Avies rdadatie selynesarmitied Pdient Rublichtiomese
. No. 2004-51715 Patent Article 5; Japanese Unexamined Patent
Unpyphieiirsh NS 2600-282808cRbRE Padént ArBROISAARYE. Gemplifies  a

Ed. Engl., 24, 507_(1985) SUMMARY [0007a]In a first aspect, there is
Polyraitied A0S RACREN ST IR G5} Gleninl BBy meRRMismentredtenbdddayalyst is

used and surfactant is added during polymerization. However, effects of
these examples are far from being sufficient. Moreover, when surfactant is
added during polymerization process, further device in polymerization
equipment is required for supplying the surfactant. This is not preferable in

an interest of economy.
[0006]

On the other hand, methods wherein metallocene supporting solid
catalyst is washed with solvent are disclosed. For instance, pamphlet of
WOO00/008080 discloses a method wherein metallocene supporting solid
catalyst is washed with specific solvent at a specific temperature for several
times. Japanese Unexamined Patent Publication No. 2004-51715 discloses a
metallocene supporting solid catalyst washing method wherein the catalyst
15 washed 6l concentration of transition metal derived from metallocene
compound in washing waste become less than a specific amount. Further,
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meeting the following requirements [1] and [2] simultaneously, and
including a metallocene compound represented by the formula (XI11)
below: [1] a loss of ignition is 30 wt% or less as measured on a
differential thermogravimeter; and [2] after treating the catalyst with
J uRBe§apbiivhieshnein girteute Bud brerticontadting it Sesbenitiilecl oses 2
component eluted into the acetonitrile comprises compound having a
mgiRegulshsrelstoprsprdsertsa ¢ the followimpgenerakforpuialill catalyst is
wherein R is a hydrogen atom or an alkyl group having 1 to 12 carbon
watdihe. T AR D -0} VIEo0REIn A secomzaspedt thereris. provided a
polymerization method of one or more monomer (M) selected from
@%@/ﬁne and a-olefin having 3 to 12 carbon atoms, using the solid catalyst
as set forth in the present invention, and optionally, in the presence of (B)
compound comprising element of group 13 in periodic table. [0007c]In a

third appagbvBereAsirravited an.olefin RPVIDRTPAFICIE ve washing use a large
amount of solvent and generate a large amount of waste. From the view
point of industrial production, said methods comprise many problems, e.g.

requirement of a long term washing process.

Patent Article 1' Japanese Unexamined Patent Publication No. 2600-297114
Patent Article 2: Japanese Unexamined Patent Publication No. .2000"827 707
Patent Article 3 a pamphlet of WO00/008080

Patent Axticle .43 Japanese Unexamined Patent Publication No. 2004-51715
?étent Article 5: Japanese Unexamined Patent Publication No. 20@2-284808
None Patent Article 17 Angew. Chem. Int. Ed. Engl., 24, 507 (1985)
SUMMARY

0007 a] In a first aspect, there is provided a solid catalyst (K for olefin
polymerization characterized by
meeting the following requirements [1] and [2] simultaneously, and

including a metallocene compound represented by the formula (XIIT) below:

[1] a loss of ignition is 30 wt% or less as measured on a differential

thermogravimeter: and



produced by the method as set forth in the present invention. PROBLEMS
TO BE SOLVED BY THE INVENTION [0008] An object of the
invention is to provide solid catalyst for olefin polymerization used in the
prodiittieftaf arottfin polymeshading BnwexeeleMRastieBie temperature
morphology with good efficiency without the concern of causing fouling -
and atitbwithoutgeeatly redusiihpelystenzating activitycanrd pomesizatian, the
method of olefin in the presence of said solid catalyst. MEANS TO SOLVE
acetorHEI RROBIEME: 060890 un d heueriar havd gosiedidiopohgevetalted by
keen examinations in order to solve the problems of known techniques
the fdBseribedgabove; dhdasa réSulththey havefound draben elefin polymeslky
having an excellent particulate morphology can be manufactured with
groupdey efficieticy Withoubthetoomeern of causing fouling by using a solid
catalyst for olefin polymerization satisfying specific requirements. Wolof
e @éﬁyly:»a £OlHd catalySt (K)-for oLe,fm_pQLyrIggization of the invention is
characterizeld by meeting the followi g requirements [1] and [2];

XTI

10007Db] In a second aspect, there is provided a polymerization method of
on¢ or more monomer (M) selected from ethylene and a-olefin having 3 to 12
carbon atoms, using the solid catalyst as set forth in the present invention, and
optionally, in the presence of (B) compound comprising element of group 13 in

periodic table.

10607¢] In a third aspect, there is provided an olefin polymer particle

produced by the method as set forth in the present invention.

PROBLEMS TO BE SOLVED BY THE INVENTION

[0008]

An object of the invention is to provide solid catalyst for olefin

polymerization used in the production of an olefin polymer having an
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El] a loss of ignition is 30 wt% or less as measured on a differential
thermogra meter; and [2] after treating the catalyst with water vapor of
room temperature and then contacting it with acetonitrile, a component
eluted into the acetonitrile comprises compound having a molecular
skeleton represented by the following general formula [I]. - CI-1 2 CH -
O[] (R in the above formula [I] is a hydrogen atom or an alkyl group having

12 carban atoms.) [0Q12] Preferred embodiment of solid catalyst
’ﬁ%ﬁf%%w% RS LR i o Ao, RABBHETHRE TG the concern of
U|rerfn Tﬁxp] in ddlt n to the above requirements Di and [2]. [3] After
SucH %%m BIiF BHF MBI ABES At SilbstaNtially2n

n
poﬁym&@%ﬂgﬂvr%le %nn%n[gl? 13]resence of said solid catalyst.
MEANS TO SOLVE THE PROBLEMS
[0009]

The mventors have gone through several keen examinations in order
to solve the problems of known techniques described above, and as a result,
they have found that an olefin pclymer having an excellent particulate
morphology can be manufactured with good efficiency without the concern of
causing fouling by using a solid catalyst for olefin polymerization satisfying

specific requirements.
[0010]

Namely, a solid catalyst (K} for olefin polymerization of the invention

is characterized by meeting the following requirements [1] and [2]:

[1} a loss of ignition is 30 wt% or less as measured on a differential

thermogravimeter; and

[2] after treating the catalyst with water vapor of room temperature and
then contacting it with acetonitrile, a component eluted into the acetonitrile
comprises compound having a molecular skeleton represented by the

following general formula [1].

[0011]



Further, the other embodiment of the present invention relates to solid
catalyst (10 for olefin polymerization wherein the solid catalyst (K) for
olefin polymerization is pre-polymerized with one or more olefin selected
from ethylene and a-olefin having 3 to 8 carbon atoms. Hereinafter, said
solid catalyst (10 sometimes abbreviated to "pre-polymerized catalyst",

"‘[Om@ Prigﬁ inver&on relates to polymerization method of one or
m nom ) Seldefed from ethytene-ahb] a-olefin having 3 to 12
carbon atomsg,igsing solid catalyst (K) or (K" for olefin polymerization, and

opt onally in the presence of (B) compound comprising element of group
13 6 in periodik table. In this polymerization method, monomer (M) is

(Ronefenabily propylenalaridiaseai yaesesnonomes salectrd frem elhylens o 1 1o

and a-olefin having 4 to 10 carbon atoms, or preferably ethylene and oné
12otanboe manesier selected from a-olefin having 3 to 10 carbon atoms.
[0015] Present invention further relates to olefin polymer particle
roduced by said polymerization method of one or more monomer (M)
[0@@ cted from ethylene and a-olefin having 3 to 12 carbon atoms, using
solid catalyst (K) or (K') for olefin polymerization, and optionally, in the

Presepse AL E) R PRPLSIG SIEMRFN BEPIRYRIEHE BSOS zation
of the invention meets the following requirement [3] in addition to the above

requirements [1] and [2].

[3] After contacting hexane and filtering out solid part, filtrate does not

substantially comprise nonvolatile component.
[0013]

Further, the other embodiment of the present invention relates to
solid catalyst (K) for olefin polymerization wherein the solid catalyst (K) for
olefin polymerization is pre-polymerized with one or more olefin selected
from ethylene and a-olefin having 3 to 8 carbon atoms. Hereinafter, said

solid catalyst (K°) sometimes abbreviated to “pre-polymerized catalyst’.
[0014]

Present invention relates to polymerization method of one or more
monomer (M) selected from ethylene and a-olefin having 3 to 12 carbon
atoms, wusing solid catalyst (K) or (K) for olefin polymerization, and

optionally, in the presence of (B) compound comprising element of group 13

6



The first preferred embodiment of said olefin polymer particle comprises

50 to 100 mole% of repeating unit (U1) derived from propylene and O to

50 mole% of repeating unit (U2) derived from one or more olefin selected
from ethylene and a-olefin having 4 to 10 carbon atoms. (Hereinafter, said
olefin polymer particle sometimes referred as "propylene based polymer
particle") Among them, propylene based polymer particle having melting

inpeéntddm)x SHL30E gulegsisnierabls, ﬁmﬂpéapﬁh%%ﬁﬁﬁfé\my?%femmy

particle haying bulk density of 0,30 (g/m1) or more is more preferable.

pr{0dzhe arSecordprefarredenesinent afsaicalalinpOMSE PAILCIE o1ofin

comprises 50 to 100 mole% of repeating unit (U3) derived from ethylene
hoandg) t 50 mbleYribbrepeating wiit fYdlkderMedfionpaae R MYeOlEfin, e

selected from a-olefin having 3 to 10 carbon atoms. (Hereinafter, said
m @lefingrolyinetcpbftiole sadiimbs veferfed a9 ethiyienaased polymer
particle") EFFECT OF THE INVENTION Solid catalyst used for
manufacturing olefin polymer having an excellent particulate morphology
[O%%E good efficiency without the concern of causing fouling and method for
olefin polymerization in the presence of the solid catalyst are provided.

B O O O B s T ducea

exert to manufacture polymer having low melting

by SRR ARB A IR BB N HR00 RN SRR rom

DESCRIPTION OF THE DRAWIN
tispesisal shart pbgiiied ¢ ' oLitri contacting the soli
© }ggtalyst for olefin poIymeri%:?tﬁu-ﬁleicﬁ?bF’raé‘i'ﬁé)e:(((?jlitiir%IiE gﬂa&rﬁagg?ggf ﬁ%eéiﬁ%g%ﬁgﬁ h&‘i) or
(KWwithhdedierated, aRaiitliRion, and optionally, in the presence of (R)

compound comprising element of group 13 in periodic table.

[0016]

The _ﬁrst preferred embodiment of said olefin polymer particle
comprises 50 to 100 mole% of repeating unit (U1) derived from propylene and
0 to 50 mole% of repeating unit (U2) derived from one or more olefin selected
from ethylene and a-olefin having 4 to 10 carbon atoms. (Hereinafter, said
olefin polymer particie sometimes referred as “propylene based polymer
particle”) Among them, propylene based polymer particle having melting
point (Tm) of 130°C or less is preferable, and propylene based polymer

particle having bulk density of 0.30 (g/ml) or more is more preferable.

[0017]



PREFERRED EMBODIMENTS OF THE INVENTION [0020]

Hereinafter, preferred embodiments of the invention is described in detall
in the following order: (1) solid catalyst for olefin polymerization, (2) olefin
polymerization method in the presence of the solid catalyst, and (3)
polymer particle produced by the polymerization method. 100211 (1) A
Solid Catalyst for Olefin Polymerizatio A solid catalyst (K) for olefin
polymerization of the invention is characterized by meeting the following

requirifietitd 1 PrefREred 1 ssreRIuBISTHI e 1 indeiduirshents [aparticle

121 and [31. 111 a loss co)f ignition is 30 wt% or less as measured on a
cogrparsRtiA trer By Paomatar TRRa A2 Garei tidddihg ane edibigat aitivivaterand

vapar of room FﬁPgtempera,ture and then contacting it with acetonitrile,

Eorpan

&A1 Fif6 e BWektOHifriI8 CartshEas oRspLA Fagiedia selected

molecular skeleton represented by the followi eneral formula 1l1.
frons G ohe nlilawng § pto l% cagbo)rlx atoms. mgrélm ter, said olefin polymer

particle sometimes referred as “ethylene based polymer particle”.)
EFFECT OF THE INVENTION
[0018]

Solid catalyst used for manufacturing olefin polymer having an
excellent particulate morphology with good efficiency without the concern of
causing fouling and method for olefin polymerization in the presence of the
solid catalyst are provided. Effects of said polymerization method of the
mvention also satisfactorily exert to manufacture polymer having low
melting point, which tends to cause fouling and is difficult to manufacture

with good efficiency.
BREIF DESCRIPTION OF THE DRAWINGS
[0019]

[Fig. 1] 'H-NMR spectral chart of eluted component in acetonitrile
after contacting the solid catalyst for olefin polymerization obtained in

example 1 of the invention with deuterated acetonitrile.
PREFERRED EMBODIMENTS OF THE INVENTION

[0020]



100221 CH 2 100231 (R in the above formula in is a hydrogen atom
or an alkyl group having 1 to 12 carbon atoms.) 131 After contacting
hexane and filtering out solid part, filtrate does not substantially comprise
nonvolatile component. (0024]

Hereinafter, preferred embodiments of the invention is described in
detail in the following order: (1) solid catalyst for olefin polymerization, (2)
olefin polymerization method in the presence of the solid catalyst, and (3)

polymer particie produced by the polymerization method.
[0021]
(1) A Solid Catalyst for Olefin Polymerization

A solid catalyst (K) for olefin polymerization of the invention is
characterized by meeting the following requirements [1] and [2], preferably

all the following requirements [1], [2] and [3].

[1} a2 loss of ignition is 30 wt% or less as measured on a differential

thermogravimeter; and

[2] after treating the catalyst with water vapor of room temperature and
then contacting it with acetonitrile, component eluted into the acetonitrile
comprises compound having a molecular skeleton represented by the

following general formula [I].

[0022]

— CH, —CH — 0O — . 1]
1
R

[0023]

(R in the above formula [{I] is a hydrogen atom or an alkyl group

having 1 to 12 carbon atoms.)
g



Hereinafter, said requirements [1] to [3] are described in detalil.

(Requirement li]) A solid catalyst (K) for olefin polymerization of the

invention is characterized in that a loss of ignition as measured on a

differential thermogravimeter is 30 wt% or less, preferably 25 wt% or less,

more preferably 20 wt% or less. As described below, a loss of ignition of

the invention is determined by weight reduction rate (wt%) at 200 to 600C

basgd. i S} i or. a.referenc aterial
mextract?r%%?ﬁ%&%m%é% %)r%é%f%lgﬁé%g irE5 t {e 5&?&%?&%&%@% %ﬁsiﬁﬂes not
sullaPRIalwe 53k 'F&@Eﬂfﬁ%wgﬁﬁ@@éﬁ{mﬁéﬁtﬂre is raised to 600C at a rate

of 5C/min. and held at 600C for 30 minutes. [00251 According to the

invention, preferably, residues after the ignition substantially comprise
[00&bins selected from aluminum, silicon and oxygen atoms, more

preferably, the same comprise inorganic fine particles including oxygen

atom as indispensable, atom and one cir org atom selected from ‘

AlUmIHGRT AR hicom e NS Bat A BsKanAEN EOmBIRSS Belpiail

selected from aluminum, silicon and oxygen atoms" determines that "a
(rdQtal-amaunt;f atoms selected from aluminum, silicon and oxygen atoms

with respect to a total amount of ignition residues is 80% or more on a

weight basis". [0026] Said ignition residues of the invention

substahtiatlitaraprise atdmsfseledtdoh froshyaluminuinsiligomhandhoxyges is

atoms. This can be easily known by amount determination and
chdderttificatidniof shidtigaitiosresidugsibicelensentalanatydisomethogisisuehtial

as Inductively-Coupled Plasma analysis (ICK known analyses such as ion
theamogrograpty, stc3DorTi(Reglremantdftpbly 25 wt% or less, more

preferably 20 wt% or less. As described below, a loss of ignition of the
invention is determined by weight reduction rate (wt%) at 200 to 800°C
based on a weight at 200°C, by using alumina for a reference material,
extracting approximately 10mg of sample in the atmosphere, and using
temperature raising profile wherein temperature is raised to 600°C at a rate

of 3°C/min. and held at 600°C for 30 minutes.
[0025]

According to the invention, preferably, residues after the ignition
substantially comprise atoms selected from aluminum, silicon and oxygen
atoms, more preferably, the same comprise inorganic fine particles mcluding
oxygen atom as indispensable atom and one or more atom selected from
aluminum and silicon atoms. Note that “substantially comprise atoms

selected from aluminum, silicon and oxygen atoms” determines that “a total

10



A solid catalyst (K) for olefin polymerization of the invention is
characterized by meeting not only the above requirement [11 but also 12]
described below. [2] after treating the catalyst with water vapor of room
temperature and then contacting it with acetonitrile, component eluted into
the acetonitrile comprises compound having a molecular skeleton
represented by the following general formula [Il. [0028] CH =0 100291
Namely, after treating the catalyst with water vapor of room temperature

am g theh Homactipl A KeBtGHIIeD BRited E6ppemshtryen atoms with

acetonitrile has molecular skeleton represented by general formula
respect to a total amount of ignition residues is 80% or more on a weight

hasig”.
[0026]

Said ignition residues of the invention substantially comprise atoms
selected from aluminum, silicon and oxygen atoms. This can be easily known
by amount determination and identification of said ignition residues by
elemental analysis methods such as Inductively-Coupled Plasma analysis

(ICP), known analyses such as ion chromategraphy, ete.
[0027]
(Requirement [2])

A solid catalyst (K) for olefin polymerization of the invention is
characterized by meeting not only the above requirement [1] but also [2]

described below.

[2] after treating the catalyst with water vapor of room temperature and
then contacting it with acetonitrile, component eluted into the acetonitrile
comprises compound having a molecular skeleton represented by the

following general formula [I].

[6028]

11



Said skeleton can be magnetic resonance molecular skeleton identified
by known analysis ethods such as nuclear (NMR) spectrum as mentioned
below. (Hereinafter, es referred as "oxyalkylene skeleton.") [0030] In
the above general formula [ll, R is hydrogen atom or alkyl group having 1
to 12 carbon atoms. For alkyl group having | to 12 carbon atoms, linear or

bmed alkyl groups such as methyl group, ethyl group, n-propyl group,
Tisepropyl grotpd h-butyk-grotp, isobutyt greupl kec-butyl group, tert-butyl
group, n-pent){l group, n-hexyl group, n-heptyl group, n-octyl group and
n-nonyl group.can be exemplified. A solid catalyst wherein R is methyl
group is prefékably used, since it is superior in polymerization activity and
locl@s an excellent inhibitory effect on fouling. [0031]

Namely, after treating the catalyst with water vapor of room
temperature and then contacting it with acetonitrile, eluted component in
the acetonitrile has molecular skeleton represented by general formula {1l
Said skeleton can be identified by known analysis methods such as nuclear
magnetic resonance (NMR) spectrum as mentioned below. (Hereinafter,

molecular skeleton represented by general formula [T} sometimes referred as

“oxyalkylene skeleton.”)
[0030]

In the above general formula [I], R is hydrogen atom or alkyl group
having 1 to 12 carbon atoms. For alkyl group having 1 to 12 carbon atoms,
linear or branched alkyl groups such as methyl group, ethyl group, n-propyl
group, 1sopropyl group, n-butyl group, isobutyl gl“oﬁp, sec-butyl group,
tert-butyl group, n-pentyl group, n-hexyl group, n-heptyl group, n-octyl
group and n-nonyl group can be exemplified. A solid catalyst wherein R is
methyl group is preferably used, since it is superior in polymerization

activity and has an excellent inhibitory effect on fouling.
[06031]

The treatment with water vapor of room temperature is carried out

by exposing solid catalyst (K) for olefin polymerization in a dessicator
12



The treatment with water vapor of room temperature is carried out by
exposing solid catalyst (K) for olefin polymerization in a dessicator
including saturated potassium acetate aqueous solution for 5 or more
days. During said exposure, in order for solid catalyst (K) to contact
sufficiently with water vapor, is required to spread said solid catalyst (K)
evenly in a vessel and, when requited, suitably stir and mix. 10032]

incNext %@a@%@ eatsd with-water yapenaccqiding fodhemethad s

described above is added into acetonitrile and stirred for 30 minutes to

Dubpurssal #Q19 Qe Natedhatdeyteraied aggiQuitrig can beysed Q?ﬁﬁgi%m}y

of acetonitrile. In this case, weight ratio of acetonitrile (S) and said soli

withaierial [aapeight of 54 quveight ofsalidinatarialliis prefarablvidiQ g i 4

A1 Said stirring is followed by filtration using membrane filter, glass
veswdohriCwincardesioreemona said selidamaterial. Mesh of filtering medium,
such as filter, is not particularly limited, unless it inhibits NMR analysis of
filtrate subsequently performed. [0033] Content of compound having
100&blecular skeleton represented by general formula [I] eluted from solid

catalyst (K) for olefin polymerization, calculated from NMR analysis of

filtratg, is,gengrall e.than 0.20 wt%.and 10, wt% or less, preferably 0.3
S e A A (R b o hhddono the

to 5 wt% With respect to said so catgr)i/s po

Whenaconient B%Lﬁ&wo [ lecular skeleton represented. by |
megenera??ormula I al)s @Sst ae %%%\%@%&8{11&1‘% 248 s%zme%; o %% mmmes
to 10 hours at 20 to 30°C. Note that deuterated acetonitrile can be used
instead of acetonitrile. In this case, weight ratio of acetonitrile (S) and said

solid material [a weight of S/ a weight of solid materiall is preferably 1:0.15

to 1°1.

Said stirring is followed by filtration using membrane filter, glass
wool, etc., in order to remove said solid material. Mesh of filtering medium,
such as filter, is not particularly limited, unless it inhibits NMR analysis of

filtrate subsequently performed.
[0033]

Content of compound having molecular skeleton represented by
general formula [I] eluted from solid catalyst (K) for olefin polymerization,
calculated from NMR analysis of filtrate, is generally more than 0.20 wt%
and 10 wt% or less, preferably 0.3 to 5 wt% with respect to said solid catalyst
(K) for olefin polymerization. When a content of compound having a

molecular skeleton represented by general formula [1] is less than 0.1 wt%,
13



fouling occurs during polymerization and reduction in bulk density occurs
when olefin polymer particle is propylene based polymer particle, while
more than 10 wt%, polymerization activity may decrease. [00341
Analysis method of eluted component is not particularly limited, however,
when deuterated acetonitrile is used in the above method, IFI-NMR
(nuclear magnetic resonance spectrum) method can be used for the
analysis. In general formula [1], a signal of hydrogen atom which bonds to
foubErB Ir eSS BefaR Bt eyoxgER Atemerbissdetoat Bxdalpeveiien occurs
tetramethylsilane is a reference material in deuterated acetonitrile. For
whegrahden @ elgmop mdtald Yroupny spedimeadpolgiel SapprelsvheniR imore
general formula [I] is methyl group. [00351 Content of molecular
thag) dfdiah’fe prosentsirplise staYTbr A HRespeBe calculated by adding
reference material during the measurement of 11-1-NMR described above
[Ogggﬁl measuring intensity ratio of its signal. Said reference material
preferably has no signal which overlaps with the same of solvent and
eluted component, and in particular, benzene, chlorobenzene,

naphtheiéne, schiendfoimofnethydene ahlosiden 1t Gant beexemplifiedlimited,
[00361 (Requirement [31) Preferred embodiment of solid catalyst (K)

hodevelefintpalydeerizatioriod theinvention iseharadierizedvbyrmeRtAg tHeN MR,
following requirement 131 in addition to the above requirement 11 and
(nutPdar magnetic resonance spectrum) method can be used for the analysis.
In general formula [1], a signal of hydrogen atom which bonds to carbon atom
adjacent to oxygen atom is observed at 3 to 4 ppm, when tetramethylsilane is
a reference material in deuterated acetonitrile. For instance, a signal of

methyl group is observed at 0.8 to 1.5 ppm when R in general formula [1] is’

methyl group.
[0035]

Content of molecular skeleton represented by general formula [I] can
be calculated by adding reference material during the measurement of
"H-NMR described above and measuring intensity ratio of its signal. Said
reference material preferably has no signal which overlaps with the same of
solvent and eluted component, and in particular, benzene, chlorobenzene,

naphthalene, chlorcform, methylene chloride, etc. can be exemplified.
[6036]

(Requirement [3])
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131 After contacting hexane and filtering out solid part, filtrate does not
substantially comprise nonvolatile component. Contact of solid
catalyst (K) for olefin polymerization and hexane is carried out under inert
gas atmosphere, such as dry nitrogen or dry argon. Said hexane is
sufficiently dehydrated and deoxidized. 100371 When contacting solid
catalyst (K) for olefin polymerization with hexane, amount of hexane is 30

to 10@ fapes-lraeh weighidhanahatiof éﬂg§§§6{!§(§tfﬂ§) g%%llﬁ%%%rsn% 81}63‘&1011

polymerization and said contact is performed by stirring 3

of ouirs 62048 3@%%@%@%&'%%@@%%@%%@@@%%&&%[3] in

sufficient diameter to remove solid part. 100381 "Filtrate does not

ad8ubstaniialy eompsisegnvelatie ¢omponeat” implies the following: when
filtrate obtained from the above method is concentrated at 20 to 30C

under reduced pressure, dried at 20 to 30C, 1 to 5 hPa until it reaches a
[ 3lcéreantavssitnmchwsigie chtdeltibeaingd concentdatedranditiiate does not
material is Swt% or less, preferably 3wt% or less, more preferably lwt% or
sulsdangilineomast preieripati BurgsdoReswith respect to that of solid
catalyst (K) for olefin polymerization used in the contact. [00391

Contact of solid catalyst (K) for olefin polymerization and hexane is
carried out under inert gas atmosphere, such as dry nitrogen or dry argon.

Said hexane 1s sufficiently dehydrated and deoxidized.
[0037]

When contacting solid catalyst (K) for olefin polymerization with
hexane, amount of hexane is 30 to 100 times larger weight than that of solid
catalyst (K) for olefin polymerization and said contact is performed by
stirring 30 minutes to 10 hours at 20 to 30°C. And then, filtered with such

membrane filter that has sufficient diameter to remove solid part.
[0038]

“Filtrate does not substantially comprise nonvolatile component”
implies the following' when filtrate obtained from the above method is
concentrated at 20 to 30°C under reduced pressure, dried at 20 to 30°C, 1 to 5
hPa until it reaches a constant weight, the weight of the obtained
concentrated and dried material is 5wt% or less, preferably 3wi% or less,

more preferably 1wt% or less, and the most preferably 0.5wt% or less with
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Manufacturing method of solid catalyst (K) for olefin polymerization of the
invention is not particularly limited, as far as the above requirements [11
and 121, preferably [1], [2] and 131 are satisfied at a time, however,
considering manufacturing efficiency, the following methods described in
examples of the invention is preferably used. 100401 Namely, solid
catalyst (K) for olefin polymerization of the invention can be efficiently
manufactured when the following processes P1 and P2 are carried out in

respgsticiiodhat ghrsdidscptalysedihdoprotadis arqdapinsigatiofimeed in the
particles substantially comprising atoms selected from aluminum, silicon

ot oxygen atoms with (B) compound comprising element of group 13 in
periodic table, in hydrocarbon medium.  [Process P21 A contact

[od¥gress of suspension obtained from the above process Pl with (C)

- compound comprising oxyalkylene skeleton, (D) metallocene compound
and, optionally, (B) compound comprising element of group 13 in periodic
table, M sandaotorder methBoroussodddes slayaid) gaysninerabeembe zation
exemplified as (A) inorganic fine particles substantially comprising atoms

of delectedrtom auminpayistidenlaithoxydenafemsuised ibihe abguerements
process P1. [00421 For porous oxide, in particular, Si02, Al203,

[ 1] natutal Bk syrthetibkedite, §102aMg0,35i026A 20355024102, Sie-ViZOkever,
Si02-Cr203, Si02-Ti02-Mg0 can be exemplified Above all, porous oxide

corsp AfprsnSIn fstion ri2efiatemain toenfoilewtiszpratatadie. described in
Morphology of these porous oxides differ according to their kind and

ex @fﬂ%&ﬁgﬁ%ﬁﬁ@@ﬁhﬁ/@é@é@rﬁh@m@es preferably used in the
invention is desirable to have diameter of 1 to 300 pm, preferably 3 to 100

[OOB; specific surface area of 50 to 1300 m2/g, preferably 200 to 1200 m2/g
and pore volume of 0.3 to 3.0 cma/g. These carriers are used by firing at
100 to 1000C, preferably at 150 to 700C. Particulate morphology is not

particuladyimisH ahexvaves; gobedarsibapesipmigiali8on of the invention
can be efficiently manufactured when the following processes P1 and P2 are

carried out in sequence.

[Process P1] A contact process of (A) inorganic fine particles
substantially comprising atoms selected from aluminum, silicon and oxygen
atoms with (B) compound comprising element of group 13 in periodic table,

in hydrocarbon medium.

[Process P2] A contact process of suspension obtained from the above
process P1 with (C) compound comprising oxyalkylene skeleton, (D)
metallocene compound and, optionally, (B) compound comprising element of

group 13 in periodic table, in random order.

[0041]
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[0043] Clay used in the invention generally comprises clay mineral as
main component. Not only natural product but also synthetic product can
be used for these clay and clay mineral. For these clay and clay mineral,
kaolin, bentonite, kibushi clay, gairome clay, allophone, hisingerite,
pyrophyllite, mica group, montmorillonite group, vermiculite, chlorite
group, palygorskite, kaolinite, nacrite, dickite, halloysite, etc. can be

exemplified:Chemical.T. reaiment.af these £lay and ¢lay &i&%ﬁéﬁweﬂ% (A)

invention are also preferable. For said chemical treatment, an atmen

incygehas &adrface-tieRimentinf lemeving H&B‘é@i@ﬁédg%?gsons%\’g PE8 From

a treatment effecting on crystal structure of the clay, can be used. For the

alushemical dsatmentdinpartisulas-aciddeaaiment. alkaling eaiment, saline

treatment, organic substance treatment, etc., can be exemplified Above
all, montmorillonite, vermiculite, pectolite, tainiolite and synthetic mica are

mﬁﬁr%}ferable. 100441 Above all, one or more compound selected from
silica, alumina and clay mineral is preferably used for reasons of

availability. 100451 ., For "element of g 13 jn periodic table" in (13)
i P Fld%|elr%e%%%‘r‘%% %#ﬁ?’p lahe ey nthetic

compoun c%rﬁ%ri(s) ng . T _ '
e oD ouLBE are o piolary TArad s far A0 by icroasear C o0
Sid‘ze%@g“%' can be exemplified. Above all, porous oxide comprising Si0g
and/or Alz0Os as main component is preferable. Morphology of these porous
oxides differ according to their kind and manufacturing method, however,
fine particles preferably used in the invention is desirable to have diameter
of 1 to 300 pm, preferably 3 to 100 pm, specific surface area of 50 to 1300
m?/g, preferably 200 to 1200 m2/g and pore volume of 0.3 to 3.0 cm¥/g. These
carrviers are used by firing at 100 to 1000°C, preferably at 150 to 700°C.

Particulate morphology is not particularly limited, however, globular shape

is preferable.
[0043]

Clay used in the invention generally comprises clay mineral as main
component. Not only natural product but also synthetic product can be used
for these clay and clay mineral. For these clay and clay mineral, kaolin,
bentonite, kibushi clay, gairome clay, allophane, hisingerite, pyrophyllite,
mica group, montmoritlonite group, vermiculite, chlorite group, palygorskite,
kaolinite, nacrite, dickite, halloysite, etc. can be exemplified. Chemical
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100461 In the invention, (B) compound comprising element of group
13 in periodic table is preferably one or more compound selected from:
(b-1) Organic aluminum compound represented by the following general
formula [lll. RI R2123A- [IT] 100471 (RI, R2 and R3 in the above
formula [Il] can be the same or different, and each shows group selected
from hydrogen atom, halogen atom or hydrocarbon group having 1 to 20

b A T e o e R e
For said chemical treatment, any treatment, such as a surface treatment of
removing impurities adhered on surface or a treatment effecting on crystal
structure of the clay, can be used. For the chemical treatment, in particular,
acid treatment, alkaline treatment, saline treatment, organic substance

treatment, etc., can be exemplified. Above all, montmorilionite, vermiculite,

pectohite, tainiclite and synthetic mica are preferable.
[0044]

Above all, one or more compound selected from silica, alumina and

clay mineral is preferably used for reasons of availability.
[0045]

For “element of group 13 in periodic table” in (B) compound
comprising element of group 13 in periodic table, used in process P1, boron
and aluminum can be exemplified, and configurations of these compounds

are not particularly limited, as far as they indicates Lewis acidity.
[0046]

In the invention, (B) compound comprising element of group 13 in

periodic table is preferably one or more compound selected from:

(b-1) Organic aluminum compound represented by the following general

formula [I1].
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[00481  For the organic aluminum compound (b-1) represented by the
above general formula Rif trimethyl aluminum, triethyl aluminum,
triisobutyl aluminum, diisobutyl aluminum hydride, tr -n-butyl aluminum,
tri-n-hexyl aluminum, tri-n-octyl aluminum, ethyl aluminum dichloride and
diethyl aluminum chloride can be exemplified. 100491  Organic
aluminumoxy compound (b-2) can be conventionally known aluminoxane

- Qgg_gge insoluble or % ic aluminumoxy compound exemplified in
R -Uné?(a"mi’rféd{%’ Eent Publication No. H02-78687. [00501

Said conventionally known aluminoxane can be manufactured by the
[0Galtdwing methods, and generally obtained as a solution of hydrocarbon
solvent, (i) A reaction method of absorbed water or crystal water with
organjc aluminum compound by adding organic amu um compound, such
as triafiyl BluaRsuR, 16 Hyarakersdamediui duspeheidhosarsempalifidrent,
omprising absorbed water or a saline comprising crystal water, such as
3ﬂ§1a%ﬁfé§i@%ﬁoafﬁoﬁagwd%si@w@&ppfép%|ﬂavélmateamimogaﬁa@mm or

derat% nickel sulfate hydrate and cerium (I11) cploride hydrate.
hydrocarbon group having 1 to 20 carbon atoms,

(b-2) Organic alwminumoxy compound, and
{b-3) Organic boron compound.
[0048]

For the organic aluminum compound (b-1) represented by the above
general formula [II], trimethyl aluminum, triethyl aluminum, triisobutyl
aluminum, diiscbutyl aluminum hydride, tri-n-butyl aluminum, tri-n-hexyl
aluminum, tri-n-octyl aluminum, ethyl aluminum dichloride and diethyl

aluminum chloride can be exemphfied.
[0049]

Organic aluminumoxy compound (b-2) can be conventionally known
aluminoxane or benzene insoluble organic aluminumoxy compound

exemplified in Japanese Unexamined Patent Publication No. H02-78687.

[0050]
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(i) A method wherein water, ice or water vapor directly reacts with organic
aluminum compound, such as trialkyl aluminum, in a medium such as
benzene, toluene, diethyl ether and tetrahydrofuran. (iii) A reaction
method wherein organotin oxide, such as dimethyl tin oxide and dibutyl tin
oxide, reacts with organic aluminum compound, such as trialkyl aluminum,
in a medium such as decane, benzene and toluene. (iv) A reaction

methad, Wwhergin GaHRL IFaUR GONRINING ComPoUNd, such as ¢ r{ﬁ%%% by the

dioxide, benzoic acid and acetic acid, reacts with organic aluminu

foleemBguURds such: as; il aluminupy,dn gpedium sueh, b%@zﬁg}gfmcarbon

toluene, hexane and decane. [0051] Note that the above
sol@lminoxane may compi.ise a small amount of organic metal component.
Further, after removing solvent or unreactecl organic aluminum compound
from the above collected alum] oxane solution by distillation, it can be
I resolver i isaid sonbntopSasperied ingteor solventttdr aluminexaneorganic
For the organic aluminum compound used for manufacturing
alunfiHbXane ntheeBrganiecalunsfdim g ompoundbxemplifieddomtherahoveh as
(b-1) can be used. Above all, trialkyl aluminum is preferable and trimethyl
aluniinaHiié Meraipreraraplay sepdeokyanio edliminsmspompound carvheyound
used alone or in a combination of two or more. [0052) Benzene
insofGBI® BrI RS CRRIFRIGNTHIAR E S Botengseenin the iy eritign Comprisesich
generally 10% or less, preferably 5% or less and more preferably 2% or

less%t RIRERFSOHBNCSONIBRS it Batrne-aPBOT fintErits oy dahtinaivminum

atom. Namely, grganic aluminumoxy compound of the invention is .

prefé %gﬁ%ﬁ%&%r B&%{%fsﬁ Snlbetiaite apbsaprium (1D chloride
hydrate,

(i) A method wherein water, ice or water vapor directly reacts with
organic aluminum compound, such as trialkyl aluminum, in a medium

such as benzene, toluene, diethy! ether and tetrahydrofuran.

(1) A reaction method wherein organotin oxide, such as dimethyl tin oxide
and dibuty! tin oxide, reacts with organic aluminum compound, such
as trialkyl aluminum, in a medium such as decane, benzene and

toluene.

(iv) A reaction method wherein carboxyl group containing compound, such
as carbon dioxide, benzoic acid and acetic acid, reacts with organic
aluminum compound, such as trialkyl aluminum, in a medium such as

benzene, toluene, hexane and decane.

{0051]
20



Said organic aluminumoxy compound (b-2) can be used alone or in a
combination of two or more. [00541 Molified methylaluminoxane can
further be exemplified for the organic aluminumoxy compound used in the
invention. Said modified methylaluminoxane is an alum noxane
manufactured by using trimethyl aluminum and alkyl aluminum other than
trimethyl aluminum. These compounds are generally called MMAO.
MMAQO can be manufactured by the methods described in U.S.
Publiétich st 49608768vanal WS PEBlcationyNDI 8041584, sm fdbtafasolt, of
Finechem Corporation and the others are in commercial production of
OTGRAMACTT s NIMATS Bfe AluFtiNoxaREtAIRT Rpravediseubility mnreacted
various solvents and also preservation stability. To be more precise, these
OrGANIAGIUFE BRI tHe ARV ENGrganicpaRRa A ednpousids thanl ution

e insoluble or poorly soluble in benzene, and are soluble in aliphatic
by RyFOLaRSBh &%&ﬁé%@&ﬁ%%éw or spRAeeRdiBRRMsolvent
P ‘altjﬁrginumoxy compqund Uﬁed in process P1 of the invention, organic
tor o G REmpbthd EBfp Sk Horoh BIBHT tah beoskemplifiedused  for
anic boron,compound (b-3), in particular, Lewis acid,

100@:% ._For,or d( _
R to] i%r%%‘%fﬁ?é?%%’ﬁe PR A GAGEAPB O S B RPB e xemplified
describhed inJapanese, Unexamined Patent Publication No. 111-501950,
for e R e P LA Mo T b CHOREN Sifafo e rable
nexami Patent.Publication No. H3-179005, J se Unexamined.
anga%%% .%iﬁlica ion No. H3-179008 Japanesa ? ‘e?g’j\% e‘&r%’f’éﬁt éummum
coxgg@g%g%h% 3491698 s13RRRSG BReEmingd Hatent Publication No

[0052]

Benzene insoluble organic aluminumoxy compound used in the
invention comprises generally 10% or less, preferably 5% or less and more
preferably 2% or less of Al component soluble in benzene of 60°C in terms of
aluminum atom. Namely, organic aluminumoxy compound of the invention

is preferably insoluble or poorly soluble in benzene.
[0053]

Said organic aluminumoxy compound (b-2) can be used alone or in a

combination of two or more.

[0054]

Modified methylaluminoxane can further be exemplified for the

organic aluminumoxy compound used in the invention. Said modified
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W01996/41808, US Patent No. 5321106, etc. can be exemplified. These
boron compounds (b-3) can be used alone or a combination of two or
more. [00571 Compound comprising element of group 13 in per odic
table (B) , used in process PI of the invention is preferably (b-1) organic
aluminum compound represented by the above general formula [ii and/or
(b-2) organic aluminumoxy compound, more preferably, combination of
%% rganic aluminum compound and (b-2) organic aluminumoxy

meé %@E%?fﬁ@%éﬁ pPEFFABI I 92ANS thissBUssalupsinbin as thi2)isethyl

methyl al cess PIl, when (b-1) organic aluminum

AR AP, G AT o) Gt Gheshipum. These
corBTHD St B ROh B YA B0 45 200 ERcEuzed by o
R PO & AT B .
0 e el oy o LI AL, drPEASFAGIBT 8 bt eve. in
cor B O ST RO S8 Alrebit Copaatiavine
i B R B O s R VAR o be
megg%%@éixéamg@m@agyg%m anigfine @ﬁaﬂf%

Igg\,(FA}){z‘ riagni alumi
component (B). The hydrocarbon solvents are preferably arématic mum

conYIIRERIbAN SHED i@&&@mﬁ@wl)%@gz%%?ﬁe éﬁ%éﬂéﬁ%”}tsgd“x%i‘;sﬁ%%‘i@ in

such as hexane, heptane, decane and cyclohexane, ether type so
aliphaR@s jatrabyarefurmnskisapropylsiharandhalogenated hydrocarbon

such as chloroform and chlorobenzene, more preferably, aromatic
[Ooggc]lrocarbon such as toluene and xylene and saturated aliphatic

hydrocarbon such as hexane, heptane and decane. When us these
solvents, their amounts are generally 1 to 100 times, preferably 2 to 20
time?%?&%?lfh P RAB BN oPG A HB P QB @R Rt isarrsepent 1 of
can be added inde Cengentlx at the contact, ord:n a form of affluent solvent

the mvengon, grgan U
of Component E)iic aluminumoxy compounda comprising boron atom can

be exemplified.
[0056]

For organic boron compound (b-3), in particular, Lewis acid, ionizable
compound, borane compound and carborane compound described in
Japanese Unexamined Patent Publication No. H1-501950, Japanese
Unexamined Patent Publication No. H1-502036, Japanese Unexamined
Patent Publication No. H3-179005, Japanese Unexamined Patent
Publication No. H3-179006, Japanese Unexamined Patent Publication No.

H3-207703, Japanese Unexamined Patent Publication No. H3-207704,
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[0059] Process P2 is a contacting process of suspension obtained by
said process P1 with (C) compound comprising oxyalkylene skeleton, (D)
metallocene compound and, optionally, (B) compound comprising element
of group 13 in periodic table in random order. From the view point of
polymerization activity and an ability to inhibit fouling, preferable
contacting order is as follows: contacting the suspension obtained by

WRrasess Pdowithy (B) compeundssompsising.elemean 9§9&9#Bﬁ'@3ﬁ' ef'ge Sron

table, when required, and then with (C) compound comprising oxyalkylene
coskplatamsandsiRyxmealiecens sampeund inrandom; order (Erom. the view
point of the same, more preferable contacting order is as follows:
tacting the suspension obtained by process P1 with (C) compound
domprising oxyalkylene skeleton, and then, adding a mixture obtained by
preli narlly a ?g (D) metallocene compound. [0060] Note that sald

comp AEHEBY s PrERFBREUE %WZ@/%@&%WH@@@M , used
. catalyst for manyfact propylene based palymey particle, while said
1 BRAGBRENE (B Eﬁgit §§%’r’fﬁ’§?ﬂ?p?§cé§§% )Iﬁﬁé ré dafitigPebiid aluminum
catalyst for manuf % eth %) ne based olymer Ie [006%"]%
o R RGBS BlsHGert 8¥%&§’de PR L BIYE) (i preanic
rocess P2 can be the ame Wlth oun mprising e t of
ahgrouplf'f i periodic tabre USE %ﬁ‘%{ﬂﬁﬁ’éﬁhd}é p??gﬁ@gdmc

element of 13in odic table used in process P2 is preferabl
ucn&%ﬁipoxﬁe%?%?% o&:glan‘la(‘:a L?rrflnu a%%mapqolun%lrerﬁloe)?éﬁégp %bevém“
f la ] id co t (b-1) is
pr&%?ﬁ’gﬂr QMY ﬂ%@%@ﬁﬁﬁﬂ@ﬁ%@ﬁ% f’fisme Syalf;(‘ylllenm xane. In

triisobutyl alumin ompound comprising ox

protieleten (Cysed R %?ﬁl% PLelSrARaE B g%]f' 556‘“0 ho% Bl ganic

ether oxygen atom of oxyalkylene S eleton represen e a

alIRNeRAh lormuignilh ds: Randgd with. RYFroge R MQ ret%& r%g%’unts with

compound having one or more skeleton represented by the following

resgeaerdl faprsiasd il dyiaidMlwihin s Qlatyle 530 B8 sed 5581 onent

compound (C) without any limitation.
(b-1) and 10 to 200 wi% of component (b-2), and preferably, 3 to 20 wt% of

{b-1) and 50 to 150 wt% of (b-2).
[0058]

When contacting one or more compound selected from the
components (b-1), (b-2) and (b-3) to inorganic fine particles (A) in the
presence of hydrocarbon media, an example of its method and temperature
are as following. When using components (b-1) and (b-2), they are added
together or individually at -78 to 100°C and said contact is carried out at 0 to
130°C, preferably, they are added individually at -10 to 70°C and the contact
is carmed out at 50 to 120°C. Hydrocarbon solvent is generally used when
contacting inorganic fine particles (A) and component (B). The hydrocarbon
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[0063] - 0- CH2CI IOH 0)1 C - /-

solvents are preferably aromatic hydrocarbon such as toluene, xylene and
benzene, saturated hydrocarbon such as hexane, heptane, decane and
cyclohexane, ether type solvent such as tetrahydrofuran, di-isopropylether
and halogenated hydrocarbon such as chloroform and chlorobenzene, more
preferably, aromatic hydrocarbon such as toluene and xylene and saturated
aliphatic hydrocarbon such as hexane, heptane and decane. When using
these solvents, their amounts are generally 1 to 100 times, preferably 2 to 20
times larger than that of inorganic fine particles (A), Further, said solvent
can be added independently at the contact, or in a form of diluent solvent of

component (B).
[0059]

Process P2 1s a contacting process of suspension obtained by said
process P1 with (C) compound comprising oxyalkylene skeleton, (D)
metallocene compound and, optionally, (B) compound comprising element of
group 13 in periodic table in random order. From the view point of
polymerization activity and an ability to inhibit fouling, preferable
contacting order 1s as follows: contacting the suspension cbtained by process
P1 with (B) compound comprising element of group 13 in periodic table,
when required, and then with (C) compound comprising oxyalkylene
skeleton and (D) metallocene compound in random order. From the view
point of the same, more preferable contacting order is as follows: contacting
the suspension obtained by process P1 with (C) compound COMprising

oxyalkylene skeleton, and then, adding a mixture obtained by preliminarily
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CHCPIOH 2 N

contacting (B) compound comprising element of group 13 in periodic table

and (D) metallocene compound.
[06060]

Note that said component (B) is preferably used in process P2 when
preparing solid catalyst for manufacturing propylene based polymer particle,
while said component (B) is not essential in process P2 when preparing solid

catalyst for manufacturing ethylene based polymer particle.
[0061]

Compound comprising element of group 13 in periodic table (B) used
in process P2 can be the same with (B) compound comprising element of
group 13 in periodic table used in process P1. (B) Compound comprising
element of group 13 in periodic table used in process P2 is preferably
component {(b-1), organic aluminum compound represenied by the above
general formula [H], alone and more preferably, said component (b-1) is

triiscbutyl aluminum.
[0062]

Compound comprising oxyalkylene skeleton (C) used in process P2
preferably has a configuration wherein ether oxygen atom of oxyalkylene
skeleton represented by the above general formula [I] is bonded with
hydrogen atom. More preferably, compound having one or more skeleton
represented by the following gener.al formulas {111}, {IV] or [V] within its

molecule can be used as said compound (C) without any limitation.

[0063]



N- CH 2- CH - OH [0064] In above general formulas [Il1], [IV] and [V],
R is hydrogen atom or alkyl group having 1 to 12 carbon atoms. For alkyl
group having 1 to 12 carbon atoms, linear or branched alkyl groups such
as methyl group, ethyl group, n-propyl group, isopropy! group, n-butyl
group, isobutyl group, sec-butyl group, tert-butyl group, n-pentyl group,
n-hexyl group, n-heptyl group, n-octyl group and n-nonyl group can be
exemplified-gGompeynd inglyding Qﬂn@ﬁf@?ne skeleton wherein R is
methyl group is preferably used, since it IS superior in polymerization
activity and has an.inhibitory effect on fouling Further, in the above
general formula [IV], R' is atom or group similar to the above R, nis 0 or 1,
and sum of n and m is 2. From the viewpoint of polymerization activity and
ifrIwibitory ect on fouling, m~is preferably 2. [0065]  For compound
including-is géeton represented by the general formula polyoxyalkylene
— s_e%cﬁ § \#d Feprase by thefdliblving general formulacan be
exemplified. a 0 E(I:HZ -CH(Rh)- Oh FI[VI] In the above general formula
Wit Wis hydrogentom or alkykgroup having 1 to 12 carbon atoms and
Ra is selected from hydrogen atom, alkyl group having 1 to 20 carbon
atoms, aryl group having 6 to 20 carbon atoms and acyl group having 1 to
20'carbon atoms. "k" is a number of average repeating unit, which is
withinpdto 109, E%}I}esegﬂyoxyg_ngylw compounds, in particular,
trie)zﬁylne egcoI, tetraethylene glycol, hexaethylene glycol, heptaethylene
glycol, polyethyle% glycol, triethylene glycol monoalkyl ether,
tetraethylene glycol monoalkyl ether, hexaethylene glycol monoalkyl ether,
[ooaaptaethylene glycol monoalkyl ether, polyethylene glycol monoalkyl
ether, triethylene glycol monoalkyl ester, tetraethylene glycol monoalkyl

ter, h thyl I hept /lene glycol
on QNG Lteh B TER B b UL oL B gesiom o
dialkyl ester, tri lycal lkyl ether, tet I lycol
o P e T Aot Bk e peeto 12
I M elo] I lycol lkyl ether, etc. further,
st g S S e

lene giycol late,
gro %PI%WI%% %895@%@8%%%‘35?%%?3@%%e.éﬁé;%%l?pqn?sac%ﬁgﬁ group,

triethylene ‘glycol monomet
secggmgg%%ye%gg&aﬁgwﬁ% ayral (PrRamgihar el REBRe Y IRRS 1
group, n-octyl group and n-nonyl group can be exemplified. Compound
including oxyalkylene skeleton wherein R is methyl group is preferably used,
since it is superior in polymerization activity and has an inhibitory effect on
fouling. Further, in the above general formula [IV], R’ is atom or group
similar to the above B, n is 0 or 1, and sum of n and m is 2. From the

viewpomnt of polymerization activity and inhibitory effect on fouling, m is

preferably 2.

[0065]

26



polyethylene glycol monomethacrylate, polyoxyethylene lauryl ether,

polyoxyethylene oleyl ether, polyoxyalkylene lauryl ether, polyoxyethylene

isodecyl ether, polyoxyethylene alkyl ether, polyoxyalkylene alkyl ether,

polyoxyethylene castor oil, polyoxyethylene-cured castor oil,

polyoxyethylene styrenated phenyl ether, polyoxyethylene oleic acid ester,

polyoxyethylene distearic acid ester, polyoxyalkylene glycol, sorbitan

sesquioleate, sorbitan monooleate, sorbitan monostearate, sorbitan

monGIXUFAIE PEBIYOXTEIERE Sebian ArsHisiarmAes, polosgsmyrandormula

_sorbitan manostearate, polyoxyethylene sorbitan monooleate,
iﬂf&wﬁw@ VB AICHBPeiHed, FoyeRatRgine IARdmLaTpRadeen cral

aci , polyoxyethylene alkylamine ether, polyethylene glycol alkyl
f‘)f%fﬁ%“:ﬁgﬁfeﬁﬁ @n%"ﬁﬁé’%fﬁﬁ olaurate, polyethylene glycol monostearate,
polyethylene glycol monooleate, polyethylene glycol sorbitan monlaurate
and polyethylene glygol sorbitan monooleate can be exemplified These
o xﬂ%ﬂéﬁg% poufitls cdh betisad-didhe or in a combination of two
or more. [0066] For reasons of availability, inhibitory effect on fouling,

In tdre 2botfoxgalkyiéhergtydel Fépredbmdy dyobenfoliowing géheralformitaving

[VIIl'is often used in examples discussed below, however, (C) compound
1 tedpsihgroaigifiienasikelsfondpahedinvemionyidmeepartioatartyi liglitedoup
to the compound. HO-(CH2CH20),-[CH2C1-1(11)0]"-(CH2CF120)pH
having.1 to[gBe7prbon atem arsve gersrdiasingi Wi sarhoanatpraseand acyl
numbers of an average repeating unit, m=1to 20, n=2 to 50 and p=1 to _
groyp eeia kP o B R RN 486 1 cattioR wiohes, ey ieReasepeasing unit,
availability, methyl rmﬁis It|%referably used. In the above general formula
whIGH S Rt mzﬁgf a5erephesetiniy leRaPtEPsrRgdRanngpr ticular,
. thylene ynit expressed b H2CE120), is within 2 to 40, preferably 4
tricf S RSlo (FEABELDN ) S5 el (RRBSTY S0 bshnhmigethvicne
] ngimbﬁr |sﬁ}(1)% to 1ngr fetrgb 5 to% While n is ntljém er of repeatin
el 3l RSN R RbrEds i B LR 0D R T e PoRBy it e lene
t0,50, an re preferably within 20 to 50, [0068] ., As a compound
oIy R st AT el Sfodieb et ylene
iet 'fr resented by the following general-formula [VIII] can b
cly SIEBRANATP [Shiasepigget e (P SROSRMIRT R LY LSRR Fene
glycol monoalkyl ester, tetraethylene glycol monoalkyl ester, hexaethylene
glycol monoalkyl ester, heptaethylene glycol monoalkyl ester, polyethylene
glycol monoalkyl ester, triethylene glycol dialkyl ester, tripropylene glycol
monealkyl ether, tetrapropylene glycol monoalkyl ether, hexapropylene
glycol monoalkyl ether, heptapropylene glycol monoalkyl ether,
polypropylene glycol monoalkyl ether, etc. further, tetraethylene glycol
monoacrylate, hexaethylene glycol monoacrylate, heptaethylene glycol
monoacrylate, polyethylene glycol monoacrylate, triethylene glycol

monomethacrylate, tetraethylene glycol monomethacrylate, hexaethylene

glycol monomethacrylate, heptaethylene glycol monomethacrylate,
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(Ca,f12"1CO)N(CH2CH20H)2NMI In the above general formula [VIII], m
is within 1 to 30, preferably 6 to 20, and more preferably 7 to 17. [00691
Preferable examples for these aliphatic diethanolamides are hexanoic
acid diethanol amide, heptanoic acid diethanol amide, octa o ¢ acid 29
diethanol amide, nonanoic acid diethanol amide, decano c acid diethaol
amide, undecanoic diethanol amide, lauric acid diethanol am de, tridecylic

pol@@ﬁa&ﬁﬁ@n%@miﬂe,Mmﬁ%@@iﬁi@n%@Iﬁiﬁ?yd%ﬁ%%ﬂ%cyﬁi&%jg ether,

cliethanol amide, palmitic acid diethanol amide, heptadecanoic ac

polgiethario) amidel sieanb esid dlgthanolkemide, 1ate-Abovr.all Jayis Gt vl one

diethanol amide is particularly preferable. Further, other than the aliphatic

isodiethanslamjde ohliphatihabid dimetianehamidegiphaticasice alicyl ether,
monomethanol amide, aliphatic onoethanol amide and aliphatic

polponastofanel arside cantdyexgriplified.c Thasel aliphaticAmidBH&aa RS lene

used alone or in a combination of two or more. [0070] As compound

styiresiading skeferbretbpre seviterk bythsheral fdemouta{l] ctestiary Amingeth vlene
compound represented by the following general formula [IX] can be
distermplified ester, polyoxyalkylene glycol, sorbitan sesquicleate, sorbitan
monooleate, sorbitan monostearate, sorbitan monolaurate, polvoxyethylene
sorbitan monolaurate, polyoxyethylene sorbitan monostearate,
polyoxyethylene sorbitan monoocleate, polyoxyethylene lanolin alcohol ether,
polyoxyethylene lanclin aliphatic acid ester, polyoxyethylene alkylamine
ether, polyethylene glycol alkyl ether, polyethylene glycol monolaurate,
polyethylene glycol monostearate, polyethylene glycol monooleate,
polyethylene glycol sorbitan monlaurate and polyethylene glycol sorbitan

monooleate can be exemplified. These polyoxyalkylene compounds can be

used alone or in a combination of two or more.
[0066]

For reasons of availability, inhibitory effect on fouling, etc.
polyoxyalkylene glycol represented by the following general formula [VII] is
often used in examples discussed below, however, (C) compound comprising
oxyalkylene skeleton of the invention is not particularly limited to the

compound.

HO-(CH,CH,0),,-[CH,CH(R)O],~(CH,CH,0), H nmrere (V1]

28



Re RAN[IX] R In the above general formula [In Rd is hydrogen atom, or a
linear or branched alkyl group having 1 to 50 carbon atoms and Re is
hydroxyalkyl group such as (CHOxOH group (in the formula, X is an integer
within | to 50, preferably 2 to 25). These compounds can be, "Kemamine
AS-990" including Cisl-li7TN(CH2CH20M2 commercially available from
Witco Chemical Corporation at Houston, TX., "Kemamine AS-650"
including CJ]21- 25N(CH2CH20H)2 commercially available from said

[ tco, "Atmer 163" commercially available from ICI specialties, and
polyoxyethylene (10) stearylamine ether" commercially available from
Wakg ical tries, Lid., ver, said compounds are not
nmit%‘%l‘%? %Cb‘!g)\?)? %)r%e ucts. 1%5%%% ng[%bain %%prﬁpﬁéﬁﬁﬁumrbers of an

av pre%g%$%%ﬁh§1%% (Gds ysed inan amaynt of 01 Qo SMROINEN group

y 0.3 t6 5 wtb, with respect to solid amount in suspension

haggiogi@% by REogRss Rloisusach Theiempetaty rgygﬁ%%%%g;&?&ﬁ%%&ap is

00C, more preferably 0 to 70C and mixing time for the contact’is

prerﬁiﬁa!bq}t%é@dhqwﬂa@r%%k@é)@@h%@i%&%ﬁ&%%@ﬂ“ﬂf&%%@lﬁ@;& m and

compound in use can be diluted in solvent. Said soivent is pre

p, dqmatichydEocarhonsish as talpenentylens e henzengi saturaied g 1y

hydrocarbon such as hexane, heptane, decane and cyclohexane, ether

(CTersahens siehiasTidReng diisapionyleiber and halogenated iy 4 to 15.
hydrocarbon such as chloroform and chlorobenzene, more preferabK/,

Ratitofmatic hyfdsabdrhgresuciyasdtiuans sod xyene@ntsatvsatedialiphalic, 5.
hydrocarbon such as hexane, heptane and decane. Note that "dilute” in

Wittle inventiorsincludelsea miturefertiof (Oxeompiung CamRIisigressed by
oxyalkylene skeleton and a liquid inactive to said compound (C), and also

[CRaAIEHd 96 fomd of saifeothhounth(E) 10 saiblljquid, Naraelycfeilbtey ifithin
solution or dispersion form, more precisely, solution, suspension or

20 goritllsion form.

[0068]

As a compound including skeleton represented by general formula
[IV}, aliphatic diethanolamide represented by the following general formula

[VI11} can be preferably exemplified.

(C Mo s ) COYN(CH,CH,O0H),  —rmenen [VIII]

In the above general formula [VIII], m is within 1 to 30, preferably 6 to 20,

and more preferably 7 to 17.
[0069]

Preferable examples for these aliphatic diethanclamides are
hexanoic acid diethanol amide, heptanoic acid diethanol amide, octanoic acid
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Above all, it is preferable that (C) compound comprising oxyalkylene
skeleton and solvent are mixed to be in a solution form. [0072] (D)
metallocene compound used in process P2 is transition metal compound
comprising ligand having cyclopentadienyl skeleton within its molecule.
Said transition metal compound comprising ligand having
cyclopentadienyl skeleton within its molecule is classified into three

diegroups byitieis, chemigalistraetdrelmiaiorene compaund () acid diethaol
represented by the following general formula [X], bridged metallocene

amedmponddoD) ceretented binitie folawing gengralfenmmlabiiand: decytic
geometrically constrained compound (D3) represented by the following

acigenieahfonmiularfXily, Ampnigiine thide dnetaliosEnecempaund 4BN-and acid
bridged metallocene compound (D2) are preferable; further, metallocene
diesbmpdundniide) i theibost praterabieh [0073] Spi MQ] o 00 hoic acid
cdiethanol amide, stearic acid diethanol amide, etc. Above all, lauric acid
diethanol amide is particularly preferable. Further, other than the aliphatic
diethanolamide, aliphatic acid dimethanol amide, aliphatic  acid
monomethanol amide, aliphatic monoethanol amide and aliphatic

monopropanol amide can be exemplified. These aliphatic amides can be used

alone or in a combination of two or more.
[0070]

As compound including skeleton represented by general formula v,
textiary amine compound represented by the following general formula [1X]

can be exemplified.

dﬁWN/R

R®

R == [[X]

In the above general formula [IX], R is hydrogen atom, or a linear or
branched alkyl group having 1 to 50 carbon atoms and Re is hydroxyalkyl
group such as (CT2)xOH group (in the formula, x is an integer within 1 to 50,
preferably 2 to 25). These compounds can be, “Kemamine AS-690” mcluding
CisHyN(CH2CH:0H)> commercially available from Witco Chemical

Corporation at  Houston, TX.,, “Kemamine AS-§50” including
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[In the above general formulasand [XI], M is titanium atom, zirconium
atom or hafnium atom, Q is selected from halogen atom, hydrocarbon
group, anion ligand and neutral ligand, possible to coordinate with its lone
electron pair, j is an integer within 1 to 4 and Cp' and Cp2 can be the
same or different and are cyclopentadienyl or substituted cyclopentadienyl
group which can form sandwich structure together with M. Note that the

C, sdbsutaiet cyolopehtestienyd:gialy inckides]indanyl gsounyiiuerenyl gargupe s

and substituted thereof with one or more hydrocarbyl group. Double bonds
corfibenzatig skelelanlia Jaidhindénylgretiplerdiuorenyl GFOURSPBHENSIAG (10)

to cyclopentadienyl group can be partially hydrogenerated. In general
steformaataiMiL ¥tlsedivalemtrhydrodivbery gielpdaving 110,20 carben &lnmsical

divalent halogen hydrocarbon having 1 to 20 carbon atoms, divalent
Inditidereeontdininghgreapedivaiadt germaniwmscantaining greupedivalant iifove

containing group, -0-, -CO-, -S-, -SO-, -SO2-, -Ge-, -Sn-, -P(R.)-,
ProfyO}R.)-, -BR.- or AlRa. (Note that each R. can be the same or different,

and is hydrocarbon group having 1 to 20 carbon atoms, halogenated
I'OOthl rocarbon group having 1 to 20 carbon atom, hydrogen atom, halogen
~Tatom or nitrogen compound residue wherein one or two hydrocarbon

group having 1 to 20 carbon atoms are bonded to nitrogen atom.) | [0075]

Compound comprising oxyalkylene skeleton (C) is used in an amount
of 0.1 to 10 wt%, more preferably 0.3 to 5 wt%, with respect to solid amount
in suspension obtained by process P1, is used. The temperature during
addition 1s -78 to 100°C, more preferably 0 to 70°C and mixing time for the
contact is 1 minute to 10 hours, preferably 10 minutes to 3 hours,
Polyoxyalkylene compound in use can he diluted in solvent. Said solvent is
preferably aromatic hydrocarbon such as toluene, xylene and benzene,
saturated hydrocarbon such as hexane, heptane, decane and cyclohexane,
ether type solvent such as THF and di-isopropylether and halogenated
hydrocarbon such as chloroform and chlorchenzene, more preferably,
aromatic hydrocarbon such as toluene and xylene and saturated aliphatic
hydrocarbon such as hexane, heptane and decane. Note that “dilute” in the
invention includes a mixture form of (C) compound comprising oxyalkylene
skeleton and a liquid inactive to said compound (C), and also a dispersed
form of said compound (C) in said liquid. Namely, “dilute” is solution or

dispersion form, more precisely, solution, suspension or emulsion form.
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Ti- (X)"-- [X[1] (V), [0076] [In the above general formula [XII], Tiis +2,
+3 or +4 oxidation state of titanium atom and Cp3is cyclopentadienyl or
substituted cyclopentadienyl group forming g bond to titanium atom. X is
an anionic ligand and X2 is a neutral conjugated diene compound. n+m is
lor2, Zis -ft, -S-, -NRb-, or -PRb-, W is SiRb2, CRb2, SiRb2-SiRb2,
CRb2-CRb9, CRb=CRb, CRb2-SiRb9, GeRb2, BRb2, and R." is selected
from hydrogen atom, hydrocarbyl group, silyl group, germyl group, cyano
Abgrguplhaldgan disrherpbbimbiralior theiesbana daicosembimagonhealglene
p to 20 nonhydrogen atoms, For substituents group of cyclopentadienyl,
Sk%’?&?&‘ Gifpeiientighedyassehadeayigragbifianyl group, tetrahydro
indenyl group, fluorenyl group or octafluorenyl group substituted with one
[op9knore substituent selected from hydrocarbyl group having 1 to 20
carbon atoms, halohydrocarbyl group having 1 to 20 carbon atoms,
halogen atom or group 14 metalloid group substituted with hydrocarbyl
groufihaving 4 tec20ecarhap @tamsuAhbye alkeyslopentaslignyl GroMp metal
substituted with alkyl group having 1 to 6 carbon atoms is preferable. In
contpeaboveogepersifpringda X il whenoydsodemtisDead eXdation NUIERRL its
of titanium is +4, Xl is selected from halogen atom alkyl group or aralityl
molos having 1 toa2Gicarbonetorhs suth asphethyhgiosmer bapayli  having
group; when nis 1, mis 0 and oxidation number of titanium is +3, XI is
cycpgrn pedimethypkatatnobenyin viksem olixd] ansscdeanifieridationinrabatvups
of titanium, is 4, X' is 2-butene-1,4-diyl, and further, when nis 0, mis 1
by Hpelbkiaemons Bl BT titaniia ikcene Xp s malected b repiesentmdified he
compounds such as 1,4-dipheny1-1,3-butadiene and 1,3-pentadienel
folliyory  cenretallodeneBémpbiindsuidarmh exeptplicdescrivecrselow ad®2)
the compounds represented by the following general formulas [XIII], [MV]
TePEEREPET nBvelRe, theoreiht HRAEHIN feBLimitedlio ke geometrically

compou&ds used indsa(ig xamples. )

constrained compoun 3) represented by the following general formula
[XIT]. Among the three, metallocene compound (D1) and bridged metallocene
compound (D2) are preferable; further, metallocene compound (D2) is the

most preferable.

{0073]

Cp’ Cp'

1\‘4Qi wwwww x] Y/ I\I/IQ;' ~eeen [X1]
N\

(Ilpz (Iipz

[0074]



Ph Me2Si ZrCI2 Ph [0078] Metallocene compound (D) is added in an
amount of 0,1 to 10 wt%, more preferably 0.3 to 5 wt% with respect to
solid part in suspension, obtained by process PI, and then mixed for a
contact. Temperature dur addition and mixing for contact is -78 to 100C,
more preferably 0 to 80C and mixing time for the contact is 1 minute to 10
hours, preferably 10 minutes to 3 hours. Metallocene compound in use
can ke diluted in solvent. Said solvent can be aromatic hydrocarbon such
as toliBnE & idnE arepetefe s alamied hyaroddMonbaehtdenbxanaton,
._heptane, decane and cyclohexane, ether type solvent such as THF and
L eLLBBtofthe PAnl HABYEn B hy drodarb sl etien! adremorbfnteandatom,
hloropenzene, preferably, aromatic hydrocarbon such as toluene and
by e AR A B PatB B A B oM 'SUEK 44 rexiel hePPant)] ddsaronftn ate
" ycloilexanel. g0079] ._Metallocene compound (D) can be broyght into a
WG HtalPHith E5MBBrAHT (135, RBripsERY %ﬁkﬁﬁﬁs efeffehi-of grBdplas can
be mtﬁgnosde{%ltg blg:-],f different and arve cyclopentadienyl or substituted
cyclopentadieny! group which can form sandwich structure together with M.
Note that the substituted cyclopentadienyl group includes indenyl group,
fluorenyl group and substituted thereof with one or more hydrocarbyl group.
Double bonds of benzene skeleton in said indenyl group or fluorenyl group
condensing to cyclopentadieny! group can be partially hydrogenerated. In
general formula [XI], Y is divalent hydrocarbon group having 1 to 20 carbon
atoms, divalent halogen hydrocarbon having 1 to 20 carbon atoms, divalent
silicon containing group, divalent germanium containing group, divalent tin
containing group, -O-, -CO-, -5-, -80-, -S0:-, -Ge-, Sn-, -NRs, -P(Ra)-,
-P(O)[R=)-, -BR*- or -AlR=. (Note that each Recan be the same or different,
and is hydrocarbon group having 1 to 206 carbon atoms, halogenated
hydrocarbon group having 1 te 20 carbon atom, hydrogen atom, halogen

atom or nitrogen compound residue wherein one or two hydrocarbon group

having 1 to 20 carbon atoms are bonded to nitrogen atom.) |

[0075]
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in advance. When said preliminary contact is performed, component (3) is
preferably (b-1) organic aluminum compound, more preferably, triisobutyl
aluminum, Preliminary contact of (14) metallocene compound and (B)
compound comprising element of group 13 in periodic table can be carried
out in a solvent. Said solvent is preferably the same with the
above-mentioned solvent used for diluting metallocene compound and
warematie-tiydrocarbon such as toluene and xylene, and saturated
hydrocarbpn such as hexane, heptane, decane and cyclohexane are
particularly preferable. [0080] Further, the other embodiment of the
ngresemjnyggmn(ﬁﬁtes ;g_g_oﬂ;gﬁatalyst (K") for olefin polymerization
wherein tf]e solid catalyst (1.0 for olefin polymerization is pre-polymerized
with one &; more olefin selected from ethylene and a-olefin having 3 to 8
carbon a or}fé. [0081] Ethylene or a-olefin having 3 to 8 carbon atoms
can be exemplified for olefin used in said pre-polymerization. For said
mﬁ-@:fins having 3 to 8 carbon atoms, propylene, 1-butene, 2-butene,
1-pentene, 3-methyl- 1-butene, 3-methyl-1 -pentene, 3-ethyl- 1-pentene, 1
-hexene, 4-methyl- 1-pentene, 4-methyl- 1 -hexene,4,4-dimethyl-
rhexenage ARy d-peniang: A iy iexene, Jelv- L NOXERE At

1-octene are particularly exemplified. Above a ylene, propylene,
of tthBXeReatomethd-LiPUePE AN bntadieny] or substituted cyclopentadienyl

group forming v bond to titanium atom. X! is an anionic ligand and X2 is a
neutral conjugated diene compound. n+m is 1 or 2, Z is -O-, -S-, -NRP-, or
~PRP-, W is S1RYy, CRPz, SiRP2-SiRbs, CRP CRPe, CR*=CRY, CRb2-SiRPbs, GeRPs,
BRPs, and RP 1s selected from hydrogen atom, hydrocarbyl group, silyl group,
germyl group, cyano group, halogen atom, a combination thereof and said
combination having up to 20 nonhydrogen atoms. For substituents group of
cyclopentadienyl, there can be mentioned cyclopentadienyl group, indenyl
group, tetrahydro indenyl group, fluorenyl group or octafluorenyl group
substituted with one or more substituent selected from hydrocarbyl group
having 1 to 20 carbon atoms, halohydrocarbyl group having 1 to 20 carbon
atoms, halogen atom or group 14 metalloid group substituted with
hydrocarbyl group having 1 to 20 carbon atoms. Above all, cyclopentadienyl
group substituted with alkyl group having 1 to 6 carbon atoms is preferable.
In the above general formula [XII}, when n is 2, m is 0 and oxidation number
of titanium is +4, X! is selected from halogen atom alkyl group or araikyl

group having 1 to 20 carbon atoms such as, methyl group or benzyl group;
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37 4-methyl-1-pentene are preferable. Two or more kinds of said olefin

can be copolyme zed. Further, one or more kind of said olefin can be

polymerized in advance, and then, polymerized with the other olefin.

100821 Phase state for pre-polymerization is not particularly limited,

however, liquid phase polymerization is preferably used. Preferable

solvent for said liqui&phase polymerization is saturated hydrocarbon such

135, Propang, hutang, hexane, cyclohexane, he and decane matic

* jhydrocarbo’ngslut)l(%h ﬁasgﬁ)?ugr%%%ﬁ)% e%rél, g.:?o%;ﬁ%s%}ﬁlg} thixt efeof, (N,
~N-100833, ) QHHHSB@W -poLX), iz@t' h can be carried.out in the presence

of organic aluminum compound. whlgén ‘rgéq%}irésd. rae?éi}a%}féﬁg‘rtglgﬁiémm er of
it AHMAUD compound. is the, same gompound exemplified in (b-1), and

above all, triisobutylaluminum, iriet%ﬁamnﬁrﬁg ||é§f)%?§)la urhinum 1 and

oxiydiide areimore preferahle gxamples. ongentration o B%?e(finene"modiﬁed

polymerization reaction is preferably 0.001 to 1000' mmolfL, more

corRfRfaralQ A de 2004nmel i.w@ma&_ea@mym@mg@&y@ﬁ with
pre

respect to Ig of solid catalyst (K) for olefin polymerization is erably 0.1
[ to J}EOOOg, more preferably 0.5 to 500g, the most preferably 1 to 200g.
0077

Metallocene compounds used in examples described below are the
compounds represented by the following general formulas [XIIT}, [XIV] and
[XV], however, the present invention is not limited to those compounds used

in said examples.
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100851 (2) Olefin Polymerization Method Polymerization method of
the invention is characterized in polymerizing one or more kind of
polymerizable monomer selected from ethylene and olefin having 3 to 12
carbon atoms in the presence of the solid catalyst (K) for olefin
polymerization or pre-polymerized solid catalyst (K') and, optionally, (B)
compound comprising element of group 13 in periodic table. [0086]

For (B) compound comprising element of group 13 in periodic table,
organic agyninum compound represented by the above general formula

eferably 0.001 to 1000 mmol/L, more preferably 0.01 to 200
) % Olefin havi to 12 carbon atoms used in the
invédisarbeanbEpmpylene, 1-butene, 1-pentene, 3-methyl1-1-butene,

generally oneyet'more kind selected from ethylene, propylene, 1-butene,
1-hexene, E’fﬁ]ethyl-l-pentene and 1-octene.

[0078]

Metallocene compound (D) is added in an amount of 0.1 to 10 wit%,
move preferably 0.3 to 5 wt% with respect to solid part in suspension,
obtained by process PI, and then mixed for a contact. Temperature during
addition and mixing for contact is -78 to 100°C, more preferably 0 to 80°C and
mixing time for the contact is 1 minute to 10 hours, preferably 10 minutes to
3 hours. Metallocene compound in use can be diluted in solvent. Said solvent
can be aromatic hydrocarbon such as toluene, xylene and benzene, saturated
hydrocarbon such as hexane, heptane, decane and cyclohexane, ether type
solvent such as THF and di-isopropylether and halogenated hydrocarbon
such as chloroform and chlorobenzene, preferably, aromatic hydrocarbon
such as toluene and xylene and saturated hydrocarbon such as hexane,

heptane, decane and cyclochexane.
[0079]

Metallocene compound (D) can be brought into a contact with

component (B), compound comprising element, of group 13 in periodic table,
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[00881 One embodiment of preferable polymerization method of the
invention is to use poly enzable monomer comprising propylene as an
essential component and preferably as a main component, and also one
or more optional component selected from ethylene and a-olefin having 4
to 10 carbon atoms. Two or more kinds of said a-olefin can be used
simultaneously for copolymerization. Further, after manufacturing a
_ (co)polymer haying certain composition, the otherﬁgo)polymer having
in afnaBRe cOipssitoh carrbasupsegestayimansabureeiAncerRampte o) is
such continuous manufacturing of two or more kinds of (co)polymers,
predgeahy 'hglﬁiﬁé%@ﬁﬁ%&w@éﬁm BAFBEBISEKTEOpDIpHRE R Ve Tisobuty]
. noncrystalline propylene (co)polymer js manufactured subsequently after
ﬂum%e%?%mﬂ@f&ofﬁ&%‘e rﬁ@%uf&éﬁﬁg-a?ﬂﬁe(m%{PWIWis(B)
a main component” d?eTj:‘ines that propylene concentration with respect to

COmRGHADSGHBH PR FhoHEMePisHE Wolkss Brafsredipdasie carmrhe shaied
o b R Al S i
Sttt e i e RS R
A e et B el et o CRBR difhesfaated
my e Sl e gl TS50 e

paﬂ{Mqéq@@%%m!é/ég§éization such as solution polymerization and

suspension polymerization or a gas phase polymerization. The followings
can be particularly exemplified for inert hydrocarbon media used in liquid
[00pbAse polymerization: aliphatic hydrocarbon such as propane, butane,
pentane, hexane, heptane, octane, decane, dodecane, and kerosene
alicyclic hydrocarbon such as cyclopentane, cyclohexane, methyl

cyclopBRERE; ARShiifehyaRROGHHBRE Ok Ahharsarkt lyanaandelates to
lene; halg ted rocarbon such as ethylene dichloride,
ol AT dh e IR E HAD R e P RGBSt (O for
iquefied olefin itself can be used as a solvent, for so-called a bulk
ol B RSIOH FABi i s G of et eALe BBl Senojected
frox%”gt;‘yhﬂ%’ﬁg‘.%‘&”&“&eﬁ*}%@@ﬂ“%‘ﬂ& preferanly used in bulk o
polynerization, suspension po gmerlzatlon and gas phase polymerization.

[0091]
{0081]

Ethylene or a-olefin having 3 to 8 carbon atoms can be exemplified
for olefin used in said pre-polymerization. For said a-olefins having 3 to 8
carbon atoms, propylene, 1-butene, 2-butene, 1-pentene, 3-methyl-1-butene,
3-methyl-1-pentene, 3-ethyl-l1-pentene, I1-hexene, 4-methyl-1-pentene,
4-methyl-1-hexene, 4 4-cimethyl-1-hexene, 4,4-dimethyl-1-pentene,
4-ethyl-1-hexene, 3-ethyl-1-hexene and 1-octene are particularly exemplified.
Above all, ethylene, propylene, I-hexene, 3-methyl-1-butene and
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Polymerization using solid catalyst GO for olefin polymerization and
pre-polymerized solid catalyst (10 is carried out by using the component
(K) or (K" in an amount of all the transition metal atom of generally 10-10
to 10-2 mole, preferably 10-9 to 102 mole per reacting volume of 1 litter.
Polymerization temperature is generally within -50 to +200C, preferably O
to 170C. Polymerization pressure is generally under normal pressure to
10 MPa gauge pressure, preferably under normal pressure to 5 MPa

4 raelibe oS P akiiZ o fedctiBrPEan bre damied BUE biflarydhthen be
fallowing methods; batch-wise method, semicontinugus method and

C()}‘)é% fin%

KIHUSHS e HIH B oA &RiZAHbR et Rith Hetarratlsub By ey ored in
. more processes each having different conditions in reaction. [0092]
ad ‘f\ﬁgl(é%u‘?élrﬁ ght 6P ﬁ@gﬁé%f% ié&l?&‘r‘f’e‘?'{gﬁ' BecHdjusted by the

presence of hydrogen molecule or by varying polymerization temperature.
[oo¥Men adding the hydrogen molecule, its amount is suitably around 0.001
to 100 NL per 1kg of the obtained polymer. [0093] (3) Olefin Polymer
Particle One of the preferred embodiments of olefin polymer particle of
the invieation s¢qiropidene trapety polymetiparticie eompsising:6htdyl0Bmited,
mole % of repeating unit (U1) derived from propylene and 0 to 50 mole %
howtvepeding Lmih (Ee1n) derrsddtom one orfmoie plefinddieetedftomsclvent
ethylene and a-olefin having 4 to 10 carbon atoms. Propylene based
for ppRymhe b priticiEhiaseharalstarezechinahatbutiatersiodisty 8oo@imbhorsuch as
more, preferably 0.35 (g/m1) or more, more preferably 0.38 (g/mO or
PIORRRS. SHIHARSHYIBASBEs e SONAER BartidlensFuahenchadactrizehimmatic
that its melting point (Tm) is 130C or less, preferably 128C or less, more
hy%@@@@ ﬁ?g@%ﬁ feggene gnd xylene, a-olefin itself or mixture thereof,

[6083]

Further, pre-polymerization can be carried out in the presence of
organic aluminum compound, when required. Preferable organic aluminum
compound is the same compound exemplified in (b-1), and above all,
triisobutylaluminum, triethylaluminum, diisobutylaluminum hydride are
more preferable examples. Concentration of these in polymerization reaction

is preferably 0.001 to 1000 mmol/L, more preferably 0.01 to 200 mmol/L.
[0084]

Pre-polymerized amount with respect to lg of solid catalyst (K) for
olefin polymerization is preferably 0.1 to 1000g, more preferably 0.5 to 500g,

the most preferably 1 to 200g.

[0085]
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comprises 5 wt% to 80 wt%, preferably 8 wt% to 65 wt% of noncrystalline
propylene based copolymer with respect to all olefin polymer. [0094]
The other preferable embodiment of an olefin polymer particle of the
invention is ethylene based polymer particle comprising 50 to 100 mole %
of repeating unit (U3) derived from ethylene and 0 to 50 mole % of
repeating unit (U4) derived from one or more olefin selected from a-olefin
having 3.to 10 carbon atoms. Density of ethylene based polymer patrticle
(Z)ﬁ%ﬁ hehiosisa otoMetierkg/m3, preferably 890 to 985 kg/m3, more
preferably 895 to 980 kg/m3. [0095] An olefin polymer particle of the

inven%%ﬁgﬂ§%%%ﬂz%ggi%§]ft the Yy %Vej%ggxgd%g%gdg ' C%'rarﬁ%’]ﬁ%%(}i,zed in

[Chem. Eng., 72, 163 (19 s known for an indicator of sdl

p OWH{%EEH@F) e QﬁjVﬁL}SI%YMe ég %9&?’1%\%9%?3@2% r%e oﬁ%x%?é? b SI?&? ﬁe from

Spatula angle and uniformity. [00 olymer partic &6

et}aizoy&méi%@ &m{ﬁq{%@%ﬁ% mqtza@a&%%gggggeﬁ 40 %%9&&@%%‘ %ﬁ}g solid

0" to 45', more preferably 23 to 40'; degr compresSion IS genera

cat¥R12 5% forelesaR 3 %nte 2.1 Mot RreiesRbly 4% 1P éo%%g?ég%ty‘%% K)

angle is generally 10' to 60', preferably 20' to 55", more prefera

an?i-@%tigmp,rmy inagnRIaly biRplsiieerahlyl 1918, 131 Prelrahl caic
0 o.
table.

[0c86]

For (B) compound comprising element of group 13 in periodic table,
organic aluminum compound represented by the above general formula [11]
is  preferable, and triethylaluminum and triisobutylaluminum are
particularly preferable. Concentration of component (B) in polymerization
reaction is preferably 0.001 to 1000 mmol/L, more preferably 0.01 to 200

mmol/L.
[0087]

Olefin having 3 to 12 carbon atoms used in the invention can be
propylene, 1-butene, I-pentene, 3-methyl-1-butene, 1-hexene,
4-methyl-1-pentene, 3-methyl-1-pentene, I-octene, 1-decene, 1-dodecene, etc.
Polymerizable monomer used in the invention is generally one or more kind
selected from ethylene, propylene, 1-butene, 1-hexene, 4-methyl-1-pentene

and 1-octene.
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[0097] An olefin polymer particle of the invention is characterized in
that it shows 70 to 100, preferably 80 to 100 of Carr index. [00981 An
olefin polymer particle of the invention is characterized in that it is superior
in flexibility, transparency and heat seal property and suitably used for
film, sheet, stretch tape, fabric, etc. [0099] [Examples] Below, the
present invention will be explained in further detail according to examples
[ ever, the invention is not limited to these examples. Manufacturing
examples of catalyst and polymerization examples described below is
carried out in dry nitrogen atmosphere unless otherwise mentioned. Note

that, in.examplesiaach propertyyassmeasyredias,descrbed balowy of e
[Melting Point (Tm), Heat Amount of Melting (AH)] With Diamond

inRSE Ay RerkinElmersGon ndesnitiagenatnospes (20m d%w%ne as an

temperature of about 5 mg of sample was raised to 230C, held for 10

esgnintigesanth cneled 4o QG @b axtate of WOMMminuign Thesampieivashelde or
at 30C for a minute and temperature was raised to 230C at a rate of 10

moi@/ministeathenpelting point wasfealaulated dromaveriex Rifmrysakmelten, 10
peak and heat amount of melting as calculated from integrated value of
carsaid péakes. Two or more kinds of said a-olefin can be used simultanecusly
for copolymerization. Further, after manufacturing a (co)polymer having
certain composition, the other (co)polymer having different composition can
be subsequently manufactured. An example for such continuous
manufacturing of two or more kinds of (co)polymers, each having different
composition, can be block copolymer wherein noncrystalline propylene
{co)polymer 1s manufactured subsequently after crystalline propylene
{co)polymer is manufactured. Note that “propylene is a main component”

defines that propylene concentration with respect to all the polymerizable

monomer is 50 mole% or more.
[0089]

The other embodiment of preferable polymerization method of the
invention is te use polymerizable monomer comprising ethylene as an
essential component and preferably as a main component, and also one or
more optional component selected from a-olefin having 3 to 10 carbon atoms.
Two or more kinds of said aolefin can be used simultaneously for

copolymerization. Note that “ethylene is a main component” defines that
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[Molecular Weight Distribution (Mw/Mn)] Gel permeation
chromatograph, Alliance GPC-2000 by Waters Co., was used as
described below to measure molecular weight distribution (Mw/Mn).
Separation columns were two of TSKgel GN11611T and two of TSKgel
GNH6-HTL. All the column had diameter of 7.5 mm and length of 300 mm
and column temperature was 140C. O-dichlorobenzene (Wako Pure

etlChemicaldodustsigs: thxwasyised as Mbying pllasecand B1028MAa:e is 50

BUT (Takeda Pharmaceutical Co. Ltd.) as antioxidant, moving speed was
moleQaulfmimute, sample concentration was 15 mg/10 ml, poured amount of
sample was 500 microliters and differential refractometer was used for

detector. For standard polystyrenes having a molecular weight of
mI@I%\‘;B 1.000 and Mw>4x106, Tosoh Co. products were used, while 1000<
Mw<4x106, Pressure Chemical Co. product was used. [01021 [Intrinsic

Viscoﬂ% (ﬂ)lren'tiéél‘l\/@é'ﬁe g@e@ﬂ"ﬁ%(& b@’u%lﬁi !’9 f\j%&%{] é%ﬁ%lsv%g%) $ #ﬁ%%:g%tion

Namely, 20 mg of polymerization powder or resin in aggrega

sudlissalvedtinyds hshlesaline and sheciic Vasasivylspves messured in

oil bath of 135C. 5 nil of decaline solvent was a fothe above

th@@%ﬁ@@ﬁ%%ﬂﬁ{.dM@mﬁgﬂﬂ}%&"%ﬂW%@ Iaapig ﬁ¥t| Saidi%sed for

Said dilution was repeated twice and a value of nsp/C, wherein

Tismn(E) nesemiensio b gn ARSI, e
hydrocarbon such as propane, butane, pentane, hexane, heptane, octane,
decane, dodecane, and kerosene; alicyclic hydrocarbon such as cyclopentane,
cyclohexane, methyl cyclopentane; aromatic hydrocarbon such as benzene,
toluene and xylene; halogenated hydrocarbon such as ethylene dichloride,
chlorobenzene and dichloromethane, and mixture thereof. Further, lquefied
olefin itself can be used as a solvent, for so-called a bulk polymerization.
From the viewpoint of decreasing polymerization activity and inhibiting

fouling, the mvention is preferably used in bulk polymerization, suspension

polymerization and gas phase polymerization.
[0091]

Polymerization using solid catalyst (K) for olefin polvimerization and
pre-polymerized solid catalyst (K is carried out by using the component (K)
or (K°) in an amount of all the transition metal atom of generally 10710 to 102
mole, preferably 109 to 10° mole per reacting volume of 1 litter.
Polymerization temperature is generally within -50 to +200°C, preferably 0
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MFR was measured by using MFR device of TP-406 by Tester Sangyo
Co. Ltd., adding BHT as a stabilizer and with 6 minutes of preliminary
heating at 230C and 2.16 kgf load. [0104] [Coarse Particle Amount]
Propylene based polymer: Polymer particles were oscillated on sieve
having 1 mm openings and wt% of polymer remained on the sieve were
weighed. Ethylene based polymer: Polymer particles were oscillated
on soiqve having 1 7 mm openings and wt% of polymer remained on the
to S wE ettt (0105}Bilk Detisity] Btk dedsity was ahgasusede to 10
based on ASTM D1895-96 A method.
MPa gauge pressure, preferably under normal pressure to 5 MPa gauge
pressure. Polymerization reaction can be carried out by any of the following
methods: batch-wise method, semicontinuous method and continuous
method. Polymerization reaction can be carried out by two or more processes

each having different conditions in reaction.
[0092]

Molecular weight of the obtained polymer can be adjusted by the
presence of hydrogen molecule or by varying polymerization temperature.
When adding the hydrogen molecule, its amount is suitably around 0.001 to

100 NL per lkg of the obtained polymer.
[0093]
(3) Olefin Polymer Particle

One of the preferred embodiments of olefin polymer particle of the
invention is propylene based polymer particle comprising 50 to 100 mole % of
repeating unit (U1) derived from propylene and 0 to 50 mole % of repeating
unit (U2) derived from one or more olefin selected from ethylene and a-olefin
having 4 to 10 carbon atoms. Propylene based polymer particle is
characterized in that bulk density is 0.30 (g/ml) or more, preferably 0.35
(g/ml) or more, more preferably 0.38 (g/mD or more. Said propylene based
polymer particle is further characterized in that its melting point (Tm) is

130°C or less, preferably 128°C or less, more preferably 120°C or less, or it
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[0106] [Ethylene Content] By using fourier transform infrared
spectrometer FT/1W610 by JASCO CO., area around 733cm-1 arose
from horizontal vibration of methylene group and absorbance around 4325
cm-' arose from overtone absorption of C-H stretching vibration were
obtained, and then ethylene content was calculated from their ratio by
using analytical curve (drawn by standard sample standardized by

con BANMR) w04 07]{Reprise pndle-DegwevetCompsessian AnSPANR 1ine
Angle] The above characteristics were measured with Multi Tester MT

prop@0ina hudtifuoiolyah areasiremenicdevieé] désignedligmeasure the
characteristics of powder materials, by Seishin Enterprise Co. Ltd. [0 108]

oo
The other preferable embodiment of an olefin polymer particle of the
invention is ethylene based polymer particle comprising 50 to 100 mole % of
repeating unit (U3) derived from ethylene and 0 to 50 mole % of repeating
unit (U4) derived from one or more olefin selected from a-olefin having 3 to
10 carbon atoms. Density of ethylene based polymer particle of the invention
is 870 to 1000 kg/m?, preferably 890 to 985 kg/m?, more preferably 895 to 980

kg/ms.
[0095]

An olefin polymer particle of the invention is characterized in that
they have a good fluidity. Carr index [Chem. Eng., 72, 163 (1965)] is known
for an indicator of said fluidity, which comprehensively evaluate repose

angle, degree of compression, spatula angle and uniformity.
[0096]

An olefin polymer particle of the invention is characterized in that its
repose angle is 10° to 50°, preferably 20° to 45°, more preferably 23° to 40°
degree of compression is generally 1 % to 25 %, preferably 3 % to 20 %, more

preferably 4 % to 15 %; spatula angle is generally 10° to 60°, preferably 20° to
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Particle size distribution was measured with particle analysis device of
Microtac 9320-X100 by Leeds & Northrup, by using methanol as a
dispersant and dispersing with ultrasonic homogenizer in the device for 5
minutes (Output of 25W). Uniformity was calculated from the result and
the following formula. Uniformity = D1)60 / Dp 10 Dt,60= particle
diameter reaching cumulative weight of 60% from smaller diameter in
particle size distribution ~ Dp,0= particle diameter reaching cumulative
55,y SRORE LIRS K1 4P diaRe 1R sl ssiea dletip Ution 10 108aferably
[Densit y usjng hydraulic heat pressing machine by SHINTO Metal
1t u?ﬁ‘%’ § W?@E?giylgééﬁﬁa sheet having 0 5 mm thickness was formed
under pressure of 100 kg/cm2 (spacer formation: 9 pieces of 45x45x0 5
fpram were formed from 240x240x0.5 mm plate), and then, samples for
measurement were manufactured by cooling said sheets under pressure
of 100 kg/cm2by using the other hydraulic heat pressing machine by
SHINZO Mefal InclysiiepEatickt af 20CiReheat padB a SALS-PIARI NAVIRG ¢ it
5 mm thickness was used. This press sheet was heat treated at
sha@6C Gorohédhourfgrabiliaff codled o o tadwerature for one hour in a
linear manner, and then measured by density gradient tube. [Loss of

[odgajtion]

An oiefin polymer particle of the invention is characterized in that it
is supevior in flexibility, transparency and heat seal property and suitably

used for film, sheet, stretch tape, fabric, etc.
[0099]
[Examples]

Below, the present invention will be explained in further detail
according to examples however, the invention is not limited to these
examples. Manufacturing examples of catalyst and polymerization examples
described below is carried out in dry nitrogen atmosphere unless otherwise
mentioned. Note that, in examples, each property was measured as described

below.
[0100]

[Melting Point (Tm), Heat Amount of Melting (AH)]
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Measurement was performed by using differential thermal gTavimetric
analysis TG 8120 by Rigaku Co. Ltd. Alumina was used for a reference
material. About 10 mg of sample was weighed in the atmosphere and its
temperature was raised to 600C at a rate of 5C/minute, and then, held for
30 minutes at 600C. Weight of said sample at 200C was considered as
standard weight and reduction ratio (wt%) from 200C to 600C was

deter 0 be lo ition [0111] [Elemental Analysis] ICP
(|ndu@)%7§’&é aspéé?rgﬁ)—%?ﬁ@é}dﬁgj%&Gm%@%ﬁmeﬁﬁméﬂr@mere
Shlmad 0. was used, for the measurement.

(20@'{}; 35@0 Gﬁ‘&ﬁf&t e L6 &&ﬂi‘ﬁﬁ%@ Ariptiese itgiredRiGmheld
for “i‘?#ur.ﬁéﬁn AN LS AR SDeCTRA St (DG HRGATERE vias

el B be”étshs‘iyq”a T harABALED At adinpise nof 10
a2 o
peﬁ?ﬁﬂ@m%ﬁgﬁﬁt [B¥ %%fﬁrlnagl] was calculated from integrated value of

said peak.
fo101]
[Molecular Weight Distribution (Mw/Mn)]

Gel permeation chromatograph, Alliance GPC-2000 by Waters Co.,
was used as described below to measure molecular weight distribution
(Mw/Mn), Separation columns were two of TSKgel GNHE-HT and two of
TSKgel GNH6-HTL. All the column had diameter of 7.5 mm and length of
300 mm and column temperature was 140°C. O-dichlorobenzene (Wako Pure
Chemical Industries Ltd.) was used as moving phase and 0.025 wt% of BHT
(Takeda Pharmaceutical Co. Ltd) as antioxidant, moving speed was 1.0
ml/minute, sample concentration was 15 mg/10 ml, poured amount of sample
was 500 microliters and differential refractometer was used for detector. For
standard polystyrenes having a molecular weight of Mw<1000 and
Mw>4x108%, Toseh Co. products were used, while 1000< Mw<4x10¢, Pressure

Chemical Co. product was used.

[0102]



5.01 g of silica gel (trade name: H-122 by Asaln Sl Tech Co., Ltd.) dried at
200C under nitrogen atmosphere and 44 ml of dehydrated toluene were
added to 100 ml of four-neck flask, sufficiently substituted with nitrogen
and equipped with stirring rod, and then, heated to 50C with oil bath. 2.5
ml of toluene solution (1M) of triisobutyl aluminum was added, and then,
19.0 ml of toluene solution of methylaluminoxane (9.1 wt% aluminum
[ Indoneentiésonsby Tasbh Finechem Co.) was further added. 30 minutes
reaction at 50C, and then 4 hours reaction at 95C were performed. After
leaving, at rest at 60C, Bgl | of supernatant solution was removed by
decan t%?‘f,“ﬁr@?ﬁéﬁ?? Nty esedincacliippbatng3s°C. Namely, 20 mg
¢ mﬁt?%la[um'noxane as obtqined, [01131 [Process P21 Toluene slurry
ot B siica st poniRg ”Pl:géthwéﬁﬁﬁﬁ}ﬁd%%%%%Wfﬁe“éﬁ%@@mbwiémw ml
of Was E%%F at 35C and 10.ml of hexane followed by 20 ml_qf hexane

S0 L?tlo_n ifclidiRG s Wigh BBlyalkyi&ie 8X§8RIEE trade e ‘}lf[iéﬁoﬂ- 5 ml
or TG Th D ASAK DENKA Coy i et ad e o miies

reaction,a preliminary mixed mixtu C
di1§@ oyiﬁgb%gi hg—:-n Imethylene . rt-L?}L]JtyI 5-methylicyclop entadienyl)(2
, 7%’-tert- utyf-{;f[l},ilojreﬁyskér%iér/%%%?udnﬁy(jlic %Sﬁdlge(mgc’?ﬂé:éﬁtﬁ BPpyaRdepcated
swinethod desgribedi WO200. é%% 775),.1.86 ml of toluene solution of
triisobutylaluminumﬁfiM) an§ Am1 Of hexana tare édldsefd)f%fﬁglﬂ &hdame 0,
walegstiohdns ohaaned Shuniwas dleradwil embrane fter, The
obtained powder was dried uﬁ%gﬁrecguce% Sr%%gv&?egf%? %)Oﬁ}‘g"and 9.45¢
of powdery solid catalyst (K) was obtained. Said catalyst (K) was mixed
with déyerhitedtiguidh pal@ffiio obtain 20.0 wt% slurry. As a result of
analysis, zirconium, in said powder was 0.17 wt% and aluminum was 17.6
[0 1@/ %. A loss of ignition was 13.5 wt%. Peaks of silicon and aluminum
- “elements were confirmed by element analysis of residue after ignition.
EXAMPLE 2 [01141 Except for using silicagel (trade name: H-122 by
[nMgahi Sl Tech Co., Ltd.) wherein fine particles having diameter of 4pm or
less are eliminated by classification and 16.8 ml of toluene solution of
methylaluminoxane, the same manufacturing method was performed as in
exampleR wes avesulroflanalysis gAidthidavidesaid Poniebwas 8 48S angyo
wt%, aluminum was 16.7 wt%
Co. Ltd., adding BHT as a stabilizer and with 6 minutes of preliminary

heating at 230°C and 2.16 kgfload.
[0104]
[Coarse Particle Amount]

Propylene based polymer: Polymer particles were oscillated on sieve
having 1 mm openings and wt% of polymer remained on the sieve were

welghed.
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and silicon was 23.2 wt%. A loss of ignition was 14.1 wt%. Peaks of
silicon and aluminum elements were confirmed by element analysis of
residue after ignition EXAMPLE 3 [01151 -Manufacturing solid catalyst (K)
for olefin polymerization - 10.02 g of liquid paraffin slurry
manufactured in example 2, 6.51 g of filtrate filtered by membrane filter
and 30 ml of hexane were added to 200 ml flask and heated to 34C. 2.0

ml of Lnpltn haxane seifian of risphuly BlMINEN ML g7/ seve

hexane solution of polyalkylene oxyglycol (trade name: ADEKA Pluron ¢

halidg ByTASAHLRENKA Ga.d LidYwere firther addesh Fihyienewas RlaWheaye

Into gas phase part at a rate of 1.5 NL/h and polymerized for 4 hours at
weBHGdResidue ethylene was purged with nitrogen and then, the obtained
slurry was filtered with membrane filter. The obtained powder was dried
untLer reduced pressure for 3 hours and 7.56 g of solid catalyst (K') was
[m@& ined EXAMPLE 4 [01161 - Homo-Polymerization of Propylene (1) -
Magnetic stirring bar was put into 50 ml side-arm flask, sufficiently

Eglﬂl{pggﬂggﬂvith nitrogen. 803 mg of slurry of solid catalyst (K) prepared in

Bulk density was measured based on ASTM D1895-96 A method.
[0106]
[Ethylene Content]

By using fourier transform infraved spectrometer FI/IR-610 by
JASCO CO., area around 733cm’! arose from horizontal vibration of
methylene group and absorbance around 4325 cm! arose from overtone
absorption of C-H stretching vibration were obtained, and then ethylene
content was calculated from their ratio by using analytical curve (drawn by

standard sample standardized by ¥C-NMR).
[0107]
[Repose Angle, Degree of Compression and Spatula Angle]

The above characteristics were measured with Multi Tester MT-100 1,

a multifunctional measurement device designed to measure the

characteristics of powder materials, by Seishin Enterprise Co. Ltd.

[0108]



the above example 1, 1.0 mmol of hexane solution (A4---1.0M) of
triisobutylaluminum and 5.0 ml of dehydrated hexane were added to said
flask and put into 2000 ml internal capacity autoclave made of SUS which
was sufficiently substituted with nitrogen. 500 g of liquid propylene was
charged and 40 minutes of polymerization was performed at 70C. The
autoclave was cooled and propylene was purged in order to stop
polymerization. The obtained polymer was dried under reduced pressure
[Unsfaromisuts at 80C. The obtained polymer was 125.8 g of isotactic
polypropylene and its polymerization activity was 62.3 kg-PP/mmol-Zr hr.

As aggsult ?f pol ranal sis, 64)=3.27 du%,MF =0.30 g/10 minutes,
bulk ensmty WaL0 X5 Gich Y oarsE paMicte drobiAt sBajes device

tocl EXAMP
o MR R e e Aot BB
f d th b
L B ) O A R I R

maﬁﬂ%@%@%ﬁ&%@%m %H@Q%W%@§E@ég?§g& ggtl:c {BR0VE 1t and the

example 4. The obtained polymer was 1

fol RAIYRIORYIGNE and its polymerization activity was 181 kg-PP/mmol-Zr.hr.
As a result of polymer analysis, (q)=2,30 di/g, MER=2.38 g/10 minutes,
bulk density was 0.50 &MA and coarse particle amount was 0.11 wt%.
Unifobimityomast2, Tdpasé Bagle was 28, degree of compression was 10%,
spatula angle was 30" and Carr index was 93,5. Note that adherence was

not observed in the a toclave
peo= particlie ameter reaching cumulative weight of 60% from

smaller diameter in particle size distribution

Dpio= particle diameter reaching cumulative weight of 10% from

smaller diameter in particle size distribution
[0109]
[Density]

By using hydraulic heat pressing machine by SHINTO Metal
Industries Co. set at 190°C, a sheet having 0.5 mm thickness was formed
under pressure of 100 kg/em? (spacer formation: 9 pieces of 45x45%0.5 mm
were formed from 240x240x0.5 mm plate), and then, samples for
measurement were manufactured by cooling said sheets under pressure of
100 kg/cm?by using the other hydraulic heat pressing machine by SHINTO
Metal Industries Co. set at 20°C. For heat plate, SUS plate having 5 mm

thickness was used.
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EXAMPLE 6 101181 - Homo-Polymerization of Propylene (3) -

Magnetic stirring bar was put into 50 ml side-arm flask, sufficiently
substituted with nitrogen. 802 mg of slurry of solid catalyst (K) prepared in
the above example 2, 1.0 mmol of hexane solution (A1=1..0M) of
triisobutylaluminum and 5.0 ml of dehydrated hexane were added to said
flask and put into 2000 ml internal capacity autoclave made by SUS which

was sbffisignths substituied witbanitregendSa0 galinwid ROPYIBNe WAas quaily

charged and 40 minutes of polymerization was performed at 70C. The

coduetbdaveosas toeled-andpripylene aspuiged inesder {0:510Ry and then
polymerization. The obtained polymer was dried under reduced pressure
mdasdGHdurslahBOE zradikme obtained polymer was 143.1 g of isotactic
polypropylene and its polymerization activity was 66.1 kg-PP/mmol-Zr.hr.
As a result of polymer analysis, (1)=3.18 cll/g, MFR=0.32 g/10 minutes,
[ml\}l =558,000, Mw/Mn=3.1, Tm144.0C, AH=86.0 Jig, bulk density was
0.50 g/ems and coarse particle amount was 0.0 wt%. Note that adherence

(LS PeLRhseRyed in the autoclave.

Measurement was performed by using differential thermal
gravimetric analysis TG 8120 by Rigaku Co. Ltd. Alumina was used for a
reference material. About 10 mg of sample was weighed in the atmosphere
and its temperature was raised to 600°C at a rate of 5°C/minute, and then,
held for 30 minutes at 600°C. Weight of said sample at 200°C was considered
as standard weight and reduction ratio (wi%) from 200°C to 600°C was

determined o be loss of ignition
[0111]
[Rlemental Analysis]

ICP (Inductively Coupled Plasma) emission spectrometer analytical
istrument of ICPS-8100 by Shimadzu Co. was used for the measurement.
Quantitative and qualitative analyses of aluminum and those of zirconium
were performed by assay solution obtained by wet-degrading samples by
sulfuric and nitric acids and specifying its volume (including filtration and
dilution when required). Further, quantitative and qualitative analyses of

silicon were performed by assay solution obtained by melting samples In
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EXAMPLE 7 101191 - Homo-Polymerization of Propylene (4) - Except
for adding 356 mg of slurry of solid catalyst (K) prepared in the above
example 2 and further adding 0.08NL of hydrogen after 500 g of liquid
propylene was charged, the same polymerization was performed as in the
above example 6. The obtained polymer was 159.6 g of isotactic
polypropylene and its polymerization activity was 166.2 kg-PP/mmol-Zr.

r. As a result of polymer analysis, (10=2.32 Wig, MFR=1.85 g/10
o4 RS RI2580 OB RIAAC IO 257, A8 TG bneatiibng its
Voivxgaseoégl %ﬁ@?gnand coarse particle amount was 0.0 wt%. Note that
adherente wak bt observed in the autoclave. EXAMPLE 8 101201
Homo-Polymerization of Propylene (5) - Magnetic stirring bar was put
kXA b, mliside-arm flask, sufficiently substituted with nitrogen. 641 mg of
solid catalyst (K) prepared in the above example 3, 1.0 mmol of hexane

solution (A1=1.0M) of triisobutylaluminum
[0112]

‘Manufacturing solid catalyst (K} for olefin polymerization.
[Process Pi]

5.01 g of silica gel (trade name: H-122 by Asahi SI Tech Co., Ltd.)
dried at 200°C under nitrogen atmosphere and 44 ml of dehydrated toluene
were added to 100 ml of four-neck flask, sufficiently substituted with
nitrogen and equipped with stirring rod, and then, heated to 50°C with oil
bath. 2.5 ml of toluene solution (1M) of triisobutyl aluminum was added, and
then, 19.0 ml of toluene solution of methylaluminoxane (9.1 wt% aluminum
concentration by Tosoh Finechem Co.) was further added. 30 minutes
reaction at 50°C, and then 4 hours reaction at 95°C were performed. After
leaving at rest at 60°C, 36 ml of supernatant solution was removed by
decantation, and then, toluene slurry of silica supporting

methylaluminoxane was obtained.
[0113]
[Process P2]

Toluene slurry of silica supporting methylaluminoxane obtained in

the above process P1 was kept at 35°C and 10 ml of hexane followed by 20 m]
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and 5.0 ml of dehydrated hexane were added to said flask and put into
2000 ml internal capacity autoclave made by SUS which was sufficiently
substituted with nitrogen, 500 g of liquid propylene was charged and 40
minutes of polymerization was performed at 70C. The autoclave was
cooled and propylene was purged in order to stop polymerization. The
obtained polymer was dried under reduced pressure for 10 hours at 80C.

of Theabtainedipalymenyas 1221 g0k %i%%@rg%l%s%ﬂno ié%ile name:

polymerization activity was 55.1 kg-PP/mrol r. As a ymer

Ammskeldﬂﬁ%@wdd%w%@ﬁq{%mmmr‘@S%M‘f)%@?gyﬁﬁﬁ&ﬂ'ﬁ?fmr 45

g/cm3 and coarse particle amount was 0.0 wt%. Note that adherence was

mifotebserediihihe:auieclaven EXAMBLED [l somarbalymernization ¢
of Propylene (6) - Except for adding 283 mg of solid catalyst’(K')

traprépased in thexaboxe example3pnef@rther adging 0.08 fﬂblﬁrﬂ)ﬂﬁ%ﬁﬁlme

after 500 g of liquid propylene was charged, the same polymerization was

(3-perfdrmtett asiethel alyolepexamplengl)(2, The BNy PANRERWISirco niu
170.5 g of isotactic polypropylene and its polymerization activity was

m GrchbokgiPBimmokZrtbre A nésuloafhoty rdesanahdis, (NERb AU 777 5),
MER=2.67 g/10 minutes, bulk density was 0.50 g/cm3

1.86 ml of toluene sclution of triisobutylaluminum (M) and 4ml of hexane

were added. After one hour reaction, the obatained slurry was filtered with

membrane filter. The obtained powder was dried under reduced pressure for

2 hours and 9.45 g of powdery solid catalyst (K) was obhtained. Said catalyst

(K) was mixed with dehydrated liquid paraffin to obtain 20.0 wt% slurry. As

a result of analysis, zirconium in said powder was 0.17 wt% and alurminum

was 17.6 wit%. A loss of ignition was 13.5 wt%. Peaks of silicon and

aluminum elements were confirmed by element analysis of residue after

ignition.
EXAMPLE 2
[0114]

Except for using silicagel (trade name: H-122 by Asahi SI Tech Co.,
Ltd.) wherein fine particles having diameter of 4pam or less are eliminated by
classification and 16.8 ml of toluene solution of methylaluminoxane, the
same manufacturing method was performed as in example 1. As a result of

analysis, zirconium in said powder was 0.18 wt%, aluminum was 16.7 wt%
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and coarse particle amount was 0.0 wt%. Note that adherence was not
observed in the autoclave. EXAMPLE 10 [01221 - Random Polymerization
of Propylene (1) - Magnetic stirring bar was put into 50 ml side-arm
flask, sufficiently substituted with nitrogen. 160 mg of slurry of solid
catalyst (K) prepared in the above example 2, 1.0 mmol of hexane
solution (A1=1.0M) of triisobutylaluminum and 5.0 ml of dehydrated

an Dexdiaeveresagitleddeusaid flask and-aut info,200Q M| internabeapaciy ..

autoclave made by SUS which was sufficiently substituted with nitrogen.

anwmmwﬁmi@m@n@w@c%@ﬁmﬁn@}@ﬁgaﬁ@%@gg&%{gleorésmug%ﬁer

hydrogen were charged and 40 minutes of polymerization was performe
1gratioC. The autoclave was cooled and propylene was purged in order to
stop polymerization. The obtained polymer was dried under reduced
ressure for 10 hours at 80C. The obtained polymer was 243.5 g of
m -5ropylene copolymer and its polymerization activity was 562.8
kg-PP/mmol-Zr hr. As a result of polymer analysis, ('=1.44 dl/g,
lo 1@5??:23.6 g/10 minutes, ethylene content was 2.53 mol%, Tm131,3C,
AH=85.7J/g, bulk density was 0.42 g/cm3 and coarse particle amount was
0.12 wt%. Uniformity was 2, repose angle was 32', degree of compression

“Muias8%: spatulal ahgle sias: IR ATd:CARRAGRN Was 88 (BXAMPLE 11

10.02 g of hquid paraffin slurry manufactured in example 2, 6.51 g of
filtrate filtered by membrane filter and 30 ml of hexane were added to 200 ml
flask and heated to 34°C. 2.0 ml of 1 mol/l. hexane solution of
tritsobutylaluminum, 2.0 mi of 10 g/l hexane solution of polyalkylene
oxyglycol (trade name! ADEKA Plurenic L-71 by ASAHI DENKA Co., Ltd.)
were further added. Ethylene was blown into gas phase part at a rate of 1.5
NL/h and polymerized for 4 hours at 35°C. Residue ethylene was purged with
nitrogen and then, the obtained slurry was filtered with membrane filter.
The obtained powder was dried under reduced pressure for 3 hours and 7.58

g of solid catalyst (K') was obtained.
EXAMPLE 4

[0116]

- Homo-Polymerization of Propylene (1) -

Magnetic stirring bar was put into 50 ml side-arm flask, sufficiently

substituted with nitrogen. 803 mg of slurry of selid catalyst (K) prepared in
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[01231 - Random Polymerization of Propylene (2) - Except for adding

157 mg of slurry of solid catalyst (K) prepared in the above example 2 and

further adding 0.6 NL of hydrogen after 500 g of liquid propylene was

charged, the same polymerization was performed as in the above

example 10. The obtained polymer was 271.0 g of ethylene-propylene

copolymer and its polymerization activity was 638.3 kg-PP/mmol-Zr hr. As

a result of polymer analysis, (q)=0.96 dllg, MFR=175 g/10 minutes,
theuttRsNG coramPas 2.68 Moltrmeh1 91 steramerespluigopulKAbTsRM)  of

.was 0.44 g/cma and coarse particle amount was 0.53 wt%. EXAMPLE 12
tm,mﬁaﬂty

| AR ANGOHITP 8 ther i rPbrsiopyiahed 3y an eewgapt fidasig said
Bagh ARG 38 TIrEhe (O G eH RS R S et uc e ich
W DRy TG EOB et et m T eaon oLty vidermdsry s
chaﬁgg—gcf ’QHEO'&%V Qflrin'% (%r%?ug(ﬂgrmerizaﬁon was performed at 70°C. The
autoclave was cooled and propylene was purged in order to stop

polymerization. The cbiained polymer was dried under reduced pressure for

10 hours at 80°C.

The obtained polymer was 125.8 g of isotactic polypropylene and its
polymerization activity was 62.3 kg-PP/mmol-Zr-hr. As a result of polymer
analysis, (1)=3.27 dl/g, MFR=0.30 g/10 minutes, bulk density was 0.49 g/cm3
and coarse particle amount was 2.2 wt%. Note that adherence was not

observed in the autoclave.

EXAMPLE 5

[0117]

- Homo-Polymerization of Propylene (2) -

Except for adding 352 mg of slurry of solid catalyst (K) prepared in
the above example 1 and further adding 0.08NL of hydrogen after 500 g of
Iiquid propylene was charged, the same polymerization was performed as in

the above example 4.



58 polymer analysis, (r1)=1.97 dl/g, MF11=-13.7 g/10 minutes, ethylene
content was 3.70 mo1%, Tm123.2C, AH=66.4 Jig, bulk density was 0.38
g/cm3 and coarse particle amount was 0.13 wt%. Uniformity was 2,
repose angle was 36', degree of compression was 7%, spatula angle was
39" and Can index was 85. EXAMPLE 13 [0125] - Extraction Test (1) of
solid catalyst (K) for olefin polymerizatio In dried nitrogen atmosphere,

150 f powder j ( tured jn the,above example . .
1 Warg%gighed. 7.% g%g drigﬂaé%ﬁe@?g Ié\?d%(?%#&fﬁﬁ%gg ’f%?%eﬂ & 'ﬁ&?fd its

polPBRaiRasRhere ¢fi226x I W phiginad slurry. was, filtered with n %g@a.hao%fjemer
i

filter of Teflon (registered mark) having 3um pore diameter. The o e

anfliyaie was-condensedundenreduced RIeSsyLe W@%ﬁéﬁg%é@%%@dgkm%

pressure for 3 hours at 3hPa in an atmosphere of 22C. The obtained

anBorvelalle somponens was Vet o EXAMPUE #4:10326Ly a5 2, repose angle

was 28° degree of compression was 10%, spatula angle was 30° and Carr

index was 93.5. Note that adherence was not chserved in the autoclave.
EXAMPLE 6

[0118]

- Homo-Polymerization of Propylene (3) -

Magnetic stirring bar was put mnto 50 ml side-arm flask. sufficiently
substituted with nitrogen. 802 mg of slurry of solid catalyst (K) prepared in
the above example 2, 1.0 mmol of hexane solution (Al=1.0M) of
tritscbutylaiuminum and 5.0 ml of dehydrated hexane were added to said
flask and put into 2000 ml internal capacity autoclave made by SUS which
was sufficiently substituted with nitrogen. 500 g of liquid propviene was
charged and 40 minutes of polymerization was performed at 70°C. The
autoclave was cooled and propylene was purged in order to stop
polymerization. The obtained polymer was dried under reduced pressure for

16 hours at 80°C.

The obtained polymer was 143.1 g of isotactic polypropylene and its
polymerization activity was 66.1 kg-PP/mmol-Zr-hr. As a result of polymer

analysis, ()=3.18 dUg, MFR=0.32 g/10 minutes, Mw=558 000, Mw/Mn=3.1,
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- Extraction Test (2) of solid catalyst (K) for olefin polymerizatio In
dried nitrogen atmosphere, 150 mg of powdery solid catalyst (K)
manufactured in the above example 1 was weighed. Said catalyst was
statically placed in a desiccator provided with saturated potassium acetate
aqueous solution, and then, made contact with water vapor for 7 days.
After taken out from said desiccator, 1 g of deuterated acetonitrile was
Treeltied. (i@imbsphere and siileditars3e minutess Fillyationwas REHOEMed de
through glass tube filled with glass wool, and then 11-I-NMR of the
angbtainech filtrétewaseasbreda MMMR-charvissshovsb i FigddnPeak utoclave.
derived from oxymethylene was confirmed at 3.2 to 3.3 ppm. Note that
Ei’@g%ﬁi hemical shift is the peak (1.93 ppm) of residual proton of
' ] 6. EXAMPLE 15 10127] - Manufacturing solid catalyst (K) for
olefin polymerization - Toluene slurry of silica supporting
fo 7pgthylaluminoxane was obtained by the same method as in example 1,
process PI, by using silica gel wherein particles having diameter of 4pm or
less were eliminated and prepared to be 180 g/L. 100 ml of four-neck
- Hitask; Bulficienthasibstifufadyitbrnittagen, was equipped with stirring rod
and 11.1 ml of said slurry and 30 ml of toluene were charged. LO ml of
10g/ﬂexane suspension of polyoxyethylene (10) stearylamine ether (by
Wakd B8 ICham %1-%%@@@&: 19 3 W adced! daetred B dkarep ared in
reaction at 35C, a preliminary mixed mixture including 33,5mg of transition
the O ErRBURIS of ARPAHTPRRAYIEHE AR R BekAyl-2eiogs 00 ¢ of
N enéadien&ll)‘g 7- di-(geﬁr t-bu yl-guoreny 1) zirconium dichloride .
TELRIPREHIFRG By e ot BE st RO 0RYORY 775) re g hmsid as in

thet%ng\rf'g g)gélg{gyelggludlng triisobutylaluminum

The obtained polymer was 159.6 g of isotactic polypropylene and its
polymerization activity was 166.2 kg-PP/mmol-Zr-hr. As a result of polymer
analysis, ()=2.32 dl/g, MFR=1.85 /10 minutes, Mw=330,000, Mw/Mn=2.7,
Tm=146.7°C, AH=88.6 J/g, bulk density was 0.51 g/cm? and coarse particle

amount was 0.0 wt%. Note that adherence was not observed in the autoclave.
EXAMPLE 8

[0120]

- Homo-Polymerization of Propylene (5) -

Magnetic stirring bar was put into 50 ml side-arm flask, sufficiently
substituted with nitrogen. 641 mg of solid catalyst (K} prepared in the above

example 3, 1.0 mmol of hexane solution (Al=1.0M) of tritssohutylaluminum
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(0.5 M) and 4 ml of toluene were added. After one hour reaction, the
obtained slurry was filtered with membrane filter, washed twice with 15 nil
of hexane, and then filtered, subsequently washed with 15 ml of hexane
and filtered. The obtained filtrate was condensed under reduced pressure
and its residue was less than 0.1 mg. The obtained powder was dried
under reduced pressure for 2 hours and 2.09 g of powdery solid catalyst
was obtained. Said catalyst was mixed with dehydrated liquid paraffin to
angdiripood dby diiiyd A raesuttcor iyl ozieshilms inesaidopawdes 2000
was 0.17 wt% and aluminum was 16.9 wt%. A loss of ignition was 11.2
mi\ g eppaks GRErteh andosiamumasiemantsSilite sonfibmedsy eldifent tly
analysis of residue after ignition EXAMPLE 16 [0128] -
subsiihoiebierizaticneer Prifygnel(Arid mrapwlaestrangharseas potl 40
.into 50 ml sjde-arm flask, sufficiently substituted with nitrogen. 599 mg of
o G Bl I R P AP A6 oAbl 5 OBl whe cocled

exane solution (A1=-1.0M) of triisobutylalummum and 5.0 ml of _
20 R RS IE0EVan & WEFE L deF i Ealf RACR AU FETHG SHD0 Phribidned

capacity autoclgve made by SUS which was sufficiently substituted with
pdﬁﬁ%ﬁé“r{%é@ﬁa&lﬁgﬁﬂ %%{69? l\%l%gsu&ﬁgf’&eg)a%@%%%m@o@hydrogen
was added, and then 40 minutes of polymerization was performed at 70C.

The guiechaveiwag 9@@@@@%&4mmyéegﬁ@&%&%%&ﬁﬁgﬁ&%s%d its

polymerization. The obtained polymer was dried under reduced pressure

polfandihouts 230G heaotsainedPPYMah wes L83 3 £:0f ISQIASIG 1 olymer
polypropylene and its polymerization activity was 120.4 kg-PP/mmoI-%r.

andilyAs &resdB Oy METRARIYSIS/ (0) 5200 MR REA 7y MiINYteForms
bulk density was 0.50 g/cm3 and coarse particle amount was 0.1 wt%.

andniferwitypwas dereposamngle wadsP8ydegrak ef admpressionwas ¥1%, not
spatula angle was 26" and Carr index was 93. EXAMPLE 17

observed in the autoclave.

EXAMPLE 9
[0121]
- Homo-Polymerization of Propylene (6) -

Except for adding 283 mg of solid catalyst (K) prepared in the ahove
example 3 and further adding 0.08 NL of hydrogen after 500 g of Lguid
propylene was charged, the same polymerization was performed as in the

above example 8.

The obtained polymer was 170.5 g of isotactic polypropylene and its
polymerization activity was 172.9 kg-PP/mmol-Zr-hr. As a result of polymer

analysis, )=2.24 dl/g, MFR=2.67 g/10 minutes, bulk density was 0.50 g/cm?
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[01291 - Homo-Polymerization of Propylene (8) - Except for adding
539 mg of solid catalyst slurry prepared in the above example 15 and
further adding 0.16 NL of hydrogen after 750 g of liquid propylene was
charged, the same polymerization was performed as in the above
example 15. The obtained polymer was 285.0 g of isotactic polypropylene
and its polymerization activity was 208 kg-PP/mmol-Zr hr. As a result of
olymer analysis, (q)=1.86 dl/g, MFR=6.9 g/10 minutes, bulk density was
ang sE4RMB A to S PRt antblintihas d'2tRdh adnrdhaigwaswas not
repose.angle was 28, degree of compression was 11%, spatula angle was
ObsSIVER I LH MABEVANE 05, EXAMPLE 18 [01301 Homo-Polymerization
of Propylene (9) - Magnetic stirring bar was put into 50 ml side-arm
rxflasky suffigiently substituted with nitrogen. 502 mg of solid catalyst slurry
prepared in the above example 2, 0.75 mmol of hexane solution
(A1=1.0M) of triisobutylaluminum and 5.0 ml of dehydrated hexane were
{01&d@ded to said flask and put into 3,400 ml internal capacity autoclave made
by SUS which was sufficiently substituted with nitrogen. 750 g of liquid

., propylene was charged and 0.08NL of hydrogen was added, and then 40
Rﬁ'ﬂﬁ% %Wm%ﬁgﬁﬁoﬁfﬁaﬁ%ﬁ%% "at 70C. The autoclave was
cooled and propylene was purged order to stop polymerization. The

obtainesRemerHan lied YehERANEES ATRSWROIAD AU 81 A0Gun ey

The obtained polymer was 185.9 g of isotactic polypropylene and its

o e (s e e R A S e
the0-4DGMI AL 6RAISE, PaticleRMOUNEVaR QA% FXAMPLELS onn) of
triisobutylaluminum and 5.0 ml of dehydrated hexane were added to said
flask and put into 2000 ml internal capacity autoclave made by SUS which
was sufficiently substituted with nitrogen. 500 g of liquid propylene, 3.0 NL
of ethylene and subsequently 0.3 NL of hydrogen were charged and 40
minutes of polymerization was performed at 60°C. The autociave was cooled

and propylene was purged in order to stop polymerization. The obtained

polymer was dried under reduced pressure for 10 hours at 80°C.

The obtained polymer was 243.5 g of ethylene-propylene copolymer
and 1ts polymerization activity was 562.8 kg-PP/mmol-Zrhr. As a result of
polymer analysis, ()=1.44 dl/g, MFR=23.6 g/10 minutes, ethylene content
was 2.53 mol%, Tm=131.3°C, AH=85.7J/g, bulk density was 0.42 g/em?® and
coarse particle amount was 0.12 wt%. Uniformity was 2, repose angle was
32° degree of compression was 8%, spatula angle was 37° and Carr index was

88.
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[01311 - Homo-Polymerization of Propylene (10) - Except for adding
0.16NL of hydrogen, the same polymerization was performed as in the
above example 18. The obtained polymer was 286.2 g of isotactic
polypropylene and its polymerization activity was 211 kg-PP/mmol-Zr hr.
As a result of polymer analysis, (4)=1.98 dllg, MFR.-4.9 g/10 minutes, bulk
density was 0.50 g/cm3 and coarse particle amount was 0.0 wt%.
E@M&/ﬁﬂ_é D0 [0132] - Extraction Test (3) of solid catalyst (K) for olefin
polymerization - In dried nitrogen atmosphere, 500 mg of powdery
Splid catalyst (K) manufactured in the above example 15 was weighed. 7.5
g of dried hexane was added and stirred for one hour in an atmosphere of
22C. The obtained slurry was filtered with membrane filter of Teflon

- Riedisierd makk) NaviRg3nmpRre diameter. The obtained filtrate was

condensed under reduced pressure and dried under reduced pressure for
3 hou[s at 3hPa in an atmosphere of 22C. The obtained nonvolatile
compbrietitinas rédithan 871 mwg of slurry of solid catalyst (K) prepared in

the above example 2 and further adding 0.6 NL of hydrogen after 500 g of
Liguid propylene was charged, the same polymerization was performed as in

the above example 10.

The obtained polymer was 271.0 g of ethylene-propylene copolymer
and its polymerization activity was 638.3 kg-PP/mmol-Zr-hr. As a vesult of
polymer analysis, (n)=0.96 dl/g, MFR=175 g/10 minutes, ethylene content
was 2.68 mol%, Tm=131.58°C, AH=76.2 J/g, bulk density was 0.44 glem? and

coarse particle amount was 0.53 wi%.
EXAMPLE 12

[0124]

- Random Polymerization of Propylene (3) -

Except for using 89 mg of solid catalyst (K) shurry prepared in the
above example 2 and polymerizing for 30 minutes, the same polymerization

was performed as in the above example 10.

The obtained polymer was 143.2 g of ethylene-propylene copolymer

and its polymerization activity was 795.3 kg-PP/mmol-Zr-hr. As a result of
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EXAMPLE 21 [01331 - Extraction Test (4) of solid catalyst (K) for olefin
polymenzatio In dried nitrogen atmosphere, 500 mg of powdery solid
catalyst (K) manufactured in the above example 15 was weighed. Said
catalyst was statically placed in a desiccator provided with saturated
potassium acetate 64 aqueous solution, and then, made contact with
water vapor for 7 days. After taken out from said desiccator, 1,5 g of

deuterated, acetonpitril s.added jn.atmosphere and stirred for 30
o BN RO WS B e P L B RISA wiB Elaee weplent
a en 'H; IR .obtained filtr a asured. Peak derived .
i g eihyldHe CHOUp et do i BlEa S S B Rt om® and
codBESALARRMIGRL ST WaS e Pek f Ity Islane, BX A L e 22, was

36°, degree of compression was 7%, spatula angle was 29° and Carr index was

85.

EXAMPLE 13

[0125]

- Extraction Test (1) of solid catalyst (K) for olefin polymerization -

In dried nitrogen atmosphere, 150 mg of powdery solid catalyst (K)
manufactured in the above example 1 was weighed. 7.5 g of dried hexane
was added and stirred for one hour in an atmosphere of 22°C. The obtained
slurry was filtered with membrane filter of Teflon (registered mark) having
3um pore diameter. The obtained filtrate was condensed under reduced
pressure and dried under reduced pressure for 3 hours at 3hPa in an

atmosphere of 22°C. The obtained nonvolatile component was 0.3 mg.
EXAMPLE 14

fo126]

- Extraction Test (2) of solid catalyst () for olefin polymerization -

In dried nitrogen atmosphere, 150 mg of powdery solid catalyst (K)
manufactured in the above example 1 was weighed. Said catalyst was

statically placed in a desiccator provided with saturated potassium acetate
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[0134] - Manufacturing solid catalyst (K) for olefin polymerization -
Toluene slurry of silica supporting methylaluminoxane was manufactured
by the method described in Japanese Unexamined Patent Publication No.
2000-327707 and prepared to be concentration of 200 g/L, 24 ml of said
toluene slurry of silica supporting methylaluminoxane and 16 ml of toluene
were charged into 100 ml of three-neck flask. And 3.6 ml of 20 g/L hexane

aqeehutionohpolyaliytenecoxyglydel (et nams: AREKARIBIIRIE 7Ry After
ASAHI DENKA Co., Ltd.) was added to the flask. After 30 minutes

takeactioh,ftolwenei dluteyiof 4B mg ethyfehetis(indenytzirconiumdichjotisesd in
was added. After one hour reaction, the obtained slurry was filtered with

atmenbrareditereind wabhed fwice witks 1 Fittrat hexanes(Besidue wWasiOdu ch
mg or less after condensing all the filtrate under reduced pressure).

elasgrindrenadhd rivith 2o sal obhbxand, thenfiftFate WAs conblendad ndefiitrate
reduced pressure and its residue was 0.1 mg or less. The obtained

W aSoWieR Was @ridd Vitdethettictdl pressure for Xhpurs aft 482 ofed from
powder was obtained. Said powder was mixed with dehydrated liquid

OX TR S BbYRA COnERGSRITY. Atastitnf Ahllysib atifeasitmf chemical
included in the supporting catalyst was 0.18 wt% and aluminum was 11.8

shifjos REJeast @#&Wﬁsﬁ rpifos peatenotfsifssasnt muminum
elements were confirmed by element analysis of residue after ignition.

EXEXAMALE-3 [0135] -_Slurry Polymgrization of Ethylene - 500 ml of
heptane was charged into 1,000 ml internal capacity autoclave made by
SUS, sufficiently substituted with nitrogen. By charging ethylene gas, said

[0 1&tbclave was saturated with ethylene. 0.25 mmol of hexane solution
(A1=0.5 M) of triisobutylaluminum was added. Meanwhile, 0.133 g of

uppgorting catalyst slurry prepared in example 22 was weighed in 50 ml of
" Bfﬂf@i%&?%ﬁ?gﬁocﬁ*@;ﬂmffﬁéﬁﬂﬁﬁ@ RodyanqutselEos was poured

and stirred. The obtained slurry of the catalyst was charged into

autooratgeRy BRUADS Al DeEpiane o lepl oM AHieclaNe 804 Tiffined

charging into autoclave again, catalyst was adde

| Lafil d t :
by Srbsaanentlyrlafil-hexensiwas sharges ﬁﬂ%fugo%ﬁgg%gfgwé wheroin

continuously supplied so as to make Inside of the

paz?%ﬁé%}%ﬁ%ﬁm vwesg,partarmed Wé@e‘iﬂﬂﬂﬁ%ea'}ﬁlﬁlﬁ%@/ 283 be
180 g/L.. 100 ml of four-neck flask, sufficiently substituted with nitrogen, was
equipped with stirring rod and 11.1 ml of said slurry and 30 ml of toluene
were charged. 1.0 ml of 10g/L. hexane suspension of polyoxyethylene (10)
stearylamine ether (by Wako Pure Chemical Industries, Ltd) was added.
After 45 minutes reaction at 35°C, a preliminary mixed mixture mcluding
33.5mg of transition metal compound of diphenyl
methylene(3-tert-butyl-5-methyl-cyclopentadienyl}(2,7- di-tert-butyl-fluoreny
1) zirconium dichloride (manufactured by the method described in

WO2004/087775), 0.9 ml of toluene solution including triisobutylaluminum
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66 residue gas was purged in order to stop polymerization. Note that
adherence was not observed on inner wall of polymerization vessel. The
obtained slurry of polymer was filtered with K ty rohto (p 95mrn, filter
paper No. 5B). There was no clog at the filter paper. The obtained
polymer was dried under reduced pressure for 10 hours at 80C. The
obtained polymer was 44.7 g and its polymerization activity was 80.4

(0. kgvPEIMIrokZ vhtoAs B esult ofitiimeftanalysibobelkdRpRIlY, Was h3Sined
g/cm3 and its density was 930 kg/m3. EXAMPLE 24 [01361 - Gas-Phase
sluputymeti Zdtiore divEthylenerbran 6Mtgofsasivmn chiorde waschargeHexane,
into 1,000 ml internal capacity autoclave made by SUS, sufficiently
anduistituteddani. rtrbgem Bythufficienty driihgiénihéeatinge cootings antlitered.
charging ethylene gas, autoclave was saturated with ethylene. 0.25 mmol
Thethéranedsbiitiote(Kesaeyosedisoblaylatdmindnpeasaddend its residue
Meanwhile, 0 312 g of supporting catalyst slurry prepared in example 22
wagnlees1 $iamol of Hegant kel vidaiger-mewiesf wisobltidaluminiem weteced
added gg 50 ml of three-cock flask. The obtained slurry of the catalyst was
PregsHfgetPinto MtEEI1808. BBk gl eyl antdukiveonts seibutitateliwitred. Said
ethylene gas containing 4.0 wt% of 1-butene, and then ethylene/butene
Catﬁi&%@%@% W?%B@UWQ%@W% A6esh Aarinsite siird aotdenve® B wiPagurry.
80C and, polymerization was performed for 60 minutes, The autoclave was

AS Bofst Hd Pesiia EEs waS THIRER inrdétdo RS olyraerifation viliofand

water was ad to the obtained pawder and stirred, and then the
R R L B A i A

polymer slirry

amg%merngaide?&gr?ﬁr v%%%ggedéjnder redu§ed ressure for 10 hours at

L OBt ae RSt s Bhraes ANeieTp ¥EbhAdRmtgaeaatter

iontaonk9-PE/mmol-Zr hr. As a result of polymer analysis, coarse particle
amount was 1.5 wt%, bulk density was 0.31 g/cirt2 its density was 922
kg/m3, and (0=1.62 dl/g.

EXAMPLE 16

[0128]
- Homo-Polymerization of Propylene (7) -

Magnetic stirring bar was put into 50 ml side-arm flask, sufficiently
substituted with nitrogen. 599 mg of solid catalyst slurry prepared in the
above example 15, 0.75 mmol of hexane solution (Al=1.0M) of
triisobutylaluminum and 5.0 ml of dehydrated hexane were added to said
flask and put into 3,400 ml internal capacity autoclave made by SUS which
was sufficiently substituted with nitrogen. 750 g of liquid propylene was
charged and 0.08NL of hydrogen was added, and then 40 minutes of
polymerization was performed at 70°C. The autoclave was cooled and
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EXAMPLE 25 [0137] - Extraction Test (5) of solid catalyst (K) for olefin
polymerization - In dried nitrogen atmosphere, 500 mg of powdery
solid catalyst (K) manufactured in the above example 22 was weighed. 7.5
g of dried hexane was added and stirred for one hour in an atmosphere of
23C. The obtained slurry was filtered with membrane filter of Teflon
(registered mark) having 3nm pore diameter. The obtained filtrate was

g R e R e e e e

ours at aimnan atmosphere eo

waSOTAEReIES FERIER 0 AN o A O b Ao Fethnea

(6) of solid catalyst In polymerization - In-dried

polgimashgte. B g Ol A S, ation

above example 22 was weighed. was statically

actSBSIECAIBL Plovided Wity saalert PRRSSIU, acelals aguagys salution, . ;

and then, made contact with water vapor for 7 days. nou

() s2idglesgifsatory ks g of deyigrated.acstopitiile mgﬁ%@%&g es gg{ﬁ and

and stirred for 30 minutes. Filtration was performed ass

coditedhwith glassweet aad m?%%1?%r%§$@9@??gﬂﬂg@%\é¥?§\§azs 28°

measured. Peak derived from oxymethylene group was confirme

&e@@e@-ﬁﬁpwﬁig&}i@@m@t\b%i% ofichgmicabshiftywas therealt.of Carr index was
tetramethylsilane.

93.

EXAMPLE 17

[0129]

- Homo-Polymerization of Propylene (8) -

Except for adding 539 mg of solid catalyst slurry prepared in the
above example 15 and further adding 0.16 NL of hydrogen after 750 g of
hquid propylene was charged, the same polymerization was performed as in
the above example 15. The obtained polymer was 285.0 g of isotactic
polypropylene and its polymerization activity was 208 kg-PP/mmol-Zr - hr.
As a result of polymer analysis, ()=1.86 dl/g, MFR=6.9 g/10 minutes, bulk
density was 0.50 g/cm? and coarse particle amount was 0.2 wt%. Uniformity
was 2, repose angle was 28° degree of compression was 11%, spatula angle

was 27° and Carr index was 93,

EXAMPLE 18



EXAMPLE 27 101391 - Manufacturing solid catalyst (K) for olefin
polymerization - Toluene slurry of silica supporting methylaluminoxane
was obtained by the same method as in example 1, process PI, by using
silica gel wherein particles having diameter of 4pm or less were eliminated
and prepared to be 180 g/L. 200 ml of four-neck flask, sufficiently
substituted with nitrogen was equipped with stirring rod and 11.1 ml of

[0 f@gﬂ slurry and 30 ml of toluene were charged. Subsequently, 2 ml of 20
g/L hexane solution of polyalkylene oxyglycol (trade name: ADEKA
Pluronic L-71 by ASAHI DENKA Co., Ltd.) were added and 45 minutes

- PreactiBolywas pedommed at3p&ldnertaer, 5 ml mixture of toluene
suspension including 30.2 mg of transition metal compound of
rac-dimethylsilylene bis(2-methy1-4-phenyl indene) zirconium dichloride
was 20888° RASTBRERORAFeHBEGH tARIDEAIMaY Siderywadilsdresnifit ently
me.mbra%;e filter, washed twice with 15 ml| of hexane, and then filtered (All

subb it WAR dBitRERiEa R er Fetfuseipredialieaniiasiderenaied in the

0.1mg or less.), subsequently washed with 15 ml of hexane and filtered.

b oBFATEdSiltrate Whstorddeed thadireiftedspiussute didRb OM)  of
o oY ho e ahd B 3 S Bty Sohd EatpSiaslo s
Y R T T T
wal SUBIBIER L BRIl fo iR AR R Y PR S A e s
charged and 0.08NL of hydrogen was added, and then 40 minutes of
polymerization was performed at 70°C. The autoclave was cooled and
propylene was purged in order to stop polymerization. The obtained polymer
was dried under reduced pressure for 10 hours at 80°C. The obtained
polymer was 185.9 g of isotactic polypropylene and its polymerization
activity was 137.1 kg-PP/mmol-Zr-hr. As a result of polymer analysis,

(n)=2.54 dl/g, MFR=1.15 g/10 minutes, bulk density was 0.49 g/cm?® and

coarse particle amount was 0.1 wt%.
EXAMPLE 19

[0131]

- Homo-Polymerization of Propylene (10) -

Except for adding 0.16NL of hydrogen, the same polymerization was

performed as in the above example 18. The obtained polymer was 286.2 gof
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Magnetic stirring bar was put into 50 ml side-arm flask, sufficiently
substituted with nitrogen. 598 mg of solid catalyst (K) slurry prepared in
the above example 27, 0.75 mmol of hexane solution (A1=1.0M) of
triisobutylaluminum and 5.0 ml of dehydrated hexane were added to said
flask and put into 3,400 ml internal capacity autoclave made by SUS,
which was sufficiently substituted with nitrogen. 750 g of liquid propylene
- c~Was.char 40 minutes_of palymerization was performed at
lsogoﬁg%hé@g%%%%%&%%s cé%lgd Eﬁsd pPoOg er?gl\’;’vaaéoﬁlurgg‘gtﬁﬁr%yderx%s 211
lymgrizgtio [ I ried under.reduced ...,
T 10 oLt At 5000 Te et S mncr ks 198 HFoFR=4.9
[ ' I Vi : its. pol izati ctivi S 17
BB B o] P aalieis N 2 ey gount was
0. .omipuges, (q)=6.71 dlig, bulk density was 0.47 g/cm3 and coarse particle
amount was 1,2 wt%. Note that adherence of the polymer was not
observed in the autoclave. EXAMPLE 29 [0141] - Extraction Test (7) of
EXplitFdatalfst (K) for olefin polymerization - In dried nitrogen
atmosphere, 200 mg of powdery solid catalyst (K) manufactured in the
0 %tégve example 27 was weighed. Said catalyst was statically placed in a
esiccator provided with saturated potassium acetate agueous solution,
and then, made contact with water vapor for 7 days. After taken out from
- ERald desicair () Sohdevierniad acpiplilawan Added S, -
atmosphere and stirred for 30 minutes. Filtration was"per ormegt rough
glass tube filled with glass wool, and then 1-1-NMR of the obtained filtrate
was tieakueddnPeekede Aved Siomiexyifibthyiené gooupenasdofrmeatyat (K)
3.2 to 3.7 ppm. Note that basis of chemical shift was the peak of
maRHEHRBINGE BN §COMRARATIVE BXAMPECIgH0d42].5 g of dried hexane

was added and stirred for one hour in an atmosphere of 22°C. The obtained
slurry was filtered with membrane filter of Teflon (registered mark) having
3um pore diameter. The obtained filtrate was condensed under reduced
pressure and dried under reduced pressure for 3 hours at 3hPa in an
atmosphere of 22°C. The obtained nonvolatile component was less than 0.1

me.
EXAMPLE 21

[0133]

- Extraction Test (4) of schid catalyst (K) for olefin polymerization -

In dried nitrogen atmosphere, 500 mg of powdery solid catalyst (K)
manufactured in the above example 15 was weighed. Said catalyst was

statically placed in a desiccator provided with saturated potassium acetate
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-Manufacturing solid catalyst for olefin polymerization - [The First Process]
5.00 g of silica gel (trade name: H-122 by Asahi Sl Tech Co., Ltd.) dried at
200C under nitrogen atmosphere and 44 ml of dehydrated toluene were
added to 100 ml of four-neck flask, sufficiently substituted with nitrogen
and equipped with stirring rod, and then, heated to 50C with oil bath. 2.5
ml of toluene solution (1M) of triisobutyl aluminum was added, and then,

{ th i 9.1 wt% i
e B A e L A ST e an
talFeaclionabROG anskhen.4hoyrg rgeamﬁ@e&%]%&dV&%@%&ﬁ%@e%gag;&%ée@ in

leaving at rest at 60C, 31 ml of supernatant solution was remov

atzﬁ@@ﬁﬂ@t&oﬁn@ngﬁ?%ﬁ tpjuene Slupry.0f stiea,supno r%[%r e}ffo]?med; through

methylaluminoxane was obtained [0143] [The Secon cess

me | nowa . e i the
e1a5aluape sy ofisiicasupReng Methida umﬂi‘@%ﬂ@%@%&‘@g@é\%ﬁé f)grate

above process was kept at 35C and 20 ml of hexane was a

waRline@seaction. i selinainan,mixedmbtyredaciuding 450 MG Al med at 3.2
transition metal compound of diphenylmethylene

to (3Bri-ppiyl-Inehylieyclopentadieny@2Aiditershuty!-fluarenyQzirconiu ¢
m dichloride (manufactured by the method described in W02004/087775),
tetaBbath vilsiodiene solution (IM) including triisobutylaluminum and 4m1 of
hexane were added. After one hour reaction, the obatained slurry was
filtered with membrane filter. The obtained powder was dried under
ssure for 2 hours and 9.16 g of powder was obtained. As a
result of analysis, zirconium in said powder was 0.17 wt%. The powder
[o1Wa mixed with dehydrated liquid paraffin to obtain 20.0 wt% slurry.
[COMPARATIVE EXAMPLE 21

- Manufacturing solid catalyst (K) for olefin polymerization -

Toluene slurry of silica supporting methylaluminoxane was
manufactured by the method described in Japanese Unexamined Patent
Publication No. 2000-327707 and prepared to be concentration of 200 g/L. 24
ml of said toluene slurry of silica supporting methylaluminoxane and 16 ml
of toluene were charged into 100 ml of three-neck flask. And 3.6 ml of 20 g/L
hexane solution of polyalkylene oxyglycol (trade name: ADEKA Pluronic
1.-71 by ASAHI DENKA Co., 1.td.) was added to the flask. After 30 minutes
reaction, toluene slurry of 45 mg ethylenebisGndenylzirconiumdichloride
was added. After one hour reaction, the obtained slurry was filtered with
membrane filter and washed twice with 10 ml of hexane (Residue was 0.1 mg
or less after condensing all the filtrate under reduced pressure). Further
washed with 10 ml of hexane, the filtrate was condensed under reduced
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[0144] - Homo-Polymerization of Propylene (1) - Magnetic stirring bar
was put into 50 ml side-arm flask, sufficiently substituted with nitrogen.
714 mg slurry of supporting catalyst prepared in the above comparative
example 1, 1.0 rnmol of hexane solution (A1=1.0M) of triisobutylaluminum
and 5.0 ml of dehydrated hexane were added to said flask and put into
2000 ml internal capacity autoclave made by SUS, sufficiently substituted

pro¥ih Nitapen. S00.giaf liguid Propy, 0P e M%%@éa%%éc%md%&?%%fs dried

polymerization was performed at e autoclave was cooled and

un REIPYIENE MaSRYLASE 13:000RE 1Q-SIORPLYMET] i%ﬂ@?%gﬁgtc%@ﬁa‘%%% Said

polymer was dried under reduced pressure for 10 hours at

poR@inegnelMmerwas &&%@Mé@ﬁ@ﬁ%&%ﬁ%ﬁ%%ﬁ%ﬁﬁs@ wit% slurry.

polymerization activity was 71.1 kg-PP/mmol-Zr hr. As a result of polymer

Asanalysisi (e)=3:29yalg, MBrha7 ﬁiéﬂzﬁ@@%@%ﬁ@%ﬁ%@@ﬁ% t@%aiyst Was

amount was 25.0 wt%. Bulk density was unable to measure since polymer

0. igowder wag bibekingimrehte. Bulk densitaof pewderpassed thiuatrg w1
1mm openings of sieve was 0,39 g/cm3. Note that adherence of the

Pe plitynfedlivas chatrledimautoslaves [GOMPARATIMEEAMRIF3% [0348) ;s
- Homo-Polymerizationof Propylene (2) -
of residue after ignition.

EXAMPLE 23
[0135]
- Slurry Polymerization of Ethylene -

500 ml of heptane was charged into 1,000 m! internal capacity
autoclave made by SUS, sufficiently substituted with nitrogen. By charging
ethylene gas, said autoclave was saturated with ethylene. 0.25 mmol of
hexane solution (Al=0.5 M) of triisobutylaluminum was added. Meanwhile,
0.133 g of supporting catalyst slurry prepared in example 22 was weighed in
50 ml of three-cock flask, and then 4 ml of heptane in the autoclave was
poured and stirred. The obtained slurry of the catalyst was charged into
autoclave. By pouring 4 ml of heptane into flask from autoclave and then
charging into autoclave again, catalyst was added to the autoclave.
Subsequently, 5 ml of 1-hexene was charged and ethylene was continuously
supplied so as to make inside of the autoclave 0.8 MPa at 80°C and
polymerization was performed for 85 minutes. The autoclave was cooled and
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Except for adding 308 mg of slurry of supporting catalyst prepared in the
above comparative example 1 and further adding 0.08NL of hydrogen
after 500 g of liquid propylene was charged, the same polymerization was
performed as in the above comparative example 2. The obtained
polymer was 143.8 g of isotactic polypropylene and its polymerization
activity was 184 kg-PP/mmol-Zr hr. As a result of polymer analysis,

‘=294 dl/g, MER=1.85 g/10 minutes, and coarse. partjcle amount ywas
re o L Ry s oS 1 haeare GAck pol e Wk aence
.-Dlacking Bul ' d d throt i
T W 0198 Qg N e Ry A O M QganetShuzsy

. : ‘ ( VE-EXAMPLE 41 [0146] - :
of %ﬁﬁ@%@‘ﬁﬁ%@&%@%@xﬁﬁe i A-l%gfurﬁg%gt‘;gﬁm, @f'tegi%gg%%\fﬁor’jm

anufacturing solid cat n po

T i ly ed : Pluronic L-71 by
R e PO AR RNl D e

re RREATMRAASINGXADMS &4 AiSsdresaihal anaiysis zirconium inclyded in
the supporting catalyst was 0.19 wt%, [COMPARAT%%&W&EEE‘%?Pg and
its [P herization activity was 80.4 kg PE/mmol-Zr-hr. As a result of

polymer analysis, bulk density was 0.38 glem® and its density was 930 kgims,
EXAMPLE 24

[0136]

- Gas-Phase Polymerization of Ethylene -

500 g of sodium chloride was charged into 1,000 ml internal capacity
autoclave made by SUS, sufficiently substituted with nitrogen. By
sufficiently drying on heating, cooling, and charging ethylene gas, autoclave
was saturated with ethylene. 0.25 mmol of hexane solution (Al=0.5 M) of
triisobutylaluminum was added. Meanwhile, 0.312 ¢ of supporting catalyst
slurry prepared in example 22 and 0.13 mmol of hexane solution (Al=0.5 M)
of tritscbutylaluminum were added to 50 mi of three-cock flask. The obtained
slurry of the catalyst was charged into autoclave. Subsequently, autoclave
was substituted with ethylene gas containing 4.0 wt% of 1-butene, and then
ethylene/butene mixed gas was supplied so as to make inside of the autoclave
0.8 MPa at 80°C and polymerization was performed for 60 minutes. The
autoclave was cooled and residue gas was purged in order to stop
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- Slurry Polymerization of Ethylene - 500 ml of heptane was charged
into 1,000 ml internal capacity autoclave made by SUS, sufficiently
substituted with nitrogen. By charging ethylene gas, said autoclave was
saturated with ethylene. 0.25 mmol of hexane solution (A1=0.5 M) of
triisobutylaluminum was added. Meanwhile, except for 0.134 g of
supporting catalyst slurry prepared in comparative example 4 was put into

pow@i@ﬁm@%@gcm%%e@%@%&Mm%ﬂ@%ﬂﬂé@@ﬁ%&%%@& Wirred,

minutes, the same manufacturing method was performed as In example

an 23LNetEhaadheienre-of EE}%JHH%H\M@%%?@ﬁ@é\(ﬁ%&@ﬂ&@ﬁrﬂﬁgxﬁ%%hmg
|

polymerization vessel. The obtained slurry of polymer was filtered w

thdsliyama-d b (adiltenpapel Nee bRk Sincedtwasa fine.pewderclog. r,y 10

was caused at filter and that filtration speed was slow. The obtained

hopolyateBd/4s diled whdeiredusslpressure faplo @oa@aﬁﬁo&%@ﬁemamn
obtained polymer was 52.7 g and its polymerization activity was 62.4
actkgHR BiramBdB Zr Ky D% @ nesuillofipolymer analysist bullhdensitynag 0.38rse
g/cm3 and its density was 930 kg/m2. [COMPARATIVE EXAMPLE 61
paf0Li8hRropylemes bufk polimendatiomsity ExsdpBiopusitty A03008sity was
slurry of supporting catalyst prepared in the above comparative example 1
92 hkd/enarging GUESLMRoLU. gIL hexane solution of L-71 before charging
said supporting catalyst, the same polymerization was performed as in
Adherence of the polymer was not observed in polymerization
EX\%@?@?‘E §5The obtained polymer was 92.6 g of isotactic polypropylene
and its polymerization activity was 120.7 kg-PP/mmol-Zr, hr. As a result of
[01R9llymer analysis, bulk density was 0.51 g/cm3 and (u)=2.46 dl/g. Fouling
and also bulk density of polymer were proved, while polymerization
activity was deteriorated. [COMPARATIVE EXAMPLE 71
- Extraction Test (5) of solid catalyst (K) for olefin polymerization -

In dried nitrogen atmosphere, 500 mg of powdery solid catalyst (K)
manufactured in the above example 22 was weighed. 7.5 g of dried hexane
was added and stirred for one hour in an atmosphere of 23°C. The obtained
shurry was filtered with membrane filter of Teflon (registered mark) having
3um pore diameter. The obtained filtrate was condensed under reduced
pressure and dried under reduced pressure for 3 hours at 3hPa in an
atmosphere of 22°C. The obtained nonvolatile component was less than 0.1

mg.
EXAMPLE 26
[0138]

- Extraction Test (6) of solid catalyst (K) for olefin polymerization -
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[01491 - Gas-Phase Polymerization of Ethylene' 500 g of sodium

chloride was charged into 1,000 ml internal capacity autoclave made by

SUS, sufficiently substituted with nitrogen. By sufficiently drying on

heating, cooling, and charging ethylene gas, autoclave was saturated with
ethylene. 0.25 mmol of hexane solution (A1=0.5 M) of triisobutylaluminum
was added. Meanwhile, 0.303 g of supporting catalyst slurry prepared in
com i . nexa olution (A1=0.5 M) of
triisoﬁ@%ﬁ%ﬁ?ﬁ?ﬁ %ﬁég g%@é’@%%&%ﬁ% S 'uﬁtilv% the Séé é?y%%%ﬁ%%sz (K)

mGNaged At auteplave, Rubsequently ’@%QV%&EE@JP@ %ﬁeda\[/ﬁ:’iéxgt Was

ethylene gas containing 4.0 wt% of 1-butene, and then ethylene

staMbat,085Was §y@paﬁgié@a@&lw@hﬁeH‘%%%M%@&'SM&QS?MF A& ste

80C and polymerization was performed for 60 minutes The autoclave was

aqeeoledsandresiduedaswas pHIesinorderio SR Plymerization. 21 of oo

water was added to the obtained powder and stirred, and then the

talpelymerfvas ilededowith hleached:cigthe Aiten wWashing e ahtained , 3ded in

polymer, said polymer was dried under reduced pressure for 10 hours at

a1xB06pIiEe ehidined-polyferatamaiid s ARd ispRYMPeHZAORACHNRY (WaSu oh
21.3 kg-PE/mmol-Zr. hr. As a result of polymer analysis, coarse particle

glaamouint fidle 2. 2wivelauk deokitwash@291g/em3Rts densithwas Q22 1 trate
kg/m3, and (q)=3.24 c11./g. [COMPARATIVE EXAMPLE 8] [0150] -

waMarufaeterind’ selidicatalystiionolefimpelgietization:n waExee@lioedoi: 3 9

adding polyalkylene oxyglycol, the same manufacturing method was
to parformentas Moéxartiptd 2 dand 10fwteh shuiregbf shiift catalystivas peak of
obtained. Zirconium in said powder was 0.19 wt%. [COMPARATIVE
tetExpaiplEbne.

EXAMPLE 27
[6139]
- Manufacturing solid catalyst (K) for olefin pelymerization —

Toluene slurry of silica supporting methylaluminoxane was obtained
by the same method as in example 1, process P1, by using silica gel wherein
particles having diameter of 4pm or less were eliminated and prepared to be
180 g/L.. 200 ml of four-neck flask, sufficiently substituted with nitrogen was
equipped with stirring rod and 11.1 ml of said slurry and 30 ml of toluene
were charged. Subsequently, 2 ml of 20 g/L hexane solution of polyalkylene
oxyglycol (trade name: ADEKA Pluronic L-71 by ASAHI DENKA Co., Ltd)
were added and 45 minutes reaction was performed at 35°C. Further, 5 ml
mixture of toluene suspension including 30.2 mg of transition metal
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[01511 Except for using 601 mg of solid catalyst slurry prepared in the

above comparative example 8, the same polymerization was performed

as in example 28. The obtained polymer was 172.5 g of isotactic

polypropylene and its polymerization activity was 210 kg-PP/mmaol-Zr ‘hr.

As a result of polymer analysis, MFR<0.01 g/10 minutes, (r1)=6.93 cll/g

and coarse particle amount was 60.4 wt%. Bulk density was unable to
cOMMBagHER mnﬁmﬁ{gﬂ@wﬁﬁwaﬁg@%mm%@e@ﬂ‘;ﬁ'%gﬁty of conium

powder passed through Imm openings of sieve was 0.33 g/m RN ERGT (—

dicdberénce of thadalymerwaspbsesvgd,ip layg . [GO! IVE
EXAMPLE 10] [01521 -Manufacturing BaRYBE A fre %QME{%WQ-’;““Y was

il reliminaty polymerizatieneately stoed efin ROWIRNZAatoN 5 140,01 g.of hen

liquid paraffin slurry manufactured in comparative example 1 and 40 ml o

filverdne\Wereeatitied o 200 miflask-atdhertedda34Q. 2040 Af 1Mol 110

hexane solution of triisobutylaluminum was further added. Ethylene was
waslwinigtoighs phaselpartataipte ofiled Wh addpobmerized 954 filtered.
hours at 35C. Residue ethylene was purged with nitrogen and then, the
Thebthiredesiuiiyrwers filterednalitin mémbrdnerditercdihe ekainehRAWIE e sidue
was dried under reduced pressure for 3 hours and 6.70 g of solid catalyst
wagK Jevas dorained 2:85.g 'Bhpolymemeith yesphet terdg ofselideatalySteduced
was polymerized.
pressure for 2 hours and 2.08 g of powdery solid catalyst was obtained. As a
result of analysis, zirconium in said powder was 0.18 wt% and aluminum
was 17.0 wi%. The obtained catalyst was mixed with dehydrated hguid

paraffin to obtain 10.0 wt% slurry.
EXAMPLE 28

{0140}

- Homo-Polymerization of Propylene (11) -

Magnetic stirring bar was put into 5¢ ml side-arm flask, sufficiently
substituted with nitrogen. 598 mg of solid catalyst (K) slurry prepared in the
above example 27, 0.75 mmol of hexane solution (Al=1.0M) of
trusobutylaluminum and 5.0 ml of dehydrated hexane were added to said
flask and put into 3,400 m! internal capacity autoclave made by SUS, which
was sufficiently substituted with nitrogen. 750 g of hiquid propylene was
charged, and then 40 minutes of polymerization was performed at 76°C. The
autoclave was cooled and propylene was purged in order to stop
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[COMPARATIVE EXAMPLE 11] [0153] -Contact treatment of a

preliminary polymerization catalyst for olefin polymerization and a

compound comprising oxyalkylene skeleton- Under dry nitrogen

atmosphere, 2.0 g of preliminary polymerization catalyst manufactured in

comparative example 10 was weighed. 13.2 g of dried hexane and 2.0 ml

of 20 g/L hexane solution of polyalkylene oxyglycol (trade name: ADEKA

Rluronic, L~ g A : re;added. 4 hours.of stirrin
. TR e Sk A HAES e fo

toflignalsTeflondgegistaned magihaying dim pore, dameler and lugher, ;.
S

washed 5 times with 10 ml of hexane. The obtained solid subs%an%e was

poldriedindae reducad NESsHIG 0SS %fc%gmﬁ?'\n%éhmbi%ét??%ﬁ}(@rfﬁh? r hr.

catalyst was 73.5 wt%. Further, the obtained Tiltrate was condense

Asredusett prEpsIeaRc 38124m9 BiikmaiesAlvas.obtained BY 11-INMR

measurement, said oily material was determined to be polyalkylene

dexosiyglyeak (Vadegiane s ADEKA RIusaniccle A BAHIDENKAC On Ltg ) o

Calculated from these results, supporting amount of polyalkylene

adioxygtyeobinitie respect forsolid catdlysiwds Q. 200wl o [CRMPARATIVE
EXAMPLE 121 101541 - Extraction Test (1) - In dried nitrogen
atmosphere, 500 mg of the solid substance after contact treatment

the above comparative example 11 was weighed. 7.5 g of

dried hexane was added and stirred for one hour in an atmosphere of

lo 1% . The obtained slurry was filtered with membrane filter of Teflon
registered mark) having 3um pore diameter. The obtained filtrate was
condensed under reduced pressure and dried under reduced pressure for

- ESthocris at BhRd Th efselidaspagreoid2Gy Sheabiainednonvelile
component was less than 0.1 mg. [COMPARATIVE EXAMPLE 13]

101551
In dried nitrogen atmosphere, 200 mg of powdery sohid catalyst (K)

manufactured in the above example 27 was weighed. Said catalyst was
statically placed in a desiccator provided with saturated potassium acetate
aqueous solution, and then, made contact with water vapor for 7 days. After
taken out from said desiccator, 1.5 g of deuterated acetonitrile was added in
the atmosphere and stirred for 30 minutes. Filtration was performed
through glass tube filled with glass wool, and then 'H-NMR of the obtained
filtrate was measured. Peak derived from oxymethylene group was
confirmed at 3.2 to 3.7 ppm. Note that basis of chemical shift was the peak of

tetramethylsilane.
[COMPARATIVE EXAMPLE 1]

[0142]



- Extraction Test (2) - In dried nitrogen atmosphere, 160 mg of the
solid substance after contact treatment prepared in the above comparative
example 11 was weighed. Said catalyst was statically placed in a
desiccator provided with saturated potassium acetate agueous solution,
and then, made contact with water vapor for 2 days. After taken out from
said desiccator, 1 g of deuterated acetonitrile was added in the

-MQM&E’Q&%?%@ 'r%?aﬁ%g'@o?m% . %iltrat%g} Fiit_erformed through

glass tube filled with glass wool, and then he obtained filtrate
was measured. Peak derived from oxymethylene group was confirmed at
['13:2 10:8:7 e dVbte that basis of chemical shift was the peak of
tetramethylsilane. [COMPARATIVE EXAMPLE 14] [0156] -
Homo-Polymerization of Propylene - Except for using 408 mg of solid
substaiife RiterbhtaBelredmiant praparddl indHe abevbicOmpardtiveo., Ltd.)
.exampl @as catalyst, the same polymerization was performed as in
Arigg MRS YO ObIHHEE b RES A5 gk T mkde s lohecne
and its.palymerization actjvity was 99.7 kg-PP/mmol-Zr. hr. As a result of
Weﬁwﬁéﬁﬁnaﬁyg@%&: .6é>}jr16%ﬁé§?{w.s&§m%@ybau@@@ﬁgty@va@i.th
i Q.32Y§1/cm and. coarse particle amount,was 1.9 wt%, Note that adherence
itoge: [P %I

obse v88W$% ASE N TEENMBARRTIVECE X ARIBLE 8] 016 7pith oil
hat‘ﬂ?@%&%@lxw t%ﬁ'éggg%&tuﬁfgx? )(Iﬁ{)ﬁ of triisocbutyl aluminum was added, and

then, 19.0 ml of toluene solution of methylaluminoxane (9.1 wt% aluminum
concentration by Tosoh Finechem Co.) was further added. 30 minutes
reaction at 50°C, and then 4 hours reaction at 95°C were performed. After
leaving at rest at 60°C, 31 ml of supernatant solution was removed by
decantation, and then, toluene slurry of silica supporting

methylaluminoxane was obtained.
[6143]
[The Second Process]

Toluene slurry of silica supporting methylaluminoxane obtained in
the above process was kept at 35°C and 20 ml of hexane was added. After 45
minutes reaction, a preliminary mixed mixture including 150 mg of
tfransition metal compound of diphenylmethylene
(38-tert-butyl-5-methyl-cyclopentadienyl)(2,7-di-tert-butyl-fluorenybzirconiu
m dichloride (manufactured by the method described in WO2004/087775),

1.86 ml of teluene solution (1M) including triisobutylaluminum and 4m] of
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Except for using 400 mg of solid substance after contact treatment
prepared in the above comparative example 11 as catalyst, the same
polymerization was performed as in example 18. The obtained polymer
was 144.5 g of isotactic polypropylene and its polymerization activity was
69.1 kg-PP/mmol-Zr hr. As a result of polymer analysis, MFR=2.35 g/10
minutes, (11)=2.30 dig, bulk density was 0.51 g/cm3 and coarse particle

e e e e, ey was

00
autoclave. Fouling was not completely improved, while

a1aelNitLvRSseVEely deteriorated INDUS g&%@m'arlsc BILITY O%%é uced

According to the invention, olefin polymer having an excellent par icu

prdBQIPHA9EYLCHN bE; Producedwith gogd efficiency wi *egl%toftﬁe gancem ofye o

causing fouling. Particularly, the'invention shows profound effect on

an AMeafagtiring palymer-having.a dowme ingpqipswhich &?Q&Ea%x? LS8 xed

fouling and was difficult to manufacture with good efficiency. C

with selit,atalst (K fer.alefimpalymerization gharactglized by meeting the
following requirements [1] and [2] simultaneously, and iricluding a
metallocene compound represented by the formula (XIII) below: [1] a

[CGRdE 6BgnillOF S30AMIIAT [REs as measured on a differentia

thermogravimeter; and
[0144]

- Homo-Polymerization of Propylene (1) -

Magnetic stirming bar was put into 50 m! side-arm flask, sufficiently
substituted with nitrogen. 714 mg slurry of supporting catalyst prepared in
the above comparative example 1, 1.0 mmol of hexane solution (Al=1.0M) of
triissobutylaluminum and 5.0 ml of dehydrated hexane were added to said
flask and put into 2000 ml internal capacity autoclave made by SUS,
sufficiently substituted with nitrogen. 500 g of liquid propylene was charged
and 40 minutes of polymerization was performed at 70°C. The autoclave was
cooled and propylene was purged in order to stop polymerization. The

obtained polymer was dried under reduced pressure for 10 hours at 80°C.

The obtained polymer was 128.6 g of isotactic polypropylene and its
polymerization activity was 71.1 kg"PP/mmol-Zr-hr. As a result of polymer
analysis, (n)=3.29 dl/g, MFR=0.27 g/10 minutes and coarse particle amount
was 25.0 wt%. Bulk density was unable to measure since polymer powder

was blocking in rohte. Bulk density of powder passed through 1mm openings
73



[2] after treating the catalyst with water vapor of room temperature and
then contacting it with acetonitrile, component eluted into the acetonitrile
comprises compound having a molecular skeleton represented by the
following general formula [I] wherein R is a hydrogen atom or an alkyl
group having 1 to 12 carbon atoms. CH2 CH -0 2.The solid catalyst (K)
for olefin polymerization as set forth in claim 1, characterized by meeting

of thetoleydnggequisement{dlihat adlRLAHEE mﬁgmﬁﬁé?%a%n%mﬁgved in

filtering out solid part filtrate does not substantially comprise nonvolati
aufampenent.

[COMPARATIVE EXAMPLE 3]
[0145]
- Homo Polymerization of Propylene (2) -

Except for adding 308 mg of slurry of supporting catalyst prepared in
the above comparative example 1 and further adding 0.08NL of hydrogen
after 500 g of liquid propylene was charged, the same polymerization was

performed as in the above comparative example 2.

The obtained polymer was 143.8 g of isotactic polypropylene and its
polymerization activity was 184 kg-PP/mmol-Zr-hr. As a result of polymer
analysis, (n)=2.34 dl/g, MFR=1.85 g/10 minutes, and coarse particle amount
was 50.3 wt%. Bulk density was unable to measure since polymer powder
was blocking in rohto. Bulk density of powder passed through 1mm openings
of sieve was 0.36 g/cm®. Note that adherence of the polymer was observed in

autoclave.
[COMPARATIVE EXAMPLE 4]
[0146]

- Manufacturing solid catalyst for olefin polymerization -
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3.A solid catalyst (K) for olefin polymerization, characterized in that the
solid catalyst (K) for olefin polymerization as set forth in claim 1 or 2 is
pre-polymerized with one or more olefin selected from ethylene and
a-olefin having 3 to 8 carbon atoms. 4. A polymerization method of one
or more monomer (M) selected from ethylene and a-olefin having 3 to 12
carbon atoms, using the solid catalyst as set forth in any one of claims 1

o miamaly eSS SROE TR

of group 13 in periodic table. e polym ass rth'in

Pl&i@k@‘ﬂ(ﬂh\’m%@&WWKMWQ@X@’P%%%Q%%ﬁ@ﬁi@a%&@%@?ﬁﬁgtmd

selected from ethylene and a-olefin having 4 to 10 carbon atoms.

waRQhyrlerizatipa methed a9 Rebioriin elaim donvhgrginmonamer (M) ﬂ'ﬁ%lde&

ethylene and one or more monomer selected from a-olefin having 3 to
in casbapgemse catalyst was 0.19 wi%.

[COMPARATIVE EXAMPLE 5]
[0147]
- Slurry Polymenrization of Ethylene -

500 ml of heptane was charged ints 1,000 ml internal capacity
autoclave made by SUS, sufficiently substituted with nitrogen. By charging
ethylene gas, said autoclave was saturated with ethylene. 0.25 mmol of
hexane solution (Al=0.5 M) of triisobutylaluminum was added. Meanwhile,
except for 0.134 g of supporting catalyst slurry prepared in comparative
example 4 was put into 50 ml of three-cock flask, and then polymerization
was performed for 90 minutes, the same manufacturing method was
pexrformed as in example 23. Note that adherence of the polymer was
observed on imner wall of polymerization vessel. The obtained slurry of
polymer was filtered with Kiriyama-rohto (p 95mm, filter paper No. 5B).
Since it was a fine powder, clog was caused at filter and that filtration speed
was slow. The obtained polymer was dried under reduced pressure for 10
hours at 80°C. The obtained polymer was 52.7 g and its polymerization
activity was 62.4 kg'PE/mmol-Zr-hr. As a result of polymer analysis, bulk
density was 0.38 g/em® and its density was 930 keg/m?.
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Olefin polymer particle produced by the method as set forth in claim 5. 8.
Olefui polymer particle produced by the method as set forth in claim 6. 9.
The Olefin polymer particle as set forth in claim 7, wherein the particle
comprises 50 to 100 mole% of repeating unit (111) derived from propylene
and 0 to 50 mole% of repeating unit (U2) derived from one or more olefin
selected from ethylene and a-olefin having 4 to 10 carbon atoms. 10. The
[C@@Wp@m%ﬁegiorth in claim 8, wherein the particle

comprises 50 to 100 mole% of repeating unit (U3) derived from

[0148]
- Propvlene bulk polymerization -

Except for using 303 mg slurry of supporting catalyst prepared in the
above comparative example 1 and charging 0.15 ml of 10 g/l, hexane solution
of L-71 before charging said supporting catalyst, the same polymerization
was performed as in example 4. Adherence of the polymer was not observed

in polymerization vessel.

The obtained polymer was 92.6 g of isotactic polypropylene and its
polymerization activity was 120.7 kg-PP/mmol-Zr -hr. As a result of polymer
analysis, bulk density was 0.51 g/em® and (3)=2.46 dl/g. Fouling and also
bulk density of polymer were improved, while polymerization activity was

deteriorated.

[COMPARATIVE EXAMPLE 7]

[0149]

- Gas-Phase Polymerization of Ethylene -

500 g of sodium chloride was charged into 1,000 ml internal capacity
autoclave made by SUS, sufficiently substituted with nitrogen. By
sufficiently drying on heating, cooling, and charging ethylene gas, autoclave
was saturated with ethylene. 0.25 mmol of hexane solution (Al=0.5 M) of

triisobutylaluminum was added. Meanwhile, 0.303 g of supporting catalyst
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ethylene and 0 to 50 mole% of repeating unit (U4) derived from one or
more olefin selected from a-olefin haying 3 to 10 carbon atoms.
ABSTRACT An object of the present invention is to provide solid
catalyst component for manufacturing an olefin polymer having an
excellent particulate morphology without the concern of causing fouling,
and a polymerization of olefin in the presence of said solid catalyst

sIuGPPPPaEEed m%&%ﬁ%?é%@é%)ﬂﬁfeo@gﬂ@@yﬁ%@f}?m Q%ﬁe so&uuon

invention is characterized by meeting the following requirements

(ARSI TP seofkigniionis 30wk %A@és&aa@aea%egb%%@&ﬁﬂ&ﬁy of the

thermogravimeter; and [2] after treating the catalyst with water vapor o

cati198t temperatiraand thepconfacting fewith asetonitiile, A C%mﬂi%“%ﬂé was

eluted into the acetonitrile comprises a compound having a molecular

sulskeletonirepigsented hycthexfollowing:aaperabfanpilafl: [l RIN hey then
above formula [I] is a hydrogen atom or an alkyl group having 1 to 12
etheashibatoms. nixed gas was supplied so as to make inside of the autoclave
0.8 MPa at 80°C and polymerization was performed for 60 minutes. The
autoclave was cooled and residue gas was purged in order to stop
polymerization. 2L of water was added to the obtained powder and stirred,
and then the polymer was filtered with bleached cloth. After washing the
obtained polymer, said polymer was dried under reduced pressure for 10
hours at 80°C. The obtained polymer was 27.2 g and its polymerization
activity was 21.3 kg-PE/mmol-Zr-hr. As a result of polymer analysis, coarse

particle amount was 2.2 wit%, bulk density was 0.29 g/cm3, its density was

922 keg/m?, and (0)=3.24 dl/g.

[COMPARATIVE EXAMPLE 8]

[0150]

- Manufacturing solid catalyst for olefin polymerization -

Except for mnot adding polyalkylene oxyglycol, the same
manufacturing method was performed as in example 27 and 10 wt% shurry of

solid catalyst was obtained. Zirconium in said powder was 0.19 wt%.

[COMPARATIVE EXAMPLE 9]



[0151]

Except for using 601 mg of solid catalyst slurry prepared in the ahove
comparative example 8, the same polymerization was performed as in
example 28. The obtained polymer was 172.5 g of isotactic polypropylene and
its polymerization activity was 210 kg-PP/mmol-Zr-hr. As 2 rvesult of
polymer analysis, MFR<0.01 g/10 minutes, (1)=6.93 dl/g and coarse particle
amount was 60.4 wt%. Bulk density was unable to measure since polymer
powder was blocking in rohto. Bulk density of powder passed through Tmm
openings of sieve was 0.33 g/m®. Note that adherence of the polymer was

observed in autoclave.
[COMPARATIVE EXAMPLE 10]
[0152]

‘Manufacturing  preliminary  polymerization catalyst for olefin

polymerization -

1001 g of lquid paraffin slurry manufactured in comparative
example 1 and 40 ml of hexane were added to 200 ml flask and heated to
34°C. 2.0 ml of 1 mol/L hexane solution of triisobutylaluminum was further
added. Ethylene was blown into gas phase part at a rate of 1.5 NL/h and
polymerized for 4 hours at 35°C. Residue ethylene was purged with nitrogen
and then, the obtained slurry was filtered with membrane filter. The

obtained powder was dried under reduced pressure for 3 hours and 6.70 g of
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solid catalyst (K') was obtained. 2.35 g of polymer with respect to 1 g of solid

catalyst was polymerized.

[COMPARATIVE BEXAMPLE 11]
[0153]

-Contact treatment of a preliminary polymerization catalyst for olefin

polymerization and a compound comprising oxyalkylene skeleton-

Under dry nitrogen atmosphere, 2.0 g of preliminary polymerization
catalyst manufactured in comparative example 10 was weighed. 13.2 g of
dried hexane and 2.0 ml of 20 g/L hexane solution of polyalkylene oxyglycol
(trade name: ADEKA Pluronic L-71 by ASAHI DENKA Co., Ltd.) were added.
4 hours of stirring at 35°C was performed. The obtained slurry was filtered
with membrane filter of Teflon (registered mark) having 3um pore diameter
and further, washed 5 times with 10 ml of hexane. The obtained solid
substance was dried under reduced pressure. A loss of ignition of the
obtained solid catalyst was 73.5 wt%. Further, the obtained filtrate was
condensed under reduced pressure and 38.2 mg of oily material was obtained.
By H-NMR measurement, said oily material was determined to be
polyalkylene oxyglycol (trade name: ADEKA Pluronic L-71 by ASAHI
DENKA Co., Ltd). Calculated from these results, supporting amount of

polyalkylene oxyglycol with respect to solid catalyst was 0.20 wt%.

[COMPARATIVE EXAMPLE 12]
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[0154]
- Extraction Test (1) -

In dried nitrogen atmosphere, 500 mg of the solid substance after
contact treatment prepaved in the above comparative example 11 was
weighed. 7.5 g of dried hexane was added and stirred for one hour in an
atmosphere of 23°C. The obtained slurry was filtered with membrane filter of
Teflon (registered mark) having 3um pore diameter. The obiained filtrate
was condensed under reduced pressure and dried under reduced pressure for
3 hours at 3hPa in an atmosphere of 22°C. The obtained nonvolatile

component was less than 0.1 mg.
[COMPARATIVE EXAMPLE 13]
[0155]

- Extraction Test (2) -

In dried nitrogen atmosphere, 160 mg of the solid substance after
contact treatment prepared in the ahove comparative example 11 was
weighed. Said catalyst was statically placed in a desiccator provided with
saturated potassium acetate aqueous solution, and then, made contact with
water vapor for 2 days. After taken out from said desiccator, 1 g of
deuterated acetonitrile was added in the atmosphere and stirred for 30
minutes. Filtration was performed through glass tube filled with glass wool,

and then 'H-NMR of the obtained filtrate was measured. Peak derived from
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oxymethylene group was confirmed at 3.2 to 3.7 ppm. Note that basis of

chemical shift was the peak of tetramethylsilane.
[COMPARATIVE EXAMPLE 14]

[0156]

- Homo-Polymerization of Propylene -

Except for using 408 mg of solid substance after contact freatment
prepared in the above comparative example 11 as catalyst, the same
polymerization was performed as in example 18. The obtained polymer was
144.5 g of isotactic polypropylene and its polymerization activity was 99.7
kg-PP/mmol-Zr-hr. As a result of polymer analysis, MFR=0.69 g/10 minutes,
(1)=2.84 dl/g, bulk density was 0.32 g/em?® and coarse particle amount was

1.9 wt%. Note that adherence was observed in the autoclave.
[COMPARATIVE EXAMPLE 15]

[0157]

- Homo-Polymerization of Propylene -

Except for using 400 mg of solid substance after contact treatment
prepared in the above comparative example 11 as catalyst, the same
polymerization was performed as in example 18. The obtained polymer was
1445 g of isotactic polypropylene and its polymerization activity was 69.1
kg-PP/mmol-Zr-hr. As a result of polymer analysis, MFR=2.35 g/10 minutes,

(n)=2.30 dl/g, bulk density was 0.51 g/em® and coarse particle amount was
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0.0 wt%. Note that slight adherence was ocbserved in the autoclave. Fouling
was not completely improved, while polymerization activity was severely

deteriorated.,
INDUSTRIAL APPLICABILITY
[0158]

According to the invention, olefin polymer having an excellent
particulate morphology can be produced with good efficiency without the
concern of causing fouling. Particularly, the invention shows profound effect
on manufacturing polymer having a low melting point which tended to cause

fouling and was difficult to manufacture with good efficiency.
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CLAIMS

1. A solid catalyst (K) for olefin polymerization characterized by
meeting the following requirements [1] and [2] simultaneously, and

inciuding a metallocene compound represented by the formula (XIIT) below:

[1] a loss of ignition is 30 wt% or less as measured on a differential

thermogravimeter; and

[2] after treating the catalyst with water vapor of room temperature
and then contacting it with acetonitrile, component elutéd mto the
acetonitrile comprises compound having a molecular skeleton represented by
the following general formula [I] wherein R is a hydrogen atom or an alkyl

group ha'vmg 1to 12 carbon atoms.

— CH, —CH — O — i []]
R
Ph
ZrCl
Ph z
7 e - 4115
2. The solid catalyst (K} for olefin poiymérization as set forth in claim

1, characterized by meeting the following requirement [3]:

[3] after contacting hexane and filtering out solid part, filtrate does

not substantially comprise nonvolatile component.
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3. A solid catalyst (K) for olefin polymerization, characterized in that
the solid catalyst (K) for olefin polymerization as set forth in claim 1 or 2 is

pre-polymerized with one or more olefin selected from ethylene and a-olefin

having 3 to 8 carbon atoms.
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4, A polymerization method of one or more monomer (M) selected
from ethylene and a-olefin having 3 to 12 carbon atoms, using the solid
catalyst as set forth in any one of claims 1 to 3, and optionally, in the

presence of (B) compound comprising element of group 13 in periodic table.

5. The polymerization method as set forth in claim 4, wherein
monomer (M) is propylene and one or more monomer selected from ethylene

and a-olefin having 4 to 10 carbon atoms.

6. The polymerization method as set forth in claim 4, wherein
monomer (M) is ethylene and one or more monomer selected from a-clefin

having 3 to 10 carbon atoms.

7. Olefin polymer particle produced by the method as set forth in
claim 5.
8. Olefin polymer particle produced by the method as set forth in
claim 6.
9. The Olefin polymer particle as set forth in claim 7, wherein the

particle comprises 50 to 100 mole% of repeating unit (U1) derived from
propylene and 0 to 50 mole% of repeating unit (U2) derived from one or more

olefin selected from ethylene and o-olefin having 4 to 10 carbon atoms.

10. The Olefin polymer particle as set forth in claim 8, wherein the

particle comprises 50 to 100 mole% of repeating unit (U3) derived from
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ethylene and 0 to 50 mole% of repeating unit (U4) derived from one or more

olefin selected from a-olefin having 3 to 10 carbon atoms.
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