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
[oo01]

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.
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[00031 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

[Oﬁiéﬁ:atalyst, when compared to the homogeneous catalyst, is superior in

olymer particulate morphology and higher bulk density can be obtained

when used in a gas-phase or a slurry polymerization process. However,

said suppariing seld salalist mayaanseAdAEOatet PANTRL Sheetfonn,

polymer, etc. (hereinafter, these phenomena sometimes refetre

is slouhingy hduapRlymesaation Preeess. thereiore, ihmay P§%9 veeia,nifﬁh en said
IS

obstacle for a long term stable polymerization process. [0004

catknown ihaswhen maasaRRING ROVMMERS FOIDRNISING, £OM %%SQ.%% '\:%‘fi%‘@ is a

a low melting point, e.g. ethylene-propylene copolymer having relatively

prdifinethytene content Bécﬂﬁﬂ@QY%@@@rﬁiﬁW{@nﬂiﬁWyﬁ)%%%Om@&mg low
namely 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 atheuntofstihylene and:lattenprocassisa oRHBLUOHS pelymerizationof when
propylene and ethylene, fouling tends to occur. Accordingly, a solution for
conthiigissueowds: réquiregh {0005 katalyst, is superior in polymer particulate
morphology and higher bulk density can be obtained when used in a
gas-phase or a slurry polymerization process. However, said supporting solid
catalyst may cause aggregated polymer, sheet-form polymer, etc.
(hereinafter, these phenomena sometimes referred as “fouling”.) during

polymerization process, therefore, it 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



As a solution, Japanese Unexamined Patent Publication No. 2000-297114
discloses the use of an olefin pre-polymerized solid catalyst supported
thereon a surfactant for polymerization. Further, Japanese Unexamined
Patent Publication No. 2000-327707 exemplifies a polymerization method
wherein an olefin pre-polymerized solid catalyst is used and surfactant is
added during polymerization. However, effects of these examples are far

__from being sufficient. Moreover, whep surfactant is added during
PIOI ﬁ]i’éeri?%@oﬁ }5{2? ,%ﬁ%%%@%@é it gt er st Brglpnfesoisition for
{h.rjse&%i{leed for su%%l. ing the surfactant. This is not preferable in an interest
‘of econow. ]fﬁ gﬁe " On the other hand, methods wherein metallocene
supporting solid catalyst is washed with solvent are disclosed. For
[pgosgtance, 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
Publidstion Nepl2004517 dbadisslosésametatiedenBsupporing Eoligion No
catalyst washing method wherein the catalyst is washed till concentration
209p taSitdn dretargeritle from shetallobefie gompalpdinivashingidastenlyst
become less than a specific amount. Further, Japanese Unexamined
suimedP UkEeen Ro spobrizedsdsdistibsesdrnbined Woetbier, Japanese
. pre-polymerized metallocene supporting solid catalyst is washed with
Ungrepmids8ive mtadsmprisiighietiemlumitum. 2006732 770 Howesen dafies 2
methads requiring highly effective washing use a large amount of solvent
polgmeeg st Blﬁg}@%gafﬁ%ﬁ?ﬁlﬁf wasteony errolianepyind ofdhidusatal y st is
oduction, said methods_comprise many problems, e.g. requirement of a
s g R HAFIAR (?3cRLS R a Ny AR BB TR EeR UHexesoce fects of

Patent Puhlication No. 2000:297114 Patent Article 2: Japanese _
thegh i i%sﬁ&%ﬁbd%)?&%woﬁ%§i7 Pateht Kiffe factant is

ad 8&" Qﬂll%}r?grv%% 3%9&91%938% 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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Patent Article 4: Japanese Unexamined Patent Publication No.
2004-51715 Patent Article 5: Japanese Unexamined Patent Publication
No. 2002-284808 None Patent Article 1: Angew. Chem. Int. Ed. Engl., 24,
507 (1985) SUMMARY [0007a]ln a first aspect, there is provided a solid
J epdalgse (KY foreietin pdlyiesanatibvbhardeterizat by?OR2RRABR8  discloses a
following requirements [1] and [2] simultaneously, and including a
mgidaflovdiregmpoanlepreseate st b femuleupdtybelpwolid ddidyst is
loss of ignition is 30 wt% or less as measured on a differential
WO gRAYIPREBRIGRIIVent [P aitet Sre gtip theoedtalyistwith water vapor
of room temperature and then contacting it with acetonitrile, component
@%ﬁi 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. CH 2 - CH

0 -[1] 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 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



[0007b]In a second aspect, there is provided 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 the present

inveffibafandaptionaliyhinctia Breasence ¥biB) OMPLUNE SHMRESIRGrature
element of group 13 in periodic table. [0007c]In a third aspect, there is -

and ptbridedanatefirgpolymetiparticierprddiited bythe-methodnsset farth inthe
the present invention. PROBLEMS TO BE SOLVED BY THE INVENTION

acetd00@8le coriprobiecioef therinvéntiom isdaprinddessallebtataly stiaralafind by
polymerization used in the production of an olefin polymer having an
the following general formula [I] wherein R is a hydrogen atom or an alkyl

group baving 1 to 12 carbon atoms.

— CH, —CH — 0O ~— e []]
|

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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excellent particulate morphology with good efficiency without the concern
of causing fouling and without greatly reducing polymerization activity and
polymerization method of olefin in the presence of said solid catalyst.
MEANS TO SOLVE THE PROBLEMS [0009] The inventors 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

Ief r havin xceIIen artl ulate morphology can be
xRt g%%?g@?ﬁ%e & B s soutregrn of

usin asolld catalyst,for olef|n p |zat|on tlsfylngs ecific
oo R I AR SO LR TP BRRRon. activity and

merization of tion is c racterlzed meeting. he followi g
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measured on a dlfferentlal thermogra meter; and [2] after treatlng the

Metalystiwith weter veper eirosim tamperature and then contacting it with
acetonitrile, a component eluted into the acetonitrile comprises compound

havmg a molecular skeleton represented by the following general formula

[oppol

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]



- Cl-1 2 CH - O[l] (R in the above formula [I] is a hydrogen atom or an alkyl
group having 1 to 12 carbon atoms.) [0012] Preferred embodiment of
solid catalyst (K) for olefin polymerization of the invention meets the
following requirement [3] in addition to the above requirements Di and [2].
[3] After contacting hexane and filtering out solid part, filtrate does not

ju}tﬁntiaﬂy mrise nonvolatile component. [0013] Further, the
ot mbodi of thé-present inventien-relales to solid catalyst (10 for
olefin ponmeri:{ation wherein the solid catalyst (K) for olefin

polymerization s pre-polymerized with one or more olefin selected from
ethylene and &*olefin having 3 to 8 carbon atoms. Hereinafter, said solid

(Roatalitst 4b0wsofoeiimbs [Abbseviaied dpenrerpolymanizetk catalysl, 100341 ;| ¢

12 carbon atoms.)
{0o12]

Preferred embodiment of solid catalyst (K) for olefin polymerization
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
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Present invention relates to polymerization method of one or more
monomer (M) selected from ethylene and a-olefin having 3 to 12 carbon
atoms, using solid catalyst (K) or (K') for olefin polymerization, and opt
onally in the presence of (B) compound comprising element of group 13 6
in periodic table. In this polymerization method, monomer (M) is preferably
propylene and one or more monomer selected from ethylene and a-olefin

inhewigléc toabQecarbeim atoasrasnps alesabiyiylens g e R 8@8@«@@ ably

monomer selected from a-olefin having 3 to 10 carbon atoms. [00

prBpgdent invehtion futhaorelatesionteflinspalyate rRarticleRRdLced BY - s1efin

said polymerization method of one or more monomer (M) selected from
h aetimgderde and a-elefohaving:3:fodk?2 p@émmpn&hy% sqligicatalyst.(K) ore
or (K') for olefin polymerization, and optionally, in the presence of (B)
m gompetpd eormp fiving elehafintlof giows 13 10 parBEC 48k [0016]
The first preferred embodiment of said olefin polymer particle comprises
100 mole% of repeating unit (U1) derived from propylene and 0O to
O%bs ole% of repeating unit (U2) derived from one or more olefin selected
from ethylene and a- -olefin having 4 to 10 carbon atoms. (Herelnafter said

O R SO S (SO0, 8 RO DY AR PO e

particle") Among them, propylene ased ymer

by PRI (Ton)AE130G 48 'ﬁ?&%&r%ﬁeﬁ?ﬁ' PR pIopylene bag@ﬂ mer
ypartlcl(g(ghﬂgylng bulk density of 0,30 /rﬁl)géd?%o%i%or%lgr g ffed from
ethylene and a-olefin having 3 to 12 carbon atoms, using solid catalyst (K) or
(K) for olefin polymerization, and optionally, in the presence of (B)

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]



[0017] Second preferred embodiment of said olefin polymer particle
comprises 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. (Hereinafter, said
olefin polymer particle sometimes referred as "ethylene based polymer
particle") EFFECT OF THE INVENTION Solid catalyst used for

manufacturing olefin polymer having an excellent particulate morphology
with goB8EHIcidREjaRFEbUETARMBRERM obEasaidg fiafiny ardymeehod forticle
olefin polymerization in trole presence of the salid catalyst are provided.
CoRMRIRED ALY K AmeHis diBhTsRARE R BRI entsriar Sensfatiodne and
exert to manufacture polymer having low melting point, which tends to
0 E%EQ ﬁﬁfgﬂfﬁ&@&%ﬁ%ﬁ&ﬁ%ﬁé ARy 688 erieiehey  BiREmRLected
DESCRIRTION OF THE DRAWINGS [0019 [Fig..1] 11-I-NMR _
ff%%leefﬁéﬁ%ﬁ%%@é&%ffﬁa%ﬁ iAtaRE o mtAle B Sortatfirdeie sofgrmer

catalyst for olefin polymerizatign pobtained in example 1 of the invention
pa\ﬁgﬁg esl?tzélr%léaeggée% e _asqet%yﬁene%ase(i( po Fgrmer 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]



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

POl sEaliaR OF B I ERRO DI SRR S B DRI (N e in

requirements 111 and 121, preferably all the following requiremen

detja&ﬂ-i@n%[@%E&%ﬁig@%%ﬂiﬁgUw%iﬁ@a‘ﬁﬁ?@&r@?%l%%ﬂl%ﬂﬁy[ﬁgﬁzna%on, (2)

differential thermogravimeter; and
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



121 after treating the catalyst with water vapor of room temperature and
then contacting it with acetonitrile, component eluted into the acetonitrile
comprises compound haying a molecular skeleton represented by the
following general formula 111. 100221 CH 2 100231 (R in the above
formula in is a hydrogen atom or an alkyl group having 1 to 12 carbon
atoms.)

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

substantially comprise nonvolatile component.
[0024]

Hereinafter, said requirements |1} to [3] are described in detail.
(Requirement [ 1]}

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 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
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131 After contacting hexane and filtering out solid part, filtrate does not
substantially comprise nonvolatile component. (0024] Hereinafter,
said requirements [1] to [3] are described in detail. (Requirement 1i]) 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
ampiaighefcaiirnsrits (Ritobyore 200 BiBE0T Fakerosztwelylreat 200Gs byith
using alumina for a reference material, extracting a E)roximately 10mg of
resghipie i teeedBsHEreLsa tisig Ef%’?ﬁﬁé?ét%ﬁe&&éiﬁ@“ PROfiRe Whereireight
temperature is raised to 600C at a rate of 5C/min. and held at 600C for 30
25inutes. [00251 According to the invention, preferably, residues after
the ignition substantially comprise atoms selected from aluminum, silicon
{Oggg]oxyg_en atoms, more preferably_, th_e same comprise inorganic fine
particles including oxygen atom as indispensable atom and one or more
atom selected from aluminum and silicon atoms. Note that "substantially
comprise aporiisose lecteth boml ahuminuon (siiconiand 0xydbn @PS se atoms
determines that "a total amount of atoms selected from aluminum, silicon
selarid ©kygernatoms with s8spectiodactotabamountsofliitiomresidued iSka own
80% or more on a weight basis".
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]
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[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 (ICK known analyses such as ion chromatography, etc.

[0027 (Requ{i:’[ﬁ ent [2 A solid catalyst (K) for olefin polymerization
0 inventionfis charaeterized by-meeting bk 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, ponent eluted into the acetonitrile comprises compound
loolraving a molecular skeleton represented by the following general formula

[Il. [0028] CH =0

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



100291 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
Said skeleton can be magnetic resonance molecular skeleton identified
by known analysis ethods such as nuclear (NMR) spectrum as mentioned
below. (Hereinafter,

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, it is required to spread said solid catalyst (K) evenly in a

vessel and, when required, suitably stir and mix.
{0032}

Next, solid material treated with water vapor according to the
method described above is added into acetonitrile and stirred for 30 minutes
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



es referred as "oxyalkylene skeleton.") [0030] In the above general
formula [Il, R is hydrogen atom or alkyl group having 1 to 12 carbon
atoms. For alkyl group having | to 12 carbon atoms, linear or branched
alkyl groups such as methyl group, ethyl group, n-propyl group, isopropyl
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
roup can be exemplified. A solid catalyst wherein R is methyl group is
fou%@%e%@ffas@wwﬁcﬁqumy@rmn oy ieshicition activitfaddibasyanceurs
excellent inhibitory effect on fouling. [0031]  The treatment with water
whoaleBnrashitsH perdrsle 1§ pamedens bysedooding eolicieaelysviidonore
olefin polymerization in a dessicator including saturated potassium
thage e RITESHIFHH O RS BRI ORSH RS B8’hg said exposure, in
order for solid catalyst (K) to contact sufficiently with water vapor, is
uired to spread said solid catalyst (K) evenly in a vessel and, when
requited, suitably stir and mix.

Analysis method of eluted component is not particularly Hmited,
however, when deuterated acetonitrile is used in the above method, '"H-NMR
(nuclear 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])

14



10032] Next, solid material treated with water vapor according to the
method described above is added into acetonitrile and stirred for 30
minutes to 10 hours at 20 to 30C. 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 5 / a weight of solid material] is
preferably 1:0.15 to .1:1. Said stirring is followed by filtration using

membrae;fler «HaRsINeoh €1 s Hiardst é&@@%ﬁ?@ﬁ%ﬁ?@%ﬁ{ iea;‘clizﬁtion

Mesh of filtering medium, such as filter, is not particu €SS

of inhibits NMB-analysis Qi llraia syParauany ReHaImerh 0033 rement 3] in

Content of compound having molecular skeleton represented by general
adfoeauladl]leiuied for selid satalyst (K).far efefin 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
[3]cAEmatmotrsrtinein poiymenipdihtanihen cutostbint obcomibiuatbhduing not

a molecular skeleton represented by general formula [1] is less than 0.1
subyrtan sdlngoseBscduRybBAR 6AREBrEaRd reduction in bulk density

occurs when olefin polymer particle is propylene based polymer patrticle,

while SaQres 50T 111, RAVIP Ao Aty may decrease. 10038 ne 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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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 [l], 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
nstance, a signal of methyl group is observed at 0.8 to 1.5 ppm when R in

resyerbrif fohduial 1594 fhehalgrsupdiobmsal efinCoplemesizntlecutared in the
skeleton represented by general formula [I] can be calculated by adding
contt#&tence material during the measurement of 11-1-NMR described above
and measuring intensity ratio of its signal. Said reference material
{m}g@‘erably has no signal which overlaps with the same of solvent and
~ eluted component, and in particular, benzene, chlorobenzene,
naphthalene, chloroform, methylene chloride, etc. can be exemplified.

[0036 MReqfiremeni]8dthod Bfeiitedeembeditemb obadlid paighrstdkd tion
for olefin polymerization of the invention is characterized by meeting the

of foltawingteouiremenp23didnladtitiomtosthe:atfovesreduirement td@Atements
121. 131 After contacting hexane and filtering out solid part, filtrate does
L 1] netdubitantialiycdriprisé, nélvaladild Yomponentsfied at a time, however,

considering manufacturing efficiency, the following methods described in

examples of the invention is preferably used.
[0040]

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 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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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 100 times larger weight than that of solid catalyst (K) for
olefin polymerization and said contact is performed by stirring 30 minutes

to 10jageAt 2048, 30GyARd dhen, filtgrad.with syichmen é%{‘%ﬁ%%{ that (4

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

incsubsiantially comarise NopyelatilgcomPongAl Rlies é@&%‘%‘og\é‘&%&éﬁv&“eﬁom

filtrate obtained from the above method is concentrated at 20 to

aluuntes iedyteaPiesswiey diied @h2019:306, thio B hRaurtilit feaches a

constant weight, the weight of the obtained concentrated and dried
material is 5wt% or less, preferably 3wt% or less, more preferably Iwt% or

mﬂl@%&, and the most preferably 0.5wt% or less with respect to that of solid
catalyst (K) for olefin polymerization used in the contact. [00391

For porous oxide, in particular, Si0Os, AlzOa, natural or synthetic
zeolite,  S5i02MgO,  8i02-AlOs,  SiGpTiOs,  Si02VeOs,  Si0s CraQs,
S102-TiO2-MgO 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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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
! Wi BlRae b

T R e o) SIBF R iRBrgapigiirereferable.
o LBl B W ) cabdund B Rinig el ent GPgTotis a8 of
e A o EEIAERS B et
s L g .

and, option ) compound comprising elemeiit o

o e et R S gomce

exemplified as (A) inorganic fine particles substantially ¢

tre3€igeled fpm aliminum.silioon Andxgen Pams Hied: i e 0OV, i uite
process P1.[00421 ’ ’

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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For porous oxide, in particular, Si02, Al203, natural or synthetic zeolite,
Si02-Mg0, Si02-Al203, Si02-Ti02, Si02-V205, Si02-Cr203, Si02-Ti02-Mg0
can be exemplified Above all, porous oxide comprising Si02 and/or Al203
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

. %&;&%p , preferably 3 ﬁéoo pm, specific surface area of 50 to 1300

R IR p&erab’fy‘?ﬂﬁ‘to{ D0 m2/g and pore volume of 0.3 to 3.0 cma/qg.
These carriers are used by firing at 100 to 1000C, preferably at 150 to

[0rO0C. 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 dyhthBti@prbitictcHienebesed s tliapantectay wimesadrRbfferent,
guese lay and clay mineral, kaolin, bentonite, kibushi clay, gairome clay,

an ||&§ﬁ§né%§ﬁﬁgﬁﬁgpp%ﬁﬁ§ﬁﬁ¥e§#ﬂma]@Yéﬁﬁg%brﬁméﬁm&m@ge@umtem or

ermiculite, chlorite group, palygorskite, kaolinite, nacrite, dickite,
'yﬁﬁﬂ : &@%%B@%ﬁe@wﬂiﬁ%&@ﬁ@%@%@% eatment of these clay and

clay mineral of the invention are also preferable. For said chemical

(b-TeIPent A IEAMERLSHER 75,8 utfage 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

{b- e Gngemt caltkatimectregimend, saline treatment, organic substance
treatment, etc., can be exemplified Above all, montmorillonite, vermiculite,

o 0Deﬁﬁtolite, tainiolite and synthetic mica are preferable. 100441 Above
Al ,’one or more compound selected from silica, alumina and clay mineral
is preferably used for reasons of availability.

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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100451 For "element of group 13 in periodic table" in (13) compound
comprising element of group 13 in periodic table, used in process PI,

boron and aluminum can be exemplified, and configurations of these
compounds are not particularly limited, as far as they indicates Lewis

acidity. 100461 In the invention, (B) compound comprising element of
group 13 in periodic table is preferably one or more compound selected

from: £Q:%) e ' [ e by the fallowing.
genegfggﬁﬁﬁgﬁﬁﬁéggﬂ2%§§§¥H$%§§§§%gﬁéd&&%e¥nanu$anur§dbythe

following methods, and generally chtained as a solution of hydrocarbon

solvent,

W

(i1)

(Gii)

Gv)

{00511

A reaction method of absorbed water or crystal water with organic
aiuminum compound by adding organic aluminum compound, such as
trialkyl aluminum, o hydrocarbon medium suspension of a compound
comprising absorbed water or a saline comprising crystal water, such
as magnesium chloride hydrate, copper sulfate hydrate, aluminum
sulfate hydrate, nickel sulfate hydrate and cerium (IIT) chloride

hydrate.

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.

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.

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.
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(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 carbon atoms.) (b-2) Organic

aluminumoxy compound, and (b-3) Organic boron compound. [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

alumibieie, Hiatddgl ahemmakt rethgkaliaminan dishiotise andndibtiyhount of

aluminum chloride can be exemplified. 100491  Organic aluminumoxy
W%@%‘bdﬁﬁ@%%@ﬁﬁ%éo@éﬁﬁﬂwI?@%v@"ﬁ@l@%ﬂﬁa@‘ée@ﬁbenzeneeacted

insolubje organic aluminumoxy compound exemplified in Japanese

O IR AMITEE PRSI BIRAEAN SR 62078687 foomb Bluminoxane solution

by distillation, it can be resolved in said solvent or suspended in poor selvent
for aluminoxane. For the organic aluminum compound wused for
manufacturing aluminoxane, the organic aluminum compound exemplified
for the above (b-1) can be used. Above all, trialkyl aluminum is preferable
and trimethyl aluminum is more preferable. Said organic aluminum

compound can be used alone or in a combination of two or more.
[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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Said conventionally known aluminoxane can be manufactured by the

following methods, and generally obtained as a solution of hydrocarbon

solvent, (i) A reaction method of absorbed water or crystal water with

organic aluminum compound by adding organic amu um compound, such

as trialkyl aluminum, to hydrocarbon medium suspension of a compound

comprising absorbed water or a saline comprising crystal water, such as
mel%a nesium chloride hydrate, copper sulfate hydrate, aluminum sulfate

il

HEPIERSPEArafe AYdRAETHAG IR ANYERftaechytratsity Arimethyl
Al method whe eingviﬂte[ ice or water vapor directly reacts with organic
Al ARl PESmBO U AHEH 28 Rialyeal iRt T thEbiohwsustvas These
benzege,ftoluene, di thylﬁ?éh r &;‘%i trahydrofuran. (iii) A reaction
CORRARBE WHE ERGH {i'§%§ -i@%ﬁ@ﬁﬁ%ﬁ%%ﬁ@aﬁw@%@®hmﬁw
ide, reacts, with orgagic_aluminum compound, such as trialkyl aluminum,
e T B kA RS ndHBHibre 206 W redchBhcation No
d wherein carboxyl group, contajning compound, such as carbon .
59%%)%] e, nef]i;agf% a%:%qg)fr’{d a%%%%iﬁgild, 85@?5%&?%@ cé?ﬁm?ﬁhﬁ’?s are 1n
ound, such strial_¥lﬁ|f%geé'n ,in a jum such as benzene, ‘
Coﬁﬁgﬁ%%‘@hgig{rﬁemﬁh% dgfcfane. 511" ese WA@ are afummoxane hawng
improved solubility in various solvents and also preservation stability. To be
more precise, these MMAO are different from the above organic aluminum

compounds that are insoluble or poorly soluble in benzene, and are soluble in

aliphatic hydrocarbon or alicyclic carbonhydrate.
[0055]

Further, for organic aluminumoxy compound used in process P1 of
the invention, organic aluminumoxy compound 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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Note that the above aluminoxane 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 resolved in said solvent or suspended in
poor solvent for aluminoxane. For the organic aluminum compound used
for manufacturing aluminoxane, the organic aluminum compound

wexemplifischioritieraboyg (0:1);69n besuged. AROVE ¢ “gﬁéﬁé%gﬁl.uﬁﬂgge oron

is preferable and trimethyl aluminum is more preferab' organic

coiyRingm (Gompaunskcatheused aloneQlin g cambingten oftiwa or.

more. [0052) Benzene insoluble organic aluminumoxy compound used
md%,@e invention comprises generally 10% or less, preferably 5% or less
- and more preferably 2% or less of Al component soluble in benzene of
60C in terms of(fluminu_m atom. Namely, organic aluminumoxy compound

of the IRVENISAS BPEreraBly FSBIBIE Sripodily 'sbitiore ToBehbehie, (B, used
i J053E, P o o e b 2o e sed dene
ool o e b St o 0 G ) 1o
aluminumoxy compound, more preferably, combination of (b-1) Organic
aluminum compound and (b-2) organic aluminumoxy compound, the most
preferably, (b-1) is triisobutyl aluminum and (b-2) is methyl aluminoxane. In
process P1, when (b-1) organic aluminum compound and (b-2) organic
aluminumoxy compound are used in combination, their amounts with
respect {0 inorganic fine particles (A) are usually 0.5 to 30 wt% of component

(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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methylaluminoxane is an alum noxane manufactured by using trimethyl
aluminum and alkyl aluminum other than trimethyl aluminum. These
compounds are generally called MMAO. MMAO can be manufactured by
the methods described in U.S. Publication No. 4960878 and U.S.
Publication No. 5041584. In fact, Tosoh Finechem Corporation and the
others are in commercial production of MMAO, These MMAO are
aluminoxane having, improved solubility in various solvents and also

solpradenifoR BRIy T&r BEL ATbrpreRISa BRESE UWIMAO trkudifferent fromand
the above organic aluminum compounds that are insoluble or poorly
bentitsie it Hariéte, BHE ara S8beMrDalfsh At ¥t o AeBGATST alleyaliee and
bonhydrate. [00551 Further, for organic aluminumoxy compound
CWE iAo cERE P VB tRRLRIEh IR oRGalfit alinsikeimExy cBigenrepylether
mprising bo OQ om can be exemplified. 100561 For organic boron
o AR (5b) Y BT EAR, L 2 FERIZ Bl i BolRED BB, more

mpound and ar%?r ne compound described in Japanese Unexamined

DrQlERANO TSAGH (16 144 B0 80 S LR DR OGS Salurated

. Publication, No. H1-502036, Japanese Unexamined Patent Publicagtion No.
oD SN U e T BBneh RN s NGE#H8-1 70088, weins

J e ngxami Patent Publication No. H3-207703, Japane .
L e o MG Btm sy 2 w020
. t : : X lified, The n compoungds
R TR o GRS Sotvent
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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[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
(b-1) organic aluminum compound and (b-2) organic aluminumoxy
compound, the most preferably, (b-1) is triisobutyl aluminum and (b-2) is

conTRIYAUMIBoXANE: A8 RAGES Rl ER, Eor L) % ailgnfxqu%mo dic table

compound and (b-2) organic aluminumoxy compound are use

anFOMbination.dbei @@@%&(ith respect to inorganic fine particles (A) are
usually 0.5 to 30 wt% of component (b- 1) and 10 to 200 wt% of

m@%@mponent (b-2), and preferably, 3 to 20 wt% of (b-1) and 50 to 150 wt%
0 gb-Z). [00581 When contacting one or more compound selected

from the components (b-1), (b-2) and (b-3) to inorganic fine particles (A) in
the &%@&E@%f%&&%ﬁ’rﬁ%%&@ HnreRiplelories thethberants P2 when

temperature are as fqlta\éving. When using components (b-1) and (b-2),
DTl e QA BUEhUP iBEiAI A PSR OGO aprrsandenhtapeidicle,
arried.outatOto 1 . preferably, they. are added_individually at -10to
WS (RN CArel GOLAEEE (6 BA6CE PR EHBOR Soert Rsolid
nerally used when contagcting inarganic fine particles (A) arid
Cat%ﬁ%&%ﬁ?@?%ﬁ%} W gc%?%%ﬁ%b%%ﬂgt Wrefit bl Gromatic
h grocarbon such as toluene, xylene and benzene, saturated hydrocarbon
[ 3: h as hexane, heptane, decane and cyclohexane, ether type solvent
such as tetrahydrofuran, di-isopropylether and halogenated hydrocarbon
suchGsnzhtorofbrorapd snlgreleenzenef marepicfaraplyiationgdisie (B) used
hydrocarbon such as toluene and xylene and saturated aliphatic
in pyeresarbéncaucthashexsmseheptanCand vgoaned Whep tisithesdement of
solvents, their amounts are generally 1 to 100 times, preferably 2 to 20
grotimeldlaing et eiaslin bl e srpshitfineosarsciBa. (AB) Flrtharpsaid solvenising
can be added independently at the contact, or in a form of affluent solvent
elez@p@@nﬁogéﬁpm)lgo@ggpemadm 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]



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
pr@e@yﬂ@@y@fpmp@ﬁd 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
i mprising-oxyalkylene skeleton, and then, adding a mixture obtained by
d elimiparily, and (Dé metallocéne compound. [0060] Note that said

— ﬁz?’rj@ té%zi“s“ ] éfé""’b(@% ed irprdtlss P2 when preparing solid
catalyst far manufacturing propylene based polymer particle, while said
compBnent (B) is fot essenti;;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
groyl#q\iijn@qgod@]tpblegﬁd in Process Pl. (B) Compound comprising
elerment of group 13 in periodic table used in process P2 is preferably
component (b-1), %rganic aluminum compound represented by the above
general formula [I], alone and more preferably, said component (b-1) is

[ookligobutyl aluminum. [0062] Compound comprising oxyalkylene
skeleton (C) used in process P2 preferably has a configuration wherein

B T R N e T SO
RIS S L TR P e e ol L 1
carggﬂ]%%ﬂ%,(@n\@iégoﬁt ﬁ%{ﬁﬁgaﬂﬁkyl groups such as methyl group, ethyl
group, n-propyl group, isopropyl group, n-butyl group, isobutyl group,
secbutyl group, tert-butyl group, n-pentyl group, n-hexyl group, n-heptyl
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]
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[0063] - 0- CH2CI IOH 0)1 C -

For compound including skeleton represented by the general formula
[TIT1, polyoxyalkylene based compound represented by the following general

formula [VI] can be exemplified.

R~ 0O~ [CH,—CH(R)— O}, —H rmeemee- VI

In the above general formula [VI], R is hydrogen atom or alkyl group having
1 to 12 carbon atoms and R*is selected from hydregen 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 within 1 to 100. For these polyoxyalkylene compounds, in particular,
triethylne glycol, tetraethylene glycol, hexaethylene glycol, heptaethylene
glycol, polyethylene glycol, triethylene glycol monoalkyl ether, tetraethylene
glycol monoalkyl ether, hexaethylene glycol monoalkyl ether, heptaethylene
glycol monoalkyl ether, polyethylene glycol monoalkyl ether, triethylene
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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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, polyosyethylene oleic acid ester, polyoxyethylene
distearic acid 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]
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N N- CH 2- CH - OH [0064] In above general formulas [ll1], [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, isopropyl 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. Compound including oxyalkylene skeleton wherein R is
EO%Z hyl group is preferably used, since it is superior in polymerization
activity and has an inhibitory effect on fouling Further, in the above

I t ilar to the,ab R 0
e

and sum of n and m IS rom the viewpol

vl t?@f)@gﬁﬁ%ﬁﬁfﬁuyﬂgl%' referablys g i%%egli Y C%’n{) )L:ﬁe% group

including- skeleton represente ythe genera ula’po yoxya

habased %9@9%@95&@%@%%@% follgwingaacnsial lorulacanBe. ooy is

exemplified.
preferably used. In the above general formula [V11], the sum (m+p) of m and

p, representing a number of repeating oxyethylene umit expressed by
(CH2CH20), is within 2 to 40, preferably 4 to 20 and more preferably 4 to 15,
Ratio (m/p) of said repeating unit number is 0.1 to 10, preferably 0.5 to 5.
While n 1s a number of repeating oxyalkylene unit expressed by
[CH:CH(R)O], and is preferably within 10 to 50, and more preferably within

20 to 50.
[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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a 0 ECH2 -CH(Rh)- Oh FI[VI] In the above general formula Wit Wis
hydrogen atom or alkyl group 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 within 1
to 100. For these polyoxyalkylene compounds, in particular, triethylne
dieglysabitetraetiylenmalyse), hexnetivieng lyseli eptaathylene glygokieinan
polyethylene glycol, triethylene glycol monoalkyl ether, tetraethylene
anmgljeolmoenaliyt ethet hexaethytene ghicol anD Rk B Tmide, tridecylic
heptaethylene glycol monoalkyl ether, polyethylene glycol monoalkyl
acidthdre thiethylenenglgcobnyoimatkyl @dted; selragtylene alycobmemealkyl acid
ester, hexaethylene glycol monoalkyl ester, heptaethylene glycol
diefionod kylestr, pphlethiilenegiycatimdnoalkylestel: trietbylere lveot  acid
_ dialkyl ester, tripropylene glycol monoalkyl ether, tetrapropylene glycol
dethawodliaacetter shexapropidedéeghwobimomadiky bethetboeptaptopyiene acid
_ glycol monoalkyl ether, polypropylene glycol monoalkyl ether, etc. further,
dieférpaethprendeglydorrishbadiy latetrotdetFienb glyothmotioaciiateliph atic
. heptaethylene glycol monoacrylate, polyethylene glycol monoacrylate,
dieffaRglaneigfycol sHshemetharridate disteibthyldne givedk, aliphatic  acid
monomethacrylate, hexaethylene glycol monomethacrylate, heptaethylene
moPRRA RO e Bt It Bhigéiny Ianelgtbrr@nomatscrytatd, aliphatic
polyoxyethylene lauryl ether, polyoxyethylene oleyl ether, polyoxyalkylene
ORI PBHEY, BW@?@R%@@%@BE@Z@@&&?%W@%Wéﬁé@ﬁw@uﬁm,used
al olyoxyalk IenE_alki/_I etfgég polyoxyethylene castor oil,
OESI Oxye %ﬁ’é‘ﬁ LRBHH SN ol xyethylene styrenated phenyl
ether, polyoxyethylene oleic acid ester, polyoxyethylene distearic acid
[opgster, polyoxyalkylene glycol, sorbitan sesquioleate, sorbitan monooleate,
sorbitan monostearate, sorbitan monolaurate, polyoxyethylene sorbitan
monolaurate, polyoxyethylene sorbitan monostearate, polyoxyethylene
sorbifsthaprensoivdien polgoxyethyletrerlanplinsalcohibbstheneral formula [V],
polyoxyethylene lanolin aliphatic acid ester, polyoxyethylene alkylamine
teriagnar ppipetiopme i olealkysetthed, bylylethiitheihrakemondlduratal a [1X]
polyethylene glycol monostearate, polyethylene glycol monooleate,
1 écol sorbitan monlaurate and polyethylene glycol sorbitan
monooleate can be exemplified These polyoxyalkylene compounds can
be usaeﬁj glone or in a combination of two or more. [0066] For reasons
a of. ability, jn_hmitg)jy_gffﬁ%t]on fouling, etc., polyoxyalkylene glycol
represanted by the following general formula [VIIl is often used in
examplegdiscussed below, however, (C) compound comprising
a e n©f theinvertionds not.particularly limited to the.
In %¥ %&% é%’toq f&fy_}ﬁﬁl?{ﬁgézfonﬂ Ig %ﬁ%ﬁ%%ﬁ&pﬁr a [inesy or

compound. HO-(CH2CHZ20), C1-1(11)
branched alkyl group having 1 to 50 carbon atoms and Re is hydroxyalkyl

ca

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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[0067] In the above general formula [VIII, in, rx and p are numbers of
an average repeating unit, m=1 to 20, n=2 to 50 and p=1 to 20. Re is alkyl
group having 1 to 10 carbon atoms, and for reasons of availability, methyl
group is preferably used. In the above general formula [VIII, the sum
(m+p) of m and p, representing a number of repeating oxyethylene unit
expressed by (CH2CE120), is within 2 to 40, preferably 4 to 20 and more

C ) iflefer 6Bl Afd T BHRate(mép) ol Baighepesting -yt MU IIeTis,0 g 10 142~

preferably 0.5 to 5. While n is a number of repeating oxyalkylene unit
corpxpressatiby {GH2DM (RO0h ardlisgpraferaid within 19 t0:R2A0HMAUE (10)

preferably within 20 to 50. [0068] As a compound including skeleton
sterapriesented byhgeherabformulallly] salinhasic disthanaiamige pepresenisdical

by the following general formula [VI1lI] can be preferably exemplified.
Inqesirier] GOIN(CH2EHROHPNMtcnthe abovegenesal fosmmda [YHE, Bhove

is within 1 to 30, preferably 6 to 20, and more preferably 7 to 17. [00691
prodrggétable examples for these aliphatic diethanolamides are hexanoic

acid diethanol amide, heptanoic acid diethanol amide, octa o ¢ acid

[0071]

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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29 diethanol amide, nonanoic acid diethanol amide, decano c acid
diethaol amide, undecanoic diethanol amide, lauric acid diethanol am de,
tridecylic acid &ethanol amide, myristic acid diethanol amide, pentadecylic
acid cliethanol amide, palmitic acid diethanol amide, heptadecanoic acid
diethanol amide, steanc 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

AbenénciHethlnt amrier alifhatasnHetnanslamitd apenatipisatic oxyalkylene
monopropanol amide can be exemplified. These aliphatic amides can be

sk eI AGHE T TR A i B AR OP NS arinbEopdToR.  As compound
including skeleton represented by general formula [V], tertiary amine

mge?rgrppound represented by the following general formula [IX] can be
exemplified Re RAN[IX] R

(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 groups
by their chemical structure: metallocene compound (D1) represented by the
following general formula [X], bridged metallocene compound (D2)
represented by the following general formula [XI] and geometrically
constrained compound (D3) 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'

i\i/IQi “““““ X} Y/ I‘I/IQJ --=-- [X1i]
N\

(Ilpz (Iipz

[0074]
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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-li7N(CH2CH20M2 commercially available from Witco
Chemical Corporation at Houston, TX., "Kemamine AS-650" including
C]21- 25N(CH2CH20H)2 commercially available from said Witco, "Atmer
163" domimercinyaepi formelaspelianas, bl pdlyosyttaylene (20ym,
. stearylamine ether" commercially available from Wako Pure Chemical
ZirGAEtRe 0., RbWRGEH $Hid Etifhohds artehtifmhitéepthe Apbugen atom,
roducts. 100711 | Compound comprising oxyalkylene skeleton (C) is

by {REATH YN BRBENBTOM 15D ABHS irefdrabIf 0098 Bl Spftrinate
. tespect to solid amount in.suspension obtajned by process Pl, is used.
i AR RO AR alihich 18 985 TO6ER hfe bieferkiy ond $0¢ can
b agﬁ mixing time for contact is,1 minute to, 10 hours, prelferably 10
© mi ﬁteé%%@ hSlirs SBONE R alEneEmSEGHP FRiRE ERR e diltaE S tuted
solvent. Said solvent is preferably. aromatic, hydrocarbon such as toluene,
ey S AR O S LeHESE o Fat ch M.
e cyglohexane, ether type solvent such as THF.and .
NO%-%%%%O%% et g!?sgn%&l ?1%%0(‘ ha eééﬁ)%%]r%% rl]rb%%{)?&)cﬁné:suc%gr%%?‘??%]n@l’(’up‘
lys. ar ticshydrocarbon sych.as tolyene
R T e e
: : “ditutel.in.the invention inchu ixtre form; of
D Do o Py e el 5y B I e Loy

conSRIAGAPRAUBGL(G) e ARLRISG B JiSRrserh iy ﬂé@ﬁﬁl&oﬂﬁp&@%x{@é@ d. In

said liquid. Namely, "dilute" is solution or dispersion form, more precisely,

erRHTI e S USRERIIDVOTeAMASIaN oo AR Al dis RIRfEIDIE thab (G on
compound comprising oxyalkylene skeleton and solvent are mixed to be in
atom8OWHAN dah A0 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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(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
groups by their chemical structure: metallocene compound (Dl)
represented by the following general formula [X], bridged metallocene
weompound’(D2) represented by the following general formula [XI] and
geometrically constrained compound (D3) represented by the following
general formula [XIl]. Among the three, metallocene compound (DI) and

Cgpridge_dmgajlgp%%icomggy_qg(&52) are preferable; further, metallocene
compounq (1D2) is the most preférable. [0073] Cpi MQ] Cp2 [0074]

)

foo76]

L

[In the above general formula [XIT], Ti is +2, +3 or +4 oxidation state
of titanium atom and Cp®is cyclopentadienyl 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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[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
Jybstituted cyclo avg' nyl group includes indenyl group, fluor, n% group
* land su stlth%dlfﬁg}?etab wi ;élc‘?r?gl&()%rrl?(%glﬁ%réj%ee{%?%é%%p{sD% bid 'bh (N,
~N-8feepng De%gi%ggﬂg aiqv'ig nl;(I group r flugrenyl,group condensin
fo cyclo%entacienyl groﬁi) can be partia%nyrﬁyésro%fe%%e{%tgﬁaﬁ%%%egﬁéllm%er of
ciJormuiaMULy Yyis divalent hydrocathon group hawing 410,20, carbon atoms,
divalent halogen hydrocarbon Hav%?n% 110 20 cg%%% gt%%ls?dﬁa efit and
oxRIACALCORIAINNG BrouRsdivalenkoesmanium containing &@&@P Ay e
containing group, -0-, -CO-, -S-, -SO-, -S0O2-, -Ge-, -Sn-, - l}l
corpONRD- s BR 2 01 MRS KNRIR-thatisachiR.can ke the same grdifferent,
and is hydrocarbon group having 1 to 20 carbon atoms, halogenated
hydrocarbon group having 1 to 20 carbon atom, hydrogen atom, halogen
[004tEm or nitrogen compound residue wherein one or two hydrocarbon
group having 1 to 20 carbon atoms are bonded to nitrogen atom.) | [0075]

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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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
group, haﬁgen atom, a combination thereof and said combination having
up to 20 ponhydrogen atoms. For substituents group of cyclopentadienyl,
there £an‘pe. mentioned cyclopentadienyl group, indenyl group, tetrahydro
[ fluorenyl group or octafluorenyl group substituted with one
or more supstituent selected from_hydrocarbyl group having 1 to 20
carbda atomsZRadbhydrocarbylgfoup having 1 to 20 carbon atoms,

5 -n, or group 14 metalloid group substituted with hydrocarbyl
group f‘ﬁ/ 1t 20 carbon atoms. Above all, cyclopentaclienyl group
substituted with~alkyl group having 1 to 6 carbon atoms is preferable. In
the above gé“heral formula [XIIl, when n is 2, m is 0 and oxidation number
of titanium is +4, Xl is selected from halogen atom alkyl group or aralityl
group having 1 to 20 carbon atoms such as, methyl group or benzyl

{Qo%r%t:p; when nis 1, mis 0 and oxidation number of titanium is +3, Xl is

-(N, N-dimethyll aminobenzyl, when n is 1, m is 0 and oxidation number
of titanium, is 4, X' is 2-butene-1,4-diyl, and further, when nis 0, mis 1
and qigatios BHE BemARID) isst 24 XS SElRCIed oM diaps-modified; o,

compounds such as 1,4-dipheny1-1,3-butadiene and 1,3-pentadienel
mol@0Dikferably 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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Metallocene compounds used in examples described below are the
compounds represented by the following general formulas [XIII], [MV] and
[XV], however, the present invention is not limited to those compounds
used in said examples. 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
~ Pl, and then mixed for a contact. Temperature dur addition and mixing for
in agNpRess Whes rood prdiaprarst A iach BocafumpdngumedoetheB) is
contact is 1 minute to 10 hours, preferably 10 minutes to 3 hours.
pf@r@f@@ﬂ@céﬁéﬁdﬁ%ﬂ%ﬁd U B BETAR S Boe it Sakpbblyeht saiu byl
. be aromatic hydrocarbon such as tgluene, xylene and benzene, saturated
ARG HEEArb SR SRR FeKAREA He st r@hé&’éﬁ@%‘?@%@cl%ﬁ%ﬁ%}%t@d (®)
type sajvent such as THF and di-isopropylether and halogenated _
Cong AR AR IGH S5 CAIBItbrih EREFENIbrobbRAEHRS orerpfy ohnesicid

hydrocarbon, such as.tol enefnd xylene an sat}glrate hydrocarbon such
Out,s'RexAne hidftihe, nEOANPeyclondXsrgrably the' same with the

above-mentioned solvent used for diluting metallocene compound and
aromatic hydrocarbon such as toluene and =xylene, and saturated
hydrocarbon such as hexane, heptane, decane and cyclochexane are

particularly preferable.
[0080]

Further, the other embodiment of the present invention relates to
solid catalyst (K) for olefin polymerization wherein the sclid 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.
{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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[0079] Metallocene compound (D) can be brought into a contact with
component (13), compound comprising element of group 13 in periodic
table, 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
ta%k]e an be carried out in a solvent. Said solvent is preferably the same

4 TR ol R oGS SR US88 fo Bl G Metanocend ebifipoomd be
and aroma 'cijydr carbon such as toluene and xylene, and saturated

O FOERSh SUCH o oS MEERAND Ll 4MEl Uy o Rabe GRerived in

. particularl referabI\e. 0080]. . Further, the other embodiment of the

ad ‘E}gggn?ﬁé iGn PSS Y01 CRrkisP IR oY G polymerization
wherein the solid catalyst (1.0 for olefin polymerization is pre-polymerized

[powith one or more olefin selected from ethylene and a-olefin having 3 to 8
carbon atoms. [0081] Ethylene or a-olefin having 3 to 8 carbon atoms
can be exemplified for olefin used in said pre-polymerization. For said
a-olefths:bavisig tof8rcarbem atomsyipedpylens; labutene;t2ehidene, limited,

1-pentene, 3-methyl- 1-butene, 3-methyl-1 -pentene, 3-ethyl- 1-pentene, 1
howﬁén&wﬁ@@hﬁsqm@amtﬁon is preferably used. Preferable solvent
for said lquid-phase polymerization is saturated hydrocarbon such as

propane, butane, hexane, cyclohexane, heptane and decane, aromatic

hydrocarbon such as toluene and xylene, a-olefin itself or mixture thereof.
[0083]

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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4-methyl- 1 -hexene,4,4-dimethyl- 1-hexene,4,4-dimethyl- 1-pentene,
4-ethyl-I-hexene, 3-ethyl-1-hexene and 1-octene are particularly
exemplified. Above all, ethylene, propylene, 1-hexene, 3-methyl-1-butene
and 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,
<2)r%%€§)’éﬁ’ WP HRASED Bfgation is preferably used. Preferable
solvent for said liqui&phase polymerization is saturated hydrocarbon such

as prepane,hHutane, hexane, cyclohexane, heptane and decane, aromatic

hydroca%gxglf? sucgh as to uene(%ldgiylggg, 01;1%%%{} Hlelf or malrs Hersss,
polymerizing one or more kind of polymerizable monomer selected from
ethylene and olefin having 3 to 12 carbon atems in the presence of the solid
catalyst (K) for olefin polymerization or pre-polymerized solid catalyst (i)

and, optionally, (B) compound comprising element of group 13 in periodic

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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[00831 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 mmolfL, more

0 gjerably 0.01 to 200 mmol/L. 100841 Pre-polymerized amount with
respect to Ig of solid catalyst (K) for olefin polymerization is preferably 0.1
to 1000g, more preferably 0.5 to 5009, the most preferably 1 to 200g.

100851 42) R efiaRalymerizatioadethed pag%QMQE%ﬁQHOQﬁ@ﬁ¢§¥’%E the

the invention is characterized in polymerizing one or more kind of

inwpolyiverizable menamerselestaddramethviene and alafin having 310 12 an

carbon atoms in the presence of the solid catalyst (K) for olefin

esspolyimbhaatigmenprermnblyredsizad salid catalyst dkn pade optigRAINI dBhne or
compound comprising element of group 13 in periodic table.
more optional component selected from ethylene and o-olefin having 4 to 10
carbon atoms. 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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[0086] 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

ethipventencosnbeapiapylene rbduient dibentepeldmaethyird-RMenser is 50
1-hexene, 4-methyl-1-pentene, 3-methyl-1-pentene, 1-octene, 1-decene,
moleflodecanes 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. [00881 One
EGQ,% diment of preferable polymerization method of the invention is to use
poly enzable monomer comprising propylene as an essential component

and prefer [ : 1alsQ ene op more optional . .
Componer Sa e Fa TS AL i N s apgbpyzation

su&ioﬁbs-sBW&j%”}%érJhl%?ﬁz%%ﬂ%@i&"%IH%;SQH. ag?gg%e% WIANeOUSY 1T o as

copolymerization. Further, after manufacturing ymer haying ™

phggétaglmww&%wh.t%%t%gimﬁ%yf@gﬁ F@é{%?ﬂi&%{ﬁ.ﬂé&go&e%ﬁﬁed for

can be subsequently manufactured An example for suc ntinuo

ineMANasHLnER! e DlmeEedings 0k £Q)Ralwmers (fach having, diffgrent, .

composition, can be block copolymer wherein noncrystalline propylene

hy {eojpelymesiscmanuiaaipeath sSURsRAUENHyAlelCrustlling IIBRVIENE octane,

(co)polymer is manufactured. Note that "propylene is a main component”

deddefinatothatapropylahe eancentralion Mithesractiooall dherpolymerizaieane,
monomer is 50 mole% or more, [00891

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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The other embodiment of preferable polymerization method of the
invention is to 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 a-olefin can be used simultaneously for
copolymerization. Note that "ethylene is a main component" defines that
ethylene concentration with respect to all the poly erizable monomer is 50

to it Sokisrertordo] prevhatinve e aihbherderatboudypacssure to 10
liquid-phase polymerization such as solution polymerization and

MEq SRS m potiHISH 2t ATebig 43 PREseosBiwn arization: Tiee foldRingsiuge
can be particularly exemplified for inert hydrocarbon media used in liquid

PYESINLE poRHBASHEH IMREREHO By dr RitserEadPas roparelbutarfellowing
pentane, hexane, heptane, octane, decane, dodecane, and kerosene

meyﬂ‘&‘%ic ﬁ%? 856N 88 o\ EEPEAEABUSYA OB ERR] mams| continuous
C cliipgn%a[ne; aromatic hydrocarbon, such as benzene, toluene and

meﬁé‘l‘é e

RAIBYERAtS Ry GCAPBO B S By IRk RiicHigtiee more processes
hg)robenz an diché%{omethar_]e, and mixture thereof. Further,
eaﬁ?ﬁ gf}%ﬁ‘%fg%%ﬁ% CEHBENEP a8 2%EWWent, for so-called a bulk
polymerization. From the viewpoint of decreasing polymerization activity
[ooand inhibiting fouling, the invention is preferably used in bulk
polymerization, suspension polymerization and gas phase polymerization.
[0091] Polymerization using solid catalyst GO for olefin polymerization
and présjseyiaerizetzbolidfctivalysh (@hiicanigtont dnpubingthesied by the
component (K) or (K') in an amount of all the transition metal atom of
pregensraity Tordoogenompolseid eprefdrabigiiiug to do2uemols perréantiper ature.
volume of 1 litter. Polymerization temperature is generally within -50 to
Whepoaddisrgrradly drogen molecule, 1ts amount 1s 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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to 170C. Polymerization pressure is generally under normal pressure to
10 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]

corMoleadal welghtoBheottainedpalymes cambeadiistedibyti@nerystalline
presence of hydrogen molecule or by varying polymerization temperature.

propivem addiserithephydrogenitioleatecitscambunifis suitahly.around 0.001
to 100 NL per 1kg of the obtained polymer. [0093] (3) Olefin Polymer
9+%rtﬁn One of the preferred embodiments of olefin polymer particle of

vention is propylene based polymer particle comprising 50 to 100
mole % of repeating unit (U1) derived from propylene and 0 to 50 mole %

of repgatingrnit kel 2idarived fram ane.er.m OJl%ﬁgf'”p Ie;ﬁgt%‘fggo% of the

ethylene and a-olefin having 4 to 10 carbon atoms

inv@%m@m@fg?eﬁec@%@et Hzed i tharbylk gmg %g %@? Sole % of

more, preferably 0.35 (g/m ) Oor more, more pre

@0 Saldh PropyleneRAsed-palY. G cter
repthat |tég'5 meltlnr(gF:)%lnt ('I?r%)%p;s %%Cé@ (ﬁg@gﬁé‘ é?é%‘ﬁegé%%%%ﬁgﬂc% s(éﬁr%3 grtng

uniPreRRly120C Q6 IR SHObI FORPHRESOWIZoIBRM Y- BEierabl Sie 3 1o
wit% to 65 wt% of noncrystalline propylene based copolymer with respegt

10 todlplefidpelyMeisity 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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[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

of the invention is 870 to 1000 kg/m3, preferably 890 to 985 kg/m3, more
preferably 895 to 980 kg/m3, [0095]  An olefin polymer particle of the

BoinventioR s eRaPiEerzEIAR tHatdney fvel lygectenainily Caer lidexcferably

[Clgem. Eng., %éﬁ’ﬁj% 1965)1 is known for an indicator of said fluidity,

11§, |cﬂ185?n§¥8 1 |§ Aluate repose angle, degree of compression,
spatula angle and uniformity. [00961 An olefin polymer patrticle of the

fp(@avention is characterized in that as 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

angleds: gdaBraihpi0hito GGy poblesfilbly:205ton 5oh meareAeferably s tthat it

45'; and uniformity is generally 1 to 12, preferably 1 to 8, more preferably
shawe B0 to 100, preferably 80 to 100 of Carr index.

[0098]

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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[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

howe gﬁ invention ot limited to these examples. Manufacturing

examﬁ Wﬁ HsafnplesitscAbeagralowisosp here
o ca rled t in dry nit %% ﬁ\%ere unjess otherwise mentioned. Noote

e HEBE BULH BB Wi TS asip o HEsBBELEIROC. held
It|n Pomt eat A t of Meltin

fm[m? utes agl 3(}{')1 3 8”8 at a rate gofA}L(})q(“/mmute The sample was
held ai 30°C for a minute and temperature was raised to 230°C at a rate of 10
°Clminute, then melting point was calculated from vertex of crystal molten

peak and heat amount of melting 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]



With Diamond DSC by Perkin Elmer Co., under nitrogen atmosphere
(20m1/min.), temperature of about 5 mg of sample was raised to 230C,
held for 10 minutes and cooled to 30C at a rate of 101t/minute. The
sample was held at 30C for a minute and temperature was raised to 230C
at a rate of 10 "C/minute, then melting point was calculated from vertex of
crystal molten peak and heat amount of melting as calculated from
[ Inittoyrated vatueyofsaid peak. [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/ )V%%‘ﬁa%%%% IHhE SR retie o rokgalianl 361G Thamd elio 80 mg
Py K%eIWGNHG-HTL. All the column had diameter of 7.5 mm and length of
oF Bt T 4R4 CBIMRABMperSitiPe A 4u0Ka oldfeRBroBersanel padiio 15 ml
RPure Chemi&al Indystries Ltd.) was used as moving, phase and 0.025 wt%

of e P A G BN AR L Mo By S8 SR idart. Ry dpdad. 5 ml
.0 ml/minute, le ¢ ti 15 mg/10 ml, poured

of B S I T C A erahOr AR oteh wien for

. f ector, F tandard t havi lecul ight of

B R et B R pgen ted

: ‘ hemi duct d. [01021 [Intrinsi
o ol e A e e e Wy RSN Chitanelaizace be o

wal\BEIGbh 20 DG ALRRLITREBLIRD RN ieAlI N aggregateg form vias

dissolved in 15 ml of decaline a pecific viscosli easured in
oil bath of 135C. 5 nil of decaline solvent was further added to the above

decalifie)solutiofrfor@ilutiGh;eid then lisp was measured by the same.
Said dilution was repeated twice and a value of nsp/C, wherein
[0 1@(& centration (C) is extrapolated to be 0, was obtained as intrinsic
-~ viscosity (See the following equation.). = Bin (nspic) (c,0)
[MFR]
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 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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[0103] [MFR] 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

oscillateighdmsieyesbavingy e MMAPaNIngsand1wd %, ef PQlymes femained.

on the sieve were weighed.
having 1.7 mm openings and wt% of polymer remained on the sieve were

weighed.
[0105]
{Bulk Density]
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]



[0105] [Bulk Density] Bulk density was measured based on ASTM
D1895-96 A method. [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

m@éﬁﬁﬁ@%ﬁt’éndardized by 13C-NMR). [0 107] [Repose Angle, Degree of
Compression and Spatula Angle]

Particle size distribution was measured with particle analysis device
of Microtac 8320-X100 by Leeds & Northrup, by using methanol as a
dispersant and dispersing with ultrasonic homogenizer in the device for 5
minutes (OQutput of 25W). Uniformity was calculated from the result and the

following formula.
Uniformity = Dyes/ Dpio

Dyeo= particle diameter 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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The above characteristics were measured with Multi Tester MT 1001, a
multifunctional measurement device designed to measure the
characteristics of powder materials, by Seishin Enterprise Co. Ltd. [0 108]
[Uniformity] 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 dévige forsmiRutesHeXitss Ot 280 Unifopmity wasscaloylated S1am, iy
the result and the following formula. Uniformity = D1)60 / Dp 10

codt@om pestinle wiarpeterreachingeeumliltative weightehe0% framsmaller (hen
diameter in particle size distribution Dp,0= particle diameter reaching

mecmudative deightyof 0% fronmbmaller diameter in particle size
distribution

[0110]
[Loss of Ignition]

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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[01091 [Density] By using hydraulic heat pressing machine by
SHINTO Metal Industries Co. set at 190C, a sheet having 0 5 mm
thickness was formed under pressure of 100 kg/cm2 (spacer formation: 9
pieces of 45x45x0 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/cm2by using the other hydraulic heat

ressing machine by SHINTQ Metal Industries Co. set at 20C. For heat
soiits COMHALE rRG S A HHAAPSEs Wih loclissolve, TId procs Bnee is

was hea tr%atgd at 120C for one hour, gradually cooled to room

YVORUIGE an 1T, . .
O}‘tempéqra u(rie fof &R hour in a linear manner, and then measured by

density gradient tube. [Loss of Ignition] Measurement was performed
Exnasing: 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
[014 24te 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 w termined to be loss of ignition [0111
“Many gﬁ?gf-zz\%g@gg%fata%’sta&ﬁ?or olefin polymerizatiogn. [0111]
[Process P1]

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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ICP (Inductively Coupled Plasma) emission spectrometer analytical
instrument 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,

of BeanRtiativg.aned E@&ﬁwﬁgarla#y W@&ﬁﬁ?&ﬂ{%ﬁ% F’S}EE?%ES}SOI%} dlnrgaas Y, ame:

solution obtained by melting samples in sodium carbonate;

AT/merachlerie:aeid 1q dissolxe,and spesifyingdls volyme.and. dildiing. aser 45
EXAMPLE 1 [021 -Manufacturing solid catalyst K) for olefin

mipalynerizationn|PracessRikina 5,010 .0f $ilice; 9el {rade NameH-122.0% ¢
Asaln Sl Tech Co., Ltd.) dried at 200C under nitrogen atmosphere and 4

traménfdehydratesh ighlene wergoagsiegte 100 ml of four-negk flaskimeihylene
sufficiently substituted with nitrogen and equipped with stirring rod, and

(3-thenphepteti noeSBE it @ilcbathiidiriof taluene - selion dMh D zirco niu
triisobutyl aluminum was added, and then, 19.0 ml of toluene solution of
m rhetHyleiden(noxanéa(@iradYs alulinue kodcdetiatibadyT G50/ EnEohenys).
Co.) was further added. 30 minutes reaction at 50C, and then 4 hours
1.8feactioh tilosCanere: performiadisafietyealing: atikast BGRB8 6f hexane
supernatant solution was removed by decantation, and then, toluene
wesup§dsisilitdsupperting metslatomihoxaret nias dxained a1 ¥Btered with
[Process P21 ]
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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Toluene slurry of silica supporting methylaluminoxane obtained in the
above process Pl was kept at 35C and 10 ml of hexane followed by 20 ml
of hexane solution including 1.5 wt% polyalkylene oxyglycol (trade name:
ADEKA Pluronic L-71 by ASAHI DENKA Co., Ltd.) were added. After 45
minutes reaction,a preliminary mixed mixture including 149mg of transition
metal compound of diphenylmethylene tert-butyl 5-methylicyclop

an @nigeienyRes, 73 dinarsbutylfiuorenyQaito-nivm dihloride i
(manufactured by the method descriggﬁl in W02804/087775),%?%%Sm(ifo@mm

antollenei salution efdsiscbuiyabmmnkBA BMLaNE 405 QL REXANE WEI8. o after
added, After one hour reaction, the obatained slurry was filtered with

igaitembrane filter. The obtained powder was dried under reduced pressure
for 2 hours and 9.45 g of powdery solid catalyst (K) was obtained. Said

catalyst (K) was mixed with dehydrated liquid paraffin to obtain 20.0 wt%
EE@WL@S% result of analysis, zirconium, in said powder was 0.17 wt%

and aluminum was 17.6 wt%. A loss of ignition was 13.5 wt%. Peaks of
lo 1siig on and aluminum elements were confirmed by element analysis of

residue after ignition. EXAMPLE 2 [01141 Except for using silicagel

(trade name: H-122 by Asahi SI Tech Co., Ltd.) wherein fine particles

-Mbavifig-tiametesiofl 4pnarsless’ areehminaies by slassification 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 saitfbtaér Wwase rovatinaslimmium avad as Tradie andsiide Was 1 g of

. 23.2 Wi%. A loss of ignition was 14.1 wt%. Peaks of silicon and aluminum
filtepdh %@%@é&ﬁﬁﬂ%@ﬁﬁé@%ﬁéaﬁ%@%i@f&r&mwma@ﬁdm 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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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 1 molfL

hexane solution of triisobutylaluminum, 2.0 ml of 10 g-/L hexane solution

of polyalkylene oxyglycol (trade name: ADEKA Pluron ¢ L-71 by ASAHI

DENKA Co., Ltd.) were further added. Ethylene was blown Into gas phase
thesa ARRE rafSHRP I Ni/h dridl pBNRSEriASd fof BREuUrs HH8BD. Fieg"éfabé)M) of

.,etfglenmas .purgedglﬁ\é\gfh nitrogen and then, the obtained slurry was .
LR ORR it THEmBY S riltet. TRePbitalet pistdBp i disguRdded to said

reduced pressure, for 3 hours and 7.56 g of solid catalyst (K') was obtained
Lo gk AMPEE 201 1AL DB MG BRI o Brghei@se of SUS which
Magnetic stirring bar.was put into 50 ml side-arm flask, sufficiently
wag, SRUHER Wi HSUAE Bo8 o B SRR of SO alaly e pepdeepinvas
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 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.



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

polymegizatiqn. I | e der reduced pressure . .
b o OO B P SRR B

Raryp¥ eanf lymegizat ity s, 62.3 kg-PPimmol-Zr hr.
T o oWy Analyeis S B d MR pHD i dmer

anBUsidensiowas 049 :giem3:and coarse, paltisle @mm%@%ﬁg%@ glem?

Note that adherence was not observed in the autoclave. EX

anl0bZ}sdpmerRelymerizatiomefPiopwens (2 iformEceptdos ,agéﬂﬂge?’g%gle

mg of slurry of solid catalyst (K) prepared in the above example 1 an

wallirtier ddding QOBML I Rydsagen afteyrp00 ok liAWd NIORYIGN8WAS 4 Cary

charged, the same polymerization was performed as in the above
indaxampledB.5. Note that adherence was not ohserved in the autoclave.

EXAMPLE 8
[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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The obtained polymer was 160.2 g of isotactic polypropylene and its
polymerization activity was 181 kg-PP/mmol-Zr.hr. As a result of polymer
analysis, (g)=2,30 di/g, MER=2.38 g/10 minutes, bulk density was 0.50
&MA and coarse particle amount was 0.11 wt%. Uniformity was 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 observed in the
Traeideld/e; EXAMBIE 5503484 d Heme-RalynesizaianobRirpylans () sice
Magnetic stirring bar was put into 50 ml side-arm flask, sufficiently -
angubstitudluitivtitrdgete 802tmdlofisiusy 0hsalis catalyst dShpepared il ve.
the above example 2, 1.0 mmol of hexane solution (A1=1..0M) of
.Ei&@%gi‘%l%luminum and 5.0 ml of dehydrated hexane were added to said
' ' ut into 2000 ml internal capacity autoclave made by SUS which
was sufficiently substituted with nitrogen. 500 g of liquid propylene was
fo Th@rged 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
- HiombOthdyrs cat 80Gon of Phepabtaindd polymer was 143.1 g of isotactic
polypropylene and its polymerization activity was 66.1 kg-PP/mmol-Zr.hr.

As a result offpoly r anag/sis, (1)=3.18 cll/g, MFR=0.32 g/10 minutes,
Mw= ‘g:%b VT n_g_% 6 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-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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Tm144.0C, AH=86.0 Jig, bulk density was 0.50 g/ems and coarse particle
amount was 0.0 wt%. Note that adherence was not observed in the
autoclave. 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
angshibrgpykAsll tegonanangatiereaetiding Was g2 Ky-RRIpmoiZe 2000
hr. As a result of polymer analysis, (10=2.32 Wi%, MFR=1.85 g/10
ol ARS8 AG2B86.B002 NiRIAIE2 I arin 1 e, 78 UAH=88ieuigy bulkcdéhsin ty
was 0.51 g/cm3 and coarse particle amount was 0.0 wt%. Note that
SUBRIFEHAE NS RHEBBEBEUUnEHY AR EXRMPLERS 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 122.9 g of isotactic polypropylene and its
polymerization activity was 55.1 kg-PP/mmol-Zr-hr. As a result of polymer
analysis, ()=3.58 dl/g, MFR=0.25 /16 minutes, bulk density was 0.49 glom®
and coarse particle amount was 0.0 wt%. Note that adherence was not

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?

56



101201 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 (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 sufficiently substituted with
itrogen, 500 f liquid propylene was charged and 40 minutes of
aﬂg ﬁs%@%ﬁﬁeﬁ%?t b8 hé-a 6&%\?@@7%@%@1“@6%(1’*1&8 not
%ene as pur ed in order to stop polymerization. The obtained
%&ﬁ‘éa dfer reduced pressure for 10 hours at 80C.  The
obtalned polymer was 122.9 g of isotactic polypropylene and its
ExXRalymerization activity was 55.1 kg-PP/mmol-Zr. hr. As a result of polymer
analysis, (n)=3.58 dl/g, MER=0.25 g/10 minutes, bulk density was 0.49
g/cm3 and coarse particle amount was 0.0 wt%. Note that adherence was
{0188t observed in the autoclave. EXAMPLE 9 [0121]

ob

- 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 mmel of hexane solution {(Al=10M) 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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- Homo-Polymerization of Propylene (6) - Except for adding 283 mg of
solid catalyst (K') prepared in the above example 3 and further adding
0.08 NL of hydrogen after 500 g of liquid 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
olymerization activity was 172.9 kg-PP/mmol-Zr hr. As a result of

B Eahhlyss (N=2.24 dug, MER=2.67 g/10 minutes, bulk density was
0.50 g/cm3 and coarse particle amount was 0.0 wt%. Note that

0 ;&dg]erence was not observed in the autoclave. EXAMPLE 10 [01221

- 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
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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- 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 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 liqujd.propyle 0 NL,of ethylene and subsequently
pol R %‘%%a%’&%%gé%uﬁ%ec@ ST -%iﬁf}tﬁwwae%@aﬂsﬁewa%ntem
petfarmed,at 60C. utoclave oled and propylene was purged
AL TG Clom oMok TG St DTS Wt Gt thdgim: and
reduced pressure for. 10 hours at 80C. .. .The optained polymer was ,
oo o e R o et dair e s
36Was D02 8KGPP! L5 r. result of pelymer gpalysis,{(=1.44.dl/g,
S MERE53.8 10%%%5%%@1%21&%‘&% Wagg%‘ggsr%(%nﬁ%aﬁg@ex as
5 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
was 8%, spatula angle was 37 and Carr index was 88. EXAMPLE 11
EX[A32BLERandom Polymerization of Propylene (2) - Except for adding
157 mg of slurry of solid catalyst (K) prepared in the above example 2 and
urther adding 0.6 NL of hydrogen after 500 g of liquid propylene was

f
[0 rged, the same polymerization was performed as in the above
example 10.

- 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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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, ethylene content
was 2.68 mol%, Tm131,5C, AH=76.2 Jig, bulk density was 0.44 g/cma
and coarse particle amount was 0.53 wt%. EXAMPLE 12 [01241 -
Random Polymerization of Propylene (3) - Except for using 89 mg of

aqselict eatalysiofK asidrt pre paceth isoihe: sbanetexamule 2RRK PO MEIZINGr o
for 30 minutes, the same polymerization was performed as in the above

talescarnpleftOm saithdebtairted, pblyneérivasetdsd gafethiyiene-prepxlens] in
copolymer and its polymerization activity was 795.3 kg-PP/mmol-Zr hr. As
atmoeshkisf 88d stirred for 30 minutes. Filtration was performed through
glass tube filled with glass wool, and then "H-NMR of the obtained filtrate
was measured. NMR chart is shown in Fg. 1. Peak derived from

oxymethylene was confirmed at 3.2 to 3.3 ppm. Note that basis of chemical

shift is the peak (1.93 ppm) of residual proton of acetonitrile.
EXAMPLE 15

[0127]

- Manufacturing solid catalyst (KD for olefin polymerization —

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.. 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

60



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,

(0. 350 )naq dfpol/dé rpisalickcataty std B dnAfitfaciueasbin:the-above SXampigined
1 was weighed. 7.5 g of dried hexane was added and stirred for one hour

Siuﬁﬁmﬁﬁ@ph@demthmmhemmﬁm,smghm&sﬁﬂt%radmiﬁﬁmﬁ%@ﬂ@%ne,
filter of Teflon (registered mark) having 3um pore diameter. The obtained
anflitthenwWadasdendsd undetlyeducdtpregstire andl dsfel asnder redtigdered.
pressure for 3 hours at 3hPa in an atmosphere of 22C. The obtained
Thasivsrnd Emponsrmanemndang ExdavPedicsdQbeekuExuadion Tesiue
(2). of solid catalyst (K) for olefin polymerizatio
was ‘less than 01 mg. The obtained powder was dried under veduced
pressure for 2 hours and 2.09 g of powdery solid catalyst was obtained. Said
catalyst was mixed with dehydrated liguid paraffin to obtain 20.0 wt% slurry.
As a result of amalysis, zirconium in said powder was 0.17 wit% and
aluminum was 16.9 wt%. A loss of ignition was 11.2 wt%. Peaks of silicon

and aluminum elements were confirmed by element analysis of residue after

ignition

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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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
agueous solution, and then, made contact with water vapor for 7 days.
After taken out from said desiccator, 1 g of deuterated acetonitrile was
added in atmosphere and stirred for 30 minutes. Filtration was performed

tube filled with gl l, and then.11-I:NNMR of th
B T T T .
i f ) onfi t3.2 to 3. M- Note that .
O GO TS 40 0 L M i
itrile. P - ] - ing salid;catalyst (K) for. .
ol ST IR R i

actSeipyigluminosana yas ohiaipeg byghe same melhnd gs I ATPIE L i

process PI, by using silica gel wherein particles having eter of 4pm

(n)iesgwerpelimipated andpigpared fp.be %ﬁﬁ{g&ez}&%%%f?}%‘ ek s and

flask, sufficiently substituted with nitrogen, was equipped with stirrifig’rod

coza8d 441k ofsaichslway and 3emiof telugne wese sharged. Ia%%% rg‘(fﬁf/ 98°

10g/L hexane suspension of polyoxyethylene (10) stearylamine e
depiakeiPive Ghemigalindusties shidhmasadded, ABer 42 MDUIES » dox was
reaction at 35C, a preliminary mixed mixture including 33,5mg of transition
93.metal compound of diphenyl methylene(3 -tert-b uty1-5-methyl-cyclop

entadienyl)(2 ,7- di- ter t-butyl-fluoreny 1) zirconium dichloride
(manufactured by the method described in W02004/087775), 0.9 ml of
6ilition including triisobutylaluminum

[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



(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

[0 BT obtained. Said catalyst 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 aluminum was 16.9 wt%. A loss of ignition was 11.2

- Hwite- Pebks @fisilidon afdaduriinum@lements were confirmed by element
analysis of residue after ignition EXAMPLE 16 [0128] -
Homo-Polymerization of Propylene (7) - Magnetic stirring bar was put
into S PRFSHS-SFHTAEK St f@e iyt subetitieal witkeniroydmBog wif obntly
solid caglyst slur%rg prepared in the above example 15, 0.75 mmol of

0

subiliiHe 192 O G IRBSHUIAfuAfIRISARd By mitsbared in the

b dehydrated exa:/r%e w§re added t(iNsai flask and put into 3,400 ml internal
2D acTiPEMROEIave m&deiy BT hith wHsamticieitly SoBstifieaiwitd)  of

ATl S e oo o e
o R R B e
W T By T 428 S oot ws
o L Mol s Bl M . W tes o
pol YA Was,2,s"epess a0gle \Q(E\S';%%qu%‘%?& YGRS Sionwas 1190 1 4

spatula angle was 26" and Carr index was 93.

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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EXAMPLE 17 [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

oo BT 8§ e e amoun?O? %%En I u(;t ef)n%lélf)r}ﬁ?@nvflg %as 211

0.50 g/cm3 and coarse partic

of r 1%.,s la,ang
o T e R A R o
/19 Rrepviened Qi density was 0.50 g/om® and coarse particle amount was

G.C wt%.

EXAMPLE 20

[0132]

- Extraction Test (3) of solid catalyst (K) for olefin polymerization -

In dried nitrogen atmosphere, 500 mg of powdery solid 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 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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Magnetic stirring bar was put into 50 ml side-arm flask, sufficiently
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 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

n 0 ogen was added, and then 40 minutes of
o A b e S PO AR A S VA5 e A

polymerization was perfor e autoc

£ 2 IARKENS MRS PYrged;ardes to stop pelymerization %ﬁ%@%@;&%ﬁ@&%& in

was dried under reduced pressure for 10 hours at 8

atrﬁ@%ﬂ%&év%%&%ﬁm@@@é@téﬁtiﬁqﬁ’ﬂ%@p@ﬂ}%ﬁ%&gyrﬁ%@ﬁ{% 3tei8nthr0agh

activity was 137.1 kg-PP/mmol-Zr.hr. As a resu r analysis,

14603254 HugdMERTH i 1% i 49
¢ coarse particIdel\ﬂz:iml:z{)l_u%n]t;il v%fé% (?01@]\/\%%@%%% g%ﬁ&g&ﬁle_gﬂﬂgéﬁ%mte

waklomeRolymerization At Bropyenekdhih vlcmxcariioredding, & HaNE 9f 5 o

hydrogen, the same polymerization was performed as in the above

to eganpigp 8. THewebtaingd polymeriwasiZ86:2.49 Ofgiiﬁf’ﬁa%@‘)lﬁpéo%%%@e of

and its polymerization activity was 211 kg-PP/mmol-Zr hr. As a result of
tetpalyeidivasiddysis, (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%. EXAMPLE 20

EXAMPLE 22
[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 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

65



[0132] - Extraction Test (3) of solid catalyst (K) for olefin polymerization -
In dried nitrogen atmosphere, 500 mg of powdery solid 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 (registered
mark) having 3nm pore diameter. The obtained filtrate was condensed

préindeerselicnd piesue G isd g teckied Bressure for Jows 2t

3hPa in an atmosphere of 22C. The obtained nonvolatile cgr%gonen

unl@sshanQd MesEXAMRLERL, 101334 4@2@8’{‘_%%3& @agféﬁoégdm%%sm

catalyst (K) for olefin polymenzatio In dried nitrogen atmosphere,

pong:ofpanEens salid catahsl (fsnanufacuedin the above example 1y Yy,
was weighed. Said catalyst was statically placed in a desiccator prowdec}l

Aswithsalliraed pARSSIUmA681a8 included in the supporting catalyst was

0.18 wt% and aluminum was 11.8 wt%. A loss of ignition was 7.79 wi%.

Peaks of silicon and aluminum elements were confirmed by element analysis

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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64 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 atmosphere and stirred for 30 minutes. Filtration was performed
through glass tube filled with glass wool, and then 'H-N1VIR of the
obtained filtrate was measured. Peak derived from oxymethylene group
was confirmed at 3.2 to 3,3 ppm. Note that basis of chemical shift was the
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re dRENKA G bddormasasided todhe flask, %ﬁ@m%%ﬁjaeﬁgggy ¢ and

toluene slurry of 45 mg ethylenebis(indenyt)zirconiu 0

its agleledy Afies a8 haurvasctipns the obtainedislyrry, was filtered with I‘{i‘Sbl]{, of

membrane filter and washed twice with 10 ml of hexane (Residue was

polMgar desapiier bandensiagal|, hepfiiteasecundes sedueed BISSIED 30 ke/m?,

Further washed with 10 ml of hexane, the filtrate was condensed under

reduced
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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pressure and its residue was 0.1 mg or less. The obtained powder was
dried under reduced pressure for 2 hours and 4.82 g of powder was
obtained. Said powder was mixed with dehydrated liquid paraffin to obtain
20.0 wt% slurry. As a result of analysis, zirconium included in the
supporting catalyst was 0.18 wt% and aluminum was 11.8 wt%. A loss of
ignition was 7.79 wt%. Peaks of silicon and aluminum elements were

firmad by elemant.analysisofiepidue atter ignil PLE 23 ..
po}[%if%] - Slurry Polymerization of Ethylene - g!ﬁ%@%ﬂrﬁl 0 ep?a%%lﬁagmﬂed’

an ghargedtintp dN0Rmilinternakeaprely BYIRH YR 10Ad8 BN 3N Sifter washing
sufficiently substituted with nitrogen. By charging ethylene gas, said

theawboeiavel wabysaturatetiwithethylenss A:25dimmelofhexang SO« for 10
(A1=0.5 M) of triisobutylaluminum was added. Meanwhile, 0.133 g of

hostppartij Catalyst shiaymp@nsshainexamplend? wasweighestin 5./ 9fion

three-cock flask, and then 4 ml of heptane in the autoclave was poured
actandystireed? T bekapafitedsiirfy oh the\satalystast ¢haaeiai9alysis, coarse
autoclave. By pouring 4 ml of heptane into flask from autoclave and then
padideimg intoautes|ave agn bedlalyshwias added Withecattoplaviinsity was
Subsequently, 5 ml of 1-hexene was charged and ethylene was
92 bmimioasld Suppliéd sb/as to make inside of the autoclave 0.8 MPa at
80C and polymerization was performed for 65 minutes. The autoclave was

EW%%% residue gas was purged in order to stop polymerization.
ote that"adherence was not observed on inner wall of polymerization

vessel. The obtained slurry of polymer was filtered with K ty rohto (p
[0195%Inrn, 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
- Extematiprriionstr(hr ofecdibeatabf pidifonéranafysip obpik aénsitywas 0.38
g/cm3 and its density was 930 kg/m3.

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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EXAMPLE 24 [01361 - 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, 0 312 g of supporting catalyst

S'U”YiHrﬁE@&%&'ﬁ%@%&M%@sﬁﬂ@&}éﬁ@'Bﬁ)néirlo mg%%xgy‘c’%‘#?@ 931%;1997-5% ®)

M) of triisobutylaluminum were added to 50 mil of three-c ask:

mcQRtaleg-slury, ofithe patalystwas gharged,into @Hig@@&egﬁ /S(%%‘a‘ig}ts‘%’ ' was

autoclave was substituted with ethylene gas contairiing 4.

stalibsteng) andithe %%Eﬂ@@@%@i“?ﬁﬁ/{%@m yﬁ%%‘@'?}%tﬁ%ﬁ?ﬁ% acetate

make inside of the autoclave 0.8 MPa at 80C and polymerization wa

aqestormead forBQ:minties, Therauteskave wascaaled and sesidue agéés%%ter

purged in order to stop polymerization. 2L of water was added to th

talebiainedpewdsrnd:sticiady a0d then the palymer surpnas diltered,withy i

bleached cloth. After washing the obtained polymer, said polymer was

atrovigshendesrddudedadrdssuse forid0 heuns:Bt-806n The ORI RAY PG o
was 30.9 g and its polymerization activity was 23.5 kg-PE/mmol-Zr hr. As

glaagasibit dijpelymehaphlysisy egarsed ahtiele! BIMIUIRWASLA S WaRWIG Tt rate
density was 0.31 g/cirt2 its density was 922 kg/m3, and (0=1.62 dl/g.

waEXRuE RS edB derived from oxymethylene group was confirmed at 3.2

to 3.7 ppm. Note that basis of chemical shift was the peak of

tetramethylsilane.

EXAMPLE 27

[0139]

- 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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- 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 condensed

cotp@erTedycespiese,ant ied %@ﬁ%%§?@%§@tﬁg eiﬁocfe%go At ium

3hPa in an atmosphere of 22C. The obtained 'honvo component was

didassridan @k m.gd EXAMPLE 126 [333] rdadrastion,Test (@) 9l solid, .. was

catalyst (K) for olefin polymerization - In dried nitrogen atmosphere,

fil&00dngioh poweennseliflicatakistkdamansiagtivied inthe,ahouve examole,, . .

22 was weighed. Said catalyst was statically placed in a desiccator

filfouovided itte Sattiratedspotassitn scdtateiagueaus SOIuess and thaN e si due
made contact with water vapor for 7 days. After taken out from said

wadeBitoagony 16sy. bf cleisesatedheetapittl wah added b aBesRherg aNdered.
stirred for 30 minutes. Filtration was performed through glass tube filled

Thwigh glassdvdskanditherdidiMRofthe ebtainet filaia Was  d its residue
measured. Peak derived from oxymethylene group was confirmed at 3.2

wato B:3spphenNdielthatghasiscofditamicd] shiftdas thespeaked§ under reduced
tetramethylsilane. EXAMPLE 27

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

70



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 said slurry and 30 ml of

polPHERS WERIE %ﬁ@@&a@f?&%ﬂ)@ﬂibﬂ %@%ég YL %i(li‘a{%u;% %?ﬁnﬁos{lre for

polyalkylene oxyglycol (trade name: AD uronic

10 DENISA Cay., lgghywers, added.and 45 pipuies r%&éiO'glﬁr%%pe”o&f“%gg%%cm

35C. Further, 5 ml mixture of toluene suspension inclu 02mgo

polyansition metal g @@@E@waﬁaﬁmawﬁw%% bjs(z W}‘ih“ﬁgﬁ%ﬂ hr.

indene) zirconium dichloride was added. After one hour redction, t

Asoptained slupyyas:filtarad witnmembranediter nwashed ‘(%%V‘?&hg%?ggglum

of hexane, and then filtered (All the filtrate was condensed under re

derpsssuresandiregidue was QJangeopsessle Shseayenty washed With,15 i 4t
ml of hexane and filtered. The obtained filtrate was condensed under

adkedeiced @i essurel anditsvesiduieolvas-less than O dumg! Fhe obtained
powder was dried under reduced pressure for 2 hours and 2.08 g of

powdery solid catalyst was obtained As a result of analysis, zirconium in
H@éz/ r was 0.18 wt% and aluminum was 17.0 wt%. The obtained
catalyst was mixed with dehydrated liquid paraffin to obtain 10.0 wt%
lo ﬁlﬂry. EXAMPLE 28 [01401 - Homo-Polymerization of Propylene (11) -

- Extraction Test (7) of solid catalyst (K) for olefin polymerization -

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]



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

MRS Eh nut polymerization was performed at
M7OC. T%Qaggl o%?éﬂﬂ/%q%gg %cg)ggegg ﬁeﬁ%ré)éym%x%g%%rged in order to
stop polymerization. The obtained polymer was dried under reduced
['Tred8uree farat@dadurs at 80ue. The obtained polymer was 138.8 g of
isotactic polypropylene and its polymerization activity was 179
kg-PP/mrnol-Zr hr. As a result of polymer analysis, MFR,<0.01 g/10
minufe@9( =<8 Plangetulitadiisip Was 4728 ém3 end csdrdegarticle L.td.)
amount was 1,2 wt%. Note that adherence of the polymer was not
d“Sg] Wé}ggirétﬁé‘- oML e Pt s te ot 4 e aétibh y dee (7l dbluene

solid catalyst (K) for olefin, polymerization - In dried nitrogen
We’é?m%ggﬁ rét,ezéb Qnﬁ“éf B%V\;%Bry% g&?ﬁl&sﬁ?@ﬁﬁ%ﬁﬁ%oﬂh@ﬁﬁ%@ with
.. above example.27 was weighed. Said catalyst was statically placed ina
nit AL SE0R OVIBBG i Lol ATARE BPAcSHRe SEED Bkrchis SBiGton th ol
nd,then de contact with vapor.for 7 days. After taken out from
b e Lo L B A1) AN SRt BN LB 6 acdod. and

nTRRIREASIE G R mipes, FitRion was peformed rouon,

ass tube filled with glass wo

confBRdgashaf, Miaplsierivediom oxgmelbylens gioup was confimedat

3.2 to 3.7 ppm. Note that basis of chemical shift was the pe

reat@i@mgihyisians, [ICOMPARQTIME EXAMELE Ykorr 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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[0142] -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,

e R e gy wes

aluminum concentration 0Sso Inechem 80) was

£1¢EHPYIRSIeacton ALY %li%@d”fﬂ%rbﬂt%ﬂf:@ ﬁﬁ?\ﬁ%@ adds éjr\\%lgsrgelr& lex roduced

performed. After leaving at rest at 60C, uperna

prd&moeveg Py dacantation @gﬁthgrbf%gﬁﬂfeﬁ%é’s%ﬁr asyp osrtie'g Yesult of

methylaluminoxane was obtained [0143] [The Second Process

anﬂi?léig,n%i%ﬂﬁ)hﬁﬁsmﬁ%MB@WB&W@@'PW%@%@%@%&E@%“ k??eesr ﬂgxed

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

witRIRUISIEGAGHON, A BB UM NRRYBIRA WX B Inoluding, 150 mg of
transition metal compound of diphenylmethylene
(3-tert-buty1-5-methyl-cyclopentadieny0(2, 7-di-tert-butyl-fluorenyOzirconiu

[COMNHRMOAAE (R dhtralbtiiveB BY the method described in W02004/087775),

1.86 ml of toluene solution (IM) including triisobutylaluminum and 4m1 of

[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
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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 9.16 g of powder was obtained. As a
result of analysis, zirconium in said powder was 0.17 wt%. The powder
was mixed with dehydrated liquid paraffin to obtain 20.0 wt% slurry.
[COMPARATIVE EXAMPLE 21 [0144] - Homo-Polymerization of

of BeoRyiene §139 ¢/cMagnalic alingRaLwas priiatg R0,ml sidearm flask, .
sufficiently substituted with nitrogen. 714 mg slurry of supporting catalyst™

suprepaked 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

[CaMELidva Tdde By 8UEIdhffitiently substituted with nitrogen. 500 g of
liquid propylene was charged and 40 minutes of polymerization was

(018 ormed 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. The obtained polymer was

- Hb23:5r9 Bidsatactic Rolrepylare A0 its polymerization activity was 71.1
kg-PP/mmol-Zr hr. As a result of polymer analysis, (q)=3.29 dl/g,
MFR=0.27 g/10 minutes and coarse particle amount was 25.0 wt%. Bulk
densiyofad dvabiédie edsure sifishpulynienpowdenwas thlockipgdpared in
rohto. Bulk density of powder passed through 1mm openings of sieve

the,gRoysgernE s wampitelesss dfund:polpnhéinga8. 0858mvef frydrogen

autoclave.
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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[COMPARATIVE EXAMPLE 3] [0145] - Homo-Polymerizationof 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

poIyn}@ﬂ?@ﬂ%@%&%ﬂ%@f@&gﬁ? m%%géﬂmo @Ja?&éf"h%ﬁ}&’

oly@%
analysis, (g)=-2.34 dl/g, ME 0/10 minutes, and coarse par iCle KA

PLameunt wasis03: o, Bulkidensity ,VL%%.@,”@P&%%SB%%&@%&% YM& 0d

powder was blocking in rohto. Bulk density of powder passed throu

wabmerepensdgsofisievenas 0:36:0/cm3shiptedhatadberence af the . 1. ded
polymer was observed in autoclave. [COMPARATIVE EXAMPLE 41

in {B246]pMenutactangssalidcatalystfar olefin polymerization
[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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Except for not adding polyalkylene oxyglycol (trade in me: ADEKA
Pluronic L-71 by ASAITI DENKA Co., Ltd.), the same manufacturing
method was performed as in example 22. As a result of analysis,
zirconium included in the supporting catalyst was 0.19 wt%,
[COMPARATIVE EXAMPLE 5] [0147] - Slurry Polymerization of Ethylene
- 500 ml of heptane was charged into 1,000 ml internal capacity

[C@W)ﬁ%ﬁﬂ%@ﬂ?@%ﬁﬁ@?iem'y 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,

10 1eb&dept 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 perfoymed foy 90 minutes, the same manufacturing method was

" Praofne 3&@%&%}*@@@9%m that adherence of the polymer was

observed on ir_mer WaII_ of p_o_lymerization ves_sel. The obtained slu_rry of
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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
76



[COMPARATIVE EXAMPLE 61 [0148] - Propylene bulk polymerization -
Except for using 303 mg slurry of supporting catalyst prepared in the
above comparative example 1 and charging 0.15 ml of 40 gIL 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

" ' j [ I rizat] tii 120.7,.
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of sodium chloride was charged into 1,000 ml internal capacity autoclave

sulfpadabyl Stish sufficiently substituted:with nitroaen Byrsufficiently diyingaen

on heating, cooling, and charging ethylene gas, autoclave was saturated
ethwitnetbylene: h2hmel ahbexandisdlution WindieeN Qfie of the autoclave

triisobutylaluminum was added. Meanwhile, 0.303 g of supporting catalyst
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]



slurry prepared in comparative example 4 and 0.13 mmol of hexane
solution (A1=0.5 M) of triisobutylaluminum were added. 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 80C and polymerization was performed for 60
m}g\mutes 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

washihg:the Hibtained polymer cSaidipblymer was drieddraderseducetk shove

pressure for 10 hours at 80C. The obtained polymer was 27.2 g and its
conpoiymenzatonagtivitp wak @ 1s31kg-RlymeliZathm As adesuitofpelymsy in
analysis, coarse particle amount was 2.2 wt%, bulk density was 0.29
exagigrh3 2its Honsityt was® 22 lkgheS yardl(tf) B4 didtig{COMPARMNIME and
EXAMPLE 8] [0150] - Manufacturing solid catalyst for olefin
its podyrefziricion  acBxekpt fornot Hilding [PBlyatkylefie:deyglisolathesult of
same manufacturing method was performed as in example 27 and 10 wt%
polemey ansétisi satdlySrilds! obtiined rziveaniurr iSshidl frommié coms:0 4 9rticle
wt%. [COMPARATIVE EXAMPLE 9] [01511
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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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/mmol-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 measure since

I GKiRG iR ~Bul it powder passed .
o I Oponeg of Soea 128 6 98 A Nore et S retdAeL Beotid
caRObEPEF a5 PPsRNeddn autoclave. [COMPARATIVE EXAMPLE 10]
[01521 -Manufacturing preliminarypolymerizationcatalystforolefin
polymerization - 10.01 g of liquid paraffin slurry manufactured in
[CodMpARATE ERampMIEint 40]ml of hexane were added to 200 ml flask
and heated to 34C. 2.0 ml of 1 mol/L hexane solution of
(0 }t iisobutylaluminum was further added. Ethylene was blown into gas
phase part at a rate of 1.5 NL/h arid polymerized for 4 hours at 35C.
Residue ethylene was purged with nitrogen and then, the obtained slurry

_@mwﬂte@rﬁ@dvmezmembr@ngr@mggﬁgoe;eig}ﬁ&iepﬁvg&%g@(%%ﬁ“ der tofin

reduced pressure for 3 hours and 6.70 g of "solid cata
po]@ﬂ&%lﬂ%ﬁﬁo%@x@fao@dﬁmﬁfdﬂ@hﬁﬁ%@ﬂ%]&@fgﬂgn‘?@é@t\ggs
polymerized. [COMPARATIVE EXAMPLE 11][0153]

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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-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.)
added. 4 hours of stirring at 35C was performed. The obtained slurry

was filtered with membrane filter of Teflon (registered mark) having 3iim
pore diameter and further, washed 5 times with 10 ml of hexane. The

- Fobtainedrs@lidis(ibstance was dried under reduced pressure. A loss of
ignition of the obtained solid catalyst was 73.5 wt%. Further, the obtained
filtrate was caondensed under reduced pressure and 38.2 mg of oily
matefifl VA8 GBI PR A mesRIvMRemeASure Bheht baiaBily matetiahwas fter

determined to be polyalkylene ox%gélycol (trade name: ADEKA Pluronic
conplagt b%&ém%éﬁma&ﬁ., Ef JhCarRm creharetbyestngple 11 was

S rting amount of polyalkylene oxyglycol with respect to solid catalyst
We%é?@:z@%w%?ﬁ%ﬁ RIPIEER & 304 sEvepd forgnadonTdst an
1) - In dried ni en atmosphere, 500 mg of the solid substance after
R S T e BT AP A A DT e of

Teﬁ/eri}glggd..gtgl%gf dg(]e'fg?hgxane was added Z%]d stirred foE}%ne hour in an
atmospliere o it SBTATHE A SHOrR MRS HRBIE E nith iR cPhbrARecift frate
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iltrate was ensed underire pressur
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nonvolatile component was an 0.1 mg: [CO

compbh@hP3¢as 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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- 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

ox FHBRRONSTE aRCLSITTER 10430 minkcs, Fiation was perioemed iough .. ¢

glass tube filled with glass wool, and then 1H-N e obtain

ch%ﬁ%ﬁﬂrﬁﬁﬁ%ﬁy%ﬁé@{gmgmmgﬂmﬁne 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] -
[COIgHARAYREZatiobF BRopyilene - Except for using 408 mg of solid
substance after contact treatment prepared in the above comparative
o1 mple 11 as catalyst, the same polymerization was performed as in
-~ “éxample 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

) %Mﬁﬁgy&éﬁ}gﬁgi&@@%?{é&@inutes, W-=2.84 dl/g, bulk density was

0.32 g/cm3 and coarse particle amount was 1.9 wt%. Note that adherence
was observed in the autoclave. [COMPARATIVE EXAMPLE is] [0157]
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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- 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 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

0.0Wae0-MLgicm3 abd Aparse,padticle @EEOHH&%% i wize z%z'}'%&él%a?té@jgﬂmg

adherence was observed in the autoclave. Fouling was not comip
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detalefinpelymer 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

INBolyrendving BlldwAEiting Boint which tended to cause fouling and was
difficult to manufacture with good efficiency. CLAIMS

[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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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 (XIII) below: [1] a
loss of ignition is 30 wt% or less as measured on a differentia
thermogravimeter; and [2] after treating the catalyst with water vapor
of room temperature and then contacting it with acetonitrile, component
eluted into the acetonitrile compri ound 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 -

1. 0 2.The solid catahist(K)Y FOr lafinleglymesization asrat foHRRERIRd 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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1, characterized by meeting the following requirement [3]: [3] after
contacting hexane and filtering out solid part filtrate does not substantially
comprise nonvolatile component. 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 pal rizatie etI}g of ane or mare monpmer (M). .
3 oot P R A S g go ot
thd 1B 88 LCRIGHSHER R IR ADRONS AL A D Lelo A COPHIRE Yo 1o

the presenc ) compound comprising element of group 13 In
preosﬂ%‘feﬁ%‘:ﬂ with one or more clefin selected from ethylene and a-olefin

having 3 to 8 carbon atoms.

83a



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-olefin having 3 to 10 carbon atoms. Olefin
polymer particle produced by the method as set forth in claim 5. 8. Olefui

4. polymenpggicle droducad byihamethetd &g setfoth AN (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

84



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
Olefin polymer particle as set forth in claim 8, wherein the particle
comprises 50 to 100 mole% of repeating unit (U3) derived from ethylene
et8HTk0 $0:50 ML WOOhis BeAlNGaRik (4d) Serivad A B oReIor B S RE N m ore
selected from a-olefin haying 3 to 10 carbon atoms. ABSTRACT
olefin selected from a-olefin having 3 to 10 carbon atoms.
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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 component. 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 differepuahthermogravimeter; and [2] after

treating the catalyst with water vapor of room temperature and then

contacting it with acetonitrile, a component eluted into the acetonitrile

compfiBe$aiesmpbuie:havisepatmbleeniansketeton represdntedlby thetalyst

following general formula [1]. [err] (R in the above formula [I] is a hydrogen
COI%W%?’%F(%WWWWWI fn1oedtborpaigms) having an excellent

particulate morphology without the concern of causing fouling, and a

polymerization of olefin in the presence of said solid catalyst component.

A solid catalyst (K) for olefin polymerization of the invention is

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

[i] 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 a compound having a molecular skeleton represented by the

following general formula [1].

— CH, —CH —0O — [1]

|
R

(R in the above formula [I] is a hydrogen atom or an alkyl group having 1 to

12 carbon atoms.)
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