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 [00011 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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co-catalyst, such as organoaluminum compound, etc. For the
metallocene catalyst, "homogeneous catalyst" comprising metallocene
compound and co-catalyst component, such as aluminoxane, and
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1. Field of the Invention
[0001]

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

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

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

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



From the view point of polyolefin industry, the homogeneous catalyst is
suitably used for a solution polymerization process, however, when said
catalyst is used for a gas-phase or a slurry polymerization process, there
is a problem that polymer becomes indeterminate form particles showing
low bulk density, causing aggregation or adherence in the polymerization
vessel. To the contrary, it is known that the supporting solid catalyst,
[O‘UBQP compared to the homogeneous catalyst, 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

supp@ting shkdieatalysh mdlpeardefagdieaains PEYMRmSBeakiRT atalyst

polymer, etc. (hereinafter, these phenomena sometimes referred as

is Sfoukibdy. dednrpalymetizatipn]process: tiberafosec HsMayweeomeBan said
obstacle for a long term stable polymerization process. [00041 It is known

catthiatsihen seddufacming lpolymers dompyristig ncempanentsrbayiag ik 9w is a
melting point, e.g. ethylene-propylene copolymer having relatively high

pradifyienid sbrmehtwendrsrystedinedsriepylene et fpene paopiolymeh namelyiow
propylene-ethylene block copolymer manufactured by multistep

bulolenetization progexszwigatein formédhprevessis deqnilpuotszation vessel.
) polymerization of propylene alone or a mixture of propylene and a small

To athsunesfeaiylene andreerpidedsshe asumiotioug pollicherizatipstof when
compared to the homogeneous catalyst, 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, ete.
{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



propylene and ethylene, fouling tends to occur. Accordingly, a solution for
this issue was required. [0005] 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

pr&5?1@8B’,’Bﬁ&%j?éﬁ?e?‘i‘cﬂlﬁ%étsg%{ffft% &ngc%%{£a9§%egi~%§{§ed durings: on fo

a
polymerization. However, e ese exampiles are ¥r’om eing

thigugg@%n&,d\gq,@gﬁ%&/_vhen surfactant is added during polymerization
process, further device in polymerization equipment is required for

supplying the surfactant. This is not preferable in an interest of economy.
{0§0606] 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 istvai it SpRaneKoVEREEPRapadifid Bivperdiulivrtion No.
veral times. Japanese Unexamined Patent Publication No. 2004-51715
20} 50L0L% Mﬁ&éeﬁéesaﬁﬁoﬁr@lsaﬁ BRRNNERAGZaeeHd catalyst

Wherei(gi the catalyst is W?shed till concentration of transition metal
frgﬁr? (ﬂ

SUBRAVASS fr6hT HigthiBoShE Edfpoutd iP MESAEARESR: bedtiietesd BRdRese
U&%B?ﬂﬂ%@ m%ye?ttég# rtrﬁﬁ%hcation 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, when surfactant is
added during polymerization process, further device in polymerization

equipment is required for supplying the surfactant. This is not preferable in

an interest of economy.
[0006]

On the other hand, methods wherein metallocene supporting solid
catalyst is washed with solvent are disclosed. For instance, pamphlet of
WOO00/008080 discloses a method wherein metallocene supporting solid
catalyst is washed with specific solvent at a specific temperature for several
times. Japanese Unexamined Patent Publication No. 2004-51715 discloses a
metallocene supporting solid catalyst washing method wherein the catalyst
1s washed till concentration of transition metal derived from metallocene
compound in washing waste become less than a specific amount. Further,
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3 Japanese Unexamined Patent Publication No. 2002-284808 discloses a
method wherein pre-polymerized metallocene supporting solid catalyst is
washed with organic solvent comprising organoaluminum. [00071
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 washi rocess. Patent Article 1: Japanese
T B PARAE B Atn N DG eR95 104 BAlbrtsitlo siecoses a
panese Unexamined Patent Publication No. 2000-327707 Patent .
e SR S E0a A AT B A IABaFeh Catalys is
wagggéa\{r@{%ed Patent Bublication No..2004-51715 Patent Article 5:

panese Unakamined Patent Bublicatisreng 2 1D8X808 None Patent
Article 1: Angew. Chem. Int. Ed. Engl-, 24, 507 (1985) SUMMARY OF
[ODIE[ INVENTION PROBLEMS TO BE SOLVED BY THE INVENTION

[00081 An object of the invention is to provide solid catalyst for olefin
polymerization used in the production of an olefin polymer having an 4
excelldavsaficsiate metbrsfotyawitirgobibiiciérspiwitvoashhegoseerhrge
of

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. 2000-297114
Patent Article 2: Japanese Unexamined Patent Publication No. 2000-327707
Patent Article 3: a pamphlet of WOOGG/008080

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 OF THE 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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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
an olefin polymer having an excellent particulate morphology can be

nufactured ith goo ciency withou oncern of causmg fouling
AN Ak N ABP SER R RN U Sy copeBnceoncotn of

agpig “”eﬁ“%i%rﬁaé%éoﬂa&@efé%gé‘as i 'y%%é‘éﬁ é&ﬁ?%é%me%éﬁ%‘iﬂw
nd 21 c[i]d a Iossg &‘; t% or less as
pOdY erent O%er%t é’ravm%)e‘f’ éﬁ& %?Fé?f?&%t % fﬁt\‘?ﬂﬂﬁvater

vapor of room temperature and then contacting it Wlth acetonitrile, a

M BB Ten e ewinte heacstaniiie; comprises compound having a
molecular skeleton represented by the following general formula [l].

[0011] 5- CH2-CH - O - —------- [1]
[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 an olefin polymer 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 [I].

[0011]



R (R in the above formula [I] is a hydrogen atom or an alkyl group having
1to 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 [i] and [2]. [3] After contacting
hexane and filtering out solid part, filtrate does not substantially comprise
Wn@gtglatil_g_c nent. [0013] Further, the other embodiment of the

p nk invention relates'to solid catafystfkﬁlﬂ)r olefin polymerization
wherein the sc?lid catalyst (K) for olefin polymerization is pre-polymerized
with one or mgre olefin selected from ethylene and a-olefin having 3 to 8
carbon atoms.*Hereinafter, said solid catalyst (K) sometimes abbreviated

(R tor "fhie-pblyradoinad kafalyisth 1Q@4ERiesenhinyeniiatkidlaips i having 1 to
polymerization method of one or more monomer (M) selected from

12 etmpleneagmai 2)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 6 in periodic table. In this

l merization method, monomer (M) is preferably

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, using 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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propylene and one or more monomer selected from ethylene and a-olefin
having 4 to 10 carbon atoms, or preferably ethylene and one or more
monomer selected from a-olefin having 3 to 10 carbon atoms. [00151
Present invention further relates to olefin polymer particle produced by
said polymerization method of one or more monomer (M) selected from
ethylene and a-olefin having 3 to 12 carbon atoms, using solid catalyst (K)

in YexdbafOF ARENTROIMMISEASRRy 30 ¢ ORURBANY NG Q%O% G%Q%i;erab}y

compound comprising element of group 1.3 in periodic ta

prépsterefarry ambegiment ahsaigmlafinaelme rf%ﬁlfé%hg%ﬁ@“ﬁﬁa e fin

100 mole% of repeating unit (Ui) derived from propylene and 0to 5

hakiele% of sepeatingounit {t42h dlerived fam ane %ﬂmﬂ&elegﬁ&eéﬁ%t% more
from ethylene and a-olefin having 4 to 10 carbon atoms. (Hereinafter, said

maefifepalylneredditisle coteginesteiesad a9 Graieng Rased polymer
particle".) Among them, propylene based polymer particle having melting
oint (Tm) of 130C or less is preferable, and propylene based polymer
[0 licle having bulk density of 0.30 (g/ml) or more is more preferable.
[00171 7 Second preferred embodiment of said olefin polymer particle

COMPPRESen? IR IR DE R R LIRSS (R S e P T S e
by said 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 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 particle 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]



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 [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 polymeriﬁgn in the presence of the solid catalyst are provided.

Effeci2e6Pe4id Bk atg rimsa b the $AVEnBo@solyiaTattonRrticle
exert to manufacture oOI mer having low melting point, which tends to
COIBBE%?%%@&Q éﬂé %‘GTﬂ‘%Lﬁfe g AR RS ?M?r? %&Y efibiereptbRewe and
DESCRIPTION OF THE DRAWINGS [0019] [Fig. 1] 'H-NMR spectral
0 (GBS EBRSAGMEEH GE *@%ﬁé@é@&%ﬁ%ﬂﬁ%@%&%ed
for olefi merization gbtained in example 1 af the invention with
froff ATAER BRI P LR EREbISTAERIS O HeAR polymer
INVENTION. [0020].8 Hereinaftgr, prefefred embpdiments of the invention
P e e e (L S Byt oo

polymerization, (2)
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
invention 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} TH-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

[6020]



olefin polymerization method in the presence of the solid catalyst, and (3)
polymer particle 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]. [i] a loss of ignition is 30 wt% or less as measured on a differential

thermograiiater; grddajaftenreding e eatalyshwith watet varet9hed in
room temperature and then contacting it with acetonitrile, component

dewliltéd vito foH @eiignitriler cOMpaseb camigeytd:halifia molaewantion, (2)
skeleton represented by the following general formula M. [0022]

olefGil fidtynGiiti€i60_method (1) [the @823t ¢Hbinthe ahove-faayda (g (3)

a hydrogen atom or an alkyl group having 1 to 12 carbon atoms.) 9 [3]
polifrerropatticiie g rekaree! dnydthibeisigroersoeltdparn dilvede does not
substantially comprise nonvolatile component.

loo21]
(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] a loss of ignition is 30 wt% or less as measured on a differential

thermogravimetey; 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 — O — e [1]
l
R

[0023]

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

having 1 to 12 carbon atoms.)



[0024] Hereinafter, said requirements [1] to [3] are described in detail.
(Requirement [11) 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
[3]12086:t0 GOBEadAse dhox anweight 4112006 hytusingidlynina Ritsaefeisaseot
material, extracting approximately 10mg of sample in the atmosphere,
sulsstd wsindy tempensk reoraisiag brofile pdnerein temperature is raised to
600C at a rate of 5C/min. and held at 600C for 30 minutes. [0025]
According to the invention, preferably, residues after the ignition
0g stantially comprise atoms selected from aluminum, silicon and oxygen
atoms, more preferably, the same comprise inorganic fine particles
includig SyrEp Ao As,disAeRsabia 9Biand e LR AR
selected from aluminum and silicon atoms. Note that "substantially
comprise atoms selected from aluminum, silicon and oxygen atoms"
(Retptéroinas fid} "a total 10 amount of atoms selected from aluminum,
silicon and oxygen atoms with respect to a total amount of ignition

residues is 80% or more(or} a weight o
A solid catalyst (K) for olefin polymerization of the invention is

[0

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 600°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 5°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 including
oxygen atom as indispensable atom and one or more atom selected from
aluminum and silicon atoms. Note that “substantially comprise atoms

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

10



basis". [0026] Said ignition residues of the invention substantially
comprise atoms selected from aluminum, silicon and oxygen atoms. This
can be easily known by amount determination and identification of said
ignition residues by elemental analysis methods such as Inductively-
Coupled Plasma analysis (ICP), known analyses such as ion
chromatography, etc. [0027] (Requirement [21) A solid catalyst (K) for
olefin polymerization of the invention is characterized by meeting not only

A it R PLRRREIRE R LIS LB B PRKAD ISR, P2V SfEr HORAGVIth
the cata%gst with water vaé)ﬁ)r of room temperature and then contacting it

reSRRY ARcRoHiE AT Ch SRR St SodtoRl e EORAoQR @ Weight

b cagmpound having a molecular skeleton represented by the following
a%eneral formula [I]. [0028] 1 1. C L-T 2 -- CH - 0 ---—-- [I] R[0029]

[0026]

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

(ICP), known analyses such as ion chromatography, etc.
[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].

{06028]
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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 [1].
Said skeleton can be identified by known analysis methods such as
nuclear magnetic resonance (NMR) spectrum as mentioned below.

(I-glﬁjginafter,érgg]ecula{ﬁkeleton represented by general formula [I]
" soretinés réferfed as “Yoxyalkylene-sketetdd.}) [0030] In the above

general formura [1], 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 alki groups such as methyl group, ethyl group, n-propyl group,
[oosopropy! 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. A solid catalyst wherein R is methyl
groupNaTpeTer Bl tsbet e ithe soptaispin polymereetion auvitgfandom
has an excellent inhibitory effect on fouling. [0031] The treatment with
tenpRRBr UKo RBAIHBAR teATERIINE 16 Batheacslirmirdop siiite dotienzacaigst in
(K) for olefin polymerization in a dessicator 12 including saturated
theseedemiirdectat BoleoUssskttstaBrsianedals. aonary Jarmula [1].

exposure, in order for solid catalyst (K) to contact sufficientl
Sai(i( gie&leton can %e J?(Eentl eg f?,‘}/ ?{n(m?vn analysis methodsy such as nuclear

magnetic resonance (NMR) spectrum as mentioned below. (Hereinafter,
molecular skeleton represented by general formula [I] sometimes referred as

“oxyalkylene skeleton.”)
10030]

In the above general formula [I], R is hydrogen atom or alkyl group
having 1 to 12 carbon atoms. For alkyl group baving 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 grou}a, 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.
[0031]

The treatment with water vapor of room temperature is carried out

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



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 30C. Note that deuterated acetonitrile can be used instead of
acetonitrile. In this case, weight ratio of acetonitrile (S) and said solid

incladieral laweaigidt obfadauneigbt aftsolidunatasiatlisirefaialoi i eldays.
1:1. Said stirring is followed by filtration using membrane filter, glass

Duviagl,setd, éxgrserdoiremaier siiel solid matehial Meshootfifesngsmelittnily
such as filter, is not particularly limited, unless it inhibits NMR analysis of
witliltraigsubspatiently pedfoiredct {633k € eatiehtdi ¢wmpdysd (vingnly in a

molecular skeleton represented by general formula [I] eluted from solid
vescaladyst, (Khfar obefinvedlyseetidatiostircatclilated 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
[0053 merization. When a content of compound having a molecular
skeleton represented by general formula [l] is less than 0.1 wt%, 13

fouling gacugs gk ipg: RabATetizalien aptthedugion Rk dROBIGASCYS he
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 material] 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 [I] is less than 0.1 wt%,
13



when olefin polymer particle is propylene based polymer particle, while
more than 10 wt%, polymerization activity may decrease. [0034] Analysis
method of eluted component is not particularly limited, however, when
deuterated acetonitrile is used in the above method, 1H-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

lé‘ﬁr%rﬂ’é‘iH&zﬁsuﬁ&Hér}g R RAEat hqatéﬁ&i iFeiHarRa. hedkoRkmeitE gecurs

instange, a signal of methyl group erve at0.8t01.5 mwhen R
whnqug Fapfﬁﬁﬂmam%mi%e?mwam’ Bﬂt&ﬁ%ﬂ}ﬁé awhile more

skeleton, represented by eral formul can be calculated by adding

thanfkJapted maftadh fé%%’égm %eaﬁq:NMR described above

and measuring intensity ratio of its signal. Said reference material
[goRgferably 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 nResusirenetint 3f14iRtetbrcethpmbradinient of sodicteathlyst (Kyfaed,

olefin polymerization
however, when deuterated acetonitrile is used in the above method, TH-NMR
(nuclear magnetic resonance spectrum) method can be used for the analysis.
In general formula [I], 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
TH-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, chloroform, methylene chloride, etc. can be exemplified.
[0036]
(Requirement [3])

14



of the invention is characterized by meeting 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. 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 deexfdized. {a087]ibRD cDRiAIIRG oY CErIYSt (KL% YT erization
polymerization with hexane, amount of hexane is 30 to 100 times larger

of vieightvibhatidhak ehsolidteatalyst (Kh et plefith pabinerizationyandaaid  [3] in
contact is performed by stirring 30 minutes to 10 hours at 20 to 30C. And
adtheinfitte ndob withsuchqmismbracefitertidehas sufficient diameter to
remove solid part. [0038] "Filtrate does not substantially comprise
onvolatile component” implies the following: when filtrate obtained from
[BhratheioroMateLeidh exme ipded e 0o fo Bucsohdendudatinressines not
gried at igxto 30C,ito5 hP@gﬁtil it reaches a constant weight, the weight
SUBP IR ARt O RBISERFEH HhE SRR RS rial is 5Wt% or less,

preferably 3wt% or less, more preferably Iwt% or less, and the most

Drefer@Q{i/th@’H}.(’/%cﬁide@ét%‘l%ﬁ Yrraspeghit N ohaalid qatalst 89 8% e is

olefin polymerization used in the
carried out under inert gas atmosphere, such as dry nitrogen or dry argon.

Said hexane is 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 wuntil it reaches a constant weight, the weight of the obtained
concentrated and dried material is 5wt% or less, preferably 3wt% or less,

more preferably 1wt% or less, and the most preferably 0.5wt% or less with
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contact. [0039] Manufacturing method of solid catalyst (K) for olefin
polymerization of the invention is not particularly limited, as far as the
above requirements [1] and [2], preferably [i], [2] and [3] are satisfied 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
respfitledtoth#t sdqaeheesatabigstiP 1o cdefuetprbovssishtiginesgdnio the
fine particles substantially comprising atoms selected from aluminum,
cortedn and oxygen atoms with (B) compound comprising element of
group 13 in periodic table, in hydrocarbon medium. [Process P2] A
m&g)ﬂtact 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 periddimiafalesinirananthotief s{O0% &k &6 Raraus foxidR oAy ABthelaYation
mineral can be exemplified as (A)

of the invention is not particularly limited, as far as the above requirements

[1] and [2], preferably [1], {2] and [3] are satisfied 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 seguence.

[Process P11 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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inorganic fine particles substantially comprising atoms selected from
aluminum, silicon and oxygen atoms used in the above process PIl. [00421
For porous oxide, in particular, Si02, A1203, natural or synthetic zeolite,
Si02-MgO, Si02-Al203, Si02-TiO2, Si02-V205, Si02-Cr203,
Si02-Ti02-MgO can be exemplified. Above all., porous oxide comprising
Si02 and/or A1203 as main component is preferable. Morphology of

thesepppraus (Qxifles differ acorging 1p;thaikkind anddmanufactEing .o (a)

method, however, fine particles préferably used in the invention Is

incdgakablaiiahaye-glametaniofihiei 300 Petin PFRfRIabN 31 100RMed from
specific surface area of 50 to 1300 m2/g, preferably 200 to 1200 m2/g

aludRthare yolkiReat0:3 18k A £ARRIG: sERgSe ICa"AIssS 4R-4ised Py firing at
100 to 1000C, preferably at 150 to 700C. Particulate morphology is not

particularly limited, however, globular shape is preferable. [00431 Clay
[004€dd 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 and clay mineral, .

kaoli ,%éh‘%‘é?m‘ﬁ%,‘%fbﬁ%h?’&|a§/?rg%?ﬁ% C%’é@?al e Aldihtertie synthetic
 EEP15 0 o mmrEnie P VPR UG 0,
Si@}%ﬁlﬁ\ﬁgOCchaenn"ti)%agxleanh'_ﬁed. Above all, porous oxide comprising SiO
and/or Al2Os 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 um, preferably 3 to 100 pm, specific surface area of 50 to 1300
m?2/g, preferably 200 to 1200 m?/g and pore volume of 0.3 to 3.0 cm?/g. These
carviers 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, montmorillonite group, vermiculite, chlorite group, palygorskite,
kaolinite, nacrite, dickite, halloysite, etc. can be exemplified. Chemical
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treatment of these clay and clay mineral of the invention are also
preferable. For said chemical treatment, any treatment, such as a surface
treatment of removing impurities adhered on surface or a treatment
effecting on crystal structure of the clay, can be used. For the chemical
treatment, in particular, acid treatment, alkaline treatment, saline
treatment, organic substance treatment, etc., can be exemplified. Above

all, montﬂrgo iIIonit?, vermégﬁilite, pectolite, tainiolite and synthetic mica are
b, fedsas AB AR AR B el AR pBURR St Aksu e sliable.

alumipa,and. clay mineral is preferably used for reasons of availability.
Foftael ESPASRTIRAE B b 1S I SHE #5(B)CBiAsGUsaRtment of
__comprising element oc{égrou 13 in periodic table, used in process P1,
eI Gy AN A A Bk SIS AR HE W WG crystal
compou are not particularly, limited, as.far as t indicates Lewis .
st e o L e e e S A P Bpvticulan
o) 3 in_periedis table is preferably ane or more compound selected
acgorﬁ%ﬁl)t}’f)e&ggﬁ%ﬁ?n%ﬂemﬁ (%%%lgbué;% TEpre<EniBa by tEoHGwing Stance
tre%%ﬂﬁ!ﬁlc, fg{é‘_‘,“é%' Iﬂ)‘elgx%%%ﬁf’%@tﬁ Above %_;H montmorillonite, vermiculite,

pectolhite, tainiolite and synthetic mica are preferable.

r

[6044]

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 cormprising 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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[0047] (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. [0048] For
the organic aluminum compound (b-i) represented by the above general
formula [11], trimethyl aluminum, triethyl aluminum, triisobutyl aluminum,
1di.i§ok§utyl aluminum hydride, tri-n-butyl aluminum, tri-n-hexyl aluminum,
RtRnke alumnmnfemhluminum dichloride and diethyl aluminum
chloride can be exemplified. [0049] Organic aluminumoxy compound (b-2)
[o@am] be conventionally known aluminoxane or benzene insoluble organic
aluminumoxy compound exemplified in Japanese Unexamined Patent
Publication No. H02-78687. [0050] 19 Said conventionally known
alumifRxdie aah Ba mdhefabevedbyrtnin {3lbramgbméthodsandr diffevent,

%enerally obtained as a solution of hydrocarbon solvent. (i) A reaction
anmeti6l ofubsdrisEaWateler @y starwatby ditgergaatien, halogen atom or

hydrocarbon group having 1 to 20 carbon atoms.)
(b-2) Organic aluminumoxy compound, and

(b-3) Organic boron compound.

[0048]

For the organic aluminum compound (b-1) represented by the above
general formula [1I], trimethy! aluminum, triethy]l aluminum, trisobutyl
aluminum, diisobutyl aluminum hydride, tri-n-butyl aluminum, tri-n-hexyl

aluminum, tri-n-octyl aluminum, ethyl aluminum dichloride and diethy!

aluminum chloride can be exemplified.
[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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aluminum compound by adding organic aluminum compound, such as
trialkyl aluminum, to 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 (lll) chloride hydrate. (ii) A
method wherein water, ice or water vapor directly reacts with organic

si:*r:';;%#"ao‘)szvﬁ‘;% AL T R o

folm%}?g %I'é%e Ror g% de as di ethyl tln c‘fi.%de {aﬂ ?@?}%ﬁ%%larbon

tin oxi reac S Wlt org IC aﬁlu |num compoung SU

Soﬁ;gﬁ}lnum, in a medium such as decane, benzene and toluene. (iv) A

reaction method wherein carboxyl group containing compound, such as
carbon dioxide, benzoic acid and. acetic acid, reacts with organic

(i) aluminugncampensthsuaf as tialiod akuroerupy, b3 B lRB A eSUGRBS organic
benzene, toluene, hexane and decane. (0051) 20 Note that the above

alumithorsne mayegopndes sddhgroogmiof dgaricmeiaheanaaNenth as

Further, after removing solvent or unreacted organic aluminum compound

fromttheldpbaducnilested tallmihexankesotutidium 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 (II) chloride
hydrate.

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

such as benzene, toluene, diethyl ether and tetrahydrofuran.

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

toluene.

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

benzene, toluene, hexane and decane.

[0051]
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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 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. [00521
Benzene insoluble organic aluminumoxy compound used in the invention
comphisds geatritlly 2Dy orless;poetanabiy S compssard snodl amount of
preferably 2% or less of Al component soluble in benzene of 60C in terms

orgAnafummieirh aconpoNahie wrthamic alimintenoxyicgmpbuetobthemnreacted
invention is preferably insoluble or poorly soluble in benzene. [00531 Said

orgagahiclammIRThRITROmotem(bhe) daeveecobedtatbabuoninaxane solution
combination of two or more. [00541 Modified methylaluminoxane can

by fiHrtE Haosudhintide fsstecd igaie Gratviabnoxswarpdaddiusedinehent
invention. Said modified 21 methylaluminoxane is an aluminoxane

Form AAGERAEANY udlivy trithEthyAT &IRHNUMTERINAIRY | oMb Bthaysethn for

trimethyl aluminum. These compounds are generally called MMAO.
AR B%Seaﬁﬁ%ﬁ’f%ﬁﬂ%dt@s?tﬁégamc 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
mnvention 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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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 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]
metuyligér i porgasic al@mirminaiycempomadused i plobyssisingf themethyl
invention, organic aluminumoxy compound comprising boron atom can
al u@@l@%émmmgda}b@' bepmarisraanie Berort kampounehy3), ahupaitootar These
Lewis acid, ionizable co ound borane com ound and carborane
corgBmpinadesersedln @§9 &cpatbﬁtmaanéaqmmby the
111-501950, Japanese. Unexamined Patent Publication No. 111-502036,
meﬁlaa%é«s@@ Hinee- BABREHiR oA ST E3217ob0S, Fapdisadéon No.

Unexamlne tent Pﬂbngl ation No. H3-179006, Japanese Unexamined

Pttt PiblidionNse Wm@ SApRREEE Uherafhitbs Plieprs are in
Publlcaton N 3 2077 1996/41 tent No.
IR BROGUETRE difeNly S BN oo AR (hESpBS Ay ine

. used alone or,in a. comblnatlon t o or
1mpr0ve3 Fuglhty 1N Various so nts an(q] aiso preservation stability. To be

more precise, these MMAOQO 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, dJapanese Unexamined Patent
Publication No. H3-179006, Japanese Unexamined Patent Publication No.

H3-207703, Japanese Unexamined Patent Publication No. T3-207704,
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[00571 Compound comprising element of group 13 in periodic table (B) ,
used in process PI of the invention is preferably (b-1) organic aluminum
compound represented by the above general formula [I] 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 methyl

WHYHINAEDS: t@s@ﬁ%‘ﬁéﬁ‘éﬁ&: %ﬁ%‘%’}é&?r%ﬁi%%ﬁ%ﬁﬁ RN oron
and in com

(b-2) organic aluminumoxy compound are use ination, their

corBFIRHINS VHLH) (esPBEtiedayRARic fine Q%&ﬁ'ﬁ&%ﬁﬁ%ﬂ%@'%%ﬂg?’o

wt% of component (b-1) and 10 to 200 wt% of component (b-2), an

[Oo%r ferably, 3 to 20 wt% of (b-1) and 50 to 150 wt% of (b-2). [00581 When
contacting one or more compound selected from the components (b-1),
(b-2) and (b-3) to inorganijc fine particles (A) in the presence of
hydrde2P B e SR S R RETH N SIABE dRdRapspiadititiabled Bs, used
following. When using components (b-1) and (b-2), they are added

in HEaRE? of haRfiddRfly HHEeBiam oc Rifdesalivortidy isesamg optupum

to 130C, preferably, they are added individually at -10 to 70C and the )
COIEBHP&’E:EF rseeg?ﬁa]a%éf%f éget&%‘o%:gﬂwgew% rﬂrré/@ér?@fgﬁwrgamc

BRI e T S U

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 to inorganic fine particles (A) are usually 0.5 to 30 wt% of component
(b-1) and 10 to 200 wt% 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 carried 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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solvents are preferably aromatic hydrocarbon such as toluene, xylene and
benzene, saturated hydrocarbon such as hexane, heptane, decane and
cyclohexane, ether type solvent such as tetrahydrofuran, di-isopropylether
and halogenated hydrocarbon such as chloroform and chlorobenzene,
more preferably, aromatic hydrocarbon such as toluene and xylene and
saturated aliphatic hydrocarbon such as hexane, heptane and decane.
When using these solvents, their amounts are generally 1 to 100 times,
solprattrably 2reieoakiviesinydichandteeshinorgatiic findgarivlesigigne and
Further, said solvent can be added independently at the contact, or in a
bexganof dhteRtSsvanidoushpoNEnt B RI0bBS R ProdeestRRs decane and

contacting process of suspension obtained by said process P1 with (C)
cy BRI EORTBIETRG Gl EieHEcBkatelsir by drelfanoae tb appaiurather

and, optronally, ](%)Y) compound comprrsrn%ﬂelement of qE(Igroup 13 in periodic
angh byl Aeesieth RYEPCRFBRTSEheds phHIOE QsoN Had AiionchemAgnanaore

an ability to inhibit fouling, preferable contacting order is as follows:
ﬁn@rﬁeeﬁsp%ﬁsmsﬁ%éa%we&eﬂpf WRAYBCOmpbaAtrated
m g.element of grqu in periodic table, wh requrred and then
hrrfr Sib Boffs ﬁﬁﬁ §ie £ RBBBRLAF B el hseeReing

comp und |n random orde{ From the view porntpoé the same, ore

thesie eﬁﬁgn&% S808 REMSHATEIERCHAD HRCS BpEIRIBRY 2 to 20
tlm(?staferll}? gdejt?) y O Ehat (:;TV{IIJFQI‘%%)Q gupna%&% egr%g}?‘urth er. said solvent

can be added independently at the contact, or in a form of diluent solvent of

component (B).

[0059]

Process P2 is a contacting process of suspension obtained by said
process P1 with (C) compound comprising oxyalkylene skeleton, (D)
metallocene compound and, optionally, (B} compound comprising element of
group 13 in periodic table in random order. From the view point of
polymerization activity and an ability to inhibit fouling, preferable
contacting order is as follows: contacting the suspension obtained by 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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oxyalkylene skeleton, and then, adding a mixture obtained by preliminarily
24 contacting (B) compound comprising element of group 13 in periodic
table and (D) metallocene compound. [0060] Note that said component
(B) is preferably used in process P2 when preparing solid catalyst for
manufacturing propylene based polymer particle, while said component
(B) is not essential in process P2 when preparing solid catalyst for

oS S0 D PSR 0091 B s

comprising‘elem group*13in periodi

angaﬁpﬁg%%iggggevgdm glﬁg@pound comprising element of group 13 in
Icta In pr

perio e use ocess P1. (B) Compound comprising element of
(06 ré)rp 13 in periodic table used in process P2 is preferably component
%)— ), organic aluminum compound represented by the above general
formula [11], alone and more preferably, said component (b-1) is triisobutyl
alumiNghe. theb2pCbnepeneesdiBlisingrekyaiiiie s skeletpro(@uBddvmen
process P2 preferably has a configuration wherein ether oxygen atom of
Prepgang epled srbrdiot feprasantarbyting avovslgeadrastdrmienigiparticle,
bonded with hydrogen atom. More preferably, compound having one or
whale eaikepmonent (B) is not essential in process P2 when preparing solid

catalyst for manufacturing ethylene based polymer particle.

[0061]

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

tritzscbutyl 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 general formulas [III], [IV] or [V] within its

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

[0063]
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represented by the following general formulas [ll], [IV] or [V] within its
molecule can be used as said compound (C) without any limitation. [0063]
25 O-- CHr CH- OH ------ [l Ol CNCH 2-Cl J- OH ------- [IV] R N-
CH 2 CH- OH ----- [V] [0064] In above general formulas [lI], [IV] and [VI,
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 me&nﬁx["g P, ethyl group, n-propyl group, isopropyl group, n-butyl
group, isobuty @Toftf,; sec-butyl grouip,'tett-butyl group, n-pentyl group,
n-hexyl group, n-heéptyl group, n-octyl group and. n-nonyl group can be
exemplified. Com[%und including oxyalkylene skeleton wherein R is
methyl group is preferably used, since it is superior in polymerization
detivity ang-has an inhibitory-effect on fouling. Further, in the above
deneral foymula [IV], R' is atom or group similar to the above R, nis 0 or

~1C an eHr-ardiis £2Hrom theliélipoint of polymerization activity
and inhibi ory effedt on fouling{ m is

Rl
n k R 2]
N—CHy~ CH~~ OH oo [V]
/ |
R

[0064]

In above general formulas [111], [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 methy! group is preferably used,
since it is superior in polymerization activity and has an inhibitory effect on
fouling. Further, in the above general formula [IV], R’ is atom or group
similar to the above R, n is 0 or 1, and sum of n and m is 2. From the
viewpoint of polymerization activity and inhibitory effect on fouling, m is

preferably 2.

{0065]
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preferably 2. [0065] 26 For compound including skeleton represented by

the general formula [lIl], polyoxyalkylen.e based compound represented.

by the following general formula [VI] can be exemplified.

Ra__ 0-[CH,-CH(R)-0]k-H [VI; In the above general formula

[VI], Rb is hydrogen atom or alkyl group having 1 to 12 carbon atoms and

R& 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 cafboacamoentkinsla dmsiskebitancregeesspsadry uhie gehisaidormula

within 1 to 100. For these polyoxyalkylene compounds, in particular,
[Tigalresigieslenahamdenmggenr nersetapak yytos, fdbisety leereeral

glycol, palyethylene glycol, triethylene glycol monoalkyl ether,
fomfféﬂ]ébEWfb?f@l él?/(%le%@ﬁyl ether, hexaethylene glycol monoalkyl

ether, heptaethylene glycol monoalkyl ether, polyethylene glycol

monoalkyl ether, triethylene glycol monoalkyl ester, tetraethylene glycol

norfdardit dste . HéRarthbrie Hylycot-monbélikyl ester, heptaethylene

glycol monoalkyl ester, polyethylene glycol monoalkyl ester, triethylene

In thycebdialigd:estel fuiptopylBVE giydel hindrealiyh esheotaliaprepyignBaving

glycol monoalkyl ether, hexapropylene glycol monoalkyl ether,
1 thepRapaopyierdglyecimdoRoakedtoesd ndynropyleneglysaimonialkydroup

ether, etc. further, tetraethylene glycol
having 1 to 20 carbon atoms, aryl group having 6 to 20 carbon atoms and acyl
group having 1 to 26 carbon atoms. “k” is a number of average repeating unit,
which 1s 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 monoalky! 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, tmethylene glycol dialkyl ester, tripropylene glycol
monoalkyl 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 momnomethacrylate, hexaethylene

glycol monomethacrylate, heptaethylene glycol —monomethacrylate,
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monoacrylate, hexaethylene glycol monoacrylate, heptaethylene glycol
monoacrylate, polyethylene glycol monoacrylate, triethylene glycol
monomethacrylate, tetraethylene glycol monomethacrylate, hexaethylene
glycol monomethacrylate, heptaethylene glycol monomethacrylate, 27
polyethylene glycol monomethacrylate, polyoxyethylene lauryl ether,
polyoxyethylene oleyl ether, polyoxyalkylene lauryl ether, polyoxyethylene

sefeoM el Rl ol lene alkyl ether,
SR Bl e e
poRRNXMEHIMIEN G Y TENRLE: ﬂﬂiﬁ%ﬁi&gie% MQ&@%&%E%%@@%QWIM

éster, polyoxyethylene disteariC acid ester, polyo ol,

isoRifapsRIAYiRIRAE, SBIPILAR ORICIBRIS. SpRIAR ARV ether,

sorbitan monolaurate, polyoxyethyléne sorbitan monolaurate,

poROYPESIIMRNE,206PILRN H&ﬁ@ﬂ%ﬂﬁ%ﬂ@%ﬂ?@&%é’dgp%ﬁ,oﬁ%i%kyethylene

monooleate, polyoxyethylene lanolin alcohol ether, polyoxyethylene

stypaRifaliphatic peighestas oRI¥QXYEIVIRN S 1Y 3N @sféﬂefyolyoxyethylene

polyethylene glycol alkyl ether, polyethylene glycol monolaurate,

dispehethylaae-ahaol FoBResieBIAlen POYRLRY ang e SBONORIRAIR: . sorbitan

polyethylene glycol sorbitan monlaurate and polyethylene glycol sorbitan
mononlealeatednitha e%@ﬁﬂ%ﬂﬁﬁﬂaﬂgjQﬁﬁ*iﬁ@bﬁ@xﬂﬁihﬁﬁ@ﬂ@@@ﬁnﬁgljfw@@ﬁ{}rlene
0

be used alone or in a combination of two or more. [0066] For reasons
sodnadabilitymiohidiomnaesfect groigukingtieitene sorbitan monostearate,
polyoxyethylene sorbitan monooleate, polyoxyethylene lanolin alcohol ether,
polyoxyethylene lanolin 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.
foo66]

For reasons of availability, inhibitory effect on fouling, etc.,
polyoxyaikylene glycol represented by the following general formula [VIT] 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 -----re-- [V1I]
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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-(CH2Cx20)m-[CH2CH(R)01n (CH2CH20)pH
--------- [VII] 28 [0067] In the above general formula [VII], m, n and p are
numbers of an average repeating unit, m=1 to 20, n=2 to 50 and p=I to
20. Re is alkyl group having 1 to 10 carbon atoms, and for reasons of

{Ooé\ﬂilability, methyl group is preferably used. In the above general formula
[VIII, the sum (m+p) of m and p, representing a number of repeating

| it CH2 , IS within 2 to 40, preferably 4
0 20 B H DT RTRB 4 BT Tt o G iR TREeS of an
beris 0.1 to 1.0, preferably.0.5tg 5. MVhile n is ber of ti
el Ra i Bl b Tt R O et ety et

50 ferably within. 20 9 50. (00681 d |
ha‘fﬁ%ﬁj&mgdégé%?‘%ﬁ SEARIY WL 2918 s ror% ava:ﬁ%?lgﬁm gf[%é’:éﬂyl group is

_ leton represehte% y general a
oA CHES o S e BV
P, z%gauzsenting a number of repeating oxyethylene unit 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 is a number of repeating oxyalkylene unit expressed by
[CH:CHR)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

[VIII] can be preferably exemplified.

(CHom+1COYN(CHLCH,0H),  ~wmereeen [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 diethanolamides are
hexanoic acid diethanol amide, heptanoic acid diethanol amide, octanoic acid

29



In the above general formula [V1I1], m is within 1 to 30, preferably 6 to 20,
and more preferably 7 to 17. [0069] Preferable examples for these
aliphatic diethanolamides are hexanoic acid diethanol amide, heptanoic
acid diethanol amide, octanoic acid 29 diethanol amide, nonanoic acid
diethanol amide, decanoic acid diethaol amide, undecanoic diethanol
amide, lauric acid diethanol amide, tri.decylic acid diethanol amide,

diethaissc aciddiethanahamids.inentadesyis agi diethaaelAmide dPIPIG of

acid. diethanol amide, heptadecanoic acid diethanol amide, stearic acid

amditihanelvmidse elfethave athilduriaead Arptharehanideis RRrticy i

preferable. Further, other than the aliphatic diethanolami.de, aliphatic acid

acidimitvhaeldmigeiphasia atid avidnamatianel. amide, aipRaliGecylic acid
monoethanol amide and aliphatic monopropanol amide can be

diethamglifiathifleese aliphetic amitlediean hevlisetdnadene BeiAlecancic acid
combination of two or more. [0070) As compound including skeleton

dietépraskrted dy, generat fachdulh fWl ateitiansaipjnercompounditepresenteskid
by the following general formula [IX] can be exemplified. Re Rd - N - [IX]
diethanol amide is particularly preferable. Further, other than the aliphatic
diethanolamide, aliphatic acid dimethanol amide, aliphatic acid
monomethanol amide, aliphatic monoethanol amide and aliphatic

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

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

As compound including skeleton represented by general formula [V],
tertiary amine compound represented by the following general formula [IX]}

can be exemplified.

R'—N / i Eamm— . {

AN -
In the above general formula [IX], Rd is hydrogen atom, or a linear or
branched alkyl group having 1 to 50 carbon atoms and Re is hydroxyalkyl
group such as (CHz2)xOH group (in the formula, x is an integer within 1 to 50,
preferably 2 to 25). These compounds can be, “Kemamine AS-990” including
C1sHs:N(CH2CH20H)z commercially available from Witco Chemical

Corporation at Houston, TX, “Kemamine AS-650" including
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Re In the above general formula [IX], Rd is hydrogen atom, or a linear or
branched alkyl group having 1 to 50 carbon atoms and Re is hydroxyalkyl
group such as (CH2)xOH group (in the formula, x is an integer within 1 to
50, preferably 2 to 25). These compounds can be, "Kemamine AS-990"
including C38H37N(CH2CH20H)2 commercially available from Witco
Chemical Corporation at Houston, TX., "Kemamine AS-650" including 30

CSLZNaSNICH2OH3Q e orpmRicaliy avRilabliefram;: salghiice A htmer g3~

163" commercially available from ICI specialties, and "polyoxyethylene

corb 1O rigBLylninBaglRe e IET Ciglbcaviaileble from Wake B@ylene (10)
Chemical Industries, Ltd., however, said compounds are not limited the

steabphanpiedutife 000k Lampiyndcaiuising-oxyalkiiane Beleton (G ical
is used in an amount of 0.1 to 10 wt%, more preferably 0.3 to 5 wt%, with

Indaspeet tolstlid dmetsvein siaspensiap abiaipedhy procesmRadistisedhbove
The temperature during addition is -78 to 100C, more preferably 0 to 70C

praahdtwixing time for the contact is 1 minute to 10 hours, preferably 10
minutes to 3 hours. Polyoxyalkylene compound in use can be diluted in
solzent. Said solvent is preferably aromatic hydrocarbon such as toluene,

[ ne and benzene, saturated hydrocarbon such as hexane, heptane,
decane and cyclohexane,

Compound comprising oxyalkylene skeleton (C) is used in an amount
of 0.1 tc 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 is -78 to 100°C, more preferably 0 to 70°C and mixing time for the
contact 1s 1 minute to 10 hours, preferably 10 minutes to 3 hours.
Polyoxyalkylene compound in use can be 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 chlorobenzene, 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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ether type solvent such as THE and di-isopropylether and halogenated
hydrocarbon such as chloroform and chlorobenzene, more preferably,
aromatic hydrocarbon such as toluene and xylene and saturated aliphatic
hydrocarbon such as hexane, heptane and decane. 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
Abewotutigh, oft dispensier fdrtm, thate féciselyp solutiorpruspseihsiorveyalkylene
emulsion form. 31 Above all, it is preferable that (C) compound.
skedebaprivivisokyaikytawenskeibtorband saivbrtiarefmixed to be in a solution
form. [0072] (D) metallocene compound used in process P2 is transition
00 1gal compound comprising ligand having cyclopentadienyl skeleton
in its molecule. Said transition metal compound comprising ligand
having cyclopentadienyl skeleton within its molecule is classified into

three(pouRs: dNoHIHIE %&ﬂﬁ@@kﬁr%meumgt@é@%%npm%aﬁ%% metal

represented by the following general formula [X], bridged metallocene

corkPRBAUNChARA) skeraseater Rythe;! Mﬁgr&%&é@@m@l@{aﬂ] Athin its

geometrically constrained compound (D3) represented by the following

mobeangdeal fgamblanéliivnongdhe thieephetalocenesampound 4Bdl) BAding
bridged metallocene compound (D2) are preferable; further, metallocene

cyctopepadaibiyP)sisaieeon within its molecule is classified into three groups
by their chemical structure: metallocene compound (D1) represented by the
folowing 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
[X11}. Among the three, metallocene compound (D1) and bridged metallocene

compound (D2) are preferable; further, metallocene compound (D2) is the

most preferable.

{6073]

Cp1

I\I/IQ]' Y/ E

e [X]

| Ny

sz sz

[0074]
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most preferable. [0073] Cpl Cpl /t MQ1 [XI Y MQI ----- [Xi] 1212 CP Cp
[0074] 32 [In the above general. formulas [X] and [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 i to 4 and Cp1 and Cp2 can
be the same or different and are cycl.opentadieny! or substituted
cyclopentadienyl group which can form sandwich structure together with

M. Néte that aheseirthersd dpeopbetaldiéngngrdiglindlldediteenyn atom,
group, fluorenyl group and substituted thereof with one or more

ZITER OSBRI BPEFO0E. DHuBIboAtbS tidniensadretetbniivwaidbdeeyl atom,

roup or fluorenyl group condensing to cyclopentadienyl group can be
hyfgwm@wgr@g@m%@ama@&@ fapHuR Mg ands BRadde to coordinate

“hydrocarbon group having 1 to 20 carbon atoms, divalent halogen
withy i LeRsor FATTYRIRRS 20 T arb Bt aBsH Y vaeht osilicarlontamAdop? can

roup, divalent germanium containing group, divalent tin
be gt?lep same 0% erent and a%g cy%}.opentadlenyl or substituted

cyclopentadienyl group which can form sandwich structure together with M.
Note that the substituted cyclopentadienyl group includes indenyl group,
fluorenyl group and substituted thereof with one or more hydrocarbyl group.
Double bonds of benzene skeleton in said indenyl group or fluorenyl group
condensing to cyclopentadienyl group can be partially hydrogenerated. In
general formula [XI], Y is divalent hydrocarbon group having 1 to 20 carbon
atoms, divalent halogen hydrocarbon having 1 to 20 carbon atoms, divalent
silicon containing group, divalent germanium containing group, divalent tin
containing group, -O-, -CO-, -§-, -SO-, -SOs-, -Ge-, -Sn-, -NRz-, -P(R#)-,
-P(O)(R2)-, -BRe- or -AlR=. (Note that each R2can be the same or different,
and is hydrocarbon group having 1 to 20 carbon atoms, halogenated
hydrocarbon group having 1 to 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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containing group, -0-, -CO-, -5-, -SO-, -SO2-, -Ge-, -Sn-, -NRa-1 -P(Ra),
-P(O)(Ra)-, -BRa- or -AlRa. (Note that each Ra can be the same or
different, and is hydrocarbon group having 1 to 20 carbon atoms,
halogenated hydrocarbon group having I. to 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

watam.) 1 [0975] 33 w z Cp3 Ti- (X)~ ------ [XI1] \X21)m [0076] [In the above
general formula [XI1], Ti is +2, +3 or +4 oxidation state of titanium atom

] and Cp3 i£ cyclopentadienyl or substituted cyclopentadienyl group
forming rl ond t anium at lj(l is an anionic ligand and X2 is a
neutral co jugat l‘ene"(”:"é‘r?l nd, n+mis 1 or 2, Z is -0-, -S-, -NRb-, or
-PRb-, W Is SiRb2, CRb21 SiRb2-SiRb2, CRb2 CRb2, CRb-CRb,
CRbZ-Siﬁ%b; GeRb2, BRb2, and Rb is 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

{00518ns. For substituents group of cyclopentadienyl, there can be
mentloned cyclopentadieny] group, indenyl group, tetrahydro indenyl

grourﬁ ren)élo%rougn%rrgf%fllcumo& & Yﬁﬁﬁ?uﬂ 18 +2, +3 or +4 oxidation state

of titanium atom and Cp?is cyclopentadienyl or substituted cyclopentadienyl

group forming n 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-, -NRb-, or
—~PRb-, W is SiRbs, CRbs, SiRby-SiRby, CRPo'CRP2, CRY=CRP, CRb2-SiRbs, GeRbo,
BRPz, and RP is 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 nis 2, m is 0 and oxidation number
of titanium is +4, X! is selected from halogen atom alkyl group or aralkyl

group having 1 to 20 carbon atoms such as, methyl group or benzyl group;
34



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 nis 2, m is
0 and oxi%ation.nu&nber of titanium is +4, Xi i%?%electe_d from halogen

WhER R ARyl gfBubsof arafky T UIBHohRHG Meto Po et A Buch as, 2 (N,
N e e o R R N Mot D aro DS i pRer of
g P R PR T Y R Ot B 98 Yo
o R 8 o e oo St Bisgpsmodified

[ les.d ibed el h und
o o IR Yoo al AT COI o AP bR

however, the present invention is not limited to those compounds used in
[o#id examples. Ph ZrCl2 Ph .-- [xlii]

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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| ZrC12 [x1V] 35 Ph | Me2Si ZrCI2 [xvl Ph [00781 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
P1, and then mixed for a contact. Temperature during addition and mixing
for contact is -78 to 100C, more preferably 0 to 80C and mixing time for
the contact is 1 minute to 10 hours, preferably 10 minutes to 3 hours.
Metallocene compound in use can be diluted in solvent. Said solvent can
be aromatjc hydrocarbon such as toluene, xylene and benzene, saturated
hydrocar such as hexane, heptane, decane and cyclohexane, ether

nt such as THE and di-isopropylether and halogenated

such as chloroform and chlorobenzene, preferably, aromatic
hydrocarbori\such as toluene and xylene and saturated hydrocarbon such
as lidey$i, héplahe, decaie akd byclohexane. [00791 Metallocene
compoun ) can be brought into a contact with

Ph

[0078]

Metallocene compound (D) is added in an amount of 0.1 to 10 wit%,
more preferably 0.3 to 5 wt% with respect to solid part in suspension,
obtained by process P1, 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 cyclohexane.
{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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component (B), compound comprising element of group 13 in periodic
table, 36 in advance. When said preliminary contact is performed,
component (B) is preferably (b-1) organic aluminum compound, more
preferably, triisobutyl aluminum, Preliminary contact of (D) metallocene
compound and (B) compound comprising element of group 13 in periodic
table can be carried out in a solvent. Said solvent is preferably the same
with the above-mentioned solvent used for diluting metallocene

in edwpocnd\ihdnasandagicehiydinaagbomsuch as tekfens ahdosignmeand(B) is
saturated hydrocarbon such as hexane, heptane, decane and

prefyeiohiex o bie geamicalanyi prefe rabiep 0080 Lnrurtherefeedther triisobutyl
embodiment of the present invention relates to solid catalyst (K) for olefin

alusoiymerizdtiorivhiseain thendelitl adtaly®t (Keforllotefire potymerniaadionisl (B)
pre-polymerized with one or more olefin selected from ethylene and

conapsiafil HAVHY Bros darmentaeraso{a0d 8] Ethytenelor tableficemabing@rried
to 8 carbon atoms can be exemplified for olefin used in said

ouprélpolgménlitivh. FotSaidelsisfing hawkgierab&y cdlon seoms, with  the
propylene, 1-butene, 2-butene, 1-pentene, 3-methyl-1-butene,

abexggmptipsteselvendthyred pkhte A8 udinexenel alprangl-cpemenad and
4-methyl-I-hexene, 4,4-dimethyl-I-hexene, 4,4-dimethyl-1-pentene,

aromatic  hydrocarbon such “as toluene and xvlene, and saturated

hydrocarbon such as hexane, heptane, decane and cyclohexane are

particularly preferable.
[0080]

Further, the other embodiment of the present invention relates to
solid catalyst (K) for olefin polymerization wherein the solid catalyst (K) for
olefin polymerization 1s 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-lI-pentene, 1-hexene, 4-methyl-1-pentene,
4-methyl-1-hexene, 4,4-dimethyl-1-hexene, 4,4-dimethyl-1-pentene,
4-ethyl-1-hexene, 3-ethyl-1-hexene and 1-octene are particularly exemplified.
Above all, ethylene, propyvlene, 1-hexene, 3-methyl-1-butene and
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4-ethyl-1-hexene, 3-ethyl-I-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 copolymerized. Further, one or more kind of said olefin can
be polymerized in advance, and then, polymerized with the other olefin.
[0082] Phase state for pre-polymerization is not particularly limited,
however, liquid phase polymerization is preferably used. Preferable
4-rgetient fpe s iquid-phele golymsrizatiomisrsakuratedhydidcarion can be
such as propane, butane, hexane, cyclohexane, heptane and decane,
copaylommetiez ¢y drousison suchas iubnedavicsayibnie e alefibitgeibhon erized in
mixture thereof. [0083] Further, pre-polymerization can be carried out in
adie presancen . drglnleaineginmih cdrapobad oldien required. Preferable
organic aluminum compound is the same compound exemplified in (b-1),
[0 %%j above all, triisobutylaluminum, triethylaluminum, diisobutylaluminum
th ride are more preferable examples. Concentration of these in
polymerization reaction is preferably 0.00 1 to 1000 mmol/L, more

preferapiyd. G 40:.208:mmary dROS4LREerpRlyRezZad BMOURIWMIY limited,

respect to Ig of solid catalyst (K) for olefin polymerization is preferably 0.1
hotee$0008 ginare REskE Pl nep 2 880ds preferably used. Preferable solvent
for said lhquid-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

1s preferably 0.001 to 1000 mmol/L, more preferably 0.01 to 200 mmol/L.

(0084}

Pre-polymerized amount with respect to 1g 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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the most preferably 1 to 200g. [0085] 38 (2) Olefin Polymerization Method
Polymerization method of the invention is characterized in polymerizing
one or more kind of polymerizable monomer selected from ethylene and
olefin having 3 to 12 carbon atoms in the presence of the solid catalyst
(K) for olefin polymerization or pre-polymerized solid catalyst (K) and,
optionally, (B) compound comprising element of group 13 in periodic
table. [00861 For (B) compound comprising element of group 13 in

(2)getrsinc Ratien corgationalatimedn compound represented by the above
general. formula [l is preferable, and triethylaluminum and

e B e oo o e i
oo R AT G Cet h s TG LA D R R B Lo from
e e B Ao LA bR EPER Bham st oot
cafﬁﬂyﬁn@% %?doi%ﬁpxeﬂwﬁﬂ}é%zgt%%nggaweq%%l%rrnrg%{z% ins%lid catalyst (K
and, optionally, (B) compound comprising element of group 13 in periodic

table.

[0086]

For (B) compound comprising element of group 13 in periodic table,
organic aluminum compound represented by the above general formula [II]
is preferable, and ftriethylaluminum 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 carben 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, 1-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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selected from ethylene, propylene, 1-butene, 1-hexene,
4-methyl-1-pentene and 1-octene. 39 [0088] One embodiment of
preferable polymerization method of the invention is to use polymerizable
monomer comprising propylene as an essential component and
preferably as a main component, and also one or more optional
component selected from ethylene and a-olefin having 4 to 10 carbon
atoms. Two or more kinds of said a-olefin can be used simultaneously for
lymerization. Further, after manufacturing a (co)polymer having
certain composition, the other (co)polymer having different composition
can R OSAIEC AR e A SEROIR 0, SUEMC NN or ine
manufacturing of two or more kinds of (co)polymers, each having Aitferent

inGARRESION Can be RIogk £onolymer wherelp %Bﬂﬁgﬁéﬁk'gg%p@wé%%e as an

(co)polymer is manufactured subsequently after crystalliné propylene

es{ERIPANDETSIBAPUIRAY ARG NI thRt APEeRMleRSiS APAIN 89@%@5'(?'31;@ or

defines that propylene concentration with respect to all the polymerizab

mdPORPMEA IS ORI PLEMEE: A98R] The Piher SNaPQAMERt Rving 4 to 10

preferable polymerization method of the invention is to use polymerizable
caFPOROGHSOMRIIRGRIRY IRRAIa S Aba REs IR, cempBraANd Arefeabbisly

as a main component, and also one or
for copolymerization. Further, after manufacturing a (co)polymer having

[0

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 is 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 1s 50 mole% or more.
[0089]

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
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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
40 ethylene concentration with respect to all the polymerizable monomer
is 50 mole% or more. [0090) The invention can be carried out by a
liquid-phase polymerization such as solution polymerization and

etISHEPRNSIAR RO MRHZ AR 9@@9@&@%%@%@%@%@%@8

honupg
can be particularly exemplified for inert hydrocarbon media used in liqui 50

mdibaseglypaerization: aliphatic hydrocarbon such as propane, butane,
pentane, hexane, heptane, octane, decane, dodecane, and kerosene;
alicyclic hydrocarbon such as cyclopentane, cyclohexane, methyl
pentane; aromatic hydrocarbon such as benzene, toluene and
xylene; halogenated hydrocarbon such as ethylene dichloride,
chlorqtigenzene nd dichloromethane, and mixture thereof. Further, .
iquerit OTRYT Rk EAR BE Jeaa'Sd $UbbEnG MGkidageasin xization

magi')Iymerlzﬁa1 ion. Fr?m the viewpoint fdecreasm%sol merization activity

ahdinhiBitng Tobing Ha AVERiSA s PrERTESIITSRY Tispeation or & gas
ST O T T T
ine%thydrocarbon media used in liquid phase polymerization: aliphatic
hydrocarbon such as propane, butane, pentane, hexane, heptane, octane,
decane, dodecane, and kerosene; alicyclic hydrocarbon such as cyclopentane,
cyclohexane, methyl cyclopentane; aromatic hydrocarbon such as benzene,
toluene and xylene; halogenated hydrocarbon such as ethylene dichloride,
chlorobenzene and dichloromethane, and mixture thereof. Further, iquefied
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 invention is preferably used in bulk polymerization, suspension

polymerization and gas phase polymerization.
fo091]

Polymerization using solid catalyst (K) for olefin polymerization 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 1010 to 102
mole, preferably 109 to 10° mole per reacting volume of 1 Htter.
Polymerization temperature is generally within -50 to +200°C, preferably 0
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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 10,10
to 10-2 mole, preferably 10 9 to 10"3 mole per reacting volume of 1 litter.
Polymerization temperature is generally within -50 to +200C, preferably O
41. 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
to Ol oiyetkedsithaichredsermethgeh setiicantideousimeihedandre to 10
continuous method. Polymerization reaction can be carried out by two or
MBnogapgicessesueach e bifferahticanditodsinasantiono [B092Pa gauge
Molecular weight of the obtained polymer can be adjusted by the
prezesencBafmaiegtomalectieordy bvaryingipdlpmehigation tértipefalliosning
When adding the hydrogen molecule, its amount is suitably around 0.001
meth o0 Nbapel Tikgsef theetbtdinetepulymém [0093] (B} DidfinaRdlymmetinuous
Particle One of the preferred embodiments of olefin polymer patrticle of the
mejfvedtiBalisnpesizane Baseidgsonandrariitietotriphisitiy GOt 0o prot@sses
% of repeatln unit (U I) derived from propylene and 0 to 50 mole % of
dﬁfﬁgﬂg?} gendddoRsAnGiReeieRore olefin selected from
ethylene and a-olefin

[0092]

Molecular weight of the obtained polymer can be adjusted by the
presence of hydrogen molecule or by varying polymerization temperature.
When adding the hydrogen molecule, its amount is suitably around 0.601 to

100 NL per 1kg of the obtained polymer.
[0093]
(3) Olefin Polymer Particle

One of the preferred embodiments of olefin polymer particle of the
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/ml) 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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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/ml) or more. Said propylene based
polymer particle is further characterized in that its melting point (Tm) is
130C or less, preferably 128C or less, more preferably 120C or less, or it
42 comprises 5 wt% to 80 wt%, preferably 8 wt% to 65 wit% of

tall enedha H qlefin
ek e B é?ﬁéﬁiﬁ% Pt U Trgstaltine

omprising 50
WI% ot i %%mlﬁ%%) derlved from e%%li k

to 100 mole % of repeating unit ene and 0 to 50

mole % of repeating unit (U4) derived from one or more olefin selected
[ofpSrh]a-olefin having 3 to 10 carbon atoms. Density of ethylene based

polymer particle of the invention |s 870 to 1000 kg/m3, preferably 890 to

985 3 ore preferably 895 980 k m3. [0095] An olefin polymer

partic GhvehtioR s chEEe tﬁé’t Q W@%ﬁéﬁ&ﬁ&?&f the

o AR R S o
relggz@ﬁ{gs%%@ (?P@tlﬁ%r?{rlgciefa 5‘191 %rt]hyig}lg 411%98]130 50 mole % of repeating
unit (U4) derived from one or more olefin selected from a-olefin having 3 to
10 carbon atoms. Density of ethylene based polymer particle of the invention
is 870 to 1000 kg/m3, preferably 890 to 985 kg/m?, more preferably 895 to 980

kg/m?3.
[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° 1o 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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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 43 55, more preferably 25 to 45; and. uniformity is
generally i to 12, preferably 1 to 8, more preferably 1 to 5. [0097] An
olefin polymer particle of the invention is characterized in that it shows 70

55tomo0e prefenbilydibtda 68 ot mhmnntiexn D08 Arevidtin bolyhiepreferably
particle of the invention is characterized in that it is superior in flexibility,

1 tedhaparenaetai@hlat $8dl-property and suitably used for film, sheet,
stretch tape, fabric, etc. [0099] [Examples] Below, the present invention

il} be explained in further detail according to examples however, the

[og % SXPanee. 1 .
Invention is not limited to these examples. Manufacturing examples of
catalyst and polymerization examples described below is carried out in

dry nixgoeRfamespherepigsioihenuisty BRNIRNS ShNpie b in that it
examples, each property was measured as described below.

shows 70 to 100, preferably 80 to 100 of Carr index.

[0098]

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 however, the invention is not DBmited 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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[0100] [Melting Point (Tm), Heat Amount of Melting (All)] 44 With

Diamond DSC by Perkin EImer 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 10C/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 was calculated

from Wt)é@rglww@eﬂﬁ hio pesdun ddonqr Voleeu e Wiiyrgddisttibotiph ere

(MW/Mn)j Gel permeation chromatograph, Alliance GPC-2000 by Waters
(20ol/mpnd [SEarss Haeritfedt vaTo® MRl oNees aiwrght 230°C, held

distribution (Mw/Mn). Separation columns were two of TSKgel GNH6-HT
fora}y %Wewkéé%mé@r&ﬁ%ﬁﬁ@%&ﬁﬂﬂ%m&m@mﬁ’&a@mme was

of 300, mm and_column temperature was_140C.

nd Iengﬂ: \ .
held Bl g R AR RB iR peFRMRAPIAA T SHIES ek PR4s Alsedats of 10
.~ jnoving phase and 0.025 wt% of BH%c%akerg Pharmaceutical Co. Ltd.)
Craunhiitxitin, TovVing SRaeh Was 126 it EF@F%a‘fﬁb‘i‘é?i:@ﬁ@éﬁ%*@édﬁdten

as 1l /10 ml, poured amount of sample .was_.500 microliters and
Do R L PABOTILLS] WA QIRBYAr (SR by ated value of

Sai%o%s&r.enes having a molecular weight of Mw<1000 and

[0101]
[Molecular Weight Distribution (Mw/Mn)]

(el 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 GNH6-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>4x10%, Tosoh Co. products were used, while 1000< Mw<4x10¢, Pressure

Chemical Co. product was used.

[0102]



Mw>4x 106, Tosoh Co. products were used, while 1000< Mw<4x 106,
Pressure Chemical Co. product was used. [0102] 45 [Intrinsic Viscosity
(r)] A value measured by using decahn solvent at 135C. Namely, 20 mg
of polymerization powder or resin in aggregated form was dissolved in 15
ml of decaline and specific viscosity ijsp was measured in oil bath of
135C. 5 ml of decaline solvent was further added to the above decaline

[hﬁ;@imm\ff@gc@gmg}q%)pnd then ils, was measured by the same. Said
dilution was repeated twice and a value of rlsn/C, wherein concentration

(C) is extrapolated to be 0, was obtained as intrinsic viscosity (See the
followirg\éaateaasyd iyt JerleoyolotospIMRRIMERmaly, 20 mg
measured by using MFR device of TP-406 by Tester Sangyo Co. Ltd.,

of yalimyBralve Perbaizer apriwith savpgeds dffpraliwamdishelvwidgatl5 m!
230C and 2.16 kgf load, [0104] [Coarse Particle Amount] Propylene

of dacatioRpierPPUljmBlspastitiatwers senpedbirsisldathwifid 354 5 ml

%{)e%rilgs and wt% of polymer remained on the sieve were
of decaline solvent was further added to the above decaline solution for

dilution, and then ne, was measured by the same. Said dilution was repeated
twice and a value of 14/C, wherein concentration (C) is extrapolated to be 0,

was obtained as intrinsic viscosity (See the following equation.).
[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 230°C 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.
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weighed. 46 Ethylene based polymer: Polymer particles were oscillated on
sieve 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 D 1895-96 A method. [0106] [Ethylene Content] By using
fourier transform infrared spectrometer FT/IR-610 by JASCO CO., area
around 733cm 1 arose from horizontal vibration of methylene group and

absorbanag,Aqung 43 Gk %E%ﬁ%%ﬁ?f&%%%%@%%& 3 sieve
n ethyle

stretching vibration were obtained, and the ne content was

hadaleunedfrombaintiaby using analy nhy n
e et ran by 13 MBS TR0 o aniie AAgIG G were

wefsdrpression and Spatula Angle] The above characteristics were
measured with Multi Tester MT- 1001, a multifunctional measurement
device designed to measure the characteristics of powder materials, by
[0186ikhin Enterprise Co. Ltd. [0108]

[Bulk Densityl]

Bulk density was measured based on ASTM D1885-96 A method.
[0106]

[Ethylene Content]

By using fourier transform infrared spectrometer FT/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 1*C-NMR).
fo107]
[Repose Angle, Degree of Compression and Spatula Angle]

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.

[0108]
47



47 [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 device for 5 minutes (Output of 25W). Uniformity was calculated from
the result and the following formula. Uniformity = Dp60o / Dpio Dpeo=
particle diameter reaching cumulative weight of 60% from smaller
diameter in particle size distribution Dpio= particle diameter reaching
[Usifiowtstive weight of 10% from smaller diameter in particle size
distribution [0109] [Density] By using hydraulic heat pressing machine by
Co. set at 190C, a sheet having 0.5 mm

SHINTO Metal Indystrie : :
thicsge%%%ﬁa%aéa“ B0 Bt PRESYE6 kaeth P ailer F0atate ayice
ieces . of 45X4 5m ere formed.from 240X240X0.5 mm plate),.and
of ?%%p?ggﬁiﬁﬁgag&rmge%ﬁﬁ%ﬁur b PERBImFaRpOL as a

. sheets under pressure of 100 kg/cm2by. using the other hydraulic heat
ishSSTRY THALE By CANTE WA e (5 A0 BB A for 5
miglg &8 %&%}%attgflmg %@i%r&%ﬁ%rnv%gss by scﬁjlsaecg:d from the result and the

following formula.
Uniformity = Dpso/ Dy1o

Dypeo= 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
[0108]
[Density]

By using hydraulic heat pressing machine by SHINTO Metal
Industries Co. set at 180°C, a sheet having 0.5 mm thickness was formed
under pressure of 100 kg/cm? (spacer formation: 9 pieces of 45x45x0.5 mm
were formed from 240%240x05 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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48 This press sheet was heat treated at 120C for one hour, gradually
cooled to room temperature for one hour in a linear manner, and then
measured by density gradient tube. [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

raisedrig NEYE Al ghiate RbaG{eipyie ARl henqfeldior A0MHpHIES,AL du atly
600C. Weight of said sample at 200C was considered as standard weight

codiad resucion rREepMERe o NOTJONGT was dsiesninesinde 195§ Ahen
ignition [0111] [Elemental Analysis] ICP (Inductively Coupled Plasma)
mEBIsSAhsnRatenetes dralytichk 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
[0 bithined by wet-degrading samples by sulfuric and nitric acids and
specifying its volume (including filtration and dilution when required).

[LOFSuSrtOQelr qlL{,t?onIgi]tative and qualitative analyses of silicon were performed by
assay %fu Ion“obtained by melting samples in

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 (wt%) from 200°C to 600°C was

determined to be loss of ignition
[0111]

[Elemental Analysis]

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 fltration 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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49 sodium carbonate, adding hydrochloric acid to dissolve, and specifying
its volume and diluting. EXAMPLE 1 [0112] -Manufacturing solid catalyst
(K) for olefin polymerization. [Process P 1] 5.01 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

%ﬂm.m Y26 trissibg D drapRiorifaaaddey dasreliseran® enpeidring its
toluene aéﬁﬁlon of methylaluminoxane (9.1 wt% aluminum concentration
2kREm Co. ) was further added. 30 minutes reaction at 50C,
and then 4 hours reaction at 95C were performed. After leaving at rest at
Ex0Gp36:m| 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
[0 1m2thylaluminoxane obtained in the above process P 1 was kept at 35C
and 10 ml of hexane followed by 20 ml

‘Manufacturing solid catalyst (K) for olefin polymerization.

[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 stirving rod, and then, heated to 50°C with oil
bath. 2.5 ml of toluene sclution (1M) of triisobutyl aluminum was added, and
then, 19.0 m! 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 ml
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50 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
(3-tert-butyl-5-methyl-cyclopentadi.enyl)(2,
7-di-tert-butyl-fluorenyl)zirco-niu m dichloride (manufactured by the

cribed.in 200 7745), 1.8 ml of toluene solution of .
of B AT i W e P RS Radp pome
|OB;. j lur, sHiitared wj embrane filter.. The
A e TR VR ot o 40
- 0 s0lid ca ined, Sai tal was mixed
oAt P b s o' dert s B EANEE ot
traH3YSIS: Zirconjym dn said powder wagi0.17 wirand alumyium was 17.6

gl %m?ﬁum" yiene

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

Sty m sy o ot o A Mo

m AsloBideeth Sufakiddanereih ing ParHgIeR BavindIiaAMeienRb AR P1 75),

less are eliminated by classification and 16.8 ml of toluene solution of

1.8pailylFeninaarelibRrsaMe meBuRHIiRG Mathotwas PeTiorMed RSk ane

in example 1. As a result of
were added. After one hour reaction, the obatained slurry was filtered with

membrane filter. The obtained powder was dried under reduced pressure for
2 hours and 9.45 g of powdery solid catalyst (K) was obtained. 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 aluminum
was 17.6 wt%. 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 4pm 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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analysis, zirconium in said powder was 0.18 wt%, aluminum was 16.7
wt% 51 and silicon was 23.2 wt%. A loss of ignition was 14.1 wt%. Peaks
of silicon and aluminum elements were confirmed by element analysis of
residue after ignition. EXAMPLE 3 [01151 -Manufacturing solid catalyst
(K") for olefin polymerization 10.02 g of liquid paraffin slurry manufactured
in example 2, 6.51 g of filtrate filtered by membrane filter and 30 ml of

anlSRBYRiR.Apdlaci0:f 00 Ml Jagk ang agateddq 24C, 0 PLALL Mol .oy

. W
hexane solution of trilsobutylalumin ml of 10 g/L hexane solution

an@fRelalkyiens axvalvcobirads samey Eﬁﬁlﬁﬁ%fgﬁ%{c@?&%@ A afcer

DENKA Co., Ltd.) were further added. Ethylene was ninto gas
igr@se part at a rate of 1.5 NL/h and polymerized for 4 hours at 35C.
Residue ethylene was purged with nitrogen and then, the obtained slurry
was filtered with membrane filter. The obtained powder was dried under
EXAdicéd pressure for 3 hours and 7.56 g of solid catalyst (K') was
obtained. EXAMPLE4 [0116) - Homo-Polymerization of Propylene (1)
[0 1I\{Igjgnetic stirring bar was put into 50 ml side-arm flask, sufficiently

-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 m] of hexane were added to 200 ml
flask and heated to 34°C. 2.0 ml of 1 mol/l. hexane solution of
triisobutylaluminum, 2.0 ml of 10 g/L hexane solution of polyalkylene
oxyglycol (trade name: ADEKA Pluronic 1-71 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 7.56

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. 863 mg of slurry of schid catalyst (K) prepared in
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substituted with nitrogen. 803 mg of slurry of solid catalyst (K) prepared in
52 the above example 1, 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 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
theolyhuerzatiomnThe obtaiiddl poiymer wiaslisieshenderlatoiced AresB®  of
for 10 hours at 80C. The obtained polymer was 125.8 g of isotactic
trijsolyptopalensand iwn gdobyfherizafiatebytvityosak 62 8kgyBR/mdiddrie. said
As a result of polymer analysis, 61)=3.27 dug, MFR.=0.30 gl10 minutes,
{lapkllanénsity was BUY gichiB terniat cansecartivls aracentnuds 2% which
Note that adherence was not observed in the autoclave. EXAMPLE 5
wap Bricig o - Pl btedion o1 Propoisie (290Excebifonatidingpsbamgras
of slurry of SO|Id catalyst (qu prepared in the above example 1 and further
chapshdg 0108 ey BB g R aRyuteRsrasyieerdsash Y, The
the same polymerlzatlon was performed as in the above example 4.
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 125.8 g of isotactic polypropylene and its
polymerization activity was 62.3 kg-PP/mmol-Zr+hr. As a result of polymer
analysis, (n)=3.27 dl/g, MFR=0.30 g/10 minutes, bulk density was 0.49 g/cm?
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
ligquid propylene was charged, the same polymerization was performed as in

the above example 4.
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53 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, (i1)=2.30 dug, MFR=2.38 g/10 minutes, bulk density was 0.50
g/cm3 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 lave. XA%I(PLE 6[01181 - Homo Polymerization of

Propy €( haNig QRTINS fla% Bt m%@f@@tw erdennonylase and its
pOgyﬂ‘lment substltuted with n étro en 802 m of slurry of solid catalyst (K)

BHAPEA RS B EVe BREMAIL B2 W hexEndSAus AR o er
triisobuyty, 5.0 ehydrated hexane were added to
SbENOF %%%m&’ﬂﬁ@@%ﬁa%%%a?ﬁaneaﬁeﬁy%%&wﬁyaer@w Shg/em’
hich_was sy ien stltute th ni l§§ of liquid propylene
anWaCsOE%: Targed A ol hd EUY é]gaéif éagz’ﬁ 1Ot diepgee angle
gau clave s cooled and pro y was purged in order tg stop
pofg‘ i ined po E %GF g’ %fé}gléﬁdl‘f@&j % glarr

ymeriz ion. henB:{alne ymerw

The obtained polvmer was 143. flsotact
in ¥ WIS R ?&%&%&% o %(cﬁlv%yovaeagrggé% Ty
As a result of polymer

EXAMPLE 6
[0118]
- Homo-Polymerization of Propylene (3) -

Magnetic stirring bar was put into 50 ml side-arm flask, sufficiently
substituted with nitrogen. 802 mg of slurry of solid catalyst (K) prepared in
the above example 2, 1.0 mmol of hexane solution (Al=1.0M) of
tritsobutylaluminum and 5.0 ml of dehydrated hexane were added to said
flask and put into 2000 ml internal capacity autoclave made by SUS which
was sufficiently substituted with nitrogen. 500 g of liquid propylene was
charged and 40 minutes of polymerization was performed at 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 143.1 g of isotactic polypropylene and its
polymerization activity was 66.1 kg-PP/mmol-Zr-hr. As a result of polymer

analysis, (1)=3.18 dl/g, MFR=0.32 g/10 minutes, Mw=558,000, Mw/Mn=3.1,
54



analysis, (n)=3.1.8 dug, MFR=0.32 g/10 minutes, Mw=558,000,
Mw/Mn=3.1, 54 Tm=144.0C, AH=86.0 J/g, bulk density was 0.50 g/cm3
and coarse particle amount was 0.0 wt%. Note that adherence was not
observed in the autoclave. EXAMPLE 7 [01191 - 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

TrRfe] 2009 Ui PIPPYIRNG: ViR gR@f@@% @%&g&&@‘)&%@e&%ﬂ"” WaSde

performed as in the above example 6. The obtained polymer was 158%"

anffusatacticpalyrapxene @nd Eﬁ}ﬁ?%@@Q&QE%98{!}[{)%}(%%%6%9@@9231%001@@,

kg-PP/mmol-Zrhr. As a result of polymer analysis, (z

MFR=1.85 g/10 minutes, Mw=330,000, Mw/Mn=2.7, Tm=146.7C,
EX488.8 J/g, bulk density was 0.51 g/cm3 and coarse particle amount

was 0.0 wt%, Note that adherence was not observed in the autoclave.

Eﬁé MPLE 8 [0120) - Homo-Polymerization of Propylene (5) Magnetic
{0% irring 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,

. %%W@ﬂﬁﬁ@ﬁ%ﬁﬁ%&%@%@ﬂﬁ%ﬁ%@m) of triisobutylaluminum
Except for adding 356 mg of slurry of solid catalyst (K) prepared in
the above example 2 and further adding 0.08NL of hydrogen after 500 g of

Liquid propylene was charged, the same polymerization was performed as in

the above example 6.

The obtained polymer was 159.6 g of isotactic polypropylene and its
polymerization activity was 166.2 kg-PP/mmol-Zrhr. As a result of polymer
analysis, ()=2.32 dl/g, MFR=1.85 g/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 triisobutylaluminum
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55 and 5.0 ml. of dehydrated hexane were added to said flask and put into
2000 ml internal capacity autoclave made by SUS which was sufficiently
substituted with nitrogen. 500 g of liquid propylene was charged and 40
minutes of polymerization was performed. at 70C. The autoclave was
cooled and propylene was purged in order to stop polymerization. The
obtained polymer was dried under reduced pressure for 10 hours at 80C.
The obtained polymer was 122.9 g of isotactic polypropylene and its

an dlybned zdtibrhadthuitydas<ah.d kg didudltdrshidAakesult plipehinenoo
analysis, (1)=3.58 dl/g, MFR=0.25 g/10 minutes, bulk density was 0.49

mlg/ort@reald cepesetpartictedemauntaads 0o widkiNokibht adiierenddsiestly
not observed in the autoclave. EXAMPLE 9 [01211 - Homo-

sulpsbiyriedzatich of agsylerd(6)e BXcBpuidr puoinge283 wup oflsatighd and 40
catalyst (K") prepared in the above example 3 and further adding 0.08 NL

mi YR gl ahetiBe0 oo MUt bpspYednet \TAS ChEhgedutvelsamevas cooled
polymerization was performed as in the above example 8. The obtained

an@oRiPRY \WAS Frar sey egedotacta $oty tropiene At reigedipme Tlatiohtained

activity was_172.9 kg-PP/mmol-Zrhr. As a result of polymer analysis,
pol@ﬁk@iéﬂﬁéﬂ&lﬁﬂb@%ﬁ b 7¢teoadinuessuse fendishy waso 80°gicm3

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 g/10 minutes, bulk density was 0.49 g/em?
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 sohid catalyst () 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
polymerization activity was 172.9 kg-PP/mmol-Zr-hr. As a result of polymer

analysis, (n)=2.24 dl/g, MFR=2.67 g/10 minutes, bulk density was 0.50 glcm?
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56 and coarse particle amount was 0.0 wt%. Note that adherence was not
observed in the autoclave. EXAMPLE 10 [01221 - Random
Polymerization of Propylene (1) Magnetic stirring bar was put into 50 ml
side-arm flask, sufficiently substituted with nitrogen. 160 mg of slurry of
solid catalyst (K) prepared in the above example 2, 1.0 mmol of hexane
solution (Al=1.0M) of triisobutylaluminum and 5.0 ml of dehydrated
hexane were added to said flask and put into 2000 ml internal capacity
andutvelnve pradely suswhichawdsuffitientiosustitted ndtemitrogers. not
500 g of liquid propylene, 3.0 NL of ethylene and subsequently 0.3 NL of
objaieden erewnaigsd. and 40 minutes of polymerization was performed
at 60C. The autoclave was cooled and propylene was purged in order to

E Ipﬁgnfsrization. The obtained polymer was dried under reduced
g%rﬁes%sure for 10 hours at 80C. The obtained polymer was 243.5 g of

ethylene-propylene copolymer and its polymerization activity was 562.8
[0 kePP/mmol-Zrhr. As a result of polymer analysis, (n)=1.44 dl/g,
MFR=23.6 g/10 minutes, ethylene content was 2.53 mol%, Tm=131.3C,
AH=85.7J/g, bulk density was 0.42 g/cm3 and coarse particle amount
- Reaslon Polwam asistdrmitpfiopylepedélangle was 32, degree of
compression was 8%, spatula angle was 37 and Carr index was

Magnetic stixring 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 (Al=1.0M) of
tritsobutylaluminum 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 autoclave was cooled
and propylene was purged in order to stop polymerization. The obtained

polymer was dried under reduced pressure for 1¢ hours at 80°C.

The obtained polymer was 243.5 g of ethylene-propylene copolymer
and its polymerization activity was 562.8 kg-PP/mmol-Zr-hr. As a result of
polymer analysis, ()=1.44 dl/g, MFR=23.6 g/10 minutes, ethylene content
was 2.53 mol%, Tm=131.3C, AH=85.7J/g, bulk density was 0.42 g/ecm® 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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88. 57 EXAMPLE 11 [0123] - Random Polymerization of Propylene (2)
Except for adding 157 mg of slurry of solid catalyst (K) prepared in the
above example 2 and further adding 0.6 NL of hydrogen after 500 g of
liquid propylene was charged, the same polymerization was performed as
in the above example 10. The obtained polymer was 271ii g of
ethylene-propylene copolymer and its polymerization activity was 638.3

EXg¥Pinpmol-Zr-hr. As a result of polymer analysis, (1)=0.96 dl/g,
MFR=175 g/10 minutes, ethylene content was 2.68 mol%, Tm=131.5C,

AH=76.2 J/g, bulk density was 0.44 g/cm3 and coarse particle amount
(0423 0.53 wt%. EXAMPLE 12 [0124] - Random Polymerization of
Propylene (3) Except for using 89 mg of solid catalyst (K) slurry prepared

~dnthe ahoye example 2 apd polymerizing for 30 minutes, the same
W%ﬁ%ﬁ%@%@ﬁ@ rﬁgaﬁﬁrﬁﬁ?h@ngbove example 10. The obtained
polymer was 143.2 g of ethylene-propylene copolymer and its
polymerizalionaciiyifynyas; 193 @ﬁgfwgﬁﬂ é&@i§§§ ldﬂ(?&arep ared in
the above example 2 and further adding 0.6 NL of hydrogen after 500 g of

liquid propylene was charged, the same polymerization was performed as in

the above example 10.

The obtained polymer was 271.0 ¢ of ethylene-propylene copolymer
and its polymerization activity was 638.3 kg-PP/mmol-Zy-hr. As a result of
polymer analysis, (1)=0.96 dl/g, MFR=175 g/10 minutes, ethylene content
was 2.68 mol%, Tm=131.5°C, AH=76.2 J/g, bulk density was 0.44 g/cm?® and

coarse particle amount was 0.53 wit%.
EXAMPLE 12

[0124]

- Random Polymerization of Propylene (3) -

Except for using 89 mg of solid catalyst (K) slurry 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

58



58 polymer analysis, 61)=1.97 dl/g, MFR=13.7 g/10 minutes, ethylene
content was 3.70 mol%, Tm=1232C, 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 Carr index was 85. EXAMPLE 13 [01251 - 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
polymas weighets, 7085 b driddch MdiR=1hS axiddnaidistisreetfodene hantent
in an atmosphere of 22C. The obtained slurry was filtered with membrane
wafiteriof Teflon [Foyistéred hatl) HoGing) /Bmbydke diambrew SN, 3Btginedt and

filtrate was condensed under reduced pressure and dried under reduced
copisstrEtiole 3o At BaP 8 iaw t¥tmidspiamisy 2pas Pheamainedgle was
- nonvolatile component was 0.3 mg. EXAMPLE 14 [01261 - Extraction
36T slagaeotiemREREN 8P (KR fof Gl pelpmagators A e fitrsgéndex was
atmosphere, 150 mg of powdery solid catalyst (K) manufactured in the
85above example 1 was weighed. Said catalyst was statically placed in a
desiccator provided with saturated potassium acetate

EXAMPLE 13
[0125]
- Extraction Test (1) of solid catalyst (K) for olefin polyvmerization -

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

[0126]

- Extraction Test (2) 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. Said catalyst was

statically placed in a desiccator provided with saturated potassium acetate
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59 aqueous solution, and then, made contact with water vapor for 7 days,
After taken out from said desiccator, | 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 1H-NMR of the
obtained filtrate was measured. NMR chart is shown in Fig. 1. Peak
derived from oxymethylene was confirmed at 3.2 to 3.3 ppm. Note that

b f h 1.9 dual
o S B S ST e r ey s, After
ta}%%ﬂe g%rgﬁﬁoﬁesﬁlu%? urr)éto 8*[!1' erg%ﬁ) Orm}g%%mf;rt]l% Qﬁ?ﬁpf‘edéed in

methylaluminoxane was o talhedgbyt & same meth

uBSEARSE by UG S UGR 98 WORIGI, PANEER IR IeE S Hbuen

or less were eliminated and prepare to be our n

grg@bsruﬁgfﬁﬂ@at%ﬁﬂbgrﬁggemrhé}!ﬁ&ogf u"i‘ﬁsl\?\%ff'% W't g“"'“(? Eﬁ%'rate

and 11.1 ml of said sfurry and 30 ml'o ene were C arge

wakOGkehexang SUSRERSION A% Polyoxysiylene (frg stearglaming ehery by,

Wake, Pure Chemical Industries, Ltd.) was added. After 45 minutes

ox{RRELION At SHasBIRHIRIRAN Mixed dnixturs, inclugipg tﬁ%tg’ma%l%f of chemical

transition metal compound of diphenyl methylene(3-tert-butyl’

shtmetnd-syaloneiadis iyl rediatest-Bubybiluararyigikgenium

dichloride (manufactured by the method described in

EXAMPLE 15
[0127]
- Manufacturing solid catalyst (K) for olefin polymexization -

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 m! 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 including
33.5mg of transition metal compound of diphenyl
methylene(3-tert-butyl-5-methyl-cyclopentadienyl}(2,7-di-tert-butyl-fluoreny
D zirconium dichloride (manufactured by the method described in

W02004/087775), 0.9 m! of toluene solution including triisobutylaluminum
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W020041087775), 0.9 ml of toluene solution including triisobutylaluminum
80 (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 ml
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

(0.59ndehiRYeRHoPIBRSHAG (06 ANAMS AN 20,0 9f REMLEH 5 34 dtﬁérgr@taﬁned

was obtained. Said catalyst was mixed with dehydrated liquid para

slu@Baira2 iR M4 RWRYm A BriastitREANRLYSIS ZIGORIUM iR §9'91P8¥Vﬂ§£ane

was 0.17 wt% and aluminum was 16.9 wt%. A loss of ignition was 11.2

anWitheR aks:ebisiicoRegnd:alymirsnLIements ere 6oHime Balementd
analysis of residue after ignition EXAMPLE 16 [0128] -

TheloneiRely fiklizetionaef fRropyeed (A dMagndlicestipiagat Was RU Figidue

50 ml side-arm flask, sufficiently substituted with nitrogen. 599 mg of solid

wacalakyst dlary Qrepared Thitheolabonedxampie vl 5y Qs7 2l mwdohaf dexar@uced
solution (Al=1.0M) of triisobutylaluminum and 5.0 ml of dehydrated

prdwexandwel hadded tol hidh fiask pnddeutyintdid, 4a0aisintemadisapacily Said
autoclave made by SUS which was sufficiently substituted with nitrogen.

catad@sg whiiquidpdopitbrielvedrated 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 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. 589 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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charged and 0.08NL of hydrogen was added, and then 40 minutes of
polymerization was performed at 70C. The autoclave was cooled and 61
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 183.3 g of isotactic polypropylene and its
polymerization activity was 120.4 kg-PP/mmol-Zrhr. As a result of
polymer analysis, (r)=2.60 dl/g, MFR=1.17 g/10 minutes, bulk density
prmfimsov@&mﬂaﬁdl 1pcarderparitie arnbumweatnn ke Writonedypulgsier
2, repose angle was 28, degree of compression was 11%, spatula angle
wagad et el iedegedad 93sEDeANIPLE 1h0fox2g]t- 80°C. The obtained
Homo-Polymerization of Propylene (8) Except for adding 539 mg of solid
volERaYstelsry Hrehatedlinifvbasiioyve @xanwpieleBaranflriter nodingoa8tion
NL of hydrogen after 750 g of liquid propylene was charged, the same
aCfbﬁ}flﬁwéﬁ%ét%%%skﬁéﬁg m@ao&%m hke ABove Bs&iHpIel1 b olbRB balrdYsis,
palymer. was 285.0 g of isatactic . polypropylene and its polymerization
20k W 208 R P 2P AeSa RS SPBOmBiaan Al iom? and
61)=1.86.dug, MFR=6.9 g/10 minutes, bulk density was 0.50 g/cm2 and .
COPEE DS P RPHIHGHT B 6.3 Wioo BRABINY, iS22 I PE08s R BAleNRaSS .

28, degree of compression was 11%, spatulg angle
degrée 09 compression was 11%, spa%ufg angle \xgas 26° and Carr index was

93.

EXAMPLE 17

[0129]

- Homo-Polymerization of Propylene (8) -

Except for adding 539 mg of solid catalyst slurry prepared in the
above example 15 and further adding 0.16 NL of hydrogen after 750 g of
liguid 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, 0)=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
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was 27 and Carr index was 93. EXAMPLE 18 62 [0130] -
Homo-Polymerization of Propylene (9) 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 (Al=LOM) of triisobutylaluminum and 5.0 ml of dehydrated
hexane were added to said flask and put into 3,400 ml internal capacity
%uﬂ%oclave made by SUS which was sufficiently substituted with nitrogen.

[ g of liquid propylene was charged and 0.08NL of hydrogen was
added, and then 40 minutes of polymerization was performed at 70C. The

. H%gitl%c g@,}ggﬁ%ﬁlﬁg &rpr%?%éﬁ%r@vvas purged in order to stop

polymerization. The obtained polymér was dried under reduced pressure
for 10 hours at 80C. The obtained polymer was 185.9 g of isotactic

polypkdpytesseatithithpdiymerzation aeivily wissldy drkg BRIMmeiZsRn tly

As a result of polymer analysis, (x)=2.54 dl/g, MFR=1.15 g/10 minutes,
sulixti¢-aenbityi tvas B4@eictid Zind g cobrsdi pactictd an clniwas@dawd%oin the

EXAMPLE 19 [0131] - Homo-Polymerization of Propylene (10)
above example 2, 075 mmol of hexane solution (Al=1.0M) of
trisobutylaluminum 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
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 hydvogen, the same polymerization was

performed as in the above example 18. The obtained polymer was 286.2 g of
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Except for adding 0.16NL of hydrogen, the same polymerization was
performed as in the above example 18. The obtained polymer was 286.2
g of 63 isotactic polypropylene and its polymerization activity was 211
kg-PP/mmol-Zr-hr. As a result of polymer analysis, (il)=1.98 dl/g, MFR=4.9
g/10 minutes, bulk density was 0.50 g/cm3 and coarse particle amount
was 0.0 wt%. EXAMPLE 20 [0132] - Extraction Test (3) of solid catalyst
(K) for olefin polymerization In dried nitrogen atmosphere, 500 mg of
1sObg e ry ROl eapalastqK) amanufbttuee e zitove exavipidyls was 211
weighed. 7.5 g of dried hexane was added and stirred for one hour in an
kga?rﬁ%@ﬁﬁ@@éf bocAyRaebidinelip slumpivas Aliersd Witk hisiB/andEBE4.9
of Teflon (registered mark) having 3m pore diameter. The obtained filtrate
g/ Ifamiphtrnhded briprssuires Hrissraanndrrantimierrsilesamount was

é}lresosure for 3 hours at 3hPa in an atmosphere of 22C. The obtained
0.G,8rhvbtatile component was less than 0.1 mg. EXAMPLE 21 [0133] -
Extraction Test (4) of solid catalyst (K) for olefin polymerization In dried

EREggsasmosphere, 500 mg of powdery solid catalyst (K)
[0132]
- Extraction Test (3) of sclid 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 cbtained nonvolatile component was less than 0.1

me.

EXAMPLE 21

f0133]

- Extraction Test (4) 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. Said catalyst was

statically placed in a desiccator provided with saturated potassium acetate
' 64



manufactured in the above example 15 was weighed. Said catalyst was
statically placed in a desiccator provided with saturated potassium acetate
64 aqueous solution, and then, made contact with water vapor for 7 days.
After taken out from said desiccator, 1.5 g of deuterated acetonitrile was
added in 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

AAHARUSHINHEEE o83 D then, Tssle criBtachaRBASK S L NaRtEdPEHifdaEs. théter
peak of etramethyé%ilane. EXAMPLE 22 [0134] - Manufacturing solid )
takghaRet gkﬁ%ﬁ?ﬁl@f BSHNiztioh Of eikia alGhyret Ghdrdapparingded in

methﬁlalumin xane was, mgnufactured by the method described in

atIpOSRRELE BRExERTHY Bael: BUBteNion Nb2BeBovess peviaped through
repared to be concentration of 200 g/l_. 24 id toluene slurry. of

el BT o B RV AN 5 & D O PR oA bt rate

. into 100 ml flghr e-neck flask. And 3.6 Ioif20 /L hexane solytion 8f

WS GRS S AT e AR R A 6 BRI VAP RERPAA 2t 3.2

DENKA Co., Lid.) was added to the flask. After 30 minutes reagtion,
to to u%né” glrlﬂlr'ryl_g?oig mg ? h)ﬁ/fgr%]é%is‘f%d%ﬁ%ﬁ%ﬁ%ﬁniﬁrﬁrﬁ%icﬁ?&?de%aspeak of
" et?gﬁ?&}@@ ne hour reaction, the obtained slurry was filtered with

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
L-71 by ASAHI DENKA Co,, Ltd.) was added to the flask. After 30 minutes
reaction, toluene slurry of 45 mg ethylenebisGndenyl)zirconiumdichloride
was added. After one hour reaction, the obtained slurry was filtered with
membrane filter and washed twice with 10 m! of hexane (Residue was 0.1 mg
or less after condensing all the filtrate under reduced pressure). Further

washed with 10 ml of hexane, the filtrate was condensed under reduced
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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 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
Pregekteand the epgsrinpedlaymavasiea sihoohiandmovarasasldgied

wt%. A loss_of ignition was 7.79 wt%. Peaks of silicon and aluminum

UNERIFSHECHRIIESHFM ERF 1y Ruitent drhfi%ig Grpesidas wrerabragaad. Said
EXAMPLE 23 [01351 - %urry Polymerization of Ethylene 500 ml of

DORSSEAE SR X4R IR 1 &%eéﬁﬁﬁ/ﬁiﬁ%ﬁﬁ?%ﬁ%iw Riiaa Oristle slurry.

SUS, sufficigntly substituted with nitrogep. By charging ethylene gas, said
As LR RS aRis e ARy B b FintOF o HBRARE BB St was

1=0.,5 M) of triisobutylalumi dded. Meapwhile, 0.133 g_of

0.8 i A a0 B, WAt I e 622 GEWHGR A 0%
three-cock flask, and then 4 ml of heptane in the aut d .

P A0 OF i BB G PP SAIAT e WA aHT At g ent s

of %é‘é?&ﬁ%"%ﬁ%}/ Pg%l{%%%.,d' ml of heptane into flask from autoclave and then

EXAMPLE 23
[0135]
- Slurry Polymerization of Ethylene -

500 ml of heptane was charged into 1,000 ml internal capacity
autoclave made by SUS, sufficiently substituted with nitrogen. By charging
ethylene gas, said autociave was saturated with ethylene. (.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 mi 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 I-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 65 minutes. The autoclave was cooled and
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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
80C and polymerization was performed for 65 minutes. The autoclave
was cooled and 66 residue gas was purged in order to stop
polymerization. Note that adherence was not observed on inner wall of
polymerization vessel. The obtained slurry of polymer was filtered with
resKiFaRta-FoRtPUBESMMOTiler FapenNw. sBerizasienyaino Hag adlimence
filter paper. The obtained polymer was dried under reduced pressure for
Waﬁmﬁbeiﬁ%&\m@m@@wﬁg@%@leewaéumwgw. Theokraurdbbmry
activity was 80.4 kg-PE/mmol-Zrhr. As a_result of polymer analysis, bulk
of pelydgwaaD Bl GRM YA deRsity ols d90Kms. ftteammE Mo. 5B).
[01361 - Gas-Phase Pglymerization of Ethylene 500 g of sodium chloride
Thzgsehare it Botiisheanar cAbscbtaned aobymsaesy dusd under
ufficiently subsjituted with nitrogen, By sufficiently drying on heating,
red@bﬁﬁna}‘%ﬁ%ﬁf&ﬁi& ERgiSE heCa MBEIA0EA DY S REH Wi 447 € and

. ethylene. 0.25 | of h [uti =0.5 M trjisobutylalumi
it R RGBT B 5155 G sl beriry R4 Sy SRegaris it of
I d,0.13 | of h luti [=0.5 M) .of ,
Do S AR A FUIEE AT M A0 50 FIEBY TR0 LB CTALR e 930 ke
obtained
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 g of supporting catalyst
slurry prepared in example 22 and 0.13 mmol of hexane solution (Al=0.5 M)
of triisebutylaluminum were added to 50 ml of three-cock flask. The obtained
slurry of the catalyst was charged into autoclave. Subsequently, autoclave
was substituted with ethylene gas containing 4.0 wt% of 1-butene, and then
ethylene/butene mixed gas was supplied so as to make inside of the autoclave
0.8 MPa at 80°C and polymerization was performed for 60 minutes. The
autoclave was cooled and residue gas was purged in order to stop
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slurry 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
minutes. The autoclave was cooled and residue gas was purged in order
to stop 67 polymerization. 2L of water was added to the obtained powder

nd stirred, and then the polymer slurry was filtered with bleached cloth.
oA NG heOU DR ARy AHIC LA Fy AR aBRd Stireed.

for 10 h 0C..Th tai | 30.9
G YRR b o BRI P e Al eihing
A Tt L B 25 kA a1 Lo CLARROREE 33 10
37} - ion Test (5) of solid catalyst (K),fqr olefi I ization In,
o g SRR R SOUIG S phtier) Sok AAALYH B menzaton

G AL R G e e O

stirred for one’hourin an a

ohtained, slwrywasfikeredwith e filter of;Teflon (registered.

pamark) having 31im por(;&gia{)meterﬁiﬁggo taﬁlé%l |It3fgt§€:v%s’c%ﬁd%§r?sséay was

92 9ndenfedyned, pressurg gnd dried under reduced pressure for 3 hours at
3hPain an ' '

EXAMPLE 25
[0137]
- Extraction Test (5) of solid catalyst (K) for olefin polymerization -

In dried nitrogen atmosphere, 500 mg of powdery solid catalyst (K)
manufactured in the above example 22 was weighed. 7.5 g of dried hexane
was added and stirred for one hour in an atmosphere of 23°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 26
[0138]

- Extraction Test (6) of solid catalyst (K) for olefin polymerization -
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atmosphere of 22C. The obtained nonvolatile component was less than

0.1 mg. EXAMPLE 26 [0138] - Extraction Test (6) of solid catalyst (K) for
olefin polymerization - 68 In dried nitrogen atmosphere, 500 mg of

powdery solid catalyst (K) manufactured in the above example 22 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
deutchardgiag sbamenwasnade TR, 20Mhaagheleandetiredidraoalyst (K)

minytes. Filtration was_performed thr(;%gfh glass tube filled with glass
mw&éﬁ%ﬁmeﬁlmw‘%ﬁﬁé%ﬁ iffate Weighsdastned. Fdakyst was

derived from Qxymethylene group was confirmed at 3.2 to 3.7 ppm. Note
Staigp N Al A PHF@‘BéﬁQ S tBriahetAYR RosaESam peetate

27 [01391 - Manufacturing solid catalyst (K) for olefin polymerization
AU G BRR O PEA R EBp BRI LA AR B e AR oIt ARy After

B e R R T R B
atrg%sphere 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.

EXAMPLE 27

[0139]

- Manufacturing solid catalyst (K) 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.. 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 pexformed at 35°C. Further, 5 ml
mixture of toluene suspension including 30.2 mg of transition metal
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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
polyalkyiene oxyglycol (trade name: ADEKA Pluronic L-71 by ASAHI
DENKA Co., Ltd.) were added and 45 minutes reaction was performed at
35C. Further, 5 ml mixture of toluene suspension including 30.2 mg of

o AR SE B e

o BRI R B B R v
A e A S TSR e v
S e S A B S R e
&P D M MR I A58

TR, tRDSQofAInG AL cAtalyS YRS, Dxed it &%@&g@gg&&% Qﬁ{fi n rtfgsidue

obtain 10.0 wt% slurry. EXAMPLE 28 [0140) - Hom ymerization o
wadoRyeng, gkl oMagnetierglirring barayas AiBEe R9mside-atmfaske duced

sufficiently
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 wt%. The obtained catalyst was mixed with dehydrated liquid

paraffin to obtain 10.0 wt% sluryy.
EXAMPLE 28

[0140]

- Homo-Polymerization of Propylene (11) -

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 (Al=1.0M) of
tritscbutylaluminum 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 then 40 minutes of polymerization was performed at 70°C. The
autoclave was cooled and propylene was purged in order to stop
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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
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 then 40 minutes of polymerization was performed at
70C. The autoclave was cooled and propylene was purged in order to
polyte rTeRBepmERS SRt A Te e B AT o e dvhs dektednded rptkisad e for
pressure for 10 hours at 80C. The obtained polymer was 138.8 g of
10isbeistie gblypropylehBanattassigmBnbaticn adtisy Wik 7g of isotactic
kg-PP/mmol-Zr(r)hr. As_ a result of polymer analysis, MFR<0.01. g/10
PORVRHGREL Ry -8R 17 o Hme iy vastoity grewaa Lt ks drsépaeicier “ hr.
amount was 1.2 wt%. Note tha erence of the polymer was not
As ghLg f it aa%&miy@m £081 g1 PaesirsedBiPest @ orbulk

solid catalyst (K) for olefin polymerization In dried nitrogen atmosphere,
eSO 51 DBl on SRSt (AR AEAREY Fihe b e SAipighat

7 was weighed. Said catalyst was statically placed in a desiccator
R SRDIRH AP SELA A A GHIt o, and then.
made contact with water vapor for 7 days. After taken out from said
EXOesiegatondl.5 g of deuterated acetonitrile was added in

{0141]

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

In dried nitrogen atmosphere, 200 mg of powdery solid 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 desiceator, 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]
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the atmosphere and stirred for 30 minutes. Filtration was performed
through glass tube filled with glass wool, and then 1H-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 11 [0142) 71
-Manufacturing solid catalyst for olefm polymerization - [The First Process]
5.00 g of silica gel (trade name: H-122 by Asahi SI Tech Co., Ltd.) dried

‘MappfacwrBsrsekéserehnsidosiesinmphansrisiatinydrated toluene
were added to 100 ml of four-neck flask, sufficiently substituted with

g(}qe c% |}0ped with stirring rod, and then, heated to 50C with oll
bath m]? bluene solution (1M) of triisobutyl aluminum was added,
and then 19.0 ml of toluene solution of methylaluminoxane (9.1 wt%

aluminen cefcanyatian bt Jesaibhieeshern £8,) wasiyrdleraddads 39 1d.)

minutes reaction at 50C, and then 4 hours reaction at 95C were
driperigrdeo:(Aied deaving gt nestrab 018 1a Ml alispiesNAaNt ERlUl@R ol uene

was removed by decantation, and then, toluene slurry of silica supporting
wepeethytbddminoX@ie wmasadbfeined ekl 48dsk, 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, 31 ml of supernatant solution was removed by

decantation, and then, toluene slurry of silica supporting

methylaluminoxane was obtained.
[0143]

[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
transition metal compound of diphenylmethylene
(3-tert-butyl-5-methyl-cyclopentadienyl)(2,7-di-tert-butyl-fluorenyDzirconiu
m dichloride {(manufactured by the method described in WO2004/087775),

1.86 ml of toluene solution (1M) including triisobutylaluminum and 4ml of
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[The Second Process] Toluene slurry of silica supporting

methylaluminoxane obtained in the above process was kept at 35C and

20 ml of hexane was added. After 45 minutes reaction, a preliminary

mixed mixture including 150 mg of transition metal compound of

diphenylmethylene (3-tert-butyl-5-methyl-cyclopentadienyl)(2,

7-di-tert-butyl-fluorenyl)zirconiu m dichloride (manufactured by the

method described in W02004/087775), 1.86 ml of toluene solution (1M)
heirmhediwg teiisobilaylalddteaumonand darl of a22ibexatieweabetadded. Aftery was

one hour reaction, the obatained slurry was filtered with membrane filter.
filtenedowtainseepoivdervidsedriét e nbitriredlipew dre ssus el for @ bindes anduiced

9.16 g of powder was obtained. As a result of analysis, zirconium in said
Prefsnderiwa20NauwrerThe poweler vixpsndie dv wvitiobiehipdrhtetsliquicbsult of

paraffin to obtain 20.0 wt% slurry. [COMPARATIVE EXAMPLE 21 [0144]
analy§Hio PEigRIdR dfo R OHPPeplenavas JMbgnetitstithagooardeasyas imuoed

50 ml side-arm flask, sufficiently substituted with nitrogen. 714 mg slurry
with dehysiiHg eatanist pragiiedimobiaiantld Biipatatve example 1, 1.0

mmol of hexane solution (A1=1.0M) of triisobutylaluminum and 5.0 ml of

rat Q XIer d to said flask and put into 2000 ml internal
[C@%%ﬁﬁ%ﬂ}?ﬁﬂe madlz%gdaJS,

capacity aut

[0144]
- Homo-Polymerization of Propylene (1) -

Magnetic stirring bar was put into 50 ml side-arm flask, sufficiently
substituted with nitrogen. 714 mg slurry of supporting catalyst prepared in
the above comparative example 1, 1.0 mmol of hexane solution (Al=1.0M) of
tritsobutylaluminum 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

cbtained 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, (1)=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 rehto. Bulk density of powder passed through 1lmm openings
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sufficiently substituted with nitrogen. 500 g of liquid propylene was
charged and 40 minutes of polymerization was performed at 70C. The
autoclave was cooled and propylene was purged in order to stop
polymerization. The obtained polymer was dried under reduced pressure
for 10 hours at 80C. The obtained polymer was 128.6 g of isotactic
polypropylene and its polymerization activity was 71.1 kg-PP/mmol-Zrhr.
As a result of polymer analysis, (néi;.w di/g, MFR=0.27 g/10 minutes

of %}ﬁér%%%é’pﬁ fEemIaHe thas 28hevonse iikvepeliywrastamphsesved in

measure since polymer powder was blocking in rohto. Bulk density of
aufflﬁ}a\ﬁi‘@?‘ passed through Imm openings 73 of sieve was 0.39 g/cm3. Note
that adherence of the polymer was observed in autoclave.

[CIEPMBARATY ERXAMALE]] [0145] - Homo-Polymerization of
Propylene (2) Except for adding 308 mg of slurry of supporting catalyst

prepared in the above comparative example 1 and further adding 0.08NL
{0 bflydrogen 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
) W?ﬂi’éﬂ@ﬁ%\%ﬂ\?ﬁ&/%ggwwgg/mmoI-Zrhr. As a result of polymer
analysis, (r1)=2.34 dl/g, MFR=1.85 g/10 minutes, and coarse patrticle

amouﬂ«:ept 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 hquid 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, (0)=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 Imm openings
of steve was 0.36 g/cm3. Note that adherence of the polymer was observed in

autoclave.
[COMPARATIVE EXAMPLE 4]}
[0146]

- Manufacturing solid catalyst for olefin polymerization -
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was 50.3 wt%. Bulk density was unable to measure since polymer powder
was blocking in rohto. Bulk density of powder passed through Imm

openings of sieve was 0.36 g/cm3. Note that adherence of the polymer

was observed in autoclave. [COMPARATIVE EXAMPLE 41 [0146] -
Manufacturing solid catalyst for olefin polymerization - 74 Except for not
adding polyalkylene oxyglycol (trade name: ADEKA Pluronic L-71 by

ASAH| DENKA Co., Ltd.), the same_manufacturing method was

perfo e Relyaldatinnst AaIEsoY il meridAD HKA

i
P B A e RS P
chargged intg 1,000 ml inte C|ty tocl ve made by SUS,
W%ﬁﬁ?@ﬁf@e AR o ey SHAr Gl SRt ancluded

0 25 mmol of hexane solution

utoclave was satur ? with leng
?Ri S&)]%pl% ﬁ%rﬁggﬁiﬁﬁa i§ Wgs0 added. Meanwhile, except for

0.134 g of supporting catalyst slurry prepared in comparative example 4

[CoyRemu Mg 68 mikof thrgercgtk flask, and then polymerization was
performed for 90 minutes, the same manufacturing method was

[0147]
- Shurry Polymerization of Ethylene -

500 ml of heptane was charged into 1,000 ml internal capacity
autoclave made by SUS, sufficiently substituted with nitrogen. By charging
ethylene gas, said autoclave was saturated with ethylene. 0.25 mmol of
hexane solution (Al=0.5 M) of triiscbutylaluminum 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
performed as in example 23. Note that adherence of the polymer was
observed on inner wall of polymerization vessel. The obtained slurry of
polymer was filtered with Kiriyama-rohto (¢ 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 kg/m3.
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performed as in example 23. Note that adherence of the polymer was
observed on inner 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 80C. The obtained polymer was 52.7 g and its

[ng/lgi)merization activity was 62.4 kg-PE/mmol-Zrhr. As a result of polymer

JABAFIINEGBRAMYIR AL 0538 g/cm3 and its density was 930 kg/m3. 75
[COMPARATIVE EXAMPLE 61 [0148] - Propylene bulk polymerization
[0 1I§%é ept for using 303 mg slurry of supporting catalyst prepared in the
above comparative example 1 and charging 0.15 ml of 10 g/L hexane
solution of L-71 before charging said supporting catalyst, the same

- PRoymalZzption pyBs:Resiosmed 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-PRIKee-{or msing 4G83uk shwotywksuanalykisg bale fertginepased. 51 the

glem3 and (il)=2.46 dl/g. Fouling and also bulk density of polymer were
abeoyp eovas avaieemeie disn aeharginad . détenbeittd 2/1. hexane solution

of L-71 before charging said supporting catalyst, the same polymerization
was performed as in example 4. Adherence of the polymer was not observed

in polymerization vessel.

The obtained polymer was 92.6 g of isotactic polypropylene and its
polymerization activity was 120.7 kg-PP/mmol-Zr+hr. As a result of polymer
analysis, bulk density was 0.51 g/cm?® and (1n)=2.46 dl/g. Fouling and also
bulk density of polymer were improved, while polymerization activity was

deteriorated.

[COMPARATIVE EXAMPLE 7]

[0149]

- Gas-Phase Polymerization of Ethylene -

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

triisobutylaluminum was added. Meanwhile, 0.303 g of supporting catalyst
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[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
(A1=0.5 M) of triisobutylaluminum was added. Meanwhile, 0.303 g of
supporting catalyst 76 slurry prepared in comparative example 4 and 0.13
slupviahisiserdna sompe aveG:Bavirde thisoisudy uminoneileesattecution
The obtained slurry of the catalyst was charged into autoclave.
(Al§l9b§é¥@@ﬁl%%ﬁ%@ﬁ@@u@éﬂ%ﬁﬁﬁ%dﬁdﬂﬁ%tﬂ%@n@@@@dmhﬁmﬁr}g o ohe
wt% of 1-butene, and then ethylene/butene mixed gas was supplied so as

catplishkeWididecBRIgE dutbiaveanteatavs. at Sobsaas gulimemetnelatims was
erformed for 60 minutes. The autoclave was cooled and residue gas
Sl B e o RIS S0 BPoRgAHEHERGN AL Btihads Wik HeitiodaB dnghen
ohtained powder and stirred, and then the polymer was filtered with

ethRRRARE LBt "AtE RASHIAG T bitdiRea b makesaa feighibepasoclave
o SUBISCHEe SRR 0 o A0, Thebapedptir
aug%%igi\lflﬁt &%%%y%%%&z%sg ’&%%1%?\5%%9%%@033%\@% %112 Vgg)éférbuyé 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 wt%, bulk density was 0.29 g/cm3, its density was

922 kg/m?, and (n)=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]
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922 kg/m3, and 61)-3.24 dl/g. [COMPARATIVE EXAMPLE 8] [0150] -
Manufacturing solid catalyst for olefin polymerization Except for not
adding polyalkylene oxyglycol, the same manufacturing method was
performed as in example 27 and 10 wt% slurry of solid catalyst was
obtained. Zirconium in said powder was 0.19 wt%. [COMPARATIVE
EXAMPLE 9] 77 [0151] Except for using 601 mg of solid catalyst slurry
prepared in the above comparative example 8, the same polymerization

[01/a performed as in example 28. The obtained polymer was 172.5 g of
isotactic polypropylene and its polymerization activity was 210

kg-PP. hr. A It MFR<O.

SO %gﬁivgséﬁfsu s R R v PeosmieaTEi above
Corﬁﬁ-%%g i BRI o Bbr ALl SREr AR %%%%‘fm%é%#%%&ﬂ as in
ReE e e o .
its%%i%éﬁ’z%!é!{{‘eé&%ﬁ% c%tggysﬁgr %lgf%/mmol-Zr-hr. As a result of

polymer analysis, MFR<0.01 g/10 minutes, (1)=6.93 dl/g and coarse particle
amount was 60.4 wt%. Bulk density was unable to measure since polymer
powder was blocking in rohte. Bulk density of powder passed through 1mm
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 -

10.01 g of liquid 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 fltered with membrane filter. The

obtained powder was dried under reduced pressure for 3 hours and 6.70 g of

78



polymerization 10.01 g of liquid paraffin slurry manufactured in
comparative example 1 and 40 ml of hexane were added to 200 ml flask
and heated to 34C. 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 35C.
Residue ethylene was purged with nitrogen and then, the obtained slurry
was filtered with membrane filter. The obtained powder was dried under

soligerad e e s B trsitedadeBs. 20§ 00l 78 evlidi datedyse K Yonkag of solid
obtained. 2.35 g of polymer with respect to 1 g of solid catalyst was

ca&?émé?%ap%mmm ATIVE EXAMPLE 111 [01531 -Contact treatment
of a preliminary polymerization catalyst for olefin polymerization and a

%W@@Qﬁ?@ %’gg ﬁj(li ne skeleton Under dry nitrogen
[Catmosp ere, 2. p% of pre w%nlﬁyairﬁ;/ polymerization catalyst manufactured in

comparative example 10 was weighed. 13.2 g of dried hexane and 2.0 ml
[0 o 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 35C was performed. The obtained slurry was filtered with membrane
-Conbadr Tetommradistiretl mreliyraving Imlporerdiatietercatal fatthfon: olefin

washed 5 times with 10 ml of hexane. The obtained solid
polymerization and a compound comprising oxyalkylene skeleton-

Under dry nitrogen atmosphere, 2.0 g of preliminary polymerization
catalyst manufactured in comparative example 10 was weighed. 13.2 g of
dried hexane and 2.0 ml of 20 g/L hexane solution of polyalkylene oxyglycol
(trade name: ADEKA Pluronic L-71 by ASAHI DENKA Co., Ltd.) were added.
4 hours of stirring at 35°C was performed. The obtained slurry was filtered
with membrane filter of Teflon (registered mark) having 3um pore diameter
and further, washed 5 times with 10 m! 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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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 1H-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%.

[0 JIEEMPARATIVE EXAMPLE 121 79 [0154] Extraction Test (1) In dried
nitrogen atmosphere, 500 mg of the solid substance after contact

) ﬁ?r( a;tir%ent @e%a@fhin the above comparative example 11 was weighed.
RoNo| 1GriedTiexane was added and stirred for one hour in an

atmosphere of 23C. The obtained slurry was filtered with membrane filter

of TeflorfieaisiprRskmANREYIIEAM meﬁ'gmﬁtﬁ{eTmebéa@a%ﬂgéaﬁter

was condensed under reduced pressure and dried under reduced

coRfRssUE i3OI scpl3bR ai i an AtaInsRherep 226 e oRtaNed 11 was
nonvolatile component was less than 0.1 mg. [COMPARATIVE
wedriMPE B BBhAk55) -odsactiarad estdel and stirred for one hour in an
atmosphere of 23°C. The obtained slurry was filtered with membrane filter of
Teflon (registered mark) having 3um pore diameter. The 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.
[COMPARATIVE EXAMPLE 13]
[0155]

- 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 providéd 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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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 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
oxYRettRVAVIR BTARR obesirted: filraes wads fribdeouibl. Poak dereedfeorbagdls of
oxymethylene group was confirmed at 3.2 to 3.7 ppm. Note that basis of

chemapaical i aratn e praricieamtiysiane. [COMPARATIVE
EXAMPLE 14] [0156] - Homo-Polymerization of Propylene Except for

. f.soli after contact treatment prepared in the
[cUsna a0k e pheelitbsiance

ove comparative examp as catalyst, the same polymerization was
performed as in example 18. The obtained polymer was 144.5 g of
[ 1s@factic 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, (al)=2.84 dl/g, bulk density was 0.32 g/cm3 and coarse particle
- HonwuRelyasemze innooNStentkargdherence was observed in the
autoclave, [COMPARATIVE EXAMPLE 15]

Except for using 408 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 99.7
kg-PP/mmol-Zr-hr. As a result of polymer analysis, MFR=0.69 g/10 minutes,
(n)=2.84 dl/g, bulk density was 0.32 g/cm® 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
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,

(1)=2.30 dl/g, bulk density was 0.51 g/cm® and coarse particle amount was
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[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 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, (al)=2.30 dl/g, bulk density was 0.51 g/cm3 and coarse particle
0.0aFiBlante4e thatoshighdeadierecmer stighohareredceibe ebseddbiniteling
autoclave. Foullng was not co letely improved, while polymerization
W ag Tty GRS KAGAYe T BEOS A Br ateli N DB T RTMA ARP (GBI | Pes(Gesetely
According to the invention, olefin polymer having an excellent particulate
etRBIPIRfShy can be produced with good efficiency without the concern of
causing fouling. Particularly, the invention shows profound effect on
tWkN thg-a low melting point which tended to cause
IN%EV'%@% w%%@%%ufacture with good efficiency. 82 CLAIMS
1. A solid catalyst (K) for olefin polymerization characterized by
[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.



meeting the following requirements [1] and [2] simultaneously: [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 eluted into the
acetonitrile comprises compound having a molecular skeleton represented
by the following general formula [I] wherein R is a hydrogen atom or an
alkyl group having 1to 12 carbon atoms.-CH2-CH-0-__ - - [} R
2. The solid catalyst (K) for olefif-pelfierization as set forth in claim 1,
characterized by meeting the following requirement [3]: [3] after contacting

h d fil f d
L Donvolatie c%ﬁé'é‘ne SER RS i D S
mef% r%g%%ﬁ %gﬂ% i »ane Sl e%%tsabi‘cl déan&r]oleﬂnﬁ Eua/me ization as set

nc a|m re-polymerize h‘One or more olefm selected
from ethylene and : olefln having 3 to 8 carbon atoms. 83 4. A

polymétizatiossnéthad wbene B0 mere mRABRMEE (W) SaleeEdnO@ fferential
ethylene and a-olefm having 3 to 12 carbon atoms, using the solid

theatalyshatnsefciortimth any one of claims 1 to 3, and optionally, in the

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

group having 1 to 12 carbon atoms.

— CH,—CH —0 — . [1]
R
2. The solid catalyst (K) for olefin polymerization 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.

3. A solid catalyst (K) for olefin polymerization, characterized in that
the solid catalyst (K) for olefin polymerization as set forth in claim 1 or 2 is
pre-polymerized with one or more olefin selected from ethylene and a-olefin

having 3 to 8 carbon atoms.
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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-olefin having 3 to 10 carbon atoms. 7.
Olefin polymer particle produced by the method as set forth in claim 5. 8.
4. Olefin pOIyPREFPaFiRIS produettbBy A eonfetho disr setfonimiercldith 6elcted
The Olefin polymer particle as set forth in claim 7, wherein the particle
frogantshadeso ad oo ldisodeviagedtityy dRitqubpdeave sronsipophlerralid
and 0 to 50 mole% of repeating unit (U2) derived from one or more olefin
catgdeshedSiroth deniiens Y aosiefipf hebdigu fo o Bamioh airesally, Tie the
Olefin polymer particle as set forth in claim 8, wherein the particle
Pr%%ﬁﬂﬁﬁéﬁéi%}amw%%lar%ﬁ%nw @ Fraenvklingrmriglic table.

ethylene and 0 to 50 mole% of repeating unit (U4) derived from one or

5. more olgiip, splacted oM aroglinhauings3 R AG&APoN aI9MS: 87 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.

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

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