Description [Title] Solid Polymethylaluminoxane Composition and Method for Manufacturing Same
[Cross-reference to related patent application] [0001]  The present application claims priority under
Japanese Patent Application 2008-289211, filed on November 11, 2008, the entire contents of which
are hereby incorporated by reference. [Technical Field] [0002] The present invention relates to a
solid polymethylaluminoxane composition employed in the polymerization of olefins, to a method for
manufacturing the same, to a polymerization catalyst employing the solid polymethylaluminoxane
composition as a catalytic component, and to a method for manufacturing the same. [Background Art]
[0003] Polyaluminoxane compositions in sERRRIIPHAR condensation products generally prepared by
partial hydrolysis of organic aluminum compounds. They are known to be useful as promoter

catalysts LR NS SR LB TRt HARLREHETR which

trimethylaluf¥@nign is employed as a starting material organic aluminum compound are widely known

to exhibit pf{ﬁi‘&é@ﬂ&@%@%@éiﬂ%ﬁﬁélﬂ@ [ggﬁoﬂ']hese compositions can usually be handled in

solution form when dissolved in an aromatic hydrocarbon solvent such as toluene (see Patent
Referencesl9486 and the like). [0004] Polymethylaluminoxane compositions exhibit good
promoter's perfornTdyecpradenteyeslithtipmutatospaitrihaontze lapasiese iRatdnhpplication

po'ymethy'%ﬂé%@é‘ﬁ?%@Q%%‘NBJ%:HE&PW o8, TRQ’SHEY&“&%BH{Qao@’vﬁ%ﬂyaﬁlesuCh asa
metallocene compound, and the morphology of the polymer

hereby incorporated by reference.

[Technical Field]

f0002]

The present invention relates to a solid polymethylaluminoxane
composition employed in the polymerization of olefins, to a method for
manufacturing the same, to a polymerization catalyst employing the solid
polymethylaluminoxane composition as a catalytic component, and to a method
for manufacturing the same.

[Background Art]
[0003]

Polyaluminoxane compositions in solution are condensation products
generally prepared by partial hydrolysis of organic aluminum compounds. They
are known to be useful as promoter (co-catalytic) components that efficiently
activate transition metal compounds serving as primary catalysts in the
manufacturing of olefin polymers. Polymethylaluminoxane compositions in which
trimethylaluminum is employed as a starting material organic aluminum
compound are widely known to exhibit particularly good performance as
promoters. These compositions can usually be handled in solution form when
dissolved in an aromatic hydrocarbon solvent such as toluene (see Patent
References 1 to 6 and the like).

[0004]

Polymethylaluminoxane compositions exhibit good promoter’s
performance. However, they are normally handled in a state in which a
polymethylaluminoxane composition is dissolved in a solvent with a primary
catalyst such as a metallocene compound, and the morphology of the polymer



produced cannot be controlled. Thus, not only does handling of the polymer become difficult, but there
is a problem in that fouling due to adhesion of the polymer to the polymerization reaction vessel or the
like is highly prone to occur. [0005] To solve these problems, a method of applying a supported
solid polymethylaluminoxane composition, in which a polymethylaluminoxane composition is
supported on a solid inorganic support such as silica, alumina, or magnesium chloride, to suspension
polymerization or vapor phase polymerization has been proposed. Among solid inorganic supports,
silica with a controlled quantity of surface hydroxyl groups is the most widely employed, and there are

quite a few BregHpRcaNaRkPRispNGAlRAnthds avealy deeParsdlirerfthecpelymeri1, 17, and the

like). [0006ecdrhe aiﬁ@ﬁyﬁm&éﬁé?%mém iR that Relims taBddsaliReyBiFfHBPromise the
performance fthec?(gl mer. Further, soli oi%meth lalumino nelgl%rigﬁfsmons in which such a

support is SRNBEIAIBKRONMES B2 AN " ovREsELalIa R YRENE IR A Uity in

homogened(8@Elymerization. Accordingly, to solve these problems, the development of a solid

polymethylaluminexapg ¢ RResit 851'@%9%%Wwf%gpyﬁglgwgﬁ@éﬁﬁgﬁﬂrﬁ%%i zj|El)r(])leymerization

while retainingig(the advantages of a promoter in the form Bo t

compositioP AYESIAURINEXaRRESEINEBEPN. INAFRAPRNBYBKRINMINOX3 M tain a solid
polymethylajumpusitioieis ampositeah onithgatidsiggasiiduprppsusncisasiitntsahfipdah eroove.
Generally, pti repare a salid polymethylaluminoxane composition, the method of
reacting some d%%ﬁ/@évwﬁrégﬁzﬁds H(S)R/errr]‘g{ QIQ%J%H%%?& %8rrn\f)ac‘fljs?ﬁ(§1hﬁssgdopted (see Patent
ReferencesPpiyoergalirnthasikepHowposedn suengraaiidiongrnie sonpgristeilisaivétbaid material

based on alpirsiiednaRtiglf RarRURarSRARo I s BRBH SR UARAHRASRLRgference 2:

JP-A-S60(1985)-35005, Patent Reference 3: JP-A-562(1987)-234009
( t%er are quite a%gw examples of emengon(to t?‘le)lngustnal level (see Patent

References 7 to 11, 17, and the like).
[0006]

The silica support tends to remain in the polymer and is known to
compromise the performance of the polymer. Further, solid
polymethylaluminoxane compositions in which such a support is employed are
known to exhibit much lower activity than the polymerization activity in
homogeneous polymerization. Accordingly, to solve these problems, the
development of a solid polymethylaluminoxane composition having high activity
rivaling that of homogeneous polymerization while retaining the advantages of a
promoter in the form of a solid polymethylaluminoxane composition has been
eagerly awaited.

[0007]

Attempts have been made to obtain a solid polymethylaluminoxane
composition without using a solid support such as that set forth above. Generally,
when attempting to prepare a solid polymethylaluminoxane composition, the
method of reacting some additive with a liquid polymethylaluminoxane
composition is adopted (see Patent References 12 to 16 and the like). However,
in such methods, the recovery rate of the solid material based on aluminum is not
high.

Patent Reference 1: JP-A-S58(1983)-19309
Patent Reference 2: JP-A-S60(1985)-35005
Patent Reference 3: JP-A-S62(1987)-234009



Patent Reference 4: JP-A-S63(1988)-234009 Patent Reference 5: JP-A-S64(1989)-66214 Patent
Reference 6: JP-A-H01(1989)-207355 Patent Reference 7: JP-A-560(1 985)-260602 Patent
Reference 8: JP-A-S63(1988)-89506 Patent Reference 9: JP-A-S63(1988)-178108 Patent Reference
10: JP-A-H01(1989)-315407 Patent Reference 11: JP-A-H02(1990)-22308 Patent Reference 12:
JP-A-2000-95810 Patent Reference 13: JP-A-H08(1996)-319309 Patent Reference 14:
JP-A-HO07(1995)-300486 Patent Reference 15: JP-A-H07(1995)-70144 Patent Reference 16:
JP-A-HO07(1995)-42301 Patent Reference 17: JP-A-2000-505785 (W097/23288) The disclosures of
Patent RefdteteidReterancerd o) 82 (188@otatiPBerein by reference in their entirety. [Summary

of the Inventigiaifisehieanda Be Polebhy tepjmssmion] [0008] It is better to avoid the addition of

a third component to obtain a soli lymet 5#% ' ne composition because there are cases in

which it cads ?Btrgﬁ S o 1'5%%&55 1 rES]gé%?(jzlations of polymers. Based on such

consideratidtate nidRiefere nde Btal Rifg 3689 18§Eha6@adAaluminoxane composition by adding just a

solvent of Iiﬁl&&w]@e?&laHggyst.o‘]p_lmgg%qb@g ] B%jgminoxane composition have been proposed.
0

Patent References 12 and 16 propose meth of adding n-hexane or n-decane at room temperature

to a toluend SSRMEFEHRE S A 88&Hd @M ¥8osition to cause precipitation of a solid
polymethyldhgtaitaxeferer@a 10siliP /i MO (He8IpaB40J the solvent with a vacuum pump to increase

the amountﬁ)aftgh?céoei];gfieonnde[qq(:)% Tﬂ%ﬁ%{g@gﬁ&%@w in Patent References 12 and 16 give the

yields and average particle diameters methylaluminoxane compositions that

precipitate, Batepidirieraoeaia: dEtA2 0810 morphology. [0010]  When preparing an olefin
{aholymer t;]y Fg@mfw1glyp:gﬂyfﬁmmxmwnp(_)t_Sition wittrll a tf;anf,itit?ln metal (i_omp?t:rr]ld,

e morphology o soli / ylalumjnoxan osition greatly affects the properties of the
olefin poIyﬁ%ﬂ&?ﬁfgﬁﬁiilggﬁz?gvd&%%gw ylaluminoxane compositions are
microparticléatemiRéferemre UbifdrAthOparEgE-datddter, the more uniform the particles of the olefin
polymer tha}ié?ewteﬁ@f&%n\@@%:iﬁlg-%i%ﬁﬁﬁrﬂ%hgﬁe diameters of the solid

polymethylaluminoxane compaositions described’in the embodiments of Patent Reference 12 are 210
to 350 pm, BAEIHRSRIRNCS!hindRrd-PRLRARSAYNRIT{ZRBEFhoxane compositions described in

Patent ReferpaciistfosiecddiPaleniRdfeatitds thest7naie eixiatarsincasotperdRaCHBESIA is unclear as
to how it mi hte elpossible toég)re are a solid polymethylaluminoxane composition with a particle

diameter of 30 pm oF gslg, tgr?' fee egbription in the embodiments is unclear as to the degree of

homogeneifpwmpagticief #ienherentieshe solid polymethylaluminoxane compositions.
[Problem to Be Solved by the Invention]
[0008]

It is better to avoid the addition of a third Component to obtain a solid
polymethylaluminoxane composition because there are cases in which it causes
problems such as toxicity in some applications of polymers. Based on such
considerations, methods of obtaining a solid polymethylaluminoxane composition
by adding just a solvent of little or no solubility to a liquid polymethylaluminoxane
composition have been proposed. Patent References 12 and 16 propose
methods of adding n-hexane or n-decane at room temperature to a toluene
solution of a polymethylaluminoxane composition to cause precipitation of a solid
polymethylaluminoxane composition, and then removing the solvent with a
vacuum pump to increase the amount of precipitation.

[0009]

The methods described in Patent References 12 and 16 give the yields
and average particie diameters of the solid polymethylaluminoxane compositions
that precipitate, but provide no other details relating to morphology.



[0011] Solid polymethylaluminoxane compositions generally also present a problem in the form of
lower polymerization activity than liquid polymethylaluminoxane compositions. Further, as regards the
yields of solid polymethylaluminoxane compositions, the entire quantity of polymethylaluminoxane
contained in a liquid polymethylaluminoxane composition is not recovered as a solid
polymethylaluminoxane composition. The lower the yield, the higher the cost. In the course of
obtaining a solid polymethylaluminoxane composition as is done by the methods described in Patent
References 12 and 16, the method of removing a large quantity of solvent from the liquid
polymethyldfdhfoxane composition by means of a vacuum pump can be implemented without any

particular problemmbW?{@é)é}qﬁbo% Ig@jn_lag}?/m@rrbgmﬁm@g ghliplementation on a commercial
[

scale revealsm% s%bl of scattering trimethyJaluminum, which is never solid, and
volymethy MBI AE P R-RRE AR EPE AN TBRR e A TE Rl SpRBeLn g thE presents
numerous prosoipof the peiidnnd;imﬂfylmhﬂnmnmemmmsjttbisg‘gnmlwaﬁimmﬁt'ezal. [0012]
Accordinglys ic-pHARIBTHE B RPN BEPIERFERINAN IS R POyde a solid

polymethylaluminoxane composition ‘comprise atively minute ‘particles -- with, for example, a

median diaRREPSYEIBRINSTaRR SaMRESiens aramierepartisles. gnd themera ifarfore uniform

particle diathei@anidieaiiaeBeip g racelighidprotis pelitikiesi i aney sldhi pempeoreittisA further
problem to be solved is hgw to, provide asolid polymethylaluminoxane cqomposition that is comprised
not just of rgfgg\géﬁl I‘nvlvﬁl'llﬂ?% E)Sa(r:'I |(§'erz%% 'r?@r% %aﬁ'ﬁﬂﬁl%%'ﬁ%%%i%m?eﬁ?ﬁ%t which also has high
polymerizasiymginyaluringrapacanprsitions descsbad dndbe/embadjmentstpfrRatend that of liquid
polymethytsaiemeans2campagiigsdQit Shnd thelBERRICHRISEIQ BeRelwefidy the present

invention is to provide a method in which the yield of polymethylalumingoxane composition is high in
the prepardRRNTBELATORXAER SORPRRIILR G SasHRES R G RRIRIENGE )M MR, i noxane
compositior,7aymeh tFlduad 6 SMihiesss pare th eefamalsy tise luest fiptiore Ensnadeayasutorhgwiibp from the
liquid poly H}:‘%ﬁﬁ itign.. j 0 . by the
present in\?ﬁw@g{ﬁg rﬁow {o %?gﬁcﬁ%ﬂg%]téﬁgﬂﬁgﬁ gg(?oe s#tbeﬂi/r@g%ﬁ%a%m&?ﬁ@ﬁ%sgmaI efficiency

a quality ol®fftiss /MR atengitRl HRbOE leshd sl Hr AsasiRtirbikine MRS’ a transition
metal compgigai e o shef deplrdecofieotiedieris) alidiecpiprast sTRatEYNdS as set forth below.
1] polymethylaluminoxane compositions.

[0011]

Solid polymethylaluminoxane compositions generally also present a
problem in the form of lower polymerization activity than liquid
polymethylaluminoxane compositions. Further, as regards the yields of solid
polymethylaluminoxane compositions, the entire quantity of
polymethylaluminoxane contained in a liquid polymethylaluminoxane composition
is not recovered as a solid polymethylaluminoxane composition. The lower the
yield, the higher the cost. In the course of obtaining a solid
polymethylaluminoxane composition as is done by the methods described in
Patent References 12 and 16, the method of removing a large quantity of solvent
from the liquid polymethylaluminoxane composition by means of a vacuum pump
can be implemented without any particular problems at the laboratory level.
However, consideration of implementation on a commercial scale reveals the
possibility of scattering trimethylaluminum, which is never solid, and
polymethylaluminoxane to the vacuum pump side. Not only is this dangerous, but
it presents numerous problems from the perspective of productivity, rendering

this formula impractical.



A solid polymethylaluminoxane composition wherein: (i) the aluminum content falls within a range of
36 mass% to 41 mass%,; (ii) the mole fraction of methyl groups derived from the trimethylaluminum
component relative to the total number of moles of methyl groups is 12 mol% or lower. [2] The
composition according to [1], having a particulate form with a volume-based median diameter falling
within a range of 5 to 50 pm. [31 The composition according to [1] or [2], having a solubility in _
n-hexane at 25C of 0 to 2 mol%, and having a solubility in toluene at 25C of 0 to 2 mol%. [4] The
composition according to any one of [1] to [3], wherein the homogeneity denoted by the following
equation is [0@%2r lower: Homogeneity =E(SIGMA)Xild(0.5)-Dil/d(0.5) E(SIGMA)Xi (wherein Xi

denotes the histogiagbrdiug (grgignl, HPekarRatey the pragkmi Miasmalsi Rased on volume, and
Di denotes the diameter has d on volume of particle i The compositi ccordlng to any one of
o [4] hﬁﬁﬂﬂ&%@eﬂa m&fa?i@“% R A e SRS PLIAEN. (6] The
compositionrasute giaditbeany witk, 6bf Exeniple campediarydiametettbdakdronosadmme dalliriging the unit
denoted by\ﬁﬁﬁﬂﬁ' Fé’ﬁﬁ&’lﬁ g)t!?@@\ﬁrﬁrlg éH@ﬁW@W&f@hnimrm particle diameter,
without employing a solid support such as silica or a third component. A further
problem to be solved is how to provide a solid polymethylaluminoxane
composition that is comprised not just of relatively minute particles of more
uniform particle diameter, but which also has high polymerization activity when
preparing olefin polymers, desirably having activity rivaling that of liquid
polymethylaluminoxane compositions.
[0013]
A further problem to be solved by the present invention is to provide a
method in which the yield of polymethylaluminoxane composition is high in the
preparation of a solid polymethylaluminoxane composition from a liquid
polymethylaluminoxane composition, and that does not require the removal of
solvent by means of a vacuum pump from the liguid polymethylaluminoxane
composition.
[0014]
A still further problem to be solved by the present invention is how to
provide a method for inexpensively manufacturing with industrial efficiency a
quality olefin polymer using the above solid polymethylaluminoxane composition
and a transition metal compound.
[Means of Solving the Problems]
[0015]
The present invention is as set forth below.
1]
A solid polymethylaluminoxane composition wherein:
(i) the aluminum content falls within a range of 36 mass% to 41 mass%;
(i) the mole fraction of methyl groups derived from the trimethylaluminum
component relative to the total number of moles of methyl groups is 12 mol% or
lower.

[2]



-[((Me)A10],..(l) (wherein n denotes an integer of from 10 to 50). [7] The composition according to any
one of [1] to [6], containing no Si02. [8] A method for manufacturing the solid polymethylaluminoxane
composition described in any one of [1] to [7], comprising the step of: (a) heating an aromatic
hydrocarbon solution containing polymethylaluminoxane containing the unit denoted by general
formula (II) below and trimethylaluminum (referred to as the "polymethylaluminoxane composition in
solution" hereinafter) to precipitate a solid polymethylaluminoxane composition containing
polymethylaluminoxane and trimethylaluminum: -[(Me)A10]-(ll) (wherein n denotes an integer of from

1 to 50). [o]Thecompasitanrepaiding dodddohavigaaBarisidatefere vithraamiaiarhrsstine

compositiop{adkatHiter @IWQiﬁ@jﬁﬁ@égmq[%sngﬁﬁs of a mole fraction of methyl groups
derived fro fhe trimethylaluminum component relative to the total number of moles of methyl groups.

[10]
The composition according to [1] or [2], having a solubility in n-hexane at 25°C of

0 to 2 mol%, and having a solubility in toluene at 25°C of 0 to 2 mol%.

[4]

The composition according to any one of [1] to [3], wherein the homogeneity
denoted by the following equation is 0.45 or lower:

Homogeneity =Z(SIGMA)Xi|d(0.5)-Di}/d(0.5) Z(SIGMA)Xi

(wherein Xi denotes the histogram value of a particle i, d(0.5) denotes the median
diameter based on volume, and Di denotes the diameter based on volume of
particle i).

[5]

The composition according to any one of [1] to [4], having a specific surface area
falling within a range of 10 to 25 m*mmol-Al.

[6]

The composition according to any one of [1] to [5], comprising
polymethylaluminoxane containing the unit denoted by general formula (I} below
and trimethylaluminum:

-[(Me)AIO]- (1)

(wherein n denotes an integer of from 10 to 50).

[7]

The composition according to any one of [1] to [6], containing no SiQ,.

[8]

A method for manufacturing the solid polymethylaluminoxane composition
described in any one of [1] to [7], comprising the step of;

(a) heating an aromatic hydrocarbon solution containing
polymethylaluminoxane containing the unit denoted by general formula (1) below
and trimethylaluminum (referred to as the "polymethylaluminoxane composition
in solution" hereinafter) to precipitate a solid polymethylaluminoxane composition
containing polymethylaluminoxane and trimethylaluminum:

-[(Me)AIO],- (1
(wherein n denotes an integer of from 1 to 50).



The manufacturing method according to [8] or [9], wherein in step (a), a heating temperature and a
heating time suited to precipitating the solid polymethylaluminoxane composition are selected from: (i)
a heating temperature ranging from 80 to 200C; and (ii) a heating time of 5 minutes or more but less
than 24 hours. [11] The manufacturing method according to any one of [8] to [10], wherein the
polymethylaluminoxane composition in solution that is employed as a starting material in step (a) is
obtained by thermally decomposing an alkylaluminum compound having an aluminum-oxygen-carbon
bond. [12] The manufacturing method according to [11], wherein the alkyl aluminum compound having
an aluminuf®loxygen-carbon bond is prepared by reacting trimethylaluminum and an

oxygen- Conﬁélﬁﬁﬁﬁwlﬁﬁ@mmg a{é&}aﬂiliﬁgf{@ faﬂ%rﬂ@iatmstbeb%@i@ﬁwnﬁﬁm&%a]adgherem th?
oxygen-containi anic ¢ ound i atic carboxylic.acid denoted by genera
formula (Il)° ?&‘Ft%@'g F%e‘?@ﬁ{ i?&?@rb ﬁ&} gg]d?ﬂ?jlf FoESHPHRTHR of a Cl'to C20
linear or brdresttied Mgbﬂgrmhlpsmgvedﬁrmndm gMﬂaMMmamm@nﬁagmaimto 5). [14]
An olefin pqymg%%q{h%g[.yéf mlgm%tﬁléysmnponents in the form of the solid

polymethylaluminoxane composition according’to any one of [1] to [7] and a transition metal
compound oted by general formula (IV) below:
The manufacturing method according to [8] or [9], wherein in step (a), a heating

temperature and a heating time suited to precipitating the solid
polymethylaluminoxane composition are selected from:
(i) a heating temperature ranging from 80 to 200°C; and
(ii) a heating time of 5 minutes or more but less than 24 hours.
[11]
The manufacturing method according to any one of [8] to [10], wherein the
polymethylaluminoxane composition in solution that is employed as a starting
material in step (a) is obtained by thermally decomposing an alkylaluminum
compound having an aluminum-oxygen-carbon bond.
[12]
The manufacturing method according to [11], wherein the alkyl aluminum
compound having an aluminum-oxygen-carbon bond is prepared by reacting
trimethylaluminum and an oxygen-containing organic compound.
[13]
The manufacturing method according to [12], wherein the oxygen-containing
organic compound is the aliphatic or aromatic carboxylic acid denoted by general
formuta (1)
R'-(COOH), . (I
(wherein R' denotes a hydrocarbon group in the form of a C1 to C20 finear or
branched alkyl group, alkenyl group, or aryl group, and n denotes an integer of 1
to 5).
[14]
An olefin polymerization catalyst containing catalytic components in the form of
the solid polymethylaluminoxane composition according to any one of [1] to [7]
and a transition metal compound denoted by general formula (V) below:
MR°R°RR® (IV)



MR5R6FeR8(IV) (wherein M denotes a transition metal element, and R5, R6, R7, and R8, which are
joined together, denote organic groups having a cycloalkadienyl skeleton, alkyl groups, alkoxy groups,
aryloxy groups, alkylsilyl groups, alkylamide groups, alkylimide groups, alkylamino groups, alkylimino
groups, or halogen atoms). [15] A method for manufacturing a polyolefin, comprising polymerizing an
olefin using the catalyst according to [14]. [Effect of the Invention] [0016]  The present invention
provides a solid polymethylaluminoxane compound in the form of relatively minute particles of uniform
particle size, extremely simply and at high yield. The solid polymethg/laluminoxane composition of the

present invéwhereixMotenstes mignsighpoietabalementasndif WRER aneyBE e arerization as
a promOter-j&HEB@@%é?mﬁeﬁ@ﬁ‘d%lé'Hmlﬁ&(ﬁﬁﬁiﬁﬁ@Q‘}%iggﬂ(é’éi%%ﬁéﬁibm\ﬁk‘ﬁon has
extremely low solubility in solvents, and thus markeglﬁl SM:) resses é%%?éic’f the reaction vessel when
employed i@%?ﬁ@r‘i%%ﬁf%ﬁiﬁéyla%glgmgpﬁfﬁ & 55?&’8% A8 $Hi2¢RSescription of
Drawings] [aki/fihiidg gtdudps Haldiinbhaug roilips allylirtipz groupsx an dzloggroatitomsin solution

obtained bzgq%% on the present invention. [Fig. 2] Results of particle size distribution evaluation by a
Master Sizer 2000 Hydro S of the dried solid poI}[methylaluminoxane composition obtained in

Embodimerft MethgdSprmanudastying APeo'ainiaipiieng RymeNzinyasaledr Beingoo Hydro S
of the solid pelyaktiysladdaurdNgne crinposition in solution obtained in Embodiment 1-2 following

heating for féﬁ%%isdf the Invention]
[0016]

The present invention provides a solid polymethylaluminoxane compound
in the form of relatively minute particles of uniform particle size, extremely simply
and at high yield. The solid polymethylaluminoxane composition of the present
invention exhibits extremely high polymerization activity when employed in
polymerization as a promoter. Further, the solid polymethylaluminoxane
composition of the present invention has extremely low solubility in solvents, and
thus markedly suppresses fouling of the reaction vessel when employed in
polymerization, yielding a polymer of uniform particle diameter.

[Brief Description of Drawings]

[0017]

[Fig. 11 A "H-NMR chart of a polymethylaluminoxane composition in solution
obtained based on the present invention.

[Fig. 2] Results of particle size distribution evaluation by a Master Sizer 2000
Hydro S of the dried solid polymethylaluminoxane composition obtained in
Embodiment 1.

[Fig. 3] Results of particle size distribution evaluation by a Master Sizer 2000
Hydro S of the solid polymethylaluminoxane composition in solution obtained in
Embodiment 1-2 following heating for 4 hours.

[Fig. 4] Resulis of particle size distribution evaluation by a Master Sizer 2000
Hydro S of the solid polymethylaluminoxane composition in solution obtained in
Embodiment 1-2 following heating for 8 hours.

[Fig. 5] Results of particle size distribution evaluation by a Master Sizer 2000
Hydro S of the dried solid polymethylaluminoxane composition obtained in
Embodiment 3.



[Fig. 4] Results of particle size distribution evaluation by a Master Sizer 2000 Hydro S of the solid
polymethylaluminoxane composition in solution obtained in Embodiment 1-2 following heating for 8
hours. [Fig. 5] Results of particle size distribution evaluation by a Master Sizer 2000 Hydro S of the
dried solid polymethylaluminoxane composition obtained in Embodiment 3. [Fig. 6] Results showing
the effect of heating time on the precipitation rate of the solid methylaluminoxane composition
obtained in Embodiment 10. [Fig. 7] Results of particle size distribution evaluation by a Master Sizer
2000 Hydro S of the dried, solid polymethylaluminoxane composition obtained in Embodiment 11. [Fig.

8] An electrifiign@}rBesaiie simadogapl Stk pbheating finsodmibengtetipitaixm nate ofribesition
obtained in&ﬂﬂ’H‘Rﬂfﬁ\?@Lﬁ'ﬁ%ﬁépﬂﬂﬁ)ﬁﬁ%ﬂéﬂé&qﬂ@ﬁlﬁ%rﬁbﬁiI?U:[ion evaluation by a Master

i
Sizer 2000 Hydro S of the dried, solid polymethylaluminoxane composition gbtained in Comparative

Example 6.1figy. A dieeutisief appicscize distitinnisvalvalidnbh d)asirist# 252809000 Hydro S of
the dried, sefidioly ity kiten) soldnsobenaegitiumiidaineddortositeratbtaimeanimple 8. [Fig. 11]
Results of 'l%%ﬁlge%{ijﬁtribution evaluation by a Master Sizer 2000 Hydro S of the undried, solid
polymethylaluminoxane composition obtained in Comparative Example 8. [Fig. 12] Results of particle
size distribfiigh 8l/AN&iRFien Migtseersotog@plyXbefHbeiseld solid polymethylaluminoxane

compositioneitaLtAYI HaRRMRAR EerRyestiiA Sottinse ot empaiaave Examprrantion] [0018] [The
S P A LGS 3P SR St BSen d PRLAREH P RLRR2PL R GPARRRon of he
present inv€ntort:

Hydro S of the dried, solid polymethylaluminoxane composition obtained in

Comparative Example 6.

[Fig. 10] Results of particle size distribution evaluation by a Master Sizer 2000

Hydro S of the dried, solid polymethylaluminoxane composition obtained in

Comparative Example 8.

[Fig. 11] Results of particle size distribution evaluation by a Master Sizer 2000

Hydro S of the undried, solid polymethylaluminoxane composition obfained in

Comparative Example 8.

[Fig. 12] Results of particle size distribution evaluation by a Master Sizer 2000

Hydro S of the dried, solid polymethylaluminoxane composition obtained in

Comparative Example 9.

[Modes of Carrying Out the Invention]

[0018]

[The solid polymethylaluminoxane composition]

In the solid polymethylaluminoxane composition of the present invention:
(i) the aluminum content falls within a range of 36 mass% to 41 mass%,

(i) the mole fraction of methyl groups derived from the trimethylaluminum
component relative to the total number of moles of methyl groups is 12 mol% or
lower.

[0019]

The solid polymethylaluminoxane composition of the present invention
contains polymethylaluminoxane and frimethylaluminum. The state of
coexistence of the polymethylaluminoxane and trimethylaluminum is not
necessarily clear, but the polymethylaiuminoxane and trimethylaluminum are



() the aluminum content falls within a range of 36 mass% to 41 mass%; (ii) the mole fraction of
methyl groups derived from the trimethylaluminum component relative to the total number of moles of
methyl groups is 12 mol% or lower. [0019] The solid polymethylaluminoxane composition of the
present invention contains polymethylaluminoxane and trimethylaluminum. The state of coexistence of
the polymethylaluminoxane and trimethylaluminum is not necessarily clear, but the
polymethylaluminoxane and trimethylaluminum are incorporated in a compositional ratio and state of
presence satisfying (i) and (ii) above. [0020] The polymethylaluminoxane can contain the unit
denoted byipeereeiaedinia copersitiofaheiia and gliale1eé Riese s sadisiinthid gndofifrom 10 to 50).
[0021] Hegwirase "contains the unit denoted by general formula (I)" means that it contains
polymethyli&gg oxane in which n denotes a single number falling within the above range (n being a
specified in or contains multiple polymethylaluminoxanes of multiple types (n denoting multiple
different integers) Thegodymethyldiemtitesxanertegeocotdio thebonit dexalesktby genefahe
polymethylc’w’lmmg %igvyge polymethylaluminoxane composition in solution serving as the starting

material of the solid polymethylaluminoxane composition is 10 to 50. In the literature, it is recorded
that disproportionaﬁﬁ l’ﬁ"f%'polymethylalun“?mxane chains in the polymethylaluminoxane

compositiomn@@minrdgﬁ@tbﬁwgrpmgetmﬂabmit@x@rsephain and the trimethylaluminum causes
change in tﬂ% gth of the polymethylaluminoxane chain. Trimethylaluminum is produced when there
is disproportionation of the polymethylaluminoxane chains, and trimethylaluminum is consumed when

there is disproporildwafibrase tlsenpaips thawait deneieth by aaresaidaraulaBirprans ihatit However,

1H-NMR ”_‘é‘é\%'iﬁwﬁal%%lﬁVﬁﬁﬁnmﬁ?(ﬂge-ﬁﬁ'ﬁlﬂérﬁﬁ'%ﬂ%’ﬁb@éb@%ﬁ@ié ﬁ@lﬁg@tﬁﬁﬁl@lminoxane before
washing with_solvent revealed no Eﬁg{\éunced ch%%f i|n the content of trlmﬁfgﬁilalummum. On that

basis, the MR &h a9 2 F5hRe BIRORIA PR FANRAPS RAKERS mposition was
thought to Ipelgpretiwialateineqneslennialtipertydatén denoting multiple different integers).

The reason n denotes an integer of 10 to 50 is because the n of the
polymethylaluminoxane in the polymethylaluminoxane composition in solution
serving as the starting material of the solid polymethylaluminoxane composition
is 10 to 50. In the literature, it is recorded that disproportionation of the
polymethylaluminoxane chains in the polymethylaluminoxane compeosition in
solution or of the polymethylaluminoxane chain and the trimethylaluminum
causes change in the length of the polymethylaluminoxane chain.
Trimethylaluminum is produced when there is disproportionation of the
polymethylaluminoxane chains, and trimethylaluminum is consumed when there
is disproportionation of the polymethylaluminoxane chain and the
trimethylaluminum. However, "H-NMR measurement conducted with dg-THF as
solvent on the solid polymethylaluminoxane before washing with solvent revealed
no pronounced change in the content of trimethylaluminum. On that basis, the n
of the polymethylaluminoxane in the solid polymethylaluminoxane composition
was thought to be approximately equivalent to the n of the
polymethylaluminoxane composition in solution that was used as a starting
material. In the present invention, so long as the polymethylaluminoxane contains
the above unit, it can be of a linear, cyclic, or branched structure.
[0022]

When the polymethylaluminoxane is of a cyclic structure, the theoretical
quantity of the aluminum content is about 46 to 47 mass% and the theoretical
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polymethylaluminoxane composition in solution that was used as a starting material. In the present
invention, so long as the polymethylaluminoxane contains the above unit, it can be of a linear, cyclic,
or branched structure. [0022] When the polymethylaluminoxane is of a cyclic structure, the
theoretical quantity of the aluminum content is about 46 to 47 mass% and the theoretical quantity of
the aluminum content of the trimethylaluminum is about 38 mass%. That is, when the aluminum
content of the solid polymethylaluminoxane composition exceeds 46 mass%, the solid
polymethylaluminoxane composition is thought to be comprised of just polymethylaluminoxane of a

cyclic strucikentityrehtive stuibinameernignihahine tionedhyrekieningmn id/rRcisEurassio.impurities
such as solygak k_?-.?,i%éﬁ'ﬂ‘i@i%W&ﬁ%@ﬁ&ﬁ'ﬁmﬁgw&léWiﬁl@ﬁﬂﬂgﬁ%@s”uCture’ the _
theoretical %uantlt .of the alunélﬁngén contgéét ?k%?e ds on the pnumber.n in ?l%.rrlﬁeral formula, (1), but is
smaller thai i ARRPFLICR SHARESR AR RESA et ) PR DR AR FREIRRR 8B position of
the presentiimuagtticio berdampsevoéjhgtagommetteted wohintirene siractyciasituctiardyramtbhed
structure in iti | lic Stk | ifies:s1ch as residual
solvent are e@ﬁ%ﬁ%@%ﬁﬁ%ﬁﬁ%ﬂ%ﬁﬂﬁﬁﬁ%ﬁ@ﬁn@e@gI g%%gﬁ?/ﬁa_ mllrﬁl)ézgane composition
of the preséiMGh@sRIMeaEhAMgAaRtBINEY. Mam%aﬂwaaﬁt{m@ﬁammmsraﬁgém%m 36

mass% to 4kronaardothenthédisticaleakiimitpwhtherirmitDe yestentttepetasobiriethylaluminum that
is present; and éhe W her the ?Iyminl.fm ﬁ:BEﬁm’ the \evl\_/ﬁi tn%reorpgftjaon of.trimethylaluminum present
er har

tends to be.an gf r?gee':[%e%{ur%%t(l contentia in‘arange 0736 riAseon 1641 mass%, the

solid polymégidiionalinotensolidrapbsnashyiels pinpsanesconipostignsd herpersemeter homogeneity

and strengtfhRERYBRIEEh &I WOl AHAHPIAIRTIASREN D ERInéATtRIER e BRALIBIBRR GRIYEN Of less
than 36 mass% in the %,ent invention is indjcatjve of ma?equate dr r’%%ﬁgf the excessive

incorporaticHFIHIGURASIEh 2 LSRR RR%al 6 Al R FY i 46 mass%, the
presence ofmplyntiethylalmsesiheab$piverdrdyecyshitasiadin ihéstpnestinylatinimiso. ifbisgtes that

almost no tﬂ[ﬂg%gl@% E%ﬂjgﬂlgﬁ%m@%ﬁq 6¥ﬁi&?%€ gﬁgg{ir%&@tfmmlmﬁ _ggmposition itself

differs from minoxane composition obt e present invention. From the

above perspligatad 'ﬂi’eélGhﬁrﬂlm%‘ﬁéﬁ%&%ﬂﬁﬁﬂ?ﬁé{i@%ﬁﬂﬁ’lﬂ%ﬂ fsn 35 Massdh t8 41 massv.
[0024] The glagaviMiroRiREE edhausalithalwbnenanRecgraatsitios witid pplymethylaluminoxane

composition in sglution_that are prepared in, the present .invention can be determined, for example, by
dding an SYCSEVEIRD R ASSe D nd GRdons e S SRR at hao been
hydrolyzed lavweniaenpmpartiomoidrimetuialsolingn piasenticogsdadidg reverse titration with zinc

sulfate usingy@ithjzone as indicator. When the measured concentration is dilute, measurement can be

conducted by atomic absorption analysis, [0025
y @ince the gluminum%onte[nt ?al;s within a range of 36 mass% to 41 mass%,

the solid polymethylaluminoxane composition has properties such as good
particle diameter homogeneity and strength preventing crushing due to a
tendency to split. Conversely, an aluminum content of less than 36 mass% in the
present invention is indicative of inadequate drying and the excessive
incorporation of impurities such as solvent. When the aluminum content exceeds
48 mass%, the presence of polymethylaluminoxane of primarily cyclic structure is
presumed. It also indicates that almost no trimethylaluminum or solvent impurities
have been incorporated, but the composition itself differs from the solid
polymethylaluminoxane composition obtained by the present invention. From the
above perspectives, the aluminum content desirably falls within a range of 38
mass% 10 41 mass%.
[0024]

The aluminum content of the solid aluminoxane composition and
polymethylaluminoxane composition in solution that are prepared in the present
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In the mole fraction of the methyl groups derived from the trimethylaluminum component relative to the
total number of moles of methyl groups denoted by (ii), the total number of moles of methyl groups is
the total of the number of moles of methyl groups derived from polymethylaluminoxane and the
number of moles of methyl groups derived from trimethylaluminum. The number of moles of methyl
groups derived from the trimethylaluminum component is the number of moles of methyl groups
derived from trimethylaluminum. The mole fraction of the methyl groups derived from the
trimethylaluminum component is 12 mol% or less. A low mole fraction of methyl groups derived from

the trimethyirNentitluoae b pleteiminedfonexample, Seaddingah @gessieeduariitfoin the

trimethylalugdRidil RTRAERERiaAIFERG Fh AL EIStE 2 I sHNRIH TNAOK 28 8 hiarcRjak Wiere the
aluminum is ongﬁplﬁﬁémethylalumlnoxane chain being a few. The mole fraction of methyl groups

derived frofl-th B ADAMRR S AUt 20 GO HSHNIRYSITHS, iialaD Y
polymethylaimmisulfzteaisimg plithizon et indie o Mihemtse redshegchasnsisatrgtiothist prevents the

particles fro@@#ﬁﬁﬁ%ﬁﬁgﬂﬁéﬁ%%ﬂamm &%nﬁt?'&\ﬁ%@i%%ﬂ" ﬁg,igps_mole fraction of methyl

groups derive trime uminum component exceeds 12 mol%, the solubility in solvent
increases akf@4% particles tend to be crushed easily.  In the solid methylaluminoxane composition

of the present invantiag, it feletita SR ety e asiereeedrammene trimethylaluminum
component.is desirally 11 mol% or lower. The lower, limit, of the mole fraction gf methyl groups derived
from the tnH@%@WWHH%?%MR&%"%&%‘@@S\g%{ﬂ?;q%méﬂ? Bﬁfrﬁ?ﬁ’i%?aﬂqe“QSTﬁ%n serving as a
starting maghedpsatanatad byibeotos detatnapibet sfonalirg pbivetbitgroupsristhedalalcdfs thus, for
example, 6M%MW&@BP&JW@}OUpSWJWWUEmigﬁ@ employed in

the present invention contains internal trimethylaluminum_as an unreacted starting material. In the
present invaMRIGHMRERIAAGIS PRI Qio ﬁlﬂ%”ﬁf?é%gﬁmmﬂmfﬂe?}fmmh Moxane
compositiomisreerr ef seolessdhmetiow: draatsrdeftites feth thg rivimpstiigleiwedifrom

polymethyla%g%%nq%g ﬁ%@éy@%ﬁ@%rﬁ(m%@ﬁgpg%mwmm and Me(TMAL),

respectively actions of the res components of the

e e OB LR lE B U st oL 49HHed HSTe to the
e O O ALY o th
exampile o e metnoqQ O eterminin CITIC Mmole Tractions o e an (0] e
vl T A D L E R e o S G S
polymethylanatiipogeavps cieneadtiivoro tectfpmaibytdahiainion coppere eomanedindyeneity denoted
by the equaig0-RElAAR ARSRRNE Ot eSS S AROLSIR M EASIF WARII(0.5)-Dild(0.5)

E(SIGMA) éigéwhereln Xi denotes the histogram value_of a particle i, d(0.5) denotes the median
diameter bRUWBRIYRINBINGYATS; chAIBRS LA e DRl BASIANALBEINHERYSS0029]  The
homogeneitjeoivttefpartithdatieethglaiyinetmytamporeatiepbat pesstiba o fl henpl¥sgetdsvention kept

at0.45 or %&Mﬁg&&&aﬁﬁmﬁmﬁ EBH%&%Q&BWWHR ﬂ%ﬂbﬂ@ﬁuﬁe villdhat has

polymethylalumin e composition and a transition metal compositio omogenelty is desirably

0.4 or lowestfreahathgt preyentpiderparisied fFEopraa NG /e IBWEg thR d6¥as the value of the
homogeneiprdbss 81 Torvaifesn tiadnthe erdrMmelaismbitadiaytiglespé afiveachymethebtained tend

to be. This homageneity is employed as an index of catalyst particle sjze distribution. The greater the
value of thid TR G T AT SY R e e o R Y 1 B HBmogenetty o, fo
example, Oinsredday and thecpariales teoditabeherpahgcd@asidipe is controlled by self-association of
the solid polymethijaHEmiBRy AREFAZIRRTHEXANe composition of the present invention, the

mole fraction of methyl groups derived from the trimethylaluminum component is

desirably 11 mol% or lower. The lower limit of the mole fraction of methyl groups
derived from the trimethylaluminum component depends on the
polymethylaluminoxane solution serving as a starting material permitting control
of the shape of the solid polymethylaluminoxane and is thus, for example, 6
moi%, desirably 8 mol%.

[0026]
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[0030] Further, the solid polymethylaluminoxane composition of the present invention can be
prepared in particulate form with a median diameter based on volume falling within a range of 5 to 50
pm. The median diameter based on volume of the solid polymethylaluminoxane composition of the
present invention in particulate form kept within this range maintains a good polymer bulk density
using the solid polymethylaluminoxane composition and a transition metal compound, and yields an
olefin polymer in which the production of micropowder polymer is inhibited. From the perspective of
achieving good powder properties expressed by bulk density and the like in the olefin polymer
obtained, a mediaif igapnbtemekndatiminoxameccofmpesiiidiol griptoratiimtbampresent composition of

about 5 to 200G ASRATRYIERRIPRTRR ERRMFRIIAYSS MNERBaRIAg SRS idRERdNto account,

the median diameter based on volume of the solid polymethylaluminoxane composition of the present
invention is'8¢8R U561 IBYERHC D R QUAPHYIRGIUMAIRALAYRWR RESRO MG d more preferably,
falling withipalyaregieytdloritndRane .dOdpbkitionlibexpecisrdi@thtembais dectionafithe and the particle
size distribyt] li I ' iti f i tion can be
determinedliﬂ%/wg ggﬁ%l ra@ggﬁgﬁj%%lmggs@e&ﬂog unggéhﬁétgﬁrﬁﬁggagﬁhi&mphere using a
Master Sizdabbmviaiest@sMaBMAankMeaHMAReresractivRYdpecific method is described in the

embodimerso29932] The solid polymethylaluminoxane composition of the present invention is

ticulate and th ific surf desirably falls withi f 10 to 25 m2/mmol-Al. Th
Specifc surtace arlaooFHHE PARIGAE A FATHURFEMRAPERE  Whnposivon of the present

invention kmmymethwaklmﬂngmﬂmmmﬁibamampmmmmmdheharebf'mtioempound using
the solid po&é@?ﬂ@ﬂ#@ﬂ@?é@ﬂ&%@@ﬁﬁip%éﬁg A MANSIRREalcoRRpP YRthdere, the phrase

"good activity” eswaﬁ%/ means equivalent to the activity achieved when employing the
polymethyl R0NRSEN R EBIRPRIOFOMBERIRMN MR XRBRE - thr B g REASIRIRYR ity of the
solid polynrththgfigiiitnosin ractiops sifibfeF MedreseMiaMAR) citbs not depend on the specific

surface arepz%i%?hj]&%%%%%%%%mﬁ% i /N E@éhqﬂmogﬁ%tgm%@gyctures in addition to the

specific sur are he solid poly mirfoxane composition. The specific surface area could
conceivab[@R&t activation caused by contact of the catalyst of the transition metal compound,

inﬁ'“din%tlhpi mgtaﬂﬁé%&ﬁﬁwwgﬁﬂﬁﬁﬂéﬁd@ﬁmaﬁﬂwwm‘ﬁi@s@rﬂ ﬁﬂl_@ﬁ'ltion ie‘i (0 That
polymethylalumingxane.compasition if the course of employing them tq merize an.olefin. That is,
a low speciﬁ@@l?r‘fiﬂ%'jéﬁrﬁgﬂmﬂ % L'}é’ttu?‘?o%ye tﬂ"ékﬁ%'pts&%w{?%w g’cﬂvﬁi% efficiency,
and a high &scific surface area in high activation efficiency. However, an excessively high specific

surface arep,lmgaaggwo:r%gig@gﬁﬁg@yg) S m{agt)rwy@med in the interior of the solid

polymethylalumindxane composition’ and'in a drop in the strength of the solid. For these reasons, the

specific surfdteRinXi dspates e histearamaiiesphid RarEisid A Janplesdhe AR a range of

13 to 22 m2iramelefb#883d3n vollhespadiil darfetss aheadttieterdiaspalpmetiviakiofinoxane
composition %r;t}cr:]l resent invention can be determined using the gas adsorption phenomenon in a
ya

solid surfacB T adsorption isotherm. The specific method is described in the embodiments.
[0029]

The homogeneity of the particulate solid polymethylaluminoxane
composition of the present invention kept at 0.45 or lower yields an olefin
polymer of uniform particle diameter using the solid polymethylaluminoxane
composition and a transition metal composition. The homogeneity is desirably 0.4
or lower, preferably 0.35 or lower, and more preferably, 0.3 or lower. The lower
the value of the homogeneity, the more uniform the particle diameters of the
particles of olefin polymer obtained tend to be. This homogeneity is employed as
an index of catalyst particle size distribution. The greater the value of this index,
the broader the distribution indicated. The lower limit of this homogeneity is, for
example, 0.15 taking into account the fact that the particle shape is controlled by
self-association of the solid polymethylaluminoxane composition.
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[0034] The solubility in n-hexane at 25C of the solid polymethylaluminoxane composition of the
present invention is desirably 0 to 2 mol%, and its solubility in toluene at 25C is desirably 0 to 2 mol%.
[0035] The solid polymethylaluminoxane composition of the present invention is characterized by
extremely low solubility in toluene and in n-hexane maintained at a temperature of 25C. It satisfies 0 to
2 mol%, desirably 0 to 1 mol%, and preferably, a range of 0 to 0.2 mol% for n-hexane. It satisfies O to
2 mol%, desirably 0 to 1 mol%, and preferably, a range of 0 to 0.5 mol% for toluene. The solubility in
solvents can be measured by the method described in JP-B (KOKOKU)-HO07-42301. Specific details
are given if@Ad@mbodiments. [0036] The solid polymethylaluminoxane composition of the present

invention does nofcaR@NGILLI8 BiysRlthPalumRiBYAuBABsRGRBIASiRBRhthe present

invention, Si02 is_not positively incorporated in at Igast the manufacturin roci;ss. By not containing

Si02, the sdMUSHEOM-ERMRE PG RB%EEhIP RsHisylaie fosmmdth 2 Lasdial SR8 SR 8% rawbacks of
solid polymetiyiedufalliraxaithiocampogd @i S tcorifipmg 1316 2n &Y Hidime teetiasddammanufacturing a

solid po'ym\%ﬂm%?i&%@&%?&ﬂﬁ&ﬁg@lumﬂ&‘?aﬁ@ﬂb‘?ﬂg@éiﬂb?ﬁéﬁ% l’é‘%éﬂ?iﬁ?&ﬂtion

polymethylaluminoxane composition of‘the present invention comprises the stelo o
in particulate form kept within this range maintains a good polymer bulk density
using the solid polymethylaluminoxane composition and a transition metal
compound, and yields an olefin polymer in which the production of micropowder
polymer is inhibited. From the perspective of achieving good powder properties
expressed by bulk density and the like in the olefin polymer obtained, a median
diameter based on volume of the solid polymethylaluminoxane composition of
about 5 to 200 um is generally considered good. However, when homogeneity is
taken into account, the median diameter based on volume of the solid
polymethylaluminoxane composition of the present invention is desirably 5 to 50
pm, preferably falling within a range of 5 to 40 um, and more preferably, falling
within a range of 5 to 30 ym.
[0031]

The median diameter based on volume and the particle size distribution of
the solid polymethylaluminoxane composition of the present invention can be
determined by the laser diffraction and scattering method under a dry nitrogen
atmosphere using a Master Sizer 2000 Hydro S made by Malvern Instrument Ltd.
The specific method is described in the embodiments.

[0032]

The solid polymethylaluminoxane composition of the present invention is
particulate and the specific surface area desirably falls within a range of 10 to 25
m?/mmol-Al. The specific surface area of the particulate solid
polymethylaluminoxane composition of the present invention kept within this
range exhibits good activity in polymerization of the olefin compound using the
solid polymethylaluminoxane composition and a transition metal compound. Here,
the phrase "good activity" desirably means equivalent to the activity achieved
when employing the polymethylaluminoxane composition in solution form.
However, good polymerization activity of the solid polymethylaluminoxane
composition of the present invention does not depend on the specific surface
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(a) heating an aromatic hydrocarbon solution containing polymethylaluminoxane containing the unit
denoted by general formula (1) below and trimethylaluminum (polymethylaluminoxane composition in
solution) to precipitate a solid polymethylaluminoxane composition containing polymethylaluminoxane
and trimethylaluminum: -[(Me)A1O0]n-(ll) (wherein n denotes an integer of from 1 to 50). [0038] The
phrase "containing the unit denoted by general formula (I)" means containing polymethylaluminoxane
in which n denotes a single number falling within the above range (n being a specified integer) or
containing multiple polymethylaluminoxanes of multiple types within the above range (n denoting
multiple diffareatdlneegeasy Thddearmeivahiy depead oncepmpenents Encbsdipduresiake the degree of

polymerizaluiakeTipsARalAsed sRaeliRuSerEABEgIsNAIRbIENS he drop i the

solidification point in benzene fall within a range of The polymethylaluminoxane

compos|t|or?%ﬁ?§‘8mbIEPQQSBQ%\ﬂ&éHWQFﬁﬁE@ﬁmH'ﬂw‘é"ﬁ%’f‘d\ﬁ?&&ftﬁ fIRFHASEIN FvpPdsent
invention cady ket afdiicfoatalgst pfdhbtitnesitiethodtdesonimlind FattodiRgtheence 17. The method

metryial T aeg € B RERHTSE AR RS CUR i RERA T encarbon
bond is theﬁﬁ&@%ﬁé&@%@@ﬁ@dﬂﬁ%ﬁ%ﬂ?@%tﬂ?ﬁbﬁ?lﬁ%ﬁ@feﬁf@i‘g Hedh 9 solution form. [0040]

polymerize an olefin. That is, a low specific surface area is generally thought to

resuit in poor primary catalyst activation efficiency, and a high specific surface

area in high activation efficiency. However, an excessively high specific surface

area is thought to result in excessive porous structure formed in the interior of the

solid polymethylaluminoxane composition and in a drop in the strength of the

solid. For these reasons, the specific surface area desirably falls within a range of

10 to 25 m¥mmol-Al, preferably within a range of 13 to 22 m¥mmol-Al.

[0033]

The specific surface area of the solid polymethylaluminoxane composition
of the present invention can be determined using the gas adsorption
phenomenon in a solid surface by a BET adsorption isotherm. The specific
method is described in the embodiments.

[0034]

The solubility in n-hexane at 25°C of the solid polymethylaluminoxane
composition of the present invention is desirably 0 to 2 mol%, and its solubility in
toluene at 25°C is desirably 0 to 2 mol%.

[0035]

The solid polymethylaluminoxane composition of the present invention is
characterized by extremely low solubility in toluene and in n-hexane maintained
at a temperature of 25°C. It satisfies 0 to 2 mol%, desirably 0 to 1 mol%, and
preferably, a range of 0 to 0.2 mol% for n-hexane. It satisfies 0 to 2 mol%,
desirably 0 to 1 mol%, and preferably, a range of 0 to 0.5 mol% for toluene. The
solubility in solvents can be measured by the method described in JP-B
(KOKOKU)-H07-42301. Specific details are given in the embodiments.

[0036]

The solid polymethylaluminoxane composition of the present invention

does not contain SiO». In the solid polymethylaluminoxane composition of the
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The aromatic hydrocarbon that is employed in the polymethylaluminoxane composition in solution is,
for example, benzene, toluene, ethylbenzene, propylbenzene, butylbenzene, xylene, chlorobenzene,
dichlorobenzene or the like. However, it is not limited to these examples. Any aromatic hydrocarbon
can be employed in the polymethylaluminoxane compound in solution. [0041] The alkylaluminum
compound having an aluminum-oxygen-carbon bond is desirably prepared by reacting
trimethylaluminum and an oxygen-containing organic compound. Further, the oxygen-containing
organic compound is desirably an aliphatic or aromatic carboxylic acid denoted by general formula
(111). R1-(Cpezient(inkentionREiGene rest pdsitivetahcorppoatpdrintst feast tfeantantdaClOitigear or

oranched algden WA AEiiRg S 8| HEPLBIE RO ASRgIER ATBKERE ol b 42

Examples e oxygen-containing tompoun In the reaction of the oxygen-containing
compound HRIREaRRR IRYRIMIRTRIAIHS dhe fiavbrsis AksrlidRrivmetBWRBIIXa0R g an
aluminum-@¢pposiisheedatathiiyisgahe polymethylaluminoxane composition in solution through a
thermal de(iqamsition reaction are: carboxylic acid compounds having COOH groups and carboxylic
anhydrides.Tn preparation of the polymethylaluminoxane composition in solution, a single

compound brhaumgthoddersvantiactiiipg arplicykely®stitylr wxinapanesiamPosigeh-containing
compound are: forrpig I%‘éﬂwo%oﬁﬂ%m{ﬁﬁ.ﬁiﬁﬂiﬂlé@@liﬂﬁ&%étﬂﬂﬁldﬁﬁﬁé&ﬂﬁ@dd, n-caproic acid,
n-enanthic acid, ncapr Ii(% %Cid, n-EeIa_rgoniQ acid, n-caprict acid, n-lauric acid, n-myristic acid, nstearic
acid, oxalicmq’ﬁ@%ﬁﬁ: A P hOVRS P&ﬁf’o{ﬂefh?ﬁa, Bﬁiﬁﬁﬁ%ed, pimelic acid, suberic acid,
azelaic acid, sebafa} bealingean aimawtic plytiralea doid, sitriticacchritaiaing acid, lactic acid, malic acid,

toluic acid, ' ' [ ?M : Ilﬁ\r‘% AbAYE - | [ -valeric
anhydride, E@Qgﬁg@h gfﬂgyﬂﬁ?g%fa iC anhi%giane%or%a onic anhy%%%?%ﬁﬁl@?k@gggé@élutaric
anhydride, BBAZBEHRNIARMN AR REHDIRMEN BRYABR FOARARIIRMR INCIaESB) fesirable examples
are acetic geigcipftatis 28bldideymEnidaiomiciExapepihisitioydtisieatmngoic acid, benzoic
anhydride, phthali¢,acid, phthalic anhydride, tolui id. and toluic anhydride. [0043] The mole
ratio of the EPUf n?r?ﬁw?g(ﬂ%%@ %’6%(”@%ﬁé‘%‘%@}?ﬁ%@ﬁ@ﬁminum and the oxygen atoms of the
oxygen-containing[@MgAitodompound emplofl8d in synthesis of the polymethylaluminoxane

compositionheRIHIAYERDIES S7 TR GESHESIM qoRisdthe molecular weight of the
polymethylihlblgﬁrjoxane or the residual quantity of trimethylaluminum. The ratio of the molar mass of

the alumin ms contained in the trimethylaluminum to the oxygen atoms of the oxygen-containing
organic compound herphmset"ophitaimihg ikhivnit cerngdet By-gendral fofeodd|Il)" means

containing polymethylaluminoxane in which n denotes a single number falling
within the above range (n being a specified integer) or containing muitiple
polymethylaluminoxanes of multiple types within the above range (n denoting
multiple different infegers). The reason n denotes an integer of from 10 to 50 is to
make the degree of polymerization of the aluminoxane based on molecular
weight as calculated from the drop in the solidification point in benzene fall within
a range of 10 to 50.

[0039]

The polymethylaluminoxane composition that is employed as a starting
material in the manufacturing method of the present invention can be prepared,
for example, by the method described in Patent Reference 17. The method
described in Patent Reference 17 prepares a polymethylaluminoxane
composition without hydrolyzing trimethylaluminum. Specifically, an _
alkylaluminum compound having an aluminum-oxygen-carbon bond is thermally
decomposed to obtain a polymethylaluminoxane composition in solution form.
[0040]
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From the perspectives of the ease of preparation of the polymethylaluminoxane composition in
solution, the stability thereof, and suitably controlling the quantity of residual trimethylaluminum, the
above molar mass ratio desirably falls within a range of 1.0 to 1.7:1, preferably within a range of 1.15
to 1.4:1, and more preferably, within a range of 1.2 to 1.4:1. [0045] The thermal decomposition
temperature of the aluminum compound having an aluminum-oxygen-carbon bond that is the
precursor of the polymethylaluminoxane composition in solution can be set to any temperature
between 20 to 90C. From the perspectives of ease of operation and safety of reaction, and a suitable

reaction time, the Theraraniaito ystrotaibeartialr s @mpioyediinthe Jmtynseltylpherinaxgreo to 80C.
The thermalgeeRIRosiHPEoime PR ALY BemRMEIddNaTRY) habeniung;oxygen-carbon bond

varies with the thermal decomposition temperature and the compgsitjon of the starting materials (for

example, tHY XOPFRAS RSB} IHRERZANGI VIR LR Z NP 1 BENOIRPLeRFERE A S A low
tem peraturdike.qbimfeweloﬁtgﬂnt&,limﬂéﬂ amigesemm m@kasdnmwiiyldfmaﬁtmuly:mmplete
thermal de“boé%?ﬂﬁl%ggd [ﬁ’u%@]p%@Wﬁ%@%ﬁ%ﬂﬁ%&ﬂd&o&mﬂg‘lﬂﬂH@oﬁﬁéﬁd'”9 100C causes the

marked productio gel products, results in a drop in' the recovery yield of the uniform solution of
polymethyldfthtloxane. Conversely, a thermal decomposition temperature below 50C sometimes

causes a pron00u0n¢ﬁé dnqéndmmradﬁ]&wmdmamhy:mmmwﬁmmmw@winf@nr?.ru@ production
reaction time. [0047 ontrol of the temperature is important during, preparagion of the
polymethylzﬁﬁ#ﬁﬂ% MERYH 8%’.68%“1&”&0?(?{\1&31%@!%“ B]o aa%oﬂ%r?iﬁg 'ﬁ%{{‘e'ﬁ% in the present
invention. Aariastiglapnypoiied fogdheintien tsyoenttaniainingoorgapigiconpeyddess of preparing the
polymethylaluginonaaie ARTRERS BParEhaletinp YD Atie Hetise o hjaierarflithula (I1).

polymethylalumingXane composition of controlled particle diameter, it'is impossible to obtain the solid
polymethylalumin&a f’rlgosition directly,(l\}\ll)thout obtaining a polymethylaluminoxane composition
in solution lyteesinaty dernsiepasiyd e iyl gjronmimiteofopowic IGW/iwgGa0 linear or

Zoluion. FRE e AR e e e AR o

decomposii@ e alkylaluminum compound having an aluminumoxygen-carbon bond. Only when the
polymethylﬁ?g}m]oxane composition in solution that has been prepared is heated under prescribed
conditions the so ig#)ol etgifﬁiuminoxar_le cQmposition is obtginr%dloFordex !%é%}llelq g\fhen the
starting material p ﬁﬂﬁﬂ%ﬁ hEX¥RE: 3! 't’i]&ﬁ%rﬁﬂ%%ﬂy RERENTS TH , O il
polymethyldhanoixygemeeaiaipigtcomyiauithandoatiiche thyaloreingroitathe dormmefraason is currently
unclear. Hoyyeyar, i P S6MJBYRAIRSYING SN S fAALIRCORPUE RelBEH iiH FrARYARE Composition of

stable particle diameter in terms of energy1s thought of as being formed by seli-association of

polymethyl AAKRRENIRIUPIRXAES SRAINSSHIRR BRPLHIAR BIRHELR NS INEh I8 RIS med
polymethylakuavtivrxaree simiciaybccacid eampleuside tandrige(0 OEogres gy and carboxylic

anhydrides. In the preparation of the polymethylaluminoxane composition in
solution, a single compound or multiple compounds can be employed. Specific
examples of the oxygen-containing compound are: formic acid, acetic acid,
propionic acid, n-butyric acid, n-valeric acid, n-caproic acid, n-enanthic acid, n-
caprylic acid, n-pelargonic acid, n-capric acid, n-{auric acid, n-myristic acid, n-
stearic acid, oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid,
pimelic acid, suberic acid, azelaic acid, sebacic acid, benzoic acid, phthalic acid,
citric acid, tartaric acid, lactic acid, malic acid, toluic acid, toluic anhydride, acetic
anhydride, propionic anhydride, n-butyric anhydride, n-valeric anhydride, n-
caproic anhydride, oxalic anhydride, malonic anhydride, succinic anhydride,
glutaric anhydride, benzoic anhydride, phthalic anhydride, and toluic anhydride.
Of these, desirable examples are acetic acid, acetic anhydride, propionic acid,
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[0048] A concentration of the polymethylaluminoxane in the inactive hydrocarbon solvent falling
within range of 6 to 40 wt% is adequate, 6 to 30 wt% is desirable, and 10 to 25 wt% is preferable.
[0049] In the great majority of the literature describing the obtaining of a polymethylaluminoxane
composition in solution by the thermal decomposition reaction of an aluminum compound having an
aluminum-oxygen-carbon bond, the focus is on obtaining a polymethylaluminoxane composition in
solution at a quantitative reaction yield and on being able to control the quantity of trimethylaluminum
in the polymethylaluminoxane composition in solution. Generally, the trimethylaluminum does not
function as propiciic aohydyisle, demnzokitasidneenizoitrgriysttislanphitialiy @eichifdbaticcompounds.
Thus, contrgummgm@ga&}rgﬁ\@tﬂ&'mwdgmaining in the polymethylaluminoxane
composition In Solution is an important issue. Additionally, when preparing a polymethylaluminoxane
compositiorﬁqg"’éﬂlution by hydrolysis, it is known that the aluminum recovery rate will drop steeply
unless the alumindimecoiade natadiontiretbRinsiadtin ateohsticontairesty rethatdniethylaottyofwater

introduced | tl i t rtl [al:tri ' -
polymethylgﬂmg%;\wge%%%%ﬁsﬂ%%ﬁ? g&ﬂ%@%ﬁﬁ |§HL%%$%@@8£%@§S%%%§€%S desirable
for the mol&Yintbesis & the priyetivapyninavaasermaesitiphdh§rutionean Bsapbagnt relative to
tﬂe tqt?é nl:ﬂ&?ﬁfeaft;@emr@li fnethsdzs@nwmeigm b3 fm@la@lyrd@fr@fﬁqimth@m@@pmgfe of inﬁreasing
the yield of solj methylaluminoxane. The mole fraction of, met roups derived from the
trimethylalurrﬁﬁﬁ%?c%‘fﬁ[}% e?#tt[a}ﬁﬁgp?i%é%ﬁl u%@i'?éﬁﬂﬁé@%?mﬁgﬁ rmﬁ)sfis desirably 14
mol% or loaéurrilingicateminsibrtaihechio kinér fritethylahetiylgrdo fedeigsn fatomsof the
t”methy'a'%%-EBHIEWBF@%%%MBSJR%MB@%b%ﬂ?i%'ﬁ&l| VRRIRY pRYRSIpaPOUt 6 mol%.
Q4

The polymeth minoxane compaosition in solution that is prepared by hydrolysis has a mole fraction
of methyl gFS erived from the trimethylaluminum component relative to the total number of moles
of methyl gfoogpgjof 40 to 50 mol%. It is difficult to lower the mole fraction of methyl groups derived

from the trimethylzigWQHggfﬁ%ﬂ%@ﬁ%r%ﬁg&%éh@?ﬁ%g%?gﬁwmgqles of methyl groups in the

methylaluminoxane compo ow 1 al concentration and dryinaorocesses. By

making the pRbIBEEY AL BIUpEEANRGRTBReSHIDB ) FolLtiBRtdNa fiabilibricarsripand ddirRPMuminum
atoms Cf:ﬁ%@%iﬁb@ﬂ%@%hﬁ@lml d' HUéIlErtméIﬁ?Igl[ﬁﬁﬁfm,'ﬂhé %?b@m%wmwmraﬁ_ .
composition, In, S | hermal aeco 10 | ecome 0S e 10 achlev eriimit o e
o et e AR S MR AR TS A AR O B ALRE Ve the tota
number of rmdlds ahdetbrg preferskly switbipa sanigdeft2dmiatde of the solid

polymethyl poxane composition obtained is good. By employing a mole ratio of oxygen atoms in
the oxygen-contdining organic compound and aluminum atoms in the trimethylaluminum of 1.10, a

mole fraction of m&y/IREEDALIRGARROS BN temReraiW R TR AN RS femReYM e to the total
number of malesgehmaithmirgioupgyeieh-Lanodih iIsenddhatdbithe grauurtoe petfiermance of the solid

o0b) D B S e B PR veniion

=N

[0051] aromatic hydrocarbon e

is not specifieiifpamaedo BR%m ffeeraibeersprstivem oheasthofrneiation o vty She,
butylbenzenga i &rehiPsoRaprER ENHARRBZ BREtRBAAEdEEd mposition temperature is

desirably 30 to 80°C, preferably 60 to 80°C. The thermal decomposition time of
the aluminum compound having an aluminum-oxygen-carbon bond varies with
the thermal decomposition temperature and the composition of the starting
materials (for example, the Al/O mole ratio), but can fall within a range of 5 to 100
hours, for example. A low temperature requires a long time, while a high
temperature makes it possible to rapidly complete thermal decomposition.
[0046]

A thermal decomposition temperature exceeding 100°C causes the
marked production of gel products, and resuits in a drop in the recovery yield of
the uniform solution of polymethylaluminoxane. Conversely, a thermal
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[0052] In step (a), a heating temperature and a heating time suited to precipitation of the solid
polymethylaluminoxane composition are desirably selected from: (i) a heating temperature falling
within a range of 80 to 200C, and (ii) a heating time of from 5 minutes or more to less than 24 hours.
[0053] When heating of the aromatic hydrocarbon solution of trimethylaluminum and
polymethylaluminoxane containing the unit denoted by general formula (I1) (the
polymethylaluminoxane composition in solution) is continued at the prescribed temperature, a solid
polymethylaluminoxane composition containing trimethylaluminum and polymethylaluminoxane was
discovered dgcthragositiont temperats e hetipdate isamekmiesicauseas fa pronttnaedodnopinticle

diameters. They Q&ﬁ%ﬁgg%mﬂqmﬁs@ﬁ 4 Sﬂlg)rﬁﬁﬂﬂﬁa%rﬁ%&gﬁ)@&oﬁ‘u%ﬁgﬂ%s&‘i@ﬁd for

precipitation varies with the temperature, but fal example, within a'range of from 5 minutes or
more to lesifan 24 hours. By remaining within this range, it is possible to obtain at high yield
particles of [e43plid polymethylaluminoxane composition of desired particle diameter and uniform

particle diameter. er, i the. i re. al ses where a heating
time exceeding thggé\‘fgie%tgﬂgi?gﬁge@r@(efp! a&,ﬁa%%%%{ggﬁﬁoégﬁgéﬁrﬁg%ﬁghﬁﬁnﬁ%xa_ne composition in
the solutiorPpiyreatindalminexangreromnasitioadreatiion thabimamelayethasaistagingther increase in
the quantity,QitHi P Bl tgiesdritareniiBly, (AeaRMealie) RETRAEBRRIRVENIRR Widhlde composition

(variation of components and their amount), of the polymethylaluminoxane composition and the
concentratBHE SAPELARE 1 16 BEAGERD CBERRRL TR ARG OB N RO Taking into
account thecpamiotitidiametoly etV enatimplioghtigebtaiby aysitid and the like of the solid

polymethylalLminasens, FAMBESIORRASEEI RSN P ESHREISTIPAIRIY BighRRel0 #ROC will suffice, 90 to
150C is desirable, and 100 to 130C is preferable. Within this temperature range, the time is desirably

1 to 20 hout@PgasibigrR oPtain sheoseid RelvaRiPY R UM inRXEnS SoraRReitie N e#Y time required for
solid polymgithaalushiriningeagssiypositigrinatiniearnie pepsiistioniarsoktioniipeneinealgmperature is
high, the time requi o, soli t i it rticl ecipi tends to
decrease. [0S Bos e D S A SRR e e
(b) of washinehthabirigsigrieehyiateriahektireraymeisiiaiumiiarase sempaitigitited by heating
with Ia no;?ggmﬁﬁiﬁ_. tpygypgaﬁgﬂwt Wﬂﬁﬂﬁmﬁﬁl r?gg}@@aqﬁr%ﬁﬁi{ﬁ@{l@qﬁgﬂ@gcﬁﬁ%entlthﬁt IS
employed for washing are: n-pentane, n-hexane, cyclohexane, methylcyclohexane, ethylcyclohexane,
o heptane, HCRAN, JEREARENG (e AUsHA CEDER SoIRHR 8V NGRS ALELRUTH ention. the
nonar_oma_tiowgieemadaempmda@nb{ Mpmﬁipimwmwwmmaﬁw@mpmmcompositior_l as is
seen In p”%"l’ﬁiié%ﬁﬂ&tfﬁg%@%@ oy |€’é¥‘€9 ghis pAUCPBNEIRYIRLHR PRXgRRcOmPosition
that has been precipitated by heating. Thus, a solvent with a low boiling point that facilitates the
operation oPERTRIRNI KNPV SPMBRSHRTD A Rtained TRl SXARRIRLEHE HRSHIE or
cyclohexangtagingsiiatdeal@eh@hethylaluminoxane composition is directly heated to 100°C,

no solid polymethylaluminoxane composition of uniform particle diameter is
obtained. The reason is currently unclear. However, the present inventors believe
that if the solid polymethylaluminoxane composition of stable particle diameter in
terms of energy is thought of as being formed by self-association of
polymethylaluminoxane of a given chain length and chain length distribution, a
properly formed polymethylaluminoxane structure can be understood as being
necessary.

[0048]

A concentration of the polymethylaluminoxane in the inactive hydrocarbon
solvent falling within range of 6 to 40 wt% is adequate, 6 to 30 wt% is desirable,
and 10 to 25 wit% is preferable.

[0049]
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In step (b), the nonaromatic hydrocarbon solvent can be added in a quantity of four equivalents by
volume or greater to the polymethylaluminoxane composition that has been heated in step (a). The
use of such a quantity affords the advantages of reducing the amount of residual aromatic solvent and
facilitating drying of the solid polymethylaluminoxane composition obtained. [0057] In the above
manufacturing method, the solid polymethylaluminoxane composition of the present invention can be
dispersed in solvent, or the solvent can be removed and the composition dried to obtain a powder. The
powder can be dried, for example, by the method of removing the solvent under reduced pressure or

the method of empleying B4t Jioh Y SPaR0 Btk BLETIRY e taifng PAMethylaluminoxane

composition in solution, the sole’goal of drying the solid polymeth P{a unninoxane composition of the

present |nMMWF@Y@HWﬂ%@‘@oﬁ%ﬂPQﬂ%beHgs%uﬁ‘@s@flg‘q Mg deraRasHig scattering or the

Ilk? of trlmw@dﬁbmuﬂumammm@umﬂambmﬁ@ﬂoa&dmwmﬂmwwﬁmrwa&mahe olefin
polymeriz on catal resen includes an olefin 1] talyst. The olefin
polymerlzg{h 38?5] égf?ﬁg geﬁtp ﬂiy 8\3{ %r(ilnn a{Pn°s"%‘2FaF%c cosri)tg%(‘r?ﬁ] sé ﬁ#% %ﬂ)rgm of the solid
polynnethymlamltaimaom;)qs&ldraoﬂthe pws@mhmmmmmgumﬁsmgh metal compound

denoted by geRgPIRHMIN)HE U, MBRRBRARKIM G isIBd e PR dIansiion metal

element, and R5, and R8, which are’joined together, denote or anic gro é)BBZavmg a

cycloalkad@ﬁ??éﬂlé}'el@ﬁ t&WtBV&}H@'QWUBE ‘ﬁ??m%ﬁ&'bgcﬂ AN alkylamide
groups, alkybm;d@gmem cdlotauils qmmnglknbtaiml:emmnpbbatm;él'rhamrmmr[ﬂﬂﬁg] The

sl |'?%lon ata ys egﬁg?gf&?n Rﬂrﬁ)f g?ﬁﬁﬁﬁ%emenzaef%? H}B}Qﬁg el combn

olefin polymen employed as a po nsmon metal compounds
are examp@ssnsasision m@@wimatﬁ:ﬂmm9§1%nmﬁ§q¢aﬁsiﬂdwn?é%| wbmpatﬁﬂfﬂaa Be one denoted by

general forgalandMylaluminoxane composition in solution by hydrolysis, it is known that the
aluminum recovery rate will drop steeply unless the aluminum concentration in
the reaction solution is reduced and the quantity of water introduced is kept low
relative to the starting material trimethylaluminum.
[0050]

In the polymethylaluminoxane composition in solution that is employed as

a starting material, it is desirable for the mole fraction of the methyl groups
derived from the trimethylaluminum component relative to the total number of
moles of methyl groups to be 15 mol% or less from the perspective of increasing
the yield of solid polymethylaluminoxane. The mole fraction of methyi groups
derived from the trimethylaluminum component relative to the total number of
moles of methy! groups is desirably 14 mol% or lower. The lower limit of the mole
fraction of methyl groups derived from the trimethylaluminum component relative to the
total number of moles of methyl groups is about 6 mol%. The
polymethylaluminoxane composition in solution that is prepared by hydrolysis has
a mole fraction of methyl groups derived from the trimethylaluminum component
relative to the total number of moles of methyl groups of 40 to 50 mol%. It is
difficult to lower the mole fraction of methyl groups derived from the
trimethylaluminum component relative to the total number of moles of methyl
groups in the methylaluminoxane composition below 15 mol% by the usual
concentration and drying processes. By making the mole ratio of oxygen atoms in
the oxygen-containing organic compound and aluminum atoms contained in the
trimethylaluminum 1.15 when preparing the polymethylaluminoxane composition
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[0060] Specific examples of M in general formula (1V) are titanium, zirconium, hafnium, chromium,
vanadium, manganese, iron, cobalt, nickel, and palladium; desirable examples are titanium, zirconium,
chromium, iron, and nickel. [0061] In general formula (1V), a metallocene compound coordinated
with one or two ligands having cycloalkadienyl skeletons is desirable as the transition metal
compound. Examples of ligands having cycloalkadienyl skeletons are cyclopentadienyl groups,
methylcyclopentadienyl groups, ethylcyclopentadienyl groups, butylcyclopentadienyl groups,
dimethylcyclopentadienyl groups, pentamethylcyclopentadienyl groups, and other alkyl-substituted
cyclopentadiesgilgesuby thedens)idaenrppoaitionuib kesgryrsupessible t9ashiry@ir IOVEFAIMIE can be
CrosslInkeddwmbqwa@nta%ﬂeﬁttwmetﬁm gr@éﬂ@e&wmtmeqrm@%mmor the like. [0062]
Ligands other than li ng havi keletons, are rocarb rou /s with 1 to 20
carbon ator?i%”@l%ﬁa aihe 59&5%@&1%@%&1@ %I%BEE]Q& rﬁ%’ﬁﬁf qgrmﬂg yr80Ps, halogen
atoms, andthgdregemmomsoﬁheraplmlsptmmmybﬂmn@mm mmpbsmam chidoactdms are alkyl

groups, cy I y r gﬁéﬂ f I groups are
methyl groups, Jfet u%@%r%p%%gggg %%W?'é@ﬁ‘%{g?iﬂgﬂg%u yi g%%%? 'g ecific examples: of
RS

cycloalkyl g?&ﬂ%?@@ﬁﬂﬁﬂ GRS YRARRS iR tohunintaeiplés 3MRIR groups are
phenyl groyps:ao8 &€y gsodpsreilied rampiecofianetipliliraiaun sotpenayit getativeSpecific
examples ko oups.are methox S ethox S butqgx B ecific
example o?tgﬁharygtgfnu‘%"sbeﬁsoamﬁ S %P utjE')'l}f) IR gg;r%[lj? g‘ r%%?/ a\%%%ﬁ%%drﬁsﬁ the form of

halogen atdhﬁsnﬁffﬁﬁﬂm@ciﬂhthplé@Idfmmm)ﬂﬁb!mmawl&%ﬁ@mpmwmtﬁwlmethyIS|IyI

groups. Examplessifthaleorihdsndupine4Ghlosnes Gearmipr.and iodine. [0063]  Specific examples
of transition metal compounds containing ligands having cycloalkadienyl skeletons when M denotes

zirconium ihc 8éﬂ ral formula (V) above are: bis(cyclopentadienyl)zirconium monochloride
monohydride, bls(’c'yelapmmatiﬁmnd)ltnadnﬂmmmpmpbddmtﬂe manofaaludeg method of the

bis(cyclope [ D 0 dride,
bis(cyclope tadlﬁiwgﬁaiwiggﬁlg 1IFEls(cyc open?%%ﬂég%ﬁélfg%ﬁ hydride,
bis(cyclopeﬂ%ﬁ%ﬂﬁﬁ&ﬂ%ﬁf&ﬁﬂﬁa H9 GHIERRENERYBzirconium monochloride

hydride, bistipfistehizaies aimenieghloride hydrlde bls(cyclopentad|enyOZ|rcon|um dichloride,
bis(cyclopeﬁg%ﬁznyl)zirconium dibromide, bis(cyclopentadienyl)methylzirconium monochloride,
bis(cyclope ienyl)ethylzirconium monochloride, bis(cyclopentadienyl)cyclohexylzirconium

monochloride, bis{oysiPp@adneafingHenybarstiie ancherteatigdine suited to
bis(cyclopeﬁ%@&hﬁmm?em@rsam wﬁam?r&mrﬁmd%@ﬁ@%wwgi@m%d&wawonlum dichloride,

bis(dimethylc cloper?{[adlenyl)zwconlum dichloride, bis(nbutylcyclopentadienyl)zirconium dichloride,
bis(indenyl EGHEH Yhloride bis(indenyl)zirconium dibromide, bis(cyclopentadienyl)zirconium

dimethyl, bigf@yhiextinyg derepghtuce fallinglipitienya, izisgey ofddl n08A§])aindonium dibenzyl,

bIS(CyC|0pEG§gIﬁQ fﬁggﬁ‘q%js(m qﬁ%m%p ‘?G"iié‘sﬂﬁgﬁ’ﬁ@%ﬂ dienyDzirconium

monoethox onoc cyclopentadienyOzirconium monoethoxymonochloride,
bis(cyclope @?&nyl)zwcomum monophenoxymonochloride, and bis(fluorenyl)zirconium dichloride and

the like. [0064]  When heating of the aromatic hydrocarbon solution of trimethylaluminum
and polymethylaluminoxane containing the unit denoted by general formula (li)
(the polymethylaluminoxane composition in solution) is continued at the
prescribed temperature, a solid polymethylaluminoxane composition containing
trimethylaluminum and polymethylaluminoxane was discovered by the present
inventors to precipitate in the solution in a form with uniform particle diameters.
The prescribed temperature falls within a range of 80 to 200°C. The time required
for precipitation varies with the temperature, but falls, for example, within a range
of from 5 minutes or more to less than 24 hours. By remaining within this range, it
is possible to obtain at high yield particles of the solid polymethylaluminoxane
composition of desired particle diameter and uniform particle diameter. However,
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Specific examples of transition metal compounds containing at least two ligands having
cycloalkadienyl skeletons, with the at least two ligands having cycloalkadienyl skeletons being bonded
via alkylene groups such as ethylene groups or propylene groups; substituted alkylene groups such as
isopropylidene and diphenylmethylene; silylene groups; substituted silylene groups such as
dimethylsilylene groups; or the like when M denotes zirconium in general formula (IV) are: ethylene
bis(indenyl)dimethylzirconium, ethylene bis(indenyl)diethylzirconium, ethylene
bis(indenyl)diphenylzirconium, ethylene bis(indenyl)methylzirconium monochloride, ethylene
bis(indeny|@éepgRtitaamthe beetnd irraperalieactivrsgrafesanes weieca hieatingditogromide,
ethylene bighipgeRimiririeriHgLis daitidne cordapaAtistnsanslsaieoptymeiyrnisanddivene
bls(4,5,6-tetrahédro-_l-lnd(iggig[comum dichloride and the Ilﬁe. Theiz@maly be racemic compounds,
meso com esifipg HEPEINGERRESS WIR UMGAPHL0FM ?ra‘?ﬁ‘ﬁ' 159 EEIBmpounds
may be em|gugk dheradsmoyrtwrdnuosaseindhiomuantity of theopeecipitdte. erhplquadtity adjust the
molecular wgj istribLgi el [ ' ' ingle one of
these transi e R O B el Gt ne

molecular 8 HeiisEeHBh of i RYMetBdIbRInAENR aBIesitiafnd g polyolefins]  The

present invepieantalisiesfaieeiblatiin haofashiragpeitiolalidroearpprisioutiohymerizing an olefin
using the am/ﬁfescribed catalyst of the present invention. [0067] Homogeneous polymerization
using the solid polymethylaluminoxane composition of the present invention and polymerization

employing a suppoakiagininacgrupbikel paitigerdiaroptepmaiisigydiamaleokenrogengibsition of the
pr?sent _i”V ié‘i@rbﬁllﬂﬁ’é Hik&t%?iﬁé’%‘H@ﬁ(ﬂ%ﬁ;lme?fﬁwé‘ﬂﬁmiﬁﬁﬁﬁlﬁé@ﬁﬁ%ﬂoﬁrﬁéhﬁe%g@tion H
sz.zm:::zzﬁg%f&p O BBt e SO R SRS S0P e S A RRh merizaton
and batch goly 609Gz stiprefarabley dkbihen thisthentiperaturd eanged the tirexisdasisabiplédalar
weight-adjusging 32 BrPSRY 5 to 12 hours. However, when the temperature is low, the
time required for solid polymethylaluminoxane composition particles to precipitate
increases. When the temperature is high, the time required for solid
polymethylaluminoxane composition particle to precipitate tends to decrease.
[0055]

The manufacturing method of the present invention can further comprise a
step (b) of washing the solid polymethylaluminoxane composition that has been
precipitated by heating with a nonaromatic hydrocarbon solvent. Examples of the
nonaromatic hydrocarbon solvent that is employed for washing are: n-pentane, n-
hexane, cyclohexane, methylcyclohexane, ethylcyclohexane, n-heptane, n-
octane, n-decane, n-undecane, Isopar E and the like. In the present invention,
the nonaromatic solvent is employed, not to precipitate the solid
polymethylaluminoxane composition as is seen in prior art, but to facilitate
washing and drying of the solid polymethylaluminoxane composition that has
been precipitated by heating. Thus, a solvent with a low boiling point that
facilitates the operation of drying the solid polymethylaluminoxane, specifically, n-
pentane, n-hexane, or cyclohexane, is desirable.

[0056]

In step (b), the nonaromatic hydrocarbon solvent can be added in a
guantity of four equivalents by volume or greater to the polymethylaluminoxane
composition that has been heated in step (a). The use of such a quantity affords
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The monomer employed in polymerization can be any compound such as a single olefin monomer or
~ a combination of the single olefin monomers which are co-polymerizable. Specific examples are:
ethylene, propylene, 1-butene, 1- pentene, 1-hexene, 1-decene, 1-hexadecene, 1-octadecene,
1-eicocene, and other a(alpha)-olefins; bisfluoroethylene, trifluoroethylene, tetrafluoroethylene,
hexafluoropropene, and other halogen-substituted olefins; and cyclopentene, cyclohexene,
norbornene, and other cyclic olefins. [Embodiments] [0069] The present invention is described in
detail below through embodiments. However, the present invention is not limited to the embodiments.

[0070] IHhehadvanegrsafieseciathectsnguntaldrsigbsmenatirsatyerhaéEomposition was

normally driggiiaéan JfihyBFUHE NI BorpadtyIANmIhak4RE dOrpEEitRSBRGHREL containing liquid
paraffin. Th @%ﬂ:g was ended when no bubbles were observed in the sealed pot. [0071] [Test
methods] (@ bility The solubility of the solid polymethylaluminoxane composition of the
present invention in theatave anshinfachucng mathtudn tbadidgropymathydaddminoxane

composition of the present invention can be dispersed in solvent, or the solvent
can be removed and the composition dried to obtain a powder. The powder can
be dried, for example, by the method of removing the solvent under reduced
pressure or the method of employing a dry, hot nitrogen flow. In contrast to the
case of a polymethylaluminoxane composition in solution, the sole goal of drying
the solid polymethylaluminoxane composition of the present invention is to
eliminate solvent adsorbing to the solid. Thus, since there is no scattering or the
like of trimethylaluminum, a vacuum pump can be employed without problem.
[0058]

[The olefin polymerization catalyst]

The present invention includes an olefin polymerization catalyst. The olefin
polymerization catalyst of the present invention contains catalytic components in
the form of the solid polymethylaluminoxane composition of the present invention
and the transition metal compound denoted by general formula (IV) below:

MR°R°R'R® (IV)

(wherein M denotes a transition metal element, and R®, R®, R’, and R®, which are
joined together, denote organic groups having a cycloalkadienyl skeleton, alkyl
groups, alkoxy groups, aryloxy groups, alkylsily! groups, alkylamide groups,
alkylimide groups, alkylamino groups, alkylimino groups, or halogen atoms).
[0059]

The solid polymethylaluminoxane composition of the present invention can
be combined with a known olefin polymerization catalyst and employed as a
polymerization catalyst. Transition metal compounds are examples of olefin
polymerization catalysts. The transition metal compound can be one denoted by
generai formula (IV).

[0060]

Specific examples of M in general formula (IV) are titanium, zirconium,
hafnium, chromium, vanadium, manganese, iron, cobalt, nickel, and palladium;
desirable examples are titanium, zirconium, chromium, iron, and nickel.
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25C was measured according to the method described in JP-B (KOKOKU)-HO7- 42301. Specifically,
the solubility in n-hexane was determined by adding 2 g of the solid polymethylaluminoxane
composition to 50 mL of n-hexane maintained at 25C, stirring for two hours, separating the solution
with a 0-4 glass filter, and measuring the aluminum concentration in the filtrate. The solubility
measured by this method was determined to be the ratio of the aluminum atoms present in the filtrate
to the quantity of aluminum atoms equivalent to 2 g of the solid polymethylaluminoxane composition
employed as the sample. [0072] (2) The aluminum content The aluminum content of the
polymethyl#@ijoxane composition in solution and the solid polymethylaluminoxane composition was

determined by adqi\gesia exqsRaife ANaAbnBLAHsEdURSHpURRRBBIBRAEAIAMYRIOR solution that

had been hydrolyzed with 0.5 N sulfuric acid agueous solution and then conducting reverse titration

with zinc sUIRAIRRTKS ARNIRe Y e litciany! Miwisiens ih dasiirkiccentaniransiionmaiRie,
measuremegainpasindnExaragioy efdiganddhakite Tyrloakisli €T skebtdhe apecific surface area of

the solid alLm " A : . .
compositos L SUEHEME SRR, mehJRHBESHERTTERE HRILOBRIORAR. . o
adsorption ﬁi@!ﬂféﬁnh%y@msmta#ﬁﬁiﬁlWb‘}@EﬂWl&WﬂN@diﬁ% gFapRSyed as the
measurem%ﬂ@ﬂé&%ﬂﬂiﬁ@ﬁ%@@%&@@Pmetﬁéﬁhﬁw@aﬁ@fﬁmt gas. [0074] (4) The

particle size di tribu%io median dgmeter based oa(ﬁolume Pf the solid aluminoxane composition
u

The partio € LIRPRRIABISTA IR LAY Sraes 1 aRd FUeTeBY o WSh N id aluminoxans
compositiosychraliddenyirgud ipstbandse ciffstioied with dostenteubsithdeduaib@enalry nitrogen

atmospher%yg%g} M@ﬂu@&%ﬁ@%@ q}mﬁédpﬁ@;%Mawem Instrument Ltd. Dehydrated and

degassed n-hexane was employéed as the primary dispersion medium, with dehydrated and degassed
toluene bei%og ployed as one portion for some purposes. Homogeneity was defined by the equation

given below as anLigdexis bthercataliigaals dedime clislsdiutdieny] skeletons are:
hydrocarbon groups with 1 to 20 carbon atoms, alkoxy groups, aryloxy groups,
alkylsilyl groups, amino groups, imino groups, halogen atoms, and hydrogen
atoms. Examples of hydrocarbon groups with 1 to 20 carbon atoms are alkyl
groups, cycloalkyl groups, aryl groups, and aralkyl groups. Specific examples of
alkyl groups are methyl groups, ethyl groups, propyl groups, isopropyl groups,
and butyl groups. Specific examples of cycloalkyl groups are cyclopentyl groups
and cyclohexyl groups. Specific examples of aryl groups are phenyl groups and
tolyl groups. A specific example of an aralkyl group is a benzyl group. Specific
examples of alkoxy groups are methoxy groups, ethoxy groups, and butoxy
groups. A specific example of an aryloxy group is a phenoxy group. These
groups may have substituents in the form of halogen atoms or the like. Examples
of alkylsilyl groups are trimethylisilyl groups and triethylsilyl groups. Examples of
halogen are fluorine, chlorine, bromine, and iodine.
[0083]

Specific examples of transition metal compounds containing figands
having cycloalkadienyl skeletons when M denotes zirconium in general formula
(IV) above are: bis(cyclopentadienyl)zirconium monochloride monohydride,
bis(cyclopentadienyl)zirconium monobromide monohydride,
bis(cyclopentadienyl)methylzirconium hydride,
bis(cyclohentadieny!)ethylzirconium hydride,
bis(cyclopentadienyl)phenylzirconium hydride,
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Homogeneity = E(SIGMA)Xild(0.5)-Dil/d(0.5) E(SIGMA)Xi (wherein Xi denotes the histogram value of
a particle i, d(0.5) denotes the median diameter based on volume, and Di denotes the diameter based
on volume of particle i). [0075] (5) The mole fraction of methyl groups The mole fractions of the
various components in the polymethylaluminoxane composition were determined from the surface
area ratios assigned to the various components in 'H-NMR measurement of the
polymethylaluminoxane composition. The example of obtaining the mole fractions of the specific
Me(PMAOQO) and Me(TMAL) of the polymethylaluminoxane composition will be given below. Me(PMAO)
denotes the mole fraction of methyl groups derived from polymethylaluminoxane. Me(TMAL) denotes

the mole fisteyrloperigdiegilasnadzireanivm WdigRylaluminum. [0076]  First, 'H-NMR
measuremg(@dﬁgmg@@{wﬁggwn@@m@dﬁiga’ndy@t&ﬁ;,vvith d8-THF as the deuterated solvent. The

2000 NMFO AT PR S 5P O P RS OGIo VR L. Fig. 1 shows an example
of a 1H-NMR(nidehyljifoaimeyarachiarideiydride: i pyaiapastakasyaHealiuminoxane
o e AR ARORAYIGI A ABBHSRdE PP Lo L2 poi e deterinined and
ed as | (polymethylaluminoxane). “(if) The Me group peak derived from TMAL in the vicinity of

-1.1 ppm ibis(eysoreniadiean)BmtAMEISOHEY FAPIRRIIITERIAL-Me) is obtained. (iii) The various
l)ngttaag‘;iLﬂdv?g?ﬁggﬁgﬁ%ﬂéﬁg{géﬁgmmg@gmIomgr,al valul\e/ls | (polymethylaluminoxane)
polymethye{‘ﬁfﬁ}fﬁ?gffﬁ‘é 6?'9&1%%#%& %M%'eﬁ?ﬂ%ﬁ“m%"%@ﬁﬁ% ('I?MgAr\(El-JIE/ISe)o;]hdel (PMAO-Me) are
normalizedisydyelngatitadizhp)pheoyrirconinamiaoeehldridee mole fractions of Me (PMAO) and Me
(TMAL) argopiaingsk Atfiéhyl)benzylzirconium monochloride,

bis(methylcyclopentadienyl)zirconium dichloride,

bis(dimethylcyclopentadienyl)zirconium dichloride, bis(n-

butylcyclopentadienyl)zirconium dichloride, bis(indenyl)zirconium dichloride,

bis(indenyl)zirconium dibromide, bis(cyclopentadienyl)zirconium dimethyl,

bis(cyclopentadienyl)zirconium diphenyl, bis(cyclopentadienyl)zirconium dibenzyl,

bis(cyclopentadienyl)zirconium monomethoxymonochloride,

bis(cyclopentadienyl)zirconium monoethoxymonochloride,

bis(methylcyclopentadienyl)zirconium monoethoxymonochloride,

bis(cyclopentadienyl)zirconium monophenoxymonochloride, and

bis(fluorenyl)zirconium dichloride and the like.

[0064]

Specific examples of transition metal compounds containing at least two

ligands having cycloalkadieny! skeletons, with the at least two ligands having

cycloalkadienyl skeletons being bonded via alkylene groups such as ethylene

groups or propylene groups; substituted alkylene groups such as isopropylidene

and diphenylmethylene; silylene groups; substituted silylene groups such as

dimethylsilylene groups; or the like when M denotes zirconium in general formula

(IV) are: ethylene bis(indenyl)dimethylzirconium, ethylene

bis(indenyl)diethylzirconium, ethylene bis(indenyl)diphenylzirconium, ethylene

bis(indenyl)methylzirconium monochloride, ethylene bis(indenyl)ethylzirconium

monochloride, ethylene bis(indenyl)methylzirconium monobromide, ethylene

bis(indenyl)zirconium dichloride, ethylene bis(indenyl)zirconium dibromide,
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The various peaks can be readily cut out by methods employing commercial curve fitting programs,
methods employing baseline collection, and the like. Further, the analysis sample of the
polymethylaluminoxane composition in solvent was prepared by adding about 0.5 mL of ds-THF to
about 0.05 mL of polymethylaluminoxane composition in solution. The analysis sample of the solid
polymethylaluminoxane composition was prepared by adding about 0.5 mL of dr THF to about 10 mg
of polymethylaluminoxane composition in solution. [0078]  The following reactions were conducted
in a dry nitrogen gas atmosphere. Dehydrated and degassed solvent was employed. [0079]

Preliminaryeﬂééﬁne(B@fﬂé(ﬁfﬁdﬁdahmﬁetMWQB}’@P@I&BH@@@U%W@IMiﬁkﬁ(-a'ﬁ@ﬁéemposition in

solution peehssahiedimboliasmetyies rﬂgé)’f& b RfiBREGhdERstirer were added 240.8
g(3.34m rPQ@Qgig ethylaluminum (TMAL) and 600.5 g of toluene. The solution was cooled to 15C. To

the solutio radually added 145.79 (1.19 mol) of benzoic acid at a rate that caused the
temperature of thé\ sinigkoon afr these 250 sitidre lnetal hempistndsyrasytberehyaogediind aged at 50C

for one hotofiotandiie dBRMaARER. Uit uY ARSI Rprg e faflistifeT VAL s 140

The reaction n was our hours at 70C andthen heated for six’hours at 60C to obtain

a toluene sBIAIRSYIBT pighbehisidhyiioneathe itk YNeorrerraEne @ RelidLatahsidPent liquid free of
gelled mateiaiaride; eesinifeodmiLonineseanaisiiononstat @shipbantsonagbeanpidyedeaction solution

indicated the quantltatlve re ctlon eld sed.on,.glumi tom e um copcentration of the
reaction SotUtoN OBTahed W éf assftg gt(?ban éie?Weﬁ? ﬁ%@)‘ﬁs rﬁ%‘%o me{fhylalumlnoxane

compositiofike. solutlon obtalned was determined by 1H-NMR to be 26.0 mol%. Since the
polymethyl g@noxane composition was in solution form, the solubility measurement given in the test
methodolo sectlon wa rec ed. However % concentration in toluene, determined by calculation
from the s;% ﬂﬁg\ﬂﬂ/ EEHH%BQE@' num concentration, was about 3.1 mol/L. [0080]
The molecular weTdta nm:aemmadebyamsslolud@ [poipaibtdy/felumanoiacterihgtgoiybkefis concentrated

and cried IR ARRTSIG B FERUAND A1 AP aohe pRrcRaiaBa Bl areP idd- Accordingly

the degree of p lon n o minoxa e was determined to be 4
present invention.

[0067]

Homogeneous polymerization using the solid polymethylaluminoxane
composition of the present invention and polymerization employing a supported
catalyst prepared using the solid polymethylaluminoxane composition of the
present invention exhibit suitable properties in any form of polymerization, such
as solution polymerization employing a solvent, bulk polymerization not
employing a solvent, and vapor phase polymerization. Desirable properties are
exhibited in any method such as continuous polymerization and batch
polymerization, and hydrogen or the like can be used as needed as a molecular
weight-adjusting agent.

[0068]

The monomer employed in polymerization can be any compound such as
a single olefin monomer or a combination of the single olefin monomers which
are co-polymerizable. Specific examples are: ethylene, propylene, 1-butene, 1-
pentene, 1-hexene, 1-decene, 1-hexadecene, 1-octadecene, 1-eicocene, and
other af{alpha)-olefins; bisfluoroethylene, trifluoroethylene, tetrafluoroethylene,
hexafluoropropene, and other halogen-substituted olefins; and cyclopentene,
cyclohexene, norbornene, and other cyclic olefins.

[Embodiments]
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[0081] (2) Evaluation of ethylene polymerization 1. Polymerization using
bis(cyclopentadienyl)zirconium dichloride To a 500 mL four-necked flask equipped with magnetic
stirrer was charged 250 mL of toluene. The toluene was heated to 34C. To this was added a toluene
solution of 0.16 g (5.93 mmol) of polymethylaluminoxane based on aluminum atoms.
Bis(cyclopentadienyl)zirconium dichloride (Cp2ZrCl2) was added to achieve an Al/Zr mole ratio of
5,000. While raising the temperature to 40C, ethylene gas was blown in. After 10 minutes, the
ethylene gas feed was halted and methanol was introduced to deactivate the catalyst. The
polyethyleri@@8luced was filtered and dried. The polymerization activity was calculated to be 62x106

g-FI’E/ m(?"ZtTatm-hT-h moog‘%%g@%gr%%ggem i X A Eﬁ@lﬁﬂ Wé%@r%%u?ﬁ%iﬁﬁbﬂﬁﬁé?ﬁt d'éhel) o
polymerization apparatus. | 2. Polymerization em ing bis(p-butylcyclopentadienyl)zirconium
dichloride Ho"?"@"f’aéaben'ﬂf Iﬁ%%@ﬁa@@ﬂlmﬁgﬁ Kﬁiﬁ%&@%@%@ﬁﬂér was charged 250 mL of
toluene. TH®OGIDENe was heated to 34C. To this was added a toluene solution of 0.043 g (1.6 mmol)
of polymethylalungji it pﬁ?ﬁg [ : :
Bis(n-butylcyclopemnrtt@éaeér@§Z|rco%|ﬁ&$n(%ic orldﬁem( angg)gzhgr&gZ W%hg’cﬁ!lég"t%ogg i%ve an Al/Zr mole
ratio of 5,000MRAREIPAIYAS Hsmatindriad rengen aAULHRAHHE YUEN RGN RYmRial 48 minutes, the

ethylene gapriagshvirschnite gabmaag dauRPpatFINCERd Agpes ivaieHudaldlyatnd he
polyethyle;?gﬁhqduced Wag fllter%yd aé*ﬁ:l%drleagé%etpolymerlzatlon activity was calculated to be 35x106

g-PE/mol- ﬁ?\f&ggﬂ PN NN AR &Oying

rac-ethyleniBlfig(ld,5,6-tetrahydro-1-indenyl)zirconium dichloride To a 500 mL four-necked flask
equipped wit JpagiRlasitirrer was charged 250 mL of toluene. The toluene was heated to 34C. To
this was added a toluene solution of 0.035 g (1.3 mnnol) of polymethylaluminoxane based on
aluminum a(&)r@lﬁiﬂ@éthylene bis(4,5,6-tetrahydro-1-indenyl)zirconium dichloride (rac-Et(Ind)2ZrCI2)
was added to achikve solubliy ofdheerstiidaidydnethwalieniaiskag ehemotepusitiatucé ioed40C, ethylene gas

was blown i QLI 0RO P nihEEIUIENG APR Gerl SRS TaARalrapntroduced to
eactivate the catalyst. The polyethylene that had been produced was filtered and dried. The
polymerizafiCa¥aftinRasurart arakdiacde s Torthes denerized i P BALS NN Test 2
(Benzoic aqid3fHOshedlically, the solubility in n-hexane was determined by adding 2 g of

the solid polymethylaluminoxane composition to 50 mL of n-hexane maintained

at 25°C, stirring for two hours, separating the solution with a G-4 glass filter, and

measuring the aluminum concentration in the filtrate. The solubility measured by

this method was determined to be the ratio of the aluminum atoms present in the

filtrate to the quantity of aluminum atoms equivalent to 2 g of the solid

polymethylaluminoxane composition employed as the sample.

[0072]

(2) The aluminum content

The aluminum content of the polymethylaluminoxane composition in

solution and the solid polymethylaluminoxane composition was determined by

adding an excessive quantity of disodium ethylenediaminetetraacetate to a

solution that had been hydrolyzed with 0.5 N sulfuric acid aqueous solution and

then conducting reverse titration with zinc sulfate using dithizone as indicator.

When the measured concentration was dilute, measurement was conducted by

atomic absorption analysis.

[0073]

(3) The specific surface area of the solid aluminoxane composition
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(1) Synthesis of polymethylaluminoxane composition in solution With the exceptions that the
guantity of benzoic acid introduced into the powder was changed so that the mole ratio of oxygen
atoms in the benzoic acid and the TMAL was 1.30 and the heating following aging by heating to 50C
was changed to heating at 70C for 15 hours in Preliminary Test 1, a polymethylaluminoxane
composition in solution was synthesized in the same manner as in Preliminary Test 1. The solution
obtained was a transparent liquid free of gelled material. The results of aluminum analysis conducted
following recovery of the reaction solution indicated the quantitative reaction yield based on aluminum
atoms. The aluminihe specifiatraritace Biea Afdbgoivkd atishindantaamesiioningssos. The quantity

of 'V'e(TMAH)eiBthﬁmEG'M&@W‘%&f&%ﬁﬁ@ﬁ%ﬁ@ﬁ@%%ﬁ%ﬂ@s@h@%%ﬂ&@ﬂned by

1HNMR to be 18.3 mol%. Since { hylalyminoxape pasition in solution form, the
solubility mBaSaretenSate Ly %@ﬁgfh J8Rstsy eg%g;‘{%fé&%*e d&fPHowever, the

concentratiempldphdas thie measnrdrgntaleviag@nti gitrdge s gasifvagreniplayati@sdhation and the
aluminum e 'g t Was about 3.1 mol/L. [0085] (2) Ethylene polymerization evaluation
Polymerizatc%n eva‘ﬁrj‘rzl;ltﬁ)nalby'the same method as that described in (2)1. of Preliminary Test 1
revealed thEOBBﬂ]merization activity to be 45x106g-PE/molZratm.hr. The polymer was amorphous and

there was ey ke eeeticlslBgeoditigttiymandatiodiap pikaister|DAS6d Bretolimaeyof ¢ 3 (Benzoic
acid-AI/Ozl.Zﬁ é}a rr%)Anthesis O%Polgmgﬁhylaluminoxane composition in solution With the
t

exceptions ™ € qua%ﬁ{)%?geﬁ?mc acid introduced into the powder was changed so that the mole

ratio of oxygen atdrhe patticle Kize diskiibuéiaeandinediendiomeBnbasek aeudhige ey aging by

helatingt;o I%Rﬁd_ﬂﬁlﬁrﬁnﬁﬁ&% %Hﬁﬁﬂi_i‘@oﬁtr??@ Hztémﬁtelﬁsdwﬁd@m%@aw@ﬁbﬁ@d N
olymethylalumingxane composition in solution was synthesized.in the same, ma s in Preliminar
?egt 1. Tze%%%ﬁ%@%ﬁﬁ%qo%%qmsﬁ'gmqi i BE%’Pd’&“é& ﬁ&gﬁfa%'fﬁ&@égﬁts of aluminumy

analysis conlydctef fnldeibg Madosamretthmesd tid nDehytdoatéiicat e gasspinthakaseeaction yield

based on j T, ll"ﬁlﬁ% ] %}g rﬁ,ﬁé{m ULt ' j %tgﬂ as 9.15
mass%. T?w{éd%%%@ m%?#%Aiﬁ Int (?i polymethyla uhinb@rﬁ?ﬁw}gg#m_ SO utiggl%vbtained
was determiPgNs BeiNAVBRIOYE ASARBIPOTEAIL SO PEIPHTRPRRSIINAMBARNE Y MBBsition was in

solution forgefiRedplphibhequadsHrgvenbelsends dicitcrioethedeitgysspaliticievsizeprecluded.
However, tgﬁﬁi:ogct?nﬁration in toluene, determined by calculation from the specific gravity of the
EAHRY

solution an Ihum concentration, was about 3.1 mol/L.
Homogeneity = Z(SIGMA)Xi|d(0.5)-Di|/d(0.5) Z(SIGMA)Xi

(wherein Xi denotes the histogram value of a particle i, d(0.5) denotes the median
diameter based on volume, and Di denotes the diameter based on volume of
particle i).
[0075]
(5) The mole fraction of methyl groups

The mole fractions of the various compoenents in the
polymethylaluminoxane composition were determined from the surface area
ratios assigned to the various components in 'H-NMR measurement of the
polymethylaluminoxane composition. The example of obtaining the mole fractions
of the specific Me(PMAQ) and Me(TMAL) of the polymethylaluminoxane
composition will be given below. Me(PMAOQO) denotes the mole fraction of methyl
groups derived from polymethylaluminoxane. Me(TMAL) denotes the mole
fraction of methyl groups derived from trimethylaluminum.
[0076]

First, "H-NMR measurement of the polymethylaluminoxane is conducted
with dg-THF as the deuterated solvent. The 'H-NMR measurement is conducted

28



[0087] (2) Ethylene polymerization evaluation Polymerization evaluation by the same method as
that described in (2)1. of Preliminary Test 1 revealed the polymerization activity to be
49x106g-PE/molZratm.hr. The polymer was amorphous and there was pronounced fouling of the
polymerization apparatus. [0088] Preliminary Test 4 (Benzoic acid-Al/0=1.20) With the exceptions
that the quantity of benzoic acid introduced into the powder was changed so that the mole ratio of
oxygen atoms in the TMAL and the benzoic acid was 1.20 and the heating following aging by heating
to 50C was changed to heating at 70C for 32 hours in Preliminary Test 1, a polymethylaluminoxane

compositioAlid sokasHemensiemesiatderrf42amiharfeME 7 CGamin #R00 NAR1. The solution

obtained wigead(pBARAMEAEVREIchERE BY YalieshrTataiir)iobiesavdn, Alta! iy nymnanalysis conducted
following reézg%/ﬁle?mof eﬂfim Cj%utlon indicated the quantitative reaction yield based on aluminum
atoms. The il Bond [I1PBf the reaction solution obtained was 9.04 mass%. The guantity

of Me(TMA{i) ?hmmm;ammmlmmmmmm wlytmt@akmnmeietgrmined by
1HNMR to Bsn%éqrﬂdgq}%e%ary&wﬁnes&m%@g@#ﬂm OMREmM SHBRCIIO BRI S8 ian;form, the

solubility measurement given in the test methodology section was precluded. However, the

concentratiéAtTHRRShand sleneied ab| EvmetbyiFlmingaiRleific gravity of the solution and the

aluminum qENTERIMEATOME Do dedRIPEM [IAAY] iihethyipitg pblymegsiratiercavaitation
Polymerizagjon evaluatign by the same method described.in (2)1. of Preliminary Test 1
revealed th %éﬁy;ﬁg %gctigrq&a%ﬁﬁ/i@?g@E@%Td@%&%ﬁr’%&gﬁr‘#ﬁé polymer was amorphous.

High-tempdixearuipus/sdearahaietcobiaingdih(iboase awitrected ftpmdhaviiaare be 2.9. The
polymer wag, R pRstHyIRRIMINBRT fw%sim_@ooérs_mrpﬂiémﬁéi pliariparatus. [0090]

evaloation B MRCCHIEL h LR I SO R R A oDB AU g R LR M e,
polymerizatiim estbiylaidy nai ey ¢he6d - TRk Kia) mn | TP ACGhMerara semrmatizedusyand there was
pronounced, fuling, pfdh% PP BRHFHOLRPRAGE), the mole fractions of Me (PMAO)

and Me (TMAL) are obtained.

[0077]

The various peaks can be readily cut out by methods employing
commercial curve fitting programs, methods employing baseline collection, and
the like.

Further, the analysis sample of the polymethylaluminoxane composition in
solvent was prepared by adding about 0.5 mL of dg-THF to about 0.05 mL. of
polymethylaluminoxane composition in solution. The analysis sample of the solid
polymethylaluminoxane composition was prepared by adding about 0.5 mL of dg-

THF to about 10 mg of polymethylaluminoxane composition in solution.
[0078]

The following reactions were conducted in a dry nitrogen gas atmosphere.

Dehydrated and degassed solvent was employed.

[0079]

Preliminary Test 1 (Benzoic acid-Al/0=1.40)

(1) Synthesis of polymethylaluminoxane composition in solution

To a separable flask with an interior volume of 2 L equipped with stirrer
were added 240.8 g (3.34 mol) of trimethylaluminum (TMAL) and 600.5 g of
toluene. The solution was cooled to 15°C. To the solution was gradually added
145.7 g (1.19 mol) of benzoic acid at a rate that caused the temperature of the
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[0091] 3. Polymerization employing rac-ethylenebis(4,5,6-tetrahydro-1- indenyl)dizirconium dichloride
Polymerization evaluation by the same method as that described in (2)3. of Preliminary Test 1
revealed the polymerization activity to be 35x106g-PE/molZratm.hr. The polymer was amorphous and
there was pronounced fouling of the polymerization apparatus. [0092] Preliminary Test 5 (Benzoic
acid-Al/0=1.10) (1) Synthesis of polymethylaluminoxane compaosition in solution With the
exceptions that the quantity of benzoic acid introduced into the powder was changed so that the mole
ratio of oxygen atoms in the TMAL and the benzoic acid was 1.10 and the heating following aging by

heating to 50Giipssteiagda 25¥e afifglawr dbeonture wasiherheatedyand agedhat 50°C
golytrfiewwﬂwj tﬁg@tﬂﬁ@ﬁﬁi@p{ﬁb&%@@' tﬂb?éf&ﬁ@tbﬁﬁg@ﬂ' fdtbf?@@ﬁﬂ@ﬁ” ; fﬂfﬁ@ﬂﬁ@ Prellimir}ary
est 1. e SOLWII obtained. Ww. a transparent viIscous liqul e eam I resuits o
R e L SR e s AT LSRN G B aRl LRt IR A0 Entative
reaction yiethiabatmieﬂwfahshdﬂnmmraat@@?@ﬁe ahlain"nalfwblanmiation of the reaction solution
obtained wgs kR nblE L AHIBIMSH KiAada thasnolymRiiuai RisRKRge spmposition in

solution obtained was determlnedktf)%lHNMR_to be 5.2 mol%. Since the polymethylaluminoxane
compositio8%gd Mgtz s-Fesuis slialwmipHR aaalaiR cegrisied fﬁf%ﬁ%@ﬂw&&o@‘y section
was precludesirédeticvenitiio sontieatetithe iguahitaive mavtivnegdkt bakadasivalinmindhe specific

polymenizabiS e g R A O a5 PeBcrr Rl ed o R 20 et m 1.

of Prelimin&iasedet Theasaatityred MaiidAkxin thadiviynet dalesineep peaompestiemin The polymer
was amorphguBicH e sRErR(RaP HIBHARRY toy T PONTReBey P20 78RN, BResakts. [0094] Preliminary

Tt 6 A e Bluminoxant Sompbamon was T SoloN Form 12 2o pafyPosition in solution
measurement given in the test methodology section was precluded. However, the
concentration in toluene, determined by calculation from the specific gravity of
the solution and the aluminum concentration, was about 3.1 mol/L.

[0080]

The molecular weight determined by dissolving polymethylaluminoxane
that had been concentrated and dried in benzene and employing the drop in
solidification point method was 2,430. Accordingly, the degree of polymerization
n of the aluminoxane was determined to be 42.

[0081]
(2) Evaluation of ethylene polymerization
1. Polymerization using bis(cyclopentadienyl)zirconium dichloride

To a 500 mL four-necked flask equipped with magnetic stirrer was
charged 250 mL of toluene. The toluene was heated to 34°C. To this was added
a toluene solution of 0.16 g (5.93 mmol) of polymethylaluminoxane based on
aluminum atoms. Bis(cyclopentadienyl)zirconium dichloride (Cp.ZrCl;) was
added {o achieve an Al/Zr mole ratio of 5,000. While raising the temperature to
40°C, ethylene gas was blown in. After 10 minutes, the ethylene gas feed was
halted and methanol was introduced to deactivate the catalyst. The polyethylene
produced was filtered and dried. The polymerization activity was calculated to be
62x10° g-PE/mol-Zr-atm-hr. The polymer was amorphous and there was
pronounced fouling of the polymerization apparatus.

[0082]
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To a separable flask with an internal volume of 500 mL equipped with stirrer were added 68.39 g
(948.81 mmol) of trimethylaluminum (TMAL) and 102.51 g of toluene. The solution was cooled to 15C.
To the solution was gradually added a solution of 82.13 g (683.56 mol) of acetophenone and 19.35 g
of toluene at a rate that caused the temperature within the flask to remain at 25C or below. The
mixture was then heated and aged at 50C for one hour. At that time, the mole ratio of the oxygen
atoms of acetophenone and the TMAL was 1.39. To the reaction solution was added in a single
installment a thermal decomposition reaction activation agent in the form of a toluene solution (Al
concentratiénRohonerzation mmmgmafwmmﬂm@mtadiﬁpmammniwpmlm id@eliminary Test 1
irrll a qtjantity equir:fpéegt‘;?oz}ﬂlpfgﬁmﬁle%gﬁ%m § \hlrﬁﬁqﬁ é{wgw wEms. Subsequently,
the mixture was he or nipne hours to obtain uene io met minoxane in
which acetGHREIRFA %6 r‘?t'n sﬂ'%ﬂ%’e"&f‘ﬁ%g@ﬁ s%%l}# rf %ﬁ%%ﬁé % ale yellow
transparentalitgplie: fie e adii tiyerl edi Wér@(ﬂ&mreel)lm‘ pb&tmeih;daimnniyxmmnptmﬂtmﬂowmg
recovery ofhedearianiipluipnisicaind hafispisbinaneimmiiehihasadag auminum atoms.

e reaction so no

The aluminum concentration of tained was 9.15 mass%. The quantity of

Me(TMAL) {"Bie-BBlpéiEh) Wamaddsdite es%&m%ﬂléal'&!ﬁ)ﬁa&&afr%%a%tﬁtm by

1H-NMR tothe tedperatife &w@ewwm@ywmbmwnmcmnemsulﬁﬂma&mmlutlon form, the
solubility m ﬁ'xrement |ve |nt (j{-} me hod sectlo ?% Iu ed, Hoi/vemer the
S By €4

concentrati %?u%%s ca culat Iensrgecl IC gravﬁy tf\{ﬁe so?utlon and the

aluminum ceatabystrakiom Pﬂ)&@ﬁb@ﬂ@lwmd E@estﬁ]tﬁ(@daﬁﬂléﬁﬂ@fbo'rm@@bﬁﬂ@ﬂ@i@lﬂaﬂon
Polymerizajjof yalation e 16he 583 asghRbAesetkestin (2)1. of Preliminary Test 1
revealed the polymerization activity to be 65x106g-PE/molZratm.hr. The polymer was amorphous and
there was ;{ nced fouling of the polymerization apparatus. [0096] Preliminary Test 7 A 174.63
g quantity &.tRelpolgrizztiyfadmpioyian eacestipgdeietis (4 5o BHieingingirard dnd g jrincamiume st 1
(Al/0=1. 40)&{@]? 9mcentrated and solidified under a full vacuum at room temperature, yielding a
residual component in the form of 54.03 g of concentrated polymethylaluminoxane. Toluene was

added to this resid &R BhdAvEnackrddast RaHRBeR AHRRRANRIC SUIGt¥A® 8.92 mass%. The
toluene solgHaryetiEBPMatdf abRIE XPRe famreneawwmﬁaqd spTaTotingwasdtgadree of

insoluble material. The ant é‘)l’ L) a g ined H-NMR wa 15 0 mol%, which was
much lowePth? LeiHetH%% A)(%E?%l‘f eE:{I(;%nc'}'entr 0 W&qﬁ%a e COACENT te 0arled

polymethylaluminunmmaomme@@t&ShWﬁ@ dits{ 61 Gt tetnadiydeord -awdlemd)mtﬂeeunm weight as measured
by the dropdmswaét{?é@eﬂma Rt 9%@aadaaqo%¢ﬁ>éwatyAttﬂzr¢ﬁa@%%m'smsazatlon n of the

aluminoxane was determined to 009%})Prellm| ary Test 8: aluatlon effect of the

quantity of Wﬁgﬁdﬂ@ﬁﬂrg}ﬁu@ﬂpera@Wﬂ& @Jf@l‘tlj’ SRSONES PIOWRLE g Qane based on the
volume of thenuigsniid gl viensogas éesol wias halesd addenlethh&heltmdasandmdlmﬂmhtcﬁdlo 1.40) of the

POVl QMR ARSI 1 SOLEA R R e LR pr AL ey e quanty o

solid polymet minoxane ositlon’t preC|p|tate was m s a result, the quantity of
solid poly Iaﬁh|FFB%?@%6%B@§'@B@%H%M%%@H%féb‘?%t%??ﬂ"P g-REMAlim-based

precipitatio ratenvies 22 percent in all cases, and no difference based on the quantity of n-hexane
introduced m@g ﬂbserved.
Preliminary Test 2 (Benzoic acid-Al/0=1.30)
(1) Synthesis of polymethylaluminoxane composition in solution
With the exceptions that the quantity of benzoic acid introduced into the

powder was changed so that the mole ratio of oxygen atoms in the benzoic acid
and the TMAL was 1.30 and the heating following aging by heating to 50°C was
changed to heating at 70°C for 15 hours in Preliminary Test 1, a
polymethylaluminoxane composition in solution was synthesized in the same
manner as in Preliminary Test 1. The solution obtained was a transparent liquid
free of gelled material. The results of aluminum analysis conducted following
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[0099] Embodiment 1 (1) Synthesis of solid polymethylaluminoxane composition To a separable
flask with an internal volume of 5 L equipped with stirrer was charged 406.5 g (1.361 nnol-Al) of the
polymethylaluminoxane composition prepared in Preliminary Test 4 (Al/0=1.20) and the solution was
heated for 8 hours at 100C with stirring. A solid polynnethylaluminoxane composition precipitated
during heating. The solution was cooled to 30C or lower and 3.6 L of n-hexane was added with stirring
for washing. The solid polymethylaluminoxane composition was decanted, the supernatant was

removed, and a decantation washing operation was conducted twice with 3 L of n-hexane. The solid
obtained wigcanety widee reaotiea gphsinndngicaiad teerpeantiialive tnslion yvigjdseased

poimetiayBiagaansuneo HanShman aieianatin o e s b ialmnorane
ition was K uminum atoms in olymethylaluminoxane composition in
solution enﬁ?&@)@@gﬂ‘@&% of &eﬁ@lﬁﬂ??ﬁ%@@ﬁg&@& t%%luminoxane composition
obtained Wpeigmamwambynbbdaiﬂ_mmsltium%smmﬂdﬂu (cﬂ)tal'netj/wawﬂ'_eﬁersuﬂind by 'H- .
potymethy IMRAGIANCEMRRRIIM R il BURR AT inoxdRE ESHRIGUTL AR Of the dry solid

polymethylaluminoxane composition was m t 37.3 mass%-Al. [0101] (b) Morphology
evaluation Solution|fRifibrils alubiityraeasurarem dRscibackin e it Mﬁ‘i’éﬂ”?&yuminoxane
compositioggAIieRs pric MR FIRWRNST, 209 Qdnyertratiay aatellenyusierhised iyedian diameter
d(0.5) of 9'c4aPcma%%% ?rE‘r%”t‘i?é?%ng?ﬁé’fg?a%. 0 S??ﬁe':si,%lu%?cn and the aluminum
concentration, was about 3.1 mol/L.
[0085]
(2) Ethylene polymerization evaluation
Polymerization evaluation by the same method as that described in (2)1.
of Preliminary Test 1 revealed the polymerization activity to be 45x10%g-PE/mol-
Zr-atm-hr. The polymer was amorphous and there was pronounced fouling of the
polymerization apparatus.
[0086]
Preliminary Test 3 (Benzoic acid-Al/0=1.25)
(1) Synthesis of polymethylaluminoxane composition in solution
With the exceptions that the quantity of benzoic acid introduced into the

powder was changed so that the mole ratio of oxygen atoms in the TMAL and the
benzoic acid was 1.25 and the heating following aging by heating to 50°C was
changed to heating at 70°C for 21 hours in Preliminary Test 1, a
polymethylaluminoxane composition in solution was synthesized in the same
manner as in Preliminary Test 1. The solution obtained was a transparent liquid
free of gelled material. The results of aluminum analysis conducted following
recovery of the reaction solution indicated the quantitative reaction yield based
on aluminum atoms. The aluminum concentration of the reaction solution
obtained was 9.15 mass%. The quantity of Me(TMAL) in the
polymethylaluminoxane composition in solution obtained was determined by H-
NMR to be 17.5 mol%. Since the polymethylaluminoxane composition was in
solution form, the solubility measurement given in the test methodology section
was precluded. However, the concentration in toluene, determined by calculation
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[0102] (c) Measurement of specific surface area Measurement of the specific surface area of the
dry solid polymethylaluminoxane composition revealed the specific surface area per mmol of
aluminum atoms to be 19.5 m2/mmol-Al. [0103] (d) Solubility in solvent The solubility in n-hexane
and in toluene of the dry solid polymethylaluminoxane composition was determined to be 0.1 mol%
and 0.4 mol%, respectively, which were extremely low values. [0104] (3) Ethylene polymerization
evaluation 1. Polymerization employing bis(cyclopentadienyl)dizirconium dichloride To a 500 mL
four-necked flask equipped with magnetic stirrer was charged 250 mL of toluene. The toluene was
heated to 3ftanTtbatspaciiic gualdty atdheeselWiomansd dhecaiupingmneaonesttatiosswas
polymethylaglygingxepe fl/0=1.20) based on aluminum atoms. Bis(cyclopentadienyl)zirconium
dichloride (Cp2ZrCl2) was added to achieve an Al/Zr mole ratio of 5,000. While raising the
temperatur ﬂ)C, ethylene gas was blown in. After 10 minutes, the ethylene gas feed was halted
and methar{2) &éwyylatre potypdddzitiactieeatudtonatalyst. The polyethylene produced was filtered and

O e POl e ERHAB A AR GRS RO IAE R BB (o The poymer

obtained was in the smoot microparficles that did not adhere to the reaction apparatus

following p&t§Rvetipainsn; Tast rhopvaaledferpeleteatinniAstivMy te a%é%wesfa’ﬁmwm to be
2.7 by high zempesturad3itBmiet@™s amorphous and there was pronounced fouling of the

polymerization apparatus.
[0088]
Preliminary Test 4 (Benzoic acid-Al/0=1.20)
With the exceptions that the quantity of benzoic acid introduced into the

powder was changed so that the mole ratio of oxygen atoms in the TMAL and the
benzoic acid was 1.20 and the heating following aging by heating to 50°C was
changed to heating at 70°C for 32 hours in Preliminary Test 1, a
polymethylaluminoxane composition in solution was synthesized in the same
manner as in Preliminary Test 1. The solution obtained was a transparent liquid
free of gelled material. The results of aluminum analysis conducted following
recovery of the reaction solution indicated the quantitative reaction yield based
on aluminum atoms. The aluminum concentration of the reaction solution
obtained was 9.04 mass%. The quantity of Me(TMAL) in the
polymethylaluminoxane composition in solution obtained was determined by H-
NMR to be 14.0 mol%. Since the polymethylaluminoxane composition was in
solution form, the solubility measurement given in the test methodology section
was precluded. However, the concentration in toluene, determined by calculation
from the specific gravity of the solution and the aluminum concentration, was
about 3.0 mol/L.
[0089]
(2) Ethylene polymerization evaluation

Polymerization evaluation by the same method as that described in (2)1.
of Preliminary Test 1 revealed the polymerization activity to be 39x10%g-PE/mol-
Zr-atm-hr. The polymer was amorphous. High-temperature GPC revealed the
molecular weight to be 180,000 and the Mw/Mn to be 2.8. The polymer was
amorphous and there was pronounced fouling of the polymerization apparatus.
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2. Polymerization employing bis(n-butylcyclopentadienyl)zirconium dichloride To a 500 mL
four-necked flask equipped with magnetic stirrer was charged 250 mL of toluene. The toluene was
heated to 34C. To this was added a toluene solution of 0.038 g (1.4 mmol) of polymethylaluminoxane
composition based on aluminum atoms. Bis(n-butylcyclopentadienyl)zirconium dichloride
((nBu-Cp)2ZrCl2) was added to achieve an Al/Zr mole ratio of 5,000. While raising the temperature to
40C, ethylene gas was blown in. After 10 minutes, the ethylene gas feed was halted and methanol
was introduced to deactivate the catalyst. The polyethylene produced was filtered and dried. The
polymerizalf@®P8¢tivity was calculated to be 140x106 g-PE/mol-Zratm.hr. The polymer obtained was in

the form of 5 RYEEARA R IRbatleeIsp neatieniinArRBRARIA dicinbnudng
polymerization. 106}53. Po%merlzatlon e

Pt loaons (4 BAEEL7OHAE SVABHAD I e SHBrAiiRs s HhaLrese e Roked flask

equipped wifhPredignietcysTiestrwavehadte: P6lymerizatitneactivitydc deadtx 105g-REadlto 34C. To

this was a tplu ' : Lol gpﬁ% on
aluminum Ola%cf?r%tsﬁlI %fﬂ%?elzﬂ%}.Qﬂ%%%%ﬁﬁéﬁ%‘%ﬁ%%ﬁ%ﬁ g%%?c?ﬁlgeﬁ rac-Et(Ind)2ZrC12)
was addedRE\¥AREZALSA APPRFAME ratio of 5,000. While raising the temperature to 40C, ethylene gas
was blown jpogfter 10 minutes, the ethylene gas feed was halted and methanol was introduced to
deactivate catalyst. The polyethylene produced was, filtered and dried. The polymerization activity
was calcuIggg?ﬁg%%?q%%q%%’lﬁﬁ-ﬁ%%%% e 3rér§é$%r€tn rq%%'ﬁ?as in the form of smooth
microparticledanyldidneonisthslichiotide reaction apparatus following polymerization. [0107]

Embodiment 1-2- pojytiyatisnseliipariohtby M Nami@ BN a33AS: cRBARSYR ppgpared in
Preliminary Test 4 was heat treated in the sam‘a?ﬂman_ner_ as in Embodiment 16@ in &L;ce the
(o

precipitatioR’dt % UBIPRY ottt | SRYRAGHNRPANMMETZALN RRFVIRNIR PR 22% 30t R{MRle size
distribution 2 aive teadtepadhintienwessadiarptho nzeasdtherd alas peonas reeg fiydidgefsthieent in a

Master Siz 000, 5 gsult, the particle morphology was such that at hour 4 of heating,
the median%rg@metéfr%g{g%g%se on volume was 14.5 pm (see Fig. 3) and at hour 8 of heating, the

median diaf8821d (0.5) based on volume was 14.6 pm (see Fig. 4). [0108]  In Embodiment 1, the
particle size ehfitfiisio Te@SIBIHaNRS deidaadi@=splidpolymethylaluminoxane composition, yielding the
result of a r@ig#antgiamet?r dlgo.%lhbqsled on volume of 9.4.th angl ?pgmogeneity of 0.296. In the
present em %nen?,se'%éjlu gen esﬁr?gucr)?' hoexsgr RO B GE0N 8F a toluene dispersion of the

solid polymethylalM¥itntheaaxceptips et the siuantiyosé benaeiciadiging oduead defaithgiameter d(0.5)
of the partigig,vifg dial BvEiNgeR S BHRAHO MBle Thid WRSAFdALstsHS RvBlinavitmaqlid

polymethylaluminoxane compasition in the tquenF dispersion of the undried solig
polymethleE’ﬂ‘Tﬁ’fSﬁﬁ% W@%Eﬁtm the heating following aging by heating to 50°C was
changed to heating at 70°C for 60 hours in Preliminary Test 1, a

polymethylaluminoxane composition in solution was synthesized in the same
manner as in Preliminary Test 1. The solution obtained was a transparent
viscous liguid free of gelled material. The results of aluminum analysis conducted
following recovery of the reaction solution indicated the quantitative reaction yield
based on aluminum atoms. The aluminum concentration of the reaction solution
obtained was 8.81 mass%. The quantity of Me(TMAL) in the
polymethylaluminoxane composition in solution obtained was determined by "H-
NMR to be 5.2 mol%. Since the polymethylaluminoxane composition was in
solution form, the solubility measurement given in the test methodology section
was precluded. However, the concentration in toluene, determined by calculation
from the specific gravity of the solution and the aluminum concentration, was
about 2.9 mol/L.

[0093]
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[0109] Embodiment 2 (1) Synthesis of solid polymethylaluminoxane composition With the
exception that the polymethylaluminoxane composition in solution (Al/0=1.25) prepared in Preliminary
Test 3 was employed, a solid polymethylaluminoxane composition was prepared in the same manner
as in Embodiment 1. The precipitation rate of the dry solid was 72 percent based on the aluminum
atoms in the polymethylaluminoxane composition in solution employed. The quantity of Me(TMAL) in
the solid polymethylaluminoxane composition obtained was measured by 1H-NMR at 10.5 mol%.
[0110] (2) Analysis of the solid polymethylaluminoxane composition (a) Aluminum content The
aluminum d@hietyisgnadalymeiigabioly eaatiniminoxane composition was measured at 40.3
mass%-Al. (b) MopivestzaYaH 8iariatior i ialieaneé IRetRBH 8L thizCddistHBHAR @)fhe dry solid
polymethylaluminoxane cgom 5|tl%1a%)nducted with a Master Sizer 2000 gl)g

D el A e TGRS s M PR SR P Ao BBt rement o

specific suiZacerikea The elgmerwmes boidhEhspeatiid shefaceras aarfateced fealidg of the
polymethyl Bgymgﬁ%m & { revealed the specific surface area per mmol of aluminum atoms
to be 17.6 [%}Oé?ﬁno -Aﬁ(d%igoiui)ﬁ/ in solvent

Preliminary Test 6 (Acetophenone-Al/O=1.39)
(1) Synthesis of polymethylaluminoxane composition in solution

To a separable flask with an internal volume of 500 mL equipped with
stirrer were added 68.39 g (948.81 mmol) of trimethylaluminum (TMAL) and
102.51 g of toluene. The solution was cooled to 15°C. To the solution was
gradually added a solution of 82.13 g (683.56 mol) of acetophenone and 19.35 g
of toluene at a rate that caused the temperature within the flask to remain at 25°C
or below. The mixture was then heated and aged at 50°C for one hour. At that
time, the mole ratio of the oxygen atoms of acetophenone and the TMAL was
1.39. To the reaction solution was added in a single installment a thermal
decomposition reaction activation agent in the form of a toluene solution (Al
concenfration 9.30 mass%) of the polymethylaluminoxane composition prepared
in Preliminary Test 1 in a quantity equivalent to 49.0 mmol (14.23 g in solution)
based on aluminum atoms. Subsequently, the mixture was heated for nine hours
at 65°C to obtain a toluene solution of polymethylaluminoxane in which
acetophenone was employed as a source of oxygen. The solution obtained was
a pale yellow transparent liquid free of gelled material. The resuits of aluminum
analysis conducted following recovery of the reaction solution indicated the
quantitative reaction yield based on aluminum atoms. The aluminum
concentration of the reaction solution obtained was 9.15 mass%. The quantity of
Me(TMALY} in the polymethylaluminoxane composition in solution obtained was
determined by 'H-NMR to be 23.2 mol%. Since the polymethylaluminoxane
composition was in solution form, the solubility measurement given in the test
methodology section was precluded. However, the concentration in toluene,
determined by calculation from the specific gravity of the solution and the
aluminum concentration, was about 3.1 mol/L.

[0095]
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The solubility in n-hexane and in toluene of the dry solid polymethylaluminoxane composition was
determined to be 0.2 mol% and 0.6 mol%, respectively, which were low values. [0111] (3) Ethylene
polymerization evaluation With the exception that the solid polymethylaluminoxane composition
synthesized above was employed, polymerization evaluation conducted in the same manner as in
(3)1. in Embodiment 1 revealed a polymerization activity of 34x106 g-PE/mol-Zratm.hr. The
polymer obtained was in the form of smooth microparticles that did not adhere to the reaction
apparatus following polymerization. [0112] Embodiment 3 (1) Synthesis of solid

polymethylahirgifgiane 2561 afitiaibn evAlitbtibg exception that the polymethylaluminoxane
composition in solytion (Al/0=1.30 [ limi 2 I - lid
molymethyalumin SN EEFE R WAL AP BRI AR S EXD b 1. The
precipitationf Restifinaryesilit ievsabaddbepatyinerzationtastiviyio e 68t gmREdMol-
polymethylahuminoxaRe, cOBRASRD SRR BT RVErd I8 WREHDREMEITIMY-binHe solid

polymethylaluminoxane composition obtained was measured by 1H-NMR at 11.5 mol%. [0113] (2)
Analysis of BOYSZAERMRARRFAMSinoxane composition (a) Aluminum content
[0096] '

Preliminary Test 7
A 174.63 g quantity of the polymethylaluminoxane composition in solution

prepared in Preliminary Test 1 (Al/O=1.40) was concentrated and solidified under
a full vacuum at room temperature, yielding a residual component in the form of
54.03 g of concentrated polymethylaluminoxane. Toluene was added to this
residual component and the aluminum concentration was adjusted to 8.92
mass%. The toluene solution of polymethylaluminoxane composition obtained
was a uniform solution free of insoluble material. The quantity of Me(TMAL) as
determined by '"H-NMR was 15.0 mol%, which was much lower than the 26.0
mol% prior to concentration.

[0097]

The concentrated, dried polymethylaluminoxane composition was
dissolved in benzene and the molecular weight as measured by the drop in
solidification point method was 1,220. Accordingly, the degree of polymerization
n of the aluminoxane was determined to be 21.

[0098]
Preliminary Test 8: Evaluation of the effect of the quantity of n-hexane

introduced

Six-fold, 10-fold, and 20-fold quantities of n-hexane, based on the volume
of the polymethylaluminoxane solution, were added to the toluene solution
(Al/O=1.40) of the polymethylaluminoxane composition prepared in Preliminary
Test 1 and the change in the quantity of solid polymethylaluminoxane
composition that precipitated was measured. As a result, the quantity of solid
polymethylaluminoxane compaosition that precipitated was constant. The
aluminum-based precipitation rate was 22 percent in all cases, and no difference
based on the quantity of n-hexane iniroduced was observed.
[0099] '

36



The aluminum content of the dry solid polymethylaluminoxane composition was measured at 38.5
mass%-Al. (b) Morphology evaluation Evaluation of the patrticle size distribution of the dry solid
polymethylaluminoxane composition conducted with a Master Sizer 2000 Hydro S revealed a
volume-based median diameter d (0.5) of 30.9 pm and a homogeneity of 0.313 (see Fig. 5). [0115] (c)
The solubility in solvent The solubility in n-hexane and in toluene of the dry solid
polymethylaluminoxane composition was determined to be 0.4 mol% and 1.4 mol%, respectively,
which were low values. [0116] (3) Ethylene polymerization evaluation With the exception that the
solid polymEthiytdims 'nb ane composition synthesized above was employed, polymerization

evaluation @r@ RISl AIERSY I 8RiIRikdMarB Esnisylitisht 1 revealed a polymerization
activity of 3 xlovf PE/moI Zratm Igr Thé polymer obtained was in the form of smooth microparticles
?

that did not adher @tﬁ%ﬁ@?@(’%ﬂ%‘ﬁfglﬁé‘ﬂﬂiﬁWﬂgVBHWﬁéﬁz%{'rcﬁﬂL[@Pfﬁ WHsSHTRent 4

was charged 406.5 g (1.361 mol-Al) of the polymethylaluminoxane composition
prepared in Preliminary Test 4 (Al/O=1.20) and the solution was heated for 8
hours at 100°C with stirring. A solid polymethylaluminoxane composition
precipitated during heating. The solution was cooled to 30°C or lower and 3.6 L
of n-hexane was added with stirring for washing. The solid
polymethylaluminoxane composition was decanted, the supernatant was
removed, and a decantation washing operaticn was conducted twice with 3 L. of
n-hexane. The solid obtained was dried under reduced pressure at room
temperature to obtain a dry solid polymethylaluminoxane composition. The
precipitation rate of the dry solid polymethylaluminoxane composition was 96
percent based on aluminum atoms in the polymethylaluminoxane composition in
solution employed. The quantity of Me(TMAL) in the solid polymethylaluminoxane
composition obtained was measured by "H-NMR at 9.0 mol%.
[0100]
(2) Analysis of the solid polymethylaluminoxane composition
(&) Aluminum content

The aluminum content of the dry solid polymethylaluminoxane composition
was measured at 37.3 mass%-Al.
[0101]
(b) Morphology evaluation

Evaluation of the particle size distribution of the dry solid
polymethylaluminoxane composition conducted with a Master Sizer 2000 Hydro
S revealed a volume-based median diameter d (0.5) of 9.4 pm and a
homogeneity of 0.296 (see Fig. 2).
[0102]
(c) Measurement of specific surface area

Measurement of the specific surface area of the dry solid
polymethylaluminoxane composition revealed the specific surface area per mmol
of aluminum atoms to be 19.5 m¥mmol-Al.
[0103]
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(1) Synthesis of solid polymethylaluminoxane composition With the exception that the period of
heating the toluene solution of the polymethylaluminoxane composition prepared in Preliminary Test 2
at 100C was changed to 16 hours, a solid polymethylaluminoxane composition was prepared in the
same manner as in Embodiment 3. The precipitation rate of the dry solid was 75 percent based on the
aluminum atoms in the polymethylaluminoxane composition in solution employed. The quantity of
Me(TMAL) in the solid polymethylaluminoxane composition obtained was measured by 1H-NMR at
11.0 mol%. [0118] (2) Analysis of the solid polymethylaluminoxane composition (a) Aluminum content
The alumin(gh3olutzlitydhthehentsolid polymethylaluminoxane composition was measured at 40.2
mass%-Al. (b) Mofiplaalgipfivi inalitexand YA A EHE B MREIA Sgfydistribution of the dry solid

polymethylaluminoxane composition conducted with a Master Sizer 2000 Hydro S revealed a
volume-bafRiymetlialainoxans @PBRASHL? WrEArierminad jehs - E)F@?Xé’f?g)%asurement of
specific sunrciarespectMegswitioreweod tharepesifitosudaloesirea of the dry solid
polymethylﬂ)gp]&noxane composition revealed the specific surface area per mmol of aluminum atoms
to be 21.1 mJnoI-AI. (d? Solubility in solvent

(3) Ethylene po

1. Polymerization employing bis(cyclopentadienyl)dizirconium dichloride

ymerization evaluation

To a 500 mL four-necked flask equipped with magnetic stirrer was
charged 250 mL of toluene. The toluene was heated to 34°C. To this was added
a toluene slurry of 0.16 g (5.93 mmol) of the solid polymethylaluminoxane
(Alf0=1.20) based on aluminum atoms. Bis(cyclopentadienyl)zirconium dichloride
(Cp,ZrCly) was added to achieve an AliZr mole ratio of 5,000. While raising the
temperature to 40°C, ethylene gas was blown in. After 10 minutes, the ethylene
gas feed was halted and methanol was introduced to deactivate the catalyst. The
polyethylene produced was filtered and dried. The polymerization activity was
calculated to be 64x10° g-PE/mol-Zr-atm-hr,

The polymer obtained was in the form of smooth microparticles that did
not adhere to the reaction apparatus following polymerization. The molecular
weight was determined to be 160,000 and the Mw/Mn to be 2.7 by high
temperature GPC.

[0105]
2. Polymerization employing bis(n-butylcyclopentadienyl)zirconium dichloride

To a 500 mL. four-necked flask equipped with magnetic stirrer was
charged 250 mL of toluene. The toluene was heated to 34°C. To this was added
a toluene solution of 0.038 g (1.4 mmol) of polymethylaluminoxane composition
based on aluminum atoms. Bis{n-butylcyclopentadienyl)zirconium dichloride
((nBu-Cp)2ZrCl,) was added to achieve an Al/Zr mole ratio of 5,000. While raising
the temperature to 40°C, ethylene gas was blown in. After 10 minutes, the
ethylene gas feed was halted and methanol was introduced to deactivate the
catalyst. The polyethylene produced was filtered and dried. The polymerization
activity was calculated to be 140x10® g-PE/mol-Zr-atm-hr. The polymer obtained
was in the form of smooth microparticles that did not adhere to the reaction
apparatus following polymerization.
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The solubility in n-hexane and in toluene of the dry solid polymethylaluminoxane composition was
determined to be 0.3 mol% and 1.2 mol%, respectively, which were low values. [0119] (3) Ethylene
polymerization evaluation With the exception that the solid polymethylaluminoxane composition
synthesized above was employed, polymerization evaluation conducted in the same manner as in
(3)1. in Embodiment 1 revealed a polymerization activity of 30x106 g-PE/nnol-aatm.hr. The polymer
obtained was in the form of smooth nnicroparticles that did not adhere to the reaction apparatus
following polymerization. [0120] Embodiment 5 (1) Synthesis of solid polymethylaluminoxane
compositiof0106§vith the exception that the polymethylaluminoxane composition in solution

(Al/0=1. 40)30@8@?6&!2#@4' BHIADy g Yab- WAy RANIBES 3-saldHEIRIRYENyEResARPrCOMpOsition

was prepared in the same manneras in Embodlment 1. The precipitation rate of the dry solid was 54.6
percent baSieN@fid% aluminum atoms in the polymethylaluminoxane composition in solution
employed. The qummysm e (TddAhg kel flask ceuiypeet lvvikhl nmaigrostio sticrenp@sition obtained was

measured %ﬁé gﬂ“ﬂ%%&ln?tm%ﬁe [l faeAnaisinaliie olifro Y iR BRRRNe

composition luminum content
a toluene solution of 0.038 g (1.4 mmol) of polymethylaluminoxane based on

aluminum atoms. Rac-ethylene bis(4,5,6-tetrahydro-1-indenyl)zirconium
dichloride (rac-Et(Ind),ZrCl,) was added to achieve an Al/Zr mole ratio of 5,000.
While raising the temperature to 40°C, ethylene gas was blown in. After 10
minutes, the ethylene gas feed was halted and methanol was introduced to
deactivate the catalyst. The polyethylene produced was filtered and dried. The
polymerization activity was calculated to be 51x10° g-PE/mol-Zr-atm:hr. The
polymer obtained was in the form of smooth microparticles that did not adhere to
the reaction apparatus following polymerization.
[0107]
Embodiment 1-2

A toluene solution of the polymethylaluminoxane composition prepared in

Preliminary Test 4 was heat treated in the same manner as in Embodiment 1 to
induce the precipitation of a solid product. Subsequently, without washing with n-
hexane, the particle size distribution of the reaction solution was directly
measured. Toluene was employed as solvent in a Master Sizer 2,000 Hydro S.
As a result, the particle morphology was such that at hour 4 of heating, the
median diameter d (0.5) based on volume was 14.5 um (see Fig. 3) and at hour 8
of heating, the median diameter d (0.5) based on volume was 14.6 ym (see Fig.
4).

[0108]

In Embodiment 1, the particle size distribution was evaluated for a dry
solid polymethylaluminoxane composition, yielding the result of a median
diameter d (0.5) based on volume of 9.4 um and a homogeneity of 0.296. in the
present embodiment, evaluation testing of the particle size distribution of a
toluene dispersion of the solid polymethylaluminoxane composition was
conducted without drying. The median diameter d{0.5) of the particle size
distribution exceeded 10 um. This was attributed to swelling of the solid
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The aluminum content of the dry solid polynnethylaluminoxane composition was measured at 38.4
mass%-Al. (b) Morphology evaluation Evaluation of the patrticle size distribution of the dry solid
polymethylaluminoxane composition conducted with a Master Sizer 2000 Hydro S revealed a
volume-based median diameter d (0.5) of 10.3 pm and a homogeneity of 0.366. (c) Measurement of
specific surface area Measurement of the specific surface area of the dry solid
polymethylaluminoxane composition revealed the specific surface area per mmol of aluminum atoms
to be 18.3 m2/mmol-Al. (d) Solubility in solvent The solubility in n-hexane and in toluene of the dry
solid polymgdtyrtastinlarainexamemisitpositien detkentiheshedisp@iSiorodhthediddbiedoi®idespectively,
which We:$PI ﬁ%@ﬁd%ﬁ&éﬁé%ﬁ% wti%wymerization evaluation With the exception that the
solid poly e% aluminoxane composition synthesized above was employed, polymerization
evaluation EbH#lcted in the same manner as in (3)1. in Embodiment 1 revealed a polymerization
activity of 38wk¥aiEnBRymol-Zratm.hr. The polymer obtained was in the form of smooth

microparticfas Biatfld ok A SRS ARIRBRBALHSdgH o polymerization

With the exception that the polymethylaluminoxane composition in solution

(Al/O=1.25) prepared in Preliminary Test 3 was employed, a solid
polymethylaluminoxane composition was prepared in the same manner as in
Embodiment 1. The precipitation rate of the dry solid was 72 percent based on
the aluminum atoms in the polymethylaluminoxane composition in solution
employed. The quantity of Me(TMAL) in the solid polymethylaluminoxane
composition obtained was measured by 'H-NMR at 10.5 mol%.
[0110]
(2) Analysis of the solid polymethylaluminoxane composition
(2) Aluminum content

The aluminum content of the dry solid polymethylaluminoxane composition
was measured at 40.3 mass%-Al.
(b) Morphology evaluation

Evaluation of the particle size distribution of the dry solid
polymethylaluminoxane composition conducted with a Master Sizer 2000 Hydro
S revealed a volume-based median diameter d (0.5) of 28.3 ym and a
homogeneity of 0.339.
(c) Measurement of specific surface area

Measurement of the specific surface area of the dry solid
polymethylaluminoxane composition revealed the specific surface area per mmo!
of aluminum atoms to be 17.6 m?mmol-Al.
(d) Solubility in solvent

The solubility in n-hexane and in toluene of the dry solid
polymethylaluminoxane composition was determined to be 0.2 mol% and 0.6
mol%, respectively, which were low values.
[0111]
(3) Ethylene polymerization evaluation
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[0123] [Embodiment 6] (1) Synthesis of solid polymethylaluminoxane composition With the
exceptions that the polymethylaluminoxane composition in solution (Al/0=1.40) prepared in
Preliminary Test 1 was employed and the period of heating at 100C was changed to 16 hours, a solid
polymethylaluminoxane composition was prepared in the same manner as in Embodiment 1. The
precipitation rate of the dry solid was 62 percent based on the aluminum atoms in the
polymethylaluminoxane composition in solution employed. The quantity of Me(TMAL) in the solid
polymethylaluminoxane composition obtained was measured by 1H-NMR at 12.0 mol%. [0124] (2)
Analysis of the solftlifpdiyenetiglatiomihakme salid podymoet iizlahl mitioxang eotapositiolihe aluminum
content of t | | ' iti ¥ s%-Al. (b)
E<iod BELIYTRY SO BoRR RGN VARG UERIALES hpRs

Morphology evaluation Evaluation  particle size distribution of the dry solid
polymethy| SRIFHTBRARE BHBdMoincBRIRRIERSIIA EeNRRled SRAYPEHFAOH BRI hied a
volume-bagknoéapRiracreath(®i?) of 8.2 pm and a homogeneity of 0.345. (c) Measurement of

specific surface argg, oo, Megeurement QG SpesneHrase PR Al e ARl g
polymethylaluminoxaine compaosition revealed the specific surface area’per mmol of aluminum atoms
to be 16.8 moVadherato the reaction apparatus following polymerization.

[0112]

Embodiment 3

(1) Synthesis of solid polymethylaluminoxane composition

With the exception that the polymethylaluminoxane compaosition in solution
(Al/O=1.30) prepared in Preliminary Test 2 was employed, a solid
polymethylaluminoxane composition was prepared in the same manner as in
Embodiment 1. The precipitation rate of the dry solid was 65 percent based on
the aluminum atoms in the polymethylaluminoxane composition in solution
employed. The quantity of Me(TMAL) in the solid polymethylaluminoxane
composition obtained was measured by 'H-NMR at 11.5 mol%.
[0113]
(2) Analysis of the solid polymethylaluminoxane composition
(a) Aluminum content

The aluminum content of the dry solid polymethylaluminoxane composition
was measured at 38.5 mass%-Al.
(b) Morphology evaluation

Evaluation of the particle size distribution of the dry solid
polymethylaluminoxane composition conducted with a Master Sizer 2000 Hydro
S revealed a volume-based median diameter d (0.5) of 30.9 ym and a
homogeneity of 0.313 (see Fig. 5).
[0115]
(c) The solubility in sofvent

The solubility in n-hexane and in toluene of the dry solid
polymethylaluminoxane composition was determined to be 0.4 mol% and 1.4
mol%, respectively, which were fow values.
[0116]
(3) Ethylene polymerization evaluation

41



[0125] (3) Ethylene polymerization evaluation 1. Polymerization employing
bis(cyclopentadienyl)zirconium dichloride With the exception that the solid polymethylaluminoxane
composition synthesized above was employed, polymerization evaluation conducted in the same
manner as in (3)1. in Embodiment 1 revealed polymerization activity of 40x106 g-PE/mol-Zratm.hr.
The polymer obtained was in the form of smooth microparticles that did not adhere to the reaction
apparatus following polymerization. 2. Polymerization employing bis(n-butylcyclopentadienyl)zirconium
dichloride With the exception that the solid polymethylaluminoxane composition synthesized above
was employed, pdlyithettieatioreptiatuthairthe adlid pelymetb Walwmintyaner cempdsiionn Embodiment 1
revealed palypeeization BGHTKINY £ dRmidRRTHI/MEIZIANM &VailBg dPbsnanQBRIRGHvas in the form

of smooth microparticles that did not adhere'to the reaction apparatus following polymerization. [0126]
Embodime RSB MaARF @ e btiBrRmAodisaly & iRORAREEHIPR AHA Lolution
(AI/0=1.39)3me1Btr gdPB/RislliZrinaryhFest 6 was employed, a solid polymethylaluminoxane composition

was prepared In U S MATNSE ARG AN of UROERFTAIBHA R e fly Sold vias 54.

percent based on Inum-atoms e polymethylaluminoxane cobmpaosition in solution
employed. Taleagiheneitp dhereanion prpaatysifolsyynscpelyareiratitine composition obtained was
measured l{quhl]NMR at 11.8 mol%. [0127] (2) Analysis of the solid polymethylaluminoxane

compositio%r(nagébc\mnnglq En content

(1) Synthesis of solid polymethylaluminoxane composition

With the exception that the period of heating the toluene solution of the
polymethylaluminoxane composition prepared in Preliminary Test 2 at 100°C was
changed to 16 hours, a solid polymethylaluminoxane composition was prepared
in the same manner as in Embodiment 3. The precipitation rate of the dry solid
was 75 percent based on the aluminum atoms in the polymethylaluminoxane
composition in solution employed. The quantity of Me(TMAL) in the solid
polymethylaluminoxane composition obtained was measured by "H-NMR at 11.0
mol%.
[0118]
(2) Analysis of the solid polymethylaluminoxane composition
(a) Aluminum content

The aluminum content of the dry solid polymethylaluminoxane compaosition
was measured at 40.2 mass%-Al.
(b) Morphology evaluation

Evaluation of the particle size distribution of the dry solid
polymethylaluminoxane composition conducted with a Master Sizer 2000 Hydro
S revealed a volume-based median diameter d (0.5) of 28.7 ym and a
homogeneity of 0.422.
(¢) Measurement of specific surface area

Measurement of the specific surface area of the dry solid
polymethylaluminoxane composition revealed the specific surface area per mmol
of aluminum atoms to be 21.1 m*mmol-Al.
(d) Solubility in solvent
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The aluminum content of the dry solid polymethylaluminoxane composition was measured at 40.1
mass%-Al. (b) Morphology evaluation Evaluation of the patrticle size distribution of the dry solid
polymethylaluminoxane composition conducted with a Master Sizer 2000 Hydro S revealed a
volume-based median diameter d (0.5) of 6.2 pm and a homogeneity of 0.300. (c) Measurement of
specific surface area Measurement of the specific surface area of the dry solid
polymethylaluminoxane composition revealed the specific surface area per mmol of aluminum atoms
to be 13.2 m2/mmol-Al. [0128] (3) Ethylene polymerization evaluation With the exception that the
solid polymethylalTihersotabititgdnmpdekansgnthistohinbofdheadresgbidyed, polymerization

evaluation SIBHEI ISR BanRELAB VA AFRIRGI B & sewepdRplyrerization actviy

of 37x106 ratm.hr. The was In the form of smooth microparticles that did
not adhere PHfe FESRREHVEDHAVRIGE YERIRIRY YRINPSerization. [0129] Embodiment 8: (The case of
reducing thptrigpethylaluminum content by concentration) With the exception that the
polymethylzﬁj inoxane cqmposition in solutian prepared in Preliminary Test 7 was employed, a solid
polymethyl EW i%%ee%og%p o g'r? Q/vg\éarl)lﬁgp'g'r%d in the same manner as in Embodiment 1. The

precipitation rate dNithetbieyexskptionstrat thecselispiohsaatbylahainmenesmeempasiiehe

polymethy'@W@@@@mmg%msgwi?bwﬁz%ﬁ BeamuaBicehMRiEYMLthi the solid
polymethylaluminoxane composition obtajned was qweasured l:éy 1H-NMR at 10.5 m{)l%
same manner as in (3)1. in Embodiment

30x10° g-PE/mol-Zr-atm-hr.

The polymer obtained was in the form of smooth microparticles that did

revealed & polymerization activity of

not adhere to the reaction apparatus following polymerization.
[0120]
Embodiment 5

(1) Synthesis of solid polymethylaluminoxane composition

With the exception that the polymethylaluminoxane composition in solution
(Al/O=1.40) prepared in Preliminary Test 1 was employed, a solid
polymethylaluminoxane composition was prepared in the same manner as in
Embodiment 1. The precipitation rate of the dry solid was 54.6 percent based on
the aluminum atoms in the polymethylaluminoxane composition in solution
employed. The quantity of Me(TMAL) in the solid polymethylaluminoxane
composition obtained was measured by "H-NMR at 11.5 mol%.
[0121]
(2) Analysis of the solid polymethylaluminoxane composition
(a) Aluminum content

The aluminum content of the dry solid polymethylaluminoxane composition
was measured at 38.4 mass%-Al.
(b) Morphology evaluation

Evaluation of the particle size distribution of the dry solid
polymethylaluminoxane composition conducted with a Master Sizer 2000 Hydro
S revealed a volume-based median diameter d (0.5) of 10.3 ym and a
homogeneity of 0.366.
{c) Measurement of specific surface area
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[0130] (2) Analysis of the solid polymethylaluminoxane composition (a) Aluminum content  The
aluminum content of the dry solid polymethylaluminoxane composition was measured at 40.2
mass%-Al. (b) Morphology evaluation  Evaluation of the particle size distribution of the dry solid
polymethylalunninoxane composition conducted with a Master Sizer 2000 Hydro S revealed a
volume-based median diameter d (0.5) of 42.8 pm and a homogeneity of 0.322. (c) Measurement of
specific surface area  Measurement of the specific surface area of the dry solid
polymethylaluminoxane composition revealed the specific surface area per mmol of aluminum atoms
to be 20.1 m2/mnhtdasuiémant (5)tEerspenifip slyfiacsantancd Haéudiiosolid With the exception that the

solid po'y”‘goﬂ)ﬂ?éﬁﬁ%i%rff}{ﬂ%%pébﬁwﬁ&ﬁ)%%%ﬁééﬁﬁ@ﬁ%eﬁi@@m\%&daQQ'WWP”

evaluation ducte e same manner as in (3)1. in Embodiment 1 revealed polymerization activity
of 33x106 @FatREIRRIRE torRe R8T IBRAHEd was in the form of smooth microparticles that did
not adhere (@) theludiniion eflpaenatus following polymerization. [0132]

The solubility in n-hexane and in toluene of the dry solid
polymethylaluminoxane composition was determined to be 0.5 mol% and 1.5
mol%, respectively, which were low values.

[0122]
(3) Ethylene polymerization evaluation

With the exception that the solid polymethylaluminoxane composition
synthesized above was employed, polymerization evaluation conducted in the
same manner as in (3)1. in Embodiment 1 revealed a polymerization activity of
38x10° g-PE/mol-Zr-atm-hr.

The polymer obtained was in the form of smooth microparticles that did
not adhere to the reaction apparatus following polymerization.

[0123]
[Embodiment 6]
(1) Synthesis of solid polymethylaluminoxane composition

With the exceptions that the polymethylaluminoxane composition in
solution (Al/O=1.40) prepared in Preliminary Test 1 was employed and the period
of heating at 100°C was changed to 16 hours, a solid polymethylaluminoxane
composition was prepared in the same manner as in Embodiment 1. The
precipitation rate of the dry solid was 62 percent based on the aluminum atoms in
the polymethylaluminoxane composition in solution employed. The quantity of
Me(TMAL) in the solid polymethylaluminoxane composition obtained was
measured by "H-NMR at 12.0 mol%.

[0124]
(2) Analysis of the solid polymethylaluminoxane composition
{a) Aluminum content

The aluminum content of the dry solid polymethylaluminoxane composition
was measured at 40.1 mass%-Al
(b) Morphology evaluation
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Embodiment 9 (The effect of the n-hexane addition period)  With the exception that the n-hexane
was added over 60 minutes, a solid polymethylaluminoxane composition was prepared in the same
manner as in Embodiment 1. The precipitation rate of the dry solid polymethylaluminoxane
composition was 97.4 percent based on the aluminum atoms in the polymethylaluminoxane
composition in solution employed. The quantity of Me(TMAL) in the solid polymethylaluminoxane
composition obtained was measured by 1H-NMR at 8.8 mol%. [0133] (2) Analysis of the solid
polymethylaluminoxane composition (a) Aluminum content The aluminum content of the dry solid
polymethylalumin@wlmﬁompﬁﬁiécmmmmdiﬁdtaﬂmZafrtimsiw 20l 134] (b) Morphology

cvaluaton oo\ aAUTNGABG REBILSRRAISRYISR LS dw sl spxPRDelymporanc

compositio a Master Sizer 2 S revealed a volume-based median diameter
d (0.5) of 18 19yeAeHR VSR EAsRY m@@bd@mr(é) (rer sl R Aem B ecific surface area
homogeneity of 0.345.

(c) Measurement of specific surface area
Measurement of the specific surface area of the dry solid
polymethylaluminoxane composition revealed the specific surface area per mmol
of aluminum atoms to be 16.8 m*’mmol-Al.
[0125]
(3) Ethylene polymerization evaluation
1. Polymerization employing bis(cyclopentadienyl)zirconium dichloride
With the exception that the solid polymethylaluminoxane composition
synthesized above was employed, polymerization evaluation conducted in the
same manner as in (3)1. in Embodiment 1 revealed polymerization activity of
40x10° g-PE/mol-Zr-atm-hr. The polymer obtained was in the form of smooth
microparticles that did not adhere to the reaction apparatus following
polymerization.
2. Polymerization employing bis(n-butylcyclopentadienyf)zirconium dichloride
With the exception that the solid polymethylaluminoxane composition
synthesized above was employed, polymerization evaluation conducted in the
same manner as in (3)2. in Embodiment 1 revealed polymerization activity of
135x10° g-PE/mol-Zr-atm-hr. The polymer obtained was in the form of smooth
microparticles that did not adhere to the reaction apparatus following
polymerization.
[0126]
Embodiment 7

With the exception that the polymethylaluminoxane composition in solution
(AY0=1.39) prepared in Preliminary Test 6 was employed, a solid
polymethylaluminoxane composition was prepared in the same manner as in
Embodiment 1. The precipitation rate of the dry solid was 54.8 percent based on
the aluminum atoms in the polymethylaluminoxane composition in solution
employed. The quantity of Me(TMAL) in the solid polymethylaluminoxane
composition obtained was measured by 'H-NMR at 11.8 mol%.

45



Measurement of the specific surface area of the dry solid polymethylaluminoxane composition
revealed the specific surface area per mmol of aluminum atoms to be 20.8 m2/mmol-Al. [0136] (d)

Solubility in solvent The solubility in n-hexane and in toluene of the dry solid

polymethylaluminoxane composition was determined to be 0.11 mol% and 0.42 mol%, respectively,

which were extremely low values. [0137] (3) Ethylene polymerization evaluation

With the exception

that the solid polymethylaluminoxane composition synthesized above was employed, polymerization
evaluation conducted in the same manner as in (3)1. in Embodiment 1 revealed a polymerization
activity of 6f8HET g-PE/mol-Zratm.hr. The polymer obtained was in the form of smooth microparticles

that did not ' o Zatige, [0138] Embodiment 10 (Th
at did no (%?&%ﬁ 4 gﬁ@%‘ﬂ%ﬁB&Tﬁ@{Hﬂéi’dﬂﬁ‘ﬁﬁga(}@%ﬁ{b@ﬁ%h[ ] Embodiment 10 (The

effect of the perio e efrect of

e heating period under the conditions described in

Embodimef@1ANEIBYENFABEDKINg the polyethylaluminoxane composition in solution prepared in
Preliminary Test 4TAdaligsiniierofsneasusine eirgisibiki sigretioylativinogim e gipesiiiofrig. 6.

(0139 Emp ol M te 1R95°7 Aba e solution
(b) Morphology evaluation
Evaluation of the particle size distribution of the dry solid

polymethylaluminoxane composition conducted with a Master Sizer 2000 Hydro

S revealed a volume-based median diameter d (0.5) of 6.2 ym and a
homogeneity of 0.300.
{c) Measurement of specific surface area

Measurement of the specific surface area of the dry solid

polymethylaluminoxane compaosition revealed the specific surface area per mmol

of aluminum atoms to be 13.2 m*mmol-Al.
[0128]
(3) Ethylene polymerization evaluation

With the exception that the solid polymethylaluminoxane composition

synthesized above was employed, polymerization evaluation conducted in the

same manner as in (3)1. in Embodiment 1 revealed polymerization activity of
37x10° g-PE/mol-Zr-atm-hr. The polymer obtained was in the form of smooth

microparticies that did not adhere to the reaction apparatus following
polymerization.
[0129]

Embodiment 8: (The case of reducing the trimethylaluminum content by

concentration)

With the exception that the polymethylaluminoxane composition in solution

prepared in Preliminary Test 7 was employed, a solid polymethylaluminoxane

composition was prepared in the same manner as in Embodiment 1. The

precipitation rate of the dry solid was 70.0 percent based on the aluminum atoms

in the polymethylaluminoxane composition in solution employed. The quantity of

Me(TMAL) in the solid polymethylaluminoxane composition obtained was

measured by "TH-NMR at 10.5 mol%.
[0130]
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The polymethylalunninoxane composition prepared in Preliminary Test 4 was diluted with toluene to
an aluminum concentration of 4.55 mass%. No change was observed in the diluted solution; it
remained a clear solution. With the exception that the diluted solution was employed, a solid
polymethylaluminoxane composition was prepared in the same manner as in Embodiment 1. The
precipitation rate of the dry solid was 95.3 percent based on the aluminum atoms in the
polymethylaluminoxane composition in solution employed. The quantity of Me(TMAL) in the solid
polymethylaluminoxane composition obtained was measured by 1H-NMR at 9.2 mol%. [0140] (2)

Analysis of {Refawiysiolyhtee sddith pohyonethylatumipekiaore @mpositiom content  The aluminum
content of ttbz g‘r‘ﬁrﬁ%ig,ﬁgyﬁ@ﬁpylaluminoxane composition was measured at 37.8 mass%-Al. (b)
E

Morphology €valuation valuation of the patrticle size distribution of the dry solid

polymethylalumindRna'eBingas sRM e RiteR AN R malide ivia WD e XA SEMRARILRY a
volume-basgaseshsardhatedornRse%iA6.7 pm and a homogeneity of 0.276 (see Fig. 7). [0141]

Comparativ, ampl 166 nesis of solid polymethylalunninoxane composition With the
exception tl@ﬁg%r x§r|1%g ?ggapg%ﬁ%ﬁwithout conducting a heat treatment, a solid

polymethylalumin&uakeatiompbthedpartivie-sizeaisiebuientafdhe div $Alidsame manner as in
Embodimenjohynt S AEtGHIFIRMEBBApTSR eLinied dAtRe MrastBASIELPRAd00 RlyERgIUM atoms in

otymerhy S FHFEIEELE EHBSOROREHER ATRBLE I L) TR SB35 rmolos (2) Analysis
of the solid nmiyogessiy ofB@B2ne composition
(¢} Measurement of specific surface area
Measurement of the specific surface area of the dry solid
polymethylaluminoxane composition revealed the specific surface area per mmol
of aluminum atoms to be 20.1 m?¥mmol-Al.
[0131]
(3) Ethylene polymerization evaiuation
With the exception that the solid polymethylaluminoxane composition
synthesized above was employed, polymerization evaluation conducted in the
same manner as in (3)1. in Embodiment 1 revealed polymerization activity of
33x10° g-PE/mol-Zr-atm-hr. The polymer obtained was in the form of smooth
microparticles that did not adhere to the reaction apparatus following
polymerization.
[0132]
Embodiment 9 (The effect of the n-hexane addition period)

With the exception that the n-hexane was added over 60 minutes, a solid
polymethylaluminoxane composition was prepared in the same manner as in
Embodiment 1. The precipitation rate of the dry solid polymethylaluminoxane
composition was 97.4 percent based on the aluminum atoms in the
polymethylaluminoxane composition in solution employed. The quantity of
Me(TMAL) in the solid polymethylaluminoxane composition obtained was
measured by "H-NMR at 8.8 mol%.

[0133]
(2) Analysis of the solid polymethylaluminoxane composition
(a) Aluminum content
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(a) Aluminum content The aluminum content of the dry solid polymethylaluminoxane composition
was measured by chelate titration at 37.8 mass%-Al. (b) Morphology evaluation = Evaluation of the
particle size distribution of the dry solid polymethylaluminoxane composition conducted with a Master
Sizer 2000 Hydro S revealed a volume-based median diameter d (0.5) of 330.8 pm. Observation by
electron microscopy revealed an irregular shape that reflected a complete lack of shape control. Fig. 8
shows the electron microscope photograph that was taken. [0142] (c) Measurement of specific surface
area  Measurement of the specific surface area of the dry solid polymethylaluminoxane composition
revealed the speclhesaltaiaumezoptaninoidheausolic pobroeibyiabeninogang /eemelaitiga) Solubility

in solvent @ SAURliNGInBB-Dexagsa(]. in toluene of the dry solid polymethylaluminoxane
composition was determined to be 4.2 mol% and 15.2 mol%, respectively. [0143] (3) Ethylene

polymerizaE%Wﬁ/aluation With the exception that the solid polymethylaluminoxane composition
synthesize @ hdvphels@ealyadiopolymerization evaluation conducted by the same method as in

3)1. in Embodi izati Vi -BE/mol-Z .hr. Th I
(3)1. in Embo Im@J#&J%Yﬁwaﬁ@ﬁﬁ?&BCH]S%BMH&PBE@%%%%(ﬁﬁ mol-Zratm.hr. The polymer

obtained was amorp arge quantity to t tion vessel followin
polymerizagémgtavipluminoxane composition conducted with a Master Sizer 2000 Hydro

S revealed a volume-based median diameter d (0.5) of 10.1 pm and a
homogeneity of 0.290.
[0135]
(¢) Measurement of specific surface area

Measurement of the specific surface area of the dry solid
polymethylaluminoxane composition revealed the specific surface area per mmol
of aluminum atoms to be 20.8 m%mmol-Al.
[0136]
(d) Solubility in solvent

The solubility in n-hexane and in toluene of the dry solid
polymethyialuminoxane composition was determined to be 0.11 mol% and 0.42
mol%, respectively, which were extremely low values.
[0137]
(3) Ethylene polymerization evaluation

With the exception that the solid polymethylaluminoxane composition
synthesized above was employed, polymerization evaluation conducted in the
same manner as in (3)1. in Embodiment 1 revealed a polymerization activity of
66x10° g-PE/mol-Zr-atm-hr. The polymer obtained was in the form of smooth
microparticles that did not adhere to the reaction apparatus following
polymerization.
[0138]
Embodiment 10 (The effect of the heating period)

The effect of the heating period under the conditions described in

Embodiment 1 was examined using the polyethylaluminoxane composition in
solution prepared in Preliminary Test 4. The results of measurement of the solid
precipitation rate are given in Fig. 6.

[0139]
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Comparative Example 2 (1) Synthesis of solid polymethylaluminoxane composition  With the
exception that n-hexane was added without conducting a heat treatment, a solid
polymethylaluminoxane composition (Al/0=1.30) was synthesized in the same manner as in
Embodiment 3. The precipitation rate of the dry solid was 31 percent based on the aluminum atoms in
the polymethylaluminoxane employed. The quantity of Me(TMAL) in the solid polymethylaluminoxane
composition obtained was measured by 1H-NMR at 12.2 mol%. [0145] (2) Analysis of the solid
polymethylaluminoxane composition (a) Aluminum content The aluminum content of the dry solid
polymethy| @nrdtixgné toiiHroséssingasditeiesusetutignihelate titration at 36.0 mass%-Al. (b)

Morphology evalugjj Iat i i istriutiqr i
polym ethylalumirljcii'){(.lgr?()aotlé/on‘nE%r’()M‘glﬂ[)j mﬁﬁﬁ%&%ﬁiﬁd@ P%nggrmg%%g fT’-|T§/%§réCJﬁPSH(r%aS{;[e4aIed a

volume-badepiAibeles Wikhiekeene tp AraalgotinupneonerRrlFalion Ph¢ SR BidTE HidWescopy revealed an
irregular shammiwivaliepiRh2enmple gillael ebritRie kosmeinsditackeal blBtionCwitharative

e AT A R PR AR o o e st st
aluminum golyrsethyalugninoxanencoryiosition
was prepared in the same manner as in Embodiment 1. The precipitation rate of
the dry solid was 95.3 percent based on the aluminum atoms in the
polymethylaluminoxane composition in solution employed. The quantity of
Me(TMAL) in the solid polymethylaluminoxane composition obtained was
measured by "TH-NMR at 9.2 mol%.
[0140]
(2) Analysis of the solid polymethylaluminoxane composition
{(a) Aluminum content
The aluminum content of the dry solid polymethylaluminoxane composition
was measured at 37.8 mass%-Al.
(b) Morphology evaluation
Evaluation of the particle size distribution of the dry solid
polymethylaluminoxane composition conducted with a Master Sizer 2000 Hydro
S revealed a volume-based median diameter d (0.5) of 36.7 ym and a
homogeneity of 0.276 (see Fig. 7).
[0141]
Comparative Example 1

(1) Synthesis of solid polymethylaluminoxane composition

With the exception that n-hexane was added without conducting a heat
treatment, a solid polymethylaluminoxane composition (AlfO=1.40) was
synthesized in the same manner as in Embodiment 5. The precipitation rate of
the dry solid was 22 percent based on the aluminum atoms in the
polymethylaluminoxane composition in solution employed. The quantity of
Me(TMAL) in the solid polymethylaluminoxane composition obtained was
measured by "H-NMR at 12.5 mol%.
(2) Analysis of the solid polymethylaluminoxane composition
(@) Aluminum content
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(d) Solubility in solvent The solubility in n-hexane and in toluene of the dry solid
polymethylaluminoxane composition was determined to be 2.7 mol% and 12.5 mol%, respectively.
[0146] (3) Ethylene polymerization evaluation With the exception that the solid
polymethylaluminoxane composition synthesized above was employed, polymerization evaluation
conducted by the same method as in (3)1. in Embodiment 1 revealed a polymerization activity of
40x106 g-PE/mol-Zratm.hr. The polymer obtained was amorphous, and adhered in large quantity to
the reaction vessel following polymerization. [0147] Comparative Example 3 (1) Synthesis of solid

polymethylalumindXerlusinposrasient ofitiie gy sqbid Ralymethiaharixans cioeesitidfout

conducting\g-ReALBEAIEER: cherlid apitieENdalgaR¥InAKomposition (Al/0=1.25) was
synthesized m@ﬂerﬁi%r&e manrlﬁr as in Embodiment 2. The precipitation rate of the dry solid was 34.4

percent ba$Bl O3S in the polymethylaluminoxane composition in solution
employed. The quzvdityatibiVe{ Thedariiclheize liisprihytientol dhentinoselicc composition obtained was

gﬁsggﬁo MR Bk Re! YorbitldR BRalisisal irsalib e gneialy mippyane
P S revealed a volume-based median diameter d (0.5) of 330.8 um. Observation by

electron microscopy revealed an irregular shape that reflected a complete lack of
shape control. Fig. 8 shows the electron microscope photograph that was taken.
[0142]
(c) Measurement of specific surface area

Measurement of the specific surface area of the dry solid
polymethylaluminoxane composition revealed the specific surface area per mmol
of aluminum atoms to be 17.0 m*mmol-Al.
(d) Solubility in solvent

The solubility in n-hexane and in toluene of the dry solid
polymethylaluminoxane composition was determined to be 4.2 mol% and 15.2
mol%, respectively.
[0143]
(3) Ethylene polymerization evaluation

With the exception that the solid polymethylaluminoxane composition
synthesized above was employed, polymerization evaluation conducted by the
same method as in (3)1. in Embodiment 1 revealed a polymerization activity of
58x108 g-PE/mol-Zr-atm-hr. The polymer obtained was amorphous, and adhered
in large quantity to the reaction vessel following polymerization.
[0144]
Comparative Example 2

(1) Synthesis of solid polymethylaluminoxane composition

With the exception that n-hexane was added without conducting a heat
reatment, a solid polymethylaluminoxane composition (Al/O=1.30) was
synthesized in the same manner as in Embodiment 3. The precipitation rate of
the dry solid was 31 percent based on the aluminum atoms in the
polymethylaluminoxane employed. The quantity of Me(TMAL) in the solid
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(a) Aluminum content The aluminum content of the dry solid polymethylaluminoxane composition
was measured by chelate titration at 33.6 mass%-Al. (b) Morphology evaluation Evaluation of the
particle size distribution of the dry solid polymethylaluminoxane composition conducted with a Master
Sizer 2000 Hydro S revealed a volume-based median diameter d (0.5) of 575.2 pm. Observation by
electron microscopy revealed an irregular shape that reflected a complete lack of shape control similar
to Fig. 8 in Comparative Example 1. (c) Measurement of specific surface area Measurement of the
specific surface area of the dry solid polymethylaluminoxane composition revealed the specific surface
area per mpuyotethylaiumincxans compasitiombtainet Aasomess@pe by iehdl MR aid?ation
evaluation o With the exception that the solid polymethylaluminoxane composition synthesized
above was emIPoned, polymerization evaluation conducted by the same method as in (3)1. in
Embodime rivealed a polymerization activity of 29x106 g-PE/mol-Zratm.hr. The polymer obtained
was amorp{2jusnalydisdii¢hecolidapotymetingisiamihexase tompesit@riollowing polymerization. High

temperatur gﬁaﬁrﬂﬂ?}%@ﬂ@ﬁﬁ polymer revealed a molecular weight of 180,000 and a Mw/Mn of
2.6. [0150] Comparative Example 4 (1) Synthesis of solid polymethylaluminoxane composition
, The aluminum content of the dry solid polymethylaluminoxane composition

was measured by chelate titration at 36.0 mass%-Al.
(b) Morphology evaluation

Evaluation of the particle size distribution of the dry solid
polymethylaluminoxane composition conducted with a Master Sizer 2000 Hydro
S revealed a volume-based median diameter d (0.5) of 590.2 uym. Observation by
electron microscopy revealed an irregular shape that reflected a complete lack of
shape control similar to Fig. 8 in Comparative Example 1.
(c) Measurement of specific surface area

Measurement of the specific surface area of the dry solid
polymethylaluminoxane composition revealed the specific surface area per mmol
of aluminum atoms to be 16.7 m%mmol-Al.
(d) Solubility in solvent

The solubility in n-hexane and in toluene of the dry solid
polymethylaluminoxane composition was determined to be 2.7 mol% and 12.5
mol%, respectively.
[0146]
(3) Ethylene polymerization evaluation 7

With the exception that the solid polymethylaluminoxane composition
synthesized above was employed, polymerization evaluation conducted by the
same method as in (3)1. in Embodiment 1 revealed a polymerization activity of
40x10°® g-PE/mol-Zr-atm-hr. The polymer obtained was amorphous, and adhered
in large quantity to the reaction vessel following polymerization.
[0147]
Comparative Example 3
(1) Synthesis of solid polymethylaluminoxane composition

With the exception that n-hexane was added without conducting a heat
treatment, a solid polymethylaluminoxane composition (Al/O=1.25) was
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With the exception that n-hexane was added without conducting a heat treatment using the
polymethylaluminoxane composition in solution prepared in Preliminary Test 4, a solid
polymethylaluminoxane composition was synthesized in the same manner as in Embodiment 1. The
precipitation rate of the dry solid was 47.0 percent based on the aluminum atoms in the
polymethylaluminoxane composition in solution employed. The quantity of Me(TMAL) in the solid
polymethylaluminoxane composition obtained was measured by 1H-NMR at 11.5 mol%. [0151] (2)
Analysis of the solid polymethylaluminoxane composition (a) Aluminum content The aluminum
content of thgnthesizéd polpensamyeatnatinexasdrcbmpoditmwenidsihe pseciitatiocheatasfitration at 36.8

mass96-Al. ¢h) MorahRIQENseYR BBt HEYBU'BHIRPAIRIRRRRoAREiBgibution of the dry solid -
polymethylaluminoxane composition conducted, with a Master Sizer 2000 PHdi%rrﬁ 1; 8r§vealed a
r

volume-baRUVREIRMEHNPANE @PEIRFSRNdHRPIYBELTRIBNSS Bt copy revealed an
irregular shigle¢ Tt L pfretiedalidqropiriet lndl oinkinaaneardropssititar sbtBige8 wa€omparative

Example 1?@3%@%%?”@—%[@%9??@? ﬁ%@ce area Measurement of the specific surface area of
polymeéth (

the dry soli aluminoxane composﬁion revealed the specific surface area per mmol of
aluminum df5t8lo be 17.6 m2/mmol-Al. (d) Solubility in solvent  The solubility in n-hexane and in

toluene of t{g Aryahalid BPINESHTY oW RALPAIMPasEOtomposittarmined to be 0.8 mol% and 1.6
mol%, resp&stﬂxﬁlxﬂh%ln?%]oﬁgﬁthylene polymerization evaluation

The aluminum content of the dry solid polymethylaluminoxane composition
was measured by chelate titration at 33.6 mass%-Al.
(b) Morphology evaluation

Evaluation of the particle size distribution of the dry solid
polymethylaluminoxane composition conducted with a Master Sizer 2000 Hydro
S revealed a volume-based median diameter d (0.5) of 575.2 um. Observation by
electron microscopy revealed an irregular shape that reflected a complete lack of
shape control similar to Fig. 8 in Comparative Example 1.
(c) Measurement of specific surface area |

Measurement of the specific surface area of the dry solid
polymethylaluminoxane composition revealed the specific surface area per mmol
of aluminum atoms to be 17.0 m%mmol-Al.
[0149]
(3) Ethylene polymerization evaluation

With the exception that the solid polymethylaluminoxane composition
synthesized above was employed, polymerization evaluation conducted by the
same method as in (3)1. in Embodiment 1 revealed a polymerization activity of
29x10% g-PE/mol-Zr-atm-hr. The polymer obtained was amorphous, and adhered
in large quantity to the reaction vessel following polymerization. High temperature
GPC analysis of the polymer revealed a molecular weight of 180,000 and a
Mw/Mn of 2.6.
[0150]
Comparative Example 4

(1) Synthesis of solid polymethylaluminoxane composition
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With the exception that the solid polymethylaluminoxane composition synthesized above was
employed, polymerization evaluation conducted by the same method as in (3)1. in Embodiment 1
revealed a polymerization activity of 30x106 g-PE/mol-Zratm.hr. The polymer obtained was
amorphous, and adhered in large quantity to the reaction vessel following polymerization. [0153]
Comparative Example 5 (1) Synthesis of solid polymethylaluminoxane composition With the
exception that n-hexane was added without heat treating the polymethylaluminoxane composition in
solution prepared in Preliminary Test 7, a solid polymethylaluminoxane composition was synthesized
igl thedsame manngyigstite l_eﬁ&wﬂiimemainﬁm(al‘mm&ﬂdeatwmmewﬂcﬁﬂmMa&éétS percent
asedont umi um atoms | I n S [ loyed. The
quantity of%le? R éhseo %ﬁ()’%ﬁﬂ@%}yﬁﬁb %@éé%aé% ?nsﬁggﬁ ?2)%%0 aln déjrg g%ﬁ@isu%ed by

1H-NMR atarglmm%Tﬁﬂaﬂ]a(gpb@hmlymw{algmmmym@qwmw§ﬁémmn (a)
Aluminum GRRERNSame THSrMEFHE YEGABERNRINTYE Wéﬂ&m&mtmﬂalummmamposmon was
measured l:\?I/a heféep%t{géwtrbaagg gnrQﬁgsaol/ﬂmln&% or Q ?r|10 ?Jlﬁ'?éltﬂylaluminoxane
composition in solution employed. The quantity of Me(TMAL) in the solid
polymethylaluminoxane composition obtained was measured by "H-NMR at 11.5
mol%.
[0151]
(2) Analysis of the solid polymethylaluminoxane composition
{(a) Aluminum content
The aluminum content of the dry solid polymethylaluminoxane composition
was measured by chelate titration at 36.8 mass%-Al.
(b) Morphology evaluation
Evaluation of the particle size distribution of the dry solid
polymethylaluminoxane composition conducted with a Master Sizer 2000 Hydro
S revealed a volume-based median diameter d (0.5) of 508.6 ym. Observation by
electron microscopy revealed an irregular shape that reflected a complete lack of
shape control similar to Fig. 8 in Comparative Example 1.
(c) Measurement of specific surface area
Measurement of the specific surface area of the dry solid
polymethylaluminoxane composition revealed the specific surface area per mmol
of aluminum atoms to be 17.6 m?/mmol-Al.
{d) Solubility in solvent
The solubility in n-hexane and in toluene of the dry solid
polymethylaluminoxane composition was determined to be 0.8 mol% and 1.6
mol%, respectively.
[0152]
(3) Ethylene polymerization evaluation
With the exception that the solid polymethylaluminoxane composition
synthesized above was employed, polymerization evaluation conducted by the
same method as in (3)1. in Embodiment 1 revealed a polymerization activity of
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Evaluation of the particle size distribution of the dry solid polymethylalunninoxane composition
conducted with a Master Sizer 2000 Hydro S revealed a volume-based median diameter d (0.5) of 317
pm. Observation by electron microscopy revealed an irregular shape that reflected a complete lack of
shape control similar to Fig. 8 in Comparative Example 1. (c) Measurement of specific surface area
Measurement of the specific surface area of the dry solid polymethylaluminoxane composition
revealed the specific surface area per mmol of aluminum atoms to be 16.5 m2/mmol-Al. [0155] (3)

Ethylene polymerization evaluation With the exception that the solid polymethylaluminoxane
compositioB@yHifgsPEiMdEratmad e Mbtopetyneinbisined vas\amewbowarrntadheiethe same
method as g BUERRP BRI FaraidrAlRd s PRINGIGHG PENhISHY AN g, 36x106 g-PE/mol-Zratm.hr.
The polymer obtained was amorphous, and adhered in large quantity to the reaction vessel following
polymerizaﬂ%ﬁ’%l%] Comparative Example 6 (1) Synthesis of Si02-supported
polymethylg@omisarative Ecarmpkit®n To a 1 L four-necked flask equipped with magnetic stirrer was

charged 625')3| gﬁxﬁmgyseg?sm%@‘ﬁ?"?eﬁg}?raﬂ%@%&m‘ ’ ?‘ﬂS'Py Fuji Silysia) baked at 400C for

two hours t ve a surface oxyl group concentratio 1.63 mass% was introduced. While

stirring, the tempef¥iihrherxeepirndirhah exanawasaddss iwithpashaatdieatingithed over 60

minutes 1444hanciakdinekane sephpdiiba ialsenasrbiéparidie Prllimisdy Jlestinoxane
compositiorﬁlﬁ%ﬁpﬁied in LT‘[Jellimincelr Test 1. The mixture waﬁg%raduallx ;heated to 65C and aged for 60
8 was

minutes at }S@]%H‘ & 4RI %’%‘Fn%‘%ﬂ}&%ﬁ‘tfﬂg YR HENSERIAR erg%rg\e/eraabny decantation
and washingsvim& oot fivd tien peewipifem watcodtdhaedey. solis was 265 e SER-supported
polymethylglioainaxaie SRIRRRSIHCR RS FiRE HBNRERIHABMRIERSHECBRIYSItRIING 71.77 g of

5i02-supported polymethylaluminoxane composition in the form of a dry solid.
solution'employed. The quantity of Me(TMAL) in the solid

polymethylaluminoxane composition obtained was measured by 'H-NMR at 12.7

mol%.
[0154]

(2) Analysis of the solid polymethylaluminoxane composition
(a) Aluminum content

The aluminum content of the dry solid polymethylaluminoxane composition
was measured by chelate titration at 38.4 mass%-Al.
(b) Morphology evaluation

Evaluation of the particle size distribution of the dry solid
polymethylaluminoxane composition conducted with a Master Sizer 2000 Hydro

- 8 revealed a volume-based median diameter d (0.5) of 317 uym. Observation by

electron microscopy revealed an irregular shape that reflected a complete lack of
shape control similar to Fig. 8 in Comparative Example 1.
(c) Measurement of specific surface area

Measurement of the specific surface area of the dry solid
polymethylaluminoxane composition revealed the specific surface area per mmol
of aluminum atoms to be 16.5 m%/mmol-Al.
[0155]
(3) Ethylene polymerization evaluation

With the exception that the solid polymethylaluminoxane composition
synthesized above was employed, polymerization evaluation conducted by the
same method as in (3)1. in Embodiment 1 revealed a polymerization activity of
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[0157] (2) Analysis (a) Aluminum content The aluminum content of the dry Si0O2-supported
polymethylaluminoxane composition was measured by ICP analysis at 15.3 mass%-Al. Based on this
aluminum content, the quantity of aluminum recovered as a solid of the Si02- supported
polymethylaluminoxane composition was 80 percent. (b) Morphology evaluation Evaluation of the
particle size distribution of the dry 5i02-supported polymethylaluminoxane composition conducted with
a Master Sizer 2000 Hydro S revealed a volume-based median diameter d (0.5) of 41.8 pm and a
homogeneity of 0.481 (see Fig. 9). (c) Measurement of specific surface area Measurement of the

specific surdéed Gf gaRE/thel-diy i is isopeimetyehéaingdl wamameaiphauapasitisdherashied the
specific surface ALe,BRFTBYH S ALERHR GRS ol ME/EERBAI [0158] (3) Ethylene

polymerization evaluation With the exception that the dry Si02-supported polymethylaluminoxane
compositioﬁpéyﬁ%esized above was employed, polymerization evaluation conducted by the same
method as Co@paritita®estitpkné 1 revealed a polymerization activity of 9x106 g-PE/mol-Zratm.hr,

[

e L RS BB AR e et o e
reveled a molecuid@@eidhfairiesioad fask sanipmed sfith onagnstp stirrer was charged

625 mL of toluene. Next, 49.9 g of SiO; (SiO, P-10, made by Fuji Silysia) baked
at 400°C for two hours to achieve a surface hydroxyl group concentration of 1.63
mass% was introduced. While stirring, the temperature of the solution was cooled
to 5°C. To this was gradually added over 60 minutes 147.6 g (Al/O=1.40, 0.508
mol-Al) of a toluene solution of the polymethylaluminoxane composition prepared
in Preliminary Test 1. The mixture was gradually heated to 65°C and aged for 60
minutes at that femperature. The supernatant of the reaction solution was
removed by decantation and washing was conducted five times with 500 ml. of
toluene. The slurry of the SiO.-supported polymethylaluminoxane composition
was dried under reduced pressure at 60°C, yielding 71.77 g of SiO-supported
polymethylaluminoxane composition in the form of a dry solid.
[0157]
(2) Analysis
(a) Aluminum content

The aluminum content of the dry SiO,-supported polymethylaluminoxane
composition was measured by ICP analysis at 15.3 mass%-Al. Based on this
aluminum content, the quantity of aluminum recovered as a solid of the SiO,-
supported polymethylaluminoxane composition was 80 percent.
(b) Morphology evaluation

Evaluation of the particle size distribution of the dry SiO;-supported
polymethylaluminoxane composition conducted with a Master Sizer 2000 Hydro
S revealed a volume-based median diameter d (0.5) of 41.8 ymand a
homogeneity of 0.481 (see Fig. 9).
(c) Measurement of specific surface area

Measurement of the specific surface area of the dry SiOz-supported
polymethylaluminoxane composition revealed the specific surface area per mmol
of aluminum atoms to be 51.0 m¥mmol-Al.
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Comparative Example 7 (1) Synthesis of dry Si02-supported polymethylaluminoxane composition

To a 1 L four-necked flask equipped with magnetic stirrer was charged 625 mL of toluene. Next, 49.9
g of Si02 (Si02 P-10, made by Fuji Silysia) baked at 400C for two hours to achieve a surface hydroxyl
group concentration of 1.63 mass% was introduced. While stirring, the temperature of the solution was
cooled to 5C. To this was gradually added over 60 minutes 151.73 g (Al/0=1.20, 0.508 mol-Al) of a
toluene solution of the polymethylaluminoxane composition prepared in Preliminary Test 4. The
resultant was gradually heated to 65C and aged at the same temperature for 60 minutes. As the aging
time advant@th8he viscosity of the solution increased. The rate of decantation of the Si02-supported

polymethylabirpipRrane salprRosiitiohaigamgidne conclusion of aging was extremely slow, precluding
an operation idenfica| to that in Comparatjve Ex le 4. Accordingly, 100 of. the slurry was
Collecteq an tol SHENEE SURRAEE QSR ISt SHRG LB UM ARG vy o the
Sioz-sgppmmumemmmmememmmipeumﬁeq gvua!aati:exduced pressure at
60C, ymld'%ﬁﬁu@t@@fﬁ%ﬁﬁ%%‘éh‘& g@%ﬁ?ﬂﬂgl@ﬂmrﬁgmmﬂwg’%t?e form of a dry solid.

[0160] (2) ysis of the Si02-supporte polél uminoxane composition (a) Aluminum content
The aluminBAYEeREEatienAetiviy SfdiBpad? Fiakhdlanhich el wasEvitidi®as measured

by ICP anajysiynaérlébraansdwab Eaapeisad thisniopaitiolesaidridHesignantiyeaicalttivium
recovered as a solid,of the S102-supported pol thylalyminoxane compgesition was 86.3 percent. (b)
Vorpotooy ESR eInG Bo e s R M R SR R bR, e

polymethyldhenmiabyegioreveigsbsinoplesnauvieighiiol 260800 asterModdmHgtdds revealed a
volume-ba gqgg]adian diameter d (0.5) of 44.5 pm and a homogeneity of 0.577. (c) Measurement of

specific surface area, _Measuyrement of the specific surface area of the dry Si02-supported
polymethyl&i@ﬂiﬂ@@#@-@é&@@&%n revealed the specific surface area per mmol of aluminum atoms
to be 55.1 rimPBynthesis fIBY[SiO,-supported polymethylaluminoxane composition
To a 1 L four-necked flask equipped with magnetic stirrer was charged
625 mL of toluene. Next, 49.9 g of SiO, (Si0, P-10, made by Fuji Silysia) baked
at 400°C for two hours to achieve a surface hydroxyl group concentration of 1.63
mass% was introduced. While stirring, the temperature of the solution was cooled
to 5°C. To this was gradually added over 60 minutes 1561.73 g (Alf/O=1.20, 0.508
mol-Al) of a toluene solution of the polymethylaluminoxane composition prepared
in Preliminary Test 4. The resultant was gradually heated to 65°C and aged at
the same temperature for 60 minutes. As the aging time advanced, the viscosity
of the solution increased. The rate of decantation of the SiO;-supported
polymethylaluminoxane composition following the conclusion of aging was
extremely slow, precluding an operation identical to that in Comparative Example
4. Accordingly, 100 mL of the slurry was collected and toluene was added to
conduct washing of the same effectiveness. The slurry of the SiO,-supported
polymethylaluminoxane composition obtained was dried under reduced pressure
at 60°C, yielding 74.0 g of SiO,-supported polymethylaluminoxane composition in
the form of a dry solid.
[0180]
(2) Analysis of the SiO;-supported polymethylaluminoxane composition
(a) Aluminum content
The aluminum content of the dry SiO,-supported polymethylaluminoxane
composition was measured by ICP analysis at 16 mass%-Al. Based on this
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(3) Ethylene polymerization evaluation  With the exception that the dry Si02-supported
polymethylaluminoxane composition synthesized above was employed, polymerization evaluation
conducted by the same method as in (3)1. in Embodiment 1 revealed a polymerization activity of
17.0x106 g-PE/mol-Zratm.hr. Although greater than the activity of the Si02-supported
polymethylaluminoxane composition described in Comparative Example 6, this activity was still low.
The polymer obtained was comprised of microparticles and adhesion to the reaction vessel following
polymerization was inhibited. [0162] Comparative Example 8 (1) Synthesis of solid
polymethylailumimoxaicertentptizitiuateity eéphndingriorBeseatdtiedsrarsotid 6 the $iGelid

polymethylalumi e iti ' int as in Embodiment 1
described i% p%%%%%%&mg%@ﬁﬁ?ﬁ%%ﬁ%ﬁ@@ﬁ§§5e| %g'. 7-42301 using the
polymethyldliivViaaaeleoarsbsaiion in solution prepared in Preliminary Test 7. The specific operation
Willl be describedd@}%malﬁ&ﬁtomw ﬁﬂd@ﬁﬂﬁqﬁmww&me%ition inh
solution prepared in Preliminary Test 7 to adjust the aluminum cqncentration mass%. The
weight Wasé{ojﬁ'a)eélﬂ %ﬁ%%@gﬁ%@?\?—%ﬁéﬂgg ?%%ﬁ%ﬂﬂ@&ﬁﬂ%%‘%ﬁgf% u%)(()ﬁrj][,}a?-I fggold quantity
based on v&uevealedra naligvansased roeidiad diapwies &@5S30kEsLANdLRa dropping funnel. The

diluted soIuﬁg&gégh%igpmgl?yl_aluminoxane composition began to exhibit turbidity at the point where
about 30 mL of n-decane had been added, and had developed a white, turbid state at the end of the

dropwise a&‘%ﬁtMﬁ?Wﬁ@%ﬁWﬁ@ﬁﬁ@'@ﬂ&f@éagﬁlﬁfﬁﬂ and reducing the pressure to 4 Torr, the
temperature was risasuiedeht @f¢hérgpedifivissifiioe aphaiontheadrjlSi@gsuipperigidss filter and the
liquid phase was.r. -vield] lcr i i itlan. Since the
solid obtain%(\éiY “&%Wg?@ﬁ&@?r%%%wﬁgﬁe, [ %iﬁ%{gﬁ%@%%foﬂjgréga%%%oc%?\%ﬁeﬁ%ﬁuII vacuum
and then drid@bomivgmatenata GedSrhaptisasitdilon rate of the solid was 63.5 percent based on the
aluminum g10f the polymethylalunninoxane composition in solution. The quantity of Me(TMAL) in
the solid po yIaIunninoxaneijomposition obtained was measured by 1IHNMR at 13.2 mol%.

[0163] (2) gl? W'sne BUSME HERIAR AYRMEY Roxane composition (a) Aluminum content ~ The
aluminum content\fitth éhergxasipdipio thatthy ldvSitheuepcotes pobonelrytatnarsoxeéa®y chelate

titration at 34,9 BRFFAR-E\Vnthesized above was employed, polymerization evaluation
conducted by the same method as in (3)1. in Embodiment 1 revealed a
polymerization activity of 17.0x1 0% g-PE/mol-Zr-atm-hr. Although greater than the
activity of the SiO.-supported polymethylaluminoxane composition described in
Comparative Example 8, this activity was still low. The polymer obtained was
‘comprised of microparticles and adhesion to the reaction vessel following
polymerization was inhibited.
[0162]
Comparative Example 8
(1) Synthesis of solid polymethylaluminoxane composition (corresponding to
Patent Reference 16)

A solid polymethylaluminoxane composition was synthesized in the same

manner as in Embodiment 1 described in Japanese Examined Patent Publication
(KOKOKU) Heisei No. 7-42301 using the polymethylaluminoxane composition in
solution prepared in Preliminary Test 7. The specific operation will be described
below. First, toluene was added to the polymethylaluminoxane composition in
solution prepared in Preliminary Test 7 to adjust the aluminum concentration to
4,10 mass%. The weight was 140.0 g in a 500 mL eggplant-shaped flask. Whiie
stirring the solution, a 1.5-fold quantity based on volume of dry n-decane was
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[0164] (b) Morphology evaluation Evaluation of the particle size distribution of the dry solid
polymethylaluminoxane composition conducted by micro-track revealed a volume-based median
diameter d (0.5) of 12.5 pm and a homogeneity of 3.43 (see Fig. 10). Since pulverization might have
occurred during drying, the undried product was measured. This revealed a median diameter d (0.5)
based on volume of 22.2 pm and a homogeneity of 0.778 (see Fig. 11). This solid
polymethylaluminoxane composition was presumed to be relatively brittle. [0165] (c) Measurement of
specific surface area Measurement of the specific surface area of the dry solid

polymethylakinheh cixapwise ropesibd mirvies editigeasgrapiing fiacelaidwe hiutachsbbtisuefinum atoms
to be 18.8 g/ auRaath IGinarne bR aRan 1 BemoaN BiReangAnd I toluene of
the dry soli ymethylaluminoxane composition was determined to be 8°3 mol% and 23.6 mol%,

respectivelWﬁGﬂ%?P?&&t Bk pigrrnehadbesnaddsd. andiiad fevelerediahite the solid
polymethylaligninstate atape padiod theydibpaisecaalition viathiersiinjreytheotiniexizetiatieyaluation

34106 o- PRSI e S B 2K S e e e Bl S s i
solution potjnesrfratitn Tdwhseidicoiwes filgreftmittadgleseiiianad dhedimeBhass Waszation was
not inhibitegb (AR, yielding a microparticulate polymethylaluminoxane composition. Since
the solid obtained was wet and contained n-decane, it was dried for two hours at
60°C under a full vacuum and then dried for two hours at 100°C. The
precipitation rate of the solid was 63.5 percent based on the aluminum atoms of
the polymethylaluminoxane composition in solution. The quantity of Me(TMAL) in
the solid polymethylaluminoxane composition obtained was measured by H-
NMR at 13.2 mol%.
[0163]
(2) Analysis of the solid polymethylaluminoxane composition
(a) Aluminum content
The aluminum content of the dry solid polymethylaluminoxane composition
was measured by chelate titration at 34.9 mass%-Al.
[0164]
(b) Morphology evaluation
Evaluation of the particle size distribution of the dry solid
polymethylaluminoxane composition conducted by micro-track revealed a
volume-based median diameter d {0.5) of 12.5 ym and a homogeneity of 3.43
(see Fig. 10). Since pulverization might have occurred during drying, the undried
product was measured. This revealed a median diameter d (0.5) based on
volume of 22.2 um and a homogeneity of 0.778 (see Fig. 11). This solid
polymethylaluminoxane composition was presumed to be relatively brittle.
[0165]
(c) Measurement of specific surface area
Measurement of the specific surface area of the dry solid
polymethylaluminoxane composition revealed the specific surface area per mmol
of aluminum atoms to be 18.8 m*mmol-Al.
[0166]
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Comparative Example 9 (1) Synthesis of solid polymethylaluminoxane composition With the
exception that n-hexane was added without heat treating the polymethylaluminoxane composition in
solution prepared in Preliminary Test 5, a solid polymethylaluminoxane composition was synthesized
in the same manner as in Embodiment 1. The precipitation rate of the dry solid was 63.8 percent
based on the aluminum atoms in the polymethylalunninoxane composition in solution employed. The
guantity of Me(TMAL) in the solid polymethylaluminoxane composition obtained was measured by
1H-NMR at 6.0 mol%. [0169] (2) Analysis of the solid polymethylaluminoxane composition (a) '
Aluminum d¢dpfoltbilityrinesalverihum content of the dry solid polymethylaluminoxane composition was

measured by chelpip WaliamRinR-HeRasenaid kit lady fyalspgon  Evaluation of the
particle size distribution of the dry solid polﬁ_methylaluminoxane composition conducted with a Master

Sizer 2000 RRMFEYERIRBPX)EGRIB MER T GHERRES 10 RS 5 dMAPRRHZAE a
homogeneityaif4) K3pedivvedyer, the particle size distribution was not controlled (see Fig. 12).

[Industrial %ngjibility]

(3) Ethylene polymerization evaluation
With the exception that the solid polymethylaluminoxane composition

synthesized above was employed, polymerization evaluation conducted by the
same method as in (3)1. in Embodiment 1 revealed a polymerization activity of
34x10° g-PE/mol-Zr-atm-hr. The polymer obtained was amorphous, and in the
same manner as in solution polymerization, adhesion of the polymer to the
reaction vessel following polymerization was not inhibited.
[0168]
Comparative Example 9

(1) Synthesis of solid polymethylaluminoxane composition

With the exception that n-hexane was added without heat treating the
polymethylaluminoxane composition in solution prepared in Preliminary Test 5, a
solid polymethylaluminoxane composition was synthesized in the same manner
as in Embodiment 1. The precipitation rate of the dry solid was 63.8 percent
based on the aluminum atoms in the polymethylaluminoxane composition in
solution employed. The quantity of Me(TMAL) in the solid
polymethylaluminoxane composition obtained was measured by 'H-NMR at 6.0
mol%.
[0169]
(2) Analysis of the solid polymethylaluminoxane composition
() Aluminum content
' The aluminum content of the dry solid polymethylaluminoxane composition
was measured by chelate titration at 36.0 mass%-Al.
(b) Morphology evaluation

Evaluation of the particle size distribution of the dry solid
polymethylaluminoxane composition conducted with a Master Sizer 2000 Hydro
S revealed a volume-based median diameter d (0.5) of 147.5 ym and a
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[0170] The present invention is useful in the area of techniques for manufacturing polyolefins.
Claims 1.A solid polymethylaluminoxane composition wherein: (i) the aluminum content falls within a
range of 36 mass% to 41 mass%; (ii) the mole fraction of methyl groups derived from the
trimethylaluminum component relative to the total number of moles of methyl groups is 12 mol/0 or
lower; and the composition has a particulate form with a volume-based median diameter falling within
a range of 5 to 50 pm. 2.The composition according to claim 1, having a solubility in n-hexane at 259C
of 0 to 2 mol/0, and having a solubility in toluene at 259C of 0 to 2 mol/0. 3.The composition according
to any one borlagesdityoof 0888 difowevieoifue) padislelsizstdistiiputiononea et equtieleds 0.45 or
lower: Honeggr]qu fJ‘E)_(SIGMA)XiId(O.5)-DiI/d(0.5) E(SIGMA)Xi

[Industrial Applicability]

[0170]
The present invention is useful in the area of techniques for manufacturing

polyolefins.
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(wherein Xi denotes the histogram value of a particle i, d(0.5) denotes the median diameter based on
volume, and Di denotes the diameter based on volume of particle i). 4. The composition according to any
one of claims 1 to 3, having a specific surface area falling within a range of 10 to 25 m2/mmol-Al. 5.The
composition according to any one of claims 1 to 4, comprising polymethylaluminoxane containing the unit
denoted by general formula (I) below and trimethy&(Lng]um: -[((Me)A10],-(I) (wherein n denotes an
integer of from 10 to 50). 6. The composition according to any one of claims 1 to 5, containing no Si02. 7.A
method for manufacturing the solid polymethylaluminoxane composition described in any one of claims 1

to 6, compriging th%%%ﬁcpdﬁc(@f}h@ﬁﬁmsﬁiﬁﬁﬁ%ﬂaﬂ%&ﬁ%@éh@?ﬁ_%@%}ﬁ@mmning polymethylaluminoxane
containing tgﬁj nit denoted by enera%lﬁ]ormula (1) below and trlmetké}r/b eferred to as the

laluminum (r
"polymethyldh FR SXARU L ERUEBR RIS SHHA SHERGS e P (B BRSBTSt Rl 0
polymethylaliiinitrexameleorfraogdionofontethiyig gralyprethipihlanirfoxaneran drirmegibidalomniomm:

-[(Me)Alol’-ngponent relative to the total number of moles of methyl groups is 12 mol% or
lower; and
the composition has a particulate form with a volume-based median diameter
falling within a range of 5 to 50 ym.

2. The composition according to claim 1, having a solubility in n-hexane at
25°C of 0 to 2 mol%, and having a solubility in toluene at 25°C of 0 to 2 mol%.

3. The composition according to any one of claims 1 to 2, wherein the
homogeneity denoted by the following equation is 0.45 or lower:

Homogeneity =%(SIGMA)Xi|d(0.5)-Di|/d(0.5) Z(SIGMA)Xi

(wherein Xi denotes the histogram value of a particle i, d(0.5) denotes the median
diameter based on volume, and Di denotes the diameter based on volume of
particle i).

4. The composition according to any one of claims 1 to 3, having a specific
surface area falling within a range of 10 to 25 m?’mmol-Al.

5. The composition according to any one of claims 1 to 4, comprising
polymethylaluminoxane containing the unit denoted by general formula (I) below
and trimethylaluminum:

-[(Me)AIO],- (1
(wherein n denotes an integer of from 10 to 50).

6. The composition according to any one of claims 1 to 5, containing no SiO».

7. A method for manufacturing the solid polymethylaluminoxane composition
described in any one of claims 1 to 6, comprising the step of:
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(wherein n denotes an integer of from 1 to 50), wherein in step (a), a heating temperature and a heating
time suited to precipitating the solid polymethylaluminoxane composition are selected from: (i) a heating
temperature ranging from 80 to 2009C; and (ii) a heating time of 5 minutes or more but less than 24
hours. 8. The manufacturing method according to claim 7, wherein the polymethylaluminoxane

composition in solur{r'1 n prpééﬂ ati%exhigti&%@ol/q]y%géargﬁ)ﬁ mo@oi[ﬁﬁ'ﬁ)n OEBEﬁH?XLﬁOUpS

derived from the triméethylaluminum component relative to the total number of moles of methyl groups. 9.

The manufa@@REH¥ABINERRWRIR G 6 @HY I Eer WHirHs ote & by iesreiahio FBKIm &b RgloMinoxane

composition ipgatifieariialimmirioredeiea SRANgHBaEHFhR SiFRI(AhiIsRIANed Ay darigmlly

decomposing an alkylaluminum compound having an aluminum-oxygen-carbon bond. 10, The

manufacturilly SAUHBE SREEHRRERH (RIS RIA oS AR T BRI BRI G

aluminum-oxygeaiciadp polporedhgl phepaieddneraadtingntstmgtytalnommum and an oxygen-containing

organic compound. ga\}r‘]e(JTA:)E)E\anufacturing m }Eod according to claim 10, wherein the oxygen-containing
the'a

organic compound i pHatic or aromatic carboxylic acid denoted by general formula (Ill):

R1-(COOH)\herginerdienrtes @i achafrtoabbiodrOlip in the form of a Cl to C20 linear or branched
alkyl group, alkenyl group, or aryl group, and n denotes an integer of 1 to 5). 12. An olefin polymerization
catalyst containing catalytic components in the form of the solid polymethylaluminoxane composition

according to"¥}5 8k 8 RifRs Elo 8 a8 FANSHOPEIRUE AP ond8aREdBIP gSHERY f8Pmula (1V)

below: mMRSBARRE(ING the solid polymethylaluminoxane composition are selected from:
(i) a heating temperature ranging from 80 to 200°C; and
(if) a heating time of 5 minutes or more but less than 24 hours.

8. The manufacturing method according to claim 7, wherein the
polymethylaluminoxane composition in solution prior to heating exhibits 15 mol%
or less of a mole fraction of methyl groups derived from the trimethylaluminum
component relative to the total number of moles of methyl groups.

9. The manufacturing method according to any one of claims 7 to 8, wherein
the polymethylaluminoxane composition in solution that is employed as a starting
material in step (a) is obtained by thermally decomposing an alkylaluminum
compound having an aluminum-oxygen-carbon bond.

10. The manufacturing method according to claim 9, wherein the alkyl
aluminum compound having an aluminum-oxygen-carbon bond is prepared by
reacting trimethylaluminum and an oxygen-containing organic compound.

11. The manufacturing method according to claim 10, wherein the oxygen-
containing organic compound is the aliphatic or aromatic carboxylic acid denoted
by general formula (I11):

R-(COOH), (1)
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(wherein M denotes a transition metal element, and R5, R6, R7, and R8, which are joined together,
denote organic groups having a cycloalkadienyl skeleton, alkyl groups, alkoxy groups, aryloxy groups,
alkylsilyl groups, alkylamide groups, alkylimide groups, alkylamino groups, alkylimino groups, or halogen
atoms). 13. A method for manufacturing a polyolefin, comprising polymerizing an olefin using the catalyst

according to(%ﬁgpe%'Rl denotes a hydrocarbon group in the form of a C1 to C20 linear or
branched alkyl group, alkenyl group, or aryl group, and n denotes an integer of 1
to 5).

12.  An olefin polymerization catalyst containing catalytic components in the
form of the solid polymethylaluminoxane composition according to any one of
claims 1 to 6 and a transition metal compound denoted by general formula (V)
below:
MR’R°R'R® (IV)

(wherein M denotes a transition metal element, and R®, R®, R’, and R®, which are
joined together, denote organic groups having a cycloalkadienyl skeleton, alkyl
groups, alkoxy groups, aryloxy groups, alkylsilyl groups, alkylamide groups,
alkylimide groups, alkylamino groups, alkylimino groups, or halogen atoms).

13. A method for manufacturing a polyolefin, comprising polymerizing an olefin
using the catalyst according to claim 12.
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