Description [Title] Solid Polynethylal um noxane Conposition and Met hod for
Manuf acturing Same [Cross-reference to related patent application] [0001]
The present application clains priority under Japanese Patent Application
2008- 289211, filed on Novenmber 11, 2008, the entire contents of which are
hereby incorporated by reference. [Technical Field] [0002] The present
I nvention relates to a solid pol ynethyl al um noxane conposition enployed in
t he pol ynerization of olefins, to a method for manufacturing the sane, to a
pol ymeri zati on catal yst enploying the salid polynethylal um noxane
conposition as a catal ytic conpone PS8t 0 a nethod for manuf acturi ng the
sane. [Background Art] [0003] Pol yal um noxane conpositions in

sol ution are ation products generall r epar.ed artial. hydrolysis
of or ganilLB) SRR EDRES IS MO%hEs EarPasiiah A BBy WRRachiring e
(co-cat alg4me) conponents that efficiently activate transition netal
conpounds servi as primary catalysts . in . the manufacturing of olefin
pol yrrersicmﬁs?rﬁg%ﬁw%?%?ﬁ?%8§&’ﬁger@@ﬁﬂ@%qtpm)ns in which trimethylalunminumis
enpl oyed [@80H starting material organic al um num conpound are w dely known
to exhibit particularly od. performance as pronoters hese conpositions
can usual |y” b eaBReRs 2 Gl SRt oo AR DR E Rl AprlFeIR | c
hydr ocar [po08sz8ogdnt filedoh Mevémbeten 2098 ethBairting chisteatsesfamsicHaied 6 and t he
li ke). [q_ge04 . Pold%tﬁ%l al um noxane conpositions exhibit good
pr onot er TG NGPTASHRIES BC€.t hey are normally handled in a state in
whi ch a [Oestirtdl\Hielipym noxane conposition is dissolved in a solvent with a
pr: mary clgégi]yst such as a netal |l ocene conpound, and the norphol ogy of the
pol ymer

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).

[C004]

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 pol yner
becone difficult, but there is a problemin that fouling due to adhesi on of
the polyner to the polynerization reaction vessel or the like is highly
prone to occur. [0005] To sol ve these problens, a nethod of applying
a supported solid pol ynethyl al um noxane conposition, in which a

pol ynet hyl al um noxane conposition is supported on a solid inorganic support
such as silica, alum na, or magnesium chloride, to suspension

pol ymerization or vappr phas mer i za een proposed. Anong solid
i nor gani &8 cfaé'nnoggeicBgPaﬁqcﬁng}ﬂéomtmy ‘ae%ﬁ%'ﬂﬂqi”sffglﬁe Bﬁ?’f‘?&e hydr oxyl
groups | Sbe‘cbmermﬁ"buw slet lilyerer® kqyreblenpindhatfoulngd e q:uaah?es?orf sfthexanpl es of
ext ensi on Bethndu trial .level gsee P tent E(fer ces to 11, 17, and
the |ike)P? x[r@%{ jthe polymgyization reaction yssse! or dheiliks s ighty |pﬁ°r?%°t‘?fé’“bolyrrer
and i s krjods]t o conpromni se the performance of the polymer. Further, solid

pol ynet hyl al um no conp itions i ch such a support s enployed are
known to exhlﬁ] qyt?{ﬁﬁ‘eﬁﬁ\ﬁé? §@§i9i’?‘§;n?‘;£gha|?ﬂ’l'¥'"9(ﬁ W@thoﬁﬂ activity in

homgenemmwmahylemmmakam@rﬁpwrm @ hicH & psethyiagAfindapel ens, the

devel opnment  of th | um noxane c osition having hi gh

AR Y ST o T GOy s TR M R
advant agefiagtesiun cRIBALE! to susqobﬁsmrﬁaﬂwﬁer&aﬁ@h iod vAgbypFRisay | al um noxane
conposi tion has been e%%@ awai t Attenpts have been nmade
o TPbt i (PO USITAAOR e Behyr A oRRch ATiAM9 SRBRIoEiS SURPORB. SR S So! | d
support ?déﬁﬁoﬂ’é?d a&mutysat sdlﬁdelhy%%bwrg rdepaas iﬂ*lé mosmﬁjéuaéuhﬁrméu Nghd 0 prepare

a solid q¥l al noxane CO oSl ti on, reactl ng sone
addi ti vetb\? @rﬁ 8 & fevrRsamRies of ams'ﬁai%me eeHﬁagl Ieve'r{se% Patet ed (see

Pat ent Re{sgernees 718 1t101'?.63rﬂj1ﬂ13t|tk§?| i ke). However, in such nethods, the
recoveryé&it of the solid material based on alum numis not high. Patent

Ref er enc 6JP—A-858(1983) 19309 Pat ent Reference 2: JP- A-S60(1985) - 35005

Pat ent Ref er enpg sflica RA8RdDRD Menddd B0Me 8 amelsHrRMo4:
JP- A- S63(1988) - 234009 tent Reference 5: P—A— 864 1989) 66214 Pat ent

Ref er enc§°mpr9'PISR-tPBP€FQHQ¥U%?%®§ po¢raer Freher salie 7: JP- A-560(1

985) - 260 n'?e?th atunﬁ%%r%n&ﬁn%esﬂ&sﬁn%ﬁéﬁg@é% a%ﬁé@&-t%’;‘éﬁﬁioygﬁfa% ence 9
JP- A- S63 78108 Pat ent ference 1989) - 315407 Pat ent

Ref er enc ﬂwn t9 expbfigpyciolower agtity than i bﬂémléﬁw q@v'tyrm A- 2000- 95810

Pat ent  Rebaidentods polRiefizEHEN. Jf@c%%}du?ré@%%o‘?\?é m@%eWﬁéﬁ)ecm eld:
JP- A- HO7(1995) - 300486 "Pat ent Ref erence’ 15: JP- A-HO7(1995) - 70144 Pat ent

Ref er encéeyslopgenhotp sptid pglymethadaluminoxane composmon 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



Pat ent Reference 17: JP-A-2000-505785 (W97/23288) The di scl osures of

Patent References 1 to 17 are expressly incorporated herein by reference in
their entirety. [Sunmary of the Invention] [Problemto Be Sol ved by the

| nventi on] [0008] It is better to avoid the addition of a third
conponent to obtain a solid pol ynethylal um noxane conposition because there
are cases in which it causes problenms such as toxicity in sone applications
of polynmers. Based on such consi derations, nethods of obtaining a solid

pol ymet h oxane C i1 Wi jng just a solvent of little or no
sol ubi | i t )Hf%?’ﬂrpﬁe Flefisr 4 agpgmwﬁﬂgéane conposi tion have been
pr oposed Pd?@ﬁtﬂéfei%?uﬁ:@@ﬂpe&-ssa ﬁgggmzpn,opose nmet hods of addi ng n- hexane or

n- decane te solution of a

pol yret hﬁaaé?rﬁf?ﬁ?é%%gfg%cghﬁ%%qﬁ@é?@gge precipitation of a solid

pol ymet hyHsadntrRefanees: QPWOHQBS mmghen renovi ng[the isol vent Wlht h a
vacuum p ncrea recipitation 0009 The

met hods %‘?ﬁ %garqme%ag%rﬁ-ﬁ%gﬁ%%ggeﬁz and 16 give the yields and

a\r/]er age Wtém@@‘e@géw gpsAgae,meﬂlﬂsdogol ylrret hy: al um noxane C(r)]rrlpom tions
t hat pre ut pr ot her ails relating to norphol ogy.

[ 0010] %@ﬁr%‘ﬁ’@ﬂ@ 3% gwq&%ﬁ‘q)mﬁg%ner by combining a solid

pol ynet hpaqémméfgp@@g 1qoupqa$.||-;02@199(g tip3ggtransition netal conpound, the

nmor phol o he sol i al um noxane conposition greatly affects

t he pr op éﬁ?rqnﬁﬁ T8 Qgr'%:ngéq’&y%éﬂgt hat is prepared. Generally, solid

pol ynet hpaqémméfgp@@g 1gowwmgm?:ﬁggbgroparti cles, and the nore uniform
the particle dianmeter uni mthe particles of the olefin polymer

that is ﬁ@é?f&r%ﬁfemwﬁﬁéﬁ HE-AME Q7 (9 %- 309ﬁ§6part| cle dianeters of the solid

pol ymet hydgdIR4TEERRE 1@,ogpq$.||407prg95§qv@qm4bed in the enbodi ments of Patent
Reference 12 are 210 t and the particle dianeters of the solid

pol ynet hylaigniRefesense 1@0%55%1"'37&1%9%'@@@& ilbed in Patent Reference 16 are 28

to 47 meaTé‘rﬁtRéférerﬂcé 1t7h9PQA-QBDQJU05V8$W23286)e description is unclear
as to how it mg EOSSI le to prepare a solid poly rreth¥l al um noxane

conposi ti The %Q'?ﬁbﬁeﬁaf plent Rgfeipaees 149 1?,@’%6?‘@}'@3?'&%‘30@%@ qchlergiscri pti on

inthe e gféa@,mémltﬁelpgﬁ{"@w as to the degree of honpgeneity of particle
di ameter Of the solid pol ynethyl al um noxane conpositions. [0011]

Sol i d poll§¥amafy af thei ln¥salitd] conposi ti ons general I'y al so present a probl em
in the f‘PPfBbigm 't@B%rsdi@éd’HFfHezl%%ﬁt"blﬁCt' vity than liquid . .
pol ymet hyl al um noxane conpositions urther, as regards the yields of solid
pol ynet hi@%ﬂalm noxane compositions, the entire quantity of

pol ynet hyl al uw.geéﬁaeto%i@th@%dw‘brﬁo#a ﬂmdcbda%aﬁaﬁi fobitaiia Bopcpne
conposition is not recovered sol i d pol ynet hyl al um noxane conposition.
The |owerpomwtpvlelmn@wemqgnmsm%bme thﬁfetﬂf@ case® dewbichdramsasng a

SOl g PO SN BSNOHERE QRO BEbIGR0AS of BolARs IBadkitTBidiods descr i bed
in Paten erences 1 enmoving a large quantity of
sol vent ﬁﬂﬁﬁlﬂﬁﬁélonﬁ qnetmosmoy@btawnmamahﬁmﬂ@etbwﬁw@mpxw eYMpRSFRN of a
vacuum p RESH LR{TRox@inet Ne

| abor at O;Wpﬂ gqjggﬁ—%gal\kllgr é@%s&d@?ggpgﬁwtfopé%qﬂEléﬁhét{ﬁgﬁluon )?atgom*rer ci al
scal e re@@ElP@Sttlﬁé hawe diesninregossd. Seiant Safagnces ﬂatamim@ pr@pnsﬁn which is
never solgd o&@%&&&sé@ﬁ%%ﬁé%‘n‘@é@dﬂ% ét?oérﬂ% h‘nﬁ%l-%! die. Not only is
thi s dangerous resents numerous E rom-t e perspective of
product i \spttgvlonroéﬂdmlvmgthwlaltﬁnm@xm gomppsitien feeause preCIpltatlon 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 particle diameters of the solid polymethylaluminoxane compositions
that precipitate, but provide no other details relating to morphology.



[ 0012] Accordingly, the problemto be solved by the present invention
Is to provide a solid pol ynethyl al um noxane conposition conprised of
relatively mnute particles -- with, for exanple, a nedian di aneter based
on volume falling within a range of 5 to 50 pm-- and having a nore uniform
particle dianeter, w thout enploying a solid support such as silica or a
third conponent. A further problemto be solved is howto provide a solid
pol ymet hyl al um noxane conposition that is conprised not just of relatively
m nut e piéékﬁles of nore uniformparticle dianeter, but which also has high
pol yner i n activity when preparing olefin polynmers, desirably having

activity ri vaiimen pleplring shidkfiriodighismay ainig swoage composi ti ons. [ 0013]
A further o be sol ved present invention is tg prow de a
o iig tBa

met hod i rﬁ" hyl@ NPEANE AMPRY! adransitianRie! eempedndi is highin

the pr epmﬁ@?oh@r@gvfof mesﬁlidcbdmhmvrawhmbuam@@esmp@suﬁ@ﬂ‘gﬁteatwﬂﬂécfsrtﬂm a liquid
polynethyla ne conpositign, and that does P qui re the renoval of
sol vent ° E;t?\e %Wﬁﬁﬁﬁtﬁ BieParRd- |Gy p)éP t hyl al unmi noxane
conposi t 'p@»lymétﬂﬂé&l}nmoxane“ccﬁﬁpéditlcfng areehicRspiMi@es, tahdtRe %%ré@ﬂnfbbmt he

present inventjon is howto rowfje a method for in x ensi vel
ii’ﬁéis using the

manuf act fo‘ﬁ’ Rl etqiiamesﬁfstheﬂa reyRifasmeRe pagticiemet e IP‘?W"BST

above SO'plrébé?@HWJﬁ'thé aéslmmxmgomaemmé@as afthedsgligansi tion netal
conmpound. [Means of Sol vin h r obl emsb 0015] The, present invention is

as set f&eMNeIYlglWmMineYane %QST'PQF"}!RﬂSﬂﬁC meerﬁmla?ﬁﬂn@ﬂl?ﬁp‘éfqu £8h wher ei n:

(i) the ﬁéf@i‘e’ﬁ@@@%?é@ﬁb té@“&bﬁm‘!‘ﬁéﬂﬂ t'heapafrﬁélgglé?ﬁe@% OBRE Yoli@ 41 mass%
(ii) the nole fraction of meth groups derived fromthe tri methé/l al um num

conponeniPoh@rethylglimigoxane QQS‘B%‘PS'Wﬂﬂ%@SCﬁPeW Bategt Refaranse 46 8im38is 12 nol %
or | ower 47 ym. That is, in these patent references, the description is unclear as to how it

might be possible to prepare a solid polymethylaluminoxane composition with a
particle diameter of 30 um or less, and the description in the embodiments is
unclear as to the degree of homogeneity of particle diameter of the solid
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.



[2] The conposition according to [1], having a particulate formwith a

vol unme- based nedi an dianeter falling wwthin a range of 5 to 50 pm [31 The
conposition according to [1] or [2], having a solubility in n-hexane at 25C
of 0 to 2 nol% and having a solubility in toluene at 25C of 0 to 2 nol %
[4] . The conposition according to any one of [1] to [3], wherein the
honogeneity denoted by the foll ow ng equation is 0.45 or | ower: Honobgeneity
=E(SIGVA) Xi | d(0.5)-Dil1/d(0.5) E(SIGVA) Xi (wherein Xi denotes the histogram
val ue of ﬁ{)@rticle i, d(0.5) denotes the nedian di aneter based on vol une,
and Di ddH8t4ds the diameter based on vol une of particle i). [5] The

conmposi ti on ageebrlingly ! the prablemetote sdbed By tHH preBamt iRgerftiornets f i ¢ sur face
area fallin V\nthlaaran%e Ff 10 to 25 n2/ mmol - Al ?@1[6 The conposition
Pobmetiyla A1

accor di nTe¥ds Asigeolmettylajuminayane. composition, compy eRRYnoxane
cont ai ni nainukepattities deRnh gdr BxarfigrRehhedian ddnsetel baktel Wwallehe falling
Lol met iyl ki of AMLATO] e A DS ok ife Bniileaer of from
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 vield 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 liquid polymethylaluminoxane
composition.

[0014]

A still further problem to be solved by the present invention is how {o
provide a method for inexpensively manufacturing with industrial efficiency a
quality olefin polymer using the above solid polymethylaluminoxane composition
and a fransition 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]



The conposition according to any one of [1] to [6], containing no Si02.

[8 A nethod for manufacturing the solid pol ynethyl al um noxane conposition
described in any one of [1] to [7], conprising the step of: (a)
heati ng an aromati c hydrocarbon sol uti on contai ni ng pol ynet hyl al um noxane
containing the unit denoted by general formula (11) bel ow and
trimethylalumnum (referred to as the "pol ynet hyl al um noxane conposition in
sol ution" hereinafter) to precipitate a solid polynethylaluninoxane

conposi ti.on contai.nin | al um noxane tr| I al u
L (o) AL . craoRhrebrg T i, B SpAREuAS ot iR Gnedbsetls) e
manuf act uédign drinfeter ROIBQIWitHlg atrang@bf 5W60¢inm. t he pol ynet hyl al um noxane

conpositi&P in solution prior to heating exhibits 15 nol % or |less of a nole
fractionl met hyl groups derived fromthe trinethylal um num conponent

rel ative The ddepdsitictl adtiordieg t@ﬁ] ) zs]Sh m toytbikty wwexhﬂé‘)ht 5 of
neati ng. LLiapamal, SvhRavas ey mlgyt 25 5o 0% L ng.  he sol i d
polynethxhpjunlnoxane conposition are selected fronl (|) a heating
E)(rerrpngﬁ 2t oggtgosgr}ﬁ)é}éc%gr Bg,&cgar%? g%a o Pﬂ tcg é] w[ﬁf}erhe?ﬁle %Henigor}legrrgne?tg 5 mnutes

denoted by the following equation is 0.45 or lower:

Homogeneity =2(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).

[3]

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 (l) 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 SiO,.

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],- )

(wherein n denotes an integer of from 1 to 50).



The manufacturing nmethod according to any one of [8] to [10], wherein the
pol ynet hyl al um noxane conposition in solution that is enployed as a
starting material in step (a) is obtained by thermally deconposi ng an

al kyl al um num conpound havi ng an al um num oxygen-car bon bond. [12] The
manuf acturi ng nmet hod according to [11], wherein the al kyl al um num conpound
havi ng an al um num oxygen-carbon bond is prepared by reacting
trimet hyl al um num and an oxygen-contai ni ng organi ¢ conpound. [13] The
nanufactiging met hod according to [12], wherein the oxygen-containing
organic npound is the aliphatic or aromatic carboxylic acid denoted by

gener al fiebAufabluring ntho@aEtbraind tol [B], (ieesinitne Balyrrifiganandkedeocar bon
group in the fqrnLof F.CI t.0 éﬁﬁ%lj near . Qqr an@ped alﬁﬁllgrgyp, al kenyl
group, orCdRASNGAIHSO D) PROG %@gﬁhi‘mﬁs_e ofp of lass PMPE4] An ol efin
pol ymer i Zeiction of ety gtoupenictivat font BatrividtBylaufiming Womponehbhealdtivem of the
solid polﬁg?t?é%aluq%?%gan cqg%ogh%ion according to any one of [1] to [7]
and a trdA&He foka] nvgbgr Hﬁgﬁhﬂ GENOOEWPSy general formula (1V) bel ow
MR5SR6FeR3{d]V) (wherein M denotes a transition netal element, and R5, R,
R7, and . Which are joiped together, de e .organi c, groups, havi ng a
cycl oal kﬁ?dﬂ?ﬂ“@ﬁ@ﬁ@gwﬁtﬂag RGP r&mﬁﬁéﬁf%nﬁiwe@%uwiegpa@q BhgaIdoups,
al kyl si | Yémperitne ard Xibaigiime saies to pldeiditalihg thadsslips, al kyl am no groups,
al kyl'i m no roH s, ar halqgen atonsg. 1%1 :

po[y?net glalummoxane omposition are selected from:

(i} a heating temperature ranging from 80 to 200°C; and

(ii) a heating time of 5 minutes or more but [ess 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

formula (lll):

R'-(COOH)x )

(wherein R" 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).

[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°RPR'R® (IV)



A met hod for manufacturing a polyolefin, conprising polynerizing an olefin
using the catal yst according to [14]. [Effect of the Invention] [0016]

The present invention provides a solid pol ynethyl al um noxane conpound in
the formof relatively mnute particles of uniformparticle size, extrenely
sinply and at high yield. The solid pol ynet hyl al um noxane conposition of
the present invention exhibits extrenely high polynerization activity when
enpl oyed in polynerization as a pronoter. Further, the solid

ol ynet hyl al um an conposi.fion O n xtrenel
Pow ool uinhetgh Mhdties alBmeian el eleliaury B i Bt Re iRk 568 “The”
FeaCthﬂJMﬂéé@égem@nd@ﬁﬁb ﬁhlb@r mgatcyﬁlbalkﬁd@hslﬂs)@lé!ozwcdl r of
uni form parti cl d| ameter. DﬁB“ ef

001 F 1
A 1 NVR EERURS, 210K G5RHRA2 S OHPR ARE YL SFRyS: EITTE BEIUES: o bt o ned

based on dikginid& §Ritips! ax@akiifegrdupsdalkdlminegtblss, @ haRigencdtems).ze
di stribut |gﬁ eva?uz;{pi on g I\/gstdgr Si ger 28950 %y dro Sgof t he )dl’l ed solid
pol ymet h 18l unmi noxane corrp05| tion obtained in Enbodinment 1. [Fig. 3]

Resul ts of migdidd maﬁiummhr‘idhé'pb%'lém eyipHShh Palypverindah elefitiusiig 2000
Hydro S of the solid yl al’'um noxane conposition 1 n solution obtained

in Enbodlth%ﬁ?tailsiaf’?ﬂrﬂmtﬂ ‘ﬂeatl ng for 4 hours. [Fig. 4] Results of
particl e[Eﬁéﬁdiltﬁé [veHtibin eval uation by a Master Sizer 2000 Hydro S of the
solid pol &Qmst yl al um noxane conposition in solution obtained in Enbodi nent
1-2 fol I d heatlng for 8 hours. [Fig. 5] Results of particle size

di stribution qyalgrasdminiBhtionPrevigss Sisehd pggﬂﬂetlmﬁhﬁm%@netdﬂﬂfﬁdnﬁd sol i d

pol ymet hyl al um noxane conpasi ti on_qbt ai ned odi nent

Resul ts dméW iegmiaidelatiyely minuternasti¢leg of unioranpartiele sizs: PM@@@MﬁWB& e] of the
sol i d metdhdl AlHigH FerRThe GRNBRSlyMaRyIaRhIh&Rhe coripthiibrnErthe 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 particie 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] 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. 7] Results of particle size distribution evaluation by a Master Sizer
2000 Hydro S of the dried, solid polynethylalum noxane conposition obtained
in Enbodi nent 11. [Fig. 8] An electron mcroscope photograph (300X) of the
sol id pol ynet hyl al um noxane conposition obtained in Conparative Exanple 1.
[Fig. 9] Results of particle size distribution evaluation by a Master Sizer
2000 Hydro S of the dried, solid polynethylalum noxane conposition obtained
in Conparative Exanple 6. [Fig. 10] Results of particle size di stribution
evaluation b Mast er Sizer dro S.of the dried, soli

pol ynet hyridl éhﬁﬁ%%%%‘ﬂﬁaﬂ‘ﬁ %f? Og%%fmgewﬂ?ﬁ"éhﬁﬁé%ﬁ' ﬂt'e"Eﬁf&n%tBes [Fig.

11] Resulgpfd ﬁietﬁﬂéhhﬁh&(aﬁb%n@bﬁtrdnmﬁtamedefvelmwdum@ntbma Master Sizer 2000
Hydro S of the_undried, solid t hyl al um noxane conpgsition obtained in

Conpar at %8 ExResults of Partigle, Slzfﬂ'StF@ét!ﬂ’l %v%%atmrlm 2 Master221zefi 2396 put i on
eval uati ‘P-Wdl?d SPof'fRe dfied Sédlﬁrpo?ﬁﬁé’thy‘léﬂfrﬁlngxﬁe &&ﬁp%th@@obféﬂiddq

pol ymet hyl’al um noxane conposi tion obtained in Conparative Exanple 9. [Mdes
of Carryﬁ?@b@jmeﬂhé Tinvention] [0018] [The solid pol ymethyl al uni noxane

conposi t 'I[lpi@] 8] )SlnTeﬂé%tr%ﬁ'miérd%%bﬁgﬁhBWQ?émmxﬁi'&Ftr%ﬂ?@S' tion of the present
I nventio he al um num content f s wthin a range of 36 mass%to 41

mass% (plolymt Walymisoxangceqrapositiomabtaineddn Samparatiys, E¥ampent -t ne
trimethy éﬁ?zgmééﬂlfsw{%ﬁé sfz%'o?étth‘jilérPe\Hh%tldhtWamﬁ”@?&rs@é aogees of methyl

groups i | % or I'ower. [O he sol’i dﬁg ymet hyl al um noxane
conposi t iFre s afithe Sf'@@éﬁ“dlnﬂ%’ﬂ?ﬁ MH'%‘H?&?%C%W @%Wfél"'lﬁ%'ﬁoxane and

trimet hylcqjh [-QH\I;@ ExiepRi gt e of coexistence of the pol ynet hyl al um noxane
and tri I 'um num Ps not necessarily clear, but the

pol ynet hyfigi mea Resuliscof padile sizedisiibution eNawaiion 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 obtained 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 trimethylaluminum. The state of
coexistence of the polymethylaluminoxane and trimethylaluminum is not
necessarily clear, but the polymethylaluminoxane and trimethylaluminum are



incorporated in a conpositional ratio and state of presence satisfying (i)

and (ii) above. [0020] The pol ynet hyl al um noxane can contain the unit
denoted by general formula (1) below -[(M)ALQ n-(1) (wherein n denotes an
integer of from10 to 50). [0021] The phrase "contains the unit

denoted by general formula (I)" neans that it contains

pol ynet hyl al um noxane in which n denotes a single nunber falling within the
above range (n being a specified integer) or contains nultiple

pol ynmet hyl al um poxanes of | tiple types, (n, denotin l.tiple different

ot bger < SO el gy cameentbral Pefo S5 Otpreaghod saiins fLeadiad the ' o
t he pol yapbtyl al um noxane in the pol ynet hyl al um noxane conposition in

sol ution @’\jl ng as the starting material of the solid

polyrrethﬁ Qni noxane conposition is 10 to 50. In the literature, it is
recorded t hat THegRIyoRsthylaRmdhbgihedtart bentaial therinitdeabted tyogermgalchai ns in the
pol ynet h¥l al Lfm ngane conposition in solution or of the

pol ynet h{®HIA{IA8%'Me chain and the trinethyl al uni num causes change in the
| ength of the_[pak)rel byl al um noxane chain. Trinethylal um numis produced
when there is dispr oPort-i onat i \%E of ,hge gésl ymet hyl al um noxane chains, and

t ri met hy (4hereimp denetes ansintrger RhEAM: HL#50)s™ di sproportionation of the

pol ymet hypgg1gm noxane chain and the trimethylal um num However, 1H NWR
nmeasur enment cqnpducted with _ d8-THF as solyvent on the sol| o

pol ynet hyl al u%hﬁ@i"% isentains W&ﬂﬂ'@’w‘%bwﬁvﬂ fqr@\&‘%a('gd"‘?ﬁi‘sp%h'&unced

change i BohfathsCpilymBethyRlluriofBh&H whidhi mdenoted atdiidle Rafiber fdillig n of the
pol ymet hyl al um noxane in the solid po] ymet hyl al um ngxane conposition was

: . y . (
thought MithisethgRRoYRirARgR(RPeRAAARESHIEdIBiegRE f coptaemultiple |
pol ymet hbb%&h\ﬂ@%f’rﬂﬁo@@%‘ﬂnﬁulﬁﬂe'tﬁbe%o(:nlﬂér@)ﬂng Rdlltiye ifferest iﬁté?érs?.t arting
material _ I'n the present invention, so Qng as t he pol ynet hyl al'um noxane
cont ai ns ThRdeasRIV @ dgRptes aninteger sE18£o §0|is %‘éﬁ‘-‘_,seépﬁlniq,f_,th%r br anched
structur %o|yh€&ﬁ@ﬁ|gminoxe}%ﬁﬁ tﬁ@ﬁo@ﬁiya\ﬂﬁ@ﬁﬁhﬁiiﬁéxaﬁewmiﬂoﬁ iRfsoRutieMc! i C

structure, “the oretjical quantity of the alum numcontent is_about 46 to
47 massysaning ae thenelartiag; @a\ef'ah‘éfath? iSPUd eplymeshalyminexanesenrasiton t ne

trimet hylahg 50Mhithe fePature3S iBRsstrded it disbro¥étBntish gl num cont ent  of
the solid Eol ymet hyl al um noxane, conposition exceeds 46 mass% the solid

pol yret hpp yiakEHBOER SRS i5rihe polmaiiraluminexanesampasiiondn | ust

pol ymet h‘éij‘tiHﬁUﬂ%gfé?pd?frmétrﬁm&rhmo%éemé't%hé'iheand’mtbthﬂbfﬂ%élurﬂﬁtum

trimethyl al um num bei'ng” present and absolutely ng inpurities such as

sol vent ~ §av$Rp ennasi indie lengthot the Rabimyeiby iMUraingxanLRkAR is of a |inear
St ruct ur gyinidiRylhRBRRGhH S Blodiigad WHen therd BRiisHropbrbAATRG6MAAE depends on the
la (1), but is smaller than wh

nunber n in general fornu . | t en of a cyclic

st r uct ur olyreRihylalbminexane: ¢hainsslang tGEhvalwpinuny i ersimedoghgibtiiere on of the
present kNNRRIARBR i } ' i near structure and
of a br arllé;ﬁlgglt@?m@?ﬂ?ﬁelorﬁ]%frﬁ%ﬁ@%hg%gﬁét%ﬂgllng{ntﬁnh%qxane of a cyclic

st r uct ur &imeiylalyrpinum. iHowevMesh MR s1apsarensentiandugied withdal HE®Si n t he

trimet hylalupi &4 Re éré"lidspaoslj!'rﬁefh@%hﬁﬁinio af® b¥fdrs Msg.|n§fwmp§éw@ntqem ytion of

t he present 1 nvention, _I'ndicat ed gy (1), the, m num content ftalls
wi t hi n anpdrigeowicerrahangs inthssoantentaf timetndalamnunyfen thahbagisutierium

the ni ghl TR BERERYAARIIcRaS iPine ST G BRI coripdtifisent : and
t ri met hy wasuhpvighihtp besproxisatly eguivalent to the n of the
polymethylaluminoxane compaosition 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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[ 0023] Since the alum numcontent falls within a range of 36 mass%to
41 mass% the solid pol ynethyl al um noxane conposition has properties such
as good particle dianmeter honobgeneity and strength preventing crushing due
to a tendency to split. Conversely, an al um num content of |ess than 36
mass% in the present invention is indicative of inadequate drying and the
excessive incorporation of inpurities such as solvent. Wen the al um num
content exceeds 46 mass% the presence of pol ynethyl al um noxane of

rimarily cture is esuned, | sqQ i ndi cates_t hat Irmst no
Eri mot hy|%aﬁﬁ4vr93 B Aoryas o 1S Binethy Bl s SBpucae feasTnt t ho
CB{T‘DOSI E:Irmbﬂt §§ W9leh tﬁéfafLﬁ‘ﬁlﬁuﬁf(fUﬁtél{ﬂQ)f%m B?.ﬁ'.pml th!@h”thﬁﬁéane fﬁ”p()s' tion
(0] al he resen ventli m e ve er specti ves e
al uni numceén%ﬁto%cfé@?éwg hansl T SR %pa!vmﬂ@@ala AQXEE CONAOSTION ras s
[0024] ThRow]Hinb BEBoRMNEA o Rist bb@mﬁymuﬁiamnarn@mraecm@ﬁ@mtme; wignd
repar.e I N e

pol ynet hyl al um noxane conposition in so] ut t hat

present almostRq E‘I’?‘%B\‘la@g?ﬂ'émé?%glef?seﬂ ‘I’"&e}?’ﬁhﬂlbéo'”g%’y dir“ Brites excessi ve
quantity s@th @s%@ﬂ)e‘ﬂﬂbé’h )do‘ﬁfhﬁﬁ’écﬁfWﬁéﬁ e W?ﬁbﬁy?alﬁrﬂwﬁ:x&ﬁéh’ébp@luﬁé‘a&t has
been hydkg yzed ol uti then

furic acjd aqueou
conduct i UPE\F%HEA@ “’t‘?ctf%‘fql&HaW' fgh%lugum Hﬁspaﬁwa

i ndi catornurﬁﬂb?m ihfR namwwlammr% émhnaﬂhaﬁmﬂmlntaf%cym@%uu@twt can be
conduct ed q@(q atomc a sorBtl on anapﬁa S. In the nole fraction

of the ne OFGHY)U-B@ sgiqd polvmethialu SQIQ*}n‘? ﬂﬂ%PE‘?ﬁ?ﬂBnent relative
to the t q’iﬁ\%ntEBH %Bﬁfauﬁ‘f pﬂ?ﬁw@%ﬂﬁlurﬁﬁ{dﬁhe% Qqﬂéaﬂﬁﬂﬁt% éhﬁ éfd bran'bh@dt ot al

nunmber of npl es of r ou is the total of the nunber of noles of

net hyl gﬁHHB@"%IHT?%EP'? IWpIeane RhALYEliGEIGtYe, Aldber of noles of

met hyl  gnppostisiesionass tfersi?:fnal §blv§ﬁtfbﬂa%be§|ﬁléHTh th8 erimeyRliuinufRIesof net hyl
groups derived fromthe trinethylal um num conponent i$ the nunber of noles

of et hylin Hiectlid RedyMebylaiyrBincxanecempPaifioRhild PreaentiByantiona@si on of the

net hyl gﬁrﬁlﬂ@éted%&'(lﬁeﬁlefﬂ@rﬁlﬁdﬂ?céﬁﬂeﬁ%m'\Aﬂ’tth% Wé@ﬁf&ﬁﬁ%@tmbé‘%% gyl % or
less. Alow nole fraction of methyl groups derived fromthe

tri met hy IM@sHYe M@@ﬁﬂ!ﬁwé#m'ﬂ%r@"i%tthﬂ%ﬁieéﬂ@ eQOfret hyl groups deri ved
from the tﬁﬁ'lbffﬁ/‘d?ﬁfrhﬁ“mmm 5@@8%%& tI?@ﬁfgﬁbf‘ﬁfé élﬁm‘irﬂﬁh content, the

pol ymet hyl al um noxane, with the state whére alumnumis on a

pol ynet hW‘ﬁ‘PUﬁ?rﬂf)&%@f@o'&ﬁétrﬁn%i@l/'ﬁbinéfnﬂwre?% tﬁﬁ‘l’*‘etqb%ctl on of methyl groups
derived fg the trinethyl al um num conponent kept at less than 12 nol %

yi el ds a soli'd pol ynmet hyl al um noxane conposition with little solubility in
sol vent that %igsedhe alvgiinuminenignt daliswithinlggrapae of 86 srassoin 41 masslmg even
during t gﬁ@aq I t of nmet hyl

gr oups dgﬁ? gg%d ?&gl% ?Tllﬁ?ﬁgléﬁﬁsﬁmﬁg Sﬂgﬁ% gggglgg%gg?% nol % the
sol ubi | i tAgrticle digmaiat hormegengityanshatrength pesventng srusdiig due 1@ cr ushed
easily. tendeh Wo% f. 88hi&rsBRL Pﬁla‘m RURPEGHIEN 'l@é%sfh h% Hﬂésiﬂ% Heesent

i nvention fraction yl' gr oups errved fromt

trinmet hylpa%ﬁﬁt mnb@mmdwatlvg ijlé@ﬂe&lhﬂt9 drving@ndotoe exer@sive The lower |imit
of the My % 2fibh SRirf urﬁfé%@ﬁ'ch%%%n@%léﬁ%é BRI dohldFE bR¥b&llsm num
conponent de s ont um noxane solution serving as a
starting 4:$aness%l ﬂTﬁd‘ﬂﬁ’ﬁQflq mbvmethvlawmnnh&amab@ﬂmarwiwclmﬁtmp ure is

pol ynet h 'lmé]‘?: ] I nol %

[ 0026] Xﬂréé %9@? [ﬁ’d?%l]tbf tﬁ%mgiﬁoeﬁco Olaunﬁggﬂeoﬁ’so%ﬁl fn%r}lrt hg pr esoent
i nvent i omaagrlue@nn@cqrn@r@tedalbut thermrnw%h@nﬂtwhdlﬁersa‘mmrﬂn%a@lwbd starting

mat eri al t; | um
present |pnﬁs{hﬂ1%thglaﬁf nétsﬁéqéawﬁn? %%ﬁ(ghngbﬂc%?npo |t:eoarﬁe?ésnté§<dﬁﬁs)§g§r%ggﬁeﬂe nol
fract i on apove iperspectives, @?Q)ablsnlﬂ@nl W@Erﬂﬂ@ﬁir@@ivmwwlaﬁuﬁﬂ%ﬂéﬁ% and
trimethylalduel pligy (ahleevi ated as Me(PMAO) and Me(TMAL), respectively).

[0024]
The aluminum content of the solid aluminoxane composition and
polymethylaluminoxane composition in solution that are prepared in the present
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[ 0027] The nol e fractions of the respective conponents of the

pol ynet hyl al um noxane conposition can be determned fromthe area ratios
assigned to the respective conponents in 1H NVR neasurenent of the

pol ymet hyl al um noxane conposition. An exanple of the nethod of determ ning
the specific nole fractions of Me(PMAO and Me(TMAL) of the

pol ymet hyl al um noxane conposition is given in the enbodi ments. [0028]

The solid pol ynmet hyl al um noxane conposition of the present invention is

particul ate. The h enei t not ed t he equation bel ow i sirably
545 or | IRENOPGAD R R Eginbey o7 SXAIRIS by GOSN PXResSa Aseaeath
(wherein dﬁ%odﬂﬁﬁ@ﬂ%ﬁerﬁétﬁarhlr@tél@ﬁa@@tatéltélﬁ s@fut@nﬂﬁéﬂhéﬁ' tRedn hyitlrOly2ed AgRot es t he
medi an dlaneter based on vol u denotes, t he di aneter based on

vol une ofP-pAttyliturie acid aquapgso olition anﬁ%en&%@éﬂ@@tryvgﬁettmhaw cul ate
solid pO'ﬂr@éM@hSﬁﬁg@%ﬁBﬁe%ﬁm&a%r O.Nh@ﬁ tﬁémeﬁéﬁ%ﬁrﬂonbém%ﬁdrﬁ@ kept at
0.45 or Iovver yields an ol efin ormparticle dianmeter using
the sol i A, WHW@?W&%&%?@PMEY BlaghiC 2RBORIOR 28IVERon et al

conposi tI[Q@'Q5]The honogenei ty is desirably 0.4 or |ower, preferably 0.35 or

| ower, and nore preferably, 3 or |lower. The | ower the val ue of the
hom)genel ty, tméeple fﬁﬁtpﬁ%t?%@eﬂ%ﬂﬂr%@ RS M the particles of

ol efin thM@ﬂf !érmhmuﬂeaozhgaﬂeﬁt%m\;ewtr% tbmgﬁ{b@rbvmoﬂse@@mheuﬁw as an
i ndex of catal particle size distribution. ?reater the value of this

i ndex, t IGEOWR ed Ry (i thetolalnupber gfimolgseef merm grones i theitetahef t hi s

hom)geneltﬁé/ nUﬁrbef Bf m%l&%@'rﬁeth i ér%uf@lﬂbﬂ%d 6@ ;ﬁﬁﬁﬁéﬂh?la‘hhﬁmﬁﬂ&ﬁe hR@t the
particle shape is controlled f-associ ati on he solid

pol ynet hyhanumbepebmelesafraethyl grarups detivey] from trimethyalyginumenhes o)  d
pol ynet hy glperigp m@égeofsmen@ﬁgﬁd@a défnvéﬁ'?roi%{ feaNmetiNADkifum can be prepared

in particulate formwt nedi an di aneter based on volune falling within a
range of O9MRENSQ! ﬁﬁhewmh%ef ales efreety! rpups dsrvedfrae of the solid

pol ymet hxh.ﬁle aﬂ&%ﬁfﬂu?n qu%letﬁéﬂiloﬂfofttﬁ@nrgt muﬁsrw&%uqm fheparticul ate
formkept within this range maintains ymer bul k density using the

solid poItth|Wng§Uﬁﬁ@n%rﬁadgm@’dfnohlﬁés iqvam@ fraptiafeefanettshpound,
and yi el dg e%ﬂs @érﬁfe’dﬁrﬁ?ﬁ'tﬂé*ﬁfmétﬂ I‘Mﬂnﬁb Frﬂﬂc: MRS HENE hddihs AhatTherePR@WERT POl ymer

i s inhibit Fromt erspective o evi ng good po erties
expr essedln%tilwtﬂfplép%léﬁ%\ﬁdﬁf@mdh@ mr@nethykalmrnmumcqrnwnentﬁ@ngamdpw @i ned, a

medi an d'p%???ﬁf( X\bgﬁ'ﬁﬁgﬂh gJ Wﬁe%ﬁat&'ﬂ\ﬁ'ne?é"tl?falﬁﬁhﬁ(tﬂﬁt@ﬁh | um noxane

COprOSI ti mis enera consi dere ood. However ,
when hompghesthylajuminaxane ¢hﬁ|© atdd Tln@meéeifrantm afveethyl @esp8 on vol ume

Ges! 1 abr oL 28 e I EUYRIGIIR o ﬁf&ﬂéh**@ﬁﬂ 2Rl R F L
nmor e pr efaesaligl r;nlyrﬂaﬂhvlahgnmpxanemcmpawg@n wthalttteoStﬂoblbﬁwn Bolyen{ that has The
medi an d'sﬁ%ﬁ@ﬁg thﬁ:"e%R@ tha! %\Pf?cl@é‘ﬁoﬁqfh‘?umpﬁﬁq]éb&m ab?nfﬁ fHeSdrin Fpu“ on of the

solid polyne m noxane corrp05| tion o Fr ese I nv ion can be
det er m nédogssst fenversely, whenthe male frapliprsefanethy| argupe deovedifraeythg dry

ni trogen %Eﬁ%ﬂl@ﬁﬁuﬂ?b&ﬂ Bnéﬁ’tﬁaﬁéaﬁ 49%&90%4'@65[:8“@ if&dRehy Mal vern

| nst runent S Is-describ enbodi ment s.
increases and the partlcles tend to be crushed easily.

In the solid methylaluminoxane 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
mol%, desirably 8 mol%.

[0026]
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[ 0032] The solid pol ynet hyl al um noxane conposition of the present
invention is particulate and the specific surface area desirably falls
within a range of 10 to 25 n2/ mmol -Al. The specific surface area of the
particul ate solid pol ynmet hyl al um noxane conposition of the present
invention kept within this range exhibits good activity in polynerization
of the ol efin conpound using the solid pol ynethyl al um noxane conposition
and a transition netal conpound. Here, the phrase "good activity" desirably
means equivalent to the activity achi eved when enpl oyi ng the
pol ynet hyl al urﬁhﬁcﬁmef@éiﬁﬁﬁﬁﬁ“ﬁ‘%/ﬁ? FOMBesition sMPIQyesin (#sent good
pol ymer i 7afdriidn@ehtaing i(}j‘uté?ﬁaltthﬁleaﬂﬁyléldgﬁmm @Ee&nfwdréwgu RENAAG nfedsmgsi tion of
e

the present invention does no e specific surface area alone,

t
and coul dnne@seabinyerfiare the W@%&%@?ﬁtavfawiwmm%ﬁrﬁén the addition to

t he specidgifmestHylafffinaxdie éﬁm%@ti@rﬂsi dkpped B tnb #holEHRRYSMBf fRNPOosi ti on.

S
The specifi’c surface area cou concel vaply affect activation caused by

contact dreinioTeEpE Agdvedirompolymethylalyrainoxanarnd ireihH@umANMUGI ng t he

met al | oc qBBH@QEY A NRRENIATY MB?rMALﬂ&éypﬁb@wSt, with the solid
pol ymet hyl al um noxane conposition in the course 0f enploying themto

pol yreri 28024 ol efin. That is, a low specific surface area is generally

thought to resyktmbla fRRABNPbE MR MEsFEdiREEDmRHehiAsAtag ef ficiency, and a
hi gh specific surface area in high activation efficiency. However, an

excessi vélolymetirlatiseipprans eampesitonpanbe detaitingad frem thesiga ratRsexcessi ve
porous. S,ta'sgrghag% hRd I’%ertﬂzet péHehtd Wl—ﬁf\ll\@#@%e%%hféin@ﬂ'dfﬁﬁé hyl al um noxane
conpositionTand 1n a drop in the strength of the solid. For these reasons,
the specipdlynethyialumeinexane eppesitiory Anexampletaiitie methadyel datermyning 25

2/ ol - Ahe sPEGHIEHTR #atdnd! it Me(PIKIS) Bhd ME(TMALE offifgrmo! - Al . [0033] -

The specific surface area of the solid polymethylal um noxane conposition of
t he presd@olymeihylatindnoxane eampesitomisraiveryisi thg enhodiaentsdsor pti on phenonmenon
in a soli %:jrface by a BET adsorption isotherm The specific nmethod is
descri bed I n"the enbodi nents. [0034] The solubility in n-hexane at
25C .of the solTihe setif peivmsthyeuminexaneccaBpgition eldhe preseard ipeatienis i nventi on
is desirafl - 9 i il i iES rdesirably
0"t 2 mPiefabake MotbeRll AP by he bhioidh b K Bediattr Caiion o

t he presdedsiinvention is characterized by extremely low solubility in

o 2 mol el A eI R Bl O L PPN 2 Pange of 0 to 0.2 ol %
f or n- heXwherein Xi denotes theshistagsam wa(d)u@/@f alpsiticlen| 9005k denptemihemegian
Cor vent s Smetst B88ey Sh it A ORUGHioH o Ui ES B veRlme &Y 11
( KOKOKU) pantieleaD301. Specific details are given in the enbodi nents. [0036]
[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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The solid pol ynet hyl al um noxane conposition of the present invention does
not contain 5102. In the solid pol ynethyl al um noxane conposition of the
present invention, Si02 is not positively incorporated in at |east the
manuf act uri ng process. By not containing Si02, the solid

pol ynet hyl al um noxane conposition of the present invention avoids the
drawbacks of solid pol ynethyl al um noxane conpositions containing Si02.

[ 0037] [The nmethod for manufacturing a solid polynethylal um noxane
conposi ti ég The met hod for manufacturing the solid

polyneth&f Qi noxane conposition of the present invention conprises the

step of: FuftBer, BensdIRDpSPmatiBimmhok4Aé e6mpbeiion of tid srasémnt ai ni ng

pol ymet hyl al um noxane cont ai ni nﬂ_ the unit denoted by, enersl#r mula (11)
bel ow ané™eNfIRRCAYIPEIRIRPHEMT p8 wtql%%rm Wi AoResien Kistpeier BreRd PR sol ut i on)
to preci RolumiefaAlingakititin BabKEE bh5 6 50N IR/ e RIFRASMEL? haged bl Ni Ng

pol ynmet hyl al um noxane and trij et hyl al um num -_E(nl\/ef) ﬁlo , - (| B gv_\/nerel nn
denot es ARlumg eyibe sofid pplymethylglugtinoxgnspzagnposition offt g.p%@ﬁeg% VeRHeR ai ni ng
the unit jfigamcartdibr@e@dt Mithinthafgé InhdintaiPd §oS@ BbRhiErbailk density =

pol ymet hyl al um noxane in which n denotes a, single nunber falling within the
above raN§®g(theselicgoymetadalpminpxaneseernosgionct atransioninataly) e

pol ynet hbbﬁifp@ﬂha,%ﬁéldgfaﬂméﬁﬁ Eb@n{éfmeﬁmwtthé rédiftivRdf ficdpeRden denoting
multiple different integers). The'reason n denotes an integer of from10 to

50 i s toPpRiveerisinhikitpde Eresn they poispertive elachivinghgoed nowvderiAReRigSed on
gghggﬁleafbgpfés\%é%i ﬁ??uﬂgﬁi@tﬁa thé AR ihheiefh Baymée obfined, birhadikAn point in
: gé of 10 to 50. [0039]" The |
pol yrmet hylianefer hasechen ¥elupselthe sofith relymethyiplupyieexans conrositianf mat eri al
in the @Beﬁ@swm@ﬁrﬁ%y&@raﬁy doRgidRF &P §8dd. AN ORhERAoRBgBR&RAEed. for
exanpl e, by the nethod described in Patént Reference 17. The net’hod
descri bedpken ipta aGpoupbthe Bediamdiametsrhased prpmiymetahieselis noxane
glorkfplosi t hﬁﬁrﬁétﬁﬂﬁlﬁhiﬁdﬁr@ dErhiskitidr SRth8)phédeHtimUeRtioPREdeditab 8 1o 5N
yl al u um conpoun avi ng an al um num oxygen-car bon bond is thermally

deconpos &, sty falingwithine rmppgaiof 5ita o-a, arthiese preferaply. &ling i on form
[0040]  withina range of 5 to 30 um.

[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 Lid.

The specific method is described in the embodiments.

[0032]

The solid polymethylaluminoxane compositiori 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

14



The aromatic hydrocarbon that is enployed in the pol ynethyl al um noxane
conposition in solution is, for exanple, benzene, toluene, ethyl benzene,
propyl benzene, butyl benzene, xylene, chl orobenzene, dichl orobenzene or the
| i ke. However, it is not limted to these exanples. Any aronmatic

hydr ocar bon can be enployed in the pol ynet hyl al um noxane conpound in

sol ution. [0041] The al kyl al um num conpound havi ng an

al um num oxygen- carbon bond is desirably prepared by reacting

trimet hyl al unj num and n oxygﬁn cont ai ni ng organic co ound. Further, the

oxygen- cAEaR “ﬁgaBﬁjﬁﬁ Acops B'B'Hdiel%"ﬁé’é‘l qnegfs anq piREHtesdP ar omatic

car boxyl 'aféldﬂlb'n(io(ﬂl@é‘gﬁéiﬂf@yu%éeéréb of IR ﬁdl&hbthy@u&u@%ﬂé‘ (wherein Rl
denotes a 5k/drocar on rou f or m of C20 li.near or branched

al kyl gr &9ptPosftieenyhe § SﬂBgSBﬁa%ﬁ‘ %eagq%!iﬁpcowablsa%fmﬁt@gtwonrﬂaga%@ of 1to

5) . [004%y contact oEfREUt8GsOH th@%aﬂéif@ﬁ%éiﬁ%&h;ﬁbmﬂi t\t?fheerf})' oyed in the
reaction of the oxygen- cont ai ni ng conpound a a trimethylalumnumin the

form of d4petall Q%”&I%Wmd&ﬁwwﬁéthﬁpf'ﬁ'&%ﬁa@iﬁﬁl"\’imﬁhé j@n- car bon bond

gi ving t hpypeétipriunihakate é&ﬁﬁéﬁh&?fﬁﬁﬁé'cbh%’é éf@nﬁﬂbﬁhb@ﬁbrﬁ%ough a thermal
deconposition reaction are: carboxylic¢c acid conpounds havi ng COOH groups

and car me%ﬂmahﬂaeEhatuﬁ 3 low spegiiersuriass asea tW%@WPH?’I‘ tdPuni noxane

conposi t irg&ylt i ;ﬁﬁr'fbhh%f‘y cQtaWsPﬂblﬂla‘ﬁBm&'%dV afdatHigh SpsafiPauste can be
enpl oyed. Specific exanples ‘of the oxygen-containing corrpound are: formec

acid,  ac@re inigh aCbV%Hﬂncﬁff cleney. dowevielita/t excessivaly Mok spesific swiiace
n- capr oi Caréé’lsdthoﬂ? RBNEIEInASiclssife pBfads! st fofdPhaneteforafife

n- caprlc aci d auric acid, n-myristic acid, nstearic acid, oxalic acid,

nal oni ¢ &6lid pob/m,eéhyiah&mam@negqmmmslt@wdﬂn adigpiip the pienghéthe aci d,
suberi c %@m&i Fo’ﬂﬁé@é feaRBhE, thé%@é&he saﬁé@la a?é%@é%u‘éb?%ﬂ’s wﬂﬁih*ha#dnge%?' d,

citric acid, tartaric acid, fic acid, malic acid, toluic acid, toluic
anhydr i dé0 ta@s Mg manekAl pwéerapwdmﬂumadaagwaﬂs&22@' MAAE anhydri de,

n- valerli ydrlde ncaproi ¢ anhydride, oxalic anhydride, malonic
anhydrid succi nic anhydride, glutaric anhydride, benzoic anhydri de,
pht halic anhyarme@@ecénﬁ@uﬁace.rateaaﬂmarspu@pomqthﬁgbmlmnﬁmm@%mm es are

acetic agyée, ﬁr%%&hﬂn@@rﬂ)%’dgﬂ?be Hé@ﬂhﬁ-fé: ﬁcﬁggcﬁﬁ ga"sr o‘?ﬁ'ﬁ d¢n anhydri de,

benzoi c aC| benzoi ¢ an I|c anhydride, toluic
aci d, andpheaomeaoamm@pildéurfmm]a BET adsqtﬁaomogwerm .T@e@pepuﬁg al um num

atons contahhgsk §&sdrieqdtif ’tﬂ@érﬂﬁb@ih‘\gﬁtQum and the oxygen atons of the

oxygen-cont al ni ng organi ¢ conpoun npl oyed in synthesis of the
pol ynet hy?P@34inmi noxane conmposi tion in soI ution can be set as desired to

cont rol the maecliiii 8liexdhe LS5RObY HRISBIA FoNMARNERAAGrEe T esi dual

quantity of trinmethy um num e ratro of nass the al um num
at onms corwmm@dlonrofttlrmeptasen’emngnfmnﬂmdegrrabla ( o2 Bwol’geandiitv aelublittine

gfygteg gq@h%hgkggﬁ% %aﬁlés?raﬁ@rﬂ)fb@%o?‘?” be set optionally within a range of

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 O 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 in the embodiments.

[00386]

The solid polymethylaluminoxane composition of the present invention

does not contain SiO,. In the solid polymethylaluminoxane composition of the
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From t he perspectives of the ease of preparation of the

pol ynet hyl al um noxane conposition in solution, the stability thereof, and
suitably controlling the quantity of residual trinethylalumnum the above
nolar 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 nore preferably, within a range of 1.2
to 1.4:1. [0045] The thernal deconposition tenperature of the

al um num conpound havi ng an al um num oxygen-carbon bond that is the
precursor of the polynethyl al um noxane conposition in solutign can be set
to any t QfpRanhinvestionSiPers not pesithisty '”F?r(ﬁ’ﬁﬁtﬁ@"b@“@ﬁ%ﬁ:ﬂ‘?\?‘é%“'-ﬁ?c“é&% of

operatio S iCNthePd héhblafurhineganeBorhpb&tiont BE t her nal
deconposirbtn?éogr%st %@2?3%?@1}%3@’53% ab|‘3%§y¢%ﬁgt§q pre%eér)g%lg 6(I)oto 80C. The

t her mal 4R BIASEST invemrtian avoidy thertrawbarknehsalidRabimethialuaigoxane
al um ”Umcﬁﬁiﬁbggibﬁﬁbgﬁﬁirﬁﬁé‘éidfri es with the thermal deconposition
t

t enperat ure an e conposition of the starting materials (for exanple, the
Al /0 nol 40934i o), but can fall within a range of 5 to 100 hours, for

exanpl e. SITe b Ie } i i i enperature
makes it [ﬁ%ésﬂﬁgf e toh?éadp';'ﬁd t?/mﬁ:%?rgl%gcti §°'tyﬁ*§r#ﬂ?m§’é%%€§§°ﬁ@r?g fb[n 046] A

t hermal deconpéginetbad fempanefratuanetee salichpolyoethvidluminexane nar ked

producti : id .n the recovery yield of
t he uni fg:rB Pn‘w;?g iﬁb iogﬁlm%?'%%gpg/lﬁ]ggrﬁt;ﬁ?auﬁ?rrlléoé%éﬁggfégcr’l?ver sely, a thernal
deconposi t i on{2)digading @draromatie hydmcaguneseluiion eeniaiginda pronounced drop in
producti v ; I Ccﬁ@%". he i 1 tion
reacti On‘b{o’y\éng&Hf\s%@y?ﬁ&dﬂé ¢ |ﬁ![n'rc;gr1éa‘fut%'g¥{@§i eé%ﬁﬁ??eﬁ%% "ngg% during
pr epar at iapd tamethydalwsinume (pojyraeihylalioninexaee apoepsition in golutvnitoon that is
enpl oyed ??éc' rd s l b irh Lon. At first glance,

t he present ! %%%%t%dgﬁ%ﬁwﬁhg'g‘gﬁ'%*ﬁ?_%%'ﬁ?@%@”% Eeéﬁ?)frdggj;ss of preparing the
pol ynet hyohimgthylaluarinoxanepyl trimgihylalusdnemi on. When attenpting to obtain a
solid pol yneth M@W@lr)oxane corrpgm' tion of controlled particle dianmeter, it
is inpossible To obt i n the soli 2)0I ynet hyl al um noxane conposition

di r ect | y (whereliondeobtesiari integer 9bfrpmet ky5@). uni noxane conposition in sol ution
by ther mrd)d% deconposi ng the al kyl al um num conpound havi ng an

al um num’oXygen-carbon bond that is a starting material of the

pol ynet hyl al ufhaphsase ontsoning thenusib denoted byrgeneral farm@ay e ngansl uni noxane
conpositi I i J Y. rmgﬁ' :

al kyl al urrcg ﬁﬁr‘# E@ﬁ%@#ﬁmg@'{rﬁg&%{%ﬂw %rtﬁg%@g{eelﬁ-ac%ﬁg%n o‘?]é@ﬁa'wgy when t he
pol ynet hyithirutheraboxyegangerfobeinganspavified inteigen arttantaising wedtipler epared i s

heat ed c bl - | )
e e PAmAR GRS RS 5% SRt heabB e BB e
pol ynet hyhuitipieidifterentdntegeps)sThe oeason nideretes anhvtggedof foormdOdp 50ds 4ol i d

I th i i.f f i i I i bt ai ned.
ol V1ol AR AT B AERARS DA Pol RS 5 0L ol ne
that if wreigitasi calquidbeddidny the dnopriptzensolistifigation pioim inbenszexisl fall péthin cl e

di aneter r nergy i s thought of as being fornmed by
self-asséU%Qb?éﬁﬁgggsglynethylaIuninoxane of a given chain length and chain

| engt h di[8®39]bution, a properly forned pol ymethyl al unmi noxane structure can
B nacret o SRR SABNIRRRE s F9B3RYon et R PORSREREY AR, L%,
range of n@ateoaldo tie Pansfatainganethodl afdhE presetd invedten caibbe prepated0 to 25
W% 1S prf&]‘ &a?r%lg; b)[ &%ﬁbthod 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]

16



In the great majority of the literature describing the obtaining of a

pol ynmet hyl al um noxane conposition in solution by the thermal deconposition
reaction of an al um num conpound havi ng an al um num oxygen-carbon bond, the
focus is on obtaining a pol ynethylal um noxane conposition in solution at a
guantitative reaction yield and on being able to control the quantity of
trimethylal umnumin the pol ynet hyl al um noxane conposition in solution.
General ly, the trinethylalum num does not function as an activation agent

of transition_pmetal cqonpounds, including nmetallocene ¢ ounds. Thus,
control ling tHQG@EQH?F'SBY%PC?Ph%éﬁﬁ&'ﬁ&"?}?{?&‘ﬂﬁnrtgﬁﬁﬁﬁ"?éHﬁﬁf‘l‘m{BOxa”e

pol ymet hyb{péditida i BSIUEEONT) Sortdx@nple, sezehe OldlichedBthylHePzEASL | SSue.

Addi tional ly, when preparing a polymet hE/l al um n?ﬁi&ﬂe %%ngom ti (P]n in

sol ut i on PEPYRIZENGsPulylbenzene, KytsNs: eatohengens HeHarbeBERRRPY Mat e wi l I
drop st eqRE YHORERSSit i RotdimiftEdtethegeRdihplrb] ARy hforhdtR: yRRE6EArBOn e@huUtion is
reduced and the quantity of water introduced is kesf)qiulow relative to the

st art i ng beearaplPyed i theeiohymethyiiuiirexarseepound in sqlutiae
pol ymet h){d)@ﬂﬂm' noxane conposition in solution that is enployed as a
starting material, it is desirable for the nole fraction of the nethyl

groups deri ved "erddHiald@Inum gRMPEHET HAVIRGANIHHWHEROXYSEaPanhondi® t ot al

nunber Ofdegﬁélﬂ? pPépatBY BY reSétRgRAmcthRIAUAMUR i &ih b8Genidoptaiking per spective
of increasing the yield of sol'id pol'ynet hyl al um ngoxane. The nole fraction

p ,
of met hylorgariepemasknd.dairthesninepxygen-enia/ing QraaNmeUBRYYIER rel ative to
the tot a'deeyamg@n%ipﬁaﬂi@ér mEichdrb&yRE Beidl derdesd bpBkierkfforRiuls @), | over .
The lower Iim(t of the nole fraction of methyl groups derived fromthe
al umi noxane cHPEERnrel ative tdldhe total nunber of noles of methyl
groups i gwRBRIK RE dEﬁ{gltoéé aﬁF&%rB@érﬁBﬁb’Wd&imL{H}a RSP BEa CAMRAS2A ligdhriop Sol ution

that is prepared by hydrolysis has™a nole fraction of nethyl groups derived
f r om t he baanghiedBligh arelpmadiesnt groupaei 3wl grwuphand Brdgnolasmeinteger gblles of

met hyl grggps of 40 to 50 mol % It is difficult to lower the nole fraction
of et hyl oups derived fromthe trinethylal um num conponent relative to
the tot a![o er of noles of methyl groups in the nethyl al um noxane
conposi tion behg aﬁ%h&/%?y%éﬁleoh@mﬁ eaﬂﬁsmc!ampmgeanﬁtmaeaego.%pcess_es-
By maki n% t he no rati o of “oxygen atofrs 1 h the oxydgen-contal ning organic
conpound theexygamseniaininasampaiindaantba timethyialurmingst ivthafenm alad 1. 15 when
preparin P ] Jobdh @S h-ch b of Yokl Yhd her mal
deconposi%["fy}(l;'éﬁ?lmﬁ bq%@&@%gggﬁg?g?gmaq [ g\%gé’é; F%Hv%gr lo:ﬁﬁlqi\ﬂgg t%e mol e
fract i on pefynmethyalumjrexaie emmpesiion ingalutien throuest miheamahd ecamprasitinent
relative 0 fEhpE | i HYrQuRSart c&bBRi@ and the
perfor nargté:gdo_eatrhééégé?% polléyﬁémﬁg?gﬁuﬁvﬁﬁigﬁ“& c%rrrrpom ?i o%_ _og&!i% ned is
good. By aahptindeésadn therpeparaion of #ie pelygethyaluminaxane sempegtien-eont ai ni ng

organi ¢ GoRaH Q? s%@ﬁ%ﬂ@m%ﬂﬂﬁ)lé Eori]psur‘idéhé% By bmyrcg}}dgf l]Sﬁ]@éifié}- 10, a

mol e fraction oups derrved tromthe trine al um num conponent
rel ati ve exampies efdhaloxygemeentaining cerapefindrate: jornie eaids aeticacid,mol % can be

hi d. - he. nca of » o - )

conposi t PLPRERIESEAIATAEN, B valeff SR, EeBBLK RN AATRERIID- o ¢ abi e,

- [0051] caprylitlasidanepsiaigonisyanid,cecapic acipl plasdiciasid, Memydstior agid.1-i ng net hod
f th (g L QR : LELGal LW d [ Exgdm ; X

genzeﬁeI,Ors?%%@eandéﬁvogahg?@gh?ear@,m %?@%/ll'ébéeﬁﬁé ea)rég,’ b%%ﬁ%% n'zene,k%%/ ' reﬁe,

chl or obempipeks adidcsullssicasich sxathic agd] sehaciq and Nenzoic acid,phihalis gad,, a

heat i t t ; (gl j i gl j b h lid

pol yret hy T ot Hrar8 i, 1A AE hallPagit bRR; A PERA: BhfntidRathic! 1o <ol

heati ng tamhydride, prepibaiclaniydiide.m-hutyric anpydride, sovalericangdridadn(ii) a

heating ti.oe. 5 _gi : -t h [ 0053
Uhen hoat RIS bl ol e aforianiride lkcrflc dAidqe D003 2
pol yret hygluthteanbydride, benzeit mnhydrides phthalic dehydide, Bpddelis anhydoteul a (11)

R e A e S e S o

containing trinmethylalum num and pol ynet hyl al um noxane was di scovered by
the present inventors to precipitate in the solutionin a formwth uniform
particle dianmeters. The prescribed tenperature falls within a range of 80
to 200C. The tine required for precipiTation varies with the tenperature,
but falls, for exanple, within a range of from5 mnutes or nore to |ess
than 24 hours. By remaining within this range, it is possible to obtain at
high yield particles of the solid polynethylal um noxane conposition of
desired particle diameter and uniformparticle dianmeter. However,



depending on the heating tenperature, there are cases where a heating tine
exceeding this range is suitable. Precipitation of the solid

pol ymet hyl al um noxane conposition in the solution increases with tinme, and
once it has reached a certain level, there is no further increase in the
gquantity of the precipitate. The quantity (recovery rate) of precipitate
varies wth the conposition (variation of conponents and their anount) of
t he pol ynet hyl al um noxane conposition and the concentration of the solute

in the solvent, (aromati ¢ hydrocarbon sol ution). 054] . aking into
account PRePIBAICEANAYErEs. Dep @P,acfﬁa?)@néws#aﬁ@%ﬁﬁzﬁi@%imy}aﬁyi eld, and
the |ike ghyéfide, 30Licchdi®| andmbliid ahnydri@exane conposition particles, a
heating tenmperature of 80 to 200C wi || suffice, 90 to 150C i s desirabl e,
and 100 {@P430C is preferable. Wthin this tenperature range, the tinme is

desirably 1 t qhdnblatafio ofthelamiHum atdnts dentamietsn tHeomyhylalhfifurhhe
tenperature is low, the tine required for solid, pol yrreL}TEin al um npxane

conposi t i38A thacxygenatoms ¢iribeiogygen-eontAkReaNAMRIPQUNS ¢rBRI¥PAIre i s
hi gh, th%tyh!h'égisrcﬁ%!é b8N eyl SR hiitbyRAe)oTR fBsitAInUAIsBRIIBARaA BB RS lakl ON
particle fo precipitaté tends to decrease. [0055] . The manufacturing
net hod ofdesifed i exral theynelrquias waightqfthe gplygsibylaliminexaner 88 of washi ng

the soli qeaﬁhmrmfahm fqmammmmoméﬂapa of i mdRy rRERofthECI pi tated by

heating wth a honaromatic rocarbon solvent. Exanples of the nonaromatic

hydr ocar Bé#miggm atems: ¢rataingd dhihedinethdalumdrum te the exvaen@temapéther- hexane,
cycl ohex I : YAk BeX® t @rc4 ane,

n- decane%ﬁgg%ﬁ%@ﬂl@&l}?g@ar E %ﬁj tiéewl&% Ee. I 'ﬁ%ﬁﬂgwgﬁi@sﬁﬂh?’%ememi on, the
nonar omatt® 8.6l vent is enployed, not to precipitate the solid

pol ynet h d)@,{vﬂm noxane conposition as is seen in prior art, but to
facilitate shi n% and drying of the solid polynethylal um noxane

conposi tion t faeMiike peedclivescoliihe gase obprapasatioiof theus, a solvent with a

| ow DOl L IpRARh Pl AbxdREIhbEMifich IWSIARRY, el Qb HEX IR Griduiasly d

pol ymet hyl al um hoxane, specifically, n-pentane, n-Rexane, or cycl ohexane,

i s desi r sontrolling gssyuantity of residivaé inehylaluminiss theoakavecplad NRSETBEAR sol vent
can be a j Iyt iqv sl Inf gl er to the
pol yrmot hyfral o (1Bt o ingd of 8.4 1oplri, BIETRiaD IR o fARRR R RS e Uee
of such d.4jdaand mpreprefewmbly, wihimavanrgegkt2de 1r4duci ng t he anount of

r esi dual ?é‘ﬁlmi c solvent and facilitating drying of the solid

pol ymet h} al Um noxane conposition obtained. [0057] In the above

manuf act ur i ng Tietthermnal desompositiop semperatyefdhe abzinemcomaindi on of the
present i t e ALSh i ent can be

r enoved zgl%g h%@%lgﬁﬁﬁ@%ﬁﬁxggé@??gﬁtI%Jhéﬁtﬁ’%}’ﬁr{geBgév%fé% ‘#ﬁﬂéé/povxder can be
dried, f@olymethplelymingxansecorapositonoin sakution ¢an béeeltolanyriempatriurer educed
pressure j ; L 3dr QG cont r ast
to the cg%(lgw%%}?%gg%P%ﬁ?ﬁﬂﬂhﬁgﬁ%gﬁ'ggﬁ%ﬁ%ﬁ% ?{Bcﬁnérl n s%'lf'(lt‘th %{‘Fg# &t_he sol e
goal of degtting, ahd asplitablegekgiinn tiyealherthemoal desonpegitiontemperstureri® present
i nvention,l | I, THBAL [ hleiti i nce there
oo scaleplabR b BRE: frefdally o MEPL) TP thetricl BeBinbleiton e of 10,
enpl oyed the ehwminupresmpoand 048] af Theniolekoxygeotaanieen bend variesawih yst |

The pres I ) y! 1 : I Lizat | lyst. The

ol of | ' popte HShfELhECOmb ol Roniiitafled ob ROLHRPLLES b herdaftn . 2val vt
conponentrsaterialsh{torfexampls, thér&l/©omiote atip), iwé cay fall within @xange b d00i on of

the br esqiyd PO Al Aol R bEaRSGbARES g FBIMAIL AR od bY genera

b

formul a
temperature makes it possible to rapidly complete thermal decomposition.

[00486]

A thermal decomposition temperature exceeding 100°C causes the
marked production of gel products, and results in a drop in the recovery yield of
the uniform solution of polymethylaluminoxane. Conversely, a thermal
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(wherein Mdenotes a transition netal elenent, and R5, R6, R7, and RS,

whi ch are joined together, denote organic groups having a cycl oal kadi enyl
skel et on, al kyl groups, al koxy groups, aryloxy groups, alkylsilyl groups,

al kyl am de groups, al kylim de groups, al kylam no groups, alkylim no groups,
or hal ogen atons). [0059] The solid pol ynet hyl al um noxane conposition
of the present invention can be conbined with a known ol efin polynerization
catal yst and enpl oyed as a polynerization catalyst. Transition netal
conpounds, are exanples of olefin g ol ynerization catal ysts. The tran3|t|on
metal cof§60mRORHAN femperature ksl S gewﬁlmeSfC@umapmeuncFé@@m

Speci 1 C ppXIBRvRP dGé théh Thc9Sas inlthé %Wfﬂe%h;ﬂhl\dmﬁ&&nfel ﬁré&héﬂ@n réaémﬂl um

haf ni um chron1un1 vanadi um nanganese, iron, cobalt, nickel
palladluﬁﬂmﬁe5|rable exanples are titanium zirconium chron1un1 |ron and
ni ckel . g 1] In general formula (IV), a netall ocene conpound
coordinated with one or two |igands having cycl oal kadi en skeletons is
desirabl e as Qﬁ’é‘tfpf@fﬁbﬁﬁefﬁﬁeﬁi\lﬂ@l'S@BHWH@U”EQW%’@'Q}’# O{ihéands havi ng

cycl oal k @ l&?rlnﬁ 2dhe eHrfipdsl rpllﬁ%ﬁqlﬁ@nqm(ﬂ .s%rn%w@d as a starting
pent

met hyl cycl |en group s cycl opent adi enyl ™ gr oups,
but yl cyc|rraﬁi@mfaaﬂamplresgnbmp§ntm %%WIM@OM@I?@HWG@PBWW
pent anet R¥bevis! s ij!h%rbfbc epé\ﬂﬂ; fﬂbnﬁgﬂy ianﬁh'nh%&éﬁéﬂ ed

cycl opentadi enyl ‘group I nd en group eny groups. The
cycl oal ks;errmwtlogﬂ@ﬁg@tleawb@n@t@mtmgﬂ@ebtalm A smls‘ral ent substituted

al kyl ene g/, Mfyia Wﬁé*ér%t&ﬂn@?élt}'dr? 88 paRicd Bnjhdicit d 0002

Li gands an |1 oaI etons are:
hydr ocar iyBpogfiklete oh/tatlmtl'ne wdmlme wilaﬂ@ﬁsan%pmmys@%d;sgctlyar yl oxy

ar oups.  RELEbbEInidH 8 YRRm ARl BRRIRGIR ol AthuichtlRehalos, and

hydr ogen at ons rocarbon groups n at ons
are al kyldegcmopsmgdly%latkatlaktynmgrrbmpomq/ha\gn@apsaluramrraawgeyircagb@mps

Speci fi Cb%ﬁamﬁ§ a%ftarﬁhé%at@ﬂé’l‘ﬂ??h?‘b@lyg?tﬁw&g iy @du griups, propyl

groups, |soprop% grouP but es of cycl oal kyl
groups amselugipol |pstnappygreimdsluanmowtelQﬂmltuyﬂomtlosp@@r&nace@hmpl es of
ol kgt g ResRbbe b WL AIGRA K ShBURT MdVABBR AYAGIATE ) o
met hoxy @m@gca@tond;qmdgmﬁpwheraﬂw wvmwy@alwmwxanwpmosltl@nwanpl e of an

aryl oxy %B%Bn'tﬁat%a@]ﬁé&%ﬁ’rﬁgé%ﬂs h@E@%rﬁng%ﬁ%&?éd %HﬁttuﬁHQ{’ﬁé ddfgnts in the

f orm of ato groups are
trimet hylpomn}ethgabmpsom @crmmsht;omislqhtalge@uim emmiglwndvh&mﬂhegen are

Ilr;g;: tnleonaq'nrr'ul% Hd{'c n%of};ﬁl'délﬁglont al nl ng |ga&g@&#§vq'rr?0ﬂ%ﬁ8$& tﬁqglﬁgwl e of
skel et onsoviedid polyestbylabiminexane mmpmslg@hefrmufmmrpanlde(diametabisve ar e:
bi s(cycl %B?d?ﬁ@&“'ﬁ@/ e%aébﬁ %O&rﬁﬂtlwﬁ%gélr%bﬂ@vépﬁ%}yﬁ%ﬂ%ventors believe

bi s(cycl opentadi enyl”)zir coni um om de noho
bi s( cycl dedrif theisofig pplymdihylalumiooxana ¢onapdsitign of stable particle diameter in

o <{ovel JBE B KoENRL ORI PR lG sor-cssosiaton o
polymethylaluminoxane of a given chain Iength 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 wi% is desirable,
and 10 fo 25 wt% is preferable.

[0049]

19



bi s(cycl opent adi enyl ) benzyl zi r coni um hydri de,

bi s(cycl opent adi enyl ) neopent yl zi rconi um hydri de,

bi s(met hyl cycl opent adi enyl ) zi rconi um nmonochl ori de hydri de,

bi s(i ndenyl ) zi r coni utmonochl ori de hydride, bis(cycl opentadienyl)zirconium
di chl ori de, bis(cycl opentadienyl)zirconium dibrom de,

bi s(cycl opent adi enyl ) met hyl zi r coni um nonochl ori de,

bi s(cycl opent adi enyl ) et hyl zi r coni um nonochl ori de,

bi s(cycl opent en lohex |rco achl.,or

bi s(cycl opent ifah@nq/ﬁ%ﬁ t&f’ rﬂt ﬁﬂf{ﬁ?&éﬁﬂawmﬁ ogtainlng ofa

bi s(cycl cmqm@tdylenmhahbmwd:mp@smnmm suhntiunrtbwmedhermal decomposition
bi s(net hyl cycl o ene%dl enlél') Zi rcon%ﬁm di chl

b1 3¢ 0 o PORep A GRAITn bR DR AR Yo G Al i oxygen-carbon bond,
bi s(nbut )ﬂh@fbﬂueﬁ@bh aﬁtaimyib)aztbdlméthymlldhm@b(ane dempbéiitioh irdesiyvdigrzat £ oni um

i ot hyl RBnlYe PR AR ADR R et Gl (b cpRBR{ine Wbty oy erv!) 2! reont um
bi s(cycl Qmétr@thllﬁﬂlﬂu)ﬂlnflﬁédemeth?lanwhoxélieséwpbsm@mMItﬂlm ) zi rconi um

Tonoet hoARABA i Faes YR HE R4S Ol AUTRE AR 8, A1 S AL PRt of

monoe:1 hoan@maﬁcmétercalﬁpolh\ce( M@mnie@llo@@ué XampeandsiMhus, controlling
nmonophen

nono bi s(fl uor.en Zi r¢goni |chlor|de and the
R O S RBARRY of ity BllTuR LR e B G 11 SR d DA T MOSHS s
cont ai n| fﬁ:@rrﬁioslti@ﬁfiﬁ sblﬂﬂlohllegéﬂﬁﬁ mantr“@sneyehambhaw When srépadigpas, with the
at | east txvo ‘39' E’E'T?f havi n oaI kadl en I @d’ @ons be bg_@g d via
al kyl ene PONEIRIBYIa(EHNGXaNg ?r%'%ﬂ pgls: i q t ut ed
al kyl ene a@%rﬁmnm iiéebghe@i:‘ra’lté\ﬂmrd?@;y btéé@ﬁeurﬁégb me@emﬁi@bbuémenoﬁ iyl ene h
groups; subs ut ed si ene S suc S Si en roups; or e
[i ke wheh M%P&&ief'ég Ui'PPé%Fﬁ‘l&'ﬁfgﬁ gn gh%ggpntfig,oﬂmgger(l d'-é%‘é' 1S g?ﬁVPWne
bi s(i ndenylaligk tRthBYtaitihg Phatefal ieamydaiemmungi ndenyl )dl et hyl zi rconi um
et hyl ene blgsé}endenyl ) di phenyl zi rconi'um ethyl ene

bi s(i nded t hyl zi rconi um nonochl ori de, ethyl ene
bi s(i ndenyl ) e‘l@Hépdl%@tﬁ%l@fﬁﬁ@&ﬁh@E:bﬁ'fbosiﬁbhm §6I9tlon that is employed as

bi s(i ndenyl t hyl zi r coni"'um nmonobrom d ?ﬁa ene Dbi Séllhn en @gm rconi um
di chl ori &eStaEknﬁy%%tﬁﬂabl'téﬁ desieaiie ?05 |tP%8?ﬂ|% BE{ Gibe meipy r@ﬁ
bi s(4, 5, Qetioéd &Bwlme tﬂerdeﬂﬂ@éthﬂ:ﬁJrﬁ%@Hip‘éﬁbﬁ‘ﬂ @mtnéltdm@wﬂaltrmﬂqder@ These may

be racenm c corTPoun S, neso cor‘q)oun S, or a mxture thereof, [0065] A
si ngl e oreclgs of ety graues; toiben! Hrerokie %&ﬁﬁméh%ﬂ?r%’éc@fﬁpﬁw@%ﬁwg

hormogenegys yie@l b’f@ﬂl’dzp’éﬂyrﬁélhy@lurﬁ%xéﬁe We&nﬂlé%ré&’oﬁ'ﬁ?'nﬁé{ﬁﬂ gtr&u?sdl ust the
nol ecul ar vvelg di stri’bution or the preparing a solid catal yst

in advaneerived §pmyihe e TsHa N CoapenENLATLe 1P the o) iwaberel be

enpl oyed,m@lés b‘?‘ﬁm‘?ﬂiyl W@sﬁ@ﬂe@ﬁatﬁ?ﬁh%@% bPloAdir Ute for TRIFYhémaiei ght
di stribution or he met hod for manufacturing pol yol efins]

The pres Siactipm LMt O s RIYSH frogp H&elﬂwnwefomnmeﬁbr% vedPdhé ns
conpri si RgaPRLMBEF bf[zmaes%? n%tﬁ{nlngaﬁs RGHJIE6aRAYE TiRSCr i bed catal yst of the

present invention, nogeneous pol ynerization using the solid

pol ynet h;nomrnﬁfhwgkﬁweowwpww'bm Q%'%féébﬁtprﬁh@féﬁmy&?ﬂéﬂws has
pol yner i Za\%bmrfdmh%f'rﬁ&hﬂ g?HGWHé%oOI%rﬂ'tHébl&ﬁrﬁ@%r@cé&ﬁbé}%rﬁ he solid

pol ymet h | um noxane conposition of IDresent i nvention exhibit suitable
Y

propert i é@'ail\/ﬁ émvleft@talmambgbp@merwtmem groens 854Q &0 B0 nM % dligneri zat i on
enpl oyi ngyifcHPlo/IBRer tr@%ﬁle‘rjl‘g%?%ﬁrdﬁﬁéth orb@ps e&m’:&wm tRe Sol vent, and vapor

phase pol ynmeri zation roper |es are exhibited in any met hod such

as cont i AUHGHYFIURIRLM ﬁemp@nerarra ae@]tlmﬂosalr@urrM%moE%ﬁw@f M§tvbgen or the
li ke can pgupstdng mdtRPERMiASKEhe BIRSEifEn NEbAMS RBIHBYithe usgant . [0068]

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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The nononer enployed in polynerization can be any conpound such as a single
ol efin nmononer or a conbination of the single olefin nononmers which are
co-pol ynmeri zabl e. Specific exanples are: ethylene, propylene, 1-butene, 1-
pent ene, 1-hexene, 1l-decene, 1-hexadecene, 1-octadecene, 1-eicocene, and

ot her a(al pha)-olefins; bisfluoroethylene, trifluoroethylene,

tetrafl uoroet hyl ene, hexafl uoropropene, and other hal ogen-substituted

ol efins; and cyclopentene cycl ohexene, norbornene, and other cyclic

ol efins The present ion is d ri bed i
ol efi ns. i Enbed e Uit HecorahpationdERres heuie B Siew a Igwerit ' ot "
Ibi Im tedtfﬁetﬁél?od@mlmomtmeth?l@mﬂ;s derived ﬂr@ntthietmﬁbmglamhan?et fortg |
el ow, e SOl m noxa | on was nqQr.nma rje unaer
DCtolt | ASmienant RatVede the Al RYRSaST 1 ey 8Lk 1 gERe BT BUTol, AN i ng
l'iquid paep é:lf@rmaﬂme ginhé Balid\Bely m@d?%mdnmxaﬁel@uwoemowm:@éw ved in the
seal ed pot 71 Test thods%fo Sol ubi |i solubility of

The col P GoBa! B ETTRAVING, firire dno Btmben A oS 4t havgraBiEinRGont | oni o
n- hexane oag?mud; Born@busd andaiumiaumestofds ia the IPestallaleniaimFd. vea meRrs ur ed

accordin t hod descrijb n. JP-
O O et DTt S S o s Tagr T T eiBlatie2 g o

the soli ¢opd wtmtnhmb’ér@rrmwoﬁnémypgﬁmbsw 5t20mdB tan We atwweanautnal nt ai ned
at 25C, stirrin ting the sol Utjonq\gltqlge 4 gl ass

for urs
filter, ShRIPAREQ: Cﬁffﬁms‘a'!%ﬂ?iﬁmﬁﬁb’!ﬁ?‘é@quaﬂﬁ&ﬁrﬂpﬁ’stt'ﬁ@ lse The

sol ubi | i PBofTHT i rRsbid, B 1R149R19646 déskaén ned to be the ratio of the
alum numatons present in the filtrate to the quantity of al um num at ons

equi val ef@0313 2 g of the solid polynethylal um noxane conposition enpl oyed
as the sanpl eThE@PdAhtic hydrocarbon employed in the manufacturing method of the

present invention is not specifically limited. Examples are: benzene, toluene,
ethylbenzene, propylbenzene, butylbenzene, xylene, chlorobenzene,
cyclobenzene and the like.

[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 200°C, and
(i) 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 (l1)
(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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(2) The al um num cont ent The al um num content of the

pol ynet hyl al um noxane conposition in solution and the solid

pol yrmet hyl al um noxane conposition was determ ned by addi ng an excessive
guantity of disodium ethyl enedi am netetraacetate 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

i ndi cator. When the neasured concentration was dilute, neasurenent was

conducted b tom n 0073 The speci fic surface

Sraa ot *ebaBnganing BRANRG I rea ARk, biin e ca e 3NSAINGLMS,  { ace ar ea

of the sektéedihg Mg exrfds conpisie] Pr@rpuman@etmsnna lpfiethglalutingrane

adsor ption henomen n Iq the solid surface adso tion i sptherm A

BELSORP SPiPopitiopdy theselign ingmsages wie. ‘m%esa’ér%‘%?y‘&ﬁa%ge ﬁe%f‘é%"brrent

devi ce a'lebeﬂlthér‘éggmloqaﬁhéﬁﬁcr%@@éwm @.ﬁarﬂrlfsﬁoﬂmétﬁdﬂétﬂgﬁlé Hﬁéquér{&ﬂ;ﬂ] f(f%}
er n vol u 0 e

The partlcle si ze ytion a n dia

sol i d al dheCA¥S @t 988%%@' a@ﬁm"a”es w"i'r'}ﬂ@ %PP?% Ien Qﬁai'é I8 Ot FY'BRPRYRS and

nedi an d'aﬁﬂﬂﬁ@if afBRf of the/ polyAR IR alliMind@hk Coflpoditivpeagheonposi tion were

det erm ned t he I er |ffract|o anéja scalteri g met ho under a dry
@PEE IeJWP @

nit rogencaf' EWQF Ht%§b%§° romatc IQORSPHLIN)-Mal ver n

| nst runmengog4jd. Dehydrat ed and degassed n- hexane was enpl oyed as the
primary di spersjon nmedi um th de drated and aassed t ol uene bei ng
enpl oyed as oﬁ@k'BEr"BtP&?CPB’Ft tESrPé‘ egater, Iﬂ@ﬁﬂg% MRRMeRNei¥d by t he

equat i on vy &hdafk ke 3 tNsdlid rﬁéth rﬁﬁrbﬂér)’éb (% 6§t6r|1 RickR, a
dlstrlbutlon Honogenei t |Ctﬁ%y §/< | d(O. 7 ﬁ II)981 SIG\/A

Lo oi  haatiag fenRelatiine of B (o 3PaTe WAl SHEhs, 9B ta350PC Idedirabley a8 Whhot es ¢ he
medi an d't@-ﬁ@@‘@' |stﬁéfé‘i|alﬂé WhiH Bis ﬁﬁ%b%tu?@gﬁ??@stﬁekﬁngh@ﬂ@él@bIWﬁwd on

vol une of Oph%rutrsl‘, cle i) [50075] action of nethyl groups
preferably 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 compaosition 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 nmol e fractions of the various conponents in the pol ynet hyl al um noxane
"conposition were determned fromthe surface area ratios assigned to the
vari ous conponents in 'H NVR nmeasurenent of the pol ynet hyl al um noxane
conposition. The exanple of obtaining the nole fractions of the specific
Me(PMAO and Me(TMAL) of the pol ynet hyl al um noxane conposition wll be

gi ven bel ow. Me(PMAO denotes the nole fraction of nethyl groups derived
from poI ynet hyl al um noxane. I\/E(TIVAL) denotes the nole fraction of nethyl
groups r|vdfromt um nu 0076 . First, 'H NVR

measor emdie 0yantAenof EEAYIER ARANLaHESRUR, BramAtic AP NER AT T as t he
deut er at égcitating dtyingl 6fthé HolilyBolyeshylan®rihoxaheCconipisditish olsthinedneasur enent
t enper at xé f 24Cwth a 300 MHz Gemi ni 2000 NWVR neasurenent devi ce nade

by Varia hnol ogi es Japan, Ltd. Fig. 1 shows an exanple of a 1H NWR
chart. (i) Thetiedsaeahanatagiriad n@éthoNEthgrs@H@ poBaksthyalutiifoxane

pol ynmet hyl al um noxzi e cont a{ ni nlgqtrl e l al um oxag{e g%p?ari nlg att from
about - 0. C8MARLCY of Iheprgsant LvEIQL ¢AMBG hﬁﬁ’&r Bisetyeqs oF the solven

(pol yrr;st It h A eLrsnioRasd . the(cbh-)po“s'h@nwuegrtolabtamal@msrve@b bb@d@ﬁm in the
vicinity, o

t dth | |
(TR b peiciadh foreraanste. i s mekoq & resueina R sy sabentamaes Fsbitarned | n (i i)
are subt rp@@és@ﬂebfﬁ@ﬁ‘nbmddfﬁf%ﬁﬁb)(mg'a hot(mwézsreﬂdswlmldamra@manﬁé obt ai ned
in (i) to obt? ue | b ust t he roups of

t he pol yf@eR§ ﬁlﬂﬁ’ﬁﬂ &'HE‘%HBPX%‘E%{PH?%OQ I SRR %ﬁ‘?'ﬁ@ﬁﬁ" Ing

( TVAL- Mexhébélid &!ﬁﬁvﬂéfﬁw&ﬁlmﬁfcﬁ(aﬁ@ icBRiposRidn B tlﬁ@bf&eﬁlt ML Eeibro 16 :

(pol ynet h){l al um anane& é no fr g{bl ons, of gl\/Aog and Me (TMAL) are
obt ai ned Elipte polvent adagy '"Gé?u“b%§°'t§€ é‘sc%lﬂc%ﬂ‘erf% e CRUANGRT tHS et hods
enpl oyi nglké@ﬂi’ﬁﬁ@thﬁlbllﬁhihum BiviacL®h pUrRg caibe SMHIDPES wRRBLIPrbPBnRasel i ne
collection, and the |ike Further, the analysis sanple of the

pol ymet hWQ{P m noxane corrp05| tion in sol vent was prepared by adding about

0.5 nL of TS oibih doRyraditiatioR cBfalydy of pol ymet hyl al umi noxane conposition in

solution. The_anal ysis sanple of the sol | d pol ynet hyl al um noxane
conposi ti on wdSeprapHitdavanionalviesanatelio polienzatign caiglystol ielgfin 10 ny of

pol ynet hﬂoﬂ)nﬂéﬁﬂ%ﬂéﬁ%ﬁtsﬁ%ﬁﬁé ﬂ)r@@ehﬂnﬁ@dtlﬁn‘ cSU?l{athQZl%]ytlc compo-Ft@ﬂtsf il | owi ng
reactlons wer e con ucted in adry nitro as atnDsReere hydr at ed and

degassed tRefaranef tha solidpeiymethylaluminoxan co position of the present mventlon
and the 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).
[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
general 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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[0079] Prelimnary Test 1 (Benzoic acid-Al/0=1.40) (1) Synthesis of

pol ynet hyl al um noxane conposition in solution To a separable flask
with an interior volume of 2 L equipped with stirrer were added 240.8 ¢
(3.34 nol) of trinethylalum num (TMAL) and 600.5 g of toluene. The sol ution
was cooled to 15C. To the solution was gradually added 145.79 (1.19 nol) of
benzoic acid at a rate that caused the tenperature of the solution to drop
to 25C or below. The m xture was then heated and aged at 50C for one hour.
At that tine, the nole ratio of the oxygen atons of benzoic acid and the
TMAL was [@981d. The reaction solution was heated for four hours at 70C and

then heated f§f géheralRmnalfivE AmbRIISSEMR corfpétid/itsdmatdd Wit ofé or
pol ymet hé\lval um noxane. The sol ution obtained was a transparent liquid free

of gel | edwaligardshaving eyelealspdignyrskglaionsisifeskabipasthe disasitipadnetal | owi ng

recovery cgfngolifid! ERGhpRS of AhaidsORavin by Aikadib Ry GuaRtdisadreve reaction yield
based on al um num atons. Theé al um num concentration of the reaction

sol ut i on C¥ePEpMadienykarouss. matyiryclprenigdiany| gkpugs. aibyexplepentadieny
pol ymet hy ' gﬂ@,@ RSV | lsN ' i giegoet er m ned by
1H NMR t)gr%iewggp WDF)(’%%HSi ncé;I P@%b?%?ﬂ%ﬁ?ﬁ%ggﬂe corr%osi tion was in

sol ut i on PEBiAMetWeyeepemadieny greurt sidkhelalidbubstituiRd t est  met hodol ogy
sect on wgeiopEAGLIA9 FrolBANEEny| GRA0BAE NI Par B Phdtene, - det ermi ned by
ion fromth fcgr of th

cal cul at ] peci fi ravit the solution and the al um num
concent r &¥¢lealkadiggylgreups gan bawressiinkebwih divalent sphstityisdaligriane wei ght

det er m ng%lmé’ dissALEY w@%)@g@ﬁﬁybﬂmﬁpxane that had been concentrated

and dried 1 n benzene and” enpl’oyi'ng t he op in solidification point mnethod
was 2, 4300088dcordi ngly, the degree of polynerization n of the al um noxane

1 polymer i ”eﬂ‘da“dg“"’-*"’gf'tﬁéﬁ‘?@%*ﬁsgﬁ“%@%%'1‘%@“’ o e To

1. Pol ymerization using k eny rcont um
a 500 i hydwacarerkeroups adld etprppargoniatemasd) @royps.rangloXygEouitsar ged 250

61 Ut  on Y B s, Bt gt Al Dy e %l i mum
at ons. Biasqros.dExasepleaef Bygnopaiboo@ipups witt i tora0aearpbap aiants 21 alk¥ added to
2?E'yféﬁegg(f%@%é@;'ﬁ%%ﬁf?%#&ﬁ’ o eyl GBbSiBpoine SEREARLU° L0 40C
hal ted amekyhgtcsdire eeshylrarewrr eyl giouRsSaptanyag®URReisORIORYV@OUPThe
has cal Lar SPUBNERUER: SRS SxaRlfs FYoRaNGE orolE oS cfiBherpfdBloa | 01 e
and t her @ndeayclohexy growrs. Specific gxampiescofrylarorps are phenybgreupsiand

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 trimethyisilyl groups and triethylsilyl groups. Examples of

halogen are fluorine, chlorine, bromine, and iodine.

[0063]

Specific examples of transition metal compounds containing ligands

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(cyclopentadienyl)ethylzirconium hydride,

bis(cyclopentadienyl)phenylzirconium hydride,
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[ 0082] 2. Polynerization enploying bis(n-butylcycl opentadi enyl)zirconium
di chl ori de To a 500 nlL four-necked flask equi pped with nagnetic
stirrer was charged 250 nL of toluene. The tol uene was heated to 34C. To
this was added a toluene solution of 0.043 g (1.6 nmol) of

pol ynet hyl al unni noxane conposition based on al um num at ons.

Bi s(n-butyl cycl opent adi enyl ) zi rconi um di chl ori de ((nBu-Cp)2Zra2) was added
to achieve an Al/Zr nole ratio of 5,000. Wile raising the tenperature to

40C, ethyl ene gas S n. Aft 10 m nutes, the ethylene gas feed was
hal t ed a?g’ée(ﬁﬁ' %%Q)QWWEHWH% djdSctivate the catal yst. The

pol yet hy|tﬁ§( IS pshisd bhiyﬁ’:%dnﬁlﬁdhfﬂncﬁ.d The poI ymerization activity
was cal c c&é} dé,o PE/ .ol - Zr at h&f-ﬁ' 3. Polynerization
enpl oyi n %S‘Fs) Eﬁ %W')%WGQ@!B?%@HM'H& ») zi rconi um di chl ori de
To a 500 bﬁ{nnﬁaﬁy[)ﬂ@@hﬁ@hrﬁbﬁ&hlm W%ﬁﬁie\/\/bistb ﬁtadrerﬁﬂ)lzrrécﬁrumas char ged

o] ounevvas hea o] is was added a
250 nL of thﬂfffgm%!% t ol tglg To thi dded

tol uene S ienyZIrgaMEM FO"iUQPymat hyl al unmi noxane based on
al um numb@é 8yBio émﬁduéﬁ }fh@ﬂh IzZRtSidmPmBnésHlsady dr o- 1-i ndenyl ) zi rconi um

di chl ori gac Et(1l.n 2 vvasade to achieve an Al/Zr nole ratio of
5, 000. C'r'%ﬁeé'lt?\féje'ﬂm@ﬂﬂ M MeenRgs ng@e, et hyl ene gas was bl own in.
After 10bnseymﬂ@ntéd}enﬁ}dwoﬁesw@@ormﬂdndw&hiaideed and net hanol was

i ntroduced to

activate e cat al ol yet hyl ene that had been
pr oduced %@qunqnéa@anﬂmeavtzgaonIWBMW 198 ation activity was cal cul at ed

to be 2568, d%E-F(é@béﬁl%éﬁkh&rrc&rﬁ%%oﬁé@iléﬁﬂ@ary Test 2 (Benzoi c

aci d- Al/ 0= t heSi s of yrret hyl al um noxane conposition in
sol ution bls(methmy(clpgqn dé%@@&tf%fﬁﬁmtq'iﬁ*ﬂ Ofif)® quantity of benzoic acid

'”trOdUC%‘iis(dWéih)fllbﬁ:l@ﬁé’iﬂ@dmH‘ﬂ?zn%Bﬁi’ﬂlﬁ?@lcﬁBnHEalS[sGrhe mol e ratio of oxygen

atons in the benzolic acid and t . and the heati ng fol |l ow ng
agi ng by bwééﬁuci@emﬁds,@aimﬁ@ownm@fémﬂ@e rm%ﬂnde@yazlrm@m@lw fosidgours in
Prel i m nagfig(infigR{ArcoRiuRPHibrEhNE! Bis@cﬂiﬁéﬁfﬁ%&@i‘)&ﬁ%ﬁlhﬁmm&tﬁ@' ution was

synt hesi zed I n e sane nmanner as In Prelim naré Test 1. Thé solution
obt ai ned bigdeycioreriadipayizirconiugudighenycbigtcygloppaiadiamybzireaniunyidibengyly| t s of

al um num t he reaction sol ution
ﬁ}d?e%t%@@*lfz%%@mhﬁ{ H@Wb%thd)ﬁﬁgﬁx%ﬁloﬁﬁe

i ndi cate uantit ve reaction ased on al um num atons. The
al umi num%m%ﬁﬁlgwlmfcﬂh@mmpﬁ ﬁxﬁmpﬂ?ﬂﬁﬂﬂ%t ai ned was 9.40 nmass%

The quan AEPHgHYeCoMposi tion in
sol u'?l ony%%haelﬂi e‘%y%wywﬁ?%éé@rxz drmgllnylHNﬁ%h e 18.3 r?gl (r)z:) Since the
pol ynet hpisieyaiopaiadienylizineesium m&n@abenmwgmn@ph@ﬂdeoamﬁ the solubility
measur eWﬂlﬁi&‘éﬁ i?l"cgniu'Pn Hi&ﬁ[otrﬁétan'a‘ethgq’lgél ogy section was precluded.

However econ n ration 1 n tol uene eterm ned by calculation fromthe
speci fic[@@lity of the solution and the al um num concentration, was about

3.1 mol /L. 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
(V) are: ethylene bis(indenyl)dimethylzirconium, ethylene
bis(indenyl)diethyizirconium, 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 bromide,
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[ 0085] (2) Ethylene polynerization eval uation Pol ynmeri zati on

eval uation by the sane nethod as that described in (2)1. of Prelimnary
Test 1 revealed the polynerization activity to be 45x106g- PE/ nol Zratm hr.
The pol yner was anor phous and there was pronounced fouling of the

pol ymeri zati on apparatus. [0086] Prelimnary Test 3 (Benzoic
acid-Al/0=1.25) (1) Synthesis of polynethylalum noxane conposition in
sol ution Wth the exceptions that the quantity of benzoic acid

i nt roduce nt o, .t ed so t the nole rati of oxygen
o | neiienaibl B PRhR nteal RroRgum shloifia BHand Bia Tr8seo out ng
agi ng by n’faeﬁbe Rgehtic b&apvasds; mergecbrhpolreial bng neikturd thdresf. 21 hours in
Prelimn Iest 1, a poI ynet hyl al um noxane conposition in solution was
synt hesi n the same manner as in Prelimnary Test 1. The solution

obt ai ned was Aéirﬁg?l@%ﬁéro@mesleltﬁuhsducfnrm@tamt:ompbh@@b e:rel@hploy@@wr esul ts of

al um num anal SI s conduct.ed, foll recover ge rea sol ution
" ndi cat CHOMAGEREaHS POMTRTESamOr Rk o) More MRS BRIYRA 0 AdEbTs.  The

al um nuM ke Aawé hpdis@buiumormtheoww prbpémgabts@n@edtamsure 15 mass%
The quanti t of ‘?é é r‘?ﬁt rret h I al um noxane r%pom tion in

sol utlonaé Nhen @GNS ogR | egmpaunds K13 Mejoyed Xhe

pol ymet hM@medﬂ@mé@rﬂPﬁﬁkﬁ't@%dj’é@#theﬂné@culalr Weigh dBtribltRnseHtngi 11ty
nmeasurenegnt given in th est net hodol ogy section was precluded. However,

the conc8®ration in toluene, deternined by cal culation fromthe specific
gravity ggBTe sol ution and t he al um num concentration, was about 3.1
mol /L. [0Q087 £2) Et hyl ene pol yneri zation eval uati on Pol yneri zati on

eval uat i brhegpe hﬁ’é”%ﬂ’é‘"h"?ﬁ%wgaﬁowwﬁf‘”ﬂescr| bed in (2)1. of Prelimnary
Test 1 reveal ¢Hepr&d§’|@|rw&ﬁt“ éﬁﬁfchﬁiés%memddyfoff PRS0l yaIefim Zr at m hr.

The polyner was anprphous and there was pronounced foullng of the
pol yner | ggmpaﬁmgrp@gﬁrg@r%ng F@MT‘ using the above-described catalyst of the

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 a(alpha)-olefins; bisfluoroethylene, trifluoroethylene, tetrafluoroethylene,
hexafluocropropene, and other halogen-substituted olefins; and cyclopentene,
cyclohexene, norbornene, and other cyclic olefins.
[Embodiments]
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Prelimnary Test 4 (Benzoic acid-Al/0=1.20) Wth the exceptions that
the quantity of benzoic acid introduced into the powler was changed so that
the nole ratio of oxygen atons in the TMAL and the benzoic acid was 1.20
and the heating follow ng aging by heating to 50C was changed to heating at
70C for 32 hours in Prelimnary Test 1, a pol ynethyl al um noxane conposition
in solution was synthesized in the sane manner as in Prelimnary Test 1.
The sol ution obtained was a transparent liquid free of gelled material. The
results %Q@&} um num anal ysi s conducted follow ng recovery of the reaction
sol ution lcated the guantitative reaction yield based on al um num at ons.
The 0a/| u$1hnum CFﬁté_ﬂ‘p?é‘één?irINvgﬁgli_@NljﬁA Ii_stdr&dritaﬁetm Glétaﬂ%{e!rfivilr ﬂ}iro@gn aémbedinvéifis 9. Q;l_ .
mass% e gquan 0 AL) . in . the pol yne um.noxane comnposition in
SOt ut | on HMEIERAR® PiRSeab TUPHILIS B3 ITHIRRO TS BEP0R IO D: 56 Si oo ¢ he

pol ynet hyd@doym noxane conposition was in solution form the solubility
measurenment given in the test t hodol o sectiqn s precluded. However,

t he concentra Wg\?qrﬂb‘? F@BF?es,etg&F%Bﬁ‘% %wfﬁﬁwﬁw\éﬁwﬁumwwe specific

gravity ebmipasitiof s riinaiNg dried uableh RUNVARAEHIth alvaRDum/Rmpaeubed. 0
nmol /L. [Q089] %2) Et hyl ene. pal érr_er_l zat i %n fval uation Pol yneri zati on
eval uat i &Hopgh rﬁ@a%%otmmn dapidpargiiae f he dying,was ended whendlq i nary

Test 1 reyBBlesvdrEdbBENVETEH tvRdeflEd pet.i vity to be 39x106g- PE/ nol Zratm hr.
The pol yner_ was anor phous. Hi gh-tenperature GPC reveal ed the nol ecul ar

wei ght t PBd1180, 000 and the MV Mh to be 2.9. The pol ymer was anor phous and
there wa éyt%@Ha@eqd fouling of the polynerization apparatus. [0090] 2.
Pol yneri zati on enpl oyi ng bi s(n-butyl cycl opentadi enyl) zirconi um di chl ori de
Pol yner i £BtPYuPlyal uati on by the sanme nethod as that described in (2)2. of

Prelimnary Tegk sbiubfitat ®id S8 peRmYdtR{lakmtiheXarRCédipdsiidrPoftfie
70x106g- PE/ nol Zratm hr. The pol ynér was anor phous and there was pronounced

foul i ng Bfeseméinysntjerin aexaie appbir Wlupne mapdained st a tempefaiure &l i on
enpl oyi n@5s@wRIH¥AAIEY agtdrdhdioltRE NAdtnEd BedcrideddR VPLE (KDKCHKAN-MOY-
di chl ori de Pol ynmeri zati1 on eval uati on by the sape nethod as that
descri be428@1.(Snexificsily,dhe sohibilly in rhsxane was setesmingrbby afdingrd g at i on

act Pvit ytﬁé)sag: @ﬁ@@gtﬁﬁm&éﬁ@w@bsnm@o BOnYITBf nY¥RRaRERIdMaedand there
pronounced Touli1ng of the polynerization apparatus. 92
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
filirate to the quantity of aluminum atoms equivalent to 2 g of the solid
polymethylaluminoxane compaosition 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 fo 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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Prelimnary Test 5 (Benzoic acid-Al/0=1.10) (1) Synthesis of

pol ynet hyl al um noxane conposition in solution Wth the exceptions
that the quantity of benzoic acid introduced into the powder was changed so
that the nole ratio of oxygen atons in the TMAL and the benzoic acid was
1.10 and the heating follow ng agi ng by heating to 50C was changed to
heating at 70C for 60 hours in Prelimnary Test 1, a pol ynethyl al um noxane
conposition in solution was synthesized in the same nanner as in
Prelimnary Test 1. %olution taiﬂ§d was a trans r nt vi scous |iquid

free of gel | ed"REPEFS SIS” Fefe 2ra& % 1S SBY QIW%ﬁﬂeaWo{P WO WA uCt ed

foll 1(:)V\,1 n@et@ﬁgvff Nsmé tﬁ&gas sagdrpm; pnéntsm@nbn incthe alokd sbﬁﬁcﬂ?ﬁazBE'ﬁt i ¥et )
reaction yie ased a a o n entration o e
reaction agﬁPiPt“PBr‘F‘BB?@ r'%hg\kg’gﬂ'%} g}n! %V?ég éﬁ%@“@f WREB(TMAL) in the
pol ymet hydhiioyedax tiRemegsiefient 68vica aﬁalmtm%am g&awa@emmdcwmem ned by
IHNVR to be 5.2 m)l % Since the pol ynet hyl al um noxane conposition was in
sol ut i on MeASHEMARL 83%- ubi | i ty neasurement given in the test methodol ogy
section recl uded. However, the concentration in toluene, determ ned by
calculation fromthe specific gravity of the so nandth | um num
concent r &) bie Padisiesi glsﬂ'lhﬁlﬂgﬁpé m%@@ggfar@g)er E??Rff@rhé{o%@ﬁ/ Fzation

eval uat i @glid aluminGane®rhgadifieh eval uatl on by the sanme rret hod as that
described in 2)1. of Prelim.nnar Te t reveal ed the p f?zttlon
activity to bdhgderiiely sae/digribytdn.a meﬁh”é‘ BWE%'b%ﬁg Nehd there
was prongdfid afimifgkantdcsth éeti@orp@bb@méﬂeﬁﬂmearbyqnaaéﬁrWraéM%d Prelininary
Test 6 (Acetophenone- AI/O 1.39) . (1) Synthesi's of mgl é 2\b(g(5n noxane
conposi t iSEAtteNgGMetadgnder a dwwr%%msherefw%ﬁ ' aler AP nal vol ure

of 500 MRy sﬁaseewbaﬁéﬂnrm@trmmeﬁﬂ_tadgeﬁ y@8tetPartd d8gdbsBd ﬂfflﬁlé)la)neOf

trinmethylalum num‘éI of toluene. The sal ut |2:Pn was, cool ed

to 15C.  WASeBpPloye faﬁémf- ﬁa@a@fa@eanqun medimn Witlhaehydsaiedang densssed 633, 56
mol ) of Q&IGER@BS%%&!B?&&QS 3neHodorf F 48 S;ﬁ}rp@sésal—%nﬁtfg?neﬁﬁmd t he

tenperature within th to remalin at bel ow. m xture was

t hen heaﬁ@ﬂnﬁ%QYé@m&QUWGP'@)P@‘@M@%%@I#”deKtOftt%PaﬁaiY%Partt'ﬁl?ﬁ%ﬁe rati o of
the oxygefistab@isn: of acet ophenone and the TMAL was 1.39. To the reaction
solution was added in a_si n%‘lle install ment a thermal deconposition reaction

act i vat i dtpragesneity T T(RIGMAIMIE60.-2-Pid{RALZEHBAMANH (A concentration 9.30
mass% o Awhaﬁe.m HERABY ki H.mdg%%m@aﬂ%amcm agmadaﬁtwtherrﬁba.mqnary

Test 1 i uantity equivalent to in solution) based on
al umi numdéﬁf'ﬁﬂi?r bewi@qu@mnw andiai dﬂ%ﬁ%ﬁ@%@mﬁwtbéaeq!@ﬂ vieiuree burs at 65C
to obtai d,_t[é) luene sol ution of polynethylal um noxane in which acetophenone
was errpl s) a source of oxygen. The sol ution obtained was a pal e yell ow
transparé 73li quid free of gelled material. The results of alum num

anal ysi S ( A& e srhetid Pyl rﬂEtr{yﬁﬁl‘b‘ﬁgéy of the reaction solution indicated

t he quan ative reaction ed on alum num atons. The al um num
concentrat i on Tée mele ffaé‘éi@ﬂ$©ﬁth§d{aﬁl°ll§r¢oﬂ'm0@iem§dn\ﬂ&% 9.15 mass% The

tit | uti
bt ai neq FabrebyEhininbRar <) oAy W ELEEMEA R A Sarqestean Sol Ul on
pol ynet hyativsassigneshio tbe Npﬂ@ﬂ% Fempaagntsin sH’rNMRd’ﬁeﬂ!%Hﬁ*ineﬂh@f el ubility
measur e yrﬂéﬂﬁ fRIUrfinbénd EsthpO&HidR oe %vqbnjﬁstdf% alfifig H{eemoiéiﬁﬁcno'ﬁemvef

t he concentrati nlnto uene, determ ne cal cu ation fromthe specific

gravity of therepeaificMe(PMARY anddvia(TiiA kLo the pebmetaylaliminekaneabout 3. 1
mol /L. [ Q8 ositle? wifFb2Yd i b @Bl WRIPRAG)OderfN&d talhBIR 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
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Pol yrmeri zation eval uati on by the sane nethod as that described in (2)1. of
Prelimnary Test 1 revealed the polynerization activity to be
65x106g- PE/ nol Zratm hr. The pol ymer was anorphous and there was pronounced
fouling of the polynerization apparatus. [0096] Prelimnary Test 7 A
174.63 g quantity of the pol ynmethyl al um noxane conposition in solution
prepared in Prelimnary Test 1 (AlI/0=1.40) was concentrated and solidified
under a full vacuum at roomtenperature, yielding a residual component in

the formof 54.03 of, concentra ol nox uene was
hided 1 o2t RiesRis e CEmRAHEND! S Wik S MR B 2000 MR as

adj ust ed nigusBréRentdsite hade byl\vire Tahnbiogiesodapael Lite Fiy/ [1adHows@xane
conposition A qa#e en| form sol uti gg freaemgf [ nsE)Di/ubI e material. The
quantltyeﬁ?mﬁg I\ﬂbﬁéJ I\ﬁ@ﬁd’gﬁgrm ned by 1H NVR was 15.0 ol % whi ch was nuch
| ower thgn Tgéﬁratéérdgvﬁmb%fmlw gltdmpoﬁéak%rdfltﬁ’é p@!pme[tt@@éﬁ’ﬂmnoxane The

benzone. SAEITAS rane Byl AEKaiR SRSHHBG G BovtD HPEp P il SHAIIS i cat i on
B uni ngigﬁf*"m?”“‘d%?%?%”°‘§“@”‘* e i har . Test 5. °”v2| dati on
of the eK'f)Qré‘te e aregp aﬁg'hg?'i"iﬁ OWJTrMéEHéﬁ{%‘f‘?'B te ﬁ{ﬁpm is GUL With)

10-fol d, trnd 2Rgbed shdhenhiehtAvakie |r(Tmam) idasathean the vol une of the
pol ymet hzll al um noxane, sol ut1 on, t he t I uengIS sol ut | on

( Al 7 0=1. 1) The vaneusjptagralalyes %'ﬁsgé'?\gﬁ@é%ﬁgwqt % fropuiheiategral
Prelim n%Me-srf[’%ﬁol}méﬂﬁléll'ﬁﬂllﬁ&éﬁg)eobtﬁln'feﬁ@n Gy enbbiadn mfe igtehial value |

pol ymet h%/l al um noxane "conposi ti on recwgl tated was neasured. As a

resul t, (RMAQIMR) of jusbihesMieigiopes 9%@@@'3&1% lrliminexanmpeisantalAingnat
pr eci pi t iASkHyRRUARIAL YWhen TAL I UHE DEALSOMEraRidctiiafed By € vas 22

percent in all cases, and di fference based on the g uantltR;I of n-hexane

i nt roduc@é"’\ﬂe@‘”gﬁg@NJéEP'V'["'@ﬁQ’WumEI%B?hﬂFﬁ mple fragtions fide (RM6L)sol i d
pol yNet hgha MG TAXENSrecaBRRHL | ON

[0077]

The various peaks can be readily cut out by methods employing
commercial curve fitling 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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To a separable flask with an internal volunme of 5 L equipped with stirrer
was charged 406.5 g (1.361 nnol -Al) of the pol ynethyl al um noxane
conposition prepared in Prelimnary Test 4 (Al/0=1.20) and the sol ution was
heated for 8 hours at 100C with stirring. A solid polynnethyl al um noxane
conposition precipitated during heating. The solution was cooled to 30C or

| ower and 3.6 L of n-hexane was added with stirring for washing. The solid
pol ymet hyl al um noxane conposition was decanted, the supernatant was

renoved, a, decant afj,an_washi operation conducted tw ith 3 L
of n- hexéﬁ@go"’rﬁ%g% P?éogt%q?i%”-\?ﬁ? %Wgﬁlmﬁﬁﬁrﬁﬁ%@ﬂnc‘g?%@%ﬁoﬁ room
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preci pi | rat e r SOl | 0 ne U noxane SI I ONn Was
56 per cele bihelavan T 40, fn drAcEBRe AR peRismRToRE NS Aol Qe 2e8mos! 11 on
P01 yITEt oL G e o O s s o) By L NVR at 9. 0
po . by. .

ol 56 [ 0PBBTEBYIa KT ane: dhe SR BRI yAs BT BPaR IR S pos ¢ i on
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Mor phol offif ER&HeAPPIgHON Indica S aaniitatye regelignyieid hased; onRlWminym byt i on of
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dry solid pol ynet hyl al um noxane conposjtiqgn. reveal ed the specific surface
area per PRYBIEtBY2IMiRAIM COMARSILAR Wes oslitian tomp tha solitsa) ( d)

Sol ubi | i fedsOrerAdmeiiien 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,ZrCly) was
added to achieve an Al/Zr mole ratio of 5,000. While raising the temperature fo
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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The solubility in n-hexane and in toluene of the dry solid

pol ynet hyl al um noxane conposition was determ ned to be 0.1 nol % and 0.4
nol % respectively, which were extrenely | ow values. [0104] (3) Ethylene
pol yneri zation evaluation 1. Polynerization enpl oying

bi s(cycl opent adi enyl ) di zi rconi um di chl ori de To a 500 nL four-necked
flask equi pped with nagnetic stirrer was charged 250 nL of toluene. The
tol uene was heated to 34C. To this was added a toluene slurry of 0.16 g

(5.93 the _ solid nox |/0=1. 20 d on
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sol ut i on gefivif) WaBcalcllbated tose 35)gf06@qbgnﬁ5|r5/rla%hqm noxane conposition based

on alum num atons. Bi s(n-butyl cycl opentadi enyl ) zirconi um di chl ori de
((nBu- Cpf%#3b 2) was added to achieve an Al/Zr mole ratio of 5,000. Wile

rai sing BhPoFyﬁfﬁ?&bﬂéNéﬁ;pﬂ@lﬁ@@&@th?héh@ﬂi@(ﬂ@% tefah r@Wlsdd@nylﬁlﬂc@hluiW
m nutes, the ethylene gas feed was halted and nethanol was introduced to

deact i vadichlafidlecat al yst. The pol yet hyl ene produced was filtered and dried.
The pol yneri zghiPH0@EHL fBlUEHedIR™ ﬁ%@kcéﬂu?é[ﬂé With ﬁﬁgﬁé@ééﬂ%@ﬂfﬁ nol - Zratm hr.

The pol yrrer obtal ned was I n the formof smooth mcroparticles that did not

adher e t gharged 2880} & telueng. athestolusnewasbegied %ﬁ‘f’lea-Eq this was gddeq 3
Pol ymer i é%lu%ﬂe%ﬁmtl%'dm 035 (1 3 mmol) of polymethylaluminoxane based on
rac- et hyl enebi s(4,5, 6-t dro-1-indenyl’) zirconi um di chl ori de
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 that had been produced was filtered
and dried. The polymerization activity was calculated to be 25x10° g-PE/mol-
Zr-atm-hr.
[0084]
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

31



To a 500 nL four-necked flask equi pped with magnetic stirrer was charged
250 nL of toluene. The toluene was heated to 34C. To this was added a

tol uene solution of 0.038 g (1.4 mml) of pol ynethyl al um noxane based on
al um num atons. Rac-et hyl ene bis(4,5, 6-tetrahydro-1-indenyl)zirconium

di chloride (rac-Et(lnd)2ZrCl2) was added to achieve an Al/Zr nole ratio of
5,000. Wiile raising the tenperature to 40C, ethylene gas was bl own in.
After 10 mi nutes, the ethylene gas feed was halted and net hanol was

introduced to deactivate the catalyst. .The polyethyl ene pr ced, was
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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 seclution

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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(2) Analysis of the solid polynethylal um noxane conposition (a) Al um num
cont ent The al um num content of the dry solid pol ynet hyl al um noxane
conposition was neasured at 40.3 mass% Al . (b) Morphol ogy eval uati on

Eval uation of the particle size distribution of the dry solid

pol ynmet hyl al um noxane conposition conducted with a Master Sizer 2000 Hydro
S reveal ed a vol une-based nedi an dianeter d (0.5) of 28.3 pmand a
hoaneneity of 0.339. (c) Measurenent of specific surface area

Measur e the peci urface ar of the dry saoljd.

pol ynet Eg’ r@\ﬁ‘bp?fstﬁﬁSBﬁ"%PB\?@;%ﬁa%ngﬁ'e%qnpﬁeirgtlﬂ'}'éﬂ@é area per
nol of @Ibumglqrn-.gmpns to be 17.6 n2/mmol -Al. (d) Solubility in solvent
The solubility in n-hexane and in toluene of the dry solid

pol ymet hWQﬁﬂlm’ noxane conposition was determned to be 0.2 nol% and 0.6
ol % r egPeRty bé@nb&polmﬁiatmre@almoﬁal ues. [0111] (3) Ethylene

polyrrerlzatlon val u the exce t at.h.sl'd
pol ynet hyl al uf i‘?@“@ﬁﬁi‘!@%‘ﬁ'?'ﬂ)ﬁ%%?%?l@éﬁ g 36"”\/5{]%9 5&%‘?5&/@@
pol yneri mwrémmﬂw Tedti1aevesed yisd pelyhierizBfors acivityas b§r49&30§gﬂPEﬂ‘hél in
Enbodi nment reveal ed a pol yneri zation g%tlwt of d6
g- PE/ nol Zz,agp,ﬁrhfhe polymerw s amorphous and there was pronounce fouling of the
polymerization apparatus.
[0088]
Preliminary Test 4 (Benzoic acid-Al/0=1.20)

With the exceptions that the quantity of benzoic acid infroduced 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 39x1 0%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 2.9. The polymer was
amorphous and there was pronounced fouling of the polymerization apparatus.
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The pol yner obtained was in the formof snooth mcroparticles that did not
adhere to the reaction apparatus follow ng pol ynerization. [0112]

Enmbodi ment 3 (1) Synthesis of solid polynethylal um noxane conposition
Wth the exception that the pol ynet hyl al um noxane conposition in solution
(AI'/0=1.30) prepared in Prelimnary Test 2 was enployed, a solid

pol ynet hyl al um noxane conposition was prepared in the same manner as in
Enbodi ment 1. The precipitation rate of the dry solid was 65 percent based

on the alégﬁpnum atons in the pol ynethyl al um noxane conposition in solution
enpl oyed.[ quantity of Me(TMAL) in the solid pol ynethyl al um noxane

Zorr}oos! t QQro?hﬁétlzaF&a uﬁﬁalld\;w@st ﬁrslerdlt)btvy]cyblotiwe@ieni;lbzi??qmdn&{odidrﬂ’irlidﬂ (2)

nal ysis o e sol |d pol yne nM noxane .conposi tion (a num
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Eval uati gn of _t article size dhstrlbtlon of the dr foI d

pol ynet hy¥ 2R nbiaPYYRSHiES ameRhess al t“éec'{e\MﬁSrPr&"%%%/eéf °S|"1939f %800 Hydro
S reveal edlythatRatioR appaetugredi an diameter d (0.5) of 30.9 pmand a

hormgenel[éalgﬁf 0.313 (see Fig. 5). [0115] (c) The solubility in solvent

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 35x10°g-PE/mol-
Zr-atm-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 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 1.10 and 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 liquid free of gelled material. The results of aluminum analysis conducted
following recovery of the reaction solution indicated the guantitative 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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The solubility in n-hexane and in toluene of the dry solid

pol ynet hyl al um noxane conposition was determ ned to be 0.4 nol% and 1.4
nol % respectively, which were | ow values. [0116] (3) Ethylene

pol yneri zati on eval uation Wth the exception that the solid

pol ymet hyl al um noxane conposition synthesized above was enpl oyed,

pol yneri zati on eval uati on conducted in the sanme manner as in (3)1. in
Enbodi ment 1 reveal ed a polynerization activity of 33x106

g- PE/ nol - mer obtai ned was in the form of snpoth

2%2E%m hr. The oI
m croparﬂ ¥'ef‘ﬁ:§’f"yc5”e&f g” SYAWRHOR 5 the reaction apparatus fol | owi ng
pol yneri zat i opPolyhi&kialiorrabadatigby the $dme Rydthbe ak shatfdesolibel in (2)1.
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pol ynmet hyl al unmj ngxane conposition was prepared in the same manner as in

Enbodi neﬁPﬁ’g‘e”FﬁEo'b?EE?rﬁt tion rate of the dry solid was 75 percent based
on the ajogggpum atonms in the pol ynet hyl al um noxane conposition in solution
enpl oyed_ The quant | t of s TIVAL) In the solid polymethylal um noxane
conmposi t £ O=MBMMR at 11.0 nol % [0118] (2)

ﬁgﬁlt gﬁ'ts(ﬂfsﬁdﬂ%sﬁ@bf ﬁotmbmwémmirﬁixaﬁé@em@n@ﬁwgénuhb@n (a) Alum num

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
concentration 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 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 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 al um num content of the dry solid pol ynethyl al um noxane conposition was .
nmeasured at 40.2 mass% Al. (b) Morphol ogy eval uation Eval uati on of
the particle size distribution of the dry solid pol ynet hyl al um noxane
conposition conducted with a Master Sizer 2000 Hydro S revealed a

vol une- based nedi an dianeter d (0.5) of 28.7 pmand a honogeneity of 0.422.
(c) Measurenent of specific surface area Measurenent of the specific
surface area of the dry solid polymethyl al um noxane conposition reveal ed
the specific surface area per mmol of alum numatons to be 21.1 n2/ mmol -Al.
(d) Sol ulfR) Ethyléne paymendation evaluatibhe sol ubility in n-hexane and in tol uene

o1 % and 1. 2. RS AR Palih AR RaTROREY SIndEstRb B OF5) "2 1) one

pol yner i zdFireiiminas Tiesiiforvealed tha\bblyndrizatiam agiivityrio blead5xt Bég-BEImdi-
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ol yier | Ao T8 ARG S e BLRUF e e B RiEoP L RRIRY B e |
Enbodi mernfolyingrézatioh@gpargtes.yneri zati on activity of 30x106
g- PE/ nnol -(?%m hr. The pol yner obtained was in the form of snooth
nni cropalm les that did
Preliminary Test 7

A 174.63 g quantity of the polymethylaluminoxane compaosition 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] '
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not adhere to the reaction apparatus follow ng pol ynerization. [0120]
Enmbodinent 5 (1) Synthesis of solid pol ynethyl al um noxane conposition
Wth the exception that the pol ynet hyl al um noxane conposition in solution
(AI'/0=1.40) prepared in Prelimnary Test 1 was enpl oyed, a solid

pol ymet hyl al um noxane conposition was prepared in the same manner as in
Enbodi nent 1. The precipitation rate of the dry solid was 54. 6 percent
based on the alum numatons in the polymethyl al um noxane conposition in
sol ution_enpl oyed. The quantity of Me(TMAL) in the solid

pol ynmet h bhne conposition obtained was neasured by 1H NVR at 11.5

mol % [Oéﬂléyr(tﬁésus‘\afaémlﬁol%eﬁb@@ﬁinbdauﬁ@bm@bmml uni noxane conposition

(a) Al um num conte al uni num cont en%15 f the d solid

pol ynnet hyl al uﬁwarﬁﬁpéﬁ%bl%lﬁ%wﬂh@@dntﬁé%alﬁ@&ﬁwe eqipRed KR simer (b)

Mor phol 0%3%@&@@4@@5 9 a 3615»&6!-}:!9*&% Qélymbﬁmmumir@lxané 'céﬁlp@sﬁlbﬁl bution of
the dry solid poI | al_um noxane Sition conducted w ‘étf?roga Mast er
5

Si zer 200[eR3feH i 9(“8\?'@1]’ 5@354\%V9m1:-219&s%¥@ thedolion washeate ) of 10.3
pm and aphgrRsenRRE itk stitrifP A séifd pdhmetHyRiiBminoxbné RefipbsEioRUr f ace area

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
(a) 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 ym 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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Measurenent of the specific surface area of the dry solid

pol ynmet hyl al um noxane conposition reveal ed the specific surface area per
mrol of alum num atons to be 18.3 nm2/mmol -Al. (d) Solubility in sol vent
The solubility in n-hexane and in toluene of the dry solid

pol ymet hyl al um noxane conposition was determned to be 0.5 nol % and 1.5
nol % respectively, which were | ow values. [0122] (3) Ethylene
polynerization eval uati on Wth the exception that the solid

pol ymet hyl al um noxane conposition synthesized above was enpl oyed,
pol yrrerlz%)ﬁQJH bilitydn $8veBh conducted in the sane manner as in (3)1. in

Enbodi ment 1 H‘ﬁé%&&ﬂlt;@ﬂﬂ@hﬁ%é aRd irpl%lm”t.fﬂeldflthé’dﬂfs@ﬂﬂ%
g- PE/ mol - Zratm h The ynmer obtained was in the formof snooth

mi cr opar PPM@“Y‘EW‘E@’@MOW@ was gaterminediiedie &p el 23d P4 1 owi ng
pol yner i ﬁ%l%O?esde@ﬂé’éir \Lﬁeh%r@‘%mre@bwav valgiesi s of solid

pol ymet hyl al um noxane” conposi tion th the exceptions that the
pol ymet hf@%ﬂﬂlm noxane conposition in sol ut ion (AlI/0=1.40) prepared in

Prelim n@g)yEt];?@herowe%bméqgm@,ﬂgnt he period of heating at 100C was
changed to 16 hours,” a solid g ynet hyl al um noxane conposi ti on was prepared
is

in the sdnBolymeaiization emplasing Wﬁbpf"taﬂ*@ylgﬁi&*fpﬁm'ﬁt‘i"ﬁh'of'ﬁ@e of the dry

solid was 62 pgrLsmy nﬂ%ﬁﬂn@ékéd%sﬁ'é&ﬁﬂﬁé@@ﬁ@ﬁ% h@tlé Qﬁ’rrer was
pol ymet hyl al um noxane conposition in solution e"‘ég"d’ he quantity of

Me( TMAL) chargede259oml@f teluenet g talughewasheated .Tcmth@owa$ Addedas
measur ed QM uehe N fol%a(ﬁw/fhn{é?ﬂ&%e%and 66|9mé$hﬁa|9ﬁnﬁda@néol i d

pol ymet hyI a um _noxane conposj t
(Al/0=1.20) based on a um[num atoms Bis(cyclopentadienyl)zirconium dichloride

(Cp,oZrCly) 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 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),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 140x10® g-PE/mol-Zr-atm-hr. The polymer obtained
was in the form of smooth micropartiicles that did not adhere to the reaction
apparatus following polymerization.
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(a) Al um num cont ent The al um num content of the dry solid

pol ynmet hyl al um noxane conposition was neasured at 40.1 nass% Al . (Db)

Mor phol ogy eval uati on Eval uation of the particle size distribution
of the dry solid polynethylal um noxane conposition conducted with a Master
Si zer 2000 Hydro S reveal ed a vol une-based nedi an dianeter d (0.5) of 8.2
pm and a honogeneity of 0.345. (c) Measurenent of specific surface area
Measurenent of the specific surface area of the dry solid

pol ymet hﬁﬁ@h‘m noxane conposition reveal ed the specific surface area per
mol of num atons to be 16.8 n2/ mmol-A . [0125] (3) Ethylene

pol yner i 3appRimetizatiom b Rl etipleh@bis {405, 6aefrhRydrddl -indenyl)zirconium

bi s(cycl open?g‘di enyl )zr?(lzboyal{i‘gum di cﬁzl ori d(e m h the e¥<2:ept ion that the
solid popiﬁ%qr | al um noxane conposition synthesized above was enpl oyed,

Bobra e L ol Bl A e e U et
reveal e polynerlzat|on actl vi - -Zratmnr.

The. pol y RBRGSHAA0TEY LR ohieRearASiRRIb s ot vk vas B0Ked di d noi

adhere tg tbf&@né%@ﬁhibﬁ%f@m%tﬂﬁ nrfbl) @m?agmhwammim&dn@masad on

Pol ymeri zation enpl oying bis | cycl o

n- but ent adi enyl ) zi rconi um di chl ori de
W th t he 2BIRIBEI YRMSh Bacaayiees Pﬁ(%éiﬁgﬁ‘ﬁﬁtaﬁwf&rﬂ!ﬂ%&(éﬁﬁ?%&%osi tion
synt hesi gRghicHRVPadMB IrRNFACLS hasRRIDSERS agRieve AneMAryableeatic enslogbed in the
same manner_as_in (3)2. 1n Ebodi ment 1 reveal ed%gg yner i zath?n activity of

135x106 HVinite figsin t_ﬁmﬂe." atyrReto ] (B YBeg 3R BRI ABSE &P m of smoot h
BLF;‘&E?T iﬁe{ﬁ‘:‘%ﬁ {hBalthflbRe BaS f@HRAS hhRed BRd hRARANSIvaRNABGAIER thol | owi ng
deactivate the catalyst. The polyethylene produced was filtered and dried. The
polymerization activity was calculated to be 51x1 0° 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

39



[0126] Enbodi nent 7 Wth the exception that the

pol ynet hyl al um noxane conposition in solution (Al/0=1.39) prepared in
Prelimnary Test 6 was enployed, a solid polynethylal um noxane conposition
was prepared in the sane manner as in Enbodinent 1. The precipitation rate
of the dry solid was 54.8 percent based on the alum numatons in the

pol ynet hyl al um noxane conposition in solution enployed. The quantity of
Me(TMAL) in the solid pol ynet hyl al um noxane conposition obtained was
measur ed bé 1HNVR at 11.8 nol % [0127] (2) Analysis of the solid

pol ymet hppmethylauairoxeagresinasdioninthataligna diseerisiangf the undrieggolid ypi num

cont ent ' | al um It

nHEN M e RS IBRitHA. @l um noxane conposition was neasured at
40.1 msggﬂ?yki& y?%S rTﬁ/br paﬂlol og>) eval uati on Eval uation of the particle
size di sfGi09liti on of the dry solid pol ymethyl al uni noxane conposition
conduct eg ntMaster Sizer 2000 Hydro S reveal ed a vol une-based nedi an

di anet er . ) 6.2 pmand a honogeneity of 0.300. (c) Measurenent of
speci fi c(Buryrdkesiaptsolid polymgibyialynainexang compesi§peci fi ¢ surface area of the

ar va per ol VIR B ACURIArH TRt i pXER; Edrpo g dllforfurt ace

(AYO=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
(a) 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.
(¢} 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 0.2 mol% and 0.6
mol%, respectively, which were low values.
[0111]
(3) Ethylene polymerization evaluation
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(3) Ethylene polynerization eval uation Wth the exception that the
solid pol ynet hyl al um noxane conposition synthesi zed above was enpl oyed,

pol ymeri zati on eval uati on conducted in the sane manner as in (3)1. in
Enbodi nent 1 reveal ed pol yneri zation activity of 37x106 g-PE/ nol -Zratm hr.
The pol yner obtained was in the formof snooth mcroparticles that did not
adhere to the reaction apparatus follow ng pol ynerization. [0129]

Enbodi mrent 8: (The case of reduci ng the trinmethyl aI um' num cont ent by
concentrati OHKN Wth the exception that the p r%/mat hyl al um noxane
conposition i 'ﬂbﬂh&théﬁpttﬁ'bWéFﬂ't?$Q{'dm%¥mﬁ‘ihbi@|"-y“m9§@ e7cmBoEhoN oyed, a

sol i d pO'syﬁ%Qi!éa'aﬁ&@%gr&naegwﬁiown@éhman@wamhsﬁlcbﬂd&asaﬁﬂﬁ@ manner as
i n Enbodi hrent 1. reci lon rate of solid was_ 70 per cent

based onSeme rﬁﬁﬁfﬁﬁrrﬁﬁdﬂe@lﬂrr@ Frhoremer)l | rrvenlpda WW&%@%W&%M ion in
sol ution Sﬁmﬁ’?@lmwzr SRRfity of Me(TMAL) in the soli d

pol ynet hyl al noxane conposition obtai ned was neasured 1IH-NVR at 10.5
mol % [0130] T{"QPOMWF@'@"@@ wasdn die fQ!n'bel%mi%chwlﬁ'IQE’ﬁledﬁ@aWét @@posi ti on
(a) A umngp &t 4S Me reaction Epﬁal%ltlkgrfo'ﬂélﬁl IBREri&Atiohhe dry solid

pol ymet hyl al um noxane conposition was sured at 40.2 mass% Al . (b)

Mor phol o 'Eﬂaluatlon Eval uation of the particle size distribution of
the dry ghyget hyl al unni noxane conposition conducted with a Master

Si zer 20 reveal ed a vol une-based nmedi an dianeter d (0.5) of 42.8

pm and a(ﬁo’ﬁﬁ'ﬁbeﬁiﬁi piselid polgpethyladlyminexane epgwoesidipnspeci fic surface area
With the exception that the polymethylaluminoxane composition in solution

(AVO=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 um 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
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Measurenent of the specific surface area of the dry solid

pol ynmet hyl al um noxane conposition reveal ed the specific surface area per
mol of alum num atons to be 20.1 n2/nrinol-A. [0131] (3) Ethylene

pol yneri zati on eval uation Wth the exception that the solid

pol ymet hyl al um noxane conposition synthesized above was enpl oyed,

pol yneri zati on eval uati on conducted in the sanme manner as in (3)1. in
Enbodi ment 1 reveal ed pol yneri zation activity of 33x106 g-PE/ nol -Zratm hr.
The pol yner obtai ned was in the formof snpoth mcroparticles that did not

adhere to theYYidubeiexgeplintthat e sQlid RANMGINYIRIURIBPX3ME SYRPOSIHAB ]
Enmbodi m@?ntﬂeéif@ﬁ aBb{®Was @mplofed) pasnieIzatien icvaRatiee EbRdUcted in theW th the

exception®that the n-hexane was added over 60 m nutes, a soljd
pol ymet h§REIEURRRRSIAFNdBHp dsFMbeRimeRt hiavgaleda polymgEzalinfadiyHnef as in
Enbodi menBy4gf JPE/MbRRHAni-Afi On rate of the dry solid pol ymethyl al um noxane
conposition was 97.4 percent based on the al um num atons in the
pol ynet hyl al ukhaeRbmerapiyed wasin the tsmefismedthpricipearticiessthgtdidt i ty of
Me( TMAL) ana&ﬁlﬁei@kh&re%‘éhb’ﬁ@fa@ﬁr’aﬁimlBﬂ#%%[ﬁﬁ@ﬁéhiioh! on obtai ned was
measur ed b% 1H-NVR at 8.8 nmol % [0133] ( Anal ysis of the solid
pol ymret h{@EI7inm noxane conposition (a) Al um num cont ent The al um num
content et Bdiimehya sol i d pol ynet hyl al um noxane conposition was nmeasured at

4

38.2 mass% Al. ] -
(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 composition
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 um and a
homogeneity of 0.422.

(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 21.1 m*mmol-Al.

(d) Solubility in solvent

42



(b) Morphol ogy eval uati on Eval uation of the particle size
distribution of the dry solid pol ynet hyl al um noxane conposition conducted
with a Master Sizer 2000 Hydro S reveal ed a vol une-based nedi an di aneter d
(0.5) of 10.1 pmand a honobgeneity of 0.290. [0135] (c) Measurenent of
specific surface area Measurenent of the specific surface area of the
dry solid pol ynethyl al um noxane conposition reveal ed the specific surface
area per mmol of alum num atons to be 20.8 n2/ mmol-A . [0136] (d)
Solubility in_solvent The solubility in n-hexane and in tol uene of
the dry sol i d ThgIsphbilily inam-hexansane inHans ofithe dpasoliet er i ned to be 0. 11
nol % and ih&ehradd i ' f s. [0137
(3) Et hylpgh@?eggﬁbmir‘zat | _ondﬁé%smoawgﬁHewwﬁ?hﬁ@gﬁggﬁ%ﬁt@g?t hat t he]
sol i d pokyat¥ Resractiveimonaint Wesens velugs. synt hesi zed above was enpl oyed,

pol yner i 1ig?n eval uati on conducted in the same manner as in (3)1. in
Enbodi nent 1°reveal ed a polynerization activity of 66x106

g- PE/ nol (3rBthiiene. poiyneeizatiph@vaetianned was in the form of snooth

m croparti cl eWiET@%B%icgpﬁ% R RS SolldpdifiRef§RiirhPRxaMPBSMbYSIiIGP! | oW ng

pol ymeri zati on.
synthesized above was employed, polymerization evaluation conducted in the
same manner as in (3)1. in Embodiment 1 revealed a polymerization activity of
30x10° 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.
[0120]

Embodiment 5

(1) Synthesis of solid polymethylaluminoxane composition

With the exception that the polymethylaluminoxane composition in solution
(AVO=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 compaosition
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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Enbodi ment 10 (The effect of the heating period) The effect of the
heating period under the conditions described in Enbodi nent 1 was exam ned
usi ng the pol yet hyl al um noxane conposition in solution prepared in
Prelimnary Test 4. The results of neasurenent of the solid precipitation
rate are given in Fig. 6. [0139] Enbodinment 11 (Processing a diluted

sol ution) The pol ynet hyl al unni noxane conposition prepared in
Prelimnary Test 4 was diluted with toluene to an al um num concentration of
4.55 mass% No change was observed in the dil theéj solution; it rermained a
clear sol uti oeagpigmentof thaspraifigsuriace araa ofthad¥$olidl uti on was enpl oyed,

a solid b iAiNCR PR T FRIPORVEAIRA tNESpeLifDSlirkskd drehlier s@fiBI Manner
as in Engg'(ylmr%n*mf. IThe reciné)i tation rate ofptk:e dry soli dwﬁas 95.3
percent Bhakmisymiaiematefeddas BY 6aBol-Alt he pol ynet hyl al uni noxane

corrposit@ﬁé,gbmglmgb%npml oyed. The quantity of Me(TMAL) in the solid
pol ynet hyl"al um ndxane conposi ti on obtai ned was nmeasured by 1H NVR at 9.2
nmol % [0140] (The salbilsinsn-bexanreardin iglysme,afdhe dns$lidh noxane conposition

(a) A Umppgfﬂué?tﬁﬁél%minoxane colfiSoshidnivas Beephiriito e G.Q‘?n@l%’aﬁ@%ﬂj (b}

pol ymet hy mnoxane conposition was nmeasured at 37.8 nmass% Al .
Mor phol o§ypoléy sespectively, which wegg layavalsesof the particle size distribution of
the dry ggll iol pol ynet hyl al um noxane conposition conducted with a Master

Si zer dro S reveal ed a vol une-based nedi an dianmeter d (0.5) of 36.7
pm and a(Hdutbyleneipolynagrization evalalioni g. 7).

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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[0141] Conparative Exanple 1 (1) Synthesis of solid pol ynethyl al unni noxane
conposition Wth the exception that n-hexane was added w t hout
conducting a heat treatnent, a solid pol ynethylal um noxane conposition
(AI'/0=1.40) was synthesized in the sane manner as in Enbodi nent 5. The
precipitation rate of the dry solid was 22 percent based on the al um num
atons in the pol ynet hyl al um noxane conposition in solution enployed. The
gquantity of Me(TMAL) in the solid pol ynethyl al um noxane conposition

obt ai ned was neasured by 1H- NVR at 12.5 nol % (E%“Anal ysis of the solid

pol ynet hyl al ufvAbREeR of igle sizedstripution Althedsy salid The al umi num

cont ent Jn{'lﬁ ' : L LT APERes Szt sured b
chel at e |B!t rat Pgﬁmgtﬁﬁ) X ) gpéryaras{‘g%ﬁgﬂ é’é( b)u l\/braggla?gy gﬁgil;zsgtg?%@;ﬂyw Y
pP

Eval uat i veyealela yrivmedasedimedian siameler fd Relmarapds) i d

pol ynmet hyphalddehBfx 81§ 38gposi tion conducted with a Master Sizer 2000 Hydro
S reveal eh adQ/ome-‘%ased nedi an diameter d (0.5) of 330.8 pm Cbservation

by el ect (@rMeasureredpyf sraciia wufags are? equl ar shape that reflected a
conpl ete | aCkMﬁasﬁF@ﬁ@nt%’@ﬁ% 8%%% é?lér)fé?cesé’r@%fttm#d@é%%r on m croscope

phot ograph that was taken. % Measurenment “of specific surface area
Measur enmpatymsithylabimipexane eorapeditiarereyealgddhe specifie gudagts area per mmol

"o A PR AL " UL T TR SR

(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
(Al/O=1.39) prepared in Preliminary Test 6 was employed, a soiid
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%.
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The solubility in n-hexane and in toluene of the dry solid

pol ynet hyl al um noxane conposition was determ ned to be 4.2 nol % and 15. 2
nol % respectively. [0143] (3) Ethylene pol ynerization eval uation

Wth the exception that the solid polynethylal um noxane conposition

synt hesi zed above was enpl oyed, pol ynerization eval uation conducted by the
sane nethod as in (3)1. in Enbodinent 1 revealed a polynerization activity
of 58x106 g-PE/ nol -Zratm hr. The pol ynmer obtai ned was anor phous, and
adhered in | arge quantity to the reaction vessel follow ng polymerization.
[0144] CH¥Flative Exanple 2 (1) Synthesis of solid polynethyial uni noxane

conposi t 'ﬂrhnalyﬂs oWHe*'S&hH%oﬁ)fﬁ@tH&l‘aﬁﬂnlhBﬁén@c&ﬁ &4ifioas added w t hout

conduct i heat treatnent,” a solid pol ynet hyFaI um noxane conposition
(AI/0=1. AMHB“@‘?@PH@@tzed in the same manner as in Enbodiment 3. The

precipitati O”Th@%@lnqu‘orﬂéﬂt FGhé er"?ﬁld%olﬂﬁéﬁﬁlﬂurﬁﬁéﬁgné’ﬁohggm%ﬁm num

atons in the polynet um noxane enpl oyed. Thé quantity of
the sol i wasme%e%@léodnmﬁas?ér@ conposi tion obtained was rreasured by

1H NVR aﬁglﬁ?gh%gg)edam (2) Analysis of the solid polynethylal um noxane

conposi t um num cont ent
valuation 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 composition 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
microparticles 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]

46



The al um num content of the dry solid pol ynethyl al um noxane conposition was

nmeasured by chelate titration at 36.0 mass% Al . (b) Morphol ogy eval uation

Eval uation of the particle size distribution of the dry solid

pol ynmet hyl al um noxane conposition conducted with a Master Sizer 2000 Hydro

S reveal ed a vol une-based nedi an dianeter d (0.5) of 590.2 pm Cbservation

by el ectron m croscopy revealed an irregular shape that reflected a

conpl ete | ack of shape control simlar to Fig. 8 in Conparative Exanple 1.

(c) Measurenent of specific surface area Measur enent of the specific

surface &Anysis I‘?Eth?r%p"gdqqilﬂ“%wﬁ‘#ﬁﬂ'ﬁﬁ%ﬂ'%ﬁ?rﬁwﬂﬂ@ conposi tion reveal ed

t he SpeCI(é)IRwﬁH,ﬁGrﬁ%n@’n@a per mml of alum num atons to be 16.7 n2/ ol - Al .

(d) Sol ubi'li t¥h| n sol vent e solubility in n-hexane and in tol uene
I

of the dry so eqbwwmWtammﬁth%ﬁ%@lmﬁiw@emylﬁﬁumxa@ EPmPREtoR o be 2.7

nol % and k. rﬁeggu,-%/@ alf gg@qﬁggmw [0146] (3) Ethylene polynerization
eval uati on exception that the solid polynethylal um noxane

conposi t |(@HW§WQQ%@@'3&EBve was enpl oyed, pol ymerization eval uation

conduct ed by ERGIuaaER offle 124118 siz: distib mm FiRaefy gBnd 1 revealed a
pol ynmeri zation activity of 4|x 5 g-l IUI Orat?nﬁx The B&I’a/rrer obt ai ned

was amor pﬁwzethﬂa@numr@opqmmsaﬂcgbcmﬁq\ylth 8 Magtes Sizet Fydee |
fol | ow ng r%%ﬁ ' ¥éllinelhasel YddiakefEae Rt 4\e SFoRaR U ant Synthesi s of

solid pol ynet um noxane conpositi
homogenelty 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 m®¥mmol-Al.
[0131]
(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
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 gquantity 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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Wth the exception that n-hexane was added wi t hout conducting a heat
treatnent, a solid polynnethyl al um noxane conposition (Al/0=1.25) was
synt hesi zed in the sane manner as in Enbodi nent 2. The precipitation rate
of the dry solid was 34.4 percent based on the alum numatons in the

pol ynet hyl al um noxane conposition in solution enployed. The quantity of
Me(TMAL) in the solid pol ynethyl al um noxane conposition obtai ned was
nmeasured by 1H-NVR at 13.1 nol % [0148] (2) Analysis of the solid

ol ynet hyl al ugj noxane co sition (a) Al.um num content The,.al um n
Pont ot ot -t hEhg SirEHTCa ey AL e A8 sl RSy BTGRP KRR CHBROSTE ot by

chel ate {jssiméiiedht 38.26ma@sB%IA . (b) Morphol ogy eval uati on
Eval uatign of the particle size distribution of the dry solid

pol ynet hm@%m noxane conposition conducted with a Master Sizer 2000 Hydro
S reveal g ophloli-vanirMonedi an diameter d (0.5) of 575.2 pm Cbservation
by el ectron m_crosc¢opy. reveal ed an ',rr_ggul ar %ha e that reflected a

conpl et e | ack E¥aluatierhaf therartigle size; digtributprneithediry golnpar at i ve Exanpl e 1.

(c) MeasppgiRithylSlniRG&Enk conspbsitirecotidlsted with a Weasier Sizen200d Hye specific
surface aréa of the dry solid pal ynet hyl al um_pox gsition reveal ed

the specsievedlgdeaiumpdassd megian dgam PUM%&PE?@W@%B@ 17.0 n2/ mol - Al .
[0149] (Rbnislgenb@nss pobyeri zation eval uation

[0135]
(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 20.8 m%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
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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Wth the exception that the solid polynethylal um noxane conposition

synt hesi zed above was enpl oyed, polynerization eval uati on conducted by the
same nethod as in (3)1. in Enbodinment 1 revealed a polynerization activity
of 29x106 g-PE/ nol -Zratm hr. The pol yner obtai ned was anor phous, and
adhered in large quantity to the reaction vessel follow ng polynerization.
H gh tenperature GPC anal ysis of the polyner reveal ed a nol ecul ar wei ght of
180,000 and a MM Mn of 2.6. [0150] Conparative Exanple 4 (1) Synthesis of

solid pol ynmet hyl al um noxane conposition Wth the exception that
n- hexaneWJHrﬁ%ﬁSi%ﬁddé@ﬁﬁllé'%éat treatment using the

pol ynet hyl al Uﬁﬁg&ﬁﬂfaﬁﬂ%ﬂﬁh&% ddings¥itn SHapBFeRPAElimhaly et nary Test
4, a solid pol t Nyl al'um noxane conposition was synthesized in the sane
manner awasil ithriolyene tommealpmirgmiconeerationtaf 4035 masstr Wosol i d was 47.0

ercent Al ; ' . : |3t
(F:)orrposi t?@% nﬂgﬁ:&%@%&gﬁﬁp ofgga%%lgﬂ%%gﬁﬁﬁﬁ;ﬂégé%ﬁﬁ%@laﬁﬁﬂﬁ‘ﬁe solid

pol yrret hiheagxneption diad the dibgsd sphtiopwas ensployed, aeeliclired by 1H NVR at 11.5
nmol % [%g%}neﬁ@ dsins & hﬂ(ﬁﬁ-dﬁol i d pol ynet hyl al um noxane conposition
nam c ?en e I '

(a) Alu . al’um num content of the dry solid
pol ynet hyaalprepared amtheceame snannen agdr Enthesiment byl hehrieaipdaiion rade pbn at 36. 8

mass% Al I ' I ' : he particle size
di st r? bu%qef)%o%@%ﬁgggr%ﬁgéﬁﬁqg? ﬁh?_glluﬁﬁnﬁ%@%%@%@%p%s[ tion conducted
wi th a MaslymetigyialemirkoGoetspmppsiiondn seision employetk - b adamidiohn di aneter d

ape ChPRTUAIR USRS AR el cThBesRor B UGRAd, 201 og!) o
Conpar at maasErexhipy HH-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 (A/O0=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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(c) Measurenent of specific surface area Measur enent of the specific
surface area of the dry solid pol ynet hyl al um noxane conposition reveal ed
the specific surface area per nmol of alum numatons to be 17.6 n2/ nmol - Al .
(d) Solubility in solvent The solubility in n-hexane and in toluene
of the dry solid polynethylal um noxane conposition was determned to be 0.8
nol % and 1.6 nol % respectively. [0152] (3) Ethylene polynerization -

eval uati on Wth the exception that the solid pol ynmethyl al um noxane

conposition sypthesized abov S | qved, pol rization eval uation
conduct ed by A ALkyAURLGaRER e dpagolit RoyrshyAripxans agifipefion
pol yer i pakirfsasitéd by cielkte tid@tiok0& IF.Phiawshs-At.at m hr. The pol yner obt ai ned

was anor s, .apd adhered in large quantity to the reaction vessel
fol | ow n@’%@?ﬂﬂ?@[‘]‘igﬁ’aﬁvﬁgﬁ'o[‘OlSB] Conparative Exanple 5 (1) Synthesis of

sol i d pol ynet Byhabtioh bpthargariclere distibution of théidrpsblite excepti on t hat
ed without heat treating, the

n- hexane s ad ol t hyl al yom ngxane

conposi t P8 m%%hsgefpm'm%"sr@ﬁéﬁ%&'qnncqﬂﬂéﬂ&% ‘N'HF i q%ﬁ?'%‘?%‘é"@ﬂagm

pol ynmet hy lbgled exaemepERed irhédian WRnstend (8.5) aE830.8 UreObsareaticnimer as in
Enbodi ment 1. The preci |ta}| on rate of the dry soli wa%boc?ﬁg ercent
based on®{@soRIMIAIGSSAPYIeYEledAn H@%@rﬁ@?ﬁwﬂlrﬁﬁ?q% 2rOMRIGS g‘ﬁﬁ’on in
sol uti ongspaps eykEb]. Figes eHawsithey elctriyh hibkskope phbiwgraph that was taken.

pol ymet hi{l al um noxane conposition obtained was neasured by 1H NWVR at 12.7
mol % 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
58x10° g-PE/mol-Zr-atm-hr. The polymer obtained was amorphous, and adhered
in large quantity o 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
treatment, 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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[0154] (2) Analysis of the solid polynethylal um noxane conposition (a)

Al um num cont ent The al um num content of the dry solid
pol ymet hyl al um noxane conposition was neasured by chelate titration at 38.4
mass% Al . (b) Morphol ogy eval uation Eval uation of the particle size

distribution of the dry solid pol ynet hyl al unni noxane conposition conducted
with a Master Sizer 2000 Hydro S reveal ed a vol une-based nedi an di aneter d
(0.5) of 317 pm Cbservation by electron mcroscopy reveal ed an irregul ar

shape that reflected a conplete,|ack of shape contraql sim ig. 81in
Compar at PONTESLAHBETAK S CompRsaranG Vesderrrwed iy HeaME ehf22
Measur enpyg|oof the specific surface area of the dry solid

pol ymet hﬁl? al um noxane conposition reveal ed the specific surface area per
mol of Wl num atoms to be 16.5 n2/ mol - Al . [ 0155] (3) Ethylene

pol yner i 7atAR4lyRy af thatdoll polymethiialumihbRarfxésapogition hat the sol i d
pol ynmet hyl al um _noxane conpositi on synt hesi zed above was enpl oyed,
pol yner i satAlgRiryacgatenbn conduct ed by the same nethod as in (3)1. in

Enbodi ment 1 rR¥emiRidum GsHtymESfitRaHhOsblRIGdIMthethyRiumiBexdfdcomposition
g-PE/ nol -Zratm hr. The bt ai naﬂd was amor phous, and adhered in |arge

quant i t y\Was mg@sw@g@yicbgg%gfg%qiooﬁ@q&% MRpSgoneri zat i on.
(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 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 16.7 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 _

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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[ 0156] Conparative Exanple 6 (1) Synthesis of Si02-supported

pol ynmet hyl al um noxane conposition To a 1 L four-necked flask equi pped
with magnetic stirrer was charged 625 nL of toluene. Next, 49.9 g of SiO02
(Si02 P-10, made by Fuji Silysia) baked at 400C for two hours to achieve a
surface hydroxyl group concentration of 1.63 nmass% was i ntroduced. Wile
stirring, the tenperature of the solution was cooled to 5C. To this was
gradual |y added over 60 minutes 147.6 g (Al/0=1.40, 0.508 nol-Al) of a

t ol uene solutlon of the pol ynet hyl al um noxane ¢ osi t, repared in

Prel i m ngygthegzed in they S FTARNET Emmn Thadeduesiptalin im0 ged for 60
m nutes #e &Mohﬂ%ﬂﬁfﬁhlﬁe@cen-m@sé@Bﬁftlﬁ'éib@mﬁm@lh Atb@sfig@sd | on sol ution was
renoved by decantation and washi ng was con uctedi ¥e times with 500 nlL of

t ol uene. WWE‘%M?W'@?XW@WWHM‘E@“WW% he GHPRBY Qhe conposi ti on
was dri eﬂné{mﬁm_)ﬁ&%&ﬁﬂndqmﬁﬁéﬂhgaammﬁeﬁhndb@hawﬂoﬂ dbtainedi Wwhs 51 02- support ed

pol ymet hyl al um noxane conposition in the formof a dry solid. [0157] (2)
Anal ysi s measued iy HﬂTNMBrﬁtéﬁt" mol%. The al umi num content of the dry
Si 02- suppgr4ggd pol yrret hyI al um noxane conposition was nmeasured by |ICP

analysis at 15.3 mass Based on this alum num.content, the quantity of
al umi nurn(?)e%@ﬁ’)ﬁ'é@fﬁ'@ %pllécnqlsﬂn@ihylehmspwe %‘EFBBB?'F% pol yret hyl al umi noxane
conposi t yHnaEindA Bafengnt . (b) Morphol ogy eval uation Eval uati on of

t he partlcle sl ze distribution of the dry 5i 02-supported
pol ynet hyl al ufha@mauELerent efdhe éah%m&wmpmlaéu%@me epPRpsiiono Hydr o

S reveal shoinyalitel HhaRskiaRibR S B HRIsedopd- ©) of 41.8 pm and a

hom)gene|ty 0 (see 9 (c) Measurenent of specific surface area
Measur e méit Merpholpgyssyatyation surface area of the dry Si02-supported

pol ymet hyl al U%Q%ﬁ&ﬁo?ﬂi@%ﬁaﬂnélé%ﬁkef&&‘ﬁﬁhﬁ&x bhehfsblid ¢ surface area per
nmol of al um num at ons
polymethylaluminoxane compaosition conducted with a Master Sizer 2000 Hydro
S revealed a volume-based median diameter d (0.5) of 575.2 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 17.0 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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[0158] (3) Ethylene polynerization eval uation Wth the exception that
the dry Si02-supported pol ynet hyl al um noxane conposition synthesized above
was enpl oyed, polynerization evaluation conducted by the sane nmethod as in
(3)1. in Enbodinment 1 revealed a polynerization activity of 9x106
g-PE/ nol -Zratm hr, which was | ow activity. The pol ymer obtai ned was
conprised of mcroparticles and adhesion to the reaction vessel follow ng
pol ymeri zati on was inhibited. Hi gh tenperature GPC anal ysis of the pol yner
revel ed a nol ecul ar wei ght of 160,000 and a MV Mh of 3.0. [0159]

Conpar at i ve EX¥ittpthe excepiiar they nthexane vegrs afidedsyibiou ¢ppdugting a heat

pol ynet h ] il : s o Sk equi pped

bt g sErHES AL the R ARl Miningxane EdmBosiion VOSEIficFERpaledR DAyl £

(Si 02 P- Foeliminaey Hgstruja salidipelyragthplaksainaxanmommpositionwan sunibesidedchi eve a
f . . j frel, B3 0 i . Wi

St et g HecSafhe Bty SEREERIMBIMER, £k fooBRETA MRS of Bt u6RE. VL °

gr adual | wasdtied petcent based anthesalusingms ajomslin thelpglpmethybdgninoxane ) of a

t ol uene (e I gTe { L] .epared in
Prelim n%ﬁbﬁ%@t’a nj'f‘ sﬁz@goﬁgs éetrel%l Waé;&%ér}%’ﬁgﬂ@mﬁ jefélﬁI tﬁ g SQ&% and aged at
t he same pobympethgialungnoxanestmpositiesobtanedhwasiieaguiedy ktiNMR ati11.6he
Vi SCosi t%%‘ﬁlg/"the solution increased. The rate of decantation of the

e

Si 02- sup d pol ynet hyl al um noxane conposition follow ng the concl usi on
of agi ng[Est]lextrenely slow, precluding an operation identical to that in

Conpar at i, ye I . I slurry was col |l ected and
t ol uene SAE%% ofE)h%c%@@fpgc{lﬂh@k?ﬁ%&@&%%@h@&%ﬁ# ectiveness. The slurry
of the Si(@PAkppumtcedtend! ynet hyl al um noxane conposition obtai ned was dried
under reduced-pre I vil.eldi ng. 74 .02~ :
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Anal ysi s wis mbasiBe0 byhefaie tigdtigrohly3@ 8 mpasd®%flnoxane conposition (a)

Al um num,cont ent al um num content of the dry Si02-supported

pol ynnet r@ @P[ﬁq}ﬁ!?ﬁyx%m'}%@ﬁposi tion was nmeasured by I CP analysis at 16
mass% Al . Bas &vahuztibhios theaparticlesimecdistribntion vhiheqdrgsolidy of al um num

Cocovet ¢ PeftudoiBliniinSland Sarthodic BARuIcES Rith ¥ TRLNKE 81472060 ro
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 compaosition 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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(b) Morphol ogy eval uati on Eval uation of the particle size distribution
of the dry Si02-supported pol ynet hyl al um noxane conposition conducted with
a Master Sizer 2000 Hydro S reveal ed a vol une-based nedi an dianeter d (0.5)
of 44.5 pm and a honogeneity of 0.577. (c) Measurenent of specific surface
area Measurenent of the specific surface area of the dry

Si 02- supported pol ynet hyl al um noxane conposition reveal ed the specific
surface area per mmol of al um numatons to be 55.1 rn2/nnDI-AI [0161] (3)
Et hyl ene dreri zatjon ev ti t he exc |on e dry

S 05+ <up O EL BE/FREERS AT e MBS ARSA AR TS Jatiadiesed

enpl oyed @%yqﬁémﬁwd%r@wm@e@m fonowiHy wslygrizdtonsane net hod as ln
(3)1. in_Enmbodi nment reveal ed a polynerization activity of 17.0x106

g- PE/ nol {ASH m hr. Although greater than the activity of the Si02-supported
pol ymet hyd i pHFh iR BREM @nposition described in Conparative Exanple 6, this
activity wa mer . obt ai ned was conprised of

e
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pol ymet hyl al um noxane conposition (correspondin at ent ference 16)
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descri beg,Rgl ew’ch{hmnumtamaqn wpagm@mwaummxaﬁéwmﬁwt@hw noxane
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al uni numSQEWi@EﬁmF&@YQ% Thﬁ ququftwaéwTMﬁé) Weﬁhgwp"%s 140 0gina 500 nL
eggpl ant vRly Koszy écﬁhﬁéé:ﬁdd AMstafnl wa MebSivedayl'HRNMR dt qiantity
based on'v urre o ry n- decane was

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
S revealed a volume-based median diameter d (0.5) of 317 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 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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added dropwi se over 30 mi nutes using a dropping funnel. The diluted

sol ution of the pol ynethyl al um noxane conposition began to exhibit
turbidity at the point where about 30 nL of n-decane had been added, and
had devel oped a white, turbid state at the end of the dropw se addition.
While stirring the diluted solution and reducing the pressure to 4 Torr,
the tenperature was raised to 35C over three hours. The sol ution was
filtered with a glass filter and the |iquid phase was renoved, yielding a
m croparticulate polynet hy| al_um noxane conp05|t|on i nce H&g solid

obt ai ned3@é'§° VP EARai-Eiatiihh denadepanebtained as ynpwous, aRdgdiieds at 60cC
under a filatge/ §GaRtHY Wetrﬁﬁé‘tldif\kéé‘éef@llow}f@ Eridtioh00C. The precipitation
rate of the sol'ild was 63.5 percent based on e al um num at ons of the

pol ymet h{d%8Blinni noxane conposition in sol uti on The quantity of Me(TMAL) in
the solig a)fgﬁ}é‘ngj@h BIH noxane conposi tion obtained was neasured by 1HNWR
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conposi t i(BrS)(ﬂi')eSAﬂi @ Wﬁn@ﬁmolymethMWIa%ﬁﬂwm% @ht of the dry
solid pol ymet iyl F%W&@d%ﬁk@auwpea wmﬁmagﬁawaﬁré@ma%waag@ titration
at 34.9 mass% Al 016

hol o& eval uati Eval uati on of the
Q

L1 el c0oh el al tolianeyNeh 4815 6 RESIR S0k Pai G nasabn L SIVE ALl
conposi t bgﬂ?%@ggv@@ﬂgmé tmafdhibvter@&mféo%\/ﬁﬁr&@yl gr éﬁfﬁzehﬁfﬁﬁ& gEdi esn

di amet er m and a honogeriei ty see Fig Si nce
pul ver i zMasske Wag mtrqw@edo\aléue ﬁéﬂmuthen*gnmeyatﬁge of hh@ 59 Pﬂé&aspﬁs t was

measur edy E*bSrémvse\ﬂbggr%j@g'a?ae&b@@%@m té91§?eggap«ﬂ¢baﬂ4uod)ens of 22.2

pm and a %om)genel t Thi s

pol ymet hmwﬁdorwfra)wémecaﬂwm efitbe p@mnqihﬂg fFipOXaneomResitonmepard t t | e.
0165 0 f th
[0165] (g p};@ace hdrg RISt 10‘rh UFé Wasy détg%ﬁay%s d to 65 cNersage@pBoof the

specific su rea of ry SO | Um noxane conposition
reveal edmln@tesraémaﬂempeﬂatla@ewe sHp@reatants tr@rreapmn poIHtien WiRE to be 18.8

m2/ ol - Al (S BP HecditatiiP A HP Washing ias EdndRidled 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 SiOz-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 yumand 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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The solubility in n-hexane and in toluene of the dry solid

pol ynet hyl al um noxane conposition was determned to be 8.3 nol % and 23.6
nol % respectively. [0167] (3) Ethylene pol ynerization eval uation

Wth the exception that the solid polynethylal um noxane conposition

synt hesi zed above was enpl oyed, pol ynerization eval uation conducted by the
sane nethod as in (3)1. in Enbodinent 1 revealed a polynerization activity
of 34x106 g-PE/ nol -Zratm hr. The pol ymer obtai ned was anorphous, and in the
sane nanTégggs in solution polynerization, adhesion of the polynmer to the
reaction fol l ow ng pol ynerization was not inhibited. [0168]
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Creating the MUy HESKTPRIGH L LA CT SRpouPOPUsR HO bRV BPERS ed | n
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pol ynet hykade %Imﬁ@ﬁolﬁjﬁféﬂﬁﬁhéﬂ %sﬁﬁﬁ.b;&w High Bragerariée GPC anall8R ¢fl um num
cont ent of the dry al um noxane n was neasured by
Chol ate {19 palymen raxelesha ohaiadss WHIDE B) 16L0MaNS &y edun G Bich

[0159]

Comparative Example 7

(1) Synthesis of dry 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 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 {o 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
exiremely 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, vielding 74.0 g of SiO,-supported polymethylaluminoxane composition in
the form of a dry solid.
[0160]
(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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Eval uation of the particle size distribution of the dry solid

pol ynet hyl al um noxane conposition conducted with a Master Sizer 2000 Hydro
S reveal ed a vol une-based nedi an dianeter d (0.5) of 147.5 pmand a
honogeneity of 0.989. However, the particle size distribution was not
controlled (see Fig. 12). [Industrial Applicability] [0170] The
present invention is useful in the area of techniques for manufacturing
polyolefins. Cains 1.A solid polynethylal um noxane conposition wherein:
(i) the aluminumcontent falls within a range of 36 mass%to 41 mass%

(ii) the alhisuf centeninthef quantityof @Juminisn megaveead as asrlishef thei $ikhy! al umi num

or T ower SuBBaEed KGRI rkang (BRashon T tie Sty | e b1 culate Torm
with a vébuMderpiwiegy ensdliationdi aneter falling within a range of 5 to 50 pm
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 44.5 ym and a
homogeneity of 0.577.
(c) Measurement of specific surface area
Measurement of the specific surface area of the dry SiOs-supported
polymethylaluminoxane composition revealed the specific surface area per mmol
of aluminum atoms to be 55.1 m¥mmol-Al.
[0161]
(3) Ethylene polymerization evaluation
With the exception that the dry SiO,-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 17.0x1 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. While
stirring the solution, a 1.5-fold quantity based on volume of dry n-decane was
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3. The conposition according to claim1 or 2, having a solubility in

n- hexane at 25C of 0 to 2 nol% and having a solubility in toluene at 25C
of 0 to 2 nol% 4. The conposition according to any one of clainms 1 to 3,
wherein the honogeneity denoted by the follow ng equation is 0.45 or |ower:
Honogeneity =Z(SIGWA) Xi 1 d(0.5)-Di I /d(0.5) Z(SIGW) Xi (wherein Xi denotes
the histogramvalue of a particle i, d(0.5) denotes the nedian di aneter
based on volunme, and Di denotes the dianeter based on volune of particle
i). 5.The conposition according to any one, of clains to 4, having a

speci fi c agded drapvise avera3d mindtes vaing aadrpaﬁtgws femnqu'B%dMeﬁ@PM'en ON'. 6.The

conposi t ;@?éwﬁ@{rmélammxan& c@ﬁﬁ)o@.ftnoﬁ'b@gﬁﬁ td ekﬁ.bﬁ tur‘bﬁi"@rdt $hé190|nt

pol ynet h um noxane caont ai ni ngi e un| t enot ed éi/q‘(eenera formula (1)

bel ow anWhere abeyhdbmbaf mosgcang( qad, apgihad loPgd BowBEe.an i nt eger
of from %&brdosté@at tfe ERE o‘FiHE’@:%bMéH‘a@cﬁﬁ&{ WhEk &riAg hePauted selugbis 1 to 6,

contai ning no

and reducmg the pressure to 4 Torr, the temperature was raised to 35°C over
three hours. The solution was filtered with a glass filter and the liquid phase was
removed, 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 ym 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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8. A nethod for manufacturing the solid pol ynethyl al um noxane conposition
described in any one of clains 1 to 7, conprising the step of: (a)
heati ng an aromati c hydrocarbon sol uti on contai ni ng pol ynmet hyl al um noxane
containing the unit denoted by general formula (I1) bel ow and _
trimethylal um num (referred to as the "pol ynet hyl al um noxane conposition in
solution" hereinafter) to precipitate a solid polynethylal um noxane
conposition containing pol ynethyl al um noxane and tri nmet hyl al um num

-[ (Me) A1Q -é@l%@&ﬁherein n denotes an integer of from1l to 50). 9. The
manuf act () $RJUREHBEOWEBbr ding to claim 8, wherein the

pol yrmet hyl al urha@uppfity Mmeskanand th @Rldbel sTIh@BRPEolido heating exhibits 15
nol % or less of a mple fraction_of net hg{qﬁ%roups derived fromthe

t ri et hy PalymathylpueiRp@neRomrasiion xas d inegitaiberfidta?l %ofNddfds of net hyl
groups. KhiFheedpretiba¢t uri ng method according to claim8 or 9, wherein in
step (a),_ a _heating tenperature and a heating tinme suited to precipitating
t he soli @Wﬂym&t hyl al um noxane conposition are selected from (i) a

heati ng ggrm@,g,@hgrp%lymaﬁgnfewg%ggnto 200C, and (ii) a heating tine of 5
m nutes or nofe but less than 24 hours. 11 . The manufacturing nethod
according to ¥¥ih Beexeepiianiingtthe salidpplymethylaluminoxane composition

synthesized above was employed, polymerization evaluation conducted by the
same method as in (3)1. in Embodiment 1 revealed a polymerization activity of
34x108 g-PE/mol-Zr-atm-hr. The polymer obtained was amorphous, and in the
same manner as in solution polymerization, adhesion of the polymer fo 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
(a) 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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wherein the pol ymet hyl al um noxane conposition in solution that is enployed
as a starting material in step (a) is obtained by thermally deconposi ng an
al kyl al um num conpound havi ng an al um num oxygen-carbon bond. 12. The
manuf act uri ng nmet hod according to claim 11, wherein the al kyl al um num
compound havi ng an al um num oxygen-carbon bond is prepared by reacting
trimethyl al um num and an oxygen-cont ai ni ng organi ¢ conpound. 13. The

manuf acturing net hod according to claim12, wherein the oxygen- cont ai ni ng

organi ¢ conpound_i s, the hat| or ronatl rhoxyl i c oted by
gener al eRpgeReity §9.989 319‘5 e(pa §:Ie ‘ﬁ%‘i” E? X"éﬁrﬁ@? 'q'ﬁ‘(’]'ﬁadr ocar bon
group |n gggppoq of a O to C20 linear or branched al kyl group, alkenyl
group, or ar rou and n denotes an integer of 1 to 5). 14. An olefin
polynerlﬂaﬂpﬂﬂa F3P§§wYEonta|n|ng catal ytic conponents in the formof the
solid polgpnﬁhylalunlnoxane conposition according to any one of clains 1 to
7 and a tfranSition netal caonpound denoted by ener al rmul a ‘%“GP belomr
MRSR6R7RS( 1 V) Thaumeesant invieptiaip iscusefukip é'ﬂ%?fﬁao?f rHaues @ﬁﬂm

R7, and lyoWdfingh are joined together, denote organic groups haV|ng a
cycloalk direnyl skel eton, al kyl groups, al koxy groups, aryl oxy groups,

al kyl si Iyl groups, alkylanide groups, al kylim de groups, alkylam no groups,
al kyli m no groups, or halogen atons). 15. A nethod for nmanufacturing a

pol yol efin, conprising polynerizing an olefin using the catal yst according
to claim14.
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Claims

1. A solid polymethylaluminoxane composition wherein:

(i) the aluminum content falls within a range of 36 mass% to 41 mass%;

(if) 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 claim 1, having a particulate form with a
volume-based median diameter falling within a range of 5 to 50 pm.

3. The composition according to claim 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 claims 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 claims 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 claims 1 to 5, comprising
polymethylaluminoxane containing the unit denoted by general formula (1) below
and trimethylaluminum:

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

7. The composition according to any one of claims 1 to 6, containing no SiOs.
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8. A method for manufacturing the solid polymethylaluminoxane composition
described in any one of claims 1 to 7, comprising the step of:

(a) heating an aromatic hydrocarbon solution containing
polymethytaluminoxane containing the unit denoted by general formula (I} 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).

9. The manufacturing method according to claim 8, 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.

10.  The manufacturing method according to claim 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

(i) a heating time of 5 minutes or more but less than 24 hours.

11.  The manufacturing method according to any one of claims 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
alkytaluminum compound having an aluminum-oxygen-carbon bond.

12. The manufacturing method according to claim 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 claim 12, wherein the oxygen-
containing organic compound is the aliphatic or aromatic carboxylic acid denoted

by general formula (lll):
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R'-(COOH), (1)
(wherein R 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).

14.  An olefin polymerization catalyst containing catalytic components in the
form of the solid polymethylaluminoxane composition according to any one of
claims 1 to 7 and a 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, 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 claim 14.
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