: YZ[\ e3e076T -1 4 June 2004 CATALYST FOR ADDI TI ON POLYMERI ZATI QN, AND
PROCESS FOR PRODUCI NG ADDI TI ON PCLYMER W TH THE SAME BACKGROUND OF THE

I NVENTION 5 Field of the Invention The present invention relates to a
catal yst for addition polynerization, and a process for producing an
“addition polynmer with the sane. Description of Related Arts 1o There has
been well known a processes of polynmeflzing an addition- pol ymer 3 {p
nononer with a catal yst system obtai ned by contacting a netallocene ased
and non-netal | ocene-based transition netal conplex as a catal yst precursor
wi th an acti CRTALYRD-TOR ;ADBITIONCROLEMER IZA TIONN ANIUHRQGBSHEHARIND or
the |like. However, the synthesis of a transition netal conplex as the
catal yst precursor ?BoﬁpﬂﬁﬂﬁuPPQ%*?QEqﬁQEﬁM@F WhEHTHE P woul d be
desirable to provide a catalyst systemwhich is economcally and easily
synthesized. zo It is known that a polyethyl ene is obtained by contacting

ethyl ene with an al kyl as a co-catalyst in
"Angew. Chem Vol. 64, ?&%W(‘}P gﬁﬁl\/gﬁﬁﬁuﬁ%&mem Vol. 193,

ppl283( %QQZ)W%f et hyl ene and/ or z5 propyl ene by a
catal yst system conbining an a al um num and a specified boron conpound
have been recentlsy prefdd€dinven %Pgbxm@sPrt%pra it aMpdt 3Por 2_ 4
June 2004 No.2, pp510(1998)". Further, the polymerizations of ethylene wth
a catal yst swﬂmm@dﬂimmmﬂ@nnmd:@nptemebavfug mroduetngare | i gand
or a pyridinodiimne ligand and a s specified boron conpound have been

di scl osed inadﬁimnCh@hYmgﬁcWi‘VbltblaQ,Same&ZS( 1997)", "J. Am Chem Soc.

Vol.120, pp8277(1998)", pp2523(1998)", W98/ 40421,
U.S. Pat . 5, 77 PR - 2 bR 253598 6305

10 There has been well known a processes of polymerizing

an addition-polymerizable monomer with a catalyst
system obtained by contacting é;metallocene—based and
non-metallocene-based transition metal complex as a
catalyst precursor with an activator {co-catalyst) such

15 as an organcaluminum compound or the like., However, the
synthesis of a transition metal complex as the catalyst
precursor is difficult and expensive. Therefore, it
would be desirable to provide a catalyst system which
is economically and easily synthesized.

20 It is known that a polvethylene is obtained by
contacting ethylene with an alkylaluminum which has been
used as a cofcatalyst in "Angew. Chem. Vol.64,
pPpr323(1952)" and "Makromol. Chem. Vol.193,
ppl283(1992)". The polymerizations of ethylene and/or

25 propylene by a catalyst system combining an
alkylaluminum and a specified boron compound have been

recently reported in "ACS Polymer Preprints, Vol.39,



A stereo-regul ar polynerization process of an 1o addition-polynerizable
nononer, for exanple, an a olefin such as propylene or the like with a
catal yst in which an organoal um num conpound is supported on a carrier, is
al so known. Exanpl es of such as catal yst hav been disclosed in JP-A-52-2890
"as an exanple of being 1s supported on a netal acetate, and "Pol ynmer
Preprints, Japan) Vol.46, pp216(1997)'-2and "Pol yner Preprints, J?EE%ROO4
Vol. 46, ppl215(1997)" as an exanple of being supported on a metal chloride.
However, these catal ysts for addition polynerization have been not al ways
zo sati sfied Nooiht hp5todys@ian" of catal yst activity. SUMVARY OF THE

| NVENTI ON An obj ect of the present invention is to provide a highly active
catal yst for addinther potheeppiymesd 228 iicoficekhnbeneseish a

met al | ocene-based_and non netal | ocene-based transition_nmetal conplex as a
catal yst prect?s®tYSEntly aheBigombbping an @dymigium compd ex Ravangsanr oduci ng

ddi ti | .. Nanely, th I i - l, |
for “addi ¢ on FBl GRRAESATRgRnGhER b BhLAbRPaLiPage( Aideps) Bl 10
descri bed bel ycgg?ea 1959885301{118%&%59[9&"% eh %Q.s%qb'ée'd)'lnpmﬂ”frﬁ.

characteri ze ynerrzing a I'thon- pol ymeri zabl e norioner T n’'the

presence of tdieRat8b¥st ot AL 13N E%?rmll@w}rm coppaynd, chdh . 086c0r Mmore

of boron conpounds sel ected from ioto (B3) below (Bl) a b6ron
conpound represenied, bypshe7qanesayl' f oondn BQOnga@. Ep2)s B toses) tonpound

represented by the general formula G (BQ zQaQa)-, and 15 (B3) a boron
conpound repriédedl €64By .t We Sgdear.di, TOr mMR2@ @&hdHy'. 6BBAGz®,@7)3-,.088.
A stereoc-regular polymerization process of an
10 addition-polymerizable monomer, for example, an &-
olefin such aé propylene or the like with a catalyst in
which an organocaluminum compound is supported on a
carrier, is also known. Examples of such as catalyst hav
been disclosed in JP-A-52-2890 as an example of being
15 supported on a metal acetate, and "Polymer Preprints,
Japan, Vol.46, pp216(1997)" and "Polymer Preprints,
Japan, Vol.46, ppl215(1997)" as an.example of being
supported on a metal chioride. However, these catalysts

for addition'polymerization have been not always

20 satiéfied from the viewpoint of catalyst activity.

' 'SUMMARY OF THE INVENTION
"AhrébjeCt'bf the present ihvéntion is to provide a
hith? active catalyst for addition peolymerization
25 which does not use a metallocene—bésed and non-
metallocene-based transition metal compiex as a

catalyst precursor, and an efficient process for



(wherein each of Q) Qa, Q@ and Q is a halogen aton) a hydrocarbon group,
a hal ogenated hydrocarbon group, a heterocyclic group, a substituted silyl
group, an zo al koxy group, or a di-substituted am no group, and they nay be
the sane or different. G 1is an inorganic) organlc or organonetallic

cation; L is a neutral Lewis base, and,(L-H' is a Br~nsted acid.)) and (O
a SO|Id i norgani c conpound. 25 DETAIEEb DESCRI PTI ON OF THE | NVENT Jixe
present invention is illustrated in detail bel ow -4 (A Oganoal um num

conpound 4 June 2004 The or gﬁlunln nlconpound used in the present
i nvention isEhP QﬁHQuﬁﬁcﬁﬁgﬁ APhBPr G4 Al - C bond. Various such as

al um num conpo Iu unds
sel ect ed fron1?§%%} tﬁ%h%ﬁﬁaescrﬁggﬂg%g %é/g?ggtgéfgrag?%%E%ﬁ%@ﬂ%

or ganoal um nyg,c QARG 58&%@!&&%@@6& Bstggﬁ%raabyfd&{%@u%%ﬂ;x()m) oHpX! 9
(A2) an organoal um num cohpolund represented by the 1o general fornul a;

MLALIR" (A3) X E)Y @hidc(e) ure sexapedhayidg, and aUstdces s eue peidlaed i t he
general formula; {-Al(R)-O}j , and (A4) an al um noxane having a structure
represent ed @n tadkdehen apollygmen chaRacAleR)zed iy ASEyméebiewhgr ann each of
R s independently represents a hydrocarbon group having 1 to 20 car bon
atoms; each c#d@@tkomnﬁébmé§hﬁla§lﬁeplpé§é\ﬂrsi@ Hdleo Paie SATsIR M thepresent s
an al kal i ne netal aton1 “r" represents a nuneral satisfying 0O <r S 3; "o"
represents a SRMIEFL 20 satisfying 0 S o < 3 "p" represents a nuner al

satlsfylng()éif)an 6rggn LERRSSS t%&%rﬁ satisfying 0 Sgq<3;, r +o0

+p+q=3 represents an i nteger nore; and "k" represents an
integer of 1 m) HE - dr ARo £ 8o LT B8PSR eahﬁaﬁha%m@%%t(eﬁl)ﬂrme(ﬁpﬂ | owi ng

25 compounds and the |ike can be exenplified. An or ganoal um num conpound
represerd ed byot{(B3penelaw;formula;, R A (OR),
{(Bl) a boron compound represented by the general
formula BQ'Q*Q°,
(B2) a boron compound represented by the general
formula G*(BQ'}QQ%Q*)", and
15 (B3) a boron compound represented by the general
formula (L-H)*{BQ'Q’Q°Q*)".
(wherein each of Q', Q* Q° and Q'is a halogen atom, a
hydrocarbon group, a halogenated hydrocarbon group, a
heterccyclic group, a substituted silyl group., an
20 alkoxy group, or a di-substituted amino group, and they
may be the same or different. G' is an inorganic, organic
or organometallic cation; L is a neutral Lewis base, and
(L-H)" is a Br¢nsted acid.}, and
(C) a so0lid inorganic compound.

25

DETAILED DESCRIPTION OF THE INVENTION

The present invention is illustrated in detail below.




-5 4 June 2004 (wherein each of R s independently represents a hydrocarbon
group having 1 to 20 carbon atons) preferably 1 to 15 carbon atons, and
nore preferably 1 to 8 carbon atons.-"r" represents a nuneral satisfying s
O <r S3, and preferably 1 Sr S 3.) An organoal um num conpound
represented by the general formula; RrAI X, ~ (wherein each of R s

i ndependent|y represents a hydrocarbor group having 1 to 20 car hgop,@sqms.
lo preferably 1 to 15 carbon atonms, and nore preferably 1 to 8 carbon

atons, and e?%hmg)f X 's inde endentl¥ rgpresents a hal ogen atom "r"
represents a'fanSFORORYWHY PBPPURA3  ang preferably 0 < r ~ 3.) An

or ganoal um num d 5 er rmul a; AA T
(wherein each ofﬂgpgjl d-{ecf;%'{rl'%gn ‘5 rcg%nlpte{{ﬁlén suggﬁydﬁcgﬁﬁonbg?gﬁg%thavi ng 1
to 20 carbonjatem.idi 8fsehabhYuhihdmlompbRa 8LIR)y aRdafueepBhgferably 1
to 8 carbon atons. "r" represents a nuneral satisfying zo 0 <r S 3, and
pref erabl y 2v&rfious3shchAlscd Danoahmngsmpdeaapotd Bepisesentaad byet he
general formula; RzAI (OR)oXI 9 , (wherein each of R s independently
represehts achymevearbHaiuvgricwm bemppgntist se2éctadbbnomt o) tas (pegferably 1
to 15 carbon atons, and nore preferably 1 to 8 carbon atons, and each of

X1's i ndepen888CHhesh Rl Ree haFoferahdém "r" represents a nuneral -6
4 June 2004 sgéi afyi ng 0 <r S_'SS " 0" represe ts a nuneral satisfying 0 S o
<3, "q" repréddt P ARAAMALMINTY; figREOENG Tepreasiicd by thg =3

Each of R s 'Hgnteri%lgﬁfrr%r ~l%grmla(_d@g%le§enti ng the 5 above-nentioned

or ganoal um ndm conpo Tsin &ndently an al kyl group or an aryl

group, and eag¢h20f 2f ' SrisnbAleREAGAN dIMPoERE OLbpe eBledPed By DEARI NE atom
Speci fi c exanpl es of the organoal um num conpound of 1o the fore-nentioned

~1 inchode t generalkyatmiaune'2AUR;h as trinet hyl al uni num
triethylalumnum tri n-but{I al um num tri-n-hexyl al um num

tri-noctyl al ukRAdm @hd enelirkealymingegietedhaviipg alaini strsctuck as
triisopropylalum num. 15 triisobutylalum num_tri-sec- buta/l al um num

tritert-butyFEPERYREY AY Shee ORPERRY FOT A -AL (R} -O-}; , and

L o DT e, R DM PR Mho ppoptoa by
the general formula; R{-Al1(R)-0-)}, AlR,
15 (wherein each of R's independently represents a
hydrocarbon group having 1 to 20 carbon atoms; each of
Xl’é independently represents a halogen atom; M
represents an alkaline metal atom; "r" represents a
numeral satisfying 0 < r = 3; "o" represents a numeral
20 satisfying 0= o< 3; "p" represents a numeral satisfying
0 = p < 3; "q" represents a numeral satisfying 0 < g
{3;r+o0+p+4g=3; "j" represents an integer of 2
or more; and "k" represents an integer of 1 or more.)
As the organoaluminum compound (Al), the following

25 compounds and the like can be exemplified.

@® an organocaluminum compound represented by the

general formula; RAI(OR),,




zo net hyl hexyl al umi num tri-2-ethyl hexyl al um num and the |ike;
tricycloal kyl al um nuns such as tricycl ohexyl alum num and the |ike;
triarylal um nunms such as triphenylalum num tritolylalumnumand the |ike;
trial kenylal um nuns such as 25 triisoprenylalum numand the |ike;

al kyl al um num di al koxi des such as |sob$tylaluninun1dinethoxide

i sobutyl al um num di et hoxi de) i sobutyl af um num 4 June 2004 diig ﬂ@%%ﬁ@flde
and the like; dlalkyIaIun1nun1aIkOX|des such as diethyl al um num ethoxi de

di butyl al um qﬁ'{ﬁﬁbm OXi de él, al k lal.u 1:gum ses tg al koxi des such
as ethyl al um w%?ﬁ" X|% 5ut§7’|131?3 RPAGHT s q TR RSEHE arftl t he

i ke; al kyl al I t t

such as ot LSS “\‘5"8 s%ébéé. *hEVEnE! 1) 2hby 280, BATDAH | At 0x Oroup
et hyl al um nU@:@ﬁéﬁa@lQ'Itﬁ trPEarbdh rmi&wépfﬁwmdi@ Pk dienilp 1l i ke;

partially al Koxyl ated al kyl al um nums whi ch have a nean conp05|t|on in which
r in the generals fcarmdn ateprses et 1@ piries eartgamo almsiralmseipdyihpf the
fore-mentioned ~1 is 2.5; etc. Specific exanples of the organoal um num
conpound of i® ¢ he FoBe- med ipreterabhyl Ude a &1 3l umi num sesqui hal i des
such as et hyl gl.um num sesqui chl ori de, butyl al um num sesqui chl ori de,

et hyl al uni num éﬂib?ﬁﬁﬁ&@a&HH”#%@‘IPR@Poﬁpéik??ﬁ?ﬁﬁﬁﬁ@#ﬂhaPYdéguﬁuch as
dlnethylalunlnunlch |de dlehr%kglunlnun120 chl oride, dipropylal um num
chloride, diitBHUS Bﬁi“HExﬁn c ded di hexyl al umi num chl ori de,

di but yl al d the |k d

n%tﬁyra?uﬁrhun1dldﬁ or?dgeﬁ ﬁ IaFu%1n§h?§th#§P?g? Iﬂ%? §§§h§$ﬁ3%335

di chl oride, isndbdysabofl ngt PCthEﬂi(i’l@ hexyloal g n'é:@xd:lcﬁh' QHtshes,
uty

octyl al um num di chl ori de, al umi num di broni de and the |ike; etc. _g_
4 June 12004 Spesférabkyahptesl Hfcdilizonragesms) vam d uo oD mpoefherab 1y hie
fore-mentioned ~ include dialkylalum num hydrides such as diethyl al um num
hydride) di b9yl & eRRbeERhyANRRE; @Nd oAt zﬂﬁmﬂmﬁn WWkae li ke;

5 al kyl al di hydrid h I di hydrid |
e TR TG A SRR MR
wi th hydrogen, , Speelihe 6X%"pja§ 9f Lhe pLagueably gurp Gorpaund of 1o the

fore-nentioned 1NC al K Iunlhuns
® 2n organocaluminum compound represented by the

15 general formula:; R,AI1H,
{wherein each of R's independently represénts a
hydrocarbon group having 1 to 20 carbon atoms,
preferably 1 to 15 carbon atoms, and more preferably 1
to 8 carbon atoms. "r" represents a numeral satisfying
0 < r= 3, and preferably 2 = r < 3.)
@ an organcaluminum compound. represented by the
general formula; R,Al1(OR) X', ,
(wherein each of R's independently represents a
hydrocarbon group having 1 to 20 carbon atoms,
preferably 1 to 15 carbon atoms, and more preferably 1
to 8 carbon atoms, and each of X''s independently

represents a halogen atom. "r" represents a numeral




partially al koxyl ated and hal ogenated, etc. The fore-nentioned

or ganoal um num conpound (A2) is an organoal um num conpound represented by
the general formula; MA R4. Herein, M represents an al kaline netal 15
atom The alkaline netal atomis preferably a lithiumatom a sodium atom
or a potassiumatom and preferably a lithiumatomin particular. The

or ganoal um num conmpound (A2) is preferably LiAl(CzH )4 or LiA (&ydhesigog n
particular. 20 As specific exanples of Rin a cyclic alum noxane (A3)

having the g re | .. £- A (R ' [ ral unio Ad)
havi ng t he g%%gcrlgfi{%ﬂé? %{ ili(%-geﬁe%%%i% 2l é‘%g%ﬁgﬁg‘g‘%l Kyl
groups such @s<a geLnyl 850URepBs8hitY DRiirdl s DRy 86 WP @1 25
i sopropyl group) a n-butyl group, an isobutyl group, a n-pentyl group, a

neopenyl group Bncrddierlike. +"§" =i g.an integer of 2 or nore and "k" is an
integer of 1 or -9 4 June 2004 nore. Ris preferably a nethyl group or an
i sobutyl groupEach 92 R'c 46, tdral denerdl tHodBuldheepbesentdniy dined

al um noxanes are prepared by various nethods. The procedure is not

parti cubPar | y a8qusstig it belednargpapasinipang agrpetnde cor diong tbs wel | - known

met hods. For exanple, they are prepared by contacting a sol ution of
atri al kyl ai urﬁqﬂf:g)qwe%‘kja%ﬁ‘é,a]t}‘r?TJrr@trt?g}“IPaPEnﬁHn"i"aﬁH TRIP; @A PRCR suit abl e

organi c solv @romati.c rocarbon;_e benzen al i phatic 10
hydr ocar bon; %g dé e%né‘;nd}a%’geriﬁegwa%ea V\?l?}ﬁoﬁ%flér ?%Eﬁ'r Phie , rbé:%FPél’t"ﬁod for
preparing theg@im noxanes by contacting trialkylalumnum (e. g.

trimethylalumnum with a netal salt containing water of crystallization

(e.g. cupric s@pfeadier iy dodifp 168 Mo berlex iy ahd&Uumbihuims cdmpownsi dar ed t hat
the al um noxanes thus obtained are usually a m xture of (A3) and (A4). The
or ganodlounm nihe ofpoendensddnied (Heipedsdet timiventabaylslpméhamabl y t he.
above-nmenti oned organoal um num conpound (Al), further preferably the zo

above- ment i orftRr GANEELEATLAYH THHPLYRE - ~ £ igtdrkkabryLauty i AFRy al uni num
(i 6t hyl &l un SO HAT B -a A HUe £ LSRR b AU or T -n
OCtylalu”inumctylaluminum and the like; tri branched-alkyl

aluminums such as triisopropylaluminum,

15 triisobutylaluminum, tri-sec-butylaluminum, tri-
tert-butylaluminum, tri-2-methylbutylaluminum,
tri-3-methylbutylaluminum, tri-3-
methylpentylaluminum, tri-4-methylpentylaluminum,
tri-2-methylhexylaluminum, tri-3-

20 methylhexylaluminum, tri-2-ethylhexylaluminum and
the like; tricycloalkylaluminums such as
tricyclochexylaluminum and the like; triarylaluminums
such as triphenylaluminum, tritolylaluminum and the
like; trialkenylaluminums such as

25 triisoprenylaluminum and the like; alkylaluminum

dialkoxides such as isobutylaluminum dimethoxide,

isobutylaluminum diethoxide, isobutylaluminum




zs (B) Boron conmpound As the boron conpound ( B) used in the present

i nvention, at |east one conpound selected fromthe group consisting -10 4
June 2004 of boron conpounds (Bl) represented by the general formula

BQ zQ , boron conmpounds (B2) represented by the general formula

G (BQ QRQ Q)- and boron conpounds (B3)_ represented by the general formula

(L-H)' (BQQQ Q)- can s be used. In the boron conpound(B1l) reppagsb®ed by
the general fornmula BQ QQ, B represents a boron atomin the trival ent

state; Qto Q..are respectivel hal.ogen atom. . a.hydraocarbon group, a
nal ogenat ed AARSEATRACEISLAnY: E ST AP RS "an ol Koxy

group or a dhl%'ﬂygfitdéé‘téﬂcﬂmagodqre%%f‘ﬁuﬁaﬁ gfn”%)ﬁhl%%utcﬂ? same or

different. Eac QL to Q 1Is preferably ogen atom a hydrocarbon

group havi nggi bhud 20 Tah PRGmabAEBx idchan@oenal ad Kay:dmadksy ReNugi AUR having 1
to 20 carbon 1s atons, a substituted silyl group having 1 to 20 carbon

atons, an al kesyngirallpohdidesguch @as?28thglladmmeinm sels gn ibusedoset, ut ed

am no group having 2 to 20 carbon atons, and each of nore preferable QL to
Q i s a5Shal oyutydtammanapdsesaguddn trobge havdnghe tldk®; carbon atons or a
20 hal ogenat ed hydrocarbon group having 1 to 20 carbon atonms. Each of the
nore pref er aBEYGRYENUNE Yhosgod Hef b8 A 6r B&&HN F otPPh&FPAg 1 to 20

b t i.ch t ai t | t fl [ t, d i ticular,
cach of QY108 (S HHRFEr GEPYEa b habebnsd P RIn KL R 6 1o 20
hof Q180 Er dBFYPa 1 brT hat 8572 g |
o the conpodnd (B RcT tad- metfirpiiitaksfg)  "e iy BLmRE LY ¢ SXaTP 65

tris(pentaf | warsqEhesydl beeanebultyizs{£-mfe Bh §i phealdid«opheny| Lher ane,
tris(2,3,4,5tetrafl uorophenyl )borane, tris(3,4,5trifluorophenyl)borane,

tris(2218,4 s ltikd] pardghehly dddrcanel a paé ald ky 34 pemtiatimsowbpledniayebor ane
and the like, and tris(pentafl uorophenyl)borane is nost preferable. In the
boron conpoudd MeEY) ¢@ppeséhied B thdgerertr thenaehetriBlropdle )-, G

is an inorganic or organic_io cation; B is a boron ar%i)g the trival ent

_state; and GCRIEIFOLINT { HRS sQREARQAALMIRMR GPMBPY iT'§ he
above- nenti o%%é_%nﬁﬁ%g‘%&f@ﬁigxaqgl,e% G as the inorganic cation in
€a by

t he conpound represen e general fornmula G (BQ QQ@BQ<) 15 include a
ferroceni um cargc P dld¥dmFLdstd £ WiRd organoaluminum compound of
15 the fore-mentioned @ include alkylaluminum
sesquihalides such as ethylaluminum sesquichloride,
butylaluminum sesquichloride, ethylaluminum
sesquibromide and the like: dialkylaluminum halides
such as dimethylaluminum chloride, diethylaluminum
20 chlofide, dipropylaluminum chloride,
diiscobutylaluminum chloride, dihexylaluminum
chloride, dibutylaluminum bromide and the like;
alkylaluminum dihalides such as methylaluminum
dichloride, ethylaluminum dichloride, propylaluminum

25 dichloride, isobutylaluminum dichloride,

hexylaluminum dichloride, octylaluminum dichloride,

butylaluminum dibromide and the like; etc.




ferrocenium canon, a silver cation and the like) and the G as the organic
cation includes a triphenyl nethyl canon and the like. G is preferably a
carbenium cation, and a triphenylmethyl cation is particularly preferred.
20 As the (BQLQ2@BMX)-, tetrakis(pentafluorophenyl)borate)
tetrakis(2, 3,5, 6- tetrafl uorophenyl)borgalt e)
tetrakis(2,3,4,5-tetrafl uorophenyl)borate, 4 Tune 2004
tetrakis(3,4,5-trifluorophenyl)borate,

tetrakis(2, 3. 4z Ll du
phenyl tri s(pent gﬁ uor op%grﬁgjbor acgﬁtt%e organoaluminum compound of

tetrakis(3, Shnhst £ Ughk t |oned
b 4 Jtne 008 Tﬁﬁﬁeﬁﬁg‘éﬂfﬁ‘?ﬁy‘%@%%%ﬁ?‘?ﬁ% i %i%fu'{"hth phFalElbs

tetrakis(3, 5shicst rds | abe enpllanlvahiatym )bpaat 8p ,Sadivilylaluminum
tetrakis(3,5-bistrifluoronethyl phenyl)borate) potassiumtetrakis(3,5 5

bi stri fl uor otydnildshenyd i beobudylsilweimunet hpdi-s Apeamaf |tlos opbray! ) bor at e,
ferroceni um tetrakis(pentafl uor&fhenyl )borate, 1,1 dinethylferrocenium
t et r aki 8( pen@dYictopnbaym) didwinddest sueht §Bp|¢¢m}dml;mioum

t et raki t henyl ) borate, tetraph hsph

Lot 1 aki o( penfP %ﬁ%i%r%&ﬁ%@mf@{? heviphdsmandrihe 1ike;

t et r aki bor at . :

L1 ot hyt Sl Famt o arnatanb, BB Ak k1 PRBF ARSI BHRRGH FBESA um

t et raki s( pentafinidApheguh). bor ate)
tri phenyl car beni unt et r aki s( pent af | uorophenyl )borate, triphenylcarbenium

tetraki s(3, 5bi speicfilfiict @xaniyl @b ey HHw baiga bl dMenhink8dmBBén®0o £
tri phenyl car beni unt etraki s(pent af | uor ophenyl ) borate i s nost preferable.

Furthed® in the S@rénmﬁawndd@Bi)nq:btpdes:elﬂtyeblahymuh@rrfsowmilw are
(L-H' (BQlQZSa%‘Q-, L a neutral Lew s base; e{% is a Br-nsted acid; B
is a boron a 'ir"f‘]t:'l'ié Q%kf’?‘ii’\?éit@rq %lz%tléalaaaner ®Gt@are the same as QA

h d d S f f (L-H)
2s the Br net ohiac o prnsnE gnRd GraShoel Srkoual rmanin AL Bs e 88 by 1 he
formula (L- Hbrﬁ;%%gl%ﬁ"ﬁum'éeﬂnﬂéﬁn& I:%Pi‘la@éht%‘db% Léﬂ%d% F{um an

N, N- di al kyl ani I'i nium a di al kyl ammoni u triaryl ghos rumand the |ike)

and exanpl es fotrrin 1B~ W RIR 4 Hdreslnide’ Hagse sam Y v ﬁﬂﬁb}iﬂ%sﬁé'tﬁid
Thesespeci fic conbinati onsi ncl ude tri et hyl ammoni um

t et r akil§( penediomuoMiysh@bkdbimatnestdl i prapyl anpmefenably a lithium
t et raki s(pent af |l uor ophenyl ) borate, tri (nbutyl)ammoni um
t et raki s( penF&Pl“UoPoﬁﬂ@hW) BHPHIQE a gotassABuRFPFanaDai preferabks(3, 5

bistrifluor orre henyl bor at e t%:lrg}é_ret hyl ani | i ni um
t et r aki s(pentaa AT phP R ERCRLBF et A2 fTMGARAFAUminUm
compound (A2) is preferably LiAl(C,H;}, or LiAl(C,H,,),
in particular.

20 As specific examples of R in a cyclic aluminoxane (A3)
having the general formula: {-Al(R)-0-}, and a linear
aluminoxane (A4) having the general formula; R{-
A1(R)-0-}, AlR,, can be exemplified alkyl groups such as
a methyl group, an ethyl group, a n-propyl group, an

25 isopropyl group, a n-butyl group, an isobutyl group, a
n-pentyl group, a neopenyl group and the like. "j" is

an integer of 2 or more and "k" is an integer of 1 or




tetraki s(pentafl uorophenyl)borate, N, N2,4,6 15 pentanethyl anilinium
tetraki s(pent af | uorophenyl ) borate, N, N-di nethylanilinium
tetrakis(3,5bistrifluoronethyl phenyl)borate, diisopropylammoni um

tetraki s(pent af |l uorophenyl ) borate, dicycl ohexyl anmoni um 20

tetraki s(pent afl uorophenyl ) borate, triphenyl phosphoni um

t et raki s(pent af | uorophenyl ) borate) tri{methyl phenyl)phosphoni um, 4 June 2004
tetrakls(pentafluorophenyl)borate) z5 trl(dlnethylphenyl)phosphonlum

tetrak tafl dth d
L 3 e DURE S ot LR PSRN X GubeHER SFsELe E R LRe AR
tetrakis( penﬁfiyo?oggegﬁl )l%%rdatke 1th i[;rots 6ef erabl e. As the boron conpound
or

used in the esent I'nvent’i on, on conpound (B2) or (B3) is

preferable) andmidi a%@%%rrpﬂum etaflaiﬁlﬁ{&é‘d}{é’é' WYOPHEEYLIRAr A,

tri(n-butyl)ammoniumtetraki s(pentafl uorophenyl) borate or

N, N-di met hyl apatious heittakds. (paet aptoeeanbenyls basat drs imstapr¢f er abl e.
10 (O Solid inorganic compound When the solid inorganic conpound Is used

in the presemteshviotedn, améd Ihlewd magr gani prepapedhdacsoadingorgani c
conmpound which is solid at normal tenperature under nornmal pressure, and a
Br~nsted aci d"’%hiLthPWanm%hé’@@m Fare eranikeom they grorupreraredi Py of

netals of the & qf th Perlo Tabl e of ,the El emrents and
T feon or scPhlaPEangid sodus Son hE e aLky LA RaTpim 0% SXAEBEE ot od

acid salt preferabh kAR £ o1 11 08) TEALS Ly ANMAY U5 Bl e

netal s 20 and |co I ca oifpoun as pre incl ude

metal silicat §ogeaaeungfomaeécnpf@r@esic%ﬁbI ¥. §l Wedd &E alasllﬁt@h@r e
illustrated in detai| below Specific exanples of the netal selected from

the G oups | hedXvtasbohhe &ayi otexxahahl ecandl tthe H Dtentdthi nedtete, 25
lithium beryllium sodium magnesium alum num potassium calcium
scandium ti tﬁﬁrﬁh)%rvart‘r’adil%uﬂw@hfgm ReRArigetbei pduminoxanes by

cobal t, ni ckel E er, zinc, -15 4 June 20?4 gal | i um er mani um rub| di um
strontium yt‘t"'PP ng tinge SHFL R BT Yok $b e n dRime AL EBHI um

pal Ladi um S1Jygt, CAGLYTL L RILUM ot Y e Cesi,'s%faubfga& ahaf ni um

| ant hanum tan
{e.g. cupric sulfate hydrate) can be exemplified. It is

15 considered that the aluminoxanes thus obtained are
usually a mixture of (A3) and (A4).

The organoaluminum compound used in the present
invention is preferably the above-mentioned
organcaluminum compound (Al), further preferably the

20 above-mentioned organoaluminum compound(:L preferably
a trialkylaluminum in particular among them, and most
preferably trimethylaluminum, triethylaluminum,
triisobutylaluminum, tri-n-hexylaluminum or tri-n-
octylaluminum.

25 (B) Boron cpmpound

As the boron compound (B) used in the present invention,

at least one compound selected from the group consisting




s rhenium osmum iridium platinum gold, mercury, thallium |ead,
bi smuth, cerium praseodym un) neodym um samarium europi um gadolinium
terbium dysprosium holmum erbium thulium ytterbium lutetium
thoriunm) and the |ike, and sodium magnesium 1o nmanganese, iron, cobalt or
nickel is preferable. Further) the fore-nentioned Br~nsted acid includes
hydr of l uoric acid, hydrochloric acidf]ﬁydrobronic aci d, hydroioqg n?§b§4
water and the like. The netal halide conpound is a halide of a netal "at om
)

(aner oi Ve 1priQEn sOaMREREA oo o BV EAE T o PVt ROIBESF 3o XVi
f bly t 1003 | LI d to XVl of the Periodic
'FI)';gI ngf %/her%%n‘%%??ég qﬂdggf%?leﬁr&g 8? ;ﬁ%g?ﬁgll)oﬁe 8 Srﬁ]tedg?yrtg.ber esents a

nuneral of 1 flndPhg. £8Rg1A’ of FEORPRAGE) 2aRl obEbnOb ool HyyTher Of

the netal atomand "m'.) Specific exanples of Mz are at the netal s as

descri bed abowepr@Sen¥ea Bantbguaerant enadiacerah* b ()t)cdepr esents
a hal ogen atom and specific exanples thereof include a fluorine atom

chl ori ne at ope besadne atom -16 4 June 2004 iodine atomor the like. A
chlorine atom bromne atomor iodine atomis preferable. Specific exanples
of the netal hallindéhechbprercenpoyndBliboepresantedctygereraangmaiul a (1)
include netal _s fluorides such as zinc(ll)fluoride, alumnumfluoride,

anti mony(111)59FBBLRABO QR ¥ nBnyERF R Fe)PIRRR | 9| HBr FRE, iridiun(l)
£l ide. irigi fl i de, .ri g LY £ ide. iridi |
fluoride, t1tEIRteRE) FROEFT e ¢ BFbmampe e eyt B2 Adt Pobhiandn

£l ide. indi . . L des . { de.

s (Vi) 1 oiory e baEhuR e BpCr ML Ebra el hiRmctenel S,

pot assium f | uarsdestgabitednstily)l fdrorp dean calicokyn §roapi de) agaid(!11)
fluoride, silver(l) fluoride, is silver(ll) fluoride, chromun(ll)
fluoride, chrowbahitutedf pmdnicdgrosip amdinkhey mavobedtheclsaoe o V)
fluoride, chromun(Vl) fluoride, cobalt(ll) fluoride, cobalt(lll) fluoride)
samariun(11) $1E6eFaRf - Baekiaff 19 9f ifoPrg€erably a halogen atom,

a hydrocarbon group having 1 to 20 carbon atoms, a
halogenated hydrocarbon group having 1 to 20 carbon

15 atoms, a substituted silyl greoup having 1 to 20 carbon
atoms, an alkoxy group having 1 to 20 carbon atoms or
a di-substituted amino group having 2 to 20 carbon atoms,
and each of more preferable Q' to Q° is a halogen atom,
a hydrocarbon group having 1 to 20 carbon atoms or a

20 halogenated hydrocarbon group having 1 to 20 carbon
atoms. Each of the more preferable Q' to Q° is a
fluorinated hydrocarbon group having 1 to 20 carbon
atoms which contains at least one fluorine atom, and in
particular, each of Q' to Q® is preferably a fluorinated

25 aryl group having 6 to 20 carbon atoms which contains
at least one fluorine atom.

Specific examples of the compound (Bl} include



20 nercury(l) fluoride, mercury(ll) fluoride, scandiumfluoride)
tin(ll)fluoride, tin(lV)fluoride, strontiumfluoride, cesiumfluoride,
ceriun(ll1)fluoride,cerium(lV) fluoride, thallium(l) fluoride)

1)

thal liun(l fluoride, tungsten(lV) fluoride, tungsten(V) fluoride, 25
tungsten(Vl) fluoride, thulium(lIl) fujori de, technetium(V) fluoride,
technetium(Vl) fluoride, iron(ll) fluoride, iron(lI1) fluori de,4g{é[ilg%4

-17 4 June 2004 pentafl uoride, copper(l)fluoride, copper(Il)fluoride,
thorium(1V) fluoride, diumfluoride, lead(ll) fluqride) |ead(lV)

lvoriae.  ni CREPLPET PRI TRPn ARt (RPERRRT | Fteah i Frept ant unl1 V)
fluoride, s L { at | flauride, platinunmVl)
fluoride, paFFgg?g%ﬁ\Q%}f%% %jg‘,?r%lg%f as?gg%p\'/)g"fd‘l'%ori de, barium fluoride,
bi snut h(111) tbevaridrdpienyi ypafiner i geislpal, wi w(111) fluoride) magnesium
fluoride, manganese(ll) fluoride) 1o nmanganese(lll) fluoride, manganese(lV)
fluoride, notyhdadooridphedylpiotsne potyhdenys(ll-l) fluoride) nolybdenun(lV)
fluoride, europiun(ll) fluoride, europium(lIl) fluoride, |anthanum
fluoride, |itridihucnemtiafeyl Fluehane unpheéhyibdorlipeatafiifdtomphgiyl) 15
fluoride, rubidiumfluoride, rhenium(1V), rhenium(V) fluoride,

rheni um( V1) f PA&ARGeRnANERE Uk | Jad tddisd@entaddiuniepiignyl lbprape

rhodi um(1V) fluoride, rhodi V) fluoride, rhodiumVl) fluoride and the

like; netal &l BOS eé’rsﬁhﬁeffa;&g{?r nc(1) chloride, zinc(l1) 20 chloride,

LT, Do ) A ERR bbbl P Fole A GREE G 5l o
iridiun(lll) remanide: (Botdigrat) V) ¢ Rdi Wl Iﬁﬁ%ﬁi@@ri@g@ma )
chloride, indiun(lll) chloride, osmum(I1l) is chloride, osm un(lV)
chl ori de) osriadipY); Ghhisr adbproadatom( ih)thél bridelepat assatp;chhadri de,
gal lium(l) chloride, galliun(ll) chloride, galli unl(l 1) 3chl oride, -18
Q" to Q' are the same as defined in @ to @ in the
above-mentioned (Bl).
Specific examples of G' as the inorganic cation in the
compound represented by the general formula G'{BQ'Q*Q°Q*)"
15 include a ferrocenium cation, an alkyl-substituted
ferrocenium cation, a silver cation and the like, and
the G’ as the organic cation includes a triphenylmethyl
cation and the like. G'is preferably acarbeniumcation,
and a triphenylmethyl cation is particularly preferred.
20 As the (BQ'Q°Q%°Q%)", tetrakis(pentafluorophenyl)borate,
tetrakis(2,3,5,6-tetrafluorophenyl)borate,
tetrakis(2,3,4,5-tetrafluorophenyl)borate,
tetrakis(3,4,5-trifluorophenyl)borate,
tetrakis(2,3,4-trifluorophenyl)borate,
25 phenyltris(pentafluorophenyl)borate, tetrakis{(3,5-
bistrifluoromethylphenvl)borate and the like are

mentioned.




4 June 2004 calciumchloride) gold(l) chloride) gold(lIl) chloride,
gold(lIl) dichloride, silver chloride, titaniun(lll) chloride, chromun(ll)
chloride, chromun(l1l) chloride, chromum(IV) chloride, cobalt(Il)
chloride, 5 nercury(l) chloride, mercury(ll) chloride, scandium chloride,
tin(ll) chloride, tin(lV) chloride, strontiumchloride) ceriun(lll)
chloride, ceriunm(lV) chloride, thalliU%%T) chloride) thalliunm(ll) )une 004
chloride, thallium(ll) chloride, thallium(II1) trichloride, 1o tunhgsteéen(ll)

hioride, t 111) chlorid ten(1V) chloride. tungst
Chiori do, ¢ ungePaReer FheRRERRE oMY Sﬁr?%mvéﬁ‘fa@‘e”#ﬁ%hepi’nl”?scﬁ{‘érv? de)

chl ori de., | eaderrikie i i E T Fone LTS Py hridata oo Ge.
neodymi un(! 1) +glh-Qkiidq.3, rsaqsimy{%iﬁ oﬁggﬁ&igﬁeing ”Eylélrgé') chloride,

platinun(lV) chloride) platinumtrichlori ‘chl ori de)

bi smuth(l11) pbkasisdam Reaasepeysjyupgll1) chloride, plutoniun(lV) 2o
chl oride, beryliumchloride, magnesium chl ori de, nmanganese(ll) chloride,

nmol ybdensin( | | pishirdfilaesr o WHgdewhue vl ) poeklker,i deilwekybdenun(1V) chl ori de)
nol ybdenum chl ori de (V), eurqg&un(ll) chloride, europiun(lll) chloride,
Ianthanunlchl6?¢§éﬁﬂﬁhﬂﬂﬂﬁﬁ§ Q%@Eh@@ﬁl)beFﬁéﬁluﬁewmqpaﬂﬂumlde rubi di um

chl oride, rheni ), chloride, rheni chloride, rheniumV) chloride,
rheni unm( V1) cﬁﬁgngéégkﬁﬂﬂﬁQF%QQIOPhﬁ@Yﬁ Bv%étﬁﬁoi +dhi-ori de, rhodiun(I1)

o 5, RORME QLo D BRI, B o e
antimony(1V) Beeaitde, tdirdviR PIoNES onium

10 tetrakis(pentafluorophenyl)borate,
tetraphenylphsphonium
tetrakis({pentafluorophenyl)borate,,
tetramethylammonium
tetrakis(pentafluorophenyl)borate,

15 trimethylsulfonium tetrakis(pentafluorophenyl)borate,
diphenyliodonium tetrakis(pentafluorophenyl}borate,
triphenylcarbenium tetrakis(pentafluorophenyl)borate,
triphenylcarbenium tetrakis(3,5-
bistrifluoromethylphenyl)borate and the like, and

20 triphenylcarbeniumtetrakis(pentafluorophenyl)borate
is most preferable.

Further, in the boron compound (B3) represented by
the formula (L-H}'(BQ'Q’Q°Q*) ", L is a neutral Lewis base:
(L-H)" is a Br¢nsted acid; B is a boron atom in the

25 trivalent state; and Q' to Q' are the same as Q' to Q°

in the above-mentioned Lewis acid (Bl).

Specific examples of (L-H)' as the Br nsted acid in




5iridiuml) bromde, iridium(ll) bromde, iridium1I11) brom de,
iridium1V) bromde, indiun(l)bromde,indiumdichloride, indiun(lll)
brom de, osmun(Il11) brom de, osmum(lV) brom de, cadm un{Il1) brom de,
pot assi um brom de, galliunm(l) brom de, galliumdibromde, 1o galliun(lIl)
brom de, cal cium brom de, gold(l) bromde, gold(lIl)bromde, silver

brom de, chrom un(11) brom de, chroniuﬁ%PFl) brom de, nercury(l) Qr m Goa
mercury(ll) brom de, scandium brom de, titaniun(l11) brom de, tIH?P??

bromi de, ti bromide, stronti i de) 15 cesj um broni de, i um(1 11
o7 o de. ¢ A RIT BTG SREET AR FPAER] FReb SR {ungst en 1) br om de)

tungsten(l 1) ghr még,gl?ird;ﬁ?ﬁ ;?Jh(oél\{)dé)ré’”’&?fa%#%‘rﬂ?%%f)g%‘%g&ret | de.

tungsten(Vl) ‘bro rom de, rron iiron

oct abrom de, zagdiBRRE" [Nelp:Fel=h br gmj ' ‘ brom de,
sodi um brom de) ni ckel Eaﬁ )mbl\{rlgar%q%le}ffﬁ'gﬁ%ﬁ%%ﬁ')Qgéggnlﬁg?gfé‘f“ggﬁrl‘fh@ﬁ( V)
broni de, pl ata Ry hylosesiegn paml agdaukhlel Livomgm dadmpne§rggi de,

bi smut h brom de, berylium brom de) nmagnesi um brom de, zs nmanganese(l1)
brom dep nol {REQREAIEH0') ) incdnidde , thd ey bale npné v L b shyodieder imeld/bdenun( | V)
brom de, europiun(ll) brom de, europiun(lll) bromde, |anthanum -20

broni de, |ithi ufhBE8MRRCLIEiR Kombimatjony dnicdaidest yiathgdemmontiugi um

b i d heni L11), b ' hepi I b i d heni b i d

hodi unt 1 1) BEAREYS (HL e 477 FEBPBRL oS & he T HREEPHAAEORSBRdes. such
5 . LY podi . . Cant i . i odi de,

|| FabEE BB L R e g S ot ey

Codi de, iridi | ol e+ i £ it S L L odi de.

i U111 o g P ol IR 88 TTE) 1 o de.
cadm umei odi de)i (pottastsy Lyanmeh fen gakirakisl()3 ,isodi de, gal liun(111) iodide)
calciumiodide, gold(l) iodide) gold(Ill) iodide, silver iodide)

titani un(l 1| Plsgdildfeluerenethniphenyddbdsatehr dhiNm(111) i odi de, cobalt (1)

i odi de, cobalt (111) 15 iodide, nercurﬁ(l) i odi de, nercury(l1l) iodide)
scandi um i odi%d@e kAN Linkmet et rak vy Pegdiadd uakarhpyhi borate,

N,N-diethylanilinium
tetrakis({pentafluorophenvl )borate, N,N-2,4,6-

15 pentamethylanilinium tetrakis(pentafluorophenyl)
borate, N,N-dimethylanilinium tetrakis(3,5-
bistrifluoromethylphenyl)borate, diisopropylammonium
tetrakis(pentafluorophenyl )borate,
dicyclohexylammonium

20 tetrakis{pentafluorophenyl)borate,
triphenylphosphonium
tetrakis{pentafluorophenyl)borate,
tri(methylphenyl)phosphonium
tetrakis(pentafluorophenyl)borate,

25 tri(dimethylphenyl)phosphonium
tetrakis(pentafluorophenyl}borate and the like, and

tri{n-butyl}ammonium




i odi de, cesiumiodide, ceriun(ll) iodide, ceriunm(lll) iodide, thalliun(l)
iodide) thallium(l11) iodide, tungsten(ll) iodide, tungsten(lll) iodide, 20
tungsten(lV) iodide, tungsten(V) iodide, tungsten(Vl) iodide, iron(ll)
iodide, iron(lll) iodide, triiron octaiodide, copper(l) iodide, copper(ll)

i odi de, thorium(1V) iodide) sodiun1iofide, | ead(11) iodide, nickel(Il)

i odi de, neptuniun(lll) iodide, 25 nep ﬁhiun(IV) i odi de, platinumﬁﬁég 004
i odide, platinum(lV) iodide, platinumtriiodide, palladiumll) io |d%,
bari um i odi de, bisnquth(I11)_j odide, - 4 June 2004 plutonium(111)

i odi de, ber yFFitEﬁ*?‘ilédiné‘,t %E?Eﬁ‘r‘??‘éagé@?aﬁ&n%né’s&w 1) i odide,

oyt et LRSS L 48, SR SRL A ) )

europi unm( 111 ahumi o ratheni-am(11)

i odi de, rut hgpi I i.adi de, rubidiumiodide, rheniunm(lIl1) iodide,
rheni un(1V) ?ggﬁggﬂééﬁiéﬁﬁﬁk\o i odide, rhodiun(ll) iodide, rhodiun(lIl)

i odi de and theakikge BHeoREtémpbahideska phefkeaprysendi uAvehtebhgde, sodium
1o i odide, nagnesium chloride) nmanganese(ll) chloride, iron(ll) chloride or

ni ckel (b1) bthe tercss ddmpoohd d(BROr gani( B3godsomrefddebliepramii ¢ oxide is
nore preferable. The inorganic oxide include oxides of netals of the G oup
| to the G oigirWenylaarebeniumtetrakisipeatef lues apnhansnt sbematei | i con,

and i ncl ude sinqle oxi des and conpound oxiges t her eof . %ggcific exanpl es of
atons of et &Fd (G AHY GIUPCPLER tRETEkIGH PRIt FHYFRPLARAE) of netal s as

previously d%%%gégu%r N,N-dimethylanilinum tetrakis
{pentafluorcphenyl)borate is most preferable.
10 (C) Solid inorganic compound
When the solid inorganic compound is used in the
present inventiocn, the so0lid inorganic compound is an
inorganic compound which is solid at normal temperature
under normal pressure, and a Br¢nsted acid salt of an
15 atom selected £from the group consisting of metals of the
Groups I to XVI of the Periodic Table of the Elements
and silicon, or a layered silicate compound is
preferably used. The Bré¢nsted acid salt preferably
include halides of the metals, and oxides of the metals
20 and silicon. The bedded silicate compounds preferably
include metal silicate compounds, and more preferably
clay minerals. They are illustrated in detail below.
Specific examples of the metal selected £from the Groups
I to XVI of the Periodic Table of the Elements, include
25 lithium, beryllium, sodium, magnesium, aluminum,

potassium, calcium, scandium, titanium, vanadium,

chromium, manganese, iron, cobalt, nickel, copper, zinc,




20 Specific exanples of the inorganic oxide include zinc oxide, alum num
oxi de, antinony(ll1) oxide, diantinony tetraoxide, antinony(V) oxide,
ytterbiun(ll) oxide) ytterbium(ll1l) oxide, yttriumoxide, yttrium alum num
oxide, yttriumiron oxide, iridiunl II) oxide, 2s iridium1V) oxide,

i ndi un(1) oxide, indium(Il) oxide, ﬁ un(I1'l) oxide) erbiun(lIl)

oxi de, osmi unm(I1V) oxide, osmunmVIIl) © cadm un( 1) oxide, 2004
gadolinium(111) -22 4 June 2004 oxi de) pot assium oxi de, galli um(I oxi d

1 | d i dg) gol d d |
ox d'e“”‘s!!L)er%%}?a}zwéig%?ﬁw%ﬁ%fls%ﬁ’aﬁx-tg. BRsEP sy ver(1)

chrom un(l1) ro hr romum(\/)
oxi de, chrom g ?g’lg% deIHllb r+ (n?cr% réu@obgrﬁtl%lﬁ) oXi é:'l-}q) alt(1v)

oxi de, tri cobﬁailha&hﬁaOXIsqen_,véiobaéa&hilm osshdﬁumcot&aht ( Ialn)u%rﬂﬁ
samariun(l11) oxide, zirconiun(ll) oxide, zirconiun(l V) oxi de, rrercury(l)
10 oxi de, mer cgey i), dxaﬂfuﬁg:amﬁnmnmxu.dathramﬁd | Yantdeumt i nihdSten| de,
strontium oxi de) cesium oxide, ceriun(lll) oxide, ceriumV) oxide,

thal l'iun§l) oxhesiumhaldsminm,||)riiive, pietanhall igohd.r mebasy.
tungsten(lV) oxi de tung ten(Vl) oxide, tantalun(ll) 15 oxide, tantal un(lV)
oxi de) tantal R WL igm.d )eqq,t aFPﬂ%IW{‘FIF) SRF §um, tPFéﬁPQWFHiI‘%‘“-om de,

tit | | d R t.et d
ron(1V)  ox) dﬁé'oﬁgm' i Iestkhe, SYEPBERY | GBI %EB‘%@) %o de.

copper (11) oxagspr%%lh r'MrﬁfﬁmOxéf.jgil.ulﬁOd'thﬁ)ﬁglg)e)ygit%b. oxi de)

| ead(1V) oxide rilead 't etraoxi de ead trioxi 1) oxide,

ni obi un(1V) oxhéeritkebtHBEYhaXi §8a thEKalKd | hnaxsd@iuncatyghedidhl) oxide)
platinun(ll) oxide, plati nurr(l\/) oxi de, triplatinumtetraoxide, 25

vanadi umg | | ) mangenesanadizon]|dgbakt der udnkdiludsl Yrederdhle/anadi un(V)
oxi de, hafniun(lV) oxide, palladiun(ll) oxide) palladiun(]V) oxide)
di pal | adium -P@rihggnpe t@@o;f.ore -mentioned Br¢nsted acid includes
hydrofluoric acid, hydrochloric acid, hydrobromic acid,
hydroibdic acid, water and the like.
The metal halide compound is a halide of a metal atom
15 represented by the general formula (1) described below:
M X2, (1)
(wherein M’ represents a metal atom selected from the
Groups I to XVI, preferably the Groups I to III and the
Groups VI to XVI of the Periodic Table of the Elements
20 and X*represents a halogen atom. "m" represents a numeral
of 1 or more, and "n" represents a product of a valence
number of the metal atom and "m".)
Specific examples of M’ are atoms of the metals as
described above.
25 X* in the above-mentioned general formula (1)

represents a halogen atom, and specific examples thereof

include a fluorine atom, chlorine atom, bromine atom,




trioxide, bariumoxide) bisnmuth(ll1) oxide, bisnmuth(IV) oxide, bisnuth(V)
oxi de, arsenic oxide, praseodymun(ll1) oxide, praseodym un(lV) oxide,
beryl | i um oxi de) boron oxide, holmun({lll) oxide, 5 rmagnesi um oxi de)
manganese(l 1) oxi de, manganese(ll1) oxi de, manganese(lV) oxi de,
manganese(Vl) oxide, trimanganese tetraoxi de, pentamanganese octaoxi de,
bari um manganese(1V) oxi de, nol ybdenuntil) oxide, nolybdenun(I | )juRpoi®)
nol ybdenun{1V) oxide, 1o nol ybdenum(V) oxide, nolybdenunm(VI) oxide,

europium(11) ;oxi.de, _europiun(llL). oxide rieuropiumtetragxide, |anthanum
oxt dbr 111 ) AneibR e o B T KR of cBLOFEPReRE ) BFoRT geaton

rut heni um( VI LL) 004 s i dj i enium(111) 15 oxide, rheniun(lV)
oxi de) rheni hrk’r?( \}%ﬂlg‘% (fg'm,}rl ﬂ%%?%ﬁ%_@???b%%-qe) rhodi un(I11) oxide)

rhodi un(1V) oxggdecizheMeRdMpIAA%Y ¥Redh8XhdChal i8R PApFeBHTed @FA de,
silica, germanium di oxi de, Sel enium di oxide, potassiumthalliun(Ill)

di oxi de, |it hhemablvald -imentidne@ogehexallefot@tillar { un dhelude, makad num
sodi um di oxi de, indiunm(l11) sodiumdioxide, iron(ll11) sodium dioxi de)

| ead( ||} di pstlastidnsisochdas igue(IT) fdivegdiden alomidem Sluecade.| it hi um
di oxide, indium(II1) Iithjiumdioxide, galliu III% l'ithium )

di oxi de, i r on@AHYMANE G i f BxeBEde psabdneRW{ VI | FLPREAGR( | YEFTdnmoxi de)

AR T LRI N E A S PR Sl SR CE TR

di pot assi um trispal. des + 4 al god s gal Gl ; tr l di al um num
coBaI t(I1) tgtfrl?&x%e%ﬂ%fs%%ﬁ%%'sg'glﬂ%hﬁe{tﬂr@ox%%?%él ciumtin(lV)

tetraoxide) aijaddiiinge Bt oplhopitielr agxiadem (v digndizngs| ) strontium
tetraoxide) tetrasodiumtitaniun(lV) tetraoxide, iron(ll) titaniumlV)
tetraoxdicde, dixbiadium{VI} dluedids, tieddao(ildd,) dilaouwmdeunnembnmt@Vlaoxi de,
di bi smuth(111) copper(l1) tetraoxide) dicalciumlead(l \%ltet raoxi de,
diiron(l11) tidycsskle )%‘E%‘#'ab')li)dé,lu&Fbé‘lei:umslﬂédﬂ'((l\{é) telvepidde, cal ci um

gat 1111 chbagut fey bpobumael L) e e, cpgetum ron(l] ),
0 1 TV TSR SLEATIAE, (LT eSS k20
di sel enium fluoride, gold(IIXI) fluoride, silver(I) fluoride,

15 silver(II) fluoride, chromium(II} fluoride,
chromium(III) fluoride, chromium(1IV) fluoride,
chromium(V) fluoride, chromium{VI) fluoride,
cobalt(II) fluoride, cobalt(III) fluoride,
samarium{II) fluoride, samarium(III) fluoride,

20 mercury(I} fluoride, mercury(II) fluoride, scandium
fluoride, tin(II) fluoride, tin{(IV) fluecride, strontium
fluoride, cesium fluoride, cerium(III) fluoride, cerium
{(IV) fluoride, thallium(I) fluoride, thallium(III)
fluoride, tungsten(IV) fluoride, tungsten(V) £fluoride,

25 tungsten(VI) fluoride, thulium(III) fluoride,

technetium(V) £fluoride, technetium{VI) f£luoride,

iron{(Ii}) fluoride, iron(III) fluoride, diiron




pent aoxi de, dipotassiumdititanium|V) pentaoxide, ditellurium pentaoxide,
di arsi ne pentaoxide, octalithiumlead(lV) hexaoxi de, potassium octaborate,
zo sodium octaborate. The solid netal oxide used in the present invention
is preferably magnesi um oxi de, al um num oxi de, silica) iron oxide, titanium
oxi de, zirconium oxide and manganese 9§.961 in particular. zs The inorganic
oxi de can be also used as a conpound oXide or m xture containi nga44h& 2004

i norgani ¢ oxi de. Further, those having a hydroxyl group on the surface of

th -25 i ' i b I ed.. 4 June 200 co nd oxi de

or mixture | nerOaEE NRelrs - BeBBsRRe I S aiter R Gt NG RRER o e
L Lurm Lde  sid 1 oan . . Sl : oxi de.

Sl cantitani SRR SRida0; BV AKLHD e b LA A P O or gani ¢

conpound usedfhao&h@enragﬁﬂi(rmyeﬁiﬁgﬂida,Iaiek@d(qhhiqahﬁnggﬂppund can be
al so used. The layered silicate conpound becones a |ayered io structure

crystal in whheptuetinahddi B sf bioSide, aneptanalmy IMInkachatiddy ee peaks to
form two-di mensi onal sheet-like structure, and other ions (ions such as

al umi nuny nangdaddaum ((I6h oflueride keplatsnpmi¥d Hlusgrideni ng with the
structure. It is usualkr so-called i5 clay mnerals which belong to

phyl | osi | i cat B$2t3PaE ML) Skitpride of PahdafapRidd )s v onpound i ncl ude

SRR R EI R T Rt e

CIINTOL! e TR, SYEPELASh, uoFRAThbtadth () o lag! o
magnesium fluoride, manganese(II) fluoride, -

10 manganese(III) fluoride, manganese(IV) fluoride,
molybdenum({II) fluoride, molybdenum(III) fluoride,
molybdenum(IV) fluoride, europium{II) fluoride,
europium(III) fluoride, lanthanum fluoride, lithium
fluoride, ruthenium(II)} fluoride, ruthenium{III)

15 fluoride, rubidium fluoride, rhenium (IV), rhenium(V)
fluoride, rhenium(VI) fluoride, rhenium(VII) fluoride,
rhodium(III) fluoride, rhodium(IV).fluoride,
rhodium(V) fluoride, rhodium{VI) £luoride and the like;
metal chlorides such as zinc(Il) chloride, zinc{II)

20 chloride, aluminum chloride, antimony(III) chloride,
antimony(IV) chloride, yttrium(III) chloride,
iridium(I) chloride, iridium{(II) chleoride,
iridium(III) chloride, iridium(IV), indium{I) chloride,
indium{II) chloride, indium(III) chloride, osmium{(III)

25 chloride, osmium(IV) chloride, osmium(V} chloride,

cadmium(II}) chloride, potassium chloride, gallium(I)

chloride, gallium(II) chloride, galliium(IXI) chloride,




nontronite, saponite, hectorite and the like; mca clay mnerals such as
muscovi te) paragonite, sericite) celadonite, glauconite, phlogopite,

fl uorophl ogopite) 2s biotite) lepidolite and the like; pyrophyllite, talc;
vermculite; chlorites such as pennine, cookeite, sudoite and the |iKke;
corrensite; tosudite and the |iKke. -26 4 June 2004 These may be natural
or synthesized mnerals. Anpbng these;*8fectites, nica clay m nejqhs 2008l c
are nore preferable. The | ayered silicate conmpound used in the present s

i r”éfSt”?rLﬁP, ”gxeﬁﬁ%éﬁigﬁf%a%Etgcoﬁfﬂéﬁ%e}ﬁ%ﬁﬁﬂ%ﬂ@ié&33hcé?ﬁf&”f%ﬁ'ef he
, . \ t
Tayers ana oipaEyy Bleriondid UL O: AR a O s LT DB o T

exanpl e, a | ;REBREES CheRRAL( By &R18L8ReCabhirefdidni(15G)As to be easily
di spersed (or sweiled) in an organic sol vent such as an al’i'phatic

hydr ocar bon ERlo@idecXeheoniciii(@ne) chHfoid&) adetia Lt (Ily oslwI bpnde., 9.

tol uene, xylene), etc. The lipophilic treatnent neans usually a 1s

treat neft i nmakcokydd )exdlanmidy, ceeronrvlilEl ehilstddect wemmdimn| ayers of
the lanellar silicate conpound is ion-exchanged by an organic cation or the
|i ke. As thechlgadde . .chinbhf) rdrlasddl éﬂ,lne(rﬂﬂr gaipglémtmtéwp an

[ I ti dth ' rent i qd, d th
QUat or nar y. aFASAEAAS o SO CEH LeRLPRpar t PR HHo 01 #or gani c
d [ : t ty e jstsd S, and treatnents
gﬁgﬁogg nyffgﬁéﬁé§n§“ggfﬁﬂ%ﬁ#{3§2 %gg%ggﬁggﬁggﬁogh?%gﬁﬁ%&ﬂ zs sieving and
the |ike canthgialism@anduHeski &l t 881 15 LmTBY 10 t¥4SRGh1NEs, OF i N
(T ! T2y 1h ,

conbi nation of two or nore.

10 tungsten(II) chloride, tungsten{(III) chloride,
tungsten{IV) chloride, tungsten(V) chloride,
tungsten({VI) chloride, iron(II) chloride, iron(III)
chloride, copper(I) chloride, copper(II) chloride,
thorium(IV) chloride, sodium chloride, lead(II)

15 chloride, lead(lIV) chloride, nickel{II) chloride,
neodymium{II) chloride, neodymium(IIX) chloride,
platinum(II) chloride, platinum(IV) chloride, platinum
trichloride, palladium(II) chloride, bismuth(III)
chloride, prasecdymium({(III) chloride, plutonium(IV)

20 chloride, berylium chloride, magnesium chloride,
manganese(II) chloride, molybdenum(II) chloride,
molybdenum(III) chloride, molybdenum(IV) chloride,
molybdenum chloride (V), europium(II) chloride,
europium(III) chloride, lanthanum chloride, lithium

25 chloride, ruthenium(III) chloride, rubidium chloride,

| rhenium(III)} chloride, rhenium(IV) chloride,

rhenium(V)} chloride, rhenium(VI) chloride, rhodium(I)




-27 4 June 2004 When the catalyst for polynerization of the present

I nvention is used, the anount of the organoal um num conpound (A) used can

be selected froma w de range in which the concentration of the

or ganoal um num conpound s (A) in the polynerization systemis usually 10'6
to 10 nol/1. A range of from10'5 to | /1 is preferable. The anount of

t he boron conpound (B) is used at an ahbunt in which a nol ar rat i ¢,.0f 200k e

or ganoal um num conpound (A) to the boron conpound (B) [(A/(B)] is 1o

usually fromQ, 1 to.1000 nd preferahly fromQ.5 to The ampunt of
the sol i d | noPBERFE EonpBaRd Pyt he s hari i ediodduCEET) hiefflige fn
whi ch the con t I on..Qf ohid i | %&m%%ﬁ@ ) 1o 15

pol yneri zat i O%ﬁgyg?émﬂlﬁggushgﬁaa %6%6{&%%%%153 an p?fefetr)%glr%agf om

O Cang/1 to 10889h%) Bhenie rabhlishdnI8rbaiEe0MaRtGidHyY( 1101 1009/ 1. As
t he nethod of supplying the respective conponents in a polynerization
vessel ) for epaonide,t BeyiaenZOIvuppLoeiden gatiriam bgasnisieh as ni trogen,
argon or the like under a noisture free condition. The catal yst conmponents
(A, (Bsand L€lddam(de bewariakesl yirfigtum( I Ihybityenide, aftbdipmeUIdlsl y
contacting. The polynerization is usually carried out at a 25 tenperature

of from -80' CPFOM3deC, 1ptAiemABN) H¥emde- indimd ) hremisico bRaLERab! y
o 20 | RE R A SR et 1 TSRS St R S gy 2 ¢
enor al - 1he. ol Beci i [uBhLLa BT, P ORTaE Rt T rg o
the kind 5 of pgoth@sie,eda100 iRl T PNerémi &3¢t AN 1apRa @iBiomialgl, t he
10 gallium(III) bromide, calcium bromide, gold(I) bromide,
geld{(III) bromide, silver bromide, chromium{II) bromide,
chromium{III) bromide, mercury(I) bromide, mercury(II)
bromide, scandium bromide, titanium(III) bromide,
tin(II) bromide, tin(IV) bromide, strontium bromide,
15 cesium bromide, cerium(III) bromide, thallium(I)
bromide, thallium(III) bromide, tungsten(II)} bromide,
tungsten(III) bromide, tungsten({IV) bromide,
tungsten(V) bromide, tungsten{VI) bromide, iron(II)
bromide, iron{(III) bromide, triiron octabromide,
20 copper(I) bromide, copper{(IIl) bromide, thorium(IV)
bromide, sodium bromide, nickel(II) bromide,
platinum{II) bromide, platinum(IV) bromide, platinum
tribromide, palladium{II}) bromide, barium bromide,
bismuth bromide, berylium bromide, magnesium bromide,

25 manganese(II) bromide, molybdenum{II) bromide,

molybdenum(III) bromide, molybdenum{IV) bromide,

europium{(II) bromide, europium(III) bromide, lanthanum




range is usually from1 mnute to 40 hours. Either of a continuous

pol yneri zati on process and a batch-w se pol ynerizati on process can be
adopted. Further, a slurry polynerization or a solvent 1o polynerization in
whi ch a hydrocarbon sol vent such as propane, pentane) hexane, heptane)
octane, toluene or xylene, or a halog @qted aromati ¢ hydrocarbon sol vent
such as chl orobenzene or o-dichl orobefiZene is used) a |liquid phasgne 2004

pol ymeri zati on without using a solvent, or i5 a gas phase pol ynerization

can be conducted.. Mrepy in the.present .invent) an_electron donor
comound usudiAtn S e PEOT o EmenaR A £ FEREIES catal you
system nmay b‘i:xfo@ﬂf—ﬂnhF‘b&&‘ﬁi&é‘?sEﬂén&mﬁ?&tﬂﬂ”zbfc&ﬁ&é’?':EhQHiﬁﬁkN‘ir I's 20
produced by polynerizing an addition-polynmerizabl'e nononer 1n'thé presence

of the aboveywii&nedrkahalnsy)f srofddied, FhdPlumEr Fabkomiaand preferably
by honopol ynmeri zi ng an addi ti on-pol yneri zabl e nononer) for exanple, an

ol efin, or byhahDhy(ELILZi Bgonbdel ehtintRe WMikb ;anethdr jelddides andfor an
addi ti on-pol yneri zabl e unsat urat ed conpound ot her than the ol efins.

Addi t i o- pol aterdizady( BI hohodede . wailtknicam Heodipht i e@lant28dngune 2004 to
the polynerization, olefins, vinyl esters, ethylenically unsaturated

carboxylic aditlratodifel aBtamenylddddr yiodiday |YaEbhari éofd8rocar bon
d d the, li re menti . | ef i ] inl
contai ni ng o gt ) oiEadRR, SHRIFII D Hodfadt, TRIATRIIEAI S 20
b t v o AL ti I , - f 1 I to 20 b
crom . a of o SL8E, A EkSn (Y 80ach HIEr PHbASad. 0 %) Chced, and

2 or more of ifm@@ﬁgﬁlﬁéi&ot&.@é,S@shl&%ﬂl(m sbaide, TieLdm (1 ) $heaide,C
exanpl es of the olefins include |inear chain olefins such as ethyl ene,

propyl erve, 1-dembme(IIIpendbdndg,lchdminm) ibddhdet,epetabsicimariedilenonene,
1-decene and the like, branched ol efins such as 3-nethyl - 1-butane,

3- et hyl - 1- pegabhbumfIpekeddde 5 galddmmdid Indodhdel. | @b cipnlodidehexene
and the like) i nvention should not_be limted to the

above-menti o qg&iggaﬁhgggggaeﬂﬂﬂ&ﬁé&uﬁﬂQ%ﬁ%ﬁ TﬁﬁvﬁFn§Pgé ers include
Vi nyl acetatetiyéﬂ¥hm§?gghoggéiﬂev!@ﬂréﬁﬂyﬁﬁgg}iggdéggéllke. 20 As the

et hyl eni cal | y unsat ur carboxyl’i ¢ ac rs thereof,
acryl ate commowRgmiand 1fehhachtlsal.e LATPOUES PE&1@6ef ebBRhe (19agCi fic

exanpl es of the acrylate conpounds include nethyl acrylate) conpounds in
whi ch ned hyl DédieEhyenslyy el Piodide, mercury(Il) iodide, scandium
' iodide, tin(II) iodide, tin(IV) iodide, strontium
iodide, cesium iodide, cerium(II)} jodide, cerium(III)
iodide, thallium(I) iodide, thallium(III) iodide,
tungsten{II) icdide, tungsten(III) iodide,

20 tungsten(IV) iodide, tungsten(V) iodide, tungsten(VI)
iodide, iron(II) icdide, iron(IlIl) icdide, triiron
octaiodide, copper(I) iocdide, copper(IIl) icdide,
thorium(IV) iodide, sodium iodide, lead(II) iodide,
nickel{II) iodide, neptunium{III) iodide,

25 neptunium(IVv) iodide, platinum(II) iodide,
platinum(IV) iocdide, platinum triiodide, palladium(II)

iodide, barium iocdide, bismuth(III) iodide,




zs is replaced with ethyl, n-propyl, isopropyl, n-butyl, isobutyl or
tart-butyl, or the like. Further, specific exanples of the nethacryl ate
conmpounds i ncl ude net hyl -30 net hacryl ate, compounds in which nmethyl of
met hyl 4 June 2004 nethacrylate is replaced with ethyl, n-propyl,

| sopropyl, n-butyl, isobutyl or tert-butyl, and the like. 5 As the al kenyl

aromati ¢ hydrocarbon conpounds, an al"lgeln‘yl conpound havi ng an arp %i2%04
hydr ocar bon group having 6 to 25 carbon atons is preferable. Specifi¢
exanpl es of the aromatic h){dr_ocar bon group havipng_6_to 25 carhon at ons

5

i ncl ude a phéhteRbap{IL1? ofpAigeouPrit AWy 1a4iS upPadnegdiiiMut yI pheny!
group, a vinyl phenyl grou a t hyl..qgrou a.phena W o.arQu an

ant hr acenyl g‘r%‘%‘p&%hd‘g?’ﬁ%%‘?ﬁgﬁgﬁpﬁéﬁ%ﬁegr @‘86?’b§eélé‘r’“3fﬂrgIr)o&giﬁado‘%<y| yl
group) a tert- r 5 g Vi EE.i]ﬁ.ﬁl r :a9d a napht hyl group
are preferabﬁ%&%%a%g‘g@ﬁyg g’)%gr%p €s erc‘i?ilot e a?/ Iegy?&g%ggrétic hydr ocar bon

i ncl ude al kenyibepzeNesISYHL@BAS! Walithardip Heay RS, opyt Biem iddahwny| but ene,
and the |ike; alkylstyrenessuch asp-nethyl styrene, m nethyl styrene,

0- net hylsst yr enetheattiy LIyl ededemn etulthlesntiymeid I o izad ietdy lratbirdineg

2, 4-di net hyl styrene) 2,5di net hyl styrene, 3,4-dinethylstyrene) 3,5

di met hyl st yr ekedide perhenismdIdyi)s tiyndinty , prheniwaf Vit ypdade. -

p- sec-butyl styrene and the |ike; vinylnaphthal enes such as

1- vi nyl napht FEREREINGY) g o FAMEURCH hot p4Rsr nFRBRREEHE LR  he

i ke, etc. Thf:;&%&é‘l rsxﬁ tcgg iclqclet I on polynerization of the -31

The metal halide is preferably sodium chloride, sodium

10 jodide, magnesium chloride, manganese(II) chloride,
iron(II) chloride or nickel(II) bromide.

As the solid inorganic compound, the inorganic oxide
is more preferable. The inorganic oxide include oxides
of metals of the Group I to the Group XVI of the Periodic

15 Table of the Elements and silicon, and include single
oxides and compound oxides thereof.

Specific examples of atoms of metals of the Grbup I
to the Group XVI include atoms of metals as previously
described.

20 Specific examples of the inorganic oxide include zinc
oxide, aluminum coxide, antimony(III) oxide, diantimony
tetraoxide, antimony({(V) oxide, ytterbium(II) oxide,
ytterbium(III) oxide, yttrium oxide, yttrium aluminum
oxide, yttrium iron oxide, iridium(III) oxide,

25 iridium(IV) oxide, indium{I) oxide, indium (II} oxide,
indium(III) oxide, erbium(III) oxide, osmium(IV) oxide,

osmium({VIII) oxide, cadmium(II) oxide, gadolinium(III)



4 June 2004 present invention is suitable for production of an olefin

pol ynmer. The olefin polynmer produced is preferably a copol yner of ethyl ene
with an a-olefin (anong them a linear |ow density polyethylene (LLDPE) s
is preferable) in particular) and specific exanples of the conbination of
nmononers constituting the copol ynmer include ethylene and propyl ene,

et hyl ene and 1-butene, ethylene and T-4fexene, et hyl ene and 1- OCt‘fﬂﬁ" 2?)'39
the like) but the present invention should not be limted io to ese

conbi nati ons. Further t he, above-nenti oned catalyst for polynerrzatron i's
suitabl e beca®¥ids. Ra%s ey R%tde, Sﬂ%‘f’r‘ﬁ“%? yhekdey %ﬁi}w Ry an

| ef h b od bly 15
used | h”aazré%&@“?ﬁrq%tr%%t‘rcioﬁa e, 8 cobaRgm e Bt i n
pol yrrer. The L2ebLEtEY b b§1ﬁ%t STIMRAE OF) Tt AR RI0RY( 1319 GRALE, shown by

the existence ratio o er ‘of ‘succéssive consti‘tution ‘units.

Wherein the i ﬁ?i§£lbér3ﬁb§é@ﬁ§@er ec&ttt&ﬁi@n( ot ?fdﬁ@@ Yo Burd(r £y 0l ef i n
pol ymer in which an isotactic diad ratio [ Mm] being two successive

constitudion owifie, exheedduth(2V) loxidewe, prlockhwioanvyr exdds, the (mMm] of an
a-ol efin pol yner produced is preferably is 0.40 or nore, and nore 25
preferably()@hrgmianEIYﬁmﬁ@e clodfalt (KL abradey cielsaltbE8Ialouiale | n
production of an a-olefin palyner, a-olefin can be _also -32 4 June 2004

copolynerrzedcﬂPFﬁt&FgﬁrH§¥ﬂﬁnﬂtqtﬁﬂpﬁh% tebrarrhdgndrobadit (11

ddi t I bl t d d oth han t | ef ith
a Scope 1 WO EhIBhe BRI 0 °?‘és§a§ﬂtrfw§§arﬁaﬁgﬁg ot Sa'erZ?ed.W The s

a -olefin is Etetsrlatahtéﬁquﬂ@' rzrﬁt tw n%;ﬁ@ trrérrtltt y more in

the copol yneri zati on pecific exa e conbi nat’i on of noner s

constituding bRedegpnd®fy { NTH WEG.qY, owhﬁaeuartskﬁ{wt 18 ( J1Nopxhaae and
1- hexene) propylene and 1l-octene, 10 1-butene and 1-hexene, and the I|ike,

but the presehin{@iVénbiddeshatmbmiotubeoxidet edesdutmhesd.deanbi nati ons.

Further, in order to control the nolecul ar weight of the addition polyner
obt ai ned, a cﬁﬁFhumﬁ55§ﬂe@x%§€nﬂ“§ﬂdﬁﬂ%EJh9§ﬂ6§bn7haléﬁPEﬁé)dvﬁb@%nd or the

I ke can be I%h 1quQ%q) oxide, tetrathallium trioxide,

tungsten{IV) oxide, tungsten(VI) oxide, tantalum(II)

15 oxide, tantalum(IV) oxide, tantalum({V) oxide,
titanium(II) oxide, titanium{(III) oxide, titanium(IV)
oxide, iron(II) oxide, iron(IIl) oxide, triiron
tetraoxide, iron(IV) oxide, terbium(III) oxide,
terbium(IV) oxide, copper(I) oxide, copper(11) oxide,

20 thorium(1IV) oxide, sodium oxide, lead(II) oxide,
lead(IV) oxide, trilead tetraoxide, dilead trioxide,
niobium{(II) oxide, niobium(IV) oxide, niobium(V) oxide,
nickel(II) oxide, neodymium{III) oxide, platinum(II)
oxide, platinum(IV) oxide, triplatinum tetraoxide,

25 vanadium(Il) oxide, vanadium(III) oxide, vanadium(IV)
oxide, vanadium(V) oxide, hafnium{IV) oxide,

palladium(II) oxide, palladium(IV) oxide, dipalladium



EXAMPLE The present invention is further illustrated in detail according to
Exanpl es bel ow, but the present invention is not limted thereto. zo
Further, the neasurenent values of respective itens in Exanples were
measured according to nethods described below. (1) Intrinsic viscosity
([n]: dI/g) It was measured at 135 in a tetralin solution using 2s an

Ubbel ohde vi sconeter. ( 2 ) Weight avé%%ge nol ecul ar wei ght ( NM&E [éﬂhgber
average nol ecul ar wei ght (M), and nol ecul ar wei ght -33 4 June

di stribution ‘érMN/ Mh were determ ned under the follow ng conditions

- Th
according to Jg%:f‘ié@_r * Toh cetsrab b§PUARY LEEP*1der tHamuidul ¥} at i on
curve was pre&g{ggv;ﬁlljjg ughg;\ﬁndogégqeg ?%\5/%% cr:g?gi_ﬂl\/bl ecul ar wei ght

di stribution was e e ar g'meight aver age

nmol ecul ar WEi19955&%3"8398‘;‘&%1“”mﬂﬂ%%ﬁ@%@??*‘m{w&%%e( Mn) . Machi ne:

150C type, manufac I'i pore Vat'ers _ 'umi: Shodex M'S
80 Measur emerpei¢Mpenat dk@del4More Wiide O HbERiGNORERFCRE 1FRP! €

concentration: 5 my/8 m i5 (3-1) Melting point (Tm ~) [Exanples 1 to 12]
5 magnesium oxide, manganese(II) oxide, manganese(III)
oxide, manganese{IV)}) oxide, manganese(VI) oxide,

trimanganese tetraoxide, pentamanganese octaoxide,

barium manganese(IV) oxide, molybdenum(II) oxide,

molybdenum(III) oxide, molybdenum(IV) oxide,
10 molybdenum{V) oxide, molybdenum(VI) oxide,
europium(II) oxide, europium(III) oxide, trieuropium
tetraoxide, lanthanum oxide, lithium oxide,
lutetium(III) oxide, ruthenium{(IV) oxide,
ruthenium(VIII) oxide, rubidium oxide, rhenium{(III)
15 oxide, rhenium(IV) oxide, rhenium(VI) oxide,
rhenium(VII) oxide, rhodium(III) oxide, rhodium{IV)
oxide, aluminum potassium dioxide, iron potassium
dioxide, silica, germanium dioxide, selenium dioxide,
potassium thallium(IITI) dioxide, lithium thallium(III)
20 dioxide, tellurium dioxide, aluminum sodium dioxide,
indium{IIT) sodium dioxide, iron(III) sodium dioxide,
lead(II) dipotassiumdioxide, lead(II1) disodium dioxide,
aluminum lithium dioxide, indium(III) lithium dioxide,
gallium(III) lithium dioxide, iron(III) lithium dioxide,
25 gallium(III) indium(III} trioxide, niobium(V)
potassium trioxide, antimony(V) silver trioxide,

indium(III) trilithium trioxide, calcium tin{IV)




It was neasured using a differential

scanni ng cal ori net er (manuf act ured by

Sei ko El ectronic Co.,Ltd., Type: Sei ko SSC-5200)according to the conditions

bel ow. 20 Heating: 40C to 150C( 10~/mn. ) , retaining for 5 m nutes.

Cooling: 150 to 40 C( S~C/mn. ) , retaining for 10 m nutes. Measurenent:

40~to 160(raised at 5C/mn.) 25 (3-2) Melting point (Tm
to 15] It was neasured using DSC VI mdAaof actured by Perkin ElnE%J%%%ZOdJ(i
mmn. )

according to the conditions below -34 Heating: 40 Cto 220C ( 1.
, retaining for 5 mnutes. Cooling: 220C to 150C ( 300 Cmn. ) , retaining

for 1 ninute. t¥10F3Genhg: tUBOLYD dEpPEasainm rriopdide ndidkunininute. 4
June 2004 Measurenent,: Oqéto 180 raiéed at 5~ /mn. (é%[Cbntent of
Cononorrer uni EALFEGHS Phere hr e naSt '

condi tons belayq 10 00, ani AC2A IRV TASUCEh bY BIUKPLGh. .

, and the conposition wa's

AeReinum £5 }o the

er m according to cal

described in tdn@igndaldrackMiET 0a $5h umT ﬁm'\@i:rz:%'ﬁq:liﬁhgﬂﬁpgéxide,

Vol. C29( 2&3),

pp201('1989)" 1s Sof vent: O di chl or obenzen

=4/ 1 (vobkune BAHN@)iusTCEDN] r&tientidh0 teBr3 okl deenpeitataledidm5C (5)

titanium{IV) tetraoxide, iron(II) titanium(IV)
tetraoxide, dibarium titanium(IV) tetraoxide,
dialuminum iron tetraoxide, dibismuth(III) copper(II)
tetraoxide, dicalcium lead(IV) tetraoxide, diiron(III)
lead(II} tetraoxide, dibarium lead(IV) tetraoxide,
calcium gallium(IITI) tetraoxide, barium gallium{III)
tetraoxide, barium iroen{III} tetraoxide, dialuminum
barium tetraoxide, dialuminum beryllium tetraoxide,
dialuminum magnesium tetraoxide, digallium(III)
magnesium tetraoxide, diiron(II) magnesium tetraoxide,
diiron(II) titanium(IV) pentaoxide, diselenium
pentaoxide, dipotassium dititanium(IV) pentaoxide,
ditellurium pentaoxide, diarsine pentaoxide,
octalithium lead(IV) hexaoxide, potassium octaborate,
sodium octaborate.

The solid metal oxide used in the present invention
is preferably magnesium oxide, aluminum oxide, silica,
iron oxide, titanium oxide, =zirconium oxide and
manganese oxide, in particular.

The inorganic oxide can be also used as a compound oxide
or mixture containing the inorganic oxide. Further,

those having a hydroxyl group on the surface of the

~) [ Exanpl es 13

Ltd.
d

deut er at ed benzene

Stereo-regularity zo 1' CG-NMR was neasured according to the conditions bel ow



usi ng AMA00 manufactured by Bruker Co., Ltd.) and the stereo-regularity was
cal cul ated according to a peak area ratio of a nethyl group. Solvent:

O di chl orobenzene/ deut erat ed benzene =4/1 zs (volune ratio) Concentration:
10 ng/ 0.6 m Tenperature: 135 C -35 4 June 2004 The respective conpounds
used at polynerization in Exanples described bel ow are bel ow.
Triisobutylalumnum comercially avaid%bl e product 5 nanufacturff b 04
Toso- Akzo Co., Ltd. Triisobutylal um numwas diluted with tol uene lgwég Used
as a 1M solution. Triphenyl carbeni umtetrakis(pentafluorophenyl) borate:
comrer ci al | y HYaF9apte peéddctcamamgf acksm adse- Toso- Akzo Co., Ltd.

Tri phenyl carbenium tetrakis 10:é£§ntafluorophenyl)borate was diluted with

tol uene to be USHY GEMBOHREOMNFLAR UPT oM I XHTFanEREL VIS c RS UER oF
fact d i.ch. Co Ltd. I ty=99,999% , | |
(el L1 g 0 PRELCASSBLTRR od 0 iz o
nmagnesi um Ch'é’iﬁﬂfnﬁm{?&t W et by Jp iumﬁ.&fr%,l s"’é‘ .cafdhadiun
el (1T) brom y “St

purity=99.99%) nic e (manufacture rem Chem cal's Co.
Ltd., puity=89%e, sadhydaChlialdmitu newidachagad shum<atianald cabs Co.)
Ltd., extra pure grade), sodiumiodide (manufactured zo by Al drich Co.,
Ltd.) purity=PPk899%, silica (manufactured by Davison Co., Ltd.,

SVR49- 2903, nean particle dianeter=50u m, nontnorillonite (nmanufactured by
Kuni m ne | ndusthsy e s¢lid)ixempanicrrompeungy moest iin sdporpresent

(manuf actured, by zs Kunimne Co., Ltd., SMECTON SA) were m | ed under

ni trogen at no%’b%%?ilﬁgi'rfb layersfl sijdrate comprpnd gan he algoiygad.

(ngnufacturedng f%QEE%B CQiliE%QE’c%%@&ﬁﬁgﬁg@comes a layered

10 structure crystal in which tetrahedrals of SiQ, are
usually linked at three peaks to form two-dimensional
sheet-like structure, and other ions (ions such as
aluminum, manganese, iron or the like) are piled by
combining with the structure. It is usually so-called

is clay minerals which belong to phyllosilicates.

Specific examples of the layered silicate compound
include kaolin minerals such as kaolinite, nacrite,
dickite, metahalloysite, halldysite and the like;
serpentine minerals such as antigorite, chrysotile,

20 amesite, cronstedtite, chamosite and the like:
smectites such as montmorillonite, beidellite,
nontronite, saponite, hectorite and the like; mica clay
minerals such as muscovite, paragonite, sericite,
celadonite, glauconite, phlogopite, fluorophlogopite,

25 biotite, lepidolite and the like; pyrophyllite, talc:

' vermiculite; chlorites such as pennine, cookeite,

sudoite and the like; corrensite; tosudite and the like.



-36 4 June 2004 were used as they were. Exanple 1 The atnosphere of a 400mi
stirring type autoclave nmade of stainless had been replaced with argon,
200nL of 5 purified toluene was charged thereto, and the inside of the

aut ocl ave was adjusted at 35C . Thereto ) 1nl ( Inmol ) of

triisobutylal um numand | 4ng of manganese(ll) chloride were added. After
stirring at 35 C for 3 minutes, 1ml (5Bfnpl) of triphenyl carbeni ym lo

t et raki s(pent afl uorophenyl ) borate was added and the m xture was &'ipe &4
The nolar ratio [Al]/(B] of alum numatomto boron atom was 200. Ethyl ene
gas of 1.0 MPTDhREE Rl aRe PEtIRSY z@¥ | sHnhhesdged duineralbs . 46menidor 60

m nutes. During the polynerjzation, ethylene gas 15 was continuously fed so
that the pres§gﬁeegq'n %fh%%%?ﬁm -GS a&ﬁt‘.“l%ﬁEﬁ}st'hé:ap]tﬂ yAERi P85 on was
term nated by _int i ng 10mL of ethanol under pressure. The unreacted

et hyl ene gas Rgrséf%ﬁ:?agbgia%' the content of the autoclave was charged in 400m

of ethanol intopyai Gh w0y ZQi?f‘LcﬁNeh}t‘H anrgii Gsagl q_nwatsh@dg?ggegtpol yner

preci pitated was separated by filtration, dryi ng was car out at 80~

for about 4 howientiormagské threh 6 4 th SREMEERY! eAcavRsnehld Red.  The
intrinsic viscosity ( [ ~] ) of the polyethylene obtained was 1 .39d1/g,

wei ght z5 averchgmingdlkctteatmenght a Murfase 7iGe@tmanct nef ecamaring ght
distribution (MvV Mh) was 2.0. Melting point (Tnm) was 136 C -37 4 June
2004 Exanpl e AMBd 3 Adherefdsorathectuvfincen and saticeatimegat af in

Exanpl e 1, except that, manganese(l1) chloride was changed_to 9.5ngy of
iron(11) chl orf .°f£:§“a“9 J?lil,ké.@%s% SRRty behyeeRe 1@eTSHERGNed. The

wei ght average rioc_jfxe . it?]é (Iy%/) % %ﬁﬁ\)/h et ene obt.ai phed was
75400) and nol &cu a‘iﬂvéilél\r%t% isjtérl thig ‘# %?I\g%é f?’é‘.do"'l\c/'_etiet‘f‘n °Foi nt
(TM wagoel36CexaeiY € a3118oPakiuARY t%@h‘tﬁl@n\ﬂaﬁaﬁ%é £k @ Yarl ddgu3ane
manner as in Exanple 1, except that nanganese(lT) chloride was changed to
11. 7ng of nagmesiasmtohbereéaiei 1 Asispessibd ) (dr 240 84 B pplaypebbyhane was
obt ai ned. The wei ght average nol ecul ar wei ght (My) of the polyethylene
obt ai ned was is® 13800 sugidagoarcal iphagightydiecarbani de.GMh&kaneas 1. 7.
Melting point (Tm) was 136C. Exanple 4 Pol ynerization was carried out in
t he sane nann@@ ne), or an aromatic hydrocarbon(e.g. toluene,
Xylene), etc. The lipophilic treatment means usually a
15 treatment in which an exchanging cation which exists
between the layers of the lamellar silicate compound is
ion-exchanged by an organic cation or the like. As the
organic cation, for example, an organic ammonium ion,
an organic complex cation and the like are mentioned,
20 and among them, a guaternary ammonium ion is often used
in particular.
The so0lid inorganic compound used in the present
invention may be used as it is, and treatments such as
milling by a ball mill, an agate mortar or the like,

25 sieving and the like can be also conducted. Further, it

may be used alone, or in combination of two or more.



in Exanpl e 1) except that manganese(ll) chloride was 20 changed to |16.1ng
of nickel (1) bromde. As a result, 1 . 75g of a polyethylene was obt ai ned.
The wei ght average nol ecul ar wei ght (My) of the pol yethyl ene obtai ned was
78500, and nol ecul ar wei ght distribution (Mv M) was 1.6. Melting point
(Tm was 136C. 2s Exanple 5 Polynerization was carried out in the sane
manner as in Exanple 1) except that nmaBdanese(ll) chloride was 4-38 ﬁodyne
2004 changed to 11.8ng of sodiumchloride. As a result) 0.48g of Jnne

pol yet hyl ene was obtai ned. The wei ght average nol ecul ar wei ght (My) of the
pol yet hyl ene ob¥BPRe§hfasatzad0cn) nolEeer hzatbeahef dtber pvgsieart ( MV M)
was 5 2.6. Meltin pint%%Tn) was 136C. Exanpl e 6_Pol yneri zati on was
carried out i ﬁntvﬁg‘@aﬂfb nHéPdas the Bmete of &heefrIdneahBndandse(l|)

chl ori de was o] . of _sqdiumiodide._As a result, 0.6 10 of a
pol yet hyl ene \%&g&%ﬁ{’%@n %F “?%%d\/\%?%ﬁ?e fveelrea%%e‘imﬁ%oé%laal"’% d-”rﬂ“‘-’(‘ﬁvav?’ of the
pol yet hyl ene tiad | | L OUL Vh)
has 1.6, MLty ag poene fans s b AeH B R A L Eh G b BBobYe 3
400l stisrringaype aweopbaved®iea0iont 8yptemsibadshgeny epraged 1w th
argon, 200nl of purified toluene was charged thereto, and the inside of the
aut ocl ave was madjAlst ekl mang@s of. £Fhmr 00° )tdl il mol Mols )poéferable.
triisobutylalum numand | 2ng of silica were added. 20 After stirring at

35°C for 3 mi nuThs, ampunisiafntye dpoxenpremploslybhel® nis used at an
tetraki s(pentafl uorop en%h%_borate was added and the m xture was stirred.

The nol ar rat AFUAY /) YBECH @riMAAALtBRELe Bbr &’ﬁ‘eatctﬁﬁ%%f‘éﬁﬂ?-nm er 30
TS S Rl o). Rl R L BO0RBR0 KT OF) PR R
continuagsly firhs01§hetohng. Rr 88S4H8 olon anlte pc &b By 23R 9.3URe 2004
5000.
The amount of the solid inorganic compound (C) used
can be selected at a wide range in which the concentration
of the solid inorganic compound (C) in the
15 polymerization system is usually 1000g/1 or less, and
preferably from 0.001lmg/1 to 1000g/1l. The preferable
range is from 0.01mg/l te¢ 100g/l.
As the method of supplying the respective components
in a polymerization vessel, for example, they are
20 supplied in an inert gas such as nitrogen, argon or
the like under a moisture free condition. The catalyst
components (A}, (B) and (C) may be separately fed, or
may be fed after previously contacting.
~ The polymerization is usually carried out at a
25 temperature of from -80C to 3007, preferably from -
40T to 280C, and more preferably from 20C to 250T.

The polymerization pressure is not particularly



—

constant. Then, the polynerization was term nated by introduci ng 10nl of
et hanol under pressure. The unreacted ethyl ene gas was purged, the content
of the autoclave was charged in 400nmlL of ethanol into which 20m 5 of 3N
hydrochl ori c acid was added, a polyner precipitated was separated by
filtration, and drying was carried out at 80~ for about 4 hours. As a
result, 8.39g of a polyethyl ene was ob&ned. The intrinsic visc §it éiﬁ
of the polyethylene obtained was 1 . 32dl1l/g, weight io average nglg%%% q
wei ght (Mv) was 74900, and npl ecul ar wei ght distribution (MvV M) was 1.9.
Mel ting poi nt 1aAFHtates ad Ere RERPFUTS Pon@feriy Aveferilyafromd out in

t he same manner _as .15 in Exanple 7, except that 12 ng of silica was changed
to |3ny of ir8R§$a%n§r9§?%F?eE%I??Oﬁé8§€°o?tﬁ°pSF?@th?péﬁér%éé 8b€ai ned.

Th i ght ' h t hyl bt ai ned
82250, and mofSeaCn e aHe et S Mo thel vy "I B LRREL ARG o0 po
(Tm) vas 136Cesmertsl pBcBliid R ettt S8 ddsith Sitlq 1 WG gagm manner

as in Exanple 7) except that 12 ng of silica was ange

nmont nor i bl oni bé€. aAdeaireslibblyhetS@and aaréachalnebbplaeat usas okt ahped. The
intrinsic viscosity ( [ ~] ) of the polyethylene obtained was 1 .39d1/g,
wei ght aver ag@amseecid arsuml it ££0in) lwasnad22 @0 artd modmwecul ar -40 4 June
2004 weight distribution (Mv Mh) was 1.8. Melting point (Tn) was 136 C.
Exanpl e 10 Pol yitFPeEt PEn angerddiiaats anlymerhzatind nuanessaend an

Exanple 7, ex t.that 12 of silica was changed to 13.6ng _of synthetic
saponite . AsggQrc&mlts,e 2P Lz RA SaLPbt Eene@dorkednei ght

aver age nol ec i ght( h ne _obt ai ned was, 72750, and
nol ecul ar wei ghl?:rtclil:%rl but :\%")%“?m w%%‘%%‘gﬁgnw% nd poPBEVERN  was
136C. Exanpl epblyhea ist40semes e vﬂ‘ii@n@(}g%%féééfbaﬁ E%‘E@eﬂ'ﬂt ?ﬁl:ﬂvssmade of

stai nl ess had been replaced with argon, mL of purified toluene, 100nl of

1- hexene and priopaee gentEnd 5 HexXanda hepeanbar getdahber eboneaedoi-he
i nside of the autoclave was adjusted at 40~ . Thereto, 1nil ( I nmol ) of
triisobutyl al ¥FLSRHA -afF 27 epasmakatyareuedtlis hhivecdeborr sokddad. After

stirring at 40C tor 3 'nutcggizr 3ml (I 5LCnpl) of triphenyl carbeni um zo
t et r aki s( pent &P oPﬁpﬁﬂﬁﬂS AP HRE KrottehherehenseReuis Wasdst Arred.

ons T ALY hBechoRMALOU 3L 0B o EhETE MBS TR £0°
M nut esasDuri BY glalkke gl S8 Zahd PLza €1 O%! BAR 92S conducted.
Moreover, in the present invention, an electron donor
compound usually used as a third component in a
Zieglar-Natta catalyst system may be added
In the present invention, the addition polymer is
20 produced by polymerizing an addition-polymerizable
moncmer in the presence of the above-mentioned catalyst
for addition polymerization, and preferably by
homopolymerizing an addition-polymerizable monomer,
for example, an olefin, or by copolymerizing an olefin
25 with another olefin and/or an éddition-polymerizable
unsaturated compound other than the olefins.

Addition-polymerizable monomers which can be applied




zs was continuously fed so that the pressure in the systemis constant.
Then, the polynerization was term nated-by introducing 10nlL of ethanol
under pressure. The -41 4 June 2004 unreacted ethyl ene gas was purged,
the content of the autoclave was charged in 400nm of ethanol into which
20mL of 3N hydrochloric acid was added, a polymer precipitated was
separated by filtration ) and drying wd8-5 carried out at 80 C fqr abg&&t4
hours. As a result, 1.36g of a copol yner was obtained. The intri%s]iu?fe
viscosity ([~]) of the copol yner obtained was 1.15d1/g, weight average

mol ecul ar wei §iet thwpodsgneruoationd abeédosar Wiaivghtestien$i buti on (Mwv M)
was 1.7. The content of 10 1-hexene uniit in_the copolyner was 11 $ by nole.

Mel ting poi nt SEPHLSRECHNY BrxsaprEatedpsrfherivZdc &Fs @ardtedlout in

t he sane nannerta%g Q Exa%&Ie ik ex egt th%é nﬁn anesegll) chl oride was 1s
changed to 33§ W6 SHPPEE O tas 2ARPES N £EORaEdG BY HEOEBHEBPINEPMREE PS5t ai ned.
The intrinsic_yi | tys e [ C | I ' Cbdl/ g,
wei ght averaggﬁﬁi;flg?ul%ﬁlé%\e?]g tm%%()&gg'6%@@0%%&&%%%%%#3m

di stribution @MAdNR) owstdinindhe16enhenhref phelfrQAI£O UNit in the
copolymer was 11 % by nole. Melting point (Tm was 82 C. Conparative
Exanpl e 1 The ahspshbeotedfing, 4006t istsi havigid 2peocagpochabenmademef,
stai nl ess had been replaced with argon, 200nil of 25 purified toluene was
char ged t her etl® pantiichdairnse teybenehe? aglefinschanmtngd tot2tcarbgy | .
Thereto, 1ml (I.nmmol) of _triisobutylal um numand |3 of manganese(l1) -42

4 June 2004 cRtOMtreddeletidFRavERayt &fe? g Lardion a5oMs2Rastiediksd t he

t ' | 4 f L nutes. Th 10ml.of eth |
char ged under ArLTefgstr 8 feof MaP €44 MontHike Al 5 gda® HRgdl he
content 19t 5 e AWk 0ghLake Mage CNapeed Filk %mpf@sebﬁa el BiQr¥Risch 20mL

of 3N hydrochloric acid was ad%ed. As a resu no pol yet hyl ene was
obt ai ned. Conpareividee1Enaap! ¢chZidba eFitmsphichaLétBy1008l] wtopyieget ype

aut ocl ave nade
1-butene, l-pentene, l-hexene, l-heptene, l-octene,
l-nonene, l-decene and the like, branched olefins such
as 3-methyl-l-butene, 3-methyl-l-pentene, 4-methyl-
15 l-pentene and the like, vinylcyclohexene and the like,
and the present invention should not be limited to the
above-mentioned compounds.
Specific examples of the vinyl esters include vinyl
acetate, vinyl propionate, vinyl benzoate and the like.
20 As the ethylenically unsaturated carboxylic acids or
alkyl esters thereof, acrylate compounds and
methacrylate compounds are preferable. Specific
examples of the acrylate compounds include methyl
acrylate, compounds in which methyl of methyl acrylate
25 is replaced with ethyl, n-propyl, isopropyl, n-butyl,
isobutyl or tert-butyl, or the like. Further, specific

examples of the methacrylate compounds include methyl



10 of stainless had been replaced with argon, 200nl of purified tol uene was
charged thereto, and the inside of the autoclave was adjusted at 35C.
Thereto, 10m® of nanganese(ll) chloride and I (Sltnol) of

tri phenyl carbeni um t et raki s(pent af | uorophenyl )borate 15 were added.

Et hyl ene gas of 1 . 0 MPa was fed and the system was mai ntai ned at 40C for
60 m nutes. Then, 10nl of et hanol mas"éﬂérged under pressure. Thg uar eaft ed
et hyl ene gas was purged, and the content of the autoclave was charged in
400mL of ethanol _into which 20nl of _3N 20 hydrochloric acid was_ added. As a
result) no polQEPRFTSIE WRrs THIRPHRAS ERaWPRENL Bebhgdr o (MSHRYL at nospher e,
25m (0. 2mol nganese(l 1) _chlori.de 84 f tripheny] carbenium?25
tetrakis(pentQFﬁ&ég%ﬁiékﬁ)%%r%?%?agﬁg g%{%quEX i'f e d T %&he wer e char ged
in a 100m aut d in epet I f
triisobutylal 3%1%?%%”“? %gél}lé%%hei%g%&t%gsBgdggg,%nﬁaﬁgﬁaﬂ}go% (gviéh%vas cool ed
using dry icejgigrd 40g of propyl ene was charged. Then, the m xture was
reacted at 35'C for 3 hours in an oil bath. The unreacted propyl ene gas was
purged, the conAgnthef allkengll eodanvet Hic iapdrbaagbdni cobponthdaf, eirhanol into
whi ch 5ml of 3N hydrochloric acid was added, a polyner precipitated was
separ at ed by ABilkenat] siempanhdrhdaningesn carematioyarogectbbor gxbupt 4

hours. As a result, %ﬁg? of a pol ypropyl ene was obt ai ned. The wei ght
average lo moP@¥dme "bh%s(?’vgﬁb P ghEMSoLFpPESFeETE bt SRREFAS 541000,

and nol ecul ar I ght distribution was 9.9, Concerni stereo
regularity, [ r?%%"%gse%.o%fh%ma]rov%gt% ga?dré’r?&r[ roﬂ %é’suq)l.’h’f}{}g\%let itﬁg poi nt
(TM was 144. )BXaaRh@nl4 toms"AnNETRIdZ & bABNYAS gtahp!, 68 Bl y1NgtBGpSane
manner as in Exanple 13, except that manganese(qll) chl oridée was cﬁanged to
| 9ng (013mMolh aklgaggesupn ahtertdbutfsphengiUbirouddne eing1pakypnopyl ene

was obt ai ned. The wei ght
group, a naphthyl group, a phenanthryl group, an
anthracenyl group and the like. A phenyl group, a tolyl
group, a xylyl group, a tert-butylphenyl group, a vinvyl
phenyl group and a naphthyl group are preferable.

15 Specific examples of the alkenyl aromatic hydrocarbon
include alkenylbenzenes such as styrene, 2-
phenylpropylene, 2-phenylbutene, and the like;
alkylstyrenes such as p-methylstyrene, m-methylstyrene,
o-methylstyrene, p-ethylstyrene, m-ethylstyrene, o-

20 ethylstyrene, 2,4-dimethylstyrene, 2,5-
dimethylstyrene, 3,4-dimethylstyrene, 3,5-
dimethylstyrene, 3-methyl-5-ethylstyrene, p-tert-
butylistyrene, p-sec-butylstyrene and the like;
vinylnaphthalenes such as l-vinylnaphthalene;

25 divinylbenzene such as p-divinylbenzene and the like,

etc.

The catalyst for addition polymerization of the




average nol ecul ar wei ght (My) of the pol ypropyl ene 20 obtai ned was 964000,
and nol ecul ar weight distribution (MvV M1) was 10.1. Concerning
stereo-regularity) [m) was 0.57, [nmr) was 0.23, and [rr) was 0.20. Melting
point (Tm was 147 C. Exanple 15 z5 Under nitrogen atnosphere, 40nl of
purified toluene, 1nml (I mmol) of triisobutylalumnum O0.20g of silica,
240my (0. 26mol) of triphenyl carbeni udl- -44 4 June 2004 47

t etraki s(pent afl uorophenyl ) borate tol uene solution( 10.6m) were &WﬁFSQ% in
a 400ml aut ocl ave nade of stainless. After 30 m nutes, 80g of propylene was
charged, and RFRSeR%t ir¥eRkionedEt sy igratior §oF nradufrtignTRE @Ar eact ed

ropyl ene gas was, purged, the_content. of the autocl aye s.charged in 400nml
gf 2¥hanoI%lﬁ%Fﬁ%ﬁcﬂggﬁﬂﬁrofT%ﬁ dchiRSt %W%ﬁi@rﬂégcggdéa. agpolyner

i pitated ted fi ] Lrati ' j . t at 80~

Por bout 4 HEsSERBIE Blclborunishd d e beffedlyultn a8 S HERA o' The
wei ght aVeragfarﬁ@ﬁ@%ﬁé&ﬁ,V@iﬂmea(Mo, wWiaehis 1R nsarH %@g%m, was

54280) and nol ecular wei ght distribution (Mv M) was ncer ni ng
stereo- regul ais tpreferdbyey Dn Tt idilaingsawa Misec B [dxtdmpbes bH22.
Melting point (Tm) 1s was 142C . Conparative Exanple 3 Polynerization was
carried out ithe heordainathonert awnomdExa s tliBtutime pthe [capolymer

tri phenyl carbeni um tetraki s(pentafl uorophenyl)borate was not added. As a 20
resul t) a polim@tudasehay 46)eorRaiRAPY arsEhyke IR #fpl d -PWHSARBeri zat i on

rri i h nner Ln_EXx I X h ngan
2ﬁfo??de ﬁgsQ%%?yfegeeaggnf—g%xe%e,a%thyleﬂan%é%:E%oé%éﬁé} énéutﬂgiga ese

like, but the present invention should not be limited
10 to these combinations.

Further, the above-mentioned catalyst for
polymerization is suitable because a stereo regular @
-olefin polymer by polymerizing an ®-olefin as the
monomer can be produced. In particular, it is suitably

15 used in a process for producing an isotactic stereo
regular @ -olefin polymer.

The tacticity is determined by *C-NMR method, and can
be shown by the existence ratic of a plural numbher of
successive constitution units. Wherein the isotactic

20 stereo-regular & -clefin polymer is an ¢ -olefin polymer
in which an isotactic diad ratio [mm] being two
successive constitution units exceeds 0.25. In the
production process, the [mm] of an @ -olefin polymer
produced is preferably is 0.40 or more, and more

25 preferably 0.50 or more.

The ¢ -olefin is already described above. In production

of an @ -olefin polymer, &-olefin can be also



added. As a result ) 3l ng of a polypropyl ene was obtai ned. 25 The wei ght
average nol ecul ar wei ght (My) of the pol ypropyl ene obtained was 1.61 X 10)
and nol ecul ar wei ght distribution (Mv VMn) was 4.6. Concerning -45 4 June
2004 stereo-reqgularity, [mm was 0.12 , [mr] was 0.39, and [rr] was 0. 49.
The obtained polymer did not have nelting point (Tm). s As described above
in detail, according to the present invéntion, a catalyst for ad t|09

pol ynmeri zati on which reveals a high polynerization activity, and d’ne 004
efficient process for prodUC|nghan ol efin polyner are provided. A high

pol yneri zat i of RN 22 Wb e9é§fé85a@@8@5Iﬁ?@R)EQPtﬂeq%%%@h

I nvention wtho usi_ng nventio spl i cata onent (a solid
Lot o o AR et R rldi T e e 2Deap 18 e SR br 2 EA PR Rt r on
donor are essg%ae éﬁg&) ? éieaﬁngra%gkhfw1rn§é% Sofpaun ﬁugﬁ as a

netal | ocene ¢ as been on5|dere as essentlal

for reveali ng[p% ey Tste1 myﬂﬁélgﬁégeﬁta%b\éhtaimﬁ&% b @ihmdgeq! Y#RE Of
hi gher nol ecul"ar "'wei ght can be produced, therefore the value of the present

inventios is extbaeElin Qéeﬁiefera&ﬁy@&b&@yﬂxe&ﬂ&%tﬁﬁ@4a]raﬁ.@aifﬂsy)&t for
addi tion polynerization obtained by contacting (A), (B) and (C) descri bed
bel ow. s (A &y orgla ozt undneninotbeucdpol@meaniezadriowr e of boron conpounds
sel ect ed fron1(Bl) to (B3) bel owl (Bl) a boron conpound represented by the
general formul aSBec&fds 18xeamplesd B odPEoPIUPENRELPRS G eBOBPMERS gener al

f la G (B B3 d t d b t.h
general for miche LY 1Rg  hErgha ey WBR A AAPRRL RS {2 e
| ndependent | y 18l 298 oABnl 8nd EL 28R, G e AR

hydr ocar bon grou
10 l1-butene and l1l-hexene, and the like, but the present

invention should not be limited to these combinations.

Further, in order to control the molecular weight of
the addition polymer obtained, a chain transfer agent
such as hydrogen, a silane compound or the like can be

15 also added.

EXAMPLE
The present invention is further illustrated in detail
according to Examples below, but the present invention
is not limited thereto.

20 Further, the measurement values of respective items
in Examples were measured according to methods described
below.

(1) Intrinsic viscosity ([n1: dl/qg)
It was measured at 135C in a tetralin solution using

25 an Ubbelohde viscometer.

(2) Weight average molecular weight (Mw), number average

molecular weight (Mn), and molecular weight



a heterocyclic group) a substituted silyl group, an al koxy group) or a

di -substituted am no group) and they may be the sane or different. G is an
i norganic, organic or organonetallic cation. L is a neutral Lewi s base, and
zo (L-H)' is a Br~nsted acid.), and (C) a solid inorganic conpound. 2. The
catal yst according to claim1, wherein the organoal um num conpound is one
or nore of al um num conpounds selectéﬂ”?ron1(A1) to (A4) below 4 @ﬁ ﬁﬁ% An
or ganoal um num conpound represented by the general formula; RzAI?- %a 'a
% (A2) an organoal um num conpound represented by the -47 4 June 2004
general for miEStRARMRIONA¥Y/HDGvic| i ¢ al umi noxane having a structure

represented by the general fornmula, {-Al(R:0 L] ., _and (A4 al um noxane
havi ng a strucF@ﬁ?r%%ﬁ%é%%?%ﬂmﬁQeg ﬁﬂéeéeﬁB?akbﬁéPH&|, q%“égﬁﬁﬁq%)}k A1RZ
(wherein eac independent | t n p having 1
to 20 carbonhg?%%géfg cﬂso? %%ﬂé:¥ﬂ;epéﬁ§§£t y@?ﬂ%?égéﬁﬁg9a‘%§?§gen atom
ML represent g @tiRékalddme bied £ oRliPve fas FRIUESEI %153 nkPa M EIdHra
satisfying O <r 5 3; "0" represents a nuneral satisfying O ~ o < 3;
represerst s a pubhestyreati sMpilegular weiddit "df'stepbeseshsSwasnuner al
satisfying 0 s q <3, r +o0+p+q=3; "]J" represents an integer of 2 or
nore; and "k"evappatedt bvyam n@ttdger(My/Mn profivtlze )\wdigBt Aneragkal yst
according to claiml or 2, wherein the solid inorganic conmpound (C) is a
Brc~nsted aci®Pef@laf WRIFhEM(YW)ePedher BHNPRE GVEFFIOMSIIRIHAD! et al s
of the G oups I%égkxz%n f the Periodic Table of the Elenents and silicon,
te'C

or a |layered k31 fpound. zo 4. The catal yst according to claim 3,

wherein the Br i | £ j t ol ted by
t he general fOF%§%§Q?€§:FRg%V?¥b%'im?ﬂkaggfg%ﬁawgség¢€§éﬁ¥%£gﬂ%eiaI at om
sel ecterh fromed hge BBaG oups | to XVI of the Periodic Table of the El enents
and Xz represents a hal ogen atom "ni represents a nuneral of 1 or nore,
and "n" represeficdummpr chuedexnfMASvabence -48

Measurement temperature: 1457C
Solvent: O-dichlorobenzene
Sample concentration: 5 mg/8 ml
15 (3-1) Melting point (Tm: C) [Examples 1 to 12]
‘"It was measured using a differential scanning
calorimeter{manufactured by Seiko Electronic Co., Ltd.,
Type: Seiko S5C-5200)according to the c¢onditions
below.
20 Heating: 407 to 150C (10T/min.),
retaining for 5 minutes.
Cooling: 150TC to 40T (5C/min.),
retaining for 10 minutes.
Measurement: 40Cto 160(raised at 5C /min.)
25 (3-2) Melting point (Tm: T) [Examples 13 to 15]
It was measured using DSC-VII manufactured by Perkin

Elmer Co., Ltd. according to the conditions below.




nunber of the netal atomand "nmi'.). 4 June 2004 5. The catal yst according
to claim3, the Br~nsted acid salt is an inorganic oxide selected fromthe
group consisting of oxides of netals of the Goup | to the Goup 5 XVI of
the Periodic Table of the Elenents and silicon. 6. The catal yst according
to claim3, wherein the |layered silicate conpound is a clay mneral. 7. A
process for producing an addition pol¥fer, which conprises poly izb 4 an
addi ti on-pol yneri zabl e 1o nononer in the presence of the catalygﬁﬂ%? Qﬁy

one of claims 1 to 6. 8. The process according to claim7, wherein the
addition-polynerﬂﬂﬂ&%?gﬁwﬁﬁ%j)q% %?9£;kéﬁ;/@%ﬂebted fromthe group

consisting of ethylene and ~-olefins is vin to 20 carbon atons. 9. The

process according to claih?%?a%ﬂapgiE%th§dﬁﬁg??8ﬁipolynerizable nononer is

a mxture of ethyl d f] } 3 20 carbon atonms. 10. The
¥o'ols : mf??%?é‘? iﬁo%ﬁgw@"cﬁgﬁrgh

process according to ¢ erefnt z0 a - pol ynmeri zabl e nmononer

is a monomer selected fromdhg;fiayP fFAnsl shindeal a-olefins having 3 to 20
carbon atons. 11. The process according to claim 10, wherein the produced

pol yrmer sis a pol syl ifgi hesai®led i no heshon®. an i sotactic fraction [ i
of nore than 0. 25.

/' N/ N| / NG NG Nd/ Nd/ Nd/ Nd/ Ng&x algh Rihig) &@aNE NGadnadeNd/ NJd/ Nf G NJd/ Nd/ NG Ng*/ N
g*/ NJ*/ Ng*/ NN NO- /Ng /N _ )

TN+ NFJNO* / NF 1 NMaa wermen o GB A7 NP NG 8GRl FRikgNGY NoCz M NG/ NGp- | V[ V

o e o el cobeplsl ool sahenlonlenl gl opl calgalgalgel ol ca cal cal cal ca
13C_-NMR was measured according to the conditions below
10 using AM400 and AC250 manufactured by Bruker Co., Ltad.,
and the composition was determined according to the
calculation method described in "J.C.Randall,
J.Macro.Sci.-Rev.Macromol.Chem.Phys., Vol.C29(2&3),
pp201(1989)".
15 Solvent: O-dichlorobenzene/deuterated benzene =4/1
{volume ratio)
Concentration: 200 mg/3 ml
Temperature: 135T
{5) Stereo-regularity
20 13C-NMR was measured according to the conditions below
using AM400 manufactured by Bruker Co., Ltd., and the
stereo-regularity was calculated according to a peak
area ratio of a methyl group.
Solvent: O-dichlorobenzene/deuterated benzene =4/1
25 (volume ratio)
Concentraﬁion: 10 mg/0.6 ml

Temperature: 135C
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"rP.C\110%}1 & ()-!<!109& ()-0!109% & ()-7!'0! 10%b& ()-7vyd0% & ()-cl10% & ()
- 5 purified toluene was charged thereto, and the inside of

10 <.C\T%B10% & ()-?21g% 109 ()-?#<109% & ()-'10% & ()-! X 109%&' () -!
3109 ()1)) * Kb+ DRk Rviela sab 0t €9 SI005SE! (Jederd Lnl {lmmol) -
10!'no. '109%& ()-!go.!10%& ()-,510% & (%-T+++, T -WA?2rSA1 9% 110% o0& ()-d! 110
%08& () - d! 7LMVPEO9 %ca'qq had yri )11_n nd l4mg of manganese(II)

o 1908 ) SRR Ad pltolaoo 13530 ISR 0 SR IRHRGOR, ) - 9400

Iml (5#4mol) of triphenylcarbenium

10 tetrakis{pentaflucorophenyl)borate was added and the
mixture was stirred. The molar ratio [Al]/{B] of
aluminum atom to boron atom was 200. Ethylene gas of 1.0
MPa was fed and polymerization was carried out at 40T
for 60 minutes. During the polymerization, ethylene gas

i5 was continuously fed so that the pressure in the system
is constant. Then, the polymerization was terminated by
introducing 10ml of ethanol under pressure. The
unreacted ethylene gas was purged, the content of the
autoclave was charged in 400ml of ethanol into which 20ml

20 of 3N hydrochloric acid was added, a polymer
precipitated was separated by filtration, and drying was
carried out at 80C for about 4 hours. As a result, 7.0g
of a polyethylene was obtained. The intrinsic viscosity
([7M1) of the polyethylene obtained was 1.39d41/g, weight

25 average molecular__weight (Mw) was 75600, and molecular

weight distribution (Mw/Mn) was 2.0. Melting boint (Tm)

was 136°C.
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10 Polymerization was carried ocut in the same manner as

in Example 1, except that manganese{II) chloride was
changed to 11.7mg of magnesium chloride. As a result,
5.24g of a polyethylene was obtained. The weight average
molecular weight (Mw)} of the polyethylene obtained was
15 75800, andmolecular weight distribution (Mw/Mn) was 1.7.
Melting point {Tm) was 136°C.
Example 4
Polymerization was carried cut in the same manner as
in Example 1, except that manganese(II) chloride was
20 changed to 16.1mg of nickel{II) bromide. As a result,
1.75g of a polyethylene was obtained. The weight average
molecular weight (Mw) of the polyethylene obtained was
78500, and molecular weight distribution (Mw/Mn) was 1.6.
Melting point (Tm) was 136°C.
25 Example 5
Polymerization was carried oﬁt in the same manner as

in Example 1, except that manganese(II) chloride was
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2.6, Melting point (Tm) was 136°C.
Example 6
Polymerization was carried out in the same manner as

in Example 1, except that manganese(II) chloride was
changed to 13.5mg of sodium iodide. As a result, 0.63g

10 of a polyethylene was obtained. The weight average
molecular weight (Mw) of the polyethylene obtained was
74300, andmolecular weight distribution (Mw/Mn) was 1.6.
Melting point {(Tm) was 136°C
Example 7

15 The atmosphere of a 400ml stirring type autoclave made
of stainless had been replaced with argon, 200ml of
purified toluene was charged thereto, and the inside of
the autoclave was adjusted at 25C. Thereto, 1ml {1lmmol)
of triisobutylaluminum and 12mg of silica were added.

20 After stirring at 35C for 3 minutes, 1ml (54mol) of
triphenylcarbenium tetrakis(pentafluorophenyl)borate
was added and the mixture was stirred. The molar ratio
[Al]/[B] of aluminum atom to boron atom was 200. After
3¢ minutes, ethylene gas of 1.0 MPa was fed and

25 polymerization was carried out at 40 .for 60 minutes.

During the polymerization, ethylehe gas was

continuously fed so that the pressure in the system is
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unreacted ethylene gas was purged, the content of the

autoclave was chargéd in 400ml of ethanol into which 20ml
5 of 3N hydrochloric acid was added, a polymer

precipitated was separated by filtration, and drying was

carried out at 80 C for about 4 hours. As a result, 8.39g

of a polyethylene was obtained. The intrinsic viscosity

([71) of the polyethylene obtained was 1.32d41/g, weight
10 average melecular weight (Mw) was 74%00, and molecular

weight distribution (Mw/Mn) was 1.9. Melting peoint (Tm)

was 136°C.

Example 8

Polymerization was carried out in the same manner as

15 in Example 7, except that 12 mg of silica was changed

to 13mg of iron oxide. As a result, 1.87g of a

polyethylene was obtained. The weight average molecular

weight (Mw) of the polyethylene obtained was 82250, and

molecular weight distribution {Mw/Mn) was 2.1. Melting
20 point (Tm)} was 136°C

Example 9

Polymerization was carried out in the same manner as

in Example 7, except that 12 mg of silica was changed

to 15mg of montmorillonite. As a result, 7.75g of a
25 polyethylene was obtained. The intrinsic viscosity

{(I71]) of the polyethylene obtained was 1.39d1/g, weight

average molecular weight (Mw) was 74220, and molecular
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10 Melting point (Tm) was 136°C.
Example 11
The atmosphere of a 400ml stirring type autoclave made
of stainless had been replaced with argon, 100ml of
purified toluene, 100ml of l-hexene and ethylene gas of
15 1.0 MPa were charged thereto, and the inside of the
autoclave was adjusted at 40T . Thereto, 1ml (lmmol) of
triisobutylaluminum and 27.5mg of manganese(II)
chloride were added. After stirring at 40'C for 3 minutes,
3ml (154mol) of triphenylcarbenium
20 tetrakis(pentafluorophenyl)borate was added and the
mixture was stirred. The molar ratioc [Al]/[B] of
aluminum atom to boron atom was 67. Ethylene gas of 1.0
MPa was fed and polymerization was carried out at 40T
for 60 minutes. During the polymerization, ethylene gas

25 was continuously fed so that the pressure in the system

is constant. Then, the polymerization was terminated by

introducing 10ml of ethanol under pressure. The
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10% R& ()-v precipitatedwas separated by filtration, and drying was
5 carried out at 80°C for about 4 hours. As a result, 1.36g
of a copolymer was obtained. The intrinsic viscosity
([71}) of the copolymer obtained was 1.15dl/g, weight
average molecular weight (Mw) was 57400, and molecular
weight distribution (Mw/Mn) was 1.7. The content of
10 l1-hexene unit in the copolymer was 11 % by mole. Melting
point (Tm) was 69°C.
Example 12
Polymerization was carried out in the same manner as
in Example 11 except that manganese(II) chloride was
15 changed to 33mg of silica. As a result, 4.10g of a
copolymer was obtained. The intrinsic viscosity ([ n1)
of the copolymer obtained was 1.05dl/g, weight average
molecular weight (Mw) was 61580, and molecular weight
distribution (Mw/Mn) was 1.7. The content of l-hexene
20 unit in the copolymer was 11 % by mole. Melting point .
{Tm) was 82°C.
Comparative Example 1
The atmosphere of a 400ml stirring type autoclave made
of stainless had been replaced with argon, 200ml of
25 purified toluene was charged thereto, and the inside of

the autoclave was adjusted at 35C . Thereto, 1ml { lmmol)

of triisobutylaluminum and 13mg of manganese(II)
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105 105 105v 10ml of ethanol was charged under pressure. The
unreacted ethylene gas was purged, and the content of
5 the autoclave was charged in 400ml of ethanol into which
20ml of 3N hydrochloric acid was added. As a result, no
polyethylene was obtained.
Comparative Example 2
The atmosphere of a 400ml stirring type autoclave made
10 of stainless had been replaced with argon, 200ml of
purified toluene was charged thereto, and the inside of
the autoclave was adjusted at 35C. Thereto, 10mg of
manganese({II) chloride and 1ml (5f4mol) of
triphenylcarbenium tetrakis(pentafluorophenyl)}borate
15 were added. Ethylene gas of 1.0 MPa was fed and the system
was maintained at 40C for 60 minutes. Then, 10ml of
ethanol was charged under preésure. The unreacted
ethylene gas was purged, and the content of the antoclave
was charged in 400ml of ethanol into which 20ml of 3N
20 hydrochloric acid was added. As a result, no
polyethylene was obtained.
Example 13
Under nitrogen atmosphere, 25mg (0.2mmol) of
manganese(II) chloride, 184mg of triphenylcarbenium
25 tetrakis(pentafluorophenyl)borate,and5ml<ﬁfpurified

toluene were charged in a 100ml autoclave made of

stainless. Thereto, 1ml (1mmol) of triisobutylaluminum
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5 was charged in 100ml of ethanol into which 5ml of 3N
hydrochloric acid was added, a polymer precipitated was
separated by filtration, and drying was carried out at
80C for about 4 hours. As a result, 53mg of a
polypropylene was obtained. The weight average

10 molecular weight (Mw) of the polypropylene obtained was
541000, and molecular weight distribution (Mw/Mn) was
9.9. Concerning stereo regularity, [mm] was 0.63, [mr]
was 0.20, and [rr] was 0.17. Melting point (Tm) was 144C.
Example 14

15 Polymerization was carried out in the same manner as
in Example 13, except that manganese{I1I) chloride was
changed to 19mg (0.2mmol) of magnesium chloride. As a
result, 68mg of a polypropylene was obtained. The weight
average molecular weight (Mw) of the polypropylene

20 obtained was 964000, and molecular weilght distribution
(Mw/Mn) was 10.1. Concerning stereo-regularity, [mm]
was 0.57, [mr] was 0.23, and [rr] was 0.20. Melting point
(Tm) was 147TC.
Example 15

25 Under nitrogen atmosphere, 40ml of purified toluene,

Iml (1lmmol) of triisobutylaluminum, 0.20g of silica,

240mg (0.26mmol) of triphenylcarbenium
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charged, and the mixture was reacted at 40C for 1 hour.
5 The unreacted propylene gas was purged, the content of
the autoclave was charged in 400ml of ethanol into which
20ml of 3N hydrochloric acid was added, a polymer
precipitated was separated by filtration, and drying was
carried out at 80C for about 4 hours. As a result, 21. 29
10 of polypropylene was obtained. The weight average
molecular weight (Mw) of the polypropylene obtained was
54280, and molecular weight distribution (Mw/Mn) was
1.73. Concerning stereo-regularity, [mm] was 0.930,
[mr] was 0.048, and [rr] was 0.022. Melting point (Tm}
15 was 1427T.
Comparative Example 3
Polymerization was carried cut in the same manner as
in Example 13, except that triphenylcarbenium
tetrakis(pentafluorophenyl)borate was not added. As a
20 result, a polymer was hardly obtained.
Comparative Example 4
Polymerization was carried out in the same manner
as in Example 13, except that manganese chloride was not
added. As a result, 31mg of a polypropylene was obtained.

25 The weight average molecular weight (Mw) of the

polypropylene obtained was 1.61 X 10°, and molecular

weight distribution (Mw/Mn) was 4.6. Concerning
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A highpolymerization activity can be revealed according
10 to the present invention without using a conventional
solid catalyst component (a solid catalyst component in
which a titanium atom, a halogen atom and an electron
donor are essential components), a transition metal
compound such as a metallocene complex or the like which
15 has been considered as essential for revealing a high
polymerization activity, and an olefin polymer of
higher molecular weight can be produced, therefore the

value of the present invention is extremely great.
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1. A catalyst for addition polymerization obtained by
contacting (A}, (B) and (C) described below:
5 (A) an organcaluminum compound,
(B) one or more of boron compounds selected from (Bl)
to (B3) below;
(B1) a boron compound represented by the general
formula BQ'Q%*Q°,
10 (B2) a boron compound represented by the general
formula G'({BQ'Q%Q°Q*)", and
{B3) a boron compound represented by the general
formula {L-H)'(B0O'Q%Q%Q*)"
(wherein each of Q' to Q*is independently a halogen atom,
15 a hydrocarbon group., a halogenated hydrocarbon group,
a heterocyclic group, a substituted silyl group, an
alkoxy group, or a di-substituted aminoc group, and they
may be the same or different. G* is an inorganic, organic
or organometallic cation. L is a neutral Lewis base, and
20 (L-H)® is a Br¢nsted acid.), and
(C} a solid inorganic compound.
2. The catalyst according to claim 1, wherein the
organoaluminum compound is one or more of aluminum
compounds selected from (Al) to (A4) below:

25 (Al) An organocaluminum compound represented by the

general formula; R,A1(OR) HX' :

(A2) an organocaluminum compound represented by the
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satisfying 0= o< 3; "p" represents a numeral satisfying
0= p < 3; "q" represents a numeral satisfying 0 = q
{3; r+0+p+g=3; "j" represents an integer of 2
or more; and "k" represents an integer of 1 or more.)
15 3. The catalyst according to claim 1 or 2, wherein
the solid inorganic compound (C) is a Br¢nsted acid salt
of an atom selected from the group consisting of metals
of the Groups I to XVI of the Periodic Table of the
Elements and silicon, or a layered silicate compound.
20 4. The catalyst according to claim 3, wherein the
Br¢nsted acid salt is ahalide of ametal atom represented
by the general formula (1):
M X2 (1)
(wherein M? represents a metal atom selected from the
25 Groups I to XVI of the Periodic Table of the Elements
and X’represents ahalogen atom. "m" represents a numeral

of 1 or more, and "n" represents a product of a valence
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number of the metal atom and "m".).

5. The catalyst according to claim 3, the Br¢nsted acid
salt is an inorganic oxide selected from the group
consisting of oxides of metals of the Group I to the Group

5 XVI of the Periodic Table of the Elements and silicon.

6. The catalyst according to claim 3, wherein the
layered silicate compound is a clay mineral.

7. A process for producing an addition polymer, which
comprises polymerizing an addition-polymerizable

10 moncmer in the presence of the catalyst of any one of
claims 1 to 6.

8. The process according to claim 7, wherein the
addition-polymerizable monomer is a monomer selected
from the group consisting of ethylene and & -olefins

15 having 3 to 20 carbon atoms.

9. The process according to claim 7, wherein the
addition-polymerizable monomer is a mixture of ethylene
and an (¢ -olefin having 3 to 20 carbon atoms.

10. The process according to claim 7, wherein the

20 addition-polymerizable monomer is a monomer selected
from the group consisting of ¢ -olefins having 3 to 20
carbon atoms.

11. The process according to claim 10, wherein the
produced polymer is a polymer of the @ -olefin, having

25 an isctactic fraction [mm] of more than 0.25.




