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OLEFIN POLYMER AND PROCESS FOR PREPARING THE SAME

TECHNICAL FIELD

5 The present invention relates to olefin polymers and
processes for preparing the same. More particularly, the
invention relates to an olefin polymer having an
extremely narrow molecular weight distribution, an olefin
polymer containing two kinds of specific polymer blocks,

10 the above-mentioned olefin polymers having a functional
group at the terminal, a block copolymer, and processes

for preparing these olefin polymers.

BACKGROUND ART

15 Polymers having narrow molecular weight distribution
and specific molecular weight, polymers having a
functional group introduced at the terminal and block
polymers having different segments bonded to each other
exhibit various useful properties, so that they are very

20 important from not only the academic viewpoint but also
the industrial viewpoint.

It is generally well known that in the production of
polymers having such specific structures, living

- polymerization wherein neither termination reaction nor

R
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exhi bit various useful properties, so that they are very 20 inportant from
not only the acadenic viewpoint but also the industrial viewpoint. It is
generally well known that :in the production of polyners having such
specific strugfFares(PCTyVing f pol ynerizati on wherein neither termnation
reaction nor SF-714 (PCT) 2 chain transfer reaction substantially takes
pl ace during the polynerization is effectipve. However, if the

pol ymeri zation is carried out under usual conditions using a Zegler
catalyst or a 5 netallocene catalyst that is generally used as an olefin
pol yneri zation catal yst to produce pol yners having the above specific
structures, cHBH tFERIERL rEaREroA8 SFPERBNGLBW! Hg tASEY B a6Raidig 1ng
frequently take place, and it is very difficult to produce ol efin polyners
by |iving 10 et yorekyearientiferiexarpretive-has been made clear by

anal yses of nol ecul ar wei ght distribution, conposition distribution, etc.
that when a bl ock Ropoismerif sthetepdeter bzbeiepniheshzededspng ankisown
catal yst system a m xture of honopol yner and random copol ynmer is produced
15 (Boor, "Ziegher-dNmtdat Catal ysinand Pobyireri zatkroyst Acadeni ¢ Press Co.
1979). Under such circunstances, sone researches of living polynerization
of ol ef i n6 hawet bebrcempordedl yFor texanpbegeheviahypokygnerniszahi oiedfin
propyl ene 20 using a specific vanadi um catal yst has been reported by Doi,
et al. (Macromolgeetesatoh.cdBalpst2896prd@86e pnlyhessphacess, thewever,
an extrenely | ow pol ynerization tenperature such-as a tenperature of -78C
to -40C i s nesiessarypeanfli ¢ het potyoeeszathannackbvktygri sesevepals 25 tens
g- pol ymer/ nmmol - Mh and is not commercially SF-714 (PCT) 3 satisfactory.
Further, the {pod ygeswiy@eoshitdr CBRabassynthashzed tskeeptaielednoit

pol ypropyl ene or a propyl ene/ et hyl ene copol ynmer having a | ow et hyl ene
content (not dreetad BOiOubY 8! prodndei b1E8idi bbigHblsSpl,01pKAdUce
comerci ally useful polyethylene and et hyl ene copol yners by |iving

pol ymeri a@ti ggsblmﬁpygﬁioﬁ hergyd st 0] em ofad Ve St er sk eglb AL by
(racemc diad: not nore than 0.8) of the resulting polypropyl ene, and hence
this process dg,ipslistssahdyebnsuffi et gnt. q10-BIRQkhBRt . cB8hpBLitaRed
McConvill, et al.” have reported living polymerization of higher a,-olefins

such as pfopyﬁfg%%fﬁﬁkﬂcﬁﬁx@@@.W&ﬁgtsﬁﬁéhfécbﬂbgkeho§eﬂyh§¥ Qg titani um
conpl ex (Journal of Anerican Chem cal Society, vol. 118 p. 11664, |996,

Journal of AngliCafle £hedi 68l s 219061 8Ly, u¥Phg h1Bnofn 10098, 51928k A SO in

this process,
a mixture of homopolymer and random copolymer is produced

15 (Boor, "Ziegler-Natta Catalyst and Polymerization",
Academic Press Co., 1979).
Under such circumstances, some researches of living
polymerization of olefins have been reported.
For example, living polymerization of propylene
20 using a specific vanadium catalyst has been reported by
Doi, et al. (Macromolecules, vol. 19, p. 2896, 1986). 1In
this process, however, an extremely low polymerization
temperature such as a temperature of -78°C to -40°C is
necessary, and the polymerization activity is several

25 tens g-polymer/mmol-M-h and is not commercially



| ow-t enperature polynerization at a tenperature of not higher than 0Cis
necessary in many cases, and the resulting polymer has an atactic structure
having no stereoreqgularity. Moreover, it is difficult to produce 20
pol yet hyl ene SF-Zt# RGY) ene pol yner by living polynerization using the
ni ckel conplex or the titanium conplex. Soga, Shiono, et al. have studied
l'iving pol ynmerization of propylene using g netallocene catal yst, 25 but in
this process, an extrenely | ow tenperature such as SF-714 (PCT) 4 a
tenperature of -78C to -60C is necessary, and the |evels of polynerization
activity and nol| ecul ar weight of the resulting polynmer are | ow
(Macr onol ecul 22LLBFACERIYy BYBUNesggsne \Bet BiBF cEViPE WABFE EBRMRAI cati on,
vol. 20, p. 5 637, 1999). As a synthesis of polyethylene by living
pol yreri zat i ofYERGFIF8dgéAerSPEY1s5rE bO @LMPEGPYIeNSk &% uFa, et al . have
reported a process_of using_a niobiumor tantalumconplex, and Yasuda, et
al . have 10 repePYyeeng/pEBrésscoronsilnged Savanioum dompleanylieme hese
processes, however, there are defects that the activity is low, the
mol ecul ar wei ghtentt heotenakei kapobPethpyenelis laindgi tiéd itso ddlfduitcy 100, 000,
and copol yneri zation of conononers other than ethylene is 15 infeasible
(Journal & AperpreduChespracrsSoeiléyypsedul DO3yephyl@9e0antoed)hylisnea
synt hesis of a bl ock polyner having different segnments bonded to each
ot her, a procesgobymassngyalspécof polymealizatdne.catlatystehastheen neport ed
20 (I'nternational Patent Publication W91/12285, W94/21700). In this
process, howeweprobhemacti ¥bwysterkowegandriawy t(eapemdicune apal YRy inzatd on
(-10Cto 0C) is essential. Mreover, it is described that the bl ocking
ef ficiency istidecreas8pdofothessethanihg MHobypirbekeasienganlie ndbce this
pol yneri zation tenperature to 10C. On this account,

process 1s industrially insufficient.

10 Brookhart, et al. and McConvill, et al. have
reported living polymerization of higher e@-clefins such
as propylene and l-hexene with specific nickel complex or
titanium complex (Journal of American Chemical Society,
vol. 118, p. 11664, 1996, Journal of American Chemical

15 Society, vol. 118, p. 10008, 1996). Also in this process,
low-temperature polymerization at a temperature of not
higher than 0°C is necessary in many cases, and the
resulting polymer has an atactic structure having no
stereoregularity. Moreover, it is difficult to produce

20 polyethylene or an ethylene polymer by living
polymerization using the nickel complex or the titanium
complex.

Soga, Shiono, et al. have studied living
polymerization of propylene using a metallocene catalyst,

25 Dbut in this process, an extremely low temperature such as



SF-714 (PCT) 5 production of a block copolyner at an industrially usually
used pol ynerization tenperature (50C to 75C) is inpossible. Also in case of
| owt enperature pol ynerization, the nol ecul ar weight distribution (Mv M),
5 that is an SRdIth{POM)of |iving polynerizability, of the block copol yner
is not less than 1.35 and is not narrow, so that this polynerization is not
l'iving polynerization sufficiently controld ed. Therefore, nost of the
products contain |arge amounts of non-bl ock polymers as by 0 products, and
fractionation to renove the unnecessary polyners is essential as a post
treatnent. Thus, there are many industrial restrictions. Accordingly,

devel opnent of ASPPBEBSETGhELer 8l vitRg —HI Fresi FECGEHFGT 088X igican be
carried out at an_15 industrially available high tenperature with high

pol yneri zat i oh€EBLFvPEyPPS YBRLIIAAGSOR alclty Wéry agce o lesidar Uederhtsueh

ci rcunst ances, the present applicant has found; as novel olefin

pol yreri zat i obhearapystsng2potvassi eiren lept dMacowpodedgsi isavived .a 31, p.
salicylaldimne Iigand, and has also found that when a transition netal
conpound havi 8§84, speehti dasmorctlyce! lse|Regtied Fomomnihssti@ansivobn A6t ab.
conmpounds having a salicylaldimne ligand is used, living polynerization
proceeds & af325 iLAdAstrially available high tenperature with activity
SF-714 (PCT) 6 extrenely higher than that of hitherto known |iving

pol ymeri zati on, ana8lspaodunthenief ofiobypalethgichaviong lhivghgnol ecul ar wei ght
and narrow nol ecul ar wei ght distribution and pol yol efi ns or bl ock

copol ymer s hapbbgméunettooal bhgroupsggunamtilllgt isweldy bentgigduced tat t he
termnals is feasible. Based on the finding, the present invention has been
acconpl i shed. ndhempresest appl heast rBps riteut hepioe sisowrd ua iplocess for
efficiently produci ng such polynmers, and acconplished the present
invention. 10niépbismadrobhaehiafh tBeplB%enthan yheupkQViede 20l efhar ol ymers
exhi biting various useful properties, such as a polyner having a narrow

nol ecul anonei gibogtsrkbytbensandrauspeg bi cammhkecH abmpeicght . 14 PRLYRES
having a functional group introduced at the termnal and a bl ock 15 pol yner

having di ffergpt-66888BNt sohevded taeeachrat Rekeckl ikHadnehhen @hjwegt, of the
invention to provide processes for preparing these olefin polyners. It is a

further objectsofof;hechavgptibenihe Reoyhdecpr esessesuhieningfficiently
preparing such polyners. 20 DI SCLOSURE"CF THE | NVENTI ON The ol efin pol yner

according to ﬁ@f%éﬂﬂﬁﬂéhénikSl%m@@%&”ﬁ% QEOGE heBShogne Qef i n sel ected

from ol efi ns ‘of to” 20 carbon atons and has a nunber-average nol ecul ar 25

wei ght of not .} 858, 4ban, 200,and sMULNBA 6 WBLEAL- RUGHAGR 18R 714 (PCT)
15 infeasible (Journal of American Chemical Society, vol.
115, p. 10990, 1993).
As a synthesis of a block polymer having different
segments bonded to each other, a process of using a
specific metallocene catalyst has been reported
20 (International Patent Publication W091/12285, W094/21700).
In this process, however, the activity is low, and low-
temperature polymerization (-10°C to 0°C) is essential.
Moreover, it is described that the blocking efficiency is
decreased to less than 10 % by increasing the

25 polymerization temperature to 10°C. On this account,



7 mol ecul ar wei ght, WM; nunber-average nol ecul ar wei ght) of not nore than
1.5. Such a polyner is sonetimes referred to as a "nonodi sperse pol yol efin"
herei nafter. The nonodi sperse polyolefin of the inventionis, for 5
exanpl e, pol y8FgAL(RCThi gh-density pol yethylene (referred to as "HDPE"
hereinafter), linear |owdensity polyethylene (referred to as "LLDPE"

herei nafter), polybutene, a copol yner of hyl ene and at | east one olefin
selected fromolefins of 4 to 20 carbon atons, 10 dinmes and cycl ool efi ns,
or a copolyner of propylene and at | east one olefin selected fromolefins
of 4 to 20 carbon atons, dinmes _and cycl ool efins. The nonodi sperse

pol yol ef i n of P¥RGUTRVERAt PEnai B1oFdr corarprer atpany Addustt rdiglyiyene, whi ch
has a nunber 15 average nol ecul ar wei ght of not |ess than | 10,000 and Mv Mh
of not nore thawaily uspdappélymsizetisn teaperenars 50N Csdleeted)f riom
olefins of 3 to 20 carbon atonms, which has a nunber-average nol ecul ar

wei ght of notimeessihaa.500sdhithcasenof howetehpardtbrand a nelting point
20 of not lower than 70C. The nonodi sperse polyolefin of the invention is,
for exanpl e, molyphefinapobypethehinet eics:la poteingrt of i ot ofkyhehen onMbyMane
and has a racemc diad (r), as nmeasured by 13C-NWR, of not |ess than 0.85,
or a pol yiBer th&E-7d4ahPCAYiBavhibahoifs 1arieghyoeyekpriepyiene yGopa wrs and
has an et hyl ene content of not |less than 60 % by nol. The ol efin polyner
according to phecknwepblomersisf aptexaspl ehaan 10136l andpalsy et \Which,s an
olefin 5 copolyner of at least two olefins selected fromolefins of 2 to 20

carbon at ons, sbashat nunber pavemagezavkeauliar neei gdhtvigk ROt ess A& p00
and is a tapered polyner containing a segment wherein conposition of two or

nore monomer ssgoAt ENERUSLycehaneesetn thigePOLYFAE] £H3ENor AR HaBeLEd s
pol ynmer having Mv/ Mh of not nore than 2.5 arid a tapered polyner having an

ethyl ene conteshtQinnPhrbesambials38r%by-BBbear oakaeravalsl ahle. The
ol efin polymer according to the invention is, for exanple, anolefin

copol ymern gwhi 6ho§08PE | S§8qar 1a-FRBANEYE oHNikh, Mydeki vad hm@cgi@fs%gﬁji n of 2

to 20 carbon atons and at | east one nononer unit M2 that IS ent from

th | ' esi [ MM~ LMM].
(Vo ] TV e TR as 36 Reacured by T30 KR "Sai st " TR FOMT Gwi ng

relations: 1> [MNRL,/; (8%t MLXLMEL - 12EMENRL2/ (4 ML" ML X[ V2" V2] )
Accordingly, development of a process wherein living
polymerization of olefins can be carried out at an

15 industrially available high temperature with high
polymerization activity is of industrially very great
value.

Under such circumstances, the present applicant has
found, as novel olefin polymerization catalysts,

20 transition metal compounds having a salicylaldimine
ligand, and has also found that when a transition metal
compound having a specific structure selected from the
transition metal compounds having a salicylaldimine
ligand is used, living polymerization proceeds at an

25 industrially available high temperature with activity



wherein [ML] is a nolar fraction of the nononmer unit M, [M] is a nolar
fraction of the nonomer unit M2, [MIM2] 25 is a nolar fraction of a unit in
whi ch t he nmonorer unit SF-714 (PCT) 9 ML and the nononer unit M2 are

adj acent to eSFlVIA(RCT)[M ML] is a nolar fraction of a unit in which the
nononmer unit ML and the nononmer unit ML are adjacent to each other, and
[MM2] is a nolar fraction of a unit in 5 ich the nmononmer unit M2 and the
nononer unit M2 are adjacent to each other. The ol efin polynmer according to
the invention is, for exanple, a polyner satisfying the above relations and
having MM Mh of not nore than 2.5, an ol efin copolyner 10 wherein an

i sol at ed nonopeErenetyMighearatbeguéhee of hishertwokeceontliimiows nononer
units ML are both detected in the polyner chain by neans of 13C-NMR, or an
ol efi n copol ypelymber eéhianseguénpeodfictwoncorft prliged efimenée vimid $iMh and
a sequence of three or nore continuous 15 nmononmer units ML are both
detected in tthelpohyaerwehahh bydnmeansosf mbIEcNVRr Wieiighe abewre ipaitires s,
the nononer unit M is preferably an ethylene unit. An ol efin copol yner
wherein a sequedceobfol@abing obrbleoRt cogolymerkhykhene ggreuwes iicsha20
detected by neans of 13C-NMR and a sequence of two continuous nethyl ene
groups and a gequesceuahtibseevelynphnereanteauals thet hykeneadsoups are both

detected is also avail abl e. Anot her enbodi ment of the ol efin polyner of the
25 invention féaapDé ef ighdUDCHn CORO| H1Rd 1 €QPERS| PBésent invention

has been accomplished. The present applicant has

furthermore found a process for efficiently producing

such polymers, and accomplished the present invention.

10 It is an object of the invention to provide olefin
polymers exhibiting various useful properties, such as a
polymer having a narrow molecular weight distribution and
a specific molecular weight, a polymer having a
functional group introduced at the terminal and a block

16 polymer having different segments bonded to each other.
It 1s another object of the invention to provide
processes for preparing these olefin polymers. It is a
further object of the invention to provide processes for
efficiently preparing such polymers.

20

DISCLOSURE OF THE INVENTION

The olefin polymer according to the invention is a
polymer of at least one olefin selected from olefins of 2
to 20 carbon atoms and has a number-average molecular

25 weight of not less than 500 and Mw/Mn (Mw: weight-average



SF-714 (PCT) 10 (i) a polymer block obtained fromat |east one olefin
selected fromolefins of 2 to 20 carbon atons, and (ii) a polyner bl ock
that is obtained fromat l'east one olefin selected fromolefins of 2 to 20
carbon atons SFaftd4 (BCd)fferent fromthe polymer block (i). The olefin
bl ock copolyner is, for exanple, a polynmer conprising two or nore polyner
bl ocks, adjacent polymer bl ocks of which are different fromeach other, and
havi ng a nunber-average nol ecul ar wei ght of not |ess 10 than 500 and Mw Wh
of not nore than 2.5. The ol efin block copolyner is, for exanple, an olefin
pol ymer which is a Eiblock %opokgner conprising two polynmer blocks and has
Mv M of Less™PhERUIEZ5WEFNG)of i POIMARET NGRS $iod &Gy It o e edpb) yadr
conprising 15 three pol yner bl ocks and has_Mw Mh of less than 1.80, or a
pol yner whi ch™P§ BOKSI F%Epoékf’cop%ll?h’eﬁ EBHETESi h§ PolEtémesore fsainater
bl ocks and has MV M of |ess than 2.00. The above ol efin bl ock copol ynmer
is, for exanpte, 28 pol'yrEPdikecaiss adty peifyimer Nsiredkafsesel ected from 20
pol yet hyl ene, HDPE, LLDPE, a copolymer of ethylene and at | east one olefin
sel ected from ol ef The BpPngdisp@seapibdyodedis, odi mbe dmdeoydlaolief,i NSy
atactic pol ypropylene (referred to as "ata-pol ypropyl ene" hereinafter),
i sotacti c ol gpeupykenpolyetayiedet, o hdghticensaty pollwertopyileare”
herei nafter), syndiotactic pol ypropyl ene SF-714 (PCT)

(referred to as "HDPE" hereinafter), linear low-density

polyethylene (referred tov as "LLDPE" hereinafter),
polybutene, a copolymer of ethylene and at least one
olefin selected from olefins bf 4 to 20 carbon atocms,

10 dienes and cycloolefins, or a copolymer of propylene and
at least one olefin selected from olefins of 4 to 20
carbon atoms, dienes and cycloolefins.

The monodisperse polyolefin of the invention is, for
example, a polymer of ethylene, which has a number-

15 average molecular weight of not less than 110,000 and
Mw/Mn of not more than 1.5, or a polymer of at least one
olefin selected from olefins of 3 to 20 carbon atoms,
which has a number;average molecular weight of not less
than 500, Mn/Mn of not more than 1.5 and a melting point

20 of not lower than 70°C. |

The monodisperse polyolefin of the invention is, for
example, an olefin polymer which is a polymer of
propylene or butene and has a racemic diad (r), as

measured by 13C—NMR, of not less than 0.85, or a polymer



11 (referred to as "syn-pol ypropyl ene" hereinafter), a copol yner of

propyl ene and at |east one olefin selected fromolefins of 3 to 20 carbon
atons, dienes and cycl ool efins, and the aforesaid tapered polynmer. 5 Al so
avail abl e i s 8Fdrtd ¢R€Tyopol yner or a triblock copol yner wherein each

pol ynmer block is selected from pol yet hyl ene, HDPE, LLDPE, an

et hyl ene/ propyl ene copol yner, an et hyl ene/gut ene copol yner, an

et hyl ene/ hexene copol yner, an et hyl ene/ octene copol yner, 10

at a- pol ypropyl ene, syn-pol ypropyl ene, a propyl ene/ butene copol yner and a
propyl ene/ hexene copol yner. The pol yner block (i) and the pol yner bl ock
(ii) are eachWB&fBct&dapr 8 YELERedREMPIYE eneh e sl Iyswei mansblhamerarbl ocks (a),
(b) and (c): 15 (a) a polymer bl ock obtained fromethylene, (b) a polyner
bl ock obt ai nefthybanenecatensf od seltedesd fuhem £ol%efdynsnadf. 3 to 20 car bon
atons, and (c) a polyner block obtained fromtwo or nore a olefins sel ected
from a-ol efi ns of 2heoo20fcarpodyaconscc2@ding cloeftie Hinoek tdepoliayer i s,
for exanple, a polyner containing at |east one of the polyner block (a)

whi ch has a ntabeexampiageanvbéedliar pedivgletr ehith0,i@0@nt @1« 00, 000 and
Mv Mh of not nore than 1.5. A further enbodi nent of the olefin polyner
accor di ng55 topdhemenvelit konliessantabebilie fpolsy R b ranf WIG 1 anal
SF-714 (PCT) 12 group at the termnal of the main chain of the aforesaid
nonodi sper se ol gotef 20, chapenedtpakynebs @l efinbecopaleyi®ie aloidlefidyr bl ock
copol ynmer. The nol ded product according to the invention 5 conprises the
nonodi sperse polytebtnnotheekapenad pobyarr, ikhe elgkidecoralwmms or the
ol efin bl ock copolynmer. The process for preparing an ol efin polyner
according to ¢echONenli aNseaMBhESRE Pk YMBbBLRY taknl@ oheli B Ol A-d 0 20
carbon atons in the presence of an olefin polynerization catalyst

conpri sing a.ﬁé@@ﬁékgoaoﬂeiahoegmpoeagn@@gcHni%h@egbq§%ﬁke@hgxntheA
following formula (1) and has properties that, in a (3-agostic structure of

a cationig CO@Q&@Kthﬁé@%ﬂe?nﬁagﬁné_MQ/MHeo%SnEQr%BE% thhnl & Leplaced with

a n-propyl group, said structure béing neasured by a density functional

met hod, the distanse beivrer hhe:hst sﬁoemghewgi eanegﬁtn%Fd%gctleg%nd to
e I and hy

the central nmetal Mand is nearest "to the ntral netal rogen at

the (3-positigh,hS3Hnoi r8o1hap.2913,0,4 e electrostatic energy is
not nore than I% kJ/nnI?Ptooprepgre tﬁean%%gng%érse pol yol efin, the

The olefin polymer according to the invention 1is,

for example, an olefin copolymer which comprises a

15 monomer unit M1 derived from an olefin of 2 to 20 carbon
atoms and at least one monomer unit M2 that is different
from the monomer unit Mj, and has the following
properties:

[M1-M21, [M1-M1], [M2-M2], [M1] and [M2], as
20 measured by 13¢c-NMR, satisfy the following relations:
1>[M1-M2]1/ (2x[M1]x[M2])
1>[M1-M2]2/ (4x [M1-M1])x [M2-M2])
wherein [M1] is a molar fraction ofvthe monomer unit Mz,

(M2] is a molar fraction of the monomer unit Mp, [M1-M2]

25 is a molar fraction of a unit in which the monomer unit



ol efin copolyner, the tapered polyner or the olefin block copolynmer; LmWn
(1)  SF-714 (PCT) 13 wherein Mis a transition netal atom sel ected from
Goup 3 to Goup 11 of the periodic table, mis an integer of 1 to 5 nis
a nunber satiSFytM(RCYpl ence of M 5 L is a ligand coordinated to the
central netal Mand is a |igand having a heteroatom which has no direct
bond to the central netal M and X is an @xygen atom a hydrogen atom a
hal ogen atom a hydrocarbon group, an oxygen-contai ning group, a 10

sul fur-containing group, a nitrogen-containing group, a boron-containing
group, an alum numcontai ning group, a phosphorus-containing group, a

hal ogen- cont dthi #y< gk BBpToRCHRet ekbéfcMc agenpeiagenssitqueaca other,
silicon-contai ning group, a germani untcontaining group or a tin-containing
15 group, and!Mh&hlh i8 2 Bplgrefrartiphupdl agikodps iinndihdahedhsy X may be
the sane or different, and plural groups indicated by X may be bonded to
forma ring. Mheomeanginitollnendl tbenpoundeirs unfisr Mexamel edjademdandid i on
nmet al compound represented by the following 20 formula (lIl1-a) or (Il-b); R
| &N R3 ~ "edtiX~other, &ndl [Ma }YoA Ra m 261arSExrat4ioRCPHE a unit in

5 which the monomer unit M2 and the monomer unit M are
adjacent to each other.
The olefin polymer according to the invention 1is,
for example, a polymer satisfying the above relations and

having Mw/Mn of not more than 2.5, an olefin copolymer

10 wherein an isolated monomer unit M] and a sequence of two
or more continuous monomer units M] are both detected in
the polymer chain by means of 13c-NMR, or an olefin

copolymer wherein a sequence of two continuous monomer

units M1 and a sequence of three or more continuous
15 monomer units M] are both detected in the polymer chain
by means of 13C-NMR.
In the above polymers, the monomer unit Mj is
preferably an ethylene unit. An olefin copolymer wherein
a sequence of two or more continuocus methylene groups is
20 detected by means of 13C-NMR and a sequence of two
continuous methylene groups and a sequence of three or
more continuous methylene groups are both detected is
also available.
Another embodiment of the olefin polymer of the

25 invention is an olefin block copolymer comprising:



14 wherein M is a transition nmetal atomselected from Goup 3 to Goup 11
of the periodic table, mis an integer of 1 to 5 5 Qis a nitrogen atom or
a carbon atom having a substituent R2, A is an oxygen atom a sulfur atom
a sel eni um at 8ot4 €P@T) r ogen at om having a substituent R5, R is a

hydr ocar bon group having one or nore 10 heteroatons or a hydrocarbon group
havi ng one or nore heteroatomcontaining gpoups, R2 to RS may be the sane
or different and are each a hydrocarbon group, a hal ogen atom a hydrogen
atom a hydrocarbon-substituted silyl group, an oxygen-containing 15 group,
a nitrogen-containin roup, a sulfur-containing group, _a boron-containing
group, an al uni num ton aPﬂEMBeﬁrgﬁﬁFkaoBﬁééﬁﬁgr%§98bﬁﬁaﬁﬁ@ﬁ§ §Gup, a

hal ogencont ai nj ng, group, a heterocyclic¢ conpound residue, a
siIicon-conta?%?gbngF%EE?tﬁdgéFﬁﬁnP&ﬁiééﬁt&ﬁn?n@og@&uﬁaéboﬁQa§0Hﬁr and
tin-containing group, two or nore of R~ to R5 may be bonded to forma ring,
and when mis 2 or{§tbatePOlRer RPeCkRBBatRAS gk aRpedmiy obe athd eswate or
different, and one group of R2 to R5 contained in one |igand and one group
of R2 to R5 centaphefiinnselneteri janusomefibe 25 Bomnde@l calbonlayd@ET) 15
nis a nunber satisfying a valence of M, and X has the sane neani ng as
that of XS5 n am@ asodeShedendr fuba Che; pREyBelr blodk 7tn.Q/ ... (I1-b) ST
rn 10 wherein ML is a transition netal atom selected from Goup 3 to G oup
11 of the periodi cThabbkefimiklanki nbpgéymet kst ofbyr ¥xiampaeni ar ogen at om
or a phosphorus atom U is a carbon atom having a substituent R6, a 15

ni trogen at onpolymephosphoissngt ovp Qri soaecgph@meat Boldi, Ngdd apdst i t uent
R~, a nitrogen atom or a phosphorus atom S is a carbon atom having a
substituent R8olymer blocks of which are different from each other,

and having a number-average molecular weight of not less
10 than 500 and Mw/Mn of not more than 2.5.

The olefin block copolymer is, for example, an
olefin polymer which is a diblock copolymer comprising
two polymer blocks and has Mw/Mn of less than 1.35, an
olefin polymer which is a triblock copolymer comprising

15 three polymer blocks and has Mw/Mn of less than 1.80, or
a polymer which is a multiblock copolymer comprising four
or more polymer blocks and has Mw/Mn of less than 2.00.

The above oclefin block copolymer is, for example, a

polymer wherein each polymer block is selected from

20 polyethylene, HDPE, LLDPE, a copolymer of ethylene and at
least one olefin selected from olefins of 3 to 20 carbon
atoms, dienes and cycloolefins, atactic polypropylene
(referred to as "ata-polypropylene" hereinafter),
isotactic polypropylene (referred to as "iso-

25 ©polypropylene”" hereinafter), syndiotactic polypropylene



nitrogen atomor a phosphorus atom 20 T is a carbon atom having a
substituent R9, a nitrogen atom or a phosphorus atom Rl and R6 to RO are
each the same atom or group as described with respect to RL and R2 to R5 in
the fornul a (SF-#)4 (R@T)when mis 2 or greater, R's, R6s, R-s, Rss 25 and
R9s may be the same or different, and one group of R6 SF-714 (PCT) 16 to
RO contained in one |ligand and one group Q? R6 to RO contained in other

| i gands may be bonded, n is a nunber satisfying a val ence of ML, and X has
the sane neaning as that of X in the aforesaid 5 fornula (1). Simlarly to
the transition n?tal conpound represented by the fornula (1), the
transiti on nmet BFLEbABEURE REpr 8¥BNPEd YBY OPha ehel" milex elinafder, @ I - b)
preferably has properties that the di stance between the 10 heteroat om

whi ch has no @fPetympbndftBrenEleant rall abt deabtands © leddme ste lter tidue
central metal M and hydrogen at the (3-position is not nore than 3.0 A and
the el ectrost&Xe® ehefgysi sfnot tnpké thabobOakdiepl diEhest mawsition netal
conmpound represented by the 15 fornula (Il1-a) or (lI1-b) is preferably a
compound wherey®alfaléefian, asodathe hydresadibonageewp, pan valirphatic

hydr ocar bon group or an alicyclic hydrocarbon group, selected froma phenyl
group havbng, at aliseastadhebbesiti eandoblbbr 2opesihkencand theplock

6- position, when the 20 position of the carbon atom bonded to nitrogen is

the 1 positi cmppohgner wibeeesubskthupolsmeel pebed fisorracheter ¢at.gm and a
het er oat om cont ai ni ng group, or has, at at |east one position of the

3-position, theldepogléhon RDPE] hELDPRPShhI 8Ahy2bnkegsbpoRengUbSti t uent
sel ected 25 froma heteroatom other than a fluorine atom a fluorine
copolymer, an ethylene/butene copolymer, an
ethylene/hexene copolymer, an ethylene/octene copolymer,
10 ata-polypropylene, syn-polypropylene, a propylene/butene
copolymer and a propylene/hexene copolymer.
The polymer block (i) and the polymer block (ii) are
each selected from, for example, the following polymer
blocks (a), (b) and (c):
15 (a) a polymer block obtained from ethylene,
(b) a polymer block obtained from one o-olefin
selected from a-oclefins of 3 to 20 carbon atoms, and
(c) a polymer block obtained from two or more o-
olefins selected from a-olefins of 2 to 20 carbon atoms.
20 The olefin block copolymer is, for example, a
polymer containing at least one of the polymer block (a)
which has a number-average molecular weight of 110,000 to
10,000,000 and Mw/Mn of not more than 1.5.

A further embodiment of the olefin polymer according

25 to the invention is an olefin polymer having a functional



SF-714 (PCT) 17 containing group having one carbon atom and not nore than
two fluorine atons, a fluorine-containing group having two or nore carbon
atons, and a group containing a heteroatomother than a fluorine atom and
when R is ansﬁ;pppquWy hydr ocar bon group ot her than a phenyl group, an

al i phatic hydrocarbon group or an alicyclic hydrocarbon group, this group
has at | east one substituent selected frogypa heteroatom and a

het er oat om contai ning group. In the transifion nmetal conpound represented
by the 10 formula (lI1-a) or (Il1-b), when the position of the carbon atom
bonded to nitrogen is the I-position, RL is preferably a hal ogen-contai ni ng
hydr ocar bon ggovoprofitlthe Bermanbdnodt dime seliectode ifir arfi & hEhend rag olg

havi ng, at at |east one position of the 2-position and the 6 15 position,
one or nore subsbdi epatrsespbégbée ffiingmtapkaledgen 1atmem,and exfin

hal ogen- cont ai ni ng group, a phenyl group having, at at |east one position
of the 3-positopalymbe 4rposdefianbandkt kechigasit.i on, at | east one
substituent selected froma fluorine-containing group 20 havi ng one carbon
atom and not nore thanmbveelll pebHnetabemdrdantl wer iine- GeRkaitnigdy gr oup
having two or nore carbon atons, a chlorine atom a bromne atom an iodine
atom a clf or&sepeoBtai 8hBIMBhBUR s pa rBEORLNGva@RLAI, NitRG =@ ANd an i odine
-containing group, an aronmatic 25 ﬁydrocarbon group ot her than a phenyl
group having gé1ymsk; 7tAe( BELY 1 48cbeaslmene osUbsk buent nselieched froma

hal ogen atom and a hal ogen-contai ni ng group, an aliphatic hydrocarbon group
having at |eastponemeubstituent selected froma hal ogen atomand a

hal ogen- cont ai ni ng”" group, and an alicyclic 5 hydrocarbon group having at

| east one substit d o] .0gen..a d l.agen- cont ai ni ng
group. The transi??g% §§%§§E§oﬁégu§5@F§?5?grQEXE§EF§5 gggggﬁgition met al
conpound repr y+Lh ol 1 0 La.(..l : 11 R ~~_ .
R~2\ OR-s (§§8€é§9%§ E@aggg.hhgg%?gfﬁlc%%%g%ﬁgfe ﬁl e%égﬁgﬁréﬁéition
metal atq selected LEom Ghoup dalBof QuRy2 of, Lhe I%%'ﬁgegl:cge tghlg mis 1

or 2, 20 R~ is an aromati ¢ Aydrocarbon group, an a

olefin polymerization catalyst comprising a transition
metal compound which is represented by the following
formula (I) and has properties that, in a P-agostic
structure of a cationic complex wherein one of X in the

15 formula (I) is replaced with a n-propyl group, said
structure being measured by a density functional method,
the distance between the heteroatom, which has no direct
bond to the central metal M and is nearest to the central
metal M, and hydrogen at the PB-position is not more than

20 3.0 A and the electrostatic energy is not more than 10
kJ/mol, to prepare the monodisperse polyolefin, the
oleﬁin copolymer, the tapered polymer or the olefin block
copolymer;

LmMXn _ (I)



hydr ocarbon group or an alicyclic hydrocarbon group, when Rl is a phenyl
group and the position of the carbon atom bonded to nitrogen is the
1-position, this phenyl group has, at at |east one position of the
2-position an8FtTr4 PBCB) position, one or nore substituents selected froma
SF-714 (PCT) 19 heteroatom and a heteroat om containing group, or has, at at
| east one position of the 3-position, the44-position and the 5-position, at
| east one substituent selected froma heteroatomother than a fluorine
atom a fluorine 5 containing group having one carbon atom and not nore
than two fluorjne atons, a fluorine-containing group having two or nore
carbon at orms, WAR#Sa gMods Boktansiiigoa Retedoattom cteiecashrf o | Giovupe
atom and when Rl~ is an aromatic hydrocarbon group other than a phenyl
group, an 10 al FRhEEPEPhydr 8aithbén Pgrdwstior taswlal,i cyclic group, this group
has at | east one substituent selected froma heteroatom and a

het er oat om cont ai nitngsgabupntrREErt ofR14twap,be the same or different and
are each a hydrogen atom a hal ogen atom a hal ogen-containing 15 group, a
hydr ocar bon group,naifydroeabbonssubistiytiupged siallghcgr odfpM,an
oxygen-contai ni ng group, a nitrogen containing group or a sulfur-containing
group, R2® is a halogenaal bgrnd habegénacent abnichg geauRalamaydnosarfen
group or a hydrocarbon-substituted silyl 20 group, n is a nunber satisfying
a val ence of M anili¥ahdshhhénsagehseanbagons whhiah 6k sXnoh dihe af ygsai d

formula (1). In the transition netal conpound represented by the 25 formul a
(I'11), when the positénoral hbeatamboanat om
X is an oxygen atom, a hydrogen atom, a halogen atom,
a hydrocarbon group, an oxygen-containing group, a
10  sulfur-containing group, a nitrogen-containing group, a
boron-containing group, an aluminum—containing group, a
phosphorus-containing group, a halogen-containing group,
a heterocyclic compound residue, a silicon-containing
group, a germanium-containing group or a tin-containing
15 group, and when n is 2 or greater, plural groups
indicated by X may be the same or different, and plural
groups indicated by X may be bonded to form a ring.
The transition metal compound is, for example, a
transition metal compound represented by the following

20 formula (II-a) or (II-b);

... (II-a)

25



SF-714 (PCT) 20 bonded to nitrogen is the I-position, Rl~ is preferably a
hal ogen- cont ai ni ng hydrocarbon group of 1 to 30 carbon atons selected from
a phenyl group having, at ‘at | east one position of the 2-position and the
6-position, o8f-p14PPCTYe substituents selected froma hal ogen atom and a
hal ogen- cont ai ni ng group, a phenyl group having, at at |east one position
of the 3-position, the 4-position and the1§-position, at | east one
substituent selected froma fluorine-containing group having one carbon
atom and not 10 nore than two fluorine atons, a fluorine-containing group
having two or nore carbon atonms, a chlorine atom a brom ne atom an iodine
atom a chlorine-containing group, a brom ne-containing group and an
i odi ne-containing group, an aronatic hydrocarbon group other than a phenyl
group 15 haviﬁ@eaﬁiheﬁgtién@ subsisiittuem nedlade tagebrf rserhess sl dgem atoou@nd a
hal ogen-cont ai ni ng group, an aliphatic hydrocarbon group having at |east
one substituefdt teebGeotipdlfir oM ahkalegemwddtocomadrict,a hal ogen-cont ai ni ng
group, and an alicyclic hydrocarbon group having at |east 20 one
substituent sel ectediférem anhabegenfatiomoand a hal ogen-contai ni ng group. By
t he above process, for exanple, the nonodi sperse polyolefin, the tapered
pol ymer or5 the ol epi bsbhoakteopehyaeomncan be cprepar edom hafkiftA A PCT) 21
Anot her enbodi ment of the process for preparing an ol efin polymer according
to the inventsopseoapEhSeR2pol ynerizing an olefin of 2 to 20 carbon atons
in the presence of an olefin polynerization catalyst conprising 5 the
above-nentioned transst hAnofPEah 60BROURAM st rRFERRLE, 2 PN BRI @ G Hen
bringing the polynmer into contact with a functional group-containing
conpound to pseparfiancgkaf bRoROh¥Bhghavishesa iftureli @%al group at the
termnal. A further enbodi ment of the process for preparing an 10 olefin
pol ymer according b e;l I LSes l; rhzi east two
ol efins which are %el%%t%dny§gﬁF§Fg§?E§Eg?EZh?glégegg%bgﬁ g%g%% and have
di f f er entygool i i act vt i r an ol efin
polyneriggfio%ggg%g%§gﬁgcg§p%ig?ﬁgbgagbggogggﬁgnﬁ%gﬁég%&etgéhéﬁF#%n met al
conpound to a : tai ning a segnent wherein
conposition g¥§?§%g%ﬁoﬁnggﬁﬁgﬁggéggsggﬁgghuousIy changes. A still further
enbodi ment of the processsft pLepatLn ef,l; I r._according.tq the
R2 OCES]R ﬁ%y.ﬁg @hé ggﬁ?ogk dl@Fg%e¥%$?n?h%re eath a

i nvention 20 conprises cond ing t Wi ng s

hydrocarbon group, a halogen atom, a hydrogen atom, a
hydrocarbon-substituted silyl group, an oxygen-containing

18 group, a nitrogen-containing group, a sulfur-containing
group, a boron-containing group, an aluminum-containing
group, a phosphorus-containing group, a halogen-
containing group, a heterocyclic compound residue, a
silicon-containing group, a germanium-containing group or

20 a tin-containing group, two or more of RZ to RO may be
bonded to form a ring, and when m is 2 or greater, Rls,
st, R3s, R4s and R9s may be the same or different, and
one group of R2 to R contained in one ligand and one
group of R2 to RO contained in other ligands may be

25 bonded,



followng step (2), and optionally, the followng step (3) of an arbitrary
nunber of tines, to prepare an ol efin bl ock copol ynmer conprising plura

pol ymer bl ocks; (1) a step of polynerizing at | east one olefin 25 sel ected
fromol efins 8F-214 PCT)carbon atons in the SF-714 (PGT) 22 presence of
an olefin polynerization catalyst conprising the above-nentioned transition
nmetal conpound to prepare a polynmer blockge(2) a step of polynerizing at

| east one olefin 5 selected fromolefins of 2 to 20 carbon atonms in the
presence of the polyner block prepared in the step (1) to prepare a polyner
bl ock which is different fromthe polynmer block prepared in the step (1),
and (3) a step of polymerhambgratakeast iage aokeflichck0 cxehdct edd rom ol efins
of 2 to 20 carbon atons in the presence of the polyner block prepared in
the step (1) and tkehpsl yner shheckephepar ed ikhath@ rStepn( 2het @ QR £ @
pol ymer bl ock which is different fromthe pol ynmer bl ocks prepared in the
previ ous stepfothuBastihl further enbodi ment of the process for preparing
an ol efin polyner according to the invention conprises preparing a tapered
pol ymer or an ol efin block copolymer by the above process and then bringing
the resulting (co)polynmer intgscontact with a functional 20

gr oup- contgai ni ng comnpou to %r are a tapered polyner or an ol efin block
copol ymer having a funcfional Ngrqup at the termnal. A still further

enbodi nent of the procdss for preparing an ol efin pol ymer according to the
i nvention 25 conpri ses {pol yperi zi W'%n ol efin in the presence of a SF-714
(PCT) 23 polynerization & ¥ i ch pronotes Iivj J pol ynerization of an
ol efin and further conduating'ol gfin polynerizatibh:Q€ he use of a

catal yst obtained by cl ea¥+m a Apond produced in the system between the 5
catal yst and the resulting polymer chain by nmeans of chain transfer
reaction. The chain transfer reaction can be pronoted by the use of at

| east one conpound sel ected from for exanple, hydrogen, an organoal um num
conmpound,an or ganoboron, 10_conpoun an_organozi nc conpound, an
organosippcoﬁﬁggﬁ%%ﬁﬁﬁ? ah 3rEg%%éégﬁ?ﬁnWEB%goﬁﬁamaﬁal&ﬁt8?g§ﬁ8me§60Up

conpound. The, ol efin pol r,zation catalyst used in the above process is,
for exanple,gaht%lg¥? p%f?ﬂtraQ%tP%ﬁlOdlc table,

m is an integer of 1 to 5,
Y is a nitrogen atom or a phosphorus atom,
U is a carbon atom having a substituent R6, a
15 nitrogen atom or a phosphorus atom,
Q is a carbon atom having a substituent R7, a
nitrogen atom or a phosphorus atom,
S is a carbon atom having a substituent RS, a
nitrogen atom or a phosphorus atom,
20 T is a carbon atom having a substituent RY, a
nitrogen atom or a phosphorus atom,
Rl and R® to RY are each the same atom or group as
described with respect to Rl and R2 to R® in the formula
(II-a), and when m is 2 or greater, Rls, R6s, R7s, R8s

25 and R9s may be the same or different, and one group of R®



15 catal yst conprising the above-nentioned transition nmetal conpound. The
pol ymer produced in the above process is, for exanple, the nonodi sperse

pol yol efin, t i opol yner, the tapered polynmer or the olefin block
copol yner. ZOgEHPtnggFgcess for preparing an olefin polyner, it is
preferable that the olefin polyner obtained before the chain transfer
reaction and/or the ol efin polyner obtai nd8 after the chain transfer
reaction is the nonodi sperse polyolefin, the olefin copolyner, the 25
tapered polynmer or the olefin block copolynmer, and it is SF-714 (PCT) 24

onct fon and Che o 67T AGFSE SOCATRGA S FER LR GRAUE (aer o rbacti or

reaction and t ol efi n polyner tain ter t action

are each the I rse ol ef.in, the olefin copoJyner, the 5 tapered
pol yner or thg8§?g¥ﬁ§8bﬁ8cEgééﬁoﬁﬁﬁgpdsTWQyo%@ﬂQ?ﬁ§% mer obt ai ned before
the chain transfer_reaction gnd thg.oletin pogﬁqer obt%inqd after the chain
transfer reaction fay°bg PHEX§AnE25dSEYCR%0PhER TG RRITER DESER PTI ON OF
THE DRAW NG Fi g. i s_an_explanatory view show ng steps for preparing an

ol efin pol ymeri zatto aﬁa?ﬁ?y§?mﬁhméﬁnF§goé§a§P6ﬁaPﬁyXu§@dtﬁﬁ @ﬁ%ﬁﬂﬁ%ﬂﬁn

i nvention, 15_BEST.  MODE FOR CARRYI NG OUT THE | NVENTI ON The ol efin polyners
accordingfio FAEMPhSenti on and the processes for preparing the polyners are
described in detail hereinafter. The neaning of the term "polynerization"
used herein 20 is hofi{RRIYelOt BhehbKBPSL AR BatréncoBROUREy conpr ehend
"copol ynmeri zation". Also, the neaning of the term"polynmer" used herein is
not |inmited t6ePRoRABPBEYBY" that formula (I), the transition metal

compound represented by the formula (II-a) or (II-b)
preferably has properties that the distance between the

10  heteroatom, which has no direct bond to the central metal
M and is nearest to the central metal M, and hydrogen at
the P-position is not more than 3.0 A and the
electrostatic energy 1s not more than 10 kJ/mol.

The transition metal compound represented by the

15 formula (II-a) or (II-b) is preferably a comeund wherein
Rl is an aromatic hydrocarbon group, an aliphatic
hydrocarbon group or an alicyclic hydrocarbon group,
selected from a phenyl group having, at at least one
position of the 2-position and thé 6—posi£ion, when the

20 position of the carbon atom bonded to nitrogen is the 1-
position, one or more substituents selected from a
heterocatom and a heteroatom-containing group, or has, at
at least one position of the 3-position, the 4-position
and the 5-position, at least one substituent selected

25 from a heteroatom other than a fluorine atom, a fluorine-



may conprehend "copol ynmer". The ol efin polynmer (nonodi sperse polyolefin} in
one 25 enbodi nent of the invention is a polyner of at |east one SF-714
(PCT) 25 olefin selected fromolefins of 2 to 20 carbon atons (sonetines
referred to aSF*8614(RP@GT) hereinaftery. This olefin polynmer may be a pol yner
of one olefin selected fromolefins of 2 to 20 carbon atons or may be a
random 5 copol ymer or a bl ock copol ynmer offz7tyro or nore ol efins sel ected
fromolefins of 2 to 20 carbon atons. Exanples of the olefins of 2 to 20
carbon atons include: straight-chain or branched a-olefins of 2 to 20 10
carbon atoms, such, ,as ethyl ene, propylene, 1-butene, 1 pentene,

3- et hyl - 1- buERRE2 1R IREXEREUPAhANERG ODepEREERE. af e NRhait et han
1-octene, 1-decene, |-dodecene, 1tetradecene, 1-hexadecene, 1-octadecene
and 1-ei cosene"OahdueBIiRgCREBMES i As L1103 106 2ONEAABGMdatdieslp NRchi e
~cycl opentene, cycl oheptene, norbornene, 5-nethyl-2 norbornene,
t et racycl ododeéener afgre- ferhyh- 2tgms,gand a group containing a
di met hano- 1, 2, 3, 4, 4a, 5, 8, 8a- oct ahydr onapht hal ene. Vi nyl cycl ohexane, di nes
and pol yenes @geeaPaboR0oEhproyabhe aad lube ivkekitos:, ofin2 twire20 Rlarimramat ons.
As the dines or the polyenes, cyclic or chain conpounds having 4 to 20
carbon at &ns andmatbcohydvpeadbobl grbopdstban beameat phred.l Bxany esarof
such conpounds include butadi ene, isoprene, 4-nethyl-1,3 25 pentadi ene,
1, 3- pent adi enelighdt penhgdrenerbbnbSghheupadirene, aliSkclli4 GRCEocarbon
group, this group has at least one substituent selected
from a heteroatom and a heteroatom-containing group.
In the transition metal compound represented by the
10 formula (II-a) or (II-b), when the position of the carbon
atom bonded to nitrogen is the l-position, Rl is
preferably a halogen-containing hydrocarbon group of 1 to
30 carbon atoms selected from a phenyl group having, at
at least one position of the 2-position and the 6-
15 position, one or more substituents selected from a
halogen atom and a halogen-containing group, a phenyl
group having, at at least one position of the 3-position,
the 4-position and the 5-position, at least one
substituent selected from a fluorine-containing group
20 having one carbon atom and not more than two fluorine
atoms, a fluorine-containing group having two or more
carbon atoms, a chlorine atom, a bromine atom, an iodine
atom, a chlorine-containing group, a bromine-containing

group and an iodine-containing group, an aromatic

25 hydrocarbon group other than a phenyl group having at



26 1, 4- hexadi ene, 1, 3-hexadi ene, 1, 3-octadiene, |, 4octadiene,

1, 5-oct adi ene, 1, 6-octadiene, 1,7-octadiene, ethylidene norbornene, vinyl
nor bor nene, dicycl opentadi ene, 7-nethyl-1, 6-octadi ene, 4-ethylidene 5

8-net hyl -1, 7- ggopld gpeTand S, 9-di nethyl -1, 4, 8-decatriene. Aromatic
conpounds are al so enpl oyable as the olefins, and exanpl es thereof include
nono or polyal kyl styrenes, such as styrengg o nmet hyl st yr ene,

nmet hyl styrene, p-nethyl styrene, o, p- dlnetﬁylstyrene, o 10 et hyl styrene,

m et hyl styrene and p-ethyl styrene, 3phenyl propyl ene, 4-phenyl propyl ene and
a-met hyl styrene. The above ol efins can be used singly or in conbination of
two or nore ki-RASE Aset Rebeltéfiuest medemiresl Havima dteomsyeot heront hamd 15
carbon and hydrogen are al so enployable in the invention. Exanples of such
mononer s i ncl hdéogen~8onnsaningt ead ocvar,bexy lald phatds; msubto asrckaeT ydrcu@ci d,
met hacrylic acid, fumaric acid, nalefic anhydride, itaconic acid and

i taconi c anhydevdeg eycllealsef one2Gubathoxentc sadicds cat farthy df irdeSodder eof
such as bicyclo(2,2,1)-5-heptene-2,3-dicarboxylic acid, and netallic salts
thereof, suchaasmseddum hallbgenpabassiiningaldroud,l tidimrsalitisyzine salts,
magnesi um salts and cal cium salts thereof; SF-714 (PCT) 21

a, ~3- unsatéur ahgedreaabbxyl peotpt BETingUGR asamt kifle acmd@Etiterat hyl
acrylate, n-propyl acrylate, isopropyl acrylate, n-butyl acrylate, isobutyl
acryl ate, tergebatykdagrphmatenha2oglhylhexylardCly hatieqdietditc Smihacryl ate,
5 ethyl nethacrylate, n-propyl nethacryl ate, |sopropyl met hacryl at'e,

n- but yl netha?gyh pte and isobutyl nethacrylate; vinyl esters, such as vinyl
acetate, vinyl propionate, vinyl caproate, vinyl caprate, vinyI | aurate, 10

vinyl stearate andTMénykagghghggrRggggakgm g@g@tgrat%g gI gmjs E§uch as
glycidyl acrylate, glycidyl nethacrylate aﬁ nonogl yC|éy orfat’e;

hal ogenated o C % iyl Li d i ene
chl ori de, V|n§F£%$%ﬁ%§g gﬁ &IE?%b %E §'§%e5§ﬁg§gu% & e%;ﬁﬁgi%%ﬁ%gunds,
such as anylggk&ﬁhge (qpdymethacrylonitrile; unsaturated am des, such as
acryl am

R10
RY L -------
=~
R12 )
. R'3 : R15
15 R4 . (III)

wherein Ml is a transition metal atom selected from Group
4 to Group 5 of the periodic table,
m is 1 or 2,

20 R10 is an aromatic hydrocarbon group, an aliphatic
hydrocarbon group or an alicyclic hydrocarbon group, when
Rl is a phenyl group and the position of the carbon atom
bonded to nitrogen is the l-position, this phenyl group
has, at at least one position of the 2-position and the

25 6-position, one or more substituents selected from a



met hacryl am de and N, N-di net hyl acryl am de; 20 unsaturated ketones, such as
vi nyl nmethyl ketone and vinyl ethyl ketone; unsaturated ethers, such as

met hyl vinyl ether and ethyl vinyl ether; functional group-containing
styrene deri V8FL7£4 (PEF)such as net hoxystyrene, ethoxystyrene, vinyl

benzoat e, SF-714 éPCT} 28 net hyl vinyl benzoate, vinylbenzyl acetate,

hydr oxyst yrene, o-chl orostyrene, p-chToroqbyrene and di vi nyl benzene; and

vi nyl group-containing heterocyclic conmpounds, such as N-vinyl pyrrolidone,
N-vi nyl carbozol e and vinylpyridine. 5 At |east one olefin selected fromthe
ol efins enplogable in the invention is an olefin consisting of only carbon
and hydr ogen. h¥hereatsmnangdpécNeite ropiFormeatdionrt agm itrfse aieanti tor rreas o af t he
ol efin consisting of only carbon and hydrogen to the whole ol efins, but for
10 exanpl e, - the fadsd pPsenpvsiégsnt lvdn theY3pworiltiamd ndte Mbie g haioh 00 o
by nol based on the whole olefins. By the expression "at |east one olefin”

i s neant thataatl tbasb-preikiipd,oftand ealsef iomec ankisstiitngmf s@ilectosd bon and
hydrogen is contained in the whole olefin polyner of the 15 invention, and
in case of, féromxanpkecraatemebithepoltyaer acdmesactheofatnyr al flalyrete-

bl ocks, the olefin consisting of only carbon and hydrogen may be cont ai ned
in any oné of cbheapal ygegrbuecksyvifie ofenedireRer $& daolapel efdth rdesd rabdy has
a nunber 20 average nol ecul ar wei ght of not |ess than 500, preferably 500 to

10, 000, 000, mewe preberabl ¥tdm@QOat @150000.c000n tanchiMy My Rfp MRfvimye than
1.5, preferably not nore than 1.3. The wei ght-average nol ecul ar weight,

nunber - aver agewg5opoheet! aarwehgltoaRd MAGMA GM¥upRIGHidvelpge nol ecul ar
SF-714 (PCT) 29 wei ght, M: nunber-average nolecular wei ght) "are neasured

in an orthodi gbterghensrenensel vanh at rhd@eihy mRAAS ofhRELIH1 Perdreation
chr omat ogr aphy). The pol yner nol ecul ar wei ght obtained is converted to a

mol ecul ar 5 welghttip LEHIBCALLBA! ¥SLYEERE HRY & Hup \éﬁ@%ae'nﬁeygg%p,wg% the

resul ting polynmer is mahodi sperse polyethylene or a nodi'sp e

ethyl enelygy opyl epga €9BOhYARbCalBEnTBLBGY! 8L uel aht: 2108l cHlafed Sy derms

Ro
of pol yethyl ene,” and when the resul ting polyner 1s another polyner

(tapered polygep,pohgligebhack.capgl x@%)ecigmﬁtwgle%@t% welgnt, i's

calculated in“ter pol ypr opyl ene. araneters used are as foll ows.

Pol yst - Kz = .Pal yet hyl :  K=0. 000326,
a20Y$7y2§ngof§%?%g§g5§g?8 go?oggigggég%§"$ﬁgtgggﬁﬁ g%ESPﬁkegf the resulting

polymer is nmeasuregdijin ire of niirogen under,.the heating rate
condi ti ons of 10C7%1n Egiag a%g%f%%réh?ig mgcgﬁnﬁﬁ%QE§F8 iﬁgge?rfb§§ﬁh 20

The 13C- NWR nea u&ggeg% and anal sgs can Ee carrh%% out in %%condance Wi th
a met hod hit hertd known. “tri'er at tfes9IoH PHEM13E- RIRCHERS TPEMERT i

a5 55 (a5 JHEED, P! Y- dbabbn GLBEETRY noPocRTh: S0 (Y » 43

silyl group, an oxygen-containing group, a nitrogen-
containing group or a sulfur-containing group,

R1S is a halogen atom, a halogen-containing group, a
hydrocarbon group or a hydrocarbon-substituted silyl

20 group,

n is a number satisfying a valence of M, and

X has the same meaning as that of X in the aforesaid
formula (I).

In the transition metal compound represented by the

25 formula (III), when the position of the carbon atom



SF-714 (PCT) 30 2) F. A Bovey, MC. Sacchi, A Zanbelli, Macronol ecules, 7,
752 (1974) 3) J.C. Randall, Macronolecules, 11, 33 (1978) 4) A Zanbelli,

P. Locatelli, G Bajo, 5 Macronol ecules, 12, 154 (1979) 5) Y. Doi,
Macr onol ecul eSF-124 (R8F) (1 979) 6) N. Kashiwa, A. Mzuno, S. Mnarni, Polym
Bull., 12, 105 (1984) 7) P. Amendola, L. diva, G Ganotti, A Zanbelli

10 Macronol ecul es, 18, 1407 (1985) 8) T. pgutsui, A Mzuno, N Kashiwa,
Pol ynmer, 30, 428 (1989) 9) T. Tsutsui, N Ishimaru, A. Mzuno, A Toyota,
N. Kashiwa, Polyner, 30, 1350 (1989) 15 Preferred exanples of the

nonodi sperse pol yol efins according to the invention include pol yethyl ene,
HDPE, LLDPE, bohgpdopyl enéropehnyhst éhe, lapheiopany,milbfidpedfnesbly a
1- hexene, 1-octene, 1-decene or the like, a copolyner of ethylene and

propyl ene, a bapobgneroata2fieghylvenecantoan g@leid oMl 44 BRELasdon
atons, and a copol yner of propylene and an olefin of 4 to 20 carbon atons.

In these exanptess pellgethyl eren & ahealhyleRRIDNTRIG,haw ng a Losmpnoner
content of less than 0.01 % by nol, HDPE is an et hyl ene copol yner

cont ai ni ng asofe2poEQABBANBE €8BPOReRk il ofl &fid tofe ¥t B tGaybon, &t aus,
SF-714 (PCT) 31 preferably propyl ene, 1-butene or 1-hexene, in an anount of

not |ess tBhanm@r8l sapbyiPBknaRdskess tblial r3n0 PhaTgerAtd Jul- R iS5 an
et hyl ene copol ynmer contai ning as a conononer conponent an olefin of 3 to 8

carbon at0m51h§l@/§§ﬁefz@ﬁ|t)§i9&9@w;%6@(p,1ébk5§1%'?1‘§1lorgrjo'u%§)fl%%1ngi,n an gmount of
% y | anpl e oﬁ

not less than 3 by nol and | éss than 10 % by no the ol efins

of 4 to 20 CaIQQQtaBHEBEEJ(QjQItE!Qﬁ ef %gf iangos%%né}s £ PULeng : - pEt e

e,
1- hexene, 1 octene and ecene; stuch as but adiene, 1soprene, 10

;héhpggtgg;sgﬁg?lgﬁgggég %ngF?EQeésZ'gﬁgagh%@%ﬁt%%%%agéiégﬂgg %ﬁgpqynds,

fluorine-containing group having one carbon atom and not

10 more than two fluorine atoms, a fluorine-containing group
having two or more carbon atoms, a chlorine atom, a
bromine atom, an iodine atom, a chlorine-containing group,
a bromine-containing group and an iodine-containing group,
an aromatic hydrocarbon group other than a phenyl group

15 having at least one substituent selected from a halogen
atom and a halogen-containing group, an aliphatic
hydrocarbon group having at least one substituent
selected from a halogen atom and a halogen-containing
group, and an alicyclic hydrocarbon group having at least

20 one substituent sélected from a halogen atom and a
halogen-containing group.

By the above process, for example, the monodisperse

polyolefin, the tapered polymer or the olefin block

copolymer can be prepared.



conpounds, such as tetracycl ododecene, norbornene and net hyl norbornene.
When the conmononer is an olefin of 3 to 8 carbon atons, the conononer
content is not less than 15 10 % by nol, and in other cases, the conononer
content is noSFLess(RPOIN 0.0l o by nol. O the above exanples, the

copol yners may contain one conmpnomer or nay contain two or nobre conbnomers.
O the above polyolefins, preferable are 39 pol yet hyl ene, HDPE, LLDPE,

pol ypr opyl ene, pol ybutene, an ethyl ene/ propyl ene copol yner, an

et hyl ene/ but ene. copol yner and an et hyl ene/ hexene copol yner, and
particularly preferable are HDPE, LLDPE, pol ypropyl ene, pol ybutene, an

et hyl ene/ pr opyl enefeepbeynenbodamensFof14hePCTpcd2 setfloyl @rebutiere an

copol ymer and an et hyl ene/ hexene copol yner. The nonodi sperse pol yol efin of
the inventionciefprepetdbby acpoldiey ¢b éheylieventtionh deaprd sagrber s

aver age nol ecul ar wei ght of not |ess than 110,000, preferably 110,000 to

| 0, 000, 000, n@elkypeeieiabl yn1b0e0OO bd 3, 600200Qarane MuoMz afy ROfe Nore
than 1.5, preferably not nore than 1.3, or a polynmer of at |east one olefin
sel ected frompoteénos of 3ntol2@inapbopmatemstWbhnchakasyatlQo &firRyerage
nol ecul ar wei ght of not |ess than 500, preferably 500 to 10, 000, 000, Tnore
preferabl § 1,608 4loode006n000neivt Manelitneh meEa1t BaRpbudd RLebelahly not
nore than 1.3, and a nelting point of not |ower than ?OC. In case of a

pol ymer of propydengeoraddbuhenebriAi$ndScRel ﬁeﬁpm@&e&ﬁrt@bbxsnta%%ta ith
nunber - aver age nol ecul ar wei ght of not less than 500, preferably 587 to

10, 000, 000, ﬂDrﬁumﬁﬁiﬁﬁ@D|gréu9090h9a§nQQQ1Qgﬂpfﬂ%@?@ooérnggrgog than 1.5,
r

preferably not nore than 1.3, and a racemc dia , a asured by

13C- NWR, of F&Eefﬁﬁspéhﬁﬁeg-@gviﬁéegef@Q&YngaﬂogrEE?Zﬁ%h?geotg mih%ﬁcase

of an et hyl ene/ propyl ene copol yner, the ethylene’con preferably not

l'ess than 60 o by A, 1PEL DHSEEIARDLY @Pttﬁgséré§§%%7909 ol . Ihe

| .
nonodi sperse polyolefin of the invention may b nded % hef'd an
e

o

structurqb|mgﬂé%yﬁtggfyﬁégiggcg?&ingsg-7%ﬁe(fg§gn §ogetrmp ntal to the
ntio
c

£

i a
obj ects of the inventioh. The polyne e invention maYPbhe>55graft
nodi fi ed polxﬂﬁr The, fi C i to.the_inventi i.,s,. for
exanpl e, a copolyner dgkgté?eggéygﬁgwél%?%ﬁ%ggeyg%?%dare Sle8let®rrof

olefins of 2 to 20 carbon atoms and have different

e

polymerization reactivities, in the presence of an olefin
polymerization catalyst comprising the above-mentioned
16 transition metal compound to prepare a tapered polymer
containing a segment wherein composition of two or more
monomers continuously changes.
A still further embodiment of the pfocess for
preparing an olefin polymer according to the invention
20 comprises conducting the following step (1), the
following step (2), and optionally, the following step
(3) of an arbitrary number of times, to prepare an olefin
block copolymer comprising plural polymer blocks;
(1) a step of polymerizing at least one olefin

25 selected from olefins of 2 to 20 carbon atoms in the



5 fromolefins of 2 to 20 carbon atons, which has a nunber average

nol ecul ar wei ght of not Less than 500, preferably 500 to |0, 000, 000, nore
preferably 1, @@0749 (5 0, 000, and which is a so-called tapered pol yner
contai ning a segnent whérein conposition of two or nore nononers 10
continuously changes. The "tapered polyner'. used herein is a polyner in

whi ch the conononer conposition graduallyzghanges fromone end to the other
end of the polynmer chain. This polynmer can be synthesized by pol ynerizing
two or nore 15 nononers (e. ¢., ethylene and propylene) in a perfect living

pol yneri zati opreysherm wienel b lidfd nchailyridransfteron eaotd Ofsdo8SndPlsing
substantially take place. Wien the |living properties of the polynerization

systemis insuhki aberk~mebtaionall & dangiati i pRIdLCtcdaRaned RolyrEL, 20 but
a m xture of copolyners having different conpositions. The living

properties of at pe1pRkyTeni-zati on systemis judged by a nolecul ar wei ght
distribution ( ) of the resulting polyner. Wen the Iiving properties

of the pol ymerization §Y§EI\/E] b% Biah m%%ﬂn%}erfteqte sf;apg; é%%ﬁgljlyner s

produced, the value of Mw IS pre erably not nore than

2.5, rmre@reégnééudn%om%%effﬁm L8o sid o mon g, o efe eor ec ) e ITOr € t han

1.5. In the above polynmer, the two or nore nononers are se rom

| efi f f I f
Serectad f ronraE R B AT e PP e B e N P P LY et ene
and 1-octene, gggaggeg gegggg Fﬁo%&e%%Q%% sel%F%%gi qgg%%ggﬁgFébly

pr opyl ene andp utene € NoNomers i's

et hyl ene, and e gontent 10 i partlcul r ferably not |ess
than 30 % by ﬁ%?ym§§ Pes Bfepﬁée 68r%& p&Fﬁﬁbrg'lnéﬁﬁge an
o ggg;g;ggﬁ{eepg perg% "BR1yAR- S INGe0Y BULERe apeat pol yrer an

10 selected from olefins of 2 to 20 carbon atoms in the
presence of the polymer block prepared in the step (1)
and the polymer block prepared in the step (2) to prepare
a polymer block which is different from the polymer
blocks prepared in the previous step.

15 A still further embodiment of the process for
preparing an olefin polymer according to the invention
comprises preparing a tapered polymer or an olefin block
copolymer by the above process and then bringing the
resulting (co)polymer into contact with a functional

20 group-containing compound to prepare a tapered polymer or
an olefin block copolymer having a functional group at
the terminal.

A still further embodiment of the process for
preparing an olefin polymer according to the invention

25 comprises polymerizing an olefin in the presence of a



propyl ene/ but ene tapered pol yner and a propyl ene/ hexene 15 tapered pol yner.
The tapered polynmer of the invention may be bonded to other structural
parts within [imts not detrinental to the objects of the invention, with
t he proviso tSat71’4(p@$)the above structure. The polyner of the invention
20 may be a graft nodified polyner. The olefin polyner according to the
invention is, for exanple, the follow ng pglymer. An ol efin polynmer which
is a polyner consisting of two or nore kinds of nononer units, i.e., a
nmononmer unit 25 ML derived froman olefin of 2 to 20 carbon atons and at
SF-714 (PCT) 35 least one nononer unit M2 that is different fromthe
nmononmer unit MPlymadiaAréAnhastehgstowhdwhngrermepest ildginoMm ' 1. [ML' M| .
[M°'M21. LMI and [M21. as neasured by | 3C-NVR, satisfy the follow ng
relations: 5 Pol¥Mh&REEERXPM PX[ BRI PLlEALnlahil NRE2/hEesx [cndMdtirid' Rt §ir B)
wherein [M] is a nolar fraction of the nononmer unit M, [M] is a nolar
fraction of thelymaoneatiantbfRthEMibR] oifs aa camtladly sftr atttiadmeaf kay unit in
whi ch the nmononmer unit 10 M and the nononer unit M2 are adjacent to each
ot her, [M Ml]cisaaingl arbbndcproduatdaiunithel B ysitieth e cnamer unit M
and the nononer unit M are adjacent to each other, and [M2. M] is a nolar
fraction & acabalysd shicbhehecsunefny poilkmk? andihheyraReme dmit M2 are
15 adj acent to each other, with the proviso that [Ml +[ M2l =1.0 and

[M'" Ml +{ M ' MhaiMtMRhsie®. r¥ienibhe nmononer unit M and the nononer unit
M2 are

The chain transfer reaction can be promoted by the
use of at least one compound selected from, for example,
hydrogen, an organoaluminum compound, an organoboron

10 compound, an organozinc compound, an organosilicon
compound, an organocadmium compound and an organolead
compound.

The olefin polymerization catalyst used in the above
process is, for example, an olefin polymerization

16 catalyst comprising the above-mentioned transition metal
compound. The polymer produced in the above process is,
for example, the monodisperse polyolefin, the olefin
copolymer, the tapered polymer or the olefin block
copolymer.

20 In the process for preparing an olefin polymer, it
is preferable that the olefin polymer obtained before the
chain transfer reaction and/or the olefin polymer
obtained after the chain transfer reaction is the
monodisperse polyolefin, the olefin copolymer, the

25 tapered polymer or the olefin block copolymer, and it is




contained in the polynmer chain at statistically random the probability of
occurrence of [M M] becones 20 2x[M ] x[M]. The reason of nultiplication
by 2 is that [MM] is strictly a nolar traction of units of the total of
the M-M uni $E-ZH(RGE) M- ML units. The relation (A) indicates that the
units wherein the nonomer unit ML and the nonomer unit M2 are adjacent are
25 contained in anounts smaller than thosggin the case where SF-714 (PCT)
36 they are contained at statistically random This neans that a portion of
hi gh content of the nononer units M and a portion of high content of the
mononmer units M2 coexist in one polymer chain, and this phenonmenon is 5
observed in d®EpePEBLpBRG MBI LBRtatBROBREHANY RER YIEHfe Obtadtiedr dadfortehe
ol efin copolyner of the invention is precisely controlled, so that the
MV Mh of the EopofiaEr tsansfiar| yeastinpr enchahe203efpneperdaiey not nore
than 2.0, nore preferably not nore than 1.8, 10 still nore preferably not
nmore than 1. bpairedui by phef ehabhytnenshererehanibn5arepstcpr efer abl y
not nore than |I.3. Wien a tapered polyner or a bl ock polyner satisfying the
rel ati on (A) menédispelese t pobeodsghihesthedobyfthecdbopyinet:,t edlni que, there
is a possibility that a polyner apparently satisfying the relation (A) can
be synt hebi zethpyrehangl mget her f eed oatfonbelverncbpelymaenerThdi t ML and
t he nononer unit M2 with time during the polynerization. In this case,
however, the &=t yoe! yzati oot scacti vetbes ohet BRamBNORBRHsWBEFt M and the
mononmer unit M2 are different fromeach other, and

reaction and the olefin polymer obtained after the chain

transfer reaction may be the same as each other.

10 BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is an explanatory view showing steps for
preparing an olefin polymerization catalyst which is

occasionally used in the present invention.

15 BEST MODE FOR CARRYING OUT THE INVENTION

The olefin polymers according to the invention and
the processes for preparing the polymers are described in
detail hereinafter.

The meaning of the term "polymerization" used herein

20 is not limited to "homopolymeriiation" but may comprehend
"copolymerization". Also, the meaning of the term
"polymer" used herein is not limited to "homopolymer" but
may comprehend "copolymer".

The olefin polymer (monodisperse polyolefin) in one

25 embodiment of the invention is a polymer of at least one



consequently the reactivities of the feed nononers change with tine. As a
result, a small value of MV Mh is not obtained, differently fromthe
present invention. SF-714 (PCT) 37 On the other hand, when a pol ymer of
smal | Mv Mh i SR-mMgQeed)to be prepared by the prior technique, the feed
rati o between the nononer unit M and the nononmer unit M2 needs to be kept
constant during the polynerization in 5 onger to prevent change of the
reactivities of the feed nononers with tifme, so that the probability of
occurrence of [M M] becones equal to 2x[M]x[M], and it becones

i npossible to satisfy the relation (A). In the present invention, it is
possi bl e to 101lpfédi selgctmst riglom lvd gfainarert st riuctdlf ecamison witesms he
reactivities of the feed nononers change with tine. The relation (A) is
pref erabl y t héspukltdwiesg nedleatriegh t(0A62) ," alr el rpr"efrer sl rya fther f ol ITOW g
relation (A-3). 0.95[M M]/(2x[M ] x[M]) (A-2) 15

0. 90>- [ M M2] / 62g[ENN] ppWRIEe r( Aa3) bEhe reellamican B)ories A d®imtdomnedoeyerify

the contents described with respect to the relation (A) with nuch higher

accuracy. As desorbhedialBowe, 2[ MVR]0 icridn Gidoma dwinaly 3% f4 acdh @by of
units of the total of the M-M units and the M-ML units, so that the

probabi | i t§ otopetyneenee af plle Mcddd 1Wmidr WRRgId dhendmnymedr 4nit M

foll owed by the nmononmer unit M2 and the probability of occurrence of the

is

M2-M unit wheeebBtbhe FABROBRIE fuRist oYR 2 &4 old QuBG Y ddie.25 nonomer unit
ML both becone [M M2]/2. When the term nal SF-714 (PCT)

10

15

20

25

Examples of the olefins of 2 to 20 carbon atoms
include:

straight-chain or branched a-olefins of 2 to 20
carbon atoms, such as ethylene, propylene, l-butene, 1-
pentene, 3-methyl-l-butene, l-hexene, 4-methyl-1l-pentene,
3-methyl-l-pentene, l-octene, l-decene, l-dodecene, 1-
tetradecene, l-hexadecene, l-octadecene and l-eicosene;
and

cycloolefins of 3 to 20 carbon atoms, such as
cyclopentene, cycloheptene, norbornene, 5-methyl-2-
norbornene, tetracyclododecene and 2-methyl-1,4,5, 8-
dimethano—1,2,3,4,4a,5,8,8a—octahydronaphthalene.

Vinylcyclohexane, dienes and polyenes are also
employable as the olefins of 2 to 20 carbon atoms.

As the dienes or the polyenes, cyclic or chain
compounds having 4 to 20 carbon atoms and two or more
double bonds can be mentioned. Examples of such
compounds include butadiene, isoprene, 4-methyl-1,3-

pentadiene, 1,3-pentadiene, 1,4-pentadiene, 1,5-hexadiene,



38 of the polyner is the nonomer unit ML and after this nononer unit the
nmononmer unit M or the nononer unit M2 is inserted to produce a ML-ML unit
or a Ml-M2 unit and besi des when the pol ynerization proceeds at

statisticall ySE-Feh(R@T)the rati o between occurrences of those units agrees
with the ratio between [M] and [M2]. That is, the nolar fractions satisfy
the following relation (B-0 1) . ( [M'Mpg/2) / LM M]=[M1 / [M]

(B-0-1) 10 On the other hand, when the term nal of the polynmer is the
nmononmer unit M2 and after this nononer unit the nonomer unit M or the
nmonomer unit r@ is inserted to_produce a M-M_ wunit or a M2-M2 unit and
besi des when the& PBEJHEFNSat LoA~prsacégaeat lsBaricdeiddainey rladdom the 15
rati o between occurrences of those units agrees with the ratio between [ M]
and [M2]. Thatctadiend, nbr aroffaciepss dabrobyatientol |loviog teel iatren
(B-0-2). ([M'M1/2)/[M MR]=[M]/[M] (B-0-2) That is, when the

pol yneri zat i odtlpy bt@eds aprborseaei sviioall porandosnethe fol | owi ng rel ation
(B-0) wherein both sides of the relations (B-0-1) and (B-0-2) are

mul tiplied i sdypyehoranfadiane2/ [4xepNbYy ML XEMRCVRH) ehB-, 0} ~Ehe yafioteesai d
relationnéB) i ndi cates that the units 25 wherein the nononer unit M and

t he nonom®r uhinetRyhrk, 7-SFaTd4e(PCING39, adHanentvare , a9Bt-adicled rik Anmount s
smal l er than those in the case where they are produced at statistically
random This neansAtdredtidecq@npbabilsi &ye0hleontihpueysoinsgst kga of the same
ki nd of conononers at the termnal of the 5 polymer is higher than the
probabi l ity oflefies}iond oféxahbfesenhekbndsintl GaROABHBr Srat the terninal
of the polynmer and that a tapered polyner or a block polynmer can be

synthesized\@dlyiﬂkyi§ﬁ&yé@@@lr@bbhngst§€y§é559tHtﬁethylstyrene, m-
methylstyrene, p-methylstyrene, o, p-dimethylstyrene, o-
10 ethylstyrene, m-ethylstyrene and p-ethylstyrene, 3-
phenylpropylene, 4-phenylpropylene and ag-methylstyrene.
The above olefins can be used singly or in
combination of two or more kinds.
As the olefins, monomers having atoms other than
15 carbon and hydrogen are also employable in the invention.
Examples of such monomers include:
o,B-unsaturated carboxylic acids, such as acrylic
acid, methacrylic acid, fumaric acid, maleic anhydride,
itaconic acid and itaconic anhydride, cycloolefin
20 carboxylic acids or anhydrides thereof, such as
bicyclo(2,2,l)—5—heptene—2,3—dicarboxylic acid, and
metallic salts thereof, such as sodium salts, potassium
salts, lithium salts, zinc salts, magnesium salts and

calcium salts thereof;



The structure of the olefin copolyner of the 10 invention is precisely
controlled, so that the MV Mh of the copolyner is usually not nore than
2.5, preferably not nore than 2.0, nore preferably not nore than |.8, stil
more preferab8F-Tm4 (POTE than 1.6, particularly preferably not nore than
1.5, nost preferably not nore 15 than 1.4. The relation (B) is preferably
the following relation (B-2), nore preferably the follow ng relation (B-3),
still nmore preferably the following relation (B-4), much nore preferably
the following relation (B-5), particularly preferably the foll ow ng
relation (B-6), 20 nost preferably the following relation (B-7).

0. 95>[ M ~M2] .2/ ( 4xL&IBMinXg MR BREN( Ba2p0x902MeshR 2/, ( 4xicld 'ad ¢V} IVRI ) ( B- 3
) 0. 85>[ M ~MRI 2/ (4xf ML ML] x[ M2M2I ) ( B- 4) 0. 80> ML

M212/ (4x[ M ' Matx{MREMR1EEByS) 26rQ1 a5 =], Mn—idRioRdy(14x ML/ IMteXL N IR (B 6)
SF-714 (PCT) 40 0.70> MLM212/ (4x[ML' M | x[ M2' M21) (B-7) The reason why a

pol ymer havi ngcaysaakl Mablaytabueyaadesatisshyitig theyieltat,i ek (Bouspch as
the tapered polymer of the invention, cannot be produced by the prior 5
technique is &beysane, ag-thaylaasgn wayyaapel ymRihsat msfhwaRg ke d el ation
(A) cannot by produced. It is detected by 13C-NVR that in the tapered

pol ymer o@ oéthhe RbehhAr¢0RELYMBES roatishkichg e atel, atiseps A1 and (B)
and havi ng NM/thof not nn?e thgn 1 2?%{ an isolgﬁed nononercfﬁﬁt ML and a
sequence of tM@tQécB‘?[&téQ”hLBHQF@ FRRAERE BES sMg 3L@pReth present in the
pol ymer chain. Such a tapered polyner strucCture was not analyzed by 13C NWR
in the prior gitnaapgdihichas been made clear for the first tine by the
techni que of the 15 present invention which is capable of pronoting

LT eTEl Y DreCl e DEhYTRLLEALLONouOR LOSyahler Jhaldcl Nolfigyhl ock pol yrer
nmer I

t he isol ated nono ni t I'S not detected but only a Sequence of two or

more conti u QPolRORIEE, uDth1 Mab2odebeelatly12@abatle LaRgeq RAIAE"
10 vinyl stearate and vinyl trifluoroacetate;
unsaturated glycidyls, such as glycidyl acrylate,
glycidyl methacrylate and monoglycidyl itaconate;
halogenated olefins, such as vinyl fluoride, vinyl
chloride, vinylidene chloride, vinyl bromide and vinyl
16 iodide;
unsaturated cyano compounds, such as acrylonitrile
and methacrylonitrile;
unsaturated amides, such as acrylamide,
methacrylamide and N,N-dimethylacrylamide;
20 unsaturated ketones, such as vinyl methyl ketone and
vinyl ethyl ketone;
unsaturated ethers, such as methyl vinyl ether and
ethyl vinyl.ether;
functional group-containing styrene derivatives,

25 such as methoxystyrene, ethoxystyrene, vinyl benzoate,



present invention for the first tine, it is preferable that a sequence of
two continuous nononer units ML and a sequence of three or nbre continuous
mononer units ML are detected. That is, it is preferable that three units
of 25 an isol 8Fet4POTEr unit M, a unit conposed of two SF-714 (PCT) 41
continuous nononer units M and a unit conposed of three or nore nononer
units ML are detected by 13C-NMR at the s time. The nononer unit M and
t he nononer unit M2 are 5 derived fromthé nononmers previously given as
exanples of the olefins of 2 to 20 carbon atons. The nononmer unit ML is
preferably derived fromethylene, propylene, |-butene, 1-pentene, 1-hexene,
lhept ene or 1P®ERBRBINEAIPREZRBIEE  pdieridising vderd otk fg onh 1@r es iyt gneneThe
nmononer unit M2 is preferably derived from propyl ene, 1-butene, 1-pentene,
1- hexene, 1-heptleherestibenenep-ahdorsshyrenpr eher dblvy ngébiened nfe;omand
propyl ene or 1-butene. Wen the nononer unit ML is an ethylene unit, it is
15 preferabl e thatvimhykesunipscofitannisgl htedroopeier ubinbolthdsa Whidn
conposed of two continuous nonomer units ML and a unit conposed of three or
more nonomer amiNsvihyaperdelédbed, by-13GyIMR rato Adle Al HidEipdtidisnal so
preferable that an isolated nononer unit M2 and a unit 20 conposed of two
or nore cbntinuousAtnonemer ométslARiareedetestiedrah the sapeihime. That is,
it is preferable that a sequence of two or nore continuous nethyl ene groups
is detected bymdBEGABR and SeGUENEESE 0bnONE, ahWB1eERREBonEOYE 1 nEi We and six
or nore nethylene groups are 25 all detected. It is nore preferable that

the molar  SmIAl44RAEH ﬁdf}ﬁﬁﬂib@éﬁ.oﬁﬁé’k@e SEAURNCES= Of £ pNe, two, three,
four, five and six or nore nmethyl ene groups are detected as different

val ues. The I3GNVR i@assr epeatgang: apgl ¥si socg gL} gl
accordance wth a nmet hod hither?o knom%, as %regigﬁglgi Eggr?8§§55#28g

il s, Shoots and bl ow ol ded profiareen vee | Bie Warti VoePulE e 2ok

10 example, the ratio is not less than 5 % by mol and not
more than 100 % by mol based on the whole olefins. By
the expression "at least one olefin" is meant that at
least one kind of an olefin consisting of only carbon and
hydrogen is contained in the whole olefin polymer of the

15 invention, and in case of, for example, an olefin polymer
composed of plural polymer blocks, the olefin consisting
of only carbon and hydrogen may be contained in any one
of the polymer blocks.

The monodisperse polyolefin desirably has a number-

20 average molecular weight of not less than 500, preferably
500 to 10,000,000, more preferably 1,000 to 5,000,000,
and Mw/Mn of not more than 1.5, preferably not more than
1.3.

The weight-average molecular weight, number-average

25 molecular weight and Mw/Mn (Mw: weight-average molecular



10 conpatibilizing agent and nodifier, coating materials and adhesives. The
use application wll be described |ater. The process for preparing the

ol efin copol yner of the invention will be described |ater. The olefin

copol ymer of gpezqpypetrjon may have a 15 functional group at the term nal
of the main chain. The olefin copolyner of the invention may be bonded to
ot her structural parts within limts not trimental to the objects of the
invention, with the proviso that it has t above structure. The pol yner of
the invention may be 20 a graft nodified polymer. As the functional group,
an aromati c hydrocarbon group, a hal ogen atom an oxygen-contai ni ng group,
a nit r ogen- coweaighitng Mgr:omumbe rsdviemrageo mtadiarulp grvetipphta) are measured
phosphor us-cont ai ni ng group, a netal atomcontaining 25 group or the |like

i s preferabl ein aSFoztéodECh) AdExarplee s dfvdrite & Al i@ hy diegas bon
groups include phenyl, naphthyl, tolyl, biphenylyl and anthryl. Exanpl es of
the hal ogen ateos (gect! pdenfklatddmeh reia/dgepHifoni nacapd livadi-ne. 5 The
oxygen-contai ning group is, for exanple, a group containing 1 to 5 oxygen
atons, but thgollatenadeserighed etaamneeyald corampaw des dusi dsa ot
included in this group. A group containing a nitrogen atom a sulfur atom
a phosphorgis ategher ia halegen My s%aidat gy heidig A i1 eeddyodonded to
t he oxygen atom is not included either. Exanples of the oxygen-containing

groups incl udgnhBydEaxy e8ra¥RnAEhed AUPorRHE RS JELNOMYe £ 160 NOXY
propoxy and butoxy; aryloxy groups, ‘such as phenoxy, nethyl phenoXxy,

di met hyl phenoxy andRaphiherge %&wya'e%@%%o; VAP LoctiGhdts, lleDY! et hoxy

and phenyl et hoxy; acetoxy group; carbonyl p; car grioup; ester

group; and aﬁgbxécgﬁ99pweW@%Q the Eﬂ¥af§§wgﬁj@éﬁh%gﬁ:ﬁ%?ﬁg{%&iﬁﬁéqbon

atom the nunmber of carbon atons is in e range o

preferably | La2fnca0;FRe AR CONVAY NG U dS ndRfExarpl e, a

group containing 1 to ni frogen ater e&?heterOCycIic

conpound gesi E%o%%ego Sgg%elfde%&ie%iglhibaog:rko%%jpo ygny rgrehsr%: feg;[,rrgoﬁp%c,:u]s%h as

ni trogen-containfng gr I'nél ude "am no group; a

25 met hyl am ng, . dj .hyl.am _no, .ethyl am no, propyl.am no, SF-?%4 (PCT) 44
but yl am no angeéggggggxﬁﬁgkﬁggFegn naFngﬁ%ﬁﬁpé¥ﬁEﬁ%ﬁogﬁf§Hmﬁs H@nylanino,

tolylam no angaggBQEg¥gaﬁ%gg'are as follows.

Polystyrene standard sample: K=0.000137, a=0.686
Polyethylene: K=0.000326, o=0.77
15 Polypropylene: K=0.0001, e=0.8
The melting point of the resulting polymer is
measured in a stream of nitrogen under the heating rate
conditions of 10°C/min using a differential scanning
.calorimeter (DSC) .

20 The 13C-NMR measurement and analysis can be carried
out in accordance with a method hitherto known.
Literatures on the 13C-NMR measurement and analysis are
given below.

1) L.P. Lindeman, J.Q. Adams, Anal. Chem., 43, 1245

25 (1971)



The sul fur-containing group is, for exanple, a group containing 1 to 5

sul fur atons, but the |ater-described 5 heterocyclic conpound residue is
not included in this group. Exanples of the sul fur-containing groups

i ncl ude sul f BR7d4REMPs, such as net hyl sul fonat o,

trifluronet hanesul fonato, phenyl sul fonato, benzyl sul fonat o,

p-tol uenesul fonato, 10 tri net hyl benzenes onat o, »

triisobutyl benzenesul fonat o, p-chl orobenzenesul fonato and

pent af | uor obenzenesul fonat o; sul finato groups, such as nethyl sul finato,
phenyl sul fi nato, benzylsul finato, p-toluenesulfinato,

tri met hyl benzenesu ¥ ithelt 0 Beidepent ef | uPabehzensulfnhat di, 15 al kyl thio
groups; and arylthio groups. Wen the sul furcontaining group contains
carbon at om MIferqfipdreubds car bonSat 6h87£5 in the range of usually 1 to 30,
preferably 1 to 20. The phosphorus-containing group is, for exanple, a 20
group cont ai ni ng Bt o7 8 physphol Lis Md onsno hadukxanpl es 8her&6%8) ncl ude
trial kyl phosphi ne groups, such as trinethyl phosphine, tributyl phosphi ne and
tri cycl ohexyl phosphi rfe; Zanlasyl phoBphiaeagedups,Gsurdjas tri phenyl phosphi ne
and tritolyl phosphi ne; phosphate 25 groups (phosphido groups), such as

met hyl phoSphiMarom@&Fedide { PCTY, 455 et hyd phpsphi t e and phenyl phosphite
phosphoni ¢ acid group; and phosphinic acid group. The netal atom containing
group is, for exarpl &. gl oWk eohel sbnbean Bt o og sibyepn, al um num
boron, 5 zinc or magnesium or a nmetal atom such as lithium and exanpl es
thereof include aeiN.coraonia MNMOEFOUP, @N 18 NUNPSORE Al B, 0g, group, a
bor on-cont ai ni ng group, a zinc-containing group, a nagnesium cont ai ni ng
group and a liiz,hilgs atiyg4)10 The silicon-containing group is, for exanple,
a group containing 1 to 5 silicon atons. Exanples of the silicon-containing
groups include hydnogar baesithsld { W ehsityl of oypmosuch 2s phgpyi i)yl

di phenylsilyl, trinethylsilyl, triethylsilyl, tripropylsilyl, ’
tricycl ohgxyhsiddmo tddphenylsi | aotr} ?gyjsilyl, trinapht hyl silyl and

met hyl di phenyl silyl; al kyl substituted silyl ether groups, such as
trimethylsilyl ether;p sidd gan;substiyy alkyl , h_as
trimethylsilylmet E@I ;T 'siTH con-ls'ugi't il\élﬁe 'ar1\51 %ag%ﬁ%ga Z%éjf%%%rhs3o’
trinethysilylphkenylggeand hydrocarbon-substituted siloxy groups, such as
trinmethylsiloxy. OF the hydrocarbon-substituted silyl groups, trialkylsilyl
groups, such as trjynmeth iyl tyi i.lyl, and tricyclohexylsilyl, are
pr ef er abl e. SF-?&Z%PC¥%QQ€X#HeD%Iﬁ%?ﬁ%k@%%n#%i2&#&”&?0&% ﬁ%ﬁx?B?’e&anple,
a group cont aini |t | um pum exanpl e of the

al um num con?&gﬁqﬂlg’grp%&gn%sﬁ-gj% 18%%“(%)5 hydr ogen, an al kyl group, an
aryl gr whi ch stit t, a hal pgen atomar the.like). The
boron-cgﬁ?aining g?§5%§¥gﬁaf§¥%§kéﬁbf§fqﬁ“@ﬂ%ﬁ§é¥%perse polyoletins

according to the invention include polyethylene, HDPE,
LLDPE, polypropylene, polybutene, a homopolymer of 1-
pentene, l-hexene, l-octene, l-decene or the like, a
copolymer of ethylene and propylene, a copolymer of

20 ethylene and an olefin of 4 to 20 carbon atoms, and a
copolymer of propylene and an olefin of 4 to 20 carbon
atoms. In these examples, polyethylene is an ethylene
polymer having a comonomer content of less than 0.01 $ by
mol, HDPE is an ethylene copolymer containing as a

25 comonomer component an olefin of 3 to 8 carbon atoms,



containing 1 to 5 boron atons. An exanple of the boron containing group is
-BR2 group (R is hydrogen, an al kyl group, an aryl group which may have a
substituent, a 10 hal ogen atomor the like). The zinc-containing group is,
for exanple, grgrap@pcpptaining 1 to 3 zinc atoms. An exanple of the zinc
containing group is -ZnR group (R is hydrogen, an al kyl group, an aryl
group which may have a substituent, a 15 ?glogen atomor the like). The
magnesi um contai ning group is a group containing 1 to 3 magnesi um atonms. An
exanpl e of the magnesi um containing group is -MyR group (R is hydrogen, an
al kyl group, an aryl group which may have a substituent, a 20 hal ogen atom
or the |ike).pExbeapilesy opropelehefi h-pokygner srhavhageaef, unat konamograup at
the term nal of the main chain include polyners having a hal ogen atom a
phenyl group,of hyidrbxys ghaup).ah al kexyodr enp, laseathanyl3 §r oypmcd ,

car boxyl group, an 25 ester group, an acetyl group, an al kylam no group, a
SF-714 (PCT) dddtripbkylsiiyl egnoUpneacbpblghbyl sbhexynghoupas a

di al kyl al um num group, a dial kyl boron group, an al kyl zinc group, lithium or
the like at tdemdesménatsmebnpotyehhylenen bBPE, tbLBPEarpehypremy ene,

pol ybutene, a 5 honDponner of 1-pentene, 1-hexene, 1-octene, 1-decene or

the like, 5a copof aﬂgmlg p?@@%l@ﬁ@ amdeE@H¥|§Bel ackenel yaer aef seldudene
and an olefin of 4 to 20 carbon atons (e.g., a-olefins, such as 1-butene,

1-pentene, lhexens; ﬂe9§t€ﬁ§na§d°159958@ean6'WE%S sHeh as @Ub§dhﬁﬂ? 10
i soprene, 1, 4-pentadiene, |,5-hexadiene and 1,7 octadiene; aromatic vinyl

conpounds, SLE%bﬁﬁlééyéP”@heC¥§é9gh§fb@ @Oggogﬁdéarﬁgﬁhaﬂéms ﬁnclude

tetracycl ododecene, norbornene and net hyl norbornene), a copol yner

propy. ene and, 1oe. phoye- gﬁgﬁigggg 8k€éh8 01 -fehfcrd 1§ -f258a0 agors, and

the aforesaid tapered po ese, ‘'particularly preferabl é are

pol ymer s havi yﬁ&hmﬁ'fedgégn%hgdgég%ggfe&%sa stads Beeat 93 dr oxy!

group or an a Inc group a s of polye ené

pol ypr opypene, Pg% L 8NEne 2N 20 ﬁ%%X??QS’p588yhe9eo§?88hgﬁ8r a¥qmacic

ethylene/ ut ene po yner ahd an e enel héxeng’ copol'yner. "The o

pol ymer haV|q9 ug&%$8@§ésgroughat thg t erm nal |n chain can be

favorably used 1OF VArious additirves®stc rggeéoﬁﬁgtFB|?°?| 5 Qgent and

compounds, such as tetracyclododecene, norbornene and
methyl norbornene. When the comonomer is an olefin of 3
to 8 carbon atoms, the comonomer content is not less than
15 10 % by mol, and in other cases, the comonomer content is
not less than 0.01 % by mcl.
Of the above examples, the copolymers may contain
one comonomer or may contain two or more comonomers.
Of the above polyolefins, preferable are
20 polyethylene, HDPE, LLDPE, polypropylene, polybutene, an
ethylene/propylene copolymer, an ethylene/butene.
copolymer and an ethylene/hexene copolymer, and
particularly preferable are HDPE, LLDPE, polypropylene,

polybutene, an ethylene/propylene copolymer, an



SF-714 (PCT) 48 nodifier, coating materials and adhesives. The use
application of the polyner will be described |later. The process for
preparing the ol efin polyner having a functional group at the term nal of
the main chai 8Fw14 (BCWW§ described |ater. The olefin polymer in another
enbodi mrent of the invention is an olefin block copolymer conprising: (i) a
pol ymer bl ock obtained fromat | east one efin selected fromolefins of 2
to 20 carbon atonms, and 10 (ii) a polymer block that is obtained from at
| east one olefin selected fromolefins of 2 to 20 carbon atons and is
different fromthe polymer block (i). The polyner blocks different from
each ot her ar@thHéseedPprerencopnlameregsd eme edthydreneathesstreuct ures of 15
pol ymers, such as nononer type, conobnoner type, cononomer conposition
conononer confE@RPlY®eHenomer configuration and stereoregularity. The
pol ymer blocks (i) and (ii) may be each a polyner of one olefin selected
fromolefins of 2 The20oRodtarboneapoiwode firay olfe taer dndemtdepoliyrer of two
or nore olefins selected fromolefins of 2 to 20 carbon atonms. The ol efin
bl ock copol ynerefrayablyt hepohgme rsofgke hgtl epleutali gpolhyrers Bletks(iii) in
addition to the polymer block (i) and the polynmer block (ii). In this case,
the 25 bl &ck sopokyaemolakasaa Wwetghef ofi hoti ilesEl ithhh, 1whereion  SF- 714
(PCT) 49
preferably 110,000 to 10,000,000, more preferably 150,000
to 5,000,000, and Mw/Mn of not more than 1.5, preferably
not more than 1.3, or a polymer of at least one olefin
selected from olefins of 3 to 20 carbon atoms which has a
10 number-average molecular weight of not less than 500,
preferably 500 to 10,000,000, more preferably 1,000 to
5,000,000, Mw/Mn of not more than 1.5; preferably not
more than 1.3, and a melting point of not lower than 70°C.
In case of a polymer of propylene or l-butene, this
15 polymer preferably has a number-average molecular weight
of not less than 500, preferably 500 to 10,000,000, more
preferably 1,000 to 5,000,000, Mw/Mn of not more than 1.5,
preferably not more than 1.3, and a racemic diad (r), as
measured by 13C-~NMR, of not less than 0.85, preferably
20 not less than 0.90.
In case of an ethylene/propylene copolymer, the
ethylene content is preferably not less than 60 % by mol,
more preferably not less than 70 % by mol.

The monodisperse polyolefin of the invention may be

25 Dbonded to other structural parts within limits not



nis an integer of 1 or nore, preferably 1 to 8, nore preferably 1 to 3,
and the adjacent polyner blocks are different fromeach other. The pol yner
block (iii) may be a polyner of one 5 olefin selected fromolefins of 2 to
20 carbon at ogE-?r4 (R@TPe a random copol yner of two or nore ol efins
selected fromolefins of 2 to 20 carbon atons. In the olefin block

copol yner, the polymer block (i} and the gglymer block (ii) are each
preferably a polynmer 10 bl ock selected fromthe follow ng pol yner bl ocks
(a), (b) and (c) (a) a polyner block obtained fromethylene, (b) a polyner
bl ock obtai ned fromone a-olefin selected froma-olefins of 3 to 20 carbon
atoms, arid 18eteimanpelyrer theoeklIebtai aéd theodntv@d tdonyor 8ha pPeéfvines
selected froma-olefins of 2 to 20 carbon atons. The polynmer block (b) is
preferably a ®&f otkeofindehoiopohgyebeot prepgyl eweificbupedenmer.hexene or
1-octene. The polynmer block (c) is preferably a block of an 20

et hyl ene/ propyl eneThopol §fien, pahysehybhenetdibgt énetbepahyrmitioan is,

et hyl ene/ 1- hexene copol yner or an ethyl ene/ 1- oct ene copolyner. In the
present invenfoonexahpleast onpopghgmenfbbackega) abbaioned ifrsometidydene i s
cont ai ned, and the polyner 25 bl ock (a) desirably has a nunber-average

nol ecul ar 5wei ghém oBE£TA4 6PCT) £56020f cAa@boheasoBan whiQGhO0R,s pr efienaddy
110,000 to 10, 000, 000, nore preferably |50,000 to 5,000,000, and Ms Mnh of
not nore thamnadebagprebecablyrnokigneecthantlid3ssTheaabove- mpdned o) efin
polymer is, for exanple, 5 a polynmer wherein an arbitrary nunber of polyner
bl ocks obtaln@@offgnloabobe@sb,om@rgl9Eeae§ab@?tqqob@O%bQBeb0@§cQRLZ to 20
carbon atons are bonded, the nunber - aver age nol ecul ar wei ght (M) of the

whol e pol ymer gngSwhokn! €5Sat B80ca09eqPtghbarabl yo29Rek0 cbARAR,10Q0.4 more
preferably
segment wherein composition of two or more monomers
10 continuously changes.

The "tapered polymer"™ used herein is a polymer in
which the comonomer composition gradually changes from
one end to the other end of the polymer chain. This
polymer can be synthesized by polymerizing two or more

15 monomers (e.g., ethylene and propylene) in a perfect
living polymerization system wherein the chain transfer
reaction does not substantially take place. When the
living properties of the polymerization system is
insufficient, obtainable is not a perfect tapered polymer

20 but a mixture of copolymers having different compositions.
The living properties of the polymerization system is
judged by a molecular weight distribution (Mw/Mn) of the
resulting polymer. When the living properties of the

polymerization system is high and a perfect tapered

25 polymer is produced, the value of Mw/Mn is preferably not



10 1,000 to 5,000,000, adjacent polynmer blocks are different from each

ot her, the nunber-average nol ecul ar wei ght of each pol yner bl ock is not

| ess than 100, preferably 100 to 9,999,900, nore preferably 500 to

4,999, 500, an$PVvM MipafT)each pol ymer block is not more than 2.5. 15 In the
present invention, the nunber of polynmer blocks is an integer of 2 or nore,
usually 2 to 10, preferably 2 to 6, partigyarly preferably 2 to 4. In case
of a diblock polynmer in which the nunber of polynmer blocks is 2, MV M is
preferably less than |.35, 20 nore preferably Iess than 1.30. In case of a
triblock polymer in which the nunber of polynmer blocks is 3, MM M is
preferably | e8&reh&man 80,5, moter prafadreaiinl Y exst tvare L1500 1. &F- F441 [ PCT)
51 In ease of a nultiblock polymer in which the nunber of polyner blocks is
4 or nore, MvRHe prgfefreidhl ywdteswneharhah 00,5 nore preferably | ess than

| .80. In the above ol efin bl ock copol yners, each polyner 5 block is
preferably sel ect ednf tbm poloyet mdlemer, HDPE, dudRE, neomop@nsmsir ©fa et hyl ene
and an olefin selected fromolefins of 3 to 20 carbon atons (including

di mes and cyckedkefiens )froat alediyer afylene d6apaomprammene,

syn-pol ypropyl ene, a copol yner of propylene and a nononer 10 sel ected from

ol efins of6 4 Bpe2@fdachaly,attonrs (dxec pudifg i NpSsantoyue! pdefdis)i1e0d the
af oresai d tapered polymer. Particularly preferable is a diblock polyner or

a triblock pobyspylenephilchugask pal-paitdhlgck ireaalecteddh dd@mng
pol yet hyl ene, HDPE, LLDPE, an ethyl ene/ propyl ene copol yner, "an

et hyl ene/ but eneceepakymahd amest ke nr/hexare Hopaly RI1e &k Ltiydgne/ oct ene
copol ymer, ata-pol ypropyl ene, syn-pol ypropyl ene, a propyl ene/ but ene

copol yner, a peppykeae/ b%g@qe%p%lmmqr-,bu%ré%et.heo%@ @%%ﬁléaln@ bapered ¢

pol ymer. Exanples of the block polyners are given below In the follow ng
H S )

exanpl es, pol yet hyl gRe=HRRE raBans ar ahakif bl !
pol yet hyl ene bl ock and apﬁDPE blogﬁ argqbghdeg,%gﬁgﬂfghi eE%%$yner Block is

a copol yngy 2550551001 2FBKe JIRRRNRES ., SUGh l%%sa.'%h%tnhﬁloemse/bg{]grfgll ene

SF-714 (PCT) 52 copolyner, itsS nonomer “configuration nmay be of a

random copol yner of.a.tapergd paky I tg lL.ene-; ,
polyethylene-LLDPE,Xp%#yethy?ene-e?ﬁ%FéEglégé éﬁ%%elggggﬁfngp, 5

ol yex ny| ene gLyl Efig/Bubene panoluitly PALKALIY Qe MRS

I : I I t
ggpgegﬂsIeng?Qgeép Ly %géngzipgk%eEE¥E ne; n-@pl pr.op Iﬁne, 10
polyethylene-prgpy eng;ggtené copolyﬁer, Zo%ﬁ%%ﬁylgﬁéyﬁ oéflgﬁgfheiéne
I ,  HDPE- - et hyl / I I :
FDPE ot hyl enal EUPEne S6BaT yHer MEDPECoPAyY Bae) Ao tode PEGRYIREY potigne

HDPE- et hylzene r, HDPE- at a- pol ypropyl ene,
HDPE-syn¥5§Iyé%%%%?gnésggk%g?propylene/butene copol ymer,

HDPE- pr opyl ene/ hexene copol r, . LLDPE- et hyl ene/ pr | ene copol yner,

LLDPE-etherne/bu?g%% %%%%F%%EP?lﬁﬁefLﬁgE?ﬁ?h§P¥%B£EéQeW@YCBﬁOP9ﬁ€@9

LLDPE- et hyl eng/ octene copol yner, LLDPE-at a- pol ypr opyl ene, ,

LLDPE-syn-poI%%r%%@?%n%?gﬂf%ﬁﬁgbrBBgFEngngEQnggﬁégﬁl9ﬁ§r9etrlmental

LLDPE- pr opy! ene/ hexene. copol r, ethyl ene/ propyl ene
e 7b€? PEO%EF§H§ Ieﬁ F

copol yner - et h P r}nggnE%ﬁ eFpr 6p§I BReViso that it

copolyner-etﬁYIen / hexene copol yner,
as the above structure. The polymer of the invention

20 may be a graft modified polymer.
The olefin polymer according to the invention is,
for example, the following polymer.
An olefin polymer which is a polymer consisting of

two or more kinds of monomer units, i.e., a monomer unit

25 M3 derived from an olefin of 2 to 20 carbon atoms and at



SF-714 (PCT) 53 ethyl ene/ propyl ene copol yner - et hyl ene/ oct ene copol yner,
et hyl ene/ propyl ene copol yner - at a- pol ypropyl ene, et hyl ene/ propyl ene

copol ymer - syn- pol ypr opyl ene, et hyl ene/ propyl ene copol yner - propyl ene/ but ene
copol ynmer, 5 sphmu%paryopylene copol ynmer - propyl ene/ hexene copol yner

et hyl ene/ but ene copol yner - et hyl ene/ hexene copol yner, ethyl ene/ but ene
copol yner - et hyl ene/ oct ene copol yner, ethykgne/ butene

copol yrer - at a- pol ypr opyl ene, et hyl ene/ but ehe copol yner - syn- pol ypr opyl ene,
10 et hyl ene/ but ene copol yner - propyl ene/ but ene copol yner, ethyl ene/ but ene
.copol ymer - propyl ene/ hexene copol yner, ethyl ene/ hexene

copol yner - et K@ asie/ et enenciopdl ynet, Mpt hithenéshdiéfiereopolfymer takta

- pol ypropyl ene, et hyl ene/ hexene copol yner-syn-pol ypropyl ene, 15

et hyl ene/ hexemsn@upol ymet -hr opyhénehbahehescopel Yokl pwehhybebeklexere
copol yner - propyl ene/ hexene copol yner, ethyl ene/ oct ene

copol yner - at a- pol ypiopyt ene[Methyl eneiperene Clpdl yner {Myn; pakypropyl ene,
et hyl ene/ oct ene copol ymner - propyl ene/ but ene copol yner, 20 et hyl ene/ oct ene

copol ymer - pr mém@%fnm@nm@hyn@au@w PRLYPLORYI,€RE- $¥A=ReLYR:OPY! ene,
at a- pol ypr opyl ene- propyl ene/ but ene copol yner,

at a- pol ypsopyl ene-1pr ppydrene/ hexpne] ppol yner, (A)
syn- pol ypr opyl ene- propyl ene/ but ene copol yner, 25

syn- pol ypr opyl ene-jpr g{g_?/-l@p?h@gen@l Q@?%WIMz y SF-714 (PGQR), 54

propl yl ene/ but ene co ymer - propyl ene xene copol yner,

pol yet hyl ene-BE 1ol et hyi ene, mcppwewx&@ﬂsnLé?ﬁn@%&%ﬁxkeaﬁit%l,

pol yet hyl ene- et hyl ene/ propyl ene copol yner - pol yet hyl ene,

pol yet hyl ene-g¢ ;ﬂWLﬁ?QﬁQM&Qﬂ? §999{¥8§roPO£M§tH¥+8ﬂ§r unit Mo, [M71-M2]
pol yet hyl ene- et erne/hexene copol yrer - pol yet hyl ene

pol yet hyl ene-.e e/ oct ene o ol yner yeth | ene,
pol yet hyl ene- é{a poly ‘%?d%@ T ene> %o?%e?hyﬁ %thh the monomer unit

polyethyhgnepéggﬁgfg%%g %{ﬁfﬁpﬁ%%gtgzgigge% ?%ggﬁgykgngagﬁoggkgne/butene

copol yner - po exene

| - pol hyl | E—LLDP H
FDPE: o1 hyl onel o oyl ens %ﬁﬁaﬁﬁeﬁﬁ%ﬁﬂe}ﬁ FDPETGF ot ehaT Bt 5
| - HDP | : DPE-
Cool yirer - HDBE SERE g1 enel nexene copol e Hg%@naﬁ%l §§9% epel gct ene

copol yner - H ot ypropyl ene ?P n&°HDPE,

HDPE- pr opyl e u opol 20_ HDP. ene/he ene

o e B8 IO T of2 MR CB e e o
- et hyl ene/.propyl ene co ol yrer e ene/ bu

copol yner - LL q%ﬁt éFH’ Enet'he éﬁ% Fopor§rePe T? unEt M7 are

LLDPE-et?gIene/octene copolyner-LLDPE SE-714 ( PCT) 55
djacent to each other, with the proviso that

[M1]+[M2]=1.0 and [M1-M2]+[M1-M1]+[M2-M2]1=1.0.
When the monomer unit M1 and the monomer unit M2 are

contained in the polymer chain at statistically random,
the probability of occurrence of [M1-M2] becomes

20 2x[M1]x[M2]. The reason of multiplication by 2 is that
[M1:M2] is strictly a molar fraction of units of the
total of the M]-M2 units and the M2-M] units. The

relation (A) indicates that the units wherein the monomer

unit M1 and the monomer unit M2 are adjacent are

25 contained in amounts smaller than those in the case where



LLDPE- at a- pol ypr opyl ene- LLDPE, LLDPE-syn- pol ypropyl ene- LLDPE,

LLDPE- pr opyl ene/ but ene copol yner - LLDPE, LLDPE- propyl ene/ hexene

copol ynmer- LLDPE, 5 et hyl ene/ propyl ene copol yner - pol yet hyl ene

et hyl ene/ pr opgFeme} ?I(p'pj ymer, ethyl ene/ propyl ene

copol yner - HDPE- et hyl ene/ pr opyl ene copol yner, et hyl ene/ propyl ene

copol yner - LLDPE- et hyl ene/ propyl ene 10 co ynmer, ethyl ene/ propyl ene

copol yner - et hyl ene/ but ene copol yner et hyl ene/ pr opyl ene copol ymner,

et hyl ene/ propyl ene copol yner - et hyl ene/ hexene copol yner et hyl ene/ pr opyl ene
copol ymer, 15 et hyl ene/ propyl ene copol yner -et hyl ene/ oct ene copol yner

et hyl ene/ pr opitenea copedyrernedt Ayl ehet psopykéng random. This means
copol yner - at a- pol ypr opyl eneet hyl ene/ propyl ene copol yner, et hyl ene/ propyl ene
copol yner - syn-!pdt yprpit &pe 20 @%%?I@ﬁ@ﬁ9ﬁ§p9ﬁehgec@96DVﬁ§rPnits M1

et hyl ene/ propyl ene copol yner - propyl ene/ but ene copol yner et hyl ene/ propyl ene
copol yrmer, ety enepprobyh epk kopdl geetepropyl he/ heremer units Mp

copol ynmer et hyl ene/ propyl ene copol yner, 25 et hyl ene/ but ene

copol ymer - pol yedhyd enen edty | poe)bat edkainSFard4thPETPhBRoREABhY ARY ,

et hyl ene/ but ene copol yner - HDPE- et hyl ene/ but ene copol yner, ethyl ene/ but ene
copol yner 5LLIR= ethyd ene/ Hut epersapebyper ekhyl Bnethupenomer .

copol yner - et hyl ene/ pr opyl ene copol yner s et hyl ene/ but ene copol yner,

et hyl ene/ but ene copod yaeru et dyé ese/ hiex egte £0ROLYPBI ohBY| spelhyt ene
copol yner, ethyl ene/ butene copol yner - et hyl ene/ oct ene

copol yner et hyi gl bid.enes copot Yoy dOnetByhens/ BYt 8Nt the Mw/Mn of
copol yner - at a- pol ypr opyl ene et hyl ene/ but ene copol yner, ethy ene/Butene

I
copol yner - syn-pol yps Opyheness hu&@@@ig%eeemg%%xgﬁr 2, 6t hgkg@séggﬁ?ﬂe
copol yrer - propyl ene/ but ene copol yner15 et hyl ene/ but ene copol yner,

ethylene/butqﬂglq&gg%mg@&ip§p@ylﬁg§éP§%§@grﬁgFglMggrﬁéFglgﬂﬁéby{@ge

copol ynmer, ethyl ene/ hexene copol yner yet ne- et ene/ hexene

copol ymeyg 2%@}@'&;1?4 W@r%@g%ﬁrm Er gLAV} ege/ @gg@ﬂg?%ggy’m’

et hyl ene/ hexene copol yner - LLDPE- € ne/ hexene copoly e/ hexene

copol ymer - et hyl eng/Aropyl e, GopoL yamr 1 byl goel hexe | Xger
et hyl ene/ hexene copo:gﬁer-eﬁﬁyfeney ut ene’ copo yﬁer§§r5?£§|é§§/ﬁ8§8ne
Copolymer,  tpan 1.3,
When a tapered polymer or a block polymer satisfying
the relation (A) is intended to be synthesized by the

16 prior technique, there is a possibility that a polymer

apparently satisfying the relation (A) can be synthesized

by changing the feed ratio between the monomer unit Mj
and the monomer unit M2 with time during the
polymerization. In this case, however, the

20 polymerization reactivities of the monomer unit M7 and

the monomer unit M2 are different from each other, and
consequently the reactivities of the feed monomers change
with time. As a result, a small value of Mw/Mn is not

obtained, differently from the present invention.



SF-714 (PCT) 57 ethyl ene/ hexene copol yner - et hyl ene/ oct ene

copol yner et hyl ene/ hexene copol yner, ethyl ene/ hexene

copol yner - at a- pol ypr opyl eneet hyl ene/ hexene copol yner, 5 ethyl ene/ hexene
copol yner - syn§pevydi(Ppyl)ene et hyl ene/ hexene et hyl ene/ hexene et hyl ene/ hexene
et hyl ene/ hexene 10 et hyl ene/ hexene et hyl ene/ octene copol yner,

et hyl ene/ oct ene et hyl ene/ octene 15 ethyle%ﬁ/octene copol yner,

copol ymer - propyl ene/ but ene copol yner copol ymer, copol ymner - propyl ene/ hexene
copol ynmer copol yner, copol yner - pol yet hyl ene- et hyl ene/ oct ene

copol yner - HDPE- et hyl ene/ oct ene copol yner, copol yner - LLDPE- et hyl ene/ oct ene
copol yner, copolynéﬁ-ébﬁypéﬁéﬁpb@QWLem@mﬁbﬁomwﬁmmaﬂiqﬁeﬂmﬂkKnMNan is
copol ynmer, ethyl ene/ octene copol yner - et hyl ene/ but ene

copol yner et hyLBheneeteite bepoirgmeredetdy tére/rodtceneechnique, the feed
copol yner - et hyl ene/ hexene copol yner 20 et hyl ene/ oct ene copol yner,
ethylene/octeﬁ@té@p@?&ﬂ@ﬁnaﬁgﬁpﬁmvﬁﬂ@gyN@d@e&hybemhhﬁn&emmunmp@hymﬁt,M2
et hyl ene/ oct ene copol ymer - syn- pol ypropyl eneet hyl ene/ oct ene copol yner, 25
et hyl ene/ oct eneedepobyber kppapyberesbiit ene ieRPIRNETRIL1 yreh-i%kd {RET; 58

et hyl ene/ oct ene copol yner, ethyl ene/ oct ene copol yner - propyl ene/ hexene
copol yner ét hybedetotbepecoepel yaBhge of the reactivities of the feed

at a- pol ypr opyl ene- pol yet hyl ene- at a- pol ypr opyl ene,

at a- pol ypr opyhenem&bPEwat B- pohgpr epy keae, the probability of occurrence
at a- pol ypr opyl ene- LLDPE- at a- pol ypr opyl ene,

at a- pol ypr opyb&néMet Myl enetpmepykenelcepobynsr i ’UAPO] YRhOPYLeR@ comes

at a- pol ypr opyl ene- et hyl ene/ but ene copol yner - at al0 pofypropylene,

at a- pol ypr opylepes et Byt epg/ bexene cepgl )f@%t%ﬁpquf opyl ene,
at a- pol ypr opyl ene- et hyl ene/ oct ene” copol yner - at apol ypr opyl ene, 15

at a- pol ypropyl ene-syn-ol yps 9pyt engyaha; BRl Ypropy! §8§sib1
at a- pol ypr opyl ene- propyl ene/ but ene copofyner-atapo ypropyFeﬁg,

at a- pol ypoop r Y X F ol ypropyl ene
a2 ol YMooDA e0e: 8 ppyL enetbenens £apOLYTeCaLapaluPLoRY ere 0.

syn- pol ypr opyiene: HPPE: syns pol ypr e - .
syn-polypropylene-LLDPE-SY%-p%%%p?%%él@%%?mers change with time. The

S e Y ) B PR EDEa S PN LML 1 PYIRRGY RERYL SR (a23,)

syn- pol ypr opyl ene- et ene ene CcOopof yner-sy

more preferably the following relation (A-3).

0.952[M1-M2]/ (2x[M1]x[M2]) (A-2)

15 0.902([M1:M2]/ (2% [M1]1x[M2]) (A-3)

The relation (B) is a relation to verify the
contents described with respect to the relation {A) with
much higher accuracy.

As described above, [M]°'Mp] is strictly a molar

20 fraction of units of the total of the M1-M2 units and the
M2-M] units, so that the probability of occurrence of the
M1-M2 unit wherein the monomer unit M1 is followed by the
monomer unit M2 and the probability of occurrence of the
M2-M] unit wherein the monomer unit M2 is followed by the

25 monomer unit M] both become [M1-M2]/2. When the terminal



SF-714 (PCT) 59 pol ypropyl ene, syn-pol ypropyl ene-et hyl ene/ hexene

copol yner - synpol ypropyl ene, syn-pol ypropyl ene- et hyl ene/ oct ene
copol ymer - syn5 pol ypr opyl ene,

syn- pol ypr opy$e:7e4a(RCPP! ypr opyl ene- syn- pol ypr opyl ene,

syn- pol ypr opyl ene- propyl ene/ but ene copol yner - synpol ypr opyl ene,

syn- pol ypropyl ene- propyl ene/ hexene copol yggr-synl0 pol ypropyl ene,
propyl ene/ but ene copol yner - pol yet hyl ene- propyl ene/ but ene copol yner,
propyl ene/ but ene copol yner - HDPE- pr opyl ene/ but ene copol yner, 15
propyl ene/ but ene copol ymer - LLDPE- propyl ene/ but ene copol yner,

propyl ene/ but@het kdped Yyieer et Ayt epenpropgrendlEolol grer pEopyl &héSbut ene
copol ymer, propyl ene/ but ene copol yner - et hyl ene/ but ene copol yner 20

pr opyl ene/ butredieoredpolyher theropydear/ boi en¥1copotirencsthyereneliie ¥ene
copol yner propyl ene/ but ene copol yner, propyl ene/ but ene

copol yner - et hiyd elred @ict @met ¢ opodbguee pa ofytEneltbitene eoPokYpeuni25and
propyl ene/ but ene copol yner - at a- pol ypr opyl ene SF-714 (PCT) 60

propyl ene/ butienei €opolys®rchdr opye8el but €88 proceeds at statistically
copol ynmer - syn- pol ypr opyl enepr opyl ene/ but ene copol yner, propyl ene/ but ene

copol yner 5pr oyl &g/ hexenea €0poby PResn PEeBY L easLbyt sRer rBRE! YRR s
propyl ene/ hexene copol yner - pol yet hyl ene- propyl ene/ hexene copol ymrer,

pr opyl ene/ hexses €opol yiret h&iDPE: p6 opyt waehhexeneagapobymer , T is,
propyl ene/ hexene copol yner - LLDPE- pr opyl ene/ hexene copol yner,

prOpY'ene/heﬂﬁﬂ?rgﬂgfiyﬁPéé@igﬂée@@é?&??%%ﬁgefngB%XHSrPé? ¥k89€@%@é&ne

copol yner, propyl exene copol yner-e ene/ but ene”copol yrmer 1
propylene/hexgnp copol yner, propyl ene/ hexene copol yner - et hyl ene/ hexene
copol yner propyl ene/ hexene copol yner, propyl ene/ hexene

copol ymer - et hyl ene/ tq&g/Qppptmfaﬁpfgpy%ﬁpgﬁpgxene copol yrern.-130

propyl ene/ hexene copol yner - at a- pol ypr opyl ene propyl ene/ hexene copol yner,
10 On the other hand, when the terminal of the polymer

is the monomer unit M2 and after this monomer unit the
monomer unit M1 or the monomer unit M2 is inserted to

produce a M2-M1 unit or a M»-M2 unit and besides when the

polymerization proceeds at statistically random, the
16 ratio between occurrences of those units agrees with the
ratio between [M1] and [M2]. That is, the molar
fractions satisfy the following relation {(B-0-2).
([M1-M21/2)/[M2-M2]=[M1]/[M2] (B-0-2)
That is, when the polymerization proceeds at
20 statistically random, the following relation (B-0)
wherein both sides of the relations (B-0-1) and (B-0-2)
are multiplied is given.
1=[M1-M2]2/ (4x [M1-M1]x[M2-M2]) (B-0)

The aforesaid relation (B) indicates that the units

25 wherein the monomer unit Mj and the monomer unit M2 are



propyl ene/ hexene copol yner - syn- pol ypr opyl enepr opyl ene/ hexene copol yner,
propyl ene/ hexene copol yner - propyl ene/ but ene copol yner 25 propyl ene/ hexene
copol yrer, SF-714 (PCT) 61 pol yet hyl ene- HDPE- LLDPE,

pol yet hyl ene- BBRE14(RCTYne/ pr opyl ene copol yner,

pol yet hyl ene- HDPE- et hyl ene/ but ene copol yner,

pol yet hyl ene- HDPE- et hyl ene/ hexene copol ymeyg 5

pol yet hyl ene- HDPE- et hyl ene/ oct ene copol yner,

pol yet hyl ene- HDPE- at a- pol ypr opyl ene, pol yet hyl ene- HDPE- syn- pol ypr opyl ene,
pol yet hyl ene- HDPE- pr opyl ene/ but ene copol yner,

pol yet hyl ene- BBPESSFGp firén &/ admet gl At t s 05yl yeat high am et o SPEL HDPE,
pol yet hyl ene- LLDPE- et hyl ene/ pr opyl ene copol yner,

pol yet hyl ene- LRBPEaSEhYINERE! litcehe@ ropiodueted at statistically random.
pol yet hyl ene- LLDPE- et hyl ene/ hexene copol yner,

pol yet hyl ene- ChDPEMeRhy éme/todthene miyedl iinery, df5 continuous insertion

pol yet hyl ene- LLDPE- at a- pol ypr opyl ene, pol yet hyl ene- LLDPE- syn- pol ypr opyl ene,
pol yet hyl ene- bEDPEcprepyl énelbutfenencopalagmerat the terminal of the

pol yet hyl ene- LLDPE- pr opyl ene/ hexene copol yner,

pol yet hyl éne- pphyhemelipr bpyhere ttepolopeprdddHi12Qy of insertion of

pol yet hyl ene- et hyl ene/ propyl ene copol yner - LLDPE,

pol yet hyl ene- étlifkeratpkapylsene copenymRrsetdty ltene/dfuteng 1c ol yer ,

pol yet hyl ene- et hyl ene/ propyl ene copol yner - et hyl ene/ hexene copol yner, 25
pol yet hyl ene- pbhyhmepebpeopykene GeREINEIELoAlMEeRs QCtanRk pryiet (B4]) 62
copol yner, pol yet hyl ene-et hyl ene/ propyl ene copol ymer - at apol ypr opyl ene,

pol yet hyl ene-Bthylasaepropyl aaehcepelcy FRNyS W tRIIMRHPHEN St ructure.
pol yet hyl ene- et hyl ene/ propyl ene copol yner propyl ene/ but'ene copol yner,

pol yet hyl ene- et hyl eng/ pt epyt ape ngghﬁn%ﬂgrf(ﬂ%yb%ﬁ%/l%ﬂ{é%n%fccﬂ @l ymer, 10
pol yet hyl ene- et hyl ene/ but ene copol yner - HDPE, pol yet hyl ene-et hyl ene/ but ene

polyethyh@ne-@hbéh@mghbygeﬁgegqe@hxn%entgghi%hhy%%“%h%%h%%%“®k9%LFQ%s15
copol yner, polyethyl ene-et hyl ene/ but ene copol yrer,

polyethylene-@B@yhsﬁsigagengspegﬁggﬁ | ape- aLhyl ene/ byt gne ZgﬁﬁgﬁFEﬁé

pol yet hyl ene- et hyl ene/ but ene copo r, polyethy ene-ethypgne

CopoL yiTer . | PoLyetgkenenghiyl anerbexens 2a AghyeLi auezetixteneihexene

copol ynmer - LLDPE, copol yner - et hyl ene opyl ene copol yner-et e éﬁhexene
Copol Ymer - Sy pol s pf oyl She CoRaTy Rer - Bropy LERD Bufengarticularly
copolyner-prquég@gggf§eggtngggygﬁgﬁHQPE, %829'%?8%&%%B§§’not more
15 than 1.4. The relation (B) is preferably the following
relation (B-2), more preferably the following relation
(B-3), still more preferably the following relation (B-4),
much more preferably the following relation (B-5),

particularly preferably the following relation (B-6),

20 most preferably the following relation (B-7).

0.95>[M1-M212/ (4x M1 M1]x[M2-M2]) (B-2)
0.90>[M1+M212/ (4x[M1-M1]x[M2-M2]) (B-3)
0.85>[M1-M212/ (4x M1 M1]x[M2-Mo]) (B-4)
0.80>[M1-M2]2/ (4% [M1-M1]x[M2+M2]) (B-5)

25 0.75>[M1-M212/ (4x[M]+-M1]x[M2 Mo]) (B-6)



SF-714 (PCT) polyethyl ene-ethyl ene/ hexene copol yner,

pol yet hyl ene- et hyl ene/ hexene copol yner, 5 pol yet hyl ene-et hyl ene/ hexene
copol ymer, pol yet hyl ene-et hyl ene/ hexene pol yet hyl ene- et hyl ene/ hexene
pol yet hyl ene- 8Figi4(RCTEexene 10 copol yner, polyet hyl ene-et hyl ene/ hexene
copol yner, polyethyl ene-et hyl ene/ oct ene pol yet hyl ene- et hyl ene/ oct ene 15
pol yet hyl ene- et hyl ene/ oct ene 63 copol yner 46t hyl ene/ propyl ene

copol yner - et hyl ene/ but ene copol yner - et hyl ene/ oct ene

copol yner - at a- pol ypr opyl ene, copol yner-syn-pol ypropyl ene,

copol ynmer - propyl ene/ but ene copol yner - pr opyl ene/ hexene copol yner - HDPE,
copol yner - LLDPE, copoby (et -ephy) enefplopyl eneycmpo) yner,  (B-7)

pol yet hyl ene- et hyl ene/ oct ene copol yner - et hyl ene/ but ene copol yner,

pol yet hyl ene- et hyl gne/ ot 898 QH?OQYESRyﬁE?ythﬁhBeéeeﬁagq SO LY (B 1 e
pol yet hyl ene- et hyl ene/ oct ene pol yet hyl éne- et hyl ene/ oct ene

ol yet hyl ene- g4 dyL ened ot e ROPOLYHRE 0n28590! KLy Leneyet hiylene/pot ene

copol yner - at a- pol ypr opyf ené, copol yner -syn- pol ypropyl ene,

C0p0|yner'prgﬁ%%fﬂ%%bH%egﬁeCQHQEXgﬁghpr88%h§g§%@eé?%%uceéFb§l%h%F%E%xgﬁ

copol yner, ene- at a- pol ypropyl ene-

p
polyethyl@ﬁe'g%éﬁgféggrfgy ﬁgeék#gtgs the reason w yc@p@P%%@FF

pol yet hyl eéne- at a- poF ypr opylene-e ene/ pr opylrene

Dol Yot iyl cne- 5t SLRaT V¥ OpyT hELat hyTon® hEXBHE“c BoFy RaFo=d-

bl yet hyl enc. at a- pof yB? OBYT EnbeGy Y pol g By F 676, Lgothe tapered
bl ot hy! enc. Gt B YBY OpyT hGep LBy FnePRENGRE=GoparyEping the

pol yet hyl ene- syn- pol ypr opyl ene- HDPE, pol yet hyl ene- syn- pol ypr opyl ene- LLDPE,
polyethylene-%%ﬁégb?§grégil%ﬂ@-é?hy?@ﬁeﬁﬁyéﬁ9lgHéMTSOEOBS¥yW€F? than
pol yet hyl,ene- syn- pol ypr o ene- et hyl ene/ but ene _caqpol yner,
polyethyhghe-gygﬁﬁ%Ty ?%g%%%aemgPﬂ FﬁngpﬁgxgﬁeagapSI%ﬁgP?nce of two or
pol yet hyl ene- syn- pol ypropyl ene- et hyl ene/ oct ene copol r, ,
bol yet hyl ene-SYE poPy Rt BRYFenEoaPBEpotyhr SpiiicRES. BBLN bresent in the
pol yet hyl ene- syn- pol ypr opyl ene- propyl ene/ but ene copol yner,
pol yet hyl ene-RYHIFRT ypradby | endlPt opyl Ry $éxenkyeehot yapeture was not
polyethylene-prqulene/bu#gne copol yner - HDPE, pol yet hyl ene- propyl ene/ but ene
copol yner - LLOPR L pee§ byt ehreNBRopyp| Ehe/ bat eneaebpobyfeit2bas been
et hyl ene/ propyl ene copol yner, SF-714 (PCT) 65 .
pol yet hyl ene-pépyt et bieeneheopbl §het 1eehpehbebtieeheigopobfnmthe
pol yet hyl ene- propyl ene/ but ene copol yrer - et hyl ene/ hexene copol yrmer, 5
pol yet hyléne-propsitenit ber ehen cobbthnes- eehgbérepbecpenmoting extremely
precise polymerization.
On the other hand, in the block polymer the isolated

monomer unit Mi is not detected but only a sequence of

two or more continuous monomer units M] is detected.

20 In the tapered polymer structure made clear by the

present invention for the first time, it is preferable

that a sequence of two continuous monomer units M] and a

sequence of three or more continuous monomer units M1 are

detected. That is, it is preferable that three units of

25 an isolated monomer unit M1, a unit composed of two



copol yner, pol yethyl ene-propyl ene/ but ene copol yner - at a- pol ypr opyl ene,
pol yet hyl ene- propyl ene/ but ene copol yner - syn- pol ypr opyl ene,
pol yet hyl ene- propyl ene/ but ene copol yner - propyl ene/ hexene 10 copol yner,
polyethylene-gpqpu1ﬁngtﬂexene copol yner - HDPE, pol yet hyl ene- pr opyl ene/ hexene
copol ynmer - LLDPE, pol yet hyl ene-propyl ene/ hexene copol yner et hyl ene/ pr opyl ene
copol yner, 15 polyethylene-propylene/hexegﬁ copol yner - et hyl ene/ but ene
copol ynmer, pol yethyl ene- propyl ene/ hexene pol ymer,
pol yet hyl ene- propyl ene/ hexene 20 copol yner, pol yethyl ene-propyl ene/ hexene
pol yet hyl ene- propyl ene/ hexene pol yet hyl ene- propyl ene/ hexene copol yner, 25
HDPE- pol yet hy¢tenei L DPF meopoeynenieshifilenefhexenet composed of three
copol yrer - et hyl ene/ oct ene copol yner - at a- pol ypr opyl ene,
copol yner - synepohype opyhenmer wopobyMer apeopygkenetbubgné 3c-8FR7 24 (PGT) 66
HDPE- pol yet hyl ene- et hyl ene/ pr opyl ene copol yner,
HDPE- pol yet hyd ghe- €i1hy| ene/ but ene copol yner,
HDPE- pol yet hyl ene- et hyl ene/ hexene copol yner,
HDPE- pol yet hyl ene-Btidyhenehoct @net CAPOhMAEE he Smonomer unit My are
HDPE- pol yet hyl ene- at a- pol ypr opyl ene, HDPE- pol yet hyl ene- syn- pol ypr opyl ene,
HDPE- pol ye&t hy, =04 O n o] : -

8t hyhenes Dy 0Py e @é%uﬁSHSmEQQ #¥g§50uﬁb¥EgEEBBE?gtﬁ$Fg éFSréE&Iene

HDPE- pol yet hyl ene- pr opyl ene/ hexene copof yner,

copolymer, 1 -ethyl enebhu o] r,

HDPE- LLDPE- et hy é%%%t£§%n§£c%p§€y%§r%SEEﬁE-Eﬁéﬁg?ethyIene/octene copol yner,
HDPE- LLDPE- at a- pol s apyh &fier IHDPE-M}DEE-D@&Q%M%OB& Dy %i’om
HDPE- LLDPE- pr opyl ene/ but ene copol ynmer, HDPE- LLDPE- pr opyl ene/ hexene

copol yner, HDPE: | en ropyl ene. c | yer - LLDPE, HDPE- et hyl ene/ pr opyl ene
copolyner-etEgﬁgﬁgg%%teﬁ%g%%p%?§he%,ngeﬁﬁPE}ePﬁVFgﬂgfpE6§§FéH8' 1=

copol yner - et hyl ene/ hexene copol yner, HDPE- et hyl ene/ pr | ene,
copo:yner-etmﬁgﬁﬁﬁ%xﬁﬁr ) %@%he??dF?ﬁEmgfﬁyPEﬁg???§E§lgﬁélved from

copol ynegnat a: py e, - e ene/ pr ene .

copol yrre?Psy%%%ﬁ%byl@n@e,m&oﬁ%fj( ékl% %%%?%%/Y T bf opy T BRE
copol yner - propyl ene/ but e copol yner, HDPE- et hyl ene/ propyl ene

copol ymer - pr %@&?%%Xeﬁgb%‘b%b? yggFPe%t?fEPE- eTA§KeRs/ b BRBRtENe or 1-
copol ynmer - LLDPE, HDPE- et hyl ene/ but ene copol yner - et hyl ene/ propyl ene

y
copol yner, HOPE:-BGw| e/ butBheS copst §harl 8t AT thefhéxelePEBRYIL §REr OT
HDPE- et hyl ene/ hut ene copol yner - et hyl ene/ oct ene copol yner, 10
HDPE—ethyIenéyﬁﬂﬂéﬁgacopolyner-ata-polypropylene, HDPE- et hyl ene/ but ene
copol yrmer - syn- pol ypr opyl.ene, HDPE- et hyl ene/ pbut ene , L
copolyner-propyleﬁgrﬁﬁt e BYPBIS et L HOPE- £F hT enEP BLERReuNIt, it is
copol yner - pr opyl ene/ hexene copol yner, HDPE-ethyl ene/ hexene copol ymer - LLDPE,
15 HDPE- &Phy IRSifdi fiaketfe ool iwete ettt enef prlapysehated monomer unit

M1, a unit composed of two continuous monomer units M1
and a unit composed of three or more monomer units M1 are
detected by 13C-NMR at the same time. It is also
preferable that an isolated monomer unit M2 and a unit

20 composed of two or more continuous monomer units Mp are
detected at the same time. That is, it is preferable
that a sequence of two or more continuous methylene
groups 1s detected by 13¢c-NMR and sequences of one, two,
three, four, five and six or more methylene groups are

25 all detected. It is more preferable that the molar



copol ymer, HDPE- et hyl ene/ hexene HDPE- et hyl ene/ hexene HDPE- et hyl ene/ hexene
20 HDPE- et hyl ene/ hexene HDPE- et hyl ene/ hexene HDPE- et hyl ene/ hexene

HDPE- et hyl ene/ oct ene HDPE- et hyl ene/ oct ene 25 copol yner,

copol yrer - et hgFeA®4RCANe copol yner, copol yner - et hyl ene/ oct ene copol yner,
copol yner - at a- pol ypr opyl ene, copol yner -syn- pol ypropyl ene,

copol yner - propyl ene/ but ene copol yner, copglgyner - propyl ene/ hexene copol yner,
copol ynmer - LLDPE, copol yner - et hyl ene/ propyl ene SF-714 (PCT) 68

HDPE- et hyl ene/ oct ene copol yner - et hyl ene/ but ene copol yner,

HDPE- et hyl ene/ oct ene copol yner - et hyl ene/ hexene copol yner,

HDPE- et hyl enef8&CErE Eodl Vi -SRBLGIHISFHIrfpyaEhe, EHDPE- et ¢/l ehelbet Ehee
copol yner - syn- pol ypropyl ene, 5 HDPE- et hyl ene/ oct ene

copol yrer - pr opyPeféXb e HE 1o pisl Bhvere NeHORR W shyd Ehel ot @ird as

copol yner - propyl ene/ hexene copol ynmer, HDPE- at a- pol ypropyl ene- LLDPE,

HDPE- at a- pol ypiépgirend- aehlyesne/ pr opyl ene copol yner,

HDPE- at a- pol ypr opyl ene- et hyl ene/ but ene copol yner, 10
HDPE-ata-poIypropyEéﬁeléﬂhWWEhekm@maamanqxaqdnanalysis can be carried
HDPE- at a- pol ypr opyl ene- et hyl ene/ oct ene copol yner,

HDPE- at a- @pl yprtpyhe aecsyapaley pridpgy leemesthod hitherto known, as

HDPE- at a- pol ypr opyl ene- pr opyl ene/ but ene copol yner,

HDPE- at a- pol yprepybeaséypdepyrane/chexene copol ynmer, 15

HDPE- syn- pol ypr opyl ene- LLDPE, HDPE- syn- pol ypropyl ene- et hyl ene/ propyl ene
copol ymer, HDPE- symhpobyprapy lcepelgiy ezel e enereepalyBied for

HDPE- syn- pol ypr opyl ene- et hyl ene/ hexene copol yner,

HDPE- syn- pol ypeepphenecethylene/teatiene qopolnimgls, Zheets and blow

HDPE- syn- pol ypr opyl ene- at a- pol ypr opyl ene,

HDPE- syn- pol ypeopy¢bepecpueryl, eRe/lutene £ORAW®Isuch as

HDPE- syn- pol ypr opyl ene- pr opyl ene/ hexene copol yner, HDPE- propyl ene/ but ene
copol yWEfTU—LDBEmpbi@EEiQHQﬁY%e RYLRUt ahe GRRAIMNET - UM ISREHRIQY £1e 224
copol yrer, SF-7'"44 (PCT) 69 HDPE- propyl ene/ but ene

copol yner - et hMBﬁ@@&QHEQneTﬁQPQ&é!nE{)plt@ggieﬁoﬁﬂl?nﬁ%b!ﬂége?ibed later.
copol yner - et hyl ene/ hexene copol yner, HDPE- propyl ene/ but ene

copol yrer - et hyl enefggt ggecggeokx@egreb%ﬁh@ QRY! SHG/HUL R 6 1 ymer of
copol yner - at a- pol ypr opyl ene, 5 HDPE- pr opyl €ne/ but ene

copolymer - syne pal yAGRY: 8Re, s HHPECD LARK,GRRIP YLEAS

copol yrmer - pr opyl ene/ hexene copol yner, pr opyl ene/ hexene

copol ymer - LLDPE, HPE@-eﬁ8%heeegaggggﬁy%%p%g”%pggg%gnﬁ!a@/ oRylene 10

copol ynmer, HDPE- propyl ene/ hexen mer - et hy ene-“copol yner,

HDPE'prOH@ enféﬁ@%?Bﬁaﬁoggbﬁ Etekﬁglg%gﬁg%égn%fcgﬂ%lﬁg%%’chain. The

HDPE- pr opyl ene/ hexene copol yner - et hyl ctene copol yner

oo DropY e nELOPXRNEERROIUIELEARLPILYREARKL Gy 12 HORGR Wyl nexene

copol ynmer - syn- pol ypr op E-propyl ene/ hexe

o Yrer - PY DRYEROELbUL 0e (£ QPALLIRL, LhhORE- BELY SLIX! Fas SUMY gl pr opy! ene

copol yner, LL ene- et hyl'ene/ but'éne "copo

LLDPE- pol yet hyl ene: et hyl ene/ hexene . copol r . .
LLDPE. pol yot hyPSHGC St Ryl SRS/ 00Y SRE H08poly ity Ehe Proviso that it has

D o e Al 2 BeL ALY o LT S L ST X B! g oy e
LLDPE-poE%pthXIgggfgr88¥£§Qgéhgéfgge%9polyner, SF-714 (PCT)
As the functional group, an aromatic hydrocarbon
group, a halogen atom, an oxygen-containing group, a
nitrogen-containing group, a sulfur-containing group, a

phosphorus-containing group, a metal atom-containing

25 group or the like is preferable.



70 LLDPE- HDPE- et hyl ene/ pr opyl ene copol yner, LLDPE- HDPE- et hyl ene/ but ene
copol yner, LLDPE-HDPE- et hyl ene/ hexene copol yner, LLDPE- HDPE- et hyl ene/ oct ene
copol ymer, 5 LLDPE-HDPE- at a- pol ypropyl ene, LLDPE- HDPE- syn- pol ypropyl ene,
LLDPE- HDPE- pr 8pylT 8héP0OT) ene copol yrmer, LLDPE- HDPE- pr opyl ene/ hexene

copol ymer, LLDPE-et hyl ene/ propyl ene copol yner - et hyl ene/ but ene 10 copol yner,
LLDPE- et hyl ene/ propyl ene copol yrer - et hyl eqg/ hexene copol yner,

LLDPE- et hyl ene/ propyl ene copol yner - et hyl ene/ oct ene copol yner, 15

LLDPE- et hyl ene/ propyl ene copol yner - at a- pol ypr opyl ene,

LLDPE- et hyl ene/ propyl ene copal r-syn-pol ypropyl ene,

LLDPE-etherne/pro% ?@Héeéoﬁgl§ﬁ§raﬁp@B§Pén N@&P@ﬁéb@@p@K@W@ﬁ include
LLDPE-etherne/progerne copol yrmer - propyl ene/ hexene 20 copol yner,

LLDPE- et hy| enr &y nenéﬁbéhyﬁeri@ﬂﬁ}beﬁépbﬁﬁwﬁWén@ndop@k%ngﬂ

LLDPE- et hyl ene/ but ene copol yner - et hyl ene/ hexene copol yner,

LLDPE- et hyl ene/ butBnampebpel ghethet hglegehioetene c¢opdhyrerludrine,

LLDPE- et hyl ene/ but ene copol yner - at a- pol ypr opyl ene, SF-714 (PCT} 71

LLDPE- et hyl enett bor ene, copohyner asynipdliypr.opyl ene, LLDPE- et hyl ene/ but ene

copol ynmer - propyl ene but ene copol yner, LLDPE-ethyl ene/ butene

copol ymer Spr opyl enBhdiexenge 5-copobynéng group is, for example, a group
containing 1 to 5 oxygen atoms, but the later-described
heterocyclic compound residue is not included in this
group. A group containing a nitrogen atom, a sulfur atom,
a phosphorus atom or a halogen atom, said atom being

10 directly bonded to the oxXygen atom, is not included
either. Examples of the oxygen-containing groups include
hydroxyl group; alkoxy groups, such as methoxy, ethoxy,
propoxy and butoxy; aryloxy groups, such as phenoxy,
methylphenoxy, dimethylphenoxy and naphthoxy; arylalkoxy

15 groups, such as phenylmethoxy and phenylethoxy; acetoxy
group; carbonyl group; carboxyl group; estér group; and
acetyl group. When the oxygen-containing group contains
carbon atom, the number of carbon atoms is in the range
of usually 1 to 30, preferably 1 to 20.

20 The nitrogen-containing group is, for example, a
group containing 1 to 5 nitrogen atoms, but the later-
described heterocyclic compound residue is not included
in this group. Examples of the nitrogen-containing

groups include amino group; alkylamino groups, such as

25 methylamino, dimethylamino, ethylamino, propylamino,



LLDPE- et hyl ene/ hexene copol yner - et hyl ene/ propyl ene copol yner,
LLDPE- et hyl ene/ hexene copol yner - et hyl ene/ but ene copol yner,
LLDPE- et hyl ene/ hexene copol yner - et hyl ene/ oct ene copol yner, 10

LLDPE- et hyl en8Fh2ke(RCTYpol yner - at a- pol ypropyl ene, LLDPE-et hyl ene/ hexene
copol ynmer - syn- pol ypr opyl ene, LLDPE-et hyl ene/ hexene copol yner - propyl ene
but ene copol yner, LLDPE-ethyl ene/ hexene cagolyner-propylene hexene 15
copol ymer, LLDPE-et hyl ene/ oct ene copol yner-et hyl ene/ propyl ene copol yner,
LLDPE- et hyl ene/ oct ene copol yner - et hyl ene/ but ene copol yner,
LLDPE- et hyl ene/ oct ene copol yner - et hyl ene/ hexene copol yner, 20

LLDPE- et hyl enBPb¥tefhéneopsry Ryelahaexpsryinepy laerk anylbrE-rat lydaenesd oct ene
copol yrmer - syn- pol ypr opyl ene, LLDPE-et hyl ene/ oct ene copol yner - propyl ene
but ene copol yAEfh BEDPBEcavhpiéne/ otdnye aodpol wmet rppdpyldrenitrexene 25
copol yner, SF-714 (PCT) 72 LLDPE- at a- pol ypr opyl ene- et hyl ene/ propyl ene
copol yrer, LLDPE- athepsbyprnopybeneiethyl gmeliputiene feapelxpmele, a group
LLDPE- at a- pol ypr opyl ene- et hyl ene/ hexene copol yner,

LLDPE- at a- pol gpnopyhéng- ét hyl énebdcenatearq! Wier the later-described
LLDPE- at a- pol ypr opyl ene- syn- pol ypr opyl ene,

LLDPE- at a-fpol yptepyteneipr epybenadbutendueop@ WS included in this
LLDPE- at a- pol ypr opyl ene- propyl ene hexene copol yner,

LLDPE- syn- pol ypoapy| emeamd twt ese/ pROPyL enercOPALYIMBEng groups include
LLDPE- syn- pol ypr opyl ene- et hyl ene/ but ene copol yner, 10

LLDPE- syn- pol ypr epykepegebhpkenelhexerene@Bo1 B fonato,
LLDPE- syn- pol ypr opyl ene-et hyl ene/ oct ene copol yner,

LLDPE- syn- pol ypi epyl-emnetBha=Bal ¥BLARY!, €B8enylsul fonato,
LLDPE- syn- pol ypr opyl ene- propyl ene but ene copol yner,

LLDPE- syn- pol yphopyLenesREeRY! pnechexens ¢epalyrer, 15
LLDPE- pr opyl ene/ but ene copol yner - et hyl ene/ propyl ene copol yner,

LLDPE'DVQWV|eﬂ?iﬁéﬁﬁ?@béﬁ@@h¥EEEE%EQ¥F?”%%EEE%%%t%SB%B& lssulfonato,

LLDPE- pr opyl ene/ but ene copol yner - et hyl ene/ hexene copol ymer,

LLDPE- pr opyl ege - Br / .
LLEEE b opY!cpebhl 89605000 B e B! BEHLS0S B 608 e fonaco,

sulfinato groups, such as methylsulfinato,
phenylsulfinato, benzylsulfinato, p-toluenesulfinato,
trimethylbenzenesulfinato and pentaflurobenzenesulfinato;
15 alkylthio groups; and arylthio groups. When the sulfur-
containing group contains cérbon atom, the number of
carbon atoms is in the range of usually 1 to 30,
preferably 1 to 20.
The phosphorus-containing group is, for example, a
20 group containing 1 to 5 phosphorus atoms, and examples
thereof include trialkylphosphine groups, such as
trimethylphosphine, tributylphosphine and
tricyclohexylphosphine; triarylphosphine groups, such as
triphenylphosphine and tritolylphosphine; phosphite

25 groups (phosphido groups), such as methylphosphite,



copol yner - et hyl ene/ oct ene copol yner - at a- pol ypr opyl ene,

copol yner - syn- pol ypr opyl ene, copol yner - propyl ene hexene SF-714 (PCT) 73
copol ymer, LLDPE- propyl ene/ hexene copol yner - et hyl ene/ propyl ene copol yner,
LLDPE-propyIQﬂahhqwgqyrpopolyner-ethylene/butene 5 copol yner,

LLDPE- pr opyl ene/ hexene copol yner - et hyl ene/ hexene copol yner,

LLDPE- pr opyl ene/ hexene copol yner - et hyl ene $ctene copol yner, 10

LLDPE- pr opyl ene/ hexene copol yner - at a- pol ypf opyl ene, LLDPE- propyl ene/ hexene
copol ynmer - syn- pol ypr opyl ene, LLDPE- propyl ene/ hexene copol yner - propyl ene
but ene copol yner, ethyl ene/ but ene copol yner - pol yet hyl ene- et hyl ene/ hexene 15
copol yner, etdiythehelidiplehes copdl yheny pphyephytenepbbhphenétoetene

copol ynmer, et hyl ene/ but ene copol yner - pol yet hyl ene- at a- pol ypr opyl ene,

et hyl ene/ but enscwop ot iyadrerh psplyet hy | @oed syneppl ypr opyl ene, 20

et hyl ene/ but ene copol yner - pol yet hyl ene- pr opyl ene/ but ene copol yner,

et hyl ene/ but ene copod ymera pad yah-hydete: progyd ecep hexeneceopebypee, a

et hyl ene/ but ene copol ymner - HDPE- et hyl ene/ hexene copol yner, 25

et hyl ene/ but ensowe pedryieei n HPE et iybenef ost Bneogppel MaRAum, SErék4 (PCT) 74
et hyl ene/ but ene copol yner - HDPE- at a- pol ypr opyl ene, et hyl ene/ but ene

copol ymer SHDRE- &y Mo P ahy@pi &PyhiRN o r €4 b eae/ BubeN8uch as lithium, and
copol ymer - HDPE- pr opyl ene/ but ene copol yner, et hyl ene/ but ene

copol ymer - HDRE: {01yd efed hexenen 0RQk Yaes: 1 5c6hhybapei RULENE§roup, an
copol yner - LLDPE- et hyl ene/ hexene copol yner, ethyl ene/ but ené

copol yrer - LLRQREethyl-ensd{oct ene; C@pglh%ﬁeg,bsmﬂLeeﬁéQ%%s group, a
copol ynmer - LLDPE- at a- pol ypr opyl ene;, ethyl enef but ene

copol ymer - LLDRE: Sy&s ol 4orapyd enen el hyl enes bute inj
copolyner-LLDﬁE—propyIenefﬁgt%ﬁgg%b copd?@%ér#$e?ﬁ§F%h%}%%t%ﬁgup and a
copol yner - LLORE-prapyd / hexene copol yner, ethyl ene/ but ene
copolyner-ethflene propyl ene copol yner et hyl ene/ hexene copol yner, 15

et hyl enejgut ene c 3g¥¥féggb@é%ﬁéf“@@%;f@ﬁg§QBQJy s g&QMﬁfg?/gctene

copo:yner,tethylene i}ene CORB /b pr opy enet I / I

copol yner at a- r ne. yl en ene ¢ nmer:.e ene/ pr ene
copo:ynerZO éﬁr}ﬁgi§%¥6%§fgﬁ§,lé%%yfen?i%?ﬁ%ﬁ?gg%%blfﬁ%ﬁﬁéfﬁ§fgﬁéﬁg¥opylene
copol yner pr opyle ]t opol y e ne/ but ene _ .
copolyner-etﬁ%ﬂgﬁg p%%ﬁyE%ﬁgﬂg%ﬁ%$§%%ﬁp%o%@?é%gv%e§%%%r%%%of§?§F}tuted

silyl groups, such as phenylsilyl, diphenylsilyl,

trimethylsilyl, triethylsilyl, tripropylsilyl,

15 tricyclohexylsilyl, triphenylsilyl, tritolylsilyl,
trinaphthylsilyl and methyldiphenylsilyl; alkyl-
substituted silyl ether groups, such as trimethylsilyl
ether; silicon-substituted alkyl groups, such as
trimethylsilylmethyl; silicon-substituted aryl groups,

20 such as trimethysilylphenyl; and hydrocarbon-substituted
siloxy groups, such as trimethylsiloxy. Of the
hydrocarbon-substituted silyl groups, trialkylsilyl
groups, such as trimethylsilyl, tripropylsilyl and

tricyclohexylsilyl, are preferable.



25 et hyl ene/ but ene copol yner - et hyl ene/ hexene copol yner SF-714 (PCT) 75
et hyl ene/ oct ene copol yner, ethyl ene/ but ene copol yner - et hyl ene/ hexene
copol yrer - at apol ypr opyl ene, et hyl ene/ but ene copol yner - et hyl ene/ hexene
copol yner - syn§rimalgy, (ppylene, et hyl ene/ but ene copol yner - et hyl ene/ hexene
copol yrer propyl ene/ but ene copol yner, ethyl ene/ but ene

copol yner - et hyl ene/ hexene copolynerpropylfge/hexene copol yner, 10

et hyl ene/ but ene copol ymner - et hyl ene/ oct ene”Copol ynmer et hyl ene/ hexene
copol ynmer, ethyl ene/ butene copol ymner - et hyl ene/ oct ene

copol yner - at apol ypr opyl ene, et hyl ene/ but ene copol yner - et hyl ene/ oct ene
copol yner - synl5 pdlhgprabyiene)-ethys enendugenepcopol Yorr eethyplenekoct ene
copol yrmer pr opyl ene/ but ene copol yner, et hyl ene/ but ene

copol ymer - et gt aene/ owttemen Copol yoer prepyhenenhexene . copol yo®hipl 00 £

et hyl ene/ but ene copol yrer - at a- pol ypropyl ene et hyl ene/ hexene copol yner,

et hyl ene/ but éiee colpat ymen- etk pbh ypg opydbepets hyheRg/ gebape (Bopel yner,

et hyl ene/ but ene copol yner - at a- pol ypr opyl ene-syn25 pol ypropyl ene, SF-714

(PCT) 76 et hylyeneidut enen copeyyngroas A- 00! ¥y opyLensprapyhensibutene
copol ynmer, ethyl ene/ butene copol yner - at a- pol ypr opyl enepr opyl ene/ hexene

copol yner5 5 saidud enedhut @%&p@@éryn@ioﬁyafp@ﬁé(pwfeg! ene et hyl ene/ hexene
copol ymer, ethyl ene/ butene copol yner - syn-pol ypropyl eneet hyl ene/ oct ene

gfﬁo: ymer, et hyl enelebicanm Contl Sl neYd: Dgb ypéppf’&?“%z%ﬁi&, pg! g%BgW ene,
yl ene/ but ene copol yner - syn- pol ypr opyl enepr opyl ene/ but ene copofyner,
et hyl ene/ but enm tGARGINGTES -y s R Y& OpYLR0ePIPY,.ERG{NEXENE ,COROL YIBr ,
containing group is -BR2 group (R is hydrogen, an alkyl
group, an aryl group which may have a substituent, a
10 halogen atom or the like).

The zinc-containing group is, for example, a group
containing 1 to 3 zinc atoms. An example of the zinc-
containing group is -ZnR group (R is hydrogen, an alkyl
group, an aryl group which may have a substituent, a

15 halogen atom or the like).

The magnesium-containing group is a group containing
1 to 3 magnesium atoms. An example of the magnesium-—
containing group is -MgR group (R is hydrogen, an alkyl
group, an aryl group which may have a substituent, a

20 halogen atom or the like).

Examples of the olefin polymers having a functional
group at the terminal of the main chain include polymers
having a halogen atom, a phenyl group, a-hydroxyl group,
an alkoxy group, a carbonyl group, a carboxyl group, an

25 ester group, an acetyl group, an alkylamino group, a



15 et hyl ene/ but ene copol yner - propyl ene/ but ene copol yner et hyl ene/ hexene
copol yner, ethyl ene/ but ene copol yner - propyl ene/ but ene

copol yner et hyl ene/ oct ene copol ynmer, ethyl ene/ but ene

copol yner - pr opF+ & (RCTENe copol yner - at a20 pol ypropyl ene, et hyl ene/ but ene
copol yrmer - propyl ene/ but ene copol yner - synpol ypr opyl ene, et hyl ene/ but ene
copol yrer - propyl ene/ but ene copol yner propyyene/ hexene copol ymer, 25

et hyl ene/ but ene copol yner - propyl ene/ hexene copol yner SF-714 (PCT) 77
et hyl ene/ hexene copol ynmer, ethyl ene/ but ene copol yner - propyl ene/ hexene
copol yner et hyl ene/ oct ene copol ynmer, ethyl ene/ but ene

copol yner - pr opyi 2hky hekerié espoPyner Latastpolgplopyl emeupet Ryl ene/ but ene
copol yner - propyl ene/ hexene copol ynmer - synpol ypropyl ene, et hyl ene/ but ene
copol yner - pr opyd bhel herpheusopobymer pr dpplérébbubtengroopel ymer,l kvl zinc
et hyl ene/ hexene copol yner - pol yet hyl ene- et hyl ene/ oct ene copol yner,

et hyl ene/ hexepeoeppol yneiupobyethyl énéecaba- pbkypeepyhene, ot hyl ene/ hexene
copol yrer - pol yet hyl ene- syn- pol ypr opyl ene, 15 et hyl ene/ hexene

copol yner - pol yet ywt eneepe ppyDERe/ buDEAe popobyopl.leathybenebhexenre a
copol yner - pol yet hyl ene- propyl ene/ hexene copol yner, ethyl ene/ hexene

copol ynmer SHDREered iyl ener ost enepenpehypel -haReathyh esetbaxene -decene or
copol ymer - HDPE- at a- pol ypr opyl ene, et hyl ene/ hexene

copol yner - HDOREhs It p®) yHr opybeReerebhykenel BeXeARd propylene, a

copol yner - HDPE- pr opyl ene/ but ene copol yner, et hyl ene/ hexene

copol ymer - HDRE> s Diaye £nef hexepee 68PhM B, o8t RYhene/ hexgneo carbon
copol ymer - LLDPE- et hyl ene/ oct ene copol yner, 25 et hyl ene/ hexene

copol ymer - LL DR ar@&% ypropyi enens, Shcf14s(PChhcdBeet hybenelhexene
copol yner - LLDPE- syn- pol ypr opyl ene, et hyl ene/ hexene

copol yner - LLDRE: 4 OpY] ened byt engy COPQLYBBE ; 8EQM%§neéQ§EeQ§ butadiene,
copol yner - LLDPE- pr opyl ene/ hexene 5 copol yner, et hyl ene/ hexené

copol ymen et hyd gnelpr opy| £nge copol ¥RET ef hyl fogl geLane, £qpel ymer,
et hyl ene/ hexene “copol ymer - et hyl ene/ pr opyl ene copol yner at a- pol ypr opyl ene, 1D

et hyl ene/ hexefe. £oROly el = &hAy1 EngL Ry OPYLEDE. 900! YIBY as styrene;

cycloolefin compounds, such as tetracyclododecene,
norbornene and methyl norbornene), a copolymer of
propylene and the above—mentioned olefin of 4 to 20
15 carbon atoms, and the aforesaid tapered polymer.
Of these, particularly preferable are polymers
having a chlorine atom, a bromine atom, an iodine atom, a
hydroxyl group or an alkylzinc group at the terminals of
polyethylene, HDPE, LLDPE, polypropylene, polybutene, an
20 ethylene/propylene copolymer, an ethylene/butene
copolymer and an ethylene/hexene copolymer.
The olefin polymer having a functional group at the
terminal of the main chain can be favorably used for

various additives such as compatibilizing agent and



syn- pol ypropyl ene, ethyl ene/ hexene copol yner - et hyl ene/ pr opyl ene

copol yner propyl ene/ but ene copol yner, ethyl ene/ hexene

copol ynmer - et hyl ene/ propyl ene copol yner 15 propyl ene/ hexene copol ymner,

et hyl ene/ hexe8E-Tbp(P@Wr - et hyl ene/ but ene copol yner et hyl ene/ oct ene

copol yner, ethyl ene/ hexene copol yner - et hyl ene/ but ene

copol ymer - at apol ypr opyl ene, 20 et hyl ene/ hggene copol yner - et hyl ene/ but ene
copol yrmer - synpol ypr opyl ene, et hyl ene/ hexene copol yner - et hyl ene/ but ene
copol yrmer propyl ene/ but ene copol yner, ethyl ene/ hexene

copol yner - et hyl ene/ but ene copol yner 25 propyl ene/ hexene copol yner, SF-714
(PCT) 79 et hyPendf heXengoabpbpymatestRyisensocddesives. The use
copol yner - at apol ypr opyl ene, et hyl ene/ hexene copol yner - et hyl ene/ oct ene
copolyner-syn@@@ip@@bypén@ﬁ shet hyllgnelheiéne beopgelsymebeet Hyltene/ oct ene
copol ynmer propyl ene/ but ene copol yner, ethyl ene/ hexene

copol yner - et hyl eneTlbet enecespofyneppeppylienethexenefecappbyyrer having

et hyl ene/ hexene copol yner - at a- pol ypr opyl enel0 et hyl ene/ oct ene copol yner,
et hyl ene/ hexemef copbignel - gtaupokyptopykereispnpolfyphepykenechain will

et hyl ene/ hexene copol yner - at a- pol ypr opyl enepr opyl ene/ but ene copol yner, 15
et hyl ene/ bexene dopot yined- akaepol ypr opyl enepr opyl ene/ hexene copol yner,

et hyl ene/ hexene copol yner - syn- pol ypropyl eneet hyl ene/ oct ene copol yner,

et hyl ene/ hexene copod yoes £ Sy Npo®DLHEF 0Py | eRetBta20mBeLYREARY LENe e
et hyl ene/ hexene copol yner - syn- pol ypropyl enepr opyl ene/ but ene copol yner,

et hyl ene/ hexenev€opdby NBE - §) No DEEYRT BP¥ERNEBEBRYheReLARXene ggpol yner, 25
et hyl ene/ hexene copol ymner - pol ypr opyl ene/ but ene copol yner SF-714 (PCT) 80

et hyl ene/ oct ene copp) yaese1 @hdy | 8N6khexsns: 68ROk YBRT 2 POh ¥RLPPYLENE/ but ene
copol yner at a- pol ypr opyl ene, et hyl ene/ hexene copol yner - pol ypropyl ene/ but ene

copol ymers sydnrdedyPEOPYELOE, from olefins of 2 to 20 carbon atoms, and
10 (11) a polymer block that is obtained from at least
one olefin selected from olefins of 2 to 20 carbon atoms
and is different from the polymer block (i).
The polymer blocks different from each other are
those different in at least one of primary structures of
15 polymers, such as monomer type, comonomer type, comonomer
composition, comonomer content, comonomer configuration
and stereoregularity.
The polymer blocks (i) and (ii) may be each a
polymer of one olefin selected from olefins of 2 to 20
20 carbon atoms or may be a random copolymer of two or more
olefins selected from olefins of 2 to 20 carbon atoms.
The olefin block copolymer may further have single
or plural polymer blocks (iii) in addition to the polymer
block (i) and the polymer block (ii). 1In this case, the

25 block copolymer takes a form of (1) -(ii)-(iii)n, wherein



et hyl ene/ hexene copol yner - pol ypr opyl ene/ but ene copol yner propyl ene/ hexene
copol yner, ethyl ene/ hexene copol yner - pol ypr opyl ene/ hexene

copol ynmer et hyl ene/ oct ene copol yner, 10 et hyl ene/ hexene

copol yner - pol $psRYy (RCE) hexene copol yner at a- pol ypropyl ene, et hyl ene/ hexene
copol yner - pol ypr opyl ene/ hexene copol yner syn- pol ypropyl ene, ethyl ene/ hexene
copol yner - pol ypr opyl ene/ hexene copol ynmer 1agpropyl ene/ but ene copol yner,

et hyl ene/ oct ene copol ymner - pol yet hyl ene- at a- pol ypr opyl ene, et hyl ene/ oct ene
copol ymer - pol yet hyl ene- syn- pol ypr opyl ene, et hyl ene/ oct ene

copol yner - pol yet hyl ene- propyl ene/ but ene copol yner, 20 et hyl ene/ octene
_copol yner - pol Jet iydenen peopy| ehelhexenereopdlrpier abdivhyl éveBocmame

copol yrer - HDPE- at a- pol ypr opyl ene, et hyl ene/ oct ene

copol yrer - HDRExey@xr gl ypt opyl éneandt hikendfieceenepolymer blocks are

copol yner - HDPE- pr opyl ene/ but ene copol yner, 25 et hyl ene/ oct ene

copol yner - HDRE: pfepghenétbexeaehcopbkynmer, SF-714 (PCT) 81

et hyl ene/ oct ene copol yner - LLDPE- at a- pol ypr opyl ene, et hyl ene/ oct ene

copol yner - LLDPE- syPheopypyopy| ehecket hyl enehdgcbena polymer of one

copol yner - LLDPE- pr opyl ene/ but ene copol yner, 5 ethyl ene/ octene

copol ynmer 5LLOPE= ptopys eaet bexepemcopekyner ofethybene/ eetred® atoms or

copol yrer - et hyl ene/ propyl ene copol yner at a- pol ypr opyl ene, et hyl ene/ oct ene

copol ymer - et hyd gnieé ps opyhese eepel yierlBrsyRopelyrbepybereingt Ryiena/oet ene
copol yner - et hyl ene/ pr opyl ene copol yner propyl ene/ but ene copol yner,

et hyl ene/ oct eneog 0pOE ¥R - 8Ehyl epebpr epybeReseapel. yner propyl ene/ hexene
copol ymer, 15 et hyl ene/ oct ene copol yner - et hyl ene/ but ene copol yner - at a

pol ypropyl ene, et hyh engd 061 enen cOPOLY MBEp 8t PyEeneLRUt BB® ymer block (1)
copol ynmer - synpol ypr opyl ene, et hyTene/ octene copolyner-et%ylene/butene

copol yner 20 pzopyteaesbuyeae sepekymer) &tBYLERR/ 8CLeBeap1y a polymer
copol yrer - et hyl ene/ but ene copol yner propyl ene/ hexenhe copol yner,

et hyl ene t eng p =gt n e I -at.a opyl,ene, 25
ethylene?ggt2ﬂe0€gp%%¥%§§?gt?%%gng?%eggggogggglé%g&?g%nggbég%7g§)(ngy 82
polypropylengﬂF§tn¥ ene/ oct ene copol yner - et hyl ene/ hexene

copol yrer propyl ene/ but ene copol yner, et hyl ene/ oct ene

gfﬁolyner'ethy'e”e(ﬁﬁxﬁgﬁ@ffwg£y$?éékp6 PXR&QS/?§§$”8t80E8£¥?Er’
yl ene/ oct ene copol yIer - at a- pol ypr opyT ene- synpol ypr opyl ens’
(b) a polymer block obtained from one a-olefin
selected from a-olefins of 3 to 20 carbon atoms, and
15 (c) a polymer block obtained from two or more o-
olefins selected from a-olefins of 2 to 20 carbon atoms.
The polymer block (b) is preferably a block of a
homopolymer of propylene, l-butene, l-hexene or l-octene.
The polymer block (c) is preferably a block of an
20 ethylene/propylene copolymer, an ethylene/l-butene
copolymer, an ethylene/l-hexene copolymer or an
ethylene/l-octene copolymer.
In the present invention, at least one polymer block

(a) obtained from ethylene is contained, and the polymer

25 Dblock (a) desirably has a number-average molecular weight



et hyl ene/ oct ene copol yner - at a- pol ypr opyl enepr opyl ene/ but ene copol yner, 10
et hyl ene/ oct ene copol yner - at a- pol ypr opyl ene propyl ene/ hexene copol yner,

et hyl ene/ oct ene copol yner - syn- pol ypr opyl ene- at apol ypr opyl ene,

et hyl ene/ oct eBE-ZRPPGMEr - syn- pol ypr opyl enel5 propyl ene/ but ene copol yner,
et hyl ene/ oct ene copol yner - syn- pol ypropyl enepr opyl ene/ hexene copol yner,

et hyl ene/ oct ene copol yrer - propyl ene/ but enggcopol yner - at apol ypr opyl ene, 20
et hyl ene/ oct ene copol ymer - propyl ene/ but ene copol yner - syn pol ypr opyl ene,

et hyl ene/ oct ene copol yner - propyl ene/ but ene copol yner propyl ene/ hexene

copol yner, ethglene/octene copol yner - propyl ene/ hexene copol yner - at a25

pol ypropyl ene®t n&r-¥eas Py 830ePAYP| enskbereha ycdadl, Pier tpr opyl ene/ hexene
copol yrmer - synpol ypr opyl ene, et hyl ene/ oct ene copol yner - propyl ene/ hexene
copolynerprop£@ &g Eg@nem@épopyﬁéﬁraély 150,000 to 5,000,000, and

at a- pol ypr opyl ene- pol yet hyl ene- syn- pol ypr opyl ene,

at a- pol ypr opyefién pof yethyhene- phepylehef putéreabdgohyiemore than 1.3.

at a- pol ypr opyl ene- pol yet hyl ene- pr opyl ene/ hexene copol yner,

at a- pol ypr opyl ene-HPEIsyve potypiopytieatefi polymer is, for example,

at a- pol ypr opyl ene- HDPE- pr opyl ene/ but ene copol yner,

at a- pol ypbopyd emel HDPE- piiopyl enehhexeneraepohvABEr of polymer blocks

at a- pol ypr opyl ene- et hyl ene/ oct ene copol yner - synpol ypr opyl ene,

at a- pol ypr opydienetetdiyt ene/ o€t ags€0ppkypBErin BEORYLEREFBUEERE GaRQ YIrer,
at a- pol ypr opyl ene- et hyl ene/ oct ene copol ynmer propyl ene/ hexene copol yner,

at a- pol ypr opyd £re-es hyd enetpsopyt A8 §9R0LYABEASY AhROLYRARLERYLERE , 20

at a- pol ypr opyl ene- et hyl ene/ propyl ene copol yner propyl ene/ but ene copol yner,
at a- pol ypr opyhene-et & | woed pr opyh £n6 s CORS! Mﬂgiepgeﬁ%hﬁ%/ EEXﬁB‘E GQRQl yner,
at a- pol ypr opyl ene- et hyl ene/ but ene copol yner-syn 25 pol ypropyl ene,

than 500, preferably 500 to 10,000,000, more preferably

10 1,000 to 5,000,000, adjacent polymer blocks are different
from each other, the number-average molecular weight of
each polymer block is not less than 100, preferably 100
to 9,999,900, more préferably 500 to 4,999,500, and Mw/Mn
of each polymer block is not more than 2.5.

15 In the present invention, the number of polymer
blocks is an integer of 2 or more, usually 2 to 10,
preferably 2 to 6, particularly preferably 2 to 4.

In case of a diblock polymer in which the number of
polymer blocks is 2, Mw/Mn is preferably less than 1.35,

20 more preferably less than 1.30.

In case of a triblock polymer in which the number of
polymer blocks is 3, Mw/Mn is preferably less than 1.80,

more preferably less than 1.50.



SF-714 (PCT) 84 ata-pol ypropyl ene-et hyl ene/ but ene copol yner propyl ene/ but ene
copol yner, ata-pol ypropyl ene-et hyl ene/ but ene copol yner pr opyl ene/ hexene
copol ymer, 5 ata-pol ypropyl ene-et hyl ene/ hexene copol ymer - synpol ypr opyl ene,
at a- pol ypr opySE+¥4etRGTENne/ hexene copol yner pr opyl ene/ but ene copol yner,

at a- pol ypr opyl ene- et hyl ene/ hexene copol ymer 10 propyl ene/ hexene copol yner,
at a- pol ypropyl ene- et hyl ene/ oct ene copol yng4-synpol ypropyl ene,

at a- pol ypr opyl ene- et hyl ene/ oct ene copol yner propyl ene/ but ene copol yner, 15
at a- pol ypr opyl ene- et hyl ene/ oct ene copol yner propyl ene/ hexene copol yner,

at a- pol ypr opyl ene-syn- pol ypr opyl ene- propyl ene/ but ene copol yner,
ata-polypropylene-%@n@%%¢y%?o%ymﬁﬁéig?8ﬁgl@ﬂéYﬁ§§eh§ pbieBpbhpnmpmber

at a- pol ypr opyl ene- pr opyl ene/ but ene copol yner - synpol ypr opyl ene,
ata-polypropy@%n@OEY%@§l%h@¢bﬁtéﬁe4c@50m9ﬁ€rpMUﬁ§Peﬁ§/ﬁéﬁéﬁéa@épbﬂyﬁ%¥, 25
ata-polypropylene-grogylene/hexene copol ynmer-syn SF-714 (PCT) 85

pol ypr opyl enethai a2 pd ypm@b9léﬁ@f9rébEVe esRexbas ¢oPbl-yner propyl ene/ but ene
copol ymer, syn-pol ypropyl ene- pol yet hyl ene- propyl ene/ but ene copol yner, 5
syn- pol ypr opyl ene-bol et hgihene- propyhehephkxenpotypekypnerach polymer

syn- pol ypr opyl ene- HDPE- pr opyl ene/ but ene copol yner,

syn- pol ypbopyth emek HDPE pe Dpyhlehe/ beXeneedopobynpplyethylene, HDPE,

syn- pol ypr opyl ene- LLDPE- pr opyl ene/ but ene copol yner,

syn- pol ypr opyl.ebiek | LDREspo Dpyéenef hexepéenepahgnen, cl8fin selected

syn- pol ypr opyl ene- et hyl enef propyl ene copol yner propyl ene/ but ene copol yner,
syn- pol ypr opyf ene-et &yl ened prepybene cappbbynetpmnepylhanelbexenaieope yner,
syn- pol ypr opyl ene- et hyl ene/ but ene copol ynmer 15 propyl ene/ but ene copol yner,
syn- pol ypr opydediec gt hyd eael baif enet sopol ypeopy0pykenesbexenopeopell iy,

syn- pol ypr opyl ene- et hyl ene/ hexene copol yner propyl ene/ but ene copol yner, 20
syn- pol ypr opysd gien &1 iyt @pel bexeng €6pol yrespsepykepel Baxenadcapsloy®ier
syn- pol ypr opyl ene- et hyl ene/ oct ene copol yner propyl ene/ but ene copol yner,

syn- pol ypoopyd €ne-eidyt ene/ 8cé engs cepok yaer 285cprepY| ehehBexene 16eRely mer,
SF-714 (PCT) 86 syn-pol ypropyl ene-at a- pol ypropyl ene- propyl ene/ but ene
copol yner, dienes and cycloolefins), and the aforesaid tapered
polymer.
Particularly preferable is a diblock polymer or a
triblock polymer in which each polymer block is selected
16 from polyethylene, HDPE, LLDPE, an ethylene/propylene
copolymer, an ethylene/butene copolymer, an
ethylene/hexene copolymer, an ethylene/octene copolymer,
ata-polypropylene, syn-polypropylene, a propylene/butene
copolymer, a propylene/hexene copolymer, and the
20 aforesaid tapered polymer.
Examples of the block polymers are given below. In
the following examples, polyethylene-HDPE means an olefin
| block copolymer wherein a polyethylene block and a HDPE

block are bonded, and if the polymer block is a copolymer

25 of two or more monomers, such as an ethylene/propylene



syn- pol ypr opyl ene- at a- pol ypr opyl ene- propyl ene/ hexene copol yner, 5

syn- pol ypr opyl ene- propyl ene/ but ene copol yner propyTene/ hexene copol yner,
syn- pol ypr opyl ene- propyl ene/ hexene copol yner propyl ene/ but ene copol yner,
propyl ene/ but &ke7t4gPCHer - pol yet hyl ene- propyl ene/ hexene 10 copol yner,
propyl ene/ but ene copol yner - HDPE- pr opyl ene/ hexene copol yner,
propyl ene/ but ene copol yner - LLDPE- pr opyl engfghexene copol ymer, 15
propyl ene/ but ene copol yner - et hyl ene/ propyl ene copol ynmer propyl ene/ hexene
copol ynmer, propyl ene/ but ene copol yner - et hyl ene/ but ene

copol yner propyl ene/ hexene copol yner, propyl ene/ but ene

copol ymer - et hifPEREVAE¥end tSo FEINPRSI & Py el dexeie opotymesf a
propyl ene/ but ene copol yner - et hyl ene/ oct ene copol yner propyl ene/ hexene

copol ymer, pr 8p}FeRe prcdnBegopsl ndrarszehaodomopyl enepr opyl ene/ hexene
copol ymer, and 25 propyl ene/ but ene copol yner-syn- pol ypropyl ene SF-714
PCT) 87 propyPergrhéyéraccpsEy merol yert iyleses 3lIoe copol yners, particularly
pref erabl e are pol yet hyl ene- pol ypropyl ene, 5

pol yet hyl ene- ephyk&helpnepgitényd coepalnpmsrlerpolometdiyinens- et hyl ene/ pr opyl ene
copolyneréﬁolypropylene, pol yet hyl ene- et hyl ene/ propyl ene copol yner - LLDPE,
pol yet hyl ene- pthykehglbutere hydpaoleyierteneolamgidiynene- et hyl ene/ but ene

copol ynmer- LLDPE, 10 pol ypropyl ene- et hyl ene/ propyl ene copol yner, and

pol yet hyl ene- bb DPEL HPPEnepek gt byleehexkndPoptiem@lef i n bl ock copol yner of
the invention may be bonded to other structural parts within limts not

detrinmental tpolhethbjeatscohylbee/BeerhicoRopdithde 15 proviso that it
has the above structure. The pol yner of the invention may be a graft

modi fi ed pol ypeLyeFhelehefkpac BQly)b%rpé/Q%'?leQe favorably used for various
nmol ding materials for filnms, sheets and bl ow
polyethylene-syn-polypropylene,

10 polyethylene-propylene/butene copolymer,
polyethylene-propylene/hexene copolymer,

HDPE-LLDPE, HDPE-ethylene/propylene copolymer,
HDPE-ethylene/butene copolymer,
HDPE-ethylene/hexene copolymer,

15 HDPE-ethylene/octene copolymer, HDPE-ata-polypropylene,
HDPE-syn-polypropylene, HDPE-propylene/butene copolymer,
HDPE-propylene/hexene copolymer,

LLDPE~ethylene/propylene copolymer,
LLDPE-ethylene/butene copolymer,

20 LLDPE-ethylene/hexene copolymer,

LLDPE-ethylene/octene copolymer, LLDPE-ata-polypropylene,
LLDPE-syn-polypropylene, LLDPE-propylene/butene copolymer,
LLDPE~propylene/hexene copolymer,

ethylene/propylene copolymer-ethylene/butene copolymer,

25 ethylene/propylene copolymer-ethylene/hexene copolymer,



nol ded products, various additives such as 20 conpati bilizing agent and
nodi fier, coating materials and adhesives. The use application wll be
described |l ater. The process for preparing the olefin block copolymer of

t he inventionsviTL4gaCm¢scribed | ater. The ol efin block copolymer of the
invention may have 25 a functional group at the terminal of the main chain.
SF-714 (PCT) 88 Exanples of the functionagsgroups i ncl ude the sanme groups
as previously described. The ol efin block copol ymer having a functional
group at the termnal of the main chain can be favorably used 5 for various
additives such as conmpatibilizing agent and nodifier, coating materials and
adhesi ves. Thet@gkeappprenyierewrPpobemgasettihyde neaicart erfhe oprodomss: f or
preparing the ol efin block copolynmer having a functional group at the

term nal of téehwheneiprenslanai tbpbé yueseritbegollaperpyNexte, the process
for preparing an olefin polynmer according to the invention is described.

The process foethpieparpngeahenketbpopghyresyacpolgiorgptdenike | nventi on uses
an ol efin polynerization 15 catal yst conprising the bel ow descri bed
transition ne¢cehytenpoundpyArneprepel ghky-aropletne /polyrer icealdlgmeaat al yst
conprising: (A) the bel owdescribed transition netal conpound, and 20 (B)
at |east &ne eonpband/sebpgledel Eopbl (Bel)pabpongaBomekahll ¢cgRMRME,
ethylene/butene copolymer-ethylene/hexene copolymer,
ethylene/butene copolymer-ethylene/octene copelymer,
ethylene/butene copolymer-ata-polypropylene,
ethylene/butene copolymer-syn-polypropylene,

10 ethylene/butene copolymer-propylene/butene copolymer,
ethylene/butene copolymer-propylene/hexene copolymer,
ethylene/hexene copolymer-ethylene/octene copolymer,
ethylene/hexene copolymer-ata-polypropylene,
ethylene/hexene copolymer-syn-polypropylene,

15 ethylene/hexene copolymer-propylene/butene copolymer,
ethylene/hexene copolymer-propylene/hexene copolymer,
ethylene/octene copolymer-ata-polypropylene,
ethylene/octene copolymer-syn-polypropylene,
ethylene/octene copolymer-propylene/butene copolymer,

20 ethylene/octene copolymer-propylene/hexene copolymer,
ata-polypropylene-syn-polypropylene,
ata-polypropylene-propylene/butene copolymer,
ata-polypropylene-propylene/hexene copolymer,

syn-polypropylene-propylene/butene copolymer,

25 syn-polypropylene-propylene/hexene copolymer,



(B-2) an organoal um num oxy-conpound, and (B-3) a conpound which reacts
with the transition nmetal conpound (A) to forman ion pair. SF-714 (PCT)
89 First, the conponents for form ng the ol efin polynerization catal yst
used in the i BFMI4gpCane described. (A) Transition nmetal conpound 5 The
transition nmetal conpound (A) for use in the invention is a conmpound which
is represented by the following formula (lgy and has properties that, in a
~i agostic structure of a cationic conplex wherein Xin the formula (l) is
replaced with a n-propyl group, said 10 structure being neasured by a
density functional nethod, the distance (r value) between the heteroatom
(Z), which hapreeldileast/tydede ¢artd yem-realometele Mawrhe scawargsério t he
central netal M and hydrogen at the (3-position is not nore than 3.0 A and
the electrostatic energy is not 15 nore than 10 kJ/nol. The "density
functional nethod" neans cal cul ati on using a program ADF2000. 01 (devel oped
by SCM Co. (Netheelttaydshe-oibtPai-ped eyt hydlkineg a | i cense contract with SCM
Co. and then downl oadi ng the programfromthe honme 20 page

(htm :// ww. spmlgethydlenSEMLORE)- pand etsiyi@rBLYP net hod. As the basis
function, a Slater type orbital function is used. As for the structure, a

function & Tpbpletngliankype hiys chsoeh iy lihe cRIHIBImdiR1Lyand, Befdnction

of Double zeta type is used for other atoms, 25 however, in the

eIeCtrOStatiCp@ﬂ?é@%yﬂé@buékhgﬂen@/bu%%h%14xkﬁﬁyher—polyethylene,
polyethylene-ethylene/hexene copolymer-polyethylene,
polyethylene-ethylene/octene copolymer-polyethylene,
polyethylene-ata-polypropylene-polyethylene,

10 polyethylene-syn-polypropylene-polyethylene,
polyethylene-propylene/butene copolymer-polyethylene,
polyethylene-propylene/hexene copolymer-polyethylene,
HDPE-polyethylene-HDPE, HDPE-LLDPE-HDPE,
HDPE-ethylene/propylene copolymer-HDPE,

15 HDPE-ethylene/butene copolymer-HDPE,

HDPE-ethylene/hexene copolymer-HDPE,
HDPE-ethylene/octene copolymer~HDPE,
HDPE-ata-polypropylene-HDPE, HDPE-syn-polypropylene-HDPE,
HDPE-propylene/butene copolymer-HDPE,

20 HDPE-propylene/hexene copolymer-HDPE,
LLDPE-polyethylene-LLDPE, LLDPE-HDPE-LLDPE,
LLDPE-ethylene/propylene copolymer-LLDPE,
LLDPE-ethylene/butene copolymer-LLDPE,

LLDPE-ethylene/hexene copolymer-LLDPE,

25 LLDPE-ethylene/octene copolymer-LLDPE,



90 function of Double Zeta type added with a polarization function is used
for other atons. The basis function is used also for the single-point

cal cul ation of the optinmum structure obtained by structural

: ‘ calculation. In
5 cal cul ati orSF-QtidefPC TN t he structural cal culation, corrections of
The "el ectrostatic energy" neans

Pauli's relativistic potentials are made.

an el ectrostatic energy between hydrogen g¢ the B-position and the nearest
het eroatom Mbdre specifically,
interatomc electrostatic interaction based on the electronic state

obt ai ned by assi
t hose two at oneP

the electrostatic energy 10 is an

ning el ectrons obtained by the conplex calculation to
et YRRopEtereeLPBEherein is each el ectron

popul ation of s, p, d orbitals of the two atons obtained by the 15 conpl ex
19 s

cal cul ation (
obt ai ned after the structural
is a transitildPhreteory benelosetret edpdt pne &DUPPB,to0 G oup |

preferably a transition netal
G oup 5, nor&IgrEE-arahdylend flamsené onopel whe a+ DNDBE, G oup 4,
titanium zirconium or

periodic table,

haf ni um

cal cul ati on).

yoipelearenyaenenllRPEhe (3 agostic optimum structure

LmvXn (1)
of the
atom sel ected from Goup 4 to
specifically
particularly preferably titanium 25 mis

an integed ofethylerte/pr&hydde (B6F) 1l Pldet-pSlgethgasdecoordinated to the

central

of
skel et on,

nmet al

M and is an organic or inorganic |igand having at

het er oat om ( Athwhlieate hasopwl ¢hhé ecbpdboiletp t he central

| i gand skel etons incl ude cycl opent adi enyl
phenﬁwweﬂgﬂpﬁdpyléﬂ&ckb§$5%§é@QHDPEiQQh§K§h§V

skel eton which forns the | ater-descri

10 a),

represented kypgdierfer,mula (11
represented by the fornmula (I

| at er -descri be

15

20

25

a)
(1'1-a) whereigt ¥4 dre A B 0GE bos g1
| at er - descri bed het er oat om or
| i gand skegl e

het er oat om cont ai ni ng- 15 group,

| east one
metal M 5 Exanpl es
acetyl acetonato

L Po@pdehigand

ed transition netal conpound

(I'1-b) or (I'll). The ligand skel eton
i ncludes |igand skeleton of the fornula

andp BiYe 0061 Of o B899 Bdchas the

nanel y,

skel et on,

@i n at least one of Rl, R3 and R4 has the

het er oat om or
ethylene/propylene

ethylene/propylene
ethylene/propylene
ethylene/propylene
ethylene/propylene
ethylene/propylene
ethylene/propylene
ethylene/propylene
ethylene/propylene
ethylene/propylene
ethylene/propylene
ethylene/propylene
ethylene/propylene

ethylene/propylene

copolymer-ethylene/butene copolymer-
copolymer,

copolymer-ethylene/hexene copolymer-
copolymer,

copolymer-ethylene/octene copolymer-
copolymer,
copolymer-ata-polypropylene-
copolymer,
copolymer-syn-polypropylene-
copolymer,

copolymer-propylene/butene copolymer-
copolymer,

copolymer-propylene/hexene copoclymer-

copolymer,

ethylene/butene copolymer-polyethylene-ethylene/butene

In the formula (1), M



het er oat om cont ai ni ng group. The |igand skel eton represented by the formul a
(I'l b) includes |ligand skeleton of the formula (I11-b) wherein 20 Rl is a
hydr ocarbon group and any one of R6, R~-, R8 and RO has the | ater-described

het er oat om or Sife7t4 ¢RCTn cont ai ni ng group, nanely, |igand skel eton wherein
at least one of Rl, R6, R~, R8 and R9 has the | ater described heteroatom or
het er oat om cont ai ni ng group. SF-?14 (P 92 The |igand skel eton
represented by the fornmula (111) includes T'igand skel eton of the fornula
(1'11) wherein R10 is a hydrocarbon group and any one of Rl11l, R 2r R13 R14
and R15 has the | ater-described heteroatom or heteroatom 5 containing
group, nanely?OPPéﬁﬁﬁrskeleton wherein at | east one of R11l, R12 R13 R14 and
R15 has the | ater descri bed heteroatom or heteroatom containing group. The
het er oat om i s HbARR! ARt anencerhéymelah DREcaithon eateoimuanthea dupdyiogen: at om
and exanpl es thereof 10 include atons of hal ogen, nitrogen, oxygen,
phosphorus, stFRuteaadbyereni wopal vine ra IMifere t4atlafying eny akepseyatrM X
is an oxygen atom a hydrogen atom a hal ogen atom a hydrocarbon group, an
oxygen- cont ai @t hgl gnedpytand5cepbl ymecontaiyleng /@ropRlede copol ymer—

ni t rogen-contai ni ng group, a boron-containing group, an al um num cont ai ni ng
group, a Phosphivy Lisredntaenéngogooypera hal ogen- cont ai ni ng group, a

het er ocycl i ¢ conpound residue, a silicon-containing group, a

ger mani um cor iyl ae g otener capbi fme @nEahDL BE20eGERAUP coBLYL Al ar OUPS

i ndi cated by X may be bonded to forma ring. Wien nis 2 or greater, plural

groups i ndi cattedy byne/yehe tbgosaneror different. Exanples of the hal ogen
atons include fluorine,
ethylene/butene copolymer-ethylene/octene copolymer-
ethylene/butene copolymer,

10 ethylene/butene copolymer-ata-polypropylene-
ethylene/butene copolymer,
ethylene/butene copolymer-syn-polypropylene-
ethylene/butene copolymer,
ethylene/butene copolymer-propylene/butene copolymer-

15 ethylene/butene copolymer,
ethylene/butene copolymer-propylene/hexene copolymer-
ethylene/butene copolymer,
ethylene/hexene copolymer-polyethylene-ethylene/hexene
copolymer,

20 ethylene/hexene copolymer-HDPE-ethylene/hexene copolymer,
ethylene/hexene copolymer-LLDPE-ethylene/hexene copolymer,
ethylene/hexene copolymer-ethylene/propylene copolymer—
ethylene/hexene copolymer,

ethylene/hexene copolymer-ethylene/butene copolymer-

25 ethylene/hexene copolymer,



25 chlorine, brom ne and i odine. SF-714 (PCT) 93 Exanples of the

hydr ocar bon groups include al kyl groups, such as nethyl, ethyl, propyl,
butyl, hexyl, octyl, nonyl, dodecyl and eicosyl; cycloal kyl groups of 3 to
30 carbon at o8k,7RUACHp cycl opentyl, cyclohexyl, 5 norbornyl and
adamant|y; al kenyl groups, such as vinyl, propenyl and cycl ohexenyl;
aryl al kyl groups, such as benzyl, phenyleg?yl and phenyl propyl; and aryl
groups, such as phenyl, tolyl, dinmethyl phenyl, trinmethyl phenyl,

et hyl phenyl, propyl phenyl, biphenyl, naphthyl, 10 nethyl napht hyl, anthryl
and phenanthryl. In the hydrocarbon groups, hal ogenated hydrocarbons, such
as groups wheteinlate/eaxenenecngldvogenethyiepedoet enit kogohgiegen in

hydr ocarbon groups of 1 to 20 carbon atons, are also included. 15 The
oxygen- cont ai ¢ gl gredpeksnef oppekampke, a group containing 1 to 5 oxygen
atons, but the |later-described heterocyclic conpound residue is not

i ncluded in tdisy epnephetege ouppcdnharnbng-poliybrogedeatom a sul fur atom
a phosphorus atom a hal ogen atomor a silicon atom said 20 at om bei ng
directly bondethybendéhexygencaponymes, not included either. Exanples of the
oxygen-cont ai ni ng groups include hydroxyl group; al koxy groups, such as
met hoxy, 6t haxtyhy Psopoxeyx @i @@@@xymeﬂyk@xgﬁogggy%ylg%h as phenoxy,

met hyl phenoxy, di nmet hyl phenoxy and napht hoxy; aryl al koxy groups, such as
phenyl met hoxye@ngll en S dd4dn & PEdpo Bdmphenyl et hoxy; acet oxy group; and
carbonyl group. Wen the oxygen-containing group contains carbon atom the
nunber of ~cardion, B4 éSehd é&@oiﬁﬂ@@—ﬁfoﬁwéﬂuéYb&téﬁe?’QopBig%g&@P' y 1to
20. 5 The sul fur-containing group 1s, for exanple, a group containing | to
5 sul fur atomsshpdnd heetatercdescyhbed heterocyclic conmpound residue is
not included in this group. Exanples of the sul fur-containing groups

i ncl ude SL”chEﬂ%léHé%Hé&eﬁ%“%bﬁ@lrﬁ%fu%gyﬁ%PQﬁéf%%%gne opolymer-

trifluronet hanesul fonato, phenyl sul fona enzy onarf 0,

p-toluen¢gu|féyﬁyféng;ﬂéggﬁgﬂg%§9§§$ﬁ§yjfonato, triisobutylbenzenesulfonato,
p- chl or obenzenesul f onat o and pent uor obenzenesul fonat o; sul finato groups,
such as met hysyfdNat Rt ene copolymer-polyethylene-ethylene/octene
copolymer,
ethylene/octene copolymer-HDPE-ethylene/octene copolymer,
ethylene/octene copolymer-LLDPE-ethylene/octene copolymer,
16 ethylene/octene copolymer-ethylene/propylene copolymer-
ethylene/octene copolymer,
ethylene/octene copolymer-ethylene/butene copolymer-
ethylene/octene copolymer,
ethylene/octene copolymer-ethylene/hexene copolymer-
20 ethylene/octene copolymer,
ethylene/octene copolymer-ata-polypropylene-
ethylene/octene copolymer,
ethylene/octene copolymer-syn-polypropylene-

ethylene/octene copolymer,

25 ethylene/octene copolymer-propylene/butene copolymer-—



15 phenyl sul finato, benzyl sul finato, p-toluenesulfinato,

tri met hyl benzenesul fi nat o and pent af | urobenzenesul finato; al kyl thi o groups;
and arylthio groups. Wen the sul fur containing group contains carbon atom
t he nunber of SEaME(PETPs is in the range of usually 1 to 30, 20
preferably 1 to 20. The nitrogen-containing group is a group containing 1
to 5 nitrogen atons, but the | ater-descriggd heterocyclic conpound residue
is not included in this group. Exanples of the nitrogen-containing groups
25 include am no group; al kylam no groups, such as SF-714 (PCT) 95

met hyl am no, di net hyl am no, diethylam no, dipropylam no and di butyl am no,
di cycl ohexyl affhvledpdoaEgnanFaeodymarkyl aryl am no groups, such as
phenyl am no, di phenyl am no, ditolylam no, dinaphthylam no and

met hyl pheny| s ol eBe Thet doe oncpohyaen-ngogrydepei/bexkoe examjlyeera group
containing | to 5 boron atons, but the |ater-described heterocyclic
conpound r esialueyisnaoeciaoe udedolymehi s group. An exanpl e of the
boron-containing group is BRg (R is hydrogen, an al kyl group, an aryl group
whi ch may 10 davepal gubspyiaratpoaybahpyencatom-polypecbiykehe, The

al um num containing group is, for exanple, a group containing | to 5

al um num &t onmst a-Aro Exanmbd ¢l ofie t ABPRF 4k APEL ¢pRbpyDEAG, group is AIRg (Ris
hydr ogen, an al kyl group, an aryl group which nay have a substituent, 15 a

hal ogen at oma®ta-thel ypke)y1dhe-phosphet HSpe? pab@kmgngtow is, for exanple,
a group containing I to 5 phosphorus atons, but the |ater
ata-polypropylene-ethylene/propylene copolymer-ata-
polypropylene,
ata-polypropylene-ethylene/butene copolymer-ata-

10 polypropylene,
ata-polypropylene-ethylene/hexene copolymer-ata-
polypropylene,
ata-polypropylene-ethylene/octene copolymer-ata-
polypropylene,

15 ata-polypropylene-syn-polypropylene-ata-polypropylene,
ata-polypropylene-propylene/butene copolymer-ata-
polypropylene,
ata-polypropylene-propylene/hexene copolymer-ata-
polypropylene,

20 syn-polypropylene-polyethylene-syn-polypropylene,
syn-polypropylene-HDPE-syn-polypropylene,
syn-polypropylene-LLDPE~syn-polypropylene,
syn-polypropylene-ethylene/propylene copolymer-syn-—
polypropylene,

25 syn-polypropylene-ethylene/butene copolymer-syn-



descri bed heterocyclic conpound residue is not included in this group.
Exanpl es of the phosphorus-containing 20 groups include trial kyl phosphi ne
groups, such as trinethyl phosphine, tributyl phosphi ne and

tricycl ohexyl shopph{PeT) tri aryl phosphi ne groups, such as tripheyl phosphine
and tritolyl phosphi ne; phosphate groups (phosphido groups), such as

nmet hyl phosphi te, SF-714 (PCT) 96 ethylp gsphite and phenyl phosphite;
phosphoni ¢ acid group; and phosphinic acid group. Exanples of the

hal ogen-cont ai ni ng groups include fluorine-containing groups, such as PF6
and BFq; 5 chlorine-containing groups, such as Cl104 and Sbd g; and

i odi ne- cont ai PP hEPHPBYIPSEsuch as | Og. Exanpl es of the heterocyclic
conmpound resi dues include residues of nitrogen-containing groups such as
pyrrol e; pyrigymepopypirapdilase-gqohydknaé hamener capioigmell siyesi dues of
oxygen-cont ai ni ng groups such as furan and pyran; residues of

sul f ur - cont ai mdhgpgopupsnsuch as t hi ophene; and groups wherein these

het er ocycl i ¢ conpound residues are further substituted with substituents
such as al kyl sgnoppsypfoiylendbechybencdbeneneprebenghly-kyine 15 20 car bon
atonms, or al koxy groups. The silicon-containing group is, for exanple, a
group conbai nbagydrdeybesé) i con atons. Exanpl es of the silicon-containing
groups include hydrocarbon-substituted silyl groups, such as phenylsilyl,

di phenyl si | ylsyROosIypebhylshbyhtatpbeyBybpihrhe-EhPpeRYLS Y 1ene,
tricyclohexylsilyl, triphenylsilyl, nethyldiphenylsilyl,
syn-polypropylene-propylene/butene copolymer-syn-
polypropylene,
syn-polypropylene-propylene/hexene copolymer-syn-—
10 polypropylene,
propylene/butene copolymer-polyethylene-propylene/butene
copolymer,
propylene/butene copolymer-HDPE-propylene/butene
copolymer,
15 propylene/butene copolymer—LLDPE—propylene)butene
copolymer,
propylene/butene copolymer-ethylene/propylene copolymer-
propylene/butene copolymer,
propylene/butene copolymer-ethylene/butene copolymer-
20 propylene/butene copolymer,
propylene/butene copolymer-ethylene/hexene copolymer-
propylene/butene copolymer,
propylene/butene copolymer-ethylene/octene copolymer-

propylene/butene copolymer,

25 propylene/butene copolymer-ata-polypropylene-



tritolylsilyl
gr oups,

and trinaphthylsilyl;
such as trinethylsilyl
such as 25 trinethylsilylnethyl;
SF-714 (PCT) SF-#64i{PE&I)tri nmet hyl silyl phenyl. When the
group contains carbon atom the nunber of carbon atons
usually 1 to 30, preferably 1 to 20. 5 Ex
groups include groups wherein silicon is replaced with
above-nentioned silicon-containing groups.

groups include groups erein
sEhvBRedD

menti oned silP
use in the invention,
(11-a) or (11PBpYPYSeagdbrabRe. copORyMerQsynR® lypradyienk R4 ~m . .
20 wherein N---M ?enerally means that they are coordinated to each other,
v1eAedhutenet hepodveenot al ways coordinated. In the

f or

but

formula (11-a),

Goup 4 to Goup 5,

in the presen

M

ML/ Sy ICOMPS. Y&/t he transition
a conpound represented by the follow ng fornul a

is atransition netal
Goup 11 of thEopElEddi/butabkecopblymefrepabloy laner/arsdcneor RS
SF-714 (PCT) 98 specifically titanium zirconium

hydr ocar bon substituted silyl ether
ether; silicon-substituted al kyl groups,

and silicon-substituted aryl groups,

si | i concontai ni ng

is in the range of
ger mani um cont ai ni ng
germaniumin the

t he tin-containing
tin in the above 10
nmetal conpound (A

| es of the

Exanpl es of
silicon is replaced with

(rr-a)

atom sel ected from Goup 3 to
18imet-om of

haf ni um WanagiopylenebBbutentanbabuymet,t he like, nore preferably a

transition netal

atom of G oup 4,

specifically titanium zirconium or

haf ni um stiIprupybepeéhekabéycbbb@@h@ﬁkpolyethylene—propylene/hexene

10

156

20

25

copolymer,

propylene/hexene
copolymer,

propylene/hexene
copolymer,

propylene/hexene
propylene/hexene
propylene/hexene
propylene/hexene
propylene/hexene
propylene/hexene
propylene/hexene
propylene/hexene
propylene/hexene
propylene/hexene
propylene/hexene
propylene/hexene
propylene/hexene

propylene/hexene

copolymer-HDPE-propylene/hexene

copolymer~LLDPE~propylene/hexene

copolymer-ethylene/propylene copolymer-
copolymer,

copolymer-ethylene/butene copolymer-
copolymer,

copolymer-ethylene/hexene copolymer-
copolymer,

copolymer-ethylene/octene copolymer-
copolymer,
copolymer-ata-polypropylene-
copolymer,
copolymer-syn-polypropylene-
copolymer,

copolymer-propylene/butene copolymer-

copolymer,



5 Qis anitrogen atomor a carbon atom having a substituent R2 (-C(R2)=).
A is an oxygen atom a sulfur atom a seleniumatomor a nitrogen atom
having a substituent R5 (-N(R5)-). Rl is a hydrocarbon group having at

| east one 10 dptyquqpicory or a hydrocarbon group having at |east one

het er oat om cont ai ni ng group. Exanples of the heteroatons include atons of
hal ogen, nitrogen, oxygen, phosphorus,sug{ur and sel enium The

het er oat om contai ning group is a group containing a nonnetal atom other
than a carbon 15 atom and a hydrogen atom and exanpl es thereof include an
oxygen-cont ai ni ng group, a nitrogen-containing group, a sulfur-containing
group, a phosphaorasheleamei iR Igbokp, a hal ogen at om cont ai ni ng group and a
het er ocycl i ¢ conpound resi due. Exanples of the oxygen-containing groups,

t he 20 ni t r ogen-yeorital eniergi R otgoish v 1 dree Spit dpiy L eoat aopohgmgrpups, the
phosphor us-cont ai ni ng groups and the heterocyclic conpound residues include
the same groupsl yestprlenoush BE -desiey 1 ded/ it dne espestyhor X in the fornul a
(1'). Exanples of the hal ogen-containing groups include groups wherein 25 at
| east one hygyqagestH sl grept et o i 11 &l pigeRehd EBBolyiEr 714 (PCT) 99

hydr ocarbon groups of 1 to 30 carbon atons, preferably 1 to 20 carbon
atoms, suSh aslaldoHy HED K- e tthyldld Wttegd hybpopyey|, butyl, hexyl,
octyl) nonyl, dodecyl and eicosyl), cycloal kyl groups of 3 to 30 carbon
atons (e. g..pd ol pRa Wprtyst fhexyiproHoybenayl and adamantly), al kenyl
groups (e. g., vinyl, propenyl and cchohexenyI), aryl al kyl groups (e.qg.,
benzyl, phenyl st hyand, Ahesws pe 31 @@y Yengroups (e. g., phenyl,
tolyl, dinet%ilaﬁﬁ%fﬁ: trinethyl%ﬁﬁ%ylf@et§¥lp%ghyT, 10 propyl phenyl,

bi phenyl yl, %%ﬁyéﬁﬂyléﬁ%lﬁﬂﬁﬁugﬁ$9#}?ﬁﬁw$ﬁ¥%§€”9099$?ﬁ%£hry')- Specific

exanpl es of such groups 1 nclude tri onet ., per roet hyl ,

pent af | uor op é} rd e ?ﬁgi i h | or oet hyl ,
pentachlorop&gﬂ'fﬂgﬁg'péggL oré%%%%#iéﬁﬁyéég?gép¥%$%$§%§€’a hal ogen

at om conggi ni )( L 1 to 30 carbon atons, particularly
preferab?? aqgﬁﬂﬁﬁﬂéigﬁéﬁggéﬁ?g §%?ocarbon group of 1 to 30 carbon atons.

ggfﬂ Liofg'bL{;ﬁoﬁjypé'etﬁ){%éﬁéo—;tg%—@éhyPeeﬁé)5958%@9{& 89 PGRLL uor opropyl ,
polyethylene-LLDPE-~ethylene/butene copolymer,
polyethylene-LLDPE~ethylene/hexene copolymer,
polyethylene-LLDPE-ethylene/octene copolymer,

15 polyethylene-LLDPE-ata-polypropylene,
polyethylene-LLDPE-syn-polypropylene,
polyethylene-LLDPE-propylene/butene copolymer,
polyethylene~-LLDPE-propylene/hexene copolymer,
polyethylene-ethylene/propylene copolymer-HDPE,

20 polyethylene-ethylene/propylene copolymer-LLDPE,
polyethylene-ethylene/propylene copolymer-ethylene/butene
copolymer,
polyethylene-ethylene/propylene copolymer—-ethylene/hexene
copolymer,

25 polyethylene-ethylene/propylene copolymer-ethylene/octene



perfl uor ohexyl ,
1H, 1H perfl uor opropyl,
per f 1 uor ohexyl ,
1H, 1H per f | voS#d@t4|(PCTgr f | uor ocycl ohexyl ,
trifluoronethyl cycl ohexyl,
trifluoronethylfluorocycl ohexyl,
trifluorophenyl,
(trifluoronethyl)pentafl uorophenyl,
trifluoronethyl

per fl uoroheptyl,

1H, 1H perfl uor ohept yl ,

nonof | uo

tetrafl uorophenyl, penta

phenyl ,

perfl uorooctyl,

1H, 1H perfl uorobutyl,
1H, 1H 25 perfl uorooctyl,

per fl uorodecyl,
| H 1H- perfl uoropentyl,

SF-714 (PCT) 100

bi s(trifluoronethyl)cycl ohexyl,

?phenyl, di fl uor ophenyl ,
uor ophenyl ,

5 (trifluoronethyl)fluorophenyl,
bi s(trifluoronethyl)phenyl,

tris(trifluorGRBEAYIMEEMenyl, tetrakis(trifluoronethyl)phenyl,

pent aki s(trifluoronethyl)
bi s(per f | uor oBPRAYE} plieRyE-epaiiener opopmylepee mylso 1ithepersdator obut yl phenyl
per fl uor ohexyl phenyl

per fl uoropentyl
per fl uoroant hryl,

phenyl ,

henyl ,

per f | uor onaphP@y¥prperfkner ophenant hryl ,

(trifluoronmethyl)tetrafl uorophenyl

or the

per f 1 uor oet hyl phenyl ,

bi s(perfl uorohexyl)phenyl,
l'i ke.

di fferent andratgethgheacibthydrageprapgiena kaledemeat-aPn-a hydrocarbon

group,

a hydrocarbon-substituted silyl

group,

ni t r ogen- ontadhypgogydepe, a sul fur-contai ning group, a boron-cont ai ni ng

gr oup,

an al um num cont ai ni ng group,

a phosphorus-contai ni ng group, a

hal ogen 20 comdhyatnglghedpthal BREEHOEYGH ERCRBRBBUNF LeSi due, a

si | i con-contai ni ng group,

a germani um contai ning gfoup or a tin-containing

group. Two orpropel&he RRuten&Sc8BY1bgRebonded to forma ring. Exanples of

t he boron-containi ng groups,

t he 25 al um num cont ai ni ng groups,

t he

phosphorus-CQ@iB&@&Mﬁlene—ethylene/propylene copolymer-

10

15

20

25

propylene/hexene copolymer,
polyethylene-ethylene/butene
polyethylene-ethylene/butene
polyethylene-ethylene/butene
copolymer,
polyethylene-ethylene/butene
copolymer,
polyethylene-ethylene/butene
copolymer,
polyethylene-ethylene/butene
polyethylene-ethylene/butene
polyethylene~ethylene/butene
copolymer,
polyethylene-ethylene/butene
copolymer,
polyethylene—ethyiene/hexene

polyethylene-ethylene/hexene

copolymer-HDPE,

copolymer-~LLDPE,

copolymer-ethylene/propylene

copolymer-ethylene/hexene

copolymer-ethylene/octene

copolymer-ata-polypropylene,

copolymer-syn-polypropylene,

copolymer-propylene/butene

copolymer-propylene/hexene

copolymer-HDPE,

copolymer-LLDPE,

1H I H

R2 to R5 may be the sane or

an oxygen-contai ni ng group,



SF-714 (PCT) 101 groups, the hal ogen-containing groups, the heterocyclic
conpound residues, the silicon-containing groups, the germani um containing
groups and the tin-containing groups indicated by R2 to R5 include the sane
groups as 5 pPEvT b4éPGTdescribed with respect to X in the formula (1).
Exanpl es of the hal ogen-containing groups indicated by R2 to R5 include the
same groups as previously described with Bdspect to RL in the fornula
(I'1-a). Exanpl es of the hydrocarbon groups indicated by R2 10 to R5 incl ude
those of | to 30 carbon atons. Specifically, there can be nentioned
straight-chain _or anched al kyl groups of 1 ta 30 carhon atons, preferably
1 to 20 carboﬁoiygﬁéyﬁ§8@ﬁei@ﬁmﬁﬁ%ﬁﬁ ﬁﬁqﬁﬂqoﬂéi%WﬁﬁﬂﬁghXﬁﬁﬂ%ﬁﬁﬁ?phl%@?yl,

i sobutyl, sec-butyl, tent-butyl, 15 neopentyl and n-hexyl; straight-chain
or branched aFE@ﬁngGFOUps of 2 to 30 carbon atons, preferably 2 to 20
carbon atons, such as_vinyl, allyl and isopropenyl; straightchain or
branched al kyRf ySFEMﬁ§n8F6§WM§Qﬂ§4§%ﬂﬁﬂ$a%Qﬂﬁ%YWﬁﬁﬁQQQMﬂ%FQYHQﬁ%mﬁcarbon
atom such as eth¥nyl and 20 propargyl; cyclic saturated hydrocarbon groups
of 3 to 30 caFBBRA-&T'6kB, preferably 3 to 20 carbon atons, such as

cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl and adamantyl; cyclic
unsat ur at et hPHﬂMéﬁbwiﬁn@réﬁb§l@ﬁe§hﬁée®@ CHMSGrymEtromeE h ySieote /agctene

cycl opent adi enyl, indenyl and 25 fluorenyl; aryl groups of 6 to 30 carbon
at ons, SF- 728rePEmEri102 preferably 6 to 20 carbon atons, such as phenyl,
benzyl, naphthyl, biphenylyl, terphenylyl, phenanthryl and anthryl; and

al kyl - subst i t ppéneahylegeoapsdylsnel hasenel yopdlymepr-epyl-phdmyropylene,

t - butyl phenyl, di nethyl phenyl and di-t5 butyl phenyl. The above-nenti oned
hydr ocar bon gpolpsthuyebe-stbstliehat/@e xainieh copldrymaycisgeataay poapipss nand
exanpl es of such groups include al kyl groups substituted with aryl groups
such as benzyboapdtbuhyphe-t@hianpl/@sxehet hephy grecarhonyaubst/idudat sil yl
groups indicated by R2 to R5 include those of 1 to 30 carbon atons.

Speci fi cdld y, copetgmean be nentioned nethylsilyl, dinmethylsilyl,
trimethylsilyl, ethylsilyl, diethylsilyl, triethylsilyl,

di phenyl net hypsiygthylehphenylsehgl/ heksndi gebby E@nﬁE%Fbﬁbne/hexene

di methyl -t-butyl silyl and dinmethyl (pentafl uorophenyl)silyl. O these,
preferable areopeihyesjlyl, dinethylsilyl, trinmethylsilyl, ethylsilyl,
diethylsilyl, triethylsilyl, dinmethylphenylsilyl and triphenylsilyl.
Particul arly 201 psehglabbecanglthbmBthyhsi b¥bo1iheet hybsi | v,

triphenylsilyl and di net hyl phenylsilyl. Exanples of the oxygen-containing

groups indi f:a@@ﬂy@whﬁeh@—B’éhgzméhasﬂ@ctEQesaEKFoqgfﬁwesL%PEr evi ously
described with respect to Xin the formula (T). SF-714 (PCT) 103 Exanpl es

of the nHBr09@@1ﬁ@@ﬁ?i@ﬁ@ge95998§eVBQEEﬁEeQOP§lg%ekoegﬁyh@ﬁgyggc%gﬁjﬁﬂyﬁ

groups as previously described with respect in the fornu
Exanpl es of the,siHhalF; containi ng groups indicated

polyethylene-ethylene/octene copolymer-ethylene/butene

copolymer,

polyethylene-ethylene/octene copolymer-ethylene/hexene
20 copolymer,

polyethylene-ethylene/octene copolymer-ata-polypropylene,

polyethylene-ethylene/octene copolymer-syn-polypropylene,

polyethylene-ethylene/octene copolymer-propylene/butene

copolymer,

25 polyethylene-ethylene/octene copolymer-propylene/hexene



5 by RR to R5 include the sanme groups as previously described wth respect
to Xinthe formula (I). R to R5 are each preferably a hydrogen atom a
hal ogen atom a hydrocarbon group, a hydrocarbonsubstituted silyl group, an
oxygen- cont aig;'rng4g(lp@p), a 10 nitrogen-containing group,,a

sul fur-containing group or a hal ogen-contai ning group, nore preferably a
hydr ogen atom a hal ogen atom a hydrocaugfn group, a

hydr ocar bonsubstituted silyl group or a hal ogen-containi ng group. Exanples
of the hal ogen atons and t he hal ogen 15 contai ning groups indicated by R2
to R5 include the sane atons and groups as previously described with
respect to Rlcappisheeformula (I1-a). n is a nunber satisfying a val ence of
M, specifically an integer of 2 to 4, preferably 2. 20 X is an oxygen
atom a hydr qgery stion eree et Dgenl wd oopy BehydiDBRF bon group, an
oxygen-contai ni ng group, a sul fur-containing group, a nitrogen-containing
group, a bor guloeatita) g D Do 1 @br &b YNEAGALTOREAI Ni Ng group, a

phosphor us-cont ai ni ng group, a hal ogen-cont ai ni ng group, 25 a heterocyclic
conpound r esighi;e tth Bl di £ £05G By P 6Py 1 e SE=d Ky ( B Y p 204y BEAEP, @

ger mani um contai ni ng group or a tin-containing group. Exanples of such
atons andsgr ifpspliycdplde the sanme atons and groups as previously described
with respect to Xin the fornula (1). 5 Wen n is 2 or greater, plural
groups indi caed - 1 L r

i ndi cat ed by%X %ay b%i%dée)ﬁat%@%%??nggy %ieﬁ%.é%ﬁﬂj&ieﬁpgﬁg}’% é!ﬁf%&%‘%’

... (11-b) '“mﬁmejeec!kﬂ/l'\éﬁél\gt%I}%fé’p}'?’?@ﬁ'ﬁ—é@ﬁ%léﬂ@{hg{(gngoegg%?gh%q 15 to

each other, but “in the present invention they are no ways C I nat ed.

In the fOFﬂUg?ﬂSMﬁ%?leA@“Aéé #%f%?&ﬁ#?@n%%é@%y?éﬁ@yégk88&eg?éﬁ?gbgﬁggf 3

to Goup 11 the periodic ta ., preterably a transition net _
O o R PR TP 5L Sk £ GopbEDy i) U vanad ur

10 polyethylene-ata-polypropylene-propylene/butene copolymer,
polyethylene-ata-polypropylene-propylene/hexene copolymer,
polyethylene-syn-polypropylene-HDPE,
polyethylene-syn-polypropylene~LLDPE,
polyethylene-syn-polypropylene-ethylene/propylene

15 copolymer,
polyethylene-syn-polypropylene-ethylene/butene copolymer,
polyethylene—éyn—polypropylene—ethylene/hexene copolymer,
polyethylene-syn-polypropylene-ethylene/octene copolymer,
polyethylene-syn-polypropylene-ata-polypropylene,

20 polyethylene-syn-polypropylene-propylene/butene copolymer,
polyethylene-syn-polypropylene-propylene/hexene copolymer,
polyethylene-propylene/butene copolymer-HDPE,
polyethylene-propylene/butene copolymer-LLDPE,

polyethylene-propylene/butene copolymer-

25 ethylene/propylene copolymer,



transition netal atomof Goup 4, specifically titanium zirconium or
hafnium still nore preferably titanium mis an integer of 1 to 5,
preferably 2 to 4, nore 25 preferably 2. SF-714 PCT) 105 A is a nitrogen
atom or a phogplquupctem U is a carbon atom having a substituent R6 (-C
(R6) ) , a nitrogen atomor a phosphorus atom Qis a carbon atom having a
substituent R~ (-C(RS)=), 5 a nitrogen at or a phosphorus atom S is a
carbon atom having a substituent R8 (-C( =), a nitrogen atomor a
phosphorus atom T is a carbon atom having a substituent RO (-C(R9)=), a
nitrogen atomor a phosphorus atom 10 Rl is a hydrocarbon group having one
or nore het ermal wetsh prere hydopehehenbgrenp hapbhgmeneebhydmene/butene

het er oat om cont ai ni ng groups, and has the sane neaning as that of RL in the
formula (1I-aopdByter Rg may be the sane or different and are each a 15
hydrogen atom a hal ogen atom a hydrocarbon group, a

hydr ocar bon- sabisfd it Behs+bybp gl onp/babtenxygepolonta-sthglgnedpexane

ni t rogen-contai ning group, a sul fur-containing group, a boron-containing
group, an al wagwrgEent ai ning group, a phosphorus-containing group, a

hal ogen 20 containing group, a heterocyclic conpound residue, a

si i con-cgnt gdu yk P@W@a@r@§§ﬂ@ﬂéMﬁhﬁéﬁéabapagyﬁé@uétﬁylénbVBC%%@kﬁlnlng
group. Exanples of the hydrocarbon groups and the hydrocarbon-substituted
silyl groups i fpe sanme groups as previously described with 25
respect to R2 to inthe formula (I1-a). Exanpl es of SF-714 (PCT) 106

the oxygen cqni i & OUPSop 180 bhOGRD" R IS HAURSLy SN Epy Lene,

sul fur-containi ng groups I trogencontai ni ng “group,

boron-contai3%$g¥@g@yp elg§O§§y$%§yﬁgFgggaQQ%%%Li QuRs, 1, 1 Fxgpﬁ?gylene,

phosphor us-c ni ng groups, ogen-c ni ng ‘grou

phosphor us- rous; The’ haf ogén-Gontarnin
e i e e R e S S

groups agpprevi I escribed with respect to X in the formula (I). 10 R6
to RO argoeaéﬁn%$€¥%$gbly a hydrogen atom a hal ogen atom a hydrocarbon

group, a hydrocarbansubstituted, silyl group. an,gxygenrgont aining group, a
ni t r ogen- cont®&i ™ hg - group, £ & By FOP7 28R arnrig group or-a’

hal ogen-cont ai nj n rou nore preferably a hydrogen 15 a hal ogen
atom a hydrd%%i%%%gﬁf%@%Tp59%%8?%%2%%6ﬁ§ﬁb§?¥93¥g8r§?ﬁ§ghgroup or a

hal ogen-contai nj n roup. Two or nore of R6 to may be bonded to forma
ring, and mhéﬁgL¥$%§%f%$e§?E%?%i?D?JE?Xﬁﬁg,Cﬁ@859ﬁ§§_and R9s may be the
sanme or different @gﬂ one group of gﬁ to R9 20 contained in one |igand and
one group of YR P LAY BP AR ACPRODYHEF 7 | i gands may be bonded. n is a

number Sq%inggfgeghy éggggrgéyﬁghe/hexene copolymer-ethylene/butene
copolymer,
polyethylene-propylene/hexene copolymer-ethylene/hexene
copolymer,
polyethylene-propylene/hexene copolymer-ethylene/octene

20 copolymer,

polyethylene-propylene/hexene copolymer-ata-polypropylene,
polyethylene-propylene/hexene copolymer-syn-polypropylene,
polyethylene-propylene/hexene copolymer-propylene/butene
copolymer,

25 HDPE-polyethylene-LLDPE,



X is an oxygen atom a hydrogen atom a hal ogen atom a hydrocarbon group,
an oxygen-containing group, a 25 sulfur-containing group, a

ni t rogen-contai ning group, a SF-714 (PCT) 107 boron-contai ning group, an
al um num cont SFAT g (BCIYp, a phosphorus-contai ning group, a

hal ogen- cont ai ni ng group, a heterocyclic conmpound residue, a
silicon-containing group, a gernani um conggining group or a tin-containing
5 group. Exanples of such atonms and groups include the sanme atons and
groups as preV|oust described with respect to Xin the fornmula (1). Wen n
isS 2 or greate plural groups indicated by X may be the sanme or different,
and pl ural %95@ PﬁéV@égééeTG -Byhxlrag/paobyided topbdymea,ring. Similarly
to the tranS|t|on nmet al compound represented by the formula (1), the
transiti on netaPEchBapuahdyLanerephysenecddubgnehecborlymea,(11-a) or (I1-b)
preferably has properties that the di stance between the 15 heteroatom

whi ch has no @P¥ecpobpathybenheetbpirak/mekaheMcapd liymengar est to the
central netal M and hydrogen at the ~3-position is not nore than 3.0 A and
t he el ectrost@PPE-pnérgyhisenetenbyeehbdnctOnkltapblyert he transition
met al compounds represented by the 20 formula (lI1-a) or (Il-b), a

transiti of et PE cpoppendy t epeeseatpdlbyrbpeikgklowing formula (11-a") or
(I''-b") and having the followi ng structure as RL is preferable as the
transition nem@PE€p@bpuﬂmylé&ei@pnu§@1y rm£§léﬁgent|on 25 R~ | =N R3 ~
M-Xn A Ra m SF-714 (PCT) 108 ..(lIl-a ? erein NN--ML generally neans

t hat they ar&mmmwpbI@éﬁﬁbﬁeﬁ@dﬁﬁ§ByPéﬁgybugéﬁe'Bo%B§y pgsent invention
they are not al ways coordi nate In the formul a @ is atransition

met al at0n1SEHEEE{ﬁbIyéﬁﬁ§iéh@L§&é§y£$Q§phé}eHé EQ% gﬁﬁ&?d'c table,

preferably a transition netal atomof Goup 4 oup” 5, specifically

titanium zi rmmgﬂs@@ﬁ}uynlely@y@gé ﬂe@éog&}ym hapt alumor the like, nore
preferably a transition nmetal atom of” Goup 4, %e0|f|cally titani um

zi 1 coni uoor hafminmpstdddy IO E/PEELLE ABLY,1 48R UM Qi's a nitrogen atom
or a carbon atom having a
HDPE-LLDPE-ethylene/hexene copolymer,
HDPE-LLDPE-ethylene/octene copolymer,
HDPE-LLDPE-ata-polypropylene,
HDPE-LLDPE-syn-polypropylene,

15 HDPE-LLDPE-propylene/butene copolymer,
HDPE~LLDPE-propylene/hexene copolymer,
HDPE-ethylene/propylene copolymer-LLDPE,
HDPE-ethylene/propylene copolymer-ethylene/butene
copolymer,

20 HDPE-ethylene/propylene copolymer-ethylene/hexene
copolymer,

HDPE-ethylene/propylene copolymer-ethylene/octene
copolymer,
HDPE-ethylene/propylene copolymer-ata-polypropylene,

25 HDPE-ethylene/propylene copolymer-syn-polypropylene,



15 substituent R2 (-C(R2)=). A is an oxygen atom a sulfur atom a selenium
atomor a nitrogen atom having a substituent RS (-C(R5)-). Rl is a phenyl
group having at | east one substituent selected froma heteroatomand a

het er oat om cogfzi (RCEP groups, an aromatic hydrocarbon group other than a
phenyl group, an aliphatic hydrocarbon group or an alicyclic hydrocarbon
group. Wien Rl is a phenyl group and the 6 sition of the carbon atom bonded
to a nitrogen atomis the 1-position, the phenyl group desirably has, at at
25 | east one position of the 2-position and the 6-position, SF-714 PCT) 1
d9 at | east one substituent selected froma heteroatorn and a

het er oat om cofRE e hlgy eoappropyhase acprehgm8rposiobiydrnetbatsengositi on and
the 5-position, at |east one substituent selected from a heteroatom ot her
than a 5 fluocropelwtem a fluorine-containing group containing one carbon
atom and not nore than two fluorine atons, a fluorine-containing group
cont ai ni ng t wiDRE-aln el €aebhpnopydaseandpal heterpabom eart/aiexieng gr oup
having a heteroatom other than a fluorine atom Wen RL is an 10 aronmatic
hydr ocar bon grewpl whéey than a phenyl group, an aliphatic hydrocarbon group
or an alicyclic hydrocarbon group, this group has one or nore substituents
sel ected &r omwet-es 0@y DeBe APdt et eEopbOME@RtADRENY groups. Exanpl es of the
het er oat ons and the heteroatom 15 contai ni ng groups indicated by Rl include
the sane at ongp@de gf PUBSe ABUPERYI BUBbY yAlescELRedewel/Brigsnest to RL in the
formula (l11-a). In the transition nmetal conpound represented by the formula
(I1-a"), whencdher1ppsttion of the carbon atom 20 bonded to a nitrogen atom
is the 1l-position,” RL is preferably a fluorine-containing hydrocarbon group

of 1 to 30 caihen atRPB-Mb/EhcLacSebpsl gtlet-rama1BhenykE x@heuR haviak at at
| east one position of the 2-position and the 6-position, at |east "one

substi t uent 1 f uggi I L i ni ng
oroep o SIPHE P o SReh e e RO RS RS BLpmIGANE,

4-positiqy andhtne, o, Péﬁéi{]BHteﬁ& ESB@%V@E@%HQ%%E%E%@%%@,ed froma

fluorine-contal ning group having one on ato nore than two

1 vorine ot o, a0c, a1 g o engontal o, a8, oL gupcoRLaLLAd Lo or more

carbon atons, an aro rocar olp o enyl group

having at le n j el ect fro f ri tam an
quorine-con?@é%@ﬁ%tgyg%%%Pgﬁgé ?pﬁg F?gﬁférgkgp &% S/gﬁ%%ﬁ§%1§? %?yTgﬁét
one substituqﬁg éo sglfcte fluoerine aton1%%de quorine-co?taining

froma u
group, and an a |E?clYceﬁﬁg?%cg?%oﬁogpoggeﬁéﬁﬁafyat ESEDice SUBLtTTTENt
selected fro luorine atomand a fluorine- ai ning group. Such a
transition ne @ﬁéc%g%%u%ﬁe?geﬁ?%?e? B ey??5n%§ﬁEEViempoints of activity 15
and nol egul ar ., ght, of the resulting polyner.. Specificall RLis
CrL 1 dor dfet A TEBer iy Ler S CRRg T e ePPP RSB BhOP Sher PE By SBaEy!
perfluoropent¥l erfl uorohexyl, perfluoroheptyl, perfluorooctyl,
per f | uor odecytPAHTHE per f | uor opropyl, 1H, 1H

HDPE-ethylene/hexene copolymer-ethylene/butene copolymer,
HDPE-ethylene/hexene copolymer-ethylene/octene copolymer,
HDPE-ethylene/hexene copolymer-ata-polypropylene,

20 HDPE-ethylene/hexene copolymer-syn-polypropylene,
HDPE-ethylene/hexene copolymer-propylene/butene copclymer,
HDPE-ethylene/hexene copolymer-propylene/hexene copolymer,
HDPE-ethylene/octene copoiymer—LLDPE,

HDPE-ethylene/octene copolymer-ethylene/propylene

25 copolymer,



20 perfluorobutyl, 1H, 1H perfluoropentyl, 1H, 1H perfl uorohexyl,

1H, 1H perfl uoroheptyl, 1H, 1Hperfl uorooctyl, 1H, 1H perfl uorodecyl,

per fl uorocycl ohexyl, trifluoromnethyl cycl ohexyl,

bi s(trifluor getAy ohexyl, trifluoronethylfluorocycl ohexyl,
monof | uor ophenyl, 25 difluorophenyl, trifluorophenyl, tetrafluorophenyl,
SF-714 (PCT) 111 pentafl uorophenyl, (tri&é?oronethyl)pentafluorophenyl,
(trifluoromethyl)fluorophenyl, trifluoro hyl phenyl ,
bit(trifluoronethyl)phenyl, tris(trifluoronethyl)phenyl,
tetrakis(trifluoromethyl)phenyl, 5 pentakis(trifluoromnethyl)phenyl,

per f | uor oet hyi [pterstihy bisg pes f¢nor oepbyvpheayhylpeef buoenpr appbplery,,
per fl uor obut yl phenyl , perfl uoropentyl phenyl, perfl uorohexyl phenyl,

bi s( per f | uor &liE®EHgphenyis / perdéheocopapiméytetpel éhaghopbrsanbpbllymer,
perfluoroanthryl, 10 (trifluoronethyl)tetrafluorophenyl or the like. Rl is

preferably a HIRI4 ey a0 &b di fige akopbaymerhyds opal PeRogyodpepf 3 to 30
carbon atons, and exanpl es thereof include 1H, 1H perfl uoropropyl,

1H, 1Hper f | uorHIRE-YE th il rldF qet 1 elos Opendid r - ¥k 156 150 pep {1 uge ohexyl
1H, 1H perfl uoroheptyl, 1H, 1H perfl uorooctyl and 1H, 1H perfl uorodecyl. Al so

preferabl & anmrr-Qrty ey dOcaiHOBogbOYRS r0brbpl938 /6aLRAR AU ymer,
substituted with fluorine and/or fluorine-containing hydrocarbon, such as

nonof | uor ophemtr- iy uatophenyie 89@&%&59%98{322%51[3/h@k%ﬁfel PG,

pent af | uor ophenyl, (trifluoronethyl)pentafl uorop

(trifluoronmetntnfdwarophemyds, 14441 uoseaet hyl phenyl ,
bi s(trifluoromethyl)phenyl, tris(trifluoronethyl)phenyl,

tetrakis(trify _oyet ) , _992% ' ifl nyl ,
perfluoroethyfgﬁanyhjbg%ﬁgﬁﬁgQ%%%ﬁ) 1 P%é%%%éﬁéY%%ﬁ%Q?ﬁ%%&%ﬁ%ﬁy|

per fl uoropro 1eny ., A 0 ent yl phenyl ,
perfluorohex@%%%gﬁﬁ% aﬁﬁgéégﬁg{%ﬁ%ﬁé£§§§%%%%§?¥é%%r%?ﬁ%r%ﬁ%ﬁhthyI,

per fl uorgghe iyl per \r
(trifIuo?gne?ﬁG%?f%%ﬁé#%%%#%ﬁﬁég%ﬁ%]%%hfiégékﬁﬁéf%&a?o %%¥m%5Tticularly
preferable a are | I phenyl i f1uorophenyl ., tyifl uorophenyl,
tetrafluorop%%ny %tgéﬁggg&ﬁggégﬁgﬁil?tQ$ﬂ???é§%nﬁﬁ?wﬁ3%% BFf uor ophenyl and
2 hydrogen atSRE g TASGOR SUome I Ty G B R B o e el
hydr ocar bon- ituted . silyl group, an en-cont ai ni ng group, a
nitrogen-conﬁgﬁﬁgﬁ&%ygﬁhipgégg%%QéiQﬁﬂﬁéggﬁgékﬁE?Qﬁ(ﬁﬂféi§ﬁﬁﬁon-containing
Pal 0gencont al N RG CGPaRs |4 RBLer Bt S R 568 e e, O
silicon-gontajinin roup, a germani ymcontaining group or a tin-containing
group. T O%D%EF%Y%FHégﬁﬁf L5 v D5 bonded to forma ring. Exanpl es of
t he boron-co i_nin rqups, the alum num containing groups, the
phosphorus-cgh?%’ﬁﬁ%fﬁﬁiﬂ%ﬁﬁp%4ﬁ§QEﬁQﬁ%%ﬁ REERY I G rerRss, Yitgver

het erocycl i c_conpound resi dues, the silicon-containing groups, t he 25

ger mani um coftarniFAG §roVRE Oad Sfe SEMICIR/A iy g?Qﬁf%@mefSF- 714 (PCT}

HDPE-syn-polypropylene-ethylene/hexene copolymer,
HDPE-syn-polypropylene-ethylene/octene copolymer,
20 HDPE-syn-polypropylene-ata-polypropylene,
HDPE-syn-polypropylene-propylene/butene copolymer,
HDPE~syn-polypropylene-propylene/hexene copolymer,
HDPE-propylene/butene copolymer-LLDPE,
HDPE-propylene/butene copolymer-ethylene/propylene

25 copolymer,



113 indicated by R2 to R5 include the sane groups as previously described
with respect to Xin the formula (1). Exanples of the hal ogen-containing
groups indicated by R2 to R5 include the sane groups as previously 5
descri bed wit BR-2$4¢PCT)o RL in the forrmula (11-a). Exanples of the

hydr ocar bon groups indicated by R2 to R5 include those of 1 to 30 carbon
atons. Specifically, there can be nentionﬁg strai ght-chain or branched

al kyl groups of 1 to 30 carbon atons, preferably 10 1 to 20 carbon atons,
such as nethyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl, neopentyl and n-hexyl; straight-chain or branched al kenyl
groups of 2 t8D%@‘@épﬁdﬁe@@d@MtQQ%ﬁQQRﬂﬂXmQEt@t@@l@@@bb@tam©nspp9d@hmas
vinyl, allyl and isopropenyl; straight 15 chain or branched al kynyl groups
of 2 to 30 caFbBR-Rrerylepediartaley ool 2le cae boyl atenesecd aspetliyya,
and propargyl; cyclic saturated hydrocarbon groups of 3 to 30 carbon atons,
pref erably 3 HoPEBpecaplydenat/bm ensuctoasl wyet oprlopydne tyct obait ybpolymer,
cycl opentyl, cycl ohexyl and 20 adanmantyl; cyclic unsaturated hydrocarbon

groups of 5 t#&DBE-parbyi cakdi,tesic ftoas 16yl ropant-adi lemtopy ndeny! and
fluorenyl; aryl groups of 6 to 30 carbon atons, preferably 6 to 20 carbon

atons, sudh a#Dphepybpyhenzylbuteaghtdyylol viicphedal iardhamde)
phenant hryl and 25 anthryl; and al kyl -substituted aryl groups, such as

tolyl,  SF-74BPERETPpL14nkIRuREORY RN Yine t-prtM Phemdxe @i met hyl phenyl
and di-t butyl phenyl. The above-nenti oned hydrocarbon groups may be
substituted webpBoliher,hydrocarbon groups, and exanples 5 of such groups

i ncl ude al kyl groups substituted with aryl groups such as benzyl and cunyl.

Exanpl es of th@phygkepgna9@1§@§§hbt%b%@1§&k&L;9kﬁqps indicated by R2 to RS
i nclude those of 1 to 30 carbon atons. Specifically, there can be nmentioned

met hyl si |yl , &8pgiaebBylShbyk o ki hSi byl sy i ethyl silyl,
triethylsilyl, gipggngynethngﬁFeFT%F?¥é eﬁ%l?ﬁ% I%N%Vﬁ%#ﬁVﬁﬁﬁg%ylsilyl,

di met hyl 4t buty}si byk-and di met hyl (pentafl uorophenyl)silyl. O these,
preferable are nethylsilyl, dinethylsilyl, trinethylsilyl, 15 ethylsilyl,

diethylsilyl,Hb@tﬁﬁ?%#ghéxk/h@%gﬁ%E§Q§§¥%@é¥Jé@Q$?%ké[%ﬁﬁgﬂ¥:g%éé;?@FFw

Particularly preferab are trine triethyl si’l P

o DL S L 0T 08 ST PO A 4B L o
HDPE-propylene/hexene copolymer-ethylene/octene copolymer,
HDPE-propylene/hexene copolymer-ata-polypropylene,

15 HDPE-propylene/hexene copolymer-syn-polypropylene,
HDPE-propylene/hexene copolymer-propylene/butene
copolymer,

LLDPE-polyethylene-ethylene/propylene copolymer,
LLDPE-polyethylene-ethylene/butene copolymer,

20 LLDPE-polyethylene-ethylene/hexene copolymer,
LLDPE-polyethylene-ethylene/octene copolymer,
LLDPE-polyethylene-ata~polypropylene,
LLDPE~polyethylene-syn-polypropylene,
LLDPE-polyethylene-propylene/butene copolymer,

25 LLDPE-polyethylene-propylene/hexene copolymer,



described with respect to Xin the fornmula (1). Exanples of the

ni trogen-contai ning groups indicated by R2 to R5 include the sane groups as
previ ously described with respect to Xin the fornula (1). SF-714 ( PCT)
115 Exanpl es &F-7h4 (BA@Tur - cont ai ni ng groups indicated by R2 to R5 include
the sane groups as previously described wth respect to X in the formula
(1'). Exanples of the hal ogen atons and theghal ogen s containing groups
indicated by R2 to R5 include the sane groups as previously described with
respect to RL in the formula' (Il1-a). R2 to RS are each preferably a

hydr ogen ato a _hal ogen atom a hydrocarbon group, a hydrocarbon 10
substituted gﬁ@ﬁpaﬁqﬁhﬁ“%%?%%@Rﬁﬁpﬁﬁﬂﬁkﬁﬂﬁrﬁf&ﬂkﬁmﬁra ni t rogen- cont ai ni ng
group, a sulfur-containing group or a hal ogen-contai ni ng group, nore
preferably a hy&@FEgERFEGRNYA S /dyeierst oiP@l Ws&lr ocar bon group, a

hydr ocar bonsubstituted silyl group or a hal ogen-containing group. 15 nis a
nunber sati sf plRGEg PaEerdd vdfer/ hexsaws fdarad Iwnean i nteger of 2 to 4,
preferably 2. X is an oxygen atom a hydrogen atom a hal ogen atom a

hydr ocar bon gh&dFE-&PPExpdy-lemst/aiatiane grapp, yreesuul f ur - cont ai ni ng group, a
ni t rogen-contai ning group, a 20 boron-contai ning group, an

al umi num dont ALRPRY HPPEURE L aa pelosplarisregnt ai ni ng group, a
hal ogen- cont ai ni ng group, a heterocyclic conmpound residue, a

si | i con- cont aLhDRE -§DGEP s ya ~gerliyeniciipleord,ai ni ng group or a tin-containing
group. Exanpl es of such atons and groups include the SF-714 (PCT) 116
sanme atons andLOP@updPas ppioewilews b deses idegd Mintdy respect to X in the
formula (1). When n is 2 or greater, plural groups indicated by X may be

the sane or diibDeEeRDPEaRE opllkale /GeXdpS IJAH: ,5 by X may be bonded to
formaring. I U-~N ., MXn ...(lIl-b") 1T m 10 wherein N---ML generally
means that theypaeeeco9neneapedpylene copolymer-ethylene/butene

10 copolymer,

LLDPE-ethylene/propylene copolymer-ethylene/hexene
copolymer,
LLDPE~-ethylene/propylene copolymer-ethylene/octene
copolymer,

15 LLDPE-ethylene/propylene copolymer-ata-polypropylene,
LLDPE-ethylene/propylene copolymer-syn-polypropylene,
LLDPE-ethylene/propylene copolymer-propylene/butene
copolymer,

LLDPE-ethylene/propylene copolymer-propylene/hexene

20 copolymer,

LLDPE-ethylene/butene copolymer-ethylene/propylene
copolymer,
LLDPE-ethylene/butene copolymer-ethylene/hexene copolymer,

LLDPE-ethylene/butene copolymer-ethylene/octene copolymer,

25 LLDPE-ethylene/butene copolymer-ata-polypropylene,



to each other, but in the present invention they are not always
coordinated. In .the fornmula (l11-b'"), ML is a transition netal 15 atom
selected fromGoup 3 to Goup 11 of the periodic table, preferably a
transition neSBI7EE(MCT] G oup 4 to Goup 5 specifically titanium
zirconium hafnium vanadium niobium tantalumor the |ike, nore
preferably a transition netal atomof Go 4, specifically titanium 20
zirconiumor hafnium still nore preferably titanium mis an integer of 1
to 5, preferably 2 to 4, nore preferably 2. Ais a nitrogen atomor a
phosphorus atom U is a_ carbon atom having a substituent R6 (-C(R6)=), 25 a
ni trogen at ontYPR-PRBEPABEUBUAEBRM COPSEYREZ-EPCTPOLVPrQpivs eaccar bon at om
having a substituent R~ (-C(RS)=), a nitrogen atom or a phosphorus atom S
is a carbon atbPrhasthylansibstenaeapPRByneC R8Py leaenbtitegen atom or a
phosphorus atom 5 T is a carbon atom having a substituent RO (-C(R9)=), a
ni trogen at ong@polypdvsphorus atom R is a hydrocarbon group having one or
nore heteroatonms or a hydrocarbon group having one or nore

het er oat om cdnlt 2F i @1gh gt enipgbubadehaspbhgmeanpropaiicng asxtBet hat of R1 in
the formula (11-a'). R6 to RO may be the sane or different and are each a

hydr ogen &t ogomoh@hegen atom a hydrocarbon group, a

hydr ocar bon-substituted silyl group, an oxygen-containing group, a

ni t rogen- contldimiige gt plpne Ahsubhar c6poL ainBkRgt A 18h8YBropyhaRen- cont ai ni ng
group, an al um num contai ni ng group, a phosphorus-containing group, a

hal ogencont aicupwgl ghetlp, a heterocyclic conpound residue, a

silicon-containing group, a germani untcontaining group or a tin-containing
group. Exanpligshmd-d ey hyek peaxdea copolymer-ethylene/butene copolymer,
LLDPE-ethylene/hexene copolymer-ethylene/octene copolymer,
10 LLDPE-ethylene/hexene copolymer-ata-polypropylene,
LLDPE-ethylene/hexene copolymer-syn-polypropylene,
LLDPE-ethylene/hexene copolymer-propylene butene
copolymer,
LLDPE-ethylene/hexene copolymer-propylene hexene
15 copolymer,
LLDPE-ethylene/octene copolymer-ethylene/propylene
copolymer,
LLDPE-ethylene/octene copolymer-ethylene/butene copolymer,
LLDPE-ethylene/octene copolymer-ethylene/hexene copolymer,
20 LLDPE-ethylene/octene copolymer-ata-polypropylene,
LLDPE-ethylene/octene copolymer-syn-polypropylene,
LLDPE-ethylene/octene copolymer-propylene butene
copolymer,
LLDPE-ethylene/octene copolymer-propylene hexene

25 copolymer,



20 groups and the hydrocarbon-substituted silyl groups include the sane
groups as previously described with respect to R2 to R5 in the formula
(I'1-a). Exanpl es of the oxygen-containing groups, the nitrogen-containing
groups, the s&Ffik4d RGThi ni ng groups, the nitrogen 25 containing group, the
boron-contai ning groups, the SF-714 (PCT) 118 al um num contai ni ng groups,
t he phosphorus-containing groups, the hal pgen-containing groups, the

het er ocycl i ¢ conpound residues, the silicon-containing groups, the

ger mani um cont ai ni ng groups and the tin-containing groups 5 include the
sanme groups as @reviouslé described with respect to Xin the formula (1).
R6 to RO are ®HCHED? bR ePQbYHraPKyBREgER ¥ 6RT/RTRAVAGER SOBMLYASHYdr ocar bon
group, a hydrocarbonsubstituted silyl group, an oxygen-containing group, a
10 ni t r ogen- cort 3 md vy B ovprorY santurlbphearnPH§esrPoaprot yaer,

hal ogen-cont ai ni ng group, nore preferably a hydrogen atom a hydrocarbon
group, a hydriecldrbontaupetypreenlsneyethrbape/aeckahegenratlomeor a

hal ogen- cont ai ni ng group. Two or nore of R6 to RO may be bonded to forma
ring, 15 and MWHerEmis-pobypyeeatenc-RByl@6s/oResneRBspangmBRes may be the
sanme or different, and one group of R6 to RO contained in one |igand and
one groupSof FEPRB- R cont g nepylanet hgn-poygpdsppaynbe bonded. n is a
nunber satisfying a valence of ML. 20 X is an oxygen atom a hydrogen atom
a hal ogen at omyDRE -ty -goal ronogy bepe -anopxygea- cateaencogolyadp, a

sul fur-containing group, a nitrogen-containing group, a boron-containing
group, an al UsiPRER Lot @b Ny igo gy Delpe —ar PROSENEr Hex6ABt 8bpbNgmeroup, a

hal ogen- cont ai ni ng group, 25 a heterocyclic conpound residue, a
silicon-cont dihRRY- s yrShe il £ HEGT) e 14 9e G PUSH e Ap 865 TBBHENMEE60PL @hBi-NG gr oup
or a tin-containing group. Exanples of such atons and groups include the
same at ons aﬂd;lmm-q&)W}Eﬁ/d)WBélyed@@ﬁ?i@@@/%i@née§@§§§_yﬁ1@rx in the
formula (1). 5 When n is 2 or greater, plural groups indicated by X may be

the same10r diffrr-anin- o, o @l o 98 ospsy | 8dh 28t 8nbY - Xp8Bymbe bonded to
forma ring. As the transition nmetal conpound (A) for use in the invention,

there can be ralsor@ptd lao%ypéﬁélé%ﬂ@ﬁ@h&%&@”@&ﬁ&ﬁy&@{” esented by
an

the following formula (111 havi ng properties that, in a (3-agostic

structure of ra et oM -GSO &y WeL €l 1 0061 P r i Depde formula (I11) is

replaced with a n-propyl group, said structure belng neasured by a density

functional maiad;-dyie b SpANGey ey hetveam dhe betesoal g whbeh has no

direct bond to the central tal Mand i's nearest to the cehtral nmetal M

and hydrogen @l frRASI, M| SeiOlp F P da M Gh b @081 fife £] et rostatic

energy is not nore than 10 'kJ/ ol .
15 LLDPE-propylene/butene copolymer-ethylene/propylene

copolymer,

LLDPE-propylene/butene copolymer-ethylene/butene

copclymer,

LLDPE-propylene/butene copolymer-ethylene/hexene
20 copolymer,

LLDPE-propylene/butene copolymer-ethylene/octene

copolymer,

LLDPE-propylene/butene copolymer-ata-polypropylene,

LLDPE-propylene/butene copolymer-syn-polypropylene,

25 LILDPE-propylene/butene copolymer-propylene hexene



2~ Rlo 11 R/N. _. - MXn R12 ~ORI13 ~~R15. . . (IIl) Rl4 m SF-714
(PCT) 120" wherein N---ML generally neans that they are coordi nated to each
other, but in the present invention they are not always coordinated. In the
formula (111)SFM14 P@Tjransition netal atom5 selected fromGoup 4 to
Goup 5 of the periodic table, specifically titanium zirconium hafnium
vanadi um niobium tantalumor the |ike, pgeferably a transition metal atom
of Group 4, specifically titanium zirconiumor hafnium nore preferably
titanium 10 mis 1 or 2, preferably 2. Rl~ is a hydrocarbon group having
at | east one heteroatom or a hydrocarbon group having at |east one

het er oat om coR®RPhYRYL gr oup. Exanpl es of the heteroatons include atons of
hal ogen, nitrogen, oxygen, phosphorus, 15 sulfur and sel enium The

het er oat om cohtBP AT REORY bapei seacgroapredmairniend va enerpetoply latnem ot her
than a carbon atom and a hydrogen atom and exanpl es thereof include an
oxygen- cont ai ®®Pglygreup, a nitrogen-containing group, a sul fur-containing
group, a phosphorus-containing group, a 20 hal ogen at om contai ni ng group
and a het er ockkPPE-ponppladerbskdue. cEraiphes -ef hi/henexypgerneont ai ni ng
groups, the nitrogen-containing groups, the sulfur-containing groups, the
phosphor u$- cord hymegr gr oups and t he heterocyclic conmpound residues include
the sane groups as previously 25 described with respect to X in the formula
(1). Exanpl esLLDSEpFadpyPEMy /A2kent tbpohahegentagntaknhagegroups incl ude
groups wherein at | east one hydrogen is replaced with hal ogen in

hydr ocar bon grewpsymér l to 30 carbon atons, preferably 1 to 20 carbon
atons, such as al kyl groups (e. g., nethyl, 5 ethyl, propyl, butyl, hexyl,
octyl, nonyl,Luieleytosytett LRSYENe 6¥6b00KYL c8ROURE 0L -8ch@ 30 carbon
atons (e. g., cyclopentyl, cyel ohexyl, norbornyl and adamantly), al kenyl
groups (e. g.gopd er propenyl and cycl ohexenyl), arylal kyl groups (e.g.
benzyl, phenylethyl and 10 phenyl propyl) and aryl groups (e. g., phenyl,

tolyl, dhget PEeny. i n nyl ,
bi phenyl yI Egihthyl%@$%£%§?%§%%fﬁ§l¥£%%§%$¥%pgﬁgy%ﬁéggg§%&$?§?¥Specific

exanpl es of sughomr ié@épﬁ@x%ﬁéf&Hgﬁ?gﬁépygﬁ9ﬁgg%g§géﬁgﬁgxl 15

pent af | uor ophenyl , perfluor ohexy tric onet roe?hyl,

em s o A el oo St el . e

at om cont ai ni ng hy carbon group of 1t ons, particularly
preferably agg¢5¥§ﬂg?containing hydr ocarbon group of 1 20 to 30 carbon
atons. Specifically, RIOis trifluromethyl, perfluoroethyl,

ber 11 o ohepiy ™Y bar1er eoatoro BE T UBF EREROY L en PP iy SR Re it kb opy
1H, 1H 2$5peQ§kH95%QHLyI, 1H, 1H perfl uoropentyl, 1H, 1H
ethylene/butene copolymer-polyethylene-ethylene/octene
copolymer,
ethylene/butene copolymer-polyethylene-ata-polypropylene,
ethylene/butene copolymer-polyethylene-syn-polypropylene,
20 ethylene/butene copolymer-polyethylene-propylene/butene
copolymer,
ethylene/butene copolymer—polyethylene—propylene/héxene
copolymer,
ethylene/butene copolymer-HDPE-ethylene/hexene copolymer,

25 ethylene/butene copolymer-HDPE-ethylene/octene copolymer,



SF-714 (PCT) 122 perfluorohexyl, 1H, 1H perfl uoroheptyl,

1H, 1Hper fl uorooctyl, 1H, 1H perfl uorodecyl, perfluorocycl ohexyl,
trifluoronethyl cycl ohexyl, bis(trifluoromethyl)cyclohexyl,
trifIuoronethstWupﬁugyrlohexyl, nonof | uor ophenyl, 5 difl uorophenyl,
trifluorophenyl, tetrafluorophenyl, pentafluorophenyl,
(trifluoronethyl)pentafl uorophenyl, (trif? oronet hyl ) fl uor ophenyl ,
trifluoromnethyl phenyl, bis(trifluoronethy ?phenyl,
tris(trifluoronethyl)phenyl, tetrakis(trifluoronethyl)phenyl, 10

pent aki s(trifluoronethyl)phenyl, perfluoroethyl phenyl,

bi s(perfl uor cetihyl $paéaytenperbbadyopropPPpheny-popepriropgrenatyl phenyl ,

per fl uoropentyl phenyl, perfl uorohexyl phenyl, bis(perfl uorohexyl)phenyl,

per f | uor onaphetlyyleperbluenephepahyheyHDpEFEnepoanphoyly,lehs,
(trifluoronethyl)tetrafluorophenyl or the like. Rl1 to R14 may be the sane
or different ariybeeegachene hydpodemeat-eilPEa phalpggemeiamen® copolymer,
hal ogen- cont ai ni ng group, a hydrocarbon group, a hydrocarbon-substituted
silyl group, ethpkygeriocontai Bbpg lgheupHD®ERpinopgar n2) Heoirai k&g gy asp, or
a sul fur-containing group. Exanples of such atons and groups include the
sane atong ar@tmyp@tp@/mt@zﬁ@vb@}@@lmm@@smol@@de%tynern%S/@@sJerieo FpboyRerin
the formula (I1-a). R15 is a halogen atom a hal 6gen-contai ni ng group, a 25
hydr ocar bon géﬂ&ﬁpl@rﬁe)abth‘ﬁ/éir’i@cébpgmyﬁ'élﬁsﬁ;ib@ke@t%'ylllﬁlne/oSE‘e 14 écE’;S%I%IyI{Jré?,

group. Exanpl es of such atons and groups include the same atons and groups

as Previ ousl \odaprsidnd.uiil £88BEGhe! 01 PEpko, BB LbeobormiLa (11-2).

Exanpl es of the "hydrocarbon groups” i ndicate fhose of 1 to

30 carbon at oy Pl pbgech eXagpl eont bor e0kel Bghude SLEALORL,ghal n o

branched al kyl dgroups of 1 to carbon atons, " pr t0'20 carbon

atoms,  Such AL im @iyl o501 9RYL .. SOPLOPYL, 1 DBYEKL opLoobUL Y1

sec-butyl, tert-butyl, n-pent neopent yl ydr ocar bon
groups hagi ng. g%?%ggc skel eton and having 3 to 30 carbon atons,
preferably 3 to 20 carbon atons, such as cycl opropyl, cyclobutyl,

cycl opentyl, b B ntyl; aryl groups of 6 to 30
carbon at ons,e%@%r}g%)elé% ‘%}% 68§%g£ﬁ%gr%gﬁggt%%%?ygﬁpéﬁ/g?xﬁﬁgnyl , benzyl,
napht hyl , bigﬂﬁgﬁgxﬁértriphenylyl, fluorenyl, anthryl and phenanthryl; and
groups wherein se ‘groups are further substituted with an al kyl group of

é Eg 30 Carb%&ﬁ?fﬁ%ﬁ/éﬁéﬁéﬁE%%B%fy%ékfgkﬁﬁiQSQ/S%QB?leSQ ggpgizkegtouD of

ethylene/hexene copolymer,

15 ethylene/butene copolymer-ethylene/propylene copolymer-
ethylene/octene copolymer,
ethylene/butene copolymer-ethylene/propylene copolymer-
ata-polypropylene,
ethylene/butene copolymer-ethylene/propylene copolymer—

20 syn-polypropylene,
ethylene/butene copolymer-ethylene/propylene copolymer-
propylene/butene copolymer,
ethylene/butene copolymer-ethylene/propylene copolymer-~

propylene/hexene copolymer,

25 ethylene/butene copolymer-ethylene/hexene copolymer-



20 30 carbon atons, preferably 6 to 20 carbon atons. O these, tert-butyl
is nore preferable. Exanples of the hydrocarbon-substituted silyl groups
i ndi cated by R15 include the sane groups as previously described with
respect to R&p.g1BIpgT)the fornula (11-a). SF-714 (PCT) 124 Exanpl es of
the heteroatons and the heteroatom containing groups indicated by R15

i nclude the sane atons and groups as prev}g)usly described with respect to
Rl in the fornmula (Il-a). 5 R~ and R11 to R15 may be the sane or
different, and two or nore of them may be bonded to forma ring. nis a
nunber satisfying a valence of M, specifically an integer of 2 to 4,
preferably 2ethilermyaaen o yrehydrogen atom a hal ogen atom 10 a
hydr ocar bon group, an oxygen-contai ning group, a sulfur-containing group, a

ni t r ogen- contegimji e egftouena dowohyreant &t ny hegn g/ nepenancapahymam-edatai ni ng
group, a phosphorus-containing group, a hal ogen-containing group, a

het erocycl i ¢ peaposy reesd due, a silicon-containing 15 group, a
germani um contai ning group or a tin-containing group. Exanples of such

atons and gr eups lidid Usle dre SapEl vl Orrse @iyl g OLPSx &iSe PEEYbDyBEY -dgser | bed
with respect to Xin the fornmula (1). Wen nis 2 or greater, plural groups
i ndi cat edsby p6126 ey end he same or different, and plural groups indicated
by X may be bonded to forma ring. As the transition netal conpound (A),

there can be &liso RNt NGk %éﬁ@%éf%kﬁ?l@ﬂmeﬁl@éﬁ@@h‘@%éﬁ@l?ﬁ@@tﬁd by the
following formulla (I'1l1") and having the follow ng 25 structure as R10.
propylene/butene copolymer,
ethylene/butene copolymer-ethylene/hexene copolymer-
propylene/hexene copolymer,
10 ethylene/butene copolymer-ethylene/octene copolymer-
ethylene/hexene copblymer,
ethylene/butene copolymer-ethylene/octene copolymer-ata-
polypropylene,
ethylene/butene copolymer-ethylene/octene copolymer-syn-
15 polypropylene,
ethylene/butene copolymer-ethylene/octene copolymer-
propylene/butene copolymer,
ethylene/butene copolymer-ethylene/octene copolymer-
propylene/hexene copolymer,
20 ethylene/butene copolymer-ata-polypropylene-
ethylene/hexene copolymer,
ethylene/butene copolymer-ata-polypropylene-
ethylene/octene copolymer,

ethylene/butene copolymer-ata-polypropylene-syn-

25 polypropylene,



SF-714 (PCT) 125 QIO R11 iN "MXn Rlz ~ ORI3 ~ ~ 155 Q14 m... (Il1)
wherein N---M generally neans that they are coordinated to each ot her, but
in the present invention they are not always coordinated. 10 In the above
fornmula, M, $F-7RY(RCTRI4, RI5 n and X have the same neani ngs as those of
M, m Rl1 to R14, R15, n and X in the fornula (111). Rl~ is a phenyl group
having at |east one substituent selected §60m a heteroatom and a heteroatom
15 contai ning group, an aromati c hydrocarbon group other than a phenyl
group, an aliphatic hydrocarbon group or an alicyclic hydrocarbon group.
Wien R~ is a phenyl group and the position of the carbon atom bonded to
nitrogen is tH VUL Romne t BPROpWERYT2GRroRPLHREOPHLeAE-| east one 20
position of the 2-position and the 6-position, one or nore substituents

sel ected froREPHeterodoheamdcaphbYREbat om cont ai ni ng group, or has, at
the 3-position, the 4-position and the 5-position, at |east one substituent
sel ect ed frorgtE hetnes Catiornot hepol haaraas-pblippropyatnar a

fl uori ne-contai ni ng group havi ng one SF-714 (PCT) 126 carbon atom and not
nmor e t han t wexXdpioréme/ latomse @opdlpnéne- cont ai ni ng group having two or
nore carbon atonms, and a heteroatom containing group having a heteroatom
other thab a dtludréme=/lattome Wepo Rime ssan-@a6 dpptbpey behydr ocar bon group

ot her than a phenyl group, an aliphatic hydrocarbon group or an alicyclic
group, this grooud dras/tadxdmastonpysebsti tuent sel ected from a heteroatom
and a heteroatom contai ning group. Exanples of the heteroatons and the

het er oat om0 ex0ntiadd Ngh g0 PSop ALY HEe- § e~ SaPp AbSPBeA8d groups as

previ ously described with respect to RL in the formula (I1-a). In the

transition neidyicHpAntIieESSeNge- by the fornmula (I11), when the
position of the carbon atom 15 bonded to a nitrogen atomis the |-position,

Rl~ is pref ereatmmeaheUMérr@-@&g%wrﬁ%%W%&f%?&;@ygéﬁgpa?£—1 to 30 carbon
atons which is selected froma phenyl group having, at at |east one

positi omMof the FResitden and the 6-position, one or nmore substituents
selected froma

ethylene/butene copolymer-syn-polypropylene-
propylene/butene copolymer,
ethylene/butene copolymer-syn-polypropylene-
propylene/hexene copolymer,
15 ethylene/buteﬁe copolymer-propylene/butene copolymer-
ethylene/hexene copolymer,
ethylene/butene copolymer-propylene/butene copolymer-
ethylene/octene copolymer,
ethylene/butene copolymer-propylene/butene copolymer-ata-
20 polypropylene,
ethylene/butene copolymer-propylene/butene copolymer-syn-
polypropylene,
ethylene/butene copolymer-propylene/butene copolymer-
propylene/hexene copolymer,

25 ethylene/butene copolymer-propylene/hexene copolymer-



20 heteroatom and a het eroat om contai ni ng group, a phenyl group having, at
the 3-position, the 4-position and the 5-position, at |east one substituent
selected froma fluorine-containing group containing one carbon atom and
not nore thanggv@4 (peorj ne atonms and a fluorine 25 containing group
containing two or nore carbon atons, an SF-714 (PCT) 127 aromatic

hydr ocarbon group other than a phenyl gr O4p havi ng at | east one substituent
selected froma fluorine atomand a fluorine-containing group, an aliphatic
hydr ocar bon group having at | east one substituent 5 selected froma
fluorine atomand a fluorine-containing group, and an alicyclic hydrocarbon
group havi ng ethykease/lodeesabsopolgnersel ected froma fluorine atomand a
fluorine-containing group. Such a transition netal conpound is preferable
fromthe vi ewpdintsnefbactnyi typdDyaad-ppbeglikar /hekght abpbhemeesul ting
polynmer. As for the substitution position of the substituent having a

het er oat om oreteh et es pat osme onbabbiymgrgr oup, when Rl~ is aromatic, this
substituent is preferably present at the position of a carbon atom (carbon
atom at 15 t hethy1esibh e adppeephetoptbpytanbgReatam cBpbBll ymkhats tiss-
bonded to a nitrogen atom and when Rl~ is aliphatic, the substituent is
preferabl g preseptrabyli&gepdj acent position or its adjacent position
(~3-position or yposition). 20 Exanples of the heteroatons and the

het er oat om cofitray 1é &/ 9 OLRS EHSbudRetherspyReatoRBxand @695@§m%§ syn-
previ ously described. Particularly, fluorine is preferable as the

het er oat om %mhfbfé¢§qé@§ containing group is preferable as the

het er oat om cont ai ni ng group. 25 Exanples of Rl include SF-714 (PCT) 128
trifluoromet hulyy perd hhor o8t Nvl oo PORLLUOEER QQME/he%gguee @,)yﬁlgr-

perfl uoropentyl,” perfluorohexyl, pert uoro pty per uor

perfl uorodecyl, r 1H, 1H perfl uorobutyl, 5
1H, IH—perqu&%od}%tyl Pﬁ%ﬁ%kgpggéﬁg%%g exyl, 1H, 1H—perf|uorohepty|

1H, | H peypl uorooctyl, 1H, 1H perfl uorodecyl, perfluorocycl ohexyl,
tr|fIuoronethylcyclohexyl

ﬁ{)ﬁéﬁ{LELSBLe%@'ﬁW%ﬁ’%%%%%%é%%“ﬁ*%gﬁ% SEhekyPRSEE Ly sl Bhkeny

pent af | uor ophen érlfluoronethyl)pentafluorophenyl
(trlfluoronet%9$ %Xuorophenyl trifluoromethyl phenyl,

?;fE%LILL??Lﬁ:%% b fﬁ%hﬁé %%rh%%‘ﬁfé?ﬁ#?%E%Baa;?'ﬁw%ixgﬁw;enelf
E_ﬁifl 38; obut ¥ %ﬁ%iﬂb%?% eL?%%% ?@%aﬁaﬁg‘if@%gwﬁézfﬁfsﬁ%;%%ﬁ Eﬁy?zhg%

t t
per 1 uor ORnt Hg1 HHEE TV F$ T Sor DHEL I B AP T L6 BpReRyT o RRAFD0FBrEr abl y a
fluorine- contalnkgﬁ?allphatlc hydr ocar bon group of 3 to 30 carbon atons.

Exanpl es i ncl U Phati c hydrocarbon groups of 3 to 30 carbon 25 atons

substituted mnth fluorine and/or fluorine SF-714 (PCT 129
thylene/hexene copolymer-polyethylene-propylene/hexene

copolymer,

ethylene/hexene copolymer-HDPE-ethylene/octene copolymer,
20 ethylene/hexene copolymer-HDPE-ata-polypropylene,

ethylene/hexene copolymer-HDPE-syn-polypropylene,

ethylene/hexene copolymer-HDPE-propylene/butene copolymer,

ethylene/hexene copolymer-HDPE~propylene/hexene copolymer,

ethylene/hexene copolymer-LLDPE-ethylene/octene copolymer,

25 ethylene/hexene copolymer-LLDPE-ata-polypropylene,



cont ai ni ng hydrocarbon such as 1H, 1H perfl uoropropyl, IH |IH perfluorobutyl,
1H, 1H perfl uoropentyl, 1H, 1H perfl uorohexyl, IH, 1H perfl uoroheptyl,

| H, 1H perfl uorooctyl, 5 1H, 1H perfl uorodecyl or nonofl uorophenyl,

di f1 uor ophenylSF-v14fPeqophenyl, tetrafluorophenyl, pentafluorophenyl,
(trifluor.onethyl)pentafluorophenyl, (trifluoromethyl)fluorophenyl,
trifluoronethyl phenyl, bis(trifluoronethy??phenyl,
tris(trifluoromethyl)phenyl, 10 tetrakis(trifluoronethyl)phenyl,

pent aki s(trifl uoronethyl)phenyl, perfluoroethyl phenyl,

bi s(perfluoroethyl)phenyl, perflul orpropyl phenyl, perfluorobutyl phenyl,

per f | uor opent §tpleryE/ hpeehktusosdyyiephdiyiPE-tsys(Hperlfipamoiesd ) phenyl , 15
perfluoronaphthKI, per fl uorophenant hryl, perfluoroanthryl, and
(trifluoronet AfhytenedhkuenepkepyllyrRl -iLs Dp@-idrewvardne mrafaiabl y an
aromati ¢ hydrocarbon group of 6 to 30 carbon atons substituted with
fluorine, an appmavimerhydrocarbon group of 8 to 30 20 carbon atons
substituted with a fluorine-containing hydrocarbon of 2 or nore carbon
atons or an aeohplenelijidxenar bopodkakp -0f. DA 3R QRN QB substit ut ed
with fluorine and a fluorine-containing hydrocarbon group. Exanples include
25 nonof | &or opbpoymedi f | uor ophenyl, trifl uorophenyl, SF-714 (PCT) 130
tetrafl uorophenyl, pentafluorophenyl, (trifluaronethyl)pentafl uorophenyl,

(trifluoronetéyhyitnernpheny! cobbifhHerang -
tris(trifluoronethyl)phenyl, go%et ?aki s(t r?’?Fb%?g’%h{ylﬁnshgﬁ%élYmer

pent aki s(trifétioyoagt hyt)ohenyk o@9ﬁgggoroethylphenyl,
bi s(perfl uoroet hyl)phenyl, perfFuoropropyIphenyI, per f 1 uor obut yl phenyl ,

per f 1 uar opent ¥t phesy. u h : hi (.f Luorohexyl ) phenyl, 10
per f | uor onapht hyl | p%f??ﬁﬁé%pﬁgﬁgg?ﬁ%$|gg% %?PSZF%§RYEF§F 588%19%er—

(trifIuoronetoé;$@i§ﬁféggigggenyl. O these, particularly preferable as Rl
are 2-fluoraphenyl group,” 2,6-difluorophenyl group, 2,4,6-trifluorophenyl

. papt af N L] t hyl
3 3.5 6l rot sl T oy opretytr o Sy bV SRET Ry Bhehgregranp ane -

1H,1FLperfILug§5u§éqyé%é#§??ﬁg for the substitution position of fluorine,

when R10 is aronatic, lUbrine is preferably present at 20 the
position of &S A Alam (garkon ahom &y e, (3. position cadigcent. Lo the
s adi acent sdIEOH ISR posi tiony . - SF-714 (PCT) 131 RIL
atom o hal ogeLBSHa T Gr O ARy GEar Do Bt ok 48 Copolymer— o
5" Cont ai eng SR S A ST BT ng. ot oup. Bxampl oo of Such af oms and

groups include.the sape atons an roups as_ previously described with
respect to Rgaﬁgyi?%ég%ﬁﬁ??cﬁQRﬂ T -ehhy e A RU e IR GoRpl wronT a

hal ogen- cont ai_ni roup, a 10 hydrocarbon group or a
hydrocarbon-?&&éﬁ%ﬁ%éﬁéﬁﬁQ%ﬂc%ﬂ%ﬁﬁme¢kanples of such atonms and groups
i ncl ude the s%ne ato and groups as previously described with respect to
R2to R5 in £ élyfl&ﬁlr?:}ﬁ]ﬁxme- £CP Exanas e TofL ary iy o ardronl yreopst a -
i ndi cat ed by 5 15 include those of 1 to 30 carbon atons. Preferred
exanpl es t hePEGFPREYdGE St r ai ght - chai n or branched al kyl groups of 1 to 30
carboneaénm, referably 1 to 20 carbon atons, such as nethyl, ethyl
n- propyl4Y i sEPpRIPFRe/Rseye, qoreBumar, - eddu lisureylbu tteare -dnpioil ymea: peptyl , 20
neopentyl and n-hexyl.; hydrocarbon groups having

polypropylene,

ethylene/hexene copolymer-ethylene/butene copolymer-

propylene/butene copolymer,

ethylene/hexene copolymer-ethylene/butene copolymer-

25 propylene/hexene copolymer,



alicyclic skeleton and having 3 to 30 carbon atons, preferably 3 to 20
carbon atons, such as cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl,

nor bornyl and adamantyl; aryl groups of 6 to 30 carbon atonms, 25 preferably
6 to 20 carb@Fagvan@CEuch as phenyl, benzyl, SF-714 PCT) 132 napht hyl

bi phenylyl, triphenylyl, fluorenyl, anthryl and phenanthryl; and groups
wherein these groups are further substituped with an alkyl group of 1 to 30
carbon atons, preferably 1 to 20 carbon atons, or an aryl group of 6 to 5
30 carbon atons, preferably 6 to 20 carbon atons. O these, tert-butyl is
nore preferable. Exanples of the hydrocarbon-substituted silyl groups

i ndi cat ed by FUEy jerct {ltexehe capelyroupsthzglenelpetsng desedvhed Wit
respect to R2 to R5 in the formula (lI1-a). 10 Exanpl es of the hal ogen atons
and the hal ogencort @i ege gr oups i ndi cated by R15 include the sane atons
and groups as previously described with respect to RL in the formula
(1l-a). R10 amcthiRidng th&RiSnamyopel yiher sankeybdendi bteerat copndyts r-wyrer nor e
of them may be bonded to forma ring. n is a nunber satisfying a val ence of
ML, specificadwmmopniegeyr of 2 to 4, preferably 2. X is an oxygen atom a
hydrogen atom a hal ogen atom a hydrocarbon group, an oxygen-contai ni ng
group, a 80 sadHylerortiakahagcGboUpme a-athyDERE7 600EAENEBYOYKARE - a

bor on- cont ai ni ng group, an al um num contai ni ng group, a

phosphor us- cqit &b i $1ge A5 @UPn e acHadbogaeargont ai ni ng group, a heterocyclic
conmpound residue, a silicon-containing group, a germani um containing group

or a tin-contai 'Iéhé%héi@w@-c%%@ﬂ?ﬁ@§—@fh§yéhe@b@ﬂ@nénéongyﬁéanC|Ude the
SF-714 (PCT) 133 sanme atons and groups as previously described with respect

to X in the foriald fehd Jne V0D BohS1¢m@F, greater, plural groups indicated by
X may be the 'sane or different, and plural groups indicated 5 by X nmay be

bonded to for i r Lid L tesented by the
formul a (||-£$??y{%§§ﬁbgyf?é(??$¢§yﬁ?é?ﬁ?ib?ﬁyggggggéﬁﬁgties that, in a

~3- agost yp Sté&%&i@ﬁéﬁ%c@eﬁ@t%98££yﬁQPP|eX wherein one of X in the formula
t

is replaced w 10 a n-propyl group, said structure being neasured by a

densi ty functionalcxephoder Neodh st anee, bet peenathe hehergahom which has

no direct bond to the central a tot central neta
M and hydrogemn the g3z position is not nore than 3.0 A and the 15
electrostatigsaerigér sen% nore than 10 kJ/ nol .

ethylene/hexene copolymer—-ata-polypropylene-
propylene/butene copolymer,
15 ethylene/hexene copolymer-ata-polypropylene-
propylene/hexene copolymer,
ethylene/hexene copolymer-syn-polypropylene-
ethylene/octene copolymer,
ethylene/hexene copolymer-syn-polypropylene-ata-
20 polypropylene,
ethylene/hexene copolymer-syn-polypropylene-
propylene/butene copolymer,
ethylene/hexene copolymer-syn-polypropylene-
propylene/hexene copolymer,

25 ethylene/hexene copolymer-polypropylene/butene copolymer-



Exanpl es of the transition metal conpounds represented by the formula (1),
(rr-a, (1r-b), (rr-a), (11r-b"), (1) or (11l) are given bel ow, w thout

limting thereto. 20 SF714 FFH (FF~FEN'N " ~Tid2 02 ~Bu F N

N ° ~Tid2 /sSF-mMEPET)FF, | FF~-F~-N'"~-TIA2/ ~S2 ~BuF~-N__ ~-Tid2
S2tBuFFf ~FFF~N'" ~-Ti2 N2 ~BuF~N_, ~-Tid2 N2 ~Bu F/ F~F
N'N - ~Tid2/ ~0OtBuC N'N" ~TiC 2gpl 0 2tBu FF~F~N - ~TiG2/

| S2\ ~Bu C ~N--_

ethylene/octene copolymer,
ethylene/hexene copolymer-polypropylene/butene copolymer-
ata-polypropylene,
ethylene/hexene copolymer-polypropylene/butene copolymer-
5 syn-polypropylene,
ethylene/hexene copolymer-polypropylene/butene copolymer-
propylene/hexene copolymer,
ethylene/hexene copolymer-polypropylene/hexene copolymer-
ethylene/octene copolymer,
10 ethylene/hexene copolymer-polypropylene/hexene copolymer-
ata-polypropylene,
ethylene/hexene copolymer-polypropylene/hexene copolymer-
syn-polypropylene,
ethylene/hexene copolymer-polypropylene/hexene copolymer-
15 propylene/butene copolymer,
ethylene/octene copolymer-polyethylene-ata-polypropylene,
ethylene/octene copoclymer-polyethylene-syn-polypropylene,
ethylene/octene copolymer-polyethylene-propylene/butene
copolymer,
20 ethylene/octene copolymer-polyethylene-propylene/hexene
copolymer,
ethylene/octene copolymer-HDPE~ata-polypropylene,
ethylene/octene copolymer~HDPE-syn-polypropylene,
ethylene/octene copolymer-HDPE-propylene/butene copolymer,

25 ethylene/octene copolymer-HDPE-propylene/hexene copolymer,



~Tid2/ , SS~2tBu FF~ F~N - ~Tidd2/ 1 N2 ~-Bul ~N,_-~Tid2/
~Tid2\ tBu/ F~F

2 ~Bu [/ F ~
iN - ~Tid?2
~Tid2/ ~ N

~N-_ ~Tid?2

10

15

20

25

FN'N ~ ~Tid2 02\ tBU/ . CF3 N'N

/| ~Serf 2\ tBu .~CF3 , ~N-. _ ~Ticd2 S 2\
SFA7HBPCFB ~N-. _ ~Tid2/ ( N2 ~8u ,...
N'N" ~Tid2 2 tBU CHZ(CF~-BCF3 N'N - ~Tid2 /.1 02 ~Bu CF3 F/ ( F F~ F

/ ° S 2 ~Bu CH2(CF~ 6CF3 ~N-gq

CF3 F/ | F F~

ethylene/octene copolymer-LLDPE-ata-polypropylene,

ethylene/octene copolymer-LLDPE-syn-polypropylene,

ethylene/octene copolymer-LLDPE-propylene/butene

copolymer,

ethylene/octene copolymer-LLDPE-propylene/hexene

copolymer,

ethylene/octene copolymer-ethylene/propylene copolymer-

ata-polypropylene,

ethylene/octene copolymer-ethylene/propylene copolymer-

syn-polypropylene,

ethylene/octene copolymer-ethylene/propylene copolymer-

propylene/butene copolymer,

ethylene/octene copolymer-ethylene/propylene copolymer-

propylene/hexene copolymer,
ethylene/octene copolymer-ethylene/butene
polypropylene,

ethylene/octene copolymer-ethylene/butene
polypropylene,

ethylene/octene copolymer-ethylene/butene
propylene/butene copolymer,
ethylene/octene copolymer-ethylene/butene
propylene/hexene copolymer,
ethylene/octene copolymer-ethylene/hexene
polypropylene,

ethylene/octene copolymer-ethylene/hexene

copolymer-ata-

copolymer-syn-

copolymer-

copolymer-

copolymer-ata-

copolymer-syn-

~Bu F~ F ~N-__

F

N



~Tid2/ ~StBuCF3 F/ (FF~-F ~N- ~Tid2\ 2 ~Bu CHZ(CF~6CF3 ~N ~TiGi 2 N
2 ~Bu SF714'1~5FFC3FIFiliF F\VF\F~\(F\ 1l FN..
N / Se~Tid2 ~ " "~Tid2 ~N" Tid2 ~N"" "Tid22 Se Se~Se~/ ) 2/ 2\
tBu ~ ~Bu \ ~8H. i 1 i i\ F\ G \ CF3 CH2(CF~-6CF3 N __ N _ _
SQ-Tid2 ~ s~§¢i7\édz(é~%v)‘ Tid2 ~NTidz/ 22 Se~Se~/ > 27 2\ tBu\
tBu\ tBu\ | tBu FN". ~TIG2FF ( FE,\ FPh ~N'~TiCz \ O-2 Ph F F~
| FRA FPh ,N ° ~Tid2\ 02

“~Tid2\ OPh FF ~F Ph ~N'

i\l ada ~-N'~Tid2\ OFi ~F~\ FPh 6N
~Tid2\ O

polypropylene,
ethylene/octene copolymer-ethylene/hexene copolymer-
propylene/butene copolymer,
ethylene/octene copolymer-ethylene/hexene copolymer-

5 propylene/hexene cépolymer,
ethylene/octene copolymer-ata-polypropylene-syn-
polypropylene,
ethylene/octene copolymer-ata-polypropylene-
propylene/butene copolymer,

10 ethylene/octene copolymer-ata-polypropylene-
propylene/hexene copolymer,
ethylene/octene copolymer-syn-polypropylene-ata-
polypropylene,
ethylene/octene copolymer-syn-polypropylene-

15 propylene/butene copolymer,
ethylene/octene copolymer-syn-polypropylene—
propylene/hexene copolymer,
ethylene/octene copolymer-propylene/butene copolymer—ata—
polypropylene,

20 ethylene/octene copolymer-propylene/butene copolymer-syn-
polypropylene,
ethylene/octene copolymer-propylene/butene copolymer-
propylene/hexene copolymer,
ethylene/octene copolymer-propylene/hexene copolymer-ata-

25 polypropylene,



2Phi ~F~FPh~N "~Tid2i Ha(CF2)eGFs N-°
F~FPh ,N-~Tidz\ O SF-?14 FF~~F
FN, TiG2yN2i H-~CFaasCHa N. ' TIQ2 /
2~ N2d N°  TId2 ~\N2y 3~

F\ FPh N _ ~Ttd2\ O
~T'id2, \ OCF3 Fi | F
F/ FIN -~ TIQZ ~~N2 . /
\. N2 FF/ BFLM4(PcT)TiO

83

ethylene/octene copolymer-propylene/hexene copolymer—-syn-
polypropylene,
ethylene/octene copolymer-propylene/hexene copolymer-

propylene/butene copolymer,

ata-polypropylene-polyethylene-syn-polypropylene,
ata-polypropylene-polyethylene-propylene/butene copolymer,
ata-polypropylene-polyethylene-propylene/hexene copolymer,
ata-polypropylene-HDPE-syn-polypropylene,

10 ata-polypropylene-HDPE-propylene/butene copolymer,
ata-polypropylene-HDPE~-propylene/hexene copolymer,
ata-polypropylene-ethylene/octene copolymer-syn-
polypropylene,
ata-polypropylene-ethylene/octene copolymer-

16 propylene/butene copolymer,
ata-polypropylene-ethylene/octene copolymer-
propylene/hexene copolymer,
ata-polypropylene-ethylene/propylene copolymer-syn-—
polypropylene,

20 ata-polypropylene-ethylene/propylene copolymer-
propylene/butene copolymer,
ata-polypropylene-ethylene/propylene copolymer-—
propylene/hexene copolymer,
ata-polypropylene-ethylene/butene copolymer~syn—

25 polypropylene,



AN

F/ FN ~ " TIC2i~N~2/ CR3N "~ TIC2NZCR3F~~FF/ FI/N"

Tid2 N2 SF-714 ~( '3'7 CFxCF3 ~N . -~nc / ( O/2 teu ~ ~ ~ ~/ FaC~ F3C
N ~Tida'N~"'.8C C'J) ~z 2~ C2 ~utBu F2tCF2~4C F3 N ' ~1'|CI§ -
~ ~~-JJ2 tBu SFWH (PETF3C/ FCC ~ Fr'No~-TIGx /'No~Tida ~_JJ2 ~ |

t8u teu F3 1 .r ~F gi ~TiclZ ~~~JJ2 1. tBu F3 F/ ,N' ~Tid2/ ~J2\ ~
teu O.2 Tidz 84

ata-polypropylene-ethylene/butene copolymer-
propylene/butene copolymer,
ata-polypropylene-ethylene/butene copolymer-
propylene/hexene copolymer,
5 ata-polypropylene-ethylene/hexene copolymer-syn-

polypropylene,

ata-polypropylene-ethylene/hexene copolymer-
propylene/butene copolymer,
ata-polypropylene-ethylene/hexene copolymer-

10 propylene/hexene copolymer,
ata~-polypropylene-ethylene/octene copolymer—syn—v
polypropylene,
ata-polypropylene-ethylene/octene copolymer-
propylene/butene copolymer,

16 ata-polypropylene-ethylene/octene copolymer-
propylene/hexene copolymer,
ata-polypropylene-syn-polypropylene-propylene/butene
copolymer,
ata-polypropylene-syn-polypropylene-propylene/hexene

20 copolymer,
ata-polypropylene-propylene/butene copolymer-syn-
polypropylene,
ata-polypropylene-propylene/butene copolymer-
propylene/hexene copolymer,

25 ata-polypropylene-propylene/hexene copolymer-syn-



FaC~wFN'~"'" ~Tid2 O-/2 tBu SF-714 ~:3 ~FF 'NOTiCl~1 z 1 teu
I~FF'N~TICz | OX~ WtHu | F'N ~TIiCE- O2tBu F~F'N" "TiCz O
2tBuusul " FFN. "' ~-T1Cz OJ~ ~l tBu F~FN.~ ~Tids | 0-J2 wtHu
~FF~F"@ﬁmQNﬁﬂm.l:FIFFFNo'ﬂOb'NmﬂOsi_H~42
~.1 x . t8u t9u ~

85

polypropylene,
ata-polypropylene-propylene/hexene copolymer-
propylene/butene copolymer,
syn-polypropylene-polyethylene-propylene/butene copolymer,
5 syn-polypropylene-polyethylene-propylene/hexene copolymer,
syn-polypropylene-HDPE-propylene/butene copolymer,
syn-polypropylene-HDPE-propylene/hexene copolymer,
syn-polypropylene-LLDPE~-propylene/butene copolymer,
syn-polypropylene-LLDPE-propylene/hexene copolymer,

10 syn-polypropylene-ethylene/propylene copolymer-
propylene/butene copolymer,
syn-polypropylene-ethylene/propylene copolymer-
propylene/hexene copolymer,
syn-polypropylene-ethylene/butene copolymer-

16 propylene/butene copolymer,
syn-polypropylene-ethylene/butene copolymer-
propylene/hexene copolymer,
syn-polypropylene~ethylene/hexene copolymer-
propylene/butene copolymer,

20 syn-polypropylene-ethylene/hexene copolymer-
propylene/hexene copolymer,
syn-polypreopylene-ethylene/octene copolymer-—
propylene/butene copolymer,
syn-polypropylene-ethylene/octene copolymer-—

25 propylene/hexene copolymer,



"N~ ~TiClz O2tBu F~FI Fr F,N.1. ~TiCex ~ 1 O-_JJ2 teu CF5 N. -~TiC

1~1 02 tt3u ~FF'N ~TiC4~ ~ ( OlIx tBu Fa FsC'N ~TiCh ~ | oTJz tBu F
FI w,F. F~F'N ~TiGs | O0J2 wtBu CFs i F3C'N -~TiC z %BUF~ i:CE::FS

| ~ | ~ FaC FsCSEFp4 (PCH)' "TiC>z "N TICs i O~ z ~l t8u t8u F~ ~
CFs FsC | ~ CFA FzCﬂ? ~)CFs "N~ "TiA~'N" '"TiCL~ C2\ | C2 tHu tBu CFs
FsC( wCFa FsC~ CFs "N~ "Tidz i ~ 2 ~het8 a SF-714

10

15

20

25

syn—polypropylene—ata—polypropylene—propylene/butene

copolymer,

syn-polypropylene-ata-polypropylene-propylene/hexene

copolymer,

syn-polypropylene-propylene/butene copolymer-

propylene/hexene

copolymer,

syn-polypropylene-propylene/hexene copolymer-

propylene/butene
propylene/butene
copolymer,

propylene/butene
copolymer,

propylene/butene
copolymer,

propylene/butene
propylene/hexene
propylene/butene
propylene/hexene
propylene/butene

propylene/hexene

‘propylene/butene

propylene/hexene
propylene/butene
propylene/hexene

propylene/butene

copolymer,

copolymer-polyethylene-propylene/hexene

copolymer-HDPE-propylene/hexene

copolymer-LLDPE-propylene/hexene

copolymer-ethylene/propylene copolymer-
copolymer,

copolymer-ethylene/butene copolymer-
copolymer,

copolymer-ethylene/hexene copolymer-
copolymer,

copolymer-ethylene/octene copolymer-
copolymer,

copolymer-ata-polypropylene-

and

copolymer,

copolymer-syn-polypropylene-



Bu F3C ,N--. ~Tid2 /I

O

CF3 ,N--_ ~Tidz ( 0-J2 teu CF3 ~N_ ,~TICI2 / | O2t
O2tBuFF~FF(/F,N _ _~Tid2/l 02 M0~tBu FF~FFI ~F'N
~TICI2i | O202N~tBuFF~FFI| ~F ,N__ ~Tid2 ~l Oz Ph CF2CF3
N--_ ~TiCl 2 $FQ2 (ROTEF3  N--_ ~TiCl / | O2 tBu i F2ICF2)4CFa ‘N ~Ti 2
2 tBu F3 CF3 N ~TiC /| (OI2tBUFFFFFFFFF,N__ ~TiG2/
J2tBu F3 F.N_ ~Tid2/ 1 02 87 ,

10

15

20

25

propylene/hexene copolymer.

Of these block copolymers, particularly preferable
are
polyethylene-polypropylene,
polyethylene-ethylene/propylene copolymer,
polyethylene-ethylene/propylene copolymer-polypropylene,
polyethylene-ethylene/propylene copolymer-LLDPE,
polyethylene-ethylene/butene copolymer,
polyethylene-ethylene/butene copolymer-LLDPE,
polypropylene-ethylene/propylene copolymer, and
polyethylene-LLDPE-HDPE, polyethylene-LLDPE.

The olefin block copolymer of the invention may be
bonded to other structural parts within limits not
detrimental to the objects of the invention, with the
proviso that it has the above structure. The polymer of
the invention may be a graft modified polymer.

The olefin copolymer can be favorably used for
various molding materials for films, sheets and blow

molded products, various additives such as

compatibilizing agent and modifier, coating materials and

adhesives. The use application will be described later.

The process for preparing the olefin block copolymer

of the invention will be described later.
The olefin block copolymer of the invention may have

a functional group at the terminal of the main chain.



tBu FSCF FSCF 'NO-Tid2 '"NOTid21 2\ 1 . 2 tButBu CF3 F. ~N-.
~TiGzi.l O2tBuCFS F~FFI .~FFI ,~F'NOTiAd2 '"NOTI Gz 2\ (
2 MO tBu MO tBUu CF3 F~FFI ~FFI ~F'NOTIiA2 '"NOTiCz\ | 2\
2 02N t8u O2NSFEMLMRCTF ~FF I ~FF I ~F'NOTIGZ '"N-OTiCG2 W ( 2w
| 2 Ph Ph FBCF ~N_ ~TId2 /(Oteu CFR3F~FF( ~F ,N-_~Tidz tBu
SF-714 CF2CF2CF3 ,N_.. " Tid2 ~~ z tBu ggZ(CF~6CF3 N Tid2 i

CH2(CF~~CF3 ~N'-. TiCf2 2 tl3u

10

15

20

Examples of the functional groups include the same groups
as previously described.

The olefin block copolymer having a functional group
at the terminal of the main chain can be favorably used
for various additives such as compatibilizing agent and
modifier, coating materials and adhesives. The use
application will be described later.

The process for preparing the olefin block copolymer
having a functional group at the terminal of the main
chain will be described later.

Next, the process for preparing an olefin polymer
according to the invention is described.

The process for preparing an olefin polymer
according to the invention uses an olefin polymerization
catalyst comprising the below-described transition metal
compound (A), preferably an olefin polymerization
catalyst comprising:

(A) the below-described transition metal compound,
and

(B) at least one compound selected from:

(B-1) an organometallic compound,
(B-2) an organocaluminum oxy-compound, and
(B-3) a compound which reacts with the

transition metal compound (A) to form an ion pair.



i H2(CFpCFs ~N . _ T|Cf2 , 2 wtBu CF2(CF~2CF3 , N— "Tid2 ~. 1 z tBu
CF2(CF~~CF3 ,N"_ " Tid2 z tBu CH2(CF~4CF3 N ﬂGZ(OZt%~[Mb|
F2(CF2)3CF3 ,N--_ ' Tid2 ~~ z tBu CH2CF2CF3 ~N~" "Tid2 ~~ z wtBut
H2( CFa~SCF3 ,d¥.: 2 02tBui Fz(CF~~CF3 ,N--" - rcl2 ~~ z tBu
CH2( CF~2CF3 % 7441(P§-§1 'z tBui H2(CF~gCF3 'N ' TiCz O2 tBu
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First, the components for forming the olefin
polymerization catalyst used in the invention are
described.

(A) Transition metal compound

5 The transition metal compound (A) for use in the
invention is a compound which is represented by the
following formula (I) and has properties that, in a B-
agostic structure of a cationic complex wherein X in the
formula (I) is replaced with a n-propyl group, said

10 structure being measured by a density functional method,
the distance (r value) between the heterocatom (Z), which
has no direct bond to the central metal M and is nearest
to the central metal M, and hydrogen at the B-position is
not more than 3.0 A and the electrostatic energy is not

15 more than 10 kJ/mol.

The "density functional method"” means calculation
using a program ADF2000.01 (developed by SCM Co.
(Netherlands), obtained by making a license contract with
SCM Co. and then downloading the program from the home

20 page (html://www.scm.com) of SCM Co.) and using BLYP
method. As the basis function, a Slater type orbital
function is used. As for the structure, a function of
Triple zeta type is used for the central metal, and a
function of Double zeta type is used for other atoms,

25 however, in the electrostatic energy evaluation, a



SF-714 (PCT) 141 In the above exanples, Bu denotes a butyl group. In the
present invention, transition nmetal conpounds wherein the titaniumnetal is
replaced with a netal other 5 than titanium such as zirconium or hafni um
in the above- ggurioQR@T§oNnpounds are al so enpl oyable. The process for
preparing the transition netal conmpound (A) is not specifically limted,
and for exanple, the transition netal conB@und represented by the formul a
10 (11'1) can be synthesized by allow ng a“Conpound (ligand precursor) which
beconmes a ligand in the resulting transition netal conpound to react with a
transition netal ML-containing conpound represented by M Xk (ML and X have
t he sanme neanfngstasnt hés@oublbl Zenad Xype wkeelb wWiarmd adqlddizatwmnsh k is a
nunber satisfying a valence of ML ) . The |ligand precursor is obtained by
al | owi ng a safiunyktabdehgdesednfoundtherr @aciswi t tha pesfBr YuaskhAencarpound
represented by the fornmula Rl1~-NH2 (R10 has the 20 sanme neani ng as

previ ously desseiibedyp suehthase amn@ﬂbe@QnQO@@Q@MQaﬂidﬂ1dﬁ|@Héﬂ€?&ﬁmum
conpound. Mre specifically, both of the starting conpounds are di ssol ved

in a sol vent.sAsutharsobwentnea B9l verticuswalll ¥aused sfalorsuchna reaction is
enpl oyabl e, and above all, an al cohol solvent 25 such as nethanol or

ethanol o5 a bydeotathenssetrent taHehtheSEt thEt(RED 2110:11% 120 25 as
toluene is preferable 142

corrections of Pauli's relativistic potentials are made.
The "electrostatic energy” means an electrostatic enerqgy
between hydrogen at the B-position and the nearest
heteroatom. More specifically, the electrostatic energy
10 is an interatomic electrostatic interaction based on the
electronic state obtained by assigning electrons obtained
by the complex calculation to those two atoms. The
electron referred to herein is each electron population
of s, p, d orbitals of the two atoms obtained by the
15 complex calculation (single-point calculation in the B-
agostic optimum structure obtained after the structural
calculation).
LMXn (1)
In the formula (I), M is a transition metal atom
20 selected from Group 3 to Group 11 of the periodic table,
preferably a transition metal atom selected from Group 4
to Group 5, more preferably a transition metal atom of
Group 4, specifically titanium, zirconium or hafnium,
particularly preferably titanium.

25 m is an integer of 1 to 6.



Then, the resulting solution is stirred for about I to 100 hours under the
conditions of roomtenperature to a reflux tenperature to obtain the
corresponding |igand precursor. In the synthesis of the |igand precursor,
an acid catalggizqgy@cps formic acid, acetic acid or toluenesulfonic acid
may be used. Use of nolecul ar sieves, magnesi um sulfate or sodiumsul fate
as a dehydrating agent or dehydration by %1Dean-8tark nmethod is effective
for the progress of the reaction. Then, the ligand precursor thus obtained
is allowed to react with a transition netal M -containing conpound to

synt hesi ze the corresponding transition netal conpound. Mre specifically,
the |igand precursorishuslsymdesogedingteidssol vhd canarsoél venal dn@nid
desired, the solution is contacted with a base to prepare a phenoxide salt.
Then, the solidiam ergahecsatrtinsrgaxed W uhnd hevahbi etcdepsundnsuch as a
netallic halide or a netallic alkylate at a | ow tenperature and stirred for
about 1 to 4&doarsadma(Lenpefahunesofio- d8Ceto boam tenpeeatene rarl under
the reflux conditions. As the solvent, a solvent usually used for such a
reaction is emptoyabl e, and above all, a polar solvent such as ether or
tetrahydrofuran (THF) or a hydrocarbon sol vent such as toluene is

preferabl g. As thesbage aseds f oigRnepakengcbhe phengyede salt, a metallic
salt such as a lithiumsalt (e.g., n SF-714 (PCT) 143 butylllthlun) or a

sodiumsalt (&d@iop éx@@é&'ﬂaﬂ%gf bg@ie@bnanaQég§mh§e@@§§t§U§|ﬂ;e§§th et hyl ani ne
or pyridine is preferable pendi ng upon the properties of the conpound

the 5 ligand precus oL ,Ead:bE, agxln%@dskeleteﬁct k¥ikgackeWeknt Bedt ransition
metal ML- contai ni ng conpound Wi thoutf preparation of the phenoxide salt, to

synt hesi ze thfu%?&cﬁfél@&fgkcgﬁ Lhapsi b%sﬁgh@' 1gegraouegcrabeus possible to

repl ace the net in the 10 synthesized transition netal conpound mnth

t her t - I
RIO and RLL 16 HAB: &op m%%%b%?f.“%‘ﬁgh?"g? SRS iy B AT oduced Tn

any staggy of the iyfth #% 5s possi ble to use the reaction solution of
t he 15 IlganJip?e urso and e'transition netal M- containing compound as

o b Lot P BB AT ORL Lo S e B e,
ret el compoungt (e Tk onedagioy %gﬁ%{eencgﬁzgaﬁ?fg Shoag1 (52-S5RhASHSP ©
Rl is a hydrocarbon group and any one of R3 and R% has
the later-described heterocatom or heteroatom-containing
15 group, namely, ligand skeleton wherein at least one of R1,
R3 and R4 has the later-described heteroatom or
hetercatom-containing group.
The ligand skeleton represented by the formula (II-
b) includes ligand skeleton of the formula (II-b) wherein
20 Rl is a hydrocarbon group and any one of R®, R7, R8 and
RY has the later-described heteroatom or heteroatom-
containing group, namely, ligand skeleton wherein at
least one of R, R6, R7, R8 and R® has the later-

described heterocatom or heteroatom-containing group.



Exanpl es of the organonetallic conpounds (B-1) which 25 are optionally used
in the invention include SF-714 (PCT) 144 organonetal lic conpounds
containing metals of Goup |, Goup 2 and Goup 13 of the periodic table,

such as thOSESﬁEﬁﬁ4¥@g¢)be|OML (B-1a) Organoal umi num compound represent ed
by the 5 following fornula: RamAl ( ORb ) nBpXqg wherein Ra and Rb nmay be
the sane or different and are 10 each a hégrocarbon group of | to 15 carbon
atons, preferably 1 to 4 carbon atons; X 'S a halogen atom and m n, p and
g are nunbers satisfying the conditions of 0<m3, O-n<3, O-p<3, 0OCg<3 and
mtn+p+q = 3. (B-1b) A kyl conplex conpound conprising a netal of 15 Goup 1
and al umi num and répeesented byetlkeéoholrepmiesgntedmilya:t el AbRadi 120 VIHET )ei n
M2 is Li, Na or K, and Ra is a hydrocarbon group of 1 to 15 carbon atons,
preferably 1 tociudasbbdhngatdmske(lBtbn) oformpeurfcd meprres@niod whetdien R10
follow ng formul a: 25 RaRbM SF-714 (PCT) 145 wherein Ra and Rb may be
the sane or differkptirandrave eachpa ahyidmegavhen ofr eip ,0fR1E,t ®115 gatbon
atons, preferably 1 to 4 carbon atons; and Mb is My. 5 Exanples of the
or ganoal uni nuandorpduhds ¢Belahter-described heteroatom or heteroatom-
5 containing group, namely, ligand skeleton wherein at
least one of Rll, R12, R13, R14 and R1S has the later-
described heteroatom or heteroatom-containing group.
The heteroatom is a nonmetal atom other than a
carbon atom and a hydrogen atom, and examples thereof
10 include atoms of halogen, nitrogen, oxygen, phosphorus,
sulfur and selenium.
n is a number satisfying a valence of M.
X is an oxygen atom, a hydrogen atom, a halogen atom,
a hydrocarbon group, an oxygen-containing group, a
15 sulfur-containing group, a nitrogen-containing group, a
boron-containing group, an aluminum-containing group, a
phosphorus-containing group, a halogen-containing group,
a heterocyclic compound residue, a silicon-containing
group, a germanium-containing group or a tin-containing
20 group. Plural groups indicated by X may be bonded to
form a ring.
When n is 2 or greater, plural groups indicated by X
may be the same or different.

Examples of the halogen atoms include fluorine,

25 chlorine, bromine and iodine.



i ncl ude: an organoal um num conpound represented by the follow ng formul a:
10 RamAl ( ORb ) 3-mwherein Ra and Ro nay be the sane or different and are
each a hydrocarbon group of 1 to I5 carbon atonms, preferably 1 to 4 carbon
atons, and mgp-74efrcBpl y a 15 nunber satisfying the condition of

| .5~m C3; an organoal um num conpound represented by the follow ng formul a:
RamAl X3_m 20 wherein Ra is a hydrocarbon oup of 1 to 15 carbon atons,
preferably 1 to 4 carbon atons, X is a halogen atom and mis preferably a
nunber satisfying the condition of 0<nx3; SF-714 (PCT) 146 an

or ganoal um num conpound represented by the followi ng fornula: RamAlH3-m 5
wherein Ra is a hygiaurddrogroup hydtocarbéncarbopsaioobudprefi&yably 1 to
4 carbon atons, and mis preferably a nunber satisfying the condition of
2~nx3; and 10ymrups gasioeah uas nueticphpoahdyt eppesppl edbhy yi hehkakliow ng
formul a: RamAl (ORb) nXg 15 wherein Ra and Rb nmay be the sane or different
and are each ectyidr avatpbn goadepy df addt ©id5sgar bepcabamky1pgebapabby B to 4
carbon atons, X is a halogen atom and m n and g are nunbers satisfying
the conditions af0 CamiZon Cridds, BQW aBdcPENsgert 1, 20yPabhbgyhar exanpl es
of the organoal um num conpounds (B-1a) include: tri- n-af]kyl al um nunms, such

as trimet8yl alarboniyl tan@tdydmml PUMa 1 k&hyD- §UbYH3] UBLBHMhs vinyl,
tripropyl al um num
propenyl and cyclohexenyl; arylalkyl groups, such as
benzyl, phenylethyl and phenylpropyl; and aryl groups,
such as phenyl, tolyl, dimethylphenyl, trimethylphenyl,
ethylphenyl, propylphenyl, biphenyl, naphthyl,

10 methylnaphthyl, anthryl and phenanthryl. In the
hydrocarbon groups, halogenated hydrocarbons, such as
groups wherein at least one hydrogen is replaced with a
halogen in hydrocarbon groups of 1 to 20 carbon atoms,
are also included.

15 The oxygen-containing group is, for example, a group
containing 1 to 5 oxygen atoms, but the later-described
heterocyclic compound residue is not included in this
group. A group containing a nitrogen atom, a sulfur atom,
a phosphorus atom, a halogen atom or a silicon atom, said

20 atom being directly bonded to the oxygen atom, is not
included either. Examples of the oxygen-containing
groups include hydroxyl group; alkoxy groups, such as
methoxy, ethoxy, propoxy and butoxy; aryloxy groups, such

as phenoxy, methylphenoxy, dimethylphenoxy and naphthoxy;

25 arylalkoxy groups, such as phenylmethoxy and



tripentylalum num trihexylalumnum trioctylalum numand 25

tridecyl al um num SF-714 (PCT) 147 branched-chain trial kyl al um nunms, such
as triisopropylalumnum triisobutylalumnum tri-sec butylal um num
tri-tert-butygplm(pmbtri-Z met hyl but yl al um num

tri-3-methyl butylalumnum tri-2 5 nethyl pentyl al um num

tri-3-nethyl pentylalumnum tri-4 nethyTpgRtylaluninum
tri-2-nmethyl hexylal um num tri-3 nethyl heXyl al um num and
tri-2-ethyl hexyl al um num tricycl oal kyl al um nuns, such as
tricycl ohexyl alum num and tricycl ooctyl al um num 10 triarylal um nuns, such
as triphenyl apuenpuathbodytr atetypkal gronpm ahdi akkeoylydl gmomwns, Waeg. , t hose

represented by the fornula (i-C4Hg) XAl y(CSH p)z (wherein X,

each a positivieenorbeen-aodtzi@xhg suohpasohbatinisi sepbeny ladlomyi g
al kyl al um num al koxi des, such as isobutyl al um num net hoxi de,

i sobutyl al um numbet hoxi derppe bsohut VisaliwmuHen 4800 apoxiSleilly 1 to 30,
di al kyl al um num al koxi des, such as di et hyl al um num 20 et hoxi de,

di et hyl al um
sesqui al koxi

10

15

20

25

et haxi de1apd dpbutyl al um num but oxi de; al kyl al um num

y and z are

es, such as ethyl al um num sesqui et hoxi de and butyl al um num
sesqui but gxi de; Bire 7441 £PETdontaining group is, for example, a group

containing 1 to 5 sulfur atoms, but the later-described
heterocyclic compound residue is not included in thisv
group. Examples of the sulfur-containing groups include
sulfonato groups, such as methylsulfonato,
trifluromethanesulfonato, phenylsulfonato,
benzylsulfonato, p-toluenesulfonato,
trimethylbenzenesulfonato, triisobutylbenzenesulfonato,
p-chlorobenzenesulfonato and pentafluorobenzenesulfonato;
sulfinato groups, such as methylsulfinato,
phenylsulfinato, benzylsulfinato, p-toluenesulfinato,
trimethylbenzenesulfinato and pentaflurcbenzenesulfinato;
alkylthioc groups; and arylthio groups. When the sulfur-
containing group contains carbon atom, the number of
carbon atoms is in the range of usually 1 to 30,
preferably 1 to 20.

The nitrogen-containing group is a group containing
1 to 5 nitrogen atoms, but the later-described
heterocyclic compound residue is not included in this
group. Examples of the nitrogen-containing groups

include amino group:; alkylamino groups, such as



148 partially al koxyl ated al kyl al um nunms, such as those having an aver age
conposition represented by Ra2. 5A1( ORb) 0. 5% di al kyl al um num ar yl oxi des,
such as diethyl al um num 5 phenoxi de, diethyl al um nun(2, ~-di-t-butyl -
nethylphenOX|§¥97 dﬁlunlnunbls(Z 6-di -t - butyl - 4net hyl phenoxi de),
dllsobutylalunlun( t - butyl - 4nmet hyl phenoxi de) and
|sobutylalun1nunb|s(2,6 di -t-butyl 4- et hyl phenoxi de); 10 di al kyl al um num
hal i des, such as di net hyl al um num chl ori d&] di et hyl al um num chl ori de,

di butyl al um num chl ori de, diethyl al um num brom de and dii sobutyl al um num
chl oride; al kyl al um num sesqui hal i des, such as ethyl al um num 15

sesqui chl ori dest gl athahaym dline SlegOar Chb pr d det Apdagt hyl abiprbpyl amino
sesqui brom de, partially hal ogenated al kyl al um nuns, e.g., alkylalum num

di hal i de sucharas &tihyt 1eufﬁ1rwm di eptosheey1 fhopyt akbal Aug dingAbokirde and
butyl al um num di br om 20 dlalky al um num hydri des, such as

di et hyl al um r&&”ﬂ;ﬁ]&’@fyﬁ@ml% byt ¥l EU%HHH‘ B%d'ﬁh%ﬁ%%ﬂd 5%‘{51&’4&3}%{&5‘8‘

hydri de partlally hydr ogenated a ky al um nuns, e. g., al ky al um num

di hydri des, %ﬁl%ﬁﬂyé al &mmﬁybmhgeagé ﬁ@‘éh?iﬁ%h%h%‘l%m
di hydri de; and 714" (PCT) 149 partially al koxyl ated and hal ogenat ed

| kyl al :?ﬂk g 1?@5 9%% I
gutgxscﬁloprgg an trnﬁfﬁluééﬁuneﬁl %P cbéor gg %%%*%%%bug] Eghp
conpounds angl ¢ L? the. > orgapggl é’%rﬂé‘mBQgp?i\igdléﬁe!:Q&esE%b%éa”p' €,
there can be mnen |one organoalurnlnun1conb S erern two or nore

heterocyclic compound residue 1is not included in this

group. An example of the boron-containing group is BR4

(R is hydrogen, an alkyl group, an aryl group which may
10 have a substituent, a halogen atom or the like).

The aluminum-containing group is, for example, a
group containing 1 to 5 aluminum atoms. An example of
the aluminum~-containing group is AlR4 (R is hydrogen, an
alkyl group, an aryl group which may have a substituent,

15 a halogen atom or the like).

The phosphorus-containing group is, for example, a
group containing 1 to 5 phosphorus atoms, but the later-
described heterocyclic compound residue is not included
in this group. Examples of the phosphorus-containing

20 groups include trialkylphosphine groups, such as
trimethylphosphine, tributylphosphine and
tricyclohexylphosphine; triarylphosphine groups, such as
tripheylphosphine and tritolylphosphine; phosphite groups

(phosphido groups), such as methylphosphite,



al um num conpounds are conbi ned through a nitrogen atom such as

(C2H5) 2AIN( C2H5) A1( C2H5) 2, Exanpl es of the conmpounds (B-1b) i nclude

Li Al (C2H5)4 10 and Li Al (C-H15)g. O her conpounds, al so enpl oyabl e as the
organonet al | igFgaaq@@ms (B-1) include methyllithium ethyllithium
propyllithium butyllithium nethylmagnesiurn brom de, nethyl magnesi um
chl oride, 15 ethyl magnesi um brom de, ethyg gnesi um chl ori de,

propyl magnesi um br om de, propyl nmagnesi um chl ori de, butyl magnesi um brom de,
but yl magnesi um chl ori de, di net hyl magnesi um di et hyl nmagnesi um

di but yl magnesi um and butyl et hyl magnesi um Conbi nati ons of conpounds 20
capabl e of preyducipitraiel b oved nehenvheldo spyaheal DhvaRhrEdApoahds in the
pol ymeri zati on system e.g., a conbination of hal ogenated al um num and

al kyl I'i t hi umarndiey condi plae $pnintc hatbdgepnved- al um num and al kyl magnesi um
are al so enpl oyabl e. SF-714 (PCT) 150 O the organonetallic conpounds
(B-1), the organod:umpies coffpoundsa bogeptedet abhéng Thecopganoneudkl i c
conmpounds (B-1) nentioned above are used singly or in conbination of two or
more ki nds. S5t{BR)n<rgembal whaugraxys cospoands TREcoaydnBaKanm num
oxy-conpound (B-2) which is optionally used in the invention may be
convent i obal ilom noxanenorimibengeners nsoliabl @sofyanoahdnBhlinpexyntd
conmpound such as exenplified in Japanese Patent Lai d-Qpen Publication No.
78687/ 1990. Thelionventtahal nal gnmoupxansuchnabeIpgepared by, for exanpl e,
the follow ng processes, and is generally obtained as a hydrocarbon sol vent

solution. 15 (1) AtkAkgpdal it minhSOIPOLNEL sdCho@sothdakkykalhbal numi s
added to a hydrocarbon nedi um suspensi on of a conpound cont ai ni ng

adsorption vaf,gf1 e & S du&ond i Hif‘ﬁo?‘@ﬁ%oﬁﬁa%ﬁ&a Lbggti 90chead:
magnesi um chl ori de hydrate, copper sulfate hydrate, alum num
pyrrole, pyridine, pyrimidine, quinoline and triazine;

10 residues of oxygen-containing groups such as furan and
pyran; residues of sulfur-containing groups such as
thiophene; and groups wherein these heterocyclic compound
residues are further substituted with substituents such
as alkyl groups of 1 to 30 carbon atoms, preferably 1 to

15 20 carbon atoms, or alkoxy groups.

The silicon-containing group is, for example, a
group containing 1 to 5 silicon atoms. Examples of the
silicon-containing groups include hydrocarbon—substituted
silyl groﬁps, such as phenylsilyl, diphenylsilyl,

20 trimethylsilyl, triethylsilyl, tripropylsilyl,
tricyclohexylsilyl, triphenylsilyl, methyldiphenylsilyl,
tritolylsilyl and trinaphthylsilyl; hydrocarbon-
substituted silyl ether groups, such as trimethylsilyl

ether; silicon-substituted alkyl groups, such as

25 trimethylsilylmethyl; and silicon-substituted aryl groups,



20 sulfate hydrate, nickel sulfate hydrate or cerous chloride hydrate, to
al |l ow t he organoal um num conpound to react with the adsorption water or the
wat er of crystallization. (2) Water, ice or water vapor is allowed to 25
directly act gp-Am g:ugapoal um num conpound such as SF-714 (PCT) 151

trial kylalum numin a nedium such as benzene, toluene, ethyl -ether or
tetrahydrofuran. (3) An organotin oxide sggh as dinethyltin oxide or 5

di butyltin oxide is allowed to react with“an organoal um num conpound such
as trialkylalum numin a nedium such as decane, benzene or toluene. The

al um noxane may contain a small amount of an 10 organonetal |ic conponent.
Further, it isupbsssbteinbbhyihelgdbtentlor Whenubheasigdconganoal um num
conpound is distilled off fromthe recovered sol ution of alum noxane and

t he remai ndercostaedisgobvedpi noatadcheentrobnsuspendetel numbepaolosSol vent
for al um noxane. Exanples of the organoal um num conpounds used for 15
preparing thecatbonnexane ischitudehtheasgseodr ganaallymingm gogpounds as
previ ously described with respect to the organoal um num conpound (B-1a). O
t hese, preferpbeéecpsiglyriatkybal um nuns and tricycl oal kyl al um nuns.
Particularly preferable is trimethylal um num The organoal um num conpounds
are used & ngly orgiksmg0le€08bi Pt g8rQAbnt WR-EHnERE A1 khNdsoubsanplasf the
sol vents used for preparing the 25 al um noxane includé aronatic

hyqrocafb0n51g§&§$saﬁh@?@iﬁ”@ili@BHeﬂ§1réﬁhgegd RYPBNG2RA GBS the
al i phati c hydrocarbons, such as pentane, hexane, heptane, octane, decane,

dodecane, hexadecangendopehadeeansn-abhe¥thifg goEugl4 (PCT)
Examples of the tin-containing groups include groups
wherein silicon is replaced with tin in the above-
10 mentioned silicon-containing groups.
As the transition metal compound (A) for use in the
invention, a compound represented by the following

formula (II-a) or (II-b) is available.

15

ce.{II-a)

20 wherein N---M! generally means that they are coordinated
to each other, but in the present invention they are not
always coordinated.

In the formula (II-a), Ml is a ﬁransition metal atom
selected from Group 3 to Group 11 of the periodic table,

25 preferably a transition metal atom of Group 4 to Group 5,



152 hydrocarbons, such as cycl opentane, cycl ohexane, cycTooctane and

nmet hyl cycl opent ane; petrol eum fractions, such as gasoline, kerosine and gas
oi | ; and hal ogenated products of these aromatic, aliphatic and alicyclic 5
hydrocar bons @F-794,(PgT)orinated or brom nated products thereof). Also

enpl oyabl e are ethers such as ethyl ether and tetrahydrofuran. O the
solvents, particularly preferable are aroggtic hydrocarbons and aliphatic
hydr ocarbons. 10 The benzene-insol ubl e orgghoaluninun1oxy-conpound for use
in the invention is preferably an organoal um num oxy- conpound cont ai ni ng an
Al conponent which is soluble in benzene at 60 C, in an anount of usually
not nore thanSPecYf igedfler Aliltamiotm, norier ddraiund, tha frairin C ukaid g1 &b,
preferably not nore than 2 o, in terns of AL atom That is, the

benzene- i nsol nbbeiumganealtartiunumroxyrec dipeyndnd e ief el yy insol ubl e or
sparingly soluble in benzene. The organoal um num oxy-conpound for use in

t he inventi ontiransfian cex aeplag, aa@mroqamajdyﬁmurgg@@/rﬁmq%nii@a&%ai ni ng
boron and represented by the following fornula (I'V) R22 RRI R2z Al-O B-0-Al

R2 R22 (| V ki2BoniSf- 6k4haRPETuml 53 teher eidtRek d i @ hydracarbat, group of
1 to 10 carbon atons; and each R22 nmay be the sane or differentqg%d is a

hydrogen & om a hgl egen at @ro@enaaRyEr e¢anben yG-ouR o 14 Larbon
atons. 5 The organoal um num oxy- conpound contal ni ng boron anélrepresented

by the fornul aupkY)teantbga2prepared-hy allow ng an al kyl boronic acid
represented by the followng fornmula (V): 10 R21-g-(OH)2 (V) wherein R21 is

the same group as deserihed. ghakeacha I agh hih AR ganaalui pum.compound

in an inert solvent at a tenpérature of o roo tenper for 1

mnute to 24 BQUESnQEQSQeﬁnakBﬁrBagaﬁgagngﬁgg%ﬁ Ue%%aggl%iN%%55hs,
al kyl boroni ¢ aci ds repréesented by
Rl is a hydrocarbon group having at least one
10 heterocatom or a hydrocarbon group having at least one
heteroatom-containing group. Examples of the heteroatoms
include atoms of halogen, nitrogen, oxygen, phosphorus,
sulfur and selenium. The heteroatom-containing group is
a group containing a nonmetal atom other than a carbon
15 atom and a hydrogen atom, and examples thereof include an
oxygen-containing group, a nitrogen-containing group, a
sulfur-containing group, a phosphorus—containing group, a
halogen atom-containing group and a heterocyclic compound
residue. Examples of the oxygen-containing groups, the
20 nitrogen-containing groups, the sulfur-containing groups,
the phosphorus-containing groups and the heterocyclic
compound residues include the same groups as previously
described with respect to X in the formula (I). Examples

of the halogen-containing groups include groups wherein

25 at least one hydrogen is replaced with halogen in the



the formula (V) include nethyl boronic acid, ethylboronic acid,

i sopropyl boroni c acid, n-propyl boronic acid, n butyl boronic acid,

i sobut yl boroni ¢ acid, n-hexyl boronic 20 acid, cycl ohexyl boronic acid,

phenyl bor oni cgpurivd, (FGP) di f | uor oboroni c aci d, pentafl uorophenyl boronic acid
and 3,5-bis(trifluoronethyl)phenyl boronic acid. O these, preferable are
nmet hyl boroni ¢ acid, n-butyl boronic acid, ggobutyl boronic acid,

3, 5-di fl uorophenyl boroni c acid and 25 pentafl uorophenyl boronic acid.

SF-714 (PCT) 154 These al kyl boronic acids are used singly or in conbination
of two or nore kinds. Exanples of the organoal um num conpounds to be
reacted wth hydretiksthooronderacdd intbudé thebsanstsmer gamedeuaiodyml
conpounds as previously described with respect to the organoal um num
conpound (B-l&) .20 catlese, apores er abte asealkyal gybapam(rugs ,ameéthyl,
tricycl oal kyl al um nuns. Particularly preferable are trinethylal um num
triethylal umetinybndod®p ¢l i lsobyl yl Akxpil puoct¥heseocayfandabentyiurmnconpounds
are used singly or in conbination of two or nore kinds. The organoal unm num
oxy- conpoundse{db2)1 Nentionedl POV rauesusEd 3sitrRgly0 @adbbre andumat ( ©ng of
two or nore kinds. 15 B-3) Conmpound which reacts with the transition netal

conpound 6A) ¢@RcfOsamt PN, PayE1dhexgoNPAYRBoLBy ) anhi eRaheaetig)With a
transition nmetal conpound (A) to forman ion pair (referred to as 20

"ionizing i ond Cx&RPPOYRSupHer el §af t ihy1t hatoben9pt kaRakk¥14ses iy it)he
invention, includes Lew s acids, an ionic conpounds, borane conpounds and

carborane conpoydsy Ges f&@gg (8. dapapgss Eatgﬂgn§§ggh enpRublications No.
501950/1989, No. 5020367 1989, No. 2 [ 79605/ 1 91, "No. 179006/ 1991, No.

207703/ 1991 gk N0y pr o1 114n&PET)118P0ups (e.g., phenyl, tolyl,

dimethylphenyl, trimethylphenyl, ethylphenyl,
10 propylphenyl, biphenylyl, naphthyl, methylnaphthyl,
~anthryl and phenanthryl). Specific examples of such
groups include trifluoromethyl, perfluoroethyl,
pentafluorophenyl, perfluorohexyl, trichloromethyl,
perchloroethyl, pentachlorophenyl and perchlorohexyl.
15 Rl is preferably a halogen atom-containing
hydrocarbon group of 1 to 30 carbon atoms, particularly
preferably a fluorine-containing hydrocarbon group of 1
to 30 carbon atoms.
Specifically, Rl is trifluromethyl, perfluorocethyl,
20 perfluoropropyl, perfluorobutyl, perfluoropentyl,
perfluorohexyl, perfluoroheptyl, perfluorooctyl,
perfluorodecyl, 1H,1H-perfluoropropyl, 1H,1lH-
perfluorobutyl, 1H,lH-perfluoropentyl, 1H,1H-
perfluorohexyl, 1H,1H-perfluoroheptyl, 1H,1H-

25 perfluorooctyl, 1H,lH-perfluorodecyl, perfluorocyclohexyl,



207704/1991, and U.S. Patent No. 5,321,106. A heteropoly conmpound and an

i sopoly conpound may al so be enployed. The Lewis acids are, for exanple,
conmpounds represented by BR3 (Ris fluorine or a phenyl group which 5 rnay
have a substigpent4 greh) as fluorine, nethyl or trifluoromethyl). Exanples
of such conpounds include trifluoroboron, triphenyl boron,
tris(4-fluorophenyl)boron, tris(3,5-dif|qqkpphenyl)boron,

tris(4fl uoronet hyl phenyl)boron, tri.s(pentafluorophenyl)boron, 10
tris(p-tolyl)boron, tris(o-tolyl)boron and tris(3,5 dinethyl phenyl)boron.
The ionic conpounds are, for exanple, conpounds represented by the

fol | owi ng forpelalysrymetBydcreioRedyR24-bip (O R2Bl Rerometizy I nicyhkohboyé,
formula, R23 is H+, carboniumration, 20 oxoniumration, amoniumration,
phosphoni um riatibhporywebheptyhvrpepylohakiyon, mbertdcemopimengtli,on havi ng a
transition netal, or the like. R24 to R27 may be the sane or different and
are each an odgfhucrgpbapylpretefabbycpheayyl geowpfduoaopbesyhstituted
aryl group. SF-714 PCT) 156 Exanples of the carboniumrations include tri

substituted casboafunvraphensgl, suchiasubrbpbenyll¢peboaifimmorabhemyl,
tri (met hyl phenyl ) carboniumration and tri(dinethylphenyl)carboniun1ration.

5 Exanpl e$ of (thef Biopohethy @l EDNSrbpEEHYE, t EraltkybaamerhyTphahians, such
as trlnethylannonlun1rat|on trlethylannonlun1rat|on tripropyl anmoni um

ration, tribubysefPpni usrbabtRN1 aﬁﬁlehw( Nt bukYk}amuBrdmMetalilgRdhenyl,
N, N—dlalkylanlllnlun1rat|ons such as N, N 10 dlnethylanlllnlun1rat|on

N, N-d|ethylantétpéygg(@%igpugggmgkh? ) Anénp @ntanethylanlI|n|un1rat|on and
di al kyl ammoni um rati ons, such as di |sopropy )annonlum

pentakis(trifluoromethyl)phenyl, perfluoroethylphenyl,
bis (perfluorcethyl)phenyl, perfluoropropylphenyl,

10 perfluorobutylphenyl, perfluoropentylphenyl,
perfluorohexylphenyl, bis(perfluorohexyl)phenyl,
perfluoronaphthyl, perfluorophenanthryl, perfluoroanthryl,
(trifluoromethyl)tetrafluorophenyl or the like.

RZ to RO may be the same or different and are each a

15 hydrogen atom, a halogen atom, a hydrocarbon group, a
hydrocarbon-substituted silyl group, an oxygen-containing
group, a nitrogen-containing group, a sulfur-containing
group, a boron-containing group, an aluminum-containing
group, a phosphorus-containing group, a halogen-

20 containing group, a heterocyclic compound residue, a
silicon-containing group, a germanium-containing group or
a tin-containing group. Two or more of RZ to RO may be
bonded to form a ring.

Examples of the boron-containing groups, the

25 aluminum-containing groups, the phosphorus-containing



“ N, Ndi et hyl ani | i ni

rati on and di cycl ohexyl ammoni um rati on. Exanpl es of the phosphoniumrations
i nclude 15 triaryl phosphoni um rations, such as triphenyl phosphoniumrati on,

tri(nethylphe@#i)pggﬁgﬁgniun1ration and tri (di net hyl phenyl ) phosphoni um _
ration. R23 is preferably carboniumration or ammoniumration, particularly
preferably triphenyl carboniumration, 20 N, N-di net hylaniliniumration or

N, N-di ethylaniliniumration. Also enployaﬁ¢b as the ionic conmpound is a
trial kyl substituted ammoniumsalt, a N, N-dialkylaniliniumsalt, a

di al kyl ammoni um salt or a triaryl phosphoni um salt. SF-714 (PCT) 157

Exanpl es of theotpkal k- subsigehniemh RMRMUM RIS i1 L}F@c%rociﬁsjbic
en

tri et hyl ammoni unt etra( phenyl ) boron, tripropylamodniuntetra(p or on,

tri (nbutyl)amseppyahet FacpBeRY,) RO 13 con-contain;
trinethylannnniuntetra(p-tolyl)borgh,ltH%%&l%ﬂ%ﬂ%ﬁﬂﬁqﬁn%ﬁﬂgﬂﬁﬂt%ﬁ%l)boron

tri(nbUty|)a”&EBhHHE@ELQQH%BH%HEEOQQQQEQy%@%QQ%%’tin—containing groups

tri propyl ammoni unt et r a( o, p- di net hyl"phenyl ) bor on,

tri(nbutyl)ammpgiugteyr m di_metshyl | ) boraon, tri(n 10
butyl)annnniuntetrg}p-t??PFuogSggthépgﬁgﬁél%bgrgﬁ?e groups as

tri (nbutylg a%bﬂ%@&??g%a%}g:b%% fJ:4Qr Orme%tpgeyrglpquseon%% )frﬁrgl'?e aj?grmula (I).

tri(n-butyl) niunt e boron. e

N, N-di al kyl ani | i ni include, N, N-di net hyl ani |l i ni untetra(phenyl ) boron,
N, N 15 diethylaniI?%%ﬁﬁéégr3?pkgﬁypf%898ﬁ_5ﬁ8¥alnlng groups indicated

N, N-2, 4, 6pentapethyl anp ki niunt et r a( phenyl ) boron. Exanpl es of the
dialkylannnni% %al g Pncﬁﬁagﬁgﬁ(?ge Sahe’ groups as previously
propyl)annnniggtetrﬁégent | uor o henél)bgron and
di cycl ohexy! aimdRf b tWé? h@ﬁﬁpgﬁar A. R201ButtRed c&mplay dBileads the ionic
conpounds are tripﬂggééfarbe i unt et r aki s( pent af | uor ophenyl ) bor at e,
aRi Sf peiitalVH5PE6pREAYI PEBEREeindicated by R2

ferrocen%&ntetraégentaLlaorthenyl)borate
tri phenyl'@ar behi Unpeht apA&nyResel 8hent 48i eAyFagbapl axoms.SF- 714 (PCT) 158
N,N—diethylaniIinigngentaphenylcyclopentadienyl conpl ex and a boron
conmpound repreélent eHCdYLY het FRFfUFAn(VF| PencEgnedHst cBi gz -BhBin or

branched alkyl groups of 1 to 30 carbon atoms, preferably

1 to 20 carbon atoms, such as methyl, ethyl, n-propyl,

isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl,

15  neopentyl and n-hexyl; straight-chain or branched alkenyl
groups of 2 to 30 carbon atoms, preferably 2 to 20 carbon
atoms, such as vinyl, allyl and isopropenyl; straight-
chain or branched alkynyl groups of 2 to 30 carbon atoms,
preferably 2 to 20 carbon atom, such as ethynyl and

20 propargyl; cyclic saturated hydrocarbon groups of 3 to 30
carbon atoms, preferably 3 to 20 carbon atoms, such as
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
adamantyl; cyclic unsaturated hydrocarbon groups of 5 to

30 carbon atoms, such as cyclopentadienyl, indenyl and

25 fluorenyl; aryl groups of 6 to 30 carbon atoms,



~--~CF 4 (M) wherein Et is an ethyl group, or the fornmula (VII1): 10 Na

(V') 4 Exanpl es of the borane conpounds include 15 salts of netallic

car borane ani 5 ; ' S

tri(n-butyl)a%ﬁgZﬂaxg?g?nonahydrido-1,3dicarbanonaborate)cobaltate(HI),

tri(n-butyl)ammoni unbi s(undecahydri do- 7, 8di car baundecaborate)ferrate(TI1),

20 tri(n-butyl)amoni unbi s(undecahydri do- Y08

di car baundecaborate)cobaltate(ll1),

tri(n-butyl)ammoni unbi s(undecahydri do- 7, 8di car baundecabor at e) ni ckel ate(111)

, tri(n-butyl parferiabryi % wedegaedd G0-24 S5

di car baundecaborate)cuprate(lll), SF-714 (Pé%?jiégsphenyl' benzyl,

tri(n-butyl) amapni-urni,sOyRBRGE rigo- j ba cahgrate)aurate(lll),
A e e A

tri (n-butyl)amoni unbi s(nonahydri do aborate)fer
rate(lll), 5 thryl; d _ .
tri (n-but yl)amoni Grbi o nonahydr i de S - i St HY L 798RS bilRReg Shdravd) chr

omate(lll), i50- _ . ,
tri(n-buty!)aﬁﬁgnP6§€¥%FPFFK}6n%ogﬁgﬁﬁﬁﬁﬁﬁﬁﬁ,§&Wﬁ£ﬁ%ﬂ%ﬁ%@§b&ﬂﬁeﬂh@%altat
e(lll), tq;s[gﬁtQngghﬁglannDnlun]bls(undecahydr|d0-7 10

car baundecabor ate) chromate(l11),

bis[tri(n-butyl)anypgiggL9g§&gQg§

C
@)

bis tri(n-but pup i bi.s{ undecahydr.i do- 7car baundecabor at e) cobal tat e( | |

) aLd 1% ¥b%§ ngg1w1 E ogge %ydrocarbon groups, and e&amples (

bis[tri(n-butyl) ni um bi s(undecahydri do- 7car baundecabor at e) ni ckel ate(1V)
The heterop%%ygggﬁp%ﬁﬂ pﬁo%ﬁ??&é@ éﬂkgﬂoﬁﬁéﬂp§iﬁp@éﬁ}tpﬁ@§pwd¢wsaryl
titanium gerpanium arsenic or tin and one or nore atons sel ected from
vanadi um ni obf OAFS ndRGBdRRAURTRBY AnBnEuREBYén. Exanpl es of such conpounds
i ncl ude q@osphovaggdic ﬁ%id’ ger manovanadi ¢ aci d, arsenovanadi ¢ aci d,
phosphoni'obi ¢ aci *YEefont obie BrfHEOCarPproABPYbrBtadi dilyl groups
phosphonol ybdj ¢ aci d, titaqgnnlybgip aci d, germanonol ybdi ¢ aci d,
ar senonol ybdi AT H 2%t AhnbPoRybénel ude dthphesphot uhgsBDccaebdn  SF- 714
PCT) 160 germanotungstic acid, stannotungstic acid, phosphonol ybdovanadic
aci d, phosphdt t ovAR&dife Cacily,, deravenctauriys troarsmantied avdtthylsilyl,
phosphonnlyb%g{un stovanadi ¢ aci d, gernanonol ybdot ungstovanadi c acid, 5
phosphonol yb bt et d, t pHes okl yptonéohytsatyl, daeeah{isisghts of
these acids, specifically, salts of these acids, for exanple with netals of
Group 1 or 2 O eHy perivei dirmey buethabs11yhj vty isloshyns i pet assi um
rubidiun% cesium beryllium magnesium calcium 10 strontium and barium
and orgahPc sHmaEhsflahan ooV laci dsnatuohl as-mit 11 tipheayd et hyl sal t, but
not limted thereto. The ionizing ionic conpounds (B-3) nentioned above
dlmethyl(pentafluorophenyl)silyl. Of these, preferable

ahydri do- 7car baundecabor at e) manganat e( |
neé T’ly rocarE:on groups may )be g ( V)
a
r

are methylsilyl, dimethylsilyl, trimethylsilyl,
ethylsilyl, diethylsilyl, triethylsilyl,
dimethylphenylsilyl and triphenylsilyl. Particularly
20 preferable are trimethylsilyl, triethylsilyl,
triphenylsilyl and dimethylphenylsilyl.
Examples of the oxXygen-containing groups indicated
by RZ2 to R5 include the same groups as previously

described with respect to X in the formula (I).



may be used singly or in conbination of two or nore kinds. If the
transition netal conmpound (A) is used as an 15 olefin polynerization

catal yst and gp;pPg@ﬂgiguninun1oxy conmpound such as net hyl al um noxane is
used as a co catal yst nponent in conbination with the conmpound (A), the

ol efin polynerization catal yst exhibits extrenely high polynerization
activity to olefins. 20 In the present irM¥htion, the transition metal

conmpound represented by any one of the formulas (1), (Ila), (lIl-b) and
(I'1'1) may be used singly as an olefin polynerization catalyst, or there may

be used an ol efi n pPRiyPELELZEEI cat c Lst.ng: A) the transjtion
netal conpound, and %E-714 (gg%)a%g%xéé§ ggnﬁégggggn§§8gﬁ%o&ﬁf¥ﬁﬁ ed

from (B-1) oxyapgak bim n B- rganoal.um num
oxy-conpound?ﬁ%nd (B- 3) glggg%§§239§hg3ﬁgr8§éP§gm§§hpFﬁglguFﬂahsition net al

conpound (A) &@sépm@nwigﬂ P@%gefHFgghﬁ %angieit kgggﬁ%ggggomound (A)

represented by 10 15 the fornu I's”us on with the

conponent (B), a Gy r epr nted by the following formula (Ill-a) is
formed in the polynerlzg ?oﬁps§§$eﬁ¥gﬁﬁ% FORTI LAY E%EPEF'XﬁﬁﬂCﬁMedlz O.
e above fornmula, R10 to R15, M, m n and

R13 ~ R15 w2 - lra),ln t
X have thg Eg) Iﬁidﬁ?&%i %%g}%%%ep%? APt BT REBS RE, PARVACHAAYX in the

formula (111) Y 'S so-cal | ed weak coordination_anion. 20 In the
formul a (III-%5%%gﬁ%§x%dﬁ%t%ef%%%ﬁcYhEOn%téP Mangoymwhy &) a coval ent bond

or an ionic bond. i.S r exanple, a weak coordi nati on ani on
ﬁé td gé)are é@%h preferably a hydrogen atom, a

halogen atom, a hydrocarbon group, a hydrocarbon-
substituted silyl group, én oxygen-containing group, a
10 nitrogen-containing group, .a sulfur-containing group or a
halogen-containing group, more preferably a hydrogen atom,
a halogen atom, a hydrocarbon group, a hydrocarbon-
substituted silyl group or a halogen-containing group.
Examples of the halogen atoms and the halogen-
16 containing groups indicated by R?2 to RS include the same
atoms and groups as previously described with respect to
Rl in the formula (II-a).
n is a number satisfying a valence of Ml,
specifically an integer of 2 to 4, preferably 2.
20 X is an oxygen atom, a hydrogen atom, a halogen atom,
a hydrocarbon group, an oxygen-containing group, a
sulfur-containing group, a nitrogen-containing group, a
boron-containing group, an aluminum-containing group, a
phosphorus-containing group, a halogen-containing group,

25 a heterocyclic compound residue, a silicon-containing



described in "Chem cal Review', vol. 88, p. 1405 (1988), "Chem cal Review',
vol . 97, p. 927 (1993), or W98/ 30612, SF-714 (PCT) 162 p. 6, and

speci fic exangle f include the follow ng conpounds: AlR4wherein each
R may be thenggﬁé“%pﬂé??ferent and is an 5 oxygen atom a nitrogen atom a
phosphorus atom a hydrogen atom a hal ogen atom a substituent containing
any of these atoms, an aliphatic hydrocarl®h group, an aromatic hydrocarbon
group, an alicyclic hydrocarbon group, a substituent wherein an aliphatic,
aromatic or 10 alicyclic hydrocarbon group is substituted with an oxygen
atom a ni trgﬂ%‘uﬁﬁ Of g8rRBASRACEUA AL ATHES g‘f%o*&?! Qgen. %Hgim Htadning

substi t uent erein an aliphatic, aromati ¢ or alicyclic hydrocarbon group
is substituted-dibh am.sufistdd ueptshayi ngAn g LLr n atom a
15 phosphorusgato%1or a hal ogen aﬁonl BR4 mﬁé%e?ﬁogggﬂlﬁﬁﬁgggbggghe sane

or di fferent gudeis,an;0xygen,alom o2 piLLodey, 3 ol 3. phosphorus atom a

hal ogen atom a substituent rning - any o ese at OiTs, n aliphatic

hydrocar bon group. n&ﬁrﬁn?ﬁiEth?EQﬁQEQOQIgrOUp’.an alicyclic hydrocarbon

group, a substituen erein an alrphatrc, "aromatic or alicyclic

hydr ocar bgn group }J ubstityted with, an oxygen.atom a nitrogen atom

phosphorug aton1orwégﬁaTob%nya?ﬁngrg?tgrsugggfﬁ&eﬁfgggsmﬁQPéF%tﬁﬂ Ey X

aliphatic, aromatic or alicyclic hydrocarbon SE-714 (PCT) 163 group is

substituted Wih %?sg%%t??ﬂ n?rhg%¥ﬁ8r§ﬁ£0x?68nng6ﬁﬁ %rHFP?oééﬁ%ﬁﬁﬁﬁdza

phosphor us aton1gr a hal ogen atom PF6-; SbRS-; trifluoronethane sulfonate;

and p 5 tol udhe SUTF Bt SORfRd oF 8f FRTBoPyFePPzat i on catal yst enpl oyable in

the invention can contain the following carrier (C and/or the

| at er -descri bed organic conpoynd (D), if necessary, in addition to the

transition netal conpound (A) and at 10 | east one conpound (B) (sonetines

referred to as a "conppnent (B)\ hereinafter) selected fromthe

organonetal | i ¢ conpound (B4%), “tlne organoal um num oxy conpound (B-2) and

t he ioniﬂﬁng i oni c cor ogDE\(B-B‘AMxn
Q® N,

\ /
S=T

e . (II-b)

wherein N---M1 generally means that they are coordinated
15 to each other, but in the present invention they are not
always coordinated.

In the formula (II-b), M! is a transition metal atom
selected from Group 3 to Group 11 of the periodic table,
preferably a transition metal atom of Group 4 to Group 5,

20 specifically titanium, zirconium, hafnium, vanadium,
niobium, tantalum or the like, more preferably a
transition metal atom of Group 4, specifically titanium,
zirconium or hafnium, still more preferably titanium.

m is an integer of 1 to 5, preferably 2 to 4, more

25 preferably 2.



15 (C) Carrier The carrier (C) optionally used in the invention is an
i norgani c or organic conpound in the formof granular or particulate solid.

As the inorgarg,_c_ gggpmds, por ous oxi des, inorganic halides, clay, clay

m nerals or ion Z X nge | ayered conpounds are preferable. Exanpl es of

t he porous oxides include Si02, A1203, MyO, ZrQ, Ti 02, B203, CaOQ 2ZnO, BaO
Th02, and conpl ex conpounds or m xtures c®@bai ni ng these oxi des, such as
natural or synthetic zeolite, Si02-MgO Si02-A1203, Si02 25 Ti 02,

Si 02- V205, Si 02-Cr203 and Si 02-Ti 02-MO. O t hese, SF-714 (PCT) 164

preferabl e are conmpoynrdsg Q]q&trqjgrgrpgat%'np?otargd/ﬁ{?%q%sasaé he main
n smal 1" a

conponent. The inorganic oxides may contali mounts of - car bonat e,
VD3, Na2S04.  AL3(S0Ara. Haals. RN THIR0%) 3TORTC KDA)S. FKaabC (K30 e
L120. Although the porou j dif.fer .in their properties dependi ng upon
the type and the prre gr a%tg))rf]d g)?icaegshqtsr?ehrcjero%s, EfthoéTP'carri er preferably used

in the 10 inventign.ha rticle diameter of 10 to 300 u preferably 20
to 200 um a spemgf ﬁ% %u?cfag%gnaraetao%fh%%l?% A, 98BS heFge br Bf efabl(R /160t o

700 nR/g, @nd.a volune of 0.3 to 3.0 cnB/g. |If necessary, the carrier
may be cal%i ngdnggliggsgt §PM068 € BRSPS a5 Wt o 700 C, 15 prior to
use. Exanples of the_inorganic halides enployable in the inyention_include
Myd 2, MyBr 2, I\/hC%Zlgna §%§E>§’.n THET BTG & hawh del hesnbeRUisédC4B ) &)i,s,
or may be used after gul vgri zed by, for exanple, a ball mll or an 20

oscil I ating nfI ' TRESPNBrGENPE RaPh@sPhayusl $¢Be used

T is a carbon atom having a substituent RY (—C(R9)=),
a nitrogen atom or a phosphorus atom.

10 Rl is a hydrocarbon group having one or more
heterocatoms or a hydrocarbon group having one or more
hetercatom-containing groups, and has the same meaning as
that of Rl in the formula (II-a).

R6 to RY may be the same or different and are each a

15 hydrogen atom, a halogen atom, a hydrocarbon group, a
hydrocarbon-substituted silyl group, an oxygen-containing
group, a nitrogen-containing group, a sulfur-containing
group, a boron-containing group, an aluminum~containing
group, a phosphorus-containing group, a halogen-

20 containing group, a heterocyclic compound residue, a
silicon-containing group, a germanium-containing group or
a tin-containing group. Examples of the hydrocarbon
groups and the hydrocarbon-substituted silyl groups
include the same groups as previously described with

25 respect to R2 to RO in the formula (II-a). Examples of



as fine particles of a obtained by dissolving the inorganic chloride in a
sol vent such as al cohol and then precipitating using a precipitant.

The-cl ay enpl carrier in the invention is 25 generally conposed
mai nly of cla$¥%?hiﬁgég? The ion SF-714 (PCT) 165 exchange

| ayer ed- conpounds enpl oyable as a carrier in the invention is conpounds

havi ng a crystal structure wherein planesi@®rned by ionic bonding or the
like are lamnated in parallel to one another with a weak bond. strength,
and 5 the ions contained therein are exchangeable. Mdst of clay mnerals

are ion-exchapge b d ads,. lay, the.clay mnerals and the
i on- exchange Iayerg%eﬁgnggagggHgggl8}?@ %’i%hfhgﬁgﬁﬂg%WYQ?QQ%%Wﬁﬁglin1ted

to natural ongsobyl,ipglbude sypthelicignes. 10 Bxamples of such cl ay, cf ay

m neral s and i on exchange [ayered conpodn e @a?}tépgfqﬁ neral s and
ion crystallipg,coipoypd E ing, lLayered crystal .structures such as
hexagonal cl osest pacﬂ?ngr g%é,ggﬁt foRY Fﬁéz?léﬂéﬁQQF?H@San&hédl2 type. 15
Particul ar ex% fguﬁjcgggagla and the clgy m neral s include kaolin,
bentonite, Ki ushl clayo " gar Folle 8F8yPSal F8BhRAGSPRPEISgEPRTteining
pyrophylligte, mca, npntnorillonite, vermculite, chlorite, palygorskite,
kaol | nited nadtoyss, d?%ﬁ%i?%i%%nﬁ%%%fl%@g PAPHPSuI aRe2Deramplyes iof t he
i on- exchange | ayered co ognds include crystalline acid salts of polyval ent
nmetal s, such & %%n‘ékﬁ%% ye39, ' thposijigpnrAPoBa)Ln2ngagrupEKPChe) 2
3H20, a Ti (HPO4 ) 2, a-Ti (HAsOg ) 2 H20, a-Sn (HPO4 ) 2 H20, yZr (HP0O4)
2, y-Ti (HPOACE AR~ 9PN EaHyPod) 9poupspand tie- 7in-cPATRin669The otipay,
the clay mnerals and the ion-exchange | ayered conpounds are preferably
those havi ng ‘APt Violantan@asIreuRsr @8 pRepbresladeagrabeddivishof not
| ess than 20 A by a nmercury penetration nethod, of not less 5 than 0.1
cc/ g, and ar € pHIT e ar yiprigierapryuisos®) having a pore volume of 0.3 to
5 ccl/qg. g e pore vaQ uneﬁgf nmeasured on the pores having a radius of 20 to
3x104 A a nercudty Yeret rate g ehethiowf esdinly aa ey doe yepos oS ek er .

halogen atom, a hydrocarbon group, a hydrocarbon-

substituted silyl group, an oxXygen-containing group, a

nitrogen-containing group, a sulfur-containing group or a

halogen-containing group, more preferably a hydrogen atom,

15 a halogen atom, a hydrocarbon group, a hydrocarbon-
substituted silyl group or a halogen-containing group.
Two or more of R® to RO may be bonded to form a ring,
and when m is 2 or greater, Rls, RGS, R7s, R8s and R9s
may be the same or different, and one group of R® to RO
20 contained in one ligand and one group of R® to RO
contained in other ligands may be bonded.
n is a number satisfying a valence of M1.
X 1s an oxygen atom, a hydrogen atom, a halogen atom,

a hydrocarbon group, an oxygen-containing group, a

25 sulfur-containing group, a nitrogen-containing group, a



10 If a conmpound having a pore volune, as neasured on pores having a radius
of not less than 20 A, of less than 0.1 cc/g is used as the carrier, high
polynerizatio%Fggqhxbb%)tends to be hardly obtained. It is also preferable
that the clay and't cl’ay 15 mnerals to be used in the invention are
subjected to chem cal treatnents. Any of surface treatnents, for exanple,
to renove inpurities attached to the surf#2 and to influence on the
crystal structure of the clay, are enployable. Exanples of such chem cal
treatnments include 20 acid treatnment, alkali treatnent, salt treatnent and

or gani ¢ subst BBgentEeataBRtngl j d tyeatygmnt can contribute to not only
removing inpurities fromthe gs?rarfoglc%é But %21 oqje Hﬁﬁor{gtac]éﬁ%sg%%' a3 Al,

Fe and My pregeBbphBriBecenyshial n§t re to increase the surface 25 area.
The al kal i treatngnt cancdestr'o;n rfg%a ’s@r%@ﬁﬂ%?n COELCAEA YT AW of

clay to bring;aReut gh [ tructure of the clay. The salt treatnent
and the organ?c subgtaggggfrgghﬁéﬁgdcg S5P58ucé Sidr cOramsng afirgia

conposites, | a Ltes, or _organic derivative to change the 5
surface arean%%ggﬁé %iéggﬁgga%etﬁggﬁaﬁ 8Fs ITPHE 8n fekdhasge tagyreimes

conpound fgor int i nvention be a layered conpound in which the
exchangeabl e #%ﬁ%bbef§ggﬁp Ay er %QE% HEURS exBRatiedrsi i ncbuder thar ge and

bul ky ions utéé&gig@ i on eéchange 10 properties to enlarge the distance
between the layers: The PUFk§TPBRSpPayBT&VHPHEAY- PeReriblld wotsupport the

| ayer structurggand i S nerallg called a "gillar". I ntroduction of other
subst ances begmé%%CWaE%r bR Bh a§%F@Hléoﬁ§ wund is called "intercal ation".
Exanpl es of 15 th uest conpounds to be intercal ated include cationic

i norgani ¢ conpound$ S'sUthtBis? TP Ar@dee Zr QPUurakt akbupsai kdxidesd Bycl as
Ti (OR) 4, Zr(C@gﬁ, PO(OR)3 and B(OR)3 (R is a hydrocarbon group or the
like): and ndtH 19% THRIrsMecT onsi fetent asaiAlpB04& DHy 2qhips, i hAr46Od 1412+
20 and [ Fg30(OCOCH3) 6] +. The conpounds nentioned above may be used singly
or in comBi ndt¥ ch Tt tR RANIRA et ki felem Theingtercal ation of the conpounds
may be carried out in the presence of polyners obtained by hydrolysis of 25
netal | i ¢ al koxi de® iR Hy g AR)e, t ve(<OR) Boramte Ge] R)mpowSk- 714 (PCT) 168
(R is a hydrocarbon group or the Iike) or in the presence of coll oidal

i nor gani ¢ comSOFFES kis i 2L omExalyp| 65) of thdiet pihd pf Som Ngdugde oxi des
produced by intercal ati on of the above-nentioned netallic hydroxide ions

bet ween 5 | aféf®ouel | Gved diyr ahetyiration indesrinerd | nor-Theo £1 ayr-gh ay
m neral s and ion-exchange | ayered conpounds nentioned above may be used as

they are, or PF&feFebldyedasf tarortehsyi car ectsithjend etk d1racd neatnent of o bal |
nilling,1§ieving or the like. Mreover, they may be used

heteroatom, which has no direct bond to the central metal

M and is nearest to the central metal M, and hydrogen at

the P-position is not more than 3.0 A and the
electrostatic energy is not more than 10 kJ/mol.

Of the transition metal compounds represented by the

20

formula (II-a) or (IT-b), a transition metal compound
represented by the following formula (II-a') or (IT-b'")

and having the following structure as Rl is preferable as

the transition metal compound (A) for use in the
invention.

25




10 after they are subjected to water adsorption or dehydration under
heating. The clay, clay mnerals and ion-exchange | ayered conpounds may be
used singly of_i ipation of two or nore kinds. O the above-nentioned
mat eri al s, préféfﬁﬁﬁgggye 15 clay and clay minerals, and particularly
preferable are nontnorillonite, vermculite, hectorite, tenorite and
synthetic mica. The organic conpound is, ¥ exanple, a granular or
particul ate solid conpound having a particle dianmeter of 20 10 to 300 um
Exanpl es of such conmpounds include (co)pol ymers produced using an a-ol efin
of 2 to 14 carbon atons such as ethyl ene, propyl ene, 1-butene or
4-met hyl 1-pentene as a nain ingredient, (co)polyners produced using

vi nyl cycl ohexane or styrene as a main ingredient, 2 _Qg,pndified products
t her eof . SF-714 (PCT) 16~ (D) Organi c conmpound cohponent In the present

i nvention, the organic conpound conponent (D) is optionally used to inprove
5 polynerizability and properties of the resulting polyner. Exanples of the
or gani ¢ conpounds i ncl.ude _al cohol s henol i ¢, conmpounds, carboxylic acjds,
phosphor us cohpounds gﬁa"%gl98ﬁgfgé}gbﬁFaH8ttﬁPﬁiggﬁytﬁéFeF89rﬂ§qﬂ%?d

al cohol s and t he eno| i ¢ conmpounds, those 10 represented by R28-CH (R28 is
a hydroca%bont%r%%gho? He¥ o BBt caPbbRcaPBRsSBE égﬁﬁpﬁééﬁaﬁéﬁyhﬁaﬁbééﬁbon
group of 1 to 50 carbon atons) are generally enployed. Preferable al cohols
are those whe?BfHY RBOPEIENALFBgenat ed hydrocar bon group. Preferabl e
phenolic 15 conpounds are preferably those iherein the ex, a'-positions to
t he hydr oxyl groupI%f%h%u%%¥m¥b%eéliiﬁh)hyH oé&r BoRrgnsipsonf meted 20
carbon atons. As the carboxylic acids, those represented by RR9 COOH (R2g
i s a hydrocarde? gfobpcetd 1t rems6reapbdntat 6K8UR0lér 04 khkogemaredc

hydr ocarbon group of 1 to 50 carbon atons, preferably a hal ogenated

hydr ocar bon g?%ki;(ﬁpqﬁi%r5@lba@bbﬁaaﬁéﬁﬁ?nam@tgénétaml9feﬁpDGped.tAs t he
phosphor us conpounds, phosphoric acids having P-0-H bond, phosphates having
P- OR bondOor =oumohd fpgcifically titanium, zirconium, hafnium,

vanadium, niobium, tantalum or the like, more preferably
a transition metal atom of Group 4, specifically titanium,
zirconium or hafnium, still more preferably titanium.
Q is a nitrogen atom or a carbon atom having a
15 substituent RZ (-C(RZ)=).
A 1s an oxygen atom, a sulfur atom, a selenium atom
or a nitrogen atom having a substituent RO (—C(RS)—).
Rl is a phenyl group having at least one substituent
selected from a heterocatom and a heterocatom-containing
20 groups, an aromatic hydrocarbon group other than a phenyl
group, an aliphatic hydrocarbon group or an alicyclic
hydrocarbon group. When Rl is a phenyl group and the
position of the carbon atom bonded to a nitrogen atom is
the l-position, the phenyl group desirably has, at at

25 least one position of the 2-position and the 6-position,



25 phosphi ne oxi de conpounds are preferably enpl oyed. SF-714 (PCT) 170
The sul fonates used in the invention are those represented by the follow ng

formula (1X): n) Mn~ ~~ (~30 p ~ ( I X) In the above fornula, M
is an el errentsgfﬁ;gﬁﬁ to 10 Goup 14 of the periodic table. R30 is

hydrogen, a hydrocarbon group of 1 to 20 carbon atoms or a hal ogenat ed
hydr ocarbon group of 1 to 20 carbon atormsl09% is a hydrogen atom a hal ogen
atom  a hydrocarbon 15 group of 1 to 20 carbon atonms or a hal ogenated
hydr ocarbon group of 1 to 20 carbon atonms. mis an integer of 1 to 7, and

I ~nc7. In Figatlleastexaapkapatithenkr aeesstbor MLaPar g 80 Yl idhg 2
pol ynmeri zation catal yst which is occasionally 20 used in the presen

nvention is sbeuRoa SORFEXRERhERGOL LB PEOCESTES (3 ¢ gl ven aglaw, t hough

t he met hods to use the conponents~a order of i'ng the compdnents

are optional ly,sekected, ;1) aggethgaggbgiég?_}%gt’a:gé?rer%% nd (A) is singly

fed 25 to the polynerization reactor. ( Pf The transition
et al Conpounguﬁggiéggn£hgelected from a heteroatom other than a

5 fluorine atom, a fluorine-containing group containing one
carbon atom and not more than two fluorine atoms, a
fluorine-containing group containing two or more carbon
atoms and a hetercatom-containing group having a
hetercatom other than a fluorine atom. When R is an

10 aromatic hydrocarbon group other than a phenyl group, an
aliphatic hydrécarbon group or an alicyclic hydrocarbon
group, this group has one or more substituents selected
from heteroatoms and heterocatom-containing groups.

Examples of the heteroatoms and the heterocatom-

15 containing groups indicated by Rl include the same atoms
and groups as previously described with respect to RL in
the formula (II-a).

In the transition metal compound represented by the
formula (II-a'), when the position of the carbon atom

20 bonded to a nitrogen atom is the l-position, RI is
preferably a fluorine-containing hydrocarbon group of 1
to 30 carbon atoms which is selected from a phenyl group
having, at at least one position of the 2-position and
the 6-position, at least one substituent selected from a

25 fluorine atom and a fluorine atom-containing group, a



conponent (B) are fed to the polynerization reactor in an ordinary order.
(3) A catal yst conponent wherein the transition 5 nmetal conpound (A) is

supported on L (© and the conponent (B) are fed to the
polynerizatio%ﬁfgigﬂgkﬁﬁn an ordinary order. (4) A catalyst conponent

wherein the conponent (B) is supported on the carrier (C) and the
transition netal 10 conpound (A) are fed tt0the pol ynerization reactor in
an ordinary order. (5) A catalyst conponent wherein the transition netal
conpound (A) and the conponent (B) are supported on the carrier (C is fed

to the pol ym?héﬂgﬁlo'&r%% Ch@h-inkd I the above arogessgs ( )a% tsgidé%ll? hagach

| east two of the catalyst conponents nay be preéeviously con

other. In theagaogggsgsg%ghtagq'( i%ﬁ? i(&héf%?gg%i'g@gﬁ%ﬁ%g%?gggigg been

supported is used, the nponent avi ng ‘been n y be
added in an arhjtrar [ o I.S .case, these conponents (B) may be the
same or di ffe?gh%n. goﬁtlgo?ﬁéesgiapggéz%ﬁlgﬁ%/ﬁroél@n%@ﬁ’elﬁ}@% é?arFkT%{é ?g%lﬁsi tion

nmet al compoun A) s _supported.on the carrier 25 (C) . or the transition
net al conpoungnéA}ognﬁof%e%%agFFVf4 ﬁ@ffnf7§99mﬁxﬂ&9na(@%u%ﬁ%?%vpported

on the car, ieroég%. an olefin may be pre okynerized, and on the thus
pr epol yner zed FH1CGt EGEP EORGERETY &WCaAl OIS GRFSIRehta HAIlS hean
further supported. 5 IB the ol efin polynerization process according to the
i nvention, an®bPBRFACofYSIPG3380RaRBEEeNParsRen $hesl wmdhiered @roup
copol yneri zed in,the presence of the olefin polynerization catalyst to
obtain a pol yR&VingExahpl88sst OPRe SHPELifyest e e dson aatfdn it ude
10 the sane olefins as previously described. In the present invention, the
pol yneri zati oAt€4n3Be afliedipgrcastanpion pirqud phase ipdlatieri zation
such as solutjon polynerization or suspension polynerization and gas phase
polynerizatiohydrocarbon group having at least one substituent
10 selected from a fluorine atom and a fluorine-containing
group, and an alicyclic hydrocarbon group having at least
one substituent selected from a fluorine atom and a
fluorine-containing group. Such a transition metal
compound is preferable from the viewpoints of activity
15 and molecular weight of the resulting polymer.

Specifically, Rl is trifluoromethyl, perflucroethyl,
perfluoropropyl, perfluorobutyl, perfluoropentyl,
perfluorohexyl, perfluoroheptyl, perfluorooctyl,
perfluorodecyl, 1H,1H-perfluoropropyl, 1H,1H-

20 perfluorobutyl, 1H,1lH-perfluoropentyl, 1H, 1H-
perfluorohexyl, 1H,1H-perfluoroheptyl, 1H,1H~-
perfluorooctyl, 1H,lH-perfluorodecyl, perfluorocyclohexyl,
trifluoromethylcyclohexyl, bis(trifluoromethyl)cyclohexyl,

trifluoromethylfluorocyclohexyl, monofluorophenyl,

25 difluorophenyl, trifluorophenYl, tetrafluorophenyl,



15 Exanpl es of inert hydrocarbon nedia used for the liquid phase
pol ymeri zation include aliphatic hygrocarbogsa such asdpLopang, but?ne, I
ent ane, hex -heptane', octane, decane, dodecane and kerosine; alicyclic
Iﬁydr ocar bonsfagl('gﬂé‘l‘i1 &sga/cl opent ane, cycl ohexane and 20 net hyl cycl opent ane;
aromati ¢ hydrocarbons, such as benzene, toluene and xyl ene; hal ogenated
hydr ocar bons, such as ethyl ene chl ori de, 1dHl or obenzene and di chl or onet hane;
and m xtures of these hydrocarbons. The olefin itself can be used as a
sol vent . SF-714 (PCT) 173 In tlhe pol ymeri zati onI of an (r)]l eIIrnng{ i20tnorr§t0al
carbon atons i po e
comand (8 15 G TR Al “GFECRERHT SR I e e PR
- o 10- ed_on, iter
e corponet (55 (bR Bl GG EER Pl ol
nmolar ratio ((J e _conponen -1), ,
(i taine st Pifat o SRRy Gtk BUaPpenei o 00
: , preferably, , : : -2),
conponent IO( B—tﬁtlf%}élh%%rlr%ﬂé%’&?f“%\ﬁ}_‘% AENYhat the mol ar ratio ((B-2)/M of
t he conpopent (B-ZQ, to t,heltransm}llon) rreéallamén |\/&OI n the tl’anSItl on
metal conBourRFY Fhetohesl 1_TANE VN6 P18l sopSbbbUCEPRERY 4B 2/to
| 00, 000. In the use of the conponent éBrS), t he conponent (B-3) is used in
such an anourft’® RRT theoTRpERY RN YT B-B3FffueroprerEbrpeneh: (B-3) to the
transition metal atom (M in the transition nmetal conpound (A) becones
usual |y 1 to PRETierehabyiphenyl ¢ osr f Wiencpaet cbppenght (D) is used and
the conponent (Bl) is used as the conponent (B), the conponent (D) is used
in such an amnAftludreehenelphrnylrdelo($¢Djl¢Bah¢xpetpmesylisual |y 0.0l to
10, preferably 0.1 to 5. When 25 the conponent (D) is used and the
conmponent ( BErilyamsmrphigiyVl4p¢PCTRotdnphasathbrgdnpererl UB)jgartteryl,
conponent (D) is used in such an anount that the nolar ratio ((D)/(B-2))
becones Qual (yriX 00 rame )y priederablyofoPiddnyd dr Mhenltke. conponent (D)
is used and the conponent (B-3) is used as 5 the conponent (B), the
conponent (D) is &éedﬂlpﬁﬁﬁﬂrahﬂyuﬁnﬁmuQﬂﬁnefdmntuﬁmﬁngaalDQM££&b(B—3))
becomes usually 0.0l to 10, preferably 0.1 to 5. In the olefin _ _
pol yneri zat i drydisiqeg-iidie oit@ip ol ynerlzata dsocad@dys] , atidiee pohyesi zat i on
tenperature 1Qis in the range of usually -40 jsp?erZOOC,prrE]cer?Ibly 0Oto
+100C, and t léhepadofiveiridatdeon presseeef ot dpt Yrange, ofi-usual |y
at nospheric pressure to 100 kg/cn®, preig;?bly aﬁgosphéégc pressurefto 50
kg/ cnR2. The pelnfierdzaiuton r eattlprpeafl her gt ¢, o, by- any one o
bgtchwi se, lgmsem' -contiﬂr?ﬂlous andmzponti nuous processes. It is possible
15 perfluorchexyl, 1H,1H-perfluoroheptyl, 1H,1H-

perfluorooctyl and 1H,1H-perfluorodecyl. Also preferable
are aromatic hydrocarbon groups of 6 to 30 carbon atoms
substituted with fluorine and/or fluorine-containing
hydrocarbon, such as monofluorophenyl, difluorophenyl,

20 trifluorophenyl, tetrafluorophenyl, pentafluorophenyl,
(trifluoromethyl)pentafluorophenyl,
(trifluoromethyl) fluorophenyl, trifluoromethylphenyl,
bis(trifluoromethyl)phenyl, tris(trifluoromethyl)phenyl,
tetrakis(trifluoromethyl)phenyl,

25 pentakis(trifluoromethyl)phenyl, perfluoroethylphenyl,



[ [ [ the different
to conduct the polynerization in two or nore steps under _
reaction conditions. The nol ecul ar weight of the resulting ol efin polyner

i fi ol ling the nmononer/catalyst ratio 20 or the
ggryggrrgg;io%ﬁ??%équbﬂthe p?ocess of the invention, an olefin polyner
such as the aforesaid olefin polyner haV|n8 a nunber average nol ecul ar
wei ght of not |ess than 500, preferably 58%2to 10, 000, 000, nore preferably
|, 000 to 5, 000, 000, SF-714 (PCT) 175 and Mw Mh of not nore than 1.5, ]
preferably not nore than 1.3, is obtained. According to the process of the

i nvention, anbdbqbe&ﬂmﬂdﬁgﬁtﬂymwﬁnbﬁyﬂvgﬁbﬁgﬂ%g%%éﬁﬁ%ﬁ?éﬁ%@ﬁgd a narrow 5

nol ecul ar wei ght distribution can be "obt ai ned fization

activity, or @@rQUQB&@uuﬂyyﬁﬁédyﬂ)”Bgrfﬁu{g§éﬁﬁ€##h§?é§ hcopolyner

precisely controlled in the structure can hi gh

polynerizatio@e@@q55&b%ex%qpﬁ%%bﬁgnﬁ¥g%?gﬂgﬁgoﬁﬁﬂéggg%%%%ﬁézt{gé preparing

an ol efin polyner accordingto f nve tIFn co Aol o conpoLEg O

I r obtai i a tiqna r QUp- can
brepar e such EEQS?E‘??%%P&‘#&’P'hgﬁ%ﬁéugre@#&ﬁa@%ry&wperaqiqqﬁﬁh?a 15
as previ ousl SGLi A 0 apahl e of being converte
fungtiona$§g¥gﬂg ?ék?%gPaégganyﬁﬁ%%ﬁﬂ%ﬁi%ﬂﬁﬂpqﬁqﬁkrcontalnlng conpound.

i - i ni ng conmpounds or the conpounds
Bxanpl es of the fuﬁftkﬁna'abgrv‘é”%x%%% s particularly preferable as Rl
capabl e of being convérte

are monofluorophenyl, difluorophenyl, trifluorophenyl,
tetrafluorophenyl, pentafluocrophenyl,
(trifluoromethyl)pentafluorophenyl and 1H, 1H-

10  perfluorooctyl.

RZ to RS may be the same or different and are each a
hydrogen atom, a halogen atom, a hydrocarbon group, a
hydrocarbon-substituted silyl group, an oxygen-containing
group, a nitrogen-containing group, a sulfur-containing

15 group, a boron-containing group, an aluminum-containing
group, a phosphorus-containing group, a halogen-
containing group, a heterocyclic compound residue, a
silicon-containing group, a germanium-containing group or
a tin-containing group. Two or more of R2 to RO may be

20 Dbonded to form a ring.

Examples of the boron-containing groups, the
aluminum-containing groups, the phosphorus-containing
groups, the halogen-containing groups, the heterocyclic
compound residues, the silicon-containing groups, the

25 germanium-containing groups and the tin-containing groups



20 into a functional group include compounds having functional groups such
as an aromati c hydrocarbon group, a hal ogen atom an oxygen-contai ni ng

group, a nitrgge { i ng group, a phosphorus-containing group and a
nmet al aton}coﬁﬁg?Hfﬁﬁéﬁioup. Specifically, there can be 25 nentioned an

aromatic vinyl conpound, iodine, chlorine, SF-714 (PCT) 176 brom ne,
carbon di oxi de, an ester conpound, an al d#3/de conpound, a carboxylic acid
conmpound, oxygen, an al kyl am ne conpound, a silicon al kyl halide, an

al kyl al um num conpound, an al kyl boron conpound, an 5 al kyl zi nc conpound, an

al kyl'l'i thium nd e like. After the contact wth the functional
fﬁngg@gdab% 11';{tbhgof gchSRHFegFEﬁpségﬁ BECEBRvert ed into

group contai ning conpound,
anot her functjonal g%ﬁﬁp thod. In the contact of the olefin

‘ by a.knqwn, .
pol ymer with ¥he 10 c??%ﬁﬁ?gﬁaowﬁi OREEPRICHg tCorpuhd:ha heotreaper AT ur e
is in the range 0%3-78 to +§€OC, preferably -78 to +200C, and the pressure
is in the range of XA 2t nbipherieIpreseniainsnpogrrgpentndpcatedabl y
at nospheri c res%¥re t o 50 kg/ cn2. The contact tine is in the range of 15
usually 1 m T 0-P O hbursuder Bher apng I0OoHPRUBESPEEV24uRdYrS. The
cont act o% the olefin polymer with the functional group-containing conpound
can be caPri éFHH1IRS /5o vEPSPOFt Wh e hBUt ia tbevEarmuErarnples)of the 20
sol vents enpl oyabl e herein include aliphatic hydrocarbons, such as propane,
but ane, pentane, Heamelehept difee loydnees ridet ageoudsdecdneaaad ker 8gi ne;
alicyclic hydrocarbons, such as cycl opentane, cycl ohexene and
met hyl cycl opérft irglomda i thowelrotat bons30sushbas beozene, tol uene and 25
xyl ene; hal ogenat ed hydrocarbons, such as ethylene SF-714 (PCT) 177
chl oride, chldresbehizanlel and ok oh| cronet haoet i oxygest QDAL AERG: goppounds,
such as diethyl ether and
branched alkyl groups of 1 to 30 carbon atoms, preferably
10 1 to 20 carbon atoms, such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl,
neopentyl and n-hexyl; straight-chain or branched alkenyl
groups of 2 to 30 carbon atoms, preferably 2 to 20 carbon
atoms, such as vinyl, allyl and isopropenyl; straight-
16 chain or branched alkynyl groups of 2 to 30 carbon atoms,
preferably 2 to 20 carbon atom, such as ethynyl and
propargyl; cyclic saturated hydrocarbon groups of 3 to 30
carbon atoms, preferably 3 to 20 carbon atoms, such as
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
20 adamantyl; cyclic unsaturated hydrocarbon groups of 5 to
30 carbon atoms, such as cyclopentadienyl, indenyl and
fluorenyl; aryl groups of 6 to 30 carbon atoms,
preferably 6 to 20 carbon atoms, such as phenyl, benzyl,

naphthyl, biphenylyl, terphenylyl, phenanthryl and

25 anthryl; and alkyl-substituted aryl groups, such as tolyl,



tetrahydrofuran; and m xtures thereof. A further enbodi nment of the process
for preparing an 5 ol efin polynmer according to the invention conprises

pol ymeri zi ng ﬁ%.%ﬁﬁa% %mo ol efins which are selected fromolefins of 2 to
20 carbon at ovs” (RGIL different pol ynmeri zation reactivities, in the
presence of an olefin polynerization catalyst conprising the aforesaid 10
transition nmetal conpound (A) to prepare 144 apered pol yner containing a
segnent wherein conposition of two or nore nononers continuously changes.
As descri bed herei nbefore, the tapered polyner is a polymer in which the

he polyrer cRarne TR PR ey o AR o Ay el Fth e or

t he pol yner ai n. S po can be“syn rizing two or

nor e nononer s, havi i,fferent reactivities (e. g., ethylene and propyl ene)
inaliving p%??%%??%ﬁ%?bn system wherein chain transfer reaction does not

substantially 20 t | ace. Examples of the nethods to feed the nononers

i ncl ude a net hod iﬁ%§h$% V%|ﬂ?3€g§8ﬁ§néygr8F8g588 ﬂFPHPEOWFVH%SUS|y
changi ng the nono onposjtion and, a nmethod in which plural nononers are
fed toget her ?ﬁbFﬂg£5§e$EWi#§|°£P8§eh89r9ﬁér SPy FEFPPPSEri SR RFTRISS er ence
of SF-7%4 (P%T% 178 Eolgnerizgtion reaitivities of the nmononers is taken
advant age %of ©b BBFHI ArQUPEpERPEdUREI FrEVl FTheUPSpEPStdtatest dadly @yl
addition of the catalyst and supporting on the carrier in the
polynerizatio%r%PBStﬁéCB 2anBeREYLhBEE GEEYLi-bed previously. The two or
more kinds of nononers are selected fromthe aforesaid olefins of 2 to 20
carbon atons, theyEApBPheefefably BEfeecagleprosieshylesed siapy aFeups

1- but ene, o
indicated by R2 to RO include those of 1 to 30 carbon

atoms. Specifically, there can be mentioned methylsilyl,

10 dimethylsilyl, trimethylsilyl, ethylsilyl, diethylsilyl,
triethylsilyl, diphenylmethylsilyl, triphenylsilyl,
dimethylphenylsilyl, dimethyl-t-butylsilyl and
dimethyl (pentafluorophenyl)silyl. Of these, preferable
are methylsilyl, dimethylsilyl, trimethylsilyl,

15 ethylsilyl, diethylsilyl, triethylsilyl, |
dimethylphenylsilyl and triphenylsilyl. Particularly
preferable are trimethylsilyl, triethylsilyl,
triphenylsilyl and dimethylphenylsilyl.

Examples of the oxygen-containing groups indicated

20 by RZ2 to R include the same groups as previously
described with respect to X in the formula (I).

Examples of the nitrogen-containing groups indicated
by RZ to RO include the same groups as previously

described with respect to X in the formula (I).



1- pentene, 1-hexene, 1-heptene and 1l-octene, and they are 10 nore
preferably selected fromethylene, propylene and 1 butene. A still further
enbodi nent of Fh;‘gipé s for preparing an ol efin polyner according to the
i nvention con§ 6 (R ucting the following step (1), the 15 foll owi ng
step (2), and optionally, the followng step (3) of an arbitrary nunber of
tinmes, to prepare an ol efin bl ock copol yritd conpri sing plural pol yner

bl ocks. In the step (1), at least one olefin selected fromolefins of 2 to
20 carbon atonms is polynerized in the 20 presence of the aforesaid olefin

pol ymerization catalkysbitg BEeE%esﬁl@elrxa@%tglﬁ%g ?r%ﬁysegngidw@e&' efins

of 2 to 20 carbon atons include the same olefins a Vi ou escri bed,

and they can pe HsegOShB%HXCQPdEnt%%ngE %tb%%u@%g%*ﬁg&%v@%ﬁ%ﬁaeSF_714 (PCT)

179 ki nds. Exanples of the polyner bl ocks i"ncl sane ks as

previously deaggEFﬁgeghgiggefg%gnglkb &hqgr$%%n?%j %E%ggéﬁenperature isin

the range of usua prefera ‘and the

pol ymeri zation pre LS | of _usual Ly atpmospheric pressure to
100 kg/ cn®, prefer%%%@S%%gnéghéggckgﬂgggﬂrS%PgsSB%QQ}g%Q%aﬁﬁgFﬁb step (2),
in_selected fromole of carhon atons is

at |east gne olefin,se WQRELEAS O 53 19 £8 63
pol yneri z&d i A°th& 10" pr ESEHEE of' “the"F If#éﬁ bI"6ck "pr&f: iT® PR ep
é}ép;?egrFﬁa{%Eggﬁngg§§;gbggﬁsT@|%gsbii %Bf%E%%trL%%gE%h%JMQP”¥§ gﬁQCk
formula (II-a).
RZ to RO are each preferably a hydrogen atom, a
halogen atom, a hydrocarbon group, a hydrocarbon-

10 substituted silyl group, an oxygen-containing group, a
nitrogen-containing group, a sulfur-containing group or a
halogen-containing group, more preferably a hydrogen atom,
a halcgen atom, a hydrocarbon group, a hydrocarbon-
substituted silyl group or a halogen-containing group.

15 n is a number satisfying a valence of M1,
specifically an integer of 2 to 4, preferably 2.

X is an oxygen atom, a hydrogen atom, a halogen atom,
a hydrocarbon group, an oxygen-containing group, a
sulfur-containing group, a nitrogen-containing group, a

20 boron-containing group, an aluminum-containing group, a
phosphorus-containing group, a halogen-containing group,
a heterocyclic compound residue, a silicon-containing

group, a germanium-containing group or a tin-containing

group. Examples of such atoms and groups include the



The different polymer block nmeans a pol ymer block which is different in at
| east one of primary structures, 15 such as nononer type, conononer type,
conononer co j7gE3§, onononer content, conononer configuration and
stereoregul arity. ﬁb es of the olefins of 2 to 20 carbon atons include
the sane olefins as previously described, and 20 they can be used singly or
in conmbination of two or nore kinds. Exanpl€s of the pol ymer bl ocks
obtained in the step (2) include the same bl ocks as previously descri bed.
In the step (2), the polynerization tenperature is in the range of usually

-40 to +200C, mef ercdly 4 ' : o) i i ressure is
in the range SI@irSF-714 {%CTfil:%§giéggﬁgﬁf§9%%€§%%h%%?%E%égésﬁ?%gto 100

kg/ cn2, pref erabigeat mspherd Ctlg%g?&ﬂﬁ@l%%ﬁg kg/cn2. In the step (3), at

| east one olefin selected from Ins o 0 20 carbon atons is

pol ynmeri zed in they§presanc t 0 r, bl ock prepared jn the step (1)
and the pol ymer bl ock pr eg%r ?d%lfrn ﬁee&s %{gep(]z‘jr Olg %IE%"H% é%db%?9?r§rbbl gck
which is differ fr t 0. r-bl ocks prepared in the previous step..
Exanpl es of t g%gfbeef it(r%lrsg o%ﬂfotgoy%lfcaerrbeorh at R el Ut hel RARB26PES i ns

as previously,de i_be nd. t hey ¢ be used singly or in conbination or
two or m)t§e klb%d? a?fjp %soné#ecfhteg ?)’qu% bitks obtained in the step (3)

i ncl ude the sane bl ocks as previously described. In the step (3), the
pol yneri zation tenperature is A5 in the range of usually -40 to +200C,
preferably 0 to |

... (II-b")

10

wherein N---M1 generally means that they are coordinated
to each other, but in the present invention they are not
always coordinated.
In the formula (II-b'), Ml is a transition metal
15 atom selected from Group 3 to Group 11 of the periodic
table, preferably a transition metal atom of Group 4 to
Group 5, épecifically titanium, zirconium, hafnium,
vanadium, niobium, tantalum or the like, more preferably
a transition metal atom of Group 4, specifically titanium,
20 zirconium or hafnium, still more preferably titanium.
m is an integer of 1 to 5, preferably 2 to 4, more
preferably 2.
A is a nitrogen atom or a phosphorus atom.
U is a carbon atom having a substituent R® (—C(R6)=)

14

25 a nitrogen atom or a phosphorus atom.



+150C, and the polynerization pressure is in the range of usually
at nospheric pressure to 100 kg/cnR2, preferably atnospheric pressure to 50

kg/ cn2. The s be repeated arbitrary times with 20 changi ng types
of the ol efi néﬁﬁcﬁ‘ﬁﬁﬁi?. on thereof or polynerization conditions. Through

the process of the invention, for exanple, the aforesaid olefin block

copol yner is obtained. According to the phlotess of the invention, an olefin

25 bl ock copol ynmer having a high nol ecul ar wei ght and a SF-714 (PCT) 181

narrow nol ecul ar wei ght distribution can be obtained at a high

pol ymeri zation tegperature with _high polynerization activity. In the

present inventioﬁ?p%ﬁeabFsgg%Eoﬁgp W?ﬁﬂn%ﬂﬁﬂﬁﬁﬁﬂﬁﬂﬁﬁ%a%ybé‘%éﬁ?éﬁﬁed

with a functional grougcogtaining cgngound to obtain an ol efin bl ock

copol ymer hav¥ nig* &* PEREt 761 O§r BuB"aFPPREUSeARPRal . The contact of the

ol efin block copolymer with the functional group-containin conpougd IS

carried out in 10°the aRBTRE8RNEF CHs Nevewidows|Splidsicriargd. RA 6tG KRS Fait her

enbodi ment of the process for preparing an ol efin polyner according to the

i nvention corprisesoPRn yRerTzPRgd aRhesehpPRUEnatR®- presence of a

polynerizgtion catal yst which pronotes living 15 polynerization of an

ol efin an@ further tdnduetrhgnobré&pin hpyliywes fattison thertthek Use-OIRY) =),

catal yst obtained by cleaving a bond produced in the system between the

cat al yst and & Hel ¥ 2RI8R i agepodynerprhabhobysneans. of chain transfer

reaction. 20 Pronotjon of the living polynerization can be confirned by the

narrow nol ecul ar ght alilydideriloon ofrohe hesihyi ogepokymereand t he

i ncrease of the nol ecular weight of the resulting polynmer with

pol yneri zat i dretténeatoes ovdi mghydroberiponcessupf hahengnyest benmoirk i s

feasible 25 to prepare, for exanple, the nonodi sperse polyolefin, the

SF- 714 (PCT Isxefediomcopotyimeing tgeotpper #4d pohynehe Osahbenekafing as

copol ymer nentioned above. To confirm whether the |iving polynerization
that of Rl in the formula (II-at').

R6 to RO may be the same or different and are each a

hydrogen atom, a halogen atom, a hydrocarbon group, a
hydrocarbon-substituted silyl group, an oxygen—-containing
group, a nitrogen-containing group, a sulfur-containing

16 group, a boron-containing group, an aluminum-containing
group, a phosphorus-containing group, a halogen-
containing group, a heterocyclic compound residue, a
silicon-containing group, a germanium-containing group or
a tin-containing group. Examples of the hydrocarbon

20 groups and the hydrocarbon-substituted silyl groups
include the same groups as previously described with
respect to R? to R in the formula (II-a). Examples of
the oxygen-containing groups, the nitrogen-containing
groups, the sulfur-containing groups, the nitrogen—

25 containing group, the boron-containing groups, the



prbceeds or not, it is nost preferable to polynerize an 5 olefin under the
sane conditions except for using no chain transfer agent. To confirm

whet her the | sperse polyolefin, the olefin copolyner, the tapered
pol ymer or tﬂgegféfﬁﬂéi)ock copol ymer can be prepared or not, it is nobst

preferable 10 to polynerize an ol efin under the same conditions except for
not performng a cleaving operation by tHd8&hain transfer reaction (i.e.

t he same conditions except for using no chain transfer agent). In this
process, the following olefin polynerization 15 catalysts (1) to (5) are

: ymer i o Group 4
oeLoren e, (g ahelm L LD SR S S
i nclud of t 20 ow ng formulas.
e T RN B o I R R B 1
e shore Lo asple L, isn e 2t S

183 Y is at |4 .
| i gand havi ng_cycl o entadien¥%,skeleton, and when plural Cp are contained,

R )
they are the SAMEHrYB GPRFRIRALY KIOEBSXBNgr ENgatRnrRENEAAB LIRS FFOUPS
aforesaid.X, L i Lewis acid, and B' is the aforesaid non-coordi nati on

ani on. (2p Aﬁ“ﬁ?i??% OOF yRRPT 23F PORS caf aPy&V1PHEL Y degcribed with

respect to X in the formula (I).

R6 to RY are each preferably a hydrogen atom, a
halogen atom, a hydrocarbon group, a hydrocarbon-
substituted silyl group, an oxygen-containing group, a

10 nitrogen-containing group, a sulfur-containing group or a
halogen-containing group, more preferably a hydrogen atomn,
a hydrocarbon group, a hydrocarbon-substituted silyl
group, a halogen atom or a halogen-containing group.

Two or more of R® to RO may be bonded to form a ring,

15 and when m is 2 or greater, Rls, RSs, R’s, R8s and R9s
may be the same or different, and one group of R® to RO
contained in one ligand and one group of R® to R?
contained in other ligands may be bonded.

n is a number satisfying a valence of M1,

20 X is an oxygen atom, a hydrogen atom, a halogen atom,
a hydrocarbon group, an oxygen-containing group, a
sulfur-containing group, a nitrogen-containing group, a
boron-containing group, an aluminum-containing group, a
phosphorus-containing group, a halogen-containing group,

25 a heterocyclic compound residue, a silicon-containing



10 conbi nation of (YCp)2SmX6, Y-CpTaX~ or Y-CpNbX8 (Y and Cp are each the

sanme as that
af oresaid X
foll owi ng for

descri bed above, and X6 to X8 are each the sane as the
s&dgﬂfbgﬁkgluninoxane (3) A compound represented by the
ral 2 R31 CR33/ \ 3 20 wherein R31 to R33 are eac

hydrogen atom an al kyl group of 1 to 8 carbon atons or an aryl group,
the proviso that at |east one of R31 to FB® needs to be a hydrogen atom but
there is no case where R31 to R33 are all hydrogen atons at the sane tine.

25 (4) Conpound represented by the follow ng formul a: SF-714 (PCT) 18

R3a R35 .. MB

pal | adi um or
10 a hydrocar

X§r b3S 25 B0k ke ARaYe Lo Bl MR 15 3 Ianaldd o, et

atomof Goup f to Goup 100

the periodi'c ‘tabl'e, preferably nicke

gka&gnur@xéggéﬁég 5o 28 beotibeanam, rodi thenent and are

on group to 50 carbon a at ogena ydrocarhb

group of 1 10.30.carbaq ahae, (4R-0Ldanle Sl L. ol £ Jydr ocar bon

group substit

ute n ntairni ng-at” 1"ea enent

sel ected fron}Qgtégge 5 Qxéﬁeﬁgeﬁgﬁﬁﬁ§3é§§T>SU|fur and 15 silicon. Two

nore of the groups rndicat

pr ef erabl y adj acent groups,

be boned %p each O%QSB toigo ma rin

10

15

20

n or gregter, plural groups indicated by X
may be the same or different, and plural groups indicated
by X may be bonded to form a ring.

As the transition metal compound (A) for use in the
invention, there can be also mentiocned a transition metal
compound represented by the following formula (III) and
having properties that, in a B-agostic structure of a
cationic complex wherein one of X in the formula (III) is
replaced with a n-propyl group, said structure being
measured by a density functional method, the distance
between the hetercatom, which has no direct bond to the
central metal M and is nearest to the central metal M,

and hydrogen at the P-position is not more than 3.0 A and

the electrostatic energy is not more than 10 kJ/mol.

R10

... (III)

h a
wth

4
a
each

on

or
may



-

gis an integer of 0 to 4. 20 X9 is a hydrogen atom a hal ogen atom a
hydr ocarbon group of 1 to 20 carbon atons, a hal ogenated hydrocarbon group

of 1 to 20 ca an oxygen-containing group, a sulfur-containing
group, a siligggyl%k?gﬁaing group or a nitrogen-containing group. Wien q is

2 or greater, 25 plural groups X may be the sanme or different. SF-714
(PCT) 185 (5) Conpound represented by thel2®1owi ng fornula: Q88 MiX~o ~ N
5 ~3s In the above formula, M@ is a transition netal atomof Goup 3 to

G oup 6 of the periodic table, preferably titanium zirconium or hafnium

10 R3% and R39 .be th ane _or |fferent d .are each a hydrogen atom a
hydr ocar bon grBE% &t ¥ to50 §£F5 T Sige a%ﬁﬁﬂbdgﬁﬁféﬂ“%yﬁ¥ B Hohed roup
of 1 to 50 carbon ag ani c IyI group, a substituent having

| east one el en8nf?§ |§§P8 Hﬁrc%&er? reoRyger, nvﬁltplhﬁéﬁﬁtﬁ}usar%um@ﬁr and
silicon. mis in intéger of 0 or 2, and nis an integer of 1 to 5. Ais an
atom of G oup? §a¥8 GGH16 6L -t he perlodlc tabl e, specifically boron,
carbon, nitrogen, 20 silicon, phosphorus, sulfur, germanium

sel enium tin or ti‘i@ EPEefoﬁF‘éflér 4By (zai"4 oA SoR &manedriomaetel | tomnr

greater, Ehural A may be the sane or different. E is a substituent having
at | east ohe é?éﬁ§ﬁ€d2§r§@l§é9é@ fir 6 E@oen 5 Iidrtdgepe wxodjen, t dtal @gen,

ni t rogen,
specifically titanium, zirconium, hafnium, vanadium,
niobium, tantalum or the like, preferably a transition
metal atom of Group 4, specifically titanium, zirconium
or hafnium, more preferably titanium.
10 m is 1 or 2, preferably 2.

R10 is5 a hydrocarbon group having at least one
heterocatom or a hydrocarbon group having at least one
heteroatom-containing group. Examples of the heteroatoms
include atoms of halogen, nitrogen, oxygen, phosphbrus,

15 sulfur and selenium. The heteroatom-containing group is
a group containing a nonmetal atom other than a carbon
atom and a hydrogen atom, and examples thereof include an
oxygen-containing group, a nitrogen-containing group, a
sulfur-containing group, a phosphorus-containing group, a

20 halogen atom-containing group and a heterocyclic compound
residue. Examples of the oxygen-containing groups, the
nitrogen-containing groups, the sulfur-containing groups,
the phosphorus-containing groups and the heterocyclic
compound residues include the same groups as previously

25 described with respect to X in the formula (I). Examples



SF-714 (PCT) 186 sul fur, phosphorus, boron and silicon. Wen plural groups
indicated by E exist, two of E nay be the sane or different, or nay be
bonded to eaclé#)_tlﬁgr forma ring. pis aninteger of 0 to 4. 5 X1 is a
hydrogen atom™a |(8?e)fr? atom a hydrocarbon group of 1 to 20 carbon atons,
a hal ogenat ed hydrocarbon group of 1 to 20 carbon atons, an

oxygen-cont ai ni ng group, a sul fur-containit24 group, a silicon-containing
group or a nitrogen-containing group. Wien p is 2 or greater, 10 plural
groups X1 may be the sane or different. Exanples of the ol efin conpounds of
1 to 20 carbonpratos H I’glé%e' e noly i.zation include the sane,

strai ght-chain or br ar?gr?ed a-dodl}legfalmr?]sﬁg# &}9{1}(}?%01%%”1%%% At OMRS A& pF 8 ousl y
descri bed, cyghkoolgfi-ns, Qf 5 carbon_ atons,, vinyl cycl ohexane,

di mes, pol yenelg glr?%sécr o%rrr%t |hglof/1%r$§ﬁgl (jzlosrrp% El sC.EéFH’@st'elq ok?%fy‘?. 1 cHh be used
singly or in I [ ar re kjnds. Al so enployable as the
olefins in thg9g?lgggtﬁ!ib%i%n ent :ggsn o gLDrFan FLIRRA i Weoms o Fsralh hanl
carbon and ZOtoQBOESQbO%nd exanpl es of such nmononers include a,, ~i
unsaturated carboxyFié ati 45"y cISiGefish arboBAT P Saciaky - ams/dry Hes

t her eof taglc'hclsal ts trlle:TEof, such as sodiumsalts, potassiumsalts,
lithiumsalts. 2fné SAPPY mRUhddirumesaiys osty loalnainu saladeayHerarod , a, —~i
25 unsat ur at eg.carb zyl ic esters, vinyl esters, unsaturated SF- 714 PCT)
187 gl yci dyl st 8P §génated oretivis Iaiea whatdd ecydhoczvppouatsns (e.g.,
unsat ur ated ket oges, uniaturat ed ethers, functional group-containing
styrene deriva¥TvBReahdlvi AYFlGREHE-Le oRPaADIITAY Iherer ecyarlant lgonpounds. 5 At
| east one olefin of the ol efins enployable in the invention is an olefin
consi sting ofa%ﬁ?ﬂ}y&aQBBHpén&ehgdr ogenylTherepies yio asgeciyidloheixm@ryt)i on on
the quantity ratjo of the olefin consisting of only carbon and hydrogen to
the whol e ol e¥¥%531but gBPURRaNBl @6, t hent@l; apheniydenatyll @ssl t han 5 % by
nol and ?}t nore than 100 by nol based on the whole olefins. By the

expr essi " RheRRkPropel bl anfnaryd geanpst Kat gat, beasty19neckiyng of an

ol efin consisting of only carbon and hydrogen is contained in the whole

ol efin pol ymetimgthinkoheneht i onimeshghdhenytasetaflphenyexanpl e, an ol efin
pol ymer conposed of plural polyner bl ocks, the olefin consisting of only
carbon and hyRiFGyerPiryy be kbphannedl nnapytbf1t heeppyyABpnBhoCks. | n order
to polynerize these olefins, the aforesaid 20 conditions are enpl oyabl e.
The pol yneri 28ty enpéretenantisryh) t hespeangei ofetgusldy 409,49 +200C,
preferably -78 to +150C, and the polynerization pressure is in the range of
usual |y at nosptemis jprefasie et of I0Or dgé €@l , ppef e1ablyeahfpspheric pressure
to 50 kg/cnR. SF-714 (PCT) 188 The chain transfer reaction is pronoted by
mai nt ai n#Bg e tadhiperamhenyat, gt Fam +epey By Uf £i dh1 ¥RbREc L HE, reaction
proceeds or by using at | east one conpound sel ected from hydrogen, an

or ganoal uni ngashdamueind; 1 ,arp T igatohor Sih SO oAdl, p &R 191 9AN0Z4, ¢ conmpound,
an organosilicon conpound, an organocadm um conpound and an or ggnbl ead
conpound. R10 is preferably a halogen atom-containing

hydrocarbon group of 1 to 30 carbon atoms, particularly
preferably a fluorine-containing hydrocarbon group of 1
20 to 30 carbon atoms.

Specifically, R10 ig trifluromethyl, perfluoroethyl,
perfluoropropyl, perfluorobutyl, perfluoropentyl,
perfluorohexyl, perfluoroheptyl, perfluorooctyl,
perfluorodecyl, 1H, 1H-perfluoropropyl, 1H, 1H-

25 perfluorobutyl, 1H, 1H-perfluoropentyl, 1H,1H-



The conditions to pronote the chain transfer reaction nmay be the sane as or
different fromthe abovelO nentioned ol efin polynerization conditions. The
t emperature igFgf‘iﬂg i?nge of usually -100 to +200C, preferably -78 to
+150C, and th p'E u? is in the range of usually atnospheric pressure to
| 00 kg/cnR, preferably atnospheric pressure to 50 kg/cnR2. 15 To pronote the
chain transfer reaction by heat, it is pri&%rable that the ol efin conpound
is polynerized at a tenperature at which the chain transfer does not
proceed, then the tenperature of the reaction systemis maintained at a

gi ven temperapure abuhbeh1t Neuchal po20 1LEaRSEER T 0Ggeds, to promte the

chain transfer reaction, and the pofynerization i'S'conducted again at a

t enperat ure a§e¥@188r59889b9iQ}fﬁ@ﬁ%kﬁ&l%% Ctéﬁ Hﬁg%§%991u$%§§§$g?h;ggitiOn

operation may be repeated afbitvary “tines. arn

is pronoted one_conpou sel ect.ed. from hydr ogen,
an SF-714 ?%E#?fﬁégogégggég?%%bﬁgﬁ %bnpdln ,r%é&hﬁiﬁWﬁ%%¥%%c%%¥%%ﬁﬁHg'an
or ganozi nc co silicon.c ound, an _qrganocadnm_um conpound
and an organo eggfg%ﬁ%@%ﬁ%??EEFgr?%XS%Pg%BXEen@oﬁﬁfaﬁgrﬁP§§8ﬁ9'fron1the
begi nni ngzof the. 5 polynerizatio r may be_added later in_any stage. In

t he prepaPati%hP% © O?§§%¥%d EBF hﬁ?r8PX§nBFocKeESBSPVﬁéPPhPPY#s preferabl e
to add the chain tégnsfer ageﬂt after_the intended polyner is produced in
the system EXAnpTe5 ofCorRe ¥ hai ALELShEPEPTEEBNLL PERBREYHBFEPRRNYE 1t he

i nvention incLude ﬂgdro en, an_organoal um num conpound, an _or ganoboron
conpound, an brgha2?P FRTEBRBOLURLYUC BAPBERHhesEFiEbROEEREEBNAPhaRY L,
organocadniuq;po ound and an organol ead conmpound. Specifically, there can
be ment i oned:P4% ! lFh bt YRRAF LAY AU eBYpouRal FépFéSéHPEaMBYhY A Phenmil a:
RamAl ( ORb ) nHpXq wherein Ra and Rb may be the sane or different, when
plural Ra or pttrafiRotatel peeerathyihehensd, be the sanme 20 kind or two or
nore different kinds, Ra and Rb are each a hydrocarbon group of 1 to 15
car bon aﬂ§mapiﬂ¥#%ﬁ%&ﬁ§iﬁl@@f@m%Ehbbhpb@@M%; Xer§laohakbhgehpheoml,and m
n, p and q are nunbers satisfying the conditions of 0<nx-3, OSn<3, 0<_p<3,
0<- <3 and mihpRpst luogmr vl (FeT)y100pant buganpbopyhpbenpbund
represented by the follow ng formul a: RanB( ORb) nHpXq wherein Ra and Rb may
be the sane drenfifyeramtyleen®l plreafl Raropeptutphe®plare present, they
may be the sanme kind or two or nore different kinds, Ra and Rb are each a
hydr ocar bon dgreoupl wirdhexy Ughemy bonobs bper £ buefehably) ghéoyB, car bon at ons,
X is a halogen atom and m n, p and q are nunbers satisfying the

condi ti ons ofpd<fu@ deKipriefler abeyf Danrs@henBsthe§l( prefranakins H1sR)1,
O<p<3 (preferably I1<-p<3), 0O-g<3 (preferably 0<p<2) and mtn+p+g=3; an

or ganosi 19 conl teorplownbnespr el ook Hyud tepfel y bwb ngt for muka; 15

RanSi (ORb) nRpXg wherein Ra and Ro may be the sane or different, when plura
Ra or plural Rb arelpres&it? ntaheyparahdesdnte san kKiateot VD OFe NBEEH
different kinds, Ra and Rb are each a hydrocarbon group of 1 to 15 carbon
atons, preferablydrbgen atom, a halogen atom, a halogen-containing

group, a hydrocarbon group, a hydrocarbon-substituted
silyl group, an oxygen-containing group, a nitrogen-

20 containing group or a sulfur-containing group. Examples
of such atoms and groups include the same atoms and
groups as previously described with respect to RZ2 to RO
in the formula (II-a).

r15

is a halogen atom, a halogen-containing group, a

25 hydrocarbon group or a hydrocarbon—substituted silyl



20 to 6 carbon atons, X is a halogen atom and m n, p and g are nunbers
satisfying the conditions of 0O<nk-4 (preferably 0<nx-3), 0<n<4 (preferably
0<-n<3), 0<p< (gre{ é%#Jy 1<p<4), 0-<qg<4 (preferably 0-<p<3) and
mtn+p+q=4; -‘Eﬁ'% ) 191 an or-ganol ead conpound represented by the
followi ng formul a: RanPb( ORb) nHpXq wherein Ra and Rb may be the sane or
different, when 5 plural Ra or plural Rb123e present, they nmay be the same
kind or two or nore different kinds, Ra and Rb are each a hydrocarbon group
of 1 to 15 carbon atons, preferably 1 to 6 carbon atons, X is a hal ogen

t d i [ t di 1] 4,
O<nes, 10 0<pea” BB ot T nip it IS STl ko RO batRA e Dine. of

dm i |.a; \ [ d Rb
e the Same. o 67 hnt “An a2 8PkBYs R RREl B S RNk Pl e 1 o 15

carbon atons,_preferabply 0 4ccarbon atons, -an LS Zn or Cd. Specific
exanpl es of t%%s%%%éeggoﬁ%oéﬁdgsiﬁ%lggg %PFQE%?aﬂax?ﬁ&ns, such as
trinmethylalum num_triethylalun nu tri-b-butylal um num, trioctylalum num
20 tridecylaluninu%%ani?éo%%ogb?aﬂéﬂfﬂﬁﬁfgﬂa éFPPQSb&P F&PG&Qn%&;Rfﬁ

di al kyl al ninun1£%%rides, such_as digthglaluninun1hydride, di butyl al um num
hydri de afd dt7<SobatyFaPefi Atint hyar PdeC2EPRYI &FGRPnunt BFR§8FRdes, such as
et hyl al um num di hydri de and propyl al um num 25 di hydri de, borane, baorane
tetrahydrofur%ﬁ?%%%%?e&?eﬁﬁ?gnén013¢?7§3r€P@#}"?Q?laiﬁétﬁﬁ?@&ﬁﬁFH@?&bﬁplex,
borane di net hyl am ne conpl ex, borane trinethylam ne conpl ex, borane

trimet hyl phospFPWRS cofpl ekC BRe%§FPBBr aheNso- BEPABFaPaNO[L3 LY. 2PnERaien
triethyl borane, trinethylborane, nonoal kyl silane, 5 dialkylsilane,

trial kyl si | an®boms et ByFRi ag, mabhELhyPENKé, QrerAyYEadisermrogivAet Byl cadr ni um
and tetraphenyllead. Al so enpl oyable are conpounds by which the chain
transfer agerétale foehelvin she-butyher teatirbratyyst enpedtyiihe above
conpounds, preferable are hydrogen, an 10 organozi nc compound, an

or ganobofl@n compremdy Anandnnohgarnbsi hiydoacesohpougdoupadhpadhigcul arly
preferabl e are hydrogen, diethylzinc and a boron hydride conmpound. The
chai n transf ezl bgent s5cnekeloened ahdveamirguSetosBAgkyrbpni atomshi nation. 15
When the chain transfer agent is used, this agent is different fromthe

or ganonet al | igprebepouhd Bised 20rcéopbonngtamsel efich pel yyelbpabtpend,cat al yst,
because the polynerization reaction in the present invention is

char act eri zedcyanl ¢lhat yihenythepehayh, t cansbeexafenhorboZ2yhotndsed,
progress of living polynerization is essential, and the chain transfer
reacti on procadgisamyyl heaaddi §ronpsfofhé chaBd taanshertagent. The chain
transfer agent is used in such an anmount that the nolar ratio of the chain
transfer 18gentréfetdiely 6 to 20 carbon atoms, such as phenyl, benzyl,

naphthyl, biphenylyl, triphenylyl, fluorenyl, anthryl and
phenanthryl; and groups wherein these groups are further
substituted with an alkyl group of 1 to 30 carbon atoms,
preferably 1 to 20 carbon atoms, or an aryl group of 6 to
20 30 carbon atoms, preferably 6 to 20 carbon atoms. Of

these, tert-butyl is more preferable.

Examples of the hydrocarbon-substituted silyl groups
indicated by R15 include the same groups as previously

described with respect to RZ2 to RY in the formula (II-a).



SF-714 (PCT) 193 transition netal conpound becones usually 0.1 to 10000,
preferably 1 to 5000. The ol efin polynerization catalyst used in the above

process is pref I ol efin polynerization catalyst 5 containing the
transition neggg&ggﬂégﬁﬂd (A), and the process for preparing the tapered

pol ymer, the olefin copolynmer or the olefin block copolynmer is preferable.
According to the process of the inventionl24n ol efin pol ymer having a high
nol ecul ar wei ght and a narrow 10 nol ecul ar wei ght distribution can be
obt ai ned with high polynerization activity, or a tapered polynmer or an

ol efin bl ock 00p0|Eﬁﬁﬁp@E%PB%ek%e39ﬂ$ﬁéﬂJé%$n%ga%%?;%&iWﬁﬁﬁgcxa QHpe

obt ai ned with high polynerization activity. e nonodi sper se

pol yol efin, tBSnQF?BEHgﬁ%QBh geﬁ’dﬁgEQQP%ﬁgiﬂyﬂ%ﬁgﬁQ%g{gh%ﬁ%%ﬁéué%gﬁ% of

copol ymer or a pol yner ving a functional “group

t hese pol yner vari diti added. . The .monodi sperse
pol yol efin, t Sdopﬁé’??ﬁécggo yﬁé’ﬁ%u%gxlt lr%j:estczi:plg)reéid "SI PP Ste ol & Bl ock
copol ymer or @hgokggﬁ&lga%qua functional group at the term nal of any of
t hese pol yners can be appliied to various uses. A conposition containing the

nDnodispeQie pol yo gbigggtgglgkggkg5copol rrerh t he taperedfpolyner, t he

ol efin 25 bl ock copoly mefeHaPtndls FERE iPen &t fgrdwtat and

SF-714 (PCT) 194 the termnal of any of these polyners can be nolded into
articles by a%wﬂo%ﬁ HBF&i ﬁg rEERodeYoPe I?@“GIIGG\Pitﬁ FAESr $16¥9  he

i nvention, the block, copol yner containing a rigid block and a soft bl ock
and 5 the tapered Pol§ner"HEVETpEGhartvd&dor vRAERES &t IC rel ast oner s.
Exanpl es of the uses of the polyners include autonobile parts, such as side
mal |'s, bunper SPEGRALRBLSYr PPs INEREES Pdn chgndel $refesedland -air duct 10

hoses; industrial parts, such as packings, mats, belts
X 1s an oxygen atom, a hydrogen atom, a halogen atom,

10 a hydrocarbon group, an oxygen-containing group, a
sulfur-containing group, a nitrogen-containing group, a
boron-containing grbup, an aluminum—containing»group, a
phosphorus-containing group, a halogen-containing group,
a heterocyclic compound residue, a silicon-containing

15 group, a germanium-containing group or a tin-containing
group. Examples of such atoms and groups include the
same atoms and groups as previously described with
respect to X in the formula (I).

When n is 2 or greater, plural groups indicated by X

20 may be the same or different, and plural groups indicated
by X may be bonded to form a ring.

As the transition metal compound (A), there can be
also mentioned a transition metal compound represented by
the following formula (III') and having the following

25 structure as RLO0,



and hoses; electric/electronic parts, such as electric wres, codes and
silencing gears; sporting goods, such as sport shoes, ski shoes; and civil
engineering/bg%]?'gg g&&erials, such as gaskets and water barrier sheets.
15 To the ol efin L ? s of the invention, thernoplastic resins, fillers,
nucl eati ng agents and additives used for polyners may be added in arbitrary
anounts, and the polynmers may be subject et®% 0 secondary nodification such
as crosslinking or blowing. 20 As the thernoplastic resins, crystalline

t hernopl astic resins, such as pol yol efin, polyam de, polyester and

pol yacetal ; and non-crystalline thernoplastic resins, such as pol ystyrene,
acrylonitril e/ butadi ene/ styrene cgpol ymer (ABS), 25 pol ycarbonate,

pol yphenyl ene oxi de and pbl yacryfat\e, are SF-714 (PCT) 195 enpl oyabl e.

Pol yvinyl chloride is al g0 Jref “__x_egPoned. Exanpl es of the polyol efins
i ncl ude an et hyl ene pol yjrer, M npol ymer, a butene polynmer, a 4 5
net hyl - 1- pent ene ponner,R@ 3- 1- butene pol yner and a hexene pol yner.
O these, an ethyl ene palyney propyl ene pol yner and a 4-nethyl - 1- pent ene
pol ymer are preferable. \As_ti ne pol yner, an ethyl ene/ pol argroup
containin%\nrwl copol y able. 10 Exanpl es_of the pol yesters

i ncl ude aromatic pol yesteys, :‘polyethylene-té%%%hlhalate,

pol yet hyl ene napht hal at e and pol ybutyl ene terephthal ate, pol ycaprol actone
and pol yhydroxybutyrate. O these, polyethylene terephthalate is

particul arly preferable. 12 Exanpl es of the pol yam des include aliphatic
pol yani des, ~ sURR* &8s n\ronMe, 98PrEALEE, MepRenther Hieonare sednsilret-arb, and
aromati c pol yam des prepared from aromatic di carboxylic acids and aliphatic
di am nes. O Fﬁe@@?hn9Fgﬁr6 pytpant téel arkepepietiavabltd on2¢hByampleeadf t he
pol yacet al s i ncl ude pol yf or mal dehyde (pol yoxynet hyl ene), pol yacet al dehyde,
pol ypr opi onal @thyde apdargéngbatyl al dehyde. O these, pol yformal dehyde is
particul arly preferable. SF-714 (PCT) 196 The golystyrene may be a
honopol yié " of st yFeneherabhobepépymetaef MSt ymen8Liantcadryl, oRIPr i ne anwet hyl
met hacryl ate or a-nethylstyrene. As the ABS, preferably used is one
conpri si ng 20Xtka®e3she bymepheshiogastist tépseunitt 8ldem, vad 1f tomr14,
acrylonitrile,_ 20 to 30 o by nmol of constituent units derived from

but adi ene andR%9, to 80d% bynnbheofocondki ((lidAy .units derived from styrene.
Exanpl es of the pol ycarbonates include polynmers 10 obtained from

bi s(4- hydr oxyphenyR %EiaamephénileSQAp having at least one

—a
w

substituent selected from a heterocatom and a heteroatom-

15 containing group, an aromatic hydrocarbon group other
than a phenyl group, an aliphatic hydrocarbon group or an
alicyclic hydrocarbon group. When R10 is a phenyl group
and the position of the carbon atom bonded to nitrogen is
the l-position, this phenyl group has, at at least one

20 position of the 2-position and the 6-position, one or
more substituents selected from a heteroatom and a
heteroatom-containing group, or has, at the 3-position,
the 4-position and the 5-position, at least one
substituent selected from a heterocatom other than a

25 fluorine atom, a fluorine-containing group having one



hydr oxyphenyl ) et hane, 2, 2-bi s(4-hydroxyphenyl ) propane and

2, 2- bi s(4- hydroxyphenyl ) butane. O these, polycarbonate obtained from
2,2-bis(4-hydégx¥§£ﬁg tipropane is particularly preferable. 15 As the

pol yphenyl ene* b5 \ % y(2, 6-di met hyl -1, 4 phenyl eneoxi de) is preferably
enpl oyed. As the polyacrylate, polynethyl nethacrylate or pol ybutyl
acrylate is preferably enployed. The therd@$pl astic resins mentioned above
may be used 20 singly or in conmbination or two or nore kinds. The olefin
bl ock copol ynmer of the invention nmay further contain, in addition to the
ther nopl asti ccA856R, afofl 958! hBKI REra9eRbn Rwhbl 80y 18 CHRSRls NKI ng

accel erator, a crosslinking assistant, a softener, a 25 tackifier, a

n
anti - agi ng ag?fﬁor?nQL9$ﬁ@9iﬁgﬁ§£gggﬁg ﬁ?ﬁﬁé@ QREI%n;9&1Q£QQ%ﬁé%Hgg§Eﬂs,an

adhesion inparting agent, an in an organic fi

nucl eating aggnd, o a beatost hiLbARL 1 13nYeLARE A SLAPL! L2gy an gntistatic

agent, a col orant, ricant, ame’r §T8906W§ng agent
and the |ike. sl nki ng-agent The _crosslinkinggagent is, for.exanple,
sul fur, a sul?ﬁﬁggo%%%ﬁn% %?g8ﬁ18?gaﬁP8'p§$%%? DA So?@aﬂFQmﬁt?Sxide
havi ng a feenperature.. at which t half-life 10 riod corresponds to 1
mnute, o gg%y BO%%BQPPsgﬁ?BPePgﬁﬁé,£§ﬁ8 épgéﬁpgiaﬁFﬁypdiéﬁnﬁﬁ ide,
di -t butyl peroxide i -t-butyl peroxy-3,3,5trinethylcycl ghexane,

t - but yl cunyl %%?59¢ﬂgPoﬂi9F9éﬂy5rpﬁpoﬁia€¥c }SuﬁﬁpﬁﬁdeBﬁérS%P&§ihas
2,5-dinethy|-2,5-di-ét 15 but%lgeroxg)hexane or the like is preferable.
Wien the or gaht clpRFbxPae FuPBEeH S8t AE1BFbEE| fARMNG A§ERECaltem @nd a
preferable to use a crosslinking assistant in conbination. O the various
crossl i nki ng RYeRT L3t IRTEARt®ENANGUBFAFPconpound, particularly sulfur, is
preferably used 20 because a crosslinked Eroduct having excel | ent
properties can be TRERHeY. CHoWesehetarodEgani anpeEBbRi BEtEEORBPEr ef er abl y
used bec 5se it has particularly excellent crosslinking efficiency.

Crossl i nfPng @Rt £?utDrIrOGRs 73ac{ pey) thogsaret REoBF0s8P AKPHYS as

accel erator, N-cyclohexyl -2 benzothi azol e sulfenani?e (CcB2),
N- oxydi et hyl épeepiously described with respect to R* in the formula

(II-a).
In the transition metal compound represented by the
formula (III), when the position of the carbon atom
15 Dbonded to a nitrogen.atom is the l-position, R10 ig
preferably a fluorine-containing hydrocarbon group of 1
to 30 carbon atoms which is selected from a phenyl group
having, at at least one position of the 2-position and
the 6-position, one or more substituents selected from a
20 heteroatom and a heteroatom-containing group, a phenyl
group having, at the 3-position, the 4-position and the
5-position, at least one substituent selected from a
fluorine-containing group containing one carbon atom and
not more than two fluorine atoms and a fluorine-

25 containing group containing two or more carbon atoms, an




benzot hi azol e sul fenam de, N, N-diisopropyl-2 benzothi azol e sul f enam de,
2- mer capt obenzot hi azole, 2 5 (2, 4-dinitrophenyl) nercapt obenzot hi azol e or

the like is l-Qy,e osslinkinct assistant The crosslinking assistant is
SR

used for organic pe e crosslinking. Exanples of the crosslinking 10

assi stants include sul fur; quinone dioxinme_conpounds, such as p-qui none
di oxi me and p, p' - di benzoyl qui none di oxi nB27and pol yf uncti onal nononers,
such as (meth)acryl ate conpounds (e. g., trimethylol propane triacrylate and
pol yet hyl ene gl ycol dinethacrylate), 15 allyl compounds (e. g., diallyl

pht hal at e an%ﬁdﬂ@&id'hﬁ%%@ﬂ,%ﬁ@ﬁﬁi mﬁérCQHBRUQightéﬁgg-sgﬁé'g [ -m

phenyl enebi smal ei m de) and di vi nyl benzene. Softener ers, those

ner et of or o addadk 4o JubheLs: 20,2 e M del yelieod ) 00 gXapRLes thereol

i ncl ude petroleumiype softeners, such as process Ol

araffin, |iou f10m 1 t aseline;, cpal tar type
goften;rs, ggﬁkg%gﬁ%%a.liﬁﬁéééﬁ c%§£%$%$bﬁét%ﬁgggri%ﬁa%?&pg? 1Eype yP

corteneLs) SR RGPS o LSRR B CAPeSEET ol R conont
v 200 1 QIO S A SocANG ol gl dhsal Lpp sueh as thelnol e acid
symthel1  POLIEly S AL o i aueh. a5 eleoleuntosin Stactice e
o ar by o e LS e SRR TR Qo and DR SHAL'Y
fluorine—containing group. Such a transition metal
compound is preferable from the viewpoints of activity

10 and molecular weight of the resulting polymer.

As for the substitution position of the substituent
having a heteroatom or a heteroatom-containing group,
when R10 is aromatic, fhis substituent is preferably
present at the position of a carbon atom (carbon atom at

15 the B-position) adjacent to the carbon atom in R10 that
is bonded to a nitrogen atom, and when R10 is aliphatic,
the substituent is preferably present at the adjacent
position or its adjacent position (B-position or Y-
position).

20 Examples of the heteroatoms and the heteroatom-
containing groups include the same atoms and groups as
previously described. Particularly, fluorine is
preferable as the hetercatom, and a fluorine-containing

group is preferable as the heteroatom-containing group.

25 Examples of R!® include



Bl owi ng agent 10 As the blow ng agents, those generally used for

bl ow nol di ng of rubbers are wi dely used, and exanpl es thereof include

i norgani c bl o ¥%§q%€&ﬁ9t such as sodi um bi carbonate, sodi um carbonat e,
ammoni um bi ca ni um car bonate and amoniumnnitrite; nitroso 15
conpounds, such as N, N -dinmethyl-N N dinitrosoterephthal am de and N, N

di ni t r osopent amet hyl enet etram ne; azo cofZ8unds, such as azodi car bonan de,
azobi si sobutyronitrile, azocyclohexylnitrile, azodi am nobenzene and barium
20 azodi carboxyl ate; sulfonyl hydrazi de conpounds, such as benzenesul fonyl

hydr azi de, t0&f'fﬁ?@é'k&r@@ﬁ’ﬂnyb?’dﬁé%kg’éorBeEhyQXyBb%ﬁf?ﬁ@%‘éﬁ?% honyl hydr azi de)
and di phenyl sul fon 3, 3'-disul fonyl hydrazide, azi de conpolnds, such as

cal ci um aZIde%?ﬁfﬁuémgyid'éyk%%x oBehfg1andeR s ﬁ%ﬁéﬁ%mﬂ 2d0

t ol uenesul fon azi de t he prefe roso corpbdbunds, azo

be sed i co rat Sl Bout PRET bR S kTenk® 5@50%8%%2%?23& ki
?Z%Z?Z{‘Lr'e“oﬁ?{‘ﬁ”%% REPBLERRYL 25 ko hover ngeof HRUE#posI i on ther eof and
O gani ¢ aBi ds- 1t SKRR LeOKaPPRYRC. it U PRERARPEORERSL: otear | ¢ aci d and.
oxalic acidi god yrea of Lisndsllyatiyes, Frogessing.alq,
1H, 1H-perfluorodecyl, perfluoroéyclohexyl,
trifluoromethylcyclohexyl,
bis(trifluoromethyl)cyclohexyltrifluoromethylfluorocyclo-

10 hexyl, monofluorophenyl, difluorophenyl, trifluorophenvyl,
tetrafluorophenyl, pentafluorophenyl,
(trifluoromethyl)pentafluorophenyl,

(trifluoromethyl) fluorophenyl, trifluoromethylphenyl,
bis(trifluoromethyl)phenyl, tris(trifluoromethyl)phenyl,

15 tetrakis(trifluoromethyl)phenyl,
pentakis(trifluoromethyl)phenyl, perfluorcethylphenyl,
bis(perfluoroethyl)phenyl, perfluoropropylphenyl,
perfluorobutylphenyl, perfluoropentylphenyl,
perfluorchexylphenyl, bis(perfluorohexyl)phenyl,

20 perfluoronaphthyl, perfluorophenanthryl,
perfluoroanthryl and (trifluoromethyl)tetrafluorophenyl.

R'Y is preferably a fluorine-containing aliphatic
hydrocarbon group of 3 to 30 carbon atoms. Examples
include aliphatic hydrocarbon groups of 3 to 30 carbon

25 atoms substituted with fluorine and/or fluorine-



Exanpl es of the processing aids include acids, such as ricinolic acid,
stearic acid, palmtic acid and lauric 15 acid; salts of these higher fatty
acids, such asgpayjy mqs,t)earate, zinc stearate and cal cium stearate; and
esters. Adhesion ingar i'ng agent The adhesion inparting agent is an agent
to i nmprove adhesi on between a crosslinked product and a decorative 20 |ayer -
such as a coating film and exanpl es of smgﬂ agents include an organotin
conpound, a tertiary am ne conpound, a hydroxyl group-containing
(co)polyner and a netallic hydroxide. Inorganic filler SF-714 (PCT) 201

Exanpl es of thenteargar Gyfdddsdhdyde silica, diatonmaceous earth
al um na, titani um oxi de, nmagnesi um oxi de, pum ce powder, pum ce ball oon

aIuninun1hydrQﬁLd@rp@@yygaﬂgpﬁ%gﬁgxthqg%ﬁgfkiggyggﬁégﬁcarbonate
e, barium

dolomte, 5 calciumsulfate, calciumtitan Tfate, cal cium
sulfite, talciuchay,sHrGd est.os, 5 f1 ber l.ass fl ake, gl ass bead,
5 N |§nlt , ’bé%%ﬁ§§ﬁ%§r %ﬁ#%Qny%ﬂ umi nu

calciumsilicate, nontnoril oni m powder and

P! oyed. and cl oy B L Ar AR g g PR PriEper | co. i 1
dispersibq;ne paqal rticularly prefera enpl oyed. The clay m nerals
are generalIngr%gsﬁfggéhp%#g%§y¥y55~@qugﬁﬁ%ﬁﬂﬂh%ﬂﬁ%mture consi sting of a
tetrahedral | sillica_and an octahedral |ayer containing alum num
or nagnesiun1gg%guggﬁ%ggpy%ét%Flgﬂ8ﬂ3&? S I hd sterfdvediomharailer and a

type of three-ég¥grlstrgc%ure consi sting of tetrahedral layers of silica
and an oct ahedrar < F &) 8F CRBRPELNI g AEHORGmesH ik Geasiafhusy coheenithal  net al
20 sandmﬁched(get¥$en t he eérahedral | ayers. The two-layer structure type
(former type) 'r§XT+BPr8RGMPYE) TAUREEPPAINYE » gitddf Lavo rameamyilgdreintel ,gr oup,
and the three-ia gr,fLéucture t{ge (latter type) is, for exanple, a
smectite grouptSAatvifhieEPTeEhyloapeBYLa firéa (Grodp uokrameitsy25 pgreouped
accordinq to the nupber of interlam nar cations. SF-714 (PCT) 202
Speci f i ¢ 'Sxanpfesd b S { hBl 1 a9rAAERAILsPhABYUde kaolinite, dickite, nacrite,
hal | oysite, antigorite, |

pen akls(trlfluoromethyl)phenyl, perfluoroethylphenyl,

bis(perfluorcethyl)phenyl, perflulorpropylphenyl,

perfluorobutylphenyl, perfluoropentylphenyl,

perfluorohexylphenyl, bis(perfluorohexyl)phenyl,

15 perfluoronaphthyl, perfluorophenanthryl,
perfluoroanthryl, and (trifluoromethyl)tetrafluorophenyl.
R is particularly preferably an aromatic
hydrocarbon group of 6 to 30 carbon atoms substituted
with fluorine, an aromatic hydrocarbon group of 8 to 30
20 carbon atoms substituted with a fluorine~containing
hydrocarbon of 2 or more carbon atoms or an aromatic
hydrocarbon group of 7 to 30 carbon atoms substituted

with fluorine and a fluorine-containing hydrocarbon group.

Examples include

25 monofluorophenyl, difluorophenyl, trifluorophenyl,



chrysotile, pyrophyllite, nontnorillonite, beidellite, nontronite,

saponite, sauconite, stevensite, hectorite, 5 tetrasilicic mca, sodium
taeniorite, W§E§P%£@ﬁ$ margarite, talc, vermculite, phlogopite, _
xant hophyl | i t¥" dn Dhite. Clay mnerals having been treated with organic
materials (sonetinmes referred to as "organic nodified 10 clay m neral s")
are al so enpl oyabl e as the inorganic | aydd® conpounds. (On the clay

m neral s having been treated with organic materials, see "Dictionary of

Cl ay" by Asakura Shoten.) O the above clay mnerals, preferable are a 15

smectite group.t Ay ¥EratSYhste1 9r QuR: 38d, 8, BhRangioup, and nore preferable
is a smectite group, fromthe viewoints of swelfl{ng properties or cleavage

properties. 2 E?%%%Té@ﬁyfg%gﬂ£gglgé?gghghgx m neral s include

nmont nori | | oni ite, ntroni aponife, 20 sauconite, stevensite

"ayered compoliniie: are Suerien orUar EaieaVar oo he Prr Bu S iBaEB et he
swel l'ing cl ay_m neral t here_can be nentioned water, alcohols, such as
ah E9LgRraRa

;
met hanol , 25 &tH %ff§b?%ﬁ%%%? hol , ethyl ene glycol and SF-714
(PCT) 203_.diethylene glycol, dineth oy mam de, di net hyl sul foxide and

acet one. Of f%%%%?kh%?%¥lgLﬂoﬁ?%%E%¥£LHéﬁn§ *met hanol are preferable. In
case of the or anic,nPdif'ed clay mnerals, there 5 can be nentioned
aromatic hydr®d ?%%h%,tEht%u%EO%%FQEﬁéPh?BVﬁen@e5ﬁéu?§P§ﬁ€¥l@Pﬁ§ﬂ§/ such as
ethyl ether and tetrahydrofuran, ketones, such as acetone, nethyl ethyl
ketone and methyiP§EbbueyPe KRy bhehenyi phaerELHyaPBEAPEORES N deh as

n- pent ane, n-hexane and n-octane, hal ogenated 10 hydrocarbons, such as

chl or obenzene® et HRFP R &t Yl RY | debd EglﬁPB?B?ﬁfYHPEﬁPMﬂﬂnethane,

1, 2-di chl oroet hane and perchl oroet hyl ene, ethyl acetate, mnethyl

met hacr yl at e RVMA)UCERRRE Yl PR ibt abés (Perf lugrabekyli Bhaawide, di met hyl

sul f oxi de, methyl cellosolve and silicone oil.
10 perfluoronaphthyl, perfluorophenanthryl,

perfluoroanthryl and (trifluoromethyl)tetrafluorophenyl.
Of these, particularly preferable as R!? are

2-fluorophenyl group, 2,6-difluorophenyl group,

2,4,6-trifluorophenyl group, pentafluorophenyl group,

15 4-trifluoromethyl 2,3,5,6-tetrafluorophenyl group,
2-trifluoromethylphenyl group and 1H,1H-perfluorooctyl
group.

As for the substitution position of flucrine, when
R10 is aromatic, this fluorine is preferably present at

20 the position of a carbon atom (carbon atom at the B-
position) adjacent to the carbon atom in R10 that is
bonded to a nitrogen atom, and when R10 ig aliphatic, the
fluorine is preferably present at the adjacent position

or its adjacent position (B-position or y-position).



15 Nucl eating agent As the nucl eating agents, various nucl eating agents
hitherto known are used without specific limtation. Exanples of the

nucl eating ageyy $4i e the .follow ng aromati c phosphoric ester salt,
benzyl i denesoﬁ}? niﬂﬁ%ﬂar omatic carboxylic acid and rosin nucl eating

agent. Exanples of aromatic phosphoric ester salt are conpounds represented
by the following fornula (1). 25 SF-71413PCT) 204 R42 R43 ~ ~ OR4~ P-OM
543 R\ ~o0 ... (1) R42 C1 In the above forrmula, R41 is an oxygen atom a
sul fur atom or a hydrocarbon group of 1 to 10 carbon atons; R42 10 and R93

are each a hydrogenjat rngnydrocarhon group of 1 to 10 carbon atons and
may be the same orﬁdi f?”e@r %nt,%?ﬁ/d%ﬁg%&e S RO e Rt be danded

to each other .to forma ring; Mis _a netal atom having a valency of 1 to 3;

and n is an int gé/grrogfenl atté)%?;. 2 3 3G e 19 Wheartp| sl asfe i teoeonipolings

repr esent ed gé t he aboge formula (1) include .

sodi um 2, 2' - net RYPené- BYSERGIRON IHRUR plfe pSTsREsRt s ubs tituted

sodium 2, 2' - et hﬁl i dene- bi s( 4, 6-di -t-butyl phenyl ) phosphat e,

lithium2,2 -ie N;’zl 8h8YBIr s P8, GXF9en-enHaghdma Josteogphat eyit2gen-

lithium2,2'-et hgl i, dene-bi s(4, 6-di -t butyl phenyl ) phosphat e,

sodi um 2, 2" - etRYFRYBABIDBECAP Ofr @ppiléur Hewnyaghemyl plogphaEgamples

lithium 2, 2" -nethyl ene-bis(4-nethyl-6-t

of such atoms and groups include the same atoms and
groups as previously described with respect to RZ? to RS
in the formula (II-a).
R15 is a halogen atom, a halogen-containing group, a

10 hydrocarbon group or a hydrocarbon-substituted silyl
group. Examples of such atoms and groups include the
same atoms and groups as previously described with
respect to R?2 to RS in the formula (II-a).

Examples of the hydrocarbon groups indicated by R15

16 include those of 1 to 30 carbon atoms. Preferred
examples thereof include straight-chain or branched alkyl
groups of 1 to 30 carbon atoms, preferably 1 to 20 carbon
atoms, such as methyl, ethyl, n-propyl, isopropyl, n-
butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl,

20 neopentyl and n-hexyl; hydrocarbon groups having
alicyclic skeleton and having 3 to 30 carbon atoms,
preferably 3 to 20 carbon atoms, such as cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, norbornyl and

adamantyl; aryl groups of 6 to 30 carbon atoms,

25 preferably 6 to 20 carbon atoms, such as phenyl, benzyl,



25 butyl phenyl ) phosphat e, SF-714 (PCT} 205

lithium 2, 2" -nmet hyl ene-bi s(4-ethyl -6-tbutyl phenyl ) phosphat e,
cal ci um bi s( s thiohis(4-nmet hyl - 6-tbutyl phenyl ) phosphate), 5
cal ci um bis(%é’”ﬂ%im ethyl-6-t butyl phenyl ) phosphat e) |
calciumbis(2,2 -thiobis(4,6-di-t- butylphﬁg%l)phosphate),
magneci um bi s( 2, 2' - t hi obi s(4, 6-di -t butyl g#&nyl ) phosphate), 10
magneci um bi s(2, 2' -t hi obi s(4-t-octyl phenyl ) phosphat e),
sodi um 2, 2' - but yl i dene- bi s(4, 6-di - net hyl phenyl ) phosphat e,

sodi um 2, 2" - byt ik ¢ ghene t )
sodi um 2, 2' -t &%%y?ﬁeth%%%ﬁém%}gi4 99&?%§H9§ %y g%géggﬁgﬁos gpgyl and

sodi um 2, 2° - (5,004 3 LY L en e(;%gpg hethuhy HQSEY% g%p?%e%ther

caIC|un}b|s(iDZ - met hyl ene- i-t uty henyl)

magneci um bi sgﬁo&tﬁga'ﬁ €ﬁb§1§( 4109 abo pghxkp egﬁgspgggggm €t oms,

bariumbis(2,?2 ene- |s( enyl)
sodi um 2, 2 h buty henyl hat e, SF- 14
(PCT) 206 sogga} %@%&ﬁefﬁ?ﬁ%& ?ﬂne? yfﬂse Pgu?i)l B%gﬂ EBHBSﬁﬁate
sodi um (44" 59 6' -di- t 2' yl osphat
calLFun§st fﬁ% %ar ??@WS %regF¥?b§&t £§ 28 Féggﬁypfgﬁ8§pha?é)

di 2,2 -ethylid bi s but t bu nyl ) phosphat e,
sodi um 2, 2 3&%%@%2%'%&%% ?ﬁ9|aﬁs%§r$5ﬁaip%2te P10
sodium 2, 2' - net hyl i-eth henyl ) phosphat e
pot525|un}2 2' -e¥ Wﬁ%ﬁétﬁg SE% %Yg¥%ﬁ?§¥ﬁagﬁ9P$BhB§Eﬁﬁtéilyl groups
cal ci um bi s(2, 2" -eth Ildenelgls(4 6- di -t but yl phenyl ) phosphate), 15
magneci um bi ﬂf?lfa%%/%ﬁbf déne- bistude.- ahet sﬁ’ﬂ?y%ﬁéﬁ?l ?Ehﬁ%ﬁé?é}ily
bariumbis(2,2 -ethylldene bIS(4 6- d|-tb5t¥ gn yl) hosphateé
al uni ni um t ri9gScHR %%t%&?%n%e%?%%ﬁ BodR<t toOR u%?lgh@n§P¥EH gpHatleR)and
al um niumtris(2,2 -ethylidene-bis(4,6-di-tbutyl phenyl)phosphate), and
m xt ur es%f two ort %ﬁiﬁ*@%’ heteothe Faaioeen ar T 9mpr ah@r bk ehp sogen-—

sodi um 2, 2' net hyl ene-bi s(4, 6-di -t- butylphenylighpsphate SF-714 (PCT) 207
Exanpl es ofzﬁQﬂﬁﬁ%QﬂQﬂuﬂﬁﬁMﬁ$cl@@%@@tgﬁlbYaR include the same atoms

and groups as previously described with respect to Rl in
the formula (II-a).
R10 and rR11 to RIS may be the same or different, and
16 two or more of them may be bonded to form a ring.
n is a number satisfying a valence of M1,
specifically an integer of 2 to 4, preferably 2.
X 1s an oxygen atom, a hydrogen atom, a halogen atom,
a hydrocarbon group, an oxygen-containing group, a
20 sulfur-containing group, a nitrogen-containing group, a
boron-containing group, an aluminum-containing group, a
phosphorus-containing group, a halogen-containing group,
a heterocyclic compound residue, a silicon-containing
group, a germanium-containing group or a tin-containing

25 group. Examples of such atoms and groups include the



conpounds represented by the followwing formula (2). _ O... (2) nlIn the
above fornula, R44 is a hydrogen atom or hydrocarbon group of 1 to 10

car bon at ons; I%é_l'?i‘lgp@al atom having a valency of 1 to 3; and n is an
integer of 1 B : ncrete exanpl es of the conpounds represented by the
above formula (2) include sodi umbis(4-t-butyl phenyl)phosphat e,

sodi um bi s(4- net hyl phenyl ) phosphate, 15 s$38um bi s(4- et hyl phenyl ) phosphat e,
sodi um bi s(4-i - propyl phenyl ) phosphat e,

sodi um bi s(4-t-octyl phenyl ) phosphat e,

potassiun}bisgémggggkmkpgﬁgyl]Rngﬁp . . .
calciun}bis(4-t-butylphenyl)ﬁ%os ha?%%%%§VlouSly described with

magneci um bi s (4-thyt yl ) Rho ,
T on i bt o(4 C oot Many bt pah e (1)
al um num bi s(4-t-by and .m xt.ures of two or nore

| }.ph h ,
t her eof . ParticularFéhggggérggfgsggggaﬁﬁﬂnﬁﬁ%ﬂ@&tqﬁﬁﬂgﬁ[ﬂﬂﬂhﬁ%@ﬁ%§%ﬁa¥e.

SF-714 (PCT e . benzyl i denesagrhitol is, for exanple, a conpound

repr ESEI(’I'[ ed) bégg'hlggfg Ieov?n)éﬁlﬁ Gr r‘f&tge(r@nt 7 a~’|§ﬁ§]1+”€33n}()F%Fo‘%Ps. j(rn%i@nted
wherein egch R45 . may be the sane or different and is a 10 hydrogen atom or
a hydrocar ongaréug%gf%f g8nﬂ%dc§¥béﬁ“§féh§Fjéhd mand n are each an
integer of 0 to 5. anpl es .of the conpounds represented by the forrmula (3)
i ncl ude |,3,2,4-diBgﬁzggﬁaéﬁé§8ﬁbﬂﬁéﬁﬁ compound represented by the
1,3benzy|iden%-2,4- - et hyl benzyl i denesorbitol, 1,3 15
benzy|idene-z,EFBPéghyFSéﬁzypidﬁﬁé§6ﬁbpﬁoMJIﬂﬁa-mreferably has

nmet hyl benzyl i dene- 2, 4- benzyl i denesor bi tol ,

1, 3- pet hyl benP§PPEEREES, EhBéNz Y defessoisittisl structure of a cationic

1, 3- pnet hyl benzyl i dene- 2, 4- p- et hyl benzyl i denesor bi t ol ,

1, 3- pet hyl benZ9PPdeRevDerepnrengy Phefz i démeSonbitlel isP0eplaced with
3,2,4-di (p- et hyl benzyl i dene)sorbitol, |,3,2,4-di(p
hyIbeniU%id%n@)@éPEV@OBFOPPz,gﬁdddSGEUmempykhﬂmzyhkﬂﬂmnksbmni&DI,

, 3,2, 4-di (p-ipropyl benzylidene)sorbitol,
,3,2f4-di(p-ﬁ%ﬂﬁy{beﬁzypté@néﬂsmsbhpdb,ths3ﬁ25¢a@h@pb@tween the

heteroatom, which has no direct bond to the central metal
M and is nearest to the central metal M, and hydrogen at
the B-position is not more than 3.0 A and the

16 electrostatic energy is not more than 10 kJ/mol.

Examples of the transition metal compounds
represented by the formula (I), (II-a), (IT-b), (II-a'),
(II-b'), (III) or (III) are given below, without limiting
thereto.

20



25 butyl benzylidene)sorbitol, 1,3,2,4-di(p-t SF-714 (PCT) 209

butyl benzyl i dene)sorbitol, 1,3,2,4-di(2',4" di methyl benzylidene)sorbitol,
,3,2,4-di(p 23 ybenzyl i dene) sorbitol,
|, 3, 2, 4-di ( pet he 3benzy|idene)sorbitol 1, 3- benzyl i dene-2-4-p 5
chlorobenzyl|denesorbitol, 1, 3-p- chIorobeB&%Irdene-2-4 benzyl i denesor bi t ol ,

|, 3- p-ehl orobenzyl i dene- 2- 4- pnethylbenzyl nesor bi tol,

|, 3- p- chl or obenzyl i dene- 2- 4- pet hyl benzyl i denesor bi t ol ,

1,3 p- met hyl benzyl i dene- 2- 4- pchl or obenzyl i denesor bi t ol ,

1, 3-p-et hyl benzyl i dene-2-4-p 10 chl or obenzyl i denesorbitol, I|,3,2,4-di(p

chl orobenzyl i dene)sorbitol, and m xtures of two or nore of these conpounds.
O these, preferable are 1, 3.2,4 dibenzylidenesorbitol, |,3._2,4-di(p

net hyl benzyl qe)sorbitol, 3,2,4-di(p 15 ethylbenzyllge jsorbitol,

1, 3- p-chl or ojengyl i dene- 2- 4 -thylbenzyl esorbitol, 2,4-di (p

chl or obenzylri¥etre) sor bi t ol F 1k m xt ures @1 0 or nore @ se conpounds. .
Of the above iNnXxy k enesor hiNt q Sty preferaﬁh& 20 co rePresented
by the fol | ofu 3«? la (4 Tk ras ~0 . 2SF- 714
(PCT) 210 |n2each R4 é the sa dﬂfferent sZnethyI or
ethyl. The |tic carbo acid is, f xanple

alunlnunhydroxy ¥ para-t - butyl Bnzoate’ represB%ted by the
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following formula (5): COO~AI(OH) . . . ( 5) 2 10 The rosin type

nucl eating agent is, for exanple, a netallic salt of a rosin acid, and the
metal lic saltgplygqrosin acid is a reaction product of a rosin acid and a
metal li c conpound. Exanples of the rosin acids include 15 natural rosins,
such as gumrosin, tall oil rosin and wood_rosin; various nodified rosins,
such as di sproportionated rosin, hydrogené& d rosin, dehydrogenated rosin,
pol ymeri zed rosin and a, (3 ethylenically unsat ur at ed car boxylic

acid-nodi fied rosin; 20 purified products of the natural rosins; and
purified products of the nodified rosins. Exanples of unsaturated
carboxylic acids used for preparing the a, (3-ethylenically unsaturated

carboxylic acidenodified rosi i nclude mal efic acid, mal efic anhydri de,
fumaric acid,g ikagonic 25 aci itaconi ¢ anhydri de, C|traco *%FaC|d,‘
acrylic acid -714 (PCT) ad net hacryl acid. O t pove I osins,
pref erabl e igJ;:}}east one IFOSHTF aci d sel eq gromthe gro~e gonsi sting of

a natural rosigN--a . i ified rosiN,. a purifiegn-phoduct of a natyral rosin
and a purified Sggroddct of gggi’ir Bd rosi ff. S‘gge'r‘lcbsi n acl%d camT&'zns
pl ural resi yds 2sel ecte m @ maric aed &ndar achpiAepi € ;aci d,
parastric ackgd %soplnarlc 8 abi etic agi d., dehydr oabi c acid,
neoabi etic aci d, “di hydropi mari c®%ci d, d|hyoroa5?etic aci d andBa0
tetrahydroabietic acid. The netallic conpound which reacts with the rosin
acid to form tallic saltg:jkﬁfor exanpl e u conmpound whi ch contains a
Cind. >

netallic ele “F Such as so pot assi u gnesium a a salt
Exanpl es of dparretalllc s%f%gepgﬁ?ude

together with a.fhe rosin a

chl ori des, n||rq%ék¢mhcetate ,Sg figkes, ca on Sl OXi deg roxi des
of the abov- meral2 O her @s of th Féating agegks | ude

hi gh- nel ti ngpdi nt polyner talllc sal { aromatic ) |arboxyI|c aci ds
or -aliphatic car%bxyllc aci '®nd i nor gani bnpounds jBes of the

hi gh-nel ti ng poi nt pol yners i ncl ude pol yvi nyl cycl oal kanes, such as
pol yvi nyl cycl ghexane and pol¥y|nylcyclopentane pol y- 3- netoI-l pent ene,

poly-3 25 F 1- but ene, polyalkenyl anes. E 3F
F F Fj:;IF

N-.

T 'ncb Z STiCl, ;};rcb AN-=- STiCly
O -0 \O e 2

@ @ | @CF ?HZ(QF2)GCF3
N-. N-. -
Z =TiCl, Z STiCl, N-- =TiClp N TTYSTICK,
0 N0 _ 0 ~07 5

N
n
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SF-714 (PCT) 212 Exanples of the nmetallic salts of aromatic carboxylic
acids or aliphatic carboxylic acids include alum num benzoate, al um num
p-t-butyl benz FLFT sodi um adi pat e, sodi umthi ophenecarboxyl ate and 5
pyrrolecarbox$ Tc‘%cid. Mol di ng met hod The ol efin copol yner of the
invention can be subjected to various nol di ng nethods such as extrusion
nol di ng, injection nolding, bIOM/nDIdingf?&&ess nol ding 10 and st anpi ng.
The ol efin copol yner can be nolded into sheets or filns (unstretched) by
extrusion nmolding. Stretched filnms can be obtained by stretching the
extruded sheets or extruded filnms (unstretched) through 15 tentering

(I engt hwi se-crosswi se stretching, crossw se | engthw se stretching),

si mul t aneous bi axial orientation or nonoaxial stretching. Fromthe olefin
copolynmer of the invention, inflation filns can al so be produced. Filanents
can be produced by, for exanple, extruding 20 a nolten ol efin copol yner

t hrough spinneret. The filanments may be produced by a nelt bl ow ng nethod.

I nj ection nol ded products can be produced by injection nolding the olefin
copol ynmer into various shapes by the use of hitherto known injection
mol di ng 25 machi nes under the known conditions. The injection SF-714
(PCT) 213 -




nol ded products obtained fromthe olefin copolynmer of the invention are
hardly el ectrostatically charged and have excellent rigidity, heat

resi st ance, ngﬁ resi stance, surface gl oss, chem cal resistance and
abrasion 5 re éhce so that they can be broadly used as autonobile
interior trim autonobile exterior trim hou5|ngs of electric appliances,
containers, etc. Blow nolded products car 3k produced by the use of
hitherto known bl ow ol di ng machi nes under the known 10 conditions. In the
i njection nolding nethod, the ol efin copolyner of the invention is injected
into a parison nold at a resin tenperature of 100 to 300C to forma
parison, then the parison is held in a nold of desired 15 shape, and air is
blown into the parison to fit the parison into the nold, whereby a bl ow

nol ded product can be produced. The stamping nethod is, for exanple,
stanping nolding. In this nmethod, a base material and a skin 20 materi al
are press nolded at the sane tinme to performintegral nolding (stanping
nol di ng), and the ol efin copol yner can be used as the base material. Use
application SF-714 (PCT) 214 The ol efin copolynmer of the invention can be
applied to various uses, and for exanple, it can be used for film

| ami nates, sHeEf: |2 E%#ates nodi f$FeCEd«CBxanmpl es of t-he | ani nates
containing | east® gﬁ%? f orgfgl from t TP s BoelSFnGFaof t he

i nvention i _ude agric ural fil apping film s k film protective
film separagiqg f|In1su as bl ood bl\asma separating fli kmor water

sel ective ér i ';ggmchchange fil"%gghggry separ at or,
and sel ec %1 separ ' g optical resghy0Gn fi'lm The
olefin co mer of t pvention be used as a .gﬁ]ier for rubbers.
Exanpl es of t B rubbers i fBfude crossBknked rubbers, Suctuas natural rubber
(NR), . i soprene rubber (IR, 15 butadi ene rubber (BR) styrene/ but adi ene

£

rubber (SBRL. chl oropreng rubber (CR Facrylonltrlle/b t dlene rubber
(NBR), but @ ubber (I1 @ et hyl en opyl ene ber
chl or osukgfONgAt ed pol gty ene ( .cryI”%c

N‘ bR "y N~ - N' -
- o?/-nc’z “ = T‘Clg - }Tlctz }thtz }TIC'z
2 O/a O/2 0/2
tBu



rubber (ACM ANM etc.), epichlorohydrin rubber (CO ECO 20 etc.),
silicone rubber (Q and fluororubber (FKM etc.); and thernoplastic
rubbers, such 7L¥bbers of styrene type, olefin type, urethane type, ester
type, anlde t§§s d vinyl chloride type. The ol efin copolynmer of the
invention can be used as 25 a nodifier for lubricating oils, such as
gasol i ne engi ne SF-714 (PCT 215 oil, di¢s®l engine oil, nmarine engine
oil, gear oil, machine oil, metal working oil, notor oil, nmachine oil,
spindle oil and insulating oil. The olefin copolymer can be used as a
viscosity nodifier or a freezing point 5 depressant of these |ubricating
oils. The ol efin copolyner of the invention can be used as a nodifier for
waxes. Exanpl es of the waxes inclyeg n neral es, su nont an wax,

peat wax, ozokerite/ceresin wax aetrol eut@x; synt h waxes, 10 such
as pol yet hyl ene, Fischer-Tropsch wdx, Fcheniftal FnDdlfled drocar bon wax
and substituted am de wax; veget abNe- Y Nesy..The ol efin
copol ymer of the invention can belu
Exanpl es of the cenent include se ?i ng
magnesi a cenent; water setting cev
cenent, Portland cenent, alum na cenent and hugh sulfuric salt slag cenent;

and speC|aIFcenents, such as aC|d oof cenenty F cenment, water
gl ass ce and dent Frent . sity nD , Mold t
The ol efi yner of |nvent|‘ an be u s a vi

r

y i nprover
a nol dabi || nprove

J'ity nmodi fier or
|nks an nts as lette ess printing
ink, |ithogV 2 unk hgbmb ~hd, Oi
pai nt, w& ) h I 1°ul 5| vat P nt W Jcresin
, baklng

pai nt, , pomde ter and Jap-Egle | acquer.
Bui | di ng. mat &8y al , CIV|It%mglneerlngﬁﬁaterlal MR ol ef i n cdﬁblyner of the
i nvention can be used 5 for bU|Id|ng/0|V|I engi neering regi ns and

bui l di ng/civil engin Fnol ded - cts,r Fas flooripgr floor tile,
fl oor sheet, sound ins i ng she heat in ting pan danpi ng
mat eri al , decoratlve shyet’F basebodf dF aspha t nﬁﬂlfleﬂ’ asket, sealing

used for autonobile i -r| asol k. Electric
or electronic parts 1 @uolefln Ol ymer i nve pucan be used
for electric or electronic parts. Exanples of the electric or electronic
parts include electric ignsulating materials, electronic part treating

i nstrumem sk hmgneti e agardi ng nedi a, bi nders of magnet recordi ng nedi a,
20 sealing terials o ectric circuits, materials of ctric

appl i ances, ase mat &1 AT SFof containers such as el ectronjc, 6ken
cont ai ner s Nf4 for topi ¢ ovens, polyner el ectrol pie materi al s
and conducg | (f‘by : f'g‘fi als. O her exanpl es of ecfectric or 25
el ectroni |ncIt #§ electric or electronic parts,

cj:;] /Eij FC/E;]/ FC/[;j\Cﬁ
@ }Tlclz d }TIC L é }TICI, é[ }TIC':
o oK I?k;,
@ \/}/Tlclz é[ \,};rncg ESE \,;/ iCh

material, roofing sheetNl and cut N) |Ie A r*&g or
exterior trim Gasolin e ole ro 5A2 can be
gi? or tr 2q

tBu



SF-714 (PCT) 217 such as connector, socket, resistor, relay case switch
coi | bobbi'n condenser, vari abl e condenser case, optical pickup, optical

connect or, E:a.};,% various term nal assenblies, transforner, plug,
printed w r| n board, 5 tuner, speaker, mcrophone, headphone, small notor,
magneti c head base, power nodul e, housing, sem conductor, liquid crystal

di splay parts, FDD carriage, FDD chassis,THDD parts, notor blush hol der,
par abol a ant enna and conputer associated parts, VIR parts, TV parts, iron,
10 hair dryer, rice cooker parts, electronic oven parts, acoustic

i nstrunment parts, audio machine parts such as audio | aser disc and conpact
di sc, donestic or office electric appliance parts, such as light fitnment

parts, refrigerator parts, air conditioner parts, type f 15 parts and
word processor parts, office conputer associated parts; ephone

associ ated par @& facsinmil zafssocr ate Fq(%a)t@;s copy nma Fassoci at ed
parts, electrgregnetic sh| mate 3\, speaker cone erial, and

vi brating el ene 16k sp k Aqfi e% >T&ul si on An E‘C'enul si on
containing t f|n CI r of ention can as an adhesive
for polyol ef excel Jjeat s Qg properties. or hygienic

mat eri al SF-714 (PCT) 218 The ol efin copol yner of the |nventi on can be
used for nedi ced, goods, such as nonwoven fabric, nonwoven fabric |annate,

el ectret, ned¢tsl tube, cal cont er, tran si on B refill syringe
ma ci al or artrf | muscl es,

and syringe, di cal

filter filnms, food sanitat ﬁ/@hea dds, F&to t F’bags reshness
keeping fil nsp @mjbl ane UBO‘WS The™ ot efidn celioly YRS, of M ERggnt i on
can be used @g’oz Statﬁ@z such k e ting é sl er, pen

hol der, pen , pen c sci ssor g cutt grip, magpdét sheet, pen

case, paper hol d8, binder, B4abel seal ,®tape and WeH t e board;®daily use

m scel | aneous goods, such as clothing, curtain, eet car p@t: entrance

hal | mat, H& h nat, Fio F ho§e pl ant arr c pner filter,

exhaust fan f er, tabl :@"e, tray@p | unc coffe ker funnel ,
age

eyegl ass frane| container, [storage c hangé;r rope andFwgshf ng net ;

sporting good N-ar}cﬂ&, as s mgg §~ .Tlcpall I'ncn
6} g} ,:la:[ <§( <[/TI: 2
v tBu - tBu ]

tBu
F.' . CF3
F. F F. F
F F FQ F F F
N N-N N-2\
- = Tic,z - > TlC'z - > Tlclg
077> 07> 07
eO tBu MeO tBu  MeO tBu
F CFa
F F F. F
F F FQ F F F
N-) NN N-2D
- =TiCly - =TiCly - =TiCl,
07/ 07/2 7/
02N tBu 02N tBu OQN ) tBu

F. F F. F
F F F’;‘F F F
N- 2\ N-O L S N
z =TiCl, 27N TiCH, 27"\ = TiCl,
07, 072 07,
Ph /ph Ph



20 swi mm ng goggles, swmfin, fishing rod, cooler box, |eisure sheet and
sporting net; toys, such as block and cards; containers, such as kerosine
can, drum dnggggﬂt bottl e and shanpoo bottle; and display goods, such as
si gnboard, py d plastic chain. 25 Filler nodifier SF-714 (PCT} 219
The ol ef.in copol yner of the invention can be favorably used as an additive
for preparing a filler dispersibility inﬁF%Qer or a dispersibility-inproved
filler. 5 Conpatibilizing agent The ol efin copol ynmer of the invention-
having a functional group at the term nal can be used as a conpatibilizing
agent. Wien the olefin copolymer of the invention is used as a

conpati bilizing agent, a 10 polyolefin and a pol ar group-contai ni ng
thernoplastic resin can be mxed in an arbitrary mxing ratio. The olefin

copol yner has sz]aGFgRﬁaefi n sddaifb)@Rd a f urfAGTRCFgr oup, CF,IORCF,
inherently inceapgtible conpdn_ ts can be cqpRtibilized wi tlh each ot her by’
the 15 use of[t h >qjib yer [£ G;%Tmlges The? ole tmicgopol yngs

I

i nvention car~he-uysed for sul es, ages, chen
delivery sys etc. 20 CT OF THE |
accordi ng to tThetBunventi.on ExRidits vario gRf ul proper wgyAiccording to
the process for preparing an olefin 25 polyner of the invention, an olefin
pol ymer having a high '

?FZ(CFQ)SCF;, (IJFQ(CF2)7CF3 (l'JHZCFchs Clng(CFg)chs
’N‘~~ - . /N“..~ . /N‘~’~ . N"-. .
o TiCly >TiCl, >TiCly - >TiCl,
2 | 07/, 07/2 07>
tBu tBu iBu tBu
(':|~|2(cr=2)3cr=-3 clzﬂz(crzz),,cr:3 ?Hz(CF'z)SCF‘s CH(CF2)CF;
NS NSO N=D N2
, o TiCl, TiCl, Z =~TiCl, = Y=Ticl,
. 2 O 2 o) 2 O 2
tBu tBu tBu tBu
CH,(CF,),CF5

|
’N~>T'Cl
TicH,
é(o i
tBu



SF-714 (PCT) 220 nol ecul ar wei ght and a narrow nol ecul ar wei ght _
distribution and a tapered pol yner or various bl ock copol yners precisely

controlled in§rbﬁhﬁfﬁ§?gure can be obtained at high polynerization
t enper at ures t g pol ynmeri zation activities. EXAMPLE The present

invention is further described with reference to the foll ow ng exanpl es,

but it should be 10 construed that the i htion is in no way limted to

t hose exanples. The structures of the conmpounds obtained in the synthesis
exanpl es were determ ned by neans of 1H NVR and FD- nass spectronetry (Japan
El ectron Optics Laboratory 15 SX-102A). Synthesis Exanple 1 In a 100 m
reactor thoroughly purged with nitrogen, 100 mi of toluene, 10.34 g (56.5

nmol ) Of_pentaf'Uof@aﬂﬁéiQE@V@-@§aﬂpﬁZ§;4B9’dg%p%egnglbu9313g§dq%.
butyl sal i cyl al dehyde and a snmal|l anmpunt of acetic acid as”a Catalyst were

pl aced, and they w@ﬁetﬂga%fgstéﬂg d&gg%mgpw tc?aﬁtsiirtri:oﬂgmfe(%%,z c%?x'f%)%nd@c ter

the solution was allowed to stan cooling, a sma anou

toluenesulfon&§%$g£g5@ﬁg ggggaﬁgﬁ ﬁeggﬁakgsEgpﬁg%ih?%éf%ngﬁkgaﬁenhﬂﬁgg

with stirring ours. e reaction _ ol"ution was
0w 8 St 25 RO ATOSL AL QTSR ARUTE, LR I SRSt 0, erove
above-mentioned compdunds are also employable.

The process for preparing the transition metal
compound (A) is not specifically limited, and for example,
the transition metal compound represented by the formula

10 (ITI) can be synthesized by allowing a compound (ligand
precursor) which becomes a ligand in the resulting
transition metal compound to react with a transition
metal Ml—containing compound represented by Mlxk (M1 and
X have the same meanings as those of Ml and X in the

15 formula (III), and k is a number satisfying a valence of
MLy .

The ligand precursor is obtained by allowing a
salicylaldehyde compound to react with a primary amine
compound represented by the formula RlO—NHz (R10 has the

20 same meaning as previously described), such as an aniline
compound or an alkylamine compound. More specifically,
both of the starting compounds are dissolved in a solvent.
As the solvent, a solvent usually used for such a

reaction 1s employable, and above all, an alcohol solvent

25 - such as methanol or ethanol or a hydrocarbon solvent such




silica gel colum to obtain 8.47 g (yield: 88 0) of 5 yellow solids
represented by the followwng formula (a). FF~FF~FNi OH10 ( ~ (a)

tBu In a 50 horoughly purged with nitrogen, |.043 g (3.00 nmol)
of the conpoﬂ%ﬁ£?2§igg?§ined above and 30 m of anhydrous diethyl ether

were placed, and the 15 solution was cooled to -78C and stirred. To the
squtPon, 2.05 m of n-butyllithium (n-heldde solution, 1.54 N, 3.15 mmol)
was dropw se added over a period of 5 minutes, and then the mxture was
slowy heated to roomtenperature. After stirring for 3 hours at room 20

tenperature, ktbetoneaeki @B $QuliQp1Was %Q}M,ytﬂgdggsgggg&ge%g%t%r ;y of

3.00 M of titaniumtetrachloride (heptane sol ution,

having been cogl 8dit@ex786r Ablek the addist ko, & &%Ktt%efycvqwj{g%ftlff%%r ed.

heated to roomtenperature. The reszltkng da;k Egnce t?ggrd oas T
oo 127173488 YEEMEHGuBE, L C LRI R e
cbtain 0,361 5 (v el dsIT0p BT BRaR Tbipoutd SPPesvECBRELd BY the
o rand oyt lIESSR, TR MMELLTH Y 2L S CoRaun ()
Exanple 2 15 10832000 8aelol hOguouaNkYy puiged Wih nilrooen. o
molecular sieves, magnesium éulfate or sodium sulfate as
a dehydrating agent or dehydration by a Dean-Stark method
is effective for the progress of the reaction.
10 . Then, the ligand precursor thus obtained is allowed
to react with a transition metal Ml—containing compound
to synthesize the corresponding transition metal compound.
More specifically, the ligand precursor thus synthesized
is dissolved in a sclvent, and if desired, the solution
15 is contacted with a base to prepare a phenoxide salt.
Then, the solution or the salt is mixed with a metallic
compound such as a metallic halide or a metallic alkylate
at a low temperature and stirred for about 1 to 48 hours
at a temperature of -78°C to room temperature or under
20 the reflux conditions. As the solvent, a solvent usually
used for such a reaction is employable, and above all, a
polar solvent such as ether or tetrahydrofuran (THF) or a
hydrocarbon solvent such as toluene is preferable. As

the base used for preparing the phenoxide salt, a

25 metallic salt such as a lithium salt (e.g., n-



100 m of toluene, 3.82 g (26.0 mvol ) of 2,4,6 trifluoroaniline, 2.32 g
(13.0 mmol ) of 3-t butylsalicylal dehyde and a small anmount of p
toluenesulfongg.?f%fp $2 cat al yst were placed, and they 20 were heated and
refluxed with%st é?or 4 hours. The reaction solution was allowed to
stand for cooling to roomtenperature, then filtered to renove the catal yst
and vacuum concentrated. The residue was W& ified by a silica gel colum to
obtain 3.79 g (yield: 95 0) of a 25 yellow oil represented by the foll ow ng
formula (b). SF-714 (PCT) 223 F ~\ F/ FNi ~~ (b) tBu In a 50 n

reactor thoroyghly1punged) WbEhan%BHQQﬁPeaﬁt2%69€(4 %%dFHM)QjHﬁ££§ ) coppound

(b) obtained above and 30 m of anhydrous diethyl ‘ether wer aced, and

the 10 sol utigR was. g9el 8dsko 7 £8Can (Mo t he ion,. 2.63 m of
n-butyl l'ithium (n ﬁgxane sgl utsluoﬁl % gg‘i}ﬁtﬁwei%u—g% h: \F;’%J glilélﬁwlsse added
over a period ? ghputes, and then the mixture was slowly heated to room
t enperat ure. %terstnwlngforz mmrsatroom15temmrMUre the

reaction sol ution mAy adde to an_et her rry of 4.00
titani umtetrachl ofr de gegtaﬁe st P5ﬁpe6téel§/l % >éem‘fﬁ’ Oﬁé\ﬁ'n&%en

cool ed to 78 After the addi tion m xt.ure heated to room
tenperature %%%ansﬁF?|H5585rﬁaPe86 614 PWFPytﬂagg eFF ﬁeﬁe%ﬁﬂjW%ﬁp

filtrate was vacuum concentr at Then, 5 nl .of ether and 30 nl of hexane
wer e added, ah% ﬁeagatgagnpwggﬁﬁlNat@&nﬁéﬂngSIF@@P@&néhd”ﬁ%§heﬂ Wi th

hexane. The resultin SO|Ig gere vacuym dried to obtain 0.550 %6§yield: 38
0) of a reddlghelﬂ?ﬁ 198 LonpBEnAFEAFESENFEd thy tohE YRGDIESWIZEg ther nul a (2) .

The SF-714 (PCT) , -
orresponding transition metal compound.

It is possible to replace the metal Ml in the
10 synthesized transition metal compound with another
transition metal in a conventional way. Further, when
any one of R10 and rR11l to R1S ig H, a substituent other
than H may be introduced in any stage of the synthesis.
It is possible to use the reaction solution of the
16 ligand precursor and the transition metal Ml—containing
compound as it is without isolating the transition metal
compound.
A usual process for preparing the complex is
described also in EP1008595A2.
20 'The transition metal compound (A) mentioned above

can be used singly or in combination of two or more kinds.

(B-1) Organometallic compound

Examples of the organometallic compounds (B-1) which

25 are optionally used in the invention include



224 FD-mass spectronetry of the conmpound (2) resulted in 730 (Mt) . F F 5
~N. __ --~iCh2\ ~ [/ d (2) tBu 2 Synthesis Exanple 3 10 In a 100 m

react or thoroggh},éai‘léged with nitrogen, 30 mM of ethanol, 5.16 g (40.0
mol ) of 2, 6dPiTu aiffine, 3.58 g (20.0 mol ) of 3-tbutyl salicyl al dehyde
and a small anmount of acetic acid as a catal yst were placed, and they were
heated and refluxed 15 with stirring. WtH4 urther adding a small anmount of
acetic acid, the mxture was refluxed with stirring for 150 hours. The
reaction solution was allowed to stand for cooling to roomtenperature and

t hen vacuum c 7+ dh I i.fi.e id i . 20
columm to obtgifl%glg%@%%gg(l3l/ige?8{[}5%Egggo%%glfcgggllllfngw%segl\éil%s%rflegr}gs ntle'd by the

foll owi ng for (s) 5 -{%4 (P hr ou epr.e by
the foll ow ng@%‘?%u?aa?é) Gr?ﬁg Eé— ﬁgsgépéégrlgr?g}[@§%%ﬁ%t’h%%(%ln%guﬁtﬁ%j
resulted in 694 5 F~Fi~" -Ti~l2 O\ ~ (3) tBu 2 Synthesis Exanple
4 10 In a 2008%?&%%%90?6%%r‘ough| y purged with nitrogen, 100 m of

toluene, 2.89 g (26.0 of o-fluoroaniline, 2. 32 13.0 ), of ,
50t butyl sal 1 oyl oi CBRYAL GrPanaSLhRT AU aRECGRdp F e BBttt BT ¢heot ¢ as a
cat al yst \rgerefrﬁLfced, and th%_were heated and refluxed with stirring 15
for 5 houfs. P¥LEEi oORTEBIEfi on was all owed to stand for cooling to room
tenperature, then filtered to renove the catal yst and vacuum concentr at ed.
The residue was purified by a silica gel colum to obtain 3.45 g (yield: 98

0) of a yellow oi IRéggi?&g}g}ggpQé the foll ow ng ,

wherein R2 and RP may be the same or different and are
10 each a hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 to 4 carbon atoms; X is a halogen atom; and
m, n, p and g are numbers satisfying the conditicns of
0<m=3, 0=n<3, 0=p<3, 0=g<3 and m+n+p+qg = 3.
(B-1b) Alkyl complex compound comprising a metal of
15 Group 1 and aluminum and represented by the following

formula:

MZ2A1R24

20 wherein M2 is Li, Na or K; and R is a hydrocarbon group
of 1 to 15 carbon atoms, preferably 1 to 4 carbon atoms.
(B-1c) Compound represented by the following

formula:

25 RARPM3



20 formula (d). (\ FNOH ( (d) 25 tBu SF-714 (PCT) 227 In a 30 n

reactor thoroughly purged with nitrogen, 1.01 g (4.00 mvol) of the conpound
(d) obtained @ﬁgy@4 FQH§O m of anhydrous diethyl ether were placed, and
the solution was cooleéd’to -78C and stirred. To the 5 solution, 2.63 m of
n-butyl lithium (n-hexane solution, .60 N, 4.20 mmol) was dropw se added
over a period of 5 mnutes, and then the %4§ture was slowy heated to room
tenperature. After stirring for 2 hours at roomtenperature, the reaction
solution was slowy added to an 10 ether slurry of 4.00 mM of titanium
tetrachl ori de (heptane solution, 0.5 M 2.00 mmol) having been cooled to
-78C. After the addition, the m xture was slowy heated to room

t ture. &i ik filte iLtrat
enperat ure. Thereesulribi Rgdaik 60 8 WHY MRS dﬂc§%§¥%ﬁé§§’%ﬁ@ iiltrate

was vacuum 15 concentrated. Then, '5 m of ether an exane were

added, and theaggl Lds RIeCRIAL %ﬁcro}'f%é%fcql lteoc.tl%docaag%ﬁa\’}gs{‘:eoqn%m th hexane.

The resulting solids were vacuum to obtain yield: 40 0) of a
reddi sh brown carpounpd.represen t ol | ow formula (4). The 20
FD-nass spect fomstry of the cgn%%ﬁﬁg%ki§%F%3uf¥§%Q?? EH%WM). F- TICI2 O
25 ~ ~tBg2 ( 4 )Examples of the organcaluminum compounds (B-la)

include:

an organocaluminum compound represented by the

following formula:

10 R3pAl(ORP) 34

wherein R2 and RP may be the same or different and are
each a hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 to 4 carbon atoms, and m is preferably a
15 number satisfying the condition of 1.5=m<3;
an organocaluminum compound represented by the

following formula:

RAeMALIX3—m
20
wherein R® is a hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 to 4 carbon atoms, X is a halogen atom, and
m is preferably a number satisfying the condition of

0<m<3;



SF-714 (PCT) 228 Synthesis Exanple 5 In a 200 ml reactor thoroughly purged
with nitrogen, 100 m of toluene, 3.19 g (8.0 mol) of 1H 1H 5

perfluorooctyg?nkﬁg, é 43 g (8.0 nmol) of 3-t butylsalicylal dehyde and a
smal | anmount B Kﬂ H@sulfonic acid as a catalyst were placed, and they

were heated and refluxed with stirring for 14 hours. The reaction solution
was allowed to stand for cooling to 10 ro#Btenperature, then filtered to

renove the catal yst and vacuum concentrated, to obtain 4.04 g (yield: 90 0)
of yellow solids represented by the following formula (e). ~H2(CF2?s~Fs N i

15 tBu | 30 h it it 12 2.00
(e) tBu In a 30,4 o&eaﬁbgnu}m%au%hgogﬁggg%p%s%nOo{gﬁﬁ%}% g (

nmmol ) of the conpound (€&) obtai ned abov us di et hyl

et her were pl Luti on was cooled to -78C and stirred. To the
sol uti on, 1_3?8%?og?9§_%§?9ﬁ thiun1(n-hexane solution, 1.60 N, 2.10 nmol)
was dropw se added over a period of 5 mnutes, and then the m xture was
slowy heated to room 25 tenperature. After stirring for 2 hours at room
SF-714 PCT) 229 teﬁagg§h§[%, the reaction solution was slowy added to an
ether slurry of 2.00°m of titaniumtetrachl oride (heptane solution, 0.5 M
1. 00 nmmol )z havi ng been cooled to -78C. After the addition, the m xture was
slowy 5 Heated to roomtenperature. The resulting dark red slurry was

filtered, and the tilgéate maiayacuun1concentrated. Then, 3 m of ether and
20 M of hexaliBWErB Bddéd, 2ahyIREALHITUSTNBR i Di tht el WereaebPreatedsand

washed with hexa?e. The resulting solids were vacuum
preferably 1 to 4 carbon atoms, and m is preferably a

number satisfying the condition of 2=m<3;
and
10 an organoaluminum compound represented by the

following formula:

R8pAl (ORP) nXq

16 wherein R2 and RP may be the same or different and are
each a hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 to 4 carbon atoms, X is a halogen atom, and
m, n and g are numbers satisfying the conditions of 0<m<
3, 0=n<3, 0=g<3 and m+n+qg = 3.

20 Particular examples of the organcaluminum compounds
(B=1a) include:

tri-n-alkylaluminums, such as trimethylaluminum,
triethylaluminum, tri-n-butylaluminum, tripropylaluminum,
tripentylaluminum, trihexylaluminum, trioctylaluminum and

25 tridecylaluminum;



10 dried to obtain 0.183 g (yield: 15 % of a reddish brown conpound
represented by the followng formula (5). The FD-mass spectronetry of the
conmpound (5) p§p+4aq3Tﬂ 1234 (M+). cH2(cF2>6¢cF3 15 ~-N ~ "' Tid 2 O (5) tBu
2 Synthesis a 200 mM reactor thoroughly purged with nitrogen,
20 100 m of toluene 4.66 g (20.0 mml) of 4

trifluoronethyl-2, 3,5, 6- tetrafluoroanlllﬂé7 1.78 g (10.0 mmol ) of
3-t-buty|salicy|aldehyde and a small amount of p- toluenesulfonic acid as a
catal yst were placed, and they were heated and refluxed with stirring for

53 hours. 25 The Slﬁﬁézﬁd:lﬁ\@dn@ﬁﬁiha’cr!‘@§k9@8ihﬁ1@ﬁ@m§¥ thenGgsanal ysis,
SF-714 (PCT) 230 so that 2.33 g (10.0 mml) of 2,3,5,6-tetrafl uoro- 4

trifluoronet hwf@ﬂsépﬁ@py@élumﬁbﬁr addedopand 1 bhemThyiur € Mag heated and

refluxed with stirring hours. The reaction sol ution was al | owed to

stand for coobingl 4 Pukikeem £§@@é9&ugét¥&§§ﬂmﬁhh&ef%Qflt% remove the

catal yst and vacuum concent r at ed he re ue was purified by a silica gel
CRuT | e DL L g DL b UL B ot
0 iy DA SRR A By SO T
methylpentylaluminum, tri-2-methylhexylaluminum, tri-3-
methylhexylaluminum and tri-2-ethylhexylaluminum;
tricycloalkylaluminums, such as
tricyclohexylaluminum and tricyclooctylaluminum;
10 triaryialuminums, such as triphenylaluminum and
tritolylaluminum;
trialkenylaluminums, e.g., those represented by the
formula (i—C4H9)xAly(C5H10)Z (wherein x, y and z are each
a positive number, and z=2x), such as
15 triisoprenylaluminum;
alkylaluminum alkoxides, such as isobutylaluminum
methoxide, isobutylaluminum ethoxide and isobutylaluminum
isopropoxide;
dialkylaluminum alkoxides, such asvdimethylaluminum
20 methoxide, diethylaluminum ethoxide and dibutylaluminum
butoxide;
alkylaluminum sesquialkoxides, such as ethylaluminum

sesquiethoxide and butylaluminum sesquibutoxide;



di ethyl ether was added to give a suspension. Wth stirring the suspension
at roomtenperature, 20 m of a 20 diethyl ether solution containing the

conmpound (f) L 2 ove was dropw se added over a period of 20 m nutes,
foInFowed by f%ﬁﬂﬁeﬁl?gpiﬂri ng for 2 hours. The solution was cooled to -78C,

and thereto was dropwi se added 3.75 nl of titaniumtetrachloride (heptane
solution, 25 0.5 M 1.88 mml) over a pert4¥ of 5 minutes. After the
SF-714 (PCT) 231 dropw se addition was conpleted, the reaction solution was
slowy heated to roomtenperature. After the solution was further stirred

for 12 hours at ropgrtenperabukex,iheHeguld i@Quqa5§m%ed§ﬂéﬁw%$ e
filtered, 5 and the filtrate was vacuum concentrated. Thén, ether S

dded, and th Ldsnp RKkLa re.coll nd vacuumdried to
gbt ain 0.76 gﬁ?i?gl{;d?%%%%r@g% g%?lgggilgﬁ% rg\%%E%%\ﬁg’ggdr %ﬁr esented by the

follow ng forrabasfB6yorPhg ED- mass spectronmetry of the conpound (6)
resulted in 10 902 (M) .g~l§3 F.~-FF/, F' Tidz O15 ~ 2 (6) \ tBu

is Ex I : . eact or _thoroughly purged w th nitrogen,
T2 of et hyl moree ke BB ey Rk dara: FORD 361 S36H8 16 IiHOI Rand 50

s oo e e Re Gy RRTE Dy T P72 ©

cool i no. ATt eE T hET R ORr S Ladr L 8 Shm B ed aPe et - nBUeact-on

solution vas stifred.al roqm, L2380 Pshhngs2 6-di-t-butyl-4-
methylphenoxide) and isobutylaluminumbis(2,6—di-t-butyl—
4-methylphenoxide) ;

10 dialkylaluminum halides, such as dimethylaluminum
chloride, diethylaluminum chloride, dibutylaluminum
chloride, diethylaluminum bromide and diisobutylaluminum
chloride;

alkylaluminum sesquihalides, such as ethylaluminum

16 sesquichloride, butylaluminum sesquichloride and

ethylaluminum sesquibromide,

partially halogenated alkylaluminums, e.qg.,
alkylaluminum dihalide such as ethylaluminum dichloride,
propylaluminum dichloride and butylaluminum dibromi.de;

20 dialkylaluminum hydrides, such as diethylaluminum
hydride, dibutylaluminum hydride and diisobutylaluminum
hydride;

partially hydrogenated alkylaluminums, e.q.,

alkylaluminum dihydrides, such as ethylaluminum dihydride

25' and propylaluminum dihydride; and



[ d the mxture
tenperature. To the solution, 300 mM of toluene was added, an )
magpheated wth stirring to distill off the tetrahydrofuran and the diethyl

j 5
ether. After 0 roomtenperature, 3.80 g (127 mmol) of
parafornaldehgﬁgb;ﬂgpbﬁl g (70.2 mmol) of triethylam ne were added, and the

. : AT . The
m xture was heated with stirring at 80 to 90 C for 20 m nutes.

resulting solution was cooled to roon]teﬁbﬁ?apure, and thereto was added
200 M of 10% hydrochloric acid with ice cooling. Then, 300 ml 10 of

di et hyl ether was added to perform phase separation, and the organic |ayer

was washed tw ce pathig00ymaiehatelandd hem i a sodipm o . .
Ny Sorutid 3-ghtedfSver

hydr ogencar bonat e aqueous” sol uti on. The result

0 oodbuEh oLl Aty aad kAR AU EONBSLLA! B 2 LRl Lo

crystals were vacuumdried to obtain _ ow .
adanantyl orounror S0 ReT e At B a0 S B SE b NG ERUGR-y  pur ged i ¢ h
adamant yl group). I,

i . f 25 pent af |l uoroanili ne,
nit rogen, 80 m of Lol uane,. 2,72 9 L18,0 muol) of O L2l oani 11 ne
Above aode soml L ng nn%ﬁ? of ?Eﬁue %F-?TE rfézliggasegﬁfgfalysgamere
b Sﬁgngﬂgﬂin%dg%}ao%gl ZEéEa it h"QY i $¥3Pgleortheye amd hal f
Egﬁfgd’A??grt Sqnmgégtiga solution was allowed to stand 5 for cooling, the
sol vent was J%stléleﬁo%? %ﬁ%@?of28@&%62g§8§?ng?:gﬁéii:%?efrfgrﬁgﬂggf?SL
was added, aqgl££fhg%xééﬁgbyg'ssaéérgombined through a nitrogen atom,

such as (C2H5) 2A1N (CoH5)Al (C2H5) 2.

Examples of the compounds (B-1b) include LiAl (C2Hsg) 4

10  and LiAl(C7H15)4.

Other compounds, also employable as the
organometallic compounds (B-1) include methyllithium,
ethyllithium, propyllithium, butyllithium,
methylmagnesium bromide, methylmagnesium chloride,

15 ethylmagnesium bromide, ethylmagnesium chloride,
propylmagnesium bromide, propylmagnesium chloride,
butylmagnesium bromide, butylmagnesium chloride,
dimethylmagnesium, diethylmagnesium, dibutylmagnesium and
butylethylmagnesium. Combinations of compounds

20 capable of producing the above-mentioned organocaluminum
compounds in the polymerization system, e.g., a
combination of halogenated aluminum and alkyllithium and
a combination of halogenated aluminum and alkylmagnesium,

are also employable.



were vacuumdried to obtain 4.38 g (yield: 67 0) of yel
represented by the following formula (g'). 10 F ~ F F ~
, ) In a 50 t hor oughly purged with nitrogen
%nnl) of the §g%€%fﬂﬁé?5-) obt ai ned above and 20 m of a .
ether were placed, and the solution was cooled to -78C aﬂgygtirred. To the
2D solution, 1.89 m of n-butyllithiunl(ﬁfﬂbxane sol uti on® 1:-59-"N":3:100-
nol ) was dropwi se added over a period of 5 minutes, and the m xture was
stirred for 2 hours and then slowly heated to roomtenperature. After
stirring for 3 houns aher 60guhBRBERAL HEEcohBBUSAkUL(RON Was Hdr opwi se 25
added to 20 m of a tetrahydrofuran solution of 3.00 m SF-714 (PCT) 234

of titanium tetgasbhonhdguhheBhanendQl UtrkoRre@edali1el. SO mMmol) having been
cooled to -78C. After the dropw se addition was conpleted, the m xture was

slowy heated to regm &f@@ﬁeﬁéewﬁedct@ﬂopggqsf %-&é’ﬁ%ﬁ&éﬁ&%gr QU2

tenperature. Then, the solvent was dis of f un uced pressure. To
the resulting | J o] h Lot ded. T ] Xture
was stirred a%ggf$€§%rég?gEngfﬂghf¥ ??gngﬁgg gge&%ﬁn%@h%&ﬁ?ra%§ > The
solids pregcipitated were reprecipitated with hexane, 10 and the resulting
solids were vacuumdried to obtain 0.334 g (yield: 23 0) of a brown

c?npound represented by tn%-&qlb?gé%%;ﬁ%ﬂ%ﬂ%1%@&-é@%@éﬁﬁfﬁss spectronetry
0

The organocaluminum oxy-compound (B-2) which is
optionally used in the invention may be conventional
aluminoxane or a benzene-insoluble organocaluminum oxy-

10 compound such as.exemplified in Japanese Patent Laid-Open
Publication No. 78687/1990.

The conventional aluminoxane can be prepared by, for
example, the following processes, and is generally
obtained as a hydrocarbon solvent solution.

15 (1) An organoaluminum compound such as
trialkylaluminum is added to a hydrocarbon medium
suspension of a compound containing adsorption water or a
salt containing water of crystallization, e.g., magnesium
chloride hydrate, copper sulfate hydrate, aluminum

20 sulfate hydrate, nickel sulfate hydrate or cerous
chloride hydrate, to allow the organocaluminum compound to
react with the adsorption water or the wéter of
crystallization.

(2) Water, ice or water vapor is allowed to

25 directly act on an organoaluminum compound such as



the conpound (7) resulted in 986 (M+t). 15 F F ' TiC-2 O\~ Adm 2 20
Synthesis Exanple 8 In a 200 m reactor thoroughly purged with nitrogen,

100 m of tol g (26.0 mmol) of o trifluoronethylaniline, 2.32 g
(13.0 mMmol) ogﬁg??4ipéﬂa 25 butyl salicyl al dehyde and a smal|l anount of p
SF-714 (PCT) 235 toluenesulfonic acid as a catal yst were placed, and they
were heated and refluxed with stirring fot8b hours. The reaction sol ution
was allowed to stand for cooling to roomtenperature, then filtered to
remove the catalyst 5 and vacuum concentrated. The residue was purified by

a silica gel eekumhq 10htiaig 3.2 eé(cﬁ)\ﬁ{ %u&é_a? fgef a eI | O L%rlleh a 30

represented by the follow ng form

m reactor thareughlypyrged \u 15 1.29 g (4. 00 nnDI) of the
conmpound (h) obtglned abo%g an %é#%ﬁﬁ of adhydrous di et hyl ether were

pl aced, and the sol |o I d tQ.-.78C an irred. To the solutlon
2.63 ni of n-butyl Pih gn""?%%g)%g SFiLdET gHen a@odﬂm%hﬁd%ﬂxm
dropwi se addeg erlo of, 5 tes, and then the m xture was
slowly heated t OM? d% gtdﬁea%gfié?y§ﬁ AT Ot 3burs at room

tenperature, the rea tlon solution s slowy added to an ether slurry of
4.00 M of ti {jaﬁanﬁm‘a 8?&88% GPIPEE YK Stiie 23S0 tdthiadrky l@ lsimynipn Gan mavol )

havi ng been cooled 2b to - After the addition, the m xture was slowy
edium suc as ecane, benzene or toluene.

The aluminoxane may contain a small ameunt of an
organometallic component. Further, it is possible that
the solvent or the unreacted organocaluminum compound is

10 distilled off from the recovered solution of aluminoxane
and the remainder is redissolved in a solvent or
suspended in a poor solvent for aluminoxane.

Examples of the organcaluminum compounds used for
preparing the aluminoxane include the same organoaluminum

15 compounds as previously described with respect to the
organocaluminum compound (B-la). Of these, preferable are
trialkylaluminums and tricycloalkylaluminums.
Particularly preferable is trimethylaluminum.

The organoaluminum compounds are used singly or in

20 combination of two or more kinds.

Examples of the solvents used for preparing the

- aluminoxane include aromatic hydrocarbons, such as
benzene, toluene, xylene, cumene and cymene; aliphatic
hydrocarbons, such as pentane, hexane, heptane, octane,

25 decane, dodecane, hexadecane and octadecane; alicyclic



SF-714 (PCT) 236 heated to roomtenperature. The resulting dark red slurry
was filtered, and the filtrate was vacuum concentrated. Then, 5 m of ether

and 30 m of added, and the solids precipitated were collected
5 and washed §F¥ﬁnﬁgw§ﬁ The resulting solids were vacuumdried to obtain

0.80 g (yield: 53 0) of a reddi sh brown conpound represented by the
following fornula (8). The FD-mass spectri®¥try of the conmpound (8)
resulted in 758 (M¥) . 10 C~ CFR3 ' Ti~42 Of (8) tBu .2 15 Synthesis
Exanple 9 In a 100 m reactor thoroughly purged with nitrogen, 55 m of

ethanol and 3,4drcki5ofsmobinohsd &ﬁb%@hftgugr 0%‘?8'12%%% shine were placed,

and they were stirred. To the solution Sf 3-t 20

putyl sl o712 ety tgs éﬁ?eﬂeﬁg%kgwp%% 0 R g oo

Loaperatur e d, n00 or L .5 h ?r?yﬁs for rﬁoﬁrs he solids were
?Lﬁ%ggg ﬁ?sf|$@%§t|%nga£§%£#ﬁ %%% ?%% fa ﬁcgﬁ?raPQS hE;O?ﬁQaF§§hltlng
g?gkd; ?ﬁ{glgyfééﬁggsggfye %%f% gmaggglungphaglzlgngpcIlcyczlt0 obtain
5 hydrocarbons (e.g., chlorinated or brominated products
thereof). Also employable are ethers such as ethyl ether
and tetrahydrofuran. Of the solvents, particularly
preferable are aromatic hydrocarbons and aliphatic
hydrocarbons.
10 The benzene-insoluble organcaluminum oxy-compound
for use in the invention is preferably an organoaluminum
oxy-compound containing an Al component which is soluble
in benzene at 60 °C, in an amount of usually not more
than 10 %, preferably not more than 5 %, particularly
15 preferably not more than 2 %, in terms of Al atom. That
is, the benzene-insoluble organoaluminum oxy-compound is
preferably insoluble or sparingly soluble in benzene.
The organoaluminum oxy-compound for use in the
invention is, for example, an organoaluminum oxy-compound

20 containing boron and represented by the following formula

(IV) :

25



represented by the following formula (i). 5 (i) In a 30 m reactor
t horoughly purged with nitrogen, 0.779 g (2.00 nmol) of the conpound (i)

obt ai ned abov of anhydrous diethyl ether were placed, and the
sol ution was §%§?§6%95ﬁ5780 and stirred. To the 10 solution, 1.43 m of

n-butyllithium (n-hexane solution, 1.54 N, 2.20 mmol) was dropw se added
over a period of 5 minutes, followed by s1%3ring for 3 hours. Thereafter,
the m xture was stirred for 5 hours with slowy heating to roomtenperature
and then slowy added to an ether 15 slurry of 2. 00 nil of titanium

tetrachl ori de_(heptan ol.ution, 0.5 1. 00 nmol )_havi ng been cooled to
-78C. After t Wéez]i: it %62% Thé rﬁygﬁﬂc@hﬁw AR %%a]t eleP '?Joo r Rk O
tenperature. The resultin ar ed slurry was filtered, and the solution
was concent r af&8™f6 6N C%hglég FEaIRe JhoRaBnRF WL F5319n  ord wes ea
washed with hgxgne and vacuumdried to obtain 0.269 g (yield: 30.1 o) of a
reddi sh  SF- PYZTPPET) 2598 browd [CHRF0 FHPT &t es entEPirhdie dudupw hgl
formula (9). The_FED-mass spectronetry of the conmpound (9) resulted in 894
(MH) . 5 -N LOoT10GP2r®oR @§PmEQ Synt hesis Exanple 10 In a 200 nl reactor

t hor oughly_ purged with nitrogen, 100 m of toluene and 3. 36 g (26. 0 nmol)
of 3, 5 5 The organoaluminum oxy-compound containing boron and

represented by the formula (IV) can be prepared by
allowing an alkylboronic acid represented by the

following formula (V):

10 R21-B- (OH) » (V)

wherein R21 is the same group as described above,
to react with an organoaluminum compound in an inert
solvent at a temperature of -80 °C to room temperature
15 for 1 minute to 24 hours under an inert gas atmosphere.
Examples of the alkylboronic acids represented by
the formula (V) include methylboronic acid, ethylboronic
acid, isopropylboronic acid, n-propylboronic acid, n-
butylboronic acid, isobutylberonic acid, n-hexylboronic
20 acid, cyclohexylboronic acid, phenylboronic acid, 3,5-
difluoroboronic acid, pentafluorophenylboronic acid and
3,5-bis(trifluoromethyl)phenylboronic acid. Of these,
preferable are methylboronic acid, n-butylboronic acid,
isobutylboronic acid, 3,5-difluorophenylboronic acid and

25 pentafluorophenylboronic acid.



di fluoroaniline were placed, followed by stirring. To the solution, 2.32 g
(13.0 mol) of 3-t 15 butylsalicylal dehyde and a small anount of p

t ol uenesul f onj .fb e added, and the m xture was heated and refl uxed
with stirring E' ‘% éﬂﬁgurs. The solids were renmoved by filtration, and the
solution was concentrated. The concentrate was purified by a silica 20 gel
colum to obtain 3.32 g (yield: 89 9% of W&l |ow solids represented by the
following formula (j). SF-714 (PCTJ 239 F~FE-N~CH(7) Ina50m
reactor thoroughly purged with nitrogen, 51.16 g (4.00 mml) of the
compound (] ) obt aifed: aboye: poA0- Mool anhudrous digbhy! ether were

pl aced, and the solution was coo Cand stirre °thé"sol ution

2.63 m of n-bylyllifiblym Enchexgpe,solutign, 1.60 N 4.20 ml) was

dropwi se added over period m nu "Thereafter, the m xture was

Ty o 12 O DLty hsat 001 0 RO LeRBeL AL 2 and { her

slowy added to an et er sl urry of

I been,cooled to -78C. After the
Sdd t on, Che RS Et o is Ba o DRV A RE Rt 6 R obREL BRper ReureReThe .
filtered, and the solution was concentrate
The orystdls b raSr.‘?%S T w??%?ras%%ﬁéwa RESHeG i VheReRane=sn Fhcuur
d d to obtain 0.958 |eId 69 o) of a reddish brown conpoun
ré%?esented %RF?%e é m?ﬁ%a$%?%ﬁmén%@0§omﬁﬁénﬁtﬂﬁa%é speef rohesey of

(10) resulted in 694
the Conpoundpré)erable are tr1alk§la uminums and

tricycloalkylaluminums. Particularly preferable are
trimethylaluminum, triethylaluminum and
10 triisobutylaluminum. These organoaluminum compounds are
used singly or in combination of two or more kinds.
The organoaluminum oxy-compounds (B-2) mentioned

above are used singly or in combination of two or more

kinds.
16
{(B-3) Compound which reacts with the transition hetal
compound (A) to form ion pair
The compound (B-3) which reacts with a transition
metal compound (A) to form an ion pair (referred to as
20 "ionizing ionic compound” hereinafter), that is

optionally used in the invention, includes Lewis acids,
an ionic compounds, borane compounds and carborane
compounds described in Japanese Patent Laid-Open
Publications No. 501950/1989, No. 502036/1989, No.

25 179005/1991, No. 179006/1991, No. 207703/1991 and No.



SF-714 (PCT) 240 F ~ F''TiG2 05 (10 Synthesis Exanple 11 In a 100 m
reactor thoroughly purged with nitrogen, 2.00 g (5.27 nml) of hafnocene

di chl ori de an 10 anhydrous diethyl ether were placed; and the
sol ution was ggﬂﬁe‘glptgjrbc and stirred. To the solution, 9.6 m of

met hyl i thium (ether solution, 1.14 N, 10.9 mmol) was dropvm se added over a
period of 45 m nutes, foIIovved by stlrrlﬂéﬁﬁfor 2 hours. Then, the mxture
was slowy 15 heated to OC. After stirring for 30 mnutes at 0C, insolubles
were renmoved by filtration. The filtrate was concentrated, and to the

concentrate ugsyaddpdodd, mhngl ethep.ta-gi e assuspensicon. s Thep,  Lpselubl es

were renoved again, and the solution was vacuum conéentrated ain

o ol (auant bt Yyl ot ookl ght okl &3§p§3?%c%%pr§%35§§ﬂ?Fﬁ ?hﬁn
0 ni t
vas pl aced, and 8 m e GaS SobCchRT chL(BECIPRF) SRACAFBRY ene (150

1/ hr) was fedréﬁré@éHf@&eb§/h§R5 qw grfp@gasr%g bbe 1938 R3S §r T Rerpal her

1.25 mmol (in terns of al um num at

5 may have a substituent such as fluorine, methyl or
trifluoromethyl). Examples of such compounds include
trifluoroboron, triphenylboron, tris(4-fluorophenyl)boron,
tris(3,5-difluorophenyl)boron, tris(4-
fluoromethylphenyl)boron, tris(pentafluorophenyl)boron,

10 tris(p—tolyl)bbron, tris(o-tolyl)boron and tris (3, 5-
dimethylphenyl)boron.
The ionic compounds are, for example, compounds

.represented by the following formula (VI):

R25
15 2? e 1O
R R B—R
éw (V1)

In the above formula, R23 is Ht, carbonium cation,
20 oxonium cation, ammonium cation, phosphonium cation,
cycloheptyltrienyl cation, ferrocenium cation having a
transition metal, or the like.
R24 to R27 may be the same or different and are each
an organic group, preferably an aryl group or a

- 25 substituted aryl group.



met hyl al um noxane and then 0.005 nmmol of the titanium conpound (1) were
added to initiate polynerization. 10 After the polynerization was conducted
at 50C for 5 rg'Fr_lng% hca‘.)snall amount of isobutanol was added to term nate

t he pol yneri zati on. l? e’resulting polyner solution was introduced into 1.5
liters of nmethanol containing a small anmount of 15 hydrochloric acid to
precipitate a polymer. The pol yner preci pi%6ted was washed with met hanol
and then vacuumdried at 130C for 10 hours. Thus, 0.794 g of an

et hyl ene/ propyl ene copol yner was obtai ned. The pol ymerization activity was

1. 91 kg/ hr based omximprels off 20,4 idan 'uﬁ”8%6¥5%§¢ﬁﬁ§kﬁﬁgﬂgpi as

nmeasured by IR was 13.3 o by nol, the nolecular weig as Treasur ed by

GPC was 159, 0 I | i i stributiaqn (Mv s 1,09. 25
Exanpl e 2 SI%Q%%&(QI%%? ;84%21% %o l)?rrrrne\rlt\%}%ﬁnosﬁ mga%éhcoansdgccﬁjebm%m?%ﬁ%%%um

manner as in Exagphe 1.;iex 9; | yreeri zation ti was changed to
10 mi nutes. Thus, 1.31§13 %}?@1&%&3&%}? Ilgﬁcgﬁgjr&éplﬁmenceatclocdbl r was obtai ned.
58 .kag/ hr_.based on I nmol of titanium

The 5 pol yner izat| I Vb I

The propyl enetggrg%igﬂl?%g@l%tgéajﬁgéaﬁsyolnﬁ 35 B o by nol, the nol ecul ar
wei ght as nea C.was 233,000, and the nol ecul ar wei ght

di s'?ri bl(J'Itvih‘?)n ( M/ nﬁ%gﬁg%% % t% BYERBLEMs CBbpRer ii28USKe was conduct ed in
t he sane manner ; as iT Exanpl e 1, except that the polynerization tine was
changed to 20° i Rut-dd MRl UMy C354 003t SHTh B SefmimeidvireaByardmsn copol yner
was obt ai ned. TEe ol yneri aéi on activity was 1.34 kg/hr based on 1 mmol of
titanium The“P 685re 5185ﬁty AIMRS B SiftedP by 1R P barmes bymnokt ibhe
mol ecul ar wei ght éﬁh% as nmeasured by GPC was 345, 000, and the nol ecul ar

wei ght di st ri butPBhY 2B PRI NR) CRASCR. 209 Exarproud viln aareod ur ogl s ;

aut ocl ave thoro ghlg gurged with nitrogen, 250 ml of toluene was placed,
and et hyl ene oS 2531 841 €81 8ARtKBt eathensi qsughphasd, dnd the gas phase.

10 dimethylanilinium cation, N,N-diethylanilinium cation and
N,N-2,4, 6-pentamethylanilinium cation; and
dialkylammonium cations, such as di (isopropyl)ammonium
cation and dicyclohexylammonium cation.

Examples of the phosphonium cations include

15 triarylphosphonium cations, such as triphenylphosphonium
cation, tri(methylphenyl)phosphonium cation and
tri(dimethylphenyl)phosphonium cation..

RZ23 is preferably carbonium cation or ammonium
cation, particularly preferably triphenylcarbonium cation,

20 N,N-dimethylanilinium cation or N,N-diethylanilinium
cation.

Also employable as the ionic compound is a trialkyl-

substituted ammonium salt, a N,N-dialkylanilinium salt, a

dialkylammonium salt or a triarylphosphonium salt.



SF-714 (PCT) 243 Thereafter, 1.25 mml (in terns of alum num atom of

met hyl al um noxane and then 0.0005 mml of the titanium conpound (1) were
added to ini tis'}-_t_%ggbg:iﬁri zation. After the reaction was conducted at 25C
for 0.5 mnutein yl ene gas atnosphere at ordinary pressure, a snall
amount of nethanol was added to term nate the polynerization. After the
pol yneri zati on was conpl eted, the reacti ohSproduct was introduced into a
| arge anount of nethanol to precipitate the whole polynmer. To the 10

pol yner, hydrochloric acid was added, followed by filtration over a gl ass

filter. The resul t ERGrPAlYMRIF WaS VAGRUM AT : or. 10 hours_ 1o
obtain 0.149 g of pol ;ngt hyl ene (PE). The %olsg%e%lztg‘?ﬁ%oén a{z’ac ?%W} ?/\%its\%. 8

kg based on 1;ipw0hidef tidiledMiyimmmBH ﬁﬁ%@e 15, ol ecul ar wei ght (Mh)
and the wei ght -average r%ol egtjll ar vngl ght %o%n%gﬁeborreosrhl ting pol yethyl ene
were 191, 000 ard 219,000, ively, and MV Mh was, 1.15. Exanples 5 - 22
20 Pol yneri zati orrl) vvg)g congﬁgﬁl@g%ftﬁ\ét(t%ﬁeggggbr?&noﬁér\,%sl scri bed above,

except that tBgtgqt)g}n}ﬁgkguﬁq@&r}tg(ﬁégéggq%@ea%%zati on tine and the

pol ymeri zation tenperature were c _ wn in Table 1. The

S 718 (Pon 53 el SRR g rE v G DU G Heer eof are Set forth in

G S o EggmefhylagmniagleeraGqrony Y bgneng w2t s Y0 0 oo -
© T rhgbiSnont it ea et fugoroprgros kmIon 000 (- M1 i p
|~ F~O0! ~! ~ ~"" E QOMn "' 00 ~-NNi chN; By ~N; V ! ~h Mp 1~ 00
jd ~d |~ FEEREBRKLRPRRPL vt eLRadoon ingit Ry 1PReRp000R L0, O iQn-man M t
d o ~ vy TR z : y N~ C~ ; 4~Cs 00 -“-.Nb~!'CF ft'V] OOCN.

CM . -1 N N: ~i REE¥L LB P Lpib et iakpyrdimetyilphenyl) boron, tri (n-

10 butyl)ammoniumtetra(p—trifluoromethylphenyl)boron, tri(n-
butyl)ammoniumtetra(3,5—ditrifluoromethylphenyl)boron and
tri(n—butyl)ammoniumtetra(o—tolyl)boron.

Examples of the N,N-dialkylanilinium salts include
N,N—dimethylaniliniumtetra(phenyl)boron, N, N-

15 diethylaniliniumtetra(phenyl)boron and N,N-2,4, 6-
pentamethylaniliniumtetra (phenyl)boron.

Examples of the dialkylammonium salts include di(l-
propyl)ammoniumtetra(pentafluorophenyl)boron and
dicyclohexylammoniumtetra(phenyl)boron.

20 Further employable as the ionic compounds are
triphenylcarbeniumtetrakis(pentafluorophenyl)borate, N, N-
dimethylaniliniumtetrakis(pentafluorophenyl)borate,

ferroceniumtetra(pentafluorophenyl)borate,

triphenylcarbeniumpentaphenylcyclopentadienyl complex,
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N,N-diethylaniliniumpentaphenylcyclopentadienyl complex

and a boron compound represented by the formula (VII):

@
H (OEt), B
5 ‘
4
(VII)
wherein Et is an ethyl group, or the formula (VIII):
| CFg
10 ® ©
‘ Na B
_ (VIII)
CFy / 4
Examples of the borane compounds include
15 salts of metallic carborane anions, such as

tri(n-butyl)ammoniumbis (nonahydrido-1, 3-
dicarbanonaborate)cobaltate (III),
tri(n-butyl)ammoniumbis (undecahydrido~7, 8-
dicarbaundecaborate) ferrate (III),

20 tri(n-butyl)ammoniumbis (undecahydrido-7,8-
dicarbaundecaborate)cobaltate(III),
tri(n-butyl)ammoniumbis (undecahydrido-7, 8-
dicarbaundecaborate)nickelate (III),
tri(n-butyl)ammoniumbis (undecahydrido-7, 8-

25 dicarbaundecaborate)cuprate (III),



"T~-NON'" " "O"NNODOO'&RB3 F ~~G~C~-CCN! GN. CG"] C,? ~G, !
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1569
tri(n-butyl)ammoniumbis (undecahydrido-7, 8-
dicarbaundecaborate)aurate(III),
tri(n-butyl)ammoniumbis (nonahydrido-7, 8-dimethyl-7, 8-
dicarbaundecaborate) ferrate (III), |
5 tri(n-butyl)ammoniumbis (nonahydrido-7,8-dimethyl-7, 8-
dicarbaundecaborate)chromate (III),
tri(n-butyl)ammoniumbis (tribromooctahydrido-7, 8-
dicarbaundecaborate) cobaltate(III),
tris[tri(n-butyl)ammonium]bis (undecahydrido-7-

10 carbaundecaborate)chromate (III),
bis[tri(n~-butyl)ammonium]bis (undecahydrido-7-
carbaundecaborate)manganate (IV),
bis[tri(n-butyl)ammonium]bis (undecahydrido-7-
carbaundecaborate) cobaltate (III) and

186 bis[tri(n-butyl)ammonium]bis (undecahydrido-7-
carbaundecaborate)nickelate(IV).

. The heteropoly compound comprises an atom of silicon,
phosphorus, titanium, germanium, arsenic or tin and one
or more atoms selected from vanadium, niobium, molybdenum

20 and tungsten. Examples of such compounds include
phosphovanadic acid, germanovanadic acid, arsenovanadic
acid, phosphoniobic acid, germanoniobic acid,
silicomolybdic acid, phosphomolybdic acid, titanomolybdic
acid, germanomolybdic acid, arsenomolybdic acid,

25 stannomolybdic acid, phosphotungstic acid,

C.
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germanotungstic acid, stannotungstic acid,
phosphomolybdovanadic acid, phosphotungstovanadic acid,
germanotaungstovanadic acid, phosphomolybdotungstovanadic
acid, germanomolybdotungstovanadic acid,
phosphomelybdotungstic acid, phosphomolybdoniobic acid,
metallic salts of these acids, specifically, salts of
these acids, fof example with metals of Group 1 or 2 of
the periodic table such as lithium, sodium, potassium,
rubidium, cesium, beryllium, magnesium, calcium,

strontium and barium and organic salts of the above acids

such as with triphenylethyl salt, but not limited thereto.

The ionizing ionic compounds (B-3) mentioned above

may be used singly or in combination of two or more kinds.

If the transition metal compound (A) is used as an
olefin polymerization catalyst and an organocaluminum oxy-
compound such as methylaluminoxane is used as a co-
catalyst component in combination with the compound (A),
the olefin polymerization catalyst exhibits extremely
high polymerization activity to olefins.

In the present invention, the transition metal
compound represented by any one of the formulas (I), (II-
a), (II-b) and (III) may be used singly as an olefin
polymerization catalyst, or there may be used an olefin
poclymerization catalyst comprising:

(A) the transition metal compound, and

V7
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(B) at least one compound selected from:
(B-1) an organoaluminum compound,
(B-2) an organoaluminum oxy-compound, and
(B-3) a compound which reacts with the
transition metal compound (A) to form an ion pair.
If the transition metal compound (A) represented by
the formula (III) is used in combination with the
component (B), a compound represented by the following

formula (III-a) is formed in the polymerization system.

/ 710 5\
R11 N-._ @ /Xn-T
2 R NIYE
M
R12 O/ \\ Y@
R13 R15
\ R Jm ... (III-a)

In the above formula, r10 to R15, Ml, m, n and X
have the same meanings as those of rR10 to R15, Mi, m, n
and X in the formula (III), and Y is a so-called weak
coordination anion.

In the formula (III-a), the bond between the metal M
and Y may be a covalent bond or an ionic bond.

Y is, for example, a weak coordination anion
described in "Chemical Review"”, vol. 88, p. 1405 (1988),

"Chemical Review", vol. 97, p. 927 (1993), or W098/30612,
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SF-714 (PCT) 246 Exanple 23 In a 500 ml d6&ss autocl ave thoroughly purged
with nitrogen, 250 m of toluene was placed, and propylene was fed to

saturate the liquid phase and the gas phase. 5 Thereafter, 2.50 mmol (in

terms of alum nu y T DX . 0 | .qf . §.
titaniunlcong%hnd'?%?gzﬁgécgg%gdégéH?%ggigﬁgrgggy%g§?§§$iEHQTE%%%Q%4§§
reaction “a3<%9ﬂ9 ﬁﬁg,at 25C for 30 mnutes, a small anmpbunt of i sobutanol
was added to term nate

conpleted, the re L on product was introduced into methanol containing a
smal | amount of h chloric acid to precipitate the whol e pol yner,
foll owed by fi

(ol oved by fulsrabon.oxer o0l ges. 11 Ler, Theeqdl 0, Rgl YIer, as
5 oxygen atom, a nitrogen atom, a phosphorus atom, a

hydrogen atom, a halogen atom, a substituent containing
any of these atoms, an aliphatic hydrocarbon group, an
aromatic hydrocarbon group, an alicyclic hydrocarbon
group, a substituent wherein an aliphatic, aromatic or

10 alicyclic hydrocarbon group is substituted with an oxygen
atom, a nitrogen atom, a phosphorus atom or a halogen
atom, or a substituent wherein an aliphatic, aromatic or
alicyclic hydrocarbon group is substituted with a
substituent having an oxygen atom, a nitrogen atom, a

15 phosphorus atom or a halogen atom;

BR4-

wherein each R may be the same or different and is an
oxygen atom, a nitrogen atom, a phosphorus atom, a
halogen atom, a substituent containing any of these atoms,

20 an aliphatic hydrocarbon group, an aromatic hydrocarbon
group, an alicyclic hydrocarbon group, a substituent
wherein an aliphatic, aromatic or alicyclic hydrocarbon
group 1s substituted with an oxygen atom, a nitrogen atom,
a phosphorus atom or a halogen atom, or a substituent

25 wherein an aliphatic, aromatic or alicyclic hydrocarbon

"the 10 polynerization. After the polynerization was



pol ypropyl ene (PP). The nunber-average nol ecul ar weight (M, in terns of
PP) and the wei ght-average nolecular weight (Mv, in terns of PP) of the

resulting PP r1 4 ﬂ and 4,400, respectively, and MV Mh was 1.05. 20
Exampl e 24 Pd¥€ﬂféb 13 (PP) of 96 ng was obtained in the same manner as

in Exanple 23, except that the polynerization tinme was prolonged to 3
hours. The nunber-average 25 nol ecul ar wdiéght (M, in terns of PP) and the
wei ght SF-714 (PCT) 247 average nol ecul ar weight (Myv, in terns of PP) of
the resulting PP were 20,500 and 22,400, respectively, and Mv Mh was 1. 009.
5 Exanpl e 25 ropy P) . of talned_in_the_same manner
as in Exanpléﬁ§%¥£e§%eigggﬁggh%%g B%?@n%??ﬁggFgﬁu Pﬁegﬁg§n8r8poﬁ§¥?qQ)5
hours. The n - e r weight (M) and the weight 10 average
nol ecul ar me%%ﬁ%ﬁiE%;gggg?ﬁghr%g%$ti%gp p° ?£b§8? 68 SﬁdaB%?éﬁﬁfn
respectively, .MV Mh was 1.11. Measurement of the nelting point of the
pol ymer by DSCTtesulted in 139C. 15 Exanple 26 Pol ypropyl ene (PP) of 376 ny
was obtained in the sane er_as_jn Exanple 23, except that the titanium
conpound (6) was used i H%t ad’d?r%%Lu?¥?%% RAReoPpotina=Fe) and Phe
polynerizgtion time was. prolonged to 5 hours. 20 The nunber-average

mol ecul ar 2wei ght“Wh, SHH-263 8- of PP) and the wei ght - aver age nol ecul ar
weight (Mv, in ternms of. PP) of the resulting PP were 52,000 and 66, 200,
respectively, and M@ Mh Sl Poymesi ke eca7alyst employable in the

invention can contain the following carrier (C) and/or
the later-described organic compound (D), if necessary,
in addition to the transition metal compound (&) and at
10 least one compound (B) (sometimes referred to as a
"component (B)" hereinafter) selected from the
organometallic compound (B-1), the organoaluminum oxy-

compound (B-2) and the ionizing ionic compound (B-3).

15 (C) Carrier

The carrier (C) optionally used in the invention is
an inorganic or organic coﬁpound in the form of granular
or particulate solid. As the inorganic compounds, porous
oxides, inorganic halides, clay, clay minerals or ion-

20 exchange layered compounds are preferable.

Examples of the porous oxides include SiOp, Al203,
Mg0O, zZrO, TiO2, B03, CaO, Zn0O, BaO, ThO2, and complex
compounds or mixtures containing these oxides, such as
natural or synthetic zeolite, Si0O2-MgO, Si0Op-Al1203, SiO2-

25 TiO2, Si02-V20s5, Si02-Cr203 and 8i02-Ti02-MgO. Of these,



SF-714 (PCT) 248 In a 1 liter stainless steel autoclave thoroughly purged
with nitrogen, 380 m of heptene was placed, and propylene was fed at 25C

to saturate t i QU] hase and the gas phase. Thereafter, 2.5 mmol (in
terms of 5 al [ﬁ‘ﬁ'k"%ﬂg%ﬁ) of net hyl al um noxane and 0.01 mml of the

titani um conmpound (1) were added, and pol ynerization was conducted for 3
hours at a propylene pressure of 5 kg/cn21@ To the resulting pol ymer
suspension, 1.5 liters of 10 nmethanol containing a small anount of
hydrochl oric acid were added to precipitate a polymer. The pol yner was

filtered over 2. 3-as$1fd |48 dQJEH al mentq. Lhe egh Wit h
nmet hanol and \I?agugm dri eci;1 at Sngor %Oé%u%l%u%%é%.%bﬁpo?l%g as

pol ypr opyl enet:%s ohtai ned. Mh 15 (in terns of PP) as neasured by GPC was
78,000, Mu MnSW&s "F1if5 COAR® fi'was 134.8C. Exanpl e 28 Pol yneri zati on was

conducted in the rS@E%amanner as 20 descri bed above, except that the

pol yneri zation ti dNORGRGEE XSSy, RS M sl iy aoWst gy R bpyl ene
was obtained. M (in terns of PP) as nmeasured by GPC was 138, 000, Mw~ Mh was
1.11, and Tm ®&SPP3GISE. S35 ks mte gndy e igscgomRmnent & 590Chi 2§l ass

aut ocl ave g horoughly purged with nitrogen, 250 m of toluene was placed,
and a m xe% gé]?z%fg%t E’\}Icgﬁe g’?& t St A% 4912103114 utRaeP460 1/ hr)
was bl own in':rgf)(Ht he autocl ave far 20 mnutes. 5 Thereafter, 1.25 mmol (in

terns of al untNaRr at' 9 Osr 2refhyitUm ndleatt 4P andh B.2501 Mol of the

titani um conpound (1) were added to initiate polynerization. After the
reacti on was conduét&goagh2s58ef pordus mutisks swidif Adwvimdgheier mi xed gas into
the autoclave, a snmall 10 anount of nethanol was added to ternminate the
pol yneri zat i orropeirér eshaepeingie g zatdron hwas yoepiret ethe thheepaeect i an
product was introduced into nethanol containing a small anmount of
hydr ochl ori c aecpdediss sbleved ft, hduhel rwatror iprre ¢ e fleatad oy podeydreim ot | owed by
filtration
10 invention has a particle diameter of 10 to 300 pm,
preferably 20 to 200 pm, a specific surface area of 50 to
1,000 m?/g, preferably 100 to 700 m?/g, and a pore volume
of 0.3 to 3.0 cm3/g. If necessary, the carrier may be
calcined at 100 to 1,000 °C, preferably 150 to 700 °C,
15 prior to use.

Examples of the inorganic halides employable in the
invention include MgClp, MgBrp, MnClp and MnBrp. The
inorganic halide may be used as it is, or may be used
after pulverized by, for example, a ball mill or an

20 oscillating mill. The inorganic halide may also be used
as fine particles of a obtained by dissolving the
inorganic chloride in a solvent such as alcohol and then
precipitating using a precipitant.

The clay employable as a carrier in the invention is

25 generally composed mainly of clay minerals. The ion-



15 over a glass filter. The resulting pol yner was vacuumdried at 130C for
10 hours to obtain 0.056 g of an ethyl ene/ butene copol yner. The

pol yreri zat i \PVA was 0.67 kg based on 1 mmol of titanium The
nunberaveraggélﬁ'?c"d{ﬁé-b wei ght (Mn) of the polynmer was 49, 100, 20 the

nol ecul ar wei ght distribution (MvM M) was 1.14, and the butene content was
8.4 o by nol. Exanples 30 - 33 Polynerizaﬁﬁon was conducted in the sane
manner as 25 in Exanple 29, except that the feed rates of ethylene and
SF-714 (PCT) 250 butene, the polynerization time and the polynerization

tenperature W@i@h&@@@gﬁgyéﬁe§h@Mﬁp&ﬂnJ§béﬁpgoygB§epQEyHEegfé'E?niﬁckm%jty’

nol ecul ar wei ght of the resulting polynmer and nol ecul ar wei ght distribution

5 set forth in Tabl | i { anj / , .
o e ot NS & el e, R sy Bocth R

i -y 291 0. 001'B40] B00. ORKD: 6%, o1 8171 46 4301 b Dol LbA0NBR0. BRIBZ558. 007. 5
27 91 243. 73370, WOTOH07 500 OURT. OR7 31 b. S4TH 19576" RoOBAmBL 6534 "' 47600 i
Bl aced agd Lk ene et baltEa Tarhttn the Surherduebier 4PN nitos at &

250 and 5. 00 I (T LY it of LoR Ui ey 901 REEHEP aPGRPRERARe WS added.
Subsequent |y 0.0Sdﬂggl of the titfniun1con§ound (1) was added, and a m xed

gas of et hyl & ¥m Bt Bhe ¥ et it endnd 2Bhd ) hen -9 X6heRaE: 18USIPAr) was

passed t hrough, folk?med by stirripng for 60 20 m nutes. Then, 20 m of
i sobut yl al cSHBPUHE S qypble 1 the invention are not limited to

natural ones but include synthetic ones.

10 Examples of such clay, clay minerals and ion-
exchange layered compounds include clay, clay minerals
and ion crystalline compounds having layered crystal
structures such as hexagonal closest packing type,
antimony type, CdClp type and CdI2 type.

15 Particular examples of the clay and the clay
minerals include kaolin, bentonite, kibushi clay, gairome
clay, allophane, hisingerite, pyrophyllite, mica,
montmorillonite, vermiculite, chlorite, palygorskite,
kaolinite, nacrite, dickite and halloysite. Particular

20 examples of the ion-exchange layered compounds include
crystalline acid salts of polyvalent metals, such as a-
Zr (HAsO4)2 * H20, a-Zr (HPO4)2, oa-Zr(KPO4)2 * 3H20, o-
Ti(HPO4)2, o-Ti(HAsO4)2 *H20, a-Sn(HPO4)2 *H20, y-

Zr (HPO4) 2, y-Ti(HPO4)2 and y-Ti(NH4PO4g)2 * H20,



SF-714 (PCT) 251 termnate the reaction. Subsequently, 10 ml of a 1IN

hydr ochl oric aci d aqueous sol ution was added, followed by stirring for 30

mnutes in a skrgﬁg18& itrogen. The polynmer solution was poured into 1.5

liters of netNan § precipitate a polyner, followed by stirring for one

ni ght by a magnetic stirrer. The polynmer was filtered over a glass filter

and dried at 80C for 10 hours under reducHb pressure to obtain 1.79 g of an

et hyl ene/ 1- but ene copolynmer. As a result of GPC analysis, the nunber 10

aver age nol ecul ar wei ght was 29, 000, and MvM Mh was 1.15 (in terns of

pol yet hyl ene). As e o] R | ySLS.stihe J1-puten ont 22.8 0

by nol. Exanple 35@?% %%53,5%8Enfﬁgﬁa§§h§5€&%|gégb?ﬁ%}gﬁb FV&gﬁ?ggg wth

ni trogen, 200 d e s _pl ; - but, s passed through
e ae emEoetol 4% R TR T R

t he aut ocl ave r tes at ar

pol yneri zatio eratu intained at 25C _and h.00 | (in terns
of al unmi num 28E§§8m§?%yanla\éﬁﬁﬁgigﬁe%v%sesag‘ 49 Fh SEUdt IQ}],TDW%SP%%I of
a catal yst was, added, sand a m xed _gas of _ethyl ene and 1-butene (ethyl ene:
40 1/hr, 1-butBag: EgoAl Kr 7 H&S Opads 88 FirEigie™ f“c?l%hﬁiédogéyr‘s‘ﬁ rjr??% for 30
m nut es. en,. 20 of: i,sobutyl al cohal .was added tq term nate 25 the
reaction.Egubggaﬂeﬁlﬂchfg’nﬁn aéelﬁaﬁ§dFﬁiﬁF Y, prefggaply ((HeHe 252 acid
aqueous solut%on.mas added, fﬁllomg% %y stirring for 30 mnutes in a stream
of nitrogen. TREIPEI FrnBPTEONALIBR Vs “pdurtéd 3 wd 9t. 5TPPt BPESoF oetFanol to
precipitate a,polyner, followed by stirring for one night by a magnetic 5
stirrer. The p I?%@Pu\ﬁﬁg P LBFe@OSFSr PaVEINgs & Hacier &itd 2cﬁ/itélj 2t BOE f or
10 hours under reduced pressure to obtain 5.15 g of an ethylene/l-butene
copol yner. AsP¥ ReBGFEUSY BPCCARAIYSNs MethochysEas & &edgeimol ecul ar wei ght
was 73,000, and MM Mh was 1.16 (in terns of 10 pol yethylene). As a result
of IR anal ysi BOrPReMeLBhtene content was 14.5 o by nol. Exanple 36 In a 500
m gl ass autoclave thoroughly purged with 15 nitrogen, 200 m of dry

tol uene W& pl acedIfapdcenbabeAehaddngasgsparehivedghies he samessivavs far 40
mnutes at a rate of 100 1/hr. Then, the polynerization tenperature was

mai nt ai ned atP95€s BAWLBI06 KAGLUE ALt epiws leBsaltwinnd®) Aof of less than

met hyl al um noxane was added. Subsequently, 0.05 nmol 20 of a catal yst was
added, and a #i kedcdasief ueeHybenshandatrbetrendigst wpllemer iGa ti/dr

1-butene: 90 1/hr) was passed through, followed by stirring for 10 m nutes.
activity tends to be hardly obtained.

It is also preferable that the clay and the clay

15 minerals to be used in the invention are subjected to
chemical treatments. Any of surface treatmenté, for
example, to remove impurities attached to the surface and
to influence on the crystal structure of the clay, are
employable. Examples of such chemical treatments include

20 acid treatment, alkali treatment, salt treatment and
organic substance treatment. The acid treatment can
contribute to not only removing impurities from the
surface but also eluting cations such as Al, Fe and Mg
present in the crystal structure to increase the surface

25 area. The alkali treatment can destroy crystal structure



Then, 20 m of isobutyl alcohol was added to term nate the reaction.
Subsequently, 10 m of a 1N hydrochloric 25 acid aqueous sol ution was
added, follo iLring for SF-714 (PCT) 253 30 minutes in a stream
of nitrogen.mgﬂép%baﬁhtf solution was poured into |.5 liters of nethanol to
precipitate a polyner, followed by stirring for one night by a magnetic
stirrer. The polymer was filtered over aifi7ass filter 5 and dried at 80C
for 10 hours under reduced pressure to obtain 2.38 g of an

et hyl ene/ 1- but ene copolyner. As a result of GPC analysis, the

nunber-averaggfn@i§§u£§rby§ggh%bg@§ gﬁaggg,%ﬂgqugquu@@%ﬁé.5% (i terms of

pol yethylene). As a result o R anal ysi utene content” was 1l.3

b . Ex 3 th hi d with
i 1Y ogen, 200 MY of Tl uohe and B0 A of U Res eRESGr 8 19 P Red. and

hyl Liquid ph d.th h ith
CtiTring. Theroar rBei®) 58" BbHSer WP BYRBA R ot R ar aRpooR o

nethylaluninqég e a d_then 0.0g25 mrol of the titanium conpound (1) were
added to initTate potynerT2atioR>’ APfePTPRBIFeHELTEATWIE 36 EHRGGE ddvent
25C for 5cminutes with blomﬁzg etgxlene intfo the autoclave, a small anount
of et handl vt SR TSe t 8F nthat 81FhaTE6I YREVESAL LNCTAFt er t he
pol ynmeri zation was_conpl eted, the reaction product was introduced into
met hanol cont ai ni Ng*% STRTF*ARDUPE 6FY25CHYBPBRAPBR| EChciaediisssheed
therein to precipitate a  SF-714 (PCT) 254 polyner, followed by filtration
over a gl ass ¥}Y%&rioTHRepoPGndr L aK8r¢dcaonrarnddiat wkagk £ 10 hours to
obtain 0.304 g of an ethyl ene/ hexene copol yner. The pol ymerization activity
was 1.46 kg BHEEPRAFFAP heoiodf BetvVeani Eﬁvezrﬁehauﬁbbﬁeav@xa@,@ng@kﬂewltm
wei ght (M1) of the resultin polzner was 95,600, MW WMnh was 1.17, and the
hexene cont erffth@s oo %@gn%$l Exaapbeu8lioing éphyksnbihgrene copol yner
of 0. 24l was obtained in the same manner as in Exanple 37, except that
the amoutP ofPXIrextiemiten eohpbaadtlie)diasashangetween0tbollayelrs.t he
anount of toluene was changed to 225 m, and the anount of 1-hexene was
changed to 250 buhey 15opabyaesi aapibhanctikét yohhstd. 8Gpkgrbased on 1
mol of titanium The nunber-average nol ecul ar weight (M) of the resulting
pol ymer was |152€0005t 1w e svazndl . 22, gamelra hey hexghedcontehllaas.1. 7 o by
nol. 20 Exanple 39 In a 500 mM gl ass autocl ave thoroughly purged with
ni trogen, 250mirafudiolerenef washgt aselds t ande et byt eaenwasyéed 66 saturate
the |liquid phase and the gas phase tenporarily. Then, only the gas phase
was purged wiltdyeedidomgamd Therealiied, "2nbenodlationt er mx0fpBdsndaum
SF- 714 (PCT)

15 the guest compounds to be intercalated include cationic

inorganic compounds, such as TiClg and ZrClg; metallic
alkoxides, such as Ti(OR)4, Zr(OR)g4, PO(OR)3 and B(OR) 3
(R is a hydrocarbon group or the like); and metaliic
hydroxide ions, such as [A11304 (OH) 2417, [Zrg(OH)714]12%
20 and [Fe30(0OCOCH3)gl™.

The compounds mentioned above may be used singly or
in combination of two or more kinds.

The intercalation of the compounds may be carried

out in the presence of polymers obtained by hydrolysis of

25 metallic alkoxides such as Si(OR)4, AL(OR)3 and Ge (OR) ¢4



255 aton) of nethyl al um noxane and then 0.01 mml of the titani um conpound
(I') were added to initiate polynerization. After the reaction was conducted
at 25C for 5 g%nghgi i smal | amount of nethanol was added to 5 term nate

t he pol yneri zatioh: Rt ﬁ, hydrochl oric acid and a | arge anount of nethanol
was added to precipitate a polynmer. The polynmer was filtered, washed with
met hanol and vacuum dried to obtain 0.800168 of pol yethyl ene (PE). The
nunber - aver age nol ecul ar weight (W, in ternms of PP) 10 of the resulting
pol yet hyl ene was 115,000, and MvM Mh was 1.10. Conversion fromthe pol yner

yi el d showed thatsegh [ e e q htatiwvely.consumed.
Exanpl e 40 15qln Exgn% g@ggé@gkge?§¥§§ ngﬁﬁiﬁfﬁﬁé gﬁ%dﬁbﬁgﬁaﬁr%ﬁﬁ??%r 5

mnutes to COBﬁ'@b@ﬂMi@Q@SQHBr%%BXEe@%mp%u&@%p%h%%ea%a%ikgg 1@Q5%p g bl own
into the systemto performreaction for 20 m nutes. Then, feeding o

propyl ene was_ st ed. o] by further reaction for ,20 280 m nutes.
Then, a snalIogngﬁﬁt8%%5%%%h§ﬁgFu§gsogé &8 PO OPERh&Ye e Ho8dA@G I and

t he reaction product s introduced into.1.liter of methanol containing a
smal | anount gF ﬁ%%r%%ﬁygrP%ng&PBegomﬁﬁééﬁﬁFtbﬁ@rgxﬁgﬁyﬁﬁmﬁ PREYEAYer was
filtered,fyasfgd ¥ﬁthfngihangl ang gacuunLZS dried at 130C for 10 hours to
obtain | .35 g°OF a TSELFYGY( BETH BB pEI-PRe PROPRe DRGHIES-aver age

nol ecul ar wei ght (ﬁ@ if ter of PP) of the resulting pol ymer was 136, 000, .
MV Mh was 1.15, ant thelpYoptekeiBRFene GRS i2nGewrBpnasl Lavereshpari son
wi th the pol yethyl ene prepolynmer 5 prepared in Exanple 39, this polyner was
increased in ¥t ﬂﬁ?§§uW%$t%EF§ﬂtaRPYﬁ Re¥pPRgugefapsorheyl eceal aro meiaght

di stribution, and propylene was incorporated into the polyner. Fromthis,

it can be seeftthdeda2pbPyethgyensepsihprepsretio di bireekmeopobfnta Mas
quantitatively 10 produced. Exanple 41 In Exanple 39, after the reaction of
et hyl ene was Bbhtiie? edSaEvIBE ¢6r tBeni hlites, Mareetdyl enlee gasay 25e16sd4hr)
and a prquIene gas (75 1/hr) were blown into the systemto perform
reacti onor afHFhuEesy Fhensubpedingd bp vhbeni sédogasimasost opped,
followed by further reaction for 3 mnutes. Then, a small anount of

met hanol was @RiedHrablieerwdar eneheingactTon, clay, thby eattéoml 20apdoduct
was introduced into 1 liter of methanol containing a small anmount of
hydrochl ori c i tetehange layered compounds may be used singly or in

combination of two or more kinds.
Of the above-mentioned materials, preferable are
15 clay and clay minerals, and particularly preferable are
montmorillonite, vermiculite, hectorite, tenorite and
synthetic mica.
The organic compound is, for example, a granular or
particulate solid compound having a particle diameter of
20 10 to 300 um. Examples of such compounds include
(co)polymers produced using an a-olefin of 2 to 14 carbon
atoms such as ethylene, propylene, l-butene or 4-methyl-
l-pentene as a main ingredient, (co)polymers produced
using vinylcyclohexane or styrene as a main ingredient,

25 and modified products thereof.



precipitate a polyner. The polyner was filtered, washed w th nmethanol and
vacuumdried at 130C for 10 hours to obtain |.700 g of a polyner. The
nunber-averagg 2§‘£B$§irlar weight (M1, in terms of PP) of the resulting
sF-714 (pPcT) 957 Bol%E) was 211,000, the nol ecul ar weight distribution
(Mv M) was 1.16, and the propylene content was 6.4 o by nol. In conparison
with the polyethyl ene prepol ymer 5 prepar®® in Exanple 39, this pol yner was
i ncreased in the nol ecul ar weight with keeping a narrow nol ecul ar wei ght

di stribution, and propyl ene was incorporated into the polyner. Fromthis,

it can be seen that a pol yethyl eneet hyl ene/ propyl ene di bl ock copol yner was
quantitatively 10 produced. The propyl ene content in the second bl ock

conponent (et hyl ene/ propyl epg) COPOLY BT -BALLERR) coffSofigheul ated fromthe
nol ecul ar wei ght and the prcpy#eﬁg—CUntentérn—the—mEUﬁE*poIyner, was 14.6 o
by noT. 15 Exanpl e;42 - ' t r i f et hyl ene was
conducted at 25C f%ﬁ ghﬁiﬁﬁgggﬁﬁaggg?ﬁgﬁghé ggg ?%@ghﬁﬁrgogﬁguécgropylene
gas (75 1/ hr) in . mto performreaction for 3 m nutes.
Then, feedingcgﬁég?gﬁggqﬁéxgg é§§l§é§E§¥0853 , “Pol'f"&%€d by further reaction

for 3 mnyes. Subsequent propyl ene Q0 1/ hr) S blown,into the system
for 20 ni%hte%of m%é%%%ﬁﬁ#¥5§c?P§npr?88%§lFée&FnéﬁgfrﬁF8§3P€ﬁeFWE§”¥% pped,
fol |l oned by fgrthei reagthﬁn for 280 m nutes. ThentL % 25 smal | amount of
met hanol was AGU8R'ES Pér 'haPe9PReC COEPPIRIEPERF1sE8 PSP, and t he
reacti on product s introduced into 1 |iter of nmethanol containing a snal
anount of hyd?%%%%@??cca%PangsprEEFBPFXQéCaaﬁég§WEPho?ﬁéoﬁﬁﬁyner was
filtered, washed wt ne%ganol and vacuumdried_at 5 130C for 10 hours to
obtain 1.814 50%@0%“§6|§ r SUFhERAGRBer PHYeRabe LABLEEG &Peksitght (M, in
terms of PP) of the resulting polymer was 235,000, the nolecul ar wei ght
di stribution (Mv M WaR 31da8hohndabetpropyrRALLIE0RPBRPURAES  141PS6 by noI .
10 In conparison with the pol gth | enget hyl ene/ propyl ene di bl ock copol yner
prepol y pr%%@%%%emﬁeﬁx%pl% 290 (R E bl gnevIRasairhereasedri wi He to
nol ecul ar wei ght with keeping a narrow nol ecul ar wei ght distribution, and
propyl ene was®? ned¥per ak edm nPd &hbalsgppbyaer hyRreserhes, gircupamfbd seen
that a pol yet hyl ene et hyl ene/ propyl ene copol yner - pol ypropyl ene tri bl ock
copol ymer wast@uaht faapPRed yops bdacedoeThsal hgr eapéoutdt he propyl ene
content agreed with the value calculated on the assunption that the third
bl ock conmponent i nk¥ofkrcael@0alpohdls exanpheseashpokypr BpY| érea Exanpl e 43
In Exanple 39, after the reaction of ethylene was conducted at 25C for 5
m nutes, an dihideeragad [(Péroganbon)gaadra propidenel gash¢7olichr) were
bl own into the

compounds are preferably those wherein the «,a'-positions

to the hydroxyl group are substituted with hydrocarbon
groups of 1 to 20 carbon atoms.

As the carboxylic acids, those represented by R29-
COOH (R292 is a hydrocarbon group of 1 to 50 carbon atoms

20 or a halogenated hydrocarbon group of 1 to 50 carbon

atoms, preferably a halogenated hydrocarbon group of 1 to
50 carbon atoms) are generally emplayed.

As the phosphorus compounds, phosphoric acids having
P-O-H bond, phosphates having P-OR bond or P=0 bond and

25 phosphine oxide compounds are preferably employed.




SF-714 (PCT) 259 systemto performreaction for 3 mnutes. Then, feeding of
the m xed gas was stopped, followed by further reaction for 3 m nutes.
Subsequent |y, ﬁ&i?¢p¢fge gas (1.00 1/hr) was blown into the systemto
perforn1react$o 0 m nute. Then, a small anount of nethanol was added
to termnate the reaction, and the reaction product was introduced into 1
liter of nethanol containing a small amodf@ of hydrochloric acid, followed
by stirring, to precipitate a polyner. The polyner was filtered, washed 10
wi th nmet hanol and vacuumdried at 130C for 10 hours to obtain 1.998 g of a

pol yet hyl ene- et hyl gne/ pr 0pyhSPEs CQRAKY RN tthEﬁthg%n?Q%n%osEhe.

nunber - aver age nol ecul ar weight (Wnh, in terns of PP) of the resulting

( f
pol ymer was 2 1 ; g Lt yl .15 content was 6.6 %
by nmol. In cdﬁﬁ%ggg%%%ﬁﬁgﬁyrﬁgepgégé?ﬁ$ﬂ8n2§5ﬁ§?§né g?épylene di bl ock

copol ymer prepolynmer prepared in Exanple 41, this polyner was increased in
t he nol ecul ar wei ght with keeping a narrow nol ecul ar wei ght 20
distribution, and the ethylene content in the polynmer was increased. From
this, it can be seen that a pol yet hyl eney et hy\ene/ propyl ene copol yner - LLDPE
triblock copolymer was quantitatively prlbduced. The propyl ene content in
the third“bl ock conponent (X\.LDPM Erorzr-a§ - SF-714 (PCT) 260 cal cul ated
fromthe nol ecul ar wei ght and the pxopyliene cgptent in the whole pol yner,
was 7.3 o by nol. Exanple 44 5 Pol yrreri Zati on’ was cobhdlicted in the same
manner as in Exanple 39, except that the catal ytic anmount was changed to
0.02 mmol . Thus, d.840 g of polyethylene (PE) was obtai ned. The
nunber - aver age nol ecul ar weight (MW, in ternms of PP) of the resulting

pol yet hyl ene was 78, 200, 10 and the nol ecul ar wei ght distribution (Mw V)
was |.14. In this exanple, after the reaction of ethylene was conducted at
25C for 5 ninutes,Tantet hyPere §asmeddr 1Mhit§ andedeBanrenefgasopso 1i/ter)

wer e blow% into the systemto performreaction for 3 mnutes. Then, feeding
15 of t hdOnmi Xeerwas! he’f stbppearipeiFoweBlBy further reaction for 3

m nutes. Then, a s | ampunt of nethanol was added to term nate the
reaction, and the Beactsonvpredeet elydneecadberdorarp ¢flitep 80 net hanol
containing a small amount of hydrochloric acid, followed 20 by stirring, to
preci pitate £Ppdhgmertomhecopos yhetodasateft byddocaabhadonpth mét Hanel and

vacuum dried at 130C for 10 hours to obtain 1.416 g of a polyethyl ene
20 carbon atoms.

X 1is a hydrogen atom, a halogen atom, a hydrocarbon
15 group of 1 to 20 carbon atoms or a halogenated
hydrocarbon group of 1 to 20 carbon atoms.

m is an integer of 1 to 7, and 1=n=7.

In Fig. 1, an example cf the process for preparing
an olefin polymerization catalyst which is occasionally

20 used in the present invention is shown.

Some examples of the processes are given below,
though the methods to use the components and the order of
feeding the components are optionally selected.

(1) The transition metal compound (A) is singly fed

25 to the polymerization reactor.



et hyl ene/ but ene copol yner bl ock pol yner. The nunber average nol ecul ar
weight (M, in terns of PP) of the 25 resulting polynmer was 120, 600, the
nmol ecul ar meigptr' ﬁﬁé 4 (PCT) 261 distribution (MvM M) was 1.13, and the
butene cont ent’int4 FeChhol e polymer was 1.9 o by nol. In conparison with

t he pol yet hyl ene prepol yner prepared in Exanple 39, this polyner was
increased in the 5 nol ecul ar wei ght withW&depi ng a narrow nol ecul ar wei ght
di stribution, and butene was incorporated into the polymer. Fromthis, it
can be seen that a pol yet hyl eneet hyl ene/ LLDPE di bl ock copol yner was
quantitatively progducegcThe,hut engncABLENt cbRxbIRaS§aINd Bl egl 10
conponent (LLDPE portion), as cal cul ated fronlphe nol ecul ar wei ght and the
but ene content,| whel e I r 5 - - I .15
Exanpl e 39, a ?%?O% gtrégzt?g% %gaefﬁyﬁgﬁep%égm%%ﬁ%ggﬁg gg%§§8$50#5§ﬁ‘

m nutes, an e g O 1/hr) and a butene gas (80 1/hr) were bl own
into the syst%%¥%§Qg¥r$29%$feaction for 3 mnutes. Then, feeding of the

m xed gas was stop ,,followed by further 20 reaction for 3.m,nutes.
Subsequent Iy an aURyi Bree GALT e oboTPRRF aREFESR FARo ERBS4)<tam to
performreactio or 1 m nyt Then, a snmall, anount of nethang] was, added
to term ndte Tﬁgaie Q?PBH?Haﬁé)tﬁé F&QEP?gﬁdpPBdﬁgﬁ ﬁ€§rﬁﬁgr8§&céﬂm%nto 1
liter of nethanol contain'n% ? snalle%S anDHnt of hydrochl oric acid,

fol lowed by stifrfAFPORENT &Rl 734S( PEF) t96350Fr BOLYMPLLE 25108 FRECT Ofhe

pol ymer was fjltered, washed with nethanol and vacuumdried at |30C for 10
hours to obtath 3292FdgRaFYaCpofYet hyl ene- LLDPE- HDPE bl ock pol yner. The
nunber - aver age nol ecul ar weight (Wnh, in terns of PP) 5 of the resulting

pol yner was 141, 400%) theCHpf L¥BF aFORRPHREEAVEEERROt FBR CRWPRAEas BY. | 4,
and the butene content in the whole polyner was 2.0 o by nol. In conparison
with the pol ye% h§PRRRL LEBPENdFBPOERTESBS| ier 2pHepbRy FERNSEEpANedata L
Exanpl e 44, this polymer 10 was increased in the nolecular weight with
keepi ng d0nharFempeenécibhranei §RE BPsERFbOPLYMETAAETLRE sERYLENe Id0/ent in
the polymer was changed. Fromthis, it can be seen that a

pol yet hyl ene-eI®PE HDPEL8¢F bl ock copol yner was quantitatively produced. The
but ene content in the 15 third bl ock conponent (HDPE portion), as

cal cul ated from t he>hohecaitatyskei ghrrandant hehpueénetbenteansihivhe whol e
polynmer, was 2.6 o by nol. Exanple 46 20 In a 500 ml gl ass autocl ave

t hor oughl y pungjedl wwepaiundoghbh, aRg80tht opmpohashe (Rasapkasegpoanegd on
propyl ene was fed at 25C to saturate the liquid phase and the gas phase.
Thereafter, 2tBenpdtrién (@ nssofedl bai hbm reoomneof zaetibyl akanipaxane and
then 0.01 nmmol of the titanium 25 conmpound (1) were added to initiate

pol ymeri 48t i on. Bi- T4 {PCTe 268cAéses (RAep rteacb) pnavaseesndusbedfat 25C

for 180 m nutes,
the catalyst components may be previously contacted with

each other.
In the processes (4) and (5) in which the component
(B) having been supported is used, the component (B)

20 having been not supported may be added in an arbitrary
order. In this case, these components (B) may be the
same or different.

Onto the solid catalyst component wherein the
transition metal compound (A) is supported on the carrier

25 (C) or the transition metal compound (A) and the



a small anmount of nethanol was added to term nate the polynerization. Then,
the reaction product was added to nethanol containing a small anount of
hydr ochl ori c gﬁig,éiwgﬁglomed by stirring, to precipitate a polynmer. The
pol yner was f VaA , shed with nmethanol and vacuumdried at |30C for 8
hours to obtain 0.100 g of pol ypropyl ene. The nunber-average nol ecul ar
weight (M, in terns of PP) of the resul tlif@g pol yner was 17,200, and 10
Mv Mh was 1.15. Exanple 47 In Exanple 46, after the reaction of propylene
was conducted for 180 m nutes, an ethylene gas (20 1/hr) was 15 blown into
the systemtao r ti L Quf es n |1, .amount of _.

C %ﬁgﬁg g@f.é? eég%%§r€é8 Bg th% ga%r?%@ (C an ogﬁg&ﬁbt

nmet hanol was added to term na reactron. Then, € réactronp

was i ntroduc i nto i ter of.nethanol. containj a_smal | anmpunt of
hydrochloricqg%%g%eféﬁ%ééégw §l§??fr?%%,O?o£§?eéﬁg?t8F8p8H§@eﬁéFﬁﬁer. The
pol ymer was fééf%égga shed with nethanol ﬁnﬁgvgcuun1drie to obtain 0.481
g of a pol ypropyt eneet sy ehel PropYTahe LopdF§mér thF3EROBEIYnBPY The

nunber aver age. nol.ecul ar wghg%& (M, in ternms of PP) of the resulting

pol yner was 99008 T NYR#C 1.06, and the 25 ethylene content was 70.9 %
by nol . SF-714 (PCT} 264 In conparison with the pol yethyl ene prepol yner

prepared Pn Exanpl@ 36'€ thi & ol kYN RsZa htPRaREACEAS t RECABAEREI &P wei ght
wi th keeping a narrow npl ecul ar weight distribution, and ethylene was

i ncor por at ed §1ft o RN B God yarerol¢F bim ¢hi 4, tPt 28 afaBBOBe@ROMRat Sa

pol ypr opyl ene ethyleneﬂgropylene di bl ock copol yner was quantitatively

produced. ThetRABHEE ot P hyndelsedond bheckresapenent the

(et hyl ene/ propyl ene copol yner portion), as calculated fromthe nol ecul ar
wei ght and t el gfrigpyrehendnl zaht @nt cahat et whol ebpalpner poheseis8. 4 % by
nol. Exanple 48 In a 500 m gl ass autoclave thoroughly purged with
ni trogen, 25@EdANes ctludnee vabe bl ased ando p2opgeehenwasomd pasdedet hr ough
the autoclave at a rate of 100 1/hr to saturate the system Thereafter, 2.5
mol (i n10er mhoofsamaim rias oy ofenethyl vl desooklee. and then 0.02 nmol  of
the titani um conpound (1) were added to initiate polynerization at room
t enperat ure (24C) .IrAfther pres 0t polyerericat | Ore wasl goadizé etofiocah heurs,
f eedi ng of

carried out as any of liquid phase polymerization such as

solution polymerization or suspension polymerization and

gas phase polymerization.

15 Examples of inert hydrocarbon media used for the

liguid phase polymerization include aliphatic

hydrocarbons, such as propane, butane, pentane, hexane,

heptane, octane, decane, dodecane and kerosine; alicyclic

hydrocarbons, such as cyclopentane, cyclohexane and

20 n@thylcyclopentane; aromatic hydrocarbons, such as
benzene, toluene and xylene; halogenated hydrocarbons,
such as ethylene chloride, chlorobenzene and

dichloromethane; and mixtures of these hydrocarbons. The

olefin itself can be used as a solvent.



propyl ene was stopped, and feeding of ethylene at a rate of 1.5 1/hr was
started. After the polynerization was conducted at roomtenperature for 40

m nutes, a s | of i1sobutanol was added to term nate the 25
polynerizatiggk;?ﬂg?aﬁgpe anount of the resulting SF-?14 (PCT) 265

pol ymer slurry was introduced into 1.5 liters of nethanol, and a snall
amount of hydrochloric acid was added. THE#8 the mixture was filtered to
coll ect a polyner. The pol yner was washed with net hanol and then vacuum
dried at 5 80C for 10 hours. The yield of the polyner after drying was 2.53

g. As a result of ERC-.pBagunopBRt ;LR NURD r-age l.ecul wei ght_ of
t he pol yner was 160, 300, gnd9NM/Nﬁawésnl.51skcgﬁgﬁg%wﬁgfg %#b?ﬁ:%ﬁ He

resul ting pol yiBhs 59iRY %QeOB%E?Qnpgkggﬁ%r@é%tQE%s%%%%ﬂﬁ§ﬁﬁ8- m of a

m xed sol vent of orthodichlorobenzen ut ér o bénzene io: 8/1 by

ecoupl i ng mode Bast CLne To| BARG LandPti Gs Co5Tng " SFEATLAIO0H ype.

decoupl i ng node under the g con :Qype
nucl ear 15 magpeti ¢, r egoman evice. Pulse_angle: 4%,  Pulse.repetition:
5.5 sec, Spectra% myd?ﬁ: 228gogké9 Nu958Fe59%%gaﬁQ: ?GG@OFOTgnﬁEﬂature:
| 20C, Dat g poj : a result, [M] was 59.7 o by nol, [M] was 40.3
0 20 by nnl,o%ﬁiﬁﬁ]gﬁag Q%Firoogykhﬁlgefkﬁ&ﬁP ¥adUB8-1" % by nol, [ M2MR] was
18.6 % by nol, the_value Sf [N%N%%/(Zx%wﬂ%xéwﬁ]é was 0,90, and the value of
[ MLMVR] 2/ { 4x[ MLML] xT'ReWBT ) UiRsCD. B8° GPTROPRACp Buitso ER&t COMBOREAGNER-UNI t
ML is ethyle ) Fnd t he nopnoner 25 unit M2 is propyl ene. SF-714 (PCT) 266
The di stributton df "R°0f "R oRt FRuBUsAOHBE G h8ResNPsmad arolrpewe. ([(B=1] :
37.87 % by m)i
) /M) of the component (B-1) to the transition metal atom
(M) in the transition metal compound (A) becomes usually
10 0.01 to 100,000, preferably 0.05 to 50,000. In the use
of the component (B-2), the component (B-2) is used in
such an amount that the molar ratio ((B-2) /M) of the
component (B-2) to the transition metal atom (M) in the
transition metal compound (A) becomes usually 10 to
156 500,000, preferably 20 to 100,000. In the use of the
cemponent (B-3), the component (B-3) is used in such an
amount that the molar ratio ((B-3)/M) of the component
(B-3) to the transition metal atom (M) in the transition
metal compound (A) becomes usually 1 to 10, preferably 1
20 to 5.
When the component (D) is used and the component (B-
1) is used as the component (B), the component (D) is
used in such an amount that the molar ratio ((D)/(B-1))

becomes usually 0.01 to 10, preferably 0.1 to 5. When

25 the component (D) is used and the component (B-2) is used



[n=2]: 14.59 %by not 5 [n=3]: 9.96 o by mol [n=4]: 6.94 % by nol [n=5]:
7.41 % by nol [n>-6]: 23.23 o by nol Methylenes of n=3, n=5 and n~6 nean
that an isol (}é(t) omer unit ML is detected, two continuous nononer
units ML are er'd (E, and three or nore continuous nonomer units M are
detected, respectively. Exanple 49 15 In a 500 m gl ass autocl ave

t horoughly purged with nitrogen, 250 mM ®8%¥4dry tol uene was pl aced, and
propyl ene was passed through the autoclave for 20 mnutes at a rate of 100
1/ hr. Then, the polynerization tenperature was mai ntained at 25C, and 5. 00

I (i I ']5]5{?3 0 ] d.
gHBse((q:JQnt F;%Oq&@mé% 0 I%%e(?{igﬁ%ﬁ%koﬁ%}é%ﬁga?% \A@V\gsggggea? §H§ha m xed
f ethyl .35 1/ hr, I . 65 1/h
passed  hrough ToT Bel by SH it e ror B0t fok LLPaRE) 26°ERBRds. Then 20
m of isob |__al.cah dded i h i on.
Subgequzgt F;?{lsl%lﬁioy Od ‘5[?]7\1\@08( er?%e%%l?q%n Q%ﬁgﬁ?%cﬁgf ki:eor%r;llc‘?}ae aqueous

sol ution was added, fol]owed by stirring for 30 mnutes In a stream of

ni trogen. Thé PEISJIRH s{)lf)ut}r%ny%\%‘i Hihr Bof | FRBP ARG | f%?é) ot SnefRENGE to
precipitaLe a polyner, followed by 5 stirring for one night by a magnetic
stirrer. The tﬁ% PR i 1R ler el overmRORRRis s (Bl I%%ru%@u% #ri edcht 280C f or
10 hours under reduced pressure to obtain 1.19 of an et hyl ene/ propyl ene
copol yner. ASTRYHs 2 oft kpaakar ysilsio I\Aﬂ(%é“gf‘?l DobeapEe MR HAMAY 1. 07.
As a result 10 of IR analysis, the propylene content was 24.4 o by nol.
Exanmpl e 50 | P -&500 mO glRest eaoey a@e{)t%r%ughl y purged with nitrogen, 250
m of dry toluene was placed, and propylene 15 was passed through the
autocl ave for 20 mMmdthes glteflny grcel wite nige tidn . usiren, theeo pof ymer i zat i on
tenperature was nmai ntained at 25C, and 5.00 mml (in terns of alum num of
met hyl al uni n@ediy@aiHs addidut . c Sibsetiuenth s POl Vi mvd t odn t hempé tahium
conmpound (1) was added, and a m xed gas 20 of ethylene and propyl ene

(et hyl ent® 35 sl/itr the ogpyienef 65Udhiry w3 pass2ed t¢y qughfefabl pwedtby
stirring f or 3 mnutes and 20 seconds. Then, a m xed gas of ethylene and
propyl ene havildg °di,f feercerithe qrplogia i iore sty eems utd il¢ hin propybhege: 40

1/ hr) was passed through, followed by 25 stirring for I mnute and 50
seconds. Therdaftseral 130 atimosBfe7ild {REHuR68 ®f 106 obutoth? al sohokrwasyadded
to term nate the reaction. Subsequently, 10 ml of a 1N hydrochloric acid
aqueous sol utaitow swis: raddad;e f0l deoved Hy kst /dnd ng Ther p3Q yreutes idh a stream
of nitrogen. The pol yner solution was poured 5 into 1.5 liters of nethanol
to precipitatreaztpjoinyrmein be carried out by any one of batchwise,

15 semi-continuous and continuous processes. It is possible
to conduct the poclymerization in two or more steps under
the different reaction conditions.

The molecular weight of the resulting olefin polymer
can be modified by controlling the monomer/catalyst ratio

20 or the polymerization time.

By the process of the invention, an olefin polymer
such as the aforesaid olefin polymer having a number-
average molecular weight of not less than 500, preferably

500 to 10,000,000, more preferably 1,000 to 5,000,000,



foll owed by stirring for one night by a magnetic stirrer. The polynmer was
filtered over a glass filter and dried at 80C for 10O hours under reduced
pressure to obtain 2.29 g of an 1~-B di bl ock copolyner. As a result of GPC
anal ysi s, 10 Sfrd14uUMSel) aver age nol ecul ar wei ght was 40, 600, and Mv Mh was
1.09. As aresult of IR analysis, the propylene content was 23.1 o by nol.
Exanple 51 15 In a 500 m gl ass autocl avd76hor oughly purged with nitrogen,
250 m of dry toluene was placed, and propyl ene was passed through the
autoclave for 20 minutes at a rate of 100 1/ hr. Then, the polynerization

t enper ature was [ i hed nd 5,0 | (in ter of alum num 20
of net hyl al u%n%%@ﬁa@ga@ﬁég%bgggﬁe%f gy%%érﬁ%% ggttﬁlgrtei t@g um
conmpound (1) adde and m xed gas of ethyl ene and propyl ene
(et hyl ene: 351\A{:aﬁs'hr%s p‘?%‘b%ﬁré%% 65 1/ hr) was passed through, followed by
stirring f or 3 mnutes and 20 seconds. Then m xed gas of ethylene 25
and propyl ene havi’HfFH G et CHRpREP tF 3R ?Et%?eh’é?’erg@lonSF@‘?lf@lEﬁéﬁ) 269
1/ hr, propylene: 40 1/hr) was passed through, fol]lowed by stirring for 1
minute and 5PSeEHdS 2 THeh, 2 il SR YPLREU4AE BRSIPEsEBE BhPBLGRYat a rate
of 100 1/phr, followed by stirring for 1 mnute and 10 seconds. Thereafter,
20 Ml 5 oP i SHBRRGHLAN CEb¥ haldl aEBRELE 5OReFAN NAEcOPRBIPBACYEBR. high
Subsequently, 10 ml of a 1N hydrochloric acid_agqueous sol ution was added,
fol |l owed by SRGkyieilZF130 a¢hlvEEYi noa 8k @éﬁgéﬁ haPeBgenPoTHEeFoyRY
solution was poured into 1.5 liters of nethanol to precipitate a pol yner,
10 fol | oned W, igkimgpIork operpl gher byrachaghet fensrptied. imhehpol yner
was filtered over a glass filter and dried at 80C for 10 hours under
reduced pressirmitioaobtedm 8 7ggaohednwALB- Cighi bbopkecopatymer. As a
result of GPC anal ysis, the nunber-average nol ecul ar wei ght was 59, 000, 15
and MV M\h wasacddt. iIMity¥s a result of IR analysis, the propyl ene content was
19.5 o by nol. Exanple 52 In a 500 m gl ass autocl ave thoroughly purged
with 20 ADtrogen, Attdr cdmbodresmet waf phacedocansd Evhybeapawasgf ed to
saturate the |liquid phase and the gas phase. Thereafter, |.25 nmol (in
ternms of al umlwufratoes)yrodr neddytadl ngn hoxane andehheonOcOmpZiswsl of the
titani um conmpound (2) were added to initiate polynerization. 25 After the
reacti on was @oondict 2t athd0ibIate? obbaiesdi 8s albbvd1l4itRPCI) 270 an
et hyl ene gas at nosphere at ordinary pressure, a small amount of nethanol
was added to fietdi i€l tdeopet yort & zat hencobbendt be pekypaeei gathoanwas
conpleted, to the reaction product were added a snmall anount of 5
hydrochl ori ¢ ¢icd £h ransb Byrhér geaaimeing ofinseti baAL! gteupr g€i pheaterkhaawhol e
polymer, followed by filtration. The polynmer was vacuumdried at 80C for 10
hours to18bt add Yr2iBo@sDf Potyeibylena (RiEpodihe Ralates i gathomactivity
was 3.20 kg based on 1 mmol of titanium The 10 nunber-average nol ecul ar
\gg ght (M) anghddwe: ai Ot o ay ef @get IBh 8L Uy abupet g§ht né Miieaf 1 hheneesul ting
wer e

functional group-containing compound.
Examples of the functional group-containing

compounds or the compounds capable of being converted
20 into a functional group include compounds having

functional groups such as an aromatic hydrocarbon group,

a halogen atém, an oxygen-containing group, a nitrogen-

containing group, a phosphorus—containing group and a

metal atom-containing group. Specifically, there can be

25 mentioned an aromatic vinyl compound, iodine, chlorine,



73,300 and 79, 900, respectively, and MV Vh was |.08. Exanple 53 15 In a 500
m gl ass autocl ave thoroughly purged with nitrogen, 250 m of toluene was

pl aced, and eé’?# en&é_b(s)o 1/hr) and hydrogen (5 1/hr) were blown into the
aut ocl ave for 14 with stirring. Thereafter, 1.25 mmol (in terns of
al um num aton) of net hyl al um noxane and then 20 0.0002 mmol of the titanium
conmpound (2) were added to initiate pol yd@6i zati on. After the reaction was
conducted at 50C for 2 minutes with bl owi ng ethylene and hydrogen into the
autocl ave, a small anount of nethanol was added to term nate the

I i zati f [ [ I d__to.th ti
ot - SEA(Ben) S ner e KuR 3 Saar Lo aRGURECOR nglr RHEBYEE aci d

and a large 0f net ano .precipitate the whole polyner, foll owed
by filtration: #ﬂeu pol yms(EI mzaésx%/glcgu?nc%i&i %%f“%?u%gc PEY9e 'héars to obtain
0.195 g of palyethyl ene PE%. 5, The oi merizatg i ctivity was 2.93 kg
based on 1 bl g o Jir%%néi Oy n?m'gje il%@%rﬁgéyﬂgf‘géﬂ?ar a%/\,ei ght (M) and
t he wei ght - aver.age nol ecul ar wei r% (Mv) of the resulting PE were 59, 500
and 65, 700, rFESPEAT VBT SrRERAFMY WER FLAY1O9008.GREPesngs ansg
Pol ynmeri zati o s conducted in the sane_manner as in Exanple 53, except
that the Rat &Yyt FHHolmMTPewef edl RaKELSETR}HROGERPANAC REdIhaTEr kit i on
time were changed 15 as shown in Table 3. The polynerization activity,
nol ecul ar wei ght &t %aFe T I tREhI Ve rthmd wotbtemal sedght di stribution
are set forth in Table 3. Wth increase of the amount of hydrogen, the
nol ecul ar weiGHttBM e GERAYIGg Yot yherciwaenakcgragedcamandeeven when t he
20 polynerization tine was prol onged, the nolecular weight of the resulting
pol yner was K&NSrhaftrigdse@nFrlons t Aisctionsangbeuseby Bhanochydmegend .
functioned as a chain transfer agent. Even when the polynerization tinme was
prol onged, the pollynéhiez drgracictd¥ithe walsshiot polwened. w2Eh Frloen this, it
can be seen that polynerization was further SF-714 (PCT)
10 functional group-containing compound, the temperature is
in the range of -78 to +300°C, preferably -78 to +200°C,
and the pressure is in the range of usually atmospheric
pressure to 100 kg/cm2, preferably atmospheric pressure
to 50 kg/cm?. The contact time is in the range of
15 usually 1 minute to 100 hours, preferably 10 minutes to
24 hours.
The contact of the olefin polymer with the
functional group-containing compound can be carried out
in a solvent or without a solvent. Examples of the
20 solvents employable herein include aliphatic hydrocarbons,
such as propane, butane, pentane, hexane, heptane, octane,
decane, dodecane and kerosine; alicyclic hydrocarbons,
such as cyclopentane, cyclohexene and methylcyclopentane;

aromatic hydrocarbons, such as benzene, toluene and

25 xylene; halogenated hydrocarbons, such as ethylene



272 pronoted by the actlve speC| es produced by the chain transfer reaction.
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chloride, chlorobenzene and dichloromethane; oxygen-
containing compounds, such as diethyl ether and
tetrahydrofuran; and mixtures thereof.
A further embodiment of the process for preparing an
5 olefin polymer according to the invention comprises
polymerizing at least two olefins which are selected from
olefins of 2 to 20 carbon atoms and have different
polymerization reactivities, in the presence of an olefin
polymerization catalyst comprising the aforesaid
10 transition metal compound (A) to prepare a tapered
polymer containing a segment wherein composition of two
or more monomers continuously changes.
As described hereinbefore, the tapered polymer is a
polymer in which the comonomer composition gradually
15 changes from one end to the other end of the polymer
chain. This polymer can be synthesized by polymerizing
two or more monomers having different reactivities (e.g.,
ethylene and propylene) in a living polymerization system
wherein chain transfer reaction does not substantially
20 take place.
Examples of the methods to feed the monomers include
a method in which plural monomers are fed with
continuously changing the monomer composition and a
method in which plural monomers are fed together in the

25 initial stage of the polymerization and a difference of
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\ SF-714 (PCT) 274 Exarrpl e 59 In a 500 m gl ass autocl ave thoroughly

purged with

10

15

20

178

polymerization reactivities of the monomers is taken
advantage of to obtain a tapered polymer. The
temperature, pressure, addition of the catalyst and
supporting on the carrier in the polymerization are the
same as those described previously.

The two or more kinds of monomers are selected from
the aforesaid olefins of 2 to 20 carbon atoms, they are
preferably selected from ethylene, propylene, l-butene,
l-pentene, l-hexene, l-heptene and l-octene, and they are
more preferably selected from ethylene, propylene and 1-
butene.

A still further embodiment of the process for
preparing an olefin polymer according to the invention
comprises conducting the following step (1), the
following step (2), and optionally, the following step
(3) of an arbitrary number of times, to prepare an olefin
block copeolymer comprising plural polymer blocks.

In the step (1), at least one olefin selected from
olefins of 2 to 20 carbon atoms is polymerized in the
presence of the aforesaid olefin polymerization catalyst
to prepare a polymer block.

Examples of‘the olefins of 2 to 20 carbon atoms
include the same olefins as previously described, and

they can be used singly or in combination of two or more



nitrogen, 250 m of toluene was placed, and ethylene was fed to saturate
the liquid phase and the gas phase. 5 Thereafter, 1.25 mmol (in terns of

al um num at o al um noxane, 0.08 mmol of diethylzinc and then

0. 002 mol ?Ef%%m¥f%§ﬁ$unlconpound (2) were added to initiate

pol yneri zation. After the reaction was conducted at 50C for 2 mnutes in an
et hyl ene gas 10 atnosphere at ordinary pre&sure, a small anount of nethanol
was added to term nate the polynerization. After the pol ynerization was
conpleted, to the reaction product were added a snmall anount of
hydrochloric acjdsand: g a [.pLt t he whol e
15 pol yner, fgﬂ]osvédd%y ljf‘ﬁ??a??gﬁ%éélg@%gngf%ﬁ}ég \E/égéld%edr%lhgd S41°°80C f or
10 hours to o .n.0.20 f yet hyl (PE). The pol ynerization
activity was gi?EQEga%agégvgﬁuggkngﬁggfﬁggﬁéniun1 The nunber - aver age

| ecul i ght d_the vei ght ; | ecul ar 20 weight (M) of
therosul (1 ng PE wreChr, S8Cana) 70- 300 L dCReArryery), (ANB MR 1. 37,

Exanpl es 60 -.62 gol nmerization conduct ed i n.the sa ner_as 25 in
Exanpl e 59, eXdep et%ﬁPthS aHﬁﬁgﬁﬁgf'ggegﬁyﬁgp ccan@re%%ﬁ? ¥ (PEH 275
t he poly izatLQe tinme were changed ,as shown in Table 4. The
pol ymeri zng:'tri o%iggt Fyi gpd ﬁé?e@ﬁﬁlé(%%izﬁ'ﬁtm&?f PERE SHESUPS AG OISy i %hd
mol ecul ar meight distribution are set forth in Table 4. 5 Wth increase of
the amount of Of hBSP#héYcBRPETRAS IiRe PHSSEEHRAl Ondi0ghk 9dfcPhe Rreshis tamigy
pol ymer was decreased, and even when the polynerization tinme was prol onged,
t he nol ecul ar2WBPHRECEE Ct RESEERERL LRy folkgrmEM“was hardly i ncreased. From
this, it can be seen that the 10 zinc conpound functioned as a chain
transfer agent. EvER WRenStRB P8l yneki 2aesénonene leds npsellenged, firtven
pol ymeri zation activity was not |lowered. Fromthis, it can be seen that
pol yneri zati opl@asnsupthér tpr Aocadbby ehemgctisv@ospaeirég edr ddudds: by t he
chain transfer 15 reaction. 2 ~6 HUa ~r 1'G Nr-i
presence of the polymer block prepared in the step (1) to
prepare a polymer block which is different from the
polymer block prepared in the step (1).
The different polymer block means a polymer block
which is different in at least one of primary structures,
15 such as monomer type, comonomer type, comonomer
composition, comonomer content, comonomer configuration
and stereoregularity.
Examples of the olefins of 2 to 20 carbon atoms
include the same olefins as previously described, and
20 they can be used singly or in combination of two or more
kinds. Examples of the polymer blocks obtained in the
step (2) include the same blocks as previously described.
In the step (2), the polymerization temperature is

in the range of usually -40 to +200°C, preferably 0 to

25 +150°C, and the polymerization pressure is in the range
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SF-714 (PCT) 277 Exanple 63 In a 500 ml glass autoclave thoroughly purged
with nitrogen, 250 m of toluene was placed, and ethylene was fed to

saturate the liquid phase and the gas phase. 5 Thereafter
terns of alumhumswrbhy atmospheric pressure to 100 kg/cmz,

atmospheric pressure to 50 kg/cmz.

1.25 nmol (in
preferably

In the step (3), at least one olefin selected from

olefins of 2 to 20 carbon atoms is polymerized in the

5 presence of the polymer block prepared in the

and the polymer block prepared in the step (2)

step (1)

to prepare

a polymer block which is different from the polymer

blocks prepared in the previous step.

Examples of the olefins of 2 to 20 carbon atoms

10 include the same olefins as previously described, and

they can be used singly or in combination or two or more

kinds. Examples of the polymer blocks obtained in the

step (3) 1nclude the same blocks as previously described.

In the step (3), the polymerization temperature is

15 in the range of usually -40 to +200°C, preferably O to

+150°C, and the polymerization pressure is in the range

of usually atmospheric pressure to 100 kg/cmz,

atmospheric pressure to 50 kg/cmz.

preferably

The step (3) can be repeated arbitrary times with

20 changing types of the olefins, combination thereof or

polymerization conditions.

Through the process of the invention, for example,

the aforesaid olefin block copolymer is obtained.

According to the process of the invention, an olefin

25 block copolymer having a high molecular weight and a



met hyl al um noxane and then 0.002 nmmol of the titanium conpound (3) were
added to initiate polynerization. After the reaction was conducted at 50C
for 10 m nut i hyl ene gas at nosphere at ordinary pressure, a 10
smal | anmount e%?'ﬂ&a@a(ﬁb was added to term nate the polynerization. After
the pol ynerization was conpleted, to the reaction product were added a
smal | amount of hydrochloric acid and a M8lge amount of methanol to
precipitate a polyner. The polyner was filtered, washed 15 w th net hanol
and vacuumdried at 80C for 10 hours to obtain 0.247 g of polyethylene
(PE). The polydwerdwahd Doc@cd f Viid YoMesqOs¥4i kg based an,l ppel okt 'atta%; um
The nunber-average nol ecul ar melg%t (Mn) and the wei ght average nolecul ar
wei ght (Mw) ‘ %éﬂg i 09. apd 800; i,vely,
and Mw/ Wh waghlé.}?;?é arr%if%g%i:&%’o %/ﬁ%%?azgl?f%n‘%gg %gﬁauggéﬁ%gﬁggﬁglggm
manner as in Exanplg, 63, except that the amount of the titanium 25 conpound
(3) was changed to 0.001 nmol and the SF-714 (PCT) 278 pol ynerization
time was changed t i T, , 161 of  pol yet hyl ene (PE) was

obt ai ned. The pol y%e?tﬁ“zéz;%gnse%%‘iiw\%“%as%. ek%P%%EeaO%ﬂfxm | of
titani um gThe numnber - aver.age_ nol.ecul ar, wej ght ) _and 5 the i ght - aver age
nol ecul ar smeiog;}?r'n}taj(m HOY ec?résk?ﬁt‘F?’@t‘?%{%%r‘é%fOgﬁnﬁﬁaoﬁléfﬁgﬁ}lp"
respectively, and MV Mh was 1.15. quﬁarative E{a le 1 10 In a_500 ni

gl ass autocléVg‘Qﬁﬂ%ﬁﬁﬂﬁﬁpﬁﬁﬁﬁédtﬂﬁ? t%%?r%@eﬂ,eggﬁ Biosk £ePaénBeRas

pl aced, and §$QXlene s fed to saturate the liquid phase and the gas
phase. Ther edf%e™9 2 25 HiotOR3h 9P dF BRIt AR Agbm) of

met hyl al um noxane and then 0.0005 nmol_of zirconocene 15 dichloride were
added to initiate P8 yifdria&dt ioh. the tetete hlerk i erpohgmesndithedhat 25C
for 0.5 mnute in an ethylene gas atnosphere at ordinary pressure, a snal
amount of metiEd T Qs SR TP ed B Had eComRO Wol yher F2BRELOA. OAEL &R t he

pol ymer i 8tion was conpleted, 20 to the reaction product were added a snall
amount of YhydtGciaga dnaeisl sl R wkges noimsceibadt hanol to precipitate
t he whol e polyner, followed by filtration over a glass filter. The pol yner
was vacuum dried &t s#0Q Ik drurtdheiompadinittai et iR prpotspofyet hyl ene

(PE). 25 The polynerization activity was 55.0 kg based on 1 nmol
preparing an olefin polymer according to the invention

comprises polymerizing an olefin in the presence of a
polymerization catalyst which promotes living

15 polymerization of an olefin and further conducting olefin
polymerization by the use of a catalyst obtained by
cleaving a bond produced in the system between the
catalyst and the resulting polymer chain by means of
chain transfer reaction.

20 . Promotion of the living polymerization can be
confirmed by the narrow molecular weight distribution of
the resulting polymer and the increase of the molecular
welght of the resulting polymer with polymerization time.
According to the process of the invention, it is feasible

25 to prepare, for example, the monodisperse polyolefin, the



SF-714 (PCT) 279 of zirconium The nunber-average nol ecul ar wei ght (M) of
the resulting PE was 114,000, and MV Mh was |.99. Conparative Exanple 2 5

Pol yneri zati o Fwﬁé4 égﬁgted in the sane manner as in Conparative Exanple
1, except that't Q% yherization tinme was changed to 1 mnute. Thus, O0.433

g of polyethylene (PE) was obtained. The pol ynerization activity was 52.0
kg based on 1 nmol of zirconium The 10 f@®er-average nol ecul ar wei ght
(M) of the resulting PE was | 36,000, and Mv Mh was 2.26. Conparative
Exanpl e 3 Pol yneri zati on was conducted in the sane manner as 15 in

Conpar ati ve EXagplg é@?@§gﬁek,t@ﬁe_959@935 gggbgﬁf b € chist i compound

(9) was used instead o e zirconium conpo e polynerization tine

was changed t 1. nut.e - ) of pol yethyl ene (PE) was obt ai ned.
The polynerizg?é%%ygg%i@?§§H§§§86%g§vgg based on 1 mmmol 20 of titanium The

nber - I I gh he.wei ght - . .ol I
wei ght (M of thordesortiug RehlRe PR bo8tiRuParaM 00 Falhect ivaly, and

Mv Mh was 2. 0], aratjve,Exanple 4 SE-714 (PCT) 280 Pol,ynerization
was conducted${%g$%é§2§ﬁen hndr a8 WﬂsEbﬁﬁSFgfﬁyégEggnﬁpgyWﬁréffbﬁ?lthat

0. 0005 | of tPe ti%&niug%congound &éoz,mas used instead of the zirconium
conpound 2nd Thet bol YRET F zhEFoRPEnECRES tERRAGEECERT 1 T8 niRdPS. Phhus, 0. 267
g of polyethylene (PE s obtai ned. The polynerization activity was 32.0
kg based on 1°WHabt B?g?F Ghi @#F"Fhe nunber - average nol ecul ar wei ght ( Mh)
and the wei ght -aver age | ecul ar weight (My) of the resulting PE were

129, 000 and 229, 008° F¥heEti vReyLeanbhe o RIPRASRESSE. PRLlYCoRPARaL ithe

Exanpl e 5 ,
olefin copolymer, the tapered polymer or the olefin block

copolymer can be prepared or not, it is most preferable
10 to polymerize an olefin under the same conditions except
for not performing a cleaving operation by the chain
transfer reaction (i.e., the same conditions except for
using no chain transfer agent).
In this process, the following olefin polymerization
16 catalysts (1) to (5) are employable.
(1) An olefin polymerization catalyst comprising a
Group 4 metallocene compound and a soluble non-
coordination anionic compound
Examples of such catalysts include those of the
20 following formulas.
[vCpM?X1] [ (C2B9H11) 2C0]
[ (YCP) 2M2X2 (L) ] [X3-B(CgF5) 3]
[ (Y-CpM2X4)2X3] [B']
In the above formulas, M2 is titanium, zirconium or

25 hafnium,



In a 100 mM reactor thoroughly purged with nitrogen, 50 m of toluene was
pl aced. The systemwas cooled to 15 0C, and ethylene was fed to saturate

the liquid p e gas phase. Thereafter, 0.0125 mmol of
dinethylaniIhﬁ?ﬁﬁ@ggngfls(pentafluorophenyl)borate and then 0.0125 mmol of
t he haf ni um conmpound (11) were added to initiate polynerization. After the
reaction was 20 conducted at OC for 1 niA83e in an ethyl ene atnosphere at

ordinary pressure, a small anmount of nethanol was added to term nate the
pol yneri zation. The reaction product was introduced into a |arge anmount of

methanol to precipjtale,a Rolyiely, THEqPOLYNEE, 85 ohL! %g C% tgLR®n 25 washed

w t h nmet hanol and vacuunldrled at 80 10 SF- hours to
obtain 0.290 g P% ﬁégylene (PE). The nunber-average nol ecul ar wei ght
(M) of the res ?lng fhas 132,400, and MM Mn was 1.85. 5 Conparative

Exanmpl e 6 Pol yneri tlon s con cted in mann s.iLpn _Comparative
Exanpl e 5, except %@é& t% unt oF e H ?8 %ﬁ?%gﬁsgﬁgd ? ifggﬁd £
anount of the dinmet %I%£D¢ln|untetr kLS%@ %Ef uoropﬁg I%borate were 10
each changed 150, 005" paﬁﬁetﬁgng8F9 ti z3tY oA Fenpér 38iFefas changed
to 50C. Thus, .0 %48 tof pol yet hyl ene (PE) was obtai ned. The nunber-average
nol ecul ar mei of the resulting PE was 98,800, and MV Mh was 1.91.

15 SF-714 (PCT) 282 5 %? 15 Cal cul ation exanples of conplex structure
paraneters F F ~ B N are §ych wpp fapgyas the aforesaid X,

L is a Lewis acid, and
B' 1s the aforesaid non-coordination anion.
(2) An olefin polymerization catalyst that is a
10 combination of (YCp)2SmX®, Y-CpTaXx’ or Y-CpNbx® (Y and Cp
are each the same as that described above, and X6 to x8
are each the same as the aforesaid X) and
methylaluminoxane

(3) A compound represented by the following formula:

15

20 wherein R31 to R33 are each a hydrogen atom, an alkyl
group of 1 to 8 carbon atoms or an aryl group, with the
proviso that at least one of R31 to R33 needs to be a
hydrogen atom but there is no case where R31 to R33 are
all hydrogen atoms at the same time.

25 (4) Compound represented by the following formula:



(1y CF3 ~-N- _ _ _Tv/ pnPr \ tBu2 (8 \/ F~N~"Ti+ Q~rrPr \ ', tBu
2 (4) F3~ ~ \ CF3 /. ~N~-'" ' - Ti+O~nPr \ ~2 tBu H2(CF2)6CF3 ~N Tv D
nPr \ tBu 2 ( \ ~N__ Ti\ OnPr \ tBu 2 (10) H--Z Di stance
(r(H--2)) an&a%ﬂgéﬂfggf%Iic i nteraction energy (ESp(H--2Z) of each catal yst
Conpound( 1) (4) (5)(8)(9) (10)r (H~--2)

(A) 2.2752.3292. 2342. 4982. 2464. 8| 2ESp( H~- 2B4

(KJ/ ol )-37.1-41.1-42.9-33.1-12.0-10.2 20 SF-714 (PCT) 283 What is

claimed is: 1. An olefin polyner which is a polyner of at |east one olefin
selected fromolefins of 2 to 20 carbon

R34
R »IJ
’ q
R N’,
5 A(‘l?

In the above formula, M® is a transition metal atom
of Group 8 to Group 10 of the periodic table, preferably
nickel, palladium or platinum.

R34 to R37 may be the same or different and are each

10 a hydrocarbon group of 1 to 50 carbon atoms, a
halogenated hydrocarbon group of 1 to 50 carbon atoms, an
organic silyl group, or a hydrocarbon group substituted
with a substituent containing at least one elément
selected from nitrogen, oxygen, phosphorus, sulfur and

16 silicon.

Two or more of the groups indicated by R34 to rR37,
preferably adjacent groups, may be boned to each other to
form a ring.

g is an integer of 0 to 4.

20 X® is a hydrogen atom, a halogen atom, a hydrocarbon
group of 1 to 20 carbon atoms, a halogenated hydrocarbon
group of 1 to 20 carbon atoms, an oxygen-containing group,
a sulfur-containing group, a silicon-containing group or
a nitrogen-containing group. When g is 2 or greater,

25 plural groups X may be the same or different.



atons and has a nunber-average nol ecul ar wei ght of not 5 |less than 500 and
Mv WMn (Mv. wei ght - aver age nol ecul ar wei ght, M nunber-average nol ecul ar

wei ght) of ng re (gﬁg 1.5. 2. The olefin polynmer as clainmed in claiml,
which 10 is p%E%ﬂh@f’f . high-density polyethylene, |inear |ow density
pol yet hyl ene, pol ypropyl ene, pol ybutene, a copol yner of ethylene and at
| east one olefin selected fromolefins off8% to 20 carbon atoms, di nes and

cycl ool efins, or a copolyner of propylene and at |east 15 one olefin
selected fromolefins of 4 to 20 carbon atons, dinmes and cycl ool efins. 3.

The ol efin pol yner (s €l @bk i Pestabhieq i ChnkSea1 POLYAET £0fngtAY! ene

and has a nunber-average 20 nol ecul ar wei ght” of not | ess than 110, 000. 4.
The ol efin polyner as clained in clgin11, which is a polyner of at |east
one olefin selected fromolefins &°3 to 20 carbon atons and has a nelting

poi nt of not 25 | ower than 70C. ISF- 714 (PCT} 2~4 5. The olefin polymer as
claimed in claiml1l, which is a pol L Rf propylene or butene and has a
racem c diad (r), as measurl&p: \132WNNRF of not less than 0.85. 5 6. The
olefin polymer as clainmed in clai@ 1, which is an ethyl ene/ propyl ene
copolyner5and has an et hyl ene con?gmt of not less than 60 % by nol. 10 7.
An ol efi n“pol yner which is an ol efin copolyner of at |east two ol efins
selected fromolefins of 2 to 20 carbon atons, has a nunber-average

nol ecul ar wei ght of not |ess than 500 and is a tapered polyner containing a

segnment wherein conposition of two or norg nononers
In the above formula, M" is a transition metal atom

of Group 3 to Group 6 of the periodic table, preferably
titanium, zirconium or hafnium.

10 R*® and R*® may be the same or different and are each
a hydrogen atom, a hydrocarbon group of 1 to 50 carbon
atoms, a halogenated hydrocarbon group of 1 to 50 carbon
atoms, an organic silyl group, or a substituent having at
least one element selected from nitrogen, oxygen,

16 phosphorus, sulfur and silicon.

m is an integer of 0 or 2, and n is an integer of 1
to 5.

A is an atom of Group 13 to Group 16 of the periodic
table, specifically boron, carbon, nitrogen, okygen,

20 silicon, phosphorus, sulfur, germanium, selenium, tin or
the like, preferably carbon or silicon.

When n is 2 or greater, plural A may be the same or
different.
E is a substituent having at least one element

25 selected from carbon, hydrogen, oxygen, halogen, nitrogen,



15 continuously changes in the polyner chain. 8 The olefin polymer as
claimed in claim7, which has MV Mh (Mv. wei ght - aver age nol ecul ar wei ght,
Vh: nunber-avgr':?gﬁd?g&&?ul ar weight) of not nore than 2.5. 20 9. The olefin
pol yner as cl &'n Paim 8, which is a copolyner of ethylene and at

| east one olefin selected fromolefins of 3 to 20 carbon atons and has an
et hyl ene content of not less than 30 o byl8fbl. 25 SF-714 (PCT) 285 10. An
ol efin polymer which is an ol efin copolynmer conprising a nonomer unit ML
derived froman olefin of 2 to 20 carbon atons and at | east one nononer

unit M2 that 'sﬁl@'ufrf GF%TSI% %@st h%o ’PP% %1&% af}bﬂeﬁ 1408 4,5 follow ng

properties: asured by

%E[CI\/ENRK/Q] ;?E hé%élubg/ﬂ]léﬁﬁ/ﬁ%e)ﬁgf%eﬁef{g‘%ﬁc I ﬁ{owﬂosl\@]d (mZXJ 4 r ac? i o?‘fn%fof he

nmonomer unit i's nmol a fract on.of th MLM2] is
a nol ar fractron o%@é}tum PR YRR ednﬁﬁor?gr?h taf’n?fJ oer
unit M2 are adjacent.to eachtother [%& is a m)l ar fractlon of a unit in
whi ch the 15 monon®r ~Gnft Mf 5487t RE YorSmér unit ML are adjacent to each
ot her, g.)[MZMZ] kgoa rml ractlon of a ynit in which the nononer unit
M2 and t he® monomer Xuniltt ZH%JFPQﬁrhé?tOI‘?O 3 1hYFRecarePin
pol ymer as cl ai ned | Ial 0 WhICh has MN/IVh Mv.  wei ght - average

mol ecul ar wei §hPUPMA! ﬁuﬁﬁe PlaFaregd Rbracul & higicsiane ted hvtdnrsiarkeran
2.5. 12. The olefin polynmer as clainmed in claim11l, 25 wherein an isolated
monomer unit WHECHRJC4 ée&ﬁéﬁﬁaqﬁrQQQ)atoms, an oxygen-containing group,

a sulfur-containing group, a silicon-containing group or
a nitrogen-containing group. When p is 2 or greater,
10 plural groups X'° may be the same or different.

Examples of the olefin compounds of 1 to 20 carbon‘
atoms for use in the polymerization include the same
straight-chain or branched a-olefins of 2 to 20 carbon
atoms as previously described, cycloolefins of 3 to 20

15 carbon atoms, vinylcyclohexane, dienes, polyenes and
aromatic vinyl compounds. These olefins can be used
singly or in combination or two or more kinds.

Also employable as the olefins in the present
invention are monomers having atoms other than carbon and

20 hydrogen, and examples of such monomers include o, B-
unsaturated carboxylic acids, cycloolefin carboxylic
acids, anhydrides thereof, metallic salts thereof, such
as sodium salts, potassium salts, lithium salts, zinc
salts, magnesium salts and calcium salts thereof, «,p-

25 unsaturated carboxylic esters, vinyl esters, unsaturated



SF-714 (PCT) 286 or nore consecutive nononer units ML are both detected in
the polyner chain by nmeans of 13C-NVR 13. The olefin polyner as clainmed in
claim1l, 5 wﬁgéﬁhggﬁﬁiequence of two consecutive nononer units ML and a
sequence of tTMiréde oY }e continuous nononer units ML are both detected in
t he polyner chain by nmeans of 13C-NVR 10 14. The ol efin polyner as clained
in any one of clains 11 to 13, wherein tW&/mononer unit ML is an ethyl ene
unit. 15. The olefin polyner as clained in any one of 15 clainms 11 to 14,
wherein a sequence of two or nore continuous mnethyl ene groups is detected

by means of 13 yaad ﬁa§sag§9€sd051&%@ngonﬁﬁga&h¥stgatE&E%%e groups and

a sequence of three or nmore consecutive nethylene groups are both detect ed.

20 16. An ol elimopehyLer MOLLR Leed RLOCK-COPRhYIRE GoURArLebag, (1) a

pol ymer bl ock obtained fromat least oné ol éfin se rom ol'efins of 2

to 20 carbon F-714 CT)..287, (i 1) a pol r._block that is

obt ai ned froﬁ?% %%§$Po%5§%?e%?%égé?%%?e8t$F8ﬁ$oF§Fﬁ¥g%6Ve§ £8%¢ *ihon
atonms and is different. fromthe polynmer.block (i). 5 17. The ol efin pol yner
as claimed i o # nT485 2 Wht 3% %%ﬁ%?%ggglfﬁoc8wgﬁgpgspolyner bl ocks,

adj acent ol ymer_ blocks of which_are different _fromeach other, and has
Vo M (D e Bt B e At OPECol 8 e Bt DENBLS ABeFRayGY aGecrredenr
wei ght) of not nore than 2.5. 10 _18. The olefin polymer as clainmed in claim
17, which is SEBI0CR tOpdtyrerLednprReiAgRdoChoPPh¥r CBEBERs2RBAd has

My~ Mh (M meiyht-avera%g nol ecul ar wei ght, o _
hydrogen. here is no specific limitation on the

quantity ratio of the olefin consisting of only carbon
and hydrogen to the whole olefins, but for example, the
10 ratio is not less than 5 % by mol and not more than 100 &
by mol based on the whole olefins. By the expression "at
least one olefin" is meant that at least one kind of an
olefin consisting of only carbon and hydrogen is
contained in the whole olefin polymer of the invention,
15 and in case of, for example, an olefin polymer composed
of plural polymer blocks, the olefin consisting of only
carbon and hydrogen may be contained in any of the
polymer blocks.
In order to polymerize these olefins, the aforesaid
20 conditions are employable. The polymerization
temperature is in the range of usually -100 to +200°C,
preferably -78 to +150°C, and the polymerization pressure
is in the range of usually atmospheric pressure to 100

kg/cmz, preferably atmospheric pressure to 50 kg/cmz.



Wnh: nunber - average nol ecul ar weight) of less than 1.35. 15 19. The olefin
polymer as clainmed in claim 1T, which is a triblock copol yner conpri sing

t hree pol yner F%@ﬁ*ﬁpa? has MV Wh of |ess than |1.80. 20 20. The ol efin

pol yner as cl§ n aim 17, which is a multiblock copol ynmer conprising
four or nore pol yner blocks and has MV Wh of |ess than 2.00. 21. The olefin
polynmer as clainmed in claim17, 25 wher ei18& he pol ymer bl ock is sel ected
from pol yet hyl ene, SF-714 (PCT) 288 high-density pol yethyl ene, |inear

| ow- density pol yet hyl ene, a copol yner of ethylene and at | east one olefin

sel ected from ol ef {As ehadnt 0r30s¢aLLLA-EAWE, 1di gRS AR LYG) 00l ef i ns,
atactic pol ypropyl ene, isotactic 5 pol ypropyl ene, syndi otactic

pol ypropyl eneg,a : f I a t J.east .qr f] ected
fromolefins %? ﬁﬁggﬁgéﬁggpgoﬁggggﬁg%ﬁgfngg %n§H§%E gb f%%@?hg%_ t he

ol efin_pol yrfegpgtéﬂclcﬁg%éc&ggﬁér@é@%d%' 8L BPAMIRY 25 e Alundde claim 17,

which is a di copol yner rising two pol yner bl ocks se d from

polyethylene,Cg&gpﬁggnggﬁgFQ%Qy%Egﬁlg&ﬁgpé%%ea%n]%ﬁﬁggg%h§%g$&%gethylene,

an et hyl ene/ propyl'ene copolyner, el'bute n 15
et hyl ene/ exe lLymer, an _ethyl ene/ octene copol yner, atactic
ponpropngne$8%§§gﬁgtg§ igrﬁéﬁ-6%66?&&%@?%¥?)muﬁﬂe%%?%%?%h%cc88ﬁP9HBPrand
a propyl ene/ hexene cogoLiner. 20 23. The olefin polynmer as claimin claim
17, which is &%t PFBPBRREOHBP Y FBFPEGAPr i §Pn§ T ORMEE B Ve CPIRSRE Hl%ct ed
from pol yet hyl ene, higg-dgnsit Bplyethylene, | i near | owdensity
pol yet hyl ene, #8n°effAfPefid pF8B§P R copol ymer, an et hyl ene/ but ene
copol ymer, an 25 eth%lene/hexene copol ymer, an et hyl ene/ oct ene copol yner,
SF-714 (PCT) 289 atBBtFelpoFyprepyPeREOTSVRdFGEaE R PpSIERESSA ene, a
propyl ene/ but ene copol yner and a propyl ene/ hexene copolynmer. 5 24. The
ol efi n pol ymeFSastéPai fed PR EP&i ART?, ajhP&h did fg rsnGe Kresp dihpmebove-
conprisiq a pol ymer block selected fromthe foll ow ng pol yner blocks (a),
(b) and (g’) (BFRIPBEYnELShlBCcROSBTEF A tEPONTONRYItdres. The

temperature is in the range of usually -100 to +200°C,

preferably ~-78 to +150°C, and the pressure is in the

range of usually atmospheric pressure to 100 kg/cm2,

preferably atmospheric pressure to 50 kg/cmz.

15 To promote the chain transfer reaction by heat, it

is preferable that the olefin compound is polymerized at

a temperature at which the chain transfer does not

proceed, then the temperature of the reaction system is

maintained at a given temperature at which the chain

20 transfer proceeds to promote the chain transfer reaction,

and the polymerization is conducted again at a

temperature at which the chain transfer reaction does not

proceed. This operation may be repeated arbitrary times.

When the chain transfer reaction is promoted by the

25 use of at least one compound selected from hydrogen, an



10 (b) a pol yner block obtained fromone a-olefin selected from a-ol efins
of 3 to 20 carbon atons, and (c) a polyner block obtained fromtwo or nore
a olefins selsgtgp fﬁ&gta-olefins of 2 to 20 carbon atoms. 15 25. The

ol efin polyneF'a 4(B¢hRd in claim 24, which contains at |east one of the
pol ynmer bl ock (a) having a nunber-average nol ecul ar wei ght of 110,000 to

| 0, 000, 000 and Mv Mh (Mwx. wei ght - aver age 188 ecul ar wei ght, M:
nunber - aver age nol ecul ar weight) of not nore than 1.5. 20 26. The ol efin
pol ymer as claimed in any one of clainms 1 to 25, which has a functional

O OP 2 e bEBEBRLUALLACCERLBUANR! B o2 SERRLECTLERR AT, £, e

product conprising the o in polymer o one of clai 28. A
process for p i n fi.n.polLyner, 5 conprising polynerizing an

ol efin of 2 t%gggﬁéggggncgkgﬁgggh Fﬁeogpgggﬁ&gggpnaﬁ%gp 7 /p&Aymeri zat i on
catal yst conprj.si transition tal .conpound mhicg is represented by the
f ol | owi ng foré%é%ggf$d%ﬁ8mhggmﬁ?88'r?PgsaphﬁfgaPﬁlﬁa 3 CRPEUNE rsthltict ur e of
a cationic 10_co inthe formula (1) is replaced with

nPlex wher ei n one of X )i
a n-propyl grotps éanag?chPﬁVe BePh§SRBashred bieabgsdsrdys afcttitnal

met hod, t di st ance, bet ween the heteroatom _which has no direct bond to
the centr& nRPaY™RfLATCIE nBArBEY P8 BHECHeheEsr At anyMstase -hydrogen at
15 the (3-position is not nore than 3.0 A and the electrostatic energy is
not more thanti® RIPRBFAtEENpPEPAr &aPreesl @alymsal yatera diletlai aenolymet or
16; LmwWn (1), wherein Mis a transition netal atom selected from Goup 20 3
to Group 11 oftthe PepfoesrkleabPeadh theaphphne§ernsfer rogebt mfiterm nunber
satisfying a valence of M L is a ligand coordinated to the central netal M
and is a |igahke haviegdad hepeyvar ohfwaredupad ho theeevsbend

Examples of the chain transfer agents employable in
10 the invention include hydrogen, an organoaluminum
compound, an organoboron compound, an organozinc compound,
an organosilicon compound, an organocadmium compound and
an organolead compound. Specifically, there can be
mentioned:
15 an organocaluminum compound represented by the
formula:
RAMAL (ORP) nHpXq
wherein R2 and RP may be the same or different, when
plural R& or plural RP are present, they may be the same
20 kind or two or more different kinds, R2 and RP are each a
hydrocarbon group of 1 to 15 carbon atoms, preferably 1
to 6 carbon atoms, X is a halogen atom, and m, n, p and q
are numbers satisfying the conditions of 0<m<3, 0<n<3,

0Lp<3, 0£g<3 and m+n+p+g=3;



25 to the central netal M and SF-714 (PCT) 291 X is an oxygen atom a
hydr ogen atom a hal ogen atom a hydrocarbon group, an oxygen-contai ni ng
group, a SU|ng_ 0 '?ing group, a nitrogen-containing group, a

bor on-cont ai n éﬁﬁfbﬁ;, an al um num containing group, a 5
phosphor us- cont ai ni ng group, a hal ogen-contai ni ng group, a heterocyclic
conpound residue, a silicon-containing gri®h, a germani um cont ai ni ng group
or a tin-containing group, and when n is 2 or greater, plural groups :
i ndicated by X may be the sane or different, and plural 10 groups indicated
by X may be bonded, 0o fQLALBE ELAGcoRBoulaPLEERES hRLAPLEPRHENG AN Ll 44 1
pol yner, conprising polymerizing an efin o to carbon atons i'n1he
presence of agog%gién pol ymeri zation catal yst 15 conprising a transition
met al conpound Ich'is represented by the following fornula (l11-a) or
(I'1-b) and has propergigsbthaty in a B-agostic structure of a cationic
conpl ex wherein one of X in't edf ormul a (I'r-a) or (lI1-b) is replaced with a
n- propyl grou said strugt,ure bei ng, neasured by .a density functional

met hod, the d?%?ﬁ%ﬁ% %gtﬁBgnﬁ%h@aNeESrgg?oﬁfmﬁthhéﬁggeHSH&Vré%%”bond to

t he centrgl nmef al EI ad is ear?s& to the central npetal M and hydrogen at
the B-positi dn-75%nof nBf ePtHaf 3R ATEnBTERENEr e COFYSTAYI Do hdg\ P not
nore than 10  SF-714 (PCT) 292 kJ/nol, to Enepare t he oIeLin pol ymer of
claim1, 7, 16'8¢ 35; ¥R erNnoserdilfergpir kinds, RF| agd RY whér SaFMB is a
transition netal atom selected fromGoup 3 to Goup 11 of the periodic
table, mis anPhRPedePOBfIIcEB 8f 10tO ils gaAPPRogéER™EY oRrEE g addibdn at om
having a substituent R2, A is an oxygen atom a sulfur atom a selenium
atom or a ni t¥®genCarBahaliPRg, aXsuibsti haeRECR5ALRE, | 8ng AydPecar ey ¢t oup

having one or nore 15 heteroatons or a hydrocarbon group having one or nore
are numbers satisfying the conditions of 0<m<3

10 (preferably 0<m<£2), 02n<3 (preferably 0<n<2), 0<p<3
(preferably 1<p<3), 0£g<3 (preferably 0<p<2) and
m+n+p+g=3;

an organosilicon compound represented by the
following formula:

15 R3pSi (ORP) nHpXq
wherein R2 and RDP may be the same or different, when
plural R& or plu;al RP are present, they may be the same
kind or two or more different kinds, R& and RP are each a
hydrocarbon group of 1 to 15 carbon atoms, preferably 1

20 to 6 carbon atoms, X is a halogen aﬁom, and m, n, p and g
are numbers satisfying the conditions of 0<m<4
(preferably 0<m<3), 0£n<4 (preferably 0<n<3), 0<p<4
(preferably 1<p<4), 0£g<4 (preferably 0<p<3) and

m+n+p+g=4;



het er oat om contai ni ng groups, R2 to R5 may be the sanme or different and are
each a hydrogen atom a hal ogen atom a hydrocarbon group, a

hydr ocar bon-sgP?1i H; _g silyl group, an oxygen-containing 20 group, a

ni t r ogen- cont 'iﬁg d$ bp, a sul fur-containing group, a boron-containing
group, an al um num contai ning group, a phosphorus-containing group, a
hal ogencont ai ni ng group, a heterocyclic d®pound residue, a
silicon-containing group, a germani untcontaining group or 25 a
tin-containing group, two or nore of R2 to R5 may be SF-714 (PCT) 293

bonded to f ' ' . 35, F d
onded to forma rifng, gnd, woes 8&%§ogn8rr8§?éE8£FeE£E¥OB§§ gg%?&ﬁﬁé% an

R5s may be the sanme or different, d one group o
one ligand ang, group of R2 to RS contained in other |igands may be 5
bonded, n is a nunber satisfying a valence of ML, and X is an oxygen atom

a hydrogen aton1 ERJE%6¥B§bF%%€kqa hydrocarb?n group, an oxygen-contai ni ng
group, a sulfur-contalning group; a nitrogen-containing group, a 10

bor on- cont ai ni ro an_.alyum num cont ai ni ng groyp, .a
phosphorus-CQHR%F%Vhégzr%%%?ﬁa %%Yo@%ngéﬁnFawgigﬁ éESGEFeﬁtheWBﬁécyclic
conpound gesi due 1 | i con-cont aipning group, a gernmani um contai ni ng group
or a tin-%oméEQﬁ%gEgrdﬁbfgﬂﬁﬁgﬁ%ﬁ ﬁg?spﬁeg?nﬁreEP@V,mﬁVuPﬁlt5?0§§§615

i ndi cated by X nmay be the sane or different, and plural groups indicated by
X may be bond%ﬂﬂ?d”f6Pﬁ?é4ﬁqﬁﬁeF@iﬁﬁeﬁﬁnﬁoklnds~1&ﬁ EﬁdYRgzﬁrﬁ1?§9hlﬁ—b)
wherein M iﬁ}a transition nmetal _atomselected fromGoup 3 to Goup 11 of
the periodi c PEHI¥2M §50%n Pht bgep bP g2¥boB, atomy. 7RaefPCAP1294

to 6 carbon atoms, X is a halogen atom, and m, n, p and g
are numbers satisfying the conditions of 0<m<4, 0<n<4,
10  0<p<4, 0<g<4 and m+n+p+g=4; and
a dialkyl compound of zinc or cadmium, represented
by the following formula:
RaRPM4
wherein R& and RP may be the same or different and are
15 each a hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 to 4 carbon atoms, and M4 is zn or cd.
Specific examples of the above compounds include
triakylaluminums, such as trimethylaluminum,
triethylaluminum, tri-b-butylaluminum, trioctylaluminum,
20 tridecylaluminum, triisopropylaluminum and
triisobutylaluminum, dialkylaluminum hydrides, such as
diethylaluminum hydride, dibutylaluminum hydride and
diisobutylaluminum hydride, alkylaluminum dihydrides,
such as ethylaluminum dihydride and propylaluminum

25 dihydride, borane, borane tetrahydrofuran complex, borane



Y is a nitrogen atomor a phosphorus atom U is a carbon atom having a
substituent R6, a nitrogen atom or a phosphorus atom Qis a carbon atom
havi ng a subsgbtﬂ ‘PQ:& a 5 nitrogen atom or a phosphorus atom S is a
carbon atom h T'S ubstituent R8, a nitrogen atom or a phosphorus atom
T is a carbon atom having a substituent RO, a nitrogen atom or a phosphorus
atom 10 Rl is a hydrocarbon group havi ngd92 |east one heteroatomor a

hydr ocar bon group having at | east one heteroatom containing group, R6 to R9
may be the sane or different and are each a hydrogen atom a hal ogen at om
a hydrocar bonyghedRy18u1%: h¥dreranRan- substit ati%t%ymmgl@%mp%x, .
oxygen-contai ni ng group, a nitrogen-containing group, a sulfur-containing
group, a boroﬁéf&ﬂ&atPEHQtﬁy?HB'n?”c@h@ﬁ%?””b%?@%%‘%&Q%é@ﬁ?ﬁ@h&% hine
phosphor us-contai ni ng group; a ha ogentontai ni'ng group, a He eroé§€1|c
conpound r esi 20_sLli,¢on- ai gi_ 18 ger i_um_caont ai ni ng
group or a ti%gﬁ%%?érnFﬁéLg?o§8?89§o grBgﬁgégggcﬁg[%d3ggqﬁﬁya@§’bonded to
forma ring, 2 s and R9s nay be

d is 2 . t R s, R6s, R~
the sanme or d|?%%gge??ggéaebnggégéggygébﬁéngo ﬁ§%88&#§#ﬁé 4% 'one | i gand

and one F-714 . 295 grou .to RO contained in ofher |igands may
be bonded?sn %aﬁggi%bi?ngat?§$9g%é§6l@§P§ncé18%%Mﬁﬁl§ﬁd Rirethy Iedyisen
atom a hydrogen_atom a,hal ogen ato 5 a hydrocarbon group, an
oxygen-contaiﬂ?%@héfﬁﬁﬁTlﬁmsu FU?FEME%ﬁﬁWFHﬁ §F8up e ta2RIERdgeRacont ai ni ng
group, a boron-containin roup, an al um num contai ning group, a.
phosphorus-contain%%@og?%%g?y%b%%l6§%nQ€8ﬁPapﬁFn€YgWB&6P &hgetdedéyclic
conpound residue, a silicon-containing 1D group, a gernmani um contai ni ng
group or a tinEeBRtEr nFAGGF 08P AREMRHeARNthS PodyMgrégrnEr onplsyEdleTyr oups
i ndi cated by X ma be the sane or different, and plural groups indicated
by X may be bondeogfouf%r?ﬁ%v?iﬁ@mPQBHQQz prpfeEabsef arephegarorg amrol ef i n
pol ymer, conpri sing polynerizing an olefin of 2 to 20 carbon atons in the
presence18f aprorePr N POFYTRPRREL | BA eapangbpresnpeimergdaandansi tion net al
conpound which is represented by the aforesaid fornmula (lIl1-a) or (ll1-b) 20
wher ei n Rl i soh#aRedhhi¢en hganpeandonagdonprtanuakicrpiarire feydbdearhen group
or an alicyclic hydrocarbon group, selected froma phenyl group having, at
at | east one podiegen, oflieheyR2zposi eéhdnaandrohehgdposit compowhen t he
position of the carbon atom bonded to nitrogen is the 1 25 position, one or
nore substituents Bet echath fromafer Skg@ids (RPETY1886dhabogenaatomsand a

hal ogen- cont ai ni ng group, or a phenyl group having, at at |east one
position of then@lposrtimngombendtpositi on and the 5-position, at |east one
substituent selected froma fluorine-containing group 5 having one carbon
at om and1fot nor e Wham tiwe ¢hamoni neaas bes, agefit ubsi needpnthi B Bgegrodp
having two or nore carbon atons, a chlorine atom a bronmine atom an iodine
atom a chl ordnEfeomttai fitoy gheuprganbmena heiconbapaing geedpfamd an

i odi ne-contai ning group, an aromatic 10 hydrocarbon group other than a
phenyl group femmiwgg adn olefin polymerization catalyst, because the

polymerization reaction in the present invention is
characterized in that when the chain transfer agent is
20 not used, progress of living polymerization is essential,
and the éhain transfer reaction proceeds by the addition
of the chain transfer agent.
The chain transfer agent 1s used in such an amount

that the molar ratio of the chain transfer agent to the



| east one substituent selected froma halogen atom and a hal ogen-cont ai ni ng
group, an aliphatic hydrocarbon group having at | east one substituent
selected fro atom and a hal ogen-contai ni ng group, or an
alicyclic 15nh$d£@£§%§gh group having at |east one substituent selected
froma hal ogen atom and a hal ogen-contai ning group, to prepare the olefin
polymer of claimi1, 7, 10 or 16. 20 31. A9% ocess for preparing an olefin
pol ymer, conprising polymnerizing an olefin of 2 to 20 carbon atons in the
presence of an ol efin polynerization catalyst conprising a transition netal
conpound whi ch,Ls<tePLASRALEY PYrbREAAT BLesald {QLmha (18 Ao ddd; P) 25
wher ei n, when f%esposition o? thgbcapbon atoﬁgbon&gg ?b%'ISEF?%éx% CT) 297
nitrogen is t - htion, Rl.ih$ a hal ogen-contai ning hydrocarbon group of
1 to 30 carbo §%#%%§8% Igcggd%PP§ﬁ1a phenyl group having, at at |east one

position of the 2pgsition.and the 6-position, _one or nore substituents 5
sel ected froma ha?%%eﬁ9§Féﬂ1gﬁ y%eﬁ§F86éﬁ?c8ﬁtﬁﬁﬁﬁﬁguéﬁﬁudﬁ zﬁﬁhéﬁyrmbroup
havi ng, at at_| east one Bositio of the. 3-position, the 4-positiaon and the
5-posi tion, at*Peast ofe §85§5?E&¥n?n5893é98dppﬁéﬁﬁilﬁﬁﬁéfpn€- Yi'ni ng 10
group haviing one car bon om and not nore than two fluorine atons, a

fl uori ne- ont%?ﬁFﬂbangughﬁagFﬁBSﬁ%6°8rmﬁEFg CRFB6H Gt dfe,r &7¢hIEIS ne at om
a brom ne atom an iogine atom ,a chlorine-containing group, a _,

br oni necont ai RFAGE§F otP* aRGSRATBEi HEScSAPEFRCNGOGYEGS, IHear &fdiati c

hydr ocar bon group_other than a phenyl group having at |east one substituent
sel ected fron?%PﬁéV@@énoétEﬁ?aﬁgeglﬁapgﬁéﬁ-ESEPéWWﬁﬁglér@Eﬁﬁeéﬁk&FLphatic
hydr ocar bon group having.at | east one substituent selected froma hal ogen
atom and a hal ogen?0cebaiBPntAgtiroBpOoCcaRd ahm ahecyaresthpdr o@ar vde fgrroup
having at |east one substituent selected froma hal ogen atom and a

hal ogen- cont aP®i vigegr bapingoaphéphr aollreudbef welpbitymad of nelraiom 1, 7, 10
or 16. 25 SF-714 (PCT) 298 32. A process for preparing an ol efin polynmner,
conpri si A® pohgherizingvangbkefiatofibption20apabonbardmsd withe horadsence
of an olefin polynerization catalyst conprising a transition netal conpound
which is 5 repeésearedabyonrhaectoliowi ngrf er mabaredl bplymerprepare t he

ol efin polymer of claim1, 7, 10 or 16; Rlo E 11 R~N___ R12 13 ~. / 15 10
R~ .R R14 molef{nlb}ock copolymer precisely controlled in the

structure can be obtained with high polymerization
activity.

15 To the monodisperse polyolefin, the olefin copolymer,
the tapered polymer, the olefin block copolymer or a
polymer having a functional group at the terminal of any
of these polymers, various additives may be added.

The monodisperse polyolefin, the olefin copolymer,

20 the tapered polymer, the olefin block copolymer or a
polymer having a functional group at the terminal of any
of these polymers can be applied to various uses.

A composition containing the monodisperse polyolefin,
the olefin copolymer, the tapered polymer, the olefin

25 Dblock copolymer or a polymer having a functional group at



wherein ML is a transition netal atomselected fromGoup 4 to Goup 5 of
the periodic table, 15 mis 1 or 2, R10 is an aromati c hydrocarbon group,
an aliphaticggéﬂ}ﬁgaggfﬂ group or an alicyclic hydrocarbon group, when R10
is a phenyl up e position of the carbon atom bonded to nitrogen is
the 1-position, this phenyl group 20 has, at at |east one position of the
2-position and the 6-position, one or nmori@4ubstituents sel ected from a

het er oat om and a het er oat om cont ai ni ng group, or has, at at |east one
position of the 3-position, the 4-position and the 5-position, at |east one

substit uent 5@%@¢E§9m§§air891QnPeE?FQﬁEQQ‘Bbﬁg&e&ga%aﬁ blaugiine A, a
fluorine SF-714 (PCT) 299 containing group having one carbon atom and not

more than wo, {4 yor LS, gt OMEnofn! IR AG" (@RKALNI N group having two or
nore carbon atons, and group containing a heteroatom other than a
fluorine atom andophep. RIQ-Ls,ap 5 acomaticc fydtacanbon group gbhen, than a
phenyl group, an alt1 phafic %y Focar Bon group or an alircyclic group, ‘this
group has at Ieas% one substituent seLecteglfr%?1adheterggﬁgﬂkg d a
het er oat om cona? hYAGE gr 8Up3 1 R11%t 8 R4 ey B8t RE%S &ms° Y &it° and
are each a hydrogen atom .a hal pgen atom a_ hal ogen-containing group, a
yar ocar b o bt EC R, BLAYBoA. SaBe: PrOPEA Crry P gt begmoar A5 tid
oxygen- cont ai nj n roup, a nitrogencontaining group or a sulfur-containing
group, RI15 ise%agﬁg%@ﬁg'atonl a hal ogen-contai ning group, a 15 hydrocarbon
group or a hydrocarbon-substituted silyl group, n is a nunber satisfying a
val ence of M and 5&#8P43S oY gklicatisRT athyBRoBRAYEESR 1RCAEASgen atom a
hydr ocar bon group, an_oxygen-containing group, a 20 sul fur-containing
group, a nitrdgepnedhtai ARRESyr 8UPD aSbEr6R- BaRtLar nPHEP§ESUp, an
al um num cont ai ni ng group, a phosphorus-containing group, a.
hal ogen- cont aV9® RS §FbupPSa HEBEFOEYE| FB2RBRPEUNBOCPES| dne, agr duct
silicon-containing group, a germani untcontaining group or a tin-containing
25 group10andhowen; ninduatsiagrparés, phahabsgpeapsngssFmats, (PEMLs300
indicated by X may be the sane or different, and plural groups indicated by
X may be bondendtlbofesm alechgic3d8leTheopiocessthor sprépasi rgear rdlefin
polymer as 5 clainmed in claim32, wherein the transition nmetal conpound is
a conpound ofwihesaf opdsai dnfloemukacihbl peatner esporiiey ghedgesistiadn aaf t he
carbon atom bonded to nitrogen is the 1l-position, R1O is a
hal ogen- cont asmeny bydescaskdnsgpreap ehdl ctwil0ecgriberrangbuséldctoed from
a 10 phenyl group having, at at |east one position of the 2 position and
the 6-positi anatentabs, nernehsabstbbientsasdl geted bromiarhahegerms.atom and a
hal ogen- cont ai ni ng group, a phenyl group having, at at |east one position
of the 34Bosition,To hehd-postinopoandetheob- phsi thoantabnl5 | east one
substituent selected froma fluorine-containing

thermoplastic resins, fillers, nucleating agents and

additives used for polymers may be added in arbitrary
amounts, and the polymers may be subjected to secondary
modification such as crosslinking or blowing.

20 As the thermoplastic resins, crystalline
thermoplastic resins, such as polyolefin, polyamide,
polyester and polyacetal; and non-crystalline
thermoplastic resins, such as polystyrene,
acrylonitrile/butadiene/styrene copolymer (ABS),

25 polycarbonate, polyphenylene oxide and polyacrylate, are



group havi ng one carbon atom and not nore than two fluorine atons, a
fluori ne-containing group having two or nore carbon atons, a chlorine atom
a bromne ato jodine atom a chlorine-containing group, a brom ne 20
cont ai ni ng grghﬁﬁghhﬂgtpiodine-containing group, an aromatic hydrocarbon
group other than a phenyl group having at | east one substituent sel ected
from a hal ogen atom and a hal ogen-cont ai 9% group, an aliphatic
hydr ocar bon group having at | east one substituent 25 selected froma
hal ogen atom and a hal ogen-cont ai ni ng SF-714 (PCT) 301 group, and an
alicyclic hyd ro j o] t] ected froma
hal ogen aton1%ﬁgfgyﬁg}%geﬁ?%gﬁ%%g%%ﬁgq%§%€%? £§3539§‘%%%§§%28$gr prepari ng
an ol efin po'¥ﬂ§fo ggnprising polynerizing an olefin of 2 to 20 carbon
atons in the pr ghce of an ol efin pol yneri zation catal yst conprising the
transition nmetal c ouhd of .claim 3 o_prepare.the ol efi ol ymer of
claim?7, 10 or I6.Q%%m%g?SAPEr%@%s@ofg?iﬁFgﬁﬁrﬁﬁalgﬂeoFQfFﬁg§EF§ﬁ%r,
conpri sing pol rizing an olefin of 2 to 20 carbon atons in the presence
of Bn ol efi n ol YHGH1 72t FHRCELEATyBP L EBRpr | &1 AYTERE PPANERETOR et al
compound @f any one of 15 clains. 28 to 34_to prepare _a pol ynmer and then
bri ngi ng %he]B%W9%§F?Tﬂ?8t@8ﬂtBBQYWFFh | @GW@E%&E&P"BPﬁﬁﬁéoHP%ﬂmeﬁgand
conmpound to prepare an o]l efin polyner having a functional group at the
terminal . 20 36CACHF ORBSEMEEr &%ptaﬁr%@r af o BRY hepdl BReYTIeEonpri si ng
pol ynerizing at |east two_olefins which are selected fromolefins of 2 to
20 carbon at OFECRBHERAVECHYTEEr RE PofyREENYAriloRSPESEE] PRLYEST iaF e he
presence of an olefin polynerization catalyst conprising the 25 transition
metal conpourRrdfehaylone AF s YEne BAlynsE, 744 ¢Poy}erosredaprepar e
a tapered pol yner containing a segnent wherein conposition of two or nore
monomer s cont¥heieRsEynEhdnges. v37ZY1l AcppetEnscf 65 preparihdgean ol efin
pol ymer, 5 conprising conducting the following step (1), the follow ng step
(2), and18pti onal |Exammkes obf oWiraigret epst8ysofnahudebetrraryinunber of
times, to prepare a bl ock copol yner having a structure wherein plural
pol ymer bl ocksohyesbendedsudld ¢4)palgeepybdenpokypmephzhrgaat,| east one
olefin selected fromolefins of 2 to 20 carbon atons in the presence of an
ol efin pol ynepo knttlonleat ahyshtoabpresand phéybnamdeteohemepalt hadrpeynd of
any one of clainms 28 to 34 to prepare a polyner block, 15 (2) a step of
pol yneri zi ng mblyeasstobaetohef andspbéghedrbrghuokettns obf 2thos@p car bon
atons in the presence of the polymer block prepared in the step (1) to
prepare a polyukyebhot&nahiehepstdiifeeent promitheapaokypeerblrabkepr epar ed
in the step (1), and 20 (3) a step of polynerizing at |east one olefin
sel ect ed16rom ol efixsnpie? 6D 20e cos bpambtiessihaltbe pLeskacecof the
pol ymer bl ock prepared in the step (1) and the pol yner block prepared in
the step (2) polpiepase, aspohysernbl ockepnhhghohsedi f hereat 161 omytibe ol yner
25 bl ocks prepared in the previous step. SF-714 ( PCT)

and nylon-46, and aromatic polyamides prepared from

aromatic dicarboxylic acids and aliphatic diamines. Of
these, nylon-6 is particularly preferable.

20 Examples of the polyacetals include polyformaldehyde
(polyoxymethylene), polyacetaldehyde, polypropionaldehyde
and polybutylaldehyde. Of these, polyformaldehyde is

particularly preferable.



303 38. A process for preparing an olefin polyner, conprising preparing a
t apered polynmer or an ol efin block copolyner by the process of claim36 or
37 and then 5 Erl@g' the (co)polyner into contact with a functi onal
group-contain$ é} h%gahd to prepare a tapered polynmer or an ol efin block
copol ynmer having a functional group at the termnal. 10 39. A process for
preparing an ol efin polynmer, conprising @&6ynerizing an olefin in the
presence of a polynerization catalyst which pronotes |iving polynerization
of an olefin and further conducting olefin polynerization by the use of a
cat al yst obt ai ned 1 I nd_pro I e sy t t he
catal yst and the rg%%I ?ﬁgggﬁkgﬁ%?mgﬁaﬁﬁ %yﬂ#@gﬁglgpkghg?n§ﬁsg%£§%$ﬁe%
reaction. 40,1061 proEess. Lol BhEPaLing 301818kl 1081 ¥Xek, gs 20 cl ai med in
el n e ra

cl ai m 39, wher chain nsf reaction is prénoted-by the use of at
!

or ganobor on conpound; ~an organoz? d; an organosili con conmpound, an
or ganocadm um conpound,_ an n or ol ead 25 conpound. SF-714 (PCT) 304
T e r ocese f oS raB iy BReBPRRPRT o6RsAoratiei soRBA Len e A0mea or
40, wherein tgg olefin gol meri zation cataL¥st is.the catal yst of any one
of 5 claiffs 28°t0 3%. M35 OThEOPFbeLEE Fob prEpaFiigSah 168 i n pol ymer as
claimed in claim39 or 40, wherein the olefin polynerization catalyst is
the catal yst dFF%hy"bhetbe: 180¢cFai A8 28PY0™M34, CanGoriseé 1516Mitn Usdibfer, t he
tapered polymer or the olefin block copolynmer of claiml, 7, 10 or 16 is
prepared. 43.99h&VpHoEESE PoFapiepsar PRg AR 6PefPn3pblymed &§ 15 cl aimed in
claim 39, wherein at |east one polynmer of the ol efin polymer obtained
before the cha?mSt+andreruréhet #6h1 A £HEMoFENIRNBol ymer obtai ned after
the chain transfer reaction is the tapered polymnmer or the ol efin block
copol ymer of cl ai ME¥amabeprofiethooradycTheoppbesssntorndpr epariagsan ol ef i n
polymer as claimed in claim39, wherein the ol efin polynmer obtained before
t he chai A0t r aplet@ine@atrponband4thedobaiphepylymethebeai Aed-afisdrd—t he chain
transfer reaction are each the

hydroxyphenyl)ethane, 2,2-bis(4-hydroxyphenyl)propane and

| east one COWRQHHQCE§£§Eéegrf&9m ;é ggggﬁﬁan or ganoal um num conpound, an
; c’c
n

2,2-bis(4-hydroxyphenyl)butane. Of these, polycarbonate
obtained from 2,2-bis(4-hydroxyphenyl)propane is
particularly preferable.
15 As the polyphenylene oxide, poly (2, 6-dimethyl-1,4-
phenyleneoxide) is preferably employed.
As the polyacrylate, polymethyl methacrylate or
polybutyl acrylate is preferably employed.
The thermoplastic resins mentioned above may be used
20 singly or in combination or two or more kinds.
The olefin block copolymer of the invention may
further contain, in addition to the thermoplastic resin,
a crosslinking agent, a filler, a crosslinking
accelerator, a crosslinking assistant, a softener, a

25 tackifier, an anti-aging agent, a blowing agent, a



SF-714 (PCT) 305 tapered polyner or the olefin block copolymer of claim?7,
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molybdenum sulfide.

10 Above all, layered compounds are preferably employed,
and clay minerals having swelling/cleavage properties in
dispersion media are particularly preferably employed.
The clay minerals are generally classified into a type of
two-layer stru@ture consisting of a tetrahedral layer of

15 silica and an octahedral layer containing aluminum or
magnesium as a central metal provided on the tetrahedral
layer and a type of three-layer structure consisting of
tetrahedral layers of silica and an octahedral layer
containing aluminum or magnesium as a central metal

20 sandwiched between the tetrahedral layers. The two-layer
structure type (former type) is, for example, a kaolinite
group or an antigorite group, and the three-layer
structure type (latter type) is, for example, a smectite
group, a vermiculite group or a mica group that is

25 grouped according to the number of interlaminar cations.
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5 tetrasilicic mica, sodium taeniorite, muscovite,
margarite, talc, vermiculite, phlogopite, xanthophyllite
and chlorite.

Clay minerals having been treated with organic
materials (sometimes referred to as "organic modified

10 clay minerals") are also employable as the inorganic
layered compounds. (On the clay minerals‘having been
treated with organic materials, see "Dictionary of Clay"
by Asakura Shoten.)

Of the above clay minerals, preferable are a

15 smectite group, a vermiculite group and a mica group, and
more preferable is a smectite group, from the viewpoints
of swelling properties or cleavage properties. Examples
of the smectite group clay minerals include
montmorillonite, beidellite, nontronite, saponite,

20 sauconite, stevensite and hectorite.

Examples of the dispersion media by which the
inorganic layered compounds are swollen or cleaved are as
follows. 1In case of the swelling clay minerals, there
can be mentioned water, alcohols, such as methanol,

25 ethanol, propanol, isopropanol, ethylene glycol and
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#1098& () - SGEEQSEEEQQOHG. Of these, water and alcohol such as
methanol are preferable.
In case of the organic modified clay minerals, there
5 can be mentioned aromatic hydrocarbons, such as benzene,
toluene and xylene, ethers, such as ethyl ether and
tetrahydrofuran, ketones, such as acetone, methyl ethyl
ketone and methyl isobutyl ketone, aliphatic hydrocarbons,
such as n-pentane, n-~hexane and n-octane, halogenated
10 hydrocarbons, such as chlorobenzene, carbon tetrachloride,
chloroform, dichloromethane, 1,2-dichloroethane and
perchlorcethylene, ethyl acetate, methyl methacrylate
(MMA) , dioctyl phthalate (DOP), dimethylformamide,
dimethyl sulfoxide, methyl cellosolve and silicone oil.

15 Nucleating agent

As the nucleating agents, various nucleating agents
hitherto known are used without specific limitation.
Examples of the nucleating agents include the following
aromatic phosphoric ester salt, benzylidenesorbitol,

20 aromatic carboxylic acid and rosin nucleating agent.

Examples of aromatic phosphoric ester salt are

compounds represented by the following formula (1).

25
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In the above formula, R*' is an oxygen atom, a sulfur

QU () 10% () - &10% () -

atom or a hydrocarbon group of 1 to 10 carbon atoms; R*?

10 and R*® are each a hydrogen atom or hydrocarbon group of 1
to 10 carbon atoms and may be the same or different, and
R*?s, R*3s or R*? and R% may be bonded to each other to
form a ring; M is a metal atom having a valency of 1 to
3; and n is an integer of 1 to 3.

15 Concrete examples of the compounds represented by
the above formula (1) include
sodium-2,2'-methylene~bis (4, 6-di-t-butylphenyl)phosphate,
sodium-2,2'-ethylidene-bis (4, 6-di-t-butylphenyl)phosphate,
lithium-2,2"'-methylene-bis (4, 6~di-t-butylphenyl)phosphate,

20 lithium-2,2'-ethylidene-bis(4,6-di-t-
butylphenyl)phosphate,
sodium-2,2'-ethylidene-bis (4-i-propyl-6-t-
butylphenyl)phosphate,
lithium-2,2'-methylene-bis(4-methyl-6-t-

25 Dbutylphenyl)phosphate,
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butylphenyl)phosphate),

10 magnecium-bis(2,2'-thiobis (4-t-octylphenyl)phosphate),
sodium—2,2'—butylidene—bis(4,6—di—methylphenyl)phosphate,
sodium-2,2'-butylidene-bis (4, 6~-di-t-
buthylphenyl)phosphate,
sodium-2,2'-t-octylmethylene-bis (4, 6-di-

15 methylphenyl)phosphate,
sodium-2,2'-t-octylmethylene-bis (4, 6-di-t-
butylphenyl)phosphate,
calcium-bis (2,2'-methylene-bis (4, 6-di-t-
butylphenyl)phosphate),

20 magnecium-bis(2,2'-methylene-bis (4, 6-di-t-
butylphenyl)phosphate),
barium-bis (2,2'-methylene-bis (4, 6-di-t-
butylphenyl)phosphate),
sodium-2,2'-methylene-bis (4-methyl-6-t-

25 Dbutylphenyl)phosphate,
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sodium—2,2‘—methylene—bis(4,6—di—methylphenyl)phosphate,

10 sodium-2,2'-methylene-bis (4, 6-di-ethylphenyl)phosphate,
potassium-2,2'-ethylidene-bis (4, 6-di-t-
butylphenyl)phosphate,
calcium-bis(2,2'-ethylidene-bis (4, 6-di-t-
butylphenyl)phosphate),

15 magnecium-bis(2,2'-ethylidene-bis (4, 6-di-t-
butylphenyl)phosphate),
barium-bis(2,2'-ethylidene-bis (4, 6-di-t-
butylphenyl)phosphate),
aluminium~-tris(2,2'-methylene-bis (4, 6-di-t-

20 butylphenyl)phosphate) and
aluminium-tris(2,2'-ethylidene-bis (4, 6-di-t-
butylphenyl)phosphate), and mixtures of two or more
thereof. Particularly preferable is sodium-2,2'-

methylene-bis (4, 6-di-t-butylphenyl)phosphate.
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In the above formula, R* is a hydrogen atom or

hydrocarbon group of 1 to 10 carbon atoms; M is a metal

atom having a valency of 1 to 3; and n is an integer of 1
10 to 3.

Concrete examples of the compounds represented by

the above formula (2) include

sodium-bis (4-t-butylphenyl)phosphate,

sodium-bis (4-methylphenyl)phosphate,
15 sodium-bis(4-ethylphenyl)phosphate,

sodium-bis (4-i-propylphenyl)phosphate,

sodium-bis (4-t-octylphenyl)phosphate,

potassium-bis (4-t-butylphenyl)phosphate,

calcium-bis (4-t-butylphenyl)phosphate,
20 magnecium-bis (4-t-butylphenyl)phosphate,

lithium-bis (4~-t-butylphenyl)phosphate,

aluminum-bis (4-t-butylphenyl)phosphate, and

mixtures of two or more thereof. Particularly preferable

is sodium~-bis (4-t-butylphenyl)phosphate.
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wherein each R45 may be the same or different and is a

10 hydrogen atom or a hydrocarbon group of 1 to 10 carbon
atoms, and m and n are each an integer of 0 to 5.

Exampies of the compounds represented by the formula
(3) include 1,3,2,4-dibenzylidenesorbitol, 1,3-
benzylidene-2, 4-p-methylbenzylidenesorbitol, 1, 3-

16  benzylidene-2,4-p-ethylbenzylidenesorbitol, 1,3-p-
methylbenzylidene-2, 4-benzylidenesorbitol, 1,3-p-
ethylbenzylidene-2,4-benzylidenesorbitol, 1,3-p-
methylbenzylidene-2, 4-p-ethylbenzylidenesorbitol, 1,3-p-
ethylbenzylidene—Z,4—p—methylbenzylidenesorbitol,

20 1,3,2,4-di (p-methylbenzylidene)sorbitol, 1,3,2,4-di (p-
ethylbenzylidene) sorbitol, 1,3,2,4-di(p-n-
propylbenzylidene)sorbitol, 1,3,2,4-di(p-i-
propylbenzylidene)sorbitol, 1,3,2,4-di(p-n-
butylbenzylidene)sorbitol, 1,3,2,4-di(p-s-

25 Dbutylbenzylidene)sorbitol, 1,3,2,4-di(p~t-
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dibenzylidenesorbitol, 1,3,2,4-di (p-

L

methylbenzylidene)sorbitol, 1,3,2,4-di(p-

16 ethylbenzylidene)sorbitol, 1,3-p-chlorobenzylidene—-2-4-p-
methylbenzylidenesorbitol, 1,3,2,4~di(p-
chlorobenzylidene)sorbitol, and mixtures of two or more
of these compounds.

Of the above benzylidenesorbitols, preferable is a

20 compound represented by the following formula (4):

— ° —/ R45
o0
OH
OH ’

R45

25 - (4)
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metallic compound. Examples of the rosin acids include
15 natural rosins, such as gum rosin, tall oil rosin and
wood rosin; wvarious modified rosins, such as
disproportionated rosin, hydrogenated rosin,
dehydrogenated rosin, polymerized rosin and o, -
ethylenically unsaturated carboxylic acid-modified rosin;
20 purified products of the natural rosins; and purified
products of the modified rosins. Examples of unsaturated
carboxylic acids used for preparing the a,B-ethylenically
unsaturated carboxylic acid-modified rosins include
maleic acid, maleic anhydride, fumaric acid, itaconic

25 acid, itaconic anhydride, citraconic acid, acrylic acid
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Examples of the hlgh—meltlng point polymers include
polyvinylcycloalkanes, such as polyvinylcyclohexane and
polyvinylcyclopentane, poly-3-methyl-l-pentene, poly-3-

25 methyl-l-butene, and polyalkenylsilanes.
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type, olefin type, urethane type, ester type, amide type
and vinyl chloride type.
The olefin copolymer of the invention can be used as

25 a modifier for lubricating oils, such as gasoline engine
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15 Examples of the cement include air setting cement,
such as lime, gypsum and magnesia cement; water setting
cement, such as Roman cement, natural cement, Portland
cement, alumina cement and high sulfuric salt slag
cement; and special cements, such as acid proof cement,

20 refractory cement, water glass cement and dental cement.

Viscosity modifier, Moldability improver

The olefin polymer of the invention can be used as a
viscosity modifier or a moldability improver for inks and
paints, such as letterpress printing ink, lithographic

25 printing ink, flexo graphic ink, gravure ink, oil paint,
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associated parts, copy machine associated parts,
electromagnetic shielding material, speaker cone material,
and vibrating element for speaker.

20 Agqueous emulsion

An aqueous emulsion containing the olefin copolymer
of the invention can be used as an adhesive for
polyolefins of excellent heat sealing properties.

Medical or hygienic material
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Miscellaneous goods

The olefin copolymer of the invention can be used

10 for stationery, such as desk mat, cutting mat, ruler, pen
holder, pen grip, pen cap, scissors grip, cutter grip,
magnet sheet, pen case, paper holder, binder, label seal,
tape and white board; daily use miscellaneous goods, such
as clothing, curtain, sheet, carpet, entrance hall mat,

15 Dbath mat, bucket, hose, bag, planter, air conditioner
filter, exhaust fan filter, tableware, tray, cup, lunch
box, coffee maker funnel, eyeglass frame, container,
storage case, hanger, rope and washing net; sporting
goods, such as shoes, goggles, skis, racket, ball, tent,

20 swimming goggles, swim fin, fishing rod, cooler box,
leisure sheet and sporting net; toys, such as block and
cards; containers, such as kerosine can, drum, detergent
bottle and shampoo bottle; and display goods, such as
signboard, pylon and plastic chain.

25 Filler modifier
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10 polyolefin and a polar group-containing thermoplastic

resin can be mixed in an arbitrary mixing ratio. The

olefin copolymer has a polyolefin segment and a

functional group, so that inherently incompatible

components can be compatibilized with each other by the
15 use of the copolymer.

Other uses

The olefin copolymer of the invention can be used
for microcapsules, PTP packages, chemical bulbs, drug
delivery system, etc.

20

EFFECT OF THE INVENTION

The olefin polymer according to the invention
exhibits various useful properties.
According to the process for preparing an olefin

25 polymer of the invention, an olefin polymer having a high
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20 butylsalicylaldehyde and a small amount of acetic acid as

a catalyst were placed, and they were heated and refluxed

with stirring for 7 hours. After the solution was

allowed to stand for cooling, a small amount of p-

toluenesulfonic acid was added as a catalyst, and they

25 were refluxed with stirring for 2.5 hours. The reaction
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10 (a)
'Bu

In a 50 ml reactor thoroughly purged with nitrogen,

1.043 g (3.00 mmol) of the compound (a) obtained above
and 30 ml of anhydrous diethyl ether were placed, and the

15 solution was cooled to -78°C and stirred. To the
solution, 2.05 ml of n-butyllithium (n-hexane solution,
1.54 N, 3.15 mmol) was dropwise added over a period of 5
minutes, and then the mixture was slowly heated to room
temperature. After stirring for 3 hours at room

20 temperature, the reaction solution was slowly added to an
ether slurry of 3.00 ml of titanium tetrachloride
(heptane solution, 0.5 M, 1.50 mmol) having been cooled
to -78°C. After the addition, the mixture was slowly
heated to room temperature. The resulting dark red

25 slurry was filtered, and the filtrate was vacuum



10u10ulOu L “1"10%I& ()-L " 1"109%#& ()- L SHL10%WE& ()- n sHL10%& ()-
x| [:bUs10 L | #10% E# & ()-3 n #10%E#& ()-3 #10% ' & ()-3L L 3 ni 10% & (
R3" ' 10948 () @ﬁ#& ()-#W|[:-410"L L s1"10% & ()- s1"10%E#o& ()-
"10%g & ()-L $FA f - L' 109E#& ()- L #10%"& ()-3% Rt bA410"L L L
109% #& ()- LMLO% #& () - LFlO% #& ()- Ls10% #& () -

L1096 #& ()-10"10". 14f |[: A410"L L109% #& (222 L% 10% #& ()- L 10% #& () -
L109% #& ()- L' 10% #& ()- LMLO% #& ()-fJ|[: A410"L L' 910% #& () -

L &10% #& ()-z L)&LOY% ()-z | &10% & ()-z L109% #& () -

fow v () LRI 1o Aoss ity GG %ﬁléé&#é Y et
€01 rioselr (71 ot 81 s 1 adosa daied

"10% & () -sv 1099#9 090#9& () -, L109D#OK 110110! L
#109% & 8 ]]%ffb%& e()gfﬁ%gﬁﬁ ]jv % %%%%?(‘ja‘)é ‘E&o??@@ EP- L
Lf 1090#9&’ L910%9 9& ()-Z L, 1090# Lf &10Y0#9&' ( X<|[:vU410 L
L! 1099#98&! 8 ‘Eb‘ﬁb% 9%3%)9 tytﬁg%#gz g% OfL209HRYR CPTPOLRL0OH#IE ()- L
1009498 ()- Eg vU410 L L& 1099#9& ()- L L- 100/@#9& ()-L L+- 109@#9&' ()-
L) 1090#9& () TS QPRRERR Y- L1904 04daeLE) LBRPLE FNA417611@9%@1109#9109#9L
L9" 1099#9& ()- L L7S 10%9#9& q% L51090#9& () - leo%a#g&%
1090#9&' () - "KRFIrapaapdocfLTheoosmpreyng (110v&8ulfed Ep @%&&M&)
LOL10%#& ()- L109%t& ()- LL10%t& ()-(a%|[: NA41010 L10%t& ()- L L910%t& ()-L
L910%#&' ()- L10%t& ()- L9nl0%t& ()- LFfz 10%t& ()- [<M |[: NA41010
L& 10968 () -L LO+ 10%#& ()-L £9) 10%& ()- L' 1094t& ()- LYA0%t& ()- L9g
10%t& ()- [VW][:-410# L9SFLOM& (A L L8g10%& ()-L L6 10%t& ()-
L&310%#& ()- L&110%t& ( ' () - WKYf j RVbA410# L Lnt 10%#& ()- L L"10%
& ()- W"109& ()- L109 () - 10#10#VOX| [ : A410# L1 10%& ()- L

)-&
L)

9'"10% & ()- 9' "10%& () 110w & ()- L:!110%& ()- L

Lnt 109%& (l§) |} ~vU410 L9$z109%@#& ( TEQUEHE () - L10VEH& () -

L910%E#& ()-101010 L 1\109&) () - vU410 L L&IOYE#E ()-L L&sf 10%E#& ()-L
L& 109E#& ()-L L f109EHAR L100&#& ()- L& 109%@#& ()->KG[:vU4a10 L
L#: 109E#& ()-L L& 109EH& L&z LO9EH& ()-L Ly 109EH#& ()- L!109EH& () -

L109E#& ()- G'5|[:vU410 L LSTOY%BE ()-L L3109E#& ()-L L1@OYEH#& ()-L Ls/
109E#& ()- L' 109EH#& ()- L% 109E#& ()- 5nvU410 " #10%!& ()-F L10%& () -
L10%#&' ()- 10E#10E#10E# Ls9"109&#&' ()- L7109&#& ()-/|[:vU410

P9"10% & ()--L L 9"10%"& ()--L 9"10%!& ()-- L " #10%!& ()-F

U #10%1& () - ByntHEOMR K)adp Va4A0 LL@109%& ()-t' LL@10%& ()-t'
L109%#& ()- LOTOY& ()- LO#LO#IO# La 9"10%#& ()--N[:-410 L 91"10% () -

91" 10%#&16) - L L\ Lir(@l0%0 & )rdddedp ML(@@Mﬁy(ﬁuigec}l kL@ 109 &oGint
LL@10%t& ()-t'' VbA410 L Ls  109%#& () -

100 ml of toluene, 3.82 g (26.0 mmol) of 2,4, 6-

trifluoroaniline, 2.32 g (13.0 mmol) of 3-t-
butylsalicylaldehyde and a small amount of p-
toluenesulfonic acid as a catalyst were placed, and they
20 were heated and refluxed with stirring for 4 hours. The
reaction solution was allowed to stand for cooling to
room temperature, then filtered to remove the catalyst
and vacuum concentrated. The residue was purified by a
silica gel column to obtain 3.79 g (yield: 95 %) of a

25 yellow oil represented by the following formula (b) .
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heated to room temperature. The resulting dark red

20 slurry was filtered, and the filtrate was vacuum
concentrated. Then, 5 ml of ether and 30 ml of hexane
were added, and the solids precipitated were collected
and washed with hexane. The resulting solids were wvacuum
dried to obtain 0.550 g (yield: 38 %) of a reddish brown

25 compound represented by the following formula (2). The
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(heptane solution, 0.5 M, 2.00 mmol) having been cooled
to -78°C. After the addition, the mixture was slowly
heated to room temperature. The resulting dark red
slurry was filtered, and the solids obtained were washed
20 with a small amount of methylene chloride. The filtrate
and the washing liquid were vacuum concentrated, and the
resulting solids were collected and suspended in 15 ml of
ether. The precipitate was filtered and then washed with
a small amount of ether and hexane. The resulting solids

25 were vacuum dried to obtain 1.059 g (yield: 76 %) of a
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L8"9310A&#‘gL&(f}or cooling to room temperature, then filtered to remove

the catalyst and vacuum concentrated. The residue was
purified by a silica gel column to obtain 3.45 g (yield:

98 %) of a yellow oil represented by the following
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and vacuum concentrated, to obtain 4.04 g (yield: 90

)

of yellow solids represented by the following formula (e).
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In a 30lml reactor thoroughly purged with nitrogen,
1.12 g (2.00 mmol) of the compound (e) obtained above and
20 30 ml of anhydrous diethyl ether were placed, and the
solution was cooled to -78°C and stirred. To the
solution, 1.31 ml of n-butyllithium (n-hexane solution,
1.60 N, 2.10 mmol) was dropwise added over a period of 5
minutes, and then the mixture was slowly heéted to room

25 temperature. After stirring for 2 hours at room



r& ()- L s@O0%: ()- L109E#& ()- Lf 109&#& ()- J } !|[:vU4l0

L210%E#& () - Ls/10%EH#& ()- L- 109EH#& ()- L+10%E#& ()- L) L0%EH& ()-

L' 109E#& ()-! X| 0bU410 L 10%:& () - 10E#10E#10E# Ls: " 10%E#& ()- L8 109E#& () -
L610%E#& () - SFLDVEARCT)-P$|[:bUA10 L Lz 10%:& ()- L10%:& ()- L 109%& () -
L10%4&' ()- L10%#&' ()- L 10%t& ()-$ 1BVZY8bUAL0 L&* - 10%& ()--

"Ls4940%5S& ()--! LSA%O0%[& ()-!{Ls4%0%pg ()- LLI0%& ()- Lz 10%& ()-V
| [NAA1010#104#10# LOY: 2" 10%& () - L@10%:& ()- L9&O' ! 10%&’ () -

L3. 10%& ()- = & - 10%& ()-! U/ [: NA41010 LZ1096#& ()- L 10%H& () -
LY1096#&' () - LSL0%M& ()- L 10%®& ()- L3109%#& () - 1i L| [: NA41010

L 1 109%#& () - "EMPEYRARIEY - the1 e ion aotoveies (Was lorookaeiqed to an

LM 109%#& ()- L ]| [ 9NA41010! b  >0@0%b % & ()-h L@ 109%#& () - L9* 41096K4& () -
L&3(109x#&' () etheg" sduxey OF 2-0€10vk¢ed (OLta@izf) |JaNARIHOGADXH10X# L |
109%GH#& () - U@ 10%H& ()- O Ly810%®& () - L 6@O%HE ()- 0% ° >0@L0% X#

& ()-h| 4l | [: NABegtenel 6w#gion, ©-F09%#& (00 MoRAE)ng LyeaveHsd (3d
L&109@#&' ()- L10%R#& ()-1 G [: NAA1010 L109R#& ()- L109%@#& ()- L10%R#& ()- L
109R#8& ()- L109R#88(F -~ LAIDO@H#EIE) aRYXTNAA10LhE+BiX0UR#WER- SLAWIGIRHE' () -
L' 100R4&' ()- L 10%& ()-!9%40%\ & ()-110% Y Y& ()-K| *b|[: NA4101

L, 8f 109@#& () heb&Bn OUWR£EOR) + chnf® rEOYRHE’ ( Thel &2E0YRE&S( Pa rkOrBAVRHE () -

L& s100@#&' ()- WUALO0 L109R#& ()- L10%@#& ()- LL109R#& ()-

L109R#& () - 102%L@2H102#% I i1k BAYRHE A Whed [£1WAEE o va sl 0924 ) - L

L109%R#& ()-L LSL09R#& ()-L L! 109R#& ()- L109@#& ()- L 109@#& ()- E| | [ 9vU410
1 &@L0% , & () - cbnteh@¥2#&d(.) - Lhén, 10%R#&o€) ek he&1AWBHE0( 1 brlBURA&KL ) -
L10%R#& ()-5{Z9vUA10 L&L6: 109R#& ()- L34@O%R#& ()- L@ 109%#& ()- L&O
1092#& () - ! &@8%el abi8eq) - a&@ @%eR & 1(1)dbH M4 Et ed were collected
LO109%R#&" () - ( L02#102#102# LY: 100R#&' ()- LI 3%109%& ()-~ LI 3%10% & ()-~ L&S8
1092#& ()- !ahB! vhshHdlQikhl hexane. The resulting solids were vacuum

10 dried to obtain 0.183 g (yield: 15 %) of a reddish brown
compound represented by the following formula (5). The
FD-mass spectrometry of the compound (5) resulted in 1234

(M+) .

15

Synthesis Example 6

In a 200 ml reactor thoroughly purged with nitrogen,
20 100 ml of toluene, 4.66 g (20.0 mmol) of 4-
trifluoromethyl-2,3,5, 6~-tetrafluoroaniline, 1.78 g (10.0
mmol) of 3—t—butylsali;ylaldehyde and a small amount of
p-toluenesulfonic acid as a catalyst were placed, and
they were heated and refluxed with stirring for 53 hours.

25 The starting material was confirmed by the GC analysis,
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minutes, followed by further stirring for 2 hours. The

solution was cooled to -78°C, and thereto was dropwise
added 3.75 ml of titanium tetrachloride (heptane solution,

25 0.5 M, 1.88 mmol) over a period of 5 minutes. After the
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dropwise addition was completed, the reaction solution
was slowly heated to room temperature. After the
solution was further stirred for 12 hours at room
temperature, the resulting dark red slurry was filtered,
and the filtrate was vacuum concentrated. Then, ether
was added, and the'solids precipitated were collected and
vacuum dried to obtain 0.76 g (yield: 45 %) of a reddish
brown powder represented by the following formula (6).
The FD-mass spectrometry of the compound (6) resulted in

902 (M+).

Synthesis Example 7

In a 200 ml reactor thoroughly purged with nitrogen,
16.2 ml of ethylmagnesium bromide (ether solution, 3M,
48.6 mmol) and 50 ml of anhydrousftetrahydrofuran were
placed. Then, a solution of 11.2 g (46.2 mmol) of 2-(1-
adamantyl)-4-methylphenol in 50 ml of anhydrous
tetrahydrofuran was dropwise added over a period of 20
minutes with ice cooling. After the dropwise addition

was completed, the reaction solution was stirred at room
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temperature. To the solution, 300 ml of toluene was
added, and the mixture was heated with stirring to
distill off the tetrahydrofuran and the diethyl ether.
After cooling to room temperature, 3.80 g (127 mmol) of

5 paraformaldehyde and 7.1 g (70.2 mmol) of triethylamine
were added, and the mixture was heated with stirring at
80 to 90 °C for 20 minutes. The resulting solution was
cooled to room temperature, and thereto was added 200 ml
of 10% hydrochloric acid with ice cooling. Then, 300 ml

10 of diethyl ether was added to perform phase separation,
and the organic layer was washed twice with 200 ml of
water and then with a sodium hydrogencarbonate aqueous
solution. The resulting solution was dried over
anhydrous sodium sulfate and then vacuum concentrated.

15 The resulting crystals were vacuum dried to obtain 10.5 g
(yield: 84 %) of a yellow compound represented by the
following formula (g) (wherein Adm denotes an adamantyl
group) .

—0

20
OH

Adm

In a 100 ml reactor thoroughly purged with nitrogen,
80 ml of toluene, 2.75 g (15.0 mmol) of

25 pentafluoroaniline, 4.07 g (99.7 %, 15.0 mmol) of the
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compound (g) obtained above and a small amount of p-
toluenesulfonic acid as a catalyst were placed, and they
were heated and refluxed with stirring for five and half
hours. After the reaction solution was allowed to stand

5 for cooling, the solvent was distilled off under reduced
pressure. Then, 50 ml of methanol was added, and the
mixture was stirred and filtered. The resulting solids
were vacuum dried to obtain 4.38 g (yield: &7 %) of

yellow solids represented by the following formula (g').

10
F
F F
F F
N
2l
OH
15 Adm (g")

In a 50 ml reactor thoroughly purged with nitrogen,
1.35 g (3.00 mmol) of the compound (g') obtained above
and 20 ml of anhydrous diethyl ether were placed, and the
- solution was cooled to -78°C and stirred. To the

20 solution, 1.89 ml of n-butyllithium (n-hexane solution,
1.59 N, 3.00 mmol) was dropwise added over a period of 5
minutes, and the mixture was stirred for 2 hours and then
slowly heated to room temperature. After stirring for 3
hours at room temperature, the solution was dropwise

25 added to 20 ml of a tetrahydrofuran solution of 3.00 ml
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of titanium tetrachloride (heptane solution, 0.5 M, 1.50
mmol) having been cooled to -78°C. After the dropwise
addition was completed, the mixture was slowly heated to
room temperature and stirred for 12 hours at room
temperature. Then, the solvent was distilled off under
reduced pressure. To the resulting solids, 40 ml of
methylene chloride was added. The mixture was stirred
and filtered, and the filtrate was vacuum concentrated.
The solids precipitated were reprecipitated with hexane,
and the resulting solids were vacuum dried to obtain
0.334 g (yield: 23 %) of a brown compound represented by
the following formula (7). The FD-mass spectrometry of

the compound (7) resulted in 986 (M+).

Synthesis Example 8

In a 200 ml reactor thoroughly purged with nitrogén,
100 ml of toluene, 4.19 g (26.0 mmol) of o-
trifluoromethylaniline, 2.32 g (13.0 mmol) of 3-t-

butylsalicylaldehyde and a small amount of p-
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toluenesulfonic acid as a catalyst were placed, and they

‘were heated and refluxed with stirring for 5 hours. The

reaction solution was allowed to stand for cooling to
room temperature, then filtered to remove the catalyst
and vacuum concentrated. The residue was purified by a
silica gel column to obtain 3.20 g (yield: 77 %) of a

yellow o0il represented by the following formula (h).

In a 30 ml reactor thoroughly purged with nitrogen,
1.29 g (4.00 mmol) of the compound (h) obtained above and
30 ml of anhydrous diethyl ether were placed, and the
solution was cooled to -78°C and stirred. To the
solution, 2.63 ml of n-butyllithium (n-hexane solution,
1.60 N, 4.20 mmol) was dropwise added over a period of 5
minutes, and then the mixture was slowly heated to room
temperature. After stirring for 2 hours at room
temperature, the reaction solution was sléwly added to an
ether slurry of 4.00 ml of titanium tetrachloride
(heptane solution, 0.5 M, 2.00 mmol) having been cooled

to -78°C. After the addition, the mixture was slowly
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heated to room temperature. The resulting dark red
slurry was filtered, and the filtrate was vacuum
concentrated. Then, 5 ml of ether and 30 ml of hexane
were added, and the solids precipitated were collected
and washed with hexane. The resulting solids were vacuum
dried to obtain 0.80 g (yield: 53 %) of a reddish brown
compound represented by the following formula (8). The
FD-mass spectrometry of the compound (8) resulted in 758

(M+) .

Synthesis Example 9

In a 100 ml reactor thoroughly purged with nitrogen,
55 ml of ethanol and 3.44 g (15.0 mmol) of 3,5-
ditrifluoromethylaniline were placed, and they were
stirred. To the solution, 1.79 g (10.0 mmol) of 3-t-
butylsalicylaldehyde was added, followed by stirring for
19 hours at room temperature. Then, 6.00 g of molecular
sieves 4A were added, and the mixture was heated and
refluxed with stirring for 5 hours. The solids were
removed by filtration, and the solution was concentrated.

The resulting solids were purified by a silica gel column
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to obtain 0.92 g (yield: 72 %) of yellow solids

represented by the following formula (i).

5 (1)
In a 30 ml reactor thoroughly purged with nitrogen,

0.779 g (2.00 mmol) of the compound (i) obtained above
and 20 ml of anhydrous diethyl ether were placed, and the
solution was cooled to -78°C and stirred. To the

10 solution, 1.43 ml of n-butyllithium (n-hexane solution,
1.54 N, 2.20 mmol) was dropwise added over a period of 5
minutes, followed by stirring for 3 hours. Thereafter,
the mixture was stirred for 5 hours with slowly heating
to room temperature and then slowly added to an ether

15 slurry of 2.00 ml of titanium tetrachloride (heptane
solution, 0.5 M, 1.00 mmol) having been cooled to —-78°C.
After the addition, the mixture was slowly heated to room
temperature. The resulting dark red slurry was filtered,
and the solution was concentrated to 10 ml. The crystals

20 obtained by filtration were washed with hexane and vacuum

dried to obtain 0.269 g (yieldf 30.1 %) of a reddish
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brown compound represented by the following formula (9).
The FD-mass spectrometry of the compound (9) resulted in
894 (M+).
5

10 Synthesis Example 10

In a 200 ml reactor thoroughly purged with nitrogen,
100 ml of toluene and 3.36 g (26.0 mmol) of 3,5-
diflucroaniline were placed, followed by stirring. To
the solution, 2.32 g (13.0 mmol) of 3-t-

15 Dbutylsalicylaldehyde and a small amount of p-
toluenesulfonic acid were added, and the mixture was
heated and refluxed with stirring for 6.5 hours. The
solids were removed by filtration, and the solution was
concentrated. The concentrate was purified by a silica

20 gel column to obtain 3.32 g {(yield: 89 %) of yellow

solids represented by the following formula (j).
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In a 50 ml reactor thoroughly purged with nitrogen,
5 1.16 g (4.00 mmol) of the compound (j) obtained above and
30 ml of anhydrous diethyl ether were placed, and the
solution was cooled to -78°C and stirred. To the
solution, 2.63 ml of n-butyllithium (n-hexane solution,
1.60 N, 4.20 mmol) was dropwise added over a period of 5
10 minutes. Thereafter, the mixture was stirred for 12
hours with slowly heating to room temperature and then
slowly added to an ether slurry of 4.00 ml of titanium
tetrachloride (heptane solution, 0.5 M, 2.00 mmol) having
been cooled to -78°C. After the addition, the mixture
15 was slowly heated to room temperature. The resulting
dark red slurry was filtered, and the solution was
concentrated. The crystals obtained by filtration were
washed with hexane and vacuum dried to obtain 0.958 g
(yield: 69 %) of a reddish brown compound represented by
20 the following formula (10). The FD-mass spectrometry of

the compound (10) resulted in 694 (M+).
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Synthesis Example 11

In a 100 ml reactor thoroughly purged with nitrogen,

2.00 g (5.27 mmol) of hafnocene dichloride and 40 ml of

10 anhydrous diethyl ether were placed, and the solution was
cooled to 0°C and stirred. To the solution, 9.6 ml of
methyllithium (ether solution, 1.14 N, 10.9 mmol) was
dropwise added over a period of 45 minutes, followed by
stirring for 2 hours. Then, the mixture was slowly

15 heated to 0°C. After stirring for 30 minutes at 0°C,
insolubles were removed by filtration. The filtrate was
concentrated, and to the concentrate was added 10 ml of
ether to give a suspension. Then, insolubles were
removed again, and the solution was vacuum concentrated

20 to obtain 1.79 g (quantitative yield) of a light yellow

compound represented by the following formula (11).

<>

H,C—HFf —CH,

s <
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Example 1

In a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was placed, and a mixed gas
5 of ethylene (50 1/hr) and propylene (150 1/hr) was fed to
saturate the liquid phase and the gas phase. Thereafter,
1.25 mmol (in terms of aluminum atom) of
methylaluminoxane and then 0.005 mmol of the titanium
compound (1) were added to initiate polymerization.

10 After the polymerization was conducted at 50°C for 5
minutes, a small amount of isobutanol was added to
terminate the polymerization.

The resulting polymer solution was introduced into
1.5 liters of methanol containing a small amount of

15 hydrochloric acid to precipitate a polymer. The polymer
precipitated was waéhed with methanol and then vacuum
dried at 130°C for 10 hours. Thus, 0.794 g of an
ethylene/propylene copolymer was obtained. The
polymerization activity was 1.91 kg/hr based on 1 mmol of

20 titanium. The propylene content as measured by IR was
13.3 % by mol, the molecular weight (Mn) as measured by
GPC was 159,000, and the molecular weight distribution

(Mw/Mn) was 1.009.

25 Example 2
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‘Polymerization was conducted in the same manner as
in Example 1, except that the polymerization time was
changed to 10 minutes. Thus, 1.318 g of an
ethylene/propylene copolymer was obtained. The
polymerization activity was 1.58 kg/hr based on 1 mmol of
titanium. The propylene content as measured by IR Qas

15.0 % by mol, the molecular weight (Mn) as measured by

" GPC was 233,000, and the molecular weight distribution

(Mw/Mn) was 1.16.

Example 3

Polymerization was conducted in the same manner as
in Example 1, except that the polymerization time was
changed to 20 minutes. Thus, 2.225 g of an
ethylene/propylene copolymer was obtained. The
polymerization activity was 1.34 kg/hr based on 1 mmol of
titanium. The propylene content as measured by IR was
15.4 % by mol, the molecular weight (Mn) as measured by
GPC was 345,000, and the molecular weight distribution

(Mw/Mn) was 1.29.

Example 4
In a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was placed, and ethylene was

fed to saturate the liquid phase and the gas phase.
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Thereafter, 1.25 mmol (in terms of aluminum atom) of
methylaluminoxane and then 0.0005 mmol of the titanium
compound (1) were added to initiate polymerization.
After the reaction was conducted at 25°C for 0.5 minute
5 in an ethylene gas atmosphere at ordinary pressure, a
small amount of methanol was added to terminate the
polymerization. After the polymerization was completed,
the reaction product was introduced into a large amount
of methanol to precipitate the whole polymer. To the
10 polymer, hydrochloric acid was added, followed by
filtration over a glass filter. The resulting polymer
‘was vacuum dried at 80°C for 10 hours to obtain 0.149 g
of polyethylene (PE). The polymerization activity was
35.8 kg based on 1 mmol of titanium. The number-average
16 molecular weight (Mn) and the weight-average molecular
weight (Mw) of the resulting polyethylene were 191,000

and 219,000, respectively, and Mw/Mn was 1.15.

Examples 5 - 22

20 Polymerization was conducted in the same manner as
described above, except that the catalytic amount, the
polymerization time and the polymerization temperature
were changed as shown in Table 1. The polymerization

activity, molecular weight of the resulting polymer and
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molecular weight distribution thereof are set forth in

Table 1.
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Example 23

In a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was placed, and propylene was
fed to saturate the liquid phase and the gas phase.

5 Thereafter, 2.50 mmol (in terms of aluminum atom) of
methylaluminoxane and then 0.01 mmol of the titanium
compound (1) were added to initiate polymerization.
After the reaction was conducted at 25°C for 30 minutes,
a small amount of isobutanol was added to terminate the

10 polymerizatién. After the polymerization was completed,
the reaction product was introduced into methanol
containing a small amount of hydrochloric acid to
precipitate the whole polymer, followed by filtration
over a glass filter. The resulting polymer was vacuum

15 dried at 80°C for 10 hours to obtain 0.4 mg of
polypropylene (PP). The number-average molecular weight
(Mn, in terms of PP) and the weight-average molecular
weight (Mw, in terms of PP) of the resulting PP were
4,200 and 4,400, respectively, and Mw/Mn was 1.05.

20

Example 24

Polypropylene (PP) of 96 mg was obtained in the same
manner as in Example 23, except that the polymerization
time was prolonged to 3 hours. The number-average

25 molecular weight (Mn, in terms of PP) and the weight-
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average molecular weight (Mw, in terms of PP) of the

resulting PP were 20,500 and 22,400, respectively, and

Mw/Mn was 1.009.

5 Example 25

Poiypropylene (PP) of 180 mg was obtained in the
same manner as in Example 23, except that the
polymerization time was prolonged to 5 hours. The
number-average molecular weight (Mn) and the weight-

10 average molecular weight (Mw) of the resulting PP were
28,500 and 31,600, respectively, and Mw/Mn was 1.11.
Measurement of the melting point of the polymer by DSC

resulted in 139°C.

15 Example 26

Polypropylene (PP) of 376 mg was obtained in the
same manner as in Example 23, except that the titanium
compound (6) was used instead of the titanium compound
(1) and the polymerization time was prolonged to 5 hours.

20 The number—aﬁerage molecular weight (Mn, in terms of PP)
and the weight-average molecular weight (Mw, in terms of
PP) of the resulting PP were 52,000 and 66,200,

respectively, and Mw/Mn was 1.27.

25 Example 27
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In a 1 liter stainless steel autoclave thoroughly
purged with nitrogen, 380 ml of heptene was placed, and
propylene was fed at 25°C to saturate the liquid phase
and the gas phase. Thereafter, 2.5 mmol (in terms of

5 aluminum atom) of methylaluminoxane and 0.01 mmol of the
titanium compound (1) were added, and polymerization was
conducted for 3 hours at a propylene pressure of 5
kg/cm2-G.

To the resulting polymer suspension, 1.5 liters of

10 methanol containing a small amount of hydrochloric acid
were added to precipitate a polymer. The polymer was
filtered over a glass filter to remove the solvent, then
washed with methanol and vacuum dried at 80°C for 10
hours. Thus, 0.691 g of polypropylene was obtained. Mn

15 (in terms of PP) as measured by GPC was 78,000, Mw/Mn was

1.15, and Tm was 134.8°C.

Example 28

Polymerization was conducted in the same manner as
20 described above, except that the polymerization time was
changed to 5 hours. Thus, 1.125 g of polypropylene was
obtained. Mn (in terms of PP) as measured by GPC was

138,000, Mw/Mn was 1.11, and Tm was 130.5°C.

25 Example 29
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In a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was placed, and a mixed gas
of ethylene and butene (ethylene: 40 1/hr, butene: 60
1/hr) was blown into the autoclave for 20 minutes.
Thereafter, 1.25 mmol {(in terms of aluminum atom) of
methylaluminoxane and then 0.001 mmol of the titanium
compound (1) were added to initiate pblymerization.
After the reaction was conducted at 25°C for 5 minutes
with blowing the mixed gas into the autoclave, a small
amount of methanol was added to terminate the
polymerization. After the polymerization was completed,
the reaction product was introduced into methanol
containing a small amount of hydrochloric acid dissolved
therein to precipitate a polymer, followed by filtration
over a glass filter. The resulting polymer was vacuum
dried at 130°C for 10 hours to obtain 0.056 g of an
ethylene/butene copolymer. The polymerization activity
was 0.67 kg based on 1 mmol of titanium. The number-
average molecular weight (Mn) of the polymer was 49,100,
the molecular weight distribution (Mw/Mn) was 1.14, and

the butene content was 8.4 % by mol.

Examples 30 - 33

Polymerization was conducted in the same manner as

in Example 29, except ﬁhat the feed rates of ethylene and
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butene, the polymerization time and the polymerization
temperature were changed as shown in Table 2. The
polymerization activity, molecular weight of the
resulting polymer and molecular weight distribution are
5 set forth in Table 2.
Table 2
e Ethylene/
Ex. | Ltanium ) opoe | butene | Yield | Activiy | Mn | Mw |[Mw/Mn| Dutene
compound feed rate content
t . kg/mmol -
mous | @iy | wm | @ [“EERT a0t | eaoh (mol %)
29 | 1| 0.001 5 40/60 0.056 0.67 4.91 5.61 1.14 8.4
30 1| 0.001 10 40/60 0.087 0.52 6950 | 7.82 1.13 10.5
31 t 1| 0.001 5 70/30 0.258 | 3.10 16.1 18.9 1.17 3.7
32 11 0.001 10 70/30 0.456 2.74 224 27.9 1.24 3.7
33 11 0.001 5 50/50 0.088 1.06 7.31 8.28 1.13 59
10 Example 34
In a 500 ml glass autoclave thoroughly purged with
nitrogen, 200 ml of dry toluene was placed, and l-butene
was passed through the autoclave for 40 minutes at a rate
of 100 l1/hr. Then, the polymerization temperature was
15 maintained at 25°C, and 5.00 mmol (in terms of aluminum)
of methylaluminoxane was added. Subsequently, 0.05 mmol
of the titanium compound (1) was added, and a mixed gas
of ethylene and l-butene (ethylene: 20 1/hr, l-butene: 80
1/hr) was passed through, followed by stirring for 60
20 minutes. Then, 20 ml of isobutyl alcohol was added to
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terminate the reaction. Subsequently, 10 ml of a 1N
hydrochloric acid aqueous solution was added, followed by
stirring for 30 minutes in a stream of nitrogen. The
polymer solution was poured into 1.5 liters of methanol
to precipitate a polymer, followed by stirring for one
night by a magnetic stirrer. The polymer was filtered
over a glass filter and dried at 80°C for 10 hours under
reduced pressure to obtain 1.79 g of an ethylene/l-butene
copolymer. As a result of GPC analysis, the number-
average molecular weight was 29,000, and Mw/Mn was 1.15
(in terms of polyethylene). As a result of IR analysis,

the l-butene content was 22.8 % by mol.

Example 35

In a 500 ml glass autoclave thoroughly purged with
nitrogen, 200 ml of dry toluene was placed, and l-butene
was passed through the autoclave for 40 minutes at a rate
of 100 1/hr. Then, the polymerization temperature was
maintained at 25°C, and 5.00 mmol (in terms of aluminum)
of methylaluminoxane was added. Subsequently, 0.05 mmol
of a catalyst was added, and a mixed gas of ethylene and
l-butene (ethylene: 40 1/hr, 1l-butene: 60 1l/hr) was
passed through, followed by stirring for 30 minutes.
Then, 20 ml of isobutyl alcohol was added to terminate

the reaction. Subsequently, 10 ml of a 1N hydrochloric
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acid aqueous solution was added, followed by stirring for
30 minutes in a stream of nitrogen. The polymer solution
was poured into 1.5 liters of methanol to precipitate a
polymer, followed by stirring for one night by a magnetic

5 stirrer. The polymer was filtered over‘a glass filter
and dried at 80°C for 10 hours under reduced pressure to
obtain 5.15 g of an ethylene/l-butene copolymer. As a
result of GPC analysis, the number-average molecular
weight was 73,000, and Mw/Mn was 1.16 (in terms of

10 polyethylene). As a result of IR analysis, the l-butene

content was 14.5 % by mol.

Example 36

In a 500 ml glass autoclave thoroughly purged with
15 nitrogen, 200 ml of dry toluene was placed, and l-butene
was passed through the autoclave for 40 'minutes at a rate
of 100 1/hr. Then, the polymerization temperature was
maintained at 25°C, and 5.00 mmol (in terms of aluminum)
of methylaluminoxane was added. Subsequently, 0.05 mmol
20 of a catalyst was added, and a mixed gas of ethylene and
l-butene (ethylene: 60 1/hr, l-butene: 40 1/hr) was
passed through, followed by stirring for 10 minutes.
Then, 20 ml of isobutyl alcohol was added to terminate
the reaction. Subsequently, 10 ml of a 1IN hydrochloric

25 acid aqueous solution was added, followed by stirring for
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30 minutes in a stream of nitrogen. The polymer solution
was poured into 1.5 liters of methanol to precipitate a
polymer, followed by stirring for one night by a magnetic
stirrer. The polymer was filtered over a glass filter

5 and dried at 80°C for 10 hours under reduced pressure to
obtain 2.38 g of an ethylene/l-butene copolymer. As a
result of GPC analysis, the number-average molecular
weight was 38,800, and Mw/Mn was 1.18 (in terms of
polyethylene). As a result of IR analysis, the l-butene

10 content was 11.3 % by mol.

Example 37

In a 500 ml glass autoclave thoroughly purged with

nitrogen, 200 ml of toluene and 50 ml of l-hexene were

15 placed, and ethylene was fed to saturate the liquid phase
and the gas phase with stirring. Thereafter, 1.25 mmol
(in terms of aluminum atom) of methylaluminoxane and then
0.0025 mmol of the titanium compound (1) were added to
initiate polymerization. After the reaction was

20 conducted at 25°C for 5 minutes with blowing ethylene
into the autoclave, a small amount of methanol was added
to terminate the polymerization. After the
polymerization was completed, the reaction product was
introduced into methanol containing a small amount of

25 hydrochloric acid dissolved therein to precipitate a
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polymer, followed by filtration over a glass filter. The
polymer was vacuum dried at 130°C for 10 hours to obtain
0.304 g of an ethylene/hexene copolymer. The
polymerization activity was 1.46 kg based on 1 mmol of
5 titanium. The number-average molecular weight (Mn) of
the resulting polymer was 95,600, Mw/Mn was 1.17, and the

Q

hexene content was 2.7 % by mol.

Example 38

10 An ethylene/hexene copolymer of 0.241 g was obtained
in the same manner as in Example 37, except that the
amount of the titanium compound (1) was changed to 0.001
mmol, the amount of toluene was changed to 225 ml, and
the amount of 1-hexene was changed té 25 ml. The

15 polymerization activity was 2.89 kg based on 1 mmol of
titanium. The number-average molecular weight (Mn) of
the resulting polymer was 152,000, Mw/Mn was 1.22, and

the hexene content was 1.7 % by mol.

20 Example 39

In a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was placed, and ethylene was
fed to saturate the liquid phase and the gas phase
temporarily. Then, only the gas phase was purged with

25 nitrogen. Thereafter, 2.5 mmol (in terms of aluminum
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atom) of methylaluminoxane and then 0.01 mmol of the
titanium compound (1) were added to initiate
polymerization. After the reaction was conducted at 25°C
for 5 minutes, a small amount of methanol was added to
terminate the polymerization. Then, hydrochloric acid
and a large amount of methanol was added to precipitate a
polymer. The polymer was filtered, washed with methanol
and vacuum dried to obtain 0.800 g of polyethylene (PE).
The number-average molecular weight (Mn, in terms of PP)
of the resulting polyethylene was 115,000, and Mw/Mn was
1.10. Conversion from the polymer yield showed that

ethylene in the system was quantitatively consumed.

Example 40

In Example 39, after the reaction was conducted at
25°C for 5 minutes to completely consume ethylene, a
propylene gas (30 l/hr) was blown into the system to
perform reaction for 20 minutes. Then, feeding of
propylene was stopped, followed by further reaction for
280 minutes. Then, a small amount of methanol was added
to terminate the reaction, and the reaction product was
introduced into 1 liter of methanol containing a small
amount of hydrochloric acid to precipitate a polymer.
The polymer was filtered, washed with methanol and vacuum

dried at 130°C for 10 hours to obtain 1.135 g of a
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polymer. The number-average molecular weight (Mn, in
terms of PP) of the resulting polymer was 136,000, Mw/Mn
was 1.15, and the propylene content was 14.6 % by mol.
In comparison with the polyethylene prepolymer

5 ©prepared in Example 39, this polymer was increased in the
molecular weight with keeping a narrow molecular weight
distribution, and propylene was incorporated into the
polymer. From this, it can be seen that a polyethylene-
polypropylene diblock copolymer was quantitatively

10 produced.

Example 41

In Example 39, after the reaction of ethylene was

conducted at 25°C for 5 minutes, an ethylene gas (25

16 1/hr) and a propylene gas (75 1/hr) were blown into the
system to perform reaction for 3 minutes. Then, feeding
of the mixed gas was stopped, followed by further
reaction for 3 minutes. Then, a small amount of methanol
was added to terminate the reaction, and the reaction

20 product was introduced intoc 1 liter of methanol
containing a small amount of hydrochloric acid to
precipitate a polymer. The polymer was filtered, washed
with methanol and vacuum dried at 130°C for 10 hours to
obtain 1.700 g of a polymer. The number-average

25 molecular weight (Mn, in terms of PP) of the resulting
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polymer was 211,000, the molecular weight distribution
(Mw/Mn) was 1.16, and the propylene content was 6.4 % by
mol.
In comparison with the polyethylene prepolymer
5 prepared in Example 39, this polymer was increased in the
molecular weight with keeping a narrow molecular weight
distribution, and propylene was incorporated into the
polymer. From this, it can be seen that a polyethylene-
ethyleﬁe/propylene diblock copolymer was quantitatively
10 produced. The propylene content in the second block
component (ethylene/propylene copolymer portion), as
calculated from the molecular weight and the propylene

content in the whole polymer, was 14.6 % by mol.

15 Example 42

In Example 39, after the reaction of ethylene was
conducted at 25°C for 5 minutes, an ethylene gas (25
1/hr) and a propylene gas (75 1l/hr) were blown into the
system to perform reaction for 3 minutes. Then, feeding

20 of the mixed gas was stopped, followed by further
reaction for 3 minutes. Subsequently, propylene (30
1/hr) was blown into the system for 20 minutes to perform
reaction. Then, feeding of propylene was stopped,
followed by further reaction for 280 minutes. Then, a

25 small amount of methanol was added to terminate the
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reaction, and the reaction product was introduced into 1
liter of methanol containing a small amount of
hydrochloric acid to precipitate a polymer. The polymer
was filtered, washed with methanol and vacuum dried at

5 130°C for 10 hours to obtain 1.814 g of a polymer. The
number-average molecular weight (Mn, in terms of PP) of
the resulting polymer was 235,000, the molecular welght
distribution (Mw/Mn) was 1.15, and the propylene content
was 14.1 % by mol.

10 In comparison with the polyethylene-
ethylene/propylene diblock copolymer prepolymer prepared
in Example 41, this polymer was increased in the
molecular weight with keeping a narrow molecular weight
distribution, and propylene was incorporated into the

15 polymer. From this, it can be seen that a polyethylene-
ethylene/propylene copolymer-polypropylene triblock
copolymer was quantitatively produced. The increase of
the propylene content agreed with the value calculated on
the assumption that the third block component introduced

20 in this example was polypropylene.

Example 43

In Example 39, after the reaction of ethylene was
conducted at 25°C for 5 minutes, an ethylene gas (25

25 1/hr) and a propylene gas (75 l/hr) were blown into the
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system to perform reaction for 3 minutes. Then, feeding
of the mixed gas was stopped, followed by further
reaction for 3 minutes. Subsequently, an ethylene gas
(100 1/hr) was blown into the system to perform reaction
5 for 1 minute. Then, a small amount of methanol was aaded
to terminate the reaction, and the reaction product was
introduced into 1 liter of methanol containing a small
amount of hydrochloric acid, followed by stirring, to
precipitate a polymer. The polymer was filtered, washed
10 with methanol and vacuum dried at 130°C for 10 hours to
obtain 1.998 g of a polyethylene-ethylene/propylene
.copolymer-LLDPE block polymer. The number-average
molecular weight (Mn, in terms of PP) of the resulting
polymer was 272,000, Mw/Mn was 1.13, and the propylene
15 content was 6.6 % by mol.

In comparison with the polyethylene-
ethylene/propylene diblock copolymer prepolymer prepared
in Example 41, this polymer was increased in the
molecular weight with keeping a narrow molecular weight

20 distribution, and the ethylene content in the polymer was
increased. From this, it can be seen that a
polyethylene~ethylene/propylene copolymer-LLDPE triblock
copolymer was quantitatively produced. The propylene

content in the third block component (LLDPE portion), as
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calculated from the molecular weight and the propylene

content in the whole polymer, was 7.3 % by mol.

Example 44

5 Polymerization was conducted in the same manner as
in Example 39, except that the catalytic amount was
changed to 0.02 mmol. Thus, 0.800 g of polyethylene (PE)
was obtained. The number-average molecular weight (Mn,
in terms of PP) of the resulting polyethylene was 78,200,

10 and the molecular weight distribution (Mw/Mn) was 1.14.

In this example, after the reaction of ethylene was

conducted at 25°C for 5 minutes, an ethylene gas (20
1/hr) and a bﬁtene gas (80 1/hr) were blown into the
system to perform reaction for 3 minutes. Then, feeding

16 of the mixed gas was stopped, followed by further
reaction for 3 minutes. Then, a small amount of methanol
was added to terminate the reaction, and the reaction
product was introduced into 1 liter of methanol
containing a small amount of hydrochloric acid, followed

20 Dby stirring, to precipitate a polymer. The polymer was
filtered, washed with methanol and vacuum dried at 130°C
for 10 hours to obtain 1.416 g of a polyethylene-
ethylene/butene copolymer block polymer. The number-
average molecular weight (Mn, in terms of PP) of the

25 resulting polymer was 120,600, the molecular weight
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molecular weight and the butene content in the whole

polymer, was 5.6 % by mol.

Example 45

15 In Example 39, after the réaction of ethylene was
conducted at 25°C for 5 minutes, an ethylene gas (20
1/hr) and a butene gas (80 1l/hr) were blown into the
system to perform reaction for 3 minutes. Then, feeding
of the mixed gas was stopped, followed by further

20 reaction for 3 minutes. Subsequently, an ethylene gas
(100 1/hr) was blown into the system to perform reaction
for 1 minute. Then, a small amount of methanol was added
to terminate the reaction, and the reaction product was
introduced into 1 liter of methanol containing a small

25 amount of hydrochloric acid, followed by stirring, to
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fed at 25°C to saturate the liquid phase and the gas

phase. Thereafter, 2.5 mmol (in terms of aluminum atom)
of methylaluminoxane and then 0.01 mmol of the titanium

25 compound (1) were added to initiate polymerization.
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25 ethylene content was 70.9 % by mol.
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[n=5]: 7.41 % by mol

[n26]: 23.23 % by mol
Methylenes of n=3, n=5 and n26 mean that an isolated
10 monomer unit M1 is detected, two continuocus monomer units
Ml are detected, and three or more continuous monomer

units M1 are detected, respectively.

Example 49

15 In a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of dry toluene was placed, and propylene
was passed through the autoclave for 20 minutes at a rate
cf 100 1/hr. Then, the polymerization temperature was
maintained at 25°C, and 5.00 mmol (in terms of aluminum)

20 of methylaluminoxane was added. Subsequently, 0.05 mmol
cof the titanium compound (1) was added, and a mixed gas
of ethylene and propylene (ethylene: 35 1/hr, propylene:
65 1/hr) was passed through, followed by stirring for 3
minutes and 20 seconds. Then, 20 ml of isobutyl alcohol

25 was added to terminate the reaction. Subsequently, 10 ml
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of a 1IN hydrochloric acid aqueous solution was added,
followed by stirring for 30 minutes in a stream of
nitrogen. The polymer solution was poured into 1.5
liters of methanol to precipitate a polymer, followed by
5 stirring for one night by a magnetic stirrer. The
polymer was filtered over a glass filter and dried at
80°C for 10 hours under reduced pressure to obtain 1.19 g
of an ethylene/propylene copolymer. As a result of GPC
analysis, Mn was 25,100, and Mw/Mn was 1.07. As a result

10 of IR analysis, the propylene content was 24.4 $ by mol.

Example 50

In a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of dry toluene was placed, and propylene
15 was passed through the autoclave for 20 minutes at a rate
of 100 1/hr. Then, the polymerization temperature was
maintained at 25°C, and 5.00 mmol (in terms of aluminum)
of methylaluminoxane was added. Subsequently, 0.05 mmol
of the titanium compound (1) was added, and a mixed gas
20 of ethylene and propylene (ethylene: 35 1/hr, propylene:
65 1/hr) was passed through, followed by stirring for 3
minutes and 20 seconds. Then, a mixed gas of ethylene
and propylene having different composition (ethylene: 60
1/hr, propylene: 40 1l/hr) was passed through, followed by

25 stirring for 1 minute and 50 seconds. Thereafter, 20 ml
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of iscobutyl alcohol was added to terminate the reaction.
Subsequently, 10 ml of a 1IN hydrochloric acid aqueous
solution was added, followed by stirring for 30 minutes
in a stream of nitrogen. The polymer solution was poured
5 into 1.5 liters of methanol to precipitate a polymer,

followed by stirring for one night by a magnetic stirrer.
The polymer was filtered over a glass filter and dried at
80°C for 10 hours under reduced pressure to obtain 2.29 g
of an A-B diblock copolymer. As a result of GPC analysis,

10 the number-average molecular weight was 40,600, and Mw/Mn
was 1.09. As a result of IR analysis, the propylene

content was 23.1 % by mol.

Example 51

15 In a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of dry toluene was placed, and propylene

| was passed through the autoclave for 20 minutes at a rate
of 100 1/hr. Then, the polymerization temperature was
maintained at 25°C, and 5.00 mmol (in terms of aluminum)

20 of methylaluminoxane was added. Subsequently, 0.05 mmol
of the titanium compdund (1) was added, and a mixed gas
of ethylene and propylene (ethylene: 35 1l/hr, propylene:
65 1/hr) was passed through, followed by stirring for 3
minutes and 20 seconds. Then, a mixed gas of ethylene

25 and propylene having different composition (ethylene: 60
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1/hr, propylene: 40 l/hr) was passed through, followed by
stirring for 1 minute and 50 seconds. Then, an ethylene
gas was passed through at a rate of 100 1/hr, followed by
stirring for 1 minute and 10 seconds. Thereafter, 20 ml
of isobutyl alcohol was added to terminate the reaction.
Subsequently, 10 ml of a 1N‘hydrochloric acid agqueous
solution was added, followed by stirring for 30 minutes
in a stream of nitrogen. The polymer solution was poured
into 1.5 liters of methanol to precipitate a polymer,
followed by stirring for one night by a magnetic stirrer.
The polymer was filtered over a glass filter and dried at
80°C for 10 hours under reduced pressure to obtain 3.79 g
of an A-B-C triblock copolymer. As a result of GPC
analysis, the number-average molecular weight was 59,000,
and Mw/Mn was 1.11. As a result of IR analysis, the

propylene content was 19.5 % by mol.

Example 52

In a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was placed, and ethylene was
fed to saturate the liquid phase and the gas phase.
Thereafter, 1725 mmol (in terms of aluminum atom) of
methylaluminoxane and then 0.0002 mmol of the titanium
compound (2) were added to initiate polymerization.

After the reaction was conducted at 50°C for 2 minutes in
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an ethylene gas atmosphere at ordinary pressure, a small
amount of methanol was added to terminate the
polymerization. After the polymerization was completed,
to the reaction product were added a small amount of

5  hydrochloric acid and a large amount of methanol to
precipitate the whole polymer, followed by filtration.
The polymer was vacuum dried at 80°C for 10 hours to
obtain 0.213 g of polyethylene (PE). The polymerization
activity was 3.20 kg based on 1 mmol of titanium. The

10 number-average molecular weight (Mn) and the weight-
average molecular weight (Mw) of the resulting PE were

73,300 and 79,900, respectively, and Mw/Mn was 1.08.

Example 53

15 In a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was placed, and ethylene (100
1/hr) and hydrogen (5 1l/hr) were blown into the autoclave
for 10 minutes with sti?ring. Thereafter, 1.25 mmol (in
terms of aluminum atom) of methylaluminoxane and then

20 0.0002 mmol of the titanium compound (2) were added to
initiate ﬁolymerization. After the reaction was
conducted at 50°C for 2 minutes with blowing ethylene and
hydrogen into the autoclave, a small amount of methanol
was added to terminate the polymerization. After the

25 polymerization was completed, to the reaction product
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were added a small amount of hydrochloric acid and a
large amount of methanol to precipitate the whole polymer,
followed by filtration. The polymer was vacuum dried at
80°C for 10 hours to obtain 0.195 g of polyethylene (PE).
S5 The polymerization activity was 2.93 kg based on 1 mmol
of titanium. The number-average molecular weight (Mn)
and the weight-average molecular weight (Mw) of the
resulting PE were 59,500 and 69,700, respectively, and
MQ/Mn was 1.17.
10

Examples 54 - 58

Polymerization was conducted in the same manner as
in Example 53, except that the catalytic amount, the feed
rate of hydrogen and the polymerization time were changed

15 as shown in Table 3. The polymerization activity,
molecular weight of the resulting polymer and molecular
weight distribution are set forth in Table 3. With
increase of the amount of hydrogen, the molecular weight
of the fesulting polymer was decreased, and even when the

20 polymerization time was prolonged, the molecular weight
cf the resulting polymer was hardly increased. From this,
it can be seen that hydrogen functioned as a chain
transfer agent. Even when the polymerization time was
prolonged, the polymerization activity was not lowered.

25 From this, it can be seen that polymerization was further
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promoted by the active species produced by the chain

transfer reaction.
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Example 59

In a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was placed, and ethylene was
fed to saturate the liquid phase and the gas phase.

5 Thereafter, 1.25 mmol (in terms of aluminum atom) of
methylaluminoxane, 0.08 mmol of diethylzinc and then
0.002 mmol of the titanium compound (2) were added to
initiate polymerization. After the reaction was
conducted at 50°C for 2 minutes in an ethylene gas

10 atmosphere at ordinary pressure, a small amount of
methanol was added to terminate the polymerization.
After the polymerization was completed, to the reaction
product were added a small amount of hydrochloric acid
and a large amount ¢f methanol to precipitate the whole

15 polymer, followed by filtration. The polymer was vacuum
dried at 80°C for 10 hours to obtain 0.209 g of |
polyethylene (PE). The polymerization activity was 3.14
kg based on 1 mmol of titanium. The number-average
molecular weight (Mn) and the weight-average molecular

20 weight (Mw) of the resulting PE were 51,500 and 70, 300,

respectively, and Mw/Mn was 1.37.

Examples 60 - 62

Polymerization was conducted in the same manner as

25 in Example 59, except that the amount of diethylzinc and
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the polymerization time were changed as shown in Table 4.
The polymerization activity, molecular weight of the
resulting polymer and molecular weight distribution are
set forth in Table 4.
5 With increase of the amount of the zinc compound,
the molecular weight of the resulting polymer was
| decreased, and even when the polymerization time was
prolonged, the molecular weight of the resulting polymer
was hardly increased. From this, it can be seen that the
10  zinc compound functioned as a chain transfer agent. Even
when the polymerization time was prolonged, the
polymerization activity was not lowered. From this, it
can be seen that polymerization was further prbmoted by
the active species produced by the chain transfer

15 reaction.
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Example 63

In a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was placed, and ethylene was
fed to saturate the liquid phase and the gas phase.

5 Thereafter, 1.25 mmol (in terms of aluminum atom) of
methylaluminoxane and then 0.002 mmol of the titanium
compound (3) were added to initiate polymerization.
After the reaction was conducted at 50°C for 10 minutes
in an ethylene gas atmosphere at ordinary pressure, a

10 small amount of methanol was added to terminate the
polymerization. After the polymerization was completed,
to the reaction product were added a small amount of
hydrochloric acid and a large amount of methanol to
precipitate a polymer. The polymer was filtered, washed

15 with methanol and vacuum dried at 80°C for 10 hours to
obtain 0.247 g of polyethylene (PE). The polymerization
activity was 0.74 kg based on 1 mmol of titanium. The
number-average molecular weight (Mn) and the weight-
average molecular weight (Mw) of the resulting PE were

20 88,500 and 98,800, respectively, and Mw/Mn was 1.12.

Example 64

Polymerization was conducted in the same manner as
in Example 63, except that the amount of the titanium

25 compound (3) was changed to 0.001 mmol and the
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polymerization time was changed to 15 minutes. Thus,
0.161 g of polyethylene (PE) was obtained. The
polymerization activity was 0.64 kg based on 1 mmol of
titanium. The number-average molecular weight (Mn) and

5 the weight-average molecular weight (Mw) of the resulting
PE were 145,000 and 167,000, respectively, and Mw/Mn was

1.15.

Comparative Example 1

10 In a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was placed, and ethylene was
fed to saturate the liquid phase and the gas phase.
Thereafter, 1.25 mmol (in terms of aluminum atom) of
methylaluminoxane and then 0.0005 mmol of zirconocene

15 dichloride were added to initiate polymerization. After
the reaction was conducted at 25°C for 0.5 minute in an
ethylene gas atmosphere at ordinary pressure, a small
amount of methanol was added to terminate the
polymerization. After the polymerization was completed,

20 to the reaction product were added a small amount of
hydrochloric acid and a large amount of methanol to
precipitate the whole polymer, followed by filtration
over a glass filter. The polymer was vacuum dried at
80°C for 10 hours to obtain 0.229 g of polyethylene (PE).

25 The polymerization activity was 55.0 kg based on 1 mmol
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of zirconium. The number-average molecular weight (Mn)

of the resulting PE was 114,000, and Mw/Mn was 1.99,.

Comparative Example 2

Polymerization was conducted in the same manner as
in Comparative Example 1, except that the polymerization
time{was changed to 1 minute. Thus, 0.433 g of
polyethylene (PE) was obtained. The polymerization
activity was 52.0 kg based on 1 mﬁol of zirconium. The
number-average molecular weight (Mn) of the resulting PE

was 136,000, and Mw/Mn was 2.26.

Comparative Example 3

Polymerization was conducted in the same manner as

in Comparative Example 1, except that 0.00025 mmol of the

titanium compound (9) was used instead of the zirconium

compound and the polymerization time was changed to 1

minute. Thus, 0.253 g of polyethylene (PE) was obtained.

The polymerization activity was 60.7 kg based on 1 mmol
of titanium. The number-average molecular weight (Mn)
and the weight-average molecular weight (Mw) of the
resulting PE were 184,000 and 370,000, respectively, and

Mw/Mn was 2.01.

Comparative Example 4

N
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Polymerization was conducted in the same manner as
in Comparative Example 1, except that 0.0005 mmol of the
titanium compound (10) was used instead of the zirconium
compound and the polymerization time was changed to 1
minute. Thus, 0.267 g of polyethylene (PE) was obtained.
The polymerization activity was 32.0 kg based on 1 mmol
of titanium. The number-average molecular weight (Mn)
and the weight-average molecular weight (Mw) of the
resulting PE were 129,000 and 229,000, respectively, and

Mw/Mn was 1.78.

Comparative Example 5

In a 100 ml reactor thoroughly purged with nitrogen,
50 ml of toluene was placed. The system was cooled to
0°C, and ethylene was fed to saturate the liguid phase
and the gas phase. Thereafter, 0.0125 mmol of
dimethylaniliniumtetrakis (pentafluorophenyl)borate and
then 0.0125 mmol of the hafnium compound (11) were added
to initiate polymerization. After the reaction was
conducted at 0°C for 1 minute in an ethylene atmosphere
at ordinary pressure, a small amount of methanol was
added to terminate the polymerization. The reaction
product was introduced into a large amount of methanol to
precipitate a polymer. The polymer was filtered, then

washed with methanol and vacuum dried at 80°C for 10
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5 Comparative Example 6

Polymerization was conducted in the same manner as
in Comparative Example 5, except that the amount of the
hafnium compound (11) and the amount of the
dimethylaniliniumtetrakis (pentafluorophenyl)borate were

10 each changed to 0.005 mmol and the polymerization
-temperature was changed to 50°C. Thus, 0.148 g of
polyethylene (PE) was obtained. The number-average
molecular weight (Mn) of the resulting PE was 98,800, and
Mw/Mn was 1.91.
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gﬁ—z Distance (r(HB—Z)) and electrostatic interaction

energy (ESPLQB—Z) of each catalyst

Compound (1) (4) (5) (8) (9) (10)
r(HB-2) (A) |2.275 | 2.329 | 2.234 | 2.498 | 2.246 | 4.812
ESp (HB-2) -37.1 | -41.1 | -42.9 | =33.1 | -12.0 | -10.2

(KJ/mol)

20
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10 is polyethylene, high-density polyethylene, linear low-
density polyethylene, polypropylene, polybutene, a
copolymer of ethylene and at least one olefin selected
from olefins of 3 to 20 carbon atcms, dienes and
cycloolefins, or a copolymer of propylene and at least

15 one olefin selected from olefins of 4 to 20 carbon atoms,

dienes and cycloolefins.

3. The olefin polymer as claimed in claim 1, which
is a polymer of ethylene and has a number-average

20 molecular weight of not less than 110, 000.

4. The olefin polymer as claimed in claim 1, which
is a polymer of at least one olefin selected from olefins
of 3 to 20 carbon atoms and has a melting point of not

25 lower than 70°C.
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16 continuously changes in the polymer chain.

8. The olefin polymer as claimed in claim 7, which
has Mw/Mn (Mw: weight-average molecular weight, Mn:
number—average molecular weight) of not more than 2.5.

20

9. The olefin polymer as claimed in claim 8, which
is a copolymer of ethylene and at least one olefin
selected from olefins of 3 to 20 carbon atoms and has an
ethylene content of not less than 30 % by mol.

25
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15  monomer unit Mj; and the monomer unit M1 are adjacent to
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which the monomer unit M2 and the monomer unit M2 are

adjacent to each other.

20 11. The olefin polymer as claimed in claim 10,
which has Mw/Mn (Mw: weight-average molecular weight, Mn:

number-average molecular weight) of not more than 2.5.

12. The olefin polymer as claimed in claim 11,

25 wherein an isolated monomer unit M] and a sequence of two
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and a sequence of three or more continuous monomer units

M1 are both detected in the polymer chain by means of

13c-NMR.

10 14. The olefin polymer as claimed in any one of

claims 11 to 13, wherein the monomer unit M7 is an

ethylene unit.

15. The olefin polymer as claimed in any one of
15 claims 11 to 14, wherein a sequence of two or more
continuous methylene groups is detected by means of 13c-
NMR, and a sequence of two consecutive methylene groups
and a sequehce of three or more consecutive methylene
groups are both detected.
20
16. An olefin polymer which is a block copolymer
comprising:
(i) a polymer block obtained from at least one

olefin selected from olefins of 2 to 20 carbon atoms, and
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(11) a polymer block that is obtained from at least
one olefin selected from olefins of 2 to 20 carbon atoms

and is different from the polymer block (i).

5 17. The olefin polymer as claimed in claim 16,
which comprises two or more polymer blocks, adjacent
t polymer blocks of which are different from each other,
and has Mw/Mn (Mw: weight-average molecular weight, Mn:
number-average molecular weight) of not more than 2.5.
10
18. The olefin polymer as claimed in claim 17,
which is a diblock copolymer comprising two polymer
blocks and has Mw/Mn (Mw: weight-average molecular weight,
Mn: number-average molecular weight) of less than 1.35.
15
19. The olefin polymer as claimed in claim 17,
which is a triblock copolymer comprising three polymer

blocks and has Mw/Mn of less than 1.80.

20 20. The olefin polymer as claimed in claim 17,
which is a multiblock copolymer comprising four or more

polymer blocks and has Mw/Mn of less than 2.00.

21. The olefin polymer as claimed in claim 17,

25 wherein the polymer block is selected from polyethylene,
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high-density polyethylene, linear low-density
polyethylene, a copolymer of ethylene and at least one
olefin selected from olefins of 3 to 20 carbon atoms,
dienes and cycloolefins, atactic polypropylene, isotactic
polypropylene, syndiotactic polypropylene, a copolymer of
propylene and at least one olefin selected from olefins
of 4 to 20 carbon atoms, dienes and cycloolefins, and the

olefin polymer of claim 11.

22. The olefin polymer as claim in claim 17, which
is a diblock copolymer comprising two polymer blocks
selected from polyethylene, high-density polyethylene,
linear low-density polyethylene, an ethylene/propylene
copolymer, an ethylene/butene copolymer, an
ethylene/hexene copolymer, an ethylene/octene copclymer,
atactic polypropylene, syndiotactic polypropylene, a
propylene/butene copolymer and a propylene/hexene

copolymer.

23. The olefin polymer as claim in claim 17, which
is a triblock copolymer comprising three polymer blocks
selected from polyethylene, high-density polyethylene,
linear low-density polyethylene, an ethylene/propylene
copolymer, an ethylene/butene copolymer, an

ethylene/hexene copolymer, an ethylene/octene copolymer,
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atactic polypropylene, syndiotactic polypropylene, a
propylene/butene copolymer and a propylene/hexene

copolymer.

24. The olefin polymer as claimed in claim 17,
which is a block copolymer comprising a polymer block
selected from the following polymer blocks (a), (b) and
(c):

(a) a polymer block obtained from ethylene,

(b) a pqumer block obtained from one a-olefin
selected from a-olefins of 3 to 20 carbon atoms, and

- (c) a polymer block obtained from two or more o-—

olefins selected from a-olefins of 2 to 20 carbon atoms.

25. The olefin polymer as claimed in claim 24,
which contains at least one of the polymer block (a)
having a number-average molecular weight of 110,000 to
10,000,000 and Mw/Mn (Mw: weight-average molecular weight,

Mn: number-average molecular weight) of not more than 1.5.

26. The olefin polymer as claimed in any one of
claims 1 to 25, which has a functional group at the

terminal of the main chain.
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27. A molded product comprising the olefin polymer

of any one of claims 1 to 26.

28. A process for preparing an olefin polymer,
comprising polymerizing an olefin of 2 to 20 carbon atoms
in the presence of an olefin polymerization catalyst
comprising a transition metal compound which is
represented by the following formula (I) and has
properties that, in a P-agostic structure of a cationic
complex wherein one of X in the formula (I) is replaced
with a n-propyl group, said structure being measured by a
density functional method, the distance between the
heterocatom, which has no direct bond to the central metal
M and is nearest to the central metal M, and hydrogen at
the B-position is not more than 3.0 A and the
electrostatic energy is not more than 10 kJ/mol, to
prepare the olefin polymer of claim 1, 7, 10 or 16;

LmMXn (I)
wherein M is a transition metal atom selected from Group
3 to Group 11 of the periodic table,

m is an integer of 1 to 5,

n is a number satisfying a valence of M,

L is a ligand coordinated to the central metal M and
is a ligand having a heteroatom which has no direct bond

to the central metal M, and



10

15

20

SF-714 (PCT)

291

X is an oxygen atom, a hydrogen atom, a halogen atom,
a hydrocarbon group, an oxygen-containing group, a
sulfur-containing group, a nitrogen-containing group, a
boron-containing group, an aluminum-containing group, a
phosphorus-containing group, a halcgen-centaining group,
a heterocyclic compound residue, a silicon-containing
group, a germanium-containing group or a tin-containing
group, and when n is 2 or greater, plural groups
indicated by X may be the same or different, and plural

groups indicated by X may be bonded to form a ring.

29. A process for preparing an olefin polymer,
comprising polymerizing an olefin of 2 to 20 carbon atoms
in the presence of an olefin polymérization catalyst
comprising a transition metal compound which is
represented by the following formula (IT-a) or (II-b) and
has properties that, in a P-agostic structure of a
cationic complex whefein one of X in the formula (II-a)
or (II-b) is replaced with a n-propyl group, said
structure being measured by a density functional method,
the distance between the heterqatom, which has no direct
bond to the central metal M and is nearest to the central
metal M, and hydrogen at the B-position is not more than

3.0 A and the electrostatic energy is not more than 10
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kJ/mol,.to prepare the olefin polymer of claim 1, 7, 10

or 16;

e (II-a)

wherein M1 is a transition metal atom selected from Group
3 to Group 11 of the periodic table,

m is an integer of 1 to 5,

Q is a nitrogen atom or a carbon atom havihg a
substituent R2,

A is an oxygen atom, a sulfur atom, a selenium atom
or a nitrogen atom having a substituent R2,

Rl is a hydrocarbon group having one or more
heterocatoms or a hydrocarbon group having one or more
heteroatom-containing groups,

RZ to RO may be the same or different and are each a
hydrogen atom, a halogen atom, a hydrocarbon group, a
hydrocarbon-substituted silyl group, an oxygen-containing
group, a nitrogen-containing group, a sulfur-containing
group, a boron-containing group, an aluminum-containing
group, a phosphorus-containing group, a halogen-
containing group, a heterocyclic compound residue, a
silicon-containing group, a germanium-containing group or

a tin-containing group, two or more of RZ2 to RS may be
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X is an oxygen atom, a hydrogen atom, a halogen atom,

a hydrocarbon group, an oxygen-containing group, a
sulfur-containing group, a nitrogen-containing group, a

10 boron-containing group, an aluminum-containing group, a
phosphorus-containing group, a halogen-containing group,
a heterocyclic compound residue, a silicon-containing
group, a germanium-containing group or a tin-containing
group, and when n is 2 or greater, plural groups

16 indicated by X may be the same or different, and plural

groups indicated by X may be bonded to form a ring;

20

e (II-Db)

wherein M1 is a transition metal atom selected from Group
3 to Group 11 of the periodic table,

25 m is an integer of 1 to 5,
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Y is a nitrogen atom or a phosphorus atom,

U is a carbon atom having a substituent R®, a
nitrogen atom or a phosphorus atom,

Q is a carbon atom having a substituent R7, a
nitrogen atom or a phosphorus atom,

S is a carbon atom having a substituent RS,

V)

nitrogen atom or a phosphorus atom,

T is a carbon atom having a substituent R9, a
nitrogen atom or a phosphorus atom,

Rl is a hydrocarbon group having at least one
heterocatom or a hydrocarbon group having at least one
heteroatom-containing group,

R6 to RY may be the same or different and are each a
hydrogen atom, a halogen atom, a hydrocarbon group, a
hydrocarbon-substituted silyl group, an oxygen-containing
group, a nitrogen-containing group, a sulfur-containing
group, a boron-containing group, an aluminum-containing
group, a phosphorus-containing group, a halogen-
containing group, a heterocyclic compound residue, a
silicon-containing group, a germanium-containing group or
a tin-containing group, two or more of R® to RY may be
bonded to form a ring, and when m is 2 or greater, Rls,
R6s, R7s, R8s and RIs may be the same or different, and

one group of R® to RY contained in one ligand and one
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group of R® to RY contained in other ligands may be
bonded,

n is a number satisfying a valence of M1, and

X 1s an oxygen atom, a hydrogen atom, a halogen atom,

a hydrocarbon group, an oxygen-containing group, a
sulfur-containing group, a nitrogen-containing group, a
boron-containing group, an aluminum-containing group, a
phosphorus-containing group, a halogen-containing group,
a heterocyclic compound residue, a silicon-containing
group, a germanium-containing group or a tin-containing
group, and when n is 2 or greater, plural groups
indicated by X may be the same or different, and plural

groups indicated by X may be bonded to form a ring.

30. A process for preparing an olefin polymer,
comprising polymerizing an olefin of 2 to 20 carbon atoms
in the presence of an olefin polymerization catalyst
comprising a transition metal compound which is
represented by the aforesaid formula (II-a) or (II-Db)
wherein Rl is an aromatic hydrocarbon group, an aliphatic
hydrocarbon group or an alicyclic hydrocarbon group,
selected from a phenyl group having, at at least one
position of the 2-position and the 6-position, when the
position of the carbon atom bonded to nitrogen is the 1-

position, one or more substituents selected from a
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halogen atom and a halogen-containing group, or a phenyl
group having, at at least one position of the 3-position,
the 4-position and the 5-position, at least one
substituent selected from a fluorine-containing group
having one carbon atom and not more than two fluorine
atoms, a fluorine-containing group having two or more
carbon atoms, a chlorine atom, a bromine atom, an iodine
atom, a chlorine-containing group, a bromine-containing
group and an iodine-containing group, an aromatic
hydrocarbon group other than a phenyl group having at
least one substituent selected from a halogen atom and a
halogen-containing group, an aliphatic hydrocarbon group
having at least one substituent selected from a halogen
atom and a halogen—containing.group, or an alicyclic
hydrocarbon group having at least one substituent
selected from a halogen atom and a halogen-containing
group, to prepare the olefin polymer of claim 1, 7, 10 or

le6.

31. A process for preparing an olefin polymer,
comprising polymerizing an olefin of 2 to 20 carbon atoms
in the presence of an olefin polymerization catalyst
comprising a transition metal compound which is
represented by the aforesaid formula (II-a) or (II-b)

wherein, when the position of the carbon atom bonded to
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nitrogen is the l-position, Rl is a halogen-containing
hydrocarbon group of 1 to 30 carbon atoms selected from a
phenyl group having, at at least one position of the 2-
position and the 6-position, one or more substituents

5 selected from a halogen atom and a halogen-containing
group,

a phenyl group having, at at least one position of
the 3-position, the 4¥position and the 5-position, at
least one substituent selected from a fluorine-containing

10 group having one carbon atom and not more than two
fluorine atoms, a fluorine-containing group having two or
more carbon atoms, a chlorine atom, a bromine atom, an
iodine atom, a chlorine-containing group, a bromine-
containing group and an iodine-containing group,

15 an aromatic hydrocarbon group other than a phenyl
group having at least one substituent selected from a
halogen atom and a halogen-containing group,

an aliphatic hydrocarbon group having at least one
substituent selected from a halogen atom and a halogen-

20 containing group,

and an alicyclic hydrocarbon group having at least
one substituent selected from a halogen atom and a
halogen-containing group, to prepare the olefin polymer
of claim 1, 7, 10 or 16.

25
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32. A process for preparing an olefin polymer,
comprising polymerizing an olefin of 2 to 20 carbon atoms
in the presence of an olefin polymerization catalyst
comprising a transition metal compound which is
represented by the following formula (III), to prepare

the olefin polymer of claim 1, 7, 10 or 16;

R10

... (I1I1)

wherein Ml is a transition metal atom selected from Group
4 to Group 5 of the periodic table,

m is 1 or 2,

R10 is an aromatic hydrocarbon group, an aliphatic
hydrocarbon group'ér an alicyclic hydrocarbon group, when
R10 ig a phenyl group and the position of the carbon atom
bonded to nitrogen is the l-position, this phenyl group
has, at at least one position of the 2-position and the
6-position, one or more substituents selected from a
heterocatom and a heterocatom-containing group, or has, at
at least one position of the 3-position, the 4d~-position
and the 5-position, at least one substituent selected

from a heteroatom other than a fluorine atom, a fluorine-
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containing group having one carbon atom and not more than
two fluorine atoms, a fluorine-containing group having
two or more carbon atoms, and a group containing a
heterocatom other than a fluorine atom, and when R10 is an
aromatic hydrocarbbn group other than a phenyl group, an
aliphatic hydrocarbon group or an alicyclic group, this
group has at least one substituent selected from a
heteroatom and a heterocatom-containing group,

R1l to r14 may be the same or different and are each
a hydrogen atom, a halogen atom, a halogen-containing
group, a hydrocarbon group, a hydrocarbon-substituted
silyl group, an oxygen-containing group, a nitrogen-
containing group or a sulfur—cdntaining group,

R15 is a halogen atom, a halogen-containing group, a
hydrocarbon group or a hydrocarbon-substituted silyl
group,

n is a number satisfying a valence of M, and

X is an oxygen atom, a hydrogen atom, a halogen atom,
a hydrocarbon group, an oxygen-containing group, a
sulfur-containing group, a nitrogen-containing group, a
boron-containing group, an aluminum-containing group, a
phosphorus-containing group, a halogen-containing group,
a heterocyclic compound residue, a silicon-containing
group, a germanium-containing group or a tin-containing

group, and when n is 2 or greater, plural groups
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indicated by X may be the same or different, and plural

groups indicated by X may be bonded to form a ring.

33. The process for preparing an olefin polymer as
claimed in claim 32, wherein the transition metal
compound is a compound of the aforesaid formula.(III)
wherein, when the position of the carbon atom bonded to
nitrogen is the l-position, R0 is a halogen-containing
hydrocarbon group of 1 to 30 carbon atoms selected from a
phenyl group having, at at least one position of the 2-
position and the.6~position, one or more substituents
selected from a halogen atom and a halogen-containing
group, a phenyl group having, at at least one position of
the 3-position, the 4-position and the S5-position, at
least one substituent selected from a fluorine-containing
group having one carbon atom and not more than two
fluorine atoms, a fluoriné~containing group having two or
more carbon atoms, a chlorine atom, a bromine atom, an
iodine atom, a chlorine-containing group, a bromine-
containing group and an iodine-containing group, an
aromatic hydrocarbon group other than a phenyl group
having at least one substituent selected from a halogen
atom and a halogen-containing group, an aliphatic
hydrocarbon group having at least one substituent

selected from a halogen atom and a halogen-containing
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group, and an alicyclic hydrocarbon group having at least
one substituent selected from a halogen atom and a

halogen-containing group.

34. A process for preparing an olefin polymer,
comprising poiymerizing an olefin of 2 to 20 carbon atoms
in the presence of an olefin polymerization catalyst
comprising the transition metal compound of claim 32, to

prepare the olefin polymer of claim 7, 10 or 16.

35. A process for preparing an olefin polymer,
comprising polymerizing ah olefin of 2 to 20 carbon atoms
in the presence of an olefin polymerization catalyst
comprising the transition»metal compound of any one of
claims 28 to 34 to prepare a polymer and then bringing
the polymer into contact with a functional group-
containing compound to prepare an olefin polymer having a

functional group at the terminal.

36. A process for preparing an olefin polymer,
comprising polymerizing at least two olefins which are
selected from olefins of 2 to 20 carbon atoms and have
different polymerization reactivities, in the presence of
an olefin polymerization catalyst comprising the

transition metal compound of any one of claims 28 to 34
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to prepare a tapered polymer containing a segment wherein

composition of two or more monomers continuously changes.

37. A process for preparing an olefin polymer,
comprising conducting the following step (1), the
following step (2), and cptionally, the following step
(3) of an arbitrary number of times, to Prepare a block
copolymer having a structure wherein plural polymer
blocks are bonded;

(1) a step of polymerizing at least one olefin
selected from olefins of 2 to 20 carbon atoms in the
presence of an olefin polymerization catalyst comprising
the transition metal compound of any one of claims 28 to
34 to prepare a polymer block,

(2) a step of polymerizing at least one olefin
selected from olefins of 2 to 20 carbon atoms in the
presence of the polymer block prepared in the step (1) to
prepare a polymer block which is different from the
polymer block prepared in the step (1), and

(3) a step of polymerizing at least one olefin
selected from olefins of 2 to 20 carbon atoms in the
presence of the polymer block prepared in the step (1)
and the polymer block prepared in the step (2) to prepare
a polymer block which is different from the polymer

blocks prepared in the previous step.
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38. A process for preparing an olefin polymer,
comprising preparing a tapered polymer or an olefin block
copolymer by the process of claim 36 or 37 and then
bringing the (co)polymer into contact with a functional
group-containing compound to prepare a tapered polymer or
an olefin block copolymer having a functional group at

the terminal.

39. A process for preparing an olefin polymer,
comprising pdlymerizing an olefin in the presence of a
polymerization catalyst which promotes living
polymerization of an olefin and further conducting olefin
polymerization by the use of a catalyst obtained by
cleaving a bond produced in the system between the
catalyst and the resulting polymer chain by means of

chain transfer reaction.

40. The process for preparing an olefin polymer as
claimed in claim 39, wherein the chain transfer reaction
is promoted by the use of at least one compound selected
from hydrogen, an organocaluminum compound, an organoboron
compound, an organozinc compound, an organosilicon
compound, an organocadmium compound and an organolead

compound.
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41. The process for preparing an olefin polymer as

claimed in claim 39 or 40, wherein the olefin

polymerization catalyst is the catalyst of any one of

claims 28 to 34.

42. The process for preparing an olefin polymer as
claimed in claim 39 or 40, wherein the olefin
polymerization catalyst is the catalyst of any one of
claims 28 to 34, and the olefin polymer, the tapered
polymer or the olefin block copolymer of claim 1, 7, 10

or 16 is prepared.

43. The process for preparing an olefin polymer as
claimed in claim 39, wherein at least one polymer of the
olefin polymer obtained before the chain transfer
reaction and the olefin‘polymer obtained after the chain
transfer reaction is the tapered polymer or the olefin

block copolymer of claim 7, 10 or 16.

44, The process for preparing an olefin polymer as
claimed in claim 39, wherein the olefin polymer obtained
before the chain transfer reaction and the olefin polymer

obtained after the chain transfer reaction are each the
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tapered polymer or the olefin block copolymer of claim 7,

10 or 16.



