10 June 2005 1 TITLE OLEFIN POLYMER AND PROCESS FOR PREPARI NG THE SAME .
TECHNI CAL FIELD 5 The present invention relates to olefin polyners and
processes for preparing the sanme. Mre particularly, the hnve son rel at es
to an ol efin pol ymer having an extremely narrow nol ecul a7 Vﬁﬁ%ﬁﬁ
distribution, an olefin polymer containing two kinds of specific polyner
bl ocks, 10 the above-nenti oned olefig pol ynmers having a functional group
at the termnal, a block copolymer, and processes for preparing these
ol efin polynmers. BACKGROUND ART 15 Pol yners havi ng narrow nol ecul ar wei ght
di stribution and specific nolecular weight, polynmers having a functional
group introduced at the term nal ahiifbfock polyners having different
'segnments bonded to each other exhibit various useful properties, so that
they are ver§LEDIN npOLYMBR ANDNPROIESS | FOR heR BEARENG CrivE ewpoint but al so
the industrial viewpoint. It is generally well known that in the production
- of polynmers having such specific structures, living polynerization
wherein neither termnation reaction nor 10 June 2005 2 chain transfer

reaction substantially takes Jd@oerchur imoELD )

5 Thelprésent 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 pelymer glocks,

10 the above-mentioned olefin polymers having a functional
gf?qp.at the terminal, a block copolymer, and processeé

for preparing these olefin polymers.

BACKGRQUQD-ART
15 ‘ Polymers having narrow molecular weighf distribufion
aﬁd specific molecular weight, polymers having a
functional group introduged at-the terminal and bléck
- polymers haﬁingrdiffefent segments bonded to eaéh.ofhér
exhibit various useful properties, so thaf they are very
- 20 important from not only the academic viewpoint but alSd
N : . :
the industrial Viewpoint;
It is genetally well known that in thé production 6f
polymers. having suéh specific structures, liviné,

polymerization wherein neither termination reaction nor.




the polynerization is effective. However, if the polynerization is carried
out under usual conditions using a Ziegler catalyst or a 5 netall ocene
catalyst that is generally used as an olefin .polynmerizaty pn.cahal yst to
produce pol yners having the -above specific structures chal n transfer
reactions of the glow ng polyner chains frequently take place, and it is
very difficult to produce olefin polyners by living 10 pol yneri zation. For
exanple, it has been nade cl ear by anéﬂyses of nol ecul ar wei ght

di stri.-bution, conposition distribution, etc. that when a bl ock copol yner
is intended to be synthesized using a known catal yst system a m xture of

honopol ymerhaid tﬁ@@@ﬂéﬁoﬁ@é&ﬂﬁénl§uB§QQHE§Qlith§§89rBlaé'e h%ﬁn tta

Cat al yst and Pol yneri zati on” Academ c Press ch
circunstanﬁ&sdm§p@mefgg@fg@me§soéffégtgge_poIynerrzatron of oIefrns have
been reported. For exanple, living polynerization of propylene 20 using a

speci fic vanadingnsadal yst has éf—.@?&%fﬁn b¥]§” L,i84 & Outhtﬂgﬁér

(Macronol ecul es, vol . 19, p. 2896, 1986 S process an

extrenelydgﬂgjxgdﬂgﬂﬂgggéqﬂs S erature of -78C to
“40C is necessary, and the pb‘?ggfégé.t%% %% 7 y ?5 everal 25 tens

g- pol yger faml riMeand d5: 1y %%ﬁ9QHH¥€ égheraffgeugg 5as3a§aéigf§gtory

Further, the polymer type ich can b .
polymerization catalyst to produce polymers having the

above speeific structures, chain transfer reactions of
the glowing polyﬁer chains frequently take place, and it
is very difficult to produce olefin polymers by living
10 polymerization. For example, it has been made clear.by
aeelyses of molecular weightgdistribution, compesition
distribution, etct that when a block copolymer is
intended to be syntﬁesized using a knownecatalyst system,
a mixture of homopolymer and random copolymer is produced
15 | (Boor, "Ziegler-Natta Catalyst and Polymerization",
Academic Press Co., 1979).
Undé; such circumstances,_some researches of liviﬁg
polymerization of olefins have been'repqrted.
‘For example, living polymerizetion of ﬁiopylene
20 %sing a specific vanadium catalyst has been reported by
Doi, et al. (Macremolec_ﬁles, vél. 19, -p.‘ -2896, 1986). In
this process, hewever, 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




synthesized is restricted to pol ypropyl ene or a propyl ene/ethyl ene
copol ymer having a | ow ethylene content (not nore than 50 % by nol), and.

it isdifficult 5 to produce conmercially useful polyekpxh%qﬁmgnd et hyl ene
copolynmers by living pol ynerization. Mreover, there is a problem of |ow
stereoreqgularity (racemc diad: not nore than 0.8) of the resulting

pol ypropyl ene, and hence this process is industrially insufficient. 10
Brookhart, et al. and McConvill, et aB. have reported living

pol yneri zati on of higher x-olefins such as propylene and 1-hexene with
specific nickel conmplex or titanium conplex (Journal of American Chem cal

Soci ety, satdlsfaki®rip. Fle64erl998e JournRl- @f, AMelican em.cal 15
Soci ety, vol. 118, p. 10008, 1996). §|S§%?ﬁ tﬁ?@ ppggggggn'E%Vftenperature

pol ymer i zatiter satzc temerature &f ot 1:9!535 1 OC.Is necessary in many
cases, and the resulting polyner hasggﬁq}ta thc st ricture havi ng no

stereoreggb%@QFﬁe/@QHyﬁéﬂé d&p%ﬁydggfﬂéQﬂ&gté)ﬁ&@%ﬁﬁﬁggﬁrfolyethylene or

an et hyl ene polyner by |iving ynerizati‘on using tkel conpl ex or

t he titaBEHEbn%OqRE%Xmo%%g%haﬁh%%n%’%@{gﬁhacgg%g%ihgﬂ%ggfg%gél inthis

pol ymeri zati on. of propylene using a _
Process, £BN,EXLeTel Yol L STREr QLure such 23,49 Jung 2008, 4 3 Lemperature

of -78C to I'S necessary,
| copolymers by living polymerization. Moreover, there is
a problem of low stereoregularity (racemic diad: not more
than 0.8} of the.resulting polypropylene, and hence this
process is industrially insufficient. -
10 Brookhart, et al-.and McConvill, et al. have
‘.r?Ported living polymeriiation of higher a-olefins such
' as propylene and l-hexene with specific nickel cemplex or
titanium complex_(Journél of American Chemical Séciety,
vol. 118, p. 11664, 1996, Journal of American Chemical
15. Society, vol. 118, p. 10008, 1996). Also in this précess,
10w—temperature polymerization at a temperaturé of not |
higher than 0°C is necessary in many cases; and the
resulting polymer has an atactip structuﬁe having no
'stereo;egularity- Moreover, it is diffiéﬁfé td produce'
20 polyethylene or an ethylene polymer by living
~ ) -
'polymerization using the nickel complex or the titanium
com@lex. |
Soga, Shiono,_et.al. have studied living
polymerization. of propylene using a metaliocene catalyst,

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




| evel s of polynerization activity and nol ecul ar weight of the resulting
polynmer are | ow (Macronol ecule, vol. 31, p. 3184, 1998, Macronol ecul e
Rapi d Communi cation, vol. 20, p. 5 637, 1999). As a sygtihssbgoof

pol yet hylene by living polynerization, ,that is generally said be
difficult, Nakanmura, et al. have reported a process of using a niobiumor
tant al um conpl ex, and Yasuda, et al. have 10 reported a process of using a
samari um conpl ex. In these processes4 however, there are defects that the
activity is low, the nolecular weight of the resulting polyethylene is
limted.to about 100,000, and copol ynerization of conononers other than

et hyl ene d stfpd nfaasd b e (Jouwr nad 0fo AFer i cax Lgal jSgciety, vol. 115,
p. 10990, 1993). As asynthesis of a bl ock poﬁ%ﬁ?gﬁgi n%§§i #Eérent

segnent s 1konded 410 ots . .., 0 i speci fic. netall ocene
catal yst has been rgg%?rﬁt[ ed%t?ﬁﬁﬁﬁﬁ%a%nﬁﬁg%gﬁ%ﬁ%%%95}'1 9‘%91/ 12285,

V094 217080 -dnithiss; RIOGRRS: hawewst  (rhie agtiaL Ly T Lpw Jand low

tenperature polyneri zation (-10C to 0C) is ‘essentia r,Prt is

descri begtghat tdgy blypeki [ €l s~ _decreased to | ess than 10 % by
i ncreasing the 25 pol yrrer%%%%f% gﬁn%%%%t%?%m?lalﬁ@ Loty Vhits &feodnt, 10
Junef?00%37§ ﬁ@@@gqtion of a block copolyner at an industrially

As a synthesis of polyethylene by living
polymerization, that is generally said be difficult,
Nakamura, et al..have reported a process of using a
niobium or tantalum complex, and Yasuda, et al. have

10  reported a process of using a samarium complex. In these
p¥9cesses, hqwever,_there are defects that the activity
is low, the molecular weightroﬁ the resulting
polyethylehe'isrlimited to about 100,000, and
copolymerization -of comonomers 6ther than'eth&lene is

15 infeasible (Journal of American.Chemical-Society, %ol.
115, p. 1099b, 1993).

As a synthesis of a block polymer haVing different
segments bonded to each other, a process;of using a

VSpecific metallocene catalyst has been rébggted |
20  (International Patent Publication WO91/12285, W094/21700).

In this process, however, thedactivity'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,




usual |y used pol ynerization tenperature (50C to 75C) is inpossible. A so
in case of |owtenperature polymerization, the nolecul ar weight
distribution (Mv M), 5 that is an indication of |ivingggghysgsd zability,
of the block copolymer is not Iess than 1.35 and is not narrow, so that
this polynerization is not living polynerization sufficiently controlled.
- Therefore, nost of the products contain |arge anmounts of non-bl ock

pol ynmers as by 10 products, and fractiofation to renove the unnecessary
polymers is essential as a post treatnent. Thus, there are many industrial
restrictions. Accordingly, devel opnent of a process wherein |iving
pOlynEf'Zatpﬁ@d@ét?bﬁfbﬁsacﬁmoéﬁ E@EB&SQ ngtagnagngégtgdu grially

avail abl e high tenperature wth Fynerlzatlon act’i is of

L Sane SO RRL E PS B BeFblgpImEee, by ageser

appl i cant has found as eriz
transition ou havi n Idlnlne | i gand, and has al so
f ound -t hat n 3 tggns q%bn%ﬁ%t é%nﬁ% 33 HIRSF Y& Speci fic structure

TToand i's USBR T ERS e [ BaTr6R BrorEeas tatl B BN FsILt TRy
avai | abke tenperalu th ac IVlt 10 June 2005 6 extrenely higher
t han that g?g%ifhefﬁo'kno Vg*%ﬁrﬁ% tving polymerizability, of the
block copolymer is not less than 1.35 and is not narrow,
so that this polymerization is not living polymerization
sufficiently confrolled. Therefore, most of the products
contain large amounts of non-block polymers as by-
10 products, and fractionation to remove the unnecessary
. p?}yﬁers is essential as a post tfeatment- Thus, there
o are many industrial restrictions.
Accordingly, development of a process wherein living
polymerization of olefins can be carried out at aﬁ
15  industrially available high temperature with higg
'_polymerizétion activity ‘is of industrially ﬁery great
- value. |
Under such circumstances, the présent appliﬁant has
found, as novel olefin polymerization‘ééaélysts, |
20 Eransition metal compounds having a salicylaldimine
ligand, and has alsé found that when a transitidn‘metal
compound haﬁing a specific structure selected from the
transitioﬁ metal compounds having a'éalicylaldimine
-,ligandAis used, living polymerization‘pfoceeds_at an

.25 industrially available high temperature with aétivity




pol ymeri zation, and production of polyolefins having high nolecular weight
and narrow nol ecul ar wei ght distribution and polyolefins or block

copol yners having functional 5 groups quantitatively igpgngdusgs at the
termnals is feasible. Based on the finding, the present invention has
been acconplished. The present applicant has furthernore found a process
for efficiently producing such polyners, and acconplished the present
invention. 10 it is an object of theG nvention to provide olefin polymers
exhibiting various useful properties, such as a polynmer having a narrow
nmol ecul ar wei ght distribution and a specific nolecular weight, a polyner

havi ng asfunetée bpahigiovpchahr odecedrat i the roi nd.a block 15
pol ymer having different segnents bondeé torggcghgghe?}leg i s anot her

obj ect Qfolfige i iweitdON 4,04 Pk PN i 0Pl OE€ or.preparing these olefin
polyners. It is a further g%jecggg%oﬁhgfi §g§?§%ﬁlﬁg ?H%Pgehﬁﬂacesses f or

o ol enld e RAROIUCl PO PRS-, 20, O SELCBLRE, GF THE | WENTI ON The

ol efin polymer according to the invention 15 a

l'efin sef ' Sond RO £ o0, & e
olefin salegad dramn efi gﬁ&ék h%o%#fﬁﬁ%%rﬁ%gi%‘%?’h‘gn BBt ANEE Ml M (Mu

nunber - aver age nol ecul ar 25 wel g _
wel bt auenane AdaluRe A, TABLERIAL 20 gL M, nuper s aver age
: - feasible. Based.on the finding, the pPresent invention
has been. accomplished. The present applicant has
furthernmore found a process for efficiently producing
such polymers, and'accomplished the present invention.
10 It is an object of the invention fo provide olefin
p?}ymers exhibiting various useful properties, such as a
rpolymer having a narrow molecqlar weight disfribution and .
a specific molécular weight, a polymer having a
functional group introduced at the terminal and a block
15 _polymer.haVingdifferent segmnents bonded to éach otﬁér#
It is another object of the invention to provide
_proceSses for prepa:ing'these olefin polymefs. It is a
further objedt of the invention to-pfovidé processes'for
effiCien;ly preparing such polymers. -

20

DISCLOSURE OF THE INVENTION
'The‘oléfin‘polymer according to the invention is a
pdiymer of aﬁ least_one élefin selected from olefins of 2
to_207carb9n atoms and has a numbermaveragé-moieCular

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




not more than 1.5. Such a polymer is sonmetines referred to as.a
"“nmonodi sperse pol yol efin" hereinafter The nonodi sperse pol yolefin of the

invention is, for 5 exanple, polyethylene, high-densiqu&g%Mﬁﬁpylene
(referred to as "HDPE" hereinafter), linear |owdensity polyethylene
(referred to as "LLDPE" hereinafter), polybutene, a copolyner of ethylene
.and at least one olefin selected fromolefins of 4 to 20 carbon atons, 10

-di enes and cycl ool efins, or a copolyngf of propylene and at |east one
olefin selected fromolefins of 4 to 20 carbon atons, dienes and

cycl ool efins. The nonodi sperse pol yolefin of the invention is, for
exanpl e, re lpohyier Wﬁi@%hy|wﬂe,nMﬁbéB—B&ér@g@UHB§Ec%§a§V%%§%%tgnkﬁﬁu'ar
wei ght of not |less than 110,000 and Mw~ Mh of not nore than™1.5, or. a

pol ymer afotatmd:easthanel . 9] efdurrsel gedBaad # o ol efdns, of 3.£9,20,car bon
atons, which has a nunber-average nol ecul ar wei ght of not Tess "than 500,

M/ M of ta0ta ITRf erridiash ils He el ﬁor%iéf'_gnpoh&eiﬁgf%r?m | ower than 70C.
The nonodi sperse pol yolefin of the invention is, for ~exanple, an olefin

pol ymer whi ch1re g2 JRRJM of or-b ne_and. has a racenic di ad
(r), as measured by 13. C NWVR, éﬁfia% :es§5%hg%go%%§?9%%03 poryrn&F 10 June
200558 el Mb1tivtl el b IPYLENGEOPO) VBT 208, Pas.an  ethylene

content of not less than 60 %
| (referred to as "HDPE" hereinafter), linear low-density
polyethylene (referred to as "LLDPE" hereinafter),
.polybutene, a cobolymer of ethylene and at least oﬁer
- olefin selected from olefins of 4 to 20 carbon atoms,

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

Thg 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 énd .
Mw/Mn of not more thén 1.5, or a polymer of at least-ohe
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 théﬁ”iTg'énd"ﬁ-ﬁelting pOinf

20  of not lower than 70°C. |
= - ‘

The monédisperse ?olyolefin of the.invention is, for
example, an oiefin polymer which is. a polymer of |
propylene or butene and has a racemic diad (r),‘és

measuréd by 13C—NMR, of not less than 0.85, or a polyméf




The ol efin polyner according to the invention is, for exanple, an olefin
pol ymer which is an olefin 5 copolyner of at least two olefins selected
fromolefins of 2 to 20 carbon atons, has a nunber-aveéggeaﬂﬁkpcular

wei ght- of not |less than 500 and is a tapered polynmer containing a segnent
wherein conposition of two or nore nononers continuously changes in the
pol ymer chain. A 10 tapered polyner having MV Wn of not nore than 2.5 and a
t apered pol ymer having an ethyl ene c®ntent of not |ess than 30 % by nol
are al so available. The olefin polyner according to the invention is, for
exanpl e, an ol efin copol yner which conprises a 15 nononer unit M derived

from anwibiehi nsohin2etBy2@neaphony1emdt (% ANAL J &A%, 0Ng, Mononer unit M
that is different fromthe %Dngr}r/er unit M ry%and alhn ﬁ}ahsergf ol I owi ng

proper té€sy1EHA &Bhtehﬁﬂokﬂzot[W@sgﬂkhahwgb an%ﬁaﬁ%%)neasured by 13C- NMVR

satisfy the follow ng rel ati ons: NQ]/(Z [ M2] )

1>[ ML M2] 2/ (Bsd M [ o8 nol ar .fraction of the
monomer unit ML, lé@i% ?%lQG%%Iﬁeg ?gg %on o hé”ﬁ&ﬁ&&@P difict M2, [ MLMZ]
25 i s adpl ti n he nmono unit 10 June 2005 9
M and the ﬁ%ﬁ%%%? u%?tg%ﬁgégebéé gggn eéghaBtgiﬁfln[M Mj is a nolar

fragti Qb1 Pndii S5 1 e WOLED LG, S1crins selected from olefins

of 2 to 20 carbon atoms, has a number-average molecular
weight of not less than 500 and is a tapered polymer
containing a segﬁent wherein composition of two or more
monomers continuously changes in the polymer chain. A
'101 tapered polymer having Mw/Mn of not more than 2.5 and a
tepered polymer having an ethylene content of not less
then 30 % by mol are also available.
The olefinrpolymer according to the invention is,
for example, an olefin copolymer which comprisee a
15 lmonomer unit M) derived from an.olefin_of 2 to 20 catbon
atoms and at least one monomex uﬁit M2 that is different
from the monomer unit Mj, and ‘has the following
properties:
[My-M2], [M3-M1], [M2-M2], [M1] and [Méi;-as
.20 Teasured by 13c-NuMR, satisfy the following relations:
‘ 1>[M7- Mz]/(2x{M1}x{M2])
1> (M7 M2}2/(4x[M1 "M11x [Mp-M2] )
'whereln [M1] is a molar fraction of the monomer unit M7y,

[M2] is a molar fraction of the monomer unit M2, [Mlle},

25__is_a‘molar'fraction of a unit in which the monomer unit




nononer unit M and the nonomer unit M are adjacent to each other, and
[M-M2] is a nolar fraction of a unit in 5 which the nononer unit M2 and
the nonomer unit M2 are adjacent to each other. The ofgfy sy er
according to the invention is, for exanple, a polymer satisfying the above
rel ations and having MV Mh of not nore than 2.5, an olefin copolynmer 10
wherein an isol ated nononer unit M %pd a sequence of two .or nore
continuous nmonorer units M are both*detected in the polyner chain by
means of 13C-NMR, or an olefin copolyner wherein a sequence of two

conti nuous mononer units ML and a sequence of three or nore continuous 15
mononer MHhi @ésdM-hareobonbrdetéct Bd mnet heéjpekyiferochach ofyoreans of
13C-NVR. In the above polyners, the mononmer unit M is preferably an

et hyl enelMni 11 Abs ok efibhacopokytEEnWOEr 8i Bnid $BOWRAER €ftWo or nore
continuous mnet hyl ene groups is 20 detected by neans of 13C-NMR and a

sequencengfiohao ucHnNtMNUOS TRE hybesRe: g GHPS @gdagesggngggtogothree or
nore conti nuous nethyl ene groups are both detected is so avail abl e.

Anot her entlodbetent, Gind hewplies ) N5 90k yBTa ol chher1 2R baventjop is an ol efin
bl ock copol ynmer conprising: 10 June 2005 10 (i) a polyner oCk obtai ned

frombat Wieast e mel&hidp lﬁ@i@ci\tlfda[fléi O@ﬁé"rﬁéﬁ&ﬁef’fuﬁﬁ %foa%e%r bon at ors,

and ,
. adjacent to each other.

The olefin polymer according to the invention is,
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 M1 and a sequence of two
Jthmore continuous monomer units M1 are both detected in
the polymer chain by means of 13C-NMR, or.an olefin
copolymer wherein é'sequence of two continuous monomer
units M1 and a sequence of three or more contiﬁuous

15 monomer units Mj are both detected in the polymer eﬁain

N by means of 13¢-NMR.
In the above polymers, the monomer unit M1 is
preferably'én ethylene unit. BAn olefin copolymer whereln
‘a sequence of two or more continuous methylene groups is

20 qetected by means of 13C5NMR and a sequence of two
eontinuous methyiene g?oﬁps and a sequence of three or
more contiﬁuoué.methylene groups are.both'detected'ie
also available.

Another embodiment of the olefin polyﬁer of the

2§ invention is an olefin block copolymer comprising;




(it) a polynmer block that is obtained fromat |east one olefin selected
fromolefins of 2 to 20 carbon atons 5 and is different fronlthe pol ymer
block (i). The ol efin block copolyner is, for exanple, 43, &Qé%

conprising two or nore polyner blocks, adjacent polyner %Ioc s of which
are different fromeach other, and having a nunber-average nol ecul ar

wei ght of not less 10 than 500 and My Mh of not nore than 2.5. The olefin
bl ock copolyner is, for exanple, an 10l efin pol ymer which is a dibl ock
copolymer conprising two polynmer blocks and has MV Vh of | ess than 1. 35,
an olefin polynmer which is a triblock copol yner conprising 15 three

pol ymer bl ocks)andphagmits/ Mook bessiitthan rkoB0.at0n e PYUer which is a
mul ti bl ock copol ymer conprising four or nore pol yner bIoc s and has Mn Vh

of | essollednin2s@Qectha ghowe cakefing BIfock +¢oROl YWIBY, J,S. exa a
pol ymer wherein each polyner block is selected from antclyethff ne HDPE,

LLDPE, a copolymes pblgﬁ@ylgmgcﬁnghQE @%Ea?ﬂ% olg fhp %el%fé d from
a

olefins of 3 to 20 car at ons dlenes cyc _
pol ypr opytkeseernebelbedetiorasy” é&ér@ﬁ YBEOBykS”E E%r I nafter), i sotactic
_pol ypropyl ene (referred to as "iso 25 pol'ypropyl 8ne” RECs) ),
SyndiOtaﬁﬁlQsp&lf?é@@ﬂreﬁ?oéotﬂHnEoggggr %}Oékefe red to as
syn-pol ypropyl ene" hereinatter) copolyner propyl ene and at | east

one 0|ef'n sehect fdrin block copolymer is, for example, a
polymer comprising two or more polymer blocks, adjacent
polymer blocks or which are different from each other,
eod having a number-average molecular weight of not less

' 10‘ than 500 and Mw/Mn of not more than 2.5.

| . The olefip 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 Wthh is a triblock copolymer comprlslog

.15 'three polymer blocks and has Mw/Mn of less than 1.80, or

a polymer Whlch.ls a muitiblock copolymer comprising four

or‘more polymer blooks and has Mw/Mn of less than 2.00.
The above olefin block copolymer is,rfor example, a

polymer Wherein each polymer block is seiééﬁé& from

20 polyethylene; HDPE, LLDPE, a copolymer of ethylene ane'at

‘least one olefin eelected from clefins of 3 to ZOrcérbon
atoms, dienes and‘cyclooleflns, atactic polypropylene
(referred to as "ata- polypropylene" herelnafter),-
isotactic polypropylene (referred to as "iso-

25_ polypropylene™ hereinafter), syndiotactic polypropylene




froﬁ1o|efins of 3 to 20 carbon atons, dienes and cycloolefins, and the
af oresaid tapered polyner. 5 Also available is a diblock copolyner or a

triblock copolymer wherein each polyner block is Se|e9699n£55¢$
pol yet hyl ene, HDPE, LLDPE, an ethyl ene/ propyl ene copolyirer,~a

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

et hyl ene/ oct ene copol yner, 10 ata-polggropylene, syn- pol ypropyl ene, a
propyl ene/ but ene , copol yner and a propyl ene/ hexene copol yner. The pol yner
bl ock (i) and the polyner block (ii) are each selected from for exanple,

the follow ng polymer blocks (a), (b) and (c): 15 (a) a polymer bl ock
obt ai ned flremeetrieyl eéne as( Wk yva-pollypRophlesk oblaidied fdam one a-ol efin
selected froma-olefins of 3 to 20 carbon atons, and (c) a polyner bl ock

obt ai ned topwitwerobrmprepgiehef bng sel eehed HHAMAR§f idas Qf L2y to
20' carbon atonms. 20 The ol efin block copolymer is, for exanple, a polyner

contai ni ngrai beastingnerofi the2pokyrBhLnbLeck s(a)y; MaiC S a
nunber - aver age nnlegular wei ght of 110?000 tgg 16?0 8,%8%aand Mv Mh of not

nmor e thanc;cioofetgﬁghegngn@ggig@ggeggighggg%gghnpggg%g%r according 25 to

“the invention is an olefin pol ymer havi ng unct 10 June 2005 12
group &1t the tetmbnalaofsphe fBin ahBiocef c5Ps1ghares d ronedigrer se

pol yol efin, tapered pol yner,
copolymer wherein each polymer block is selected from
poiyethylene, HDPE, LLDPE, an ethylene/propylene
copolymer, an etﬁylene/butene copolymer, an
'.ethylene/hexene copolymer, an ethylene/octene copolymer,
1O.Iatahpolypropylene, syn-polypropylene, a propylene/butene
‘;pgpolymer and a propylene/hexene cbpolymer.
The polymer block.(i) and the polymer block {ii) are
-each selected froﬁ, for.examﬁle,'the follbwing polymer
blpcks {a), (b) and (c): |
15 (a) a.polymer block obtained from ethylene,
(b) a polymer block obtained from one a-olefin
selected from a-olefins ofl3 to 20 carbon atoms, and
(cf a polymer block obtained from two or more o-
olefins selected from e-olefins of 2-to'éﬁfcarbon atoms.
20 The olefin block copolymer is, for example, a
. o - _
. polymer containingrat:least one of the polymer bldck (a)}
which has a'number—average molecular weight of 110,600 to
10,000,000 and Mw/Mn of not more than 1.5.

A further embodiment of the olefin,pblymer according

25 to the invention is an olefin polymer havingra functional




copol yner or olefin bl ock copol yner The nol ded product according to the
invention. 5 conprises the nonodi sperse pol yolefin, the tapered polyner,

the ol efin copolymer or the olefin block copolymer. Thg preegss for
preparing an ol efin polymer according to the invention conprises
‘polynmerizing an 10 olefin of 2 to 20 carbon atons in the presence of an

ol efin polynerization catalyst conprising a transition netal conpound
which is represented by the following2 fornula (I) and has properties that,
in a f3-agostic structure of a cationic conplex wherein one of X in the 15

formula (1) is replaced with a n-propyl group, said structure being

measur ed b nsity .f tignal t hod,. the distance between the
het er oat n%u%h%%h%ﬁg%tﬁ%ﬂ§f¥gbﬁfigaﬁjq%}q Cehtthaltietafoxeanédi s near est

to the c r.ajl. tal M. and drogen at the f3-position is not nore than
20 3.0 Aﬁghg%tlﬁgl%lséec 0 eigcﬂ:{){le‘n Brricd Rl se (HEEHD  kJ/nol, to

prepare the. nonodi sperse polyqlefin, the olefin copolyner, the tapered
b esen B

pol ymer or PPhe"6tefin G581 FREPLYeXn (1) 10 June 2005 13 wherein

Mis a transifjon tal atomselected fromGoup 3 to Goup 11 of the
peri.odi c tabl éMnf"Psd5A PRPEYEL 8FCereldng, to the invention

5 comprises the monodisperse polyolefin, the tapered
- polymer, the olefin copolymer or the olefin block
copolymer.
The processifor prebaring an clefin polymer
according to the invention comprises polymérizing an
10 olefin of 2 to 20 carbon atoms in the presence of an
o%@fin polymerization catalyst comprising a trénsition
TTmetalt compound whi;h is represented by ﬁhe following
formula (I) and has properties that,-in a P-agostic
structure of a cationic complex wherein one of X in the
16  formula (I) is feplaced with a hmpropyl group, said
: structure being measured by a density functional method,
the distance between the hetefoatdm, which‘ﬁas no diréct
bond to the central metal M and is nearest to the Céntral
metal M, and hydrogen at the B—positibn iéﬁhot more than
20 %.O A and the electrostatic energy is not more than 10
kJ/mol, to prépaxe'the monodiéberse polyolefin, thé’
olefin Copélymer, the tapered polymer or the olefiﬁ block
copolymer; | |

"LmMXn - . . (1)




nis a nunber satisfying a valence of M 5 L is a ligand coordinated to the
central netal Mand is a ligand having a heteroatom which has no direct
bond to the central nmetal M and X is an oxygen atom g jhydsggen atom a
hal ogen atom a hydrocarbon group, an oxygen-containing group, a 10
sul fur-containi.ng group, a nitrogen-containing group, a boron-containing
group, an alum num containing group, a 1ghosphorus-containing group, a
hal ogen-cont ai ni ng group, a heterocycli't conpound residue, a
silicon-containing group, a germani umcontaining group or a tin-containing
15 group, and when n is 2 or greater, plural groups indicated by X may be
the same orwdpfeéneltisandtphosakiongmetpd andincakaddngdX mmy ke hgnded to
forma ring. The transition netal compound is, for exanple, a transition
met al conpodintior épeeseht edf byhthpetabhow ngn120 formula (TI-a) or (11-b);
Rl &N R3BMXn (Il a) A4 RM 25 10 June 2005

m is an integer of 1 to 5,

n is a number satisfying a valence of M,-

5 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

X is‘an oxygén atom, a hydrogen atom, a halogen atom,
a hydrocarbon group, an oxygen-containing group, a |
10 sulfur—containing group, a nitrogen-containing group, a
b?;on—containing group, an aluminum—containing group, a
phosphorus—cogtaining group, a halogenﬁcontainiﬁg'group,
a heterdcyclic compound reéidue, a silicon—confaining
group, a ge;manium—containing group or a tiﬁ—contéining
_15 group, and when n is 2 or greater, plural groups-
".iﬁdicated_by A 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
trangition-metal compound represented by;£he followiné.

20 - formula (II-a) or (II-b}:

L™

R‘l

- o
M X e (II-a)

25



14 wherein ML is a transition netal atom selected fromGoup 3 to Goup 11
of the periodic table, mis an integer of 1 to 5 5 Qis a nitrogen atom

or a carbon atomhaving a substituent R2, Ais an oxygﬁg 9&9@6 a sul fur
.atom a seleniumatom or a nitrogen atom having a subs 't uen th, Rl is a
hydr ocar bon group having one or nore 10 heteroatons or a hydrocarbon group

havi ng one or nore heteroatomcontaining groups, R2 to R5 nmay be the sane
“or different and are each a hydrocddbon group, a hal ogen atom a hydrogen
atom a hydrocarbon-substituted silyl group, an oxygen-containing 15
group, a nitrogen-containing group, a sulfur-containing group, a

bor on-cont ai ni ng group, an al um numcontaining group, a

phosphor us-cont ai ni ng group, a hal ogen- containing group, a heterocyclic

conpoundheesiduel as sitiraaQ16QRLANRING OF ) rmni um cont ai ni ng group
or 20 a tin-containing group} two or nDrgﬁ%#Pﬁﬁgf%gﬁ%Pﬁngﬁegr%ﬁﬁded to
R2s, Ras, R4s and R5s may be

forma 3ing, casepWheno M {5200 ;gpeat er, JRl's,

t he sane or diff%rent, an e.%nelgﬁgﬁp%éPlﬁz to R5 contained in one |igand
-and one grayp; &f4R2; 10 coptai ped.in other ligands may be 25 bonded, 10
Tune 2005 ThP#lalCid edly COPT #1 DE%5)

' 5 Q is a nitrogen atom or a carbon atom having a

Substituent R2,
A is an oxygen atom, a sulfur atom, a selenium atom
or a nitrogen atom having a substituent R7,
Rl is a hydrocarbon group having one or more
10  heteroatoms or a hydrocarbon group having one or more
h?peroatom—conﬁaining groupé,
RZ2 to RS may be the same or different and are each a
hydrocarbon group, é halogen atom, a hydrogen atom, a
.hydrocarbon—substituted silyl group, an oxygen~containing
15 ‘group, a nitrogen~cogtaining grbup, a sulfurhcontain;ng
grdup,-a bgroﬁ—containing group, an aluminum-containing
group, . a phosphorusfcontaining group, a halogen—
contgining grdup, a heterocyclic'compound.residue, a
éilidon~gontaining group, a germanium—Contgi;ing group of

20° a tin-containing group, two or more of RZ to RS may be’

.~

.bbnded to form a ring, ahd when m is 2 or greater, Rls,
RZs, - R3s, Rés ahd_R5srmay be the same or different, and

'oné group of RZ to R5 contained in one ligand and one
group.of R? to R contained in other ligandé may be

25' bonded,




nis a nunber satisfying a valence of ML, and X has the sane neani ng as
that of X in the aforesaid formula (I); 5 RL N UM QY (Il-b) ST M10
wherein M is a transition nmetal atom sel ected from GQHpun§26(% G oup 11 of
the periodic table, mis an integer of 1 to 5 Yis a nifrogenatomor a
phosphorus atom U is a carbon atom having a substituent R6, a 15 nitrogen
atom or a phosphorus atom Qis a carbon atom having a substituent R7, a
.nitrogen atom or a phosphorus atom S5 s a carbon atom having a substituent
R8, a nitrogen atomor a phosphorus atom 20 T is a carbon atom having a

~substituent R9, a nitrogen atomor a phosphorus atom Rl and R6 to R9 are
sfpet to RL and R2 to RS

each the same. at 0 1 as . scribed with re
in the formla tl?lmf3 g)u%b%#g S\ﬁicéﬁdfsﬁn@ 2 IFGTES &t /s, 2"RB6s, R7s, R8s 25

and R9s may bg EQ% %ggesgrmedlrgefaenri%%t ,asar%%a?:n%fgrxo%% ?:fheRgf%Oreruanied 2005 16

formula (I):;

... (II-b)

10  wherein M! is a transition metal atom selected from Group
‘3wt0 Group 11‘of the periodic table;
m is an integer of 1 to 3,
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 étom,
Qis a éarbon atom having a substituent R/, a
nitrogen_atém or a phosphorus atom,
S is é éarbon atom having a substituent R8, a
lnitrogen atom or a phosphorus_atoh, N
20 . Tisa carbqn atom having a substituent RY, a
hitrogen atom'or a phogphorus étom,
‘Rl'and R6-to R9 are each the same atém Or group as
déscribéd with respect to Rl and RZ to RS in the formula
(I1-a), agd when m is 2 or greater, Rls,‘Rés, R7s, rBs |

25 and Rgs may be the same or different, and one group of R6




to RO contained in one |ligand and one group of R6 to RO contained in other
| i gands may be bonded, n is a nunber satisfying a valence of m, and X has

the sane nmeaning as that of X in the aforesaid 5 form;{)gu%%%ﬂofi mlarly to
the transition netal conmpound represented by the formula , the
transition netal conpound represented by the formula (I1-a) or (11-b)
preferably has properties that the diqgg ance between the 10 heteroatom

whi ch has no direct bond to the central netal Mand is nearest to the
central nmetal M and hydrogen at the n-position is not nore than 3.0 A and
the electrostatic energy is not nmore than 10 kJ/nol. The transition netal
conpound Pepresenited tiffe oI% flgrgarica qrd -a)e oyrdup -d) &S psekBrably a
conpound wherein Rl is an aromatic hydrocarbon group, an aliphatic

hydr ocar 68Rt§LHGE N Athaln dyclancishydnoder bamdpdup, sel ected from a
phenyl group having, at at |east one position of the 2-position and the

6- posi tion, whienst henR@bposisaitas fgfinghe carnkercatammionded to nitrogen is
the 1- position, one or nore substituents selected froma heteroatomand a
het er oat om coXt haai hjegsenp; meanhasg, aat that kbeast i@ne HROSIAS QL pf4t he
3-position, the 4-position and the 5-position, at |east one substituent

sel eét edf@Bmfitem(a) het er oat om ot her than a fluorine atom a fluorine 10

June 2005 17 |
Similarly to the transition metal compound
represented by ghe formula (I), the transition metal
compound represented by the formula (II-a) or (II-b)
preferably has properties that the distance between the
10  hetercatom, which has no direct bond to the central'metal
M'and is nearest to the central metal M, and hydrdéen at
the B—positioﬁ is not more than 3.0 A and the
electrostatic‘energy is not mére than 10 kJ/mol.
The transition metal compound represented by the
- 15 formula (;I—a).or (ilfb)‘is preferably a compound'wﬁerein
Rl is an éromatic hydrecarbon group, an aliphétic
hydrocarboq group or an alicyclic hydrocarbon group; '
selected-from a phenyl group having, at at least one‘
 positi0p of the 2-position and tﬁé 6—posi£i6n, wheﬁ the 3
20 position of the carbon atom bonded to nitrogen is tﬁe 1-
'gosition, oné'or.more éubstituents selected from a -
"heteroatom'aﬁd'a!heteroatom~containing gfoup, or.has; at
at least one pééition of the 3-position, the 4-position
and -the S—positién; at least one substitueht-selecﬁed

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




cont ai ni ng group havi ng one carbon atom and not nore than two fluorine
atons, a fluorine-containing group having tw or nore carbon atons, and a
group containing a heteroatomother than a fluorine atgm,,a86ph4vhen R is
an 5 aromati c hydrocarbon group other than a phenyl group, an aliphatic
hydr ocarbon group or an alicyclic hydrocarbon group, this group has at

| east one substituent selected fromga heteroatomand a

het er oat om contai ni ng group. in the thansi ti on net al conmpound r epresent ed
by the 10 fornmula (I11-a) or (lI1-b), when the position of the carbon atom

bonded to nitrogen is the I-position, R is preferably a

hal ogen- comttaiiming hydngearbomgraup @frdod Gt 30 £ hod ators sglected from
a phenyl group having, at at |east one position of the 2-position and the

6 15 posithicOm,lvane el atie ,Substitdiems- el et "B Hial ggen atomand a
hal ogen- cont ai ni ng group, a phenyl group having,” at at | east one position

of the 3tposild adre CheHAnPetiddQn ARM I R RrPosidd LNy 8 | east one
substituent selected froma fluorine-containing group havi ng one carbon

at om andheek reBfEent BARLWO nhhuQr if€,,, 858, @ f 1Yoy i ne-contai ni ng group
having two or nore car bon at ons, af%hlgg?ﬁéﬁatgﬁgféﬁﬁ¥bggh€‘%t an

an i o e e A R PO RAPRaN GralR otHer than a
phenyY‘gé@ﬂﬁhQEYE”HyBEo&QrBHHeg%BQE o¥8an alicyclic hydrocarbon
grdup, this group has at least one substituent selected
from a héteroatoﬁ and a heteroatom—containing.group.
In the transition metal compound represented by the
10 fofmula (I1-a} or (II-b), when the position of the carbon
a?gm bonded to nitrogen is the l-position, R! is
preferably a ﬁalogen~containing hyvdrocarbon group'of'l to
30 carbon atoms‘seiected-from a phenyl group having, at
ét least one pqsition of the 2—position and tﬁe 6-
15  position, one or more substituents selected from a
"halogen atom and a halogenvcontainiﬁg group, a phenyl
group haying, at at least onelposition of“the‘3—position,
the 4~position and the 5-position, at leést one
‘substitpent selected from a fluorinemcénﬁéfging gr@up
20 qéving one carbon atom and not more than two fluorine
atoms, a fludriné-cont&ining group having two or more
carbon atons, a éhlorine atom, a bromine atom, an iodine
étom, a chlorine~¢ontéining group, a bromine-containing
group and an iodine—containing group, an éroﬁatiC'

25' hydrocarbon group other than a phenyl group héving at




| east one substituent selected froma hal ogen atom and a

hal ogen-cont ai ni ng group, an aliphatic hydrocarbon group having at | east
one substituent selected froma halogen atomand a hahggﬁgéﬁ&&§aining
group, and an alicyclic 5 hydrocarbon group having at | east onhe substituent
sel ected from a hal ogen atom and a hal ogen-contai ning group. The
transition netal conmpound is, for exanple, a transition netal conpound
represented by the followwng 10 forf8la (I1l): Rlv. R® ---- :NmM; 15
(111) wherein ML is a transition nmetal atom selected fromGoup 4 to Goup
5 of the periodic table, mis 1 or 2, 20 RIOis an aromatic hydrocarbon

group, ameakkphaki Gup rb r an al.icyclic hydrocarbon group,
when Rl is a phenyl" g%gﬁgggﬁd%%?hégggg%EQﬁw%ﬁh%%ﬂg%ﬁa & @ bonded to

ni trogenyi - Ltlon, i s phenyl .group has, at at |east one
position o?o%ﬁg %9§2§Fbégﬁ g%%uphea?S%é}%ggﬁﬁFoR¥Qﬁ%§%£bQﬂNQ¥Qﬂﬂwtituents
sel ected a_l0,June 2005 9.het eroat om and a het eroat om cont ai ni ng

gr oup, 'hgﬁggb 3% = Sﬁegg? 8Hésﬁ& RGN S g£€ﬁ§d3556§i@i@ﬁAQQﬁﬂ4»position
and the 5¢pasition, af | east one.sybstituent selected froma heteroatom
other than a f1Uofi e 3¢5 SCRtRELRGFPnETouP, and an alicyclic

5 hydrocarbon grbup having at least one substituent
- selected from a halogen atom and a halogen-containing
group.
The transition metal compound is, for example, a
transition metal compound represented by the following

- 10 formula (III):

15

~

.- {IIT)
wherein leis a transition metal atom selected frdm_Gfoup
4 to Group 5 of the periodic table,
mis 1 or 2,
20 | R10 jis an aromatic hydrocarbon group, an aliphatic

hydrocarbon grou? or ah alicyélib hydrécarbon group,.Whén'
rl is a'phenyl‘group and the position of the carboﬁ atom
bonded tp nitrogen is the l-position, this phenyl group
has, - at at least one position of the 2—poSition'and the;

25 6—pqsition, one or more substituents selected from a




5 contai ni ng group havi ng one carbon atom and not nore than two fluorine
atons, -a fluorine-containing group having tw or nore carbon atons, and a
group containing a heteroatomother than a fluorine anQLnggﬁﬁyhen RIOis
an aromatic hydrocarbon group other than a phenyl group, an al i phatic
hydr.ocarbon group or an alicyclic group, this group has at |east one
substituent selected froma heteroatomand a heteroatom contai ni ng group,
Rl to R14 may be the sane or differel® and are each. a hydrogen atom a
hal ogen atom a hal ogen-contai ning 15 group, a hydrocarbon group, a

‘hydr ocarbon-substituted silyl group, an oxygen-containing group, a

Ni trogen-heostah HbiJagh 04 Ph&F e Bo SHbHUE0§08E AL AENGr8LRUPo RS S 2 hal ogen
atom a hal ogen-contai ning group, a hydrocarbon group or a

hydr ocar ben- sabst i st 6851+ Ybn 20F 9F QEP3- ok St BoAUMPRE ag)%fixg%g.f a val ence
(0}

of M and X has the sanme neaning as that of X 1n the aforesai ormul a

(1). In thestegasition fEsal componnd Lepressnt edby the, 2aformia (111),

when the position of the carbon atom 10 June onded to nitrogen is

the 1-positipny MHGtSa BLIGHADLYedhn Na! POCD; £ONT 2L LT, NYdraCarHON g oup
of 1 to 30 carbon atons selected from a phenyl  group’ having-tat'at I east
one pgsi téc?x{'tap{nltrbge &cﬂ%'ﬁé&&&n&é hc:eaI,GBQrQSAEci)rgnan N§oP more than
two fluorine atoms, a fluorine-containing group having
two or more carbog atoms, and a'group containing a
hetercatom other.than a fluorine atom, and when R10 is an
~aromatic hydrocarbon group other than a phenyl group, an
10 aliphatié hydrocarbon group or an alicyclic group, this
group has at least one substituent-selected from a
heteroatom and a heteroatom-containing group,
R11 to rl4 may be the same or different and are each
a hydrogen atom, a halogen atom, é halogenwcéntaihing
15‘ group, a hydrocarbon group, a hydrocarbon—substitu#ed
silyl group; an oxygen~containing group, a nitrogen-
containing group or a'sulfurjcontaining grbup,l
R15 is a halogen atom, a halogenfcéntaining group, a
.hydrocarbon'group or a hydrocarbon—substif&ted silyl |
20 ,group,
n is a number saﬁisfyin@ a valencg of M, and
X has the same meaning as that of X in the aforesaid
Jformula (1). |
In.the transition metal compound rgﬁresented by-the

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




5 nore substituents selected froma hal ogen atom and a . hal ogen-contai ni ng
group, a phenyl group having, at at |east one position of the 3-position,
the 4-position and the 5-position, at |east one substibuent gégcted from
a fluorine-containing group having one carbon-at om and n%?efé re than
two fluorine atonms, a fluorine-containing group having two or nore carbon
~atons, a chlorine atom a bromne atom an iodine atom a .

chl orine-containing group, a brom n€containing group and an
i odi ne-containing group, an aromatic hydrocarbon group other than a phenyl
group 15 having at |east one substituent selected froma hal ogen atom and

a hal ogero@nt ai di NG G i@ncbliphatic, . hydrgegrbon group having at | east
one substituent selecf%%pf}on1§éhgﬂ%%%%té$%h1gnd éshggﬁgﬁggééﬁtéining

group. SN appldo tyck cVISCALIO0, O oup, baying BL Lgast goone
oy Lhe dhoue oSy 160 AL, he monadicperse, polyolelin. the
rocor di matt S SRR T rsia S 51 i et Ger | onero? to 20 |
cariion ST L IG. RLesege OL AL OLell ) BOIVIECL 28 LOn | mmound 1o

catal yst-conprising
r r N
P epa.ehalogen—contalnlnq group, a phenyl group having, at at

leasf one position of the 3-position, the 4-position and
the 5-position, ét least one substituent selected from a
fluorine—containing group having one carbon-atom and not
10 more than two fluorine atoms, a fluorine~coﬁtaining group
hgying two or more_carbon atoms, a chlorine atom, a
lbrqmine atom, an iodine,atom,ra chlorine—containing'group,
a bromine—cdntaining group and an iodine-containing group,
| an aromatic hydrocarbon group other than a phen&l grdup
15 _having at least one substituent selected from a haloéeh
atom and a haiogenrcontaining group, an aliphaﬁié
hydrocarbangroup having at least one substituent
selected from a halogen atom and a halogeﬁ~containing
group, apd an alicyclic hydrocarbon groﬁp‘ﬁé}ing at iéasﬁ
20 - ?ne substituent sglected from a halogen atom and a
hélégen—éontaining group.
- By the'gboﬁe process, for example, the monodisperse’
pdiyolefin, the tapered.polymer or the clefin bloék |

copolymer can be prepared.




a polynmer and then bringing the polynmer into contact wwth a functional

gr oup- cont ai ni ng conpound to prepare an olefin polyner having a functional
group at the termnal. A further enbodi ment of the proﬁﬁiﬁféﬁ preparlng an
10 ol efin polynmer according to the invention conprises yIeri zi ng at

| east two ol efins which are selected from olefins of 2 to 20 carbon atons
and have different polynerization reagtivities, in the presence of an
olefin polynerization catalyst conpri 4ng t he above-nentioned 15
transition nmetal conpound to prepare a tapered polyner containing a
segnent wherein conposition of two or nbre .nononmers continuously changes.

A still furtherAemm@@nﬂEMbdﬂMMﬁﬂ:pﬁDQﬁﬁSp@ﬂce§§Qﬂﬁﬂﬁﬂé @gfin pol ymer
according to'the invention 20 conprises conducting the follow ng step (1),

the fol | owongfihepolZine raret ctdioRAldoy t Heh g iRl QWM G Bk s 3) of an
arbitrary nunber of tines, to prepare an olefin block copolyner conpri sing

plural pol yoeymbhreacksy (a;h) A e3iep oaf 2pely Ry 'C%'r%nﬁtatl Sast; olefin 25
selected fromolefins of 2 to 20 carbon atons in the 10 June 5 22

presence oprancaktef b BOl VIR ZALAIrEat 3LYSbn 9
above-nentioned transition neﬁalb?onpou%d to prepare?SQ 5 %1%18ﬂﬂ%mk (2)

a stepf @ﬂéygsbtréLﬁgn%tlohsesttr%%lg 8hi Ret21SeLaebefd amQlefins of 2 to
20 carbon atonms in the

a polymer and then bringing the polymer into contact with
a'functional group-containing compound to prepare an
olefin polymer hsving a functional group at the terminal.
A further embodiment of the process_ for preparing an
10 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 differeﬁt
‘polymeriZation_reactivities,'in the pfesence otlaﬁ olefin
polymerization catalyst comprising the above-mentiocned
15 transition metal compound to prepare a tapered poiymer
‘containing a segment wherein composition of_tw0‘or more
tmonomers“continuously changes.
A still further embodiment of the process for
preparlng an olefin polymer according to the invention
20 comprises cOnducting the following step (1), the
following step (2), and optionally, the follow1ng step
(3} of an arbltrary number of times, to prepare an olefin
" block copolymer comprlslng plural polymer blocks, |
{1) a step of polymerizing at least one olefln

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




presence of the polyner block prepared in the step (1) to prepare a polyner
bl ock which is different fromthe polyner block prepared in the step (1),
and (3) a step of polynerizing at | east one olefin 10 5 |l ected from -
olefins of 2 to 20 carbon atons in the presence of t h& &6? bl ock
prepared in the step (1) and the polyner block prepared in the step (2) to
prepare a polynmer block which is dgpferent fromthe polynmer bl ocks
prepared in the previous step_ 15 A still further enbodi ment of the process

for .preparing an olefin polyner according to the invention conprises
opol ynmer by the above

- d . | efin.bl ock
or ocess L Rer br hot Ho. tRe™F SEBFS b CCoF SbrYRBE AT OletEt with a

_ process

functi 0_group-cont ai.nj ng_conmpound to_prepare a tapered polyner .or an
ol efin tgfgoc %‘g%o’i‘%%%o%%‘éi hﬁgﬁsilgﬁ‘c'??i BREFIgFBIRORND tRe PERANLl . A still
further enbgdine t. of the process for preparing an olefin polyner
accordf%dmf T%%q?% @ftion 25 conprises polynerizing an olefin in the
presence of @Qlo June 2005 23 polynerization catalyst which pronotes
living pol yfferiZzatish of R grefiaingdat utehet eobadatefng ol ef i n

pol ymeri zation by the use of a catal yst obtained by cleaving a bond
pr oduc & 5SF k5 %E@?é?ﬁ%@t%e‘hft%et% 24t aryken aptionheinesbkt i ng pol ymer

chain by nmeans of
presence of the polymer block prepared in the step (1) to

_ brepare a polymer block which is different from the
polymer block prépared in the step (1)}, and
(3) a step of polymerizing at least one olefin
_10l' selected from olefins of 2 to 20 carbon atoés in the
p;esence of the polymer block prepared in the step (1)
‘aﬁé the polymer block prepared in the step {2).to pfepare
‘a polymer block which is different frpm thé polymer
blocks prepared in the previous stépj
.15 : A still further embodiment of the process for
'preparing an olefin polymer according to the invention
éémprises preparing a tapered'polymer or an.oiefin bloék
Co?oiymer by the above process and then bringing the
resulting (co)polymer info contact with a‘funbtional_
20 gfoup—coﬁtaining compound to prepare a tapered polymer or
gn olefin block copolymef having a functional group at’
- the terminal.
A still further embodiment of thé process for
prepa;ing an clefin polymer according to the invention

25 comprises polymerizing an olefin in the presence of a




chain transfer reaction. The chain transfer reaction can be pronoted by the
use of at |east one conpound selected from for exanple, hydrogen, an

or ganoal um num conpound, an Q ganoboron 10 conpound, agy QAanNQzI NC
conpound, an organosilicon conmpound, an organocadm um conpound and an
organol ead conpound. The ol efin polynerization catalyst used in the above
process is, for exanple, an olefin pqﬁ%nerization 15 catal yst conprising

t he above-nentioned transition netal onpound. The pol ynmer produced in the
above process is, for exanple, the nonodi sperse polyolefin, the olefin
copolynmer, the tapered polyner or the olefin block copolyner. 20 In the
process frelyprepdrdigpancotelyst pohyokrpronotes prefggabl e that the ol efin
pol ymer obtained before the chain transfer reaction and/or the olefin

pol yner mbtwiseizafter dhearchaler i ansderurensti epniscthey Bpoedsperse
pol yol efin, the olefin copolyner, the 25 tapered polynmer or the olefin

bl ock copmdhyresrisndidd By e June 2005 c24a1pse Prehenadl gythat the ol efin
pol ymer obtained before the chain transfer reaction and the ol efin polymner

obt ai ned alfdzridhe chaid gransdes feactd 05y 8F & each,Lbe ¢jonodi sperse
pol yol efin, the olefin copolyner-, the 5 tapered polyner or the olefin
bl ock5copaloamist Ei®l the resulting polymer chain by means of

chain transfer reaction.

The chaiﬁ transfer reaction can be promoted by the
use of at least 6ne compound selected from, for exémple,
lhydrogen, an organoaluminum compound, an qrganoboron

10 compound, an organozinc compound, an organosilicon
c?mpound, an organocadmium compound-and an organolead“
qompound.

The dlefin_polymerization catalyst used in fﬁe'above
process is, fqr example, an olefin-polymerizéﬁion |

15- catalyst comprising the aboveFmentioned transition}metal
;ompoundJ The polymer produced in the above prOCESs'is{
for example, the monodisperse polyolefin, the olefin
copolymer, the tapered polymer or_the_oiefin block
copolymér. | = |

20 . In the process for preparing an olefin polymer, it

" is preferable that thé olefin polymer obtained before the
chain transfer reaction and/or the olefin polymér |
obtained after the chain transfer reaction is the
monodisberse polyolefin, the olefin Copolymér, tﬁé

_25 ‘tapered polymer or the olefin block copolymer, and it is




ol efin polynmer obtained before the chain transfer reaction and the._olefin
pol ymer obtained after the chain transfer reaction may be the sane as each
other. 10 BRI EF DESCRIPTION OF THE DRAWNG Fig. 1 is aggxml agatory view
showi ng steps for preparing an olefin polynerization catalyst which is
occasionally used in the present invention. 15 BEST MODE FOR CARRYI NG QUT

- THE |1 NVENTI ON The ol efin pol yners %gfording to the invention and the
processes for preparing the polynmers*are described in detail hereinafter.
The meaning of the term "polynerization" used herein 20 is not linmted to
“horopol yneri zati on" but nmay conprehend "copolynerization": Al so, the
meani nguafe tivee ferab ot lyaerthelsete het epdl y18e AObL 1 L ht8dpE @ -RoNMOpol yer ™
but nmay conprehend "copol yner". The ol efin polymer (nonodi sperse

“pol yol eftien)chani roner arEr enbash deidn ofnd hend rw@ﬂﬁnpb%%ﬁepolyrrer of at |east
one 10 June 2005 25 olefin selected fromolefins of to 20 carbon atons
(sonet igrs ireferamctt cras ol i inssndesei pafterdn Jhiscaohefin pol ymer may

be a polynmer of one olefin selected fromolefins of 2 to 20 carbon atons

el oot ag Tromol ol e ok S T 20 M Bon a1 o VEErpl BA¥0r ™ (he o ef i ns o
219 ZQaﬁﬁﬂ%H]ﬁﬁﬂyﬁér'or the olefin block copolymer. The |

olefin polymer bbtained before the chain transfer

reaction and the. olefin polymer obtained after the chain

transfer reactioﬁ 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 polymefs according to the invention énd‘_
the-proces;es for preparing the polymers are described in
detail hereinaftef.
The meaning of the terﬁ "polymerizatibhj used-héréin:
20 %F not limited to "homopqumeriiation" but may compfehend'
A"éopolymerization;. Also, the meaning of the term
"polymer" used Herein is not limited to "hOmopolyﬁer" bﬁt
méf compreheﬁd "copolymér".
The olefin polymer (monodisperse polydlefin) in éhe"

_25_ embodiment of the invention is a polymer of at least one




i nclude: straight-chain or branched a-olefins of 2 to 20 10 carbon atons,
such as ethyl ene, propyl ene, 1-butene, 1- pentene, 3-nethyl-I-butene,

1-hexene, 4-methyl-|-pentene, 3-nethyl-I-pentene, 1-o06h8)8. 2dgslecene,
1- dodecene, 1- tetradecene, 1-hexadecene, 1-octadecene and 1-eil cosene; and

15 cycloolefins of 3 to 20carbon atonms, such as cycl opentene,

cycl ohept ene, norbornene, 5-nethyl-2- norbornene, tetracycl ododecene and

. 2-nmethyl-1,4,5, 8- dinethano-l,2,3,4,43?5,8,8a-octahydronaphthalene.

“Vi nyl cycl ohexane, dienes and pol yenes are also 20 enployable as
the-olefins of 2 to 20 carbon atons. As the dienes or the polyenes, cyclic

or chai n @Werfgou sl dvatd gt ¥oit o> 29F Gaf hon At ears; @ngs £ o, 0f % doubl e
bonds can be nentioned. Exanples of such- conpounds |nclude ut adi ene,

i sopr ene, (sbnrwtimds ]reafe?a&dafrﬁcacasen%léfﬁjyeq{@ldé%pﬁf {4 PERL AC adi ene,
1, 5- hexadi ene, 10 June 2005 26 1, 4-hexadi ene exadlene .

1, 3-oct adileitén boA-ynRGt zmiyem% alp%l%éﬂ'cﬁﬂ“eonel 06_[eo§t adi ? et 1d7 oct adi ene,

et hyl i dene nor bornene, vinyl norbornene, dlcyc open a

R Ry A il b T A e
the ®letopsiyasd examphesiheLeeh (gl yde qong o more olefins
selected from olefins of 2 to 20 carbon atoms.

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

straight-chain or branched a-olefins of 2 to 20

10 carbon atoms, such as etiylene, propylene, l—butené, 1-
pgptene, 3~-methyl-l-butene, 1-hexene, 4—methyi—1—pentene,
'3fmethyl—1—pentene, l-octene, l-decene, l*dodecene,‘l—
tetradecene, l—hexédeéene, l—bctadecene‘and l-eicosene;
and

1517 cycloolefins of 3 to 2Q-carbon atoms, such as
'¢YClopentene, cycloheptene,_norbornene, 5—met5yl~2;
norbornene, tetracyclododecene and Z-methyl-1, 4, 5,8-
dimethano-1, 2, 3,4,4a,5,8,8a- octahydronaphthalene

Vlnylcyclohexane dienes and polyenes are also

20 ?mployable as the olefins of 2 to 20 carbon atoms.

As the dienés or the poljenés,-cyclic or chain
compéunds havihg 4 to 20 carbon atoms and two or more
déuble bonds can be meﬁtioned.' Examples of such.
compoundéinclude butadiene, isoprene, 4—métgyl~ig3—

25 .pentadiene, 1,3-pentadiene, .1, 4-pentadiene, 1,5—héxadiene,




pol yal kyl styrenes, such as styrene, o-nethylstyrene, m nethylstyrene,
p- net hyl styrene, o, p-di nethylstyrene, o 10 ethyl styrene, methyl styrene and

p-ethyl styrene, 3- phenyl propyl ene, 4-phenyl propyl ene 3gd ,a: 9ghYy! styrene.
The above ol efins can be used singly.or in conbination of two or nore
kinds. As the ol efins, nononers having atons other than 15 carbon and
hydr ogen are al so enployable in the invention. Exanples of such nononers
~include: a, (3-unsaturated carboxyliczﬁcids, such as acrylic acid,

et hacrylic acid, fumaric acid, naleic anhydride, itaconic acid and
itaconic anhydrlde cycloolefln 20 carboxylic acids or anhydrides thereof,

such as 1lbpdejekali2eRe]) ip3hrpkaaecAe3- di cabbexylikeeacihdg and netallic
salts thereof, such as sodiumsalts, potassium salts, Iithiumsalts, zinc

salts, nagoediumesal|s—apdaqcahei um %abt:w‘iabtl@ﬁ%()f 1 #Qo%lﬂ?‘a 129 27
a, (3- unsaturated carboxylic esters, such as nmethyl acrylate, €thyl

acryl at egt Ry DL QBN ﬁ@flb’éﬁﬁ@ne'S{?Pﬁg)EyhorBSEMEﬁ n-butyl acrylate,
i sobutyl acrylate, tert-butyl acrylate, 2-et yrhexyl acryl ate, nethyl

T Y B R hosri ok 10 BB FRRDZC B 1 RCOD
estebs, glUrdrids1vi Yl,aceialLa gﬁ@yg,9—d1methyl~1,4,8—decatr1ene.
Aromatic compounds are also employable as the
olefins, and examples thereof include mono or
polyalkylstyreneé, such as styrene, o—methylstyrene,—m—
‘.méthylstyrene, p-methylstyrene, o,p—dimeth?lstyrene, o~
10 ethylstyrene, m-ethylstyrene and p-ethylstyrene, 3~
-pggnylpropylepe, 4-phenylpropylene and a—methylstfiene.
The above olefins can be used singly or in
- combination of two or more kinds.
As the olefins, monomers having atoms-othér than
15_Vcarbon and hydrogen are also employable in the.invegtion.
Example$ of such monomers include:
a,ﬁ—unéaturated carboxylic acids, such as acrylic
acid,'methécrylic acid,-fumaric acid, maieic anhydride,
itaconic acid énd itaconic anhydride, cyéiéglefin
20 ﬁérboxylic acids or anhydrides thereof, such as
biCyclo(2,2,1)—S;hepteﬁe—Z,3—dicarboxylic acid, and
metallic saltsltﬁereof, such as sodium salts, potassium
éélts, lithium salts, zinc‘Salts, magnesium saits and

calcdium salts thereof;




propionate, vinyl caproate, vinyl caprate, vinyl laurate, 10 vinyl
stearate and vinyl trifluoroacetate; unsaturated glycidyls, such as

' cidyl acrylate, l'ycidyl methacrylate and nonogl ycig db nat e;
ﬁgrogexated glefins gsﬁch gs vinyl fluoride, vinyl chlgrllcjin @%ﬁylldene
chl oride, vinyl bronlde and vinyl 15 iodide; unsaturated cyano conpounds,
such as acrylonitrile and nethacrylonjtrile; unsaturated am des, such as

acryl am de, methacrylanide and N, N-diffet hyl acryl am de; 20 unsaturat ed
ket ones, such as vinyl nethyl ketone and V|nyl_ethyl_ketone; unsat ur at ed
ethers, such as nethyl vinyl ether and ethyl V|nyI et her; functional

r oup- cont ai ni g fsuysene rdekidv alirtesy 1 125 S} A §E§é
gthogystyrene vi nyl benzoate, 10 June 2005 28 ‘et EFV|n§\f-%é¥1zoate

d
vi nyl benz tr@d@t&teetherg&y@uﬁ&%nem lprqgt rene, chlor tyrene an
d|vYnbeeﬁzene and vinyl group- contalnlng hetéM'cydllc dﬁﬁ such as

N-vi nyl pyeeeliidese, nNowitRyl aarbazele qg%sqtgmi%%%!qEEEVeﬁ%?%%k#gagt 8P2f|n

olefin selected fromthe ol efins enployab

fic limtation
consi stingcef1a08l y2carhonsan ydrggen Qre.is no _spe ﬁ
on the quaﬁt?t? ratio of9 gﬁe?|n§con5|s gYy+ Mmethacrylate, |

5 ethyl methacrylate, n-propyl methacrylate, isopropyl
methacrylate, n-butyl methacrylate and isobutyl
mefhacrylate;

vinyl esteré, such as vinyl acetate, vinyl
 propionate, vinyl caproate, vinyl caprate, vinyl laurate,
10 vinyl stearate and vinyl trifluoroacetate;
. unsaturated glycidyls, such as glycidyl écrylate,
 glycidyl methacrylatg and monoglycidyl itaconate;
halogenated olefins, such as vinyl fluoride, vinyl
chloride, vinylidene chloride, vinyl bromide and‘vinyl
15 iodide; |
| unsaturated cyano compounds, such as acryléniﬁrilé.
and ﬁethacrylonitrile;
unsaturated amides, such as acrylaﬁide,
',methac;ylamide_and N,N—diméthylacrylamidé{
20 . unsaturated ketones, such as vinyl méthyl_kgfone_and'
L'vinyl ethyl keténe;‘
uhsaturated ethers, such as methyl yinyl ether and
'éthyl vinylAether;r
functional group-containing styrene derivatives,‘.

i25 such as methoxystyrene, ethoxystyrene, vinyl benzoate,




of only carbon and hydrogen to the whole olefins, but for 10 exanple, the
ratio is not less than 5 % by nol and not nore than 100 % by nol based on

the whole olefins. By the expression "at |east one ol gfijne bfogreant that
at | east one kind of an olefin consisting of only carbon and hydrogen is

contained in the whole olefin polyner of the 15 invention, and in case of,
for exanple, an olefin polyner conpgfﬁd of plural polyner blocks, the

ol efin consisting of only carbon an ydrogen nay be contained in any one
of the polymer bl ocks. The nonodi sperse pol yol efin desirably has a nunber-
20 average nol ecul ar wei ght of not |ess than 500, preferably 500 to
10,000,OOG?thbl%i@Ybfbeabbyt&,OQQHWGbEnQQQ,@Q@xat@nd1ﬁ@ﬂﬁgk§gt§@gngnre t han
1.5, preferably not nore than 1.3. The weight-average nol écular weight,

nunber - averalgkor @St ymé e ul @r chkd ghst anendMéhl 4 MM nyWehght=a¥er agg nol ecul ar
10 June 2005 29 weight, M nunber-average nol ecul ar wei ght) are neasured

in an orthodi chirorohennene: ot yamnt ngthdddls Hyc IBANSo R0, (geLyPer meat i on
chromat ography). The pol yner nol ecul ar wei ght obtained is converted to a

ol ecul arass Wwev gy 1 r £ €1 1Bo0é, PRI-YSHY L BABLEY 0 8cUBLKELSE E?Jf&%nevmen the
-resulting polynmer is nonodi sperse polyethylene or a nnngg} perse

et hyl @ne/ propyiteneeapndmeile e samlactd a-eight ds.£glgeul ated in terns
of pol yet hyl ene, - . ‘
' employable in the invention is an olefin consisting of -
only carbon and hydrogen. There is no specific
limitation on thé quantity ratio of the olefin consisting
| of only carbon and hydrogen to the whole alefins, but for
10 example, the ratio is not less than 5 % by mol and not |
-m?;e than 100 % by mol based on the whole olefins. By
the expression "at least one olefin" is mean£ that at
least one kind Qf.an olefin consiéting of oﬁly carbén and
hydrogen is cqntained in the whole olefin polymer of the
15: invention,.and in case of, for example, an olefinréolymer
MCOmposed'ofrplural polymer blocks, the olefin consisting
of only Qarbon and hydrogen may be contained in any one
of the polymer blocks.
.The monodisperse polyolefin desirabif*ﬁas arnﬁmber;
20 fverage molecular weight of not less than 500, péeferably
500 to 10,000}060, more preferably 1,000 to 5,000,000,
and Mw/Mn of ﬁoﬁ more than 1.5, preferably not morerthan
1.3. -
Thé_weight—averagemolecular weight,rnumber~average

25 molecular weight and Mw/Mn (Mw: weight—average moleéular




and when the resulting polyner is another polynmer 10 (tapered pol yner,
ol efin block copolyner), the nolecular weight is calculated in terns of

pol ypropyl ene. The paranmeters used are as foll ows. Pol](yg,%,;/%%(ﬂ% standard
sanpl e: K=0.000137, a=0.686 Pol yethyl ene: K=0.000326 5

Pol ypr opyl ene: K=0.0001, (x=0.8 The nelting point of the resulting polyner
'is neasured in a streamof nitrogen under the heating. rate conditions of
10C/min using a differential scannin@® cal ori neter (DSC). 20 The

13C- NVR. nreasur enent and anal ysis can be carried out in accordance with a
met hod hitherto known. Literatures on the 13C NWVR rreasurerrent and anal ysi s

are givereihglowmMnl) dunPedd 3 245 25
(1971) 10 Jjﬁﬁle 25\405 30 2e)ﬂ_1|= A. ovgi’,lgc% Saccﬁ}’aé) arfar%%‘?? =

Ma | aGUl 85 o k m ecul es, 11, 33
(1878;“) %wses Za}ﬁ]g&%h(ljﬁ’%%c%%%%@%aat ll\%’qlérc[’?oerﬁ%uae‘gﬁsn%g 154

(1979) 5kp¢ @@L pl}g%g‘re%rgql %C@h%%gaﬁg Y()197%?186£30 i\{mg%shl wa, A M Zuno,

S. Mnam , Polym Bul | .,
molecqlar welght obtained is converted to a molecular

5  weight in terms of polystyrene by a universal method.
Whgn the resuiting polymer is monodisperse polyethylene
or a monodisperse ethylene/propylene copolymer, the
molecular weight.is calculated in terms of polyethylene,
,énd when the resulting polymer is ahother-polymer

10 {tapered polymer,‘olefin block copolymer), the molecular
‘wgight is calculated in terms of polypropylene. The
paraméters used are as follows.

Polystyrene standard sample: K=0.000137, a=0.686
Polyethylene: K=0.000326, a=0.77

15 Polypropylene: K=0.0001,-a=0.8
| The melting point of the resulting polymer is
measured in a stream of nitrogen under the heatlng rate
condltlons of 10°C/min using a dlffeLentlal spannlng
.calorlmeter (DSC) .

20 X The 13C—NMereasurement and analysis can be carried
out in accordancé with-a methéd.hitherto known.
_theratures on the 13C ~NMR measurement and analy51s are
given below

1) LfP. Li;deman, J.Q. Adams, Anal. Chem., 43, 1245

25 (1971




7) P. Amendola, L. diva, G Ganotti, A Zanbelli, 10 Macronol ecul es,
18, 1407 (1985) 8) T. Tsutsui, A Mzuno, N Kashiwa, Polynmer, 30, 428

(1989) 9) T. Tsutsui, N Ishinmaru, A Mzuno; A Toyot gg jlNe 24@shi wa,

Pol ymer, 30, 1350 (1989) 15 Preferred exanpl es of the nonodi sperse

pol yol efins according to the invention include polyethylene, HDPE, LLDPE,
pol ypropyl ene, pol ybutene, a honnpolyner of 1- pentene, 1-hexene, 1-octene,
1-decene or the like, a copolymner of3®t hyl ene and pr.opyl ene, a copol yner
of 20 ethylene and an olefin of 4 to 20 carbon atons, and a copol yner of
propyl ene and an olefin of .4 to 20 carbon atonms. In these exanples,

pol yet hyl ene iz an st hyl@ng, wotyreihayi ng. &, geoonpper content of | ess
than 0.01 % by nol; HDPE i's an ethyl ene copol yner. containing as a 25

connnoneq&ggqmwm%gufggcﬂfﬁrfggﬁ Bof4 8 carbon atonms, 10 June 2005 31
preferably propyl ene, 1- but ene or 1- hexene in an anDunt of not |ess than

0.01 % by nDI;ﬂnqjkesg%ﬁpﬂﬂjs‘ﬁgg&dﬂgleﬁ&ﬁggli_ %f @Lcar hyl.ene copol yrer

cont ai ni ng as a conononer corrponent an efir on atons, 5

preferably praopylen ne, or. n.an _amount of not | ess than
3 % by nol gﬂlégs%% ?6”%&% ﬁé rnﬁ éi of°"the :olefins of 4 to 20

Carboﬁ_a%ﬁﬁﬁdﬂﬁﬁé%Kieé%(¥é¥'f§ﬁ éﬂfﬂ;as 1- butene 1- pentene, 1- hexene, 1-
5) Y. Doi, Macromolecules, 12, 248 (1979)
&) N. Kashiwa, A. Mizuno, S. Minami, Polym. Bull.,
12, 105 (1984)
7) P. Ammendola, L. Oliva, G. Gianotti, A. Zambelli,
10 Macromolecules, 18, 1407 (1985)

. 8) T. Tsutsui, A. Mizuno, N. Kashiwa, Polymer, 30,

428 (1989)
9) T.'TSutsui, N. Ishimaru, A.:Mizuno; A. Toyota,'N.
Kashiwa, Polymer, 30, 1350 (1989)

15- ' Preferred examples of fhe monodisperse polyoléfins
according to the invention include polyethylene,'HDPE,
LLDPE, pelypropylene, polybutene} a homopolymer of 1-
pentene, i—hexene, 1-octene, l-decene of the like, a

. copolymer of ethylene and propylene, a deﬁeiymer of-'

20 efhylené and an olefin of é to 20 carbon atoﬁs, and a
cdpolymer of propylene and andoiefin of_4 to 20 eérbon
atoms. In these exampies, polyethylene is an efhylene'
-éolymer having a comonomer conteﬁt of less than.0.0l % by
mol,; HDPE is an ethylene copOlymer.cOntaiﬁing as a

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




octene and 1- decene; dienes, such as butadiene, isoprene, 10
1, 4- pent adi ene, 1, 5-hexadi ene and 1, 7-octadi ene; aromatic vinyl conpounds,

such as styrene; and cycloolefin conpounds, such as tg 6raﬁy§+&$odecene,
nor bornene and nethyl norbornene. Wen the conononer is an 0 inof 3 to

-8 carbon atons, the conononmer content is not |less than 15 10 % by nol, and
i n other cases, the conononer contenhais not less than 0.01 % by nol. O
t he, above exanpl es, the copol yners y contain one conobnoner or nay
contain two or nore conononers. O the above polyolefins, preferable are
20 pol yet hyl ene, HDPE, LLDPE, pol ypropyl ene, pol ybutene, an

et hyl eneppebdpybehe popplyare, arbethylkene/ huherene, cggo%xngho%%%

et hyl ene/ hexene copol yner, and particularly preferable are LLDPE,
pol ypropyfenet pebybuhane).an. %tby|QBQ/QthYegBetEQHOBYHEF AR10 June 2005
32 et hyl ene/ butene copol yner and an et hyl ene/ hexene copo ¥ ‘The '

nmonodi spengel.pobyol ef im Ofh{yhenktnN¥8pbl ORekScoRLSE BE a polyner of
et hyl ene whi ch has a nunber- 5 averggegﬂglegﬁ | ar me? h%so? not | ess than

110, 000, cqnai@rabl odddn 00 4 30¢00R. 990 fore 1%8‘{13 150,000 to
5, 000, 000, and MM M1 of not nore than 1.5, pre era ﬁbre than 1.3,

or . aSpolpsrefe afb Bf ﬁﬁ?&}l@ﬂf@ of efipenselect eﬁe)ﬁél‘%’n Oir?fallrrllsargéug’ to 20
carbon atons which
.of not less than 3 % by mol and less than 10 % by mol.
Examples of the olefins of 4 to 20 carbon atoms include
o—olefins, such as l—butene, l-pentene, l-hexene, 1-
‘octene and l-decene; dienes, such as butadiene, isoprene;
10 1,4—pentadienef 1,5—hexediene and 1, 7-octadiene; aromatic
' ~v}pyl compoun@s, such as styrene; and cycloolefin :
compounds, such as tetracyclododecene, norbornene and
.methyl norbornene When the comonomer is an olefin of 3
to 8 carbon atoms, the comonomer content is nof less‘than
15 ..10 % by mol, and in other cases, the comonomer content is
not less tha.n' 0.01 $ by mol.
of theoabove egamples, the copolymers may contain
one_cOmonomer or may contain two or more oomonomers.
'Of the above polyolefins, preferable“efe
20 _ Eolyethylene, HDPE, LLDPE, polypropylene, polybutene, an
ethylene/propyleoe_copoiymer,'an ethylene/butene
copolymer and an ethylene/hexene copolymer, and
partlcularly preferable are HDPE, LLDPE, polypropylene,

polybutene, an ethylene/propylene copolymer, ar -




_lo_hunber-average nol ecul ar wei ght of not |ess than 500, preferably 500 to
10, 000, 000, nore preferably 1,000 to 5,000,000, Mwm M1 of not nore than

1.5, preferably not nore than 1.3, and a nelting point1ggu&9%ﬂkpmer t han
70C. In case of a polyner of propylene or 1-butene, this 15 pol yner
preferably has a nunber-average nol ecul ar wei ght of not |ess than 500,
preferably 500 to 10, 000,000, nore preferably 1,000 to, 5,000,000, Mw M
of not nore than 1.5, preferably not re than 1.3, and a racem c diad
(r), as neasured by 13C-NMR, of not less than 0.85, preferably 20 not |ess
than 0.90. In case of an ethyl ene/ propyl ene copol yner, the ethylene

content i s giheflenabiontrote |@gs hyhanr 6oy amlyled®neuwf erably not |ess
than. 70 % by nol. The nonodi sperse polyolefin of the invention may be 25

bonded to abhperl yeerructural parts within limts not 10 June 2005 33
detrinmental to the objects of the invention. The polynmer of the invention

may be a graft madi hbaddpehyi®e. pbhgodkehinn opolyRer Jeserdhng st o the
invention is, for exanple, a copolyner of at least two olefins selected 5

fromol efi pse@brabl@ 20pearkRR Bt0Es L WaiLeh R3S e rage nol ecul ar
wei ght of %ot-less ?hanp%% , preferabe 500 to 16?%%%,@8%é?rﬁnre

prefefﬁp'YaieQQ@etﬁoiéQgQaQQQeigﬁ@doﬁhhgﬁ h%s@’%ﬂb%ahh%dob%pered pol yrmer
contalning a segnent Vvvherel n conposition of two or nor é “nohoner s
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,l-é,-or a polYmér of at least one olefin
selected from olefins of 3 to 20 carbon atoms which has a
50 number;average molecular weight of not less than 500,
‘ pfgferably 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{ énd a melﬁing‘point of not lower than 70°C.
In-caserf a.polymer of propylene or 1—butené, thi§
'15 polymer preferably has a number-average moleculaf weight
of not lesé than 500, preferably 500 to 10,000,000, more
 preferably l,OOO_to‘S,OO0,0QO,-Mw/Mn of not more than 1,5,’
preferably not more than 1.3,.and a raéemic diad (r}, as |
measured by 13c-NMR, of not less than O;Bé, preferablj.
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

‘257 bonded ‘to other structural parts within limits not




- 10 continuously changes. The "tapered polynmer"” used herein is a polyner in
‘whi ch the conononer conposition gradually changes from one end to the
ot her end of the polyner chain. This polynmer can be syntlwes2oosd by
“polynerizing two or nore 15 nonomers (e.g., ethylene and propylene) in a
perfect [|iving polynerization systemwherein the chain transfer reaction
does not substantially take place. Whgg the Iliving properties of the
pol ynerization systemis insufficient, obtainable is not a perfect tapered
polymer 20 but a mi xture of copolyners having different conpositions. The
l'i ving prgggrties 0 theEﬁolynerization systemis judged by a nol ecul ar
wei ght di STFFBUETERY( My AT BPIERES Pdstie Agvssitjimer.. Wienpbhemkirvi ng
properties_of the polynerization,systemis high and a perfect tapered 25
pol ymer i 8¥ pFBRuEBECIEheNVBRYebEf aMAKIA L] mogridfiedalplol ymetr .10 June 2005 34
nmore than 2.5, nore_ preferably not nore than 1.8, still nore preferably
not nore than ihs olafinebabpver patgaedingheot wheoinreneibaNeBers are
selected fromolefins of 2 to 20 carbon atons. 5 Specifically, they are
pr ef er abl 0B eP¥ehRYe f rdntephyyeae, of peopykene, tlobulefienslspebteng,
1- hexene, 1-heptene and 1-octene, and they are nore preferably sel ected
from Set A @nheolof bpyl @he? aol 20 butenen Onemsf HHecHDAGRBESHISLestil| nore

preferably ethyl ene, and the ethyl ene content
. average molecular weight of not less than 500, preferably
500 to 10,000,000, more preferably 1,000 to 5,000,000,
and which is a sb—called tapered polymer containing a
"VSegment wherein composition of two or more monomers
10 continuously changes.
L. The "tapered polymer" used hereiﬁ is a polymer in
Which the comonomer composition gradually changes frém
one end to the other end of the polymer_chain; This
- polymer can bé synthesizéd by polymerizing twé Or more
15' monomers (e.g., ethylene and propylene) in a perfeét' |
liVing polymerization system wherein the chain transfer
reaction qdes-not substantially take place. When the
living-prdpérties‘of the polymerization éystem'is
' insuff;cient, obtainable is.not a perfec£ £;pered polymér
20 ?ut a mixture of copolymers having different compositions.
| 'The living‘propérties of the polymerization system is
} judged by a molecular weight distribution wa/Mn)-of the
iesulting pblymer. Wﬁen the living propérties of the

polymerization system is high and a perfeét'tapered

2§ polymer is produced, the value of Mw/Mn is pfeferably not




10 is particularly preferably not |ess than 30 % by nol. Exanples of the
tapered polymers include an ethylene/propyl ene tapered pol yner, an

et hyl ene/ butene tapered polyner, an ethyl ene/ hexene t gpagedog ymer, a
propyl ene/ but ene tapered pol yner and a propyl ene/ hexene 15 tapered

pol ynmer. The tapered polyner of the invention may be bonded to other
structural parts wthin limts not dg%rinental to the objects of the
invention, with the proviso that it as the above structure. The pol yner
of the invention 20 may be a graft nodified polynmer. The ol efin polyner
according to the invention is, for exanple, the follow ng polyner. An
~olefin p@¢yaﬁtth|2h51Smareobyﬁﬁérﬁbm§l&btn@o@E th¥wa Qr gD jKijnds of
nmonomer. units, i.e., a nonomer unit 25 M derived froman olefin of 2 to
20 car bamo st e it y 1809 unér809Fan35 . keast one nononer unit M that is
different fromthe nononmer unit M, and which has the foll ow ng

ti Mlei] abd M . r red b
?ggfﬁrlvl?l ezat |isf y th]ea]?cf)l I oz\%\n@in%m%g{za%g%ng{lm‘braﬂg él\{% é FEN?%%[ M2] ) y(A)

1>[ ML- Md el ddexd M £ M X4 Mg MR ) o £ B) M@EQ@I@aL%%L é§oﬁsnnlar fraction of the

nmononmer unit M [M1 is a nolar fraction of the nonomer unit M2, [M.-M1

i's a5m|%eéf1@£‘ééﬂqf,0ft}?e§‘nélte'ﬁr&f‘éfgbipesg?@gggé PP&B ethylene,

- propylene, l-butene, l-pentene, l-hexene, l-heptene and

l-octene, and they are more preferably selected from

ethylene, propylene and l-butene. One of the monomers is

still more preferably ethylene, and the ethylene content

10 is particularly preferably not less than 30 % by moi.
‘ Examples‘of.thertapered polymers include an
- ethylene/propylene tépered polymer, an ethylene/butehe
.tapered.polyme;, an ethylene/hexene tapered polymér, a
propylené/butene,tapered polymer and a propyleﬁe/he#ene
15‘7tapered polymer. | |
' The tapéred polymer of the invention may be bonded
tqrother.struétural parts within limits not'detrimental
to the objects of the invention, with thé proviso that it
'has'thejabove structure. The polymer of fﬁé“inventioh
20 Tgy be a graft modified polymer.
The olefin éolymef 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 monomexr ﬁnlt

25 M1 derived from an olefin of 2 to 20 carbon atoms and at



10 M and the nononer uhit M2 are adjacent to each other, [MMI is a
nolar fraction of a unit in which the nononmer unit M and the nononer unit
M are adjacent to each other, and [M2.-M1 is a nol agglin@ecro®@n of a unit
in which the nononer unit M2 and the nononer unit M2 are 15 adjacent to
each other, with the proviso that [MI+ M]=1.0 and :

1M - M2] + ML" ML] +I M2- M2} =1. 0. When the nononer unit M and-the nononer unit
M2 are contained in the polyner chaph at statistically random the
probability of occurrence of [ MLM2] becones 20 2x[ M ]x[M]. The reason of
multiplication by 2 is that [MM] is strictly a nolar fraction of units
of the leiat oheldiendfie MunittfraRdaihesMisWEynits. The  relation (A)

i ndi cates that the units wherei n2t he m)nts)smarl SEiQHthr;éEndtt e nmononer unit
M2 are afhasedat G e copt @i ped-hnna S |l er than those in the case
where 10 June 2005 gglthey are cont algﬁgggafggﬁgwgﬁi 3PPy H-afdom  Thi s
means that & OJD;'o’n h c e of .fthe nonponer .units M and a
portion of hi gpﬁl coén]ten 1of ﬁ:'e %%o@f%%'uh%g WQQ E@@J('rsfasi n one pol yner

chai n, i S. phenoyrer is 5 observed in a tapered_pol ymer or a bl ock
pol yner . lgr'es E})Jctajr@mﬁ%’t he2 bt 8 Y ntepbPihering thRéatinpention is

precgsel y contyq).l.ed, t, I Wh of the copolyner is usually not
nore than 2.5, [girlesgr]a/ts)(lcéft[qﬁoltx%] than 2.0, nofe preferably not nore than

L8 1> M1Mp] 2/ (4x M M1Tx M2 M2 ]) (B)

wherein [Mj] is a molar fraction of the monomer unit Mg,

[M2] is a molar fraction of the monomer unit M2, [M71-M2]

1s a molar fraction of a unit in which the ‘monomer unit

10 M3 and the monomer unit M2 are adjacent to each other,
[¥1'M1] is a-molar fraction of a uni£ in which the
. monomer unit Mj] and the monomer unit_Ml are adjacent to
4. each other, ;ﬁd [M2-M2] is a molar fraction of a unit in
rwhich the monomer unit M2 and the monomer unit Mo are
15 ,_adjacent to each other, with the proviso that
C[M11+[M2]=1.0 and [M1-M2]+[M1-M1]+[M2-M2]=1.0.

When the monomer unit M and ‘the monomer unit-Mzrare
contained in the polymer chain at statisticqlly random, 7
the probability of occurrence of {M1°M2].Bééomes |

:20 %f{MI]X[MZI; The‘reasop of multiplication by 2 is that
{Ml-le is strictly a molar fféction of units of tﬁe,
tgta; of the Misz units and the Mp2-Mj units. The :
relation (A) indicates that the units wherein the monomér'
unit Mj andithe'monomer unit My are adjacéﬁt are

.25 contained in amounts smaller than those in the case where

-




10 still nore preferably not nore than 1.6, particularly preferably not
nore than 1.5, nost preferably not nore than 1.3. Wen a tapered pol yner

or a block polyner satisfying the relation (A) is integpdgs beode

synt hesi zed by the 15, prior technique, there is a possibility that a

pol ymer apparently satisfying the relation (A) can be synthesized by
changing the feed ratio between the nononer unit M and the nononer unit
M2.wi-th time during the polynerizaﬂaﬁm ‘I'n this case, however, the 20

pol yneri zation reactivities of the nononer-unit M and the nonomer unit M
are different fromeach other; and. consequently the reactivities of the

feed nonemers aghan@etaMddy t4imes  Asi & 1&SU § , r fh SOR! | alue of , MV M is not
obtained, differently fromthe present invention. ------------ 10 June 2005

37 On thehetther peand ornken ta qiolgorrertf SalHe M¥Mhd s uitended to be
prepared by the prior technique, the feed ratio between the nononer unit

ML and t badman@@et idhi o VR i Jheeds tidh e Kafte GRINIAN (i hgyt he

polymerization in 5 order to prevent change of the reactiviti‘es of the feed
ronomer s B TS, ofR, S tie EENRDI Xy SSCULLERSS, oL [MCMeL
rel atg on (AL vLR Eneaprt%%%@ed- rﬂa\éeirg}mie(}nbrj L ibS_Ld% Sspio lyeme:[ro.

The Structure of the olefin copolymer of the
invention is precisely controlled, sc that the Mw/Mn of
the copolymer is;usually not more than 2.5, preferably
not more than 2.0, more preferably not more than'1.8,

_10 still more preferably not more than 1.6, particuiarly
: pfgferably not ﬁore than 1.5, most preferably.not'more
than 1.3.
When é taperéd polymer or a block polymer satisfying.
the relation (A) is intended to be synthesized by the
15 prior techniqﬁe, there is a possibility that a pol?ﬁér
appareﬁtly sétisfying the relation (A) can be synthesized
by changing the feed ratio between the monomer unit M1
“and the mbnémer pnit M2 with time duringrthe
polymerization. In this case, however, the
-_20 polymerizatidn reactivities of the monomer unit Mj and
- . : '
“the monomer unit Mo afe'diffe}ént from each other, and
_consequently the reactivities of the feed monomers'change

with time. As a résult, a small value of Mw/Mn is not

obtainedf differently from the present invention.




10 precisely control the polymer structure even when the reactivities of
the feed nononers change with time. The relation (A) is preferably the
following relation (A-2), nore preferably the foll ow Agjugdathpn (A-3).

0. 95?71ML' M}/ (2X[ M ) xIM21) (A=2) 15 0.90?[ ML' M1/ (2x[ M 1x[ M1) (A-3) The
relation (B) is arelation to verify the contents described with respect.
to the relation (A) with nuch higher _accuracy. As described above, [M-M1
is strictly a molar 20 fraction of ufifts of the total of the M-M units
and the M2-M wunits, so that the probability of occurrence of the M-M
unit wherein the nononmer unit M is followed by the nononer unit M2 and

t he probabil i@y wie octhitr enged of whbg z it -wWherein t monomner unit
M2 is .followed by the 25 nononer unitaxﬁogg?ﬁgbégoﬁgaF&IM 2 13%hen the

t erm nalirit(erkime 2005 SBeiridePoly ks the monomer unit nml and after
this nonomer unit the nohoner un?t NgegfiéﬁepﬁﬁﬁgﬁgPeunF eVEesds jnserted
to produwd i Metvieamithormaendhe Musi tyangd, (begides when the

pol ymeri zati on proceeds at statistically?S ?an§§%]%§ﬂgm?5tP816efﬁben
occurr emeesisofcd hesedt t§,, agrees,Wih the ratjo between [M] and [ M1.
That is, the nolar f#g%tiéhs §§§i% ?l?%eg?%l?% RyrtefbtPonipB-0- 1)

7([NW§NQb&ab&[Md Mﬂéﬂéﬂﬂ/dﬂgdgé éé}ékéjreactivities of the feed

-mongmers with time, so that the probability of occurrence
of [M1-M3] becomes equal to 2x[M11x[M2], and it becomes
impossible to safisfy the relation {A).

In the present invention, it is possible to

10 precisely control the polymer structure even when the
r?gctivities-of the feed monomers change with time. The
‘relation (A) is preferably the following rélation (A;2},
more preferably the following relation (A-3).

0-952[M1°M2]/(2X[M1]¥{M2]) (A=2)

715 O.—902{M1-M2]/(2x[M1]><[M2])- (A-3)

The relation (B) is a relation to verify the
ContentS'deécribed with'respect to the relation (AY with
miuch higher.accuracy- |

As described above, [M1-M2] is stficfl?ja molar

20 Eraction of unitsrof theitotal of the M1-M2 units and the
.MZ“MI units, so that thé probaﬁility of ‘occurrence 6f the
M1-M2 unit wherein the monomer unit M1 is followed by the
monomer unitc Mp aqd the probability of occurrence of the |

Merllunit_wheréin the monomer unit M is-féllowed by'thé

”-25” mqnomgr unit Mj both become ([My+M2]/2. When the terminal




10 On the other hand, when the termnal of the polyner 1is the nononmer unit
M2 ‘and after this nononer. unit the nonomer unit M or the nononer unit M
is inserted to produce a M2-M wunit or a M2-M2 unit and jogsiodes when the
pol yneri zati on proceeds at statistically random the 15. ratio between
occurrences of those units agrees with the ratio between [M] and [ M].
That is, the nolar fractions sati sfy3éhe followng relation (B-0-2).
([M*M]/2)/[ M M]=[ML]/[M] (B-0-2)"" That is, when the polynerization
proceeds at- 20 statistically random the following relation (B-0) wherein
both sides of the relations (B-0-1) and (B-0-2) are nmultiplied is given.
1=[M" M2]f (thoe] M Iideaf MRS M) r¢Brdie r Thiei @fiof esad da reb At @Rs(B) indicates
that the units 25 wherein the nmononer unit M and the nononer unit M2 are

10 June 2@8mn39 wdjacend resreoreont@i Neddj No AN o 56me + efin § pap,t hose in
the case where they are produced at statistically random Thi s"neans that

the probdhi liingerafec att ighiuiscd nsert-hon ueft the Sane ki f nomer s at
the termna-I of the 5 polymer is hll gher than the pro%éag’lgrlj?t ygggoi nsertion

2 L aper il o e o &N ek TRy o R i VR U ThOBT ok sty
cont rgl | ir'%%d‘bﬁﬁ ThUGLYIe pHS ST %%c%rrereqcésh%fo lt?’rcgsne P4 éz mer of the
agrees with the ratio between [M7] and [Mp]. That is,
the molar fractions satisfy the following relation ({(B-0-
1).
B ([M1-M2}/2) /[M3-M1]=[M2]/ {M1] - (B~0-1)
.10 On the other hand, when the terminal of the polymer

is. the moncmer unit My and after this monomer unit the

a
L]

monomer unit Mj or the monomer unit M7 is. inserted to

produce a Mg—Ml unit or a M2-M2 unit and besides when the
,polymerization proceeds at statistically random, the |

15 ratio between occurrences of those units agreeS'with fhe
.ratio.betweeh [M1] and fMg]. That is, the molar
fractiong-Satisfy the-following relation‘(é—052).

([MI;MZ]/2}/[M2‘M2}=[M1]/[M21 . | (B-0-2)
That is, when the polymerization-prééééds at’

20 iﬁatistically random, the following relation (B-0)
‘wherein both:sides'of £he relations (B-0-1) and (3;0—2}
are multiplied_is given.

“ 1={M1-M2]2/(4_>_<[M1-M1]><[M2-M2}) AB-0)
- The”éforesaid relation (B) indicatesfthat thé unifé

25 wherein the monomer unit M] and the monomer unit M» are




pol ynmer of the invention, cannot be produced by the prior

10 invention is precisely controlled, so that the Mv Mh of the copol yner
is usually not nore than 2.5, preferably not nore than 2.0, nore
preferably not nore than 1.8, , still nore preferably RgtyuA®pgod han 1.6,
particularly preferably not nore than 1.5, nost preferably not nore 15
than 1.4. The relation (B) is preferably the followng relation (B-2), nore
preferably the follow ng relation ég still nore preferably the
following relation (B-4), rmuch nor preferably the follow ng relation
(B-5), particularly preferably the following relation (B-6), 20 nost
preferably the following relation (B-7). 0.95> ML' M2] 2/ (4x[ ML' M ] x[ M2- MR) )
(B-2) 898spM:- Mep2LOAXENheNLlxl MoMBk: 6Be3ler than thos -
0.85>[ ML' M2] 2/ (4x[M ' ML] x{M2' M2]) (B-4) 0.80>M" N212l(4X[NﬂIN1]X|NQ-NQ])

(B-5) 26n8.Z5xEMhdRe] 2hedxbb:MblshivRehR L)Y e@a%&% Q\% 40
0.70>[M -M] 2/ (4x[M "M | xI M2-M2]) (B-7) The reason y a po yner havi ng a

smal | MuiMy mabne chad SBE §wbaglw€yr8katzbﬁelﬁ§)>us3‘i%@e % Egghhfgﬁreef's

the san®f ashé heaf€aBpORIWY BoRGhYHEE s §§ttﬁéykggmﬁh51 §'a on (A) cannot by
produced. It is detected by 13C-NMR that 1 n the tapere Iyner out of the

ol ebi n SopRheTers Atk ViR b Lsf-&@gwﬂftwfaﬁ‘gsé@cl‘%xﬁdJPV' ng My Mh of

not nore than
different kinds of comonomers at the terminal of the

polymer and that a tapered polymer or a block polymer can
be synthesized with precisely controlling the sﬁructure.
The structure of the olefin copolymer éf'the

7 10 invention is precisely controlled, so that the Mw/Mn of
t?g.copolymer is usually not more than 2.5, preferably
lnot more than 2.0, more preferably not more than 1-8,.
étill more preferably not more than 1.6, particularly
preferably not more than 1.5, most preferably not more

-15 “than 1.4. The relation (B) is preferably the. follow1ng
relatlon (B~ 2), more preferably the following relatlon
(B=3}, stlll more preferably the follow1ng relatlon (8;4),
much more prnferably the following relatlon (B 5},
partlcularly preferably the following relatlon (B-6),

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

0.95>(M1-M2]2/ (4x[M1-M1]x[M2'M2])  (B-2)
0,905 (M1 M212/ (ax iy M1 Ix M2 Mp]) (B-3)
0.85> (M1 -M212/ (4x (M1-14] 1x [Mp -] ) (B-4)
0.80>(M1-M2]2/ (4x[M1-M1]x[Mp-M2]) . (é—sj.-

25 ”0-75>[M1'M2]2/(4XIM1-M1]x{M2‘M2}J (846)




10 2.5, an isolated nmononer unit M and a sequence of two or nopge
conti nuous nononer units M are both present in the polynmer chain. Such a

-tapered polyner structure was not analyzed by 13C NVR4pny hLbeggsior art,
and it has been made clear for the first time by the technique of the 15
present invention which is capable of pronoting extrenely precise

pol ynmeri zation. On the other hand, in tf& bl ock polyner the isol ated
nononer unit M is not detected but only“a sequence of two or nore
continuous nononer units M is detected. 20 In the tapered pol yner
structure nmade clear by the present invention for the first tinme, it is

preferable thaUJansegmpngf]bf(JMQMPQ@ijH@ysM pomer uq%L%dM and a

sequence of three or nore continuous nononer uhits M are etected. That

is, it is prefer t e its of 25,.an isolated nononer unit M, a
R S nwemgo?)é%%fn%%nl?‘_i’%h%%sa nofidher Mufe svalugnd a

unit conposed of two 10 Ju

uni t conposgg of h%ﬁg- roymore jononer units M are detected by 1-3C NMWR
at the sanertirrarfl el H%%%rr?égﬁl?ﬁ %ﬁh'tﬁ%c%nﬁ%nEPeuH?PeR@dare 5
derived fr t rs previously given as exanples aof .the olefins of
2 to 20 carbon atrglr)rosr}?r&hee HORBRErC M urfTa M T a8 priepduant yPyletheedripom

et hyl eng, ngg%#gqp,j;>3:tene, 1- pentene, 1-hexene, 1- heptene or |-octene,
and i s nore preferablly del§ vEd't rgmthe reason why a polymer

' ;atisfying the relation (A) cannot by produced.
It is detected by I13C-NMR that in the tapeted
polymer cut of the olefin copolymers satisfying the

relations (A) and (B) and having Mw/Mn of not more than

‘i10 2.5, an isolated monomer unit M1 and a sequence of two or
. more continuous monomer units M are both present in the-
- polymer chain. Such a tapered polymer struc£ure_wés not
analyzed by‘13C~NMR iﬁ the prior art, and it has been
made clear for the first time by the technique of the
15 . present invention which is cépable of promoting extremely
'precise poiymerization.
Oﬁ‘the other hand, in the block polyﬁer the isélated
monomer.unit Mi1 is not detezted but oniy a sequence of

two or more continuous monomer units Mllis detected.

.

20 In the-tapered pqumer structure made clear by the
present inﬁent;on fof the firét time, it is preférable-
that a sequeﬁpe of two continuous-monomer units M1 and a
sequence of th;ee_or more continuous monomer units M] are

--détected. That is, it is preferable that three units of

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




10 ethyl ene. The nmononer unit M2 is preferably derived from propyl ene,

1- butene, 1-pentene, 1l-hexene, 1-heptene or 1- octene, and is nore
preferably derived from propylene or 1-butene. When tRe jxpaopgs unit M is
an ethylene unit, it is 15 preferable that three units of an isolated .
nmononmer unit M, a unit conposed of two continuous nononer units M and a
unit conposed of three or nore nnnongg units M are detected by 13C NWR at
the sane tinme. It is also preferablé’that an isolated nononer unit M2 and
a-unit 20 conposed of two or nore continuous nononer units M2 are detected
at the sanme tine. That is, it is preferable that a sequence of two or nore
cont i nudtR et g @ neonginenpsn i §sde eehddabyinl3ColMB caRd %gqqgﬂgﬁ§ of one,
two, three; four, five and six or nore nethyl ene groups, are 25 al

det ect ed®™ IMO¥S mreupr efet abl 6] that dbecdebar b$013e0gMR0Q3 +42 fractions
of the sequences of one, two, three, four, five and six or nore nethylene
groups aaenedeatiested as . different values. The 13C NMR neasurenent and

anal ysis can-be carried 5 out in accordance with a nmethod hitherto known,

as previ ousIThedessrdnead.unfhe 1] efid QRPOLYIBL. £a0 favorably used for
various nolding materials for filnms, sheets aﬁ%fg?%gﬁhﬁglﬁﬁﬁ product s,

var j»us dedditdaV €53 &he 3 nomers previously given as examples of
-the olefins of:2 to 20 carbon atoms.
The monomer unit M1 is preferably derived from
ethylene, propyléne, 1-butene, 1l-pentene, l1-hexene, 1-

heptene or l-octene, and is more preferably derived from

10 ethylene. The monomer unit M2 is preferably derived from

propylene, }Hbutene, l-pentene, 1-hexene, l-heptene or 1-
‘octene, and is more preferably derived from propylene or
1¥butene.

When the monomer unit M) is an ethylene unit, it is

15 _preferable that three units of an isolated monomer unit

Ml; a unit composed of two cqntinuous monomer units Mp-
‘and a unit.gémposedrof three or more monomér-units M1 are
detected'by 13¢eNMR at the same time. It'is also
preferable'#hét an isolated monomer unif‘ﬁéfand a unit

20 Eomposed of'twd‘o? more_contipuogs monomer units M2 are
_détécted at the same tiﬁe. That is, it is preferable
th;t'a séduénce:qf two or more continuous méthylene
g§oups is.detected by 13C—NMR and sequences oféne, two,
three, fQUF' five and six or more-methylene groups are

25 all detected. It is more preferable that the molar



10 conpatibilizing agent and nodifier, coating materials and adhesives.
The use application will be described |ater. The process for preparing the
ol efin copol ymer of the invention will be described | atigrjundbgo®! efin
copolynmer of the invention nmay have a 15 functional group at the term nal
of the main chain. The olefin copolyner of the invention nay be bonded to
other structural,. parts within |limg4s not detrinmental to the objects.of
-the invention, with the proviso that 1t. has the above structure. The
pol ymer of the invention may be 20 a graft nodified polymer. As the
functiongl roup, ' an. aromati ¢ hydrocarbon group, a hal ogen atom an
oxygen- cOtEATiNg Grodpe SBIUHGHYen- cortai ing groesm, Bosy) f Giveont ai ni ng
group, a phosphorus-containing group, a netal atom containing 25 group or
the |ike3P§ §igf @raproae 1ethvdeo@rous Barpleasofed hes ar omat i ¢
hydr ocar bon groups include phenyl, naphthyl, tolyl, biphenylyl and
ant hryl . dif€gmsnés vefluelve hal ogen atons include fiuorine, chlorine, bronine
and iodine. 5 Thﬁ oxygen-containing group is, for exanmple, a group
containing 1 Tbe5'dkyYHR meessrebentt had anenydasciddiede het.erpsyclic
conmpound residue is not included in this group. A group containing a
ni t r dyencutodn acsolfiancat emth a plaspdohis hate® MnohalLgen at om
sai-d- at om bei ng

. previously described.

The olefin popolymer can be favorably used for
various molding ﬁaterials for films, sheets and blow
mﬁlded products, various additives such as_

10 compatibilizing agent and modifier, coating materials and
'aébesives. ihe usé application will be described latér.
The process for preparing the olefin copolymer of i-
the invention:wiilibg described later. |
The olefin copolymer of the invention maj have a
15:'fun¢ti0nal group at the terminal of the main chain.L The
olefin copolYmer of the invention may be bonded to other
structuralﬁparts_within limits not detrimental to the
objects of the invention, with the proyiéo that it.ﬁas
‘the‘aboye'strﬁcture. The polymer of the'in?ention may be
20 ? graft modified polymer.

As the fUnctional:group,'an aromatic hydrocarbon'_

‘group, a halégénAatom, an oxygen—containing groﬁp,,a‘
'ﬁitrogen—coﬁtainimg gfoﬁp; a sulfur-containing group, a
‘phosphorus~containing group, a metatl atom*coﬁtaiﬁiﬁg

25 group or the like is preferable.




10 directly bonded to the oxygen atom is not included either. Exanples of
t he oxygen-contai ni ng groups include hydroxyl group; alkoxy groups, such
~as met hoxy, ethoxy, propoxy and butoxy; aryl oxy groupsp gselroas phenoxy,
met hyl phenoxy, di met hyl phenoxy and napht hoxy; aryl al koxy 15 groups, such as
phenyl met hoxy and phenyl et hoxy; acetoxy group; carbonyl group; carboxyl
group; ester group; and acetyl group. . \Wen the oxygen-containing group
contains carbon atom the nunber of éérbon atons is in the range of
usually 1 to 30, preferably 1 to 20. 20 The nitrogen-containing group is,
for exanple, a group containing 1 to 5 nitrogen atons, but the |ater-
described het ef¥eyRlee ebnpbandroesicdue hiysiraek rbdel weeeps N i §9r oup.
Exanpl es of the nitrogen-containing groups include am no group; al kyl am no
groups, seiednnk, 28apethyl antodyldi Bepbhghginoangt Bykasino, propyl anino, 10
June 2005 44 butyl am no and cycl ohexyl am no; and aryl am no groups, such
as phenyl am nOSXdrmmammmmo&m@a@@éhyhamngom&rmédéU'fi%-rﬁg%t ai ni ng group
is, for exanple, a group containing 1 to 5 sulfur atons, but the

| at er - destridoeihe 5 hederoeyehd ci 6@mpouUNnd residue is not included in this
group. Exanples of the sul fur-containing groups include sulfonato groups.,

such s net hylBd foonagen-cdiidiagmes hanespl f opgt o, Rheny! sul f onat o,

-benzyl sul fonat o, p-toluenesul fonato, ’ 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 oxygen atom, is not included

e%?hérf Examples of the oxygen—-containing gronpS'include

hydroxyl group; alkoxy groups,jsuch as methoxy, ethoxy,
propoxy'and bntoxy} aryloxy gronps,‘such as phenoxy,
methylphenoxy,.dimethylphenoxy and naphthoxy; arylalkoxy
15_ groups, such as phenylmethoxy and phénylethoxy; acéfoXy
-group; carbonyl group; carboxyl group; eotor group; and
acetyl g:oup.'-When‘the’oxygen—oontaining“gfoup contains
carbon atom,-the number of carbon atoms is in the range
of usually 1lto 30, preferably 1 to 20. a |
20 R The nitrogen—containing group is, for example, a
‘group containing 1 to‘S nitrogen atoms, but the later-
desoribéd-hefefocyclic compound residue'is not included
: ih this group. Examplés of the-nitrogen—containing
grQUps inoludeﬁamino group; alkylamino groups,'SQCh as

25 methylamino, dimethylamino, ethylamino,-propylamino,




10 trimet hyl benzenesul fonato, triisobutyl benzenesul fonat o,
p- chl or obenzenesul f onat o and pent af | uor obenzenesul fonato; sulfinato
groups, such as methylsulfinato, phenylsulfinato, benzyglgHLbhpat o,
p-tol uenesul finato, trimethyl benzenesulfinato and
pent af | ur obenzenesul finato; 15 al kylthio groups; and arylthi o groups. Wen
the sul fur- containing group contains, carbon atom the nunber of carbon
atons is in the range of usually 1 t 80, preferably 1 to 20. . The
phosphorus-contai ning group is, for exanple, a 20 group containing | to 5
phosphorus atons, and exanples thereof include trialkylphosphine groups,
such as bmty&ﬁmmn¢ﬂmnﬂﬂ&ymﬂohék@g&ﬁi@@psgn@ngrgpgmiggigyghp?exylphosphine;
triaryl phosphi ne groups, such as triphenyl phosphine and trrtolyl phosphine;
phosphi t esu@5 g Qatpsny PhosNY d@oE}fP&&@ﬁa@éf&l&%é’ﬁh@ﬁ&f%PQ&Sph' te, 10 June
2005 - 45 et hyl phosphite and phenyl phosphite; phosphonic acid group; and
phosphi ni c achﬂhaﬂguufufﬂg%ﬁggfﬂiﬁg(ﬁgéﬁgnfg ni aro 'g, for exanple, a
group containing an atom of silicon, al umnum boron, i nc %?Oﬂﬁgnesiunl
or a_met aloriamisuch 4% I LM At eXaTR 65, hersof_jnel ude_ 3
silicon-containing group, an al um num’cont ai ni ng group. - a- bbron- cont ai ni ng
r 0UPS & hetditoeANtiRl WolblRiihe & JIRINES 4P GO ALAL §G, 97 Qup, and a

i thi um atom :

group. Examples of the sulfur-containing groups include

sulfonato groups, such as methylsulfonato,

trifluromethanesulfonato, phenylsulfonato,

benzylsulfonato, p-toluenesulfonato, -

10  trimethylbenzenesulfonato, triisobutylbenzenesulfonato;

pTghlorobenzenesulfonato and pentafiuorobenzeﬁesulfonato;
sulfinate groups, such as methylsulfinato,
phenylsulfinatdL bénzylsulfinato, p*toluenesulfiﬁato;
trimethylbenzenesulfinato and pentaflurobenzeﬁesulfinaﬁo;
15lralkylthio groups; and arylthié groups. When the éuifﬁr-
| - containing group contains cérﬁon atom, the nuﬁbér'of :
carbon atomé_is in‘thefrange of usually I'fo 30,
preferablf 1 to 20. |
The phosphorus~containing qroup'is,“far example, a
20 '?roup'containihg 1 to S,phosphorus atoms, and exam@les_
‘thereof inclﬁde trialk&lphoSpﬁine groups, such ag ;
trimethylphosph}ﬁe, tributylphosphine and .
fricyclohexflpho;pﬁine;.triarylphosphine groups;fsuch as
triphenylphosphine and trithylphosphine;fphosphiteA:

25 groups (phosphido groups), such as methylphosphiﬁé,



-1.0. The silicon-containing group is, for exanple, a group containing 1 to
5 silicon atons. Exanples of the silicon-containing groups include
hydr ocar bon-substituted silyl groups, such as phenyl sig yhne sigghenyl sil yl,
‘trimethylsilyl, triethylsilyl, tripropylsilyl, 15 tricyclohexylsilyl,
triphenylsilyl, tritolylsilyl, trinaphthylsilyl and nethyl di phenylsilyl;
al kyl - substituted,silyl ether groupg, such as trinethylsilyl ether;
silicon-substituted al kyl groups, such as trinmethylsilylnmethyl;
silicon-substituted aryl groups, 20 such as trinethysilyl phenyl; and
hydr ocar bon-substituted siloxy groups, such as trinethylsiloxy. O the
hydr ocafbon1elpsphiticedns IpjiengylobesphtiticaolpHsidhdni @ratipg, such as
trimethylsilyl, tripropylsilyl and tricyclohexylsilyl, are preferable.. 10
June 200%cuge Fhd mhosphimicomtcaidnigmgugr.oup is, for exanple, a group
containing 1 to 5 alum num atons. An exanple of the al um num contai ni ng
group i s -AlRRegnetpl (Rtbs-chydnogeng groabkyls, grroup e x@mpalyy! Oroup which
may have a 5 substituent, a hal ogen atomor the |ike). The boron-containi ng
group i grofipr cexaaphéngaagr aupm 68Nkl NEBE, 1allOmd nkQF, OB RLYTE. An exanpl e
of the boron -containing group is -BR2 group (R is hydrogen, an al kyl
?rﬁlﬁ)o, ahnar gt gaoups WhinchorBy havel assuhstikuent, 1314 ,pal agep atomor the

i ke).

examples thereof include a silicon-containing group, an

aluminum—containing group, a boron-containing group, a
zinc~containing éroup, a magneSium—containing group énd a
‘lithium atom. ' B

' 10“. ‘ The Silicon~containing group is, for example, a
gFgup-containing 1 to 5 silicon atoms. Examples of the
silicon—éontaining groups include hydrocarbon-substituted
silyl groups, such és phénylsiiyij diphenylsilyl,
trimethylsilyl,triéthylsilyl,.tripropylsilyl,-

-15  tricyclohexylsilyl, triphenylsilyl, tritolylsilyl,
‘trinaphthylsiiyl and methyldiphenylsilyl; alkyl-
substitutedfsilyl e?her groups, such as trimethylsilyl
ether; silibon—substituted alkyllgroups{ éuch as

| trimethy}silylmethyl; silicénnsubstituted“éf;l groups,

20 EUCh as trimethysilylpheﬁyl; and_hydrocarbOn—substituted-
‘Siloxy groups;'suéh as trimethylsiloxy. - Of the
hydroCarbon—subétituted silyl groups, trialkylsiiyl-

; gréups, such as trimethylsilyl, tripropylsilyl and

tricyclohexylsilyl, are preferabie.




The zinc-containing group is, for exanple, a group containing 1 to 3 zinc
atons. An exanple of the zinc- containing group is -ZnR group (R is
hydrogen, an al kyl group, an aryl group which may havegaysibgid tuent, a 15
hal ogen atom or the |ike). The nmagnesi um containing group is a group
containing 1 to 3 magnesium atons. An exanpl e of the magnesi um contai ning
group is -MgJR group (R is hydrogen, an al kyl group, an aryl group which
may have a substituent, a 20 halogeﬁsaton1or the like). Exanples of the

ol efin polymers having a functional group at the termnal of the main
chain include polynmers having a hal ogen atom a phenyl group, a hydroxyl

group, an- atkexylghoHPm-caneak BORY oFLAMP.1a GRIOXM, group, , an 25 ester
group, an acetyl group, an al kylam no group, 'a 10 June 2005 = 47

trial kyysbhy! c@hoHPniagt 1i BBt BY LS @AY ird QW @ af ugi:num group, a
di al kyl boron group, angalkylzinc group,al??ﬁiunﬁgrg%ééb?Fkgkat t he

t er m natise of Lupohyet byheaen i HPPEr olbDRE, —@qlwp?%ﬂpert% jRol ybutene, a 5
homopol ymer of 1-pentene, 1-hexene, 1l-octene, I-decene or the like, a

copol b h n | epe, c | ymer .of .ethylene and an ol efin
ofp4 ¥gﬁg%g%%§%b¥£§a§%§€g(g?g??'(gﬁo g?%nggggécﬁ%§§%1?8§¥gﬁ§F £ pent ene, 1-

1 s Sper M eI S ATPERE 1BRIE cRcRiR, Dutadiene, 10 Teoprene
The boron-containing group is, for example, a group
containing 1 to 5 boron atoms. An example of the boron-
containing group'is —BR2 group (R is hydrogen, an alkyl
érﬁup, an aryl group which may have a substituént; a
10 halogen atom or the like).
rl‘ . The zincfcontaining group is, fdr example, a group
rcontaining i to BVéinc atoms. _An example of the zinc¥
containing groﬁp 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 magnésium~containing group is a group cdntéining
1 to 3‘magneéium atoms. An example of the mégnesium4
~ containing grbup is -MgR group (R is hydrégen, an alkyl
group, an aryl group which-may have a Subétituént; é"
20 halogen atom or the likel.
| Examples of the oléfin polymers having a functionél'.
group at the tef@inal of the main chain inC1udeIpolymers
| hé&ing a haldgen ;tqm, a phenyl group, a hydroxyl_group, .

an- alkoxy group, a carbonyl group, a carboxyl grdup,_én

25; ester group, an .acetyl group, an alkylamino group,‘a




oct adi ene; aromatic vinyl compounds, such as styrene; cycloolefin
conpounds, ‘such as tetracycl ododecene, norbornene and net hyl norbornene),
a copol yner of propylene and the above-nenti oned ol ef iy jgfe dodp 20 15
carbon atons, and the aforesaid tapered polyner. O these, particularly
preferable are polynmers having a chlorine atom a brom ne atom an iodine
atom a hydroxyl group or an al kylzinc group at the termnals of

-pol yet hyl ene, HDPE, LLDPE, ponpropyI%%e, pol ybut ene, an. 20

et hyl ene/ propyl ene copol yner, an et hyl ene/ but ene copol yner and an

et hyl ene/ hexene copol yner. The ol efin polymer having a functional group at

the ter rimialliofldive, Mejroehai & @aﬂm@ehiﬁypwiayyggggg fgr various
addi tives such as conpatibilizing agent and 10" June 2005 48 nodifier,

coating matLnivals anichadheshyss. aﬂ?fal’féﬁlb@ﬂ%'t% ?(Qf ok M‘fcgﬁ%‘ yaer w Tl

be described later. The process for preparing |n po having a
funct i On@rcgprUFllaethi[L{?@ dermaal ; of yeﬁ% RBI D £0A) 0y 5 be descri bed
odi [ [

| ater.” The ol efin polyner in another i ment o the |nvent|on is an

Ceast ond ol St el gc 88 T ory'd ef.m%ﬁf%wﬁ% PEER e Bre. Sand 10
(i1) 8 PolowmRioIheak dhal- de Al ned, Jram aty 1628ty One_QLELLD gl ected
the like, a cgpolymer of ethylehe and propylene, a '
copolymer of ethylene and an olefin of 4 to 20 carbon
atoms (e.qg., amoiefins, such as l-butene, l-pentene, 1-
hexene, 1-octene and l-decene; dienes, such as butadiene,
10 isoprene, 1,4-pentadiene, 1,5-hexadiene and i,7-
o?gadiene; a;omatic vinyl compounds; such as styrene;
éycloolefin compounds, such as tetracyclododecene,
'norbornene.and mefhyl norbornene), a copolymer of
propylene'éndrthe above—mentioned olefin.of 4 to 20
15 carbon atoms, and the aforesaid tapered polymer.. |
Of thesé, particularly preferable a#e polymers
having a:cﬁlorine atom, a bromine atom, ahriodine‘atom, a
hydroxyl éréup or an alkylzinc group at'the terminals of
‘polYetherne, HDPE, LLDPE, polypropyléné;;bolybutené} én
'26 ?thylene/piopYIene copolymer, an ethylené/butene
.copqumer‘and an ethyiene/héXéne copolymef
The olefln polymer having a functional group at the

termlnal of the maln chain can be favorably used for

various gddltlves such as compatibilizing agent and




-and is different fromthe polynmer block (i). The pol yner blocks different
fromeach other are those different in at |east one of prinmary structures

‘of 15 polyners, such-as nononer type, conononer type, {§ e
conposi tion, conononer content, conononer configuration and
stereoreqgularity.. The polyner blocks (i) and (ii) may be each a polyner
of one olefin selected fromolefins of 2 to 20 20 carbon atons or nmay be a
random copol yner of two. or nore ol ef i#8 ‘selected fromolefins of 2 to 20
carbon atons. The olefin block copolynmer may further have single or

plural polynmer blocks (iii) in addition to the polynmer block (i) and the

pol yner blwoekifié), ¢oatbhg maserithe 2Babhagksgopal yren.tgkes a form of
(i1)-(ii)-(iii)n, wherein 10 June 2005 49 n is an integer of 1 or nore,

pr ef er abl yagp1c$;iamrer @Iﬁ@fQbﬂ?h&rleQl?’beaHQsEP?b@gl @QEBE pol ymer bl ocks
are different fromeach other. The polyner block (i11) may be a pol yner of

one 5 oleflnsﬁﬂﬁﬁﬂﬁﬁbééégnf%§f¢9§p951§gt9h@ f??n%gigﬁg OhaviTRY be a

random copol yner of two or nore ol efins sel ected ins of“2 to 20

carbon at aimsgud dt: £418: 0! §f b bk Ok, & OPOL Y IES 6%‘61:19%0%%}00(2}1%%{%6%{;@& and the

pol ymer block ((ii) are each preferably a polyner from
the fobl owangpalyimra bl pcks (a), (b) and (c):

The olefin polymer in another embodiment of the
invention is an olefin block copolymer comprising:
(i) a polymér block obtained from at least one
-olefin selected from olefins of 2 to 20 carbon atoms, and
10 : (ii} a polymer block that is obtained from at_least
‘ogg olefin ;elected 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'3£ructures'of
15 polymers, such as monomer typg, comonomer type, céﬁdnomer
compositiqﬁ, comonomer content, comonomer cénfiguration
and ste;eoregula:ity"
The polymer blocks (i) and (ii) méy be each a
polymer of one olefin selected from'oléfiﬁg of 2 £0'2d_
20 Earbon atoms or may be‘a random copolymer of two or more
olefins selected.froﬁ olefinsg of 2 to 20 carbonlétoms.
The olefin block copolymer may furthe: have7single
;or_plural polyme¥ blocks (iii) in addition to the polymér
‘block (i) and the polymer block (ii). -Tn this case, the

J25 _blbck copolymer takes a form of (i)~(iii—(iii)h; Qhérein




(a) a polyner block obtained fromethylene, (b) a polyner block obtained
fromone (x-olefin selected froma-olefins of 3 to 20 carbon atons, and
15 (c) a polyner block obtained fromtwo or nore a ol efg MsmeSBIpgct ed from
a-olefins of'2 to 20 carbon atons. The polyner block (b) is preferably a
bl ock of a honopol yner of propylene, 1-butene, |-hexene or 1-octene. The
pol ymer block (c) is preferably a blqﬁi of an 20 ethyl ene/ propyl ene

copol ymer, an ethyl ene/ 1-butene copot¥yner, an ethyl ene/l-hexene copol yner
or an ethylene/ 1l-octene copolynmer. . In the present invention, at |east
one polynmer block (a) obtained fromethylene is contained, and the polyner
25 bl ock ¥ a}s desi ¥rabtyehast al nuntes ray e agee robh egul af o Wej ght 10 June 2005
50 of not |ess than 110,000, preferably 110,000 to 10,000,000, nore

pr ef er ablyr 50000y to 5y 0D, HOO, t18a dad MM Of o NPhe ADE Bt QN e 5,
preferably not nore than 1.3. The above-nentioned olefin polynmer is, for

exanpl e, diF fepalty Bromhes e no@ear bi trary nunber of pol ymer bl ocks -
obtained fromat | east one olefin selected fromolefins of 2 to 20 carbon

atoms are bondew pguHThercaY efBge geular, yeight. of the whole
polymers is not |less than 500, prefepgg{y 500I¥%E%0,06%§g%53 nor e ,

pr ef ebabloy o ol LOQ @D 00 0 e acen BPIATRL Bl OLks 1o i fFerent
ALt

from each other, the nunber-average nol ecul ar weig
' may be a random. copolymer of two or more olefins selected

.from olefins of 2 to 20 carbon atoms.
In the olefin block copolymer, the polymer block (i}
and the polymer block {ii) are each preferably a polymer
10 block selected from the following polymer blocks (a), (b
and (c):
(a) a polymer block obtained from ethylene,
(b) a‘pdlymer-blqck obtained from one‘a—olefin
selected ffom a-olefins of '3 to 20 carbon‘atoﬁs, and
15 (c) a polymer block‘obtained from two or more:aé
olefins seleéted from e-olefins of 2 to 20 cgrboﬁ atoms.
'Thelpolymer‘block'(b) is preferably a'block of a.
homopolymér‘of propylene, l-butene, l—héxene or l-octene.
‘The polymer block {c) is preferaﬁly“gﬂglocklof an g
20 %thylene/propylene copolymer, an ethylene/l—butene
rcopolymer,'an ethylene/l—hexehe copolymer or an
ethYlene/l—Qcﬁgne copolymer.
| In theﬁpreSQgt iﬁ%ention, at least one polyﬁer blohk
(a)'obtained from ethylene is_contained,'énd the poiyméf

25 Dblock (a) desirably has a number-average molecular wéight |




each polyner block is not |less than 100, preferably 100 to 9,999,900, nore
preferably 500 to 4,999; 500, and MV Mh of each polyner block is not nore
than 2.5. 15 In the present invention, the nunber of p@@gﬁﬁgzodglocks is an
integer of 2 or nore, usually 2 to 10, preferably 2 to particularly
preferably 2 to 4., In case of a diblock polynmer in which the nunber of

pol ymer blocks is 2, MV M is preferably less than 1.35, 20 nore
preferably less than 1 _30. In case oP0a tri bl ock pol ymer in which the
nunmber of polymer blocks is 3, MV Vh is preferably Iess than 1.80, nore
preferably less than 1.50. 10 June 2005 51 1n case of a nultiblock polyner

I N whi chottheoturters tofarpalyonen oyl eeks drsiA qlmeﬁM3N%gNh is preferably
less than 2.00, nore preferably | ess than In the above ol efin-bl ock

copolyneuguoe@q@omquﬁﬁkgFﬁeggqg%l@s1@@e@@@agby5§qkﬁpkﬁﬂ)fr pol yet hyl ene,
"HDPE,  LLDPE, a copol ymer of ethyléne and an ol efin seledte fromolefins

~of 3 to R0/e@rbon akoms ki RELKdiNG d'p%'%%%ra%ﬂ;} %‘E‘ &l ins),
at a- pol ypropyl ene, i so-pol ypropyl ene, Syn-po ypropy ene a copé?yner of

propyl ene andrAcTBROVECnAGSShE! BT ELATLELEILDS 01 40L0,20, eqrbon ators

(it ncluding dienes and cycl ool efins e af orésai &P pol ymer.
PartQpU|§rb¥19ﬁgge&ﬂgkglhsaﬁ ngHQ%%rQOEXHEEr Led polymer blocks

- obtained from.at least one olefin selected from olefins
of 2 to 20 carbon atoms are bonded, the number-average
molecular weight.(Mn) of the whole polymers is not less

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

| 10 1,000 to 5,000,000, adjacent polymer blocks are different

:fﬁQm each other, the nqmberwaveragermolecular Weiéht of
each polymer block is not less than 100,-preferably-100
to 9,999,900,.m0:e preferably 500 to 4,999,500, eﬁd Mw/Mn
of eeeh polymer block is not ﬁore than 2.5. |

15_ In the present inventioﬁ; the number of polymer '

-blocks 1s an integer of 2 or more,IUSUally 2 te 10,

| p:eferab;y.Z to 6, particularly preferably-Z to 4.

In case of a diblock polymer in Whieh the number of

'polymerjblocks is 2, Mw/Mn is preferabiy”iees than.1§35;‘

20 more preferably less than 1.30.
‘In case of a trlblock polymer in whlch the number of

polymer blocks is 3, Mw/Mn is preferably less than 1.80,

more preferably less than 1.50.




triblock polynmer in which each polynmer block is selected 15 from

pol yet hyl ene, HDPE, LLDPE, an et hyl ene/ propyl ene copol yner, an

et hyl ene/ but ene copol yner, an et hyl ene/ hexene copol ymgg .ju@d2005

et hyl ene/ oct ene copol yner, ata-pol ypropyl ene, syn-pol ypropyl ene, a
propyl ene/ but ene copol ynmer, a propyl ene/ hexene copol yner, and the 20

af oresai d tapered pol ymer. Exanples gfy the bl ock polynmers are given bel ow.
in the foll ow ng exanpl es, polyethylene-HDPE neans an olefin bl ock

copol ymer wherein a polyethylene block and a HDPE bl ock are bonded, and if
the pol yner block is a copolynmer 25 of two or nore nononers, such as an

et hyl ene/ pr opyPef&£0 Cfude Mdd5 b lmr ke gdivnesr ,in twh ioinoties coembigur at i on
may be that of a random copol ymer or a tapered pol yner.

pol yet hyP&nEBCHBBET pdioFdishylisefe-or DRES, ol AMet hiyd gne= B¢ty epel pEopyl ene
copol ynmer, 5 pol yet hyl ene-et hyl ene/ but ene copol yner,
poIyethyFéﬁé-gtHQLeW@ﬁﬁeP@ﬁéeﬁﬁdeyﬁemﬁ tihalry 6t .ty .ene- et hyl ene/ oct ene

copol yner, pol yet hyl ene- at a- pol ypropyl ene, pol yet hyl ene-syn- pol ypropyl ene,
10 pol yet hyl ehe- phopgbere/ bleéne bapokyrepolypelissgt R 4ngsdarapyl ene/ hexene
copol yner, HDPE-LLDPE, HDPE-ethyl ene/ propyl ene copol yner,

HDPE=et hiplenk/ bat pnefcopbllymeelected from polyethylene, HDPE,

B LLDPE, a copolymer of ethyleﬁe and an olefin selected
.from olefins df 3 to 20 carbon atoms (including dienes
and‘cycloalefinsf, ata-polypropylene, iso-polypropylene,
syn-polypropylene, a copolymer of propylene and a monomer

10 selected from olefins ofl4"t0'ZOrcarbon atoms (including
d%gnes and cyclooléfiné’,.and the aforesaid tapered
polymer. |
| Partidularly preferable is‘a diblock polymef orla
triblock polymér in which eacﬁ polymer block is selécted
15_Afrom.polyethylene,'HDPE, LLDPE, an ethylene/propyleﬁe'
copolymer, aﬁ ethylene/butene copolymer, én |
ethylene/hekene copolymer, an ethylene/octene copolymer,
éta—polyprbleene, syn—polypropylené, a ﬁropylene/butene
copolymer, a'propylene/hexene copolymer,'gﬁa‘the |
20 fforesaid tapered polymer.

Examples of-the biock polymers are given below. In
the.follOWing éxémples, polyethylenefHDPE'means én olefiﬁ
block copolymer whereiﬁ.a polyethylene block and. a HDPE
block are bonded; énd if the polymer block ié a.cgéolymér

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




HDPE- et hyl ene/ hexene copol yner, 15 HDPE- et hyl ene/ oct ene copol yner,

HDPE- at a- pol ypr opyl ene, HDPE- syn- pol ypr opyl ene, HDPE- propyl ene/ but ene

copol ymer, HDPE- propyl ene/ hexene copol yner, LLDPE- et hyligfetpgsopy! ene

copol ynmer, LLDPE-et hyl ene/ but ene copol yner, 20 LLDPE-et hyl ene/ hexene

. copol yner, LLDPE-ethyl ene/ octene copol yner, LLDPE-at a- pol ypropyl ene,
LLDPE- syn- pol ypr opyl ene, LLDPE-propyl e®d@ but ene copol yner,

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

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

copol yrer - ebhyhenethexenencapakby ™, ¢l 00> thyl eng/ propyl ene
copolyner-ethylene/octenemcopo ymer’n %f ngﬁ%73¥%by é”y 'Fif

copol yner - ahaBRl ¥BpeRYheRes &t hy %@% Lene
copol ynmer - syn- pol ypr opyl ene, et hyl ene efe copol ynmer - propyl ene/ but ene

copol yrer, él?g@xb?gﬁépﬁﬁp%%ﬁ@?é%gﬁﬁgxen% @é@gﬁyene/hexene copol yner,

_ ethylene/butene copol yner-e
ethylene/butene

t hyl éne/ b /
o1 1 08 RO TR UYL IELICL T SOBRLVEE et et one

copol yner-ata

copol. Cr*?'e?”%é%%é?ﬂﬁ exenféyé%%%?@ﬁée”e’ Eg%si%é?ﬁé"xéf eyl e/ but ene

copolyner octen 0 O|N et hyl ene/ hexene

copol ymer - a gpropy?% ene/ exene copblymer,

) polyethylene—ethylene/octene copolymer,
polyethyleneHata;polypropylene,
polyethylene~syn-polypropylene,

‘10 '_polyethylene—prOpylene/butene copolymer,

| .p?}yethylene—propylene/hexene-copolymer,
HDPE-LLDPE,'HDPE—ethylene/propylene copolymer,
 HDPE—ethylene/butene copolymef, |
HDPE-ethylene/hexene copolymer,

15 HDPE-ethylene/octene copolymer, HDPEHata—éolypropglene,
‘HDPE~syn—polypropylene, HDPE—propylene/butenejcopolymer,
HDPE-propylene/héxene copoiymer{ |

 LLDPE—ethylene/propylene copblymer,
- LLBPE-ethylene/butene copolymer,

20 %LDPE;ethYlene/hexene_cOpolymer,

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

ethylene/propylene cholymer—ethylene/buteﬁe copolymer,

- 25 ethylene/propylene copolymer-ethylene/hexene cobolymer,




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

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

copol ymer - propyl ene/ hexene copol yner, ethyl ene/ oct eneqg june 2005

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

et hyl ene/ oct ene copol yner - propyl ene/ but ene copol yner, 20 et hyl ene/ oct ene

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

at a- pol ypr opyl ene- propyl ene/ but ene céaolyner,

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

syn- pol ypr opyl ene- propyl ene/ but ene copol yner, 25 .

syn- pol ypF By FEAPPPDPYEBRELhpRERBICEOREhyTRhe /1@ tdHRE cRPRA yiRd:-,

propl yl ene/ but ene copol ymner - propyl ene/ hexene copol yner,

poIyethyt@hElEﬁﬁ%Ppopyéehylenpolyp@ky@thyb@m?pkbﬁﬁgég@LyethyIene, 5

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

_polyethy¢emEleneypeapﬁb@heneop@pghygegygoFM§%ﬁybgpgene'

pol yet hyl . ene- et hyl ene/ hexene copol yner - pol yet hyl ene, -

pol yet hydeimel ehdyh ne) DeAENEoSOPPMY FRh BB, YEhBYLE ENe copolymer

pol yet hyl ene- at a- pol ypr opyl ene- pol yet hyl ene, 10 - g

pol Y6t hyd et sy mabypramy| eoeo DOhYLL BYbEDEene PALYELLYLENE: D opy! ene/ but ene
e S

~copol yner - pol yet hyl ene, pol yet hyl ene- propyl ene/ hexen _
E%EE[miﬁtﬂymeﬁﬁlbﬂﬁgﬁb cdﬂ%ﬁ%ﬂ%gk¥§%£¥}éﬂ@?ﬁ@%ﬁ%e*@%ﬁ% é%%ﬂ?;'HDPE’
et hyl ene/ propyl ene copolyner-H
ethylene/butene .copolymer-ethylene/octene copolymer, '
ethylene/butene éopolymerhata—polyﬁropylene,
ethylene/butene copolymer-syn—polypropylene,

10  ethylene/butene copolymer-propylene/butene c0polyméf,
epbylene/buteqe copolymer-propylene/hexene copolymer;
.ethylene/hexene copolymer—ethylene)octenecopolymer,.
ethylene/hexene CO?OIymer—ata;polyprOpylene, o
ethylene/hexene copolymer-syn-polypropylene,

15_.ethylene(hexene copolymer-propylene/butene copolymég,'
ethylene/hexene copolymer—propylene/hexené copoiymer,

' ethylene/octene copolymer—ata—polypropylene,
ethylene/oéténe copolymernsyn—polypfopyleﬁe,
ethylenq/octene copolymerﬁpropylene/buﬁené'Eopolymer;'

20 ?thylene/octene copolymer-propylene/hexene copolymer,
éta—polyprdpylené—syn—pblyprobyléne,
ata—poiypropyléne;propylené/butene copolyner,

_ atampolypropylene—p;opylene/hexene copolymer,
syn-polypropylene-propylene/butene copolymér;

25A syn-polypropylene-propylene/hexene copolymer,




15 HDPE- et hyl ene/ but ene copol yner - HOPE, HDPE- et hyl ene/ hexene
copol yner - HDPE, HDPE- et hyl ene/ oct ene copol yner - HDPE,

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

HDPE- pr opyl ene/ but ene copol yner - HDPE, 20 HDPE-propernef%ex

copol yner - HDPE, LLDPE- pol yet hyl ene- LLDPE, LLDPE- HDPE- LLDPE,

‘LLDPE- et hyl ene/ pr opyl ene copolyner-Lngg LLDPE- et hyl ene/ but ene
copol ymer- LLDPE, LLDPE- et hyl ene/ hexerie* copol ymer - LLDPE, , 25
LLDPE- et hyl ene/ oct ene copol ynmer - LLDPE, 10 June 2005 55
'LLDPE-ata-pong;opylene LLDPE, LLDPE-syn-pol ypropyl ene-LLDPE,
LLDPE- pr opyt@n b@m%hQUQ@WQIq@mmlymif%@r¢¢$IEh¢vm&wé@@eéagagpﬁer
copol ymer-LLDPE, - 5 ethyl ene/ propyl ene copol yner - pol yet hyl ene-
et hyl ene/ propyl ene copol yner, ethyl ene/ propyl ene

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

copol yrer -ptDRE:-tet et et 12 -qpyl witch y Ldhecopol yer, et hyl ene/ propyl ene
copol yner - et hyl ene/ but ene copol yner- . ethyl ene/ propyl ene copol yner,
et hyl ene/ prolpyd tenel caapal -l hyd ne/digxene copol yner -
5 polyethylene-ethylene/propylene copolymer-polyethylene,
polyethylene~ethylene/butene copolymer-polyethylene,
polyethylene~ethylene/hexene copolymer~polyethylene,

polyethylene-ethylene/octene copolymerwpdlyethylene,

'polyethylene—ata—polypropylene—polyethylepe,

.10 _polyethylenemsyn—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,
ﬂDPE—eehylene/octene copolymer—-HDPE,
HDPEnateépolyprOpylenewﬁDPE,-HDPE—syn—pelyprOpylene—HDPE,

, HDPE—p;opylene/butene copelymer—HDPE,' - ) |

20 %DPEfpropylene/hexene copolymer~HDPE,
LLDPE—polyethylene—LLbPE, LLBPE—HD?EfLLDPE,
LLDPE~ethyleQE/perylene eopolymerﬁLLDéEl_
’LLDPE—ethylene/butenercopolyme;—iLDPE{‘:
_LLDPE—ethylene/hexene copolymerfLLDPE,

25 LLDPE-ethylene/octene copolymer-LLDPE,




et hyl ene/ propyl ene copol yner, 15 et hyl ene/ propyl ene

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

et hyl ene/ propyl ene copol yner - at a- pol ypr opyl ene- et hyl en@l@icomosene

copol ynmer, ethyl ene/ propyl ene copol yner-syn- pol ypropyl ene 20

et hyl ene/ propyl ene copol yner, et hyl ene/ propyl ene copol yner - propyl ene/ but ene
copol yner- et hyl ene/ propyl ene copol ydgr, ethyl ene/ propyl ene

copol yrmer - propyl ene/ hexene copol yner- et hyl ene/ propyl ene copol yner, 25
et hyl ene/ but ene copol yner - pol yet hyl ene- et hyl ene/ butene 10 June 2005 56

COpOIynEELDpﬁiQWg§&§¥€H o HDPE- et hyl ene/ but ene copol yner,
et hyl ene/ but ene copo n%?gft%ﬁ% :¥ﬁ€$@ne/butene copol yner, ethyl ene/ but ene

gﬁ@%ﬁgx 5 et hyl ene/ but ene copol ynmer,

ene copol yner- et hyl ene/ but ene

I I
ct Pyl ey oS SR EEE
(%gfr et hyl ene/ oct ene copol yner -

copoly | en ut ne c )
ethylegq%ﬁdﬁéﬁ%cﬁgrq B BRIGRE copol ymer - at a- pol ypr opy! ene
et hyl.en ne co ethylene/butene copolyner-syn pol ypr opyl ene-
et hyl englgﬁ}iﬁ)er &t

%%dexene copolymer-LLDPE,
5 ethylene/prOpylene copolymer-polyethylene-

10

15

20

25

~ethylene/propylene

ethylene/propylene
copolymer, ;
ethylene/prépylene
copolymer,
e?bylene/propylene

ethylene/propylene

ethylene/propylene

ethylene/propyiene

‘ethylene/propylene

ethylene/propylene

ethylene/propylene

ethylene/propylene

ethylene/propylene

"ethylene/propylene
LY

ethylene/propylene
ethylene/proleené
ethylene/propylene

ethylene/propylgné

copolymer,

copolymeerDPE—ethylene/propylene
copolymer—LLDPE~ethyleng/propylene

copolymer—-ethylene/butene cOponmer—

copolymer,

copolymer-ethylene/hexene copolymér—

copolymer,

copolymer-ethylene/octene copolyﬁer—

copolymer,
coinymer;ata—polypropylehe~
éopolymer,
copolymerusyn—polyprépyié;e—
copolymer,
copolymer-propylene/butene copélymerf_
copolymer, . | -
copolymer propylene/hexene copolymer—

copolymer,

ethylene/butene copolymerwpolyethylene—ethylené/BUEené




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

et hyl ene/ but ene copol yner, ethyl ene/ hexene 10 June 2005

copol yner - pol yet hyl ene- et hyl ene/ hexene copol yner, 20 et hyl ene/ hexene
copol yner - HDPE- et hyl ene/ hexene copol yner, et hyl ene/ hexene

copol yner - LLDPE- et hyl ene / hexene copolggrer, ethyl ene/ hexene

copol yner - et hyl ene/ propyl ene copol yner- et hyl ene/ hexene copol yner,

et hyl ene/ hexene copol ymer - et hyl ene/ but ene copol yner- 25 et hyl ene/ hexene
copol yner . 2005 57 ethyl ene/ hexene copolyner et hyl ene/ oct ene
ethylene/hexene copolyner et hyl ene/ hexene :

copol yner -

copol yner - at £ne- hexene _copol yner, -

et hyl ene/ hex r%g%/g)%lo rer- &=y b%el gﬁjc?r?ﬂeéﬁ}i’é/ eé’ﬁﬁ?%%@@@ml yner,
Iene/butene copol yner - et hyl ene/ hexene

et hyl ene/

copolynernﬁﬁﬁn%P K%%hexghe‘gﬁﬁgy Fpya ehelaresénet eopotynel ymea,
ethyLene/ %§Sﬂ% /B Iyner ethylene/octene
copol yner - po yetnlfry BhEDE: KPPSHEFSE &4 Y1eogdpymen L catehydognd/yoatene

copolwger QPEe p%lene/octene copol yrer,

utene copolymer,
ethylene/buteéne copolymer-ethylene/hexene copolymer—

ethylene/butene copolymer,

10

15

20

ethylene/butene
ethylene/butene
ethylene/butene

ethylene/butene

ethylene/butene

ethylene/butene
ethylene/butene
ethylehe/buteﬁe
ethylene/butene

ethylene/butene

'ethylené/hexene

copolymer,

ethylene/hexene
LY

" ethylene/hexene

ethylene/hexene

‘ethylene/hexene
ethylené/hexene

ethylene/hexene

éopolymer—ethylene/octene copolymer—
copolymer,
copolymer—ata—polypropylene—
copolymer,
copolymer—syn—polypropylene—
copolymer, o
copolymer4prbpylene/butene cdpolymér—
copolymer,

copolymerfpropflene/hexehe copolymer-
copolymer,l |

copolymer-polyethylene~ethylene/hexene

copolymer-HDPE-ethylene/hexene copolymer,

copolymer—LLDPE—ethylene/hexeneICOpolymer,

copolymer-ethylene/propylene copolymer—

copolymer,

copolymer—ethylene/butene'copolymer+

copolymer,




et hyl ene/ oct ene copol yner - LLDPE- et hyl ene/ oct ene copol yner, 15
et hyl ene/ oct ene copol yner - et hyl ene/ propyl ene copol yner- et hyl ene/ oct ene
copol yner, . ethyl ene/ oct ene copol yner - et hyl ene/ but ene eopahy pess
et hyl ene/ oct ene copol yner, ethyl ene/ oct ene copol yrner - et hyl ene/ hexene
copolynmer 20 ethyl ene/ oct ene copol yner, ethyl ene/ octene
copol yner - at a- pol ypr opyl ene- et hyl en ctene copol yner, ethyl ene/ octene
copol ymer - syn- pol ypr opyl ene- et hyl ene/ oct ene copol yner, 25 ethyl ene/ octene
copol yner - propyl ene/ but ene copol yner 10 June 2005 58 et hyl ene/ oct ene
copol yner, et hyl ene/ oct ene copol yner - propyl ene/ hexene copol yner -
etﬁylgneﬁggp’ q%hﬁﬂ%ﬂﬁHQOPof§m§;”et§;l£2%/octene copolsmez—
at a- pol ypropyl ene- pol yet hyl ene- at a- pol ypropyl ene, 5
at a- pol y &5 atRRsdWisiopy | ene,
at a- pol ypr opyl ene- LLDPE- at a- pol ypr opyl ene,
at a- pol yfrépilicareterisylee maiorlopdrere: ccquol wmerpdtene pol ypr opyl ene,
at a- pol ypr opyl ene- et hyl ene/ but ene copol yner-ata- 10 pol ypropyl ene,
at a- pol ypitopyleaed hepdeyice meipodyewre ,copol ymer - at a- pol ypr opyl ene,
at a- pol ypr opyl-ene- et hyl ene/ oct ene copol yner - at a-

ethylene/hexene copolymer-syn-polypropylene-

ethylene/hexene copolymer,
etﬁylene/hexene copolymer-propylene/butene copolymer-
ethylene/hexene eopolymer,

| 'Véthylene/hexene copolymermpropylene/hexene,copolymer—

10 .ethylene/héexene copolymef, | |
erylene/octene cOpolymér—polyethyléne—ethylené/oCtene
copolymer, |
~ethylene/octene popolymerwﬂDPE—ethylene/octene cééol&mer,
.ethylene/oqtene copolymer—LLﬁPE—ethylené/octeﬂe copblymer,

'15  eﬁhylene/octene copolymer—ethylene/prépylene copol?merm
néthyléne)octene copolymer,, |

nethylene/ogtene copolymer—ethylene/buténe‘cbpolymer—
ethylene/détene copolymer,

'ethyleng/octene copolymer4ethylene/hexené éépolymef%*

.20 %thylene/octene copolymer, |
‘ethylene/octene éopolyﬁer—ataépolypropylene—

. ethylene/oCténé éopolymer, |
éfhylene/ocﬁene-copolymer—syn4polypropyleﬁe—
ethflené/octene éobolymer, |

.gs'lgthylene/bctene copolymer-propylene/butene cobolymer;‘




pol ypropyl ene, 15 at a- pol ypropyl ene-syn- pol ypropyl ene- at a- pol ypr opyl ene,
at a- pol ypropyl ene- propyl ene/ but ene copol yner -at a- pol ypropyl ene,

at . a- pol ypropyl ene propyl ene/ hexene copol yner -at a- pol ypuorybeire, 20
syn- pol ypr opyl ene- pol yet hyl ene- syn- pol ypr opyl ene,

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

syn- pol ypropyl ene- LLDPE- syn- pol ypr op§8ene,

syn- pol ypr opyl ene- et hyl ene/ propyl ene copol yner-syn- pol ypropyl ene, 25
syn-. pol ypropyl ene- et hyl ene/ but ene copol yner-syn 10 June 2005 59

poIypropg{gpgene§39t8ﬁ5y85%8¥lSgg-ethyIene/hexene copol yner - syn-
pol ypropyl ene, syn-pol ypropy %ne-éthylene/octene copol yner-syn- 5
opyl ene- syn- pol ypr opyl ene,

| - | ene- at a- pol
o bol yor oy 35220t B8y BhaP et SR PSB! F &Y Ricpopyprupyenc.

syn-poly ne- pr opyl ene/ hexene copol yner-syn- 10 pol ypropyl ene,
propyleﬁg§%ﬁ¥%ﬁ%F%§%%ﬁ%h%?E et hyl ene- propyl ene/ but ene  copol yner,

ropyl ene/ but ene copol yner - HDPE- pr opyl ene/ but ene
_.p Py aéa—poi&proé&ig%e—po yetﬁglégé~ata—polypropylene,

5 ata—polypropylene—HDPE—atawpolypropylene,

. ata~polypropylene“LLDPE-ata—polypropylene,
ataépolypropyléne~ethylene/propylene copolymer—~ata-—
polypropylene, |

. ata-polypropylene-ethylene/butene copolymer—ata-—

10 éolypropylene, |

'a?@—polypropylene—ethylene/hexene copolymer-ata-

'.polypropylene,

"afa~po1ypropylenehethylene/octene copolymer—-ata-
polypropylene,

15 ‘éta—polyproﬁyléne—syn—polyproleene—ata—polyprop?leﬁé;

'.ata—polyprOpylene—propylene/butene copolymer-ata-
pblyprOpyle;ne, | |
ata—polypfopylene;pfopylene/heiene copolymer-ata—
polypropylene, .

20 %yn—polypropylene—polyethylene—syn—polypropylene,
syn-polypropyleneFHDPEmSyn—polypfopylene,

' synfpolypropylene-LLDPE—synﬁﬁolyprOpylené,
syn-polypropylene-ethylene/propylene copolymer—-syn—
polypropylene, B

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




copol ynmer, 15 propyl ene/ but ene copol yner - LLDPE- pr opyl ene/ but ene copol yner,
propyl ene/ but ene - copol yner - et hyl ene/ propyl ene copol yner- propyl ene/ but ene
copol ymer, propyl ene/ but ene copol yner - et hyl ene/ but ene ¢op@ly/siys 20
propyl ene/ but ene copol yner, propyl ene/ but ene copol yner - et hyl ene/ hexene
copol yner - propyl ene/ but ene copol yner, propyl ene/ but ene

copol yner - et hyl ene/ oct ene copolyner%?propylene/butene copol yner, 25

propyl ene/ but ene copol yner - at a- pol ypropyl ene 10 June 2005 60
propyl ene/ but ene copol yner, propyl ene/ butene copol yner-syn- pol ypropyl ene-

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

~copol yneplyBrppvpyhene/ but ene copol yner, propyl ene/ hexene
copol yrer - pol yet hyl ene- propyl ene/ hexene copol yner, propyl ene/ hexene

copol yneyn+HDPEypropyl enef hekghenedbpakyrercopdQ yheepyhene/ hexene
copol ynmer - LLDPE- pr opyl ene/ hexene copol ynmer, propyl ene/ hexene
copol yneclephypeherdpr opyl ene copol yner- propyl ene/ hexene copol yner,

syn-polypropylene~ethylene/octene copolymer-syn-

.5 polypropylene,
'Asyn—polypropyleneﬂata—polypropylene—syn—polypropylene,
syn—polypropylene—propylene/butene copolymer-syn-
polypropylene, | |
sYn—polypropylene—propylene/hexene copolymer-syn-
10 pol?propylene,
p¥9pylene/butene copolymerﬁpolyethyléne—propylene/butene
copélymer, |
lpropylene/bﬁtene copolymer—HDPEHpr0pylene/butene
7 copolymer, | |
15 -ﬁrOpylene/butene copqlymer~LLDPE—propylene)butene
copolymer, .
| prqpylene/butene copolymer—ethylene/propylene c0pélymer—
propylene/butene copolymer, |
propylEng/butene copo1ymer—ethylene/butené"ébpolymerwf
20 eropylene/butene copolymer,
y propylene/butene éopolymer—ethylene/heXene copolyﬁet—
propylene/bﬂténé éopolyme;, |
‘.pfbpylene/butene copolymer—ethylene/octene‘copolymer—
propylene/butene éopolymer, .
25. p;opylené/gutene copolymer-ata-polypropylene-




propyl ene/ hexene copol yner - et hyl ene/ but enecopol ynmer- 15 propyl ene/ hexene
copol yner, propyl ene/ hexene copol yner - et hyl ene/ hexene copol yner -
propyl ene/ hexene copol ynmer, propyl ene/ hexene copol yner1@tihhd #ipe/ oct ene
copol ynmer- propyl ene/ hexene copol yner, 20 propyl ene/ hexene

copol yner - at a- pol ypr opyl ene- propyl ene/ hexene copol yner,, propyl ene/ hexene
copol ymer - syn- pol ypr opyl ene- propyl ene/digxene copol yner, propyl ene/ hexene
copol yrmer - propyl ene/ but ene copol ynmer- 25 propyl ene/ hexene copol yner, 10
June 2005 61 pol yet hyl ene- HDPE- LLDPE,

polyethylene HDPE-et Iene/propylene copolyner

pol yet hyl er&- H%% RNy ®pol ymer |

polyethylene HDPE-etherne/hexene copol ymer, 5

pol yet hy!| e~ HHBEs/RH s m@ﬂevr%lboﬁr}ymolymopylene— |

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

pol yet hy| emFHOBESSpyesife/IraEnamasopol ymer ,
pol yet hyl ene- HDPE- pr opyl ene/ hexene copol yner, 10 pol yet hyl ene- LLDPE- HDPE,

pOIyethyIeﬁéIEU@PBﬂﬂﬂ%ﬂQﬂﬁﬂQﬂRﬂ%MMﬁn?Rﬂﬂﬂﬂ%ﬂnaﬂhexene copolymer—
pol . yet hyl ene-LLDPE- et hyl ene/ but ene copol yner,
pol yet Kyl epeoplyDREc bimtleare /dvgcdnamennpol yer ,

propylene/hexene copqumer~polyethylene—propylene/hexene
copolymer,
propylene/hexene:COpolymef—HDPE—propylene/hexene
copolymer,
- 10  propylene/hexene copolymer-LLDPE-propylene/hexene
g?polymer,
propylene/hexene cbpolymer—ethylene/prqpylene copolymer— |
propylene/hexéne'qopolymer; |
propylené/héxene copolymerQchylene/butene copolymer—
15 propylene/hexéne copolymer,
| ‘propylene(hexene cbpolymer—ethylene/hexene copolymer—
_propylene/hexene copolymer,
propyléné/hexene-copolymer—ethylene/octenercopolymer~
prOpylene/hexene copolymer, . | |
20 eropylene/hexene copolymer-ata-polypropylene-
propylene/hexehe_copblymer,a_ |
propylene/hexeﬁe coéolymerfsyn—polyprépylene~
i prOpyleneYhexéne copoiymer, |
rp:opylene/hegehercopolymer—propylene/butené éopolymer—

25 proleéne/hexene copolymer,




pol yet hyl ene- LLDPE- et hyl ene/ oct ene copol yner, 15

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

pol yet hyl ene- LLDPE- syn- pol ypr opyl ene, 10 June 2005

p. ol yet hyl e. ne- LLDPE- pr.opyl ene/ but ene copolyner

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

pol yet hyl ene- et hyl ene/ pr opyl ene copolgqer-HDPE 20

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

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

pol yet hyl ene- et hyl ene/ propyl ene copol yner - et hyl ene/ hexene copol yner, 25

pol yet hyl erevethylenerpbEpyL&RE@Ecopol yner - et hyl ene/ oct ene 10 June 2005 62

copol ymer, pol yet hyl ene- et hyl ene/ propyl ene copol yner-at a- pol ypropyl ene,

polyethylenéyethyﬂenefﬁDBﬁyEEhgleopdbynpyieme=co@op@hﬁgnopylene,

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

pol yet hyl pnéyethylenefgDBpykehgleapsdbynene poopykene/ hexene copol ymer, 10

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

~copol yner pbweehquaﬂéyenhyLeaayeéhyyeegéb@t eBgot9pekymer - et hyl ene/ propyl ene
copol yner,

: 5 polyethylene HDPE-ethylene/octene copolymer,
polyethyleneéHDPEhata—polypropylene,
polyethylene—HDPE—syn—polypropylene,
pelyethylene-HDPE~propylene/butene copolymer,

‘_polyethylene—HDPE—propylene/hexene copolymer,

40 polyethylene-LLDPE-HDPE,
polyethylene—LLDPE—ethylene/propylene copolymer,
polyethylene—LLDPE—ethylene/butene copolymer,
polyethylene LLDPE ethylene/hexene copolymer,
polyethylene LLDPE —ethylene/octene copolymer,

15 polyethylene-LLDPE-ata-polypropylene,

:'polyethylenemLLDPE—syn—polypropylene;

: polyethylene LLDPE—propylene/butene copolymer,
polyethylene LLDPE- propylene/hexene copolymer
polyethylenevethylene/propylene copolymer~HDPE,

20 polyethylene-ethylene/propylene copolymer~LLDPE,

. . :

‘polyethylene4ethylene/propylene'copolymer~ethylene/butene
copolymer, | |
'polyethylehe—ethylene/propylene_copolymer—ethylene/hexene

copolymer,

25 :polyethylene—ethylene/propylene copolymer“ethylehe/octene




pol yet hyl ene- et hyl ene/ but ene
pol yet hyl ene- et hyl ene/ but ene
‘pol yet hyl ene- et hyl ene/ but ene
pol yet hyl ene- et hyl ene/ but ene
pol yet hyl ene- et hyl ene/ but ene
pol yet hyl ene- et hyl ene/ but ene
pol yet hyl ene- et hyl ene/ hexene
pol yet hyl ene- ethylene/hexene

copol yner - et hyl ene/ hexene 15 copol yner,
copol yner - et hyl ene/ octene copol yner,
copol yner - at a- pol ypr opy!l efg june 2005
copol ynmer - syn=pol ypr opyl ene, 20

copol yrer - propyl ene/ but ene
copol ynggy pr opyl ene/ hexene
copolyner-HDPE 25

copol ynmer-LLDPE, 10 June 2005 63

copol yner,
copol yner,

-polyethylene | ene/ hexene copol yner - et hyl ene/ propyl ene copol yner,
polyethyl I‘H;"j/l'q'ene/hexene copol yner - et hyl ene/ butene copol yner, 5
copol yrer - et hyl ene/ oct ene copol yner, ‘

pol yet hyl ene ethylene/hexene
polyethyﬁ%ﬂé LlferaidRefd o esiBemat eepol ype opyt 2ne,

pol yet hyl ene- ethylene/hexene copol ynmer - syn- pol ypr opyl ene,
polyethyE§Hé$é¥ﬁ¥ﬂéﬁ§%hexene copol yner - propyl ene/ but ene
pol yet hyl ene- et hyl ene/ hexene copol yner - pr opyl ene/ hexene

pol yet hy ﬁ%%?ﬁhQﬂﬁﬁaﬁﬂyéﬁﬁaﬂmmmpwhandﬂﬂ@@o1ymer syn-

5 polypropylene,

10 copol yner,
copol yrer,

polyethylene-éthylene/propylene copolymer-
propylene/buténe=copolymer,
polyethylene—eth?lene/propylene copolymer-
propylene/hexene copolymer,

10 polyethylene-ethylene/butene copblymer—HDPE,
'p?}yethylene—ethylene/buténe copolymer-LLDPE,
polyethylene—ethylene/butene copolymer—ethylene/propylene
cppolymer, o |
polyethylene—éthylene/butene Copolymér—éthyiene/hexene

15 ~ copolymer, | |
polyethyleneéethylene/butene copolymer—ethylene/octene
cqpolymer,' |
polyéthyiene—ethyléné/butene cppolymer—ata~polypropylene,
'polyethylene—ethylene/butene copolymer;sypﬂpolypropyléne;

20 pplyethylene—éthylene/butene copolymer—propylene/butene
‘copolymer, g L
polyethylene;ethylene/butene copolymer~p;opylene/hexéne.
copolymer, - | | -
pplyethylene*ethiépe/hexene copolymer-HDPE,

25 polyethyléne—ethylene/hexene copolymer-LLDPE,




pol yet hyl ene- et hyl ene/ oct ene
pol yet hyl ene- et hyl ene/ oct ene
pol yet hyl ene- et hyl ene/ oct ene
pol yet hyl ene- et hyl ene/ oct ene
pol yet hyl ene- et hyl ene/ oct ene
pol yet hyl ene- et hyl ene/ oct ene
pol yet hyl ene- et hyl ene/ oct ene

copol yner - LLDPE, 15

copol yner - et hyl ene/ propyl ene copol yner,
copol ymer - et hyl ene/ but eneqg GQRObYIEET

copol yner - et hyl ene/ hexene 20 copol yner,
copol yner - at a- pol ypr opyl ene, '
copol yggr - syn- pol ypr opyl ene,
copol ymer - propyl ene/ but ene copol yner, 25

polyet hyl ene- et hyl ene/ oct ene copol yner - propyl ene/ hexene 10 June 2005 64
copol yner | yet hyl epe- at a- pol ypr opyl ene- HDPE, -

bol yet hf He RV LERST 5 hP8paERBSKEPPECOPOL yier et hy lene /propylene

pol yet hyl ene- at a- pol ypr opyl ene- et hyl ene/ propyl ene 5 copol yner,
poneth%?%ﬂﬁY%?ELpolypropylene-ethylene/butene copol ymer, .

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

pol yet IPYeERY bepRr§prBhsrenkesens| enppdrrencctbpdeprebutene

pol yet hyl ene- at a- pol ypr opyl ene- syn- pol ypropyl ene, 10

pol yet Hy? Bt~ pol ypropyl ene- propyl ene/ but ene copol yner,

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

pol Yet BA Rt kydenmt §iph vbyh eflee HBPE, cppbyenbytenbydynepokyprepyl ene- LLDPE

popolymer,

polyéthylene—ethylene/hexene copolymer-ata-polypropylene,

polyethylene—eth&lene/hexene copolymer-syn-polypropylene,

polyethylene-ethylene/hexene copolymer-propylene/butene

10  copolymer,

polyethylene-ethylene/hexene copolymer-propylene/hexene

copolymer,

polyethylene-ethylene/octene cbpélymer-HDPE,

polyethylene-ethylene/octene copolymer—-LLDPE,

15 polyethylene~ethylene/octene copolymer—ethylene/propylene

copolymer,

polyethylengéethylene/optene copolymer-ethylene/butene-

_COpolyme:;'

polyethylene—éthylene/octene copolymer-ethylene/hexene

20 copolymer,
- _ .
ene/octene

polyethylene—ethyl copolymer-ata-polypropylene,

-pclyethyleneéethyiene/oétene copolymer—synrpolypropyléne,
ﬂpdlyethyleneQethyiene/oétene cdpqumer—propylené/butene
copolymer; | o

éopolymer—propylehe/héxehe

25 polyethyleﬁe4ethylene/octene




pol yet hyl ene- syn- pol ypr opyl ene- et hyl ene/ propyl ene 15 copol yner,
. pol yet hyl ene-syn- pol ypr opyl ene- et hyl ene/ but ene copol yner,
pol yet hyl ene- syn- pol ypr opyl ene- et hyl ene/ hexene copol yng§ june 2005
pol yet hyl ene- syn- pol ypr opyl ene- et hyl ene/ oct ene copol yner,
pol yet hyl ene- syn- pol ypr opyl ene- at a- pol ypr opyl ene, 20
polyethylene-syn-polypropylene-propyl§£e / but ene copol yner
pol yet hyl ene- syn- pol ypr opyl ene- pr opyl €he/ hexene copol yner,
- pol yet hyl ene- propyl ene/ but ene copol yner - HDPE, pol yet hyl ene- propyl ene/ but ene

copol yner-LLDPE, pol yet hyl ene- propyl ene/ but ene copol yner 25

et hyl ene/ pepy¥ree, copol yner, 10 June 2005 65 _
pol yet hyl ene- propyl ene/ but ene copol yner - et hyl ene/ but ene copol yner, -

pol yet hylnkyerlopydrened at pokycopo) yers-ebPy| ene/ hexene copol ynmer, 5
pol yet hyl ene- propyl ene/ but ene copol yner - et hyl ene/ oct ene copol yner,

pol yet hy| sy priopyd ened bt eneycope) yems - Bt apppl ypr opyl ene,
pol yet-hyl ene- propyl ene/ but ene copol yner - syn- pol ypr opyl ene,

pol yet hy|W@@WL@@Q{wwﬁylﬁmyéﬁé=@€DlgEYéﬁ@ﬁﬁb§ﬁﬁﬂgne 10 copol yrmer,
‘pol yet hyl ene- propyl ene/ hexene copol yner - H
pol yeshylefas1pmay| ene/ hexene copol yner - LLDPE, '
pol yet hyl ene- pr opyl ene/ hexene copol yner
polyethylene-ata-polypropylene-ethylene/butene copolymer,
poiyethylene—étahpolypropylene—ethylene/hexene copol?mer,
polyethylene—ata—polypropylene—ethylene/octéne copolymer,
'_polyethylene—ata—polypropylene—syn—polyprqpylene,
10 polyethylene-ata-polypropylene~propylene/butene cdpolymer,
' pqlyethylenefata—polypropylene—proleenefhexene .copolymer,
polyethylene~syn—pblypropylene—HDPE,
polyethylene~syn—polypiopylene;LLDPE,
polyethylene—syn—polypropylene—ethylene/propyiene7f
15 copolymer, c - :
.polyethylegé—syﬁ—polypropylene—ethylene/buteﬁe-Copolymer,
Ipolyethylene—éyn—polypropyléne—ethylene/heXene éoPolyﬁer,w
polyethylene—syn—polypropylene—ethylene/octene-copolyﬁer,
' polyethylene—syn-polypropylene—aﬁa—poiypropylene,
20 Qolyethylene~syn—polyp;opylenefpropylene/butene copolymer,
' po1yethylene4syﬁ—poly§ropylené—propylene/hexene copolymer,
polyethylené—prépylene/butene copolymeffHDPE, |
'ﬁolyethyleﬁe—propylené?bﬁtene copolymef—LLDEE,' 
ppiyethylene—prép?Lene/butene cholyﬁérmfl o

25 ethylene/pfopylene Copolymer;.




et hyl ene/ propyl ene copol yner, 15 pol yet hyl ene- propyl ene/ hexene

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

copol yrer - et hyl ene/ hexene copol yner, pol yet hyl ene- pr oyl gReagxene

copol yner - et hyl ene/ octene 20 copol yner, pol yet hyl ene-propyl ene/ hexene

' copol yner - at a- pol ypropyl ene, pol yet hyl ene- propyl ene/ hexene

~copol yner - syn- pol ypropyl ene, pol yet hyl ene- propyl ene/ hexene

copol ymer - propyl ene/ but ene copol y , 25 HDPE- pol yet hyl ene- LLDPE, 10 June
2005 66 HDPE- pol yet hyl ene- et hyl ene/ propyl ene copol yner,

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

HDPE- popyat/eyhenenet-bylognd/cievent GePAopgBIiymer-ethylene /butene

HDPE- pol yet hyl ene- et hyl ene/ oct ene copol yner, 5

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

HDPE- popyeibyhenenpropybenanboxene %0%!@613; —ethyl '
HDPE—LLDPE—ethyIene/progslene copoﬁyner, ]..m%ﬁDSE-eifﬁﬁiéﬁﬁﬁfrg%e/butene

copol ynebpo1 biWE; LLDPE- et hyl ene/ hexene copol yner,
HDPE- LLDPE- et hyl ene/ oct ene copol yner, HDPE- LLDPE- at a- pol ypr opyl ene,

5 pplyethylene~pfopylene/butene copolymer-ethylene/octene
.copolymer, |
polyethylene-propylene/butene copolymer-ata-polypropylene,
polyethylene~pro§ylene/butene copolymer-syn-polypropylene,
ipolyethylen‘e-—propylene/butene copolymer-propylene/hexene
10 copolymer,
pquethylene—propylene/hexene copolyﬁer—HDPE,
Vpolygthylene—propylene/hexene copolymer-LLDPE,
polyethylene-propylene/hexene copolymer—
, ethylene/propylene copolymer, |
15  p0lyethylene—propylene/hexene ébpolymer—ethylene/bdééﬁe
éopolymer, | | | |
polyethylgﬁé¥propylene/hexene copolymer—ethylene/hexeﬁe
copolymer, |
polyethy;ene—propylene/hexene COpolymefweEHQlene/octehe :
720 Qopolymer,
ﬁolyethylene—propylene/hexene 'copolymerfata—polyprbpylene;
_polyethylene—prbpylene/hexene copolymef~$yn—polypr0pylene,
pdiyethylgne—prOpylene/hexene copolyﬁér;propylénefbutene
copolymef, |

25 HDPE-polyethylene-LLDPE,




HDPE- LLDPE- syn- pol ypr opyl ene, 15 HDPE- LLDPE- pr opyl ene/ but ene copol yner,
HDPE- LLDPE- pr opyl ene/ hexene copol ynmer, HDPE- et hyl ene/ propyl ene
copol ymer - LLDPE,  HDPE- et hyl ene/ pr opyl ene copol yner - ety i gRelbyt ene
copol ymer, 20 HDPE- et hyl ene/ propyl ene copol yner - et hyl ene/ hexene copol yner,
HDPE- et hyl ene/ pr opyl ene copol yner - et hyl ene/ oct ene copol yner,
HDPE- et hyl ene/ propyl ene copol yner - at ggpol ypropyl ene, 25
HDPE- et hyl ene/ pr opyl ene copol ymner - syn-pol ypropyl ene, 10 June 2005 67
HDPE- et hyl ene/ pr opyl ene copol yner - propyl ene/ but ene copol yner,
HDPE- et hyl ene/ propyl ene copol yner - propyl ene/ hexene copol yner, 5
HDPE- et h{{PEREPBUYE SYé@BGr?ﬁ@wl@WErqﬂmﬁEn@t PPPeremsat ene
copolyner-ethylene/gropylene copol ymer, HDPE- et hyl ene/ but ene
copol ymeHDBEnpPaiel herene-espalprey butDRECenlveral, but ene
copol yner - et hyl ene/ oct ene copol yner, 10 HDPE- et hyl ene/ but ene
copolyneHDEEaPpéV9Ehaé?hénéthyHBPEJéBhph@n@bD@ﬂemer,
copol yner - syn- pol ypr opyl ene, HDPE- et hyl ene/ but ene
copol yneHbgEopyleachbleenectbpdkyprEncteHBPEcgtiylmene/ but ene
copolyner-propylene/hexene copol yner,

HDPE-polyethylene-ata- polypropylene,

. HDPE-polyethylene-syn-polypropylene,
HDPE—polyethylene—propylene/butene copolymer,
HDPE-polyethylene~propylene/hexene copolymer,
HDPE-LLDPE-ethylene/propylene copolymer,

0. HDPE-LLDPE-ethylene/butene copolymer,
'HQEE—LLDPE~ethylene/hexene copolyner,
HDPE-LLDPE-ethylene/octene copolymer,
HDPEmLLDPE+ata—polypropylene; |
HDPE-LLDPE-syn—-polypropylene,

15 HDPE-LLDPE-propylene/butene copolymer,

- HDPE-LLDPE-propylene/hexene copolymer,
HDPEfethylene/propylene copolymer-LLDPE,
HDPE-ethylene/propylene copolymer-ethylene/butene
"copolymer, |

20 ﬂDPE—ethylene/propylene copolymer—-ethylene/hexene
‘copolymer, |
HDPE—ethylené/prOpylene copolymer—ethylene/octehe ;
copolymer, |

ﬁDPE—ethylene/Qropylene copolymer-ata-polypropylene,

25 HDPE-ethylene/propylene c0polymer—syn—polypropylehe;




HDPE- et hyl ene/ hexene copol-ynmer - LLDPE, 15 HDPE- et hyl ene/ hexene

copol yner - et hyl ene/ propyl ene
copol yner - et hyl ene/ but ene copol yner,
copol ynmer - et hyl ene/ oct ene copol yner,

copol yner - at a- pol ypr opyl ene,

copol yner - syn- pol ypr opyl ene,
copol yrmer - propyl ene/ but ene copolynerb:7
copol yner - pr opyl ene/ hexene copol yner,

copol yner, HDPE- et hyl ene/ hexene
HDPE- et hyl ene/ hexeRge 2005
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

copol ymer - LLDPE, HDPE- et hyl ene/ oct ene copol ymer - et hyl ene/ propyl ene 25
copol ymenpH-O: thike=rZ005r o681

copol yner,

copol yner - syn- polypropylene

copol y me{pHE- Oy gl oM

copol ymer - propyl'ene/ hexene copol yrmer,” H

HDPE- at g: Opyl ene- et hyl ene/ propyl ene copolyner

HDPE- et hyl ene/ oct ene copo
HDPE- et hyd ime/ect ene copol yner - at a- pol ypr opyl ene,

fHB&féHE”&%E%lyméﬂx’

&w&@@@y*@@ﬂgﬁfﬁpfegépgwaﬁé et hyl ene/ but ene

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

5 HDPE- et hyl ene/ oct ene

§§a¥%§ 5%%%%§€ene LLDPE,

yner-e

HDPE-atacgﬂéypropylene et hyl ene/ but ene copol yner, 10

topa SRR Bl &

HDPE- at
HDPE-ata pol ypr

10

15

20

25

copolymer,

HDPE—ethylene/butene

' HDPE-ethylene/butene

HDPE-ethylene/butene

_HQEE—ethylene}buteﬁe

HDPE-ethylene/butene

HDPE-ethylene/butene
HDPE~ethylene/hexene

HDPE—ethylene/hexene

- copolymer, -

HDPE-éthylene/hexene

HDPE-ethylene/hexene

‘HDPE—ethylene/hexene

HDPE-ethylene/hexene
LY

HDPE-ethylene/hexene

HDPE-ethylene/hexene

HDPE-ethylene/octene

HDPE—ethylene/octene

copblymer;

g%ngégne copo iggﬁ

S 3&)/' ne) rﬁ) sc%rﬁen Ol%?cilb\pn%/ Lrﬁgeqichajploeirﬁ@ropylene

e-propyle

copolymer-ethylene/hexene copolymer,
copolymer-ethylene/octene cOpélymer,
copolymer—-ata-polypropylene, |
copolymer—syn—polypropylehe,7
copolyme;—propylene/buténe copblymer,
copolymer-propylene/hexene copdlymer,
copolymer-LLDPE, |

copolymer-ethylene/propylene

copolymer~gthylene/bﬁténe chOLymerL
copclymer—ethylene/éctgne'éopolymerf
copolymer-ata-polypropylene, -
cqpolymer—syn—polyprépylene,_j
cépolymef—propylene/butene cdpqumer,
copolymerﬁpropylene(hexenelcopolymer,'

cdpolymer—LLDPE,

copolymer-ethylene/propylere




HDPE- at a- pol ypr opyl ene- propyl ene/ hexene copol yner, 15

HDPE- syn- pol ypr opyl ene- LLDPE, HDPE- syn- pol ypr opyl ene- et hyl enel propyl ene
copol-ymer, HDPE-syn-pol ypropyl ene-et hyl ene/ but ene cope} Y&l »q05

HDPE- syn- pol ypr opyl ene- et hyl ene/ hexene copol yner,
HDPE- syn- pol ypr opyl ene- et hyl ene/ oct ene copol yner, 20
HDPE-syn-ponpropyIene-ata-polypropquﬁf;

. HDPE- syn- pol ypr opyl ene- pr opyl ene/ but ene” copol yner,
HDPE- syn- pol ypr opyl ene- propyl ene/ hexene copol yner, HDPE- propyl ene/ but ene

copol ynmer - LLDPE, HDPE- pr opyl ene/ but ene copol yner - et hyl ene/ propyl ene 25
copol ymer HPEE Rk 12065 0@%: MDRERT apye enet owt ene/ sopehy nespel hykene/ but ene
copol ymer, HDPE- pr opyl ene/ but ene copol yner - et hyl ene/ hexene copol yner,

HDPE- pr opyiDéeftditvd ee e opal gree reagidiyinene cidt e € 0pok §i@ T copolymer,

HDPE- pr opyl ene/ but ene copol yner - at a- pol ypr opyl ene, 5 HDPE- pr opyl ene/ but ene
copol yner 1&pR-pthypeopyloertene .cddoRfmpopmd enel Bt €58y lene,

copol ymer - propyl ene/ hexene copol yner, HDPE- propyl ene/ hexene

copol ynmer HDEBPEL hyHBRE/ prapyice ne/draxeie -GopoipaBfseidyl ane/ propyl ene 10
~copol yner, HDPE- propyl ene/ hexene copol yner - et hyl ene/ but ene copol yner,

HDPE-p50pyDEEeéthéBﬁe¢6ﬁQbm@Eh:éﬁ&ﬂ@ﬁﬁkﬂﬂﬁﬁﬁﬁﬁéﬁéwgﬁﬂ@@é’copolymer,
HDPE- pr opyl ene/ hexene copol yner - et hyl ene/ oct ene copol yner, |
HDPE—ethylene/QCtene copolymer-propylene/hexene copolymer,
HDPE—ata—polypropylene—LLDPE,
HDPE-ata—polyproéylene~ethylene/propylene copolymer,
' HDPE—ata—polypropylene—ethylene/butene.copolymer,

10 HDPE-ata-polypropylene~ethylene/hexene Copolymer,
H?EE-ataﬂpolypropylenefethylene/octene copolymer,
'HDPE—ata—pol?propyléné—syn~polypropylene,
HDPE—ata—polyprppylene—propj}eﬁe/butene cholymér,
HDPE—ata—polYpropylenempropyiene/hegene copoiymer,

15 HDPE~syn—polyprdpylene—LLDPE[ |
HDPE~syn—polypropylene—ethylenélprqpylene copolymer,_
HDPEesyn—pOlypropylene—ethflene/butene copolymer;
HDPE—syn—polypropylene—ethyleﬁe/hexene bopolymer,.;

: HDPEmsyn—polypropylenemethylene/octene cép&lymer,
 20 QDPE—Syn—polYpropylene—ata—polyprdpylene,
'HDPE—syn—polyprbp&lené—propylene/butene copolymer,
HDPE—syn—poiyprépyleng—propylene/hexené_COpolymer,
'HDPEmpropylene/butene'éopolyme:fLLDPE;
HDPE—prbpylenQ/buténe copolymerfethylene/prépyléné

25 copolymer,




HDPE- pr opyl ene/ hexene copol yner - at a- pol ypropyl ene, 15 HDPE- propyl ene/ hexene
copol yner - syn- pol ypr opyl ene, HDPE- propyl ene/ hexene

copol ymer - propyl ene/ but ene copol yner, . " 10 June 2005

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

LLDPE- pol yet hyl ene- et hyl ene/ but ene copol yner, 20

LLDPE- pol yet hyl ene- et hyl ene/ hexene cg ol yner, '

LLDPE- pol yet hyl ene- et hyl ene/ oct ene ¢ golyner,

LLDPE- pol yet hyl ene- at a- pol ypr opyl ene, A ,
LLDPE- pol yet hyl ene- syn- pol ypropyl ene, LLDPE- pol yet hyl . ene- propyl ene/ but ene

copol ymefDPR5pLopPEepel pet hykenepprigmdrenahaxans/ mopaly Bspo 10ndune 2005
70 LLDPE- HDPE- et hyl ene/ pr opyl ene copol yner, LLDPE- HDPE- et hyl ene/ but ene

copol ynerDPE+p DRy HERE/ Btihghenebper gne rceRMWIRIs /hexene copolymer,
LLDPE- HDPE- et hyl ene/ oct ene copol yner, 5 LLDPE- HDPE- at a- pol ypr opyl ene,

L LDPE- HDPEPBymE poy Yonopyh esge chBE@mH@E%t%r R SRR, U LN, G JPer,
LLDPE- HDPE- pr opyl ene/ hexene copol yner, LLDPE- et hyl ene/ propyl ehe ~’

copol ynenbet-hyt&nel dus epec e A9 @@p@iyﬁgfcrathDBEﬁF%bgﬁ%et opyl ene
copol yner - et hyl ene/ hexene copol yner, LLDPE-ethyl enel propyl ene
copoby neipEt-hyt &hel ©6d € ene copolymer-syn-polypropylene,

, HDPE—propylené/butene copolymer—propylenefhexene
copolymer, | |
HDPE-propylene/hexene copolymer-LLDPE,
HDPE;propylene/hexene copolymer-ethylene/propylene

10  copolymer,

HP?E—propylene/heXene copolymer"ethYlene/butehe copolymer,
HDPE—propylene/hgxene copoiymep—ethylene/heXene copdlymer,
HDPE—propylené/hexehe copolymer-ethylene/octene éépolymer,
HDPE—propylené/hexene copolymer;ata—polfproPYléne, 7
15_-HDPE-propylene/hexene copblymer~sfnhpolypropylene,
HDPE—propyleﬁe/hexene copolymer—pr0pyleneybutene‘
cqpolymer;w'
ZLDPE~polyéthylene—éthylene/propylene Qoéolymer;

'LLDPE-pglyéthylene—ethylene/butene copéliﬁég,

20 %LDPE—polyethylene—ethylene/hexene copolymef,
LLDPE—polyethyleﬁe—ethylene/odtehe copolymer,
LLDPE—polyethylene—ata—polypropylene,
LLDPE-polyefhylene—syn;polypropylene,
LLDPEfpolyethyleﬁé;prOpylene/butene copolyﬁer,

25 LLDPE-polyethylene-propylene/hexene copolymer;




copol yner, 15 LLDPE-ethyl ene/ propyl ene copol yner - at a- pol ypr opyl ene,
LLDPE- et hyl ene/ pr opyl ene copol yner - syn- pol ypr opyl ene,

LLDPE- et hyl ene/ propyl ene copol yner - propyl ene/ but ene copadyd®dios
LLDPE- et hyl ene/ propyl ene copol yner - propyl ene/ hexene 20 copol yner,
LLDPE- et hyl ene/ but ene copol ymner - et hyl ene/ propyl ene copol yner,
LLDPE- et hyl ene/ but ene copol yner - et hyl gge/ hexene copol yner,
LLDPE- et hyl ene/ but ene copol yner - et hyl ene/ oct ene copol yner, 25

'LLDPE- et hyl ene/ but ene copol yner - at a- pol ypropyl ene, 10 June 2005 71
LLDPE- et h ol yner - syn- pol ypropyl ene, LLDPE-et hyl ene/ but ene

_ ﬁlgne/butene cog
cbpolyner-ﬁ opyrehe-ptitBheneéBpePyheRe CODPEVRERy| ene/ but ene
copol ynmer - propyl ene hexene 5 copol yner, LLDPE-ethyl ene/ hexene

-coporyherLg? TRRRE pe byl ene/bebpot yaepo 1l y®PE- et hyl ene/ hexene

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

copol ymerkiep iyt BRE ot lenkevepot yeme  codOl BLEPE- et hyl ene/ hexene

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

copol ymerLlYREpiPEigr @by kares / od L DRE- @byl eher hexene copol ymer - propyl ene,

but ene copol yner,

5 LLDPE-HDPE-ata-polypropylene,
LLDPE-HDPE-syn-polypropylene,
LLDPE—HDPE—propylene/bﬁtene copolymer,
LLDPE—HDPE¢propyiene/hexene copolymer,

| LLDPE—ethylene/propylene copolymer-ethylene/butene

10 copolymer,

.LPPPE—ethylene/pr0pylene copolymer—éthylene/héxene
copolymer, | |

'LLDPE—ethylehe/prdpylene copélymerhethylene/octene
copolymer, | | |

15_‘ LLDPE-ethylene/propylene copoiymer—ata—bolypropylege}
LLDPEwethy;ehe/propylene Conlymerfsyn—polyprbpylene, 
LLDPE~ethxlene/pf0pylene copolymer-propylene/butene
copolymef} | | . |
LLDPE—gthyleﬁé/propylene copolymer—propyléﬁé/hegéné"

20 Eopolymer,
'LLDPE—ethylehe/buteneVbbpolymer4ethylene/propylene‘
copolymer, | | o
LLDPE—ethylénefﬁutene.COpolymerfethylene/héxeﬁe_copolymer,
'LLDPE-ethylene/bﬁﬁene copolymer—ethylene/écfené éépélyher,

25 LLDPEeethyiene/butene,copolymer—ata—polypropylené;




copol ynmer - propyl ene hexene 15 copol yner,

copol yner - et hyl ene/ propyl ene copol yner.

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

copol yner - et hyl ene/ hexene copol yririune 2805

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

LLDPE- et hyl ene/ oct ene copol yner - propyl ene
25

LLDPE- et hyl ene/ hexene
LLDPE- et hyl ene/ oct ene
LLDPE- et hyl ene/ oct ene
LLDPE- et hyl ene/ oct ene
LLDPE- et hyl ene/ oct ene

copol yner - syn- pol ypr opyl ene,
copol ymer, LLDPE- et hyl ene/ oct/dne copol yrer - propyl ene hexene

but ene
copolymer; 10 June 2005 72 LLDPE- at a- pol ypropyl ene-et hyl ene/ propyl ene
copol yner, LLDPE- at a- pol ypropyl ene- et hyl ene/ but ene copol yner,

LLDPE- at a1,p@Eyptopy kere betbyle &@F@@W@J‘sgm
LLDPE- at a- pol ypr opyl ene- et hyl ene/ oct ene copoﬁﬁgzér%?ylene'
LLDPE- at a1 poEyptaRY LBBEHLEYBnROLYRILARY : -
LLDPE-ata-ponpropyIene-progylen%ob%fgne%ggg&%ﬁ%gybutene
LLDPE- at appeh.yReepy! ene- propyl ene hexene copol yner,

LLDPE- syn- pol ypr opyl ene- et hyl ene/ propyl ene copol yner,
LLDPE- syny.pekyREAPYLERSHEL BYLE ne_copal yner, , 10
LLDPE-syn-ponprogyIeng-etﬁ§%e§§$?gggﬁg §%§8V¥ﬁ8F,hexene
LLDP%—sy@éﬁgiyﬁégpylene-ethylene/octene'copolyner,

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

LLDPE- syir. 5ok YRERPYLROPR L ARY ! 808, DY 8N ERPOLY B, o1 one
gopolymer, | |
LLDPE—ethylene/héxene copolymer-ethylene/butene copolymer,
copolymer—-ethylene/octene copolymer,

LLDPE-ethylene/hexene

'H10 LLDPE-ethylene/hexene copolymer-ata-polypropylene,

- 15

20

25

'LLQEE—ethylene/hexene
LLDPEwethylene/hexene

copolymer,

LLDPE-ethylene/hexene

copolymer,
LLDPE-ethylene/octene
copolymer,

LLDPE-ethylene/octene

 LLDPE-ethylene/octene

‘LLDPE—ethylene/octene
-\

LLDPE—ethylene/oétene

. LLDPE—ethylene/oétene

copolymer,
LLDPE-ethylene/octene

copolymer,

copolymer-syn-polypropylene,

copolymer-propylene butene
copolymer-propylene hexene -
copolymerfethylene/propyiene.
'copolymer—ethylene/butene copolymer,
cgpolymer—ethylehe/hékene copolymér,
cqpolymerfata—polypropylene,
copolymer-syn-polypropylene,

qopolymer—propylene-butene

copolymer~propylene hexene




LLDPE- syn- pol ypr opyl ene- propyl ene hexene copol yner, 15

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

LLDPE- pr opyl ene/ but enecopol yner - et hyl ene/ but ene copol ¥o8une 2005

LLDPE- pr opyl ene/ but ene copol yner - et hyl ene/ hexene 20 copol yner,

LLDPE- pr opyl ene/ but ene; copol yner - et hyl ene/ octene copol yner, -

LLDPE- pr opyl ene/ but ene c0po|yner-atapﬂglypropylene,

LLDPE- pr opy! en. e/ but ene copol yner-syn-pol ypropyl ene, 25
LLDPE- pr opyl ene/ but ene copol yner - propyl ene hexene 10 June 2005 73

copol ynmer, LLDPE- propyl ene/ hexene copol yner - et hyl ene/ propyl ene copol yner,

LLDPE- pr olyPRiied ROpRY yere - et iyl ene/butenkend copol yner,

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

LLDPE- pr ofplylPiehire] thexeney ropey Lene - et iyl ene/loctene ceppbyyerey, 10

LLDPE- pr opyl ene/ hex. ene. copol yner - at a- pol ypr opyl ene,

L.LDPE- pr olply &hed trexeniey rmopey yeres - styiny poty/frepyieneopo LRIPE- pr opyl ene/ hexene

‘copol yner - propyl ene butene copol yner,
LLDPE-ata-polypropylene-ethylene/octene copolymer,

5 LLDPE-ata-polypropylene-syn-polypropylene,
LLDPE—ata—polypIOpylene—propylene butene copolymer,
LLDPE—ata—polypropylene—propylene hexene copolymer,
LLDPE—syn—polyprepylene—ethylene/propylene capolymer,
LLDPE-syn~polypropylene-ethylene/butene copolymer,

10 LLDPE—syn—polyprOpylene—ethylene/hexene copolymer,
'LPPPEusyn—polypiopylene—ethylene/octene copolymer,
‘LLDPE—synupolypropylenemata—polypropylene,

LLDPE- syn—polypropylene propylene butene copolymer,
LLDPE-syn~ polypropylene propylene hexene copolymer,'

157 LLDPE—propylene/Butene Copolymer—ethylenefprOpylene
copolymer,

LLDPE—propylene/butene copoiymerﬂethylene/butene
copolymer, | o A
LLDPE—propylene/butene.copolymer~ethylene)ﬁexene :

20 copolymer,

- N :
'LLDPE—prOpylene/butenefeopolymer—ethylene/octene
~copolymer, | | |
LLDPE—propyiene/butene copolymer—ata—pol?propylene;

LLDPE-propyleng/butene copolymer-syn-polypropylene,

25 LLDPE-propylene/butene copolymer-propylene hexene’




et hyl ene/ but ene
et hyl ene/ but ene
et hyl ene/ but ene
et hyl ene/ but ene
et hyl ene/ but ene

et hyl ene/ but ene.

et hyl ene/ but ene
et hyl ene/ but ene
et hyl ene/ but ene

copol yner - pol yet hyl ene- et hyl ene/ hexene 15. copol yner,

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

copol ynmer - pol yet hyl ene- at a- . . pol ypr opylt@rene 2005

copol yner - pol yet hyl ene- syn- pol ypr opyl ene, 20

copol yner - pol yet hyl ene- propyl ene/ but ene copol yner,
copol yner - pol yet hyl ene- pr opyl ene/ hexene copol yner.,
copolyner-HDPE—ethyIeﬁ%/hexene copol ymer, 25

copol yrmer HLDPE- et hyl ene/ oct ene copol yner, 10 June 2005
copol yner - HDPE- at a- pol ypr opyl ene, et hyl ene/ but ene

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

et hyl ene/ but ene
et hyl ene/ but ene

copol yner L HDPE- propyl enel hexene éggeiyﬁgffeté%g@énglxﬁg%pﬂéﬁae

copol yner - LLDPE- et hyl ene/ hexene copol yner,
copol ynere €t hyl ene /octene copol yner,
copol yrer - LLDPE- at a- pol ypr opyl ene,
5 SR POh Y P OpY £Ne £ '
copolyner-LLDﬁE3pﬁg£ylengﬁbutene O%%P%ﬂ%%l€§éf#é§$ﬁ3Tten

copol per=dd DRE o opyl ene/ hexene
ene/ propyl ene copol yner -

copol ynmergihi

copol yner - et hy

10

15.

20

25

et hyl ene ene
et hyl ene/ but ene
et hyl ene/ but ene

ener but ene

copol yner, ethyl ene/ but ene

LLDPE—propylene/hexene copolymer-ethylene/hexene

copolymer,

LLDPE—propylene/ﬁexene
-copelymer,
LLDPE—propylene/héxene‘
LPPPE*propylene/hexene

LLDPE-propylene/hexene

copolymer,

ethylene/butene

‘copolymer,

ethylene/butene
copolymer,

ethylene/butene

ethylene/butene

ethylene/butehe
N

copolymer,

ethylene/butene

copelymer,

ethylene/butene

ethylene/butene

copolymer—ethylene/octene

copolymer—-ata-polypropylene,
copolymer-syn-polypropylene,
copolymer—-propylene butene-
copolymet—polyethylene—ethylene)hexene

copolymer—polyethylene-ethylene/octene

copolymer_polyéthyléne—ataupolypropylene,

copolymer—polyethylehe—syn—polypfopyiene,

_copolymer—polyethylene—propylene/butene

copolymer—polyethylene—ptopylene/hexene

copolymer4HDPE~ethylene/hexene'copolymer,

cdpolymer—HDPE*ethylene/octene'copolymer,

74




et hyl ene/ hexene copol yner, 15 et hyl ene/ but ene copol yner - et hyl ene/ pr opyl ene

copol yner- et hyl ene/ oct ene copol yner, . ethyl ene/ but ene
copol yner - et hyl ene/ propyl ene copol yner- at a- pol ypropy! emaunebdyy ene/ but ene

copol yner - et hyl ene/ propyl ene copol yner- 20 syn-pol ypropyl ene,
et hyl ene/ but ene copol yner - et hyl ene/ propyl ene copol yner-. propyl ene/ but ene
.copol yner, ethyl ene/ but ene copolyner7gthylene/propylene copol yner -

propyl ene/ hexene copol ynmer, 25 ethyl ene/ but ene copol yner - et hyl ene/ hexene
copol ymer 10 June 2005 75 ethyl ene/ octene copol yner, ethyl ene/butene
copol yner - et hyl ene/ hexene copol yner-ata- pol ypropyl ene, ethyl ene/ but ene
‘copol ynefréyR¢nerneiherenecpopongnelDEfnat5-pollypropylilene, et hyl ene/ but ene
copol yrer - et hyl ene/ hexene copol yner- propyl ene/ but ene. copol yner,
et hyl enefbiivéraccbpbkyreropbhyhenelineRengneppokyiepy1phepy! ene/ hexene
copol yner, 10 et hyl ene/ but ene copol yner - et hyl ene/ oct ene copol yner -
et hyl enefhbyéneecbpokyaecopel iyykenabbat-gne peapeleymriteeichdSNsl agd ene
- copol yner-ata- pol ypropyl ene, '
ethylene/butene copolymer-HDPE-propylene/hexene copolymer,

5 ethylene/butene copolymer-LLDPE-ethylene/hexene copolymer,

. ethylene/butene copolymer-LLDPE-ethylene/octene copolymer,
ethylene/butene-copolymeerLDPE—ata*polyprcpylene, |
ethylene/butene copolymer~LLDPE-syn-polypropylene,
.éthylene/butene copolymer-LLDPE-propylene/butene

10  copolymer,
ethylene/butene COpolymeerLDPEﬂpropylene/hexeﬁe
copolymer, |
ethylene/butene cOpolymer—ethylene/propylene copoiymer—

'ethylene/hexehe copolymer, '

15 'ethylene/butene copolymer—ethylene/propylene copolyﬁer—
éthylene/octene copolymer, . | |
ethylene/buﬁene copolymer-ethylene/propylene copolymer-
ata-polypropylene, |

ethylene/butene copolymer-ethylene/propylerie copdlyﬁerm .

20 syn-polypropylene,
éthylene/butene copolyﬁer—ethylene/propylene copolyﬁer—,
propylene/butene copolymer, |
ethylene/butenec copolymer-ethylene/propylene cépolymer—'

propylene/hexene copolymer,

25 'gthylene/butene copolymer-ethylene/hexene copolymer-




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

20 et hyl ene/ but ene copol yner - at a- polypropylene-
et hyl ene/ but ene copol yner - at a- pol ypr opyl ene-
ethyleneégutene copol yner - at a- pol ypr opyl ene- syn-
hyl ene/ but ene

pr opyl ene/ but ene copol yner,
pr opyl ene/ hexene copol yner,

copol yrer,

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

et hyl ene/ oct ene copol yner,
10 June 2005 76

25 pol ypropyl ene,

copol yner - at a- pol ypr opyl ene-
copol yner - at a- pol ypr opyl ene-
copol ynethgyernpbdbypeopytepnel yethyl ene/ hexene copol ymer,
copol ymer - syn- pol ypr opyl ene- et hyl ene/ oct ene copol yner,

15 pol ypropyl ene,
pr opyl ene/ but ene

et hyl ene/ but ene
5 et hyl ene/ but ene
et hyl ene/ but ene
et hyl ene/ but ene

copol ynetrhgyerpobypeopytepe: ahar-40hpokypy RyLedecopbhyhenresbut ene

copol ynmer - syn- pol ypr opyl ene-

copol ynes 1 gyrepel yps opyl ene-

ethylene/butene

5 polypropylene,

ethylene/butene

copolymer-ethylene/hexene

copolymer-ethylene/hexene

propylene/butene. copolymer,

ethylene/butene

copolymer—ethylene/hexene

propylene/hexene copolymer,

10 ethylene/butene

ethylene/hexene

ethylene/butene

polypropyleﬁe,

ethylene/butene
15‘_bolypropylené,

ethylene/butene

copolymer—ethylene/octene
copolymer,
copolymer-ethylene/octene

copolymer—-ethylene/octene

copolymér—ethylene/octene

propylene/butene copolymer,

ethylene/butene

copolymer-ethylene/octene

propylene/hexene copolymer, .

20

ethylene/hexene

7 ethyléne/butene-

ethylene/octene
ethylene/butene

25 polypropylene,

copolymer,

propyl ene/ but ene copolyner

ethylene/butene
copolymer-syn-
copolymer—

copolymexr-—

cégolymer—
copolymer—ata—
copolymgr—gyn—

copolymer-

cppolym§r~'

éﬁhylene/buténé copolymer—-ata-polypropylene-

copolymer~ata-polypropylene-

copolymer,

-copolymer-ata-polypropylene-syn-




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

copol yrmer - propyl ene/ but ene copol yner- et hyl ene/ oct ene qopohy P&Is

et hyl ene/ but ene copol yner - propyl ene/ but ene copol yner-ata- 20 pol ypropyl ene,
et hyl ene/ but ene copol yner - propyl ene/ but ene copol ynmer -syn- pol ypropyl ene,

et hyl ene/ but ene copol yner - propyl ene/ buygne copol yner propyl ene/ hexene
copol ymer, 25 ethyl ene/ but ene copol yner - propyl ene/ hexene copol ymer 10 June
2005 77 et hyl ene/ hexene copol yner, ethyl ene/ but ene

copolyner-grggilen [ hexene copol yner- ethyl ene/ oct ene copol yner,
et hyl ene/ bt eESgBP?ﬁB?-EPBB}V@ﬁéfﬁéiéﬁ@lﬁﬁﬁépyﬁﬁﬁEata- 5 pol ypropyl ene,

et hyl ene/ but ene_copal yner - pr opyl ene/ hexene copol yner -syn- pol ypropyl ene,
et hyl ene/ bBE8R¥18BB4PYRERE pEBBYLEREL hexene copol ymer- propyl ene/ but ene
copolynmer, 10 .ethyl ene/ hexene copol yner - pol yet hyl ene- et hyl ene/ oct ene
copol yner , €EbK}Feaérheseneceppdipaerapatyel hytepelata-pol ypropyl ene,
propylene/hexene copolymer,
5 ethyiene/butene copolymer-syn-polypropylene-
ethylene/hexene copolymer,
ethylene/butene copolymer-syn—-polypropylene—
ethylene/octene copolymer{
ethylene/butene copolymer-syn-polypropylens-ata-—
10 polypropylene, |
rthylene/bﬁéene COpblymer—syn~polypropylene—
.propylene/butene COpolymef,
ethylene/butene'éOpolymer—s?n;polypropylene—
_propylene/he%ene copolymer,
15 ethylene/buteﬁe copolymer-propylene/butene copolyﬁér—
ethylene/hexene copolymer, |
rethylenelbutene copolymer—?ropylenekbutene copolymer-
'ethylené/oCtene copolymer, |
eﬁhylene/butene copolymerfpropylene/butéﬂé copolymer—a£a~
":20. ‘polypropylene, | |
ethylene/butené QOpoiYmer~propylene/butene copolymer-syn-
polyproPyléné,' | | |
“ethylene/butene copolymer*propylene/butene copolymer—
.propylene/hexeﬁe-copolymer, o

' 25 ethylene/butene copolymer-propylene/hexene copolymér—




et hyl ene/ hexene copol yner - pol yet hyl ene-syn- pol ypropyl ene, 15
et-hyl ene/ hexene copol yner - pol yet hyl ene- propyl ene/ but ene copol yner,
‘et hyl ene/ hexene copol yner - pol yet hyl ene- propyl ene/ hexendd Junepody mer ,
et hyl ene/ hexene copol yner - HDPE- et hyl ene%oct ene copol ynmer, 20
et hyl ene/ hexene copol ymer - HDPE- at a- pol ypr opyl ene, et hyl ene/ hexene
copol yner - HDPE- syn- pol ypropyl ene, et fayl ene/ hexene
copol ymer - HDPE- pr opyl ene/ but ene copol yner, et hyl ene/ hexene,
copol yner - HDPE- pr opyl ene/ hexene copol yner, et hyl ene/ hexene

| ene/ oct ene copol yner, 25 ethyl ene/ hexene

copolyner4Htggg%ethg
copol ymer€¥ 18 REFBNGpFBBYLEREL . 10° June 2005 78 et hyl ene/ hexene
copofyner-LLDPE—szn- ol ypropyl ene, ethyl ene/ hexene
copol ynereHLoFE2 $ %‘ﬁgﬁéﬁeFBBPéﬁ@erc@ﬁépyﬂ@ﬂ,e/bﬁﬁ?h@n@bﬁ@)le’mer—
copol ynmer - LLDPE- pr opyl ene/ hexene 5 copol yner, ethyl ene/ hexene
copol ymeretiéthpemer props| eagotwperymer - et hyl ene/ oct ene copol yrer,
et hyl ene/ hexene copol yner - et hyl ene/ propyl ene copol yner - at a- pol ypr opyl ene,
10 et hyl éfdlhexeneoeopot yoepe evhgt eneppydpykéhexeopobypbilymer-ata-
skinfgolypropylene, et hyl ene/ hexene copol yner - et hyl ene/ propyl ene copol yner -
pr opy?® eng/dButrene Yopod y ner ,
ethylene/butene copolymer-propylene/hexene copolfmer~syn—
polypropylene,
ethylene/butene copolymer-propylene/hexene copolymer-
' propylene/butene copolymer, B
10
.ephylene/hexene copolymer—polyethylene—ethylene/oatene
copolymer,
ethylene/hexene ¢opolymer~polyethylene—atampolypropylene,
ethylené/hexeﬁe copolymer~polyethy1ene—syn—polypropylene;
15A ethylene/hexene copolymer-polyethylene~-propylene/butene
copolymer,
ethylene/héxene'copolymer—polyethylene—propylene/hexene.
copolymer, | |
' ethylene/hexene copolymer-HDPE-ethylene/octene copolyméf;
.20 ?thylene/hexéne copolymer—HDPEfatampolyprOpylene,"
rethylene/hexene copolymer—HbPE—syn¥polypr0pylene, 
ethylene/hexehelCopolymer—HDPE—propylene/butene Copblymer,
ethylene/hexene copolymer-HDPE-propylene/hexene copolymer,

ethylene/hexene copolymer~LLDPE—ethylene/octene'copolymer,

25 _ethylene/hexené cOpolymeerLDPE—ata—polypropylené,




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

et hyl ene/ oct ene copol yner, ethyl ene/ hexene copol yner - e{hyhn®igsut ene

copol ynmer-ata- polypropyl ene, 20 ethyl ene/ hexene copol yner - et hyl ene/ but ene
copol yner-syn- pol ypropyl ene, ethyl ene/ hexene copol yner - et hyl ene/ but ene
copol yner - propyl ene/ but ene copol yner78 et hyl ene/ hexene

copol yner - et hyl ene/ but ene copol yner-. 25 propyl ene/ hexene copol yner, 10
June 2005 79 ethyl ene/ hexene copol yner - et hyl ene/ oct ene copol ymner - at a-

polypropxggqg, : ol yoer - et hyl ene/ oct ene copol yner - syn-
polypropylenefﬂﬁggxétﬂyieng%%gQgﬁgq%%%%éy%%?-%?ﬂ%?ﬁﬂ%yg%?%ne copol yner
r - et hyl ene/ oct ene

propyl ene/ rer o ethyl er cene copol

Copol ymor o S aeT R e o e Py Lr hodlaheene -

CODO|YWEQ;§}q3g9HypropyIene- 10 et hyl ene/ octene copol yner, ethyl ene/ hexene
ta- éiy _

SO
copol yner - propyl ene-syn- pol ypropyl ene, ethyl ene/ hexene

COpOly”EEfﬂfyé%gkgégg%l%Q%blymerfLLDPE—propylene/hexéne
5 copolYmer,
ethylene/hexene copolymer~ethylene/propylene copolymer-
ethylene/octene copolymer,
ethylene/hexene copolymer—ethylene/propylene copolymer—
' afa—ﬁolypr0pylene,
jﬁ Vethylene/hexene copolymer—ethyleﬁe/prppylene copolymer-—
“syp-polypropylene,
ethylene/hexéne copolymer~ethyléne/propy;ene-copolymer—
pfopylene/butene copolymer, -
_ ethylene/hexeﬂé ﬁopolymer—ethylene/propylene éopolymer—
15 1 propylene/hexene copolymer,
| ethylene/hexene copolymer~¢thylene/butené c0pblymef—
ethylene/ogténe copolymer,_- |
efhylene/hekene copolymer—ethjlene/butehé copolyme£~ata~
‘»polypropylene,. |
._20 _ %thylené/hexene copolymer—-ethylene/butene copolymer-syn-
'polypropylene,
,ethylene/hexéne Copolymer—ethylene/buteﬁé copolymér—
propylene/butene copolyﬁer,
Qghylené/hexen?lCopolymer—ethylene/butene‘coboiyﬁef—.

.25, propylené/hexenercopolymer,




propyl ene/ but ene copol yner, 15 et hyl ene/ hexene copolyner-ata-polypropylene-
propyl ene/ hexene copol yner, ethyl ene/ hexene copol yner-syn-pol ypr opyl ene-
et hyl ene/ oct ene copol yner, ethyl ene/ hexene copol yner - symige asopyl ene- at a-

20 pol ypropyl ene, et hyl ene/ hexene copol yner-syn- pol ypr opyl ene-
propyl ene/ but ene copol ymer, ethyl ene/ hexene copol yner -syn- pol ypropyl ene-

propyl ene/ hexene copol yner, 25 ethyl eneighexene ,
copol yrer - pol ypr opyl ene/ but ene copol ynmer 10 June 2005 80 et hyl ene/ oct ene

copol ynmer, ethyl ene/ hexene copol yner - pol ypr opyl ene/ but ene copol yner -

at a- pol ypr opyl ene, et hyl ene/ hexene copol yner - pol ypropyl ene/ but ene
copolyner-e§%§3ﬁ955%§5F86yFQ@@}M&ﬁﬁﬂQQﬂﬁ MEtene copolymer-ata-

copol yner - po r opyl.ene/ but ene copol yner- propyl ene/ hexene. copol yner,
ethylene/h§9£§§r8§§&ﬁﬁﬁer-polypropylene/hexene copol yner- et hyl ene/ oct ene

copol ymer, 10 ithylene/hexene copol yrer - pol ypr opyl ene/ hexene copol yner -
at a- pol ypr 8pyVéRB=/ BEKGREnEPREXERE Lo bl vBE/ POltyepro pyben gtkexena -

copol ymer- s n-ponEroperne,
polypropylene)
5 ethflene/hexene copolymer~ethylene/octene copolymer-
propylene/butene copolymer,
ethylene/hexene copolymer-ethylene/octene copolymér—.
pIOpylene/hexene;copolymer, |
ethylene/hexehe copolymer-ata-polypropylene-

10 ethylene/ocﬁéne copoiymer,
reﬁbylene/hexene éopolymer—ata—polypropylené—éyne
polypropyléﬁe, | | |
ethylene/heXene éopdlyme:éafa—polypropylene—

: propylene/bﬁtene copolymer,

15 ethylene/hexene copolymerféﬁa;polypropylene-
propylene/hexene copolymer, |
‘ethylene[hexene coleymer;syn—polypropylene—
ethyleﬁe/octene éopolymer, | .
ethylgne/hexené cobolymerusyn—polyproleéhe—atae

20 ‘eolypropylene,
ethyléne/bexené copoiYmer—syn-polypropylene—
rpropylene/buteﬁe copélymer,

"ethylene/hexeﬁe copolymer~syn-polypropylene-
7propylene/hegene-copolymer, |

'_25_ ethylene/hexene copolymer-polypropylene/butene COpdlymef—




- et hyl ene/ hexene copol yner - pol ypr opyl ene/ hexene copol yner- 15
propyl ene/ but ene copol yner, ethyl ene/ octene
copol yrer - pol yet hyl ene- at a- pol ypr opyl ene, et hyl ene/ oct®@péhe 2005
copol yner - pol yet hyl ene- syn- pol ypropyl ene, et hyl ene/ oct ene
copol yner - pol yet hyl ene- propyl ene/ but ene copol yner, 20 ethyl ene/ octene
copol ymer - pol yet hyl ene- propyl ene/ hegygne copol yner, ethyl ene/octene
copol yner - HDPE- at a- pol ypropyl ene, et hyl ene/ oct ene
copol yner - HDPE- syn- pol ypr opyl ene,
et hyl ene/ oct ene. . copol yner - HDPE- pr opyl ene/ but ene copol ynmer, 25
et hyl en®FBEL 8RB/ E6BENFNECPHDIPESEF opy| ene/ hexene copol ymer, 10 June 2005 81
et hyl ene/ oct ene copol yner - LLDPE- at a- pol ypr opyl ene, et hyl ene/ oct ene
copol yneEbyviepe/Bonepsl yppropyhenepolephpbghehedbahene copolymer—
copol yner - LLDPE- pr opyl ene/ but ene copol yner, 5 ethyl ene/ octene
copol ynetatbOPFErpeppykeae/ hexene copol yner, et hyl ene/ oct ene
copol ymer - et hyl ene/ propyl ene copol ynmer- at a- pol ypropyl ene, ethyl ene/ oct ene
copol ynethet éiyt £netpnepybpotynepebyiepropfleyns/pat ¥pE0pYb6NGMer -
et hyl ene/ oct ene copol yner - et hyl ene/ propyl ene copol yner- propyl ene/ but ene
copdl yneyn - hypeoey behepe copol ymer - et hyl ene/ propyl ene copol yner -
,ethylene/hexené copolymer-polypropylene/butene copolymer-
propylene/hexene.copolymer,
ethylene/hexene copblymer—polypropylene/hexene,copolymerm
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 ?ropylene/butene copolymer, - 7 |
éthylene/octene‘copo1ymer~polyethylene—ata~polypropylene,
ethylene/octéne.copolymer—polyethylehe-Syn;pblypropylene,
ethylene/octene‘COpolymer—polyethylenenprépylene/butene
copolymer,

20 gﬁhylene/octené copolymer-polyethylene-propylene/hexene
éopblymer, -
ethylene/octene'copolymer—HDPE~ata—polypqopylene,
eﬁhylene/octene copolymer-HDPE-syn-polypropylene,
ethyLene/octene"copo1ymer—HDPE—perylene/butene.copolymér,_

25 ethylene/octene copolymer-HDPE-propylene/hexene CopoiYmér?




propyl ene/ hexene copol yner, 15 et hyl ene/ oct ene copol yner - et hyl ene/ but ene
~ copol yner - at a- pol ypropyl ene, ethyl ene/ oct ene copol yner - et hyl ene/ but ene
copol yner - syn- "pol ypropyl ene, ethyl ene/ oct ene copol ynejg gtlys®mae/ but ene
.copol yner- 20 propyl ene/ but ene copol yner, ethyl ene/ octene
copol yner - et hyl ene/ but ene, copol yner- propyl ene/ hexene copol yner, '
et hyl ene/ oct ene copol yner - et hyl ene/ hgxene copol yner-ata pol ypropyl ene, 25
et hyl ene/ oct ene copol yner - et hyl ene/ hexene copol yner-syn 10 June 2005 82
pol ypropyl ene, et hyl ene/ oct ene copol yner - et hyl ene/ hexene copol yner -
propyl ene/ but ene copol yner, ethyl ene/ octene copol yner - et hyl ene/ hexene
copol ymeethglgpgpygréneLherend voepol s - a¢khylod ye/roctydre e,
copol yner - at a- pol ypr opyl ene-syn- pol ypropyl ene, ethyl ene/ octene
copol ynmeethvaepel yptopyl enpolpmepyLédetbslyereodepaiopyrensl0 et hyl ene/ oct ene
copol yner - at a- pol ypr opyl ene- propyl ene/ hexene copol yner, ethyl ene/ octene
copol ynmeetbyhepol yptepyl enpedlvae rpdlyppEepybendene /butene :
copolymer,
5 ethylene/octene copolymer-LLDPE-propylene/hexene
" copolymer,
ethylene/octene copolymer-ethylene/propylene copolymer—
ata-polypropylene,
'ethylene/octene copolymer—ethylene/propylene copolymer—
10 syn-polypropylene,
'eF@Ylene/octene copolymer~ethylene/propylene copolymer-—
propylene/butene copolymer,
ethylene/octene copolymer-ethylene/propylene copolymer—
- propylene/hexene copolymer,
15 ethylene/octene COpolymer—ethylene/butene copplymer;ata~‘
polypropylene,
7 ethylene/octene copolymer—-ethylene/butene  copolymer-syn—
polypropylene,
'ethylene/octene copolymer-ethylene/butene copolymer-
- 20 propylene/buténe copolymer,
-\ .
ethylene/octene copolymér~ethylene/buténe-copolymefw
propylene/hexene copolymer,
éfhylene/octene copolymer—-ethylene/hexene COpblymer~até~ “

leypropylene,"

25 = ethylene/octene copolymer-ethylene/hexene copolymer-syn-




et hyl ene/ oct ene copol yner -syn-pol ypropyl ene- 15 propyl ene/ but ene copol yner,
et hyl ene/ oct ene copol yner - syn- pol ypr opyl ene- propyl ene/ hexene copol yner,
et hyl ene/ oct ene copol ymer - propyl ene/ but ene copol yner - aj@3,R0068" opyl ene, 20
et hyl ene/ oct ene copol yner - propyl ene/ but ene copol yner - syn- pol ypropyl ene,
et hyl ene/ oct ene copol yner - propyl ene/ but ene copol yner - propyl ene/ hexene
~ copol yner, ethyl ene/ octene copol yner-propyl ene/ hexane copol yner-ata- 25

" pol ypropyl ene, 10 June 2005 83 ethyleﬁ@/octene copol ymer - propyl ene/ hexene
copol ymer-syn- pol ypropyl ene, ethyl ene/ octene copol yner- propyl ene/ hexene
copol ynmer- propyl ene/ but ene copol yner, 5
at a- pol ypr ppykereppokyet hyl ene- syn- pol ypr opyl ene;
at a- pol ypropyl ene- pol yet hyl ene- propyl ene/ but ene copol yner,

ata'p0|ypr@ﬁM#Q@ﬁep@hi@hﬁyE@ﬂ@i?ﬁ@@¥E%H?ﬁ@%é?ﬂ%x%ﬁ%oEﬁ%%ﬁymer—
at a- pol ypr opyl ene- HDPE- syn- pol ypr opyl ené, 10
ata-polypr99&%§msntﬁﬁﬁtehep¥bseﬁ, dt-ene copol yner,

at a- pol ypr opyl ene- HDPE- pr opyl enel hexene copol yrer,
ata- pol ypr opy |, 888z LAY LEBELOEL # DR FORPLYTEL=FXR: AR ¥BLERYE0E.
5 propylene/hexene capolymer,
ethylene/ocﬁene COpolymer—ata—polypropylene—syn—
polypropylene,
ethylene/octene éOpolymer—atémpolypropylene—
propylene/butene copolymer, .
- 10  ethylene/octene copolymer—ata-polypropylene—
propylene/hexene copolymer,
~ethylene/octene copolymer-syn-polypropylene-ata-
poiypropylene, o |
ethylene/octene copolymer-syn-polypropylene-

15 propylene/butene copolymer,
ethylene/octeﬁe copolymer—syn;polypropylene—
propylene/hexene copolymer, |
ethylene/octene cOpo;ymérupropylene/bufgn? copolﬁmer—ata_
polyp;opylene,

20 %thylene/octene copolymer—-propylene/butéene copolymer-syn-
polypropylene, l |
ethyleﬁe/octéne copolymer-propylene/butene copolymer-

. propylene/hexene copolymer,
_,ethylene/octené copolymer—propylene/hQXenercopolymerfétaf_

25 polypropylene,




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

at a- pol ypropyl ene- et hyl ene/ propyl ene copol ynmer -syn- pohyp,ap¥eene, 20

“at a- pol ypropyl ene- et hyl ene/ propyl ene copol yner- propyl ene/ butene copol yner,
at a- pol ypropyl ene- et hyl ene/ propyl ene copol yner- propyl ene/ hexene copol yner,
at a_pol ypr opyl ene- et hyl ene/ but ene Cﬁgolyner-syn 25 pol ypropyl ene, 10 June
2005 84 at a-pol ypropyl ene- et hyl ene/"But ene copol yner- propyl ene/ but ene
copol ymer, ata- pol ypropyl ene- et hyl ene/ but ene copol yner- propyl ene/ hexene
copol ynmer, 5 ata-pol ypropyl ene-et hyl ene/ hexene copol yner -syn-
poIyproﬁ%béﬁ@ﬁedpﬁiﬁ@ﬁyGﬁ@pwHﬂm&#ﬂﬂqﬂyﬂaﬂdﬂh&yyhaxumﬁqmymer;syn_
propyl ene/ but ene copol yner, ata-pol ypropyl ene-et hyl ene/ hexene copol yner
propyl ereLexewy leogol yner, at a- pol ypropyl ene- et hyl ene/ oct ene

copol ynmer-syn- pol ypropyl ene, . ata-pol ypropyl ene-ethyl ene/ oct ene

copol ynethylene/octene copolymer—-propylene/hexene copolymer-—

10

propylene/butene copolymer,

_ata—polypropylene—polyethylene—syn—polypropylene;

ata—polypropylene—polyethylene—propylene/butene copolymer,

ata—polypropylené—polyethylene—propylene/hexene copolymer,
7 éﬁa—polypropylene*HDPE—syn—polypropylene,

- 10 ata-polypropylene-HDPE-propylene/butene topolymer,
a;Q—polyprOpylenefHDPE—perylene/hexehe copolymer,
ataHpolypropylenefethylene/octene éopblymer—syn—
vpolyprOpylene, o
'ata—polypropylene¥ethylene/octéne copdlymer—

16 propylene/butene copolymer,
-ata—polypropylene~ethylene/0ctené copolymer-
propylene/hexene copolymer, |
.ata—polypropylene—ethylene/propylene copoiymer—syn—
polypropylene, =
20 éta—polypropyléneaethylene/propylene copolymer-
‘propylene/butene éopolyﬁer,
'.ata~polypropylehe;ethylene/propylene copolymer—
propylene/hexene copolymer, |
atafpolypropylene—ethylene/butene_copolymer—syn—a'

25 . polypropylene,




propyl ene/ but ene copol yner, 15 ata- pol ypropyl 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  ¢@pgleysHRs,

at a- pol ypr opyl ene- syn- pol ypr opyl ene- propyl ene/ hexene 20 copol yner,

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

at a- pol ypr opyl ene- pr opyl ene/ but ene cogglyner pr opyl ene/ hexene copol yner,
25 at a- pol ypropyl ene- pr opyl ene/ hexene®topol yner-syn 10 June 2005 85

pol ypropyl ene, ata- pol ypropyl ene- propyl ene/ hexene copol yner -
propyl ene/ but ene copol yner,

syn- pol ypaopybeheppopyethyl epry penpyhanehbutepel gapel-ymer, 5

syn- pol ypr opyl ene- pol yet hyl ene- pr opyl ene/ hexene copol yner,
syn-polypp@pyyeeﬁerﬁﬁfé@é0@M¢@n§ﬁ@y;ene copol yner, .

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

'Syn-p0|ypé@@¥%6m?pbé REOPYh @1 B UL §NEN EOPGH Y TBhe r—

syn- pol ypr opyl ene- LLDPE- pr opyl ene/ hexene copol yner,
syn-polyp@g@y#g@ﬁégﬁéq@ﬁ@eégggpy$§pg copol ynmer- prgpyl ene/ but ene copol yner,
syn- pol ypr opyl-ene- et hyl ene/ propyl ene copol yner- propyl ene/ hexene copol yner,

5 ata-polypropylene-ethylene/hexene copolymer-syn—

polypropylene,
ata—polypropylénemethylene/hexene copolymer-
propylene/butene‘copolymer,
 ata-polyprOpylene—ethylene/hexene copolymer-

10 propylene/hexene copolymer,

a§a—polypropylenemethylene/octene cbpolymermsyn—:
polypropylene, |
ata—polypropylene~ethylene/octene copolymer—
propylene/butene copolymer,-.

15- _ataupblyprqpylene—ethylené/octene copolymer—‘.
propylene/héxene copolymer, | |
:ata—polyprbpyléne—syn—polypropylene—propyléne/buteng'_
éopolymef, _ |
ata—po;ypropylene—syn—polypropylene—propyléne/hégene

20 Qopolymer,

| ata—polyprppyleﬁefpropylene/butene copolymer—syﬁ—"
polyprbpylene;

“ata—polypropyleneepropylene/butene copol ymer—~ “;?
propylene/hexene cbpolymer, .

25 _ata—polypropylene—propylene/hexene copolymer-syn-



syn- pol ypr opyl ene- et hyl ene/ but ene copol ymer 15 propyl ene/ but ene copol yner,
syn- pol ypropyl ene- et hyl ene/ but ene copol yner- propyl ene/ hexene copol yner, -
syn- pol ypropyl ene- et hyl ene/ hexene copol yner- propyl enejpyiengmegopol ymer, 20
syn- pol ypr opyl ene- et hyl ene/ hexene copol yner- propyl ene/ hexene copol yner,
syn- pol ypropyl ene- et hyl ene/ oct ene copol ymer propyl ene/ but ene copol yner,
syn. - pol ypr opyl ene- et hyl ene/ oct ene ggpolyner 25 propyl ene/ hexene copol yner,
10 June 2005 86 syn-pol ypropyl ene-ata- pol ypropyl ene- propyl ene/ but ene

copol yner, syn-pol ypropyl ene-at a- pol ypropyl ene- propyl ene/ hexene copol yner,
5 syn-polfpropylene-propylene/butene copol ynmer - propyl ene/ hexene copol yner,
syn- pol §ptvpydeneepe opyl ene/ hexene copol ynmer- propyl ene/ but ene copol yner,
propyl ene/ but ene copol yner - pol yet hyl ene- prt opyl ene/ hexene 10 copol yrer,

propy| emied bt byer copbt yaep r GPPE=ne ppykene/ Bey8Ngme gopol yner,

propyl ene/ but ene copol yner - LLDPE- pr opyl ene/ hexene
propylene/butene copolymer,
syn—polypropylene—polyethylene—propylene/butehe copolymer,

5 syn—polypropylehe—polyethylene—propylene/hexene coéolymer,

syn-polypropylene-HDPE-propylene/butene copolymer,
syn-polypropylene-HDPE-propylene/hexene copolymer;_
syn—polypropylené—LLDPE“propylene/butene copolymer,
syn-polypropylene~LLDPE-propylene/hexene copolymer,

10 syn—polypropylene—ethylene/propylene copolymer—
propylene/butene copolymer, |
.syn—polypropylene—efhylene/propylene copolymer—
propylene/hexene copolymer,
syn—polypropylene~ethylene/butene copolymer-

15 '§ropylene/butéﬁe copolymer;
syn—polypropylene—ethylene/butene copolymef—
propylené(hexene copolymer,
syn—polypropylenemethylene/hexene copolymérm
propyleng/butene copolymer,

20 _gynwpolypropylene—ethylene/hexene copolymer-
pfopylene/hexene éopolymer, |
_synfpolypropyleﬁeuethylene/octene copolymer-—

| pfbpylene/butene copolymer,
Synrpo1yp£opylene—ethylene/octene copolymer-

25 p;bleene/hexene copolymer,




copol ymrer, 15 propyl ene/ but ene copol yner - et hyl ene/ propyl ene copol yner -

propyl ene/ hexene copol yner, propyl ene/ butene copol yner - et hyl ene/ but ene

copol ynmer- propyl ene/ hexene copol yner, propyl ene/ but engg june 2005

copol yner - et hyl ene/ hexene copol yner-. 20 propyl ene/ hexene copol yner,

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

copol yner, propyl ene/ but ene copol ynerzat a- pol ypropyl ene- propyl ene/ hexe. ne

copol ymer, and 25 propyl ene/ but ene cd% | ynmer - syn- pol ypropyl ene 10 June 2005

87 propyl ene/ hexene copol yner. O these bl ock copol yners, particularly

preferable are polyethyl ene-pol ypropyl ene, 5

pol yet hyl &vie=® hyb epey peopyk eaepebpol yet eneppkypy byheneuethyl ene/ propyl ene

copol yrer - pol ypropyl ene, pol yet hyl ene- et hyl ene/ propyl ene copol ymer - LLDPE,

_pol yet hyl erree Eyingt ene/ but ene copol yner, pol yet hyl ene- et hyl ene/ but ene

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

- pol yet hy| eyre-ht DR GDPEen@oh yetbyl gneobd DREe - g hep 01 & ph bk ogk copol yner of

the invention may be bonded to other structural parts within limts not
copolymer, -

5 syn-polypropylene-propylene/butene copolymer—

propylene/hexene copolymer,
syn-polypropylene-propylene/hexene copolymer—

propylene/butene copolymer,

| propylene/butene copolymer—-polyethylene-propylene/hexene
10 copolymer, -
‘pggpylene/butene copolymer—HDPE—propylene/hexéne‘
gopolymer, .
propylene/butene éopolymer—LiDéE—propylene/hexené
copolymer, | |
15. propylene/butene copolymer-ethylene/propylene copoiymér~
propylene/hexene copolymer,
propylene/buteéne copolymer—ethylene/butene'copolymer—'
propylene/hexene copoiymer,
' propylgne/butene copolymer—ethylene/hexeheﬁcopolymér;.
20 gropylene/hexene copolymer,
'propylene/butené copo;ymer—ethylene/octene copolymér—'
propylene/hexené copolymer,
bropylene/butene copolymer-ata-polypropylene-
propylene/hexene copolymer, and._ |

25 propylene/butene copolymer-syn-polypropylene-



detrimental to the objects of the invention, with the 15 proviso that it
has the above structure. The polyner of the invention may be a graft

nodi fired pol yner. The ol efin copol yner can be favorabl yguggdrf®y vari ous
nol ding materials for filnms, sheets and bl ow nolded products, various
addi tives such as 20 conpati bilizing agent and nodifier, coating nmaterials
and adhesives. The use application ;gl be described |ater. The process
for preparing the ol efin block copolie‘I r of the invention will be
described later. The ol efin block copolyner of the invention nmay have 25 a
~ functional group at the termnal of the main chain. 10 June 2005 88
Exanpl es poboiyhie rfasihetietzalc ogroadyms=d .ncl ude the sanme groups as previously
descri bed. The ol efin block copol yner having a functional group at the
term nal of th& mhieseChaiodkcanpbe vivaves, aplay tused ard f Yrevad ¢ Qs addi ti ves
such as conpatibilizing agent and .nodifier, coating materials and

adhesi veareThe use application wll, be described |ater. The process for
- preparing the olefin block copolyner having a functional group at the

t erm nal pefl yehe yrehe-$01¢halop\Wehle be described [ater.- Next, the process
for preparing an olefin polynmer according to the invention is described.

The g ocgss ybehyReABAEEAG 18R 0LeHLHY IRALY BBho1 ymer,
- polyethylene-ethylene/propylene copolymer-polypropylene,

polyethylene-ethylene/propylene copolymer-LLDPE,

polyethylene-ethylene/butene copolymer,

polyethylene-ethylene/butene copolymer-LLDPE,

10 polypropylene-ethylene/propylene copolymer, and
-pglyethyleﬁe—LLDPE—HDPE, bolyethyleﬁemLLDPE.
| The olefin block copolymer of the invention may be
bonded to other structural parts within limits nét |
detrimental to the objects of the invention, with tﬁe
15_l proviso that it has the above.structure. The polym;r‘of
"the invention may be a graft modified poiymer.
'The_olefin copolymer can be favorably used for
various molding materials for films, sheéts and blow
'mo;ded products, various additives such as’
20 compatibilizing agent and modifier, coating materials and
.adhesives. The ﬁse application will-bedescribed_later.
The proceés for preparing the olefin block copolymer
6f the invention will be described later.
- The olefin block copolymer of the invention may'héﬁe

25 a functional group at the termjinal of the main chain.



according to the invention uses an olefin polynerization 15 catalyst
conprising the bel owdescribed transition netal conpound (A), preferably
‘an ol efin polynerization catal yst conprising: (A) the bgljgys gdesgcri bed

- transition netal conpound, and 20 (B) at |east one compound sel ected from
~(B-1) an organonetal lic conmpound, (B-2) an organoal um num oxy- conpound,
and- (B-3) a conpound which reactsmﬁég the transition netal conpound (A)
to forman ion.pair. 10 June 2005 89 First, the conponents for formng the
~olefin polynerization catalyst used in the invention are described. (A
Transition metal conpound 5 The transition netal conpound (A) for use in
the .invéarPéasi efatbonpoundivhiaéhgireupepiesented thy hae fg@ldupM ng
formula (1) and has properties that, in a (3- agostic structure of a

cati oni cagopptexowhbky eflasXrinetine fornmula (1) is replaced with a n-propyl
group, said 10 structure being neasured by a.density functional nethod,

the di stance Tire vala®)n el serncopel figk er Bak oAy (Z) ruMbi ¢Bn ﬂﬁgr%pdi rect
bond to the central netal Mand is nearest to the centra tal™M and

hydr ogeratattiidiecd Anpesi toonche mAoh FREEnthaR BeOrA8Pduihe ghactrostatic
~energy is not - |
S for various additives such as compatibilizing agernt and
.modifier, coating materials and adhesivesﬂ The use
application will. be described later.
The process-for preparing the olefin block copoiymer
having a functional group at the terminal af the main
10  chain will be described later.
‘ Next, the process for preparing an olefin'polymer
aqcording to the invention is described. | '
The process for prepariné an olefin polymer
according to the invention uses an clefin polyﬁerizatioh
15 ‘lcatalyst comprising the below—described.t;ansifion'ﬁétal
compound (A}, preferably an olefin polymefizatién
catalyst comprising:
(A) the below-described traﬁsition_métal compound,
and | = |
20 \: {B) at least one compound selected from:
(Brl).ah orgahometallic 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-




15 nore than 10 kJ/nol. The "density functional nethod" neans cal cul ation
usi ng a program ADF2000. 01 (devel oped by SCM Co. (Netherlands), obtained
by nmeking a license contract with SCM Co. and then doyghgadsdts t he program
fromthe home 20 Rage (htm ://ww. scmcom of SCM Co.) and using BLYP

met hod. As the basis function, a Slater type orbital function is used. As
for the structure, a function of Tr%gle zeta type is used for the central
nmetal, and a function of Double zeta’type is used for. other atoms, 25
however, in the electrostatic energy evaluation, a 10 June 2005 90
function of Double Zeta type added with a polarization function is used
for other atofsrsThetlbasisnponetionfos foseinal sbefotetbhe singl e-point

cal cul ation of the optinmum structure obtained by structural calcul ation. -

I n 5 calmel atéohsabotdercadbhanysheustduchuthE cabvent abhoAre corrections of
Pauli's relativistic potentials are made. The "electrostatic energy" neans
an el ectdestatbed energy between hydrogen at the f3-position and the
nearest heteroatom Mre specifically, the electrostatic energy 10 is an
interatomc el ectrostathf¢ rRaREaEEbANmBASEdcBRRLNAG €l ectronic state
obt ai ned by assigning electirons obtained by the conplex calculation to

thosg two atormke thhs £l el oot £ esdfshdia hel el fu i sy sachy %Eﬁgt ron

popul ation of s, p, d orbitals of the two atons obtal ned by the
. invention is a compound which is represented by the

foliowing formula {I)-and has properties that, in a B-
agostic structure of a cationic complex whe;ein X iﬁ the
formula (1) is replaced with a n-propyl group, said

.40 structure being measured by a density functional mefhod,
the distance (r value) between the heteroatom (Z), which
has-no direct bond to the central metal M and is néarest
to the central metal M, and hydfogen at the-ﬂ—positién is
not more than 3.0 A and the electrostatic enéréy is not

15‘ more than 10 kJ/mol. |

The "deﬁsity functional method"_meané calculation‘

using a program ADF2000.01 (developed by SCM Co.
(Netherlands),.obtained by making a liqeﬁse contract with
'SCM'Co.:and then downloading the program from the hbme

20 page (html://www.scm.com) of SCM Co.) and using BL$P 
method. As the basis fﬁnction, a Slater type orbital
fqnction is ﬁséd; As for the structure, a function éf
Triple zeta.type is used for the central metaI{ and'a"'
function of Doubie zeta type 1s used for.othér ;tgﬁﬁ;

25 however, in the electrostatic energy evaluation, a




15 conplex cal cul ation (single-point calculation in the 13- agostic optinum
structure obtained after the structural calculation). LmwWn (I) 1n the
formula (1), Mis a transition netal atom 20 selected 1§ &P 3 to
Goup 11 of the periodic table, preferably a transition netal atom sel ected
fromGoup 4 to Goup 5 nore preferably a transition nmetal atomof G oup
4, specifically titanium zirconiumor, hafnium particularly preferably
titanium 25 mis an integer of 1 to 10 June 2005 91 L is a ligand
coordinated to the central netal Mand is an organic or inorganic |igand
havi ng at | east one heteroatom (Z) which has no direct bond to the central
metal M fen@xaompl @S Déubigans:skey et ongdbackude acysl gpentadignyl

skel eton, acetyl acetonato skel eton, phenoxy skel eton, am do skel eton,

i mi do skefetoniandis ligandiskebeion wbrd. f ams ghe d atglsdessri bed
transition netal conpound represented by the formula (I1- 10 a), (l1-b)

(111). Thesdd gansb sket edion & By RS Bk baai&?lé@{cgwléf(%ﬁé ckpcl.udes
| i gand skeleton of the fornmula (I1-a) wherein Rl is a hydrocarbon group

and any aneneft R% st hdody the-daters deser ibed het er gat om or

het er oat om cont ai ni ng ‘
5 calculations other than the structural calculation,

corrections of Pauli's relativistic potentials are made.
The "electrostatic energy"™ means an electrostatic enerqgy
between hydrogen at the ﬁmposition and the nearest
~heterocatom. More specifically, the electrostatic energy
10  is an interatomic electrostatic interaction based 6n the
é%ectroﬁip state obtaiped.by aésigning electrons obtained
by the complex calculation fo those two atoms. Thé
electron référred tb herein is each electron popﬁlation .
of s, p, d-ofbitals of the two atoms obtained’by,thé
15‘J complex calculation (single-point calculation in tﬁe B-
agostic optimum structure obtained after the structural
éalculation).-
LnlXn - | (1)
In the formula (I), M.is a transition metal atom
-20 selected from Groﬁp_B to Group 11 of the periodic table,
-preferably.a trahsitigﬁ metal atom selected from Group 4
to Group 5§, motejpreférably a transition metal atom éf
Group 4, specifically titanium, zirconium or hafnium,
particularly preféfably titanium, -

25 ' m is an integer of 1 to 6.




15 group, nanely, ligand skeleton wherein at |east one of Rl, R3 and R4
has the | ater-descri bed heteroatom or heteroatonm containing group. The

| i gand skel eton represented by the formula (I1- b) inchodase bogmand skel et on
of the formula (11-b) wherein 20 Rl is a hydrocarbon group and any one of
R6, R7, R8 and R9 has the | ater-described heteroatom or heteroatom

contai ning group, nanely, l|igand skel eton wherein at |east one of Rl, RS,
R7, R8 and RO has the later- descri bél heteroatom or het er oat om cont ai ni ng
group. 10 June 2005 92 The ligand skel eton represented by the formula
(111) includes ligand skeleton of the formula (I11) wherein RIO is a

hydrocarbon grioups and iafh dnefd Rldse Rl R Rldnt and RiBabag Lhg

| at er - descri bed heteroatom or-heteroatom 5 contai ni ng group, nanely, |igand

skel et on wheqeidrfinic | Gastn g pfc Rlilgaf 2hafil3y R4 apdc Righas the

| at er- descri bed het eroat om or  heteroat om containi ng group. Tﬁe het er oat om

IS a noniRiddr HQR Ofder, 1HNan s &Rr ngtf@é QPeand. @ fydrogep, atom and

exanpl es thereof 10 include atons of ogen, nitrogen, oxygen,
phosphor ys, ;s fur and selenium n is a nunber satisfying a valence of M
X is an oxygen atom a hydrogen atom a hal ogen atom a hydrocarbon group,

an oxggen- Cont:a A GIQUR; Ak SUTHGEONAIN Y 9roup, a
ni t rogen-cont al ni ﬁg_ gr oup, §% e
cyclopentadienyl skeleton, acetylacetonato skeleton,
phenoxy skeleton, amido skeleton, imido skeleton and
ligand skeleton ﬁhich forms_the later-described
. .transition metal compound represented by the formula (II-
106 a}, (II-b) or (IiI). | |
‘ The ligand skelefon represented by the fdrmula (Ii~
a) ihcludes ligand skeleton of the formula (II-a) wherein
rRl is a hydro@arboﬁ group and any one of R3 and R4 has
the later—-described heteroatom or heteroatom—containing
15 group, namely, ligand skeletoﬁrwherein at least one of Rl,
3 and R4.hés the later-described hetercatom or
héteroatom-containing group.
The ligand skeleton represented by £he formula (II-
b) includes ligand skeleton of the férmﬁiglkll—b) whérein
20 %1 is a hydrocarbon group and-ény one of R®, RrR7, R8 and
7R9 has the late;—descfibed hetéfoatom or heteroatoﬁt
‘cohfaihing group, namely, ligand skeleton wherein at
ieast one of RL, Ré, R7, RSB and‘R9 has the later-

' described heteroatom or hetercatom-containing group.




bor on-cont ai ni ng group, an al um num cont ai ni ng group, a

phosphor us-cont ai ni ng group, a hal ogen-contai ning group, a heterocyclic
.compound residue, a silicon-containing group, :a gernm@uUum 2E0% ai ni ng
group or a tin-containing 20 croup. Plural groups indicated. by X may be
bonded to forma ring. Wen nis 2 or greater, plural groups indicated by
X may be the sane or different. Exagﬁges of the hal ogen atons include
fluorine, 25 chlorine, brom ne and i*#di ne. 10 June 2005 93 Exanpl es of

t he hydrocarbon groups include al kyl groups, such as nethyl, ethyl,

propyl, butyl, hexyl, octyl,. nonyl, dodecyl and eicosyl; cycl oal kyl
groups of 3 tee3Q icRkDns 1Al TN SUHT %G| eRentnd f&bﬁﬁll%e%ﬂip 5

nor bornyl and adamantly; al kenyl groups, such as vinyl, propeny

andcycl ohexamdes aryaald W xQrauns o SUHE a% rdhenzyy mph%gyéxeéhyl;{p@d
phenyl propyl; and aryl groups, such as phenyl, tolyl |net%ylphenyl,

tri met hylighenyydrREPHRN e up RIRPH RN o Digahenyd12 naphi hyls 4 10
nethylnaphthyly éﬁtﬁfyl and 6ﬁ%nanthr 1 770 ggﬁﬁy roda&gbd é%oups,

hal ogenat.gg @ﬂﬁr%%%rQ%Q§id%#?%?%%cé%?%ﬂ*%é%@?&? a%Ingg&ﬂgpq:h_grogen i's
replaced with -a halogen in hydrocarbon groups o T Yo carpofi at ons,
are 2 sodfekydedy 120 RVESY,CATANY WP, el 2Pl e, a group
least one of RI1, R12, RI3, R14 and R15 has the later—
described heterocatom . or heterocatom-containing group.
The heteroa?omis a nonmétal atom other than a
.carbon atom and a hydrogen atom,.and exampiles thereof
10 include atoms of halogen, nitrogen, oxygen, phosphérus,
sylfur and selenium. |
n is a number satisfying a valence of M.
X'is ah oxygén atom, a hydrogen'atom, a halogen atom,
. -a hydrocarbon group, an oxygen—containing”grbup, a
15. sulfur-containing group, a nitrogen-containing group,-a
_boronfcontaihing group, an aluminum-containing group, a
phosbhoruchontaining-group, a halogen—cdnfaining group,
a heteroc?clic compound residue, a silicgn—pontaining
group, .2 germanium-containing group or a“tinwcontaining.
20 qgroup. Plural groups indicated.by X may be bonded to
form a fingi |
'Wﬁen n ié 2 or greater, plural groups indicated by X
ﬁay be the same ox different.
" Exa@ples of the halogen atoms incl@dé fluoriﬁe,

25 chlorine, bromine and iodine.




containing I .to 5 oxygen atons, but the | ater-described heterocyclic
conpound residue is not included in this group. A group containing a
nitrogen atom a sulfur atom a phosphorus atom a hahggare ag@m or a
silicon-atom said 20. atom being directly bonded to the oxygen atom is
not included either. Exanples of the oxygen-containing groups include
hydr oxyl group; al koxy groups, such nmet hoxy, ethoxy, propoxy and

but oxy; aryl oxy groups, such as, phenoxy, nethyl phenoxy, di methyl phenoxy
and napht hoxy; 25 aryl al koxy groups, such as phenyl net hoxy and 10 June 2005
94 phenyl et hoxy; acetoxy group; and carbonyl group- Wien the

oxygen- cont ai Hi¥#grgresu e fc driteailms reardbdroratqomud el ndudeer; ofy car bon at ons
is in the range of usually 1 to 30, preferably 1 to 20. 5 The

sul f ur - c@CAPTH, NFuPhows inetHydr, exarydl,e,prigfoumbuteent a}ilégt&t:‘[g, 1 to 5 sulfur
atons, but the later-described heterocyclic conpound resi'due is not

i ncl uded dic yilhi siongrouplodexanplest @fiddge_e,l&ulaowrc%pmﬁ N, Oélfsgi ncl ude
Su

sul fonat o groups, such as nethyl sul fonato, 10 trifl dronethane fonat o,

phenyl sultbodét carbbanaylosil, f istiaho aspd h@%@%ﬁyﬂfngyé%bhexyl
trimet hyl benzenesul fonato, triisobutyl benzenesulfonato, !

p-chﬁbrobembemegmlEﬁaab@aﬁadtm9et@ﬁk@ﬁ@@b%@6%?%§ugh a%%;vj§§ﬁ;inat0

groups, such as nethyl sul finato, 15 phéenyl'sul finato, benzyls i nat o,

p-t ol uenpsubéhpadt 8nd cyclohexenyl; arylalkyl groups, such as
benzyl, phenylethyl and phenylpropyl; and aryl groups,
such as phenyl, &olyl, dimethylphenyl, trimethylphenyl,
ethylphenyl, propylphenyl, biphenyl, naphthyl,

10 methylnaphthyl, anthryl and phenanthryl. In the
hydrocarbon g;oups, halogenated hydﬁocarbons, such as
groups wherein at least one hydrogen is repléced with a
‘halogen in'hyd:ocafbon groups of 1 to 20 cérbon atoms,
are alsorinciﬁded.

15_. Thé oxygenhcontaining groﬁp is, for example, a group
containing l:to 5 oxygen atqms,-but the later—descfibed
heterocyglic Compound.residue is not included in this
group. A group.containing a nitrogen atém, a sulfur atom,
a phosphorus atom, a halogen atom or a‘silibon atom,fsaid

"~ 20 étom being directly bonded to the oxygen atom; is not
ipcluded either.l Exampies of the oxygen-containing
grdups includerhydroxyl group; alkoxy groups, such-as
méthoxy, etﬁoxy, propoxy and butoxy; aryloxy groups,ISUCh;
as phenoxy, methylphenoxy, dimethylphenoxy and naphthoxY} :

25 arylalkoxy‘groups, such as phenylmethoxy and




trimet hyl benzenesul fi nato and pentafl urobenzenesul finato; alkylthio

groups; and arylthio groups. Wien the sul fur- containing group contains
carbon atom .the nunber of <carbon atons is in the range phetsgglly 1 to
30, 20 preferably 1 to 20. The nitrogen-containing group i s a group
containing 1 to 5 nitrogen atons, but the | ater-described heterocyclic
conpound residue is not included in this group. Exanples of the _

ni t rogen-contai ni ng groups 25 i ncl ud@4ni no group; al kyl ami no groups, such
as 10 June 2005 95 nethyl am no, dinmethylam no, diethylam no, dipropylam no
and di butyl am no, dicycl ohexyl am no; and arylam no or al kyl aryl am no
groups, sttinyketrhenyd addiaxydighany) aidoa it el Y4 ATLRO. didapht hyl ani no
and mnet hyl phenyl am no. 5 The boron-containing group 1s, for exanple, a
group  canteigiigerl-dan & BN HAIE cdiitaihe laner: daseribgd, heterocyclic
compound residue is not included in this group. An exanple of the

bor on- contiaipd MG OrQHydrs BRYus GR 1 o] an-al kyl . grouyp, an aryl
group which nmay 10 have a susttli%t u%]{"%/ﬁé %gﬁ%aeﬁfa?%ﬁ]a(l)?yt EetPiE . The

©al um nuUMGRHAIANIRG 195@UR ol s, for exanple, a group containing 1 to 5
~alum num atons. An exanple of the alum numcontaining group is AIR4 (R is

hydrogen. an whldhaguouRonan; Akl 918HR WY CHIPLAREG A SHRSIifvent. 16,

~ - a halogen atomor the

- containing 1 to 5 sulfur atoms, but the later—-described
heterocyclic compound residue is not included in this
group. Examples af'the sulfur;containing groups include
sulfonato groups, such as methylsulfonato, -

10 trifluromethanesulfonato, phenylsulfonato,
quzylsulfonato, p—toluenésulfonato;
trimethylbenzenesulfqnato, triisobutylbenzenésulfohafo,
p—chlorobenzenesulfonato and pentafiﬂorobenzeneSulfonato;

~sulfinato groups, such as methylsulfinato,' |

18 phenylsulfinato, benzylsulfinato, p-toluenesulfinato,
trimethylbenzenesulfinato and péntaflu;obenzenesulfinato;
alkylthio groups; and arylthio groups. Whéh the sulfﬁr—
containing group contains carbon atom,.tﬁe number of
rcarbon atoms is in the range of usuallj i‘fb 3a,

20 Qfeferably 1 to 20.
| The nitrogen—contéining'group is a group contéining
1 to 5 hitrogeﬁ atoms, but the later¥described
Héterocyclic compoqnd residue is not inﬁludeQ'ingthis
group. Examples of the nitrogen-containing groups

25  include amino group; alkylamino groups, such as




The phosphorus-containing group is, for exanple, a group containing 1 to 5
phosphorus atons, but the later- described heterocyclic conpound residue is
not included in this group. Exanples of the phosphorussgaem 260y ng 20
groups include trial kyl phosphine groups, such as trimethyl phosphine,
tributyl phosphine and tricycl ohexyl phosphine; triaryl phosphi ne groups,
such as tripheyl phosphine and tritolyl phosphi ne; phosphite groups
(phosphi do groups), such as net hyl pho8phite, 10 June 2005 96

et hyl phosphi t e -and phenyl phosphi te; phosphonic acid group; and phosphinic
acid group. Exanples of the hal ogen-containing groups include

fl uori ne-gephak BinNF-0r P 4.2 ghlorine-containing
groups, such gs Clozgaﬁyﬁét%?ygméﬁg 52 ?ﬁglggnFafnﬁnﬁropggﬁg BSuch as 104.

Do) oo Sh LIBuBOTEROENC! 4o raTBRUNML L) dYOS, ol DELYAS, LESLQueS of

ni t rogen-contai ni Ng groups suc r I'O

qui nol i ne ggg 1 |dues of oxygen contalnl groups such as
furan and p %a%&féggﬁ%uégou éufPCh ggnpélﬁl&GmGPEUp WM ophene;
and group hese. heterocyclic co oun resi dues are further
substltut%dt\{@ﬁ%mrtl e, gtgﬁ%ﬁml%% ARy GrotpReRYLamiBe30 car bon
atonss preferqﬁ% é% %; car bon at ons, or al koxy groups. The

si i con- contalnlng (B VL2 F O iR, 1gy for example, 'a group

containlng 1 to 5 boron atoms, but the later-described
heterocyclic éompound residue is not included in this
group. An example of the borén—containing group is. BR4
-(R is hydrogen, an alkyl group, an aryl group which may
40  have a substituent, a halogen atom ér the like).
~ v+ The aluminum—-containing group is,,for éxample, a
group containing 1 to 5 aluminum atoms. ‘Anréxample;of
the alumiﬁum—containing group is AIR4 (R is hydrogeﬁ,_an
alkyl group, an aryl group which may have a substit;ent,
16 a halogen atom or the like).

The phosphorus~containing group is, for example;-a
group containing 1 to 5 phosphorus atoms;Abut the-lafer—
described heterocyélic compound residue is_not'iHCiUded,
in.this group. Examples of the phosphor;;;containing

20 Q:oups include trialkylphosphine groups,rsuch as
trimethylphosphine, tributylphosphine and
tricyciohexylﬁhosphine; triarylphosphiné;groups, such as

'  tripheylphosphine and tritolylphosphine; éhoéphite groﬁps

{phosphido grdups), such as methylphosphite;




group containing 1 to 5 silicon atons. Exanples of the silicon-containing
groups include hydrocarbon-substituted silyl groups, such as phenylsilyl,
di phenylsilyl, 20 trimethylsilyl, triethylsilyl, tripropyis 2005
tricyclohexylsilyl; triphenylsilyl, nethyldiphenylsilyl, tritolylsilyl and
trinaphthyl silyl; hydrocarbon- substituted silyl ether groups, such as
trimethylsilyl ether; silicon-substituted al kyl groups, such as 25
trimethylsilylmethyl; and silicon-su8&ituted aryl groups, 10 June 2005 97
such as trimethylsilyl phenyl. Wen the silicon- containing group contains
carbon atom the nunber of carbon atons is in the range of usually 1 to

30, prefemhlphdsgia t20. a1 Beamlgsh e 9 JHRcont.ai pi ng groups

include groups wherein silicon’is repl aced W th germaniumin the o
cbove. menjianad il ksonbent ol e Graups Bxamles of the (1 p-conaining
or use in the o RIont cant s Se g o B AaCRBod By end "t bwi ng 1 of mul a
(11-a) OEl@b&iBb—b%n%ﬁ@hﬁ%@l%To%ése1su@ﬁNas(B%%W%%d BFg;
5 chlorine—contéining groups, suéh as Clog and SbClg;land
iodine—containing groups, such as I104.
Examples of. the heterocyclic compound residues
include residuesiof nitrogen—éontaining groups such as
pyrrole;, pyridine, pyrimidine, quinoline and triézine;
10 residues of oxygen—containing groups such as furan and
pyran; residues of sulfur-containing groups suéh as
thiophene; and groups wherein these heterocydliclébmbound
residues are further substitqted with sqbstituents sﬁch
as alkyl groups of 1 to 30 carbon atoms, preferablyrl to
15 20 carbon atoms, or alkoxy groups. ”
The siliconncontaining group 1is, for example, é
group containing 1 to-5 silicon atoms. Exaﬁples of the
siiiéon—contéining groups include hydroc%;bon—substituted
silyl groups, such as phenylsilyl, dipheﬁYisilylél
20 Eiimethylsilyi, triethylsilyl, tripropylsilyl, |
.tricyclohexylsilyli triphenYlsilyl, methyldiphenYléilyl,
tritolylsilyl énd trinaphthylsilyl; hydquarbon+
Substituted silyl ether groups, such'as'trimethylsilyl |
ether; silicon=substituted alkyl groups, such as  . -

25 trimethylsilylmethyl; and silicon-substituted afyl groups,




\J\_ A 4Rm. ..(lIl-a) 20 wherein N---M generally-neans that they are
coordinated to each other, but in the present invention they are not

al ways coordinated. In the formula (I1-a), M is a transiJtm®pootetal atom
selected fromGoup 3 to Goup 11 of the periodic table, 25 preferably a
transition metal atomof Goup 4 to Goup 5 10 June 2005 98 specifically
titanium zirconium hafnium vanadiym niobium tantalumor the |ike,
nmore preferably a transition netalggton1of G oup 4, specifically titanium
zirconiumor hafnium still nore preferably titanium 5 Qis a nitrogen
atomor a carbon atom having a substituent R2 (-C(R2)=). A is an oxygen
atom asswhf as atrdmetaydelierilpieat, oM ®hed Phér9gen-atom having a
substituent R5 (-N(R5)-). Rl is a hydrocarbon group having at |east one 10

het er oatomtas nanby gi-oedr bR tahaLP cA2BLAY adbm|, €28k A0Rber of
het er oat om cont ai ni ng group. Exanples of the heteroatons include atons of

hal ogencaibbhogeBmsOX¥0en, tRROSARGEUS s Sukhel and,sgpenium The
het eroat om containing group is a group containing a nbnmetal atom ot her

than a gaeberadyatopnapd a hydrogen atom and exanpl es thereof include an

5 ' Examples of the germanium~containing groups include

‘groups wherein silicon is replaced with germanium in the

above-mentioned silicon-containing groups.

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 follbﬁing

formula (II-a) Qr,(II—b) is available.

15

... (II-a)

20 fhérein N--~-M1 geperallmeeans that they are éoordiﬁated
to each other, but in tﬁe.preéeﬂt invention they are not
always coordinated.

| In the formuia ‘II—a), ML is a transition metalratom-

selected from Group 3 to Group 11 of the periodic-tabie,

25 preferably a transition metal atom of Group 4 to Group S,



oxygen-cont ai ni ng group, a nitrogen-containing group, a sulfur-containing
group, a phosphorus-containing group, a halogen atom containing group and
a heterocyclic conpound residue. Exanples of the oxygep-igagbadsi ng groups,
the 20 nitrogen-containing groups, the sulfur-containing groups, the
phosphor us-cont ai ni ng groups and the heterocyclic conpound residues
“include the sanme groups as previously described with respect to X in the
formula (1). Exanples of the hal ogen98ont ai ni ng groups include groups
wherein 25 at | east one hydrogen is replaced with halogen in the 10 June
2005 99 hydrocarbon groups of 1 to 30 carbon atons, preferably 1 to 20

car bon al efciUehiay A HOURS Hrum MR ML, SU L BLOPYL - DULYL

hexyl, octyl, nonyl, “dodecyl and “éicos oupy of 3 to 30

carbon al obxieng. «aAeciekoRRNLIL, 10vel Ol o nor b%ﬁ)x, and adamantly),

al kenyl groups (e.g., viny prop enyI aryl al kyl

an | h nd aryl groups (e.g.
Shenyi .t oite ,89% Tl pebleTk L D pﬁyPSRéﬁ%ﬁ%mﬁ%wamm

| oh Iyl ht thyl napht h thryl  and
propyl p 9Q¥E00g18R??¥ K5 fnluﬁé gglézgﬁr ngE6§r¥Hgyuggta£Xum?n

phenant hry peci i c” exanp
triflqyronethy? Qerflugrohtxy pent af | uoy ophenyl, perfl uorohexyl,

|
trichl’oromet hy per ¢hlb %?h@?omp%ﬁtﬁcﬁ?ﬁ?ﬁbh%ﬁ9m BAWLPGr &hl or ohexyl ,. 15
RLi's' pref ghabl¥,,8,pakeogn ke Font ai ni ng

A is an oxygen atom, a sulfur atom, a selenium atom
or a nitrogen atom having a substituent RS2 (4N(R5)—).
R} is a hydrocarbon group having at Teast one
10  heteroatom or a hydrocarbon group having at least one
heteroatom-containing group. Exampies_of thenheteroatoms
include atomsrof halogen, nitrogen, oxygEn,‘phosphorus,'
sulfur and seleniumd The heteroatom—containing_group is-
a group cOntaining a normetal atom other thén a carnon
15  atom and a- hydrogen atom, and exampies thereof inclnde.an
oxygenwcontaining group, a nitrogen-containing groop,'a
SUIfnr—containing group, a phosphorus- conteining group, a
halogen atom containing group and a heterocycllc compound
residue. Examples of the oxygen contalnrng groups, the
20 nitrogen—containing groups, the sulfur-containing groups,
the phosphorus—oontaining groups and the heterocyciic
compound residues include the same groupe as previously
described with respect to X in ‘the formula (I).- Ekanples
of the halogen~containing groups include groupsrwhereln

25 at least one hydrogen 15 replaced with halogen in the




hydr ocarbon group of 1 to 30 carbon atons, particularly preferably a

fl uori ne-contai ni ng hydrocarbon group of 1 to 30 carbon atons. '
Specifically, RL is trifluronethyl, perfluoroethyl, 200 dane 2485 opropyl ,
perfluorobutyl, perfluoropentyl, perfluorohexyl, perfluoroheptyl,
perfluorooctyl, perfluorodecyl, 1H, 1H perfluoropropyl, 1H 1H

perfl uorobutyl, 1H,1FLperquoropent¥I, 1H, 1H. perfluorohexyl,

1H, 1H perfl uoroheptyl, 1H, 1H 25 per ?uorooctyl, 1H, 1H perfl uor odecyl ,
perfluorocycl ohexyl, 10 June 2005 100 trifl uoronethyl cycl ohexyl,

bi s(trifluoromethyl)cyclohexyl, trifluoromethylfluorocyclohexyl,
“nmonof | uayapbeaybon gkbh;fagraﬁh@nyb, 3br bekHeRORBERY!, . piretreakiugr gphenyl ,
pent af | uor ophenyl, (trifluoronethyl)pentafl uorophenyl, 5

(triflupsopet Bykhbhugrepbenylicnht kif bLehenyl, £

bi s(trifluoronethyl)phenyl, tris%%r%%?ggrgﬁgﬁkslﬁgﬁ ﬁ&l?ethyl’
tetrakis{h{ifl; th en e t S(LLhfhuo | Lphenyl
perfluoroe?hyl%ﬁgggF, M%%g?beg%ﬁ%%gegﬁgg}bh%%§%¥'pé???%gﬁoéggpylphenyl, 10
perfl uo he u t yl-phenyl , rfluorqhehyl phenyl ,
bis(per%??ﬂ%?%ﬂéx??#%ﬂ£%§%¥ BEQQEPuékogag%tgylggﬁg} ﬁ%%%% e‘%ﬁﬁhﬁyl,

ﬁg;%l UoL oA BNty gﬁ\ifﬂ)ygwfmmg&%fgf%ggflgg%ﬁgggég;],the like. R2 to RS

be the sane erent”ahd are ea atom a hal ogen
atom i%iﬂ%“§&*ﬁ£5§b§r8¥9g.? vinyl, propenyl and cyclohexenyl},

arylalkyl groups: {e.g., benzyl, phenylethyl and
phenylpropyl} and aryl groups (e.g., phenyl, tOlyl,r
dimethylphenyl, trimethylphenyl, ethylphenyl,

10 propylphenyl, biphenylyi, naphthyl, methylnaphthyl,

. anthryl and phénanthryl). Specific examples of such
.groups include t;ifluoromethyl¢_perfluoroéthyi, |
pentafluorophenyl; perfluorohexyl, tfichloromethyl,
_perchloroethyl,‘pentachlorophenyl and perchlofohexyl=T

15 . .Rl is_préferably a-halogen atom-containing
hydrocarbon,grdup of 1 to.30 carbon atoms, partiéularly
preferébly é fluorine—dontaining_hYdrocarbénAgroup of‘i
rto 30 carbon atoms. |

Specifically, Rl is triflurometh?i, éé;fluoroéthjl,
20*'Eérfluoropropyl, perflugrobutyl,'perfluoropentyl,
perfluorohexyl, perfluoroheptyl, perflubrdoctyi,_
'.:.perfiuorodecyl, 1H, 1H-perfluoropropyl, lH,iH—
perfluorobutyl, 1H;1H—pérfluoropéntyl, 1H, 1H-.
péffiUorohexyl,"1H,1H—perfonroheptyl, 1H,1H4

25 perfluorooctyl, 1H,lH-perfliuorodecyl, perfluorocyclohexyl, .



hydr ocar bon-substituted silyl group, an oxygen-containing group, a

ni trogen-contai ning group, a sulfur-containing group, a boron-containing
group, an alum num containing group, a phosphorus-cont@ime®pogr oup, a
hal ogen 20 contai ning group, aheterocyclic conpound residue, a
silicon-contai ning group, a germani umcontaining group or a

- tin-containing.gro/p. Two or nore of R2 to R5 may be bonded to forma

ring. Exanples of the boron-containiﬁ%ogroups, t he 25
al um num cont ai ni ng- groups, -t he phosphorus-containing 10 June 2005 101
groups, the hal ogen-containi ng groups, the heterocyclic conpound residues,

the sili con:ilontmain i1y Igf iR etheg E@éf(f’@f:\iiE%@QB&@EH%@QcQ&QHH%ngd the
tin-containing groups indicated by R2 to R5 include the sane groups_as 5

pr evi ousltyr idaseirdaee i1t JRSREEH dhe 1N ﬁd%fflq{dwcpl%e&'é)lt,haaﬁpl es of the
Cclu

hal ogen-contai ning groups indicated by R2 to RS in e sane groups as
pr evi ousla £1des@HHed M 1 aSRehNkR RL ivhheformula (b -a) . Exanples of
t he hydrocarbon groups indﬁbated %& R%Rllo to Egl?ﬁ%#ﬁgglgﬁose of 1 to 30
carbon ati.ar19ReShHesall Y, (N8 6 Gan L straight -chain or
branched alkyl'grougge%? 1 Jo 30 cgrboﬁQg 0 ?n%%e gP§8P§%nflVo 20 carbon

Lo R o T SRR s 0 e
al kenyl. bis(trifluoromethyl)phenyl, tris (trifluoromethyl)phenyl,
tetrakis(trifluoromethyl)phenyl,
pentakis(trifluogomethyl)phenyl, perfluoroethylphenyl,
bis(perfluoroethyl)phenyi, perfluoropropylphenyl, |
10 perfluorobutylphenyl, perfluoropentylphenyl,
pg;fluorohexylphenyl, bis(perfluoroﬁexyl)phenyl,
perfluoronaphthyl, perfluorophenanthryl,”peffluo;¢aﬁthryl,
(trifluoromethyl)fetrafluorophenyl or the like. |
RZ to RS may be the same or different and are éach a
15. hydrogen atom; a halogen atom; a hydrocarbon group, a
hydrocarbon-substituted silyl group, an oxygenwcontainiﬁg
group, a nitr¢gen—gontaining group, a sulfuf—containiﬁg'
group, a boron-containing group, an aluminum—contaiﬁing
‘group, a phosphorus~containing group, a Héibgen— |
20 gbntaining group, a‘heterocyclic compound residue, -a
silicon—contaihing-groﬁp, a‘germanium—chtaining‘gfoub'or
a tin—containinggr?ppf Two or more of RZ to RO may be
bﬁnded to form a ring.
‘Examples of the boron-containing groups, thef

25 aluminum-containing groups, the phosphorusncontéining




groups of 2 to 30 carbon atons, preferably 2 to 20 carbon atoms, such as
vinyl, allyl and i-sopropenyl; straight chain or branched al kynyl groups of
2 to 30 carbon atons, preferably 2 to 20 carbon atom 1@3uyate @Zwset hynyl and
20 propargyl; cyclic saturated hydrocarbon groups of 3 to 30 carbon atons,
preferably 3 to 20 carbon atons, such as cyclopropyl, cyclobutyl,

cycl opentyl, cycl ohexyl and adananﬂ?ﬂ cyclic unsaturated hydrocarbon
groups of 5 to 30 carbon atons, such as cycl opentadi enyl, indenyl and 25
fluorenyl; aryl groups of 6 to 30 carbon atons, 10 June 2005 102

pr ef erabcyyo@pgp 20e Cik DoGle 2L 08B 4 SA yI nz ht hyl
bi phenyl yl, terphenylyl, phenan%%ryfﬁgﬁ%rgu %hr%?eeh %F%ﬁ%%?P%ﬁbstltuted

aryl gr%mﬁpo@mhr@@ cglpégl,thés il t but hen
di et hyl phenyl and d?-t- 5 buty p é% &$ﬁﬂ%‘ %&é%ﬁmﬁb%ydrocarbon

groups v 1 SHOSS A4 EL rocarbon qgroups, and exanples of
such grg%%s |ﬁélude alkqu3¥htps sub |t&%e&%ﬂtq9 1Hleﬁ(ﬁﬁRP%%ch as
benzyl aingd; AW, f th drocar bon-substituted silyl groups

i ndi cat ed by R2 1¢ R5 |§Q?ude33ﬁg§5fof 5780 C&Boh 2%t ons. Specifically,

ety Byl G AT O pherdt heergosnede. 1)
trfphehyls'liﬁaniéeg'g%t hylphe %b%hl%Lntgaggggygr%uggt{Lzatéteiﬁd '
by R? to RO inc%ude the same groups as previously
described with respect to Rl in the formula (II—a);
Examples of the hydrocarbon groups indicated by RZ
10 to R® include those of 1 to 30 carbon atoms.
Spec1flcally, there can be mentloned stralght chain or
brancned alkyl groups of 1 to 30 carbon atoms, preferably
1 to 20 carbon atoms, such as methyl,jethyl, n—propyl,
isopropyl, nmbutyl, isobutyl, sao—butyl,rtert—outYl,
16 neopentyl and thexyl; st#aightéchain or branched afkenyl
'groups‘of 2 to 30 carbon atoms, breferablf 2 to 20.Carbon
atoms, such“aa vinyl allyl and isopfopényl 'stralght~‘
chaln or branched alkynyl groups of 2 to 30 carbon atoms,
| preferably 2 to 20 carbon atom, such as'etEYﬁyl and
20 propargyi cyclic saturated hydrocarbon groups of 3 to 30
carbon atoms, preferably 3 to 20 carbon atoms, such as -
- cyclopropyl, cyclobutyl, cyclopentylf_cyolohexyl and
adamanty;; oyclic unsaturated,hydroca:bon_grouoa of 5 to
BQ ca;bon‘atoms{ such as cyclopentadienYl, inoenyi and

25  fluorenyl; aryl groups of 6 to 30 carbon atoms,




di met hyl (pent af | uor ophenyl . )silyl. O these, preferable are nethylsilyl,
dimethylsilyl, trimethylsilyl, ethylsilyl, diethylsilyl, triethylsilyl,

di- et hyl phenyl silyl and triphenylsilyl. Particularly 200poef 2005bl e are
trinethylsilyl, triethylsilyl, triphenylsilyl and dinmethyl phenylsilyl.
.Exanpl es of the oxygen-containing groups indicated by R2 to R5 include the
sanme groups as previously described yg4h respect to X in the formula (I).
10 June 2005 103 Exanpl es of the nitrogen-containing groups indicated by
R2 to R5 include the sanme groups as previously described with respect to X

in the formul L), %ﬁ npl.es of the sul fur-containing groups indicated 5

by R2 to ﬁgHﬁﬁg%ﬁgg't 3C§§g%tﬁ?5ﬁﬁka§§mﬁpe§PéﬁsP§ pHeseli bbenwiytlh respect

to Xin the formla ((),Lll?;e Rﬁ to RS are each preferably a hydrogen atom a

hal ogen afBi g@ﬁydp EAFBEN Ydr olisrraenydideapbenanshbgti tutled silyl group,

an oxygen-cg&ﬁainin%ggroup, a 10 nitrogen-containing group,.a

“sul fur - cofPaimivdg & 51w La subsitddetiedomtailnigng ugseupuciprss preferabl y a

hydrogen atom a hal ogen atom a hydrocarbon group, a hydrocarbon-

subst it ut éd°sSPIrYPY§PBaRYSr &-hufwdeheopht aidhnaghytpeny Exanal @s—ef t he

haloggg atons_and the hal ogen 15 containing groups indicated by R2 to RS

i ncl ude t RBt¥aRBendtons and groups as previously described with respect to
- , The above-mentioned hydrocarbon groups may be

substituted with:other hydrocarbon groups, and examples
of such groups ineclude alkyl groups substituted with.aryl
' groupS'such as benzyl and cumyl. .

- 10 Examples_of thg hydrocarbon-substituted silylrgronps

indicated by RZ to RS include those of 1 to 30 carbon

atoms- Specifically, there can be-mentioned'methYléilyl4
dimethylsilyl{ trimethylsilyl, ethylsilyl,-diethylsilyl,
triethylsilyl, diphenylmethylsilyl, triphenylsilyl,

15 dimethylphenylsilyl, diméthyl"t—butylsilyl and -
dimethyl(peﬁtafluorophenyl)silyl. of thése, préferéble
are methylsilyl, dimethylsilyl, trimethylsilyl,
ethylsilyl, diethylsilyl, triethylsilyl,
dimethylphenylsilyl and triphenylsilyl. 'éégticulafly

20 preferable are trimethylsilyl,_triethylsiiyl,

- triphenylsilyl and dimethylphenylsilyl.
Examples of the oxygen-containing groups indiCated

, by RZ to RO include the same groups as previously. -

desgribed with_respect to X in the formula (I).




R in the formula (I1-a). nis a nunber satisfying a val ence of M,
specifically an integer of 2 to 4, preferably 2. 20 X is an oxygen atom a
hydrogen atom a hal ogen atom a hydrocarbon group, an0dgduygeroscont ai ni ng
group, a sulfur-containing group, a nitrogen-containing group, a

bor on-cont ai ni'ng group, an al um num cont ai ni ng group, a '
phosphor us- cont ai ni ng group, a hal od@3- contai ni ng group, 25 a heterocyclic
conmpound residue, a silicon-containing 10 June 2005 104 group, a

ger mani um contai ning group or a tin-containing group. Exanples of such

atons -and gr aipsmp e ude. e | SAPE AL, . groups as previously
described with respect to X in tho fd?ﬁ%?%fﬁ%?g EEMBH MnfEcated greater,

Groups P arsd by S ey BN AT BB, e
oot di nat ed 181G Bt GURETT Utk T HE R | Rvbnti on t hey are not
~al ways COOfdﬁﬂé&@ﬁes of the sulfur-containing groups. indicated
5 by RZ2 to RS include the same groups as previously
‘described with respect té X in the formula (I).
"RZ to R5 arg each preferably a hydrogen atom, a
halogen atom, a Aydrocarbon group, & hydrocarbon-
substituted silyl group, én oxygen—containipg group, a

10 nitrogen-containing group, a sulfur-containing group or a

halogenucontaining group, more preferably a hydrogen atom
. r

Ot

a halogen atom, a hydroéarbon group, a hydrocarbon-
substituted silyl group or a hélégenmcontaining gfoup;
Examplés of the halogen atoms and the halogenm
15 containing groups indiqated by RZ fo R® include the'éame
ratoms and grdups as previously'described with respect to
Rl in the fqrmula (IT-a). |
| n is a number satisfying a valence of M1,
specificglly an integer of 2_to 4, preféraﬁlyHZ.

_.20 X is an oxygen atom, a hydrogen atom, a halogen atom,
afhydrocarbon group, an‘0xygen~containing group, a
sulfur—containing grOup; a nitrogen—cqntaining group;-a

- boron-containing group,‘an.aluminum—containing_group,'a
phquhorusfcontqihing group, a halogen—contaiggng‘gfoup,':

25  a heterocyclic compound residue, a Silicon—containihg 




In the formula (I1-b), ML is.a transition netal atom selected from G oup 3
to Goup 11 of the periodic table, preferably a transition netal atom of
Goup'4 to Goup 5 20 specifically titanium zirconi um Jaaf 2005m vanadi um
.niobium tantalumor the like, nore preferably a transition netal atom of
G oup 4, specifically titanium zirconiumor hafnium still nore :
preferably titaniummis an integer 9041 to 5, preferably 2 to.4, nore 25
preferably 2. 10 June 2005 105 Ais a nitrogen atom or a phosphorus atom
Uis a carbon atom having a substituent R6 (-C(R6)=), a nitrogen atomor a

phosphor &thom d bon it.om havi ng a substituent R7 (-C(R7)=), 5 a
ni t rogenL%Li on%pora % p o&gnpq%lrI s Arom Y i AR boh ta%%rﬁ%’iﬁhlgllagsubstl t uent

R8 (- 3 r hosphorus atom T is a carbon atom
havi ng g@srt]b%tl tuent E)%g% %( 8 a%o SnPifo §&R uso mner uglepidsphor us  at om
10 R is g, hydrgd a%n ro hav one or. nore heteroatons or a

hydr ocar bon grou avi ng; éwlf?é’csé’f)ba?ﬁﬁﬁ@dmchlwtﬁg groups, and has

t he sane i ng that of Rllntheforrmla(ll-a) R6 to RO nay be the
same or d{é% ergnttoaﬁ(d &Ehgadprgules (Hydrogen atom a.hal ogen atom a

hydr ogar bon ghﬁ o2 h§drocarbon substituted silyl group, an
oxygen contai n ﬁ§ 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.

10

e« {II-b)

~ wherein N———ergenerally means that they are céordinated
15  to each other,.but in the present invention they aré not
alwéys coordinated. |
In the formulé (II bﬁ ML is a tran51tion metal atom
.selected from Group 3 to Group 11 of the periodic table,
-prefera?ly ;,tranSition metal atom of-Grdup'4 to Group—S;
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 prefeiabiy Litanium

.m is an integer of 1 to 5, preferably 2 to 4, more

25  preferably 2.




group, a nitrogen-containing group, a sulfur-containing group, a

bor on- cont ai ni ng group, an alum num containing group, a

_ phosphorus-containing group, a halogen 20 contai ni ng gHOUpneaOmEterocycllc
compound residue; a silicon-containing group, a dgernmani um containing group

or a tin-containing group. Exanples of the. hydrocarbon groups and the

hydr ocar bon- substituted silyl groups pﬁclude the sanme groups as previously

described with 25 respect to R2 to R5 in the forrmula (I1-a). Exanples of 10

June 2005 106 the oxygen-containing groups, the nitrogen-containing

groups, -the sulff urs- comtiairdigRg: @rPSr tNeHIIHRA.Ns £t ai ning group, the

bor on- cont ai ni ng groups, the alum num containing groups, the

phosphor us- contasnmngdiuyﬁnggbmtﬁg%{ﬁ@ogegugpgggbghggRgr UBER65Q

het erocyclic conpound residues, the silicon-containing grouaps, 'the

ger mani umeC antaiodieRd agoAURBS anghbggﬂgﬂﬁéugggﬂln ng groups include the sane
groups as previously described with respect to Xin the fornula (). 10 R6

to RO are each Q%egekﬁgbﬁnaga&kggﬁﬁfg%%mS&BS{E%(%§£g§§O&oﬁ{5|Kdrocarbon

group, a hydrocarbon- substitute group, Fhg group,

2 118 008nneenbabAl AG.Ar UP: AnsubiUCyeOtaLning group or a
hal ogen- cont ai ni ng group, nore pre erab drogen atom 15 a hal ogen

atom a hydrogakbo d rbon- bst.i tuted I up or a
hal ogen- Conta?nF%gQgQEQHBn el hAARYPE SR duEat ﬁ% ?Lc%kg)=)’ |

a nitrogen atom or a phosphorus atom.

T is a carbon atom having a substituent RZ {—C(R9)=),
a nitrogen atom or a phosphorus atom.
10 | R is a hydrocarbon group having one‘or more
- heterocatoms or a hydrocarbon group having one or more
héteroatom—contaioing groups, and has the same meéning‘as
that of Rl in the‘formula (IIfa). |
R® to R9'méy be'the same or different and are‘eaoh a
15  hydrogen atom, a halogeén atom, a hydrocarbon group, a
hydrocarbon—substituted silyl group, an oxygen—cohtaining
group, a nitrogen- contalnlng group, a sulfur- contalnlng
group, a boron contalnlng group, an alumlnummcontalnlng
. group, a phosphorus contalnlng group, a halogen—
20 contalnlng group, a heterocycllc compound re51due, a
-élllcon contalnlng group, a germanium-containing group or
a tln containing group. Examples of the_hydrocarbon
groups and the Hydrocarbon—substituted silyl.groups

,1nclude the same groups as prev10usly descrlbed w1th

-25 :respect to R2 to R5 in the formula (II-a). Exampies of



Two or nore of R6 to RO may be bonded to forma ring, and when mis 2 or
greater, R's, R6s; R7s, R8s and R9s nmy be the sane or different, and one
group of R6 to RO 20 contained in one |ligand and one gr.ae 2005R6 to RO
contained in other |ligands may be bonded. n is a nunber satisfying a
valence of M. X is an oxygen atom a hydrogen atom a halogen atom a
hydr ocar bon group, an oxygen-contai ni ngegroup, a 25 sul fur-containing
group, a nitrogen-containing group, a 10 June 2005 107 boron-cont ai ni ng

group, an al um num contai ning group, a  phosphorus-containing group, a

hal ogen- coryai ni roun. & heterocyclic conpound residue, a
silicon-containiﬁ%%éiﬂ(nufl%f%ﬁHQﬁﬁﬁ c%%?aﬁﬁ?ﬁﬁgﬁ?bﬁﬁnbﬁlalﬂgn-containing
5 group. s .6f . such atons and groups include the sanme atons and
groups as pre |5§usﬁq§? dseugl}ckrulrbecdxbﬁ&llﬁll %s%‘e%‘fpfto 50¢ mikeogeonnul a (1). Wen
nis 2 or ter., plural groups indicated by X may be the same or

di ff erent C%glﬁt b lﬁlrgglgré)ﬁl(%pst%en%%ré{rb‘dx’f&@JH}U)G rsCwes botlded to form a
ring.'Sinihg{L tg_tﬁg transition netal conpound represented by the
formul a (I, PR FEASAED IR InSERNP Spo U qsMh qrapr-esent &th ygt he f or nul a
(I1-a)gor ll;%) gre erably has properties that the distance between the
15 het'er o SMPwhiCR Rad CAETGCPEER IBdmY 196 dulps ,c éuliter dletrratadyc Mand i s

nearest to the central netal M and hydrogen at
7 ' lcompound residues, the silicon-containing groups, the

germanium~contaiping groups and the tin-containing groups
include the same 'groups as previously described with
" respect to X in the formula {I).

~'1Q R® to R? are each preferably a hydrogen atom, a

halogen atom, a hydrocarbon group, a hydrocarbon-

y

substituted silyl group, an oxygen-containing group, a
.n%trogen—containing group, é sulfur-containing groﬁp or a
halogen-contéining group, more preferably a hydrogen atom,-
15 - & halogen atdm, a hydrocarbon group, a hydroéarboﬂ—'
substituteq‘silyl group or a halogen—éohtaiﬁing group.
| Two or more of Ré to RO may be bonded to form a ring,
and‘wheh'm is 2 or greater, ﬁls, RGS, R7s,_R83 and R9%s
may be the same or different, and onelgrgué of R® to R9l
20 .cbntaiﬁed in one ligand and one groﬁp of R® to RO |
é;ntained in othe; ligands,mayrbe bonded.
n is a number satisfying a valencé‘of Ml
X is an oxygen atom, a hyarogen atoﬁ, a halogen atom;

a hydrocarbon“group, an oxygen-containing group, .a

'25 sulfur—containing group, a nitrogen—containing_gfoup, a




t he 'fI-..position is not nore than 3.0 A and the electrostatic energy is
not nore than 10 kJ/nol. O the transition nmetal conmpounds represented by
the 20 formula (11-a) or (Il-b), a transition netal copaierbosrepresented
by the following fornula (I'l-a") or (Il-b") and having the follow ng
structure as RL is preferable as the transition netal conpound (A) for use
inthe invention. 25 R QN_ R3 40¥Xn \J\ _A 10 June 2005 108 (Il-a")
wherein N---M generally nmeans that they are coordinated 5 to each other,
but-in the present invention they are not always coordinated. In the

I o sitjo selected fromGoup 3 to

fc;)(r)lrjrg ?lw%ﬁoﬁ%a%%%&l%h?cag%éﬁg 5fp])rg %ﬁ% i (g&?%na ??oﬁrﬁé?al “at om of
4 o4~ I t zirconium hafni um

\?f;l(r)lggl un%mjrﬁ]{g?oﬁm t%ﬁiﬁ%%r f ‘%( }?Qi ¢ prefe? bt 9 adtPaRsi tion netal

oL om o o e oerl T gallnd gt rigmor fatniun still’ more

preferably titani'um rogen a
SUbSt'tlgyguﬂzzé égg%gnfum containing group or a tin- contalnlng

5 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.
‘may be the same or different, and plural groups indicated
| 10 by X may be bonded to form a ring.
Similarly to the transition metal compound
reégesented by the formula (1), the.transition metel'
' coﬁpound (A) represented by the formula. (II-a) orr(Ii—b)
-preferably has properties that the distance between the
15 -heteroatpm, which has no direct bond to the centralimetal
o M and is nearest to the central metal M and hydrogen at
'the B- p051t10n is not more than 3.0 A and the
'electrostatlc energy is not more than 10 kd/mol.
~Of the tran31tlon metal compounds represented by -the
20 .formula (Il-a) or (II-b), a transition metal compound
represented-by the follbwing forﬁula (IT-a'} or (II—b')_
and having the followiﬁg structure as Rl is p;eferable as
the transition mefal compound (A) for use in the
invention.

25




A is an oxygen atom a sulfur atom a seleniumatom or a nitrogen atom
having a substituent R5 (-C(R5)-). R is a phenyl group having at |east one
substituent selected froma heteroatom and a het er oattWndweertabni ng 20
groups, an aromatic hydrocarbon group other than a phenyl group, an

al i phati c hydrocarbon group or an alicyclic hydrocarbon group. Wien R is
a phenyl group and the position of 1®& carbon atom bonded to a nitrogen
atomis the |-position, the phenyl group desirably has, at at 25 | east one
position of the 2-position and the 6-position, 10 June 2005 109 at | east
one substituent selected froma heteroatom and a heteroatom containing
group, or has, at the 3-position, the 4-position and the S-position, at

| east one substituent selected froma heteroaL§f1 ther than a 5 fluorine
atom a fluorine-containing group containing o arbon at om and not rore
than two fluorine atons, a fluorine-containing group containing two or
nore carbon atons and a heteroatom contai ning group having a heteroatom

ot her thgpea ugQringsia n RL.is 0 _aromati c hydrocarbon group

ot her thaneaegheﬁyl groggggrgﬁﬁglPﬁﬁgﬁlggﬁ%ngEXrﬁéﬁ gPeupisated alicyclic
hydr agarpgn 0 hi roup, _has one or nore substituents selected from
heteroatggseagé ﬁEPe%ba o nFEFnPﬁSSGPBUbEVEEKéﬁﬁIE@eﬁfafﬁenhéteroatons
and the Qf&§§9a383}élna talnlng groups indicated by Rl include the sane

In the formgla (IT-a'), Ml is a transitidn metal

atom selected from Group 3 to Group 11 of the periodic

' table, preferably a transition metal atom of Group 4 to
10 Group 5, specifically titanium, zirconium, hafnium,
vanadium, nicbium, tantalum or the like, more preferably

. <
(]

" a transition metal atom of Group 4, specifically titanium,
zipconium or hafnium, still moré preferably'titaniﬁml
Q is_a nitrbgen atom or a carbon atom-having a
15 substituent RZ2 (-C(RZ)=).
A is an oxygen atom, a sulfur atom, a selenium atom
or a nitrqgen atom having a”substituent RS (wC(Rs)—). |
Rl‘is a_phenyl,group having at least one subsﬁituént
-selecteﬁ from a heteroatom and a heteréatdm;containing
20 groups,ran aromatic hydrocarbon group other than a phenyl
o % ' ’ '
'grbup,.an aliphati; hydrqcarbon‘group or an alicyclic
hydrocarbon group. When R1 is a phenyl group and the
position of the éarbon'atom bonded to a nitrogen étom is
;ﬁe,;—positionf the.phenyl group desirably hés, at at

25 . least one position of the 2-position and'the 6-position, N



and groups as previously described with respect to RL in the fornula
(I'l-a). In the transition netal conpound represented by the fornula
(I1-a'), when the position of.the carbon atom 20 bondédlune 280%i t r ogen at om
is the 1-position, Rl is preferably a fluorine-containing hydrocarbon group
of 1 -to 30 carbon atons which is selected froma phenyl group having, at
at | east one position of the 2- posVE‘pgn and the 6-position, at |east one
substituent selected froma 25 fluorine atom and afl uori ne at om cont ai ni ng

grOUp, a 10 June 2005 110 phenyl group having, at the 3-position, the

4- posi tiean leand e Bpositd Qe atel &asdq %é“@sﬁéﬁ%&e ér%' ected froma
fluorine-containing group having one carbon atom an 78% flan two

f1Uuori Neealeon® Rt ddfduer SNt &l ning, gr S0 ng. Lwo or more
carbon atons, an aromat i cﬂgd&ocar bon gr%gsup agétjﬁcel}cen% PE Hh#Ryl group

havi ng ahel aa@bSQQqO%ug%td ttqpéqt5 A d fI uor| ne atomand a
fl uorine-containing group, an ali phatl c r OCar b oup having at | east

one subghbtueni;eh@ Seheche fr]_%ﬂ f.l yor ato and Iuori ne-cont ai ni ng
group, and an alel cyclic hygirocar gan hg%ouxlp a1 ghft 1 9 one substituent

e Ao, L e P B L SRl e Biner ufty 15
- and ﬁp!égybéﬁ webahtngf nhhe Leaulting (pol ¥THorine atoms, a
fluorine—containing group containing twd or more Carbon
~atoms and a heteroatom-containing group having a

hetercatom other than a fluorine atom. When Rl is an

10 aromatic hydrocarbon group other than a phenyl grdup, an

“aliphatic hydrocarbon group or an alicyclic hydrocarbon

) <

group, this group has one or more substltuents selected
'from heteroatoms -and heteroatom—contalnlng groups.
Examples of the heteroatoms and the heteroatom—
: 15'-contaiping g;oups indicated by Rl include the same=éfoms
 and groups as previously dgscribed with reépeét to.Rluig
the formula -'(iI_—a) . |
In ﬁhé-trénsition-metal compound represented b§ the
-formula LII~a;), when the position of £ﬁe;cérbon étbm-
20 bonded to a. nitrogen atom is the l-position, Rl is
-preferably a fluorlne Contalnlng hydrocarbon group.of 1
to 30 carbon atoms whlch is selected from a phenyl group
hav1ng, at at least one p051blon of ‘the 2 pOSl;lOD and
the 6 p051t10n,'at least ohe substltuent selected from a:

'25. flgorlne,atom and a:fluorlne atom-containing group; a




Specifically, R is trifluoronethyl, perfluoroethyl, perfluoropropyl,

- perfluorobutyl, perfluoropentyl, perfluorohexyl, perfluoroheptyl,
perfluorooctyl, perfluorodecyl, 1H,1H—perf|uoropropyHD.&HeMHOQO
perfluorobutyl, 1H, 1H perfluoropentyl, 1H | H 'perfluorohehyl,

1H, | H-perfl uoroheptyl,. 1H |IH perfluorooctyl, 1H, 1H—perf|uorodecy|
pe.rfluorocycl ohexyl, trlfluoronethyﬁﬁyclohexyl

bi s(trifluoromnethyl)cycl ohexyl, tr|fIuoronethylfluorocyclohexyl,

"~ monof | uor ophenyl , 25 difluorophenyl trifluorophenyl, tetrafl uorophenyl, 10

~June 200%p 1 ndad iiarapheny! ¢ 4# éfﬂ&Q%%”Eth %$egt8£éuoroghenyl

(trifluoronet f1 uor ophenyl, trifl uorone
et raki (i) %%Jr%@%e%p e I et %ﬁ’rdwon%eewmenw
Per 11 tor oEUTYIPham™ pé"rc?ﬂ(rﬁﬁié'pém°er?a%;f’aw{9erqr}p%”' joropropy! pheny!
et P BIRIHAE B B TARTPRCREN (o PESIOBRTR T o
pref abg%ﬂ%éH%Horlne cont ai ni n allphatlc hydr ocar bon group of 3 to 30
carbon at ons.” and JeXAMpPe § O Re; IO Gde MPHE I4agdON @drosps.opt, 1H, | H
gar2L?g;%?ﬁ%%k&ﬁeEF?FOCfﬁLEa?%%%%gtothe%chgnlg %i%%g%nggﬁﬁyl |
hav1ng at least one substituent selected from a fluorine
atom and. a fluorine-containing group, an aliphatic
* hydrocarbon group having at least one substituent
iO selected from a fluorine atom and a fluorine—containing
‘ grpup, and an alicyclic hydrocarbon‘grodp having.at least
oée substituent sglected from a fluorine atom and a
fluorine-containiﬂg group. Suéh a transition metal‘
compound is preferable-from the viewpoints of activity
15  and moleéular welght of the resulting polymer.

Specifically, Rl is t;iflﬁoromethjl, perfluoroéthyl,
.perflﬁproéropyl, perfluorobutyl, perfluoropentyl,
-perfluorbhéxyl; péffluoroheptyl, pérfludrooctyl,

- perfluorodecyl, iH,lH—perfluoropioPyl,.lﬂ}iﬁm'

20 pe;fluérobutyl, 1H, 1H-perfluoropentyl, 1H, 1H-

'éérfluorohexyl,‘lﬂ,lepérfluQréheptyl,_1H,1H—
perfluorooctyl,'lH,lH;perfluorodecyl, ﬁerfluorocycléhexyl,
trifluoromethyl&yclohéxyl bls(trlfluoromethyl)cyclohexyl

trlfluoromethylfluorocyclohexyl monofluorophenyl

25 dlfluorophenyl, tr;fluorophenyl, tetrafluorophenyi,




perfluorooctyl and 1H, 1H-perfluorodecyl. Al so preferable are aromatic
hydr ocarbon groups of 6 to 30 carbon atons substituted wth fluorine
-and/ or fluorine-containing hydrocarbon, such as nonof{ugiepuvesy! ,

di fl uorophenyl, 20 trifluorophenyl, tetrafluorophenyl, pentafluorophenyl,
(trifluoronethyl)pentafluorophenyl, (trifluoronethyl)fluorophenyl,
trifluoronethyl phenyl, bit(trifluordridthyl)phenyl,
tris(trifluoromethyl)phenyl, tetrakis(trifluoronethyl)phenyl, 25

pent aki s(trifluoronethyl)phenyl, perfluoroethylphenyl, 10 June 2005 112

bi fl |y I I fl but yl ph I,
er 1 uor apentyl Rel ok PGt SHeT SRR T DY e pERPFaBRBREky ) phonyl

perfl uoropentyl phenyl, P uoro

fluoro nt hryl,, perfluoroanthryl 5 and
Er 1 or o e AR O e o B i ERe vt Haempar i cul arl y

et rat | uoraanemy PRErEm B I IRBAT T3 i Coronerayhy bebanybor opheny!

cach a | Rronas Grorh o TSGR GHY & hydr ocarbon aroup, & o

nydr spar bam st LuLed S Gaup an e coniaining gTou: 3 g

grOUp’.ag1%&%@k%ﬂﬁ%§%2&%&ﬁ5g%enyl, perfluorcpropylphenyl,

perfluorobutylphgnyl, perfluéropentylphenyl,

perfluorchexylphenyl, bis(perfluorochexyl)phenyl,

perfluoronaphthyl, perfluoiophenanthryl, perfluorocanthryl,
10 (trifluoromethyl)tetrafluorophenyl or the like.

- Rl is préferably a fluorine-containing aliphatic
hydrocarbon éroup of 3 to 30 carbon‘atoms, and examples
?hereof includeIIH,IH—perfluérépropyl, 1H, 18-
perfluorobutyi,1H,1H—perfludropentyl, 1H, 18-

15 perfluorohexyi, lH,IH—perfluoroheptyl, 1B, 1H-
perfluorooctyl and 1H;1H—perflﬁorodecyl. Alsc preferable
are aroma?ic hydrocarbon gréups of 6 to 30 carbon atoﬁs
substituted With'fiuorine and/or fluoriné—containiﬁg

—hydrocarbon, éuch as_monofluoroPhenyl,rdifiﬁorophenyl,

20 trifludrOphenyl,_tetrafluorophenyl,-pentafluorophenyl;

'{frifluoromethyl)pentéfluorophenyl,

_(trifluoromefhyl)fluofophenyl, trifluorémethylphenyi,

bis(trifluoromethyl)phenyl, tris(trifluofomethyllphenyl,

ﬁetpakis(triflpofomethyl)phenyl,. _ |

25 pentakis{trifluorom@thyl)phenyl, perfluéroethylpﬁényl;




group, a phosphorus-containing group, a hal ogen- containing group, a

het erocycl ic conpound residue, a silicon-containing group, a

ger mani um containing group or a tin-containing group. 10vmne200%0r e of
R2..to R5 may be 20 bonded to forma ring. Exanples of the

~boron-containing groups, the alum num containing groups, the
phosphorus-contai ning groups, the héﬂ@gen-containing groups, the

het erocyclic conpound residues, the silicon-containing groups, the 25

ger mani um contai ning groups and the tin-containing groups 10 June 2005 113

i ndi cat ed iy pRZ floicREmd ol Ldehdher S r A1 QRS iously described with
respect to X in the formula (I). Eﬁgﬁples of ?ﬂ%yﬁéﬁ%%g%ﬂcontaining gr oups

i ndi cat eghelny IRD richuRy lipHdige, the- sans. EQHE? reviously 5 described

with respect to RL in the forn&%gf(ll-é%{ éﬂ%?g%fbf t he hydrocarbon
groups i pdircatedoby xR dhe Jnglude, the f. .1 10.30 carbon atons.
Specifically, there can béﬁgéntionggast?gﬁﬁﬁF?%H$ﬁ$?ﬂ§iTwanched al ky
groups opeiflQo38neanRaR 18t QJuB.rIRfEf I 0.1 to 20 _carbon atons, such as
met hyl , ethyl, n-prgpyly isoprop§1fﬁ%%%ﬁéﬁhrﬁinﬂﬁﬁﬁﬁ%u%ﬁ&@%ﬁhS&%

tert Soutyha (peopenbybmard A5k =.Straight-chain or branched al kenyl
groups of 2 to 30 carbgn a#g%se*%%gﬁéﬁggp e?yﬁo 20 carbon atons, such as
vinyl, allyl hSO nyl ; i ght 15 chain or branched al k | groups
Vil ALY Sndehe opbobenylamph Ly 9k 1360210, 0L, Dianehed alkyny! aroup

are monofluordpﬁenyl, difluorophényl, trifluorophenyl,

. tetrarluorophenyl, pentafluorophenyl,

(trifluoromethyl)pentafluorophenyl and 1H,1H¥
10  perfluorococtyl.

R? to RO may be the same or different and are each a

e =

hydrogen atom} a halogen atom, a hydrocarbon group, a
_h?drocarbon*subsfituted silyi group, an oxygen-containing
group, a nit;dgehmcontaining'group,'a sulfur-containing
15 "g;oup, a boron¥containinglgroup, an aluminum—containing |
-_group, a phoéphords—contaiping group, a ﬁalogen—
cgntainingjgroup, a hgterocyclic compound residue, a
silicon—éontaining'group, é'germaniﬁm—containing group or
.a tinfcontainiﬁg group. Tﬁo Or more of-R2 £b RS may be -
20 bonded £o form a ring.
o ‘
Examples of the bdron—containing groups, the
aluminumeontaining gfoups, the phosphofusﬂcontaining
groups, ?he'haloéen—containing groups, thé heterocyclic
cpmpgund residqes, the silicon—containing_grdu?é,rﬁhe

.25 germanium-containing groups and the tin—containiné groupé-



preferably 2 to 20 carbon atom such as ethynyl and propargyl; cyclic
saturated hydrocarbon groups of 3 to 30 carbon atons, preferably 3 to 20
carbon atons, such as cyclopropyl, cyclobutyl, cycl opéhtiyde 208%cl ohexyl and
20 adamantyl; cyclic unsaturated hydrocarbon groups of 5 to 30 carbon
atons, such as cycl opentadi enyl, indenyl and fluorenyl; aryl groups of 6
to 30 carbon atons, preferably 6 td130 carbon atons, such as phenyl,
benzyl, naphthyl, biphenylyl, terphenylyl, phenanthryl and 25 anthryl; and
al kyl -substituted aryl groups, such as tolyl, 10 June 2005 114
I so- pr opyleheny, - y. ayl i et hyl phenyl and di-t- butyl phenyl. The
above-ngirﬁione(fL?'n;S Q%gr%%HQQr%ﬁ%guagyg%% Sgﬂ%SEFPHPédaﬁﬁth ot her

5 of such groups include al kyl groups

hyd 4 and |
st 1 et LhG G SHEL 4Gk ZeSBeRby Foana toun. Tormplay(r. ¢ ho

substit

hydr ocar bon- suypstituted silyl groups indicated by R2 to RS include those
of 1 to 30 c}lrjxﬁl?)“ﬁlezftoo .t"é%éiﬁ QLN TSP kehigp N E ofit PP srend bpetdedet hyl si |yl |
10 dinethylsilyl, drinmethylsilyl, ethylsilyl, diethylsilyl, triethylsilyl,
di phenyfbr%tfﬁ?wts% B% ,lqrgji“ﬁ#eﬁffesisﬁﬂ“? IRRYRS s pvesiyl sy

di hyl -t -butyl silyl and dimethyl (pentafluorophenyl)silyl. O these,
prg%ra&e&“&%m d9Spectditfetiny il ISHe foimstaylIBidyl, 15 ethylsilyl,
di et hyl silyl triﬁthylsil '

Examples’ of t%g’hydrocarbon groups indicated by RZ
to R® include those of 1 to 30 carbon atoms.
Specifically, there can be mentioned straight-chain or
'branched alkyl groups of 1 to 30 carbon afqms, preferably

10 1 t0 20 carbon_atoms, such as methyl, ethyl, n—prOpyl,
i??propyl, n-butyl, isobutyl, sec-butyl, tett-butyl,
ngopentyl and n-hexyl; étraight—chain or branched alkenyl
groups of 2 to 3Q carbon atomg,.preferably 2 to 20 carbon
atoms; such asrvinyl, allyl and isopropenyl; séraight—

| 15 ‘chain or branched alkynyl'groups of 2 to 30 carbon‘étoms,
preferably 2_to 20 carbon atom,‘such as ethynyl and |
prgpargyl;IQYClic saturated hydrocarbon groups of 3 to 30
carbon atéms, prefefably 3 to 20.carbon afoms, such.és
,cycloprqpyl, cyclobutyl, cyclopentyl,-cyclbhéxyl and“

20  adamantyl; cyclic unsaturated hydrocarbon groups of 5 to
L . ' ' '

30 carbon atoms,.such as cyclOpentadienyl, indenyl and
fluorenyl; aryl jroups of 6 to 30 carbon-atoms, |
pfeferably 6 to éOlcarbon atoms, such as éhehyl,,benzyl,
naphthyl, biphepyiyl, terphenylyl, phenanthryi anﬁ‘

25 “anthryl; and alkyl-substituted aryl groups, such as tblylg




di met hyl phenyl silyl and triphenylsilyl. Particularly preferable are
trimethylsilyl, triethylsilyl, triphenylsilyl and dinethyl phenylsilyl.
Exanpl es of the oxygen-contai ning groups indicated 201yunB2006 R5 incl ude
- the sane groups as previously described with respect to X in the formula
(1). Exanples of the nitrogen-containing. groups indicated by R2 to R5

i ncl ude the sanme groups as previouslyli4lescribed with respect to X in the
formula M 10 June 2005 115 Exanples of the sul fur-containing groups
indicated by R2 to R5 include the same groups as previously described

Wi th respdeto-toeofyvilpHdMe, If ord a4 Gl anpy. f the hal ogep atons and
t he. hal ogen 5 contai ni ng groups ﬁﬁé%fﬁ%éang§ﬁ¢%f %%4h?qilﬂ4%§£CPﬁé?Sane
groups ashpieMipheshy described with respect to Rl in the formula (Il-a).

R2 to R5 are each preferably a hydrogen atom a hal ogen atom a
e 0 A MRS AR B0 bl 401 i g
Pal ogen atat A Ryarodar Bon o gu By B ORGP BEaPBGHPEabSr L BHEBIIERYI or oup. or
§p2§!??ﬁQ?Fﬁggﬁh?h?§3§$8?951Pég4glk§é?8?§gggrEﬁgg%igﬁ%gg Si¥%'§§§§ of M-
groups such as benzyl and cumyl.
Examples of‘the hydrocarbon-substituted silyl groups
indicated by R? to RY include those of 1 to 30 carbon
atoms. Specifically, there can be mentioged methylsilyl,
10 dimethylsilyl, trimethylsilyl, ethylsilyl, diethylsilyl,
tr%ethylsilyl, diphenylmethylsilyl, triphenylsilyl,
dimethylpheﬁYlsilyl, dimethyl—t—butylsilyl-and
dimethyl(pentafluqrophenyl)silyl. Of these,-preferéble
are'methylsilyl; dimethylsil&l, triﬁethylsilyl,

16  ethylsilyl, diethylsilyl, triethyisilyl, |
dimethylphenylsilyl and t;iphehylsilyl. Particuiarly
preférablé'are_trimethylsiiyl, trie£hylsilyl,
friphenYlsilyl and dimethylphéﬁylSilyl-'

Examplesloftﬁg'ogiééhécontainihé groups indicated

20 by R? Eo R° include the same groups as previously |

: éescribed with respectrto X in.the formula (I).
Examples of the ﬁitrogenmcontaininé.groups-indicated
by RZ tg R include the same'groups as'pfeviously |

described with fespect to X in the_fofmula iI)




X is an oxygen atom a hydrogen atom a hal ogen atom ' a hydrocarbon group,
an oxygen-containing group,. a - sulfur-containing group, a

ni t rogen-contai ning group, a 20 boron-contai ni ng groupl0 &me 2005

al um num cont ai ni ng group, a phosphorus-containing group, a

hal ogen- cont ai ni ng group, a heterocyclic conpound residue, a
silicon-containing group, a germanl containing group or a tin-containing
group. Exanples of such atons and groups include the 10 June 2005 116 sane
-atons and groups as previously described with respect to Xin the formula
(1) Wien n i 8x2mplegr 6t €he BLUFak--QLAYRS niiRd cated ¥ X e the same
or different, and plural groups indicatedn15%L§§X %gyxgélﬁgﬁye to forma
ring. xpy R25t@i rRA (hbikd: +8e shme L erein.N---M generally neans
that they are coordi nated toeeggﬁﬂogﬁep%gb%? %%e?ﬁguﬁgééent i nvention they
are notdeakvwapsacoerdi pated !l Rt ke formll |l-b"), M is a transition
nmetal 15 atom sel ected f?oﬁ1G?8ug §Bt%g%rg8%mfiaoﬁiﬁhe periodic tabl e,

preferably aE&éﬁﬁ§éEi89 gﬁgaha§58ghogtgﬁgugné Eﬁe.halogen—

S containing groups indicated by RZ to RO include the same

‘groups as previously described with respect to R! in the

formula (II—a);

RZ to RY are each preferably a hydrogen atom, a
halogen atom, a hydrocarbon group, a hydrocarbon—

- 10 substituted silyl group, an oxygen—containing group, a
ni?togen—containing group, a sulfur—containing group'or a
'hélogen—contaihing grdup, more preferabiyra hydrogén'atom,
‘a halogen atom, a hydrocarbon gréup, a hydfocarboﬁQ
substituted silyl.group or a halogen—containing group.

:15 ' n is a number satisfying a valence of M1, |

Sspecifically an integer of 2 to 4, preferably 2.

A_X is an;oxygen atom, a hydrogen ét&m,,a'halogen atom,
a hydrocarboﬁ_gfoup,'an oxygen—édntaining‘group, a
sulfur-containing group, a nitrogen—conﬁaiﬁiﬁg group;,a
20 boron—cohtaihing group, an alﬁminum—containing group, a

ghOSphorus—contaihing gféup,_a_hélogen—containiné group,
a heterocyclié compound.residue, é silicénscontainiﬁg.

T group, a germanium—contaiping grqﬁp or a ﬁin*containing

grpup._ Exampleghdf'such atoms andigroups inciude,fhe:



Group 5, specifically titanium zirconium hafnium vanadi um niobium
tantalumor the like, nore preferably a transition netal atom of G oup 4,
specifically titanium 20 zirconiumor hafnium still10dme 2006f er abl y
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 nit¥idgen atom or a phosphorus atom 10
June 2005 117 Qis a carbon atom having a substituent R7 (-C(R7)=), a
nitrogen atom or a phosphorus atom S is a carbon atom having a substituent

R8 (- C(R8hmk, atdmAl g r us ato s a carbon atom
having a sﬁbs??tﬁen%hggegogkgnhg pgegg%??r ﬁsgf&gkgrw&tﬁhosphorus at om

Rl is a ngbgggrggnxgggugh a¥bpgu ne 92 nDre het er oat ons or a hydrocarbon
group having one or nore eteroatom'cont ai ni ng groups, and has the sane

meani ng as 10yzthat o n he f or mul to RO may be the sane
or different an%ﬁareiég%héa ?%F%ﬁenng%ﬁ# ﬁr%apﬁgéﬁdéﬁéﬁﬁdabﬁyarocarbon
group, ydrocarb ubstitpred s roup, an oxygen-containing group,
a nltroggﬁycg%tgﬁélﬁgnérou g£%ﬁ??t %%%tﬁ%HFﬁb g95ogpPsupndacated
bor om-c r ou an aIu num cont ai ni ng group, a

5 0 Ob£%ﬁ%ﬁu) dH#QFdﬁeﬁ%ng

phosphor con ining

.- (II-b")

10
wherein N---M1 generally means that they are coordinated

.

to each other, but in the present 1nventlon they are not
always coordlnated
In the formula (II—b'); M1 is a transitioh metal
15 atom selected from Grdup 3.to'Group 11 of the perioaic
. table, preferably a tran81tlon metal atom of Group 4 to
-Group 5, Spec1f1cally tltanlum, 21rcon1um hafnium,
vanadlum, nloblum, tantalum or.the like, ‘more prefefébly
a trans;tlon metal atom of Group 4,‘specifically titaniﬁm,
20 zifconiﬁm or hafnium, stiil ﬁore prefefably titanium..
) m is an intéger of 1 to. 5, preferably 2 to 4, more
| preferably 2. | "
A is a nitfogen atoﬁ or a phospﬁorﬁs.atom;
U is a carpoﬁ atom having a substituent_56.(;C(R6)=J{

25 . a nitrogen atom .or a phosphorus atom.




cont ai ni ng group, a heterocyclic conmpound residue, a silicon-containing
group, a gernmani-umcontaining group or a tin-containing group. Exanples of
t he hydrocarbon 20 groups and t he hydrocarbon-substit utdelnsid0ops gr oups
~include the sane groups as previously described with respect to R2 to R5
inthe formula (I1-a). Exanples of the oxygen-containing groups, the
nitrogen-containing groups, the sulflir-containing groups, the nitrogen 25
cont ai ni ng group, the boron-containing groups, the 10 June 2005 118
—-al um num cont ai ni ng groups, the phosphorus-containing groups, the
hangen-conpaLningC%&gyps, t he heterocyclic conpound_residues, the

si | i con- contaifii fi @p's 2 WM Rayeiidhi urioht BiehgRyr oupsrand )t he
. n-cont 9 : . |
tln-contalnlng grou s 5 include the sane groups as previously described
with r8sPetfPPENXafAMt RE PoPRAFRNEK)S RGOMe RO are each preferably a
hydrogen atgm a hal ogen atom a hydrocarbon group, a hydrocarbon-
substitutedstfyP §RERPN afoBxygarirgont aiulistyl greoup, RA 10C (R8) =),
ni trogen-contai ning group, a sulfur-containing group or a
hal ogen?cBhEBPEPRGEEPBUPT ADPBpepherabl ytamhydrogen atom a hydrocar bon
royp, a hydrocarbon-substituted silyl group, a hal ogen atomor a
g ydr oc: , ! Y
- hal 8gen- cont al fi agcgroap. aTwo brvimge 20fs kG thia uRQ TP be-dbapdied, to form a
ring, 15 and when mis 2 or greater, R's, R6s, R7s, R8s and R9s .may be
the san® ®BtErdérreing ands oplrogrioupusf afRent 0 RO '
Rl is a hYd;ocarbon group having one or more
heteroatoms or a.hydrocarbon group having one or more
'hgteroatom—containing groups, and has the same meaning as
- 10" that of Rl in the formula (IT-a').

L R to RO may be the same or-different and ére~éach a
hydrogen atom, a halogen atom, a hydrocarbon group}“a
hydrocarbon4substituted silyl group, an oxygen—contaiﬁihg
group, a nitrogen-containing group, a sulfur—containing

15 group, a boron-containing group, an aluminﬁm—containiﬁg
group, a phosphorus—containing group,'a haiOgenm'
containing group, a heterocyclic compound reéidue, a
silicon—containjng group, a germanium—cqntainiﬁg group or
a tin-containing group. Examples of the hydrocarbon

20 groups and the hydrocarbon-substituted silyl groupsr
LY - . l
include the same groups as previously described with

respect to RZ to R5 in the formula (II-a). Examples of
the oxXygen-containing groups, the nitrogen-containirng

groups, the sulfur-containing groups, the‘nitrdgeh%

25 containing group, the boron-containing groups, the




contained in one ligand and one group of R6 to RO contained in other

| i gands may be bonded. n is a nunber satisfying a valence of M. - 20 X is
~an oxygen atom a hydrogen atom a halogen -atom a higdhme&@0bBbn group, an
oxygen-contai ning group, a' - sulfur-containing group, a

ni trogen-contai ning group, a boron-containing group, an

al um num cont ai ni ng group, a phosphbt8is-contai ning group, a

. hal ogen-cont ai ni ng group, 25 a heterocyclic conpound residue; a
silicon-containing 10 June 2005 119 group, a gernmani um containing group or

a tin-coaftamfhng-c8heHRn 1 EXaAIRLES SOf ch,ato and groups .i nclude the
same atons and groups agl§§e§?0u§Fy éggcpﬁﬁégm%ﬁPﬁ PESFERENG0 X in the

formul a Gkpups, WBA Rah§ Q . l.ural groups indicated by X may be
t he saneéorugifferent? aggonﬁgggﬁé?égp rPHHFCaFgﬁ hg{exoruglhe bonded to

forma rj t : it net al _compound (A) for use in the
bﬂﬂ?oﬁﬁd Besiages) (LAD S%i6%88_§BP?3ﬁ§§P%OHrﬁEP§P the conpound

i'nvention, here can be al so nfen

repr esengeg, by; t.he ' formula (1L11) and having properties that, in a
(3-agos?§c strh%@u?%gg%gﬁaggagf%ﬁ?% dptes hherephtedeing Xronpshe fornul a

(I'1l1)y is; ' qgg Lth a n-propyl group, said structure being neasured by
a densit§9§§%%?ionargéﬁﬁrﬁ%ﬁ£§%egﬂi£¥%$%%“%%Yb%?%%éhb¢®eWhEheroaton1 whi ch
ggfarohfgé§ggch¥gjﬁ(&&fgie(:é%é&ﬂarq¥fﬁ Mand is nearest to the central

R to R9'arg each preferably a hydrogen atom, a
halogen atom, a hydrocarbon group, a hydrocarbon-
'gubstituted silyl group, an oxygen-containing group, a
 10‘ nitrogen—COntaining group, a sulfur—céntaining grodp or a

“halogen-containing group, more- preferably a hydrogen atom,

G

a-hydrdcarbon group, a‘hydrocarbonmsubstituted silyl
group, a halogen.atom or a haiogen—containiﬁg gréup.r
| ng or more of R® to R® may be bonded‘to'fo;m a:ring,

15 " and when m is_2 or greater, Rls, R6s, R’s, R8s and ﬁgs
‘may be the sgme or differgnt, aﬁd one group of R® to RO
contained %ﬁ'one ligand andlone group of R® to RY
_contgined‘inlother ligands may.bé bonded .

n ;s a number satisfying a valéncé ofkﬁi.

20 lX ié an. oxygen atom, a hfdrogen atom, - a halogen-atom,.
. _ , : o :
a hydrocarbon group, an oxygen-containing group, é;
sulfur—containing_groub, a nitrogenucbntéining éroup;”a
bdron—containihg group, an aluminumfcontaining g;bup, a’
phgsPhorusfconpaining group, a halogen—cqntainiﬁg‘grcup}“

25 a heterocyclic compound residue, a_silicon—containing:




and hydrogen at the f3-position is. not nore than 3.0 A and the

el ectrostatic energy is not nore than 10 kJ/nol. 20 Ito R11. N---- ---

MX'" R12 0 RI3 R15 ...(Il11) R14 m 10 June 2005 120 thienei260H- - - M
‘general ly neans that they are coordinated to each other, but in the
present invention they are not always coordinated. In the formula (111]),

M is atransition-netal atom 5 seHfe®@ ed from Goup 4 to Goup 5 of the
periodic table, specifically titanium zirconium hafnium vanadi um

ni obium tantalumor the like, preferably a transition netal atomof G oup

4, specifli ly_ti i Z|r nlwn or _hafnium nore preferably titanium
10 nrls %kSéb yap %?g?gnpy gi g9 gﬁ?&?ogﬁrBoﬁlﬁrSEBtﬁ&@Hﬁﬁyat | east

one het aLom or dr ocar ro hayi at [east one

heteroat%£8 ntalnﬁﬁﬁn%?éag ‘Eﬁbﬁ%? G At h ?%R%rb%ﬁ%ﬁ%e thel ude atons of
~hal ogen, nltro? gen hosghorus 15 sulfur and sel enium The

het er oat DAY S oft SPﬁ|ﬂa 95958 PHEBUBUELHt AP AFREPRINGARBt al at om ot her

than a carbon _atom a drogen atom and exanpl es thereof include an

oxygen- c5%?%?ﬁ?n§°g¥ohﬁ t%enf?¥%©€% ¢bht ai ni ng group, a

5 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 béndgd to form a ring. |
As the transition metal compound (A) for use in the
'invention,.there can be also mentioned a transition metal
10  compound represented by the following formula (ITI) and
hav1ng propert;es that, in a B-agostic structUre:of a
cétlonlc complex wherein one of X in the formula (III) is
replaced with a nwpropyl group, said. structure belng
‘measured by a den31ty functlonal method the dlstance
15 . between the heteroatom, which has no direct bond td thé.
‘central meta; M and is nearest to the ceﬁtrél-mefai-M,
and hydrogen at the proSition is not more than 3.0 ﬁ and'

the electrostatic energy is not more than 10 kJ/mol.

20

. (IIT1)




V i ni ' - i ni hal ogen

sul fur-containing group, a phosphorus-containing group, a 20

at om cont ai ni ng group and a heterocyclic conpound residue. Exanples of the
-oxygen-cont ai ni ng groups, the ni trogen-containi ng gr ophinetA0as

sul fur-containing groups, the phosphorus-containing groups and the

het erocyclic conpound residues include the same groups as previously 25
described. with respect to X in the‘#%ﬂrnﬂ a (). Exanples 10 June 2005 121
of -the hal ogen-cont ai ni ng groups include groups wherein at |east one
hydrogen is replaced with hal ogen in hydrocarbon ?Lorps of 1 Eo 30 carbon
at ons, | ys—1_ptlO Lhon : ch,as al ky roups (e.g.,
nethyl,pgﬁgﬁﬁsﬁ,wprogyl?ggﬁggﬁgghggéﬁgsgggélFhﬁgn?F? ESgéégmﬁéﬁﬁi Fgﬁgizl),
cycl oal k P 3 30 ¢ on._ato .e.q., . cyclopentyl, cyc ,
ngrborny%ba%gggdgﬁg%fry%gtagﬁeg§? g?%ﬁ%g%(gpﬁg?t%PﬁyFLeﬁr65€n@ptand

cycl ohex groups (e.g., benzyl, phenylethyl and 10
'p%enylpr§g¥% ° nggéé%gé%gups (e.g., phenyl, tolyl, dinethylphenyl,

trimet hyl pheny] , h henyl opyi phenyl, biphenylyl, naphthyl,
IR “g%ﬂ‘ﬁﬂ‘a“ﬁ”*ffS;iﬁﬁ?wi‘z"aziﬁ?iﬁ?iﬁfiﬁﬁei;f“

[ ' | t erfluo : t ,
'g;??Fﬁolgﬁ%§§€?é{%?%ﬁ?%?%ﬁ%t%y??pGﬁ%?Bh$o?%e{%%lPeﬁé%@aghF@bbﬁhgnyl aBd
erchl or . 0 jis preferably a hal ogen atom containing hydrocarbon
group Ofgqgg%kﬁﬁﬁiggkﬁﬁF%h%ﬁ&ﬂ i%ﬁ??%&ﬂ@w%%ﬁfnlumf vanadium,

niobium, tantalum or the like, preferably z transition.

metal atom of Grdup 4, specifically titanium, zifconium
" or hafnium, more preferably titanium.
'10 ) m is 1 or 2, preferably 2.
Rlolis a hydrocarbon group having at léast one
‘heterdatom or a'hydrocarbon_group having.at-least bﬁe
héteroatom*containing group; .Egamples of the hetéroétoms
‘ incldde'atomsrof halcgen, nitfogen, oxrygen, pﬁoSphérus,
15  sulfur and,seléniumJ The'heteroaﬁom—cohtaining grohp is
a group containing a nonmetal aiom other'than a‘carbon
atom and a:hydrogen atom,_aﬁd examples thereof include an
Qxygen—cdhtéining group, a nit?ogen—cogtéininggroup; a
-sulfur—containing group, arphosphorﬁs~éonﬁaining gfqup,'é
20 haiogen-atOm¥containing group and a heterocyclic compound
‘£;Sidue. Egamplés of fhe oxygen-containing groups, the
.nitrogen—containing grou?s, the_gulfur—éontaining_gréups,
the phosphofus—containing groups and the‘hgterdqyclic
épmppund reéidgeé include the same éroupévaSipfé;ibusly‘

25 described with respect to X in the formula (I). Ekamples



preferably a fluorine-containing hydrocarbon group of I 20 to 30 car bon
atonms. Specifically, R10 is trifluronmethyl, perfluoroethyl,

per fl uoropropyl,. perfluorobutyl, perfluoropentyl, penﬁUuaéQh@yyl,

perfl uoroheptyl, perfluorooctyl, perfluorodecyl, 1H, | H perfl uor opropyl,
1H, 1H 25 perfluorobutyl, 1H, 1H perfluoropentyl, 1H 1H 10 June 2005 122
per fl uorohexyl, 1H, 1H perfl uoroheptyl211H, 1H perfluorooctyl,

1H, 1H perfl uorodecyl, perfluorocycl ohexyl, trifluoronethylcyclohexyl,
bis(trifluoronethyl)cyclohexyl trifluoronethylfluorocyclohexyl

monof | UOKaPheRY Ina 15l c}ace{toaqme% iddetd uaraphenyl. et rafl oy opheny!

pent af | uor ophenyl, trlfluorone uorop

(trifluory 1) Tl L0k trifluorongeth .
bIS(trIf|gg§%%éthﬁ% hQEﬂ%Q%¥}|s(trlé# uoggﬁﬁﬁﬁﬁly{hﬁgﬁﬂ h
tetrakis¢trifl et hyl enta s(trlfluoronethyl phenyl,
-perfluor%&dﬁﬁféﬁéﬁyl E%QH% gyfl& tﬁ?F$ ﬁﬁpmspeﬁFﬁéﬁﬁéﬁﬂdeJphenyl

perfl uor yl ph perflu pentyl nyl per f 1 uor ohexyl phenyl ,
.bls(perf%uor h8?§gféh8ﬁ fise G&r@&%ﬁﬁtﬁ%PuPﬁerﬁlQOPOﬂﬁé%aﬂbhryl

: perfl orozgthry 15 (tglflﬁpronethyl)tetrafluorophenyl or the like. R11 to
ARBY or reREXdtd SFEYdacRonylhydegdgenlagowy a hal ogen

aton1 a hal ogen-containin roup, hydr ocar bon group, a
,hydrocarﬁbﬁQgﬁgétiFﬁF aal%ylggro%ps ofy3 to 30 cé%boé)atoms (e.g.,

cyclopentyl, cyc}ohexyl, norbornyl and adamantly),
alkenyl groups (e.g., vinyl, propenyl and cyclohexenyl),
'llarylalkyl graoups (e.g., benzyl, phenylethgl and
10 phenylpropyl) and aryl groups (é.g-, phenyl, tolyl,
_dlmethylpbenyl trimethylphenyl, ethylphenyl,
propylphenyl blphenylyl ﬁaphthyl, methylnaphthyi ‘
anthryl and phenanthryl) Spe01f1c examples of such
groups include trlfluoromethyl perfluoroethyl
15 pentafluorophenyl, perfluorohexyl, trlchloromethYl;
- perthorpethyl,rpentachlorophehyl and perchlorohexyl,
rR10 is preferably a halogen atom~conta1n1ng
hydrocarbon group of 1 to 30 carbon atoms, partlcularly
' prefergbly a fluorlne—contalnlng hydrocarbon group of I
20 to 30 carbon atoms. | :
) Specifically, R10 is trlfluromethyl perfluoroethyl
perfluoropropyl, perfluorobutyl perfluoropentyl | |
'perfluorohexylgrpprfluoroheptyl, perfluorooctyl, 
pprfluorodecy;t.1H,1H—perfluoropropyl, lH,lﬁ—‘:g-p

25 perfluorbbutyl, 1H,1H-perfluoroepentyl, 1H, 1H-




silyl group, an oxygen-containing group, a nitrogen 20 contai ning group or
- a sulfur-containing group. Exanples of such atons and groups include the

sanme atons and groups as previously described with refpkioe2006R2 to R5 in
the formula (I1-a). RL5 is a halogen atom a hal ogen-contai ning group, a
25 hydrocarbon group or a hydrocarbon-substituted sit yl 10 June 2005 123
group. Exanples of such atons and gr@2ps include the sane atons and groups
as previously described with respect to R2 to R5 in the formula (l1-a).
Exanpl es of the hydrocarbon groups indicated by RI5 5 include those of 1

to 30 caxben dbPPRexFief ghreq_ | es, t her eof _j ncl ude straight-chain or
branchegéalkyl .g?%gpé o%'%gt%gggfﬁ%f%%%p§¥ghs}pr%TerabIy 1 to 20 carbon

oo butyre T SRR TRUT L nBn P R Tk ReTr *BRrca ey L hparaar bon
oroups. el sk AREUELLS kel sl on, apd feving, 3 Lo 90 carbon stome,
CLchone L LB o D BV S0, TR S8 D, Dot
s Y s R e Yoo dver st tarambondh an arRyT o oug
of 1 tpﬁ%%éﬁ%ﬁ%g}éﬁﬁgg?l, (trifluoromethyl)pentafluoro?henyl,
.(trifluoromethyl)fluorOphenyl, trifluoromethylphenyl,
bis(trifluorometﬁyi)phenyl, tris(trifluoromethyl)phenyl,
'tetrakis(trifluoromethyl)phenyl, ~
i0 pentékis{trifluoromethyl)phenyl, pefflubroethylphenYl,
'bi?(perfluoroethyl)phenyl; perfluoropropylpheHYI,.
pgrfluorobutylphenYl, perfl@ordpenfylphenyl,”
| perfluo;ohexylphgnyl, bis(perflﬁorohexyliphenyl,
perfluoronaphthyl, perfluoropﬁeﬁanthryl, perfiuoroaﬁthryl,
15 (trifluoromethjl)tetrafludrophényl or the like. . |
r11 to'314 may be the'samelqr'different and are eaéh
a‘hydrogen atom; a halogen afom, a halogen—éontaining'_
group, a hydrogarbon group, a hydrocarbon?substituted
silyl g;bup, an oxygen-containing group, é;ﬁifrégeﬁ¥
20 containing group or a sulfur-containing group. Examples
. , .
- of such atoms and groups include the same atoms and
groups as previodsly déscribed_with respéct to RZ to-R5
in the formuia (IT-a). -
RIS

is a halogen atom, a halogen~containing group, a

25 hydrocarbon group or a hydrocarbon-substituted silyl




preferably 1 to 20 carbon atons, or an aryl-group of 6 to 20 30 carbon
atons, preferably 6 to 20 carbon atons. O these, tert-butyl is nore
preferabl e. Exanpl es of the hydrocarbon-substituted sifgyJungroups indicated
by R15 include the sanme groups as.previously described with respect to R2
toR5 in the formula (I1-a). 10 June 2005 124 Exanpl es of the heteroatons

and the heteroatom containing groypsy indicated by R15 include the sane
atons and groups as previously described with respect to RLin the
formula (l11-a). 5 R10 and R11 to R15 may be the sane or different, and two

or nDre t he e bonded to forma ring. n is a nunber satlsfylng a
val ence’ ?uﬁm.rE%ﬁﬁhé%%(ﬁ#”iﬁ%ﬂlQQR%@e@n%fg§P¥Eﬁ4;n%¥%¢%r%b$y 2. Xis an

oxygen atom drogen atom a hal ogen atom 10 a hydrocarbon group, an
oxygen %%ﬂ?a?ﬁ?ﬁé upr OBPS sBff BF SE AL AN Hi A§SgFdlpd winht rogen- cont ai ni ng
gro a boron- con ai ning group, an al uninumcontaining group, a
phospho?%%gﬁﬁﬁtE?n$ gtgrdu lnatﬁ%l@@émué@nﬁélnﬁhg group, a heterocyclic
conpound residue, a silicon-containing 45 group, a gernmani um cont ai ni ng
group or a tE¥RERHERI¢F rghe dryiEncExaeml esowss siti s bes andrgPoups i ncl ude
the_ same atons and groups as previously described with respect to X in

t he®f oriff 49 ) thagrrh fst@ W epaceratehsr alPwgricupsd ndi cated by X

 examples thereof include straight-chain or branched alkyl
groups of 1 toIBP earbon atoms, preferably 1 to 20 cerbon
atoms, such as methyl, ethyl, n-propyl, isopropyl, n-
bgtyl, isobutyl, sec-butyl, tert-butyl, n-pentyl,

10 neopentyl and n-hexyl; hyd;ocarboh groups having

alicyclic skeleton and having_B to 30 carbon atoms,

 f

preferably 3 te 20 carbon atdms, such as eyclopropYi;
.'cyclobutyl,”cyclobehtyl, cyelohekyl, norbornyl ana
adamaptyl; aryi:groups of 6 to‘BO carbon atoms,

15 preferably 6 t0720 carbon atoms, such as phenyl, beeiyl,
naphthyl, biphenylyl, triphenylyi,_fluorenyl anthryl and
phenanthryl; and groups wherein these groups are further
substltuted with an alkyl group of 1 to 30 carbon afoms,
preferably 1 to 20 carbon atoms, or an-arylfgroup of:6 td:

20 30 carbon atoms, preferably 6 to 20 carbon atoms. OFf. .

ghese, tert—butyllis mofe preferable.

. Examples of the hydrocarbon substltuted silyl groups_

1nd1cated by R15 include the same groups as previously

' described with ;espect to;R2 to R5 in the‘formula (II4a){




20 may be the sane or different, and plural groups indicated by X may be
bonded to forma ring. As the transition netal conpound (A), there can be
al so nentioned a transition netal compound represent edOblgne2Aes5 f ol | owi ng
formula (111') and having the follow ng 25 structure as R10. 10 June 2005
125 RI0 R" N--- ---MX R72 O RIBRI5 5 R4 m...(Ill") wherein N---M
general ly nmeans that they are coordi nagzgd to each other, but in the
present invention they are not always coordinated. 10 In the above
formula, M, m R to Rl4, R15 n and X have the same neani ngs as those
of ML, m R11 tg 5%4 o Rl?, B aBd inthe formula (I'l1l). R10 is a phenyl
group having at “Taat¢3dndt § Bs PEGEREtSBP eedE R ORF BEFEREPBAt Om and a

heteroaton} 1? containin& gro an aronatig hydr ocar bon group ot her than
phenyl group, ah" iy phaer e h§896€§F68nb§r8 éﬁcbﬁdeath@yéame hydmecar bon
group. We R10 is a. phenyl group and the position of the carbon atom

bonded to %??r%ﬁ%ﬁp?sastﬁéeilﬁB§F¥|Gﬁscfhbgdp%ehvlrg$papthao Rat iat | east

t f the 2- t d the 6-position, one or
one 20 pos{h" Lo Pnula e(IIPa?)S' Fon an e P _

5 R10 ang RI1 to R1S may be the same or different, and
two or more of them may be bonded to fofm a ring.
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,
10 a hydrocarbon group, an oxygen—containing group, e
‘su%furfcohtaining.group, a nitrogen—containihg group, a
lboron—containing group, an-alominum—containing'groop; a
AphOSphorUS~containing group; e—halogenmcontaining group,
a heterocyclic compound residue, a silicon—oontaihing
15 group, a germaniumrconteiniﬁg group or a tin—conteihing
group. Exemples of SUCE_atoms and groups iﬁclude the
same atoms and groups as pfeviousl& described with
respect to X.in the formula (I).
: When n is 2 or greater, plural'oroﬁﬁe {ndicated by X
20 may be the same or different,.and plural groups indicated
5} X may be boﬁded to form a ring. |
As the trensition metal compound {A), there can be
- also mentioned a transition metal compound represented by
"the folIOW1ng formula {II1") and havrng'the following

25 structure as R0




nore substituents selected froma heteroatomand a heteroatom containi ng
group, or has; at the 3-position, the 4-position and the 5-position, at

| east one substituent selected from a heteroat om ot heto funarz0as25 f 1l uori ne
atom a fluorine-containing group having one 10 June 2005 126 carbon atom
and not nore than two fluorine atoms, a fluorine-containing group having
two or nore carbon atons, and a het@¥oat om containing group having a

- heteroatom other than a fluorine atom Wwen RIOis an aromatic 5

hydr ocar bon group other than a phenyl group, an aliphatic hydrocarbon.
group or an alicyclic group, this group has at | east one substituent
selected froma heteroatoni@nd a heteroatom containing group. Exanples of

the heéteroatons and/the heferoatom 10 containing groups include the sane
forevi Qushy_ described with respect to R in the fornula
nsi ti oy net Mdﬁpound represented by the formula (I111),
n atom 15 bonded to a nitrogen atomis the

atons and groups a
(I'r-a). In the tr
when t he position q&
1-position, R10 i
to 30 carbon ato
| eagf one position
substi tuent ssel ect
group, a phenyl

sel ect ed fron1a phenyl group having, at at
ZRE'Sltlon and the GJﬁosition, one or nore
) het er oat om-and & 1Hét er oat om cont ai ni ng

wherein N—-~M1 generally means that they are coordinated
to each other, but in the present invention they are-not
'always coordinated.
10._ In the above formula, M, m, R11 to r1lé4, R1S, ﬁ and
X have the same meanlngs as those of MI, m, Rll'to,Ri4,
R15, n and X ;n the formula (ITI).
R10 45 a phgnyl-group hafiﬁg at least one
substituent selected from a heteroatom,and,a‘héteroatom—
15 ‘containing group; an aromatic hydrocarbon group othér :
than a phenyl_group, an aliphatiﬁ hydrocafbon group or an
alicyclic hydrocarbon group. | When R10 js5 a phenyl group
and the position of the carbon atom bonded to nitrogen is
the 1—po$1tlon, this phenyl‘group has,. at“at least one
20 positionlof‘the 2-position and the 6-position, one or
LN ' '
more substituents'selecféd from.a heteroatom and a
heteroatom—contaihing gfoup, or has,rat the 3—positioht
the 4-position and the Smposition,dat leaét_one .
substituént selgcted from a heteroatom other fhén-al

25 fluorine atom, a fluorine-containing group having 6nel7




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 atomand not nore than two fluorine atons Hnding 20D%ori ne ' 25
cont ai ning group containing two or nore carbon atons, an 10 June 2005 127
aromati ¢ hydrocarbon group other than a phenyl group having at |east one

" substituent selected froma fluorinei2gtomand a fluorine-containing group,
an aliphatic hydrocarbon group having at | east one substituent 5 selected
froma fluorine atomand a fluorine-containing group, and an alicyclic

hydr ocar ro aving at | east one substituent selected froma fluorine
at om and%%Qb%nu%%on%e-aé]&%tnﬁtniq?éegrt&f?ﬁ‘. L H R Y AfsiatiBiIs -net al - conpound i s
preferablf(?L fromthe viewdoints of activity 10 and nol ecul ar wei ght of the

resul ting Polfymer COAS S 1h & TR IAE Dk o s ¥ | B f Ca HeoB ubLOins Lent

havi ng a pﬁler atom or a heteroatom containing group, when R10 is

aromat i ¢ 2"thifs "ETESCALIERE NS 3dPdfgr gB5PYP pradant cathetieaopdsint i on of a
carbon at gg] g:ca%bon atogm at. 15 the (3-posi tgﬁn) adj acent to the carbon atom
in RLO t k&€ §Ppnded 9T4"6i Bf6Fen Weom Radishen ®tomasial i phatic, the
substituent is preferably present at the adjacent position or its adjacent
posi t1 on" ¥ BXREEFPPEN ISP Y- OpbSKt £BAY. 2a2DhEradpbesupt Bheahébbradicons and

t he heteroatom , '
hydrocarbon group or an alicyclic group, this group has

at least one subntituent selected from a heteroatom and a

heteroatomwcontaining grbup; |
Exnmples of_the hetercatoms and the heterocatom-

10 containing groups include the same atoms and groups as’
prgviously described with respect to Rl in the formula
(£I~a).

In the tfansitiqn metal-compound rebresented bf the
formula (III),‘when the position of the carbon aton(

_15 bonded to a nitrogeh.atom is thé 1—position, RiO in-
preferably a fluorine—cnntaining hydrncarbon group:nf_l
to 30 carbon atoms which is.selected from-a phenyl group
having, at at 1éast one position of the prosition.nnd

" the 6—position, one or more substituents“ééiected,from é_

20 heteroatom and a heteroatom~containing group, a phényl
. | .

‘group having, at the 3-position, the 4-position and the
5-position, at ieast one substituent seiected fromfa 
fluorine—containing group containing one carbon atom and
not- more than ﬁwb fluorine atoms and a fluoriné—.

25 containing group containing two or more carbon atoms, an




contai ning groups include the sane atons and groups as previously
described. Particularly, fluorine is preferable as the heteroatom and a
fluorine-containing group is preferable as the heter ot dmecdebai ni ng
group.. 25 Exanples of R10 include 10 June 2005 128 trifluoronethyl,
perfluoroethyl, perfluoropropyl, perfluorobutyl, perfluoropentyl,

per fl uorohexyl, perfluoroheptyl, P&l uorooctyl, perfluorodecyl,

1H, 1H perfl uoropropyl, 1H, 1H perfluorobutyl, 5 1H, 1H perfl uoropentyl,
1H, 1H perfl uorohexyl, 1H, 1H perfl uoroheptyl, 1H, | H perfl uorooctyl,

1H, 1H perbhuot 6dBo¥ocPeREN USFOGY CLPREXY tri r.omet hyl cycl ohexyl, bis
(trifIuoronethyl)pcy%?ohexyrﬁrif uo?gﬁgtk9ﬁpléo%ggggﬁogfﬁﬁﬁexyl, nono

fl uor ophgayhg 8tf1a950pheny { £ o] et rafl yorophenyl,
pent af | uor ophenyl , %?riflu%?%%%%%%#?%e%?g€¥ﬁ%go%ﬁgﬁyﬁ,gguorl“@

(0 romedul 3 e obterodo AL LIRS b

'bis(tr!fluoyonethyl)ph ny tris(tri . !
ety AL o U e o PRI UL P BTE Y ot
SR e e T S (4 et Y
B group, and an alicyclic hydrocarbon group having at least
one substituent gelected from a fluorine atom and a
fluorine—containing group. Such a transition metal
chpound is preferable from the viewpoints of activity
10  and molecular weight of the resulting polymer.

- As for Fhe substitution position of the substituent
having a heteroatom or a heteroatom—containing groﬁp,'.
'when r10 55 aromatic, £his subétituent is preferabiy |
" present at the bésition of a cérbon atom (éérbgn atom at

15  the B-position) adjacent to the carbon atom in Rlo,tgat
;is bonded to a nitrogen atom, and when r10 ;g aliphatic,
the‘Substitqent is preferably present at the adjacent
position or its adjécent positién (B-position or y—. 
positiqn). | |

20 : Exaﬁples-of the heteroatoms and the heteroatom-
'ébntaining groups'include the same atoms and groups:aS'
- previously described. Particulariy, fluofine is |

" preferable as the heteroatom, and a fluoriﬁe—containing

grppp_is preferable as the heteroatom-containing group.

25 ~ -Examples of R'® include




perfluoroanthryl and (trifluoronethyl)tetrafluorophenyl R10 is preferably
a fluorine-containing aliphatic hydrocarbon group of 3 to 30 carbon atons.
Exanpl es include aliphatic hydrocarbon groups of.3 tol@BMinea@0bsn 25 atons
substituted with fluorine and/or fluorine 10 June 2005 129 contai ning
hydr ocar bon such as 1H, 1H perfl uoropropyl, 1H, 1H perfl uorobutyl,

1H, 1H-perfl uoropentyl, 1H 1H perfl uojehexyl, 1H,|H perfluoroheptyl,

1H, 1H perfluorooctyl, 5 1H, 1H perfl uorodecyl or nonofl uorophenyl,

di f'l uorophenyl, trifluorophenyl, tetrafluorophenyl, pentafluorophenyl,
(tr|fIuoron%ﬁ3¥%)penEﬁfluorophenyl, (trifluoronethyljfluorophenyl,

trifluordret v 1, pipealdivorestdvey hypergiemyiopropyl,
tris(trifluoromethyl)phenyl, 10 tetrakis(trifluoronethyl)phenyl,
pent aki s EESTIIRGENEYHY | PEREAyIor openftlvilor ety uplrehpky 1,
bi s(perfluoroethyl)phenyl, perflul orpropyl phenyl, perfluorobutyl phenyl,
per f | uor BFERthAoFRERPILY L, peetifiorabexyydhemelr £ lbiosoperfliyor ohexyl) phenyl , 15
per fl uoronapht hyl, perfluorophenanthryl, perfluoroanthryl, and
(trifluorkbmethypeyrtétrabpuorygphenill, 1H-Re'r@lus rpantiyeyl arly preferably an
aromati ¢ hydrocarbon group of 6 to 30 carbon atons substituted wth
f1 uor? ne}HaAHapeméit borhpdnogas bdH, 1grpepraficBohexd®, 20 carbon atons
substituted with a fluorine-containing
1H,l1H-perfluoroheptyl, 1H, IH~-perfluorooctyl,
1H,1H~perfluorod§cy1, perfluoroéyclohexyl,
trifluoromethylcYclohexyl,
'_bis(trifluoromethyl)cyclohexyltrifluoromethylfluorocyclo4
10 hexyl, monofluorophenyl, difluorephenyl, trifluorophenyl,

tetrafluorophenyl, pentafluorophenyi,

" .

(trifluoromethyl)pentafluorophenyl,
{t;ifludromethyl)fluorophenyi, trifluoromethylphénYi,
bis(trifluorbmethyl)phenyl, tris(trifluoromethyl)phényl,
;15 tetrakis(trifluoromethyl}phenYl, a
‘pentakis(trifluoromethyl)phenyl, peffluofoethyiphenyl{
bis(perfluqroéthyl}phenyl, perfluoropropylphenyl,
perfluorobutylphenyi, perfluoropentylphehyl,
' peffluqrohexylphenyl, bis(perfluorohexyljéﬁényl,
20 perfluorocnaphthyl, perfluorophenanthryl,
N :
perfluorocanthryl and (trifluoromethyl)tetrafluorophenyl.
RY is préférably a fluorine~containing éliphatic
ﬁydrocarbon group qf 3 to 30 carbon atoms. Examples
include aliphatiﬁ hydrocarbon groups of.3'to‘3d'éafbon"

25 atoms substituted with fluorine and/or fluorine-




hydr ocarbon of 2 or nore carbon atons or an aromatic hydrocarbon group of
7 to 30.carbon atons substituted with fluorine and a fluorine-containing
hydr ocar bon group. Exanples include 25 nonof | uor ophenifd Jurgid00tior ophenyl ,
trifluorophenyl, 10 June 2005 130 tetrafl uorophenyl, pentafl uorophenyl,
(trifluoronethyl)pentafluorophenyl, (trifluoromethyl)fluorophenyl,
trifluoronethyl phenyl, tris(triflud@28methyl)phenyl, 5
tetrakis(trifluoromethyl)phenyl, pentakis(trifluoronethyl)phenyl,

perfl uoroet hyl phenyl, bis(perfluoroethyl)phenyl, perfluoropropyl phenyl,

~ perfluorebytylp Yhyd ek 1y opgat v phenyl,  perfl uorohexyl phenyl,
. bi s(perfl uorohexy )ﬁﬁenyl 10 perftluoronaphthyl, perfluorophenanthryl,

perfluorp@niﬁug@rggugggﬁﬁgﬁggropgtfgl%%g%iaélugrgggenyl t hese,

particularly preferable as RID are uorop eny foup, 2, 6 di f | uor ophenyl
'gr?lrjlo{‘l u% gﬁ?é}%%glz@%pwjﬂgj{?hor ?1% Lr“ljgokb phfgy![ “g][ Ioﬂg,rorrétShyl phenyl
1 tor i ne e 0 cﬂg{ﬁ%‘sp@%é)%&@yififél abl y present at 20
the gosi ony 9fc 3 GaR00 At Omr( SRR B DA e
- difluorophenyl, trifluorophenyl, tetrafiuorophenyl,
_pentafluorophény;, {trifluoromethyl)pentafluorophenyl,
(trifluoromethyljfluorophenyl,‘trifluoromethylphenyl,
'bis(trifluoromethyl)phenyl, tris(trifluoroqethyl)phenyl,
10 'tetrakis(trifluorométhyl)phenyl,
‘pgptakis(trifluoromethyl)phenyl, perfonroéthylphenyi,
bis(perfluordéthyl)phenyl, perflulorpropylphenyl,
"perfluorobutylphenYl_ perflﬁofopentylphehYll
perfluorohexylphenyl bls(perfluorohexyl)phenyl
15 perfluoronaphthyl perfluorophenanthryl
| perfluoroanthryl and (trlfluoromethyl)tetrafluorophenyl
R is partlcularly preferably an aromatic
hydrocarbon group of 6 to 30 carbon atoms substituted
with flgorine, an aromatic hydrocarbonAgrduﬁ of 8 td‘BO'.
20 carbon étoms substituted with a fluorine-containing .
'gyafocarbon of 2'0; mofe carbon atoms or an aromatic
‘hydrocarbon grOub of 7 to 30 carbon.atoms-substituted
with fluorine and a fluorine—contéining hydrocarbon group.
Egamples'incluQe. | ‘ |

25 - monofluorophenyl, difluorophenyl, trifluorophenylf




position) adjacent to the carbon atomin R10O that is bonded to a nitrogen
atom and when R10 is aliphatic, the fluorine is preferably present at the
adj acent position or its adjacent position (p-positiof0dune2(8dsit.ion). 10
- June 2005 131 Rl11 to R14 nay be the sane or different and are each a
hydrogen atom a hal ogen atom a hal ogen-contai ning group, ,a hydrocarbon
group, a hydrocarbon-substituted siHgh group, an oxygen-contai ni ng group,
a nitrogen 5 containing group or a sulfur-containing group. Exanples of
such atons and groups include the sane atons and groups as previously

describeq:'ggkjﬁgggggeé %;f%%ék§§iyé%k§$e formula (l11-a). R15 is a hal ogen

atom a hal ogen-cont'ai ni %&N%carbon group or a

hydr ocar bon- s tituted silyl oup. Exanpl es of such atons and groups

i ncl ude tﬁ{elrl sane a eotﬁrjsy@r%‘![b‘?%%?’g@*ﬁ ously described with respect to
R2 to RS jn the fornmyla (ll-a). Exanples of the hydrocarbon groups
indicatedt%ﬁ} %?IQégﬁW%ﬁ%ﬁﬁ?%?ﬂﬂﬂ?%ﬁld.QR%ﬁ#PQ%ﬁmﬁﬁhE&mﬂmnyrveferred

exanpl es t her eof, i.ncl ude strai ght-chain or branched al kyl groups of 1 to
30 carbo%%ﬁ%ﬁﬁﬁlﬁﬁﬁﬁﬁﬂﬁﬁﬂﬂﬁ%)ﬁ t.carbon atoms, such as nethyl, ethyl;

n- propyl, isopropyl, n- butyl, isobutyl, sec-butyl, tert-butyl; n-peintyl,
20 negpeﬁﬁﬁlr R AAor aedteddmbenydr-oups having alicyclic skel eton and

having -3 to 3Q carbon atons,
.. pentakis{trifluoromethyl)phenyl, perfluorcethylphenyl,

bis(perfluoroethyl)phenyl, perfluoropropylphenyl,

perfluorobutylphenyl, perfluorcpentylphenyl,

lperfluorohexylphenyl, bis{perfluorohexyl)phenyl,
10 perfluoronaphthyl, perfluoroﬁhenanthryl,

Y

‘ perfluoroanthryl and (trifluoromethyl)tetrafluorophenyl.
| Of these, particularly prefefable as R are
‘2—flﬁorophenyl group, 2,6-diflﬁorophenyl group,
2,4, 6-trifluocrophenhyl group, pentafluorophenyl'group,
.15' 4-trifluoromethyl 2,3,5,G—tetrafluorophenyl group,l
"2vtrifluoromethylpheny1 group and lH,lH-perfluorooctyl
group- | —
As for the substitution position QfAfluorine, when
- rlO is:a;omatic, this fluorine is preferéﬁi? présent at'
20 the position‘of a carbon atom (carbon atom at the B-
~ - .
position) adjacént to the carbon atom in R10 that is
. ponded to a nitfogen atom, and when,RlOris aliphatié, the

fluorine is preferably present at the adjacent position

or its adjacent position (ﬁ—position or y-position) .




preferably 3 to 20 carbon atons, such as cycl opropyl; cyclobutyl,

cycl opentyl, cycl ohexyl, norbornyl and adamantyl; aryl groups of 6 to 30
carbon atons, 25 preferably 6 to 20 carbon atons, suchlGdunshl®pl , benzyl,
10 June 2005 132 naphthyl, biphenylyl, triphenylyl, fluorenyl, anthryl and
phenant hryl ; and groups wherein these groups are further substituted with
an al kyl group of 1 to 30 carbon atlés, 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

hydr ocar bon-gglibst it gyt ed_si.| y| oups -indicated by R15 include the sane
groups as previously egkr¥%eg£ﬁﬁEﬁm?egﬁegif?%rﬁQtténRSarﬁ thehf or mul a

(I'l-a). e t he, hal ogen atons and_t he hal ogen- contai ni ng groups
indicafzﬁgﬁy %?g i%% %deatﬂg?gggﬁ atofs 2alalgesipsonsapréngous! y descri bed
W th rQﬁ%ﬁﬁ% to- d%@ the formula (l1-a). R1O and R11 to R15 may be the
same or’ di terent? CaRP TS t GbO0R norRYeFosaEhermyubet bonded to form a

ring. %ihira qynber satisfging a valence of ML, specifically an integer of
2 to. 4, > prer SEBIR AN HPFEIN Y eein BBy euihy dr ogetragent a hal ogen at om

a. gydrocarhon group, ~an oxygen-containi ng-group, a 20 sul fur-containing
gro%p, an%aﬁnolé%n- RN ity Yo~ epn boroima ot @imi N@x@inplp s an

aluninug}con%ai@ ng group, a '
OL 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.
gj_:?upT Exampl?s of such atoms and groups include the
same atoms and-grodps as previously described with
respect to RZ to Rs-in the forﬁula (IT-a}).

Examples of the hydrocarbén groups indicatéd by R15

15 -include those of 1 to 30 carbon atoms. Preferred ”
examples the#ebf'include straight-chain or branched alkyl
grogps-of 1;§§ 30 carbon atoms, preferagly-l'to 20 carbon
atoms, suCh'as,méthyl; ethyl, n;propyl, isbpropyl, n;'.
butyl, i;obutyl, sec—butyl, tert-butyl, n—béﬁ£yl, |

20 neoperityl and n-hexyl; hydrocarbon groups having

LY

alicyclic skeleton.and hé#ing'B to 30 carbon atoms,
'p:eferably 3't§ QOfcarbon atoms, such as éyclopropyl}
‘cyclobutyl, cyclopenﬁyl, cyclohexyl, norbofnyl and
adawantyl}iaryl'grbubs of 6 to 30 carbon atOms; |

25 preferably~6 to 20 carbon atoms, such as phenyl, benzyl;




phosphor us-cont ai ni ng group, a hal ogen-containing group, a heterocyclic
conpound residue, a silicon-containing group, a germni um containing group
or a tin-containing 25 group. Exanples of such atons at@dlJgroilf}@s i ncl ude the
10 June 2005 133 sane atons and groups as previously described with
~respect to Xin the formula (I). Wen nis 2 or greater, plural groups

i ndi cated by X may be the sane or difi88rent, and plural groups indicated

5 by X may be bonded to forma ring. The transition netal conpound
represented by the formula (Il-al),-(Il1-b") or (Il11") preferably has

properti e, ddiatnyd N Ik I C .sfructur f cationjc conplex wherein
one of X in F’?ﬁée *or rr%l%l i g’ f%ip’l at‘i'szge;L vﬁr%le%% a ‘lop-?%b% ot OUptY Safd
structure pgi ur y, density functional. nethod, the distance
bet ween tt%jte?] nﬁ%ter at’o%qmb\j\/r%%u Sas""shneoyedliI?*e “Horftf (W% i ceitFreretal M
and is near 1.0 .t central t al and hydrogen at the (3-position is
not nore t%r]ilg%ttitglt rzj:r‘i'r %t &5 y2[':tgr %tq{' eriet g3 i kAN k@ms han 10
kd/ ol . al E%%lofth§ %pnsi i on nmetal conpounds represented by the
formul a (FY, (T17ay, (1% B)°, EHP0R Rtomg, 9 j3n @uvd) woyd 199 @rieo gi ven

beIomHsmﬁ%Bouf im'tin%1 thereto. 20 10 June 2005
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 groupé as previously
":described with respect to RZ to RY in the formula (II-a).
10 Examples of the.halogen atoms and the halogen-—
:cqntaining groups indicated by R1% include the same atoms
and groups és previouély described with respect ﬁo'Rl in
the formula (;ifay. | |
Rlo_a_nd-R11 to R may be the same or differeﬁf, and
15  two or more 6f them may be bonded to form a ring..
n is a number satisfying'a valence of Mi,
Vspecificaily,an integer of.2 toA4,.preferaEly 2.
X is‘an_g2ygénatom, a hydrogen atom, a halogeﬁ atom,
‘a:hydﬁocarbon group, an oxygen—containinggéroupL.a,'
20 sulfur—containing group, a nitrogen-containing group, a
gbronwcontainiﬁg groﬁp,-an.aluminum—containing group, a
phosphorus;containing group, a halogen;c§ntaining_gioup,
’a,heterocyclié compound résidue, a Siliéon—containing
:grqup,'a-germgnium—containing group or a tih—coﬁtéinihé

25 group. Examples of such atoms and groups include the




.. CFR3 KN F\(!' FI' F FR\ FOFRF FFFNNTCI2 N-NTiC2
ﬁﬁk‘$i$icfz N N “TiTinZ 22\ 'Bu\ tgu\ tB 2 6tBu 2. 6>_F \ d -~CFS /
CH2(CF2)6CF3 t NNLTIiCl NOTid2 N_ Oz N ~T|C|Z10\UunI'52C@52 2 2 2'N
020 'ButBu'Bu_\ 1Bu FFCF3 RIFil FF FF RRN"R F F F~F
JITICI2 Tid N2 )Tid2 N--TiCl2 2 2 ~S 2 2 &Bu tBu Bu \~tgu QF C
C, F3 CH2(CF2)6CF3 2 &S~-T-I 3>1i0133@rcl2rcl2 2/

'same atoms and groups as previocusly described with
respect to X in the formula (I).
When n is 2 or greater, plural groups indicated by X
may be the same or different, and plufal groups indicated
5 by X méy'be bonded to form a ring.

The transition metal compound represented by the

formula (II—a;),‘(II—b') or (III') preferably has

properties that, in a B-agostic structure of a cationic
‘complex wherein one of X in the formula is replaced with
10  a n-propyl group, said structure being measured by'a
3densi£y functional method, the distance betweeh the
héteroatom, which_has no direct bond to the centrai metal
: Mland is nearést.to the centrélrmetél M, and_hydfogen at
the Bupbsition.is not more than 3'0,A and the
16 electrostatic energy is not more than 10 kJ/mol.
| Exazmples of the transition-metal compounds
represehte@ by the fo:mulé fI),-(II—a), (II#b),,(Iiea')r
(II—b'); fIiI) or fIII) are giﬁen below, without limiting
thereto. \ | |

20
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136 FCFa F FF\ \ FF FI/FFI/FFI/ FF N~y "rCr.2 'rat TO2 TC12 N
N2 N/ -2 FC. 9LCF3 rat rat rat 2 2 2 CHp-(CF2)6C'3 N.rte 2 10 :
June 2005 13'1 CF2CF3 CF2(CFd4CF3 FaCF ' CF2CFa FSC(F@d}lHéZQOGSCFZ( CF2) 4CF3
N-- N- __ 071C12 07iC12 N, TiCl2 N TtCl2 2 2
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N N-ft N crch tau tBu 10 June 2005 F. F F CF3 CF2CF3 CF2(CF2)4CF3 F F
rd2rdz - TiGtzriCl2 N6,,, NN2 220 tButBUtBu tBu CF3-F3C 2CF3
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FFI/ FFF 139
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ricdzi N id2'N_11C,2 MO | tBu MO UI tBu MO/ JI tBu FCF3 F F F
FFFI/ FI TICI2 O11C2 ririCl2 02N tBU 02N'/ | "~ "tBu 02N tBU F CF3
F) FF, LF FI FFFFi FTid2 Olid2 Tid2 Ph &g j’ljhelquogune 2005
140 CF2CF2CF3 CF2(CF2) 2CF3 C F2( CF2) 3CF3 CF2( CF2)5CF3 NT|CIZ/ NO'C2N
Tid2 5-Tid2 2.2 tBu tBu CF2(CF2) 6CF3 CF2(CF2) 7CF3 C H2CF2CF3 C
H2(CF2)2CF3 NO Tid2 'NO'C2 NOTA& 2 NTid2 2 2 2 tBu tBu tBu tBu
' CH2(CF2) 3CF3 CH2(CF2)4CF3 CH2(CFO5CF3 CH2(CF2)6CF3 N Tid2 '"NOid2 NO
TA2, NOTI A2 tBu tBu & Bu tBu
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CFQ(CFZ)ECFa CFQ(CFZ,)?CF:, CH20F20F3 c:|~:?_(cr=2)2c:Fs

E }TCIZ E },TCIE E },Tcaz E }ch_
CH2(0F2)3CF3 CHz(CFz).;CFg CHz(CFa)sCFa CHz(CFz)aCFa
E },T’Clz E \II/TCIZ E }T‘Clz E }‘rc:z
CHz(CFz);,CF;,




(H2(CF2) 7CF3 Ticd 2 0 &' N' tBu 10 June 2005 141 In the above exanpl es,
Bu denotes a butyl group. In the present invention, transition netal
conpounds wherein the titaniumnetal is replaced w thiaduwet20050t her 5
than titanium such as zirconiumor hafnium in the above-nentioned
conpounds are al so enpl oyable. The process for preparing the transition
metal conpound (A) is not specificaldy limted, and for exanple, the
transition nmetal conpound represented by the formula 10 (I11) can be

synt hesi zed by allowi ng a conpound (ligand precursor) which becones a
ligand in the resulting transition netal conpound to react with a
transition nmetal ML-containing conpound represented by MLXk (ML and X

have the sane.n iL.n t haose -of and X.in the 15 fornula (111), and k
is a nunber sgﬂsg%i %Eog’gv&t&eﬁ“ eleg‘f’NUEﬁl)cfjenﬂ%ﬁ |ag§3 Sor FH T is obt ai ned
by allow ng a s%bgc | al dehyde conpound to react with a primry am ne

ed

conpound r epr &8ef by ERE FOF It OR10- MRS SEREG IS tah € TP URRS neani ng

. as previously.described)., such as an aniline conmpound or an al kylanm ne
CongoundWH éénsﬁégig?gépgyp metgi is replaced wﬂ@% a_metal otheg

5 than titanium, such as zirconium or hafnium, in the
above-mentioned compounds are also employable.
The processlfor preparing the transition metal
compound (A) is not specifically limited, and for example,
'.the transition metal compound represented by the formula
10 (ITTI) can be sYnthesized by allowing a compound {ligand

precursor) which becomes a ligand in the resulting

s

transition metal compouﬁd to react with a transition
metal Ml-containing compound'répresented 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 valeﬁce of
Ml . |
‘The ligand précursor is obtained by allowing a
salicylaidehyde compound to reaét with auprimary amine
.'cbmpound represented by the formula Rlo—Nﬂza(Rlo‘hés.the
20 same meéning as previously described), such as an aniline
fébmpound or an alkylamine compound. More specifically,
both of the starting'éompounds are dissélved in a sélvent.
As the solvent, a Folvent_usually used for suéh_a

reaction is employable, and above all, an alcohol solvent

25 such as methanol or ethanol or a hydrocarbon solvént such




both. of the starting conpounds are dissolved in a solvent. As the

sol vent, a solvent usually used for such a reaction is enployable, and
above all, an al cohol solvent 25 such as nethanol or Ht#mecl006r a

hydr ocar bon sol vent such 10 June 2005 142 as toluene is preferable. Then,
the resulting solution is stirred for about | to 100 hours under the

conditions of roomtenperature to aqeflux tenperature to obtain the
correspondi ng ligand precursor. In the synthesis of the 5 |igand precursor,

an acid catal yst such as formc acid, acetic acid or toluenesulfonic acid
i eves, magnesium sul fate or sodiumsulfate

may be used. f .nolecular
as a deh§%r%%?§%8%géﬁtp5? 85ﬂ93?a¢i?ﬂ?%n/%PTX%#ﬁ@%E#W@rﬁmlmmﬁoms effective

for the ress of the reaction. 10 Then, the |igand precursor thus
; P{ oYL r ; 0 i ht abni
obtained 15 artoled T¢b 7B3Lt Wi th B0Q ramersi endest ahe Mcondnt abAkng
conpound tf synthesi ze the corresponding transition netal conpound. ~Mre
speci fi caly,“the 1 CPpFect? sorrehlisx syempesizede ts dbssdhvedein a
p . . ; T i
solvent, and if desjred, the solution 15 is contacted with a base to
or epar e MY RG| tigamherteqiessol utlirorther sye healits icr mineed with a
metal Lic . .conpound such as a netallic halide or a netallic alkylate at a
| ow t Bnper &t PAHRF WIS A% erf Groigbouttall vt 4idtolas fatmi: taamerature of
-78C to room tenperature or under 20 the reflux conditions. As the solvent,
a sol venPEd&l Bl dised Toruansstvlf andactdcdnd ins ey apah] e, yad ogbove all, a
molecular sieves! magnesium sulfate 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 aliowed
Lo react with a transition metal M1¥containing compound
tg synthesize the corresponding transition metal éompound.
More specifically, the ligand'precursor thus synthesized
is dissolved in a solvent, and if desired, the solution
- 15  is contacted with a base to pfepare 2 phenoxide salt.
Then, the solution or the salt is mixed with a metallic
chpound such as a metallic halide or a metallic alkyiate
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 sélt (e.g., n-




pol ar sol vent such as ether or tetrahydrofuran (THF) or a hydrocarbon

sol vent such as toluene is preferable. As the base used for preparing the
phenoxide salt, a 25 metallic salt such as a |ithium s#@l4une€0§5, n 10 June
2005 143 butyllithium or a sodiumsalt (e.g., sodiumhydride) or an
organi ¢ base such as triethylamne or pyridine is preferable. Depending
upon the properties of the conpound43the 5 ligand precursor can be all owed
to directly react with the transition netal M-containing conpound wi thout
preparation of the phenoxide salt, to synthesize the corresponding

transi thon, et @hi GAIPOKNG. sbdi s POSSi ble to replace, the netal ML in the
10 syntﬁg2¥zed transition netal conpougé 3ﬁfhE§§% epyg %%ﬁ i Pfon netal in
a convey i oRaln Wayp s EUrd her , , whep, f RO and. R11.to R15 is H, a
substituent other than H may be %%?@%ﬁ%@g gi%ra%¥r§ 4g8. *6f the synthesis.
It is bl g {0 use the reaction solution of the 15 ligand precursor and
the transition netal Ml-containing conpound as it is without isolating the

eaor bed alEs s ERIBBHIEEAR PR Bhe ! o Bt Eoneend (h)
rrergi Oﬂ%%a%l%f)\{)%:ecc%nrsboer uosaend t?é naglllyov?erd itno € :{Trbéclz’lglt;r Opeaoc];t th\;?t}?r more kinds.
the transition metal Ml—containing compound without
preparation of tpe phenoxide salt, to synthesize the
corresponding 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

a
L)

- any one of'Rlo-and R11 to RIS is H, a subsﬁituent other
-than H may be intfoduced in any otage.of the‘synthésié.
.It is possible to use the reaction solutioﬁ of the
15]: ligand precursor and the transition metal_Ml—containing
'ICOmpound as_it is without isolating the transition-ﬁetal
compound. |
A usuél process for preparing the complex is
-described also in EP1008595A2. o
20 -V‘The‘transition metal compound (A) mentioned above

. _
can be used singly or in combination of two or more kinds.

{B-1) Orgonometallic compound

Examples‘oﬁ_the organometallic compOunds.(B—l)Awhich

- 25 are optionally used in the invention include




(B-1) Organonetal lic conmpound Exanpl es of the organonetal lic conpounds.
(B-1).which 25 are optionally used in the invention include 10 June 2005
144 organonetal lic conpounds containing netals of G oupJupe 2@dDup 2 and

G oup 13 of the periodic table, such as those described below. (B-la)

Or ganoal um num conpound represented by the 5 follow ng formul a:

RamAl (ORb) nHpXgq wherein Ra and Rb mpyq be the same or different and are 10
each a hydrocarbon group of 1 to 15 carbon atons, preferably 1 to 4 carbon
atons;- X is a halogen atom and m n, p and g are nunbers sati sfying

t he-condi ti ons of 3§n}<3 0-n<3, 0-<p<3,. OCﬂf3 and mtn+p+q = 3. (B-1b.)

Al kyl comfI%&X TEadang COMPALIdTy X Tredaingr 15 L& Gdp GEoawd lal uni num and
represented by the faollown fornula: M2AIRa4 20 wherein M2 is Li, Na or
K; and RETP8Pa 2h§dFoCEPlEn Lgr &fp th6t PEE6YES £aPB6n &U6hs 2Spitéfaseably 1 to
4 carbon atons, (B-l1¢) Conpound represented by the followng fornula: 25
RaRbMB 16€5GhdPedobelpys '

(B-1a) Organcaluminum compound represented by the

5 following formula:

RamA1(0Rb)ngpxq

whefein R2 and RbP may be the same or different and are
140 each a hydrocarbon group of 1 to 15 carbon atoms,
'preferabiy 1 to 4 carbon atoms; X is a halogen atém; and
mf n, p and g gre numbers satisfying the_conditions'of
O<m§3, 0=n<3, Oép(B, 0§q<3. aﬁd mintp+qg = 3.
(B-1b) Alkyl complex compound comprising'a metal of

15 Group 1 and aluminum and représented by the followihg

formula:
MZA1RE,

20 wherein M2 is Li, Na or K; and R2 is a hydrocarbon group
~ A : ' N

of 1 to 15 carbon atoms, preferably 1 to 4 carbon atoms.
(B-1c) Compbund represented by the followiﬁg K

formula:

25 - Rapby3




wherein Ra and Ro may be the sane or different and are each a hydrocarbon
group of 1 to 15 carbon atons, preferably 1 to 4 carbon atons; and M3 is .
My. 5 Exanples of the organoal um num conpounds (B-1a) 10iJwep2865 an

or ganoal um num conpound represented by the followng forrmula: 10

RamAl (ORb) 3-m wherein Ra and Rb may be the same or different and are each
a hydrocarbon group of 1 to 15 carbdd%atons, preferably 1 to 4 carbon
atons, and mis preferably a 15 nunber satisfying the condition of 1.5n8;

an or ganoal um num conpound represented by the follow ng formula: RamAl X3-m
20 wherein Ra is a hydrocarbon group of 1 to 15 carbon atons, preferably 1
to 4 carbon atons, X is a halogen atom and mis preferably a nunber

Compound T oprasant ol byt naY o1 o ng*Tor gl 4 T FGRATFASRY &%finer ei n Ra i s
a hydr OC‘@&[CQPFQ g{ﬁ%@grgortlog}éuﬁa&?of #5008 carbon atoms,
preferably 1 to 4 éarbon atoms; and M3 is Mg.
5 Ekamples of the organocaluminum compounds (B-la)
~include:
an organocaluminum compound represented by the

following formula:

10 R3,AL(ORD)3_p
wﬂerein Raiand RD may be the same or different and-éré
each a hydrocarbbn‘group of 1rté 15 carbon atons,
preferably 1 tb 4 carbon atoms, and m is preferably a
15 number satisfying the condition of 1.5=m=3;
an organcaluminum' compound represented by the

foliowing ﬁofmula:

R A1X3 -
20
wherein R& is a hydrocarbon.group of 1 to 15 carbon atoms,
. pbreferably 1 to 4 carbon atoms, X is a halogen atom, and.

"M is preferably a number satisfying the condition of

Q<m<3;




preferably 1 to 4 carbon atons, and mis preferably a nunber satisfying
the condition of 2-'5nk3; and 10 an organoal um num conpound represented by
the following forrmula: RamAl (ORb)nxg 15 wherein Ra dfdiuRb20®y be the sane
or different and are each a hydrocarbon group of 1 to 15 carbon atons,
preferably 1 to 4 carbon atons, X.is a halogen atom and in, n and q are
nunbers satisfying the conditions offge<m < 3, 0-<n<3, 0-<q<3 and mtn+q =
3. 20 Particul ar exanpl es of the organoal um num conpounds (B-1a) include:
tri-n-al kyl al um nuns, such as trinmethylalumnuin, triethylalumnum
tri-n-butyl al um r{propylal um nu tripentylal um num

tri hexyl al um%l?n’?y%?%%%wlﬁl%ﬁi%?fﬁ?%% ]Q%p’f‘%;%% $F dPuntim 10 June 2005
147 branfokfg-chai n_trial kylalum nunms, such as triisopropylal um num
triisobutyt et Ui AuhY TP +28ec- butyl al umi num tri-tert-butylal uminum tri-2-
met hyl butyl al um num tri-3-nethyl butyl alum num tri-2 5

nmet hyl pentyl alum num tri-3-nethyl pentylal um num tri-4-

met hyl pent yl 6}:{&“ 'ﬂym tri-2-nmethyl hexylalum num tri-3- nethyl hexylal um num
and tri-2-et hylr‘i‘lexyff?aﬂl um num tricycl oal kyl al um nuns, - such as

5
~wherein R9 is a hydrocarbon group of 1 to 15 carbon atoms;
preferably 1 to 4 carbon atoms, and m is preferably a
number satisfying the condition of 25m<3;
and B
10-l . an organocaluminum compound represented by the

following formula:

.
1

R3pAlL (ORP) nXg

15 'wherein R& and Rb may be the same or different and ére
each a hydrocarbon group of 1 to 15 carbon atoms,
p;eferébly 1 to 4 cafbon atoﬁs, X .is a halogen atom, and
m, n and g are humbers satiszing the conditions of'ané
3, Qén&?, 0=qg<3 and m+n+q = 3.

20 " Particular examples of the organoaluminum compounds
[ﬁ—la) inclgde:

tri—n—aikylaiuminﬁms, such as trimefhylaluminum,
triethylaluminuﬁ, tri—h?butylaluminum, triprﬁpylaluminum,
t;ipentylaluminpm,.trihexylaluminum, trioctyialﬁmiﬁum.ahd

25 ~ tridecylaluminum;




tricycl ohexyl al um num and tricycl ooetyl alum num 10 triarylal um nuns, such
as triphenylalumnumand tritolylalumnum trialkenylalumnuns, e.g.,
those represented by the. formula (i-C4Hg)xAl y(C5H 0) 30 duttee?®i5n x, y and z
are each a positive nunber, and z? 2x), such as 15 -triisoprenylal um num

al kyl al um num al koxi des, such as isobutyl al um num nethoxi de,

i sobutyl al umi num et hoxi de and i sobutd4@l umi num i sopropoxi de;

di al kyl al um num al koxi des, such as di net hyl al umi num 20 met hoxi de,

di et hyl al um num et hoxi de and di butyl al urni num butoxi de; al kyl al um num

sesqui al koxi dgsansHER-8Raghhykakym nym,Sesg ethoxi de and butylal um num
sesqui but oxi de; a?o June 3005 48Q%artlglly glk%ﬁ@%ﬁ?ﬁh al kyl al um nuns,

h ra nt.ed b
Ras. sif(%££§§°%?@ B e 2O 1 B el SRS SV i G at i num 5

i S LA et

di -t = bat
d but {- b h d
.Lbﬁﬁt§|%%éﬁ? nﬁ?f%g g ”%u%y? m%EEgﬁhﬁréﬂ% AR £ 10 Kyl al um num
hallges h Sgngyfﬁiq¥£§uun19rl 3-methylpentylaluminum, tri-4-

- methylpentylaluminum, tri-2-methylhexylaluminum, tri-3-
methylhexylalumipum and tri—2—ethylhexYlaluminum;
tricycloalkylaluminums, such as
.tricyclohexylaluminum and tricyclooctylalu@inum;
10 triarYialuminums, such as triphenylaluminum and
tritolylaluminum;

Tyow
Ll

trialkenylaluminums, e.g., those represented by the
formula (i—C4H9}xAly(C5H10)z (wherein X, y and z are each
a positive_numbef, and z%2x);-such as
15 triisoprenylaluminum;

: alkylaluminum alkoxides, such as isobulealuminum
methoxide,;iéobﬁtylalqminum.ethoxide and isobutylalumiﬁum
iéopropoxide; | | | |

: di;lkylaluminum'alkoxides, such as diméthyléluminum.

20 mgthoxide, diethylaluminum ethoxide and dibutylaluminum
gﬁtoxide; | |

'alkylaluminﬁﬁ sesﬁuialkoxides, sucﬁ as ethylaluminum

sesquiethoxide and butylaluminum sesquibutoxide;




chloride, diethylalum numchloride, dibutylalumnum chloride,

di et hyl al um num brom de and dii sobutyl al um num chloride; alkyl al um num
sesqui hal i des, such as ethylal um num 15 sesqui chl ori dé&,Junat2gbsml um num
sesqui chl ori de and ethyl al um num sesqui brom de, partially hal ogenated

al kyl al um nuns, e.g., alkylalum num dihalide such as ethyl al um num

di chloride, propylal um num di chl oridagand butyl al um num di-brom de; 20

di al kyl al um num hydri des, such as diethylalum num hydride, dibutylalum num
hydri de and diisobutyl al um num hydride; partially hydrogenated

al kyl al um nu a Lal um num dj hydri des, such as ethylal um num

di hydri de 25 RabEha by %ﬁ%%ﬁ%’t%%ﬁh%@?wawa%r JﬁH‘éh2®®5¥h%9 partially
alkoxylatﬁgvggg %ﬁlg engted alg | al um nuns, guch as ethyl al um num

et hoxychl'ori de: Dut Yl at BHT noH P But bx§Rhf o agcahed ebry! al umi num

et hoxybr opa de; » pyabl e are conpounds anal ogous to the 5
organoalun1%h'Qg%%%ﬁﬁgétB-la). For exanple, there can be nentioned

or ganoal um nu .cquounfs wherein two or nore al um num conpounds are
combi ned thr o[Bg]ﬁa YR R B L 0BRSS asS YRI5 2N HE) v {1GaH5) 2.

ExamplLes of the conpounds (B-1b) include Li Al (C2H5)4 10 and Li Al (C7H15) 4.
npb ékenoxidejngiethyfalumgnum(2,6—di—t—éuty124— _ ( )

methylphenoxide), ethylaluminumbis (2, 6~di-t-butyl-4-
methylphenoxide){ diisobutylalumium(2,6—dimt—butyl;4—
methylphénoxide)'and isobutylaluminumbis{Z,Gfdi—tubutyl—
4-methylphenoxide) ; B
10 dialkylaluminum,halides,'such as dimethylaluminum
‘ ;hloride, diethylaluminum chloride, dibutylaluminum
chloride, diéthylaluminum bromide and diiscbutylaluminum
chloride; |
alkylaluminum sesquihalides, such as.eth?laluminum
15 sesquichloridé,-butylaluminum'sesquichlgride and
ethyléluminﬁm sesquibromide, |
_parf%ally halogenated alkylaluminums, e.g.,
alkylaluﬁinum dihalide such as ethylaluminum dichloride,
: propyl;luminum dichloride and butylaluminﬁﬁhdibtomide; 3
20 _. dialkylaluminum hydrides, such as diethylaluminum
'ﬂ}dride, dibutylaluminum hydride and diisobutylaluminum
hydridé; | |
partially‘hydrogénated alkylaluminuﬁs, e;g,,

a;kylaluminum'dihydrides, such as ethylaluminum dihydride

-25r and propylaluminum dihydride; and




O her conpounds, al so enpl oyable as the organonetallic conpounds (B-1)
include nmethyllithium ethyllithium propyllithium butyllithiuny

met hyl magnesi um br om de, met hyl magnesi um chl ori de, 15 HfurerB®gfiesi um

brom de, ethyl magnesi um chl oride, propyl magnesi um brom de, propyl magnesi um
chl oride, butylnmagnesi um brom de, butyl magnesi um chl ori de,

di met.hyl magnesi um di et hyl nagnesi unm4@i but yl nagnesi um and

but yl . et hyl magnesi um Combi nati ons of conmpounds 20 capabl e of producing the
above-mentioned organoal unm num conpounds in the polynerization system

e.g., a copiMAaLgn of |y pum and aI hi uni and a
conblnatlonq%# hgloge%gfgghglﬁﬁgﬁﬁﬂygn ?%yl%%%ﬁe@ %Hﬁ Eaménam§@

enpl oyahl g, 1Q Iy 0 t he anonetal | i.c conpounds (B-1), the
organoalun1nun1co%§%§%%§lg%§iSrefg Qﬂ@ L{Fe HGHHTY® conpounds (B- 1)
ination of two or nore kinds. 5

ment i ongy u in co
(B-2) Orglé%%g}éﬁ%‘loﬁuﬁqeo%%%co%ﬁg’&%&uﬁgu& GENGHY ORI REoxy - conpound ( B- 2)
which is Opkl aII useg n_the invention naX be conventional al um noxane
or a benzene- |nso 8y8 éﬁnBﬁFuﬁPﬁHﬂPB?ﬁ apglegrpsuka sheh as exenplified

in %@pag%%gng tent Lald en P%bl ication No. 78687/1990

aluminum compound (B-la). For example, there can
rbe mentioned organocaluminum compounds wherein two or more
aluminum compoun@s are combined through a nitrogen aﬁom,
such as (C2H5)2A1N(C2H5)A1(C2H5)2.
| Examples of the compounds (B-1b) inclu?e LiAl (CoHs) 4
L 19- rahd LiAl(C7H15)4.

Other compounds, also employable as the

“
"

organometallic.compounds {(B-1) include methyllithium,
.etﬁyllithium, propyllithium, bﬁtyliithium, N
methylmagnesium bromide, methylmagnesium chloriae,

15 ethylmagnesium,bromide, ethylﬁagnesium chloride,
 propylmagnesium bromide, propylmagnesium chloride,
butylmagpes%um bromide,rbutylmagnesium chloride,
dimethylmagnesium, diethylmagnesium, dibutylmagnesium and
butylethylmagnesium. Combinations Qf.cbﬁpéunds 

20 capable 6f producing the above—mentioned organoaluminum
ébmpounds 1n the polymerlzatlon system, e.g., a
combination of halogenated aluminum and alkylllthlum and

a combLHablon of naiogenated alumlnum and alkylmagne81um

are also employable




The conventional al um noxane can be prepared by, for exanple, the
~followi ng processes, and is generally obtained as a hydrocarbon sol vent
solution. 15 (1) An organoal um num conpound such as t10 ainkyoabum numi s
added to a hydrocarbon medi um suspension of -a conmpound contai ni ng
adsorption water or a salt containing water of crystallization, e.qg.,
magnesi um chl ori de hydrate, coppetdGul fate hydrate, al umi num 20 sulfate
hydrate, nickel sulfate hydrate or cerous chloride hydrate, to allow the
or ganoal um num conpound to react with the adsorptlon wat er or the water of

crystal |l i zabiroRhe( 3y g¥W&baE+ a6 0L WRLEH ARG llowed to 25 directly
act on an organoalunlnunlcoﬁpouﬁd Sﬁg agglg% 1ﬁé %685 151

trial kgk-ghuabnu hiimd BRGLUILSUGh .a tol uene, ethyl ether or
t et rahydr of ur an. (3? Xn grganot%%eoél Eggggﬁ as dinethyltin oxide or

di butyltin exkdg Lsnahke 0 t 5_or ganoal um num conpound such
‘as trlalkylalunlﬁgn$|n aﬁggé |ﬁ%§§ &% re5e25n5‘engéﬂ%ﬂe‘38f3"?oluene The
al um nexangsBaYs¢R i nt of a anonetalllc conponent .
Further, it Is %oséﬁg L%ﬁlna o ¥BnPTo EWP 8T ufPESckaBdsr ganoal umi num
coqpound is 10 dlstllled off fromthe recovered solution of alunlnoxane

and the remai nder is redissolved in a solvent or

(B-2) Organocaluminum OXy-compound

The organoa}uminum oxy-compound (B-2} which is
optionally used in the invention may be conventional
aluminoxane or a benzene—insoluble organoaluminum_ogy—

.10 ‘comp0und 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 -
: obtalned as a hydrocarbon solvent solution.
15 - (1) An organoaluminum compound such as
ﬁrialkylaluminﬁm is added to a hydrocarbon medium
' suspen81on of a compound containing ‘adsorption water or-a
_salt contalnlng water of crystallization, e.g., magneslum‘
Chlor;de hyd:ate, Copper sulfate hydrater.aluminum
20 eSUlfate hgdrate, nickel sulfate hydrate or cerous
.chlorlde hydrate, to allow the organoalumlnum compoﬁed to
react with the adsorptlon water or the water of o
crystallization.- |
(2) Water, ice-or_water vapor is allowed £01A1

25 'direCtly_actron an organoaluminum compound such as. .




suspended in a poor solvent for alum noxane. Exanples of the organoal um num
‘conpounds used for preparing the alum noxane include the sane
organoal um num 15 conpounds as previously described wi&hnegdpdct to the

or ganoal um num conpound (B-la). O these, preferable are trialkylal um nuns
~and tricycloal kylalumi nuns. Particularly preferable is trimethylalum num
The or ganoal um num conpounds are us®&@isingly or in 20 conbination of two
or nore kinds. Exanples of the solvents used for preparing the alum noxane
i nclude aronmatic hydrocarbons, such as benzene, toluene, xylene, cunene

and cynmeng;aalyirhatdiGunh g ecarher S \pent ane, h xane, heptane,
octane, 25 deégne éb&%céhe hexagﬁ%ane an% Eiaé%cdne ?%@Tllc 10 June

2005 132 indrQGRLboRSs . o %I clgpentane, cycl ohexane, cycl ooct ane and
nethylcyclopentane petrole Fac ions, such as gasoline, kerosine and

AT eyel | o5 Ky °ﬂ‘3”§kﬁgﬂegr°d%‘3€5§i@8% {8d E%E?%ﬁﬁﬁaﬁé'a?{?}?ﬂ%hc@aaé‘d

allcycllc 5 hydrocar

t her eof | oyabl e .are her such as eth et her and
é F%&l%WBOP tHe §3I€& d;&ﬁir@&F&rWﬁt%pﬁéferable are aromatic

t et rahydr
hydr, carbogs and allghatlc drocarbons. .10 The benzene-i nsol ubl e
or ganoal G nd g nﬁ8@ﬁ&un9 FUGSe |ntfﬁélﬁﬁééﬁﬁméﬁumsl@r@ferably an

Organoaluﬁhum such as decane, benzene or toluene.
The aluminqgane may contain a small amount of an
organometailic component. Further,.it is possible tﬁat
‘the solvent or the aneacted organoaluminum compound is
'“10 distilled off from the recovered solution of alumino%ane

and the remainder is redissolved in a solvent or

-
L

suspended in a.poér solﬁent for aluminoxane.
Examples of thé‘organoaluhihum compounds used.fdr
preparing the éluminoxane inclﬁdé the same organocaluminum
15 'compounds as previously described with respect to tﬂé
__organoaluminum compound (B;la)- Of these,.prefefabie are
trialkylaluminums and tricycioalkylaluminums.
‘Particulaﬁly preferéble is triﬁethylalumihum,
The'organoalumiHUm compounds are used:singly of in
20 combination of twe or mofe kinds.
: Examples of the soivents used for preparing ﬁhé
_Valuminoxane ihclude aroﬁatic hydrocarboné,-sucﬁ és.
" benzene, tbluené; xylené, cumene and cymene; allphatlc
hyd;ocarbons, sqch és pentane, hegane, heptane, octane,

25 ‘decane, dodecane, hexadecane and octadecane: aliCjélib'




oxy-conpound contai ning an Al conponent which is soluble in benzene at 60
.C, in an anmount of usually not nore than 10 preferably not nore than 5 %
particularly 15 preferably not nore than 2 % in ternsi®jundl2c86om That
is, the benzene-insol ubl e organoal um num oxy-conpound is preferably

i nsol ubl e or sparingly soluble in benzene. The organoal um num oxy-conpound
for use in the invention is, for exatg#e, an organoal um n-um oxy-conpound
20 contai ning boron and represented by the following formula (1V) : R22
R21 R22 AI-OB-OAl R2 Rz ( IV) 25 10 June 2005 153 wherein R21 is a

hydr ocar b f.1to 10 _carbon atonms; and each R22 may be the.sane or

differentBgﬁgggggggnﬁydégaénagt8¥Fﬁgpﬁ§%88§n &VGﬁP X4y dr ocar bon group of
1 to 10 82&908 atons. g Thﬁﬂor anoal umi num oxy- conpound cont ai ni ng boron

and represented Byt AR BFAIVA FF@?pESHaBEFpPS§§Péﬁuﬁyfr&ﬁﬁé@ﬁﬁg an

, aIkbeoronichacid reg&esent d by.the follomﬁng formula (V): 10 R21-B-(OH) 2
(V)" wherdfi"RBT1 P8P hilSant®gPoipeasntdederi Béd  aBovehatlograatedni th an

or ganoal uni n n1conggund in an inert solvent at a tenperature of -80 Cto
roon1tenp%F%$%?Es these aromatic, aliphatic and alicyclic

5 hydrocarbons {e.qg., chlorinated or brominated products
thereof). Also employable are ethers such as ethyl etherr
and tetrahydfofu;an. 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 organoaluminu

T e .
. .

oxy—-compound contaiﬂiﬁg an_Al component which is éoluble
in benzene at 6O °C, in an aﬁount of usually nof mofe
than 10 %, preferably not-mo¥e than 5 %, parficularly
15 ,preferaﬁly noﬁ more than 2 %, in terms of Al atom. That
is, the benzene—insolubleAorgaﬁoaluminum oxy—éomﬁoﬁnd is
?referably insoluble or spérihgly soluble in benzene.
The Organ0aluminum oxy—cémpound for use in the
invention is, for example, an organoaluminﬁm oxy—cbmpodﬁd
20 'contaiﬁing boron and represented by the féllowing formulé

";IV):

Rzz R21 - R22
i /
Al—O-—B—0—Al
4 2 (V)
R R

25




15 for 1 mnute to 24 hours under an inert gas atnosphere. Exanples of the
al kyl boronic acids represented by the.fornula(V) include nethyl boronic
acid, ethylboronic acid, isopropylboronic acid, n-prd@duper2685c acid, n-
but yl boroni ¢ acid, isobutyl boronic acid, n-hexylboronic 20 acid,

cycl ohexyl boroni ¢ acid, phenyl boronic acid, 3,5- difluoroboronic acid,

pent af | uor ophenyl boroni ¢ acid and 1835-bi s(trifl uoronethyl)phenyl boronic
acid. O these, preferable are nethylboronic acid, n-butylboronic acid,

i sobutyl boroni c.acid, 3,5-difluorophenyl boronic acid and 25

pent af | yor ophenyj} poroni c_acid. 10 June 2005 154 These al kyl boroni c aci ds
are used'si y%or TH 2 corBFratiler ¥ rewe of hoke kPnearb&xanpl es of the
organoaluninun1conpound52£o be reacted with the al kyl boronic acid include
the sarfe % ordjihdzd Hii Fim BaYpRRINeRe a32me et odsffedestribadisi &h respect
to the organoal um num conpound (B-la). O these, preferable are

trial kyIYARRA Ui Ahd 2 tha kgEemal ot @ um nundro@arbénuyartyy @f eferable are
trimethyl al um num triethylalum numand 10 triisobutylalum num These

or ganodlunith iR dspcuiries are  used singly or in combination of two or nore
- kinds. The organoal umi num oxy-conpounds (B-2) nentioned above are used

simgly or i Fheombiosardadmmofnumwe xr-ammpeurd nosntaining 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) 2 (v}
whgrein R21l is the same group as described above,
to react with an Qrganoaluminuﬁ éompound in an inert
solvent at a femperature of —8b °C to room temperature
15 Vfor 1 minute to 24 hours under an inert gas atmosphe;e;
Examples of the alkylboronic acidsArebresénted‘by._
the. formula (V) include methylboronic acid;- ethylboronic -
écid, isopropylboronic acid, n—prﬁpylbopoﬁic acid, n-
_ butylborénic acid, isobutylberonic acid; ﬁ;ﬁégylboronic
20 acid, cyclohexylboronic acid, phenylbbronic acid, 3,5-
. :
difluoroboronic acid, péntafluorophenylboronic acid and
3,S—bis(trifluofomethYl)phenylboronic‘acid; Of tﬁese,
préferable are methylboronic acid, n—butYiboronic.acid,
isobutylbbronic.acid, 3,5—difluorophenylboronic écid and

25 3pentafluorophenylboronic acid.




15 (B-3) Conpound which reacts.with the transition netal conpound, (A) to
formion pair The conpound (B-3) which reacts with a transition netal
conmpound (A) to forman ion pair (referred tows 20 "ildnluner§0boni c
conpound” hereinafter), that is optionally used in the invention, includes
Lew s acids, an ionic conmpounds, borane conpounds and carborane conpounds
descri bed in Japanese Patent Laid-Cp#h4 Publicati ons No. 501950/1989, No_
502036/ 1989, No. 25 179005/1991, No_ 179006/ 1991, No_ 207703/1991 and No.
10 June 2005 155 207704/1991, and U. S. Patent No. 5, 321,106. A heteropoiy
conmpound  and j I Ly al empl.oyed. The Lewi s acids

mp @mééﬁn%%ﬁ&ﬂﬂﬂﬂ5ﬁﬁgjégad§2§¥%}q§%§T%%Q§?¥l

are, for exanple, conpounds represente I Uort™he or a pheny

group WhicGh, i S Nave | sSupstiduent; sych as fluorine, nethyl or

trifluoromethyl). Exanples of such conpounds include trifluoroboron,
tri phenyl boron,, bar on

i -f h |
tris(3,5-dif|uoﬁﬁﬁé&é??bggg%2RF§$%EQWWT%¥%ﬁ%ﬁﬁﬁﬁﬂ%ﬁﬁFﬁkﬁbrom
tri : fl , L) b o110 tri -tolyl)b . tri -tolyl)b
and 1 r s oo R R T 5 G el i B Hoso s SHE. for exanpl 6,

he foll ow ng forml Vi): 1 R2
CO”pqynd%rgB%%Bﬁ%%H%egl%%m%o%nd% égmpfévf%dgi;idgsékibé% gités

respect to the organocaluminum compound {B-la). Of these,
preferable are trialkylaluminums and
-ﬁricycloalkylaluminums. Particularly preferable are
- trimethylaluminum, triethylaluminum and
10 triisobutylaluminum. These orgaﬁoaluminum compounds are
‘used singly or in combination of two or more kinds.

~The organocaluminum oxy-compounds (B-2) mentioned

above are used singly or in combination of. two or more

kinds.
15
{B—3} CqmpoundAwhich reactsAQith the ttansitioh ﬁetal
compound_(A) torform ion pair
Ihe‘compound (B-3) which‘réacts with a transition
‘metal compound (A} to form an ion pair‘(référred té as
20 "ioniziﬁg ionic compound” hereinafter), that is

'O;tionally used in the:invention, includes Lewis écids,
an ionic.compoundg, borane compounds and.carboranej
compounds described in JapaneserPatent:Laid—Open
Eublications No. 501950/1989, No._502036/198§,nN6;.

25 179005/1991, No. 179006/1991, No. 207703/1991 and No.




R23 R24_B-R26 127 (VI) In the above formula, R23 is H+, carbonium cation,
20 oxoni um cation, amoni um cati on, phosphonium cation; cycloheptyltrienyl
cation, ferroceniumcation having a transition netal,ThJdunei#®0bi ke. R24 to
R27 may be the same or different and are each an organic group, preferably
an aryl group or a 25 substituted ar group 10 June 2005 156 Exanpl es of
t he carbonium cations include tri- Qéﬁsti tuted carbonium-cations, such as

tri phenyl carboni um cation, tri(nethyl phenyl)carbonium cation and
tri (di met hyl phenyl ) carboni um cati on. 5 Exanpl es of the ammoni um cati ons

i ncl ude 20071 Kyd SMRmiALINg Gat | enSenSUEh, as, 151 Mg by %mr%@l U, 8 ation,
triethyl ammoni um cation, tripropyl amoni um cat’ion, hb ium cation

and tri Compdtiyld) amao RinU MG 1 1con{}£d%rﬂzi Iaairg(J) n| um o;;!ﬁo s, such as N, N

10 di net hyl ani | i ni um cati on, N-d| et hyl anil i ni'um catl

N, N- 2, 4, 6- perhamethykagi-l; yai lér}_] cat di al k ni um cations, such
as di (| sopropyl ) anmoni uml cati on zfn%ng}%& oehexyﬂ rﬂ’fg{g)sum cation. Exanples

of the phpspbenicem bgt BEAS (rRNGIsUda (L5 itid Y| p;b ni_ um cati.on such as
tri phenyl phosphoni um cation, tri (rLrlet hlyl phernf/al %h%l%gghgm Uk d"aﬁll and

5 may have a substituent such as fluorine, methyl or
‘trifluoromethyl). Examples of such compounds include
triflqoroboron, ﬁriphenylboron, tris(4—fluorophenyl)boron,
tris{3,5~difluor0phenyl)boron,'tris(4— |

| fiuoromethylphenyl)boron, tris(peﬁtafluoroppenyl)boron,
. 10 .tris(p"tolyljbbron, tris(o-tolyl)boron and tris(3, 5-
dimethylphenyl)boron. |
‘ The ionicrcompounds are, for example,_éompounds

_represented by the follow1ng formula {VI) =

15 o R25
) RZ369 24 f@ 26
R B—R
&27 . vE)

In Fhe above formula, R23 is H*, carbomium catiom,
20 | oxonium cation, ammonium catlon, prhosphonium catlon,
cycloheptyltrlenyl catlon, ferrocenium cation hav1ng a’
transition metal or the Like. |
RZ24 o R27 méy be the same or differeﬁt éﬁd are each
an Qrganic.groupf preferably an aryl group-orja

25 SubStiEuted-aryl group.




t.ri(dimethyl phenyl)phosphoniumcation. R23 is preferably carbon iumcation
or amoni um cation, particularly preferably triphenyl carboniumcation, 20
N, N-di met hyl ani l i nium cation or N, N-di ethylanilinium f@atineroof so

enpl oyabl e as the ionic conpound is a trialkyl- substituted amoni um salt,

a N, N-dialkylaniliniumsalt, a dialkylamoniumsalt or a

~triaryl phosphoniumsalt. 10 June 200515857 Exanpl es of the

trial kyl -substituted anmonium salts include

triethyl ammoni unt etra( phenyl ) boron, tripropyl anmoni unt etra(phenyl)boron,

tri(n butyl) amgepiudsetyracphenyl r: . .
trinethylannnniun?%%ra(p-tolyI)bé%%ﬁ?RHfC%tlons include tri-

trimethyl ampRmiy el 26orhal: Q0 L1 L(; ~ i
butyl)annnniunﬁetra(pentg%ﬁﬁ%%%g%%ﬁgyﬁ oF&ﬁP 3¢ triphenylcarbonium

tripropyl Lu [ i | phenyl.) boron, tri(n

DUt Y1 ) BmonT GAF 6t FaC T e R ROy D SR BB o i i o0g

butyl)a k ut -trifluaromet hyl phenyl ) boron, tri(h-
butyI)aggggkxgég%ﬁggg?é?hyhyfﬁFggpéﬁ@tﬁ?FéﬁBnyl)boron and

tri(n-goutyl )an%g?%ﬁﬂégt rg(g-tol %Ilaébor on. Exanples of the

N, N- di al kyl ani TTAron 2alf s FRcFiggnium cations include

N, N- di net ilLiniuntetra(phenyl)boron, N N 15

diethylan?¥#%?k_ %T?%?bﬁ%néggba on SHEMNGR- Drgmethylammonium _
pent amet hyl ani Lin untgﬁ§iggggg¥h%bggggbn,Eﬁiqg;gzyg;mggiii;?Liihiﬂnnn|um

-~ salts incThae’di (FF4e
tributylammonium cation and tri(n-butyl)ammonium cétion;
N,N-dialkylanilinium cations, such as N,N-

10 dimethylanilinium cation, N,N-diethylanilinium cation and

N,N-2,4, 6-pentamethylanilinium cation; and

- s
1

dialkylammonium catioﬁs, such aé di(isdpropyl}ammonium,
éation and dicyclbhexylammoﬂiﬁm‘caﬁion.
Examples of the phosphonium catioﬁs inciude
15 triarylphosﬁhonium cations, such as triphenylphosﬁhonium
- cation, tri(methylphenyl)phospﬁonium cation and
tﬁi(dimethylphenyl)phosphonium cation.—
RZ23 ig prefefably carboniﬁm cation or ammoniu@
cation, particularly preferablyrtriphényicérbonium‘catiﬁn,
20 N,N—dimethylanilinium cation or N,N-diethylanilinium |
-éétion. “ | :
Also employable és the.ionic compdund is a triéikylF
substituted amménium Sait, a N{N—dialkylaniiihium salf,'a

dialkylammonium salt or a triarylphosphoniuﬁ_séit;-~




ro i ahnDniuntetra(pentafluorophenyl)boron and o
gicsgléhexylannnniuntetra(phenyl)boron: 20 Further enpl oyable as the ionic

conmpounds are triphenyl carbeni unt et raki s(pent af | uor ophemylndmigat e, N, N
di et hyl ani | i ni unt et r aki s(pent af | uor ophenyl ) bor at e,

ferroceni untetra(pentafl uorophenyl)borate,
tri phenyl car beni unpent aphehyl cycl opeh?@di enyl conpl ex, 10 June 2005 158

[ ilini [ bor on
N, N- di et hyl ani |'i ni unpent aphenyl cycl opent adi enyl conplex and a
conpound ¥epresented by the formula (MII): CF3 e 5 H(CEt2)2 BFf CF3 4

(V1) whereiExEmpﬁésanethE|tQﬁ@QRylagu%@%jEQ%EHﬂ%m%¥hkhhzgagﬁ% 10 ? O Na
B (VIIl) CF3 4 Exanples of the borane conpounds i ncludé 15 salts of.

netalyiCiganbaéaa@iaﬁhgmamm%HQBmﬁ%tr%ﬁ%%%h 5%%&on

anmoni unbi s(nonahydri do-1, 3- di carbanonaborate)cobdl tate(ll1),

tri(n-butykpasppnamiBhs(MRdecanydehd9 bolon, tri(n-
butyl)émmoniumtetra(phenyl)boron, |

5 trimethylammoniﬁmtetra(p—tolyl)boron,

'trimethylammoniumtetra(o—tolyl)boron, tri{n-
butyl)ammoniumtetra(pentafluorophenyl)boron,
tripropylammoniuﬁtetra(o,phdimethylphenyl)boron, tri(n-
,but§l)émmoniumtetra(m,m—dimethylphenyl)boron, tri(ﬁ—

10 butyl)ammoniumtetra(p—trifluoromethylphenyi)boron, tri(n-

.butyl)ammoniumtetra(3,5—ditrifluoromethylphenyl)bd#on and
, téifn—butyl)ammoniumtetra(o—tolyl)boron.
Examples of the N,N—dialkylaﬁiliniumAéalts include
N,N-dimethylaniliniumtetra (phényl)boron, N, N-
15  diethylaniliniumtetré(phenyl)boron and N,N-2,4,6-
' pentamethylaniliniumtetra(phenyl)boron. |
Exampies of the dialkylammonium Saltslihclude di{i—
pfopyl)ammoﬁiumtetra(péntafluo£0phenyl)boron and |
dicyplohexyiammoniumtetra(phenyl)boron;

'20 e Fufther employable as the ionic compounds are
Ekiphenylcarbeniumtetrékis(pentéfluorophenyl)boraté, N,N;
dimethylaniiiniumtetrakis(pentafluorophehyl)borate;3'
ferroceniumtetra(pentafluorophenyl)borate;

triphenylcarbeniumpentaphenylcyclopentadienyl cémplex,




di car baundecaborate)ferrate(l1l), 20 tri(n-butyl)
-amoni unbi s(undecahydri do- 7, 8- di car baundecaborate)cobaltate(lll);
tri(n- butyl)annDnlunbls(undecahydrldo 7, 8- 10 June 2005
di car baundecabor at e) ni ckel ate(111), tr|(n butyl)
ammoni unbi s(undecahydri do-7, .8 25 di car baundecaborate) cuprate (111), 10
June 2005 159 tri(n-butyl) annnnlunqsﬁ(undecahydrldo 7, 8-
.di car baundecaborate)aurate(lll),
tri(n-butyl)ammoni unbi s(nonahydri do-7, 8-di met hyl -7, 8-
d|carbaundecaborateiferrate(III) 5
tri (n- butNdY z6oR 51 hohahyein t 2ok #n 81 dy okt by £ 73 Beny 1 Complex
di car baundecaborate)chromate(l11),
tri(n-butdng W@W@ﬁmwmmmdoﬁykkﬁe formula (VII):
di car baundecabor ate)cobaltate(ll1),
tris[tri(n-butyl)ammonium bis(u decahy rido-7 10
car baundecabor ate)chromate(111Y, bEE§jtri (n-butyl)
anmoni unj bi s(undecahygglri do-@> [cabqundecabor at e) manganat e(1V),
bi's[tri (n-butyl)amuni(Omhis(y @ |

oL

] d 15 bls[trl(n butyl)

ar ba gﬁqd gaborate)nickel ate(l1V). The

het er opol y conpound conprlses an at f siljgpn, phosphorus, titanium
- germanium arsenic or.tin and one

wherein Et is an ethyl group, or the formula (VIII):

10
_ (VIII)
: 4 '
Examples of the borane compounds include
-15 salts of metallic carborane anions, such as

tri(n—butyl)ammoniumbis(nonahydrido—l,B—
dicarbanoqaborate)cobaltate{III),
tri(n—buﬁyl)amﬁoniumbis(undecahydrido—?,é—
'dicarbaundecaborate)ferrate(III),
20 tri(n—butyl)aﬁmoniumbis(undecahydrido—?,S-
'dicarbaundecaboréte)cobaltate(IIIf,
tri(n—buﬁyl)émmoﬁiumbis(undecahydrido—?,Bm
dicarbaundeéabbfate)niCkelate(III),
tri(n—bﬁtyl)ammoﬁiumbis(undecahydrido~7,8;

25: dicarbaundecaborate)cuprate (III),




or nore atons selected from vanadi um niobium nolybdenum 20 and tungsten.
Exanpl es of such conpounds i ncl ude phosphovanadi ¢ aci d, germanovanadi c

aci d, "arsenovanadi ¢ aci d, phosphoni obic acid, germnom akieoasi d,
siliconol ybdi ¢ acid, phosphonol ybdic acid, titanonol ybdic acid,

ger manonol ybdi ¢ aci d, arsenonol ybdi c acid, 25 stannonol ybdic acid,

phosphot ungstic acid, 10 June 200515260 ger manotungstic acid,
stannotungstic acid, phosphonol ybdovanadi c acid, phosphotungstovanadic
acid, gernanotaungstovanadic aci d, phosphonol ybdot ungst ovanadi ¢ aci d,

gernan fpﬁﬂyw?gﬁﬁgggﬁgglg? €?|c S%§?o§gh9pﬁlybdotyngstic acid,

phosph ic acid s of ese acids, specifically,

salts S for exanp th metals of Goup 1 or 2 of the
perlod?%(% e sucé% aur g%yinﬁ potaSS|un1 rubi di um cesium

beryII| i\u caIC| ntium a barlun1and organi c salts of
t he abov‘l 4?3¥¥-%§6%%F%ﬂﬁww?$g Téh%é%%ﬁ%;} ga?%m85@¥ 17b6t8Tim ted thereto.

The i onj,zi i on d B- 3) nmentioned above may be used singly or in
combi n 6ﬁ%’ 4ﬁ§%§ggﬁﬁ%§§%$&% 2(%¥I%he transition- metal conpound (A) is

USﬁ% WG%%)OI fin polynerjzation catalyst and an organoal um num oxy-

co TH R ol el iy bl 2 et al y&t conponent in

i th th d (A t he ol efi I t tal yst
gghlbpgé}on W %faecﬁgﬂggggmrémgte(II % ol efin polynerization catalys

tri(n- butyl)ammonlumbls(trlbromooctahydrldo 7,8-
dlcarbaundecaborate)cobaltate{III),
tris[tri{n-butyl)ammonium]bis (undecahydrido-7-

- 10 cérbaundecaborate)chromate(III),

bisftri(n-butyl)ammonium]bis (undecahydrido-7-

)

carbaundecaborate)manganate (IV),
'bis[tfi(n-butyi)ammOniumJbis(uhdécahydrido—j—
:carbaundecaborateiCObaltate(III) and
15_7 bi$[tri(n—butyl)ammonium]bis(undecahydrido—7—
vcarbaundecaborate)nickelate{IV).
. The het?ropoly compognd comprises an atom of silicon,
phosphorus; titanium, germanium, arsenic or tin and one
or more atoms selected. from vanadium, niobiuﬁ; molyﬁdenum 
20 and tungéten. Examples of such compounds include |
. . ,
phosphovanadic acid( geﬁmanovanadic aclid, arsenovanadic
~acid, phosphoﬁiobic acid,'germanoniobic écid,
:silicomolybdic aéid, phbsphomolybdic acid, titanomolybdic
' ac;d, germanomolybdic acid, arsenomolybdip‘acid?

25 stanmomolybdic acid, phosphotungstic acid,




hi gh pol ynerization activity to olefins..- . 20 In the present invention,
the transition metal conpound represented by any one of the fornulas (1),
(I1--a), (Il-b) and (111) may be used singly as an ol efd unepobyneri zation
catal yst, or there may be used an olefin polynerization catalyst
conprising: 25 (A) the transition netal conpound, and 10 June 2005 161 (B)
at | east one conpound selected from16QB-1) an or ganoal um num conpound,
(B-2) an organoal um num oxy-conpound, and (B-3) a conpound which reacts
with the 5 transition netal conmpound (A) to forman ion pair. If the

transiti Qp /R fREIoUNd, (A, gﬁ%gggﬁuiﬁggge the formula (I11) is used in

conblnatlon w th the conponent npounﬁ:répres?nted bgtége 10 WO
Ri N grp o I ey Rt R s e iR Skt o R1s, M,
m n andgérﬂ%ﬂ@%é&% ovanad%nln%sdas %%%% omoly‘%gtungggngnaJ?c n

acid, germanomolybdotungstovanadic acid,

5 phosphomOlybdotungstic acid, phospheomolybdoniobic acid,

metallic salts of these acids, specifically, salts of

these acids, fotzexample with metals of Group 1 or 2 of

the periodic table such as.lithium,_sodium, potassium,

: rubidium, cesium, beryllium, magnesium, calcium,

10  strontium and barium and organic salts of the above acids

"such as with triphenylethyl salt, but not limited thereto.

.

The ioniiing ionic compounds (B-3) mentioned above‘
may be used singly or in combihation'of two or more kinds.
If the transiticn metal'compound (A)_isrﬁsed as an
15.“olefin polymerization catalyst and an organoaluminﬁm-oxy— 7
compound such as methylaluminoxane is used as a co-
catalyst component in comblnatlon with the compound (&),
.the olefin polymerization catalyst exhibits extremeiy
-high'polymerization'activity to olefins.~a~
20 Inlthe present invention, the transition metal
-;ompound_represented by any one of the formulas (I), (II-
a), (II-b) and (II1) may bé used singly.as aa olefin
polymerization catalyst, or there may be-used'an olefin
polymerizationncatalyst comprisiog:

25 . (B) the transition metal compound, and




and X in the formula (111), and Y is a so-called weak coordination anion.

20 In the formula (lIl1l1-a), the bond between the netal M and Y may be a
coval ent bond or an ionic bond.. Y is, for exanple, a Weakeposdi nation
anion described in "Chem cal Review', vol. 88, p. 1405 (1988), "Chem cal

Review', vol. 97, p. 927 (1993), or W98/30612, 10 June 2005 162 p. 6, and
speci fic exanpl es thereof include thd&ollowing conpounds: AlR4- wherein
each R may be the same or different and is an 5 oxygen atom a. nitrogen
atom a phosphorus atom a hydrogen atom a hal ogen atom a substituent

contai ning anyspfathesgsat ons, cappahh@hakic-hydr egafbon group, an
aromati c hydrocarbon group, an alicyclic hydrocarbon group, a substituent

wherein an al iphati gs- By Ot £y Ao Pl b GYCLEgLBYGL Ocar bon group is
substituted with an oxygen atom a nitrogen a?onl a phosphorus atomor a

hal ogen atom or aﬁﬁqgsgh{wgga%ﬁézéﬁ{héﬁ §%%ﬁg§%ic, aromgtic or

alicyclic hydrocarbon group is”s :p%%%%ti?ﬁ nt having an
wherei n cach R may 5o The ot MRRLEESHE PR R Betigen atom &
nitrogen @géﬁgifﬁéﬁuﬁgHEELE%ﬁ%éHHdE%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 {ITI-a) is formed in the polymerization system.

10.
... (III-a)
15
In the above formula, R10 to R1S, M1, m, n and X

h;ve_thé game‘meanings as those of R10 tQ.R15, Mi,‘m,‘n

_énd X in'the formﬁla (11T, ahd Y is a so—called wéak

- coordination anion.
20 Iﬁ the formula (III-a), the bond between the'métal M

- - .
~and Y may be a covalent bond or an ionic bond.

Y is, for example, a weak coordinaﬁion anion .
described in "Chemical Review", vol. 88, p. 14G5 (1588),

"Chemical Review", vol. 97, p. 927 (1993), or WO98/30612,




. hal ogen atom a substituent containing any-of these atons, 20 an aliphatic
hydr ocar bon group, an aromatic hydrocarbon group, an alicyclic hydrocarbon
group, a substituent wherein an aliphatic, aromatic o ghk%wesi C
hydrocarbon group is substituted with an oxygen atom a nitrogen atom a
phosphorus atom or a hal ogen atom or a substituent 25 wherein an
aliphatic, aromatic or alicyclic hyd&arbon 10 June 2005 163 group is
substituted with a substituent having an oxygen atom a nitrogen atom a
phosphorus atom or a hal ogen atom PF6-; SbRS-; trifl uoronethane

oA pL-BneRa SpLol enceauhhoual enc T8 ol AL NGROLHTCTLEAL AR oAl 2 ve!

enpl oyable 1n t nvention can contain t OW ng carrier and/ or

t he late&é&ﬁéﬁﬁFQEd organi ¢ conpound (D), if necessary, in addition to the
transition al“conmpound (A) and at 10 | east one conpound (B) (sonetines

referred to Q%lﬁ4_"conponent (B)" hereinafter) selected fromthe
.organonet al I i'¢c"conpound (B-1), the organoal um num oxy- conpound (13-2) and

the ionizing ionic copgpoun B-3). 15 (C rrier The carrier (O
'optionaIW9e8§%ﬂ ?ﬁc?h%p?ﬁVSR%iBhéi§am3n°%n§?65ﬁF€nBraB?géﬁiénconpound in
the form of granul ar articulate solid. As the inorganic conpounds,

porolls XY ,aFﬂ%rg%gé%gﬁﬁg?ﬂe§FO@ra?,pE?§9hﬂ¥H§réF§moraion

| 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, afomatic or

10 alicyclic hydrocarbon group is substituted with an oxygen

‘atom, a nitrogen atom, a phosphorus atom or a halogen

et

atom, or a substituent'wherein an aliphatic,_aromatic or

aiicyclic hydrocarbon group is:substituteﬁ with a

rsubstituen? havihg an oxygen atom, a nitrqgen‘atom;'a
‘15 phosphorus atom or a halogen atom; |

BRA-

wherein each.R may be the same or different and is an

oiygen atoﬁ, a nitrogen atom,-a phosphorus atom, ar.

-halogen atom, a substituent containing.ény-éf these atoﬁs,
20 an'alipﬁatic hydrocarbon gfdup, an aromatic hydrocafbon |
-é%oup, an alicyclic hydfocarbonlgroup,‘a substierht .
wherein an aliphatic, aromatic or alicyélic hydrodarbon
group is substitﬁted with an oxygen atom} a nitrogen atom,
a phosphorus atom or a halogen atom,.or_a.sqbstiiuént |

25 wherein an aliphatic, aromatic or alicyclic.hydrdéarbéﬁ




20 -exchange | ayered conpounds are preferable. Exanples of the porous oxides
include Si 02, A1203, WMWO ZrQ Ti02, B203, CaO 2znO BaO, Th02, and

conpl ex conpounds or m xtures containing t hese oxi desio simelrods natural or
synthetic zeolite, Si02-MO, Si02-A1203, Si02 25 Ti 02, Si02-V205,

- Si02-Cr203 and Si02-Ti ®2-MO. O these, 10 June 2005 164 preferable are
‘conpounds contai ning Si 02 and/ or Al2 as the main conponent. The _
inorgani ¢ oxi des may contain small amounts of carbonate, sulfate, nitrate
and- oxi de conponents, such as 5 Na2C03, K2CO3, CaC03, MyC03, Na2SM4,

AL2( SO4) JrBaSOs, KNG, 1dvHNDI)izh Al N@3kI,t M320. 1 K20, r?a%q' Li Zf Al t hough
the porous oxides differ in their properties dependi ng upon Eich type and
the prepartati,or nirecess thengoh phbepsaitises Rrefgr abl used in the 10
invention has a particle dianeter of fO to 300 pm  pré erér:‘org/ 20 to 200
pm a specifi;c surface area of 50 to 1,000 nR/g, preferably 100 to 700
n2/g, and a porg volume of 0.3 to 3.0 an/g I f necessary, the carrier may
be calcined atr®1p0spHa5t,0 00 C, 15 prior to use.
Exanpl es of the inorganic %gfglggggﬁgfg% ég?fg ée’rﬁbgnﬂ on incl ude

MG B3 MiBidenMGh2rgRd+MiBr2. The inorganic halide may be used as it is,
or may be used after pulverized by, for exanple, a. ball mll or an

The olefin polymerization catalyst employable in the
invention can'contain the following carrier (C) andfor
the later—descriﬁed organic compound (D), if necessary,

Sin addition to the transition metal compound'fA)_and at
) 10' ieaSt one compound (B) (sometiﬁos referredino aé a
"component (B)" hereinafter) selected from tho

organometallic compound (B-1), the organoaluminum oxy-

compound (B-2) and-the ionizing ionic compoond (B—B)}

15 ' (C) Carrier

The carrier (C) optionally used in fhe invention is
an.lnorganlc or organlc coﬁpound 1n the form of granular
or partlculate solid. As the inorganic compounds, porous
oxides, inorganic -halides, clay, clayrﬁinéﬁéis or‘ion—

 20 exchango layered compounds ore preferable.
b Examples of the porous oxides 1nclude Siop, A1203,
MgO ZrO T102, B203, Cao, ZnO, Bao, ThOzf and complex
compounds or‘mixﬁures containing these oxides,lsﬁch as
,natural or synthetic zeolite, SlOé -MgO, 8102 A1203, 8102m‘

25 T102, 5102 V205, 8102 Crp03 and 8102 T102 MgO -Of~these,'




20 oscillating mll. The inorganic halide nmay al so be used as fine
particles of a obtained by dissolving the inorganic chloride. in a solvent
such as. alcohol and then precipitating using a precif j@rtzoofhe cl ay

enpl oyable as a carrier in the invention is 25 generally conposed mainly
of clay mnerals. The ion 10 June 2005 165 exchange | ayered-conpounds

enpl oyable as a carrier in the inventibdn is conpounds having a crystal
structure wherein planes fornmed by ionic bonding or the like are |am nated
in parallel to one another with a weak bond strength, and 5 the ions

cont ai ned YRer el L o, PXCHARISARLE . cMBEL; Al ngCLRY, LG LS, 308 | on- exchange

| ayered conpounds. The ay, the clay M nera éxéh fige

| ayer ed cqg?oungs eqﬁ%o able in the invention are not limted to natural
ones but Nt uBRI3yRe Tones. 10 Exanpl es of such clay, clay ninerals

and ion- exchange | ayered conpounds include clay, clay minerals and ion
crystalline coﬁﬁBﬁ Ry PR edRY e in el hragosyen a hexagonal

cl osest packlng type, antinony type, CdCl2 type and Cd12 type. 15. .
Parti cul ar %’SJ%E?ﬁﬁ"e%' otuHRE &l L Rt M@ | @l deri ereiPRPBET el udleckaabi n,

bent onkt shi_ c ay, al | ophane, hisingerite,
yroph§lllq%? cde? ééﬁ%ﬂ¢g§é3fTﬁQQéﬁ V%ﬁ%ﬁQihl%%g (S b94 t22SPé ygor ski t e,
kaol i ni te, KI\{Bacr |N}g (’Nod3| czkfl tAel (a 031h3a,| I o Sl’t eKzOPaaréé C:Llfllg%

Although thglporous oxides differ in their
properties depending upon the type and the preparation
- process thereof, the carrier preferably gsed in the
10  invention has a particle diameter of 10 to 300 num,
-pr?fe:ably 20 to 200 um, a specific surface area_df 50 to
1;000 mz/g, preferably 100 to 700 mz/g,.and a pore volume
fof 0.3 t0.3.0 ¢m3/g. If neéeésary, the carrier‘may be
calcined_at 100 to 1,000 °C, preferably 150 to 700 °C,
15 prior to use;
‘Egamples of the iho;ganic halides employable in the
'invehtioq include MgClz, MgBrz,_MnClg and- MnBrj . _Thé
inorganic halide.may be used-as it is, or may be used-
after pulverized by, for example, a_Ballsﬁill or an
7‘20 -osciliating mill. The inorganic halide may also be used
: . . - ,
as fine particles of a obtained by dissolving the
inorganic éhlofide.iﬁ a solvent su;h as. alcohol énd'then
"precipitatingrusing a precipitant.
The clay‘émpioyable as a carrier in tﬁe inﬁenﬁion’is

25 generaliy composed mainly of ciay minerals. The ion- ,.




20 exanpl es of the ion-exchange |ayered conpounds include crystalline acid
salts of polyvalent netals, such as a- Zr(HAs04)2H20, a-Zr(HPO4) 2,

a- Zr (KP04) 2. 31120, a- Ti(HPO4)2, a-Ti (HAs04)2 1120, 1a-fop&HRO4) 21120, vy-
Zr(HPOY) 2, y-Ti (HPO4)2 and y-Ti (NHAPO4) 2 H20, 10 June 2005 166 The cl ay,
the clay mnerals and the ion-exchange |ayered conpounds are preferably

t hose having a pore volune, as nea ed on pores having a radius of not

|l ess than 20 A by a mercury penetration nmethod, of-not less 5 than 0.1
cc/g, and are particularly preferably those having a pore volune of 0.3 to
5 cc/ g. e¥hbapgre lugkure -compoagyr etpabyhbecpases having.a;radiys of 20 to
3x104 A by a nercury penetration nethod using a nercury porosineter. 10

If a compound ibaviBgcampetad¥ohEiEnas FeasuEed.en s paving a radius
of not less than 20 A, of |ess than- 0.1 gc/g i s ugggggg Fﬂgrgégrier, hi gh

pol yner pzahkenfoambivbyy i bRAESLEAAREGNBEAL Y. Obt gin is_also preferable
- that the clay and the %Igy 15 ninergls tEM%eP%gédg?ﬁ % %lpﬁggation are

subj ected bporachem €al ohLeahdBRLS. f_ f treatnments, faor exanple,
‘to remove inpurities attached to tﬁéggugfgégﬁaﬁg dt%gfﬁ??génc@ngn t he

cry$tal Lot r uohur 8o 2 108a LAYy o A 0o STRLOYEDLE,, FXaMR) o5, of such cheri ca

treatnents include 20 acid treatment, FtSéFi treat nent and

clay minerals are jon-exchange layered compounds. The
.clay, the clay minerals and the ion-exchange layered
compounds employable in 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 hexagonai closest packiﬁg type,
ahtimony type, CdCly type and CdIp type. |
16 Parficular examples of the-clay and the clay
minerals include kaolin, bentonite, kibushi clay, gairome
clay, gllophahe, hisingerité,'pyrophyllite{ mica, ‘.
moﬁtmorilloﬁite;'vermicﬁlite, cthrite, palygorskité;
kaolinite, nacrite, dickite and halloysite. Particular
20 examplesjof the ion-exchange layered compounds includé
'é}Ystalline_acid salts of polyvaient metals, such as o-
Zr(HASO4)2 * H20, a~Zr(HPO4)2, a-7r(KPO4)2 ' 3H20, a-
- Ti(HPO4)2, o-Ti(HAs04)2 * HoO, a—én(HPO4)2 * H20, y-

Zr{HPO4)2, y-Ti(HPO4g)72 and Y-Ti{(NH4PO4) 'Hgo;'




i ubstance treatnent. The acid treatment can contribute to not only
?;ggc:ﬁgsinpurities fromthe surface but also glutlng cations such as Al,
Fe and My present in the crystal structure to increass il mosface 25 ,
area. The alkali treatnment can destroy crystal structure 10 June 2005 16
of clay to bring about change in the1§&ructure of the <clay. The salt
treatment and the organic substance 'tFeatment can produce, for exanple,
ionic conposites, nolecular conposites, or organic derivative to change |
the- 5 surface area or the distance between |ayers. The ion-exchange | ayere

[ | [ O in which the
conmpound for t¥e i ahe theversy onimmyale wnd ayes etogompaynd, i n
exgﬁangeabl e ions between | ayers have been exchanged with other |arge and

bul ky i oAsinetridd ziamgrdwnlexofunge: -JPOperRdes KO8R aL gs,Lhe di stance

bgtméen t he Iayer;?g)The bul ky ion plays a p!llar-lfﬂé rgﬁf to support Lhe
layer stmodtuneg ad ries sgenel dd Yodidld eth@ ndid | A{dius ! rrgﬁgﬁjpi%gg o:‘ ot her
subst ances between |layers of a layered conpound is called "intercal ation".

Exanpl es taknl 20t I;iebg:uastmec[@m%u A ett(}at%%cjx{‘tnf‘étf}%@t ecglfnilﬂ)g% ude cationic

i nor gani ¢ _conpounds, such as Ti C14 and(Zr_CI 4 et dl 17 ?b .k?%?usgeg,r fﬁgh as
11 ko)L and et AT 1 C Rydrocrds Fone: Sen 3s AT JOH Ch A
(Zr4(OH) 4442mg 30pard b6§%9é099cﬁ3b6%5-5 cc/g. The pore volume
| is measured on the pores having a radius of 20 to 3x104 A
by a mercury penetration method using a-mercury
. porosimeter. |

10 '7 If a Compound having a pore volume, as measured on

pores having a radius of not léss than 20 A, of less than

¢ ©

0.1 cc/g is used as the carrier, high polymerization
activity tends to be hardly obtained. |
It is also preferable that tﬁe clay and the clay
15  minerals to be.used iﬁ-the in&ention are subjectéd'to
Chemical treatments. Any of surfaée'treétmenté, for
example, to remove impﬁrities attached to_the surface and-
to‘influenﬁe on the cfystal structure of-the'clay, are
‘employable. Examples of such chémicalft:egtments include
l‘20 . acid tréatment, alkali treatment, salt trgatment and._
'-g}ganic substance treatment. The acid treatment can
contribgte to‘not only removing impurities from the
surface but also-elﬁting'cations suéh as Al, Fe and Mg
present in the crystal structure to increase'théjsurfacé

25 aréa. The alkali treatmenﬁ can destroy crystal strubture”




The conpounds nentioned above may be used singly or in conbination of two
or nore kinds. The intercal ation of the conpounds may be carried out in
the presence of polyners obtained by hydrolysis of 25igminaldooe al koxi des
such as SI(OR)4, AI(OR)3 and Ge(OR)4 10 June 2005 168 (R is a hydrocarbon
group or the like) or in the presence of colloidal inorganic conpounds
such as Si02. Exanples of the pilll&%& include oxides produced by

intercal ation . of the above-nentioned netallic hydroxide ions between 5

| ayers, followed by dehydration under heating. The clay, clay mnerals and
i on- exchangealayer edingoapeUndshARALI 9ped,abq ~he_us as they are, or
may be used after they are subjec?ed to a trégﬁggﬁfgoP¥b§gF mlling,

si evi ngc D&yt herfd ke 1 MY £0VEEani NeYy NBY. b d 10 .after they are subjected
to water adsorption or dehydration un ergﬂggﬁé?mfuqﬁEﬁ%ﬁ%y, clay ninerals
and i oprexehange-Laysted,conpeypd e used singly or in conbination
of two or nore kinds.ﬁCI the a §€e§ﬁ§ﬁ¥%§heggﬁﬁ?eF?§P§?lb?@ferable are 15
able are nontnorillonite,

clay anghcday; 4 ng : part i rly.prefe

vernmiculite, hectoéﬁ%%?l?%%br?%eég %ﬁl%yﬁgﬁéY?glﬁ?cﬁ9 $haneeghRrc conpound

i's, 5f org exanmpl ry0 articul ate solid conpound having a

part i cle di ane?aejf@%?éégtél‘%lodjf%t%rg%e pl?ﬁt‘@%ﬂ'pf%%e}é?* such conpounds i ncl ude
The ilon-exchange layered compound for use in the '

invention may be a layered compound in which the

- exchangeable ions between layers have been exchanged with
oOther large and bulky ions utilizing ion éxchaﬁge
.'10 pioperties to enlarge the distance befween ghe layers.
Th? bulky ion plays a pillar-like roll to support tﬁe
layef structure aﬁd is generally called a "pillar".
;Infroduction,of other substancés*between léyers of a
layered compound is éalied "intercalation"._ Exémples*of
15 the guest compoﬁnds to be intercalated iﬁclude cationic
‘inorganic compounds, such as TiClg and’ZrCl4; metallic.
' :élkoxides,.SUCh as Ti(OR)4,-Zr(OR)4, PO(OR) 3 and B(OR)é.
(R is a hydfocarbon group or the like): ahd'metaliié,
| hydroxide ions, such as {A113O4(OH)24]7+,.[Zré(OH)14]2f
20  and [Fe30(0COCH3) 6] *.
. ‘
. The compounds mentioned above may be used singly or
in chbination'of'two of more kinds.
The intercalation of the compounds may be carried
out in the presence of polymers obtained by'hydroiysis-of

25 metallic alkoxides such as Si(OR)4, AL(OR)3 and Ge (OR) 4



(co) polyners produced using an a-olefin of 2 to 14 carbon atons such as
et hyl ene, propyl ene, 1-butene or 4-nethyl |-pentene as a main ingredient,
(co) pol-ymers produced using vinylcyclohexane or styrefeime 2088i n
ingredient, 25 and nodified products thereof. 10 June 2005 169 (D) Organic

conpound conponent I n the present iny tion, the organic conpound
conponent (D) is optionally used to 'ﬁ%rove 5 polynerizability and
properties of the resulting polynmer. Exanples of the organi c conpounds

i ncl ude al cohols, phenolic conpounds, carboxylic acids, phosphorus
conpounds(fanid sullfwhatesbdiutgmatp ldmitlted thenets: As die Bloohals and the
phenol i ¢ conpounds, those 10 represented by R28-0OH (R28 is a hydrocarbon
group of O ta 1130 cedr Borerateons aompcaldsgenatedishydioecar beamgnewp of 1 to
50 carbon atons) are generally enployed. Preferable al cohols are those

wher el n R28 tts @i Naleganatiedich\AioRal BB GNP b gl ghabhe Bhgnol i c 15
conpounds are preferably those wherein the a,a' -positions to the hydroxyl

roup ar &suhst idndved winti-h chyar I K : : rbon atoms.. As
group E méintch cRYEr RedEhan o %y@%%g}g% éo%%Rggtﬁ%e%

t he carboxylic acids, those represented by i's a hydrocarbon
groups of 14eds50.£003600A BLOMEH AR 285 o n%%geﬂ%g@angydrocar bon group of 1
to 50 carbon atons, preferably a hal ogenated hydrocarbon group of 1. to
’ The clay, clay minerals and ion-exchange layered -
compounds mentioned above may be used as they are, or may
be used after they are subjected to a treatment of ball
- milling, sieving or the like. Moreover, they may be used

10  after they are subjected to water adsorption or

dehydration under heating. The clay, clay minerals and

"

ioﬁ—exchange'layered compounds may be used singly Qr in
combination of two or more kinds. i |
- Of the ébOvé—mentioned materials, preferéble are
15 . clay and clay minerals, and particularly preferable;are
- .montmorillonite, vermiculite, hectorite, tenoriterénd
synthetic mica. | |
The ogganic cOmbéund is, for example, a g;énuiér or
~particulate solid compoundrhaving a paftiéié diaﬁetgr.of
.'_ 20_ 10 to 3@0 um. Examples of such compbunds include- :
_Fco)polyme:s produced ﬁéing an o-olefin of 2 to-lélcarbén
.atqms such as ethyiené, propylene, 1fbutene or 4—methyl—'
l1-pentene as a main ingredient, (céipolymers'produged
using vinylcyclohexane or styrene as a main ingfédientrf

25 and modified products thereof.




50 carbon atons) are generally enployed. As the phosphorus conpounds,
phosphoric acids having P-OH bond, phosphates having P-OR bond or P=0O
bond and 25 phosphi ne oxi de conpounds are preferably ®npineyeds 10 June
2005 170 The sulfonates used in the invention are those represented by
the followwng formula (I1X): O 5 (Xmn)-MOfF_R3 0 )n (IX) In the above
formula, Mis an elenent of G oup 1168 10 G oup 14 of the periodic table.
R30 is hydrogen, a hydrocarbon group of 1 to 20 carbon atons or a

hal ogenat ed hydrocarbon group of 1 to 20 carbon atons. X is a hydrogen
atom a hal ogen atom a. hydrocarbon 15 group of 1 to 20 carbon atons or a
hal ogenated hydrocarbon group of 1 to 20 carbon atonms. mis an integer of

1to 7, and 1-n-7. InBygor ardl %@%Hydﬁdﬁ &@ﬁ: ess for preparing .an
ol efin polynerization catal%gt WhiTh. 75 Obbdblundgfy 20 used in the

present inventi ehel $reRQWR. ﬁyg;gﬁﬁpplg%(g}#%bl@ngggsses are given bel ow,
e order

t hough the nethods to use the conponents an feeding the

conpone&g%F%H%dgnqﬁnqlI%ﬁ%yé%§f¥y J&&jiﬂ?l zygﬂélon met al conmpound (A)
is singly P ’

57 polymerizability and properties of the resulting polymer.

Examples of the organic compounds include alcohols,
phenolic compoUan, carboxylic acids, phosphorus
compounds and sulfonates, but not limited thereto.

As the alcohols and the phenolic compounas, those

10 represented by R28-0H (R28 is a hydrocarbon group of 1 to

50 carbon atoms or a halogenated hydrocarbon group of 1

[

to 50 carbon atoms) are generally employed
Preferable alcohols are those wherein R28 is a
'halogenated hydrocarbon group. Preferable_pheﬁolic
15 .compounds are preferably those‘whereiq-the o, ' -positions:
" to the hydroxyl group are substituted with hydrocerbon
'Vgroups'of 1 to 20 carbon atoms. |
As the[carboxylic.acids, those represented by ﬁé9~
COOH‘(R29 is a hydrocarbon group of 1_te BO,earbon atOmsre
20  or a halegeneted hydrocarbon group of 1 to 50 carbon
eioms, preferably a halegenated hydrocarbon group éf 1‘te
50 cerbon atoms) are geherally emplmyed.' o
As the phosphorus compounds, phesphoric acids having'
P-O-H bond, phosphates having P-OR bond or P=0 boﬁd-and"

25 phosphine oxide compounds are preferably employed;




. 25 to.the polynerization reactor. 10 June 2005 171 (2) The transition
metal conmpound (A) and the conponent (B) are fed to the polynerization
reactor. in an ordinary order. (3) A catalyst conponentp waereps the
transition 5 nmetal conpound (A) is supported on the carrier (C) and the
conponent (B) are fed to the polynerization reactor in an ordinary order.
(4) A catal yst component wherein thel@bnponent (B) is supported on the
carrier (O and the transition netal 10 conpound (A) are fed to the

pol ymeri zation reactor in an ordinary order. (5) A catalyst conponent

wherein the traesishigsnafekahscampaunde( Ahvand ibhegoapenent. (B) are
supported on the carrier (C) is fed to the polynerization reactor. 15 In

the abovecpracesses 04) the E1odlinkeddtmiMR Qfy)the catal yst conponents
may be previously confacted with each other. In'the processes (4) and (5)
in which the conmponent (B) having been supported is used, the conponent
(B) 20 havi ng-been not supported may be added in an arbitrary order. In
this case, these conponents (B) may be the sanme or different. Onto the
solid catal yst conponent wherei/n the trynsition netal conpound (A) is

supr{ted on the.carrier
: Kmn) " My

- 0—5—R |
g R (Ix)

In the above formula, M is an element of Group 1 to
10 Croup 14 of the periodic table. )
lR30 is hydrogeﬁ, a hydrocarbon group of 1 to120
ééfbon atdmﬁ‘or a halogenated hydrocarbon group of 1 to
_20 carbon afoms; |
X isla hﬁdrbgén atom, a halogen atom, a. hydrocarbon
.15 © group of 1 t§ 20 carbon atoms or a hélogenated
hydrocarbon group of 1 to 20 carbon atomé.
m is an integer of 1 to 7, and 1=n=7.
In Fig. 1, an'eXQmple of the process for prepéﬁing
.an olefin polymerization catalyst'which isﬂbccasionally;
20 used in:the present invention is shown. | _ .
) Some examples of'the procésses are given,beibw;i,
though the methdds to use the components_and.the Qrder of
feeding the’componenté are optionaliy selected.
(1} The trahgition metal compound (A).is Siﬁgly fed.

25 to .the pélymerization reactor.




25 (C) or the transition netal conpound (A) and the 10 June 2005 172
conponent (B) are supported on the carrier (C), an olefin my be

prepol yneri zed, and on the thus prepolynerized solid galwkyspsconponent, a
catal yst conmponent may be further supported. 5 In the olefin ‘

pol yneri zati on process according to _the invention, an olefin of 2 to 20
carbon atons is, polynerized or cdﬁ@lynerized in the presence of the

ol efin polynerization catalyst to obtain a polyner. Exanples of the
olefins of 2 to 20 carbon atons include 10 the sane ol efins as previously

described. |mexhenpresensitnyantibenl tbRpBahYmehhzatijonRyean be carried out
as any of |iquid phase polynerization such as solutlon pol yneri zati on . or

SuspenS¢dmp@WéU@E(BZaét@nféBdtogﬁﬁepB@§§mBQH¥g% b%aE%%%to%S E? pl es of
i nert hydrocarbon nedia used for the |iquid phase polynerizationh include

- al i phatd£didwely agagbens, such as propane, butane, pentane, hexane,
hept ane. oct ane, decane, dodecane and kerosine; alicyclic hydrocarbons,

such as cyclggqu%g%a1¥§4c%@% ﬁﬂdWheggﬁHE£$¥ E¥ghgggntane aromatic

hydr ocar bons, such as enzene, ene an éne; 8Rat ed
gygﬁfgﬁgﬁggﬁéﬁé and§ﬁ$§fh?%gg p?ﬁégél%ﬁd?%gggégggg%$ﬁg) SPinn itself can
be useq RS BAUNEYE (B) are fed to the polymerization reactor
in an ordinary o;der.
(4) A catalyst component wherein the component (B)
1s supported on the carrier (C) and the transifion meﬁal

. 10  compound (&) are fed to the polymerization reactor in an

~ordinary order.

4
e

{5) A catélet componeht whe;ein the transition
‘metal compound (A} and the component (B)‘oce supported on
the carrier (C)'ié fed to the polymerization reactor;
15 In the aboVe orocesses (2) to (5), at least two of
‘the catalyst components may be previously contacted w1th
feach other.
In_the.procéssés (é) anq (5) in which the component
(B) having beeﬁ supported is used, the component (B)
c20 having been not supported may be added in an arbltrary
.order. In this case, these components (B) may be the
'same or different;
Onto the SOlld catalyst component wherein ‘the
tran51tlon metal compound (B) is supported on the cérrier

256 (C) or thertraHSAtlon metal compound (A) and the




~the nmolar ratio ((B 1) /M of the compnent (B-1) to the transition netal

10 June 2005 173 In the polynerization of an olefin of 2 to 20 carbon
atons using the olefin polynerization catalyst, the transition netal
conpound (A) is used in an amount of wusually 10-12 tojglymelogopr ef erably
10-10 to 10-2 nol, 5 based on 1 liter of the reaction volune. In the use of
t he conponent (B-1), the conmponent (B- 1) is used in such an anount that

atom (M in the transition nmetal conpound (A) becones usually 10 0.01 to
100, 000, preferably 0.05 to 50,000. In the use of the conponent (B-2), the
conponent B—-Zﬁ [ ysed in_such an ampunt that the nmolar ratio ((B-2)/M.
of the cBNBBHERT ?E—Z?r?osPﬁgofFﬁ sPli GReNEPE- 1&orh( M) 3notlké 1nt r ansi ti on
nmet al congougd gA becomes-usual ly 10 to 15 500, 000, preferably 20 to

100, 000. ™f¥ PRePUEBCO¥F™EhéZSHonpBHeRAR FBe3fhughereprpomentzeB-3) is used in
such an apmpunt that the nolar ratio ((B-3)/M of the conponent (B-3) to
the tranSPLiOnChetaYSht 6APR)CTR- t ReCRFAAYELI 6AMPRBEAL Bokpband (A) becomes
usually 1 to 10,--preferably 1 20 to 5. When the component (D) is used and
t he conpbRERBSEBSURPOTEedsed as the conponent (B), the conponent (D) is
used _in such an anount that the nolar ratio ((D)/(B-1) becones usually
0.015% 0 10, prefEranriedin polBrepheat 26nt heoceaporentrdDigi soused and t he

‘conmponent (B-2) is used '
. the invention, an olefin of 2 to 20 carbon atoms is .

polymerized or copolymerized in the presence of the

olefin polymerization catalyst to obtain a polymer.
Examples of the olefins of.2 to 20 carbon atoms include
10 the same olefins as previously described.
In the present invention, the polymerization can be

A
1

carried out as any of liquid phase polymerization such as

Sélution polymerization or suépénsion polymerizatioﬁ and
gas phase‘poiymefization. | |
15 Examples of inert hydrocarbon media used for the
| liquid phase polymerization include aliphatic
hydrodarboyé, such as propane, butaﬁe, pentane, hexane,
heptane;-octane, decane, dodeéane and kerosine; alicyclic
~hydrocarbons, such as cyclopentane,rcyéloheéane and

.20 Hethylcyciopentane; aromatic hydrocarbons, such as

~ .
‘benzene, toluene and xylene; halogenated hydrocarbons,

such as ethylene chloride, chlorobenzene and
dichloromethane; and mixtures of these_hydrocaxbbns. The

olefin itself can be used as a solvent.



10 June 2005 174 as the conponent (B), the conponent (D) is used in such
an anount that the nolar ratio ((D)/(B-2)) becones wusually 0.001 to 2,
preferably 0.005 to 1. Wen the conponent (D) is usedi@nshetdpgsconponent
(B-3)-is used as 5 the conponent (B), the conponent (D) is used in such an
anount that the nolar ratio ((D)/(B-3)) becones usually 0.01 to 10,
preferably 0.1 to 5. In the olefin ynmerization using the olefin

pol ymeri zation catal yst, the polynerization tenperature 10 is in the range
of usually -40 to +200C, preferably 0 to +100C, and the polynerization

pressure is iIn the pangRerohausval by %hmaﬁe%%' fprze%l%urz‘%;t 9,,100. kg/ cng,
preferably atnospheric pressure to 50 kg/cn2. The polyneriza 1'0h  reaction

can be eabhise@sQWly R¥=20Y2R8 Bglgﬁggggb%qbnlga%%qhﬁﬁpnt|nuous and

conti nuous processes. It is possi t o conduct e ﬁolynerlzatlon in two

or rmret%a@at%Qefnetgmecgrn[@B%antAprgagtlug QAL ASLnthe ol ecu ar

wei ght of the resulting olefin poly can be t 5 thent;gLL;ggoghe
the. i mventrony &% ol effntpabyrePt=LahoaY ¢he of bPeddi @ B0k n' pol yner
500 ¢ ?89%?8806“%?863?2 @?2'5%6%8&9 482000, 000, 10 June’ 2008
In the use of the component (B-1), the component (B-
1) is used in Suoh an amount that the molar ratio ((B-
1)/M) of the component (B-~1) to the transition metal atom
{M) in the transition metal compound (A} becomes usually

_10. 0.01 to 160,000, preferably 0.05 to 50,000. In the use

of the component (B-2)}, the component (B-2) is used in

<
t

such an amount that the‘molarrratio ((B—2)/M)-of the -
' component (B-2} to the transition metal atom (M) in the
transition_metal oompound (A) becomes usually 10 to
15 500,000, p;eferébly 20 to 100,000. 1In the use of the
| -component (B—3), the component (B-3) is'uoed in such an
famount that the molar ratio ((B- 3) /M) of the component
{B-3) to tho tran31tlon metal atom (M) in the tran81tlon
metal cOmpound {(A) becomes usually 1 to 10,ﬁpreferably 1.
:20 to 5. 7 |
.- . _
- When the component : (D) is used and the component (B-
1) is usod as the’compohent.(B), the.comoonent (D) io
~used in such an émouhtrthat the molar fatio ((D)/(B—l))
becomes usually'OLOi:to 10, preferably 0.1 to 5. :When

25 the component (D) is used and the component (B—2)-is_u5éd-




175 and MW Wh of not nore than 1.5, preferably not nore than 1.3, is
~ obtained. According to the process of the invention, an olefin polyner
havi ng a -hi gh nol ecul ar wei ght and a narrow 5 nol ecul &g YWek®absdi stri bution
can be obtained with high polynerization activity, or an olefin tapered
pol ymer or an ol efin block copolyner precisely controlled in the
structure can be obtained with highpgl ynerization activity. 10 Anot her
enbodi ment of the process for preparing an ol efin polymer according to the
i nvention conprises contacting the polyner obtained as above with a
functi onal %roup-containing)coggpund to prepare such an olefin polyner

t ot

havi ng a3fuhbfi 6REPOFESp et EPRPAEENES (AY previsedsiy destri bed: A
conmpound capabl e of bein converted into a functional group is included in
the funébi aRaMN§r 6liptcbhecampilag cefipourddD) ExBnp) ésbefotke functi onal
group-contai ning conpounds or the conpounds capable of being converted -
20 into #sfaAdti 8n8Plgkoud. i ncklideabdppbufds having Whmectile@mal groups such
as an aronatic hydrocarbon group, a halogen atom an oxygen-contai ning
group, acpintpogeh- (8ontai nsnd gndupheacphpsphot usBednt aknuBgdgeeup and a
metal atom containing group. Specifically, there can be 25 nmentioned an
aromdt i ctengbmponpotndB) i othaneconpboehne{DL0idune=2006 such an
amount that the molar ratiec ((D}/(B-3}} becomes usualily
0.01 to 10, preferably 0.1 to 5.
In the olefin polymerization using the olefin
- polymerization catalyst, the poljmerizatiogrtemperature
10. is in the range of usually -40 to +200°C, preferably 0 to
‘+1QO°C, and the polymerization pressure is in the range
of usually-atmOSpheric pressure to 100 kg/cmz, preferably
atmospheric pressure to 50 kg/cmz. The polymerizétibn
reaction can be carried out by any one of_batéhwise,
45 semi-continuous and continuous processes. It is pdésible
to conduct the polymerization in two or more steps under
the different reaction conditions.
The molecular weight of the resultiﬁg olefin polymer
" can-be modified by controlling the mondmerfcatalYSt_ratio

P

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,




176 brom ne, carbon dioxide, an ester conpound, an al dehyde conpound, a
car boxylic acid conmpound, oxygen, an al kylam ne conpound, a silicon

al kyl hal i de, an al kyl al um num conpound, an al kyl bor on1ggseO2o0d, an 5

al kyl zi nc conmpound, an al kyllithium conpound and the |ike. After the
contact with the functional group- containing conpound,.-the functi onal
group can be converted into anotherifgincti onal group by a known nethod. In
the contact of the olefin polyner with the 10 functional group-containing
conpound, the tenperature is in the range of -78 to +300C, preferably -78

to +200G, 4 he ;pressure is.in the ran of usually atnospheric
pressurengo%%ggkkgfcﬁgi ngﬁe?gﬁpyaagWDgﬁggPFébﬁﬂe§§Gr@Or€0t®@ﬂkg/ch. The
contact%tgneégso'@ the range of 15 usually 1 mnute to 100 hours,

'y’"1

prefera m’rufd8°fo 24 hours. The contact of the ol efin pol ymer with

t he functiogal groug-cont i ni ng conpound can be carried out in a-solvent
or without a" SEPVEhEY ERahPFPeBTEFeEReOD0tEBI VBHEBL &ARI 0ymbbéehénei n i ncl ude
drocar bons, such as propane, butane, pentane, hexane, heptane,

aliphatic.h S
octane,po58%3ﬁe?aﬁbﬂﬂc§n€laﬁdmRé?@@1%@;Waigbycﬁh@ aydeocawbons, such as

cyclopent ne,-cgclohexene,and_nethylcyclopentane; aromati ¢ hydrocarbons,
such as™Penzehdr et dkhed dflir PBukiPrenean hat oglebat eeld hydtiocht §bns, such as

~ethylene 10 June 2005 o .
polymerization activity, or an olefin tapered polymer or

an olefin block copolymer precisely controlled in the
structure can be obtained with high polymerization
actiﬁity.
- 10 Another embodiment of the précess for preparing an
ol?fin polymer aqcording to the invention comprises
contacting the polyﬁer obtained as above with a
_functional,groupméoﬁtaining coﬁpbund to prepare suéh én
olefin polymer having a-functibnal gréup at the terminal
15  as previously describedl. A compound éépable of beiné-
converted into a functional group is included inrthe
functional group—contéining éompound.
quxampiesrof thé fuﬁctional-groupwcontaining.
compounds or the compounds capable of béing~éonverted_
20 into a fﬁnctional group include compounds having
e _ A
functiocnal groups'such és'an aromatic hydrocarbon gfoup,
a halogen atém,‘aﬁ oxygén—contéining groub, a nitfoéeﬁ—
containing group; a phdsphérus—containing group aﬁd_a |
metal.atom—contaiﬁing group. Specifically,-théré §ah be';

25 mentlioned an aromatic vinyl compound, iodine,'chlorine[




177 chloride, chlorobenzene and di chl oronet hane; oxygen- containi ng

- conpounds, such as-diethyl ether and tetrahydrofuran; and m xtures

t hereof. A further enbodi ment of the process for prepajg igednos5 ol efin
pol ymer according to the invention conprises polynerizing at |east two
ol efins which are selected from olefins of 2 to 20 carbon atons and have

di fferent polynerization'reactivitifg, in the presence of an olefin
pol ymeri zati on catal yst conpri sing e aforesaid 10 transition netal
conpound (A) to prepare a tapered polynmer containing a segnment wherein
conposition of two or nore nononers continuously changes. As descri bed

her ei nbEEEFE Ny heardper 6d opdldpnerni e sd e mpalompeuricy whi ah dishe qeononomrer
conposition gradually 15 changes fromone end to the other end of. the

pol ymer cogpRaind, Thi sagbloyydr ccaribe cowplesi, zed viay npokyner i zing  two or
nmore nononers having different reactivities (e.g., ethylene and propyl ene)
in a ligilkylpolprecbrmabion, systemi cohengidylebaiidet r ansf er reacti on does not
substantially 20 take place. Exanples of the nethods to feed the nononers

i ncl udealaykel hodnim whinphuphyr ah BDRQIBLS car €cf@dunidt hancont i nuously
changi ng the nononmer conposition and a nethod in which plural nononers are

f ed & ogel kei zinct hempbuhdi t hal askgge ieh ike RANRIA 2ald ¢hand 3 di f ference
of 10 June 2005 ‘
After the contact with the functional group-
containing coméound, the functional group can be
converted into another functional group by a known method.
In the contact of the olefin polymer with the
10 functional group-containing compound, the temperature is
iq;the range of -78 to +300°C, preferably -78 to +200°cC,
and the pressure is in the'range of usually atmospheric
pressure to 100 kg/¢m2, prefefabiy atmOsPheric_préssure
to 50 kg/cmZ. The contact timé is in the range.of
“f5 n'ﬁsually I minute to 100 hoﬁrs, préferablyrlO minuteé to
24 hours. |
The contact of the olefin polymer with the
functional'group—containing compound_cap be carried out
in a“solvent or without a.solvent. Exaﬁplés;of the
20 so;vents employable herein include aliphatic hydroCarbons,
~ : . . :
such as propane, butane} pentane, hexane, héptane, octane,
"decane,-dodegéne énd kerosine; alicyclicrhydrocafbons;
sdch as cyclopentane, cyclohexene and methylcyclopentane;

aromatic hydrocarbons, such as benzene, toluene and

25 xylene; halogenated hydrocarbons, such as ethylene




178 polymerization reactivities of the nononmers is taken advantage of to
. Obtain a tapered polymer. The tenperature, pressure, addition of the

catal yst and supporting on the carrier in the polynmerigzghkb®acgre the 5
sane as those described previously. The two or nore kinds of nononers are

selected from the aforesaid olefins of 2 to 20 carbon atons, they are
preferably sel ected from ethyl ene, 1propyl ene, 1-butene, 1-pentene,

1- hexene, 1-heptene and 1l-octene, and they are 10 nore preferably sel ected
from et hyl ene, propylene and 1- butene. A still further enbodi ment of the

_ process _for . preparing .an olefin pol) according to the invention

conpri sS85 Fordfuct HET BT O %%ggf?ﬁ‘-)‘m?ttﬁféeﬂ?’ﬂﬂ?rbw ng step (2),
and optionall]y, the followng step (3) of an arbitrary nunmber of tines, to
pr epar € HHBHEh CHRRK Eopot Yrra e ddir § s h e t1er andhol yner bl ocks. In the
step (1), at |least one olefin selected from olefins of 2 to 20 carbon

at ons iEPRANHBIT AR N dTHE M pres dHter et t he aforesaid ol efin

pol ymeri zation catal yst to prepare a polynmer block. Exanples of the olefins
of 2 to 20 darBui harormibqddlande athd samrasiasts fenm mreviiows|an descri bed,
and_ they can .be used singly or in conbination, of two or nore 10 June 2005
1795 oXefin polymer according to the invention comprises -

.polymerizing at’ least two olefins which are selected from A‘
olefins of 2 toAQO carbon atoms and have different’
polymerization réactivities; in- the presence of an oiefin
polymerization catalyst comprising the afor%said |

~ 140  transition metal compound (A} to prepare a tapered
polymer containing a segment wherein composition of,tW6
o; more ﬁohomérs continuouéiy chapges.
As described héreinbefore; the tapered polymer;ié a
polymer in which fhe comonomer'composition g:aaﬁally'
156 changes from oné end to thé_othér end of the polymerb
 chain. This polymer can be”syhthesized by polymérizing
two or more MONOmMers having different reactivities (e.g-,. 
ethylene ahd propyléne) in a liﬁihg polymerization gystem _
wherein chain transfer reaction does nof sﬁbétantiaily
20 take plaée. |
) Examples of the methods to feed the monomers include
la'method,in which:plqrai monomers are fed with | o
" continuously changing the monomer composition_and a
' method in'which“plufal monomers are fed togetﬁeflid‘the ‘

25 /initial stage of the polymerization and a-differenée of




ki nds. Exanpl es of the polynmer blocks include the same bl ocks as
previously described. In the step (1), the polynerization tenperature is
in the range of usually -40 to +200C, preferably 0 to 1&Jaib@@5 and t he
pol ymeri zation pressure is in the range of usually atnospheric pressure to
100 kg/cn2, preferably atnospheric pressure to 50 kg/cn2. In the step (2),
at |l east one olefin selected from ofgfins of 2 to 20 carbon atons is
polymerized in the 10 presence of the polyner block prepared in the step
(1) to prepare a polynmer block which is different fromthe polynmer bl ock
repared i.n the step (1). The different polymer block neans a pol yner bl ock
whi ch i?od'lyﬂfegﬁézr‘?ttlioﬁl gea‘lcetds‘iltdﬁes S prismaip s tivy dsakens such as
monomer _type, conmononer Eype, conononer_ conposi ti on, conononer content,
conpnongr - confirgurat it6n O 4id s fertddicdgd &qltynerExafpees of the ol efins of 2
to 20 c%rbon atons include the same olefins as previously described, and
20 they "CARSBHEUSEd BIERGEYIEr iPRdddrsirnat éheofcattwd yort movce Ki nds. Exanpl es
of the ol¥ner,blocks obtained in the step (2) include the sanme bl ocks as
previou§P§ 8E5¢PPbeR. thencpEEisrepn( 2he Phe ypenjimertiizat iaow tenperature is
in the range of usually -40 to +200C,- preferably 0 to 25 +150C, and the
pol rﬁiagiaﬁ phessufesrsipgdt heevangel¥0 June 2005 180

The two or more kinds of monomers are selected from
the aforesaid élgfins.of 2 to 20 carbon atoms, they are.
preferably selected from ethylene, propylene, l-butene,
lfpentene, l-hexene, l-heptene and l~octene, and they are

10  more preferably selected from ethflene, propylene aﬁd 1-
butene. o

A st;ll fﬁrther embodiment of the process for

rpreparing an olefin'polymer acéofding-to'the invention
comprises conducting the folloﬁing step (1), thé

15 'following_step (2), and optionally, the following stép
{(3) of an arbitrary number of tihES,rto prepare.an olefin
blqck copolymer comprising-piural polymer blocks.

In tﬁe step (1), at least one olefinAselected from
olefins of 2 to 20 carbon atoms is polymefizéd'in the

20 prgsenCe of the aforesaid olefin polymerization catalyst
. _ _
to prepare a polymer bléck.
Examples of the oléfins of 2 to 20 cérbon atoms

include the same olefins as previously described, and

thy-can be'useq singly or in combination of two or more




of usually atnospheric pressure to 100 kg/cnR2, preferably atnospheric
pressure to 50 kg/cn2. In the step (3), at |east one olefin selected from
olefins of 2 to 20 carbon atons is polynerized in the 1bjmeesgpce of the
pol ynmer bl ock prepared in the step (1) and the pol yner block prepared in
the step (2) to prepare a polyner block which is different fromthe

pol ynmer bl ocks prepared in the previtol®s step. Exanples of the olefins of 2
to 20 carbon atons 10 include the sane ol efins as previously descri bed,
and they can be used singly or in conbination or two or nore Kkinds.

Exanpl es he bl ec 3 ncl ude the sane
bIogEs aEQ%?EV|&%§%%£§%EC%?b€§ $6?¥ﬂ F 1ng§§d% 9%9??%8t|0n
tenperatg%g?hg a% L0 t.he hange oflgs§ally 40 to +200C, preferably 0 to

+150C, an 8 poly n%?ﬂ?& gn pfgs is in the range of usually

at nospheric es re to 1 r ef er.abl at nospheric pressure to 50
kg/cng The g E%@) %gﬁ 88 EgﬁtBBE¥WBFfF8F§OP|ﬁ&?pﬁFthrﬁgléhaﬁglng

types of. the oIeflns onbl ﬁ@lon bhereof or, polynerization conditions.
Through the %?oﬁ@@geoP t HEURAVENT ABnEOf 8 08x GmpPEeterRE Lyt 6 &9ai d ol efi n

bl oc %a is obtained. According to the process of the invention, an
ol ef Pn 2 ! o%k %BﬂoF?ﬁePoh&@?ﬁbzﬁthP@hpﬁﬁﬁééﬁﬁaﬁsméﬁgﬁbeaﬁdnaelo June 2005

181 - of usually atmospheric pressure to 100 kg/cm?, preferably
atmospheric pressure to 50 kg/cm?.
In the step (2), at least one olefin selected from
olefins of 2 to 20 carbon atoms is polymerized in the
1G presence of the polymer block prepared in the step (1) to -
‘prepare a polymer block which is different from the |
p;lymer block prepared in the step (1).
The dlfferent polymer block means a polymer - block
which is different in at least one of primary'structures,
15  such ds monomer type, comonomeér type, comonomer |
composition, comonomer content, comonomer configuratipn
and stereq;egularity- |
Examples of the olefins of 2 to 20 Carbon,atoﬁs
'include the same olefins as.previously-deSefibedf and
20 they can be used 51ngly or in comblnatlonrof two Or more
'ﬁlnds. Examples of the polymer blocks obtained 1h the
step (2) include the same blocks as previousLy described.
In the step (2), the polymerization temperature is
in the range of usﬁally -40 to +200°C, preférabiy'o to

25 +150°C, énd the polymerization pressure is in.théirange




narrow nol ecul ar wei ght distribution can be obtained at a high

pol ymeri zation tenmperature with high polymerization activity. In the 4
present invention, the block copolyner 5 obtained abovgy gap Aigscont acte
with-a functional group- containing conpound to obtain an ol efin block
copol ymer having a functional group ? the termnal. The contact of the

ol efin block copolyner with the funé onal group-containing conmpound is

carried out in 10 the same nmanner as previously described. A still further

~enbodi mrent of the process for prepa:;?gfan pletln poIgge;gaggogdlng to the
i nventi omf conprlisesa ped Sres i Zd Ner &4k @ﬂ&i(ﬁbx&g B 9

Lglsnerization ci?glgg?imhich p?%%ntes living 15 6?&nhr$za¥l5ﬁ o¥ an

ol efi n anrdnfaydar € guwbliddng @ efd g RQlyneri zation by the use of a
cat al yst obtafﬁedjby cl eaving a boné;produced in the system between the

catalyst and fhe tresullng ol wiren Chal nfy Jiedng, of chalp Lransfer

reaction. 20 Pronotion of the |iving polynmerization irmed by

i i i i i | ymer and the
the narr@wemalecyarn ot disty ytiaon .of the resulting po
i norease of tﬁgcnnlecﬁﬁgr ﬁ%ﬁ%ﬁp %#Cpﬁélﬁé AT FS S et g h

. . : i i ntion, it is
Foaalbl et 25 L0 b opar &1 For EXanpI 6\ FEHARGHh SHerse ool 61 n, the’ 10
June 20035418R¢ polymer block prepared in the step (2) 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 carboﬁ-atoms
10  include the same olefins as previously.des;ribed, and
| -they can be used singiy or in combination or two or mére
kinds. Examples of the polymér blocks obtained in the
step- (3) include the same blocks as previéusly déécribed,
In the step'(B), the polymerization temperature is
15 - in the range of usually ~40 to +200°C, preferably'd'to
+150°C, and the polymerization pressure is in the range
of usuallyiatmospheric preéSure to 100 kg{cm2, preferably
- atﬁosphéri; pressure to 50 kg/cm?,
| The step (3} can be repeated afbifrary‘times with
20 changiné types of the olefiﬁs, combinatioq thereof ox
_ﬁblymerization conditions.
Through the process of the invention, for example,
the-aforesaid olefin block copolymerris obtaiged.
~According to the process of the invenfidn;‘éh oLefin

25 blbgk copolymer having a high moiecular weight and a ..




ol efin copolyner, the tapered polymer or the olefin copolynmer nentioned
above. To confirm whether the living polynerization proceeds or not, it is

- nost preferable to polynmerize an 5 olefin under the s £05list i ons except
for using no chain transfer agent. To confirm whet her the nonodi sperse

polyolefin, the olefin copolyner, the tapered polyner or the olefin block
copol ymer can be prepared.or not, %81 s nost preferable 10 to pol ynerize an
ol efin under the sane conditions except for not performng a cleaving

operation by the chain transfer reaction (i.e., the same conditions except

for. ushagroe sbacpuisanste [o]=15 : -Ni.S ogcess, .the follow ng olefin
polynerizafion 15 %atalystgh?l§9%%rgé?t%pg g%%l%%aBPgélFfF Ar A efin
pol ymerp zah i 51 : L S) .4.netal Ll ocene conpound and a
Col bl 6 B e e B B e LR 4BI S SFeeaen caaral yst o

i ncludeythose of the 20 follow ng fornulas. [YCPM2X1][(C2BO9HL1" ) 2Co]

[ (YCp) 2MeX2(L)][ X3-B(C6F5) 3] [ (Y-CpMeX4)2X5][B'] In the above formil as,
M2 is i taniyme gl QNI Of &5 hal niym 10 June 2005 183
5  obtained above can be contacted with a functional group-
containing compound to obtain an olefin block copolymer
having a functional group at the terminal.

The contact 'of the olefin block copolymer with the
functional group-containing compound is carriea out in

 '1Q' the same manner as previously described. ‘

A still further embodimenﬁ of the process for'-
pféparing an olefin polymer according to the invention
‘comprises polymerizing an olefin in the présence of a-

- polymerization catalyst which promotes living |

15  polymerization of an olefin and further conducting oléfin
‘polymerization by the use of a catalyst obﬁained by |
'cleaviﬁg a boﬁd produced in ﬁhe system betﬁeen the
catélyst ana'the resulting polymer chain by means.of 
chain_££énsfer reaction. )

20 - .:Prombtion of the living polymerization can be
Gbﬁfirmed by the narrow mblecularrweight distributién of
the ;esulting polymer and the increase of'the molecﬁlar

. welght of the'ﬁesulting'polymer with polyﬁérization time.
According to the process of the invention, it isféasible:

- 25  to p:eparer'for example, the monodisperse polyolefih}.the




Y is at | east one hydroecarbon group of 1 to 20 carbon atons, Cp is a

| i gand havi ng cycl opent adi enyl skeleton, and when plural Cp are contained,
they are the same or 5 different, X1 to X5 are each thg) 53®@s the
aforesaid X, L is a Lewis acid, and B is the aforesalid non-coordi nation
anion. (2) An olefin polynerization catalyst that is a 10 conbi nati on of

(YCp) 2SmX6, Y-CpTaX7 or Y-CpNbX8 (Y4q@gd Cp are each the sane as that
descri bed above, and X6 to X8 ,are each the sane as the aforesaid X) and

met hyl al um noxane (3) A conpound represented by the followng formula: 15
R32 R31 g R33 C ,~ C do, a 20 wherein R31 to R33 are each a hydrogen
atom an®afkyl’ CgPBLFTSE: 15h6 BaR&FBBnPALBREI oPrahhar gplegioup, with the
proviso that at | east one of R31 to R33 needs to be a hydrogen atom but
there i sCRBOCHERT WHBRELRAEd1 8PR4S-are al | hydrogen atoms at. the same

time. 25 (4) Conpound represented by the follow ng fornula: 10 June 2005
: Tp confirm whether the living polymerization

proceeds or not, it is most preferable to polymerize an
5 olefiniunder the same conditions except for using no
_ chain transfer agent.

To confirm whether the monodisperse polyolefin,-the
olefin copolymer, the tapered poelymer or the olefin block
copolymer can be prepared or not, it is most preferable

10- to polymerize an olefiﬁ under the same conditions exéept

‘for not performing a cleaving operation by thé chain

R

transfer reaétion {i.e., the same cOnditiQns-except for
uéiﬁg no chain tiansfer agentj.‘
In this process, the following olefin poiymerization
16 éatalySts (1) to (S5) are employable.
(1) 2n dléfin polymerization.catalyst comprisiﬁg_a
Group. 4 meEallocene compqund and a soluble non- |
‘coordihationraniOnic compound
- Examples of such catalysts inqiudé.thdéé of the
20 followiﬁg formulas.

bt

[YCPM2X1] [ (C2BgH11) 2Co]

[ (YCp) 2M2X2 (L) ] [X3-B(CgF5) 3]

[ (Y-CpM2x4) 2x5] [B"]
 In the abqyé formulas, M2 is titanium, zircqnium or:

25 hafnium,




184 R34 R35 N M3X9qg R36 (N 5 Rai In the above fornula, M3 is a transition
nmetal atom of Goup &to Goup 10 of the periodic table, preferably

ni ckel, palladiumor platinum R34 to R37 may be the sayg, o6tis ferent and
are each 10 a hydrocarbon group of 1 to 50 carbon atons, a hal ogenated
hydr ocarbon group of 1 to 50 carbon atonms, an organic silyl group, or a
hydr ocarbon group substituted w tHh&3 substituent containing at |east one
el enent selected fromnitrogen, oxygen, phosphorus, sulfur and 15 silicon.
Two-or nmore of the groups indicated by R34 to R37 preferably adjacent
groups, may be; hoped ach.o yforma rin an integer of O
to 4. 20 X9 is a ﬁgd%%ggﬁ g?%nﬁngﬁéggagﬁ dt 8P 89h§d28c§pbon group of 1
to 20 cggpggnagggﬁs a hal ogenat ed hydrocarbon group of 1 to 20 carbon
atons, an oxygen- containing group, a sulfur-containing group, a

si |i con- contain g r.antro containing group. Wen gqis 2 or
great er, @% %?a IP %%% %%9gb%gf %pgﬁﬁﬁdb?nﬂif?é?gﬁtonloaﬂdne 2005
| - when plural Cp are contained, they are the same or
5 different,

x1 to x5 are each the same as the aforesaid X,

'L is a Lewis acid, and

B' is the aforesaid non-coordination anion.
| (2) An olefin polymerization catalyst that is a
_.1@  combination of (YCp)2Smx®6, Y-CpTaX’ or Y-CpNbx8 (Y and Cp

are each the same as that described above, and X° to x8

.t

‘are each the same as the aforesaid X} and

methylaluminoxane

{3} A compound represented by the following formula:

15

20 wherein §31 to R33 are each é hydrogen atom, an alkyl =

é}oup of 1 to 8 carbon atoms or ah aryl group, with the
 proviso that at -least oﬁe of R31 to R33 needs to be a

~hydrogen atom-butrfhere*is no case where R31 to,R33 are

all hydrogen atoms at the same time.

25 {4) Cémpound represented by the following forﬁﬁia:r



185 (5) Compound represented by the following formula: R38 N ((EmA) N\
MaxbOP N 5 Ras In the above formula, MAd is a transition netal atom of
Goup 3 to Goup 6 of the periodic table, preferably {43anl zi rconi um
or hafnium 10 R38 and R 39 may be the sane or differe e each a
hydrogen atom a .hydrocarbon group of 1 to 50 carbon atons, a hal ogenated
hydr ocarbon group of 1 to 50.carbom84tons, an organic silyl group, or a
substituent having at |east one el enment selected from nitrogen, oxygen, 15
phosphorus, sulfur and silicon mis an integer of 0 or 2, and n is an
integer of 1 to 5. Ais an atomof Goup 13 to G oup 16 of the periodic
tabl e, specifically boron, carbon, nitrogen, oxygen, 20 silicon;

phosphorus, sul fur,- germani unR*selenium tin or the like, preferably
carbon or silicon. Wen.s is 2or greater, plural A nay be the sane or

different. Eis a substfﬁt having at | east one elenent 25 selected from
carbon, hydrogen, oxygen, h Iogen3x99|trogen 10 June 2005
SN

RSG N I

f

R37

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

orgenic silylhgroup, or a hYdrocarbon group snbstihuted
“with a Substituent containing at:least onerelement
selected from nitrogen, oxygen, phosphorus, sulfur and

16 silicon. |

Two or more of the groups indicated by R34 to R37,

' preferably adjacent groups, may be boned to gach other to
form a rlng;

q is an integer of 0 to 4.

20 o X is a hydrogen atom, a halogen atom, a hydrocarbon
group of 1 to 20 carbon’ atoms, a halogenated hydrocarbon
group of_l to‘20 carbon atoms, an oxygen%oontaining_group,
'a_sulfur—containing group, a silicon—oontaining gronp or
a nitrogen—containing group. When g is 2 or greater,

25 plural groups X may be the same or dlfferent




186 sul fur, phosphorus, boron and silicon. When plural groups indicated by
E exist, two of E nay be the sane or different, or may be bonded to each
other to forma ring. pis an integer of 0 to 4 5 X10 i@jandWslisogen atom a
hal ogen atom a hydrocarbon group of 1 to 20 carbon atons, a hal ogenated
hydr ocarbon group of 1 to 20 carbonﬁﬁ ms, an oxygen-containing group, a
sul fur-containing group, a silicon-co ining group or a

ni trogen-containing group. Wien p is 2 or greater, 10 plural groups X10

" may-be the sane or different. Exanples of the olefin conpounds of 1 to 20
carbon atons fbr} usempaurgerppkyseniedt benthaclkyde okhe s amkm,gtr.ai ght - chain
or branched a-olefins of 2 to 20 carbon atons as previously described,
cycloolefins of 3 to 20 15 ca%@pn atons, vinyl cycl ohexane, dienes, polyenes
and aromatic vinyl conpounds.; These ol efins can be used singly or in
conmbi nation or two or nore kimds. Also enployable as the olefins in the
present = .invention arqﬁmgnpﬁbFEN@ﬁwﬁng atons ot her,than carbon and 20
hydr ogen, and exanpl es of suéﬁ/ﬁononers i ncl ude a, (3 unsaturated carboxylic
acids, cycloolefin carboxylic}_acids, anhydrides thereof, netallic salts

t her edf, such -as sodi um sal t B® potassiumsalts, lithiumsalts, zinc

salts, magnesiumsalts and calciumsalts thereof, a, (3 25 unsaturated
carboxylic esters, vinyl esters, unsaturated 10 June 2005

In the above formula, M* is a transition metal atom
of Group 3 to Group 6 of the periodic table, preferably
~ titanium, zi;conium or hafnium. |

_ ‘ 38 39 '
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 subsﬁituent having at
leést one element selected from nitrogen, éxygen,
:15_ phosphorus, sulfur and silicon.
m is anrinteger~of 0‘or 2, and n is -an integer of 1
to 5. o |
A is_én atom of GrOup 13 to éroup 16 of the périodic
_tab;e, specifically boron, carbon, hitfogegf oﬁygen;
20 silicon} phosphorus, sulfuf,'germanium, selenium,.tin or
'£h¢ like, preferably‘cafbon or silicon. | |
. Whgn n is 2.or greater, plural A ﬁay-be the same or
different. |
| E is a substituent having at least one element

25 _selgcted from carbon, hydrogen, éxygen, halogen, nitrogen,




187 glycidyls, hal ogenated ol efins" unsaturated cyano conpounds,

unsat urated ketones, unsaturated ethers, functional group-containing
styrene derivatives and vinyl group-containing heterocyghi& S@apounds. 5 At
| east one olefin of the olefins enployable in the invenflon I's an olefin
consisting of only carbon and hydrogen. There is no specific [imtation on
the quantity ratio of the olefin cags sting of only carbon and hydrogen
to the whole olefins, but for exanple, the 10 ratio is not less than 5 % by
nol . and not nore than 100 % by nol based on the whole olefins. By the
expressigglgg%1 | east, one olefin” is neant that at |east one kind of an

f a
ol efin const St g GTPRR % ea BBﬂnaﬂBdh§8$6§8ﬂ'ié”%%ﬁt%&?ﬁﬁﬂd n the whol e
ol efin pol yner ofdthe inventjon,. 15 and in case of, for exanple, an olefin
pol ymer Conposet dbfebrarlY Hofyhat- bFdeket Ensaypl Bei hheonamst prg of only
car bon and drogen may be contained in any of the polymer blocks. In order
to pol yrerk ?%gsep%l Ynise Pendeds b e@aFd obloeEohdi fPBNsaaréngnpl oyabl e.
The polynerization tenperature is in the range of usually -100 to +200C,
preferably -7 1t 1508 et 2hel po? yheri zation pressure is in the range
of usually atnpspheric pressure to 100 kg/cn2, preferably atnospheric
presSure to 50 ky? caellydDog@ReadOBp @1B8logen 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 p is 2 or éreater,
10 plural groups X!° may be the same or differ;nt.

Examples of thelolefin compounds of 1 to éO carbon.
aéoms for u;e'in the polymerization include the same
sfraight—chain or branched #—bléfins_of 2-to 20 cérbbn
atoms as p;eviously described, Cycloolefins of’3 to 20

15 ' carbon atoms, vinylcyclohexane, dienes, polyenes and
aromatic vinyl compounds. These olefins can be used
-sipgly or'in-combination or two or more kinds.
Also empldyabieAas the oléfins in the present
-invention are monomers having atoms otﬁexltﬂan cdrbon and
20 hydrogeﬁ, and examples of sﬁch monomers include o, -
. _ _ :
l-unsaturated carboxylic acids, cycloolefin carboxylic
acids, anhydrideé theréof, metallic salts‘thereof,;such
as sodium salts, potassium salts, lifhium salts, zinc

salts, magnesium salts and calcium Salts thefeof, o, B-

25 unsaturated carboxylic esters, vinyl esters, unsaturated




The chain transfer reaction is pronoted by nmaintaining the tenperature at
"a given tenperature at which the reaction proceeds or by using at |east
one compound sel ected from hydrogen, an organoal um nup fhufeompgund, an

or ganoboron conpound, an organozi nc conpound, an organosilicon conpound,
an organocadm um conpound and an organolead conpound. The conditions to
pronote the chain transfer reacti d8/may be the same as or different from

t he above- 10 nentioned ol efin polynerization conditions. The tenperature
is in the range of usually -100 to +200C, preferably -78 to +150C, and the

Pr eSSUrf yicsi dyl 4 hena Taea 0fd usuat | s atympspheri Copresss e to 100 kg/ cne,
preferéﬁﬁ; aegbspheric pressure to 5%‘kg/cn2_ léaTSQ%ronDte the chain

transf @onRAGION s eAlatdd kdiSop£f %ﬂ%&fé‘@édt% &fin conpound is

pol ynmerized at a tenperature at which t ai n transfer’ does not proceed,

then the GMREIAL Yo 0l o6 J:9AGKS At SYSIET & o ALY Al Ded, 8L, 2 gi ven

t enperat ure at ain er proceeds to prond e chain

- transfer reactjqQn,.. . £ ] 0 rizatjon is conducted again at a
rougn g&nﬁlﬁweh{{ﬁer%éy@ld é”‘on&pour{ (=

t enper at ur ai n “‘transfer ‘reaction does not proceed. This

opeg ati on : repeat.e ritr tinmes...\Wen the chain transfer reaction

i se%rom)t egﬂ%ylit%ﬁlg% %éeug)éaéﬁnatoaﬁ gtélset %gﬁéefl@cﬁrp? P YeQ € gl ¥49m hydr ogen,

an 10 {%Q%n%q%% i%g%n olefin consisting of only carbon and '
hydrogen. There 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

Q,

10  ratio is not less than 5 3 by mol and not more than 100 %

by mol 5ased on the Qhole'dlefins. By the eXpréssioh "at
léést one olefin" is meant that at least one kind of an

" olefin consisting of only carbén:and hydroéén is

contained in the ﬁhole olefin pélymer of the iﬁvention,
15  and in case of, for example, an-odlefin polymer compoééd

of plural polymer blocks, the olefin consiéting of ornly

caernrand hydreogen may be cﬁhtained in any_of the

polymer blOéks. |

In order to polymerize theée olefiné,mﬁhé aforesaid

20 conditibné are employablé. Thé polymerization
gémperature is in the rapée-of usﬁally —iOO to +200°C,
preferably —j8't0 +150°C, and the polymerization pressure
;is ‘in the range of.usuallQ atmospherié pressurerto-loo

kg/cm?, preferably atmospheric pressure to 50 kg/tmz.




or ganoal um num conpound, an or ganoboron compound, an organozi nc conpound,
an organosilicon conmpound, an organocadm um conpound and an organol ead
conpound, this reaction agent may be present fromthejbggigwogsg of the 5
pol ynmeri zation or may be added |ater in any stage. In the preparation of a
tapered polynmer or a block copolyner, it is preferable to add the chain
transfer agent after the intended pol§&er is produced in the system
Exanpl es of the chain transfer agents enployable in 10 the invention

i ncl ude hydrogen, an organoal umi num conpound, an organoboron compound, an

or ganozi nc com@uwl,ainah%&%f&siﬂé&%&@fﬁ@%mcﬁ%c@ﬁ%ﬁmocam um conpound
and an organol ead conpound. Specifically, there can b mentioned: 15 an

or ganoal yElAWRIGATROWRHE HeRLRSENL B b%tl H]aiw;éﬁ %@He%%%ngfxgl ur al

wherein Ra and Rb rmay be thé sane or ent,

Rb are p t h e I Qr t or re different
WRIEH! rrle ﬁ‘;)éafé%)ié}l pt%%&r%?gr(%ﬁgr@g?%u%gofa@ ]teoasl FHt bon at ons,

ki nds, Ra and Rb are each a

orf & b tnbouk Sctan ol kos. Malosen atom, A N P a0 o

are nunbers”satistying the cond
e B - BonbBubd® F0U g LD AL NIRRALN SOMDRYSLL PRS2SR Y e
- - an organosilicon compound, an organocadmium compound and
an organolead'compound-
The Conditidns to promote the chain transfer
- reaction may be ﬁhe same as or different froﬁ the above-

_10 mentioned olefin polymerization conditions. The

temperature is in the range of usually -100 to +200°C,

a
L)

preferably -78 to +150°C, and the pressure is in the
rénge of usually atmospheric pressure to‘iQO kg/Cﬁ2;
preferably atmoépheric pressure to 50 kg/cmZ.’

115 To p;omoté the chain transfer reaction by heat, it
is preferable that the olefin compound-ié polymerized ét
é.temperaturé at which‘the chain transfer does not |
pfoceed, éhen the temﬁerature'of the reaction sﬁstém is

-maintained at a given temperature at_which_ihe chain:

20 'transfef proceeds to promoﬁe the chain transfer reaétion;
N _ . : :
‘and the polymerization is conducted again at a
temperature at which the chain transfer':eaction does not
proceed. This'O§eration may be repéated'arbitrary_times.

- ‘When the chain transfer reaction is proﬁoté&_by the

25 use of at least one compound selected from hydrogen, an




' i | di fferent
formul a: RanmB( ORb) nHpXgq wherein Ra and Rb nay be the sane or _ ,
when 5 pIuraL(Ra or plural Rb are present, they may be the sane kind or

. . .
two or nore different kinds, Ra and Rb are each a hy OfaL group o
to 15 carbon atons, preferably 1 to 6 carbon atons, |§'aeﬁ§?ogen at om

i i i iti f O<m <3 10
and in, n, and gq ,,are nunbers satisfying the conditions o
(preferablyp0<nK2), 0Sn<3 ( pref er abHg90<n<2), 0<p<3.|(preferably é-<p<3),
0Sq<3 (preferably 0Sp<2) and m+n+p+q=3; an organosilicon conpoun
regreséﬁted by the following formula: 15 RanfSi (ORb) nHpXg wherein Ra and Rb

SEHE - i | f . e lural, Ra or plural Rb are present,
?ﬁgybﬁa;ﬂﬁ% thelgghgﬁﬁk?%ﬁﬂé?nﬁgog%rgr ?%p%ﬁf?%r%ﬁTp??ﬂﬁs,aﬁa and Rb are

atons.,.. preferably 1 20 to 6
o M&J@&?{@@% #&ngf g.ntgr&%ﬁ%gr 10%?“ pc%fPEP‘é;“dgr%nnurrbers

is a hal ogéh atom

gg{?gpy?toi£h§X¢ théionsgof nE<<4 (greferably 0<nmx3), 0<n<4 (preferably
0<n<3d), Og p<4cazpre eranfy 1 p%%)i’albé? d e eqﬁ?é{EfPfgﬂ es:ﬁ?leﬁngy t he

A or ganol ead conmpounda repr
m+n+p+q_rdéa cio‘Jnl‘lr]c"=~g<;((3211q:()Smay:*l'%:;I'e agg]rese £ from thenpbeginning of the
fol |l ow ng ormula.

5 polymerization or may be added later in any stage. In

the preparation of a tapered polymer or a block copolymer,

it is preferable to add the chain transfer agent after

the intended polymer is produced in the system.

Examples of the chain transfer agents employable in

10 the invention include hydrogen, an organocaluminum

compound, an organoboron compound, an organozinc compound,

.t

an érganosiliCOn compound, an organocadmium compouhd-and_
'an'organolead compound. Specifibally, théfe can be
mentioned:
15 | an organoaluminum compound represented by the
 formula: |
R3mAL (ORP) nHpXg
whérein Ra_énd rRP may be the same or different,.wheﬁ 
plural R& or plural RP are present, they méy‘be the-sgmear
20 kind or two of more different kinds, Ra and RP are each a
H}drocarbon group- of 1 to_lSVCa;bon atoms, preferébiy 1 |
to 6 carbon atoms; X is a haiogen atom, and m, n;-p ahd q
~.are numbers satisfying the conditions.of O<mS3, 0=n<3,

0<p<3, 0£g<3 and m+n+p+g=3;




Ra.. Pb(ORb) nHpXq wherein Ra and Rb may be the sane or different, when 5
plural Ra or plural Ro are present, they may be the same kind or two or
nore different kinds, Ra and Rb are each a hydrocarbq%‘ﬁkggﬁogf 1to 15
carbon atonms, preferably 1 to 6 carbon atons, X is a halogéen atom and m
n, p and q are nunbers satisfying the conditions of 0<m <4, 0<-n<4, 10

0- <p<4, 0<g<4 and mtn+p+g=4; and a dgal kyl conpound of zinc or cadm um
represented by the followi ng fornula: RaRbM4 wherein Ra and Rb may be the
sanme or different and are 15 each a hydrocarbon group of 1 to 15 carbon
atons, preferably | to 4 carbon ato and M4 is Zn or Cd._ _Specific

exanpl es of the %rt%a\?eO%coorr%jOLfno&%pW{bciﬂmu'{feor"?sfef’h%ffd?%rﬁl?ﬁm%‘?l%%‘éh“%s
trineth%lalu inum triethylalumnum tri-Db-butylal um num :
trioctyira M fim 20 tridecyl al uminum triisopropyl al uni num and
triisobutyl alym di.al. kyl al um num hydri des, such as diethyl al um num
hydride, di blﬁ‘tlé%%%%%- dride and diisobutylal uni num hydri de,
aIkyLaluninuan%gydride§j such as et hyl al um num di hydri de and

propy| aMieERdm 5 Gy & deY B die wEreame i ihaittof utteen conpl ex, bor ane

10 June 2005 _1%2 di met hyl sul.fi de conpl ex, borane di nethyl am ne conpl ex,
bor he PARFELhR afiin®losmdl & HBor aneariretihphosphicidhe same

kind or two or moré different kinds, R® 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 g

c-are numbers satisfying the conditions of 0<m<3

10: {preferably 0<m<2), 0<n<3 (preferably 0<n<2), 0sp<3
{preferably 1<p<3}), 0£g<3 (preferably 0<p<2) and
| m;n%p+q=3;' | |
an organosilicon compound representea by the
following formulé;
15 . R2pSi (ORP) pipXg
'vwherein R2 and RP may be the samé or different,'when
plural Re ﬁr plu;al rb are present, they may be the saﬁe
kind or tWé or more different kinds, R and RP ére-each a
.hydrocarbon group of 1 to 15 carbon atdms% p£eferably,l
20 to 6 Cafbonlatoms, X is a halogen afom, and m, n, p énd qn
;re numbers satiSfying}fhe conditions Qf 0<m<4 :
(preferably U<m£3)? 0<n<4 (preferably O£h<3), OS§<42‘
(preferably ‘15p<4), 0<qg<4 (preferably 0<p<3) and

mAn+p+g=4;




conpl ex, thexyl borane, 9-borabicyclo[3.3.1]nonane, triethylborane,
tri met hyl borane, nonoal kyl silane, 5 dial kylsilane, trialkylsilane,
~di ethyl zi nc, dinethylzine, diethylcadm um dinethylcq%qhﬁgbﬁﬁg
tetraphenyll ead. Al so enpl oyabl e are conpounds by which t chain transfer
agents are forned in the polynerization system O the above conpounds,
preferable are hydrogen, an 10 orgdfdzi nc conpound, an organoboron conpound
and an organosilicon.conpound, and particularly preferable are hydrogen,
di et hyl zi nc and a boron hydri de conpound. The chain transfer agents

menti oned ahgye,ar£,858% SR Y& 1 Lpation,, 15 :when the chain
transfer agent iigused, thiga%géht {%grﬁggggggn%ng%%1{%QESVbaﬁonetalIic
conpoung, ysed. for forming an ol efin polynerization catalyst, because the

pol ymeri zation reaction in the present invention is characterized in that

when the chaija) gy aned ey nt is 20 not used, progress of living
polyneri zation is essential, and the chain transfer reaction proceeds by
agent. The_chain transfer agent is used

t he addj,ti aof5 the in transfer

in sucgJﬁaénroé;irirlo(t}{rﬁ g}%%gtt@trﬁaey ot ar’' T at eo?rt‘?ljef’g%‘?rh’?t rd¥@Fer agent to the
10 dune %g%%_ 3tr nsit'ﬁ?anetal conmpound becones usually 0.1 to 10000,
preter V2t & shod L ’??ei efthf JUISHET zation BaY B sthesearen the above

kind or two or more different kinds, R@ 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 ahd‘q
are numbers satisfying the conditions of 0<m<4, 0<n<4,
10 0<p<4, 0<g<4 and mtn+p+g=4; and J
a dialkyl compound of zinc or cadmium, reprezented
bg-the following formula:
Rarbm4
wherein R& and RP may be the same or different and are
16 each a hydrocarbon group of 1 to 15 carbon atoms,
‘preferably 1 to 4 carbon atﬁms, and M4 is Zn or cd.
SpecifiC'examples of the'abOVe compounds include
triakylaluminums, such és trimethylaluminum,
triethylaluminﬁm, tri~b—butylaluminum,‘ﬁridgtylaluminum,,.
20 tridecyléluminum, triisopropylaluminum and’ |
griisobutylaluﬁinum, dialkylaluminium hydrides, such as
diethylaluminUm‘hydfide; dibutylaluminum'hydride and |
. diisobutylaluminum hydride, alkylaluminum dihydrides,
such'as ethylaluminum dihydride énd propylaiumiﬁuﬁ

25 dihydride, borane, borane tetrahydrofuran complex, borane




process is preferably an olefin polynerization catalyst 5 containing the
transition netal conpound (A), and the process for preparing the tapered
polymer, the olefin copolyner or the olefin block copﬁ* Ohg preferable.
According to the process of the invention, an ol efin polyner ving a high
nmol ecul ar wei ght and a narrow 10 nol ecul ar wei ght distribution can be
obtained with high polynerization g@@ivity, or a tapered polyner or an

ol efin bl ock copol yner precisely controlled in the structure can be
obtained with high polynerization activity. 15 To the nonodi sper se

pol yol ef o I the t t he ol efin bl ock
copolyne#yme{ﬂ?lguféhg? %&% a PoRE? ﬁg 5?5E g etﬁnge?ﬁvnal of any

of thesebgolgners @kygus add|t|v§ n%% be added. The_npnodi sperse

pol yol ef 172 POy nEr"P 29 thRr %%%e’flé%f“%lll%eh?s%énm efin bl ock
copolyner or. a qyégeg haV|qg a_functional oq? at the termnal of any

of theses POy s* ed’ tROAR UL %%%s Al ERPR®3E i on cont ai ni ng

t he nonaodi spers efln the ol efin copol t he tapered pol yner,

the ol effnt ?#¥i%é%@%%ﬂxﬁ€&ﬁﬁ %ﬁﬂ%mmﬂomﬁﬂi%xﬂ%ﬂiiwmtlonal group at 10
June 202? 194 t he ternlnal of any of these polyners can be nolded into
artigle Y Kok Svol tdh ?ﬂi%“%] dirt ol ine polymetsy b inbhe

',|nvent|on t he bl ock
diethylcadmium, dimethylcadmium and tetraphenyllead.

Also emplOyeble are compounds by which the chaih
transfer agents are formed in the polymerization system.
Of the above compounds, preferable are hydrogen, an

10 organozinc compound, an organcboron compound and an

- organosilicon compound, and particularly preferablé are

't
a

hydrogen, diethylzinc and a boron hydride compound.
The chain transfer agents mentioned ebove are-eSed
singly or in cembination.

15 - When the chain transfer agent is used, this agent is
different from the organometallic compouﬁd used for
foﬁming aneoiefin polymerization eatalystf because the:
pelymerizé£ion reeCtion in the'present invention ie_
characterized in that when the chain transfer agent 1is

20 not used progress of living polymerlzatlon is essential,
gﬁd the chain_transferlreaction proceeds by the addition

of the chain'fransfer agent. |
The chain transfer agent is used in such an -amount

that the molar ratio of the chain transfer agehf to the




copolynmer containing a rigid block and a soft block and 5 the tapered

pol ynmer 'have properties of thernoplastic elastoners. Exanples of the uses
“of the polymers include autonpbile parts; such as sidg e ®osbunpers,
weat herstrips, glass run channels, boots and air duct 10 hoses; industrial
parts, such as packings, mats, belts and hoses; electric/electronic parts,
such as electric wres, codes and §93encing gears; sporting goods, such as
sport shoes, ski shoes; and civil engineering/building materials, such as
gaskets and water barrier. sheets. 15 To the olefin polynmers of the

i nvent i onrang heremphasi i CobRsbisd bebbRES, uHYE) gt hng egegbﬁo%“d addi tives
used for polymers may be added in. arbitrary anobunts, and the’pol yners nmay

~ be subj geteeftktan SecoNgAryoo@odi fication such as crosslinking or blow ng. 20
As the thernoplastic resins, crystalline thernoplastic resins, such as

pol yol efin, molyanidlan Rol kst ofadnd, Rl yapglaly.and; nops er ystal 1 i ne

thernopl astic resins, suchas polystyrene, -acrylonitrile gﬂVﬁne/styrene
conol YA 1 2ol depshont o pel YRV e Ll and poLyactvlate
eleye@on@S@mln%s 19 ,tg}earpéjiliyf)c!nefnieq:sali n{:cc!rrli'lladcf"ur1a<§| &g)h,y laerglcf the
process for preparing the tapered polymer, the olefin
. copolymer or the‘olefin block copolymer is preferable.
According to the process of the invention, an olefin
‘polymer having a high molecular weight and a narrow
- 10 molecular weight distribution can be obtaiﬁéd with high
polymerization activity, or a tapered polymer or an
oiefin block copolymer precisely controlled in the |
'stfucture_can be obtained with High polymérizatioﬁ
activity.
15 To the monodisperse polyolefin, the olefin copolymer,
 the tapered polymer, the olefin block copblymer or a
po;ymer having_a functiqnal'grouplatrthe terminal of aﬁy
of these poiymers, various additives may be added.
The monodisperse polyolefin, the_olefin~copolymer,
20 the tapefed polymer, the olefin block copolymer of a
N _ | _
polymer having a functional group at the terminal of any
of these polymers’CQn be applied to varibus uses.
A composition containing the monédisperse polyolefin,
ﬁhe olefin copolymer, the tapered polymer,_tﬁe diéfih

25 | block copolymer or a polymer having a fundtional,group_at'




pol ymer, a propyl ene polyner, a butene polyner, a 4 5 nethyl-I-pentene
polynmer, a 3-nethyl-1-butene polynmer and a hexene polyner. O these, an

et hyl ene polynmer, a propylene polynmer and a 4-net hyl ’1'07ﬁﬂ9588§ pol ymer are
preferable. As the ethylene polynmer, an ethyl ene/polar-" group Containing
vinyl copolynmer is preferable. 10 Exanples of the pol yesters include
aromati c pol yesters, such as pol yetlBgl ene terepht hal ate, polyethyl ene
napht hal at e and pol ybutyl ene terephthal ate, polycaprol actone and

pol yhydroxybutyrate. O these, polyethylene terephthalate is particularly

lch o Pyl on 6T Ry on 68 o 1ot Poroncis 4R oPhyfontag 8RR aromt i c
ol yam r r r ic dicarboxylic acids and aliphatic -

gi a?/ri nég‘sﬁa‘oéf%)%e}gg,gng o‘ﬁgégggéh%?tlf‘%ﬁ}ll%%g preferable. 20 Exanples of the
ol yacetal s ingl.ude | yf or dehyde _ (pol yoxynet hyl ene), pol yacet al dehyde,
BQI ?;.propi onaldc}éh%/hd% &;%%lrboq%ﬁsalod%h@h%.“&/e?tﬁe%é, W&t Vi b Pal dehyde i s
parti cul aorl lprerferabl e.nlo Jéme.%%%)awel% The polystyrene may be

a, honopot SHErY B ST5F ehe" 79 & b FChiang v# etel bridl e yammi tril e,

met hyl tggé:r%rl acso_e or _a met h\%/l stlyrene.‘ As the ABS, preferably used is one
conp?i si RS BB WDy hfe s Wit tuet Wiamoriastde from
np
elastomers.
" Examples of the uses of the polymers include
- automobile parts, such as side malls, bumpers,
-weatherstrips, glass run channels, boots and air duct

10  hoses; industrial parts, such as packings, mats, belts

and hoses; electric/electronic parts, such as electric

 t

: wirés, codes and silencing gears; sporting géods, such as
- sport shoes, ski shoes; and civil engineeging/building
ﬁaterials, such as gaskets and wéter'bariier.éheets. 
156 To thé olefin polymers of the inventién,.
rthermoplastic resiﬁs, fillers, nucleating agents and
additives-ﬁséd for polymeré may be added in“arbitrary‘.
amounts, aﬁd the pOlymérs may be subjected to sécoﬁdéry
modification such as crosslinking or biowiﬁgl 8
20 As the thermoplastic resins, érystalline
£hermoplastic‘resins,,sdch as pdlyolefin, polyamidé,
polyester and polyacetal; and non-crystalline
thermoplastic reéins, such as polystyrene,
acry;onitrile/butadiene/styrene copolymer (ABS);i:'

25 polycarboriate, polyphenylene oxide and polyacryiaté,3are'




acrylonitrile, 20 to 30 % by nol of constituent units derived from
but adi ene and 40 to 60 % by nol of constituent units derived from styrene.
Exanpl es of the pol ycarbonates include polynmers 10 ob |negxkrom
- bi s(4- hydroxyphenyl ) net hane, 1, 1-bi s(4- hydroxyphenyl)

2, 2- bi s(4- hydr oxyphenyl ) propane and 2, 2-bi s(4-hydroxyphenyl ) butane. O
t hese, polycarbonate obtained fronm232-bis(4-hydr6xyphenyl)propane is
particularly preferable. 15 As the pol yphenyl ene oxi de,
pol y(2, 6-di nethyl -1, 4- phenyl eneoxide) is preferably enployed. As the
poIyacryhpuayubqunep@y§vgg§pag5ygggge ng%ng%%e%% élate is preferably
enpl oyed. The thernoplastic’ resins nentlone Ve rmay € used 20 singly
or in cempipgkthon or two or nore kinds. The olefin block copol yner of the
invention may further contain, in addition to the thernoplastic resin, a

crossl i nki ngeaggnt r nk|n accel er a crossllnklng
assistant, a sof eﬁgroE Lég Fg% ? gg?ns A PGt ging gégﬁpe a blomﬁng

agent. BoAfpline. 2005 187, bp0s gL no %H&@pga%%ﬁa%gznza”p?a'ez? agert, ar

i nor ganl Cc I‘ anl
Istatl c agent, a colorant, a

t | bi |
Fug?:cgﬁ§gh%g reﬁe % ?%Sn§ |5%Z§L9Img gwgoﬁlﬁﬁtﬁﬁénpoéﬁmeﬁh@dd ke.

a hexene polymer. Of these, an ethylene polymer, a

propylene polymer and a 4-methyl-l-pentene polymer are

preferable. As the ethylene pelymer, an ethylene/polar-

group containing vinyl copolymer is preferable.

10 ' Examples of the polyesters include aro&atic
polyesters, such as polyethylene terephthalate,
pélYethylene naphthalate and polybutylene terephthalate,
~polycaprolactone_and polyhydroxybutyrate. UOf these,
‘polyethylene terephthalate is-particularly preferable,

j5 _ Examples of the polyamidés include alibhatic
‘polyamides, such as nylon—G; nlen—66; nyion—l@;'nylon~12
and ny;on—46, and aromatic §olyamides prepared from
aroﬁatic diéarboxyiic abids and aliphatic-Aiamines. of
these, nylon~€'is particularly preferable

 20_ 7 Examples of the polyacetals include polyformaldehyde
(polyoxymethylene), polyacetaldehyde, polyproplonaldehyde
'gnd polybutylaldehyde. Of these, polyformaldehyde is

- particularly preferable.



C}osslinking agent The crosslinking agent is, for exanple, sulfur, a
sul fur conpound or an organi c peroxide. An organic peroxide having a

tenperature, at which the half-life 10 period correspo Qf tgﬁé m nut e, of
130 to 200C is preferable, and specifically, dicunyl'g%‘EQi ? di-t- butyl
peroxi de, di-t-butyl peroxy-3,3,5- trinethylcyclohexane, t-butylcunyl
peroxi de, di-t-amyl peroxide, t-butydehydroperoxide,

2,5-di methyl-2,5-di-(t 15 butyl peroxy)hexane or the like is preferable.
Wien the organic peroxide is used as the crosslinking agent, it is
preferable toqhse a.cr sslinkin 3§sis ant in conbination. O the various
crosslinki ng agents; YSuFfar “of"d SF Fu CERPoTHET P t5teleaq ws@ fur, is
preferably used 205be ause a crosslinked product having excellent
properti péi%?eﬁeo bF%Vﬁ@&? BN \ETE Y L kg difi-c 1séi i de is nore
preferably used gecause it has particularly excellent crosslinking
efficieng?p%éf6§ Rtk Phg aBEe el &te ¢ -June 2005 198 As the crossli nking

~accel erator, N-cyclohexyl-2- benzothiazole sul fenanm de (CBZ),

N- oxydi et hyl ef&- 2hepBR7ot RF§Z6Irabdy tegsniige OnR, Rodbird spnapylo- 2o

benzqt hi azol e _sul f enanmi de, 2-nercapt obenzot hi azole, 2 5

(2, 4-Yi nPPr SpRENTPInBEcapRebefrenhi andlte eerinNed ifkemi s  enpl oyed.
acrylonitrile, 20 to 30 % by mol of constituent units
derived from butadiene and 40 to 60 % by mol of
constituent units derived from styrene.

Examples of the polycarbonates include polymers

10 obtained from bis(4-hydroxyphenyl)methane, 1,1l-bis (4-

~hydroxyphenyl)ethane, 2,2~-bis(4-hydroxyphenyl)propane and

Pt

2,2—bis(4—hydroxyphenyl)butane. Of these, polycarbonate
obtained_from 2,2—bis(4~hydr6xyphenjl)pr§bane is
particularly préferable.
15 As the polyphenylene oxide, poly(2,6—dimethyl4i,4~
phenyleneoxide) is preferably employed.
| As the polyacrylate, ﬁélymethyl methacrylate or
polybutylIacrylate'is‘preferably employed. |
The the;mpplastic resins mentioned abgﬁe_may be_uSed
20 singly or in combination or two or more kinds. -
) The olefin block cbpolymer of the inventidn'ﬁay
furthe: contain, in addition to the thermoplastic résiﬁ,
: a‘crosslinking'agent,-a filler, a cfosslinking |
accelerator, a crosslinking assistant, a softenét; a

25 tackifier, an anti-aging agent, a blowing agent, a




Crosslinking assistant The crosslinking assistant is used for organic

. peroxi de crosslinking. Exanples of the crosslinking 10 assistants include
sul fur; quinone dioxime conpounds, such as p-quinone dj@xi e,qad

p, p' - di benzoyl qui none di oxi nme; and pol yfunctional nononers, such as
(meth)acrylate conpounds (e.g., trimethylol propane triacrylate and
_pol yet hyl ene gl ycol dinethacryl ate)49745 allyl conpounds (e.qg., diallyl
phthal ate and triallyl cyanurate), maleimde conpounds (e.g., NNN-m .
phenyl enebi smal ei m de) and di vi nyl benzene. Softener As the softeners,
those h fore added to rubbers 20 are w dely used, and exanpl es thereof
include8%§%gggéﬁ a%s't?BeaégFFéREréwpéﬁéﬁnasa Ehtes@roilinongricat i ng oil ,
paraffifiliiguid par af fin, piaroleun1as halt and vaseline; coal tar type
sof t ener s, - 8§heh®BsCEBAN Fal LandE - cBaPuEaraSiIEh 208Nitphat iheadi | type
softeners sEch as 25 castor oil, linseed oil, rapeseed oil and coconut oi
10 June”20B511198. t & veaFEheringt pEabihazes, sbchnidstesswangerdrnauba wax
and lanoline; fatty acids and fatty acid salts, such as ricinolic acid,
pal mti? GetereBbrianddPehrant, eafdpumm reteadans.and annd- aurate; and
synthetic polymer 5 materials, such as petroleumresin, atactic

~ pol Ypr @peNg agent and the like.

Crosslinking agent

"The crosslipking agent is, for example, sulfur, é
sulfur compound or an organic peroxide. BAn organic
peroxide having a temperature, at which the half-1ife

o 10 period correqunds to 1 minute, of 130 to 250°C is
preferable, and specifically, dicﬁmyl peroxide, dift—
b;tyl perpxide, di-t-butyl péroxy—3,3,5—
trimethylcyclohexane, t—butylcﬁmYl peroxidé{ di—é—amyl
peroxide, t-butyl hydroperoxide, 2,S—dimert'hyl—_Z.',S—di—'(.tu

15 butylperoxy)hexéne or the like is preferable. When the
.organic peroxide is used as the érosslinkihg agent, it is
'preferable Fb use a crbsslinking assistant in combination.
of thé-various'crosslinking égents, sulfur or é,

sulfur compound, particularly sulfur, is pfeferably USed-'

20 because a crosslinked product having excellent properties

" .
can be obtained. However, an organic peroxide is more .

preferably used because it has particulafly excellent

- crosslinking efficiency.

Crosslinking accelerator




and coumar one-indene resin. O these, petroleumtype softeners are
preferably enployed, and process oil is particularly preferably enpl oyed.
Bl owi ng agent 10 As the bl owi ng agents, those generally, dzog,gr
bl ow nol di ng of rubbers are w dely used, and exanpl es thereot include

i norgani c bl owi ng agents, such as sodium bicarbonate, sodium carbonate,
ammoni um bi carbonate, ammoni um car bh8Bate and ammoniumnitrite; nitroso 15
conmpounds, such as N, N -dinmethyl-N N - dinitrosoterephthalam de and N, N -
di ni tr osopent anet hyl enet et ram ne; azo conmpounds, such as azodi carbonam de,
azobi si sobut yWonijdd id.g,s<1 3205Y%€! .0 |nitrile, azodiam nobenzene and

bari um 20 azodi car boxyl at e: sEr?/q‘coang);‘%ﬁt‘g(l%;‘iﬁ/lﬁartaozri’dg\1 CoRpoUds L stich as
benzenesyd {045 Sy 2z t .u_neiéJE% onyl hydrazide, '

p, p' - oxybi s( benlzeneseta}Izgfl@;l%ﬁrha?ll ragezi e g)a'nd\5 dt %Efllfn‘-z“& 3' -di sul fonyl
hydr azi de; azj de ¢ unds, , su s.. .cal cium azi de,

4, 4-di p%%r?yzl%gﬁlsl%%ﬁyl&g}z)fﬁed’ea%’p%}d&ﬂfﬂe‘smﬂzo%‘ t ol uenesul fonyl azi de.
O thesg, ferabl.e ar itraosp conpounds, azo conmpounds and azide
conpounds.’ Igl%glvﬁanzé’laesss’l fﬁa%'bl%ﬁwaﬁ%ﬂ%ﬁ%ﬂt@aﬂ?%@:u% in

cony nat(izo%F_S W.th the bl 3WI n agcg)nt. Use of the blow ng assistant in

conbi nat'iFén CoRtHTBERIES YEd e e odddesds orkhe like is

employed.

Crosslinking assistant

The crosslinking assistant is used for organic
peroxide crosslinking. Examples of the crosslinkihg
10' assistants include sulfur; quinone dioxime ;Gmpounds,
such as p-quinone diokime and p,p'-dibenzoylquinone
dioxime; and polyfunctional monomers, such as. |
' (meth)acrylate compounds (e-g{,'trimethyléipropane-
triacrylate and polyethylene glycol dimethacrjiate),.
16 -allyl compounds (e.g., diallyl phthalate and triallYi
' cyanurate), maleimide compounds‘(e.g., N, N'-m-
phenylenebismaleimide) anddivinyLbenzene;
| | Softener
“As the softeners, those heretoforeradae& to rubbers-r
20 axe'wideiy-used, and examplés thereof include petroléum
gype softeners, such as process bil, lubricating.dil,
paraffin, liquid paraffin, petroleum asphalt and
#aseline; coal tar type softeners, sﬁéh as coal tar and

coal tar pitch; aliphatic oil type softeners, such as.

25 castor 0il, linseed o0il, rapeseed o0il and coconut oil;




tenperature of the blow ng agent, acceleration of deconposition thereof
and production of uniform bubbles. Exanples of such blomﬁng assi stants -

i ncl ude organic acids, 10 such as salicylic acid, phth fbiﬂﬂ? Ci stearic
acid and oxalic acid; and urea or its derivatives. C %ﬁﬁ ai d Exanpl es
of the processing aids include acids, such as ricinollc acid, stearic
acid, palmtic acid and lauric 15188id; salts of these higher fatty acids,
such as barium stearate, zinc stearate and cal cium stearate; and esters.
Adhesi on inparting agent The adhesion inparting agent is an agent to
'”provetaﬁﬁh§§lonf§@ﬁf@@n ﬁa§é955%ugﬁe€ pﬁgggﬁéx nd.fragecorative 20 layer

such as a coating film and exanples of such agehts |nc ude"af organotin
compou a u dr oxyl -cont ai ni ng
(co)popgﬁ%rléﬁéﬁiﬁgytﬁ$%9§ &%f%&dgg e. ng%r%%%%c %I ?brsﬂﬁ Jfe 2005 201
Exanpl f e 1 norga illers include, sili di at onpceous earth,

i Qlnd e DO éiéltlc =L P e ‘Buﬁ?%%nigﬁﬂe nfﬁﬁﬂ@ce bal | oon,

al um na, tltanlun1OX|d eS|un1 o

alum n é%gg S|um i de, basjc nesi um car bonat e,

dol omi ttgeIe cé;%(cafnudmzslurf(?a e ?H#t?lf%*htéef%lc B itXRRSul fate, cal cium
sulfite, talc,, cla m ca, asbhestos, gl ass fiber, | ass fl ake, gl ass bead,
Calélw%%ﬁﬁﬁ%ﬁﬁs Blich 'as 'pe réieum re€sin, atactic é%lypropyleneg

and coumarone-indene resin. Of these, petroleum type
softeners are preferably employed, and process oil is
particularly preferably employed.

Blowing agent

_710 ' As the blowing agénts, those generally used for
| blow-molding of rubbers are widely used, and exémplés
tgéreof include inorganic blowing agents, such as sﬁdium
-biCarbonate{ sodium cafbonate,'ammonium biéarbonate;‘
ammonium carbonate and ammonium nitrife; nitfoSo |
145 ° compounds, such as N,N'édimethyl—N'N'— |
'dinitrosoterephthalamide and N,N*'-

: dlnltrosopentamethylenetetramlne, azo compounds, such as
.azodlcarbonamlde, azoblslsobutyronltrlle,.
,azocyclohexylnitrile, azodiaminobenzenefané périum

.20 azqdicarboxylaté; sulfonyl hydrazide compounds, such és
géﬁzenesulfbnyl hydrazide, toluenesulfonyl ﬁydrazide,.-
p,p'—oxypis(benzenesulfOnylhydrazide} aﬂd‘diphenylsulfonm

- 3,3'-disulfonyl hydrazide; and azide éompoUnds, such as

calcium aiide, 4,4—diphenyldisulfoﬁyl azide and‘p;"




nmontnorillonite, bentonite, graphite, alum num powder and nolybdenum
sul fide. 10 Above all, |ayered conmpounds are preferably enployed, and clay
m neral s having swelling/cleavage properties in dispeﬁiionﬁgﬁgia are
particularly preferably enployed. The clay mnerals a mﬁ@ 1y
classified into a type of two-layer structure consisting of a tetrahedral

| ayer of 15 silica and an octahedrapghayer containing al um num or
magnesi um as a central netal provided on the tetrahedral |ayer and a type
of three-layer structure consisting of tetrahedral |layers of silica and an
oct-ahedr.al, | ayer ontai ni.ng al um num or magnesium as a central netal 20
sandmﬁcﬁg&uﬁ&ﬁﬂ&%ﬁaﬁﬁgtﬁﬁ edPal thayer sPreheremdel ayer nigtoset ure type
(former type) is, for exanple, a kaolinite group or an antigorite group,
and the© ﬁ‘%é’él-“ e 7O GOIROELS e @zddeercompeelndss, for exanple, a
smectite group, a vermculite group or a mca group that is 25 grouped
according to the nunmber of it®timangisatitons. 10 June 2005 202 Specific
exampl es of the clay mnerals include kaolinite, dickite, nacrite,
‘hal | oysi te, A&REi §éPHiEBg aghipsenil eanppeophyt iihe combitnamiionl oni t e,
beidellite, nontronite, saponite, sauconite, stevensite, hectorite, 5

t et Pasi Vi thechlosbabuaoeasni dWit eof nuscovl being nasgasiiet tal C,

verm culite, phlogopite, xanthophyllite and chlorite.

combination contributes to lowering of decomposition

temperature of the blowing agent, acceleration of
* decomppsition thereof and production of uniform bubbles.

Exampiles of such blowing assistants include organic acids,

1Q such as salicylic acid, phthalic acid, stearic acid ‘and

oxalic acid; and urea or its derivatives.

e

Processing aid

Examples of the processing aids include acids, such
as ricinolic acid, stearic acid, palmitic acid and lauric
15  acid; salts of these higher fatty acids, such as barium

stearate, zinc stearate and calcium stearate; and esters.

Adhesion imparting agent
The thesidn impafting agent is an agent tq,imﬁrove
adhesion between a crosslinked product éndia:decérative
20 layer suéh as a coating film, and examples of such agénté
L i . .
~include an organotin compound, a tertiary amine coméound?
a hydroxyl grouprontaihing (co)polymer aﬁd a metaliié

~ hydroxide.

Inorganic filler




Clay mnerals having been treated with organic materials (sonetines
referred to as "organic nodified 10 clay mnerals") are al so enployable as
t he inorganic | ayered conpounds. (On the clay m neral sichamerQo$peen treated
~wWith organic materials, see "Dictionary of Clay" by Asakura Shoten.) O
‘the above clay mnerals,, preferable are a 15 snectite group, a vermculite
group and a mca group, and nore pf@terable is a snmectite group, fromthe
viewpoi nts of swelling properties or cleavage properties. Exanples of the
snectite group clay mnerals include nontnorillonite, beidellite, '

-nontronite, ggxapenkke f-%Qmqul L8 i nd hectorlte Exanpl es of
t he di spersion ngdla g& whi ch Qﬁﬁb Fn%&%g%?% 5%§§gge &&ﬁﬁEUnds are

swol | eng9p+ehaaved sas al e o e swellln clay mnerals,
there can be nentFoﬁEééaeterdm&lcdhgﬁggﬁ OgegﬁétW§ﬁ8F Y8 et hanol ,

pr opano opLY I C and 10.June 2005 203 dlethylene
gl ycol , bgﬁﬁéfh g?%aﬁﬁgh %@th% B ALEoRde A 1 EAG 4B PEAS O ¥ade hese, wat er

modi 11 Cﬂgﬁi“géB%Hnﬁf?arg@‘l?%?éa%é%c51%8%%%% PaHEa AT naEPaonydracar bons,
ot Pahy Qf?%ﬁﬁﬁsU&%%%EEQ%@&&H?%'?E@@%‘ o bRBiRgI Seihgre, o
'Vcalc1um sulfite, talc, clay, mica, asbestos, glass fiber,
glass flake, giaes bead, calcium silicate, |
montmorillonite, bentonite, graphite, aluminum powder and
molybdenum sulfide.
10 Above all, layered compounds are preferably employed,
and clay minerals having sWellrng/cleavage properties in
dispersion media are particularly preferably employed
‘The clay minerals are generally classified 1nto a type of
two-layer structure consrstlng of a tetrahedral layer of
18 silica and an octahedral layer containing aluminum or
rmagnesium as a central metal provided on the tetrahedral
layer and a type of three layer structure con51st1ng of
tetrahedral layers of 8111ca and an octahedral layer.
containing aluminum or magnesium as a central metal
20 sapdwiched between the tetrahedral layers. The two-layer
R _ _ . N ,
etructure type (former type) is, for example, a kaelinite
group or an aﬁtigerite Qroup, and the three—layer
structure type (iatter type) is, for example, a smectite

group, a vermicglite group or a mica group that is

25 grouped according to the number of interlaminar catiohs.




ket one and net hyl i sobutyl ketone, aliphatic hydrocarbons, such as
n- pent ane, n-hexane and n-octane, hal ogenated 10 hydrocarbons, such as

chl orobenzene, carbon tetrachloride, chloroform dichjgpy lgﬁg%ﬁgne
1, 2-di chl or oet hane and perchl oroethyl ene, ethyl acetate, me _
met hacrylate (MWA), dioctyl phthalate (DOP), dlnethylfornanlde di et hyl
sul foxi de, methyl cellosolve and silR06@ne oil. 15 Nucleating agent As the
nucl eating agents, various nucleating agents hitherto known are used

wi thout specific limtation. Exanples of the nucleating agents include the

follow ng ar diCriRh liﬁceecﬁt & sali ybenz% denesor bcllt0| , 20 aromatic

Cﬁrboﬁyllc ac; rang L are ablgg ?gen sented b the fol?garﬁélgornula
(1) 25 15 Sane shos™ Sk g mad & e Lo M & R t‘(ﬂ}g%rl?fzfggar In the
oo A T AT RS T
hydrocar%%QG¥g%i e, Sgponite, sauconite, stevensite, hectorite,
5 tetrasilicic mica, sodium taeniorite, muscovite,
margarite, talc, vermiculite, phlogopite, xanthophyllite
and chlorite.
Clay minerals having been treated with crganic
materials {sometimes feferred ﬁo as "organic modified
10 'clay minerals") are also employable as thé‘inorganic
- layered compounds. (Gn the clay.minerals.having been
tééated with'orgéniC'materials,‘sée "Dictionary of Clay"
by Asakura Shoten.) !
Of the above clay minerals,‘preferabLe are a
15 smectite group; a Vermiculité-groub and a mica group, and
. more preferable is a smectite grqup, from fhe viewpoints
of swelliﬁgfproperties_brcieavage properties. Examplés
of the smeétite grbup clayminerals include
montmorillonite, beidellite,rnontronit;,Asaponite,
20 sauconite,'stevensite'and ﬁectorite;
) Examples of the dispersion media by which the.
inorganic layered compounds are swollenlqr cleaved are as
follows. 1In case of the swelling cléy minerals, there |
canlbe mentioned water, alcohalé, such asrmefhanbl,

25 ethanol, propanol, isopropanol, ethylene glycol . and




to 10 carbon atons and may be the sanme or different, and R42s, R93S or R42
and R 43 may be bonded to each other to forma ring; Mis a nmetal atom
having a valency of 1 to 3; and nis an integer of 1 {@)3e 2bpsConcrete
exanpl es of the conpounds represented by the above formula (1) include
sodi um 2, 2' - net hyl ene- bi s(4, 6-di -t -butyl phenyl ) phosphat e,

sodi um 2, 2' - et hyl i dene- bi s(4, 6-di -t 203t yl phenyl ) phosphat e,

lithium 2, 2" -nethyl ene-bis(4, 6-di-t-butylphenyl)phosphate, 20 :

lithium2, 2" -ethylidene-bis(4,6-di-t- butylphenyl)phosphate,

i - - -.b h | ) ph hat e,
POl U 24204 Il OB bl S(drhe PLOPYLE: 00Uty gy ) phosehat o 10 June
2 bi s(4-et hyl-6-t- butyl phenyl) phosphate
cal o u?r?%?‘hs(%g u%z“ o@gﬁ‘ efﬂfﬂa I S%( angté?;{%’@'iyh ll)%Uﬁ’r*Po@ﬁQ?te )e) 5
| ci bi t hi obi s(4-ethyl -6-t- butyl phenyl) phosp
ggl- g: 3%%: 3—%’21% ﬁlh‘% 3?3% 3245~ t - but yl phenyl ) phosphat e) ,

magneci um bi s( 2, 2' -t hi obi s(4, 6-di-t- butyl phenyl ) phosphate), 10
magneci um bi oPsg Lol 21958615 | dsphatiglerals, there

5_ can be mentioned aromatic hydrocarbons, such as benzene,
toluene and xylene, ethers, such as ethyl ether and
tetrahydrofuran,zketones, such as acetone, methyl ethyl
ketone and methyi isobqtyl ketone, aliphatic hydrocarbons,
such as n-pentane, n-hexane and n-octane, nalogenated

10 -nydrocarbons, such as chlorobenzene, oarbon tetrachloride,

chloroform, dichloromethane, 1,2-dichloroethane and

[

perchloroethylene, ethyl acetate, methyl methacrylate
‘(MMA), dicctyl phthalate (DOP), dlmethylformamlde,
dimethyl sulfoxide, methyl cellosolve and silioone 0il.

15 Nucleating agent

As the nucleating agents, various nuoleating agents
'hltherto knoﬁn are used w1thout specific llmltatlon
Examples of the nucleating agents include the follow1ng
aromatic phosphorlc ester salt, benzylldenesorbltol,

20 ‘aromatic:carboxylic acid and rosin nucleating agent.
.

- Examples of aromatic phosphoric ester salt are-

compounds represented by the folIOW1ng formula (l).

25




sodi um 2, 2' - but yl i dene- bi s(4, 6-di - net hyl phenyl ) phosphat e,

sodi um 2, 2' -butyli dene-bis(4, 6-di-t- buthyl phenyl)phosphate,

sodi um 2, 2' -t -octyl net hyl ene- bi s(4, 6-di - 15 nethylphenﬁjlpgqﬁggate,
sodi um 2, 2' -t-octyl net hyl ene-bi s(4, 6-di-t- butyl phenyl ) phosphat e,
caIC|un}b|s(2 2' -nmet hyl ene-bi s(4, 6-di-t- butyl phenyl)phosphate), 20
magneci um bi s(2, 2' - net hyl ene-bi s(4, 62gi-t- butyl phenyl ) phosphate),
barium bi s(2, 2" -nethyl ene-bis(4,6-di-t- butyl phenyl ) phosphate),

sodi um 2, 2' - net hyl ene- bi s(4-nethyl -6-t 25 butyl phenyl ) phosphate, 10 June
2005 206 sodium 2, 2'-net hyl ene-bi s(4-ethyl-6-t- butyl phenyl) phosphate,
sodi um (4, 4' -di net hyl -5,61-di -t-butyl-2,2' - biphenyl)phosphate, 5
calciun}bis-((4,4'-dqﬁéthyl 6,%2-di -t-bdtyl -2, 2' - bi phenyl) phosphate),

sodium 2, 2' -et hyl i dene- bi s(4-¢r butyl - 6-ti- butyl phenyl ) phosphat e,
sodi um 2, 2' - net hyl eng-x di_ - et hyl phenyl ) phosphate, 10
sodi um 2, 2' - et hyl end- bi s(¥ dl-E{Fylprenyl)phosphate,

‘ f

5 i .

RA3 o | o (1)

42
R N

In the above formula, R is an oxygen atom, a sulfur
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 dlfferent and

a
I

R*?s, R%s or R® and R43 may be bonded to each other to
form a ring;iM is a metal atom having a valency of 1 to
3; and n_is an integer of 1 to 3.
| 15 Concrete-e£amples of the compounds represented by
V - the above formula (l)linclude
sodlum 2, 2’—methylene blS(4 6-di-t- butylphenyl)phosphate,
sodium- 2 2'—ethy11dene bls(4 6—-di-t- butylphenyl)phosphate,
: 11th1um~2,2'—methylene—bls(4 6—d1“t—butylphenyl)phosphate,
20‘ llthlum-Z 2'—ethylldene ~bis (4, 6-di-t-
- .
"butylphenyl)phosphate, ' T
sodiumf2,2'Qethy1idene—bis(4-i—propyl—6;t—
butylphenyl}phdéphate;
1ithium42(2’—methylene~bis(4fme£hyl—6—tf,

25 butylpheﬁyl)phosphate,




pot assium 2, 2' -et hyl i dene-bi s(4, 6-di -t- butyl phenyl) phosphat e,

cal ciumbis(2,2'-ethylidene-bis(4,6-di-t- butyl phenyl)phosphate), 15
magneci um bi s(2, 2' -et hyl i dene-bi s(4, 6-di -t butyl phenyl)phpsphgse) .
bariumbis. (2,2 -ethylidene-bis(4,6-di-t- butyl phenyl)phosphate),

alum niumtris(2,2' -nmethyl ene-bis(4,6-di-t-, 20 butyl phenyl ) phosphate) and
alumniumtris(2,2' -ethylidene-bis(gg$-di-t- butyl phenyl)phosphate), and

m xtures of two or nore thereof. Particularly preferable is sodium2,2'-
met hyl ene- bi s(4, 6-di -t -butyl phenyl ) phosphate. 10 June 2005 207 Exanpl es of
aronatig.g%os%hgrEQ ester salt are conpounds represented by the follow ng
formul a~(2)'UR 2o el hydpaa-bisdd-gthylod(t2) EF f n In the above

formul a R4§ %s a_hydrogen atom or hydrocarbon group of 1 to 10 carbon
atoms; RPEEIRNFBYA) PhoseRarsvi ng a val ency of 1 to 3: and n is an integer

of 1 10 to 3. .
ca101um—bls(2,2'—thiobis(4—methyl—6—t—

butylphenyl)phosphate),

5 calcium-bis(2,2'~thiobis(4—ethyl-6-t—
vbutylphenyl)phosphate),
calcium—bis(2,2'¢thiobis(4,6—di~t~butylpheny1)phosPhéte),
magﬁecium—bis{2,2'—thiobis(4,6—di~t—
‘butylphenyl)phosphate),

10 _nmgnecium—bis(2,2'—thiobis(4—t~octylphenyl)phosphate)F

s?qium—2,2'hbufylidene—bis(4,6—di—methylphenyl)phosphate,
sodiumﬂ2,2’—butylidene—bis(4,6—di—t~ |
bufhylphenyl)phosphate,
sodium-Z,2'—t—dctylmethylene—bis(4,6—di—

15 h@thylphenyl)phbsphate,
.sodium~2,2'ft40ctylmethylene~bis(4,6;di—t~
butylphenyl}phosphate,‘ _ |
calcium—bis(2{2'—me£hylene—bis(4,6-di—t*
butylphenyl)phoéphate), |

20 magneCium—bis(Z,Z'—methylenenbis(4,6—di—t~

R .

butylphenyl)phosphaté),:

barium—bis(2,2'*méthy¥eﬁembis(4,6;dift—

butylphenyl)phosphate),’

sodium—2,2’mmethyiehe—bis(4—methylf6~t—

25 butylphenyl)phosphate,




Concrete exanpl es of the conpounds represented by the above formula (2)
i ncl ude sodi um bi s(4-t-butyl phenyl ) phosphat e, :

sodi um bi s(4- et hyl phenyl ) phosphate, 15 10 June 2005
sodi um 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,

pot assi um bi s(4-t-butyl phenyl ) phosphzog,

cal ci um bi s(4-t-butyl phenyl ) phosphate, 20

magneci um bi s(4-t-butyl phenyl ) phosphat e,

lith t >byts t
a:un:ggaggﬁg?? E %u%b@g %%%%pﬁﬁgga gghyéné “hixtures of two or more

t her eof . ,RRL T LHEY grable is
sodi um bi s(§i F gf’%LﬁOSphate 10 June 2005 208 The

b lid bi d ted by th
ol | i ngTorml '5" 51?%%% ToBey 8 b ORS) i O () OH . whorei n each

follomﬁng ornula
R4S may fferent and is a 10 hydrogen atomor a

hydr ocar o% gr%ﬁggg?sah? 10 car bon
| § calcium-bis-((4,4'-dimethyl-6,6"-di-t-butyl-2,2'—

| biphenyl)phosphate},
sodium-2,2'-ethylidene-bis (4-m-butyl-6—t-
| lbutylphenyl}phoséhate,
| sodium-2,2'-methylene-bis (4, 6— dlnmethylphenyl)phosphate
10 sodlum 2,2'-methylene-bis (4, 6~ dl ethylphenyl)phosphate,
p?Fa551um 2, 2'~ethy11dene ~bis (4, 6-di-t-
butylphenyl)phosphate,
calcium-bis(2,2'-ethylidene—bis (4, 6-dit-
butYlphenyi)phbsphate),
15_'magnecium—bis(2,2'—ethylidene—bis(4,6—di~t4
. butylphenyl}phosphate), |
ba;ium—bis(Z,Zfuethylidene~bis(4,6—di~t~
bﬁtylphenYl)phOSphéte),
| aluminium-tris (2,2 —methylene bis (4, 6~ dl—t“ )

20 —?utylphenyl)phosphate) and
aluminium—tris(2;2'~ethy1idene—5is(4,6fdi—t—,
-butylphenyl)phosphate); and mixtures of fwo or m@re-'
thereof. Particularly preferable is sodiﬁm—z;Z'm

methylene-bis (4, 6-di-t-butylphenyl)phosphate .




atonms, and mand n are each an integer of O to .5. Exanples of the
conpounds represented by the formula (3) include 1;

3, 2, 4-di benzyl i dehesorbitol, 1, 3-

benzyl i dene- 2, 4- p- net hyl benzyl i denesorbitol, 1,3 15 10 June 2005

benzyl i dene- 2, 4- p- et hyl benzyl i denesorbitol, 1, 3-p-

met hyl benzyli dene- 2, 4-benzyl i denesordpit ol , 1, 3-p-

et hyl benzyl i dene- 2, 4- benzyl i denesorbitol; 1,.3-p- nethyl benzylidene-2,
4- p- ethylbenzylidenesorbitol 1,3-p :

'ethylbenzylldgne 2,4-p benzy denesorbltol 20
1,3, 2, 4-di (p- ne?%@%%%n% %Eb?bP?BFP @f302eatar(§als are

ethylbenz¥llden§%sorb|tbl 1 3, g p- n- pyl benzyl i dene) sor bi t ol ,
1, 3, 2, 4- o r6ﬁ9FB§ﬁQ§Fﬁd€ﬁe§§%r P%wa1493f9rmuaa(@2h~
but yl benzyl i dene)sorbitol, 1,3,2,4-di(p-s 25 butyl benzylidene)sorbitol,

1,3,2,4-di (p-t 10 June 2005 209 butyl benzyli dene) sorbitol,
l,3,2,4-di (2',4" - dinethylbenzylidene)sorbitol, 1, 3,2, 4-di (p-

nethoxybenzyllde e)sorb CQ 4 d|(p et hoxybenzyl i dene) sor bi t ol ,
enzylldene- or esorbitol,
chlorobenz. |den- 4- efesorbitol .. (2)

1, 3-

1,3-

1, 3- p-chl orobenzy i dene- 2- 4- p nethy benzylldenesorbltol
1, 3- p-chl orobenzyl i dene- 2- 4-p- et hyl benzyl i denesorbitol,

1, 3- p- et hyl benzyl i dene-2-4-p chlorobenzyl|denesorb|tol

1, 3- p- et hyi belfy yiliaddedwve L£qrmula, R is a hydrogen atom or

hydrocarbon group of 1 to 10 carbon atoms; M is a metal
atom having a valenéy of 1 to 37 and n is an integer of 1
.10 fo 3.
. Concrete examples of the compounds represented by
the above fofﬁula (2) include
sddium—bis(4—t"bﬁty1phenyl)phbsphate,
sodium~bis(4—methy1phenyl)phoSphate,

15 sodiummbis(4—e£hyiphenyl)phosphate,
sodium—bis(4~i—propylpheny1)phoSphate,
sodium-bis(4—t~octylphenyl)phosphate,
pétassium—bis(4*t—butylphenyl)phosphate,
Acalcium—bis(4~£—butylphenyl)phOSphate,7

20 nmgneciﬁm—bis(4—t—butylphenyl)phosphate,

N .
lithiumrbist4—t—butylphenyl}phosphate,
aluminumwbis(4—t%butylphenyl)phosphate, and

mixtures of‘two‘ér'more theréof. Pafticularly'preferable

is-éodium—bis(4—t~butylphenyl)phosphate- _




10 chl orobenzylidenesorbitol, 1,3,2,4-di(p- chlorobenzylidene)sorbitol, and
m xtures of two or nore of these conpounds. O these, preferable are

1, 3,2,4- dibenzylidenesorbitol, 1,3,2,4-di(p nethylbe pﬁgsorbltol
1,3,2,4-di (p 15 ethyl benzylidene)sorbitol, 1, 3-p- chlorobenzy i'dene- 2- 4- p-
met hyl benzyl i denesorbitol, 1,3,2,4-di(p- chlorobenzyl|denesorb|tol and

m xtures of two or nore of these cd®®ounds. O the above
benzyl i denesorbitols, preferable is a 20 conmpound represented by the
following formula (4): OR4A5S ORAS~ OO0 OH 25 (4) OH 10 June 2005 210

wher ei n each R45 Jmy, SAa78 @ diff nt and.is nmethyl or ethyl. The
aromati c carboxylic aC|é£ﬂﬁz fortg%agple%% FafPAGIh PdF8 8“E§ra t - butyl
(coo_AioH) 2 (5) 10

benzoat Eierp‘?r%rsee%etretoe%ybytk{ewfol lilng r}%r];n%rlgw %)(:5)

| | — R

(R45
-OH
- (3)

OH

wherein each R4S 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.

<
1

Examples of the compounds represented by the formula
(3) 1nclude 1,3,2,4- dlbenzylldenesorbltol 1,3~
benzylidene—Z,4~p~methylbenzylidenesorbitol, 1,3~
15 -benzylidene—2,4—pmethylbenzylidenesorbitol, 1,3-p-

' methylbenzylidene—Z,4—benzylidenesorbitol; 1;3~p—
ethylbenzyiidene—Z;4—benzylidenesorbitol, 1,3-p-
.methylbenzyiidene~2,4—b—ethylbenzylidenesorbitol, 1;3—p—
'ethylbenzylidene—Z,4—p—methylbenzylidenesoﬁpitol, |

20 1,3,2,4-di(p-methylbenzylidene)sorbitol, 1,3,2,4-di (p-
e . ) .
ethylbenzylidene)sorbitbi, 1,3,2,4-di(p~n- o

- propylbenzylidene) sorbitol, 1,3,2,4-di (p-i-
propylbenzylidene)sorbitol, 1,3,2,4~di(p-n~

' butylbenzylldene)sorbltol 1,3,?,4—di(p~s—

25 butylbenzylldene)sorbltol 1,3,2;4—di(p“t—




The rosin type nucleating agent is, for exanple, a netallic salt of a
rosin acid, and the netallic salt of a rosin acid is a reaction product of

a rosin acid and a netallic conmpound. Exanpl es of theﬂjjgﬁegoggids i ncl ude
15 natural rosins, such as gumrosin, tall oil rosin and wood rosin;
various nodified rosins, such as disproportionated rosin, hydrogenated
rosin, dehydrogenated rosin, polynmppgzed rosin and a, p- ethylenically
~unsat urat ed carboxylic.acid-nodified rosin; 20 purified products of the
natural rosins; and purified products of the nodified rosins. Exanples of

unsaturated ..carb xxiic acids used for preparing the.a,p-ethylenically
unsat urg}t%djléaaei’b@aﬂ LHAY IR ¥4 el }"(éfi hidi el utle mal eic acid, maleic
anhydride, f ng&%c acid, itaconic 25 acid, itaconic anhydride, citraconic
aci d, adASTOHAD 20 Lishe ) 300 1t do vt Maotylic acid. OF the above
rosins, preferable is at |least one rosin acid selected fromthe group
consi st {5 "or YR shgvdiglenedsiorbig adodilfidd roslin(p-a  purified product of a
natural rosin and a purified 5 product of a nodified rosin- The rosin acid
cont ai n§theryPgnzvdddengdises bddlodot dd 3i-bem yilnmtere -aeiddp- sandar achpi mari c
acid, parastri.-c acid, isopimaric acid, abietic acid, dehydroabietic acid,
neoé%ieFPéOé@b@PZYéﬂﬁ?dﬁQQKbaﬁbd,adhdrpmdmwmnmmﬁdﬂyuid@ﬁdizyui.10
t et rahydroabi etic acid.
‘benzylldenesorbitol, 1,3-p-chloxrobenzylidene-2~4-p-
methylbenzylidenesorbitol, 1,3-p~chlorobenzylidene—2-4-p-
ethylbenzylidenesorbitol, 1,3—p—methylbenzylidene—2~4—p—
chlorobenzylidenesorbitol, 1,3—p—ethylben2ylidene—2—4—p—
10 chlorobenzylidenesorbitol, i,3,2,4-di(p-
'ch}orobenzYlidene)Sorbitol, and mixtures of two or more
of these compoﬁnds. Ofrthese, preferable are 1,3,2,4-~
 dibenzylidenesorbitol, 1,3,2,4—di(p—
‘methylbenzylidene)sorbitol, 1,3,2,4-di (p-
15 ‘ethylbenzylidene)sorbitol, 1,34p—chlorobenzylidene—é¥4np—
- methylbenzylidenesorbitol, 1,3,2,4-dif{p-
chlorobenzylidene}Sorbitol, éﬁd’mixtures of 'two or more
of these éompounds.

Of the above benzylidenesorbitols, preferable is a

- 20  compound represeﬁted by the following formula (4):

b

R45 -

25 - (4)




The netal lic conpound which reacts.with the rosin acid to forma netallic
salt is, for exanple; a conpound which contains a netallic elenent, such
as sodium potassiumor nmagnesium and forms a salt togglfeiowith 15 the
rosin acid. Exanples of the netallic salts include chlorides, nitrates,
acetates, sulfates, carbonates, oxides. and hydroxi des of the above
metal s. Ot her exanples of the nucl eatdty agents include high-nelting point
polyners, metallic.salts-of aromatic 20 carboxylic acids or aliphatic
carboxylic acids, and inorganic conmpounds. Exanples of the high-nelting
poi nt polyners include polyvinylcycloal kanes, such as pol yvi nyl cycl ohexane
and pol yvinyl cycl opent ane, poly-3-nethyl-I|-pentene, poly-3- 25

met hyl - | - pekyal kenyl si] anes. 10 June 2005 212 Exanples of the
metallic Qg ?‘gg’éf g%‘?%rrgti cea Boikb?i 229¢i 95 B+ LEPrpRkt fedcafboxyl i c aci ds
include al 'pug}be9§0fte, al um num p-t-butyl benzoate, sodi um adipate,
sodi um t hi ophenecar ox% ate and 5 pyrrol ecarboxylic acid. Ml ding nethod
The ol efin copﬂhgner of the inventjon can be subjected to various nolding

met hods such as extTU&t ot TATERG ¢ rgetd i biv PEi sepmmlow nol di ng, press

mol digg 10 and sta iqg , _
) aluminumhydrox dlparawt—butyl benzoate represented by the

following formula (5):

- COO—AOH)
. 2 . - :
10
" " The rosin type nucleating-ageht is, for example, a
metallic salt of a rosin acid{ and the métallic salt of a
fosin acid is a reaction ?roduét of:a rosin acid and a
metallic compound. Examples of the rosin_acids include
15 natural rosins, such as gum rosin, tall oil rosin‘énd
wood rosin; various modified rosins, suéﬁ as
dispropqrtionated rosin,-hydrogenated ﬁosin,
&ehydrogenated roéin, polymerizéd rosin ‘and e, B-
: ethylenically unsaturated carboxylic_ACidrmbdified'roSiﬁ;
20 gurifiéd products of the natural-rosins;‘and purified
- products of the modified roSiné; Examples of unséturated
carboxylic acids usedrfor preparing tﬁe a,B—ethyleniCally
unsaturated carboxylic acid-modified roéins include
maléic acid;_mgleic anhydride, fumaric acid; ifécdnic o

25 acid, itaconic anhydride, citraconic acid, acrylic acid '




The ol efin copol yner can be nolded into sheets or filns (unstretched) by
extrusion nolding. Stretched filns can be obtained by stretching the
extruded sheets or extruded filns (unstretched) througtpOJ Qaé tering

(1 engt hwi se-crossw se stretching, crossw se-. |engthw se stretching),

si mul t aneous bi axial orientation or nono axial stretching. Fromthe olefin
copolyner of. the invention, inflatisgn filns can al so be produced.

Fil aments can be produced by, for exanple, extruding 20 a nolten olefin
copol yner through spinneret. The filaments may be produced by a nelt

bl ow ng tﬁg b Injection nol ded products can be produced by injection
‘nol di ng The of et FhYtbpofyhEr i o-harakrise shapes, byre heratsee of shit herto
known iqh@qggon nol di ng 25 nmachi nes under the known conditions. The

i nj ecti on" 10°30he” 200505 11 32 Fvf dedl pebetct sonbthengdofipom t he ol efin
copolynmer of. the invention are hardly electrostatically charged and have

excel | efi®Hiildiy, Oheatndesrat aneeini npacodi Esedt assen, surface gl oss,
chem cal resistance and abrasion 5 resistance, so that they can be broadly

used as PHiitcHshiRkoduftterobra twd tyralutomebi | enext epipr£i&4am  housi ngs of
el eciric appliances, containers, etc. Blow nolded products can be produced

by the BFEBYCT Ik lermasiidhiowh il noTdiengoraehinas Wageh the known 10
-condi ti ons. )
_ ‘plural resin acids selected from pimaric acid,
sandarachpimariclacid, parastric acid, isopimaric acid.
,
abietic acid, dehydroabietic acid, neoabietic acid,
dihydropimaric acid, dihydroabietic acid and

10 tetrahydroabietic acid.

-The metallic compound which reacts with the rosin

it

agid to form a metallic'salt is, for examp;e;-a compound
'which contains a metallic elemeht, such as sodium;
‘potassium or mégnésium, and-forms a salt togetﬁer with
15 ‘the rosin acid. Examples of the metallic salts inclﬁde
'chldrides, nitrates, acetates, sulfates, éarbonates,
oxides,and'pydrbxides of the abové_metais..‘
Other examples of the'nucleéting.agehts include 
high-melting point polymers, metallic.séltSféf aromatic
20 _iarboxylic acids or aliphatic carboxylic acids, and
inofganic compounds, |
 Examples of the high-melting point polymers inclﬁdé
: polyvinylcycloalkanes, such as polyvinylcyclohekane and
po}yﬁinylcyclopgnﬁahe, poly—B—methyl—l—pentené, bély—B—"

25 methyl-l-butene, and polyalkenylsilanes.




In the injection nolding nmethod, the olefin copolyner of the invention is
injected into a parison nold at a resin tenperature of 100 to 300C to form
a parison, then the parison is held in a nold of desihed 1§O@£ape, and air
is blown into the parison to fit the parison into thd’w8'd<"%hereby a bl ow
nol ded product can be produced. The stanping nethod is, for exanple,
stanping nolding. In this nmethod, sqybase material, and a skin 20 nmateri al
are press nolded at the sane time to performintegral nolding (stanping

nmol ding), and the olefin copolynmer can be used as the base material. Use
application &ga%une 2035th214 Thﬁ ol efin _copoal ynmer of the invention can be
applied to VARI'BUSSuSés thEnBeF6l lécanpies Pf earmBéigsed for film

| am nat es bSheﬁt Ianiﬁates and nodifiers, Exanples of the |am nates
cont ai nFRGPIEVILESsECIRE OF PdjePafdrnearbremltife aslighi Ancdpoleyner of the
inventiog iinclude agricultural film wapping film shrink film

pr ot ect PvEBTETPR PeEERaFSY i AGURE MRS Bch—RY tilbsdzphasmasodepar at i ng film or
wat er sel ective perneation vaporizing film ion exchange film battery
separ at 8F1P3h@- séPdétinvehigpheapapabPrylekkmesdch as- optical resol ution

fil The ol efin copolyner of the invention can be used as a nodifier for
rubg%rspyrrolecarboxyllc acid.

Molding method

- The olefin copolymer of the invention can be
subjected to various molding methods such as extrusion
molding,rinjection molding, blow meclding, preéé molding

10 and stamping.. “
. The olefin copolymer can be molded into sheeté 6r
films (unstretched) by extrusion molding.
Stretched films can be obtained by sﬁfetching the
extruded sheets or extruded_films (unstretched) throuéh
15 tentering (lengthwi;chrosswise.stretching, crosswise-—
JlengthwiSe stretching), simultaneous biaxial orientétion S e
or monoaxiai Stretchingi From the olefin copolymer of:.
the inventién, inflétidn films'can also be produced; 
Filaments can be produced by,-fop éxampie, extruding-
20 a molten:olefin copolymer through spinneret. The
. : .
filaments may be p:oducéd by a melt blowing methéd.1
Injection molded productS‘can be prdduced by
iﬁjection moldiﬁg‘the olefin copolymer into varioﬁs,-
shapes by the use'of'hitherto known injection‘mblaihg_

25 nmachines under the known conditions. The injection




Exanpl es of the rubbers include crosslinked rubbers, such as natural
rubber (NR), isoprene rubber (IR), 15 butadi ene rubber (BR),

styrene/ but adi ene rubber (SBR), chloroprene rubber (CR) june 2005
acrylonitril e/ butadi ene rubber (NBR), butyl rubber (1IR),

et hyl ene/ propyl ene rubber (EPM EPDM_, chl orosul fonated pol yet hyl ene
(CSM, acrylic rubber (ACM ANM et(?1)3, epi chl or ohydrin rubber (CO EC4,
20 etc..), silicone rubber (Q and fluororubber (FKM etc.); and

t her m)pl astic rubbers, such as rubbers of styrene type, olefin type,

ur et haneno yped esd@uct ypebtaphde £yps t8B8d oV igB¥In %ngQ{lﬂf‘ef f Jhe ol efin
copol yner of the invention can be used as 25 a no or U%I’I cating

oils, slmﬁvast:g(arsOit@ehgf@lﬁeeﬂgcéf@&g@?éa1_2%5 BllrgH e5e] engine oil,
mari ne engine oil, gear oil machi ne oi Ki ng 0|I rr%t or 0|I

machi ne edtdell &t nﬁi@@iﬁy,aqqeé@s%ﬂéggngé : ;Egg%hg%:ségg mer can be

used as a viscosity nodifier or reezi ng-poin t hese

| ubri catduyrnid g1 Ql:fggrh{bap?plo%]ﬂ’rse{agéet hgglug entﬁ:l%glr g?n be used as a

nodi f.i er for waxes- Exanples o waxes i n waxes, such as

noNt&N Weds i AealcMNaxXs, é}ﬁdo%(el.fdéf er{ ﬁ%?l r}ﬁ%%(g@gdb\getrol eum wax; synthetic

waxes, 10 such as ‘pol yet ene &4 8fenical ly . nodified
hydr003%%%%ﬂ%@&f@“16%§¥¥dflgf%kii é%omo Yile Ve Eé??é? %?igf and ani fmal

waxes.
housings of electric appliances, containers, etc.

Blow molded products can be produced by the use of
‘hitherto known blow molqing machines under thé known
10 conditions. . d
g 'In the injection moiding method, the olefin
copolymer of the invention is injected into a parison
" mold at a resin temperature of 100 to 300 C te form a
parlson, then the parison lS held in a mold of desjired
'15.~shape, and air is blown into the parison to fit the"
- parison into the mold, whereby a blow molded product can
be produced. | |
The Stamping methéd is, fbr‘example; stamping
molding; In thié method, a base materiél_and a skin
20 materiai are press molded a£ the same time to perform
. : l 7
integral molding'(stamping molding), and the olefin

cOpqumer can be used as the base material.

- Use application




The ol efin copolyner of the invention can be used as a nodifier for

cenent. 15 Exanples of the cenent include air setting cenent; such as

i me, gypsum and nmagnesi a cenent; water setting cenequkmggEQSas Ronman

cement, natural cenment. Portland cenent, alum na cenent an rgh sulfuric

salt slag cenent; and special cenents, such as acid. proof cenent, 20

refractory cenent, water glass cemenf14nd dental cenent. Viscosity

nodi fier, Mol dability inprover The ol efin polyner of the invention can be

"used as a viscosity nodifier or a noldability inprover for inks and

pai nts, such asel el€Lpr espoliindtd R ivde tdparaphi printing ink,

fl exo graphic ink, gravure ink, oil paintf'lo June 26%%%§3I%b§%f?§lose

derivative parhbussyBbhet kedr €SN N1 Water | ipt ogdery wat er

pai nt .and Japanese | acquer. Buil di ng{ﬁnﬁ’gﬁélfa%%\% Ir[%eér%%i ﬂ%‘ér‘?ﬁ Mmat eri al

The ol ef iamcoobyfresnetet anh RURL OB L3N, NG ysed 5 for buil ding/civil

engi neering resins and bui |l ding/civi engi neering nol ded products, such as

flooring, flo®ksthi&s oF! $ und insul.ating sheet, heat insulating

panel , danpi ng %B%er?af, gg%org ?b%tg%egPPtﬁé§%ﬁﬁhﬁ ,ie§§ﬁhéFF3nDdifier,

gaskst , + NEL rkal o roof| sheet 0 _and cut-off sheet, Autonobile
B R IRLET oo £ SR CE N SRt Sl o 1ol yinichon he

interior or exterior trim ol Irne
'nvent'cyhéfﬂhémﬁé§§%hiﬁﬁral film, wrapping film, shrink film,

protective film, separating film such as blood plasma

separating film or water selective permeation vaporizing
~film, ion exchange film, battery separétor, and selective

10 - separating film such as optical resolufiog'film.

. The olefin copolymer of the invention can be used as
a'modifierrfor rubbers.
Examples of the rubbers include croéélinked'rubbers,
such as natural rubber (NR), isoprene rubber,(IR);

15 ‘butadiene_rubber.(BR), st&rene/butadiene fubber (SBR),
-chloroprene rubber (CR}), acryldnitrile/butadiené rubber
(NBR} , butyl7;ubber (IIR),Aethylene/propylene rubber;fEPM,
EPDM), chl;rosulfonatéd polyethyléne (CSM’, acrylic
_rubber_(ACM, ANM, etc.), epichlorthdrin_ygbber (Co, ECO,

j 20. etcﬂ), éilicone rubber (Q)-and fluororubber (FKM, etc.):
“ . -
and thermoplastic rubbers,; such as rubbers of styrene
type, o;efin'type, urethane type, ester'type, aﬁide type
and vinyl chloride type. |

- The olefin copolymer of the invention can be used as

25 a modifier for lubricating oils, such as gasolinéiehgine"



autonobile interior or exterior trim.and gasoline tank. Electric or
el ectronic parts 15 The ol efin copol yner of the invention can be used for

electric or electronic parts. Exanples of the electrig pr.8hgstronic parts
include electric insulating nmaterials, electronic part treating )
~instrunments, magnetic recording nedia, binders of magnetic recording
‘media,. 20 sealing materials of elegtgic circuits, materials of electric
appl i ances, base. materials of containers such as electronic oven S
containers, films for electronic ovens, polynmer electrolyte base materials
and conductive alloy base materials. Ot her exanples of the electric or 25
el ect r ot ¢ pa#BEe nePUtRE ePéét rNeTdneckBginenpd lpagesy 1@ 1june 2005 217
such as conpector, socket, resistor, relay case switch coil bobbin,
condensBiching | abl e eehdbnserkéngepibpticabr pitkupachphicalilgonnect or,
vibrator, various termnal assenblies, transforner, plug, printed

wi ri ng-pobrdle soiirerd Speakatingi cibphdie; disaffohoneyo Byraét aBhor, ,
magneti ¢ head base, power nodul e, housing, sem conductor, liquid crystal
di spl ayeparted FDD carstaye,y ADDIchassi sy a HDB=paLhg, pARLEr bl ush hol der,
par abol a antenna and conputer associated parts, VIR parts, TV parts, iron,
10 fai rdefryegsanti cef odoker pasiscael gt O c oven parts, acoustic :

i nstrunment parts, audio machine parts such as audio |aser disc and conpact
di sc, donestlihe arledfifi e®polymer of the invention can be used as

a modifier for waxes. Examples of the waxes include

mineral waxes, such as montan wax, peat wax;

ozokerite/ceresin wax and petroleum wax; sy?thetic waxes,
L.jO' ‘such as polyethylene, Fischer-Tropsch wax, chemically

modified hydrocarbon wax and substiﬁuted amide wax;

0t

vegetable wéxeé; and animal waxes.
| The olefin cépélymer of tﬁerinventiOn can be‘used as
a modifier for cement.
15 Eﬁamples of the cement include air setting cemeht;
such as lime,‘gypsum and magnesia Cementf water setting
'cement, sucp'as Roman cement, natural cément; Portland
- cement, alﬁmina cement and high sulfuric salt slag
cement; and special cements, such as acidﬁﬁrﬁgf cement,
20 refractofy cement, water glass cement and dental cement.

L . .
Viscosity modifier, Moldability improver

.The‘olefin'pdlymer 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 baint,




el ectric appliance parts, such as light fitnment parts, refrigerator parts,
air conditioner parts, typewiter 15 parts and word processor parts,

of fi ce conmput er ‘associ ated parts, tel ephone aSSOCIateduﬂﬁ[%% Oga05|nlle
associated parts,. copy nmachi ne associ ated parts, electronagnet

shielding material, speaker cone material, and vibrating el enment for
speaker. 20 Aqueous enmul si on An aquenys enulsion containing the olefin
copolymer of the invention can be used as an adhesive for polyol efins of
excel | ent heat sealing properties Medi cal or hygienic material 10 June
2005 218, %@ 8Ief %g §, of the |nvent|on can be used for nedical
goods, sUGh™as non%86eﬁ a Fl@alﬁonwﬁyéﬁ Sftaisr i N idninTdrd . eladety et

medi cal EUE nmedi.c tai ner, transfusion bag, prefill syringe and
syringe, % ﬁB8.839“%atBPw FEY HALPFi BRaPtoprgandaranese disslquarscl es,

filter fj food sanltatlon/health goods retort bags, and freshness
keepi ng A e . i f saliyder of the invention
can be used 10 for stati oner such as desk mat, cutting mat, ruler, pen
hol der, pen gFip, opehicapors Y@ser@fgthp lDMEUénongpp beagoeﬁ sheet , pen
case, paper holder, binder, |abel seal, tape and white board; daily use
nlscélla %ﬁugubbgﬂgg SUERl engineering resins and building/civil

engineering molded products, such as flooring, floor tile,
floor sheet, 30uod insulating sheet, heat insulating
panel, damping material, decorative sheet, baseboard,
- asphalt modifier, gasket, sealing material, roofing sheet
10  and cut-off sheet. ‘ -

Automobile interior or exterior trim, Gasoline tank

4t

The olefin pOlymer of the invention can .be used for
automobile . interior or exterior trim and gasoline tank.

Electric or electronic parts

15 The olefin copolymer of the invention can.be dsed
for electric.or electronic parte Examples of the
electrlc or - electronlc parts 1nc1ude eleéctric lnsulatlng
materlals, electronlc part treatlng 1nstruments, magnetlc
‘recording media, binders of magnetic xecording media,.

20 Sealingjmaterials of electric circuits, materials of
. _ _ S

electric appliances, base‘mate:ials of.containers SUCh.aS

electronic oven containers, films for electronio ovens;
polymer electrolyte base materials and oohductive alloy
base materials. Other examples of the electficor:

25 electronic parts include electric or electronic.perts;




as clothing, curtain, sheet, carpet, entrance hall mat, 15 bath mat,
bucket, hose, bag, planter, air conditioner filter, exhaust fan filter,

t abl eware, tray, cup, lunch box, coffee maker funnel, jeygabags frane,
contai ner, storage case, hanger, rope and washing net; sporting goods,
such as shoes, goggles, skis, racket, ball, tent, 20 sw nm ng goggles, swim
fin, fishing rod, cooler box,. |eigye sheet and sporting net; toys, such
as block and cards; containers, such as kerosine can, drum detergent
bottl e and shanpoo bottle; and display goods, suchas signboard, pylon and
plastic _chain 25 Filler nodifier 10 June 2005 219 The ol efin copol ynmer of
t he invéHFﬁoﬁSc&ﬁnBSCtPévoﬁﬁﬁﬁﬁ?u3585é§t8ﬁraééﬂ?WVéaﬁQrSﬁﬁépéring afiller
di spersibility inprover or a dispersibility-inproved filler. 5

Conpat i BPEzPREPAGenEOTHBN6RES | HaEdpBLynEpPhEEnERE FAvent PDhihali ng a
functional group, at the term nal can be used as a conpatibilizing agent.
When t hBi6KBPr nCEBpBRYNEPRBECERS, VhbBAtPOA Varised bsrmiveipati bilizing’
agent, a 10 go[yolefin and a pol ar group-containing thernoplastic resin
can be #fFgeEPLAcan hransfaryeni xphggr aprintdlewioliedi bosogpl ymer has a

pol yol efin segnment and a .functional group, so that inherently.
jnc@hpa?ﬂ@ﬁér speaker, microphone, headphone, small motor,

magnetic head base, power module, housing, semiconductor,
liguid crystal d}splay parts, FDD carriage, FDD chassis,
HDD parts, motor;blush hplder, parabola antenna and
VQomputer associated parts, VTR parts, TV parts, iron,

10 _ hair drfer, rice cooker parts, electroﬁic oven parts,

acoustic instrument parts, audio machine parts such as

audio laser diéc and compact disc; domestig or office
5iele¢tric appliancé parts,'sﬁch a$,light-fitment parts,

refrigerator pérts, éif conditioner parts;,typewriter

15 parts and word processor parts, éffiée_computer
associated pa#ts, telephone‘assoéiated pafts, facsimile
associated parts, copy machine associatéd parts,
electromagnetic shielding material, speaker cone material,
and vibrgting'element‘for speaker. - |

20 Agueous emulsion
.~

An aqueous emulsioﬁ'containing the olefin copolymer
of the invention can be used as an adhesive for
polyolefins of excellent heat sealing propertieé.‘

Medical or hygienic material




conponents can be conpatibilized wth each other by the 15 use of the
copol ynmer. Qther uses The ol efin copolyner of the invention can be -used

for m crocapsul es, PTP packages, chem cal bul bs, drug 10d&lhev@by system
etc. 20 EFFECT OF THE | NVENTI ON The ol efin pol ymer according to the
invention exhibits various useful properties. According to the process for
preparing an olefin 25 polynmer of thg¢gnvention, an olefin polynmer having a
hi gh 10 June 2005 220 nol ecul ar wei ght and a narrow nol ecul ar wei ght

di stribution and a tapered pol yner or various block copolyners precisely
.controll ed invat Oa}tr cture can be  obtained at high polynerization
tenperat ures 1 SORNES 24 itdhe a"é’c“'e\ﬂtﬁoé‘s capxRePliEedhe present
invention. is fqé;qéi' described with reference to the follow ng exanples,
but it s SO uSE TS IIREARREhESF Lics NPty Timited to

t hose exampl es. The structures of the conpounds obtained in the synthesis

exanpl es 4 Qeitdimiated By erdains -oMetdaNR tavg, PBd#wsd spectronetry

(Japan El ectron Optics Laboratory
container, transfusion bag, prefill syringe ‘and syringe,

5 medical materials, artificial organs, artificial muscles,
filter films, food sanitation/health goods, retort bags,
and freshness keeping films.

Miscellaneous godds

| The olefin copolymer of the invention_can be used
o 1Q for stationery, such as desk mat, cutting mat, ruler, penr
h?}der, pen grip, pen cap, scissors grip, cutter-érip,
magnet sheeﬁ; pen case, paper holder, binder, labél'seal,
tape and white board; daily use miscellaneous goods, such
as clothing,-éurtain, sheet, carpet, entrance'hall mat,
15 bath mat, bucket,lhose, bag, planter, ai; conditioner
filter, exhaust fan filter, téﬁleware, tray, cup, lunch
box,.coffee-maker funnel, eyeglass framé, container, -
storage éase, hangér, rope and washing net; sporting .
: goods,.such as shoes, gqggles, skis,‘rackéf; ball?ﬂtént;
20 swimmiﬁg goggles, swim fin, fishing rod, cooler box, .
. : : : S
" leisure sheet and gpofting net; toys, such as block aﬁd
cards; contdinefs, suéh as kerosine can;.drum, detéfgént
bottle and shampoQ boftle; and display goods, sqch.as

signboard, pylpﬁrand plastic chain.

26 Filler modifier




15 SX-102A). Synthesis Exanple | In a 100 nl reactor thoroughly purged with
nitrogen, 100 m of toluene, 10.34 g (56.5 nmmol ) of pentafluoroaniline,
6.68 g (75.4 % 28.2 mmol) of 3-t 20 butyl salicyl al dehydaanthog smal |
anount 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 of19- toluenesul fonicacid was added as a
cat al yst, and" they 25 were refluxed with stirring for 2.5 hours. The
reaction 10 June 2005 221 solution was allowed to istand fgr cooling to
room tenper re,, then filtered to renove the_‘cata yst an vacuum
concent rg}t)ed.aIt glreeslinducé)p\ﬁéémﬁfr iF5 eoylré’er&ﬂquaf?’blb?ol ]lc.ln’:’ll to obtain

.47 i.el d;. .88-9 f 5 yellow solids represente y the follow ng
?ofrru?a(f%éfqrakﬁlyF edlgalis aylﬁ PR iNE (OF PHEpaning S iMleract or
t hor oughj.y pur %d.with nitrogen, 1.043 g (3.00 mmol) of the conpound (a)
- obt ai ne lé%%\fec‘% 1lity improver or a dispersibility-improved

filler.

5 Compatibilizing agent

The olefin copolymer of the invention having a
funCtioﬁal group at the terminal can be used as a
compatibilizing égent. When the olefin‘copolymer of the
invention is used as a compatibilizing agent, a

10 polyolefin and a polar group-containing thermoplastic
resin can be mixed in an arbitrary miﬁing ratioc. The
olefin copolymer has a polyolefin segmeﬁtrand a
ﬁfuﬁctional groupg so that inhéréntly.incompatible.
components can.be_compafibiliZed with eaéh,dther by the
15 'use of the copolymer.

Other uses

The o;efincopolymer of‘the invention can be used
for microcapsules, pPTP packages,rchémical'bulbs, drug
delivery syétem, etc. | - |

20 |

EFFECT OF THE INVENTION

~The olefin pblymer according to the invention
exhibits various useful properties.
. .According @o'the process for pfeparing an olefin

25 polymer of the invention, -an olefin polymer having a high




and 30 m of anhydrous diethyl ether were placed, and the 15 solution was
cooled to -78C and stirred. To the solution, 2.05 mM of n-butyllithium
(n-hexane solution, 1.54 N, 3.15 nmmol ) was dropw se agfigg.08E a period of
5 mnutes, and then the m xture was slowy heated to room tenperature.
After stirring for 3 hours at room 20 tenperature, the reaction solution
was slowy added to an ether slurry 4g3.00 ml of titaniumtetrachloride -
(heptane solution, 0.5 M 1.50 nmol) having been cooled to -78C. After the
addition, the mxture was slowly heated to roomtenperature. The resulting
dark red ; slugry was ﬁqiltered, and the filtrate was vacuum 10 June 2005
éa WEL G,

|
222 concent rated®unt’ % re 245 En 3G Ph 8 EGuild theedmhtabout 5 m . The

. solids preci @i tgtﬁg were coll ected and washed w th hexane. The resulting
solids wer& vatttitari 8% 6 tébeirA @oisrey Oy skdiod® ook a brown -
conpound 5 represented by the followng formula (1) The FD nass

spect r onetPHOO¥"EhE BoRPOTRAY( EPnEEsdiledd inntBO2sErturE Eak be / F 10

TrCl2- 6tBU 2, . .
- obtained at high polymerization temperatures with high

S polymerization activities.

EXAMPLE

The present invention is further described with
‘reference to the following examﬁles, but it should be

10 construed that the invention is in no way limited to

t?QSe examples.

The structures of the compounds obtained in the
synthesis-exampies were detgimined by means of 1H~NMR and
FD-mass Spectrometry {(Japan Electron Optics Laboratory

16 Sx-102a).

Synthesis Example I

' - In aﬁiOO_ml reaqtor thoroughly purged with nitrogen,
100 ml of toluene, 10.34 g (56.5 mmol) of
pentafluoroaniline, 6.68 g (75.4 %, 2é.23mﬁol) of 3~t—'7
20 ?utylsélicylaldehyde and a small amount of acetic acid as
: a catalyst were placed, and they were heated and‘feflu#ed
with stirrihg-fbr 7 hburs. After the sélution was
allowed tO'stand for cooling, a small_émount_bf.p—

tolueneSulfonicaacid was added as a catalySf, énd they

25 .were refluxed with stirring for 2.5 hours. The-féaction



2 Syhthesis Exanple 2 15 1n a 200 mM reactor thoroughly purged mnth
nitrogen, 100 m of toluene, 3.82 g (26.0 mmol ) of 2,4, 6-

trifluoroaniline, 2.32 g (13.0 mmol) of 3-t- butylsalugxhﬁgggﬁyde and a
smal |- amobunt of p- toluenesul fonic acid as a catal yst were placed, and they

20 were heated and refluxed with stirring for 4 hours. The reaction
solution was allowed to stand for ing to roomtenperature, . then
filtered to renove, the catal yst and vacuum concentrated. The residue was
purified by a silica gel colum to obtain 3.79 g (yield: 95 % of a 25
~yellow oil represented by the following fornula (b). 10 June 2005 223 F F
F 5 60HseBytipBuwka al3oweld rteacttend Korowglwly nourrgedowid h nitrogen, 1.23
g (4.00 mml) of the conpound (b) obtained above and 30 ml of anhydrous

di et hyl temheranere, pkheed f idne riche t 10 reabuki ahanvas teaglsed ahel - 78C and
stirred. To the solution, 2.63 m of n-butyllithium (n-hexane solution,
1.60 N, va.caamrmohacewasadedpw Biee atldetliovena@ periede@fpbp am nutes, and then
the m xture was slowly heated to room tenperature. After stirring for 2
hours atilteanyel column to obtain 8§.47 g (yield: 88-%) of

5 yellow solids represented by the following formula (a).

F

F‘F
F F

N
=

- OH o
10 | a)
'Bu
In 2 50 ml reéctor thoroughly purgéd with nltrbgen,
-1.043 ¢ (3 00 mmol) of the compound (a) obtalned above
and 30 ml of anhydrous diethyl ether were plaCéd, énd the
15 solution was coéled to -78°C and stirred. To the |
 solution, 2.05 ml of n-butyllithium (n-hexane éolutién,
1.54 N, 3.15 mmol) was_dropwise added over a period of 5
minutes, and then the mixture was slowly.heated to r@om
temperature. After stirring for 3 hours atﬁfgom |
20 -femperature, the_reaction solution was slowly added to an
. :
‘ether slurry of 3.00 ml of titanium tetrachlorlde.
(heptane solutlon, 0.5 M, 1.50 mmol) hav1ng been cooléd
" to -78°C. After the addition, the mixture wasrslgwly
heﬁtéd to rocom ;empérature. The ;esulting dafk fé&:

25 slurry was filtered, and the filtrate was wvacuum




15 terrperature, the reaction solution was sIova.y added to an ether él urry
of 4.00 M of titaniumtetrachloride (heptane solution, 0.5 M 1.50 mo.|)
having been cooled to -78C After the addition, the myxteodmas sl owy
heated to roomtenperature. The resulting dark red 20 slurry was filtered,
and the filtrate was vacuum concentrated. Then, 5 m of ether and 30 ni of
hexane were added, and the solids pR2& pitated were collected and washed
wi th hexane. The resulting solids were vacuum dried to obtain 0.550 g
(yield: 38 %9 of a reddish brown 25 conpound represented by the foll ow ng
formul a. (@ncdierdfed ung: 2005, 224 spectrometry of the conpound (2)
resulted in 730 (My). F F F 5 tour B8} ‘él‘gj(c % deane Fawbl e 3 10 1N
a 100 m 3 eact ornlehatayghl v Ry th nitro 30 m of ethanol, 5.16 g
(40.0 nmml ) of 2,6- difluo oram ?’?%eaweg §’§ Pg‘gq@%%‘l Rngk wasthed

but yl sal mg}tlhaly@w{ge apg.a .anoun acetic acid as a catalyst wer e
pl aced, and they were hegte Elngf Fﬁié §515eFEt Hasupmy Aagedwtoh furt her
addi ng acgmalil, amoygnt of i Q,Id he m xture was refluxed with
stlrr?ng fgﬁln gl 90(Y1%ﬁ%f G2 a brown compound

5 represented by the following formula (1) . The FD-mass

spectrometry of the compound (1) resulted in 802 (M+)

10

(1)

. Synthesis Examplé 2

A5 In a ZOOle reactor thoroughly_purged with nitfogen,
100 ml of toluene, 3.82 g (26.0 mmol) of 2,4, 6- |
trlfluoroanlllne, 2.32 g (13 0 mmol) of 3-t-
butylsallcylaldehyde and a small amount of p-
toluenesulfonic acid as a catalyst were placed, and they‘

20 _fére heated and refluxed with stirring for 4 hours. The
reaction solution was allowed té-standrfor,cooling~to
room_temperature; then-filtered to reméﬁe‘the catalyst
and vacuum concentrated. The residue was purifiéd by a.

51llca gel column to obtain 3.79 g (yleld 95 c) of a

25-. yellow 0il represented by the following formula (b).




150 hours. The reaction solution. was allowed to stand for:cooling to room
tenperature and then vacuum concentrated. The residue was purified by a
silica gel 20 colum to obtain 4.76 g (yield: 82.2 9% 48f;uNebbsyv solids
represented by the followng formula (c). 25 10 June 2005 225 FF N OH
(c) - tBu 51n a 30 mM reactor thoroughly purged with nitrogen, 1.16 g
(4.00 mol ) of the compound (c) obtajped above and 20 ml of anhydrous

di et hyl ether were placed, and the ~solution was cooled to -78C and
stirred. To the 10 solution, 2.50 ml of n-butyllithium (n-hexane sol ution,
1.6 N, 4.00 nmmol) was dropw se added over a period of 5 mnutes, and then
the m xture was slowy heated to room tenperature. After stirring for 3
hours at roomtenperature, the reaction solution was slowy added to an 15
ether slurry of 4.00 n] of titaniumtetrachloride (heptane solution, 0.5
M 2.00 mmol ) havi ng cooled to-78C. After the addition, the m xture

om tenperature. The resulting dark red
F
S OH ' (b)
tBu

In a 50 ml reactor thoroughly pufged with nitrogen,
1.23 g (4.00 mmoi) of the compound (b) obtained abové and
30 ml of_anhydrous diethyl ether were placed, and the
10- 'solutidgwwas cooled to ~78°C and stirred. To the

‘solution, 2.63 ml of n-butyllithium {n-hexane solution,

a
1 .

. 1.60 N, 4.20 mmcl) was dropwise added ovepza period of 5
minutés, and then the mixture.wés slowly heated té réom
temperature. _After stirring fbr 2 hours at roém

15 itemperaturé, the reaction solution was sldwly‘added;to an
ether slur:yVOf 4.00 ml of titanium tetrachloride
(hgptaﬁe solution, 0.5 M, 1.50 mmol) having been ecooled
 to —78°C.- After thé addition, tﬁe mixture was slowly
“heated tp room temperature.. The resultingid;rk red
20 slurry was filtered, and the filtrate was vacuum
. _ _ :
concentrated. Thén, 5 ml of ether and 30 ml of hexane:‘
- were added, ahd'the soiids precipitated Qege collecteﬁ_
and washed with hexane. The resulting soiids were-vécuum
dried_to obtainﬁO;SSO g (yield: 38‘%) of,a-reAdisﬁ‘bfowh',_

25 compound represented by the following formula (2). The




slurry was filtered, and the solids obtained were washed 20 with a swal
anount of nethylene chloride. The filtrate and the washing |iquid were
vacuum concentrated, and the resulting solids were cojd ggkedogand suspended
in 15. m of ether. The precipitate was filtered and then washed with a
smal | amount of ether and hexane- The resulting solids 25 were vacuumdri ed
-to obtain 1.059 g (yield: 76 %9 of as June 2005 226 brown conpound
represented by the follow ng formla %3) The FD-nmass spectronetry of the
conmpound (3) resulted |n 694 (M+). 5 F F TICl2 (3) tBu 2 Synthesis
Exanpl e 0 In a 200 react or thoroughly urged wwth nitrogen, 100 m
of tol ueﬁFeDl 3 &%%‘%ﬁﬁ P lofths: f qymmﬁﬂme,re@mze(wg {13780 nmol ) of
3-t- butylﬁgllcylaldehyde and a small anount of p-toluenesulfonic acid as a
cat al yst e pl aced, and they were heated and refluxed with stirring 15

for 5 hours. The reaction solution was allowed to stand for cooling to
|tered to renbve the catal yst and vacuum

roomtenperature, t enf
- concentrated. The r ) purified by a silica gel colunm to obtain
3.45 g (yield: 98 @Q 2 i i

-5

- Synthesis Example 3
.10 ‘ In a 100 ml reactor thoroughly purged with nitrogen,
30, ml of ethanel, 5.16 g (40.0 mmol) of72,6—- |
difluoroaniline, 3.58 g {20.0 mmol} of 3-t—
bufylsalicylaldéhyde and a sﬁail amount of-acetié acid as.
ra catalyst wefe placed, and ﬁhey were héated'and refluxed
_15"with stirring. wWith furthef adding a small_améunt éf'
acetic acid,rthe mixture was réfluxed with stirriﬁg for
-150 hours};'The reaction soiution.was allowed to stand .
for cooling to room temperature-and thenlvacuum
'concent;ated; The residue was purified b&’é‘silicargel'
- 20 folumn to obtain 4.76 g.(yield:.82.2'%) of yellow solids

‘represented by the following formula (c).

25




20 formula (d). QF 60H. OH (d) . 25 tBu 10 June 2005 227 In a 30 n
reactor thoroughly purged with nitrogen, 1.01 g (4.00 nmol) of the
conpound (d) obtained above and 30 nl of anhydrous digf hyle RigRer were
placed, and the solution was cooled to -78C and stirred. To- the 5
solution, 2.63 m of n-butyllithium (n-hexane solution, 1.60 N, 4.20 mol)
was dropw se added over a period °f2§§ m nutes, and then the m xture was
slowy heated to room tenperature. ter stirring for 2 hours at room
tenperature, the reaction solution was slowy added to an 10 ether slurry
of 4.00 M of titaniumtetrachloride (heptane solution, 0.5 M 2.00 mmol)
havi ng been cooled to -78 \fter the addition, the m xture was slowy
heated to roomtenperature resulting dark red slurry was filtered,
‘and the filtrate was vacyum¥s~goncentrated. Then, 5 m of ether and 30 mi
of hexane were added, and ippe solids precipitated were collected and
washed with, hexane. The rEsulting solids were vacuum dried to obtain
0.530 g (yield: 40 % of z ish brown conpound represented by the

fol |l owi ng fmwmla(4)
resulted in 658
5 , tBu
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In a 30 ml reactor thoroughly purged with nitrogen,
1.16-g (4.00 mmol) of the compound (c) obtained above and
20 ml of anhydroﬁs diethyl ether were placed, and the
solution was cooled to -78°C and stirred. To the
10 solution, 2.50 ml of n-butyllithium (n-hexane solution,
'1:§_N, 4.00 mmol) was dropwise added over a period of 5
miputes, and then the mixture was slowlj heated to room
temperature; AftérAstirring férlB hours at room
temperature, ﬁhe reaction solﬁtion was slowly édded to an
15 ether slurry of.4-00 ml of titanium tetrachloride |
(heptane solution, 0.5 M, 2,00 mﬁol}‘having been cooled
to_—78°C After the addltlon, the mixture. was slowly
heated to room température The resultlng dark red
slurry was filtered, and the solids obtéiﬂédhwere wéshed'
20 ?ith a small amount of methylene éhloride. The filtrate
and the washing liquid Qere vacuum concentrated, and the
- resulting solids Qerercollected and Suspénded in 15Ami of
" ether. The precipitate-was filtered and then wéshed with |
a sméll amount erether and hexane. The resuitiﬁg éolidS

25 were vacuum dried to obtain 1.059 g (yield: 76 %) Of a




(Mt). F N----- TiClZ O 25 tBu 2 (4) 10 June 2005 228 Synthesis Exanple
51n a 200 mM reactor thoroughly purged with nitrogen, 100 m of tol uene,
3.19 g (8.0 nmol) of IH 1H 5 perfluorooctyl am ne, 1.431Q ) of 3-t-
butyl sal i cyl al dehyde and a snmall anmount of p- tol uenesu #OHIC acid as a
catal yst were placed, and they were heated and refluxed with stirring for
14 hours. The reaction solution was | owed to stand for cooling to 10
‘roomtenperature, then filtered to renove the catalyst and vacuum
concentrated, to obtain 4.04 g (yield: 90 % of yellow solids represented
by the follomnng formula (e). CH2(CF2)MCF3 60tBu ttl15 (e) In a 30 m =
r eact or ﬁﬁﬁ?ﬁh@ﬂ@$?ﬂﬂ@yﬁﬁﬁﬁq$ﬁﬁﬁ@¢d@mnthe1fQngw(ﬁg0ﬁonmnla of3)the
conmpound (e) obtained above and 20 30 mi of anhydrous diethyl ether were
pl aced, tERE T Ut o et atony) edff ttthe 78Gnpmicn &t (B edesdDr&hein

694 (M+).

5
. (3}
'tBu/ 2
Synthesis Example 4
10 - In a 200 ml reactor thoroughly purged with nitrogen,

'TOO ml of toluene, 2. 89 g {(26.0 mmol) of o-fluorcaniline,
_2 32 g (13.0 mmol) of 3 T~ butylsallcylaldehyde and a
small amount of p- toluenesulfonlc acid as a catalyst were
placed and they were heated and refluxed with sti:ring
15 '-for 5 hours. The reaction solution was allowed tokstand

for coollng to room temperature, then filtered to remove
the catalyst and vacuum coneentrated The residue was
purlfled by a silica gel column to obtain 3.45 g (yield:

- 98 %) of a yellow o0il représented by‘the“following--~

20 formula (d).
.\ .

25




solution, ‘1.31 m of n-butyllithium (n-hexane solution, 1.60 N, 2.10 mmol)
was dropw se added over a period of 5 mnutes, and then the m xture was

slowy heated to room 25 tenperature. After stirring {@uud Beyy s at room
10 June 2005 229 tenperature, the reaction solution was slowy added to an
ether slurry of 2.00 ml of titaniumtetrachloride (heptane solution, 0.5
M 1.00 nmol) having been cooled tgp778C. After the addition, the mxture
was slowy 5 heated to roomtenperature. The resulting dark red slurry was
filtered, and the filtrate was vacuum concentrated. Then, 3 nml of ether

and 20 m of hexagg iere added, and the solids precipitated were collected
and washed- wif'h?he%ahe. TshetPEsERPrAYIEari By raefe W adLMtI®aHm,ed to obtai n

0.183 g (g%eld: 18 %%nof a reddi sh brown conpound represented by the
fol | owi ng®foPmifa®f sfeeirheo £ FEhfrassmepEREr dAdt PP tefi nickie abenpEound ( 5)

resulteg in 1234 (N+). i H2(CF2)6CF3 tit- 15 - Ticl2 p \ (') tBu 2
Synt hes? Bkafpl @ByFous 2dpethyieather whoeopghbydpungedwiich nitrogen;

solution was cooled to -78°C and stirred. To-the
5 'solutioﬁ, 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 tﬁep the mixture was slowly heated to room
temperature. .Affer stirring for 2 hours at room
temperature, the reaction solution was slowly added to an

10 _ether slurry of 4.00 ml of titanium tefrachloride
(?gptane solution, 0.5 M, 2.00 mmol} having beeh cooled
tb-—78°C; After the addition, the mixturenwas-élowly'
;heated to room temperature. Tﬁerresulting dark fed
slurry was filtéred; and thé filtrate was vacuﬁh

15 concentrated. Then, 5 ml of ether and 30 ml of heXaﬁe'
were added, and the solids precipitated weie céllected‘
and;washed with_hexane.. The resulting solids were wvacuum
dried to obtain 0.530 g (y_iel.d:l 40 %) of a reddish brown
Compound.représented by the following formﬁlé (4}). The

20 FD-mass spectrometry of the compound (4} resulted in 658

~ .

(M+) .

25




20 100 nt of toluene, 4.66 g (20.0 mol ) of 4-
trifluoronethyl-2,3,5 6-tetrafluoroaniline, 1.78 g (10.0 mol) of

3-t-butyl salicylal dehyde and a snall anount of p-tqugggﬁﬂi%ﬁﬁic acid as a
catal yst were placed, and they. were heated and refluxed w stirring for

53hours_ 25 The starting material was confirmed by the GC anal ysis, 10 June
2005 230 so that 2.33 g (10.0 mmol )os¢ 2, 3,5, 6-tetrafl uoro-4-
trifluoronmethylaniline was further added, and the m xture was heated and
refluxed with stirring for 7 hours. The reaction solution was allowed to
stand for cooling to 5 roomtenperature, then filtered to renove the

‘catal yst and vacuum concentrated. The residue was purified by a silica

gel column to obtain 2.53 (yield: 64 0) of light vyellow solids
r epr esentdBtHE s idg formula (f). CF3 10 FFFF .._ OH(f) 6tBU

15 In a 100 m_ reactor thoroughly purged with argon, 0.15 g (3.80 mmol) of
'sodi um hydri déPwas2pPadédrandtonashedotighde watrhedOwik hohikexang,, Then, 30
m of diethyl ether was added to give a suspension. Wth stirring the -
suspensi 6A%aflr eéntpénparcat 3ré2 g0 (AL 0 oficd) of 1H, 1H=

5 perflﬁorooctylamine, 1.43 g (8.0 mmol) of 3-t-
butylsalicylaldehyde and a small amount-of P
. toluenesulfonic acid as a catalyst were placed, and they
were heated and fefluxed with stirring for 14 hours. The
'rreaCtion solution was allowed to stand fo;_cooliﬁg to
10  room temperature, then filte:ed-to remove the catalyst
and vacuum concentrated, to obtain 4.04 g (yield: 90 %)

of yellow solids represented by the following formﬁla {e).

?l‘iz(CFz)eCFs

. N
‘ =
15
, OH-

iBu (éj
In é 30_ml reactor thoroﬁghly pﬁrged with,nitrégen,
- 1.12 g_(2.00 mmol} of the @ompound (ef.obfained above ana
20 %O ml éf anhydrous diethyl ether were placed, and the |
'spiﬂtion was cooled to -78°C and stirred. -To-the.r
solution, 1.31 ml of ﬁ—bUtyllithiumr(n—ﬁexane solution,
1.60 N, 2.10 mmol) was dropwise added éver a pe;iod of -5
'minﬁtes, and ;hén the mixture was'slowly heéfed td room

25 temperature. After stirring for 2 hours at room |




20 diethyl ether solution containing the conpound (f) obtained above was
dropw se, added over a period of 20 mnutes, followed by further stirring
for 2 hours. The solution was cooled to -78C, and thejgtig,dB§osdr opw se
added 3.75 m of titaniumtetrachl oride (heptane solution, 25 0.5 M 1.88
mmol ) over a period of 5 mnutes. After the 10 June 2005 231 dropw se
addition was conpl eted, the reactiom2golution was slowy heated to room
tenperature. After the solution was further stirred for 12 hours at room
- tenperature, the resulting dark red slurry was filtered, 5 and the filtrate
-was vacug nirat n..ether. was added, and the .solids
preci pi ta?%%gag?é%blfg%tgg AT VAR LU Ot %3S t Dl oWt Bi addedety Gy el d: 45
9% of a S r represented by the following formula (6).
The FD- n%@gggp%%lff%??w@t%g ‘g%n"b’o‘iﬁfal%‘%)teﬂ“e%iﬂﬂtlb@rid\e, 10 902 (M+). CF3

F) F F ] T'i%g 0.15 2 (6) Bu Synthesis Exanple 7 "In a 200 m reactor
t hor ough @e%ur-geeds%lft}% ’tr%g%er{\?' 1700 mmol) having been cooled

to ~78°C. After the addition, the mixture wés slowiy
5 heated.to room temperature. The resulting dark red
.slurry was filtered, and the filtrate was vacuum
concentrated. 'Then, 3 ml of ether and 20 ml of hexaﬂé-
were added, and fhe solids precipitated were collected
, énd washed with hexane. The resulting solids were vacuum
10 - dried to obtain 0.183 g (yield: 15 %) of a reddish brown

cogpound represented by the following formula (5). The

FDfmass_Spectrometry of the compound (5) resulted in 1234

”(M%).

?Hz(CFz}sCFa

15

tBu /2

synthesis Example 6

In g 200 ml reactor thqroughly purééd;with nitfogen;
20 100 m1 of toluene, 4.66 g (20.0 mmol) of 4-
trifluoromethylf2}3,5,G?tetrafluéroaniline, 1.7é-g klO;O
mmol} of 3—t—butyisaligylaldehYde and a émall amounf of
,p+toluenesu1fonié acid as a catalyst were plaéedgfaﬁd

thgy:weré heateq and refluxed with stirring fé£.53.ﬁours.

25 The starting material was confirmed by the GC analQSiS;




.16.2 ml of ethyl magnesi um broni de (ether. solution, 3M 20 48.6 nmol) and
50 m ‘of anhydrous tetrahydrofuran were placed. Then, a solution of 11.2 g
(46.2 mmol ) of 2-(I adamantyl)-4 nethyl phenol in 50 nl@f,RYHEr ous
tetrahydrofuran was dropw se added over a period of 20 mnutes with ice
cooling. After the dropwi se addition 25 was conpl eted, the reaction
solution was stirred at room 10 June 28®5 232 tenperature. To the
- solution, 300 mM of toluene was added, and the m xture was heated with
stirring to distill off the tetrahydrofuran and the diethyl ether. After
cool i ng tgd eem:t enper at yrg, 53 | ). of 5 parafornal dehyde and
7.1 g (70.2 mmol ) of tgigthypaﬁggég %é?é’gggééf%ﬁﬁJaFHQQﬁ%ﬁﬁﬁe was heat ed
with stirring1abro88ch0190;¢:f,0r .20 mnutes. The resulting sol ution was
cooled to roonltgﬁpera?uggfggng Fﬁgrgb5%%§§ 3Hg€3f299anheomlﬂﬁ%re
hydrochl ogi,¢ aghd.W [ ooli.ng., Then, 300 m_10_of diethyl ether was
added to performp aégdsgggggf?gngltgnﬁtfﬁéleggéﬁFc7IayéﬁsmasTmashed tw ce
with 200 ; nd then wth a sodi um hydr ogencarbonat e agueous
sol uti-on. gl?ﬁ?%%ﬁﬁ%??ﬁél%mﬁoa &%‘éear Fedsbeef AnpRydpedsngodioum sul f ate
and thgn y@gﬁugéﬁonce trated. 15 The resulting crystals were vacuumdri ed
to obtain 10.5 g PCyTerds saeh bileeyed| bov tonpoanthe epatsdptsed by the

fol |l owi ng rmul.a (g wher ei n Adm denotes an adanmantyl group).
aﬁg vacuué goécentrated. The residue was purified by a

silica gel column to obtain 2.53 g {(yield: 64 %) of light

vellow solids represented by the following formula {(f).

10

(£)

15 In a 100 ml reactor thoroughly purged with argon,
0.15 g (3.80 mmol) of-sodium ﬁYdride waé placed and
.Washed twicé with iO ml of hexane. Then, 30 ml of
diethyl'efher was added to gi#e a suspension. With-
stirring the suspension at room tempefatﬁré, 20 ml . of a.
20 %iethyi ether solution conﬁaining the compound (f)
~-qbtained above was drb?wise_adaed over a perio& of 20
minutes, follewed by fgrther stirring for 2 hou?s.azThe
solution was cboied to -78°C, and thereto was'dfcpwisé:
added 3.75 ml"of titanium tetrachloride (he@taﬂe‘solution,

25 0.5 M, 1;88 mmol) over a period of 5 minutes. Aftef the




-0 20 OH (g) AdmIn a 100 nl reactor thoroughly purged with nitrogen, 80
m of toluene; 2.75 g (15.0 mvl) of 25 pentafluoroaniline, 4.07 g (99.7

15.0 nmmol ) of the. 10 June 2005 233 conpound (g) obtajgd, q?@ ¥e and a
smal | amount of p- toluenesulfonic acid as a catal yst were placed, and they
were heated and refluxed with stirring for five and half hours. After t he
‘reaction solution was allowed to st@8# 5 for cooling, the solvent was
distilled off under reduced pressure- Then, 50 m of nethanol was added,
and the mxture was stirred and filtered. The resulting solids were

vacuum dfd g £ O h 38,9 el & o7 e el dOU S| LS, epr esent ed

by the follow ng fornula (g 10 F m(g')
50 m react an Sh0F ghoit g AW 98 M LD, I L0908 Afrer the |

solution was further stirred for 12 hours at room
temperature, the resulting dark red slurry was filtered,
5 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 ?owder represented by the following formula!(G).
"The FD-mass spectrometry of the compound (6) ?esulted in.

10 902 (M+) .

15

Synthe51s Example i

‘In a 200 ml reactor thoroughly purged with nitrogen,
.16.2 ml of ethylmagnesium bromide (éthérnsgidtion,'3M,
20  48.6 mm&l) and 50 ml of anﬁydrous:tetraherofuran wefe
~piaced. Then, a solution of 11;2 g (46.2 mmdl)‘of_Z—(lw
.adamantyl)—4#methylphenol in 50 ml of ahhydrquS‘ |
-tétrahydrofufanIWas dropWise édded'ovef a-period of 20
minutes with ice cooling. After the drOpwisé édéitign

25 .was.comp¥eted,.the reaction solution was stirred at room




1.35 g (3.00 nmol ) of the conpound (g') obtained above and 20 m of
anhydrous di ethyl ether were placed, and the solution was cooled - to -78C
and stirred- To the 20 solution, 1.89 m of n-butyllit{y YRe(dtpgexane '
solution, 1.59 N, 3.,00 nmol) was dropw se added over a period of 5

m nutes, and the m xture was stirred for 2 hours and then slowy heated to
roomtenperature. After stirring fo32 hours at roomtenperature, the

sol ution wasdropwi se 25 added to 20 ml of a tetrahydrofuran solution of .
3.00 M 10 June 2005 234 of titaniumtetrachl oride (heptane solution, 0.5

M 1.50 tampklabaveng heemeoghne idh - 785 A & 44, Loppi se  addition vas

conpleted, the m xture was slowy heated to roomtenperature and stirred

for 12 heuesdatah@OPhE LEWPALAl WES hdheb \Bgﬁ, Zguﬁg{ﬁ?di stilled off

under reduced pressure. To the resulting s nmet hyl ene

chloridegwasiaddgds The PLXLUREY ir d,filtered,, and the filtrate
was vacuum concentrated. The go¥\§§%§%¢e%€%i %}g%]e%l%r Ir%%fll%léi pitated with

h , : )t i drj t tai 0. 334
oxane, 48and-ube,fesubt Lnaseli s, yere. vacuin | e Lo,oblalp 0334 o

(yield: 23 % of a brown conpoun

() STNeoFD: M85 2R6RLGOMEAGY7 O o P SPTRAMNT ) LESHLT G, [0, 986 (M. F
were added, and the mixture was heated with stirring at
B0 to 90 °C for 20 minutes. The resulting solution was
cooled to room témperature, and thereto was added 200 ﬁl
- of 10% hydrochloric acid with ice cooling. Tﬁen, 300 ml
10 of diethyl ether was added to perform phasé separation,
and the organic layer was washed twice with ZOC ml of
.wéier and theh_with'a'sodium hydrogencarbonate aquéous
solution. ‘The resulting solution was driéd over
anhydrous sodium sulfate and then vacuum concentrated.
15 . The resulting Crystals were vacuum dried té obtain iO;S.g
(vield: 84 %) of a yellow compound represented by the

following formula (g} {(wherein Adm denotes an adamantyi

group) .

20

Adm

In a 100 ml reactor thoroughly purged with nitrogéh, 
80 ml of toluene, 2.75 g (15.0 mmol) of |

25 pentafluoroaniline, 4.07 g (99.7‘%, 15.0 mmol) of the.




T'Cz OA(7)_ 20 Synthesis Exanple 8 In a 200.m reactor thoroughly
purged with nitrogen, 100 m of toluene, 4.19 g (26 0 nnDI) of o- -
trifluoronmethylaniline, 2.32 g (13.0 nmol) of 3-t- Pty Aéﬁﬂgscylaldehyde
and a small anmount of p 10 June 2005 235 toluenesulfonlc acid as a

catal yst were placed, and they were heated and refluxed with stirring for
5 hours. The reaction solution was @3%owed to stand for cooling to room
tenmperature, then filtered to renove the catalyst 5 and vacuum
concentrated. The residue was purified by a silica gel colum to obtain
3.20 g (yioglpdund? () obtaingel l:@4wi ladeps esenteddddthe,§ gl owi ng formul a
-(h).  ~C F3 10 60H tBu (h) In a 30 m reactor thoroughly purged with

ni trogentolibbnksa9 ren(i4- QQikmaly) Of-dde Lomaund (h).LQpt ve and 30
m of. anhydrous diethyl ether were placed, and gﬁec:solg¥?§nl§£§ cooled to

-78C andw&&brh@@te@@aﬁ@erEQQh%%bo%ut% 63 i i9f gigy%%Hgingﬂﬂ f%hexane

solution, 1.60 N, 4. nmol ) was dropw se added over perlo
hours. After the reaction solution was allowed to stand

5 for cooling, theé 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: 67 %) of

yellow solids represented by the -following fdrmula (g').

10

15 . (g*)

In a 50 ml rea?tor thoroughly purged with nitrogen,
1.35lg'(3.00 mmol} of the EOmpound (g') obtained abofé
and 20 mlfﬁf anhydrous diethyl eﬁher were placed, and the

. Solution was cooled to -78°C and stirréd, ;To the

20 . solutién, 1.89 ml of n-butyllithium {n-hexane solution,

- 1.59 N, 3.00 mmol) was dropwise added over a périgd‘§f 5
miﬁutes, and the mixtu:e was stirred fdr 2 hours and theh_
.sléwly heated to room temperature. After stirringlfor 3
hours at room température the solution was drobw1se

25 added to 20 ml of a tetrahydrofuran solutlon of 3.00 ml -




20 mnutes, and then the m xture was slowy heated to room tenperature.
After stirring for 2 hours at room tenperature, the reaction solution was

slowy added to an ether slurry of 4.00 M of titani % %Q&%glorlde
(heptane solution, 0.5 M 2.00 mmol ) havi ng been coole 78C. After
the addition, the mxture was slowy 10 June 2005 236 heated to room
tenperature- The resulting dark red 28#urry was filtered, and the filtrate
was vacuum concentrated- Then, 5 ml of ether and 30 nl of hexane were
added, and the solids precipitated were collected 5 and washed w th hexane.

The resu'otﬂ R SR iiES 81 MAGHUN,. d{%ﬁ‘%o ?g%%aijt%o%QB o%r’ruwl ell(8'3 Th% of a

reddi sh brown conpound repr esent ed
$Pergssjgﬂ%g§;%%55“% % h gﬁggﬁggfs( aﬁpléfgan£Q 1géoﬁ%¥géag?o£CF3
of 5,5 G PP or bireCRyPARIT e Sl 4 i dtat g 'ehay berecd to 0 T
room temperature and stlrred for 12 hours at room
_ 5 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 concentfated.
The solids precipitated were reprecipitated ﬁith hexane,
10 -and the resulting solids were vacuum'drie&’to obtain
- 0.334 g (yield: 23 %) of a brown compound repﬁesented by;'

the following formula (7). The FD-mass spectrometry cf

the compound (7) resulted in 986 (M+).

15

(7).

20

. Synthesis Example 8
| In a 200 ml reactor thoroughly purged with- nltrogen,
100 ml of toluene, 4.19 g (26.0 mmcl) of o—
trlfluoromethylanlllne 2.32 g (13.0 mmol) of 37t—

.25 butylsallcylaldehyde and a small amount of p-




stirred- To the solution, 1.79 g (10.0 mml) of 3-t 20 butyl salicyl al dehyde
-was added, followed by stirring for 19 hours at roomtenperature. Then,
6.00 g of nolecular sieves 4A were added, and the nix{de%%?%Esheated and
refluxed with stirring for 5 hours. The solids were renoved by filtration,
and the solution was concentrated. 25 The resulting solids were purified by
a silica gel colum 10 June 2005 228&%o0 obtain 0.92 g (yield: 72 % of
yell ow solids represented by the following formula (i). CF3 CF 3 |~ 60H
5 () Ina30mM reactor thoroughly purged with nitrogen, 0.779 g (2.00
mol ) of L hg5000084 £i ) -oht ai,ned .ab a 0 f. anhydrous di et hyl

et her were p?aced, ané thg solutign gggsgogggé 259$§C gﬁé gﬁfﬁfed. To the
10 sol ut,Qp. fde48-41 e e] n- hexane sol.ution 4 N, 2.20
mol ) was d?opﬁ?s% a%ﬁ%dpgggﬁxghp%?Fgggg?rgln '%8 eg,%PBFFOMéﬁé%y stirring
for 3 ho Ther t I Xt ur s stirred for 5 hours with slowy
heat i ng P%%C}5€ﬁ1?@%%ﬁ%g?uwggaﬁ%f%ﬁgﬁ gaoafﬁngd &d FBOzﬁngtHSr 15 slurry of
200 m lahitanumictoachhori 92, (Bephape sgbuL! O :2.,s1 00 M)

5 and vacuum concentrated. The residue was purified by a

silica gel celumn to obtain 3.20 g (yield: 77 %) of a

yellow 0il represented by the fecllowing formula (h);

10

(h)

"In a 30 ml reactor thqrdughly purged with nitfegen,
15 - 1.29 g (4.00 mmol) of the compound (h) obtained above and
30 ml of anhydrous diethyl ether were placed, and the |
solution Qas cooled to —78;C and stirred. To the |
sblution;f2-63 ml of ﬁ—butyllithium (n-hexane solution,
~1.60 N, 4.20 mmol) was dropwise added over_a period of §
20 minuteé, and then the mixture was slowly heated to room
ntemperatu:e. CAfter stirring foﬁ'Z hours at room
témperature; the réaction solution was 510wly added to an
ether slurry of 4.00 ml of-titanium-tetrachloride'
(heptane solutidn; 0.5 M, 2.00 mmol) having been cooled

-25 to'—78°C% after the addition, the mixture was slowly.




After the addition, the mxture was slowly heated to room tenperature. The
resulting dark red slurry was filtered, and the solution was concentrated
to 10 mM. The crystals 20 obtained by filtration were %@Mtrlhexane
-and vacuum dried to obtain 0.269 g (yield: 30.1 % of a Te sh 10 June
2005 238 brown conpound represented by. the following formula (9). The
FD- mass spectronetry of the conmpoun@3@) resulted in 894 (M) CF3 CF3 5
FiClZz 0 (9) 10 Synthesis Exanple 10 In a 200. m reactor thoroughly
purged with nitrogen, 100 ml of toluene and 3.36 g (26.0 nmol) of 3, 5-

di fluoro e I stirrin the solution, 2.32 g
- (13.0 nn§€§£%€ 5¥?£80H e%@ﬁsa%?%% ehyd%e%%%{ g%néé?kaﬁ%ﬂnt of p-

t ol uenes c i dd h m xture was heated and refl uxed
with stlgilggyf%gg 9%Tﬁ%§?§ %ﬁd %H ﬁgtﬁEFE FéroVed“B} filtration, and

t he solu nc trat The_co centra e was purlfled by a. silica
20 gel &ll)urm oat(g ta?fr;}l 325dénj(ycffel %89 W ot? et 1w heores represent ed

by the fﬁg}éwgégﬁdOrgyéatéé)sollds precipitated were collected
5 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+) . | |

10

15 - Synthesis Example 9

In a 100 ml reactor thoroughly.purged withrnitrogen,
55 ml of ethanol and 3.44 g (15. O mmol) of 3,5- |
dltrlfluoromethylanlllne were placed, and they were
. stirred. ‘To_the solution, 1.79 g (1056 mei).Qf 3-t-

20 butylsaiicyialdehyde was added, followed by stirfing for
19 hours at room temperature. Then, 6.00 g bf molécular
sieves,4A were added,-and the mixture was heated and
refluxed with Stirriﬁg for 5.hours.. Thé'solids we%e
rembved‘by'filtration and the solution was conééntrated

25 The resulting solids were purified by a silica gel column




10 June 2005 239 g FF OH(J) In a 50 m. reactor thoroughly purged with
nitrogen, 5 1.16 g (4.00 mmvol) of the conpound (j) obtained above and 30

m of anhydrous diethyl ether were placed, and the solution cooled to
-78C and stirred. To the solution, 2.63 m of n-butylhyﬂﬂﬂ%%mgﬁ-hexane

solution, 1.60 N, 4.20 mmol) was dropw se added over a period of 5 10

m nutes. Thereafter, the mxture was23tirred for 12 hours with slowy
heating to roomtenperature and then slowy added to an ether slurry of
~4.00 ml of titanium tetrachloride (heptane sol ution, 0.5 M 2.00 nnn:)MA
havi ng bge e 478G Aft.er; 4 he addition, the mxture 15 was slowy
heat ed tg@rggﬁggghgéPgt rggl?ﬁéﬁrégifﬁiﬁggﬁggﬁﬁ“?éﬁg%ﬂ%?rybma? rllteyed,
and the i S1...C entrated. The crystal.s obtained by filtration
wer e magg%gg§§9ﬁgﬁe?§ngﬂ%ngo&géﬁﬁﬁ¥ﬁ?ﬁﬁﬁ“ﬁﬁidbﬁain 0.958 g (yield: 69 %
of a reddi sh brown conpound represented by :20 the follow ng fornula (10).
The FD-mass spectronetry of the conpound (10) resulted in 694 (Mt). 10

June 2005 240 F VF CQ\I:;j/Cﬂ

5 (i)
in a 30 ml reactor thoroughly purged %ith nitrogen,

L0.779 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 nfbutyllitﬁium,(nhhexane-sOlution,
1.54 N, 2.20 mmol) was dropwiée added over a period Qf 5
minutes, followed by stirring for 3 hours. Thereafter,
the mixture was stirred for'S hours with slowly heatiﬁg
té room téﬁpefature aﬁdrthen.Slley added to an ether

'”15 | élurry of 2.00 ml of titanium,tetrachlér?dg‘(heptane

sdlutioh, Q.5 M, 1.00 mmol) having béen cooled to ;78°C.
After the addition, the_mixturérwas slowl? heated to room
temper;ture-' The reédlting dark red siurry was filtered,
ana the solution was cpncentrated to 10 ml. The cfysfals

20 Obtained by filtration wefe washed with hexane énd vacuum

dried to-obtain 0.269 g (yield: 30.1 %) of a reddish




TM 0 (10) Synthesis Exanple 11 In a 100 m reactor thoroughly purged with
nitrogen, 2.00 g (5.27 nmmol) of hafnocene dichloride and 40 mM of 10 -
~anhydrous diethyl ether were placed, and the solution \f\@%geo?(t@d to 0OC and
stirred. To the solution, 9.6 m of nethyllithium (ether so on, 1.14 N,
+10.9 mmvol ) was dropw se added over a period of 45 m nutes, followed by
stirring for 2 hours. Then, the m xtR88 was slowy. 15 heated to 0C. After
stirring for 30 minutes at 0'C, insolubles were renoved by filtration. The
filtrate was concentrated, and to the concentrate was added 10 m of '

et her togivg, 2 oRiRRENRSI T i nsol ubl e re. renpved again, and the
sol ution was vacuum conce trrezﬁégﬂj,ed %y't%j%bf%vhﬁo“f“ﬂ g[p(grrﬁ‘&{h%nﬂ?{ ative

yi el d) ofppa Idpght, el -conpound. represented by the follow ng fornul a
(11).. H3C m-aﬁgzgp%\\@tﬁf%e 16 fﬂfneterg?)o%om@wctx%weewwe% 500 m gl ass
aut ocl ayg%hqmgghl y purged with nitrogen, 250 m of toluene was pl aced,

and a mxed gas® 5 of ethylene (5.0 1/hr) and propylene (150 1/hr) was fed
to saturate the liquid phase and the gas phase. Thereafter,

5

(9)

?O Synthesis Example 10
In a 200 ml reactor thoroughly purged with ﬂitrogen;‘
100 ml of toluene and 3.36 g (26.0 mmol) of 3,5-
difluoroaniline'were placed, followed byhétirring- To
the solution, 2.32 g {(13.0 mmoi) of 3—t;
15 butylsalicylaldehyde and a small amount of p-

‘ .toluenesulfonic acid were added, and the mixture was
heated and refluged with s£irrinq fdr 6.5 hours. The
solids WEfé fémoved by filtration, and the solgtibﬁ.was

- concentrated. The concentrate was pqrifieq~by a.silica.'
20_ gel colﬁmn‘to_obtain 3.32-§ (yield: 89 %) of yellow

.solids represented by the.folloﬁing formula (j).




1.25 mmol (in ternms of alum num aton) of nethylal 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 qinu% s, a small
amount of isobutanol was added to terminate the pol ymPi2% f&R The
resulting polyner solution was introduced into 1.5 liters of nethanol
containing a small anmount of 15 hydr239hl oric acid to precipitate a pol yner.
The pol yner precipitated was washed wi th nmethanol and then vacuum dried
at 130C for 10 hours. Thus, 0.794 g, of an ethyl ene/ propyl ene copol yner
was obtai ned. The .polynerization activity was 1.91 kg/hr based on 1 mol

of 20 titanium The propyl ene contept~astFneasured by IR was 13.3 % by
nmol , the nol ecul ar weight (M) as negsurjed by GPC was. 159, 000, and the

nol ecul ar wei ght distribution (Mv Mi)fwas 1.09. 25 Exanple 2 10 June 2005
242 Pol yreri zation was conducted in &he sane manner as in Exanple 1,

except that the polynerization tise/ was changed to 10 m nutes. Thus, 1.318
g of an ethyl ene/ propyl ene cop gwas obtained. The 5 pol ynerization
activity was 1.58 kg/hr based on | of titanium The propyl ene content
as neasured by IR was 15.0 % by t he nol ecul ar wei ght (M1) as neasured

by

(3)

In a 50 ml reactor thoroughly purged with nitrogen,
5. 'i.16 g (4.00 mmel) 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'dropwige-added over a period of 5
10 minutes. Thereafter, the mixﬁure was stirred for 12
hours with slowly heating to foom temperature and gheh_
slowly added to an ether slurry‘of 4.G0 ml of titanium
tetrachloride (heptane solution, 0.5 M, 2.00 mmol)  having
been\cooléd to_—78¢C. After thé additiog, the mixture
15 'was'slowly heated to room temperature. The resuitiﬁg
dark red slurry was filtered, and the solution was
“concentraﬁed. The,cryétals obtained by filtratioﬁfwere
washed with heXaﬁe and vacuum dried to obtain 0.958 é
fyi;ld:-69 $) of a reddish brown compound repfeseqted 5y,
20 the following formulé.(lO), The FD-mass speétromgtry df.

the compound (10) resulted in 694 (M+) .




GPC was 233,000, and the nol ecular weight distribution (Mw M) was 1.16 10
Exanpl e 3 Pol yneri zati on was conducted in the sane nmanner as in Exanple 1,
except that the polynmerization time was changed to 20 m nutes. Thus, 2.225
g of an 15 ethyl ene/ propyl ene copol yner was obt ai ned. 1#]lé“map%cf(&ffrreri zation
activity was 1.34 kg/hr based on | mml of titanium The propyl ene content
as nmeasured by 'R was 15.4 % by nolg4¢ he nol ecul ar wei ght (M) as neasured
by GPC was 345, 000, and the nol ecul ar weight distribution 20 (Mwv M1) was -
1 29. Exanple 4 In a 500 m gl ass autocl ave thoroughly purged with
nitrogen, 250 m of toluene was placed, and ethylene was 25 fed to
saturate the |iquid phase and the gas phase. 10 June 2005 243 Thereafter,
1.25 mmol (in terns of ynimum at om) of et hyl al um noxane and t hen 0. 0005
mrol of the titanium pund (1) were added to initiate polymerization.
After the reaction was
at nrosphere at -ordi;nary p , a small anount of nethanol was added to
~termnate the pdlyne Ton\ After the polynerization was conpleted, the
! THto a | arge anount

5 (10)

Synthesis Example 11

In a 100 ml reactor fho:oughly purged with nitrogen,
©2.00 g {5.27 mmol) of hafnocene dichloride ana 40 mi of

.10‘ énhydrous diethyl ether were placed, and t;e solution was
cooled to 0°C and stirred. To the solution, 9)6 ml of
ﬁefhyllithium (ether solution, 1.14 N, 10.9 mﬁol} was
dfopwise added over a period'of 45 minutéé, followed by
stirring for 2 hours. Then, the mixture was slowly .

45 heated to 0°C. After stirring for 30 minutes at 0°¢C,
insolubles were removed by filtration. The filﬁrate was
cgncentratéd,rand to tbe concentrate was added 10 ml,éf
'éthef:to‘éivera suSpeﬁsion._ Then, insolﬁblés were

. removed again, and the solution was Vabuuﬁ;éoncentrated 

20 to obtéin 1.79 ¢ (quantitafive yield) of'a light yellow |

ucohpound répresented byytherfoilowing formula_(llf,

H,C—Hf—CH,




of nmethanol to precipitate the whole polyner. To the 10 pol ymner,

hydrochl oric acid was added, followed by fiItration over a glass filter.
The resulting polymer was vacuumdried at 80C for QBHrs 5@x£btain 0. 149
g of polyethylene (PE). The pol ynerization act|V|ty was g based on
1 mol of titanium The nunber-average 15 nol ecul ar wei ght (M) and the

wei ght - average .nol ecul ar wei ght (M@240f the resulting polyethylene were
191,000 and 219, 000, respectively, and MV Mh was 1.15. Exanples 5 - 22 20
Pol yneri zation was conducted in the sanme manner as described. above,

except that the catalytic anount, the polynerization tine and the

pol ymeri zation tenperature were changed as shown in Table 1. The

pol yreri z gg%gg gctivity, nolecular weight of the resulting polynmer and 10

June 200 ecular melght dlstrlbutlon thereof are set forth in
Table 1. 10 JTHe 29@5 1S g } c MM:nr rSrnr b=d Nr v -J W
30 N,:030:- Q RISFn R/P oRlpYe. t§ogoyakly gurgeqd wiNh/ d by o a

MNO 009ro ?%{j@ ‘er 1 3V3d N 000 MM 00cl' N G X eN3V
NaNF Ne V'= pngﬂ“r Pt o ot(’ URNGO YRPNPRERSN, 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
- compeound (1) were added to initiate poilymerization.

10 .After the polymerization was conducted at éO°C for 5
minutes, a small amount of isobuténol was added to
ﬁefmina£e the polymerization.

The resulting-polymef sclution was iﬁtroducéd into
1.5 liters of methanol containing a small amount of
15 - hydrochloric acid to precipitate a pelymer. The polymer
‘precipitated was washed with methanol and then vacuum
dried at 130°C for 10 houré; Thus, 0.794 g. of an |
efhyfene/étopylene Coﬁolymer was obtained. The
- polymerization activity was 1.91 kg/hr-basg& on 1 mmol of
20 titaniuﬁn The propylene content as measured by IR was
-13.3 % by mol, the molebula: weight (Mp) as measured by
GPC was‘159,000; and the molecular weight distribution

{Mw/Mn} was 1.09.

25 . Example 2.
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5 polymerization activity was 1.58 kg/hr based on 1 mmol of
titanium. The propylene content as measured by IR mas
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.
'10_ |
Example 3
. PolymeriZatiOH was conducted in the same manner as
'_ih Example. 1, except that the polymeriéatlon time was
changed to 20 minutes. Thus, 2.225 g of an
15 - ethylene/propylene copolymer was obtained. The
polymerization activity was 1.34 kg/hr based on-l mmol of
titanium. The propylene content as measured by IR was
15.4‘6 by mol the molecular welght (Mn} - as measured by
,GPC‘wae 345,000, and the molecular weioht;dlstribuﬁion

20 (Mw/Mn):was-l_29.

Example 4
In a 500 ml glass autoclave thoroughly purged with
nitrogen 250 ml of toluene was placed, and ethylene was

25 fed to saturate the llqu1d phase and the gas phase-:




C~N.M7:vt i~0ri0O0;UQCe-"Nrl 7i2 ~Dr cO01 G.-. N- C NNN W10
June 2005 246 Exanple 23 In a 500 m gl ass autocl ave thoroughly pur ged

with nitrogen, 250 m of toluene was placed, and propyl qgeég% fed to
saturate the liquid phase and the gas phase 5 Thereafter I (in
terms of alum num aton) of nethylal um noxane and then 0.01 mmol of the

titanium conpound (1) were added t@43nitiate polynerization. After the
reacti on was conducted at 25C for 30 m nutes, a small anount of i sobutanol

was-added to termnate the 10 polynerization. After the polynerization was
cont ai ni ng

conpl et eact ,pn_produc s introduced i nto nethano
oh egﬁ%ﬂ% ﬁt hygrgghwﬁr?c?éEigafgg Bfeéﬁﬁmﬁab@ £he™hhete pol ymer,

a small
fol | oned g atlon over The resulting pol ynmer was

vacuum 15 %hYe% TS0 Por 210 Egﬁgzat@OBEtQWﬁ 1004 ff§eof LLBBEYPr opyl ene

(PP). The nunber - Fﬁerqge nnlgcular MBIE internms of PP) and the
wei ght - aﬁ%ﬁ%ﬁ%ﬂ hi Aerght LemMit haF%rﬁﬁiﬁﬁePP¥a§¥OPhe resul ting PP

wer e 42%9 4,400, respectively, and MV Mh_was 1.05. 20 Exanple 24,
ter t e’'readtion 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 compleﬁed,
the reaction product was introduced into a large amount. -

of methanoi to prec1p1tate the whole polymer Toethe
10-. polymer hydrochloric acid was added, followed by
‘filtration over a glass filter. The resultinglpolymer
.was vacuum dried at 80°C for 10 hours to obtain 04149'g
' of polyethylene (PE). The polyﬁeriZationraetivity was
35.8 kg baeed‘on 1 mmol of titanium. The number-average
156  molecular weight (Mn) and the welght-average molecular
rzweight (Mw) of the resultlng polyethylene were 191, OOO

i ‘and 219 000 respectlvely, and Mw/Mn was 1.15.

-Examples 5 - 22

20 - Poiymerization was conducted in the same manner as
'deécribedLabove,'except that the catalytic_amount?‘thee
polymerizatibn time and the polymerization temperature‘
‘WEre chenged as shown in Table 1. The poiymerizaeion

activity, molecular weight of the resulting polymer and




Pol ypr opyl ene (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 weight (M, in terns of PP ﬁ%%fkﬁﬁ wei ght 10
June 2005 247 average nol ecul ar weight (Mv, in terns é% t he
resulting PP were 20,500 and 22,400, respectively, and Mv M was 1.09. 5
Exanpl e 25 Pol ypropylene (PP) of 180,48 was obtained in the sane nmanner as
in Exanple 23, except that the polynerization tinme was prolonged to 5
hours. The nunber average nol ecul ar wei ght (M) and the weight 10 average

nmol ecul ar ( f the resultlng PP were 28,500 and 31, 600,

respect i V&l \&% %;{r‘?(f Mf%ﬂ\‘ﬁ? et St P Ut ik dlyeinat aofe IRt rsintitngiipoi nt of  t he
pol yrer resulted in 139C. 15 Exanple 26 Pol ypropyl ene (PP) of 376
ng was oﬁéﬁiﬁb& ‘in the sanme manner as in Exanple 23, except that the
titanium conpo"Lind (6) was used instead of the titaniumconmpound (1) and
the polynerization tinme was prolonged to 5 hours. 20 The nunber-aver age

nol ecul ar weight (M, in ternms of PP) and the weight-average nol ecul ar
weight (Mv, in terns of PP) of the resulting PP were 52,000 and 66, 200,
respectively, and Mv Mh was 1. 27.




25 Exanple 27 10 June 2005 248 In a 1 liter stainless steel autoclave -

t horoughly purged with nitrogen, 380 nml of heptene was placed, and

propyl ene was fed at 25C to saturate the |iquid phase 1@.@9}]&%596‘5 phase.
Thereafter, 2.5 mol (in ternms of 5 alum num atom). of nethylalum noxane
‘and 0.01 mml of the titanium conpound (1) were added, and pol ynerization
was conducted for 3,hours at a promykdéne pressure of 5 kg/cn2-G To the
resul ting polymer suspension, 1.5 liters of 10 nethanol containing a small
anount of hydrochloric acid were added to precipitate a polynmer. The
polynmer was filtered over a glass filter to renove the solvent, then

washed w_t h Jmef handl andivacuumqigrized at 8qCTfgr 1t —thguns. Thus, 0.691 g
of pol ypropyleene was, elitdiiied., |Mi 15 [( 0 tguTs [of PR _ag|measured by GPC
was 78,080, |MvEhIMas S T I8 antk Britias Si34 080 “FRanpie=28 Pol ymeri zati on
was condtictgd i nithe.isanmeé rmanner :ag |20 degcr|i hed above, |except that the
pol ynmerfi zatifon: T mg Was :changed:tg § touryg. iThug; 11259 of pol ypropyl ene
was olt ai Agd- JS_/IH(l,\_rm_'Eezrth.cﬁ\_ 5P a3 SreasuLed |y P& ywas 138,000, Mv Mh
was 1. 11 and T ¥es &30 S0C: 25 cERalplie 28 | T0dmung : 20951
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249 In a 500 mM gl ass autoclave thoroughly purged with nitrogen, 250 m of
tol uene was placed, and a m xed gas of ethylene and butene (ethylene: 40

1/hr, butene: 60 1/hr) was blown into the autoclave fgy 4332@59”te5' 5
Thereafter, 1.25 mmol (in terns of al um num atom) of nef ylal'um noxane and
then 0.001 mml of the titanium conpound (1) were added to initiate

pol ymerization- After the reaction waggconducted at 25C for 5 minutes wth
bl owi ng the m xed gas into the autoclave, a small 10 anobunt of nethanol was
added to termnate the polynerization. After the polynerization was

conpl eted, ~the reaction product was introduced into nmethanol containing a
smal | a B rochloric acid dissolved therein to precipitate a
pol ymer, follomedngx filtration 15 over a glass filter. The resulting
pol ymer was vaBulnrVdr Médgaess3patiel are idwrough lobtrainye@l 086.Hg of an
et hyl ene/ hut ene copol ynmer. The pol ynerization activity was 0''.67 kg based
on 1 moliéFofFPanfdmh mthe inteBerncaversage amsidec wirar preipghtencVi)a0f t he
pol ymer was 49,100, 20 the nol ecul ar weight distribution (MvV M) was 1.14,
and theiBdt EReSebrEehe ks 8iquighyphasle. aBdampleesa30 phadd .Pol yneri zati on
was. conducted in the same manner as 25 in Exanple 29, except that the
feed I at €8esragtfyt eAeb0amiol0 (Junge2BB50f25Quminum atom) of
methylaluminoxane and then 0.01 mmol of the titanium
compound (1) were added to initiate polymerization.
After thelreaction was conducted at 25°C for 30 minutes,
~a small amount of isocbutanol was ad&ed to terminate the
10 polymerization. After the polymerization was completed,
‘the reaction product was introduced into methanol
containing alsmall amount of hydrochlofic acid to
precipitate the whole polymet,'follQWed by_filtrétion
over a glaés'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 molecuiar welight
(Mn, in te;mslof PP) and the weight—avérage 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
Polypropylehe {PP) of 96 mg was obtained in the same
manner as in Eﬁample'23, except. that the.polymerizatibn
time was prolonged to 3 hours. The number—a§erégel

25 leecularrweight {(Mn, in terms of PP) and the weight—'




but ene, the polynerization time and the pol ymerization tenperature were
changed as shown in Table 2. The polynerization activity, nolecular weight

of the resulting polymer and nolecul ar weight distribyipa-ape 5 set
forth in Table 2. Table 2 Titanium Ethyl ene/ Butene Ex. conpound Tine

butene Yield Activity Mi Mv MV Mh feed rate content amount (min) Ph) (9)
(kg mol - (x 104) (x 10) (rmot % Qmﬂbl) Tl-h) 29 1 0.001 5 40/60 0.056
0.67 4.91 5.61 1.14 8.4 -- .. . e e e e

QQL 6 : 35.9 10_Exanp|e 34 In a 500 n
S?aisoautolﬁgvegfﬁ%gdg izgur%% t%g %Q%roﬁ%ﬁpe?ﬁévﬁ%yofaﬁﬁy t ol uene was
pl aced, ut en was passed through the autoclave for 40 mnutes at a
rate OWI/ ‘?Eh% t he pol ynerization tenperature was 15 nai ntai ned

at.25C, and 5.00 ol (|n terms of alum num of nethyl al um noxane was
added. Subsequently, 0.05 mml of the titanium conpound (1) was added, and

ed _gas t hyl ene and | -butene (ethylene: 20 1/hr, 1-butene: 80
I/hr? m&%fg§§§%é§ihrough foll owed by stirring for 60
Polypropylene (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 éverage molecular weight (Mw) of the resulting PP were
28,500 and 31,600, respectively, and Mw/Mn waé‘l.li.
Méaéurement of the melting point of the polymér by DSC

- resulted in 139°C.

15  Example 26

Polypropylene (PP) of 376 Mg was obtainedrinlthe
same manner‘és in Example 23, exceptithat”the titanium
cémpohnd (é) was used instead of the titanium,compéuhd
{1) and the poiymerization time was prélongéd to 5 hoursi

20 The numger"aﬁerage molecula& weight (Mn, in terms of PP)
and- the weight—aVeragelﬁoleculaf weight (Mw, in.térmsfof
PP) of the résulting PP were 52,000 andi66,200,

respectively, and MW/Mn'was-1.27.

- 25 Example 27




20 m nutes. Then, 20 m of isobutyl alcohol was added to 10 June 2005 251
term nate the reaction. Subsequently, 10 ml of a IN hydrochloric acid

aqueous sol ution was added, followed by stirring for ﬁ?mﬂ%ngb sin a
stream of nitrogen. The polynmer solution was poured into iters of

met hanol 5 to precipitate a polyner, followed by stirring for one night by
a magnetic stirrer. The polynmer was d4dtered over a glass filter and dried
at ‘80C for 10 hours under reduced pressure to obtain 1-79 g of an

et hyl ene/ 1- but ene copolyner- As a result of GPC analysis, the nunber 10
average nol ecyl ar, vei, g % 291000 gnd Mv WMn was 1.15 (in_terns of

pol yet hyl ene) a resuFf SEAFRIGRAI FEPEL AUheciagG: dheresmhdmt was 22.8 %

by nol. Exanpl.e 35,15 .1n 500 | ass. aut ocl ave thoroughly purged with
nltrogenpu§ dnwlgp BﬁﬁrPgﬁﬁenégha% lorhcbgrtang Yapuréneedwasnsassed

t hrough the autoclave for, 40 m nutes at a rate of 100 1/hr. Then, the
poIynerlEﬁPPXEePgnﬁéﬁagﬁpeaﬁa§5 FaiAt sRSedaae 2be, langis. obameol (in terms
~of alumnu 0 of nethyl al umi noxane was added. Subsequently, 0.05 mmol of
a titaniﬁ cbiiffoliAd Ph7>Ras %&Eﬁﬁﬁf%ﬁﬁ& & ¥ xego hasinf tewrhydne and

1- but gethylene 40 1/ hr, 1-butene: 60 1/hr) was passed through,

foll da 9m§PPWr?ﬁ@mfon399tﬁﬁhﬁ@é§ln¢ﬁéﬂe 20dnD . 6f mmobutyl takcohol was

added to_25 term nate the reaction. Subsequently, 10 m of a IN
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 iiters of
710 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 qolvent -then
washed with methanol and vacuum dried at 80 C for 10
hours. Thus, 0.691 g of polypropylene was obfained; 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

Polymerlzatlon 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 termq of PP) as measured by GPC was

138,000, Mw/Mn was 1.11, and Tm was 130.5°C.

- 26 Example 29




hydrochl oric 10 June 2005 252 acid aqueous solution was added, followed by
stirring for 30 mnutes in a streamof nitrogen. The pol yner solution was

poured into 1.5 liters of methanol to precipitate a p9@§£§;a%follomed by
stirring for one night by a magnetic 5 stirrer. The pol ® filtered

. over a glass filter and dried at 80C for 10 hours under reduced pressure
- to obtain 5.15 g of an ethyl ene/1-@a%ne copolyner. As a result of GPC
anal ysi s, the nunber-average nol ecul ar weight was 73,000, and Mv Mh was

1-16 (in terns of 10 polyethylene) . As a result of IR analysis, the

1-butene conggnt o1 %by. ol Examl e 36 a 500 | ass aut ocl ave
_t hor oughl y ' pur ged §?§hﬁﬂ1§lﬁ%?r%ggﬁ?lfﬁﬁnﬁﬁchua IRV hl aced, and

1- but ene, . SS t hrough, the autoclave for. 40 ninutes at a rate of 100
|/ hr. Th%ﬁ?ggﬁggbo s%eggzggiBﬁmPgﬁﬁeﬁﬁﬁngaﬁiér Ech falfte®htI2BC, and 5. 00

mmol (in_te f alum,nu of hyl al um noxane was added. Subsequently,
0. 05 nnn?%2%€§¥f%ﬁ$i %%?%ﬁ%%gﬁpégﬁbygﬁ?eﬁaéOa&%@&; SHdeaeni ¥ gas of
ethylenel nd, 1- but ene éeth-lene: 60 1/3%, 1-butene: 40 1/hr) was passed
t hr ough, 2§t 1 o %90% i tPFAgTRBr 24BoChPNGL E8F FReRinpGem- of isobutyl

alCO§O|'ﬁ€S ad gd to1 rmnate the reaction. Subsequently, 10 ml of a IN
25 hydr ochf or{ t-%ki d é%ﬁéﬁﬂ%ls&%%t?%ﬁmﬁagfaéééﬂ}nﬂﬁlﬁéﬂ@d I

. methylaluminoxane and then 0.001 mmol of the titanium
compound (1) were added to initiate pﬁlymerization-
After the reaction was conducted at 25°C for 5 minutes
with blowing the mixed gas intoc the autoclave} a small

10 .émount of methanol was added to terminate ;he
polymerization. After the polymerization was completed,
the reaction product ‘was introduced into methanol
céntaining,a small-amount‘of‘hYdrochloriélacid diésolved
therein to précipitate a polymer, followed by filtration

15  over a glass filter. The reéultinq poelymer was vacuum
dried at 130°C for 10 hours to obtain 0.056 g'Of an
ethylene/butene COpOLymer..'The polymerizqtion activiﬁy .
was Gﬂ67'ké based on i ﬁmol of titanium.: The numbéi—

~average molecular weight (Mn) of the‘pblymgf was 45,100,7
20 the molécular weight distribution (Mw/Mn) was 1.14, and

]

-the butene content Wa318,4 3 byjmol.

Examples 30 ~ 33

Polymerization was conducted 'in the same manner as

_25 in Example 29, except that the feed rates of ethylene and




stirring for 10 June 2005 253 30 mnutes in-a streamof nitrogen. The -
pol ymer solution was poured into 1.5 liters of nmethanol to precipitate a
pol ymer, followed by stirring for one night by a nagneydg s%k%rer. The
polymer was filtered over a glass filter 5 and dried at JE Tor 10 hours
under reduced pressure to obtain 2.38 g of an ethyl ene/ 1-butene copol yner.
As a result of GPC analysis, the nupdgr-average nol ecul ar weight was
38,800, and MW Mn was 1.18 (in terns of -polyethylene). As a result of IR
analysis, the 1-butene 10 content was 11.3 % by nol_ . Exanple 37 In a 500
m gl ass tocl aye thaoroughly purged with nitrogen, 200 m of toluene and
50 ml of b%— ﬁgfén\é?\felp@ly o ?éﬁ‘ééﬂ’% ety &l e el itze tsltur at e t he

| i qui d phase and the gas ggase with stirring. Thereafter, 1.25 mmol (in
terms ' of “HPGHT ﬁﬁFaF%ﬁf AREEAY Sl §RiCHEX die Takd ot Ren THe0025 nmol of the
titaniumc ngpund 1) were added to_initiate polynerization. After the
reacti onPRad"" 861 2Eonalc fEG 1L L2508 6FUS ai wigtiad twictth thleowi ng et hyl ene
into the autoclave, a small anount of nethanol was added to terminate the
pol yner i 256Pon1NAf PEAYRRE 2p6l PAeprratromewad tedipltetiodt ibhe areact i on

prodyct .was _i-ntroduced into nethanol containing a small anount of 25

hydr othl 8fFcfasfl drsEabied2therein to precipitate a

Table 2
. Tifanium . | Ethylene/ ' .
Ex.{ Time butene | Yield | Activi M M - | Butene
| compound | feed rate : ¥ ? W MWIMaEntent
amount e [ (kg/mmol - )
. - fmmol) (min) (L/h) {e) Ti-hy | (x10% | (x10% . (mol %)
29111000} 5 | 40/60 | 0.056 6.67 4.91 15-61 .14 | 84

30 [ 170001 | 10 | 40/60 | 0087 | 052 | 690 | 782 | 113 | 105 .
31 {10001 5 | 7080 |0258 | 310 | 161 | 189 | 117 | 37

3211 (0001 | 10 | 7080 |0456 | 274 | 224 | 279 | 124 | 34
33 J1 (0008 | 5 | 50/50 |0.088 | 106 | 731 {828 | 113 | 5.9

10 - Example 34
| In a 500 ml glass autoclave thoroughly purgéd with
n;trqgen, ?Obrml of dry toluene Was'placed, and l—bﬁténe
was Passed t@rough'the autoclavé for 40 minutes at a rate
- of 100 1/hr. Then, the polymerization température*was
18 n@intaihed,at.25°c, and 5.00 mmol ({in terms pf-aluminum)
-of methylaluminoxane was added. - Subsequently, 0,05 mmoi
of_the,titanium compodnd (1) was added,‘and a mixéd gaé
of ethylene aﬁd‘i—butene {(ethylene: EOfl/hr; I-butene: 80
}/h?) was passgd'through, folloﬁed by'stirrihgi%b; 60

.20 minutes. Then, 20 ml of isobutyl alcchol was added to




10 June 2005 254 polyner, followed by filtration over a glass filter. The
pol ymer was vacuumdried at 130C for 10 hours to obtain 0.304 g of an

et hyl ene/ hexene copol ynmer. The pol ynerization activity was 1.46 kg based on
1 nmmol of 5 titanium The nunber-average nol ecul ar weight (M) of the
resul ting polymer was 95,600, Mv Mi was 1.17, and the hex¥minegiPent was

2.7 % by nol _ Exanple 38 10 An ethylen /Qexene copol ynmer of 0.241 g was
obtained in the same nanner as in Exa%ﬁle 37, except that the anount of
the titani um conpound (1) was changed to 0.001 nmol, the ampbunt of toluene
was changed to 225 ml, and. the amount of 1-hexene was changed to 25 ni.
The 15 pol yhrernzationtlaecticvdtyiwas B8 demdrasied arp ninmmmt ofintitani um
The nunber-average nol ecul ar weight (Mi)of the resulting polynmer was

152, 000, Muhjirealsl dr 22, a@ing aqiteoks exeher conteat xaded, 7£40 DywaBl by 20
Exanple 39 In a 500 m gl ass autocl ave thoroughly purged with nitrogen,
250 m of totienegasopl wrednanes ethyd eneraas of efi £ Posah ur afres t he 1iquid
phase and the gas phase tenporarily. .Then, only the gas phase was purged
w th 25 ni tpobaner Theneafdrerva. fouwrdd {idb terss) of e Ak upF nim 40, June 2005
255

S 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 1-7§ g of an ethylene/l-butene
‘copolilymer. As a result of GPC analysis, the number-

10 average molecular weight was 29,000, and Mw/Mn was 1.15
{(in terms of polyethylene). As a result of IR analysis;

q

the l-butene content was 22.8 % by mol.

Example 35

15 In a 500 ml glass autoclave thorgﬁghly purged with
-nitrogen, 200 ml of dry toluene was placed, and l-butene
was passed through the autcclave for 40 minutes at a rate
of 100 1/hr. Then, the polymerization temperature was
maintained at 25°C, and 5.00 mmol (in termé\of aluminum)

20 of methylaluminoxane was added. Subsequently, 0.05 mmol
of a titanium compound (I) was added, and a mixed gas of
ethylene and l-butene (ethylene: 40 1/hr, l-butene: 60
1/hr) was passed through, followed by stirring for 30
minutes. Then, 20 ml of isobutyl alcohol was added to

25 ' terminate the reaction. Subsequently, 10 ml of a 1N

hydrochloric




atom) of nethyl al um noxane and then 0.01 nmmol of the titanium conpound (1)
were added to initiate polynerization. After the reaction was conducted at
25C for 5 mnutes, a snmall anount of methanol was added to 5 term nate the
pol.yneri zation. Then, hydrochloric acid and a | arge anmount of nethanol was
added to precipitate a polymer. The polyner was filtered, 045880 t h

met hanol and vacuumdried to obtain 02890 g of polyethylene (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
yield showed that ethylene in the systemwas quantitatively consuned.
Exanpl e 40?159 79X ARGt ign grag t%jqeé%‘ictf%ﬁﬁ&\‘ié%dc]%hd%‘é%@ﬁl%@ £98C for 5
m nutes to conpl etely consunme ethylene, a propylene gas (30 1/hr) was

bl own i nt o h&igydEamito @ perisin tedbtt o dor é‘@emprﬁwwr e t faedi ng of
propyl ene was stopped, followed by further reaction for 20 280 m nutes.
Then, a sm#dS &wdRd éfnbfetthandllves addedthandlertim matecihetaeacti on, and
the reaction product was introduced into 1 liter of methanol containing a
smal | anmoietl Y& rhy deddivived dvacitd noirpr deipicreg @ iaytpolyymer .madves ok ymer
was filtered, washed with nethanol and vacuum 25 dried at 130C for 10
hours t® obtairaer-13Bhg pplam256wi6 Juhee28050vpol wnenasEhe inuaber - aver age
nol ecul ar weight (Mh, in terns of PP) of the resulting polyner was

136, 000, MahNhdried 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 analysié, 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

Q

content was 14.5 % by mol.

Example 36

In a 500 ml1 glass autoclave thoroughly purged with
15 nitrogen, 200 ml of dry toluene Qas placed, and 1l-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-b0 mmol (in terms of aluminum)

of methylaluminoxane was added. Subsequeﬁtiy, 0.05 mmol

20 of a titanium compound {I) was added, and'a mixéd gas of
ethylene and l-butene (ethylene: 60 i/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

25 hydrochloric acid aqueous solution was added, followed by

stirring for




was 1.15, and the propyl ene content was 14.6 % by nol. In conparison with
t he pol yethyl ene prepol yner 5 prepared in Exanple 39, this polynmer was
increased in the nolecular weight with keeping a narrow nol ecul ar wei ght
di stribution, and propyl ene was incorporated into the polyh®le2dosomthis,
it can be seen that a polyethyl ene- polggropylene di bl ock copol yner was
quantitatively 10 produced. Exanple 445¢n Exanpl e 39, after the reaction
of ethylene was conducted at 25C for 5 m nutes, an ethylene gas (25 15
| /hr) and a propylene gas (75 1/hr) were blown into the systemto perform
reaction foil imuhwesin Fhen rdeedingiofodde. Moted GASAS 551QRPS
foll owed by further reaction for 3 mnutes. Then, a small anount o
met hanol Wwas addetkd driter mi.matld dhe rEAGK QN & %é&?{fié&@ez pr oduct
was introduced into 1 liter of nmethanol containing a snmal’l anount of
hydr ochl or ipolawied ,t oo lieeiditatse ia A ; tms;{] iltered,
washed w th nethanol and vacgﬁm dried %’[E{lgoogéefrglgﬁllo o\lﬁ“ G Clobt ai n
1. 700 g of saipakyner Thdhgo Diber zAYeE uLar-weight .(M), in terns
of PP) of the resulting gS?%L%g June 2%%%%3?3%? \%/aélégf, gé&,Qetrhe
nol eculfar wedghtididstki Bgrioms ( k0, the propyl ene content
was 6.4 %by nol. In conpari sonw% F%Lf%g%ggeéetrﬁ%gﬁg Er%ﬁ@l frert©

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 tefms of
polyethylene). As a result of IR analysis, the l-butene

10 . content was 11.3 g by mol.

“Example 37

In a 500 ml glass autoclave thoroughly purged with
nitrogen, 200-m1 of toluene and 50 ml of 1-hexene were
_ 15 placed, and ethylene was fed to saturate the liquid phase
 and-the gas phase with stirring. Thereafter, 1.25 mmol -

‘{ip terms of aluminum atom) of methylaluminoxane and then
'O;QOé5 mrnol of the titaﬁium compound (1) were added to 
'.initiate_bolymerization. After the reactioﬁ was

‘_20 VVConductgd at 25°C for 5 migutes with biowing ethylene’

- into the autoclave, a small amount of methénol was added
to terminate the'bolymerization-‘-Afte: the
.polymerization was coﬁpleted, the reaction product was

': introduced inté ﬁéthanbl containing a small amount of

25A- hydrochloric acid dissolved thekein to-precipitate a




5 prepared in Exanple 39, this polyner was increased in the nolecular

wei ght with keeping a narrow nol ecul ar wei ght - distribution, and propyl ene
‘was incorporated into the polyner- Fromthis, '"it can be seen that a

pol yet hyl ene- et hyl ene/ propyl ene di bl ock copol yner was quantitatively 10
produced. The propylene content in the second bl ock conmpoamgiHe 2005

(et hyl ene/ propyl ene copol ymer portion) 25 cal culated fromthe nol ecul ar
wei ght and the propylene content in the whole polyner, was 14.6 % by nol.
15 Exanple 42 In Exanple 39, after the reaction of ethylene was conducted
at 25C for 5 MMl eS5o BNoGLAYH nﬁlgtﬂ?aézg HeBL) @ngogﬁgex' renergas (75

1/ hr) were blown into the- systemto per orn1react nut e Then,

Feeding 20 gl e Maed, GaRus: 8LOPREd; 5 0L! gued: By, fuLher cpeaction for

3 minutes. ‘Subsequently, propylene( hr) “was bl own™ i'n system f or

20 m-nutes 603@43@; orm [ e@é:ﬁ Ore;lz'}}g%{ene Olgggﬁ‘ﬁf%npr Qﬂ}zl%ene was stopped,

fol |l owed by further reactlo nlnu e smal | anpount of
met hanol ter the 10 Ju 005 258 reactio and the
reaction p od%ct%%b§9in l%ﬁl%to 1 ? ??e 9oPaRRY hanof BBAtaPhi ng a
smal | hydr hIor acid to precipit a polynmer. The pol yner
was fi Ia?gre tanl r%d \?‘\A%th h‘g@)ﬁgngl Ve r?@p ‘aﬁ%d"edtg]'St 1860 foF 10 hours

?0 obtain %.%}%' tlndxﬂglymer WhS 95,600, Mw/Mn was 1.17, and the

o

hexene content was 2.7 % by mol.

Example 38

10 An ethylene/hexene copolymer of 0.241 g was obtained
iﬁ the séme manner as in Example 37, excepg that the
.émount 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 ﬁl. The

15 polymerization activity was 2.89 kq 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.SOO ml glass autOélave thoroughly purged with
nitrogen, 250 ml of toluene was placed, and ethylene was
- fed to saturéte the liéﬁid phase and the gas phase
temporarily. AThen, only the gas phase was purged with

25 . nitrogen. Thereafter, 2.5 mmol {in terms of aluminum




nunber - aver age nol ecul ar weight (Wnh, in terns of PP) of the resulting

pol ymer was 235,000, the nol ecul ar weight distribution (MvV M) was 1.15,
and the propylene content ,was 14.1 o by nol _ 10 In conparison with the
pol yet hyl ene- et hyl ene/ propyl ene di bl ock copol yner prepol yner prepared in
Exanpl e 41, this polymer was increased in the nolecular ygigltzosth

keepi ng- a narrow nol ecul ar wei ght disgssbution, and propyl ene was
incorporated into the 15 polyner. Fromthis, it can be seen that a

pol yet hyl ene- et hyl ene/ propyl ene copol yner - pol ypropyl ene tri bl ock

copol yner wgs gqu itatively produced._ The .incr e of .the propyl ene
content agree vm%trttn nieﬁcehyvla PR eataerﬂyo%eq h(ga@ss‘iﬂ%]t i%’ﬂ ‘i‘ﬁ%t the third
bl ock conpqnent .i ntroduced 20,in this e | e was. pol ypropyl ene. Exanpl e
43 In Exanp lgc UL AP THE ¢ Gt GrT ﬁa(%rg:ﬁ%rféwg’say%onduct ed at 25C for
5 .m nutes, _.an ethyl ene gas 25 1/hr) and a propylene gas (75 1/hr) were
bl own into.q%gqﬁféﬁﬁ%% 05£%g§§ §D&t ERPCL 1R HEPMTPERBEILER ?gr2§ i nut es.
Then, feed&ng‘.of.the m xed gas was stopped, followed by further reaction
for 3 minutéd. SUBLRGFENt 1y ST le3AEe Hadie Yhrow /M afgehitewn into the

systemto performreaction 5 for 1 mnute. Then, a small anount of nethanol
was added YETEEAtEnAE Prd ieddtEedionandThEE . r BHECPERpEbEuativas

cand a large amount of methanocl was added to precipitate a
polymer. The polymer was filtered, washed with methanol
~and %acuum dried to obtain 0.800 g of polyethylene (PE).
_iThe number-average molecular weight (Mn, in terms of PP)
10 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

15 " tn Example 39, after the reaction was conducted at
'25°C for 5 minutes to completely consume ethylene, a
.'p;gpylene gas (30 1l/hr) was blown into thé system to
. perf5rm reaction for 20 minutes. rThen,-feeding.of
,propylene-was stopped, followed by fu#thef‘£eaction for

-.20 28Q minutes. Then, a small amount of méthanol was added
to-terminate the reaction,.and the réaction product was
.introduced into 1 liter of methaﬁol containing a small
amount of hydrocﬁloric‘acid to precipitéte a polymer.
The polymer waérfiltéréd, washed with methanol and vacuum

- 25 . d;ied at 130°C"f6r 10 hours to obtain 1.135 g of a




introduced into 1 liter of nmethanol containing a small anount of

hydrochl oric acid, followed by stirring, to precipitate a polyner. The
polymer was filtered, washed 10 with methanol and vacuum dried at 130C for
10 hours to obtain 1.998 g of a pol yethyl ene-et hyl ene/ propyl ene
copol ymer - LLDPE bl ock pol yner. The nunber-average nol ecuhgn,Mmebgdy (M, in
terms of PP) of the resulting. polyneed@as 272,000, MvW Mh was 1.13, and

t he propylene 15 content was 6.6 % by nmol_ In conparison with the
pol yet hyl ene- et hyl ene/ propyl ene di bl ock copol yner prepolyner prepared in

Exanpl e 41,5d1in% 0! YREI RS NGreaSes i&l%%ia@'hﬁegi%d?{ Weight with

'keeping a narrow nol ecul ar wei ght 20 "di stribution, t he €t hyl ene content
0l yot hyl ehe Byl el o oy end €op0 et LEBE (TR Sk CBBpolTAEP e
Component (CIDPE Bt Eron)" e 500 10192005 48 Hii & 6T BRI he
nmol ecul ar melgh&ﬂiggmbgﬁgg%gpxy %FtﬂgnniiﬁﬁﬁﬁkiéF%ﬁ$§%§> olynmer, was 7.3 %

by nol _ Exanpl e Meri zation wa manner as in
'Exanplqs39 c. anount was changed to 0,02 mol.

cept, that, the catgl yti
Thus, 0.808r§§856803§e RVIENE (PE) s BSHtRied' 2 STh MifimRed aver G
nol ecul ar wei.ght .(MVh, .i-n ter, f PP) of the resultin ol yet hyl ene was
78 200 mol%culgr'welght Wi %eepgng a narrow moleéhfgr)&eight
' _ distribution, and propylene was incorporated into the
- polymer. From this, it can be seen that a polyethyiene—

polypropylene diblock copolymer was quantitatively

10  produced.

Example 41
. In Example 39, after the feaction of ethylene was .
cohducted at 25°C for 5 minutes, an ethyléne gas (25
15 1/hr) and a propylene gas (75 1/hr) were blown into the
'system to perform reaction for 3 minutes. Then, feeding
'”ofrthe mixed gas was Stoppea, followed by further |
-reécfion for 3 minutes. Then, a small amount of methaﬁol
'waé added to terminate the reaction, énd the reaction
20 product was introduced into 1 liter of ﬁéthanol
coﬁtainiﬁg a small amouﬁt o& 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‘nuﬁber—ayerage

25 inplécular weight'(Mn, in terms of PP) of the resulting




10 and the nol ecul ar weight distribution (MvV M) was 1.14. In this
exanple., after the reaction of ethylene was conducted at 25C for 5
m nutes, an ethylene gas (20 I|/hr) and a butene gas (80 I/hr) were bl own
into the systemto performreaction for 3 mnutes. Then, feeding 15 of the
m xed gas was stopped, followed by fur%E&r reaction for 3gpusue®s. Then, a
smal | amount of nethanol was added to rmnate the reaction, and the
reaction product was introduced into 1 liter of methanol containing a
smal | anmpbunt of hydrochloric acid, followed 20 by stirring, to precipitate
~a pol yner. piheympat ynes s, 060/ tenednonashedrwikhgret hasekiangdiyacuum dri ed
at 130C for- 10 hours to obtain 1.416 g of a pol yethyl ene- ethyl ene/ but ene

copol yner . birockipol waert . The adrbese avebagenaolkestbar Wekoht 2 (M in ternms
of PP) of the 25 resulting polynmer was 120, 600, the nol ecul ar meigﬁt 261 10

June 2005 mebistribution (Mv WMh) was 1.13, and the butene content in the
whol e polynmer was 1.9 % by nol. In conparison with the pol yethyl ene

prepol ymer prerlaf%ﬂ@@wlﬁ@&tﬁ@iéoppéywieﬂ@spiéﬁ%ﬁﬁéeeld inthe 5
'S

nol ecul ar wei ght with keeping a narrow nol'ecular weight tribution, and

but ene 8Aas jRGIMQ aliednidi0 d ey POl ydres.y From this; i} be segn that a
pol yet hyl ene- ethylene/LLDﬁ%‘diblock G%E%?yﬁgr ma%gcﬁﬁﬁé?%éggvﬁ?y fie

produced. Tha duhene Longant.sidh thesaeond bl ack, 10, coqponent . (LLDPE

"portion), as calculated Tromthe
distribution, and propylene was incorporated into the
polymer. From this, 'it can be seen that a polyethylene-
ethyleﬁe/propylene dibilock copolymer was quantitatively
10  produced. The propylene content in the second block
éomponent (ethyleng/propylene copolymer‘poffion), as
calculated from the molecular weight and the propylene

[

‘content in the whole‘polymer, was 14.6 $ by mol.

15 Exaﬁple,42

In Example 39, after the reaction of ethylene was
"cpnducted'at 25°C for 5 minutes, an ethylene gas (25 |
1/hr} and a propyiene gas (75 1/hr) were blown into-the’
system to perform reaction for 3 ﬁinutes. Then, feeding
20 of the mixed gas wés stopped, followed by further
- reéctioﬁ for 3 minutes. Subsequently, propylene (30
1/hr) was blown into the system for 20 minutes-to perform
freagtién. 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




mol ecul ar wei ght and the butene content in the whole polyner, was 5.6 % by

nol . Exanple 45 15 In Exanple 39, after the reaction of ethylene was

conducted at 25C for 5 minutes, an ethylene gas (20 |/hr) and a butene gas

(80 1/hr) were blown into the systemto performreaction for 3 m nutes-
Then, feeding of the m xed gas was stopped, followed by Hguthepo@d

reaction for 3 mnutes. Subsequently, a?b&thylene gas (100 1/hr) was blomn
“into the systemto performreaction for 1 mnute- Then, a small anount of
met hanol was added to termi nate the reaction, and the reaction product was

i ntroduced . k8ketiohit ghqaot hEethaRek 500t NNg anpunt_ of
hydr ochl ori-c aci d, f ol I owed by Stlﬁﬂ ng dﬂé} E%f% &ﬁg) preC|%|tate

pol ymer. The; @Qkyggr wag-fihbhterg ed net hanol_.and vacuum dried
at 1300C forllo hourg toa obtaanT gg%% émalgolye 9

a

e- LLDPE- HDPE bl ock

|  ecyl ht f PP) 5 of th
oSl i ng pol Sher es 141 800 0t Re hePabaicar = %ﬁgme%. N

oo 2on SEE TR BERLCh B IR PR R P L8 0,
el Ght i h Raap! B &l halVior oP CRUT & Pdr BRE G Cfr PhEeIORSFandThRe
ethylene  GRORSNL 1P LOG. ARLYLES, 485, 508R0° %, O s, LE 627 B8
the resulting polymer was 235,000, the molecular weight
" . distribution (Mw/Mn) was-i.15, and the propylene content
~owas 14.1 % by mol.
10 - In comparison with the polyethylene-
éthyléne/propylene diblock copolyme; prepolymer prepared""
C-in Example 41{ this polymer was increased_in the’
Vmolécular weight with keeping a narrow molecular.weight
distribution, and propylene was incorporaﬁed into the
15 polymer. From this, it can be seen that a polyethylene-
'e;hylene/propylene copolymer-polypropylene triblock
~copolymer was quantitatively produced. The increase of
-the §£Opylene content agreed with‘the value-calculated‘on

“the assumption that the third block compohéﬁt introduced

20. in this example was polypropylene.

- Example. 43
In Example 39, after the reaction df ethylene was
o conducted at 25°C for 5 minutes, an ethylene gas (25

257: l{h;) and a propylene gas (75 1/hr) were blown into the

In




seen that a pol yet hyl ene- LLDPE- HDPE tri bl ock copol ymer was quantitatively
"~ produced. The butene content in the 15 third bl ock conponent (HDPE
portion), as calculated from the nol ecul ar wei ght and the butene content
in the whole ..polynmer, was 2.6 % by nol. Exanple 46 20 In a 500 m gl ass
aut ocl ave thoroughly purged with nitrogen, 250 m of tol temnem®spl aced,
and propylene was fed at 250C to sat ur the liquid phase and the gas
phase. Thereafter, 2.5 mml (in terns of al um num aton) = of

met hyl al um noxane and then 0.01 mmol of the titanium 25 conpound (1) were

-added to iniyiese POl yaRrbZat HeR-t263 #8.-Jung;Z0Pas. Adfﬁgnth€ é&fﬁ%'on was
conduct ed- at” 25C for 180 minutes, a snmall anpbunt of nethanol was added to

termnate. the pol ¥RLHZak L 0Rs s T, e od s added to
nmet hanol containing a sﬁ% |1 aﬁ%u%?gggéﬁydﬁgg%%gggcggc QEE% ol | owed by

Stirring LQREERhpifales dnpobyser. Jhie.cARlyRl O%ﬁtéﬂﬁﬁhoern%goggmhed with

met hanol and vacuum dri ed C for
Phe T esal t 1 g bol dhat s %%%?)fnﬁ%gﬁ%o%%%g FHP e Saial ety (n
E?gngg 4gn(%{Ly{eﬁgﬁﬁgga?gﬁgﬁ/%{fgﬁggyuﬁggﬁf W#ﬂWé%cumtEd foéﬁ%ﬁﬁiperform
_reaCtlon fQ&)%é@ﬁEﬁ§%% the reaction, and the reaction product was
introduced into 1 liter of methanol containing a small
-amount of hydrochloric acid, folloded 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 polyethyiene—ethylene/gropylene
géopolymermLLDPE bloCk polymer. The ﬁumber—average
molecular Weight (Mn, in terms of PP) of the resulting.
pdlymer was 272,000, Mw/Mn was 1.13, and £he propylene
15 content was 6.6 % by mol.
In comparison with the polyethylene-
| ethylehe/propylene diblock copolymer preﬁolymer preparéd
-ianﬁample 41, this polymer was increased in the
molecular weight with keeping a narrow-moiébulé: walight
20 -distribution, and the ethylene content iﬁ_the polymer was
increasédv From this, it can be seen that-a |
polyethylene~ethylene/propylene copolymér-LLDPE triblock

copolymer was quantitatively produced. The propylene

content in the third block component (LLDPE portion), as




and ‘a small anobunt of nethanol was added to termnate the reaction. Then,
the reaction product was introduced into 1 liter of nethanol containing a
smal | amount of hydrochloric acid, followed by stirring, to precipitate a
20 polynmer. The polynmer was filtered, washed with nethanol and vacuum
dried to obtain:0.481 g of a pol ypropyl ene- ethyl ene/ propyd sire Zoapol yner

bl ock pol ymer. The nunber- average nol @@ ar weight (M, in terms of PP) of
the resulting polyner was 99, 000, MV Mh was 1.06, and the 25 ethyl ene
content was 70.9 % by nmol. 264 10 June 2005 |In conparison with the

~pol yet hyl ene: nEent &dTef - i epas 6o 1 8 EXarple: 38 Lhiiscpe! ¥eBE %ﬁ%%ei ncreased
in the nolecular weight with keeping a narrow nol ecul ar we S t

di stri buti odpnadigk et hyligneg,mas. i [ ROL at inte { 5 polymer. Fromthis,
it can be seen thafLa polypropyﬂgﬁgy ethy?%ﬁe?brop??%n%g i bl ock copol yner
was quantitatively produced. The ethylene content in the second bl ock

conponent (ethyl ene/ propyl ene copol yner portion), as calculated fromthe
nolecular 'éMB ng; the propylene 10 content in the whol e polymer, was
18. 4 % by g%?#wjégaﬁple 48 I na 500 m gl ass autocl ave thoroughly purged
oo, Sl Dyt OLATIE, VAR RLACRS, P10 £ ol S e 15 paseed
Ther eaf ter . 2,8 ol () LS Tcndl YROUT AL, 97, It fy! 2l um noxane and
| changed to 0;02 mmol. Thus, 0.800 g of polyethylene (PE)
was obtained. The number-average molecﬁlar 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 oé-ethylene wasrﬁ
conducted at 25°C fof 5 minutes, an ethylene gas (20
l'l/hf) and a bﬁtene gés (80 1/hr) were blown into the
' system to perform reaction for 3 minutes.' Then, feeding
15 Of the mixed gas was stopped, followed by further
‘rgaction for 3 minutes. Then, a small amount of methanol
j_was added to terminate the reaction, and.the reaction
rprpdﬁct was introddted into 1 liter of methanol
'cdntaining a small amoﬁnt of hydrochloric'abid, followed
20 by stirring, to precipitate a polymer. The polymer was
fiitere&,.waShed with methénol and vacuum dried at 130°C
fqr 10 hours to obtain 1.416 g Qf a polyethyleﬁe—
:ethflene/ﬁuféne copolymer block polymer. The number-

average molecular weight {(Mn, in terms of PP) of the

25 . reéulting polymer was 120,600, the molecular weight




the titani um conpound (1) were added to initiate polynerization at room -
tenperature (24C). After the 20 polynerization was conducted for 5 hours,
feeding of propylene was stopped, and feeding of ethylene at a rate of
1.5 1/ hr was started. After the polynerization was conducted at room

tenperature for 40 mnutes, a snall ggﬁnt of 1 sobutanol \nagmeatihgd to
termnate the 25 polynerization. The whol e anbunt of the resulting 10 June
2005 265 polyner slurry was introduced into 1.5 liters of methanol, and a

smal | annunt of hydrochloric acid was added. Then, the mixture was
filtered to b%?¥é%?té9%oK¥ﬁéMn)ThéS bolynernvasheashednwi thnretianel and
t hen vacuunldrled at 5 80C for 10 hours. The yield of the polyner after
drying- waste58h@le peohymresures of - BPE measuienent, the number- average
mol ecul ar wei ght of the polymer was 160,300, and Mw Mh was 1.51. O the

whol e anmount of hecqremultdmy potiynens Ol ygchile0é phepPDIHERr Was
dissolved.in 0.5 mM of a m xed solvent of orthodi chl orobenzene/ deutero

benzene (niBdeRprEt il Efidpby Vo) une)s abo 14 @ad tRErELLoW ROy
measurenents were nmade in the proton decoupling node under the Flomnng

condi ti &ns mesliawy 1) ECLL JPAS 00! ty pesdbich ¢ a ﬂéxi@qﬂﬂﬁél@cmﬁ?&;@r@é‘fgl&gev' ce.
Pul se angle: 45, Pulse repetition: 5.5 sec, Spectral w dth: 22 Hz,
Nunber of gb&ﬁglbUﬂﬂMh,-and butene was incorporated intoc the
pqumer. From this, it can be seen that a polyethylene-
~ethylene/LLDPE diblock copolymer was quantitatively
produced. The butene content in the second block
10  component (LLDPE portion), as calculated from .the

" molecular weight and the butene content in the whole

‘polymer, was 5.6 % by mol.

Example 45

15 - In Example 39, after the reaction of ethylene was
..conducted at 25°C for 5 minutes, an ethylene gas (20
: thr) and a butene gas (80 l/hr)_were blown into the
- sy§tem to perform reaction for 3 minutes. Then, feeding’
of the mixed gas was stopped, foliowed by further
20 -reaction for.3 minutes. Subsequently, an ethylene gas
-(lQo 1/hr) was blown into the system fo pefform reaction
for 1 minute. Then, a small amount of methanol was added
" to terminate the reactlon,‘and the reaction produét was
introduced into 1 liter of methanol éontéining a small

25 :.amount of hydrochloric acid, followed by stirring, to




: 120C, Data points: 32 K As a result, [M] was 59.7 % by nol,
irtl\a/zrr})e\rl\gtsuzg'?,l%o 20 by mF))I ,- [ ML-M2] was 43.4 % by nol, [ML-M] was 38.1 %
'by nmol, [M2-M2] was 18.6 % by.nol, the val ue of [M-I\/Q]/(ZX[N_[L]E[IVE]) was
0.90, and the value of [ML. M]2/(4x][ MLML] x[ M2-M2]) was 0.66, wt t_te -
proviso that the nonomer unit ML is et ene, and t he NMOAOOBRe 26034Ni
is propylene. 266 10 June 2005 The distribution of n of_contlnuguz n e
met hylenes is .as follows. [n=1]: 37.87 % by nol [n:2!). 14.59 % >>/6m)
[n=3]: 9.96_% by nol (Len:4g): 6.94 o by nmol [n=5]: 7.41 %by nol [n ]10
23 23 % by For- Mt htendsPot YRes; M= drel Y1o6r mean fhh;eaeldismhab@g e
nmonomer unit. i s detected, two continuous nmonomer units ML are det ecle :
and t hree oFHurETHIhuoid werewsrdrumilt stML387 6 detretbetourespect i vel y.
Exanple 49 15 In a 500 m gl ass autoclave thoroughly purged with ni tLogen,
250 m ot Oqﬁv:atld} et e @faéeéplaﬁd;ﬂgigpgl 1/ hrP Thepﬁasﬁﬁg%gﬂg ymer i JjézEa'?i on

mnutes at arate o . Then, . .
?gﬁrgglr:Xﬁrgrohrﬁag‘ounl%rmaéi%%thmum e O@homolin (| Int €& Afs O rakbyRi num)

5 of the resulting polymer was 141}400, the molecular

weight distribution {Mw/Mn) was 1.14, and the butene

‘content in the whole polymer was 2.0 % by mol.

in comparison with the polyethylene-LLDPE diblock
copolymer prepolymer prepared in Example 44, this polymer
10  was increased in the molecular weight with keeping a

- narrow molecular weight distribution, and the ethylene

gontent in the pblymer was changed. From this, it can be
seen that_a-pdlyethylene—LLDPE—HDPE triblock copolymer
waé_quantitatively produced. The butene content in the
15 third block component (HDPE portion),‘as calculated from
the molecular weight and the butene content in the whole

-polymer, was 2.6 % by mol.

,Exaﬁple 46

20 In a 500 m} glass autoclave thoroughiy purged with
nitrogen; 250‘m1 of toluene:was placéd; and propylene was
fed at 25°C to saturate the liquid phase and the gas
.phaSe. 'Thereéfter, 2.5 mm0l (in'terms of aluminum atom)

‘ 6f\méthylalumindxane and then 0.01 mmolrof the titanium

25  compound {1} were . added to initiate polymerization.



20 of net hyl al um noxane was added. Subsequently, 0.05 mml of the titanium
conpound (1) was added, and a m xed gas of ethylene and propyl ene
(ethylene: 35 1/hr, propylene: 65 1/hr) was passed through, followed by
stirring for 3 mnutes and 20 seconds. Then, 20 m of isobutyl alcohol 25
was added to termnate the reaction: Subsequently, 10 m 30 jdseoddP05 267
.of a IN hydrochloric acid aqueous sol u2¢3n was added, followed by stirring
for 30 mnutes in a streamof nitrogen. The pol ymer sol ution was poured
into 1.5 liters of nethanol to precipitate a polyner, followed by 5 -

stirring farrene (pighte Ry @& magnetd & &idirderac The - palynes \é\@% nbdddered

over a glass filter and dried at 80C for 10 hours under ed pressure

analysi s, N ues 28 00 S i o L 07 A e S analysi .

the propyl gag, o gontent. uas 24y, %texeme sciPYTRhSCR0 0o8 50001 o) ass

aut ocl ave oughly pur ged Wt ni trogen uene was

pl aced, and l.ene .15 was passe throu t e for 20 m nut es
at arate OF%%Bﬁ% Contfﬁnlfm%he péﬁ rlzaqioﬁst ﬁ%ﬁ?&l e Wet” 1%mi nt ai ned
at 25C,

I terns alunlnu of nmet.hyl al um_noxane was
2, 1250830 doRa 00l (i Lerte of, slumoum,  of, meti el umgoxane vas -
a m xed gago% 0 of ethyE§Q% and prop%]ene ?}%éé%anofﬁil.hr LPropylene..

mer was ered, washed wi vacuum
. dried at 130°C for 8 hours to obtain 0.100 g of
‘rpolypropylene- The humber—average molecular weight {(Mn,
rin terms of PP} of the resulting polymer was 17,200, and

10 Mw/Mn was 1.15.

EXample 47
. Ih Example 46, afterlthe reaction of propylene was
_ coﬁducted for 180 minutes, an ethylene gaé (20 1/hr} was
15 blown into the system to perform reaction for 3 minutes,
"and a small amount of methanol was added to terminate the
: reaction_ Then, the reaction product was introduced into
'11 iifér of methanol contaihing a small amount of
 h§drochloric acid, foliowed by stirring, touprecipitate a
20,‘-polymer The poiymer was filtered washed with methanol
| and vacuum dried to obtain O 481 g of a polypropylene-
gthylene/propylene copqumer blo;k polymer. The number-
'avérage molecular weight (Mn, in terms of PP) of the
3 resulting polymer was 99,000, Mw/Mn was 1.06, and the

Q

25 . ethylene content was 70.9 % by mol.




65 1/ hr) was passed through, followed by stirring for 3 mnutes and 20
seconds. Then, a mxed gas of ethylene and propylene having different
conposition (ethylene: 60 1/hr, propylene: 40 1/hr) was passed through,
followed by 25 stirring for I -mnute and 50 seconds. Thereafter, 20 nm 10
June 2005 268 of isobutyl alcohol was added to term nateqpbhend g@sii on.
Subsequently, 10 mi of a 1N hydrochl oriZ2é4aci d aqueous sol ution was added,
followed by stirring for 30 mnutes in a streamof nitrogen. The pol yner
solution was poured 5 into 1-5 liters of nethanol to precipitate a polyner,
followed by stirfing49 - 00, Ni i i - pol ymer was
filtered over a gl ass %%ﬁter gﬁgg%r?%%aggﬁggg%#f%ﬁé1%£§%%%gﬁgﬁder reduced
pressure t Ly 25 afg A- i.b polymer, As a.resu of GPC
(bfgﬁéHéH 1@%h&mﬁﬁe g, / E%g%a$8§£?%g wgg lﬁﬁ?%ﬁﬁ?d

anal ysis, 10 the number-average nbl écu t " Was ant M was
Ecampl o 518 TR 4 500 H gl Bae Akt Oel Reer L Hor SU4HR FurbaG WELHIEni ¢ ogen.
autocl ave 1o 20 e erbe A RN AR PR TR TRE® polgimer zat | on
of et hy1 AR R ine AL Sdgd. TSuBSIqRE TN O rslo B EHE 9T ani M
.‘-co_rrpound (]é)thvy\@lsenaéd/dperddpy%nednea CITiibX_Leodclgacsopolymer was quantitatively
| produced. The ethylene content in the second block
- component (ethyiene/propylene copolymer portion), as

calculated from the molecular weight and the propylene

10 content in the whole polymer, was 18.4 % by mol.

Example 48
- In- a 500 ml glass autoclave thoroughly purged Qith
nitrogen, 250 ml of toluene was placed, aﬁd propylene was
15 ‘pasSed through the autoclave at a rate of 100 l/hr.to
'saturate the systemJ Thereafter,'2.5 mmel (in terms of
lraluminum atom) of methylaluminoxane and then .02 mmol of
-the Eitaniumrcompound (1} were added to initiate
rpélymerizétion at room temperature (24°C). After the
20 polymerization was conducted for 5 houfs; feeding of -
prépylene-was stopped, and feeding of ethylene at a rate
Qf 1.5 1/hr was started. After the poljmerization was
conducted at room teﬁpérature for 40 minutes, a small
amount of isobutanocl was added to terminate the

25 polymerizationﬁ The whole amount of the résulting




of ethyl ene and propyl ene (ethylene: 35 1/hr, propylene: 65 1/hr) was
passed through, followed by stirring for 3 mnutes and 20 seconds. Then, a
m xed gas of ethylene 25 and propyl ene having different conposition

(ethyl ene: 60 10 June 2005 269 1/hr, propylene: 40 1/ hr) was passed

t hrough, followed by stirring for 1 minute and 50 secondsg Jdhergosan

et hyl ene gas was passed through at a 28be of 100 1/hr, followed by
stirring for 1 mnute and 10 seconds. Thereafter, 20 m 5 of isobutyl

al cohol was added to termnate the reaction. Subsequently, 10 ml of a IN

~hydrochl or ige 136Gied: aqueaus w91 Wi aasy agdded, 1Tl § oned_ by.stirring,for 30
mnutes in a streamof nitrogen. The pol yner solution was poure8 into 1.5

liters of . meihanehatia REBCIR tAt ¢ .2 hel fB?ic3%%5&”d%§“§&&ﬁd§tE%%hng for

one night by a magnetic stirrer. “The polynmer was filtered over ‘a gl ass

filter andgei gd xatre 8QC frQr +10Q. rs er..reduced pressyre to obtain
~3.79-g of ar? A- é{ Crteri bl ock copglr&gerté)r .&%gteé:t{ easéotely(I)T%rGPCH fal ysis, the

nunber - average ol ecul ar, yweight. 000, _ 15 and MV Mh was .1.11 As a
result of R_gﬁalysis, e oropy zﬁggﬁ%ﬁﬁenr*méiefg??Q%PBy le 52

|02, 5%, Mot assyauboslate (harougily pULast v i 20, Riitooar, 200 T of
the gas phase. o Thepearfer, 1.2 ot &h0 LeLUg. of.alun fumatom of
average molecular weight of the polymer was 160,300, and
‘Mw/Mn was 1.51.
Of the whole amount of the resulting polymer, 50 mg
! 10 _,of the polymer was dissolved in 0.5 ml of a mixed solvent
df orthodichlorobenzene/deutero benzene (mi;ing ratioc:
8/1 by volume) at 110°C, and the following méasurements
were made in the proton decoupling mode under the
| following conditions using a JEOL LAS00 ty?e nuclear
16 magnetic resonance device.
| Pulse anglé: 45°, Pulse repetition: 5.5 sec,
J_Spectral width: 22000 Hz, Number of scans: 16000,
rTempeEature: 120°C, Data pointé: 32 K.
| | As a result, (M1] was 59.7 % by ﬁol,'{Mz] was 40.3 %
_20‘ by mol, (M1-M2] was 43.4 3 by mol, {Ml-Ml]‘was 38.1 % by
‘mol, [MZlMZ] was 18.6 %-by,%ol, the value of
L-m21/ (2x ML1x(M?]) was 0.90, and the value of
'[Ml-Mz]z/(4x[M1-M1]x{M2~M2]) was 0.66, with the provisé
that the monomef unit Mi.is ethylene, and the monomer

25 -uQit MZ is propylene.




met hyl al um noxane and then 0.0002 mmol of the titanium conpound (2) were
added to initiate polynerization 25 After the reaction was conducted at 50C
for 2 mnutes in 10 June 2005 270 an ethyl ene gas atnosphere at ordinary
pressure, a small anopunt of nethanol was added to term nate the

pol yneri zation- After the polynerizatigg was conpl eted, to@Jidee2008action
product were added a small amount of 5 9droch|oric acid and a | arge anount
of nmethanol to precipitate the whole polymer, followed by filtration. The
pol ymer was vacuumdried at 80C for 10 hours to obtain 0.213 g of

pol yet hyl ene ( PEhcThig spoliynericzatifom oFctdoritiyiumas 3 2 deg kased on 1 mol
of titanium The 10 nunber-average nol ecul ar wei ght (Mh) and the weight-
aver age nolaeculcdrionei.ght (My) of the resulting PE were 73,300 and 79, 900,
respectively, and MV Mh was 1.08. Exanple 53 15 In a 500 nl gl ass

aut ocl ave t hor oygkly :purged wi miit rogen, 250 m of toluene was pl aced,
and ethylene (100 1/hr) and hydrogen (5 1/hr) were blown into the

aut ocl ave for_1Q=gﬁnugq55wi%hb§t%6qing. Thereafter, 1.25 mmol (in terns
of al um num atom) of nethyl al um noxane and then 20 0. 0002 nmol of the
titanign conpound=637) vwene @d@%gmbq initiate polymerization. After the
“reaction was conducted at 50.C for 2 mnutes with bl ow ng ethyl ene and
hydrogen into thg-aytoglaves @,spahl anmount of nethanol

[n=5]: 7.41 % by mol

fn261: 23.23 % by mol

Methylenes of n=3, n=5 and n26 mean that an isolated
10 monomer unit Ml is detected, two continuous monomer units

erafe detected, and three or more continucus monomer

units Ml are detected, respectively.

Exémple 49

15 - In a 500 ml glass autoclave thoroughly purged with
ﬁitrogen, 250 ml of dry toluene was placed, and propylene
'rwas passed through the autoclave for 20 minutes at a ratei
of 100 l/hf. Then, the polymerizatién temperature was
maintainedlét 25°C, and 5.00 mmol (in terms of aluminum)
20 ._of methylaluminéxane was added. Subséquently, 0.05 mmol
,qf'the fitanium compound (15 was added, and a mixed_gaé
Qf ethylene and propylene {ethylene: 35 1/hr, propylene:
65 1/hr) was passed through, followed by stirring for 3
minutes and 20 SeConds;r Then, 26 ml of isobutyl alcohol

25 was'added‘to.terminate the reaction- Subsequently, 10 ml




was added to term nate the polynerization. After the 25 polynerization was
conpleted, to the reaction product 10 June 2005 271 were added a snal |
anount of hydrochloric acid and a | arge anount of nethanol to precipitate
t he whol e polyner, followed by filtration. The polyner was vacuumdried at.
80C for 10 hours to obtain 0.195 g of polyethylene (PE). %0Thge 2005

pol ymerization activity was 2.93 kg basgg¢ on 1 mol of titanium The
nunber - aver age nol ecul ar wei ght (Mn) and the wei ght-average nol ecul ar
“weight (Mvy) of the resulting PE were 59,500 and 69, 700, respectively, and
Mv Mh was 1.17. 10 Exanples 54 - 58 Pol ynmerization was conducted in the
same manner®as® it Rlamic gceptaqbrrus heobat byt ves anddnt; the feed
rate of hydrogen and the polynerization time were changed 15 as shown in
Tabl e 3. Th‘@%&f%ﬁ%r%aﬁﬁwwimﬁﬁo ol st arimet ghtrofmtd® resul ting
pol ynmer and nol ecul ar weight distribution are set forth in Table 3. Wth
i ncrease oftitheHbunt' N6l PRy dMGger o litié onovesulpan neel ghtto df. & he resul ting
pol ymer was decreased, and even when the 20 pol ynerization tine was

prol onged, YiHee il umedrhami]ghto gfradiep irtesiust td- nep Jpohemer £ wakse wead dby
increased. Fromthis, it can be seen that hydrogen functioned as a chain
~transfe? agdntrrifverfathemea he ghol yerd zmtgrost itd netiwaser. The

polymer wés 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 propylenhe content was 24.4 % by mol.

'Example 50
| | In a 500 ﬁl glass autoclave thoroughly purged Gith‘
nitrogen, 250 ml of dry tolueﬁe was placed, and propylerne
15' Wasrpassed through the autoclave for 20 minutes at a rate
.'of 100 1l/hr. Then, the polymerization temperature was
.maintained at 25°C, and 5;00 mmol (in terms of'aluminum)
'of methylaluminoXene.wae addedd_ Subsequently, 0.05 mmol
 of the tifanium-compound'(l) wee added, aﬁdﬂa mixed gaé |
20 of ethy;ehe and propylene (ethylene: 35 1/hr, propylene:
65 1/hr) was passed through, followed by stirring for 3
minutesand ZO.seconde;{ Then, a mixed gas of ethylehe
_and propylene ha&ing different Compositien (ethylene: 60
1/hr, propylene: 40 1/hr) was passed through, followed by

25 stirring for 1 minute and 50 seconds. Thereafter, 20 ml




can be seen that polynerization was further 10 June 2005 272 pronoted by
the active species produced by the chain transfer reaction. 10 June 2005
2273 C21 30rn N2rnfl Noorn X .1 TSA.6 NmN.nM c~ O : NWvi -
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E prol onged, the polynerization activity was not |lowered. 25 Fromthis, it
E

E

of iscbutyl alcohol was added to terminate the reaction.
Aéubsequently, 10 ml of a 1IN hydrochloric acid agueocus
solution was added, followed by stirring forl30 minutes
in a stream of nitrogen. The polymer solution was poured
5 into 1.5 liters of methanol to érecipitate 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.

Eiample 51

15 - In a 500 ml.glass autoclave thoroughly purged with
;nitrogén, 250 ml of dry toluene was placed, and propylene
‘rwés pasSed through the autoclave for 20 minutes at a rate
iof'IGO'l/hr; Then, the polymerizqtion temperature was

maintained at 25°C, ana 5.00 mmol (in terms of aluminum)

20 of methylaluminoxane was added. Subseqﬁently, 0.05 mmol

| .of‘thé gitaniﬁm comﬁdund (15 was added, and a mixed gas

"Qf.ethylene'and propyléhe_(ethylene: 35.l/hr, propvlene:

'65 1/hr) was'paséed'thiough, followed by stirring for 3
minutes and 20'Secoﬁds.. Then, & mixed gés of ethylene

- 25 and propylene having differént composition (ethylene: 60



~~++ O.nin VI toento Qrte-l NNNN- - ., O500000i "0 G QQO
d OO0- NN NNNN Vr a 10 June 2005 274 Exanple 59 In a 500 m

gl ass autocl ave 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, 1.25 mol (in terns of al um num at omiogfine 2005

met hyl al um noxane, 0.08 mmol of diethyl269c and then 0.002 nmmol of the
~titanium conpound (2) were added to initiate polynerization. After the
reacti on was conducted at 50C for 2 minutes in an ethylene gas 10

at mosphere aghgf dﬂ)ﬁ@ﬁylgﬁ@ss%el/gﬁn@gé gg}ggg& %rol[%hha@ghwas[dg g/gd to

termnate the polyrrerlzatlon After th ynerization’ was co to

d
t he.reacti PF Cto el I of ,hydrochl oric. acid. —an
a large annoﬂ%% o%%net%ano%?ggggegpgr?gtg ?ﬁ}e{g\%\/ﬁol% % ot yrerY 8 | oned by

filtration-g T@ewé)glygggeavaég&g# ied at ?Ogﬁé i(%vr/rt umg%gdig;m n
0. 209 g of " polyethylene e” pol ynerfza a :
stlrrlng for 1 minute and 10 seconds. Thereafter, 20 mi
5 of isobutyl alcohol was added to terminate the reaction.
Subsequently,-lO ml of a 1N hydrochloric acid aqueous
solution was added, followed by stirring for 30 minutes
in a streamiof nitrogen. The polymef solution was poured
into 1.5 liters of methanol to precipitate a polymer,
10 followed by stirring for one night by a magnetic stirrer.
The polymer was filtered over a glass filter_and dried atb
.80°C for 10 hours under reduced‘preseure to obtain 3.79 g
'of an A-B~C triblock copelymer. As a result of GPC
aﬁalysis, the number-average mclecular weight was 59,000,
15 and Mw/Mn was 1.11. As a result of IR analysis, the

G

propylene content was 19.5 % by mol.

~Exemﬁle 52
| In a 500 ml giass autoclave thoreughiy‘purged with
20 nltrogen, 250 ml of toluene was placed and ethylene was
| fed to saturate the llquld phase and the gas phase.
?hereafter, 172J'mmol 61n_terms Qf alumlnum atom) of
:meehylalumindxané and fhen 0.0GOZ mmo .l of.the titanium
-compound {2) wefe'added.to initiate polymerization.

25 Aftér the.;eactien was conducted at 50§C for 2 minutes in




kg based on | mmol of titanium The nunber-average nolecul ar weight (M)
“and the weight-average nol ecul ar 20 wei ght (My) of the resulting PE were
51,500 and 70, 300, respectively, and MV Mh was 1.37. Exanples 60 - 62

Pol yrmeri zation was conducted in the same manner as 25 in Exanple 59,

except that the anmount of diethylzinc and 10 June 2005 279 Jiue2005

pol ynmeri zation time were changed as shdith in Table 4. The pol ynerization
activity, nolecular weight of the resulting polyner and nol ecul ar wei ght
distribution are set forth in Table 4 5 Wth increase of the amount of the

zinc compouRdernbhenRDLeculandiidh of Ry s folymey e,

decreased, and even whén the polynerization ti prol'onged, t

mol ecul ar weGalt ofr hAenLesyl L0 BRI, a5, fiadl % |Jier eased. From this,
it can be seen that the 10 zi nc conpound functioned as a chain transfer

t Evi ) .nal i ti i | d, th
agen Vepfégﬁgglkgﬁlgg-ngf£ atLpl %é?? g@%zg%gognggs comg%gtggén t hat

pol yneri za activity was not | ower romthis, can
oLV Lo bR IR oPLATREC B, LS PO R PSR e b the
5  hydrochloric acid and a large amount of methancl 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 moleéular weight (Mn) and the weight-

average molecular weight (Mw) of the resulting PE were

13,300 and 79,900, respectively, and Mw/Mn was 1.08.

Example 53

15 In a 500 ml glass autoclave thoroughly purged. with
nitregen, 250 ml of toluene was placed, and ethylene (100
 l/hr) and hydrogen (5 1/hr) were blown info the autoclave
for 10 minutes with sti?ring- Thereafter, 1.25 mmol (in
terms of éluminum étom) of methylaluminoxéné and then

20 0.0002 mmol of the titanium compound (2) were added to
-iniﬁiaterﬁolymerization. After the reaction was
conducted at 50°C for Zﬁmiputes with blowing ethylene and
:hydrogen into the autoélaﬁe,_a small amount of methanol

"wés added to teiminate”theApolymerizationJ After the

25 leymerization was compleéted, to the reaction product
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O[] O oF ?2q0CvVv" d " N N r a 10 June 2005 277 Exanple 63 In a
500 m gl ass autoclave thoroughly purged with nitrogen, 250 m of toluene
was placed, and ethylene was fed to saturate the Iiquid phass 200 t he gas
phase. 5 Thereafter, 1.25 nmol (in tergBt1of alum numatom of

met hyl al um noxane and then 0.002 nmol of the titanium

were added a small amount of hydrochlioric 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 polyethyiene (PE) .

'S 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/MH was 1.17.

10

Examples 54 - 58

Polymerization was conducted in the same ménner as
-iﬂ Example 53, except that the catalytic amount, the feed
rafe 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 Tablé 3. 'With_
-ingréaSE of the amount Qf hydrogen, the molecular weight
ofithe feéulting pélymer was décreaseﬁ,.aﬁdmeven when the
20 polymerization time was prolonged, the ﬁolecular weight
ofrthe fesulting peclymer wés hardly inCreaéed. From this,
it can be seen that hydrogEH functioned as a.chain
:transfer agent. Even when-the pol&merizétion time was
prolonged, the ?olymerization acéiﬁity was not lowered.

25 . From this, it can be seen that polymerization was further

.’n




conpound (3) were added to initiate polynerization- After the reaction was
conducted at 50C for 10 mnutes in an ethylene gas atnosphere at ordinary
pressure, a 10 snmall anount of nethanol was added to termnate the

pol yneri zation. After the polynerization was conpleted, to the reaction
product were added a snmall anmount of hydrochloric acid angjand gg@e anount
of methanol to precipitate a polyner. 2fRe pol yner was filtered, washed 15
wi th nmet hanol and vacuumdried at 80C for 10 hours to obtain 0.247 g of
pol yet hyl ene (PE) . The polynerization activity was 0.74 kg based on 1
.mmol  of titamaed b r roWweight (M nd the wei ght -
aver age nnﬁgghlar mgﬁéht (NMbtgggtﬁgg?ggéfﬁgégufﬁﬁmggetéﬁ %%3%80 and

98, 800, respestd Mgl Voo a0Nd MV M-, . was 1.12. Exanple 64 Polymerization was
conducted in the sane manner as in Exanple 63, except that the anount of
the titanium 25 conpound (3) was.changed to 0.001 mmol and the 10 June
2005 278 polynerization time was changed to 15 m nutes.. Thus, 0.161 g of
pol yet hyl ene (PE) was obtai ned. The polynerization activity was 0-64 kg
based on 1 mml of titanium The nunber-average nol ecul ar wei ght (M) and
5 the wei ght-average nol ecul ar weight (Mv) of the resulting PE were
145,000 and 167, 000, respectively, and MV Mh was 1-15.




Conparative Exanple 1 10 In a 500 m gl ass autoclave thoroughly purged with
nitrogen, 250 m of toluene was placed, and ethylene was fed to saturate
the liquid phase and the gas phase. Thereafter, 1.25 nmol (in ternms of

al umi num aton) of nethyl al um noxane and then 0.0005 mmol of zirconocene 15
dichloride were added to initiate polynerization- After #haurepsid on was
conducted at 25C for 0.5 minute in an 2¥f8yl ene gas atnosphere at ordinary

pressure, a small anount of nethanol was added to termnminate the
pol ynmeri zation. After the polynerization was conpleted, 20 to the reaction
_product were added a small.,.anmpunt of hydrochloric acid and a large -

anount of nethanol to precipitate the whole polyner, followed by
filtration over a glass filter. The pol yner was vacuumdried at 80C for
10 hours to obtgin 0.229. g of polyethylene (PE). 25 The pol ynerization
activity was 55.[0skg basg gnél mmol: 10: Jurnje 2005 279 of zirconium The
number - aver age rofecul areweirght (NB)} Cof & He resul ting PE was 114,000, and
MV Mh was 1.99. | Eonparfatijve Exanpl'e 2 57Pgl yneri zation was conducted in
the same manner [as— Tm|Conparative Exanple{l, except that the

pol ymerization |t gneovasahgnged:t ‘1eom gute. Thus, 0.433 g of polyethylene
(PE). was obt ai néd® The|pol|ywer ikzat¥anw aetilvity was 52.0 kg based on 1 mmol
“of zirconium The M-
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10 nunber -average nol ecul ar weight (M) of the resulting PE was 136, 000,
and MV Mh was 2.26. Conparative Exanple 3 Polynerization was conducted in
the sane manner as 15 in Conparative Exanple 1, except that 0.00025 nmol
of the titaniumconpound (9) was used instead of the zirconium conpound
and the polynerization tinme was changed to 1 mnute. Thu3g JOn583= oOf

pol yet hyl ene (PE) was obtained. The p@lifneri zation activity was 60.7 kg
based on 1 mmol 20 of titanium The nunber-average nol ecul ar wei ght (M)
and the wei ght -average nol ecul ar weight (My of the resulting PE were
1184, 000 and;37Q,00054respectively, and Mw M was 2.01. 25 Conparative
Exanpl e 4 YO June 2005 280 Pol ynerization was conducted in the sane nmanner

as n Comparatiye Pxaple, 1y excent. that, 0. 0005, mpl  of Lhey L tani um

conpound (10) was used I nste e zirconrum “conp

pol ymeri zat i o [ Sychanged to 1 5 mnute. Thus . 267 of
rpolyethyleﬁgL gﬁhgg%%fgﬁﬁgg.to %n%dT?%E??%5?|bnaggt?5?¥geﬂﬁswgﬁ.0 kg

based on 1 ﬁgyltocgaéiégﬂiuq% Tre nynb [-average I ecul ar meight (M) and
the wei ght -average ol ecuf ar et git ?hﬁ% ?F h Bsefti RYPPE- were 129, 000
~and 2295000y, Lspecti Vel Y5 A1 10 ML AN L8S e L 18 SONPLAL) Ve Brampl e 5
methylaluminoxane, 0.08 mmol of diethylzinc and then
0.0Q2 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 polymegization.
After the polymerization was completed, to the .reaction
fooduct were added a small amount of hyd;ochloric acid .
and a large amount of methanol to precipifate the whole
15  polymer, followed by filtration. The polymeeras vacuum
‘dried at 80°leor 10 hours to obtain 0.209 g of |
:‘polyethylene (PE)T The polymerization acfivity was 3.14
‘kg_béSed on 1 mmol of titanium. ihe ﬁumbgrfaverage
molecular weight (Mn) and the weight~éverégé molecular

20 weight (Mw) of the resulting PE were 51,500 andr70,300,

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




In a 100 mM reactor thoroughly purged wwth nitrogen, 50 m of toluene was
pl aced. The systemwas cooled to 15 0C, and ethylene was fed to saturate
the liquid phase and the gas phase. Thereafter, 0.0125 mmol of
di met hyl ani I'i ni unt et r aki s(pent af | uor ophenyl ) borate and then~0.0125 mmol of
t he haf ni um conmpound (11) were added to initiate polyneri@aiieoroosAfter the
reaction was 20 conducted at OC for 1 pypute in an ethyl ene atnosphere at
ordinary pressure, a small amount of nethanol was added to term nate the
pol ynmeri zation. The reaction product was introduced into a |arge anount of
_met hanol t recipitate a polyner. The paolyner was filtered, then 25 ‘
~ washed w t%%et Canet e %faoc%utrﬁ“beri“éeoreathé%@ef%raslcﬁwmdﬁéTZ#E)]EF 981 hours
.to obtai n.th290 Qﬂé’Of ‘ol%/e‘th | ene, (PE). The nunber-average nol ecul ar
wei ght (M) 6f H mreégﬁﬁ ‘%%Pgryﬁét Y3 UG U d WM vls thess 5
Conpar ative Exanple 6 Poln%/rreri zation was conducted in the sane manner as
i n Conpar ativve' RS Iy medy G5t MHACH T atfolait ¢k stid butdifani e onpound
(11) and the anount of the
di et hyl anifStnitetét rldkilsEéntdaf | uor ophenyl )borate were 10 each changed to
0. 005 | and the polynerization tenperature was changed to 50C. Thus,
- 0.148 ¢ of pol Vetthy L 8recePE) ofad hebeaionad. ofhéhrurberc- avepaged,mol ecul ar
wei ght (M1) of the resulting PE was 98, 800, and
o the molecular weight of the resulting polymer was
- decreased, and even when the polymerization time was
prolonged, fhe molecular weight of the resulting polyﬁer
. was hardly increased. From this, it can be seen that the
- 10 . zinc compound functieoned 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 prémoted by

- the active species produced by the chain transfer

15 reaction.




Mv Mh was 1.91. 15 10_ June 2005 282 Cal cul ati on exanpl es of conpl ex
structure paraneters F ::\ OQF\ H2(CF2)6CF3 Ti\ r Ti O0j 0. nPr / OnPr
6T(RPr Bu 2\ t U2 \! tBu 2 (1) (4) (5 10 F3BCCF3 IF F CF3 Q\! 6E2TL
t- 2tBu 2 2 15 (8) (9) (10) H$-Z Distance (r(HP-2)) and electrostatic

I nteraction energy (ESP(HP-Z) of each catal yst Conmpound §4)urfed20085) (8)
(9) (10) r(Hp-2) (A 2.275. 2.329 2. 236 2.498 2.246 4.812 ESP(HR-z) 37.1
41.1 -42.9 -33.1 -12.0 -10.2 (KJ/nol) 20..

Mw/Mn
1.37
1.45
1.54
1.69

12.6
19,0

Mw

(x10%
—
6.06

Mn
(x10%
5.15
4,18
8.17
11.2

14
3.14
3.07
2.65

Activity
(kg/mmol-M:*h)
; -

Yield
&)
0.209 |
0.200
0511
1.324

0.16
0.16

Table ¢
EtZZn . i
{mmol)
0.08
0.16

Ethylene
Ethylene
Ethylene
Ethylene

2
2
5
1

5

50
50
50.

Terp | Time { Monomer

(°C) |(min.)

{mmeol)
1.25
1.25
1.25
1.25

Amount of]
MAQ

Amount
{mmol)
0.002
0.002
0.002
0.002

@)
@)
2)
2)

Example {Titanium Compound
60
61
62

59

SF-714 (PCT)




283 .10 June 2005 What is clained is 1. An olefin polyner which is a

pol ynmer of at |east one olefin selected fromolefins of 2 to 20 carbon
atonms and has a nunber- average nol ecul ar wei ght of not |ess than 500,

Mv Mh (Mv wei ght - aver age nol ecul ar wei ght, M nunber-average nol ecul ar

wei ght) of not nore than 1.5, and a nelting point of not h®wse 2dgaan 70C.
2. The olefin polynmer as clainmed in clapn 1l, which is polyethylene,

hi gh-density pol yethyl ene, linear |owdensity polyethylene, polypropylene,
pol ybut ene, a copol yner of ethylene and at |east one olefin selected from

olefins of 3 10 Eg ggr bon atons, dienes and cycl ool efins, or a copol yner

of propyle | east one olefin selected fromolefins of 4 to 20

carbon  atons, di'nenaes &Pd cyc}(ﬁ(l)ol efins. 3. The olefin polyner as clained in
claim1, which iga& PO r9-61° Bt YT ehk? Bndt hascaghiviber L gs@r egeh nol ecul ar

wei ght of- not | ess t ]%0%%00. 4. The olefin polymer as clained in claim
1, which i g2 "poiy i hrobyfeheer? it enba@pd. hasdacthvbane daad (r),

as maasure%xgy 13C-NVR, of not |ess than 0.85. 5. An ol efin polyner which
i s an ol ef i TFCIpbISATEt: Bt ilhy| eHeiidiihate | segdt thaegat efimssel ected from
ol ef i ns_of to 20 carbon atons, has a nunber-average nol ecul ar wei ght of
not |es® t reRyg-eand whi dEdas( Mgvis (ai ghtmaven ageompl @t ul ar

wei ght / wei ght aver.age nol ecul ar nunber) of less than 2.5 and has an

et hyl ene cdfténtladfiiidoXedss arthrigo % WP doimol of the titanium

compound (3) were added to initiate polymerization.
Bfter 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‘polymé;izatioﬁ was completed,
to the reaction product were added a small amount of
,_hydrochloric acid and a large amountrof methanol to
_ précipitate a polymer. The polymer was filtered, washed
15 with methanol and vacuum dried at B0°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
‘numbérJaverage moleculgr weight (Mn) and the weight-
average molecular weight (Mw} of the fesuiting 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 amoﬁnt of the titanium

.25 . compound (3) was Changed'to 0.001 mmol and the




284 10 June 2005 6- An olefin polymer which is an ol efin copol yner
conprising a nononer unit ML derived froman olefin of 2 to 20 carbon atons
~and at | east one nononer unit M2 that is different fromthe nononmer unit
ML, and has the followi ng properties: [M M], [M-M], [M-M], [M] and
I ], as mnmeasured by 13C-NVR, satisfy the follow ng rel apQose 2005

1>l M- M)/ (2xX[M x[MR]) I >[M-M2]2/(43F81 -M 1 xI M2-M2] ) wherein [ML] is a
nol ar fraction of the nononmer unit ML, [M] is a nolar fraction of the
nononer unit M2, [ML-M21 is a m)lar fraction of a unit in which the

mononer unlt uni r acent to each other,
[ML-ML] is a rﬁﬁe r}?argal(r}ier}gér? aSuncf an%e(ﬁ/m Th 1 HE " Wohdhe t ML and the

nononer are dj acent ot her nd. is a nolar
fraction ofD a Sni% faﬂ\?ﬂg%‘%lhe “ho ?%%‘?'\1% {\/ﬁ]@%noner unit M
are- adjacent to each .other 7. The ol ef cI a| med in cI aimé6 ,.
‘whi ch hasM#gP :Q?P( ’%ell BhtaHvetidge “bi edslﬁ‘g ‘%gf? L Brbert aver age

nmol ecul ar of n nore than 2-5 The _ol efin polyrrer as clainmed in
ol ecul ar yelghL) Of HRL L Lhan 2.8 The akeh Lifid "8 L60GudNed 6P d wo 285 10
June 20 5 or nore consecutive nmononmer units M are both detected in the
polyner Chgpﬁ H§lﬂ&%i9Wﬁraﬁ§C“NwﬁCUlar 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 piaéed; and ethylene was m
fed to saturate the liquid phase and'the_gas phase.
Thereafter, 1.25 mmel (in terms of aluminum atom) of
mefhylaluminoxane and then 0.0005 mmel of zirconocene

15 dichloride were added to initiate polymeriiatibn. 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 termiﬁatelthe
'poiymerization. Affer the polfmerization was completed,

720 to the reaction producﬁ were added a sméll,amount of
hydrochlonic acid and a large amount of mefhanol to
:prgcipitate the‘Wholé EOlymer,_followed by filtration
over a glass filter. .The polymer was vaéuum dried at

© 80°C for 10 houfs to obtain 0.229 g of polyethylene (PE).

25 - The polymeriiapidn activity was 55.0 kg based on 1 mmol




9. The olefin polyner as clained in claiml1l , wherein a sequence of two
consecutive nononer units M and a sequence of three or nore conti nuous
nononer units M are both detected in the polyner chain by neans of
13C-NVR_ 10. The olefin polyner as clainmed in any one of clainms | to 9 ,
wherein the nmononer unit M' is an ethylene unit. 11. Anq1olighé pogml yner

whi ch is a block copolyner conprising 279 a polynmer bl ock obtained from at
| east one olefin selected fromolefins of 2 to 20 carbon atons, and (ii) a
pol ynmer block that is obtained fromat |east one olefin selected from

ol efins of to. 2 arbon _.atons .and is different fromthe pol yner bl ock
and has a Hﬁ%b%%¥a%§%%6é ol el %" el Gt 9t THoteCHote YhaH D, BMnich is a

bl ock copol r._conprisin pol r.b k selected fromthe follow ng
pol yner bld% s e %%téﬂg ?%)Wa%giﬁﬁ'bgﬁyn@?dbwﬂgﬁnoBFéiHe89from

ethyl ene, (b) a polyner block obtained fromone a-olefin selected from
cc-olefins of 3 to 20 carbon atons, and .(c) a polymer. bl ock obtained from
two or nore_a- olefjns selected froma-olefins of 2 to 20 carbon atons. 286
10 June 20052MASraghye Jrad TRl @of yner as claimed in claim1l, which contains

at | easf one of the polynmer block (a) having a nunber-average nol ecul ar
wei ght ©f 110,0@p%¥perlzatlon 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 polyﬁerization
activity was 52.0 kg based on 1 mmol of zirconium. The
10  number-average molecular weight (Mn) of the resulting PE

was 136,000, and Mw/Mn was 2.26.

.Comparative Example 3
| Peolymerization was conduéted in_the same manner as
15 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 obtainéd.
The polyﬁerization.activity was 60.7 kg béééd on 1 mmol
‘20 of titanium. The ﬁumber"average molecuiarmweight {Mn7
and the weight-average molécular weight (Mw) of.the
resulting PE were 184,@00.and 370,000,,respectively, and

Mw/Mn was 2.01.

25 - Comparative Example 4




10, 000, 000 and Mw~ Mh (Mn  wei ght - aver age nol ecul ar wei ght, M
nunber - aver age nol ecul ar wei ght) of not nore than 1.5. 13. The olefin
polymer as claimed in any one of clains 1 to 12;, which has a functi onal
group at the termnal of the main chain. 14. The process for preparing an
ol efin polymer conprising polymnerising on olefin of 2-204gaphopo@ ons in
the presence of an olefin polyneizati egocatal yst conprising a transition
nmetal conpound which is represented by the following fornula (111). and
X11 ~ ~ . ~~ wherein ML is a transition netal atomselected from Goup 4
to Goup 5 of t periodic table, mis 1 or R1IOis an aromatic

2,
hydr ocar bon gr o T4 Bt 1Bt v A Ry drBEUr bR gholipSora%R HPNEGFEI PE
hydr ocar bon.ngrou , Wwhen x10 is_a ghenyl groug and the position of the
carbon atom™b TOL YT 6L ¢ s+ t n8*4eBbsEPRrEND - PAPS prREdAyPigitbep has,
at | east one position of the 2-position and the 6- position, one or nore
subst i t uents <Lt SPTRYMA OBY) 1023uneedodsstratepbatBm angcanium
het er oat om cont ai ni ng group, or has, at at |east one position of the
3-positi on,CQW‘Hleo%RC?iH?ﬁ RmEVEhEl 52 pbait Fore wes| ehsngefletsubsti t uent
selected froma heteroatomother than a fluorine atom a fluorine-
cont ai nPng "roUE havineg - ofle 2&dr Isore fatrsmh yerd ot ot RE t hers  ¢lwiba fherdr i ne
~atonms, a fluorine-containing group having two or nore carbon atons, and a
group cont dihsi My lymdietzrtoatom ot -hier Ly heds a32 | Gokg neaaednpnahdmmbhén R10 is
an _ .

of titanium. The number-average molecular weight (Mn)

"and the weight-average molecularIweight (Mw}) of the
resulting PE were 129,000 and 229,000, respectively, and

10 Mw/Mn was 1.78.

Comparative Example 5

In a 100‘ml reactor thoroughly purged with nitrogen,
50 mi1 of toluene was placéd. The system was cooled to
15 0°C, and ethylene was fed to saturate the liguid phase
“and the gas phase. Thereafter, 0.0125 mmol of
,dimethylanilihiumtetrakis(pentafluorophenyl)boraté and
-'then‘0.0125 mel of the hafnium compoﬁnd (11) were addéd
‘to initiate polymeﬁizatiOn. After the reééfion was
- 20 'conductgd at 0°C for 1 minute in an,etﬁylene atmosphere
at ordinary pressure, a small amount of mefhanol was
added to terminate thé?pblymerization. The reaction
product was intrbducéd iﬁto a large amount of methanol to
precipitate a éolymer[ The polymer was filtered; then

25 Washéd with mephénol and vacuum dried at 80°C for 10




aromati ¢ hydrocarbon group other than a phenyl group, an aliphatic
hydrocarbon group or an alicyclic group, this group has at |east one
substituent selected froma heteroatomand a heteroat om contai ni ng group,
Rl to Rl14 may be the same or different and are each a hydrogen atom a
hal ogen atom a hal ogen-contai ni ng group, a hydrocarbon guguie 2005
hydrocarbon-substituted silyl group, a@g4oxygen-containing group, a
nitrogen- containing group 'or a sulfur-containing group, R15 is a

hal ogen. at om a hal ogen-contai ning group, a hydrocarbon group or a.
_hydrocarbonﬁsubstituted silyl ﬁroup n is a nunber satisfying a val ence of
M and X i394 okyg@ntatdny - 2%fydr oferohyekivAchal 6§Bh-atBr  a

hydr ocar bon grooup, an oxygen-contai ning group, a sulfur-containing group,
~a nitrogen-"¢ %ﬁ%ﬁYﬁf%ﬁ UPP L @CU bd¥ ofic EonE ail i hgo §r bop, rapulting PE

al um numcont ai hi.ng group, a 288 10 June 2005 phosphorus-contai ning
group,. a H¥Dgetrr i dHhdlgfBupyas al hé$ er ocycl i ¢ conpound residue, a
silicon-containing group, a gernmani umcontaining group or a tin-containing
group, and when n is 2 or greater, plural groups indicated by X may be the
sanme or _different, and plural- croups indicated by X may be bonded to form
a ring And CapEEE i vepdermntiies posi ti on of the carbon atom bonded to
nitrogen is the 1-position, RLO is a hal ogen-contai ning hydrocarbon group
of 1 to 30 car bd®lamsis zedlient ek rmmducted 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 polymer%iation
-temperature was changed to 50°C. Thus, 0.148 g of
'bglyethylene (PE) was obtained. The number-average
mglecular weiéht {Mn) of the resulting PE was 98,800, and
Mw/Mn was 1.91. |

15




phenyl group having, at |east one position of the 2- position and the

6- position, one or nore substituents selected froma halogen atom and a
hal ogen-contai ning group, a phenyl group having, at |east one position of
the 3-position, the 4-position and the 5-position, at |east one
substituent selected froma fluorine- containing group haydggneopgoscar bon
atom and not nore than two fluorine ggpns, a fluorine-containing group
having two or- nore carbon atons, a chlorine atom a bromne atom an

i odine atom a chlorine-containing group, a brom ne- containing group and
an iodi ne-containing group, an aromatic hydrocarbon group other than a
phenyl group having at |east one substituent selected froma hal ogen atom
and a hal ogen-cont ai ni ng group, an aliphatic hydrocarbon group having at
| east oneé%ﬁﬁﬁhﬂﬁkgﬂ e iR o P f 1R 9ial Dgeic B aipBeters

hal ogen-cont ai ning 289 10 June 2005 group, and an alicyclic hydrocarbon
group havi ng at one substituent selected froma hal ogen atom and a
hal ogen- cont aiRjAg.gFqup. 15, A process for preparing an ol efin polyner,

conpri sing poly ing an ol efi 't0\20 carbon atons in the presence
of  an ol efi/ 7 tion cat g i sing the tra§§b@¥bm0ﬁetal
compoudd off clai 14.tad preparg pol ymer pf chaim 6. or 11.
16. A procegss f parithg an ¢ Ti,  conprigfng polyikrizing an
ol efin of to car bon afdns - nPr ! 0 nPr

Bu tBu tBu /2

(1) (4) (5)
10 B
15

.gﬁfz Distance (r(HB+Z}) and electrostatic interaction

' ener§y'(ESDi§ﬁ—Z)1Of each catalyst

Compound | (1) | (4) {5) (8) - (9) | (10)

riub-2)  (A) | 2.275 | 2.329 | 2.234' | 2.498 | 2.246 | 4.812

ESp(HB-2) | -37.1 %41,1 42.9 1 -33.1|-12.0| -10.2

- {KJ/mol).

20




in the presence of an olefin polynerization catalyst conprising the
transition netal conpound of claim 14 or 15 to prepare a polyner. and then
bringing the polymer into contact with a functional group- containing
conpound to prepare an ol efin polyner having a functional group at the
termnal. . 17. A process for prepa8hg an ol efin pol yner 10 JowP@0dSi ng
polynerizing at |east two olefins which are ]selected fromolefins of 2 to
20 carbon atons and have different polymerization reactivities, in the

pr eSenyganls &1 26P8Fi +F pol yneri zati on catal yst conprising the transition

netal conporAdo Difianyo0ie OfwiGlcdi B8 14p®rymks 3802101 e 3008145, prepare a
t aper ed PO“%TEFI’ cont ai ni ng % se ment wherein conposition of two or nore
nmononeP &1 ot ddsls? n@és? 180 K3FPEReICH AN Bpard MRS Tol ef i n

pol ymeaye cogmios kngl £ONHIChiENgf the: fielskovhag stepMyiun tite . fol l owi ng step
(2), a‘r}diquj onal I%, t he flol | owm s%ﬁp %’3 for an arbitrary nunber of
times, "torprepara’a BioEk anB‘BJr%r avi WP & SveaePhr B Weretn pl ur al
pol ynmeweight)ocksnar enddandedn (1), arst @apmef tpaf ywehitzbhgnat llogast one ol efin
selected fr olefins of 2 to 20 carbon atons in the presence of an olefin

pol ymeri zation catal yst conprising the transition netal conmpound of any
one of clains 14 to 15 to prepare a polyner block, (2) a step of

p0|ynE§!Zin%%é“oﬂé%%ﬁtp8f§hé¥ %Ei@laimed in claim 1, which 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
atoms, dienes and cyclooclefins, or a copolymer of propylene and
at least one olefin selected from olefins of 4 to 20 carbon

-atoms, dienes and cycloolefins.

3. The olefin polymer as claimed in <¢laim 1, which is a
polymer of ethylene and has a number-average molecular weight of

not less than 110,000.

4. The olefin polymer as claimed in claim 1, 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.

5. An olefin polymer which is an clefin copolymer of ethylene
and at least one olefin selected from olefins of 3 to 20 carbon
atoms, has a number-average molecular weight of not less than
500, and which has a Mw/Mn (weight average molecular
weight/weight average molecular number) of less than 2.5 and has

an ethylene content of not less than 30 % by mol.




selected fromolefins of 2 to 20 carbon atons in the presence of the

pol ymer bl ock prepared in the step (1) to. prepare a polynmer block which is
different fromthe polynmer block prepared in the step (1), and (3) a step
of polymerizing at |east one olefin L selected fromolefins of 2 to 20
carbon atons in the presence of thé3bol ynmer bl ock preparé8June 2A@5 step (1)
and the polyner block prepared in the step (2) to prepare a polyner bl ock
which s different fromthe polyner blocks prepared in the previous step.
10 Juné 2005 294"19lcAlpr BedyEer o hdcdpds my anl «f ef i qopol yner

conprisi@g greﬁarin% a taBered pol ynmer or an olefin block copolyner by the
process”OF L tFAi'th 277818 “atd HhER Whligichgt ik e bdf yrepfi At o cont act
with a fu gtional group-containing conpound to prepare a tapered pol yner
or 'ant%lg i A2 BPBRKIEBPSI FREr 2havfrg ta dtdromRg L gitoup M2 thhe ternina

20. A process for preparing an olefin polynmer, conprising polynerizing an
ol ef i ¥ fthkcprREehtemof N8 mpaPyREr MFdth 8. catrad yuts wHieh pronmotes | ving
pol ymeri zation of an olefin and further conducting olefin polynerization
by t hefakkowing patpéysiesbt ai ned by cleaving a bond produced in the
system between the catalyst and the resulting polynmer chain by nmeans of
chai n transft&r-N¥ahct {11, (M2~M2], [M1] and [M2], as

_ measured by 13c-nMR, satisfy the following relations:

1> [M1~Mp 1/ (2% [M] x(M2])
1> [M1=M212/ (4x [M1~M1]x [Mp - M2] )

- wherein [M1] is a molar fraction of the monomer unit Mi,
[M2] is a molar fraction of the monomer unit M2, [Mp-Mp]
is.a molar fréction of a unit in which the monomer unit
M3 and the monomer unit My are adjacent to each other,

© {M1-~M1] is a molar fraction of a unit in which the
monomer uﬁit M3i and the monomer unit Mj are adjacent to

‘each other, and [M2-M2] is a molar fraction of a unit in

‘which the monomer unit My and the monomer unit M are

adjaéént to each other.

7. The olefin polymer as claimed in claim 6 :,
which has Mw/Mn (Mw: weight-average molecular weight, Mn:

number-average molecular weight) of not more than 2.5.

8. o The olefin polymer as claimed in claim 71 .

wherein an isolated monomer unit M1 and a sequence of two




21. The process for preparing an olefin polyner as clainmed in claim 20,
wherein the chain transfer reaction is pronoted by the use of at |east one
conmpound sel ected from hydrogen, an organoal um num conpound, an

or ganoboron conpound, an organozi nc conmpound, an organosilicon conpound,
an organocadmi um conpound and an or gdmol ead 25 conpound. 10QudeiB@32005 292
22. The process for preparing an olefin polynmer as clainmed in claim20 or
21, wherein the olefin polynerization catalyst is the catalyst of any one
of clains 14 to 15. 23. The process for preparing an olefin polyner as
claimed in claim?20 or 21 , wherein the olefin polynerization catalyst is
t he catalysteoftoangcone vef moglomiars Ut Mb.a2d. betHhde perotedsifior
preparing an olefin polymer as clained in claim?20/ wherein at |east one

pol ynmegh®&f pb hemeel ehhnnpohlymear@biad nett-hafwre the chain transfer reaction
and the olefin polyner obtained after the chain transfer reaction is the

tapered polyner or the olefin block copolynmer of claim5, 6; or 11. 293
10 June 2005 ABSTRACT The present invention provides an ol efin polyner

havi ngg a narrow 1Rk egub af s Weh @btk Sty idbutipm and Aaim 7,

wherein a sequence of two consecutive monomer units M

and a sequence of three or more continuous monomer units

M1 are both detected in the polymer chain by means of
13c-nMR.

10. The olefin polymer as claimed in any one of

claims T to 9 , wherein the monomer unit M1 is an

ethylene umit.

11i. An olefin polymer which is a block copolymer comprising

(i) a polymer block obtained from at least one olefinr
selected from olefins of 2 to 20 carbon atoms, and

(ii) 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 { )
and has a number-average molecular weight of not
more than 2.5, which is a block copolymer
comprising a polymer block selected from the

fellowing polymer blocks (a), (b) and -(c):

(a) a polymer block obtained from ethylene,

(b} a pglymer block obtained from one a-olefin
‘selected from w-olefins of 3 to 20 carbon atoms, and
| - (c) a polymer bliock obtained from two or more o-

élefins selected from o-olefins of 2 to 20 carbon atoms.




speci fic nol ecul ar weight, an olefin polyner having a 5 functional group
introduced at the termnal, a tapered polyner containing a segnent wherein
nmonomer conposition .continuously changes in the polyner chain, an olefin
, pol ymer havi ng di fferent segnments which are bonded to each other and a
process for preparing these pol yner386 .10. The ol efi n pol ifhding 28f the
invention are polyners of olefins of- 2 to 20 carbon atons and have a
nunber - average nol ecul ar wei ght of not l[ess than 500 and Mwv Mio.f not

nore tham 1:5. | nThheopreades »Jdgmay epard Ingingdd alreféaimpollymer, an olefin
of 2 to 20 carbonatons is polynerized 45 in the presence of an olefin

pol yrer iyaathoroedtaalnyStat Qi Sdiig &F e Shd 1 |ie e Bbeceonppund repr esent ed
by, for exanple, the following formula (1): LmvWn (I) wherein Mis a
transithgRifet &l ndk®Br0fa kel Jnd Pediinup welyHd of the, peviogdic table, m
islto5 nis, a nunber satisfying a valence of M L is a |ligand

coor di nabed g0 o ohe ket Al maal Me@?ﬁ'tl—§v@r£ gandieent airnieg o,
het er oat om havi ng no direct bond to t central netal, and, X is a

halOgenMﬁ@Oﬂbﬁ%éﬁuyﬂg¥§&¥”héﬁéﬁﬁl£% &Qfgﬁfkeof ﬁbﬁ‘more than 1.5.

13. The olefin polymer as claimed in any one of
claims 1 to 12, which has a functional group at the

terminal of the main chain.

14. The process for preparing an olefin polymer comprising
polymérising on olefin of 2-20 carbon atoms in the presence of an
olefin polymeization catalyst comprising a transition metal

‘compound which is represented by the following formula (III). and

- wherein M; is a transition metal atom selected from Group
4 to Group 5 of the periodic table, m is 1 or 2,
R' is an aromatic hydrpcarbon group, an aliphatic
v hydrocarbon group or an alicyclic hydrocarbon group, when
:iRm is a phenyl group and the position of the carbon atom
1bonded to nitrogen is the l-position, this phenyl group
~has, at least one position of the 2-position and the 6-

‘position, one or more substituents selected from a
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heterocatom and a heteroatom-containing group, or has, at

at least one position of the 3-position, the 4-position

and the b-position, at least one substituent selected
from a hetercatom other than a fluorine atom, 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, and a group contain;ng a
heteroatom other than a fluorine atom, and when R10 is an

aromatic hydrocarbon group other than a phenyl group, an

1

aliphatic hydrocarbon group or an alicyciic group, this
group has at léast one substituent selected from a
heteroatom arid a hetefoatom—containing group,

rR11 to plé may be the same or different andra;e each
a hydrogen atom, a halogen atom, a haloéen—containing
group, é hydrocarbon group, a hydrocarbon—substituted
-silyl groeup, an 6xygenﬂcontaining groﬁp, a nitrogen-
containing group or a sulfur~cdntaihing group,

RIS is a halogen atom, a halogen—containing group, a
hydrﬁcarﬁon group or a hydrocarbon-substituted silyl
group,

n is a number satisfying a valence of Mi and

X''is an oxygen atom, a hydrogen atom, a ﬁalogén atom,
a hydrocarbon group, an dxygen—containing Qroup, a
sulfur-containing group, a(nitrogen—containing.group, a

boron—-containing group, an aluminum-containing group, a
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phosphgorus-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 7
~indicated by X may be the same or different, and plural”
groupe indicated by X may be bonded to form a ring and
wherein, when the_position of the carbon atom bonded to
nitrogen is the l-position, R!® is a halogen-containing
hydrocarbon group of 1 to 30 carbon atoms selected from a
phenyl’ group. having, at least one position of the 2-
: position and the Gﬁpoéition, one én: more substituents
selected from a halogen atom and a halogen-containing
group, a phenyl group having, 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 haﬁing 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 halogenmcontaining group, an aliphatic
. hydrocarbon group having at least one substituent

selected from a halogen atom and a bhalogen-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.

15 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 14 to

prepare the olefin polymer of claim 5, 6 or 11.

16. 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 the transition metal compound of

claim 14 or 15 to Prepare a polymer . and then bringing

i the polymer into contact with a functional group-

: containing compound to prepare an olefin polymer héving ;

functional group at the terminal.

17. = A process for pPreparing an olefin polymer,

:comprising polymerizing at least two olefins which are

selected from olefins of 2 to 20 carbon atoems and have

different polymerization reactivities, in the presence of

an olefin polymerization catalyst comprising the

- transition metal compound of any one of claims 14 or 15
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to prepare a tapered polymer containing a segment wherein

composition of two or more monomers continuously changes.

i8. A process for preparing an olefin polymer,
rcoﬁprising conducting the following step (1}, the
féllowing step (2), and optionally, the following step
(3) for an arbitrary number of times, to prepare a block

copolymer having a structure wherein plural polymef

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 pol?merizaﬁioﬁ catalyst comprising-
the transition metal compound of any one of claims 14 to
l.l5 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
prepdre a polymer block which is different from the
polymer block prepared in the step (1), ahd-. |

(3) a step of polymerizing at least one olefin
selected ﬁrom olefins of 2 to 20 carbon atoms in the
presence of the polymer block prepared in the step (1)
and the polymer block preparedlin the step {(2) to prepare
a polymer block which is different from the polymer

blocks prepared in the previous step.
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19, A process for preparing an olefin polymer,
comprising preparing a tapered polymer or an olefin block
copolymer by the process of claim 17 or 18 and then
bringing the (co}polyﬁer into contact with a functional
group—containing compound to brepare a tapered polymer or

an olefin block copolymer having a functional group at

the terminal.

20. A process for pPreparing an olefin polymer,

comprising polymerizing an olefin in the presence of a

polymerizaticon 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 betwéen the
catalyst and the resuiting polymer chain by means of

chain transfer reaction.

21, The process for pPreparing an oie%in polymer aé
claimed in claim 20, wherein the chain transfer reaction

is promoted by the use of at least one compound selected

from hydrogen, an organoaluminum compound, an organocboron
compound, anrorganozinc compound, an organosilicon

compound, an organocadmium compound and an organolead 25

. compound.
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22. The process for preparing an olefin polymer as
claimed in claim 20 or 21, wherein the olefin
polymerization catalyst is the catalyst of any one of

claims 14 to 15

23, - The process for preparing an olefin polymer as
claimed in claim 290 or'2i, wherein the olefin

polymerization catalyst is the catalyst of any one of

claims 14 to 15,

24, . The process for preparing an -olefin polymer as
claimed in claim 20, wherein at least one polymer of the
olefin polymer obtained before the chain transfer
reaction and the olefin polymer obtained after the chain
tran$fer reaction is the tapered polymer or the olefin

block copolymer of claim 5, 6 or 11.





