| TITLE OLEFI N POLYMER AND PROCESS FOR PREPARI NG THE SAME TECHNI CAL FI ELD 5
The present invention relates to olefin polyners and processes for
preparing the sane. More particularly, the invention relates to an olefin
pol ymer having an extremely narrow nol ecul ar wei ght distribution, an
ol efin polynmer containing two kinds of specific polyner blocks, 10 the
above- mentioned ol efin polyners having a functional group at the ternminal,
a bl ock copol yner, and processes for preparing these ol efin polyners.
BACKGROUND ART 15 Pol ynmers havi ng narrow nol ecul ar wei ght distribution and
speci fic nol ecul ar wei ght, polynmers havipgrg functional group introduced
at the .termnal and bl ock polyners havimgdifferent segnents bonded to
each ot her exhi bigh p\aid Q. el Uy PrORRiHd oo SodBdkr HEYr i Co XEY 20
i nportant from not only the academ c viewpol nt but also the 1 ndustrial
viewpoint. It is generally well known that in the production of polyners

havi ng such specific structures, living polynerization wherein neither
term nation reaction nor 2 chain t@ﬁgiggiiife§£éfﬁ substantially takes
pl ace during the polynerization i . :

5 The present invention relates to olefin polymers and

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

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

fo; preparing these olefin polymers.

BACKGROUND ART

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

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

It is generally well known that in the production of

polymers having such specific structures, living

polymerization wherein neither termination reaction nor



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 polynerization catalyst to produce pol yners having the above
specific structures, chain transfer reactions of the glow ng polyner
chains frequently take place, and it is very difficult to produce olefin
pol yners by living 10 pol ynerization. For2exanple, it has been nade clear
by anal yses of nol ecul ar wei ght distribution, conposition distribution,
etc. that when a bl ock copolyner is intended to be synt hesi zed using a

known cat al yshaSwsteins fa Mpdais Qf élﬂm%tyl ”&i@é‘%ﬂ&é’p&

produced 15 (Boor, "Zlegler-hbtta Cat al yst an ynerlz
Press Co., 19K2) podideh iSUeh A HEUBEANGaSs,e SOMe resear ches of I|V|ng
pol yneri zati on OPO ? %fns ha&% been I'epor ed. For exanmpl e, living

pol ymeri zati on OfHB@QQ@EeNEfZQh%§EQQg%m§ %%klﬁ%bvanadlun19?cg%%§&n$%§ ?ﬁ?g

reported by Doi t al Ccr onol écu

process, hom§¥gg}8%BF%§%%%gEIﬁsh%%%gg ynerlzatuﬁﬁg_tenperature such as a

terrperatureo I‘ zation act|V|ty
Sat of actory e fea?ﬁﬁgsﬁc’t KE e a&%ﬁee%%agﬁﬁé%?é%én%beun
restricted tgoEym lZ %hggec%%a%yst to produce polymers having the
above spe;ific structures, chain trénsfer 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
anglyses of molecular weight'distribufion, composition
distribution, etc. that when a block copolymer is
intended to be synthesized using a known catalyst system,
a mixture of homopolymer énd random copolymer is produced
16 | (Boor, "Ziegler-Natta Catalyst and Polymerization",
Academic Press Co., 1979).
Under such circumstances, some researches of living
polymerization of olefins have been'reported.
For example, living polymerization of propylene
20 %sing a specific vanadium catalyst has been reported by
Doi, et al. (Macromolecules, vol. 19,7p. 2896, 1986). In
this process, however, an extremely low polymerization
temperature such as a temperature of -78°C to -40°C is

necessary, and the polymerization activity is several

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



propyl ene/ et hyl ene copol yner having a | ow ethylene content (not nore than
50 % by nol), and it is difficult 5 to produce commercially useful

pol yet hyl ene and et hyl ene copolymers by living polynerization. Moreover,
there is a problemof |ow stereoregularity (racemc diad: not nore than
0.8) of the resulting polypropyl ene, and hgnce this process is
industrially insufficient. 10 Brookhart, et al. and McConvill, et al. have
reported |iving polynerization of higher a,-olefins such as propyl ene and
1- hexene with specific nickel conplex or titaniumconplex (Journal of
Aneri can ChemzatisSbatetyy. ViolrtHe8, fhe dk66Aned 996pe Jolui ol cafi Baeri can
Chem cal 15 Society, vol. 118, p. 10008, 1996). Also in this process,

| owt enper at ureypohysezédal s oneat ract edpesapul ¢pebppotnehiogher than 0C is
necessary in many cases, and the resulting polynmer has an atactic

structure havigigoppl esé L£EQV BEHEAEbHY 1 yMBFERYQingl & N&wdikhiygehle to produce
20 pol yethylene or an ethylene polynmer by living I' polynerization using

the nickel corgbexe@f thStthbaBI UAAnCONPLEXy @097, 2RALOAR, 18t gdlrrihave
studied living polymerization of propylene using a netall ocene catal yst,

ot o o B LETE Yy WFEIDELELUER,SURR SRy

copolymers by living polymerization. Moreover, there is
a problem of low steredregularity (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
rePorted living polymerization of higher a-olefins such
as propylene and l-hexene with specific nickel compléx or
titanium complex_(Journal of American Chemical Society,
vol. 118, p. 11664, 1996, Journal of American Chemical

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

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

Soga, Shiono, et al. have studied living

polymerization of propylene using a metallocene catalyst,

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



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

pol yethyl ene by living polynerization, ;that is generally said be
difficult, Nakanura, et al. have reported a process of using a niobium or
tant al um conpl ex, and Yasuda, et al. have fo reported a process of using a
samari um conpl ex. In these processes, however, there are defects that the
activity is low, the nolecular weight of the resulting polyethylene is

limted to abouttdfife £90urands cagetyesrL@@Pcomsohee@@gquerénat h§fe than
ethylene is 15 infeasible (Journal of American Chem cal Sdéiety, vo 115,

p. 10990, 1993)evdSs 8 8YH Nesbs: 0kt 200! 96k pOL ”sadhms'la@uﬁ Ef fed Mt o
LPes W, e

segnents bonded to each other, a process. a spec

2 I t 1/12285
1094/ 31700) . F‘E"%‘h.%‘“ﬁ%ﬁﬁ 200 - 9ot ggs @?é??}ﬂom bk . Wé

emperstur s solyrer paby oL AEARAD, KA SRR Mco ks
|ncrea5|ng5th%jy§;Egg@Fflzatlon tenperature to 10C. On this account, 5
| 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
pfpcesses, however, there are defects that the activity
is low, the molecular weight of the resulting
polyethylene is.limited to about 100,000, and
copolymerization  -of comonomers 6ther than eth&lene is
15 infeasible (Journal of American Chemical Society, vol.
115, p. 10990, 19983).
As a synthesis of a block polymer having different
segments bonded to each other, a process, of using a
specific metallocene catalyst has been reported
20 (International Patent Publication W091/12285, W094/21700).
.
In this process, however, the activity is low, and low-
temperature polymerization (-10°C to 0°C) is essential.
Moreover, it is described that the blocking efficiency is

decreased to less than 10 % by increasing the

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



production of a block copolyner at an industrially wusually used

pol yneri zation tenperature (50C to 75C) is inpossible. Also in case of
| owt enperature polynerization, the nol ecul ar weight distribution (Mwv
/Mn), 5 that is an indication of living polynerizability, of the block
copolynmer is not less than 1.35 and is not narrow, so that this

pol ymeri zation is not living polynerization Sufficiently controll ed.
Therefore, nost of the products contain | arge anounts of non-bl ock

pol yners as by 10 products, and fractionation to renove the unnecessary

pol ymers is esseptbalic8$od BESh bll%ﬁqn%%olwg% dihene ir?d&%lnigydust” al

restrictions. Accordingly, developnent of a process wherein

pol yreri zati on 0&585@i%“ﬁs&éﬂp%@xﬁgﬁ&E%Qf%ﬁ 5§%ga}é%%£éﬂi *é?%43;5°c> is

avai l abl e high tenperature w pol ymeri zation activity is

ndustrial |y veryngeealy ual ug s bhfer o 3ueho gl §cuaLaRees. Lhe present

applicant has f as novel olefin polymerization-catalysts, 20
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available hi gh tgfggﬂaégéglyﬁég ?gtkgkt%egs than 1.35 and is not narrow,
so that this polymerizétion is not living polymerization
sufficiently confrolled. Therefore, most of the products
contain large amounts of non-block polymérs‘as by-

10 products, and fractionation to remove theé unnecessary

: p?}yﬁers is essential as a post treatment. Thus, there
are many industrial restrictions.
Accordingly, development of a process wherein }iving
polymerization of olefins can be carried out at an

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

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

20 Eransition metal compounds having a salicylaldimine
ligand, and has also found that when a transition metal
compound having a specific structure selected from the
transition metal compounds having a salicylaldimine

ligand is used, living polymerization proceeds at an

25 industrially available high temperature with activity



xtremely higher than that of hitherto known living polynerization, and
Sroductign o? pol yol efins having high nolecular weight and narrow .

nol ecul ar wei ght distribution and polyol efins or block copolymers having
functional 5 groups quantitatively introduced at the termnals is

feasi ble. Based on the finding, the present invention has been
acconpl i shed. The present applicant has fﬁwthernpre found a process for
efficiently producing such polyners, and acconplished the present
invention. 10 it is an object of the invention to prOV|de olefin polyners

hibiting v H f p e u ner uin a narrow
ﬁélgchlargme?%%? %T§%$|g£ P%ﬁ gﬁéh ghgge§?fﬁ§tn8F% il Jg“h pol yner

th aI nd a bl ock 15

ol yar havi e i PeeL 946HE) TARRCHES asialfaaes%ﬁh@&%‘fw& eting Hayiaminan
88]22? of thqﬁ5ﬂggg Lp P OVI& Erocessi preparing these olefin
iy T T B o Tl e bt o

2 ] .
ol L'ffhezélinﬁfﬁﬂ%%?ﬁoi”fmg %Pi%maoagmars PBRYAEE Ghmatioeast one
olefin seéectqgjfron1ole€1ns of Ot20 Sarbon at ons and haa‘&?M$ -
nunber - aver age ot ecui At %ﬁ?%&ﬁﬁkY Yrtreduredsathfhesoeranda (

wei ght - avera%%351ble. Based on the finding, the present invention

has beeﬁ-accomplished,‘ The present applicant has
furthermore founa @ 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 propertieé, such as a
polymer having a narrow molecular weight distribution and
a specific molecular weight, a polymer having a
functional group introduced at the terminal and a block

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

20

DISCLOSURE OF THE INVENTION

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

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



nmol ecul ar wei ght, M nunber-average nol ecul ar weight) of not nore than
1.5. Such a polyner is sonetines referred to as a "nonodi sperse

pol yol ef i n" herei nafter. The nonodi sperse polyolefin of the invention is,
for 5 exanple, polyethylene, high-density polyethylene (referred to as
"HDPE" hereinafter), linear lowdensity polyethylene (referred to as
"LLDPE" hereinafter), polybutene, a copol yirer of ethylene and at | east one
olefin selected fromolefins of 4 to 20 carbon atons, 10 di enes and
cycl ool efins, or a copolyner of propylene and at | east one olefin selected

fromol efins : atQns Laene yel Qal efiins. Th
nonodi sper se 8%?3%%3%%% g?FQ?Eé PﬁVeﬁPﬁ%ﬁQiéygggP% @Qg%ﬁﬁefréwﬁﬁihﬁ% of

et hyl ene, whic n ro15 av e_nplecul ar.wei ght _of not l.ess than
110, 000 and Nﬁ? aﬁ%?eng ﬁn%égfha%£€g5? %?f%m%ﬁl§ﬁe?g%?té?eFe5§Fe558d

ol efin selected f ohefins.of 3 to_20 carhon,atons,, ich has a
nunber-averagegﬁn%ggélaﬁoﬁgaéﬁPe5Fenngwgggglphahegﬁépa ¥ of not nore
than 1.5 and a nelttn% ﬁoiné. 20 of noi I mgr t han 70C. The nonodi sperse
pol yol efin of the ihvenfPRRdFEPSF3F PR é{ﬁgﬁ 1naRLoLBR| ANYEFVAOR Wi cfQB a
pol ymer of - propyl ene or Putene and has a racemc diad (r), as neasured by
13C- NVR, of nof %’%@gethaﬂ BeBBYLlBRea BopPnerngitKi eplvethylene

ethylene/propy{eng cogol mer and _has an
referred to as "HDPE" hereinafter), linear low-density

polyethylene (referred to as "LLDPE" hereinafter),
pclybutene, a cobolymer of ethylene and at least one'
olefin selected from olefins éf 4 te 20 carbon atoms,

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

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

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

20 of not lower than 70°C. |
N ‘

The monodisperse polyolefin of the invention is, for
example, an olefin polymer which is a polymer of

propylene or butene and has a racemic diad (r), as

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



et hyl ene content of not |ess than 60" % by nol. The ol efin pol yner according
to the invention is, for exanple, an olefin polynmer which is an olefin 5
copolymer of at least two olefins selected fromolefins of 2 to 20 carbon
atons, has a nunber-average nol ecul ar weight of not | ess than 500 and is a
tapered polymer containing a segnent wherein conposition of two or nore
nmonomer s continuously changes in the pol y@rer chain. A 10 tapered pol yner
having MM Mh of not nore than 2.5 and a tapered pol ynmer having an ethyl ene
content of not less than 30 % by nol are also available. The olefin

pol yer accoiidipg 49 bhe kAYARHEID I3y O EXATRLe,. an pliefd n, copol ymer

whi ch conprises a 15 nonomer unit Ve 2f3 to 20
carbon ato I t._one _non runit M2 that is different fromthe
nononer uninRF?§gﬁ% ﬁ?g%FHe P£|P8%r§&SSpF & 0% OMIENRL, [M ' M |

M2’ MR], [ML] and..] M 20 d by 13C-NMVR, .satisfy the fol | ow
Eel at | Lns:[ | ]>[ m\/ﬁ%?( %%F?/?Tx?ﬁgeﬁzgré?w@]lﬁﬁ( AR Wséﬁ/miﬂ;[q%m% )ioa/mg\rmein :

[M] is a noLar fraction of the nononer unit M, [M] is a nolar fraction
of the nonont?® uRFE™ReE [ RP- RBEL 185 PPd vASKo MR oy 46 idgn odfefdrunit in which
t he monoger unit.9 M and the nononmer unit M2 are adjacent to each other,
copolymer of at least two olefins 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 segment wherein composition of two or more
monomers continuously changes in the polymer chain. A
10 tapered polymer having Mw/Mn of not more than 2.5 and a
tagered polymer having an ethylene content of not less
than 30 % by mol are also available.

The olefin polymer according to the invention is,

for example, an olefin copolymer which comprises a

15 monomer unit M3 derived from an olefin of 2 to 20 carbon
atoms and at least one monémer uﬁit M2 that is different
from the monomer unit M1, and has the following
properties:

[M1-M2], [M1-M1l, [M2-M2], [M1] and [M2], as

20 measured by 13c-NMR, satisfy the following relations:

L

1>[M1M21/ (2x[M1]x[M21)
1>[M1-M2]2/ (4x [M1-M1]x[M2-M2])
wherein [M1) is a molar fraction of the monomer unit M1,

fM2] is a molar fraction of the monomer unit M2, [M1-M2]

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



[M-M) is a nolar fraction of a unit in which the nononer unit M and the
nononmer unit M are adjacent to each other, and [MM2] is a nolar fraction
of a unit in 5 which the nononer unit M2 and the nmononer unit M are

adj acent to each other. The olefin polynmer according to the invention is,
for exanple, a polyner satisfying the above relations and having Mv Mh of
not nore than 2.5, an olefin copolyner 10%herein an isol ated nononer unit
M and a sequence of two .or nore continuous nonomer units ML are both
detected in the polyner chain by neans of 13C-NMR, or an olefin

.. copol ymer whergid @1@%&'@8&@:OBnE‘éDMgC’QEE”HB';]'Ec ;Eg%%aea%ﬂi t$pM and a

sequence of three or nore continuous 15 nononer uni are both detected

i in . - , th
e 2ol YIERGEIAD 1 DY RS ok A3 M B Lhe 20 ol s, e

nononer unit pr ef er y an" e e uni i | ymer

wherein a segue 0 r re._continuous _nethyl ene groups i s 20

det ected by neaﬁ§&%¥ %Eééﬁﬁﬁg‘§%§ ghgeﬂaaﬁggranf&oﬁlcgﬁFiﬁ8§8§eH§tﬁ§1ene

groups and a se uenqg of three or re continuous nethyl ene groups are
¢l hE

both detecteddd ArSF avdita thef BRLHBEI MEACTEPDL RE i 8Pk Fél ymer

of the 2p invention is an olefih,block cqopo] ynmer conprising: 10 (i) a
pol yner bgoc\hﬂﬁﬁﬂghﬁiW?QﬁW%ﬁ 1oLkt Mgpand the monomer unit Mz are

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 Mj] and a sequence of two

:0r more continuous monomer units M are both detected in

]

the polymer chain by means of 13C-NMR, or an olefin

.. copolymer wherein a sequence of two continuous monomer

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

25 invention is an olefin block copolymer comprising:



olefin selected fromolefins of 2 to 20 carbon atons, and (ii) a pol yner
bl ock that is obtained fromat |east one olefin selected fromolefins of
"2 to 20 carbon atonms 5 and is different fromthe polyner block (i). The
ol efin block copolyner is, for exanple, a polyner conprising two or nore
pol ynmer bl ocks, adjacent polyner blocks of which are different from each
ot her, and having a nunber-average nol edll ar wei ght of not |ess 10 than
5.00 and MW Wn of not nore than 2.5. The ol efin bl ock copolyner is, for
exanpl e, an olefin polyner which is a diblock copolyner conprising t wo

pol ynmer bl ocks an a f f ol rer which is
a triblock copolygé? %o%%ﬁ F%gbfg%iﬁrggﬂb%1§F 5ﬁk§' S MV Mh of

| ess than 1. r mhlc c olyner conpri si ng
four or mrgqggﬁélng%l%%lgég EESE R ?%ﬁ/"e’l\/ﬁ ofé bﬁé’s?ﬁ H%?ﬁ‘ bop@Etame: apbde

ol efin bl ock copol i for e pol yner wherei n each pol yner

bl ock is selected(¥g§n1Zab&gmﬁétﬁ3pgﬁethﬁ5PEs OPpEnes des yaterlegst

et hyl ene and_a a;t one.ol efin selected fromolefins of 3 to 20 carbon

at ons, dlenegngnaﬁg ¢PoGRAECHET £r2RY rd Sfdinpoidpy die 29 rasrhare B tamas

"ata-pol l.ene” elnafter) i sotactic pol ypropylene (referred to as
"iso 25 olygggpﬁpeﬂé LREFBENAFLBr Fhes prdivereac tiloa¥ol fipropyl ene 11
(referred to as n pol progXIene hereinafter), a

e ole ock copolymer is, for example, a

polymer comprising two or more polymer blocks, adjacent

polymer blocks df which are different from each other,

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

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

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

The above olefin block copolymer is, for example, a

polymer wherein each polymer block is seiected from

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

isotactic polypropylene (referred to as "iso-

25 polypropylene” hereinafter), syndiotactic polypropylene



copol ymer of propylene and at |east one olefin selected fromolefins of 3
to 20 carbon atons, dienes and cycl ool efins, and the aforesaid tapered
polymer. 5 Also available is a diblock copolyner or a triblock copolyner
wherein each polyner block is selected from polyethylene, HOPE, LLDPE, an
et hyl ene/ propyl ene copol yner, an et hyl ene/ but ene copol yner,  an

et hyl ene/ hexene copol yner, an et hyl ene/ oct ¢he copol ynmer, 10

at a- pol ypropyl ene, syn-pol ypropyl ene, a propyl ene/ butene copolynmer and a
propyl ene/ hexene copol ynmer. The polyner block (i) and the pol yner bl ock

ii) are .eac d_fr " _ex I he f,oll ow.n ol ymer_ bl ocks
(2)) (by and (LyEEEEEERcbLam rethsBe B BrxhBe T PoR e () "o

ol ymer bl ock obtained frogmone a-ol efi elected froma-alefins of 3 to
80 Xarbon aton%?pg%ﬁmefcfgapﬁ8P¥i3PebFB@kagbhﬁﬁﬁgdOPFOﬂ%ﬁﬁ&noF el
olefins selected fro -ol efi_ng of to 20 carbon atoms. .20 The olefin

bl ock copolynefr?g,og%?laﬁaﬁﬁlé,ta égl?ﬁﬁPOBOﬁFQWﬁPn&1§Pq3e§§@ one of the
pol ymer bl ock éa% whi ch has a nunber-average nol ecul ar wei ght of 110, 000
to 10, 000, 000-RnOREMNS! ABE EBRecfRERSE1S. LAPEEECh&CIMSEdi nent of the

e oy i einoms

olefin pol%ner according 25 to the invention is an olefin polyner having a

functional ®12 groupP&Bot figai &Rl falisof fhelagskncenailumer e aatsariédgick
copolymer wherein each polymer block is selected from
pclyethylene, HDPE, LLDPE, an ethylene/propylene
copolymer, an etﬂylene/butene copolymer, an
ethylene/hexene éopolymer, an ethylene/octeﬁe copolymer,
10 ata—polypropylene, syn-polypropylene, a propylene/butene
'c?polymer and a propylene/hexene copolymer.
The polymer block (i) and the polymer block (ii) are
.each selected froﬁ, for example, the follbwing polymer
blocks (a}, (b) and (¢):
15 (a) a polymer block obtained from ethylene,
(b) a polymer block obtained from one a-olefin
selected from a-olefins of 3 to 20 carbon atoms, and
(c) a polymer block obtained from two or more o-—
olefins selected from a-olefins of 2 to 20 carbon atoms.
.20 . The olefin block copolymer is, for example, a
polymer containing at least one of the polymer block (a)
which has a number-average molecular weight of 110;000 to
10,000,000 and Mw/Mn of not more than 1.5.

A further embodiment of the olefin polymer according

25 to the invention is an olefin polymer having a functional



nonodi sperse pol yol efin, tapered polyner, olefin copolyner or olefin block
copol yner. The nol ded product according to the invehtion. 5 conprises the
nonodi sperse polyolefin, the tapered polyner, the ol efin copolyner or the
ol efin block copolymer. The process for preparing an ol efin pol yner
according to the invention conprises polynerizing an 10 olefin of 2 to 20
carbon atons in the presence of an olefin1aolynerization cat al yst
conprising a transition netal conmpound which is represented by the
following fornmula (1) and has properties that, in a P-agostic structure
of a cationic conplex wherein one of Xin the 15 forrmula (I) is replaced
with a n-propgiogirogs, tés derstimect wrfe thel ng ineaduried dof tthelensbtysaid
functional method, the distance between the heteroatom which has no
direct bond monthid spemtsealpaistcdle lrgnd apse meBrRstyax t heleemral nmetal M
and hydrogen at the P-position is not nore than 20 3.0 A and the

el ectrost at i ccepefgyeirs onobo lafie thatkl@dpb1@ler t 0 prepare the
nonodi sperse polyolefin, the olefih copolymer, the tapered polyner or the

ol efin bl ock ~copofryaemplLebXp rbdutheseice Ming & d rapsiitiwn, ygial atom
selected fromGoup 3 to Goup 11 of the periodic table,

5 comprises the monodisperse polyolefin, the tapered
polymer, the olefin copolymer or the olefin block
copolymer.

The processlfor preparing an olefin polymer
according to the invention comprises polymerizing an
10  olefin of 2 to 20 carbon atoms in the presence of an
o%gfin polymerization catalyst comprising a transition
metal compound which is represented by the following
- formula (f) and hés properties that, in a P-agostic
structure of a cationic complex wherein one of X in the
16 formula (I) is feplaced with a n-propyl group, said
structure being measured by a density functional method,
the distance between the hetefoatom, which has no direct
bond to the central metal M and is nearest to the central
metal M, and hydrogen at the B-position is not more than
20 %.O A and the electrostatic energy is not more than 10
kJ/mol, to prepare the monodisperse polyolefin, the
olefin copolymer, the tapered polymer or the olefin block
copolymer;



mis an integer of | to 5 n is a nunber satisfying a valence of M 5 L is
a ligand coordinated to the central netal Mand is a ligand having a

het er oat om whi ch has no direct bond to the central nmetal M and X is an
oxygen atom a hydrogen atom a hal ogen atom a hydrocarbon group, an
oxygen-cont ai ni ng group, a 10 sul fur-containing group, a

ni trogen-containing group, a boron-containiig group, an

al um num cont ai ni ng group, a phosphorus-containing group, a

hal ogen-cont ai ning group, a heterocyclic conpound residue, a

si l'icon-containiPger@hAUR, 18 gekFBRI nt aini;n -co ai ni ng
15 group, and mheneﬁ is 2 8r greg?efq%gﬁﬁra%tgﬁbg%%g d‘céi VUB

the same or dlffgrggtergﬂg @hu6§lthgngggﬁgdgg;%%&§b by X may be bonded to

forma ring. The transition netal oun éxanple, a transition

re;gl(%ggpon;d repres&nigd gyfﬁbgggglg mhngo %9 formula (l11-a) or (Il1-b) ;

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 heterocatom 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?Fon—containing group, an aluminum—containing group, a
phosphorus-containing group, a halogen-containing group,

.2 heterocyclic compound residue, a silicon-containing
group, a germanium-containing group or a tin-containing

156 group, and when' n is 2 or greater, plural groups
lihdicated by X may be the same or diffefent, and plural
groups indicated by X may be bonded to form a ring.

The transition metal compound is, for example, a

transition metal compound represented by the following

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

R1

1
M % ee.(II-a)

25



25 14 wherein M is a transition netal atomselected fromGoup 3 to G oup
11 of the periodic table, mis an integer of 1 to 5 5 Qis a nitrogen atom
or a carbon atom having a substituent R2, Ais an oxygen atom a sulfur
atom a seleniumatom .or a nitrogen atom having a substituent R5, RlL is a
hydr ocar bon group having one or nore 10 heteroatons or a hydrocarbon group
havi ng one or nore heteroatom containinggroups, R2 to RS may be the sane
or different and are each a hydrocarbon group, a hal ogen atom a hydrogen
atom a hydrocarbon-substituted silyl group, an oxygen-containing 15
group, a nitrogen-containing group, a sulfur-containing group, a
boron-contai ni ng group, an al um numcontaining group, a
phosphor us-cont ai ni ng ;gr.oup, a hal ogen- containing group, a heterocyclic
cormpound res'@F€ R Tsi HiSc éh -t tsditi vy e toub, attoyes ehec ued cOnbai Birb@gr oup
or 20 a ti n-%ont ai ni ng %roup, two or nore of R2 to R5 may be bonded to
forma ring, Sah@® WEHPMlls of gheygmeniodi RIsblels, R3s, R4s and R5s may be
the sanme or different, and one group of R2 to RS contained in one |ligand
and one group of "R25t §NRENEegeai wdd 1i recotther |igands may -be 25 bonded,
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 RO,
Rl is a hydrocarbon group having one or more
10 hetercatoms or a hydrocarbon group having one or more
h?peroatom—containing groups,
R2 to RS may be the same or different and are each a
hydrocarbon group, a halogen atom, a hydrogen atom, a
hydrocarbon-substituted silyl group, an oxygen-containing
16 group, a nitrogenwcoqtaining group, a sulfur-containing
group, a bgronmcontaining group, an aluminum-containing
group, a phosphorus-containing group, a halogen-
containing group, a heterocyclic compound residue, a
silicon-containing group, a germanium-containing group or
20 % tin-containing group, two or more of RZ2 to RS may be
bonded to form a ring, and when m is 2 or greater, Rls,
st, R3s, R4s and R5s may be the same or different, and
one group of RZ to RY contained in one ligand and one

group of R2 to R® contained in other ligands may be

25 bonded,



e

15 n is a nunber satisfying a valence of ML, and X has the same neani ng as
that of X in the aforesaid formula (1); 5 ...(11-b) 10 wherein ML is a
transition nmetal atomselected fromGoup 3,to Goup 11 of the periodic
table, mis an integer of 1 to 5 Y is a nitrogen atomor a phosphorus
atom U is a carbon atom having a substituent R6, a 15 nitrogen atomor a
phosphorus atom Qis a carbon atom havingba substituent R7, a nitrogen
atom or a phosphorus atom S is a carbon atom having a substituent R3, a
nitrogen atomor a phosphorus atom 20 T is a carbon atom havi ng a
substituent R9, a nltrogen tom or a hos horus atom R1 .and to RO are
each the same atom of Sgfolpas T F&dd i% ¥ leqsectot ¢RI m R2 to R5
in the formula dvmm1m|32 or greater, Rls, R6s, R7s, R8s 25
and R9s may be the s§ g SqiSAMEr BIFENI%T agnd hgrto@f of im6 ti6: taf Reesaid
contained in gn g r}d and one group of R6 to RO contained in other

| i gands may b OE@H& d,' 147 s a nunber satisfying a valence of M, and

. (II-b}

10 wherein Ml is a transition metal atom selected from Group
3, to Group 11 of the periodic table,
m is an integer of 1 to 5,
Y is a nitrogen atom or a phosphorus atom,
‘U is a carbon atom having a substituent R®, a
15 nitrogen atom or a phosphorus atom,
0 is a carbon atom having a substituent R7, a
nitrogen atom or a phosphorus atom,
S is a carbon atom having a substituent RB, a
nitrogen atom or a phosphorus_atom,
20 . T is a carbon atom having a substituent R?, a
nitrogen atom or a phosphorus atom,
'Rl and R® to R? are each the same atom or group as
described with respect t§ Rl and R? to R® in the formula

(II-a), and when m is 2 or greater, Rls, R6s, R7s, R8s

256 and R%s may be the same or different, and one group of R®



X has the sanme neaning as that of X in the aforesaid 5 formula (1).
Simlarly to the transition netal conpound represented by the formula (1),
the transition netal conpound represented by the forrmula (11-a) .or (I1-hb)
preferably has properties that the di stance between the 10 heteroat om

whi ch has no direct bond to the central nqgal Mand is nearest to the
central netal M and hydrogen at k the f3-position is not nore than 3.0 A
and the electrostatic energy is not nore than 10 kJ/nol. The transition
nmet al conpound regresented by the 15 formula (lIl1-a.) or (l1-b) is
preferably a eonpdusdnwvhenetin inRbonkeS 1aQaakomRd &y dRAa o 1F qup, ran

al i phatic hydrocarbon group or an alicyclic hydrocarbon group, selected

froma phenyl cgnhespnbavindotBbral il@ast #R§ HRO$idrQYy,of the 2-position and
the 6-position, when the 20 position of thé carbon atom bonded to nitrogen

s the 1 position ,ong gryiEerSUBSSbkyeRbS ;Sehached [joRa hefer oat om and
S a a

a het eroatom containing group, or has, east one position of the

3-position, the 4-pogiti t 3 RQsLL a t aone substituent

sel ected 25 froma ﬁ%tergg?oggg?hggaﬁﬁgﬁ ggfﬁﬁgFi%glgﬁo%(%Q%I STiE 4

containin% grgggmgfgi?g?one carbon atom and not nore than two fluorine
| u

atons, a ori ne-contal ni ng group having

Similarly to the transition metal compound
represented by Fhe formula (I), the transition metal
compound represented by the formula (II-a) or (II-b)
preferably has properties that the distahce between the

10 ' heterocatom, which has no direct bond to the central metal

M and is nearest to the central metal M, and hydrogen at

y

the P-position is not more than 3.0 A and the
electrostatic energy is not more than 10 kJ/mol.
The transition metal compound represented by the
15 formula (II—a) or (IIjb)'is preferably a compqund wherein
Rl is an aromatic hydrecarbon group, an aliphatic
hydrocarbon group or an alicyclic hydrocarbon group,
selected from a phenyl group having; at at least one
position of the 2-position and tﬁé 6—posi1l:ionr when the
20 position of the carbon atom bonded to nitrogen is the 1-
gosition, one or more substituents selected from a
heteroatom and a heterocatom-containing group, or has, at
at least one position of the 3-position, the 4-position

and the 5-position, at least one substituent selected

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



two or nore carbon atonms, and a group containing a heteroatom other than a
fluorine atom and when RL is an 5 aronmati c hydrocarbon group other than a
phenyl group, an aliphatic hydrocarbon group or an alicyclic hydrocarbon
group, this group has at |east one substituent selected froma heteroatom
and a heteroatomcontaining group. In the transition nmetal conpound
represented by the 10 fornula (11-a) or (1¥1-b), when the position of the
carbon atom bonded to nitrogen is the 1-position, RL is preferably a

hal ogen- cont ai ni ng- hydrocarbon group of 1 to 30 carbon atons sel ected from

a phenyl Or SuRdiRnglyr Al RSN PN ILIAL Mod NE,& ROSTLLED BRd . e

6 15 position, one or nore substituents s oma " h &nd a
hal ogen- cont ai-RiNG 1¢ QUK. & RNeNY! roup. having, at. at |east one, position
of the 3-position, the 4- gdom tion: a%ld&%&%enes-cpoorg%ﬁﬁrblr{fg AT R BHRT
-substituent s c rom | yori.,ne-cont ai ni n roup 20 hayvi ng one carbon
at om and not ﬁ%&%Eﬁﬁg%%%M§%€Qﬁhiﬁﬁ9§ﬂknﬁ§ z?fé%é%ﬁrééQEﬁﬂQﬁQﬁrﬁ)group
having two or,mpre %rb% atons, a chlorine atom a brom ne atpm an

i odi ne at om & CRICGH e S ai SroWP’ S rditre-atht e yFoad and
an iodine1§ontaining group, an_aromatic 25 hydrocarbon group other than a
phenyl group R&VMAg & MYEHO Fh &R 1 tfentt hsdl e tde T braze il ogen

atom and a - hal ggen-cont ai ni n roup, an aliphatic hydrocarbon grou
a&l%%atlc ydroc é%on[%roup or[%n alicgglic hydroégrbE;

group, this group has at least one substituent selected
from a heteroatoh and_a heteroatom-containing group.
In the transition metal compound represented by the

' 10 fofmula (II-a} or (II-b), when the position of the carbon

'a?gm bonded to nitrogen is the I-position, Rl is

preferably a halogen—éontaining'hydrocarbon group of 1 to

30 carbon atoms selected.from a phenyl group having, at

ét least one position of the 2-position and the 6-

15 position, one or more substituents selected from a
‘halogen atom and a halogen—containiﬁg group, a phenyl
group having, at at least one position of the 3-position,
the 4-position and the 5-position, at least one
substituent selected from a fluorine-containing group

20 Qaving one carbon atom and not more than two fluorine
atoms, a fluorine-containing group having two or more
carbon atoms, a chlorine atom, a bromine atom, an iodine
atom, a chlorine-containing group, a bromine-containing

group and an iodine-containing group, an aromatic

25 hydrocarbon group other than a phenyl group having at



havi ng at | east one substituent selected froma halogen atomand a

hal ogen-cont ai ni ng group, and an alicyclic 5 hydrocarbon group havi ng at

| east one substituent selected froma hal ogen atom and a

hal ogen-containing group. The transition netal compound is, for exanple, a
transition nmetal conpound represented by the followng 10 formula (I11)
Rte R12 R13 75 R14 MLX, ... (IIl) whereig ML is a transition netal atom
selected fromGoup 4 to Goup 5 of the periodic table, mis 1 or 2, 20
R10 is an aromati c hydrocarbon group, an aliphatic hydrocarbon group or an
alicyclic hydéocarbon group, when Rl s acghenyl group and the position of
the carbon at off ShoRdéed SUE SHitHEGEN Sed adted -f3s 13 drelades abtemyindraup
has, at at |east one position of the 2-position and the 25 6-position, one
or nmore subst PRACHLE -SONESHad N @RcaPL9 aetadrigatadnt @rtydrocarbon group

het er oat om contai ning group, or has, at at |east one position of the
3-position, th@v4n90§¢tﬂ@ﬁst one substituent selected from a halogen

atom and a halogen-containing group, and an alicyclic
5 hydrocarbon group having at least one subsgituent
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):

R
R‘IZ
. K
15 «e o {III)
wherein Ml is a transition metal atom selected from Group
4 to Group 5 of the periodic table,
mis 1 oxr 2,
20 R10 is an aromatic hydrocarbon group, an aliphatic

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

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



and the 5-position, at |east one substituent selected froma heteroatom
other than a fluorine atom- a fluorine 5 containing group having one
carbon atom and not nore than two fluorine atons, a fluorine-containing
group having two or nore carbon atons, and a group containing a
het eroatom ot her than a fluorine atom and when RIOis an aronmatic
hydr ocar bon group other than a phenyl groutg an 10 aliphatic hydrocarbon
group or an alicyclic group, this group has at |east one substituent ‘
selected froma heteroatom and a heteroatom containing group, Rl to R14
may be the same or different and are each, a hydrogen atom a hal ogen

> e i CRpar oRLe DAY has2e

atom a hal ogehetohtat At ng ag?%ﬁ%Foﬁ AYaroehfrbBAgr 8GpYP OF nas,” at
hydr ocar bon- substj t ut ed silyl,g[oup, an oxygen-containi ng group, a
ni trogen- contdf ntYSyrowP BrSAELoN of - BBt ATRAPAYT§PBuptPR1E~PESE tHaIbgen
atom a hal ogen-contai ning group, a hydrocarbon %%oug or a
hydr ocar bon- sudRE i tlue et~ RPF {1120, g bupeantigng Fukbbityantsegilagtedval ence
of M and X has the sanme neaning as that of X in the aforesaid fornula (1)
. I'n the transf¥emne ngeberedhpouptihesptbaenteflugrine apsmiomnflaoring
when the position of the carbon atom 20 bonded to nitrogen is the
1- posi ti ond Rigensapnbfierabbyp ahahahggene coarbhoni agohydndcapbomogreodhant |
to 30 carbon :
two fluorine atoms, a fluorine-containing group having
two or more carbon atoms, and a-group containing a
heteroatom 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 heterocatom-containing group,
rR1l to Rr14 may be the séme or different and are each.
a hydrogen atom, a halogen atom, a halogen-containing
16 group, a hydrocarbon group, a hydrocarbon-substituted
silyl group, an oxygen-containing group, a nitrogen-
containing group or a sulfur-containing group,
R15 is a halogen atom, a halogen—-containing group, a
hydrocarbon group or a hydrocarbon-substituted silyl
20 group,
n is a number satisfying a valence of M, and
X has the same meaning as that of ¥ in the aforesaid
formula (I).

In the transition metal compound represented by the

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



atons selected froma phenyl group having, at at |east one position of the
2-position and the 6-posi-tion, one or 5 nore suhstituents. selected froma

hal ogen atom and a hal ogen-contai ni ng group, a phenyl group having, at at
| east one positi.on of the 3-position, the 4-position and the 5-position,
at | east one substituent selected froma fluorine-containing group having
one carbon atom and not 10 nore than two 20 uorine atons, a
fluorine-containing group having two or nore carbon atons, a chlorine
atom a bromine atom an iodine atom a chlorine-containing group, a

br om ne- cont aj hi roup, and an jodi ne-containing group, an aronatic
hydr ocar bon g#gﬁ%g%?ﬂ%rﬁgqﬁﬁﬁﬁfwﬁﬁéﬂy?eg%b%%SEBlﬁ&viR Ha@SIEasfemably a
substi t uent ﬁglected froma hal ogen atom and a hal ogen-contai ni ng group,

an al i phati c PAMFADESHUOR Yo thedirorp Beon easoupnef siibsbi B0eatrbse. ect ed
from a hal ogen atom and a hal ogen-cont ai ni ng group, and an alicyclic
hydr ocar bon GF'SUF mRASRfed Txasta poemne sobepihaentgsehecaedlérem a

hal ogen atom and a 1~ hal ogen-contai ning group. By the above process, for
exanpl e, the WEhRASPerde ofpdihyel 2foas it ien taperelde pe-pysetioh, t BReOLeS i N
bl ock copol ymer can be prepared. 21 Anot her enbodi nent of the process for
preparind?anmqugﬁqbqﬁﬂQnﬁﬂtsuﬂHﬁHﬁUqﬁtﬁrdmmhiEWEmﬁé@na@@ﬂpéﬁ§e§ '
halogen-containing group, a phenyl group having, at at
least 6ne 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-containing group
h?ying 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 thanh a phenyl group
15 having at least one substituent selected from a halogen
atom and a halogen-containing group, an aliphatic
hydrocarbon group having at least one substituent
selected from & halogen atom and a halogen-containing
group, and an alicyclic hydrocarbon groﬁp having at least
20 - Ene substituent sélected from a halogen atom and a
halogen-~containing group.
By the above process, for example, the monodisperse

polyolefin, the tapered polymer or the olefin block

copolymer can be prepared.



pol ynerizing an olefin of 2 to 20 carbon atons in the presence of an

ol efin polynerization catal yst-conprising 5 the above-nentioned transition
metal compound to prepare a polyner and then bringing the polymer into
contact with a functional. group-containing conpound to prepare an olefin
pol ymer having a functional group at the termnal. A further enbodi nent of
the process for preparing an 10 olefin polyfer according to the invention
“conprises polynerizing at |east two ol efins which are selected from
olefins of 2 to 20 carbon atonms and have different polynerization
reactivities, in the ence of an ol.efi ol ymeri zation catal yst
conprising the abovefﬁghl%ﬁu§T %W%H%fy?o ?nﬁ%ﬂc?ﬁﬁniﬁﬁmpf%Pﬁgéﬁﬁr@na
tapered pol yner _.containing a segnent, wherein conpositjon of two or nore
monomer s cont i ndfousi A ol %n?Lﬁ?réheég&ﬁﬂﬁﬁﬁﬁ SPTRRESBFocess
for preparing an .olefin polyner according to the invention 20 conprises
conducting the FSMYRGHESteFET 9Lekie ‘?%Ig4 I mef stEpPqR)ateme b@{?bﬁal ly,
the following step (3) of an arbitrary nunber of times, to prepare an
olefin block cEFASATEE AT SHRE I Rt vissl yaadri en oekiealyal eompepséng
pol yneri zing_at |east one olefin 25 selected fromolefins of 2 to 20
carbon at ons?i n {1t P YHEsHdonsHd dir Bt iprpatsiit | cenpomdatal ysepare

conprising the above-nentioned transition netal conpound to prepare
a polymer and then bringing the polymer into contact with

a functional group-containing compound to prepare an
olefin polymer héving a functional group at the terminal.
A further embodiment of the process for preparing an
‘ 10 olefin polymer according to thé'invention comprises
pg}ymerizing at least two olefins which are selected from
olefins of 2 to 20 carbon atoms and have different
polymerization reactivities,'in the pfesence of an olefin
pdlyﬁerization catalyst comprising the above-mentioned
16  transition metal compound to prepare a tapered polymer
containing a segment wherein composition of two or more
monomers continuously changes.
A still further embodiment of the pfocésé for
preparing an olefin polymer according to the invention
20 qpmprises conducting the following step (1), the
following step (2), and optionally, the following step
(3) of an arbitrary number of times, to prepare an olefin
block copolymer comprising plural polymer blocks;
(1) a step of polymerizing at least one olefin

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



a polynmer block, (2) a step of polynerizing at |east one olefin 5 selected
fromolefins of 2 to 20 carbon atons in the presence of the polyner bl ock
prepared in the step (1) to prepare a polyner block which is different from
the polyner block prepared in the step (1), and (3) a step of polynerizing
at least one olefin 10 selected fron1o|§ ins of 2 to 20 carbon atons in
the presence of the polyner block preparéd in the step (1) and the

pol ymer bl ock prepared in the step (2) to prepare a polyner block which is
different fromthe polyner blocks prepared in the previous step. 'I5 A
still furthepresbodenefit aof oflled ipr pedssndrdrzatir@pata gl @i ok &fib A1 POhYyMer
according to the invention conprises preparing a tapered polyner or an

ol efi n bl ocktheopbbyremehy ibhe cahewe s1tAeRs A tdip AR A% EbSare
resulting (co)polyner into contact with a functional 20 group-contal ni ng

conpound to prepaymea bapeked polynmer or an ol efin bl ock copol ynmer having
a functional group at the termnal. A still further enbodi nent of the

process for prepaging apep! 8Fi PoRYhKLIRY ;R %rtdilré%étoc%? AJ{éﬁ’EiO“ 25
a23p

V,
conprises polynerizing an olefin in the présence of ol yneri zation

cat al yst 5whi 681 9ERERL @8ohi ¥ BE i nROLYSN izAbion 9 AN Al &fd iy and, fur t her
conducting olefin

presence of the polymer block prepared in the step (1) to
prepare a polymer block which‘is different from the
polymer block prépared in the step (1),'and

(3) a step of polymérizing at least one olefin

10 selected from olefins of 2 to 20 carbon atoms in the
p;esence of the polymer block prepared inrthe step (1)
aﬁé the polymer block prepared in the step (2) to prepare
a polymer block which is different from the polymer
blocks prepared in the previous stép..

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

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

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

25 comprises polymerizing an olefin in the presence of a

[p——



pol ynmeri zation by the use of a catalyst obtained by cleaving a bond

produced in the system between the 5 catalyst and the resulting pol yner
chain by nmeans of chain transfer reaction. The chain transfer reaction can
be pronoted by the use of at |east one conpound selected from for

exanpl e, hydrogen,

an organozi nc conpound, an organosilicon 28onpound, an organocadm um
conpound and an organol ead conpound. The ol efin polynerization catal yst
used in the above process is, for exanple, an olefin polynerization 15

t al 1
oo oy abBadv e iag e3R8y &

the_ol efin

pol yol ef i n,
copol yner.

t he above- transiti compound. The
5?@ 35

preferable that the olefin | ymer obtalned before the chain transfer
reaction and/ Bplb’ﬁl@rélzéﬁlﬁnpé?lyyﬁ‘@re UKt Sitnéd CEFeehY R d nst er
reaction is the nDnodlsEFrse poééplefln the ol efin copol yner, the 25

t aper ed pol ynEReav ifije ao

efidn PEIO

t he o|ef|ﬁipop9ﬁ§ﬂyst and the resulting polymer chain by means of

15

20

25

chain transfer reaction.

The chain transfer reaction can be promoted by the
use of at least éne compound selected from, for example,
hydrogen, an organcaluminum compound, an organoboron
compound, an organozinc compound, an organosilicon
c?mpound, an organocadmium compound and an organolead
compound.

The olefin polymerization catalyst used in the above
process is, for example, an olefin polymerizétion
catalyst comprising the above-mentiocned transition metal
compound. The polymer produced in the above process is;
for examplé, the monodisperse polyolefin, the olefin
copolymer, the tapered polymer or the olefin block
éopolymer.

. In the process for preparing an olefin polymer, it
is preferable that the olefin polymer obtained before the
chain transfer reaction and/or the olefin polymer
obtained after the chain transfer reacﬁion is the

monodisperse polyclefin, the olefin copolymer, the

tapered polymer or the olefin block copolymer, and it is

an organoal um num conpound, an or ganoboron 10 conpound,

I wihd ch” pgomic éﬁb ‘”fﬁ% nnnfd;spegfe )
20PPﬁYf“ﬁélﬁF6&850 O%o@nppéﬁ%l.tnﬁ%er SPFnaT s i fg 18 Pno

cegopdl JiRer SYSTEN (PR idie preferabl e

that the olefin polyner obtained before the chain transfer reaction and



obtai ned after the chain transfer reaction are each the nonodisperse

pol yolefin, the olefin copolyner; the 5 tapered polyner or the ol efin block
copolymer. The olefin polyner obtained before the chain transfer reaction
and the: olefin polyner obtained after the chain transfer reaction may be
t he sane as each other. 10 BRI EF DESCRI PTION OF THE DRAWNG Fig. 1 is an
expl anatory vi ew show ng steps for prepag4ng an ol efin polynerization

catal yst which is occasionally used in the present invention. 15 BEST MODE
FOR CARRYI NG OQUT THE | NVENTI ON The ol efin pol ynmers according to the
invention and the grocesses for preparing the_polyners are described in
detai | her ei'MF§ eP* =i pbant Ryt of D¢ hele &t PpoYYREr PRARIDRY BSE@IRer ei n

20 is not-limted to "honopol yneri zati on" but may conprehend

"copol yneri Zdt§ ofhaim swansgfer neeaathionf apdetber mletpol pardymeused herein is
not limted to "honopol yner" but nmay conprehend "copolynmer”. The olefin
pol yner (norddisheedeaboeyotiedi ahaim onensPsrenbadifient aok thehi mhention is
a polymer of at |east one 25 olefin selected fromolefins of 2 to 20 carbon
atons (sonmdmedisedese aquotpobefin] efhasdlafiri napvéyperThiae ol efin

pol ymer may be a polynmer of one olefin selected fromolefins of 2 to 20
car bon abonstapemmy melymeanconthe olefin block copolymer. The

olefin polymer obtained before the chain transfer
reaction and the, olefin polymer obtained after the chain

transfer reaction may be the same as each other.

10 BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is an explanatory view showing steps for

preparing an olefin polymerization catalyst which is

occasionally used in the present invention.

15 BEST MODE FOR CARRYING OUT THE INVENTION

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

The meaning of the terﬁ "polymerization" used herein

20 {s not  limited to "homopolymeriéation" but may comprehend'
"copolymerization”. Also, the meaning of the term
"polymer" used herein is not limited to "homopolymer™ but
may comprehend "copolymer".

‘The olefin polymer (monodisperse polyolefin) in one

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



5 copol yner or a bl ock copolynmer of two or nore olefins selected from
olefins of 2 to 20 carbon atons. Exanples of. the olefins of 2 to 20
carbon atons include: straight-chain or branched a-olefins of 2 to 20 10
carbon atons, such as ethylene, propylene, 1-butene, 1- pentene,
3-nmet hyl -1 -butene, 1-hexene, 4-nethyl-I|-pentene, 3-nethyl-I|-pentene,
1-octene, 1-decease, 1l-dodecene, 1l-- tetragecene, "1-hexadecene,

1- oct adecene and 1-eicbsene; and 15 cycloolefins of 3 to 20 carbon atons,
such as cycl opent ene, cycl oheptene, norbornene, 5--nethyl-2- norbornene,

tetracycl ododecene and.2-nethyl-1,4,5, 8- dinethano-1, 2, 3, 4, 4a, 5, 8,
8a- oct ghydr ongcpiﬁ&ﬁgl 5ﬁé.ecﬁer‘fg/lg€3?6‘\ HELARE, i énd® A Giimetare al so 20

enpl oyabl e as the olefins of 2 to 20 carbon at ons. As the dienes or the
pol yenes, cycl(PEMGELIPRS & eIESHSOUNEs AaviodG 4 nsd I reimoit eitloms Trids t wo or
nore doubl e bonds can_be nentioned. Exanples of such conpounds include
but adi ene, i sBpFERE, PRLIYBERyMaY bers pedvadirend, ohe3-olmdiiradielmsted
1, 4- pent adi ene, 1, 5-hexadiene, 26 1, 4-hexadi ene, 1, 3-hexadi ene,
1, 3-oct adi enefremqolgéiag efe2 to528cradibene atbne- oot adivernes al,amddadi ene
et hyl i dene_ norbornene, vinyl norbornene, dicyclopentadiene,
7_nEthy|_féa_ggpg@y@ﬁé,04-eth9pbden@polymer of two or more olefins
selected from olefins of 2 to 20 carbon afoms.
Examples of the olefins of 2 to 20 carbon atoms
include:
straight-chain or branched «-olefins of 2 to 20
' '10 carbon atoms, such as ethylene, propylene, l-butene, 1-
p§ptene, 3-methyl-1l-butene, 1—héxene, 4-methyl-l-pentene,
3-methyl-l-pentene, l-octene, l-decene, l-dodecene, 1-
tetradecene, l-hexadecene, l-octadecene and l-eicosene;
and
15 cycloolefins of 3 to 20 carbon atoms, such as
cyclopentene, cycloheptene, norbornene, 5-methyl-2—
norbornene, tetracyclododecene and 2-methyl-1,4,5, 8-
dimethano-1,2,3,4,4a,5,8,8a—octahydronaphthalene.
Vinyleyclohexane, dienes and polyenes are also
20 employable as the olefins of 2 to 20 carbon atoms.
L%
As the dienes or the polyenes, cyclic or chain
compounds having 4 to 20 carbon atoms and two or more
double bonds can be mentioned. Examples of such

compounds include butadiene, isoprene, 4-methyl-1, 3-

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



5 8-nethyl -1, 7-nonadi ene and 5, 9-di nethyl -1, 4, 8-decatriene. Aromatic
conpounds are al so enployable as the olefins, and exanpl es thereof include
nono or pol yal kyl styrenes, such as styrene, o-nethylstyrene,, m

met hyl styrene, p-nethyl styrene, o, p-dinethylstyrene, o 10 ethyl styrene,

m et hyl styrene and p-ethyl styrene, 3- phenyl propyl ene, 4-phenyl propyl ene
and a-net hyl styrene. The above olefins cgp be used singly or in

conbi nati on-of two or nore kinds. As the ol efins, nononers having atons

ot her than 15 carbon and hydrogen are al so enployable in the invention.
Exanpl es of such nmononers include: a, Runsaturated carboxylic acids, such
as acrylic doitPHENRIS i b AchP2eLeRei cladr8StAALRPRe anfydri de,
itaconic acid and_ jtaconic anhydri de, c¥cloolefin 20 carboxylic acids or
anhydri des t Hsflasiienschl a3 Feydione, 21 19-schepiene. 2137dpehrddRPric acid,
and netallic salts thereof, such as sodiumsalts, potassium salts,
lithium sal t Stinhicdersg tregregmess unysaylt snandorsahei um salts thereof; 27
a, J3-unsaturated carboxylic esters, such as nethyl acrylate, ethyl

acryl ate, n-pliopytlaveytadissne sopropyhylaty §tateadmnebat yh-athyl atene-

i sobutyl acrylate, tert-butyl acrylate, 2-ethyl hexyl acrylate, nethyl

met hacr yl at e,8-ne gty 1 methacayl ate, and pk ppytimethatry| 4t 8-desapedpyke .

Aromatic compounds are also employable as the
olefins, and examples thereof include mono or
polyalkylstyreneé, such as styrene, o-methylstyrene, m-
methylstyrene, p-methylstyrene, o,p-dimethylstyrene, o-

‘ 10 ethylstyrene, m-ethylstyrene and p-ethylstyrene, 3-~
p?gnylpropylene, 4-phenylpropylene and a—methylstyfene.

The above olefins can be used singly or in
combination of two or more kinds.

As the olefins, monomers having atoms other than

15 carbon and hydrogen are also employable in the invention.

Examples of such mcnomers include:

o, Pp-unsaturated carboxylic acids, such as acrylic
acid,'methacrylic acid, fumaric acid, maleic anhydride,
itaconic écid and itaconic anhydride, cycloolefin

20 carboxylic acids or anhydrides thereof, such as
.
bicyclo(2,2,1)-5-heptene~2, 3-dicarboxylic acid, and
metallic salts thereof, such as sodium salts, potassium

salts, lithium salts, zinc salts, magnesium salts and

calcium salts thereof;



met hacryl ate, n-butyl nethacrylate and isobutyl nethacrylate; vinyl

esters, such as vinyl acetate, vinyl propionate, vinyl caproate, vinyl
caprate, vinyl laurate, .10 vinyl stearate and vinyl trifluoroacetate;
unsaturated glycidyls, such as glycidyl acrylate, glycidyl nethacrylate and
nonogl yci dyl itaconate; hal ogenated ol efins, such as vinyl fluoride, vinyl
chloride, vinylidene chloride, vinyl brom @F and vinyl 15 iodide;

unsat urated cyano conpounds, such as acrylonitrile and nmethacrylonitrile;
unsat urated am des, such as acrylam de, .nethacrylam de and

N, N- di et hyl acryl am de; 20 unsaturated ketones, such as vinyl nethyl ketone
and vinyl ethyl kefoHe!'lHASHEGFEFefoEbREYSICs ol exs sy as matiether and
et hyl vinyl ether; functional group-containing styrene derivatives, 25
such as nmet hox$Styrehe, ethotyseyvdase,vinmprdrenz Getny 18 metdnp momyl
benzoate, vinylbenzyl acetate, hydroxystyrene, o-chlorostyrene,

p- chl or ost yr endcahdadevi Rybbéiieasryandevi rylobgraup-acontlatreé ng: eet-asweyal i ¢
conpounds, such as N-vinylpyrrolidone, N-vinylcarbozole and vinyl pyri-di ne.
5 At | east one2ergfiphesePeetbylheamlt herglieftiens methyl methacrylate,

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

vinyl esters, such as vinyl acetate, vinyl
propionate, vinyl caproate, vinyl caprate, vinyl laurate,
) 10  vinyl stearate and vinyl trifluorocacetate;

. unsgturated glycidyls, such as glycidyl acrylate,
glycidyl methacrylaté and monoglycidyl itaconate:
halogenated olefins, such as vinyl fluoride, vinyl
chloride, vinylidene chloride, vinyl bromide and vinyl
16 iodide;
unsaturated cyano compounds, such as acrylonitrile
.and methacrylonitrile;
unsaturated amides, such as acrylamide,
.methacrylamide and N,N—dimethylacrylamide;
20 . unsaturated ketones, such as vinyl methyl ketone and
vinyl ethyl ketone;
unsaturated ethers, such as methyl vinyl ether and
ethyl vinyl_ether;

functional group-containing styrene derivatives,

25 such as methoxystyrene, ethoxystyrene, vinyl benzoate,



enpl oyable in the invention is an olefin consisting of only carbon and
hydr ogen. There is no specific Ilimtation on the quantity ratio of the
ol efin consisting of only carbon and hydrogen to the whol e ol efins, 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
olefin" is meant that at |east one kind agfgan 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 polynmer conposed of

| ural polymer blocks, the olefin consisting of only carbon and hydrogen
gay be gongaiﬁﬁfﬁ¥i§&ﬁyﬁn%en6?aFﬁe BolyhBERBY bcRECTRAE  mbWSEOX e taErene,

pol yol efin desirably has a nunber- 20 average nol ecul ar wei ght of not |ess
than 500, pref&TEbISE SV I/ 0, HOPL oo s hpFengrandrdbyynylpenzenes, 800, 000,
and Mv Mh of not nmore than 1'.5, preferably not nore than 1.3. The
wei ght - aver age nol 6Uldy dRgwhtcomurierngviee bapeoc 26l ho| eoupeunaei ghtchnd
Mv Mh (Mn wei ght -average nol ecul ar 29 wei ght, M nunber-average nol ecul ar
wei ght) are m@gsWiedinyhpwnrolidond chNovbdhghzenkogoleeandatvih4QQ yyi dieass
of GPC (gel perneation chromatography). The polynmer nol ecul ar- wei ght
obtai ned i8 converthd st nolenilafin selected from the olefins
employable in the invention is an olefin consisting of
only carbon and hydrogen. There is no specific
limitation on the guantity ratio of the olefin consisting
of only carbon and hydrogen to the whole olefins, but for
10 example, the ratio is not less than 5 % by mol and not
more than 100 % by mol based on the whole oclefins. By
the expression "at least one olefin” is meant that at
least one kind of an olefin consisting of only carbon and
hydrogen is contained in the whole olefin polymer of the
15 invention, and in case of, for example, an olefin polymer
composed'of plural polymer blocks, the olefin consisting
of only carbon and hydrogen may be contained in any one
of the polymer blocks.
The monodisperse polyolefin desirably has a number-
20 average molecular weight of not less than 500, preferably
LY
500 to 10,000,000, more preferably 1,000 to 5,000,000,
and Mw/Mn of not more than 1.5, preferably not more than
1.3.

The weight-average molecular weight, number-average

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



5 weight in ternms of polystyrene by a universal nethod. Wen the resulting

pol ynmer is nonodi sperse polyethylene or a rionodispers.e

et hyl ene/ propyl ene copol yner, the nolecular weight is calculated in terns

of pol yethyl ene, ~and when the resulting polyner is another polynmer 10
(tapered polymer, olefin block copolyner), the nolecular weight is

calculated in ternms of polypropylene. Thepgparaneters used are as follows.
Pol ystyrene standard sanpl e: K=0.000137, ?
K=0. 000326, a=0.77 15 Pol ypropyl ene:

x=0..686 Pol yet hyl ene:

the resulting polynmer is neasured in a streamof nitrogen under the

heating rate YeaAati Yrs oLmMPEC/Rive ragienyiod egiviifaer evetiighit )scarmimepsured

calorinmeter (DSC). 20 The 13C- NMR neasurenent and anal ysis can be -carried

K=0. 0801, a=0.8 The nelting point of

out in accordancenwprhhadiehhodobenkento sikdownt at tlettues eaisieo £3C- NVR

measur enent and anal ysis are given below 1) L.P. Lindeman, J.Q Adans,

Anal . Chem , GBC 1243 p25me287bh 8@r2naEolraBomgy, BhE. pSagebir, A

Zanbel | i,

Macr onmol ecul es, 7, 752 (1974) 3) J.C Randall, Macronol ecul es,

11, 33 (1978)modpcAlaZawbebhic, oBraliaeat alsl iconGerBdjd to a molecular

5

16

20

25

weight in terms of polystyrene by a universal method.
When the resulting polymer is monodisperée polyethylene
or a monodisperse ethylene/propylene copolymer, the
molecular weightiis qalculated in terms of polyethylene,
and when the resulting polymer is another polymer
(tapered polymer,-olefin block copolymer), the molecular
wgight is calculated in terms of polypropylene. The
paraméters used are as follows.

Polystyrene standard sample: XK=0.000137, o=0.686

Polyethylene: K=0.000326, a=0.77

Polypropylene: K=0.0001, o=0.8

The melting point of the resulting polymer is

measured in a stream of nitrogen under the heating rate

conditions of 10°C/min using a differential scanning

calorimeter (DSC).

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

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

{1971}



5 Macronol ecul es, 12, 154 (1979) 5) Y. Doi, Macronol ecules, 12, 248 (1979)
6) N. Kashiwa, A. M zuno, S. Mnam, Polym Bull., 12, 105 (1984) 7) P.
Ammre-ndola, L. diva, G Ganotti, A Zanbelli, 10 Macronol ecul es, 18,
1407 (1985) 8)..T. Tsutsui, A. M zuno, N Kashiwa, Polyner, 30, 428 (1989)
9) T. Tsutsui, N Ishimaru, A Mzuno, A Toyota, N Kashiwa, Polyner, 30,
1350 (1989) 15 Preferred exanpl es of the mgnodi sperse pol yol efins
according to the invention include polyethylene, HDPE, LLDPE,

pol ypr opyl ene, pol ybutene"? a honopol yner of 1- pentene, 1-hexene,
1-octene, 1-decene or the like, a copolyner of ethylene and propyl ene, a

copol ymer of 20 et @yl éné -af®va@y olMefGn S itro P20 ZEsInl lat ons, and a

copol ymer of propylene and an olefin of 4 to 20 carbon atonms. In these
exanpl es, pol Yeanansieduslem ethyl®hell130ynmer havi ng a conononer cont ent
of less than 0.01 %by nol, HDPE is an ethyl ene copol yner containing as a
25 conononer conpoldentd.-dh Magfdallof Meamen® leaners atlos, 3B L I H er abl y
propyl ene, 1.-butene or 1-hexene, in an anmount of not |ess than 0.01 % by
nol and | ess than 3)%rhy Zanbhel laind L DREate1dn etthy|Bengo ,copol yner
contai ning as a conononer conponent an olefin of 3 to 8 carbon atons,
5 Macromolecules, 12, 154 (1979)
5) Y. Doi, Macromolecules, 12, 248 (1979)
6) 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)
8y T. Tsutsui, N. Ishimaru, A. Mizuno, A. Toyota,'N.
Kashiwa, Polymer, 30, 1350 (1989)
15 Preferred examples of the monodisperse polyolefins
according to the invention include polyethylene, HDPE,
LLDPE, polypropvlene, polybutene; a homopolymer of 1-
pentene, l-hexene, l-octene, l-decene or the like, a
copolymer of ethylene and propylene, a copolymer of
20 ethylené and an olefin of 4 to 20 carbon atoms, and a
copolymer of propylene and an olefin of 4 to 20 carbon
atoms. In these examples, polyethylene is an ethylene
polymer having a comonomer content of less than 0.01 % by

mol, HDPE is an ethylene copolymer containing as a

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



5 preferably propyl ene, 1-butene or 1-hexene, in an anount of not |ess
than 3 % by nol and | ess than 10 % by nol. Exanples of the :olefins of 4
to 20 carbon atons include a-olefins, such as 1-butene, 1-pentene,

1- hexene, 1- octene and 1-decene; dienes, such as butadi ene, isoprene, 10
1, 4- pent adi ene, 1, 5-hexadi ene and 1, 7-oct adi ene; aromatic ..vinyl
conpounds, such as styrene; and cycl ool efgfi conpounds, such as

t et racycl ododecene, norbornene and nethyl norbornene. Wen the conononer
is an olefin of 3 to 8 carbon atons, the conononer content is not |ess

than 15 10 %%3y GIE},kaf.nd in ofher cases, the cononomer content is not |ess

than 0.01 % Y { INeCRBLSRE ex hBREENSt RE SoPEKERSH s 1iRRIC SO  one

cononomer or nmy contain two or nore conononers. O the above pol yol efins,

pref er abl e- arf 2BPol §8% nylamel - HbPE, bYLDPE, apdl yeeepfheme 3 olbgbaicdne, an
et hyl ene/ propyl ene copol yner, an ethyl ene/butene. copol yner and-an
et hyl ene/ hexed deogofly nied | anelthpdere cabaplymprefensblieiage adDRE, LLDPE,
pol ypropyl ene, pol ybutene, an ethyl ene/ propyl ene copol yner, an 32
et hyl ene/ but et opnt Y neempeiieah athylefehheXeBetocB8pokyiven. athes,
nmonodi sperse pol yolefin of the invention is preferably a polynmer of
- et hyl ene $hi drabsrabiynberpyFenwer ageutmhecokal -hekght , ofinnein laggsint han
110, 000,
of not less than 3 % by mol and less than 10 % by mol.
Examples of the olefins of 4 to 20 carbon atoms include
a-olefins, such as l-butene, l-pentene, I-hexene, 1-
octene and l-decene; dienes, such as butadiene, isoprene,
! 10 1,4-pentadiene, 1,5—hexédiene and 1, 7-octadiene; aromatic
-vinyl compounds, 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 not less than
15 10 ¢ by mol, and in other cases, the comonomer content is
not less than 0.01 % by mol.
Of the above examples, the copolymers may contain
one comonomer or may contain two or more comonomers.
Of the above polyolefins, preferable are
20 polyethylene, HDPE, LLDPE, polypropylene, polybutene, an
LN
ethylene/propylene copolymer, an ethylene/butene.
copolymer and an ethylene/hexene copolymer, and

particularly preferable are HDPE, LLDPE, polypropylene,

polybutene, an ethylene/propylene copolymer, an



preferably 110,000 to 10, 000, 000, nore preferably 150,000 to 5, 000, 000,
and MV Mh of not nore than 1.5, preferably not nore than 1.3, or a polyner
of at |east one olefin selected fromolefins of 3 to 20 carbon atons which
has a 10 nunber-average mpl ecul ar wei ght of not |ess than 500, preferably
500 to 10, 000,000, nore preferably 1,000 to 5, 000,000, Mw~ Mh of not nore
than 1.5, preferably not nore than 1.3, andga nelting point of not |ower
than 70C. In case of a polyner of propylene or 1-butene, this 15 polyner
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 more than 185hylgnerdukisne sepadyimen ke BB etnd ene deree di ad (r),
as nmeasured by 13C-NVR, of not |less than 0.85, preferably 20 not |ess than
0.90. 1 In case€opPlameat-hyl ene/ propyl ene copol yner, the ethyl ene content
is preferably not |ess than 60 % by nol, nore preferably not |ess than 70
% by mol. The nonodi §per senpdlippleafsien pofl viole fiimy erft itdre nEyvdret 1@% beonded to
ot her structural parts within limts not 33 detrinental to the objects of
the invention. Phefpalapigr a glolher mferttihyl arey Wiel ¢h diad ta nodhié ed

pol yner. The ol efin polynmer according to the invention is, for exanple, a
copol ynmer ofb at akveasiget wo lelceflians wedlgddt @ not less than 110,000,

preferably 110,000 to 10,000,000, more preferably 150, 000
to 5,000,000, and Mw/Mn of not more than 1.5, preferably
not more than 1.3, or a polymér of at least one olefin
seiected from olefins of 3 to 20 carbon atoms which has a
.10 number-average molecular weight of not less than 500,
pygferably 500 te 10,000,000, more preferably 1,000 to
5,000,000, Mw/Mn of not more than 1.5; preferably not
more than 1.3, and a melting point of not lower than 70°C.
In case of a polymer of propylene or l-butene, this
15 polymer preférably has a number-average molecular weight
of not less than 500, preferably 500 to 10,000,000, more
preferably 1,000 to S,OO0,000, Mw/Mn of not more than 1.5,
preferably not more than 1.3, and a racemic diad (r), as
measured by 13C-NMR, of not less than 0.85, preferably
20 q?t less than 0.90.
In case of an ethylene/propylene copolymer, the
ethylene content is preferably not less than 60 % by mol,
more preferably not less than 70 % by mol.

The monodisperse polyolefin of the invention may be

25 bonded to other structural parts within limits not



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

nol ecul ar wei ght of not |ess than 500, preferably. 500 to 10, 000, 00, O,
nore preferably 1,000 to 5,000,000, and which is.a so-called tapered

pol yner containing a segnent wherein conmposition of two or nore nononers
10 continuously changes. The "tapered polyner"” used herein is a polyner in
whi ch the conononer conposition gradually hanges from one end to the

ot her end of the polyner chain. This polynmer can be synthesized by

pol ynerizing two or nore 15 nononers (e.g., ethylene and propylene) in a
perfect [|ivi i IO yst e ereipn the chain transfer reaction
does not subsp%ﬁ??% %@éégﬁé&pF%%eSﬁWééﬁgtﬂg QPFV?HEEBFéﬁBrti Qe gpoipmer
pol ymeri zati o ystemis insufficient, obtajnable_is not_a perfect tapered
pol yner 20 bupjé.%%%t%ﬁ%@%#l%%p%?¥n%?séhﬁ%?%@ BPEEELBAtL PESMPESI-ti ons.  The
l'iving properties qﬁ th Jymerjzation systemis |[udged by a nolecul ar
wei ght di stribution {SGNEIHIP hEIeT R%E mbn%orwléh.e ppBAREREN| iLwing
properties of the ol yneri zation_systemis high and a perfect tapered 25
pol ymer is pr aTﬁE@va?u%pEﬁleﬁkmofsabré@é?ﬁbﬁyon@ﬂeginﬁnselﬁhaﬁxﬂ.5,
more prefepably not nore than 1.8, still nore preferably not nore than
1.5. In thé a polSinErs ehel ti® 2P emreonpabmes whachsbhectedufibem-—

olefins of 2 to 20 carbon atons-.
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

segment wherein composition of two or more monomers
10 continuously changes.

» 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 be synthesizéd by polymerizing two or more

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

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

polymerization system is high and a perfect tapered

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



5 Specifically, they are preferably selected fromethyl ene, propylene,
1- butene, 1-pentene, 1-hexene, 1-heptene and 1-octene, and they are nore.
preferably selected from ethylene, propylene and 1-butene. One of the
nmononers is still pore preferably ethylene, and the ethylene content 10 is
particularly preferably not less than 30 % by nol. Exanples of the tapered
pol ymers include an ethyl ene/ propyl ene t®pered pol yner, an ethyl ene/ but ene
t apered pol yner, an ethyl ene/ hexene tapered polyner, a propyl ene/ butene
tapered pol yner and a propyl ene/ hexene 15 tapered polyner. The tapered
pol ymer of the |nvent|o§ gay be bondfd to other structural parts within

t™H 8T

limts not det®¥Srenta? RrobPEet e dP LY neot nerei BRanwit &/ t REiplovi so
that it has the above structure. The polyner of the invention 20 may be a
graft nDdlfléﬂ°5%l®ﬁ%?erquyom%?|%0E%I9%%? heeording to the invention is,
for exanple, the follow ng polynmer. An ol efin polyner which is a polyner
consisting of twolBrthradbkindechinednon®s tndter Mmore monomevaearanit 25
ML derived froman olefin of 2 to 20 carbon atons and at 35 | east one
nmonomer unit ¥Leded| Eremfeobelins fedn? the 20moankonuatond , and which has
t he follomnng properties: (M'M], [M'M], [M-M], [M] and [M), as
measur ed By ]&REC%%ECakaAsﬁ@eyh@réqmiQMngblﬁlaéleosed from 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 mol.

. Examples of the tapered polymers include an
ethylene/propylene tapered polymer, an ethylene/butene
tapered polymer, an ethylene/hexene tapered polymer, a
propylene/butene tapered polymer and a propylene/hexene

15 tapered polymer.

The tapered polymer of the invention may be bonded
to other structural parts within limits not detrimental
to the objects of the invention, with the proviso that it
has the above structure. The polymer of the invention

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

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

25 My derived_from an olefin of 2 to 20 carbon atoms and at



51>[M' M / (2x [M] x [M]) (A I>M"MI2/(4x[M " ML] x[ M M2]) (B)
wherein [M] is a nolar fraction of the nmonomer unit ML, [M1 is a nolar
fraction of the nmononmer unit M2, [MIM2] is a nolar fraction of a unit in
whi ch the nmononer unit .10, M and the nononer unit M2 are adjacent to each
other, [M-M1is a nolar fraction of a unit in which the nononmer unit.
M and the nononer unit M are adjacent t35 each other, and [M2.-M21 is a
nol ar fraction of a unit in which the nonomer unit M2 and the nonomer unit
M2 are 15 adjacent to each other, with the proviso that [M]+[M]=1.0 and

[M"M]+[ M + ' MP] =1, 0. When. t noper unit _M and _the nonomer unit
M2 are contg%%%éyﬁﬁkgHgﬁﬁ%viﬁn?n%%gﬁ%ngPagfé?igf%gﬁFPQtrgﬁﬂﬁnfhethe
probability of occurrence of [Nﬂ-N%%,becones 20 2x[ ML1x[ M2]. The reason of
mul tiplicati 8PS AT [P sB2F cEDG BokhdPHingr REPPOALEESENI t S
of the total of the M-M units and the M2-ML units. The relation (A

i ndi cat es t hat théQiﬂq%ﬁﬂMﬁﬂ%ﬁMﬂkhe”ﬁbH&hﬁr [Mhl tangl 5¥a) & has monomer  uni t

M2 are adjacent are 25 contained in amounts smaller than those in the case
where 36 t hepeasanashital NetC-aiMRt asasi s Tal tiyer aotlbowidhi sebeensnst hat a
portion of high content of the nmononmer units M and a portion of high
cont ent t he moroThL "¢ lt/s( v MidoebMxlt) i n one pol yr@d chain, and this

phenonenon is
| 1>[M1-M2]2/ (4x[M1-M1]x[M2-M2]) (B)
wherein [Mi1] is a molar fraction of the monomer unit M7,
[M2] is a molar fraction of the monomer unit Mg, [M7-M2]
is a molar fraction of a unit in which the monomer unit
) 10 ‘M1 and the monomer unit M2 are adjacent to each other,
[Ml-Mll is a molar fraction of a unit in which the
monomexr unit. M1 and the monomer unit M3 are adjacent to
ééch other, and [Mo-M2] is a molar fraction of a unit in
which the monomer unit M2 and the monomer unit M2 are
15 adjacent to each other, with the proviso that
[M1]+[M2]1=1.0 and [M1-M2]+[M1-M1]+[M2-M21=1.0.

When the monomer unit M1 and the monomer unit Mz are
contained in the polymer chain at statistically random,
the probability of occurrence of [Mj-M2] becomes

20 ‘%f[Ml]x[Mz]. The reason of multiplication by 2 is that
[M1'M2] is strictly a molar fraction of units of the
total of the Mj-M2 units and the M2-M] units. The
relation (A) indicates that the units wherein the monomer

unit M1 and the monomer unit M2 are adjacent are

25 contained in amounts smaller than those in the case where

*



5 observed in a tapered polyner or a block polynmer. The structure of the
ol efin copolyner of the invention is precisely controlled, so that the
Mv Mh of the copolyner is usually not nore than 2.5, preferably not nore
than 2.0, nore.preferably not nore than 1.8, 10 still nore preferably not
nore than 1.6, particularly preferably not nore than 1.5, nost preferably
not nore than 1.3. Wien a tapered pol yneggor a bl ock pol yner satisfying
the relation (A) is intended to be synthesized .by the 15 prior technique,
there is a possibility that a polynmer apparently satisfying the relation

(A) can be synthesized by changing the feed ratio between_the nononer unit
M. and the nﬁhﬁ%efarﬁnic?n TReeh ot fEafdsitAGatHe THo P er i Egﬁﬁoﬁleai“ﬁ this

case, however,,the 20 Lymeri_zati on reacti vi ti of the nonomer it M

and 1he monomERimt PRECAPE. 8f PeEBnEoPrEMtesth EnEP Rt Woreedtent | y

the reactivities of the feed nggogers change _ with tinme. As a result, a
obt-&n

smal | val ue ofPRWAMROES1RBt OF EGNLENST &fe ey MNSHSTh& ek &
invention. 37 On the other hand, when a polyner of small MW Vh is intended

to be preparedobyisheipr poe pedhriegquehatine Beed thist pdapenmssan tife nononer
unit ML and the nononmer unit M2 needs to be kept constant during the
pol yneri zdl i onbserSedr der at tapeeednpodiyaege cof a fd ocdagtcalyintémds of the feed
The structure of the olefin copolymer of the
invention is precisely controlled, so 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
‘ ngferably not ﬁore than 1;5, most preferably not more
than 1.3.
When a tapered poiymer or a block polymer satisfying
the relation (B) is intended to be synthesized by the
16 prior technique; there is a possibility that a polymer
apparehtly satisfying the relation (Aj can be synthesized

by changing the feed ratio between the monomer unit Mj
and the mconomer unit Mo with time during the

polymerization. In this case, however, the

20 polymerization reactivities of the monomer unit M1 and
A

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

obtained, differently from the present invention.



nononers with tinme, so that the probability of occurrence of [M 'M1
becones equal. to 2x[ ML1x[ M1, and it beconmes inpossible to satisfy the
relation (A). In the present invention, it is possible to 10 precisely
control the polymer structure even when the reactivities of the feed
mononers change with tine. The relation (A) is preferably the follow ng
relation (A-2), nore preferably the foll®W ng relation (A-3).

0.95Z[ M M2] / (2x[ MLIX[ M21) (A-2) 15 0..902 [M -M]/ (2x [ML1 x [M1) (A-3)
The relation (B) is a relation to. verify the contents described with

respect to the rel@tion ( it ch.higher accuracy. As_described above,
[MLM2] is strictly a nol a@k}%ifl?%% i ofioF ?Jn}f’?gy%‘?rtﬂ tBEal H¥V/MReipL- M2

units and th : i so_that the probability of occurrence of the
ML- M2 uni t mﬁe%’%?ﬁgﬁ%%n‘g?e%ﬁémyi{éh?oIPFb%dt%s}h{lh@uemhbﬁerfe@mt MR
and the probalidid % he .M-M unit wherein the nonormer
unit M2 is followed %‘“’%ﬁgu%grr%bﬁ%%e?} URTEE NEL bR bR oReNPREKREARE MEen

the termnal %ﬁeocg éohﬁé%) | ymer is the nmonomer unit M and after this
monomer uni t 'the hono t §FnrarhedwbhRirethanpel WRerisathsartiad to

produce agM-M_  unit or a M-M unit and besides when the polynerization
proceeds At SEASStiTAUST Nt FRrATC the the | vedrt ivebni ot cof reneescel t hose

units . .
monomers with time, so that the probability of occurrence

of [M1:M2] becomes equal. to 2x[M11x[M21, and it becomes
impossible to safisfy the relation (a).
In the present invention, it is possible to
: 10 precisely céntrol the polymer structure even when the
r?gctivities of the feed monomers change with time. The
relation (A) is preferably the following relation (A-2),
more preferably the following'relation (A-3).
0-952[M1'M2}/(ZXIM1]¥[M2]) (A=2)
15 0.902[M1-M2]/ (2% [M1]x[M21]) (A-3)

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

As described above, [M1-M2] is strictly a molar

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

M2-M] unit wherein the monomer unit M2 is followed by the

25 monomer unit Mj both become [M1:M2]/2. When the terminal



agrees with the ratio between [MT and [M2]. That is, the nolar fractions
satisfy the following relation (B--0- ([ML M]/2)/[M'"M]=[M1/[M] (B-0-1)
10 On the other hand, when-the term nal of the polyner is the nononmer unit
M2 and after this nmonomer unit the nononmer unit ML or the nonomer unit M
is inserted to produce a M2-ML unit or a M2-M2 unit and besi des when the

. pol yneri zati on proceeds at statistically3Bandom the 15 ratio between
occurrences of those units agrees with the ratio between [M] and [ M].
That is, the nmolar fractions satisfy the following relation (B-0--2).

(pwe me1/2)/ [ Ve = [[MR]. (B-0-2) That is en _t he pol r.ization
proceeds at g’% .%‘/F‘%t kgﬁ&@%ﬁ v Eﬁl&oﬁeontoﬁlgrf ot g & étf&(?ﬁy%%loq’) wher ei n
both sides of the relations (B-0-i andé}&B—O. 2) are multiplied. s given.
1o] ML NB] 2/ ( 4REREREFX RBNRF S BOOP™Fie Uafdr 8P FOaMOBeTes) Uridi A e
that the units 25 wherein the npnonmer _unit M and the nononer unit M are
39 adj acent aré &BFEAICREd trnPAROUREs 2s MM ar Widn Athds &L H2 e te & wher e
they are produced at statistically random This nmeans that the probability
of conti nuousbersddesi ghenothehpodamerkizad ioh povoeerer s tatstaltd sttdrad Iday  of
the 5 polyner is higher than the probability of insertion of different

ki nds of donomeneps:, atheheatdombedveeh theurrences of those units

agrees with the ratio between [M1] and [M2]. That is,
the molar fractions satisfy the following relation (B-0-
1).
([M1-M2]/2) /[M1-M11=[M21/[M1] (B-0-1)
) 10 On the other hand, when the terminal of the polymer

is the monomer unit M2 and after this monomer unit the

moncmer unit Mj or the monomer unit M2 is inserted to

produce a M>-Mi1 unit or a M»-M2 unit and besides when the
_polymerization proceeds at statistically random, the |
15 ratio between occurrences of those units agrees with the
ratio between [M1] and sz]. That is, the molar
fractions satisfy the following relation (B-0-2).
([M1-M21/2)/[M2-M2]1=[M1]/[M2] (B~0-2)
That is, when the polymerization proceeds at
20 ﬁFatistically random, the following relation (B-0)
wherein both sides of the relations (B-0-1) and (B-0-2)
are multiplied is given.

1=[M1-M2]12/ (4x[M] M1]x[M2-M2]) (B-0)

The aforesaid relation (B} indicates that the units

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



pol ymer and that .a tapered polynmer or a block polyner can be synthesized
with precisely controlling the structure. The structure of the olefin
copolymer of the 1.0 invention is precisely controlled, so that the Mwv Wh
of the copolyner is usually not nore than 2.5, preferably not nore than
2.0, nore preferably not nore than 1.8, still nore preferably not nore
than 1.6, particularly preferably not m39 than 1.5, nost preferably not
nore 15 than 1.4. The relation (B) is preferably the following relation
(B-2), nore preferably the following relation (B-3), still nore preferably

the foll ow ; [ B- : : bly: the foll qwi | at i

(B5).  partroorsely Brer SeabyT: FoiTs Ty rata o () POt e
f bly t f al.l.aw l.at i B-7).. t .

0. G551 MI- Vo) 31 (4P N SEEVE D] 1 BI04 S5 (6 W MR o) )

(()B-88)>( Ngé?;ﬁ%%%ghgﬁﬁﬁ%_ %{%Q}%}%@%&% @f continuous insertion

0. 75>[ ML- M2} 2 ( 4x[ ML’ M | X[ IVP %th? (B-6) 40 ,

4.7o>[w|'NQ]QF(EﬁFNFaWF]%[Mﬁ- ] ForBnpfiefe ateddeh bl ablofmerhdavi ng a

smal | Mw value and satisfying the relation (B), such as the tapered

pol yner t 8 Vﬂ?énﬂ?o%}géﬁﬁh6ﬁa@etﬁﬁb@@ﬂ&?hﬁ##ﬁﬁaqﬁikﬂsertknﬂwmﬂue i's

“the sane as éh% reason_why a pol yner
_ ifferent 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 structure.
| Thé structure of the olefin copolyméx df the

10 invention is precisely controlled, so that the Mw/Mn of
t?g copolymer is usually not more than 2.5, preferaﬁly
not more than 2.0, more preferably not more than 1.8,
sti}l more preferably not more than 1.6, particularly
preferably not more than 1.5, most preferably not more

16 than 1.4. The relation (B) is preferably the-fdllowing
relation (B-2), more preferably the following relation
(B~3), still more preferably the following relétion (B-4),
much more preferably the following relation (B-5),
particularly preferably the following relation (B-6),

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

0.95>[M1-M212/ (4x[M1*M1]x[M2-M2]) (B-2)
0.90>[M1-M212/ (4x[M1-M1]x[M2-M2]) (B-3)
0.85>[M1-M212/ (4x [M1M1]x[M2-M2]) (B-4)
0.80>{M1-M2]2/ (4% [M1-M1]x{M2-M2]) (B-5)

25 0.75>[M1-M2]2/ (4x[M]-M1]x[M2 M2]) (B-6)



satisfying the relation (A) cannot by produced. it is detected by 13C NWR
that in the tapered polyner out of the olefin copolyners satisfying the
relations (A) and (B) and having Mv Mh of not nore than 10 2.5, an isol ated
nononer unit ML and a sequence of two or nore continuous nononmer units M
are both present in the polynmer chain. Such a tapered polynmer structure
was not analyzed by 13C-NVR in the prior ar4) and it has been nmade clear
for the first time by the technique of the 15 present invention which is
capabl e of pronoting extrenely precise polynerization. On the other hand,

in the block polyner the isolategh/nnnoner unit M is not detected but only
a sequence of two o -nordMionta ifuoifs: Whndtdr WiH 2 INL i s dettBcféd. 20 * In

the tapered polymer structure nade clear by the present invention for the
first tinme, it is pré&heraidasort hdty @& seduenee fving £ ahhd NUGUS/MPNOAE e
units ML and a sequence of three or nore continuous nonomer units ML are

detected. That imd istatisfyieferaid erdhati drhr @®) Unéich ods 26hant i sofkaked
nmononer unit ML, a unit conposed of two 41 continuous nmononmer units M and

a unit conposed pafl yirre® £ QheOITey SFHIBTES dHHASE Me %@o&%@@ﬁgp e 1%91'8'34?
at the sane time. The nononer unit M and the nononer unit- are .
derived fronft he oBhHARIS i QHOUSENE Hy AhaSr L8085y o polymer
satisfying the relation (A) cannot by produced.
It is detected by 13C~NMR that in the tapered
polymer out of the olefin copolymers satisfying the

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

' 10 2.5, an isolated monomer unit M] and a sequence of two or

more continuous monomer units Mj are both present in the

polymer chain. Such a tapered polymer structure was not
analyzed by 13C-NMR in the prior art, and it has been
made clear for the first time by the technique of the
15 present invention which is capable of promoting extremely
precise polymerization.
On the other hand, in the block polymer the isolated
monomer unit M1 is not detected but only a seguence of

two or more continuous monomer units M1 is detected.

20 In the tapered polymer structure made clear by the

LY

present invention for the first time, it is preferable

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

sequence of three or more continuous monomer units M3 are

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

26 an isolated monomer unit Mj, a unit composed of two



e

the olefins of2 to 20 carbon atons. The nononer. unit M is preferably
derived from ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 1-
heptene or 1l-octene, and is nore preferably derived from 10 et hyl ene. The
nononer unit M2 is preferably derived from propylene, 1-butene, 1-pentene,
1- hexene, 1-heptene or 1- octene, and is nore preferably derived from
propyl ene or 1-butene. Wien the nononer yqit ML is an ethylene unit, it is
15 preferable that three units of an isolated nmonomer unit M, a unit
conposed of two continuous nonomer units M and a unit conposed of three
or nore nono rntunitsuMl are detected by 13CNWR at the sane tine. It is
al so pref erabl e THE A8 edt fohdterdishia Welfarepepesed @D thnpesed of
two or nore continuous nononer units M2 are detected at_the sane tine. That
is, it is pr&felfi% MYWReTa Wddiwente 337 adasrtambriay chit st nebayl ene
groups is detected by 13C-NWR and sequences of one, two, three, four, five
and si x or nmSE&eTdEtlMAE.ene groups are 25 all detected. It is nore preferable
that the nolar 42 fractions of the sequences of one, two, three, four, five
and six or nore nEfRyFEREMGroUPS taMe, deredhed masiondif fiariantMyvalses. The
13C- NWR neasurenent and anal ysis can-be carried 5 out in accordance with a
met hod hi& hedeoikeowtroas the monomers previously given as examples of

the olefins of 2 to 20 carbon atoms.
The monomer. unit Mj is preferably derived from
ethylene, propyléne, l-butene, l-pentene, I-hexene, 1-
heptene or 1~octeﬁe, and is more preferably derived from
10 ethylene. The monomer unit M2 is preferably derived from
pygpylene, 1—butene, l-pentene, 1l-hexene, l-heptene or 1-
octehe, and is more preferably derived from propylene or
l-butene. | |
When the monomer unit Mj is an ethylene unit, it is
16 preferable that three units of én isolated monomer unit
Ml, a unit composed of two continuous monomer units Mj
and a unit composed of three or more monomer units M1 are
detected by 13C-NMR at the same time. It is also
preferable that an isolated monomer unit M2 and a unit
20 ?omposed of two or more continuous monomer units M2 are
detected at the same time. That is, it is preferable
that a sequence of two or more continuous methylene
groups is detected by 13c-NMR and sequences of one, two,
three, four, five and six or more methylene groups are

25 all detected. It is more preferable that the molar



previ ously. described. The olefin .copolynmer can be favorably used for
various nolding materials for filnms, sheets and bl ow nolded products,
various additives such-as 10 conpatibilizing agent and nodifier, coating
materials and adhesives. The use application will be described |ater. The
process for preparing the olefin copolyner of the invention wll be
described later. The ol efin copol yner of #pe invention nay have a 15
functional group at the termnal of the main chain- The ol efin copol yner
of the invention may be bonded to other structural parts within limts not
detri nent al gethe obj e%tsbof the invention, with the proviso that it has

the above strbERGFEONFheIpEREnSRBLNCRE Pﬁv@ﬁ@voﬁwﬁaytﬁée?e doytaf tfive
nodi fied pol yner. As the functlonal group, an aromatic hydrocarbon group,
a hal ogen at of{'dafiBx9geRosEnRGtRYAGIGr GEFUPE 2Rkt F6§8FLESNES ni ng group, a
sul fur- contaln[n% group, a phosphorus-containing group, a netal
at om cont ai ni "t 5rgﬂ§uﬁaéﬂe§he like is preferable. 43 Exanples of the
aromat i ¢ hydrocarbon grgups i ncl ude phenyl, naphthyl, tolyl, biphenylyl
and anthryl . ExanpThe ofCtNMRhamksgumemenis ahdchodé ybligocanebe chlrariae,
brom ne and iodine. 5 The oxygen-containing group is, for exanple, a group
. 5 out in accordance with a method hitherto known, as
previously described.
The olefin popolymer can be favorably used for
variocus molding materials for films, sheets and blow
molded products, various additives such as
) 10 compatibilizing agent and modifier, coating materials and
adhesives. The use application will be described later.
The process for preparing the olefin copolymer of _
the invention will be described later.
The olefin copolymer of the invention may have a
16 functional group at the terminal of the main chain. The
olefin copolymer of the invention may be bonded to other
structural parts within limits not detrimental to the
objects of the invention, with the proviso that it has
the above structure. The polymer of the invention may be
20 a graft modified polymer.
LY
As the functional greoup, an aromatic hydrocarbon
group, a halogen atom, an oxygen-containing group, a
nitrogen-containing group, a sulfur-containing group, a

phosphorus-containing group, a metal atom-containing

25 group or the like is preferable.



containing 1 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 or a hal ogen atom said
atom being 10 directly bonded to the oxygen atom is not included either.
Exanpl es of the oxygen-containing groups include 1 e hydroxyl group;

al koxy groups, such as nethoxy, ethoxy, propoxy and but oxy; aryl oxy
groups, such as phenoxy, nmethyl phenoxy, dinethyl phenoxy and napht hoxy;
aryl al koxy 15 groups, such as phenyl net hoxy and phenyl et hoxy; acetoxy

. . | . ; : | . W
group; carbonyl gr %‘%;%’méa(r:l%rsb%)%y ttl-rgelr Oﬁ?dn@;t g:pyg:{ o aq%d@%ﬁggokr?éﬁl‘;@@n en

t he oxygen-cont ai ni ng oup conta
eferably 1 to 20. 20 The

atons is int range _of usually 1 to 30, pr
ni t r ogen- cont al r(ﬁnr"’fgrl’grnoq.?ﬁ‘til@fi’f otklojéiganﬁlé),hég‘i&rﬂupa MYy 1 to 5
nitrogen atons, but, the . |later- described heterocyclic coggound'residue i's
not included in t & EEF OF e agen i ama raydrceorftlalattimge gr oups
i ncl ude am no .gr.oup; al kyl am no groups, such as 25 nethyl am no,

eyinsm

di met hyl ani no® P&mi A8 CTgGpAshitRsiings butyl ani no and cycl ohexyl ani no;
and aryl a 'no.grpug§, such as phenyl am no, tolylam no and naphthy]anino.
The sul fu -contalnlﬁﬁ FFEIGF NI § ONLGA PaE@meIreura igr,ofjpr contmgilE,ng gtoup
sul fur atons, but the |ater described
containing 1 to 5 oxygen atoms, but the later-described
heterocyclic compound residue is not included in this
group. A group éontaining a nitrogen atom, a sulfur atom,
a phosphorus atom or a halogen atom, said atom being
‘ 10 direcfly bonded to the bxygen atom, is not included
e%?her. Examples of the oxygen-containing groups include
hydroxyl group; alkoxy groups, such as methoxy, ethoxy,
propoxy and butoxy; aryloxy groups, such as phenoxy,
methylphenoxy, dimethylphehoxy and naphthoxy; arylalkoxy
15 groups, such as phenylmethoxy and phénylethoxy; acetoxy
- group; carbonyl group; carboxyl group; estér groué; and
acetyl group. When the oxygen-containing group contains
carbon atom, the number of carbon atoms is in the range
of usually 1 to 30; preferably 1 tb 20.
20 . The nitrogen-containing group is, for example, a
group containing 1 o 5 nitrogen atoms, but the later-
described heterocyclic compound residue is not included
in this group. Examples of the nitrogen-containing

groups include amino group; alkylamino groups, such as

25 methylamino, dimethylamino, ethylamino, propylamino,



5 heterocyclic conpound residue is not included in this group. Exanples of
the sul fur-containing groups include sulfonato groups., such as

met hyl sul fonato, ~ trifl uronmet hanesul fonato, phenyl sul fonat o,
benzyl sul fonat o, p-t.ol uenesul fonato, 10 trinethyl benzenesul f onat o,
triisobutyl benzenesul fonato, p-chlorobenzenesul fonato and

pent af | uor obenzenesul fonato; sul finato ggqups, such as net hyl sul fi nat o,
phenyl sul fi nat o, benzyl sul fi nato, p-tol uenesul finato,

trimet hyl benzenesul finato and pentafl urobenzenesul finato; 15 al kylthio

groups; and a Itﬁio. roups. WWen the sulfur- coptaining group contains
carbon atom E%“é:y &9 & SRYIANLENG /| @@ DERIE BT GEWRIy 1 to
30, preferabl %hto 20, The phosphorus-containing group is, for exanple, a
20 group cont é‘j{’ﬁi @Slpg‘ﬁnglﬁl%%ort@éyd{aﬁﬁﬁ{o &gl aatesl amiereof i ncl ude
trial kyl phosphi ne groups, such as trinethyl phosphine, tributylphosphine’
and tricyclohexyl%ﬁ@sﬁHﬂﬁ@F“@ﬁQ&ﬁ}mﬂW@sﬂﬁpN@ Grouper sueinds, a group
tri phenyl phosphi ne and tritolyl phosphine; phosphite 25 groups (phosphido
groups), suchC@SLPEORYIGR0ShIY L 14Sreriypnshodpti ttdrearid tphermd sshodphd t e;
phosphoni c_acid group; and phosphinic acid group. The netal
at om cont & ni R§tEreEyClsc foompeanthire s iaiueyricumatonitred Inidegl am athois of
silicon, alum num boron,

group. Examples of the sulfur-containing groups include

sulfonato groups, such as methylsulfonato,

trifluromethanesulfonato, phenylsulfonato,

benzylsulfonato, p-toluenesulfonato,

! 10 trimethylbenzenesulfonato, triisobutylbenzenesulfonato,
pTghlorobenzenesulfonato and pentafluorobenzenesulfonato;
suliinate groups, such as methylsulfinato,
phenylsulfinato, benzylsulfinato, p-teluenesulfinato,
trimethylbenzenesulfinato and pentaflurobenzenesulfinato;

15 alkylthio groups; and arylthio groups. When the sulfur-

- containing group contains cérbon atom, the number of
carbon atoms is in the range of usually 1 to 30,
preferably 1 to 20.
The phosphorus-containing group is, for example, a
20 ‘group containing 1 to 5 phosphorus atoms, and examples

LY
thereof include trialkylphosphiné groups, such as
trimethylphosphine, tributylphosphine and
tricyclohexylphosphine; triarylphosphine groups, such as

triphenylphosphine and tritolylphosphine; phosphite

25 groups (phosphido groups), such as methylphosphite,



5 zinc or magnesium or a netal atom such as lithium and exanples thereof
i nclude a silicon-containing group, an alum num containing group, a
boron-cont ai ni ng group, a zinc-containing group, a magnesi untcontai ni ng
group and a lithiumatom 1.0, The silicon-containing group is, for
exanple, a group containing 1 to 5 silicon atons. Exanples of the
silicon-containing groups include hydrocagbon-substituted silyl groups,
such as phenylsilyl, diphenylsilyl, trinmethylsilyl, triethylsilyl,
tripropylsilyl, 15 tricyclohexylsilyl, triphenylsilyl, tritolylsilyl,

trinaphthylsig | . and tF | di phepyl silyl; alkyl- substituted silyl ether
groups, such® §Y%Pﬂﬁﬁgﬁ§ éi?? pBFH@#P%§§PPé5ﬁJS@B@ﬁPP@PéG &%@ ~ gr oups,
such as trinethﬁ[sil | met hyl; silicon-substituted aryl groups, 20 such as
trimet hysi | yEpRBRYI 2ndnBPAjBRéBAFhBRIGUBEPPEt ed sil oxy groups, such as
trimethylsiloxy. Of the hydrocarbon-substituted silyl groups,
trialkylsilyl ~grbipsmesgthabemreprbahpisnl groupr iipr ofpirsekppded a
tricyclohexylsilyl, are preferable. 46 The al um numcontaining group is,
for exanpl e, SA°VUPr 6aptesniatnangatomoos ahdficeom atlangnudn eoaapl,e of the
al um num containing group is -AIR2 group (R is hydrogen, an al kyl group, an
aryl grofp whieh auymagwesiumb substineteit atamhabepensatlamhaumt, heidd ke) .
examples thereof include a silicon-containing group, an
aluminum-containing group, a boron-containing group, a
zinc—-containing group, a magnesium—containing group and a
lithium atom.

10 . The silicon~contaiging group is, for example, a
group containing 1 to 5 silicon atoms. Examples of the
silicon-containing groups include hydrocarbon-substituted
silyl groups, such as phenylsilyl; diphenylsilyl,
trimethylsilyl, triethylsilyl, tripropylsilyl,

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

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

tricyclohexylsilyl, are preferable.



The boron-containing group is, for exanple, a group containing 1 to 5
boron atons. An exanple of the boron- containing group is -BR2 group (Ris
hydrogen, an al kyl group, an aryl group which may have a substituent, a 10
hal ogen atom or. the |like). 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 ajgyl group, an aryl group which
may have a substituent, a 15 hal ogen atomor the |like). The
nmagnesi um contai ning group is a group containing 1 to 3 magnesium atons.
An exanpl e of the nmagnesi um containing group is -MJR group SR i s hydrogen,
an al kyl group, Bpeaditnipeupcartehnidy BEVBPaisubsPrt @8ANPLlE, 2@ hal ogen
atomor the |ike) | es of the olefin polyners having a functional
group at theg¥@¢ﬁ1ﬁ9ntgfnlh@ hata ehainmingihudeopel ynkn sexdmawiagod hal ogen
atom a phen group, a hydroxyl group, an al koxy group, a carbonyl group,
a car boxyl g%%pa LgRinps-eerkelyibapIranPasst yR1§RoapouEn (R Kyl ani no group,
a 47 trialkylsilyl group, a trimethylsiloxy group, a dialkylalum num
group, a di dhkgrboenn gnoapkyhngably} zancargiogpoupbi Whi.ehi aayvt havid ke at
the termnals of polyethylene, HDPE, LLDPE, polypropylene, polybutene, a 5
honopol y®er sfbdtpentene, a lnhkugsr, atencbenehelidrepne or

The boron-containing group is, for example, a group
containing 1 to 5 boron atoms. An example of the bbron—
containing group'is -BR2 group (R is hydrogen, an alkyl
group, an aryl group which may have a substituent, a

" . 10 halogen atom or the like).

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

15 halogen atom or the like).
The magnesium-containing group is a group containing
1 to 3 magnesium atoms. BAn example of the magnesium-
containing groug is -MgR group (R is hydrogen, an alkyl
group, an aryl group which may have a substituent, a
20 Qalogen atom or the-like).
Examples‘of the olefin polymers having a functional
group at the terminal of the main chain include polymers
having a halogen atom, a phenyl group, a hydroxyl group,

an alkoxy group, a carbonyl group, a carboxyl group, an

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



the like, a copolyner of ethylene and propylene, a copolyner of ethylene
and an olefin of 4 to 20 carbon atons (e.g., a-olefins, such as 1-butene,
1- pentene, 1- hexene, |--octene and 1-decene; dienes, such as butadi ene, 10
i soprene, 1,4-pentadiene, 1,5-hexadiene and 1,7- octadiene; aromatic vinyl
conpounds, such as styrene; cycloolefin conpounds, such as

tetracycl ododecene, norbornene and net hyly-norbornene), a copol yner of
propyl ene and the above-nentioned olefin of 4 to 20 15 carbon atons, and
the aforesaid tapered polyner. O these, particularly preferable are
polymers having a chlorine atom a bromne atom an iodine atom a

hydr oxyl group-ora dfy B idi ki feowp oup ¥ imeiehybsid paysgobuppokyet hyl ene,
HDPE, LLDPE, pol ypropyl ene, polybutene, an 20 ethyl ene/propyl ene

copol yrer, an &tadhiekalwiirie gopad ynerdiaatkahbet byl enehhexeneathpbkymes .
The ol efin polyner having a functional group at the termnal of the main
chai n can be favawrabl M tusiedn for tivarldkes addilbé vesrmimmhlaso€onpati bili zi ng
agent and 48 nodifier, coating materials and adhesi ves. The use

appl i cati on ofpdlhetpollerer, ViDPE beL.BRBE/ | bellypabeyledBe po0eB&Schel a
preparing the olefin polyner having a functional group at the term nal of

the main chai hasdgolymere siescrpdretehdf e1-hdbens®) el iocpehy el —H8canet her
enbodi ment of the
the like, a copolymer of ethylene and propylene, a
copolymer of ethylene and an olefin of 4 to 20 carbon
atoms (e.qg., a—oiefins, such as l-butene, l-pentene, 1-
hexene, l-octene and l—decéne; dienes, such as butadiene,
: 10 isoprene, 1,4-pentadiene, 1,5-hexadiene and 1,7-
0?§adiene; a;omatic vinyl compounds, such as styrene;
éycloolefin compounds, such as tetracyclododecene,
norbornene and methyl norbornene), a copolymer of
propylene and the above-mentioned olefin of 4 to 20
16 carbon atoms, and the aforesaid tapered polymer.
Of these, particularly preferable are polymers
having a chlorine atom, a bromine atom, an iodine atom, a
hydroxyl group or an alkylzinc group at the terminals of
polyethylene, HDPE, LLDPE, polypropylene, polybutene, an
20 ?thylene/propylene copolymer, an ethylene/butene
copolymer and an ethylene/hexene copolymer.
The olefin polymer having a functional group at the

terminal of the main chain can be favorably used for

various additives such as compatibilizing agent and



invention is an olefin block copolymer conprising: (i) a polyner block
obtained fromat |east one olefin selected fromolefins of 2 to 20 carbon
atons, and 10 (ii) a polynmer block that is obtained fromat |east one
olefin selected fromolefjns of 2 to 20 carbon atons. and is different
fromthe polynmer block (i). The polyner blocks different from each ot her
are those different in at |east one of priggry structures of 15 polyners,
such as nononer type, cononomer type, cononomer conposition, comononer
content, conononer configuration and stereoregularity. The pol yner bl ocks

i) and (ii) ma e_each a ol yner of opne olefin selected fromol efins of
‘ g %o 20 (20)car%%€15f8ﬁs SPaEﬁ9¥b@a§eFéﬁ38n?@@péﬁ?ﬁéﬂVSﬁ-tmBh%rUﬁBre

olefins selected fromolefins of 2 to 20 carbon atonms. The ol efin bl ock
copol ymer may fE#PPherehioR Sfnfhe PeLYprdr Hilpobeneeserabrs dateyx i n
addition to the polynmer block (i) and the polyner block (ii). In this
case, the 25 bl ock cbp®lpreresakésrarkeparong(the( PLELLni Pphymahehaiviind® n
is an integer of 1 or nore, preferably | to 8, nore preferably 1 to 3, and
t he adjacent pokyherchbiogas areupdiafféhentetrmomedacti theemaifhehpdinymerll
block (iii) may be a polyner-of one 5 olefin selected fromolefins of 2. to
20 carbon abonsberdesmyibedalatadom copol ymer of two or nore ol efins
sel ect ed _
The olefin polymer in another embodiment of the
invention is an olefin block copolymer comprising:
(i1} a polymer block obtained from at.léast one
oclefin selected from olefins of 2 to 20 carbon atoms, and
! 10 (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 (i).
The polymer blocks different from each other are
those different in at least one of primary structures of
15 polymers, such as monomer type, comonomer type, comonomer
composition, comonomer centent, comonomer configuration
and stereoregularity.
The polymer blocks (i) and (ii) may be each a
polymer of one olefin selected from olefins of 2 to 20
20 carbon atoms or may be a random copolymer of two or more
- .
olefins selected from olefins of 2 to 20 carbon atoms.
The olefin block copolymer may further have single
or plural polymer blocks (iii) in addition to the polymer
block (i) and the polymer block (ii). In this case, the

25 Dblock copolymer takes a form of (i)-(ii)~{iii)n, wherein



fromolefins of 2 to 20 carbon atons. In the ol efin block copolyner, the
pol ymer block (i) and the polyner block (ii) are each preferably a pol yner
10 bl ock selected fromthe foll ow ng polymer blocks (a), (b) a-q (c): (a)
a polynmer bl ock obtained fromethylene, (b) a polynmer block obtained from
one (x-olefin selected from(x-olefins of 3 to 20 carbon atons, and .15
(c) a polyner block obtained fromtwo or #gre (x olefins selected from
a-olefins of 2 to 20 carbon atons. The polymer block (b) is preferably a
bl ock of a honopol yner of propylene, 1-butene, 1-hexene or |-octene. The
pol ymer blockn(

). .S preferabl bl ock of an ié? t hyl ene/ propyl ene
copol ymer, an ettyl®né -eﬁlftrer?gf %tc?d:olnﬁﬂféer', BLF ?ﬁj?]e%e]/ 1-heke i@ Edpol yner
or an ethylene/iroc ne copolyner. In the present invention, at |east one
ol ymer bl ock P% r&'@?ﬁirjre&of omEBhyiEnh 412 CSBH Fredealilads pprgmer 25
poly . )
bl ock (a) de5|n3ply has a nunber-average nol ecul ar wei ght 50 of not |less
than 110, 000, dtdreeRt F TPT0 SG¢h Fherd, 000, 000, nore preferably 150,000 to
5,000, 000, and MW M of not nore than 1.5, preferably not nore than 1.3.
The above- nent i onedh§l ePLamgsl Pphock < 1ifigr mewamks @ pdLngolofmemanher ei n an
arbitrary nunber of polyner bl ocks
S olefin selected from olefins of 2 to 20 carbon atoms or
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)
anq {c):
(a) a polymer block obtained from ethylene,
(b) a polymer block obtained from'one a~olefin
selected from a-olefins of 3 to 20 carbon atoms, and
15 (c) a polymer block obtained from two or more o-
olefins selected from d-clefins of 2 to 20 carbon atoms.
The polymer block (b) is preferably a block of a
homopolymer of propylene, l-butene, 1-hexene or l-octene.
The polymer block (c¢) is preferably a block of an
20 ethylene/propylene copolymer, an ethylene/l-butene
b
copolymer, an ethylene/l-hexene copolymer or an
ethylene/l-octene copolymer.
In the present invention, at least one polymer block

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

25 block {a) desirably has a number-average molecular weight



obtained fromat |east one olefin selected fromolefins of 2 to 20 carbon
atons are bonded, the nunber-average nolecular weight (M) of the whole
polymers is not |ess than 500, preferably 500 to 10, 000, 000, nore
preferably 10 1,000.to 5, 000,000, adjacent polyner blocks are different
from each other, the nunber-average nol ecul ar wei ght of each polynmer bl ock
is not |less than 100, preferably 100 to &) 999, 900, nore preferably 500
to 4, 999, 500, and MM WMn of each polyner block is not nore than 2.5. 15
In the present invention, the nunber of polyner blocks is an integer of 2

or nore, usually t , re a 2. to._6 rticul arly preferably 2 to
4. |In case of$g %%EIg%%gnggﬁeﬁ?phagﬁrcﬂr?ﬁgrﬁgiﬁehiﬁ?%080F9ner bl ocks is -
2, MV M is pref b | ess than 1.35 2 re preferably |l ess than 1. 30.

‘h case of a L1 @@@cw%ol%}%? Pﬁe%\mélehZSﬁgﬂﬁQrth 5/ 080y REP rpRBEks is 3,

MV Wh s prefﬁrzﬁly Less than 1.80, npre preferably less than 1.50. 51 In
case of a mul ¥ OYRCRE pBPYNBPIENtRARch- P hePRERBERLLYF NREI Peee Bheekd -i%- 4 or
more, MV M is preferably less than 2.00, nore preferably Iess than 1.80.

In the above ol ef i hr®I dekveopenthered ebehipoPyhEherpieekIps prefedshl y

sel ected fron1po|¥ethylene, HDPE, LLDPE, a copolynmer of ethylene and an
ol efi n sePect2dPOlYBRT oVReTALN opN 32 Fbippatyr humbatoes podytwedi bd odikenes

obtained from.at least one olefin selected from olefins
of 2 to 20 carbon atoms are bonded, the number-average

molecular weighté(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
f;qm each other, the number-average molecular weight.of
each polymer block is not less than 100, preferably 100
to 9,999,960, more préferably 500 to 4,999,500, and.Mw/Mn
of each polymer block is not more than 2.5.

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

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

20 more preferably less than 1.30.

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

more preferably less than 1.50.



and cycl ool efi ns), ata-pol ypropyl ene, iso-polypropyl ene,
syn- pol ypropyl ene, a copol yner of propylene and a nononer 10 selected from

olefins of .4 to 20 carbon atonms (including dienes and cycloolefins), and
the aforesaid tapered polyner. Particularly preferable is a diblock

pol ymer or a tr|block pol ymer in which each polymer block is selected 15
from pol yet hyl ene, ' HDPE, LLDPE, an et hyl eh&/ propyl ene copolyner, an

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

et hyl ene/ oct ene copol yner, ata-pol ypropyl ene, syn-pol ypropyl ene, a

) he .20
propyl ene/ butene ¢apeb¥Eers & ahqwbq%t%ﬁhsggg@lg}:oeﬁyxzmr on 394 Y Er}pebre ow

af oresai d tapered pol yner. Exanpl es of nerf are g
copol yrer wher S A5 ey St RGTend b oGk Gica HSPET HRoE S reéaﬁ’&ﬁ’ﬁ Fo%nd |
et yl enel pr opyrene” 630 oRBEFTBE e EEethyn dner eﬁ% §uPdti on ney be that of a
oo conolyre ot PR PRLLTEL OB LIS IO e,
ol et | g1 g1 e YL EUE ERROLMTEL TV ey e pevene
LLDPE, a copolymer of ethylene and an olefin selected
from olefins of 3 to 20 carbon atoms (including dienes
and cycloolefinsf, ata-polypropylene, iso-polypropylene,
éyn—polypropylene, a copolymer of propylene and a monomexr
' 10 selected from olefins of 4 to 20 carbon atoms (including
d%gnes and cyclooléfins), and the aforesaid tapered
polymer.
| Particularly preferable is a diblock polymer or a
triblock polymer in which each polymer block is selected
15 from polyethylene, HDPE, LLDPE, an ethylene/propylene
copolymer, an ethylene/butene copolymer, an
ethylene/hexene copolymer, an ethylene/octene copolymer,
éta~polypropylene, syn-polypropylene, a propylene/butene
copolymer, a propylene/hexene copolymer, and the
20 aforesaid tapered polymer.
.
Examples of the block polymers are given below. In
the following examples, polyethylene-HDPE means an olefin
block copolymer wherein a polyethylene block and a HDPE

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

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



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

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

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

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

HDPE- pr opyl ene/ hexene copol yner, LLDPE- et hyl ene/ propyl ene copol ymner,
LLDPE- et hyl ene/ but ene copol ynmer, 20 LLDPE- et hyl ene/ hexene copol yner,

LLDPE- et hyl ene/ gg58M€me POk ¥ BB honkhPRE: ~pol.ypr ne,
LLDPE-syn-ponpro%ylgﬁe, LLDPE-BPopy eﬁg %&%ggﬁgl%@%gﬁgﬁgf,that of a

LLDPE—propyleneégﬁﬁgaecsgeggﬁgﬁ;oregh¥5§eg§§;g§§ ne

copol yner - et hyl ene/ but en nmer, propyl ene
oot el eRSRg-EouBh e O B st e e
Copol ymer - syn- paryReSBYHERE-et Bl P ERE PSR EPEnE RaRIR e - pi opyl enel b
pol ynmer - syn- pol yprop , n r- propyl ene/ but ene
copol yrer 5, eLLALEReh obul e, CoRoluTELpr opygnelexene copol yrer,
sthylene/ but ene, PPl ¥ IPL 8t YL D, 29 eSO Y B e
polyethylene-ethylene/octene copolymer,
polyethylene—ata;polyprOpylene,
polyethylene-syn-polypropylene,
‘ 10 polyethylene-propylene/butene copolymer,
p?}yethylene—propylene/hexene copolymer,
HDPE-LLDPE, HDPE-ethylene/propylene copolymer,
 HDPE-ethylene/butene copolymer,
HDPE-ethylene/hexene copolymer,

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

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

20 ELDPE—ethylene/hexene copolymer,

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

ethylene/propylene copolymer-ethylene/butene copolymer,

25 ethylene/propylene copolymer-ethylene/hexene copolymer,



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

copol yner - syn- pol ypropyl ene, 10 et hyl ene/ but ene copol yner - propyl ene/ but ene
copol ymer, et hyl ene/ but ene copol yner - propyl ene/ hexene copol yner,

et hyl ene/ hexene copol yner - et hyl ene/ oct ene copol yner, ethyl ene/ hexene
copol yner - at a- pol ypr opyl ene, et hyl ene/ hexene copol yner - syn- pol ypr opyl ene,
15 et hyl ene/ hexene copol yner - propyl ene/ bug®ne copol yner, et hyl ene/ hexene
copol yrmer - propyl ene/ hexene copol yner, ethyl ene/ oct ene

copol yner - at a- pol ypropyl ene, et hyl ene/ oct ene copolyner syn- pol ypr opyl ene,
ethylene/oct ymer, 20 ethyl ene/octene

p | ene/ pbut ene co

copol yner - pr opy i?gﬁééégﬁﬁy%%%%l9ﬂ%? ym%féeBBE}EPE69F§ﬁ@939ﬁpﬁéwmpﬁbpyIene
at a- pol ypro n r ene/ but ene copol y
at a- Bol g;gr ogy% a7 91% J%%ﬁ%&eﬁ@%@??n@?a -polypropylene,
syn- polypropyl | ene/ but ene copol yner, 25
syn- pol ypr opyi %h Fé% ?%&e@@?%%ﬁ@@Vﬁ%Yn*Bqlppbppylenelbutene
copol yner-pro ne/ hexene copol yner, pol yet hyl ene- HDPE- pol yet hyl ene,
pol yet hyl ene- tﬁﬁéﬁ”ﬁﬁf %ﬁﬁaCOHP%XW@@ﬂmy¢Eﬁb@EehytEaeépcopykgm@r,
copolynerspolyethylene pol yet hyl ene- et hyl ene/ but ene

Hﬁjgﬂﬁiﬁ@ﬁﬂﬁymﬁerEMEYhemehEexene copolymer,
pol yet hyl ene- et hyl ene/ oct ene

copol ymer? polSbhansero
copolyner-polyethylene
qgﬁputene copolymer-ethylene/hexene copolymer,

copol yner - pol

10

16

20

ethylene/butene

ethylene/butene

ethylene/butene

ethylene/butene
ethylene/butene
ethylene/hexene
ethylene/hexene
ethylene/hexene
ethylene/hexene
ethylene/hexene
ethylene/octene
ethylene/octene
ethylene/octene

fthylene/octene

«copolymer-ethylene/octene copolymer,

copolymer“ata—polyéropylene,
copolymer-syn-polypropylene,
copolymer-propylene/butene copolymer,
copolymer*proéylene/hexene copolymer,
copolymer-ethylene/octene copolymer,
copolymer-ata-polypropylene,
copolymer-syn~polypropylene,
copolymer—-propylene/butene copolymer,
copolymer-propylene/hexene copolymer,
copolymer-ata-polypropylene,
copolymer-syn-polypropylene,
copolymer-propylene/butene copolymer,

copolymer—propylene/hexene-copolymer,

ata-polypropylene-syn-polypropylene,

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

25 syn-polypropylene-propylene/hexene copolymer,



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

pol yet hyl ene- syn- pol ypr opyl ene- pol yet hyl ene, pol yet hyl ene- propyl ene/ but ene

copol ynmer - pol yet hyl ene, pol yet hyl ene- propyl ene/ hexene

copol yner - pol yet hyl ene, .HDPE- pol yet hyl ene- HDPE, HDPE- LLDPE- HDPE,
HDPE- et hyl ene/ pr opyl ene copol yner - HDPE, 15 HDPE- et hyl ene/ but ene

copol yner - HDPE, HDPE- et hyl ene/ hexene copolggrer - HDPE,
copol ynmer - HDPE, HDPE- at a- pol ypr opyl ene- HDPE, HDPE- syn

HDPE- et hyl ene/ oct ene

- pol ypr opyl ene- HDPE,

HDPE- pr opyl ene/ but ene copol ynmer - HDPE, 20 HDPE- pr opyl ene/ hexene

copol yner - HDPE, LHaFE- ol.yet hyl ene- LI DPE, LLDPE- HDPE-
LLDPE-etherneﬁHi&b ?ﬁ?b%

LLDPE,

POt er R DPEE T - RIDE R ph erer dutepel ymer,

copol ymer- LLDPE, LLDPE- et hyl ene/ hexene copol yner-LLDPE, 25
LLDPE- et hyl ene/ oct ene copol yner - LLDPE, 55 LLDPE- at a- pol ypr opyl ene- LLDPE,

LLDPE-syn-ponprﬁpglene-LLDPE, LLDPE- pr opy! ene/ but ene copol yner - LLDPE,

LLDPE- pr opyl en
copol yrer - pol yet hyl ene-_ et hyl ene/ propyl ene copol yner,
copol ymer - HDPERSHA tdhel gireopyl Rife palapssihysrieane

Bt iRE-nelprthylensst hyl ene/ pr opyl ene

et hyl ene/ pr opyl ene

5 polyethylene-ethylene/propylene copolymer-polyethylene,

polyethylene-ethylene/butene copolymer-polyethylene,

polyethylene-ethylene/hexene copolymer-polyethylene,

polyethylene—ethylene/octene copolymer-polyethylene,

polyethylene-ata-polypropylene—polyethylene,

‘ 10 polyethylene—syn-polypropyléne—polyethylene,

pP;yethylehe—propylene/butene copolymer-polyethylene,

polyethylene-propylene/hexene copolymernpolyethylene,

HDPE-polyethylene-HDPE, HDPE-LLDPE-HDPE,

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

HDPE-ethylene/octene copolymer-HDPE,

HDPE-ata-polypropylene~HDPE, HDPE-syn-polypropylene~HDPE,

HDPEupropylene/butene copolymer—-HDPE,

20 HDPE-propylene/hexene copolymer-HDPE,
LY

LLDPE-polyethylene-LLDPE, LLDPE-HDPE-LLDPE,

LLDPE~ethylene/propylene copolymer-LLDPE,

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

25 LLDPE-ethylene/octene copolymer-LLDPE,



et hyl ene/ propyl ene copol yner - LLDPE- - et hyl ene/ pr opyl ene
et hyl ene/ propyl ene copol yner - et hyl ene/ but ene copol yner -
et hyl ene/ propyl ene copol yner - et hyl ene/ hexene copol yner -
.15 et hyl ene/ pr opyl ene

copol yrer,

et hyl ene/ propyl ene copol yner,

10 copol yner,
et hyl ene/ pr opyl ene

copol yner - et hyl ene/ oct ene copol yner- et hyl ene/ propyl ene copol yner,
et hyl ene/ propyl ene copol ymer - at a- pol ypr ol ene- et hyl ene/ propyl ene
et hyl ene/ propyl ene copol yner-syn- pol ypropyl ene 20

copol yrer,

et hyl ene/ propyl ene copol yner,
copol yner - emmm@gng&gL9QWy§y%ﬁyygﬂ
copol yimer - pr opyl ene/ hexené copol yner - et hyl ene/ propyl ene copol yner,

%;Q%}eqﬁiﬁ&pylene/butene 56 copol yner,
et hyl ene/ but ene

ethylene/but@@gpgogghy il ]|
et fiene/bdtene copol yrner,

- et hyl ene/ but ene copoly

I -LL / I ,
Copol ymor - et Ry <hoP be By ERd EAOIy Rep A YAt

R Ryl

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

MT8Ippeet hyl ene/ propyl ene
25

t hyl ene/ but ene
[Mgut ene copol yner,

et hyl ene/ but copol r-ethyl ene/ hexene copol yner- ethyl ene/ but ene
eFE?FgnéggépgﬁgeégégﬁﬁﬁbFFEFﬁQWEHEﬁﬁéﬁghe copol ymer -

copol yner,
5

10

15

20

25

ethylene/propylene
ethylene/propylene
ethylene/propylene
copolymer, |
ethylene/prépylene
Qopolymer,
e?hylene/propylene
ethylene/propylene
ethylene/propylene
ethylene/propylene
ethylene/propylene
ethylene/propylene
ethylene/propylene
ethylene/propylene
ethylene/propylene
?thylene/piopylene
ethylene/propylene
ethylene/propylene

ethylene/propylene

ethylene/propylene

copolymer-polyethylene-
copolymer,

copolymer-HDPE-ethylene/propylene
copolymer-LLDPE~ethylene/propylene

copolymer-ethylene/butene copolymer-
copolymef,

copolymer-ethylene/hexene copolymer-
copolymer,

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

copolymer-propylene/butene copolymer-
copolymer, -
copolymer-propylene/hexene copolymer-

copolymer,

ethylene/butene copolymer—-polyethylene-ethylene/butene



et hyl ene/ but ene copol yner,
et hyl ene/ but ene copol yner,
et hyl ene/ but ene copol yner,
15 et hyl ene/ but ene copol yner,
copol ynmer - propyl ene/ hexene copol yner- et hyl ene/ but ene copol yner,
et hyl ene/ hexene copol yner - pol yet hyl ene- et hfbene/ hexene
et hyl ene/ hexene copol ymner - HDPE- et hyl ene/ hexene copol yner,
copol yner - LLDPE- et hyl ene/ hexene copol yner,

copol yner -

10 et hyl ene/ but ene copol yner - at a- pol ypr opyl ene-
et hyl ene/ but ene copol yner - syn- pol ypr opyl ene-
et hyl ene/ but ene copol yner - propyl ene/ but ene

et hyl ene/ but ene

copol yner, 20
et hyl ene/ hexene
et hyl ene/ hexene

copolyner-ethyhggg@gﬁggylene copol yner- et hyl ene/ hexene copol yner,

et hyl ene/ hexene cop

A i

copol yrer,

57
et hyl ene/ hexen

ethylene/hexengtﬁgeglpézé}r’]teh8

et hyl ene/ hexené "copo

5

15

20

25

ethylene/butene
ethylene/butene
ethylene/butene
ethylene/butene
ethylene/butene
ethylene/butene
e?hylene/butene
ethylene/butene
ethylene/butene
ethylene/butene
ethylehe/butene
ethylene/butene
ethylene/butene
ethylene/hexene
copolymer,

thylene/hexene
ethylene/hexene
ethylene/hexene
ethylene/hexene
ethylene/hexene

ethylene/hexene

yner - et hyl ene/ but ene copol yner -

25 et hyl ene/ hexene

STy e CAPA R fa baiees

5 et hyl ene/ hexene cqpol yner -syn- pol ypropyl ene
PR R S P R e oF Bt b

copol ymer - et hy| gei hgxgne cop

ol r,
co%gﬁymer—ethylene/propylene copolymer-

copolymer,
copolymer-ethylene/hexene copolymer-
copolymer,

éopolymer—ethylene/octene copolymer-
copolymer,
copolymer-ata—-polypropylene-
copelymer,
copolymer-syn-polypropylene-
copolvymer,

copolymer-propylene/butene copolymer-
copolymer,

copolymer-propylene/hexene copolymer-
copolymer,

copolymer-polyethylene-ethylene/hexene

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

copolymer-ethylene/butene copolymer-

copolymer,



et hyl ene/ hexene copol yner - propyl ene/ hexene copol yner- 10 et hyl ene/ hexene
copol yner, ethyl ene/ oct ene copol yner - pol yet hyl ene- et hyl ene/ oct ene

copol ynmer, ethyl ene/ octene copol yner - HDPE- et hyl ene/ oct ene copol yner,

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 hybgne/ but ene copol yner -

et hyl ene/ oct ene copol yner, ethyl ene/ oct ene copol yner - et hyl ene/ hexene
copol ynmer- 20 et hyl ene/ oct ene copol yner, ethyl ene/ octene

I - at a; I - et hyl / | , ethyl / oct
Copol ymor - ayn aYYBPPYFERES SPHYIENEoEnd COpRISHTEE R SMAEnel oot ene

copol yner-pro ene/ byt ene_copol r 58 et hyl ene/ octene copol yner,
ethylene/octe%ghggSgﬁzhﬁﬁgB?oﬁﬁpgﬁgpﬁéxene'copolyner- et hyl ene/ oct ene

copol yner, ata:po r | ene- pol yet hyl ene- at a- pol ypropyl ene, 5
ata-polypropyFEﬁgiéﬁﬁzgéfﬁpﬁoF?BP&ﬁVPéﬁéFa‘p01YPIOpylene—

at a- pol ypr opyl ene: LLDPE- at a- pol ypr opyl ene, :
ata-polypropy?Eﬁgl@Pﬁﬁhéﬁﬁﬁﬁr869Péﬁ@eé®polyner-ata- pol ypr opyl ene,

5 ethylene/hexene copolymer-syn-polypropylene-
ethylene/hexene copolymer, |
ethylene/heiene copolymer-propylene/butene copolymer-
ethylene/hexene ;opolymer,
ethylene/hexene copolymer-propylene/hexene copolymer-
' 10 ethylene/hexene copolymer, |
ethylene/octene copolymer-polyethylene-ethylene/octene
copolymer, |
~ethylene/octene copolymer—HDPE—ethylene/octene copolymer,
ethylene/octene copolymer—LLDPE—ethylené/octene copolymer,
15 ethylene/octene copolymer~ethyléne/prépylene copolymer—
ethylene/octene copolymer,
ethylene/octene copolymer—ethylene/buténe copolymer-
ethylene/octene copolymer,
ethylene/octene copolymer—ethylene/hexene copolymer-
20 %thylene/octene copolymer,
ethylene/octene copolymer-ata-polypropylene-
~ ethylene/octene copolymer,
ethylene/octene copolymer-syn—-polypropylene-
ethylene/octene copolymer,

25 ethylene/octene copolymer-propylene/butene copolymer-



at a- pol ypr opyl ene- et hyl ene/ but ene copol yner-ata- 10 pol ypropyl ene,
at a- pol ypropyl ene- et hyl ene/ hexene copol yner -ata- pol ypropyl ene,

at a- pol ypr opyl ene- et hyl ene/ oct ene copol yner - at a- pol ypropyl ene, 15
at a- pol ypr opyl ene- syn- pol ypr opyl ene- at a- pol ypr opyl ene,

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

at a- pcl ypr opyl ene- propyl ene/ hexene copol y&r - ata- pol ypropyl ene, 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 ypr opyd emer éhOPE- s¥fle PebypI oRYL ene,
syn- pol ypropyl ene- et hyl ene/ propyl ene copol yner-syn pol ypropyl ene, 25

S bl Yor ooyl S B el B0 BBy B BRSSP SR
syn:polypropxg égg?géﬁg%gcé§$g%é%§olYner-syn- 5 pol ypropyl ene,
syn- pol ypr opyl ene_at a- pol ypr opyl € s@h pol ypropyl ene,

Syn- pol ypr opyl&ne; b APYLENEL UL SDR, SOR| YT - Sy POl YRI oDy ene,

5 ata—polypropylene—HDPE—ata—polypropylene,
ata—polypropylene—LLDPE—ata—polypropylene,
ata-polypropylene-ethylene/propylene copolymer-ata-
polypropylene, |
ata—polypropylene—ethylené/butene copolymer-ata-

10 pélypr@pylene,

'a?g—polypropylene—ethylene/hexene copolymer-ata-
polyprop&lene,
ata-polypropylene-ethylene/octene copolymer—-ata—
polypropylene,

15 étawpolyprobylene—syn—polypropylene—ata—polypropylene;
ata-polypropylene~-propylene/butene copolymer-ata-—
polypropylene,
ata-pclypropylene~propylene/hexene copolymer-ata-
polypropylene,

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

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



syn- pol ypr opyl ene- propyl ene/ hexene copol yner-syn- 1& pol ypropyl ene,

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

pr opyl ene/ but ene copol yner - HOPE- pr opyl ene/ but ene copol yner, 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 ynmer, propyl ene/ butene copol yner - et hgl ene/ but ene copol ynmer- 20
propyl ene/ but ene copol yner, propyl ene/ but ene copol yner - et hyl ene/ hexene
copol ynmer- propyl ene/ but ene copol yner, propyl ene/ but ene :
copolyner-eth%%ene/oc#ene copol yner - propyl ene/ but ene copol yner, 25
propyl ene/ buk 8nePEBBEL GREr - - at a- pol ypropyl ene 60 propyl ene/ but ene

copol ymer, propyl ene/ but ene copol yner-syn-pol ypropyl ene- propyl ene/ but ene
copol yner, p?%%?P%ﬂ%?ﬁ%?%%%REGEBPYﬁﬁﬁeﬁ gp¢nen sopelame reopul-yner - 5
propyl ene/ but ene copol yner, propyl ene/ hexene
copolyner-po??%¥$9@%ﬁ%e%?opylene/hexene copol yner, propyl ene/ hexene

copol ymer - HDPE- pr opyl ene/ hexene
syn-polypropylene-ethylene/octene copolymer-syn-

5 polypropylene,
syn—polypropylene~ata—polypropylene—syn—polypropylene,
syn-polypropylene-propylene/butene copolymer-syn-—
polypropylené, | |
syn-polypropylene-propylene/hexene copolymer-syn-

! 10 polfpropylene,

p¥ppylene/butene copoiymer—polyethylene—propylene/butene
copélymer,
propylene/butene copolymer-HDPE-propylene/butene
coﬁolymer,

156 'ﬁrbpylene/butene copolymer—LLDPE—propylene)butene
copolymer,
propylene/butene copolymer-ethylene/propylene copélymer—
propylene/butene copolymer,
propylene/butene copolymer-ethylene/butene copolymer-

20 Eropylene/butene copolymer,

' propylene/butene copolymer~ethylene/hexene copolymer-

propylene/butene copolymer,
propylene/butene copolymer-ethylene/octene copolymer-
propylene/butene copolymer,

25 propylene/butene copolymer-ata-polypropylene-



copol yrer,
copol yner,

pr opyl ene/ hexene copol yner,
15 propyl ene/ hexene copol yner,

copol yner -

copol yner - et hyl ene/ hexene copol yner -
propyl ene/ hexene copol yner - et hyl ene/ oct ene c@pol yner -
20 propyl ene/ hexene copol yner - at a- pol ypropyl ene- N
propyl ene/ hexene copol yner-syn- pol ypropyl ene-
y hexene copol yner - propyl ene/ but ene
P@?ﬁ%ﬁﬁ%@%&ﬁéggo%§$§i 61 pol yet hyl ene- HDPE- LLDPE,
DPE- ne/ pro
oA SRR BLee
pol yet hyl ene- HDPE- et h Igagéhexene co
polyethylene-k{Iﬁg%?%§?%

polyethyl ene- HORE. &t a; ol 101 oRY

copol yrer,

pr opyl ene/ hexene copol yner,
propyl ene/ hexen
25 prop

copol yner -

pol yet hyl ene- H
pol yet hyl ene- H

5

10

16

20

25

propylene/butene
propylene/hexene
copolymer,

propylene/hexene
copolymer,

propylene/hexene
c?polymer,

propylene/hexene
pfopylene/hexene
propylené/hexene
propylene/hexéne
propylene/hexene
propylene/hexene
propylene/hexene
propylene/hexené
Rropylene/hexene
propylene/hexene
propylene/hexene
propylene/hexene
propylene/hexene

propylene/hexene

| ene,

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

propyl ene/ hexene

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

| ene copol yner,
ec%%%g¥£ F§yn—polypropylene—

s et A

polyethylene-HDPE—syn-ponpropyIene,
copolymef-propylene/hexene copolymer-—

copolymer,

copolymer-polyethylene-propylene/hexene

copolymer-HDPE~propylene/hexene

copolymer-LLDPE-propylene/hexene

copolymer-ethylene/propylene copolymer-
copolymer,

copolymer-ethylene/butene copolymer-—
copolymer,

copolymer-ethylene/hexene copolymer-
copolymer,

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

copolymer-propylene/butene copolymer-

copolymer,



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

pol yet hyl ene- HDPE- pr opyl ene/ hexene copol yner, .10 pol yet hyl ene- LLDPE- HDPE,
pol yet hyl ene- LLDPE- et hyl ene/ pr opyl ene copol yner,

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

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

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

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

pol yet hyl ene- LLDPE- syn- pol ypropyl ene, pol yet hyl ene- LLDPE- pr opyl ene/ but ene

copol ynmer, pal yet hyl ene- L - ene/ hexene copol yner,
polyethylenewﬂ%%ﬁ%ShjiﬁQﬁ%ﬁﬁﬁﬁgiﬁ@%¢yner-HDPE, 20

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

pol yet hyl ene- & ey iR e ¢opot §Her P ERRy] ene/ polpeheneEopol yner,

pol yet hyl ene- et hyl ene/ propyl ene copol yner - et hyl ene/ hexene copol yner, 25
pol yet hyl ene- @M &y sy ife e olpvl el et eRe epepotyeae, 62 copol yner,
pol yet hyl ene- et hyl ene/ propyl ene copol yner - ata- pol ypropyl ene,

pol yet hyl ene- et/ Innspyl k- <opyl ymefheyere Gopol ypeopyl ene,
pol yet hyl ene- et hyl ene/ propyl ene copol yner- propyl ene/ but ene. copol yner,
5 polyethylene-HDPE-ethylene/octene copolymer,

polyethylene-HDPE-ata-polypropylene,
polyethylene~HDPE—syn—polypropyiene,
polyethylene~HDPé—propylene/butene copolymer,
polyethylene—HDPEmﬁropylene/hexene copolyner,

) 10 polyethylene—LLDPE—-HDPEﬁ_r
p?;yethylene~LLDPE—ethylene/propylene copolymer,
polyethylene-LLDPE-ethylene/butene copolymer,
polyethylene-LLDPE-ethylene/hexene copolymer,
polyethylene-LLDPE-ethylene/octene copolymer,

15 polyethylene-LLDPE-ata-polypropylene,
polyethylene-LLDPE-syn-polypropylene,
polyethylene-LLDPE-propylene/butene copolymer,
polyethylene~LLDPE-propylene/hexene copolymer,
polyethylene-ethylene/propylene copolymer-HDPE,

20 Q?lyethylene—ethylene/propylene copolymer-LLDPE,
polyethylene-ethylene/propylene copolymer-ethylene/butene
copolymer,
polyethylene-ethylene/propylene copolymer-ethylene/hexene
copolymer,

25 polyethylene-ethylene/propylene copolymer—ethylene/octene



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

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

copol ymer - LLDPE,

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

propyl ene/ hexene copol yner, 10
pol yet hyl ene- et hyl ene/ but ene

15

copol yrer,
copol ynmer, pol yethyl ene-et hyl ene/ but ene copol yner - et hyl ene/ oct ene
copol yner, polyet hyl ene-et hyl ene/ but ene c&ol yner - at a- pol ypr opyl ene,

pol yet hyl ene- et hyl ene/ but ene
pol yet hyl ene- et hyl ene/ but ene

pol yet hyl ene- %CM g;gﬁ[ ut ene
et y]'nefﬁexene

pol yet hyl ene-
pol yet hyl ene- et hyl ene/-hexen
Ghe DA

pol yet hyl ene-

pol yet hyl ene- et hyl ene/ hexene copol yner - et hyl ene/ but ene
e copol yner-e thyl ene/ octene

ene/_hexene capol yner - at a- pol r opyl ene,
ethylene—ethyféngopropyleég égéof?%er—synL

pol yet hyl ene- éhyIFHTE)
polyethylenef%%H§

5 polypropylene,

copol ynmer - syn- pol ypr opyl ene,
copol yrer - pr opyl ene/ but ene copol ymner,
copol yner - - propyl ene/ hexene
copol yner - HDPE,

copol r- LLDPE, 63
Qﬁ%ﬁﬂ%%ﬁgqﬁﬁ SRR bFYETRE 2 Copol yrrer

20
copol yner,
25

copol yner,
copol yner,

polyethylene-~ethylene/propylene copolymer-

propylene/butene. copolymer,

polyethylene-ethylene/propylene copolymer-

propylene/hexene copolymer,
10 polyethylene—ethylene/butene
polyethylene-ethylene/butene
polyethylene~ethylene/butene
copolymer, A
polyethylene—-ethylene/buténe
16 copolymer,
polyethylene¥ethylene/butene
copolymer,
polyethylene—ethylené/butene
polyethylene-ethylene/butene
20 Qolyethylene~ethylene/butene
copolymer,
polyethylene-ethylene/butene
copolymer,
polyethylene—ethyiene/hexene

25 polyethylene-ethylene/hexene

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

copolymer-propylene/hexene

copolymer-HDPE,

copolymer-LLDPE,



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

pol yet hyl ene- et hyl ene/ hexene copol yner - propyl ene/ but ene
pol yet hyl ene- et hyl ene/ hexene copol yner - propyl ene/ hexene |
pol yet hyl ene- et hyl ene/ oct ene copol yi t er - HDPE,

10 copol yner,
copol yrer,

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

copol yner - et hyl ene/ propyl ene copol yrer, ,6
copol yrer - et hyl ene/ but ene
copol yner - et hyl ene/ hexene
copol yrmer - at@oppéwyp@ﬁée@@hyleﬁby%%h@neogbg
copol yner - syn- polypropylene

copolyner-pr éﬁutene
copolyner-propylene exene 64 copol yner,
pol yet hyl en P | ene-a erne LLDPE,
polyethylengp g?%g %%é%p%# feﬁgﬁﬁ%éﬁggp 89¥¥W8r %§388P§2éP%

copol ymer,
20 copol yner,

copol yrer,

pol yet hyl ene-

3pol 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
Egglgggggﬁe/propylene

ene ene

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

pol yet hyl en c&ggﬁyﬁgypropylene et hyl ene/ but ene copol yner,

5

16

20

25

polyethylene-ethylene/hexene
copolymer,
polyethylene—ethylepe/hexene
polyethylene—eth?lene/hexene
polyethylene—ethylene/hexené
copolymer,
po%yethylene—ethylené/hexene
copclymer,
polyethylene—éthylene/octene

polyethylene-ethylene/octene

polyethylene—~ethylene/octene

copolymer,

polyethylene-ethylene/octene

~ copolymer,

polyethylene-ethylene/octene
copolymer,
gglyethylene—ethylene/octene
polyethylene~ethylene/octene
polyethylene-ethylene/octene
copolymer,

polyethylene-ethylene/octene

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

copolymer-syn-polypropylene,

copolymer-propylene/butene

copolymer-propylene/hexene

pol yet hyl ene- et hyl ene/ oct ene



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

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

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

pol yet hyl ene- at a- pol yp. r,opyl ene- pr opyl ene/ but ene copol yner,

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

pol yet hyl ene-syn- - pol ypr opyl ene- HDPE, pol ygf hyl ene- syn- pol ypropyl ene- LLDPE
pol yet hyl ene- - syn- pol ypr opyl ene- et hyl ene/ propy. | 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 yner,

pol yet hyl ene- S§RpoiNpropyl ene- et hyl ene/ oct ene copol yner,

pol yet hyl ene- syn- pol ypr opyl ene- ata polypropylene 20 pol yet hyl ene

- syn- pol ypr opyrehee Hroks et 7 the 1 ¥necrokot §rip

pol yet hyl ene- syn- pol ypr opyl ene- propylene/hexene copolyner

pol yet hyl ene- [roa tenelang e TFRﬁHBMﬂﬂYI{EE%LEQP@ethyIene pr opyl ene/ but ene
copol ymer- LLDPE, pol yet hyl ene- propyl ene/ but ene copol yner 25

et hyl ene/ pr opyahes dopcinarert, a-6% Joab 5t i renes it oy efer dpy Base

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

copol yner - bt hydegnelymexene copol yner, 5 pol yet hyl ene- propyl ene/ but ene

copolyner-?ethylene/octene copol yrer,
polyethylene-ata-polypropylene-ethylene/butene copolymer,
polyethylene-ata-polypropylene~ethylene/hexene copclymer,
polyethylene—ataupolypropylene—ethylene/octene copolymer,
polyethylene—ata—pdlypropylene~syn—polypropylene,

10 polyethylene~ata-polypropylene-propylene/butene copolymer,
polyethylene~ata-polypropylene-propylene/hexene copolymer,
polyethylene~-syn-polypropylene-HDPE,
polyethylene—syn—polypfopylene*LLDPE,
polyethylene-syn-polypropylene-ethylene/propylene

15 copolymer,

- polyethylene-syn-polypropylene-ethylene/butene copolymer,
polyethylene—éyn—polypropylene—ethylene/hexene éopolymer,
polyethylene-syn-polypropylene-ethylene/octene copolymer,
polyethylene~syn-polypropylene-ata-polypropylene,

20 Rolyethylene-syn-polypropylene-propylene/butene copolymer,
polyethylene-syn-polypropylene-propylene/hexene copolymer,
polyethylene-propylene/butene copolymer-HDPE,
polyethylene-propylene/butene copolymer-LLDPE,

polyethylene-propylene/butene copolymer-

25 ethylene/propylene copolymer,



pol yet hyl ene- pr opyl ene/ but ene
pol yet hyl ene- propyl ene/ but ene
pol yet hyl ene- propyl ene/ but ene
p?l yet hyl ene- propyl ene/ hexene
pol yet hyl ene- propyl ene/ hexene
pol yet hyl ene- pr opyl ene/ hexene
pol yet hyl ene- propyl ene/ hexene
pol yet hyl ene- propyl ene/ hexene

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

copol ymer - propyl ene/ hexene

10 copol yner,

copol yr aer - HDPE,
copol yner - LLDPE,

copol yner pgs et hyl ene/ propyl ene copol yner,
copol yner - et hyl ene/ but ene
copolyner et hyl ene/ hexene

copol ymer,
copol yner,
20 copoly

pol yet hyl ene e/ hexene ¢ mer - et hyl ene/ oct ene
polyethylenepgﬁﬁggkgﬂépﬁe?éHEY&SS %Héﬁn§t§0§8lyﬂﬁépﬁﬁéﬂéene/butene

pol yet hyl ene- pr opyl ene/ hexene copolyner-syn pol ypr opyl ene,

pol yet hyl ene¢pgPBpyT"8Re/ hexene copol yner - propyl ene/ but ene
yet hyl ene- LLDPE, 66 HDPE- pol yet hyl ene- et hyl ene/ propyl ene copol yner,

HDPE- pol

copol yner, 25

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

HDPE- pol yet hgPpaéyeehlyl ene/ oct ene copol yner, 5

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

pplyethylene—propylene/butene
copolymer,

polyethylene-propylene/butene
polyethylene—proéylene/butene

polyethylene—propylene/butene

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

polyethylene-propylene/hexene
polyethylene-propylene/hexene
polyethylene-propylene/hexene
polyethylene-propylene/hexene

polyethylene-propylene/hexene

polyethylene-propylene/hexene

' 10 copolymer,
15
copolymer,
copolymer,
20 Qopolymer,
copolymer,
25

HDPE-polyethylene-LLDPE,

copolymer—-ethylene/octene

copolymer-ata-polypropylene,

copolymer-syn-polypropylene,

copolymer-propylene/hesene

copolymer-HDPE,

copolymer-LLDPE,

copolymer-—

copolymer-ethylene/butene

copolymer—ethylene/hexene

copolymer-ethylene/octene

copolymer-ata-polypropylene,

copolymer-syn-polypropylene,

copolymer-propylene/butene

15



HDPE- pol yet hyl ene- syn- - pol ypr opyl ene, HDPE- pol yet hyl ene- propyl ene/ but ene
copol yner, HDPE- pol yet hyl ene- propyl ene/ hexene copol yner,

HDPE- LLDPE- et hyl ene/ pr opyl ene copol ynmer, 10 HDPE- LLDPE- et hyl ene%but ene
copol yner, HDPE- LLDPE- et hyl ene/ hexene copol yner,

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

HDPE- LLDPE- syn- pol ypr opyl ene, 15 HDPE--UHDPE—propyIene/butene copol yner,
HDPE- LLDPE- pr opyl ene/ hexene copol yner, HDPE- et hyl ene/ propyl ene
copolyner-LLDPE HDPE- et hyl ene/ pr opyl ene copol ymner - et hyl ene/ but ene

copol yier . 20, HPPELSH UL ROFLRLOBYGTEcoRaL KIBL et byl engfiexene  copol yrrer,

HDPE-etherne prop po ymer - ene ynef
HDPE. ot hyl enchBF By SHEcBERS yﬁéﬁhgéﬁn§8#§8%§ i%@ﬁglvgsrr
FDPE. ot hyl enc BPEouPEHEE EbaTy T bt her BRaFRExEREoL 8RS ymer |
HDPE-etherne/buteBglgg g; gﬁé-ethylene/octene copolymer,

5 HDPE-polyethylene-~ata-polypropylene,
HDPE-polyethylene-syn-polypropylene,
HDPE-polyethylene-propylene/butene copolymer,
HDPE—polyethylenémpropyléne/hexene copolymer,
HDPE-LLDPE-ethylene/propylene copolymer,

- 40 HDPE-LLDPE-ethylene/butene copolymer,
HQEE—LLDPE—ethylene/hexene copolymer,
HDPE-LLDPE-ethylene/octene copolymer,
HDPE—LLDPE—ata—éolypropylene,
HDPE~LLDPE-syn-polypropylene,

16 HDPE~LLDPE-propylene/butene copolymer,
HDPE-LLDPE-propylene/hexene copolymer,
HDPE—efhylene/propylene copolymer-LLDPE,
HDPE-ethylene/propylene copolymer-ethylene/butene
copolymer, |

20 QDPE—ethylene/propylene copolymer-ethylene/hexene
copolymer,

HDPE-ethylene/propylene copolymer"ethylene/octeﬁe
copolymer,
HDPE-ethylene/propylene copolymer-ata-polypropylene,

25 HDPE-ethylene/propylene copolymer-syn—-polypropylene,




HDPE- et hyl ene/ but ene copol yner - et hyl ene/ propyl ene copol yner, %

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

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

HDPE- et hyl enelbut.eng copol yner - at a- pol ypropyl ene, HD?E- et hyl ene/ but ene
copol yner - syn- pol ypropyl ene, HDPE-et hyl ene /but ene

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

copol yrmer - propyl ene/ hexene copol ynmer, HDPE- et hyl ene/ hexene
copol yner - LLDPE, 15 HDPE- et hyl ene/ hexene copol yner - et hyl ene/ pr opyl ene
copol yner; HDPE- et hyl ene/ hexene copol yner - et hyl ene/ but ene copol yner,
HDPE- et hy| end} ket Bhpst (epR Bt Pye erepobyBat-eopBY }AEE/butene

HDPE- et hyl ene/ hexene copol yner - at a- pol ypr opyl ene, 20 HDPE- et hyl ene/ hexene

copol yner - syregrddigrepy| ene, HDPE- et hyl ene/ hexene
copol yrer - propyl ene/ but ene copol yner, HDPE-et hyl ene/ hexene

copol ymer - pr di3R e tekeme/ mopoy yeame , copibPEwet iyt epglenkéhexene
copol ynmer - LLDPE, HDPE- et hyl ene/ oct ene copol yner - et hyl ene/ propyl ene 25
copol ynmer, . &H G HRPE- et hyl ene/ oct ene HDPE- et hyl ene/ oct ene
HDPE- et hyl ene/ oct ene HDPE- et hyl ene/ oct ene
5 HDPE-ethylene/butene copolymer-LLDPE,
BDPE-ethylene/butene copolymer-ethylene/propylene
copolymer,
HDPE~ethylene/bu£ene copolymer-ethylene/hexene 'copolymer,
HDPE-ethylene/butene copolymer—-ethylene/octene copolymer,

) 10 HDPE—ethylene/buteﬁe copolymer—-ata~polypropylene,
H?EE~ethylene/butene copolymer-syn-polypropylene,
HDPE-ethylene/butene copolymer-propylene/butene copolymer,
HDPE-ethylene/butene copolymer~propy1ene7hexene copolymer,
HDPE—ethylene/hexene copolymer-LLDPE,

- 156 HDPE-ethylene/hexene copolymer-ethylene/propylene
copolymer,

HDPE-ethylene/hexene copolymer-ethylene/butene copolymer,
HDPE-ethylene/hexene copclymer-ethylene/octene copolymer,
HDPE-ethylene/hexene copolymer-ata-polypropylene,

20 %DPE—ethylene/hexene copolymer-syn-~polypropylene,
HDPE-ethylene/hexene copolymer-propylene/butene copolymer,
HDPE-ethylene/hexene copolymer-propylene/hexene copolymer,
HDPE-ethylene/octene copoiymer—LLDPE,

HDPE-ethylene/octene copolymer-ethylene/propylene

25 copolymer,



HDPE- - et hyl ene/ oct ene

copol yner, copol yner - et hyl ene/ hexene copol yner,
copol yner - at a- pol ypr opyl ene, copol yner-syn- pol ypropyl ene,
copol ymer - propyl ene/ but ene copol yner, copol yner - propyl ene/ hexene

copol ynmer, HDP
HDPE- at a- pol yp
HDPE- at a- pol yp
HDPE- at a- pol yp
HDVE- at a- pol ypr,
HDPE- at a- pol yp
HDPE- at a- polyp
HDPE- at a- pol yp
HDPE- - syn- pon
copol yner,
HDPE—syn-ponp
HDPE- syn- pol yp
HDPE- syn- po, yp
HDPE- syn- p

copol yrmer - LLDP

15

20

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

ropyl ene_et hyl ene/ propyl ene .&®ol yner,
ropyl ene- et hyl ene/ but ene copol yner, 10,
ropylene ethylene/hexene copolyner

r opy ene syn po propy

OB BB SR nesene oo,

yl%g§1LLDP HDPE}Hé? :%propylene ethylene/propylene
]ﬁﬁFﬁ %ﬁ@? ool Sipeken

| en ne/ hexene copol yner
5"8’%‘ Z‘ ﬁﬁgf},/e Q:]dg@ﬁ%r@fn ~“plypropylene,
[ 6§4ene at a- polypropylene

CHSYISHEMsUt @PRO LYpor yPrEPpY lene /butene copolymer,

HDPE—syn-ponpro | ene- propylene/hexene copol yner, HDPE- propyl ene/ but ene
D%ﬁDPEhﬁﬁ@@ﬁﬁﬂﬁyﬁmﬁe%@P@bﬁ@¢yﬂE¥OEYth@hh¢p$@@ybepelwmer,

HDPEwata—polypropylenewLLDPE,
HDPE—ata—polyproﬁylenenethylene/propylene copolymer,
HDPE—ata~polypropylene—ethylene/butene.copolymer,
HbPE-ata-polypropylene-ethylene/hexene Copolymer,
Hp?E-ata—polypropylene—ethylene/obtene copolymer,
HDPE-ata-polypropylene-syn-polypropylene,
HDPE—ata—polypropylene—propy;ene/butene copolymer,
HDPE—ata~polypropylene—propylene/he#ene copolymer,
HDPE~syn-polypropylene~LLDPE,
HDPE-syn-polypropylene-ethylene/propylene copolymer,
HDPE-syn-polypropylene-ethylene/butene copolymer;
HDPE-syn-polypropylene-ethylene/hexene copolymer,
HDPE-syn-polypropylene-ethylene/octene copolymer,
%DPE—Syn—polypropylene—ata—polypropylene,
HDPE-syn-polypropylene-propylene/butene copolymer,
HDPE-syn-polypropylene-propylene/hexene copolymer,

HDPE-propylene/butene copblymer—LLDPE,

' HDPE-propylene/butene copolymer-ethylene/propylene

25

copolymer,

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

%P§f§ﬁe?Lethylene/butene copolymer,



25 copol yner, 69 HDPE- propyl ene/ but ene copol yner - et hyl ene/ but ene copol yner,
HDPE- pr opyl ene/ but ene copol yner - et hyl ene/ hexene copol yner,

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

HDPE- pr opyl ene/ but ene copol yner - at a- pol ypr opyl ene, 5 HDPE- pr opyl ene/ but ene
copol yner - syn- pol ypropyl ene, HDPE- pr opyl ene/ but ene

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

copol ynmer- LLDPE, HDPE- propyl ene/ hexene copol yner - et hyl ene/ propyl ene 10
copol ymer, HDPE- propyl ene/ hexene copolyner-ethylene/butene copol yrer,

HDPE- pr opyl en X Ien [ hexene capol r,

HDPE. b opyl enilbE %%pi%%%%iﬂn@%@ﬁ éPgﬁ VBEEeR& agS/matene copolymer,
HDPE- pr opyl e xene c nes - at a- ropyl ene, DPE- pr opyl ene/ hexene
copoISnefysygﬁépﬁy%¥%%¥ ybu BB gﬁgﬁ %ﬁ&%@ﬁ@ne hexerz ég%01ymer:

copol yner - pr ne/but cO
LLDPE-ponetH@%é§e9%?$¥ %%%/B g%@%eﬁ8986§8P§n§thlene/OCtene copolymer,
LLDPE- pol yet ene- ethylene/butene copol ymer, 20

LLDPE- pol yet REER BV e/ Piekenr copol YReF ata-polypropylene,

LLDPE- pol | ene- et hy] ene/ oct ene copol yner,
LLDPE-po|§ H%’? R ERRY b esi e neopolymer-syn-polypropylene,

LLDPE-ponetq¥Iene syn- folypropylene LLDPE- pol yet hyl ene- pr opyl ene/ but ene
copol yner, E-propylene/butene copolymer- propylene/hexene

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

10 copolymer,

H??E—propylene/hexene copolymer-ethylene/butene copolymer,
HDPE-propylene/hexene copolymer-ethylene/hexene copolymer,
HDPE-propylene/hexene copolymer-ethylene/octene copolymer,
HDPE~-propylene/hexene copolymer;ata—polypropylene,

15 HDPE-propylene/hexene copolymer-syn-polypropylene,
HDPE-propylene/hexene copolymer-propylene/butene
copolymer, |
LLDPE-polyethylene-ethylena/propylene copolymer,
LLDPE-polyethylene-ethylene/butene copolymer,

20 %LDPE—polyethylene—ethylene/hexene copolymer,
LLDPE-polyethylene-~ethylene/octene copolymer,
LLDPE-polyethylene-ata-polypropylene,
LLDPE~-polyethylene~syn-polypropylene,
LLDPE~-polyethylene~propylene/butene copolymer,

25 LLDPE-polyethylene-propylene/hexene copolymer,



25 LLDPE- pol yet hyl ene- propyl ene/ hexene copol yner, 70

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

LLDPE- HDPE- et hyl ene/ oct ene copol yner, 5 LLDPE- HDPE- at a- pol ypr opyl ene,
LLDPE- HDPE- - syn- pol ypropyl ene, LLDPE- HDPE- pr opyl ene/ but ene copol yner,
LLDPE- HDPE- pr opyl ene/ hexene copol yner, LLE#®E- et hyl ene/ propyl ene

copol yner - et hyl ene/ butene 10 copol ymer, LLDPE- et hyl ene/ propyl ene
copol yner - et hyl ene/ hexene copol yner, LLDPE-et hyl ene/ propyl ene

copolyner-ethwﬁgyyiygpgu%tﬁyygﬂﬁggg%ﬁ$§%AéI§§?éf g}gne/propylene

copol yner - at a- pol ypr opyl ene, yl ene/ pro ene

copolyner-sanﬂﬁgJ i - et hyl en r opyl ene

copol yner - propy egﬁﬁtuteﬁgﬂﬁgﬁ%o‘é@%ﬁ%aﬁiiﬂﬂ§iﬁﬁl ‘ene/ pr opyl ene
copol yner-pro kﬁﬁ?ﬁﬂﬁﬁ?— 0._copol yner, LLDPE-et hyl ene/ but ene
copol yner - et hy ene/propy?gﬁgae(ﬁdh%ﬁ%ﬂ?

T9HPE" R Tryi ene/ but ene
copolyner-ethx#gﬁgﬁgﬁﬁgget opol r, _ LLDPE-et hyl ene/ but ene
copol yner - et hy ! éeéﬂlﬂ%%ZQQtene copo eL.

5 LLDPE-HDPE-ata-polypropylene,
LLDPE-HDPE~syn-polypropylene,
LLDPE-HDPE-propylene/butene copolymer,
LLDPE-HDPE-propylene/hexene copolymer,
LLDPE-ethylene/propylene copolymer-ethylene/butene
copolymer,
LppPE—ethylene/propylene copolymer-ethylene/hexene
copolymer,
LLDPE-ethylene/propylene copolymer-ethylene/octene

copolymer,

16 LLDPE-~ethylene/propylene
LLDPE-ethylene/propylene
LLDPEhethylene/pfopylene

copolymer,

LLDPE-ethylene/propylene

copolymer-ata-polypropylene,
copolymer-syn-polypropylene,

copolymer-propylene/butene

copolymer-propylene/hexene

20 copolymer,
Ay

L1L.DPE-ethylene/butene copolymer—-ethylene/propylene

copolymer,

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

' LLDPE-ethylene/butene copolymer-ethylene/octene copolymer,

25 LLDPE-ethylene/butene copolymer-ata-polypropylene,



25 LLDPE- et hyl ene/ but ene copol yner - at a- pol ypropyl ene, 71

LLDPE- et hyl ene/ but ene copol yner - syn- pol ypr opyl ene,
copol ynmer - propyl ene but ene

copol ynmer - propyl ene . hexene

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

- et hyl ene/ oct ene copol yner - - et hyl ene/ pr opyl ene
ﬁﬁ%ﬁ‘e%&&g%? %BF%? h§PBREYBEE sRECPYBENEMbIt ene

but ene
copol yrer,

LLDPE- et hyl e

copol yrer,
copol yrer,
copol yner,
LLDPE- et hyl ene/ hexene copol yner - et hyl
10 LLDPE- et hyl ene/ hexene
LLDPE- et hyl ene/ hexene

| LLDPE- et hyl /h I - I
P B BB BE PP EREP hERBROVEEROPy REP PO GPFRATE Trakont. 15

LLDPE- et hyl ene/ but ene

LLDPE- et hyl ene/ but ene
LLDPE- et hyl ene/ hexene
LLDPE- et hyl ene/ hexene

copol yner,

LLDPE- et hyl ene/ oct ene copol yner - et hyl ene/ hexene copol ynmer, 20
LLDPE- et hyl en€?®et¥A®L copol ymer - - at a- pol ypropyl ene, LLDPE- et hyl ene/ oct ene

copol yner - syn- pol
" butene copol

5

15

20

25

propyl ene,

copolymer,
LLDPE-ethylene/hexene
copolymer,
LLDPE—ethylene/héxene

LLDPE-ethylene/hexene

lLLDPE—ethylene/hexene

L%QPE—ethylene/hexene
LLDPE—ethylene/hexene
copolymer,
LLDPE~ethylene/hexene
copolymer,
LLDPE-ethylene/octene
copolymer,
LLDPE-ethylene/octene
LILDPE-ethylene/octene
LLDPE-ethylene/octene
.
LLDPE~ethylene/octene
LLDPE—ethylene/octene
copolymer,
LLDPE-ethylene/octene

copolymer,

LLDPE- et hyl ene/ oct ene copol yner - propyl ene
~¢ibptene{ hyt ene/ eepehpnespprypyilepeopykene hexene

copolymer-ethylene/propylene

copolymer—-ethylene/butene copolymer,
copolymer—ethylene/octene copolymer,
copolymer-ata-polypropylene,
cobolymer—synhpolypropylene,

copolymer-propylene butene
copolymer-propylene hexene
copolymer-ethylene/propylene.
copolymer-ethylene/butene copolymer,
copolyme:—ethylene/hexene copolymer,
copolymer-ata-polypropylene,
copolymer-syn-polypropylene,

copolymer-propylene butene

copolymer-propylene hexene



e

25 copol yner, 72 LLDPE-at a- pol ypropyl ene-et hyl ene/ propyl ene copol yner,
LLDPE- at a- pol ypr opyl ene- et hyl ene/ but ene copol yner,

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

LLDPE- at a- pol ypr opyl ene- et hyl ene/ oct ene copol yner, 5

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

LLDPE- at a- pol ypr opyl ene- propyl ene but ene EBponner

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

LLDPE- syn- polypropylene ethylene/propylene copol yrer,

LLDPE- syn- pol y¥pipd gne- r%? Q 1
LLDPE- syn- polypropylene eth /hexene}@ﬂ'oly/;@rc’py]1 e copoiymer,

LLDPE- syn- pol ¥pramyvl fﬁgy
LLDPE- syn- p0|¥g?0pylene atg%% J%%%%Q%ﬁéfﬁ&ﬂéyggtene copolymer,

LLDPE- syn- pol ygronyl.ene ut efr 0
ttgg syn- pf)l %@r@f‘)ﬁw gﬁlje pr 13}3%% %ﬁﬁ%ﬁxenr}gn;gloego %&Xéneléwp?lymer’
- propyl e ene co -e ro ne copo

LL DPE- BroB§| eﬁ‘éﬁﬁ F%}/Weor YR T egf?/?eet ymez,
LLDPE- prop leﬁ&ﬂ%ﬁie e copo r Iene@ﬁgﬁene 0 copolyner
LLDPE- pr opyl e éa?féa @6’@61%’?&9 TH%// vIer,
LLDPE-properne/butene copol nmer - at a- pohyproeylene

—ata- poly ropylene-propylene butene copolymer,

LLDPE—atanpolypropylene~propylene hexene copolymer,
LLDPE—Syn—polyprépylgne—ethylene/propylene copelymer,
LLDPE-syn~-polypropylene-ethylene/butene copolymer,

: 10 LLDPE-syn-polypropylene—ethylene/hexene copolymer,
LFPPEHsyn-polyproéylene"ethjlene/octene copolymer,
LLDPE-syn-polypropylene-ata-polypropylene,
LLDPE-syn—-polypropylene-propylene butene copolymer,
LLDPﬁhsyn—polypropylene—propylenelhexene copolymer,

15 LLbPE-propylene/butene copolymer-ethylene/propylene
copolymer,
LLDPE-propylene/butene copolymer-ethylene/butene
copolymer,
LLDPE~propylene/butene copolymer-ethylene/hexene
.20 fopolymer,
LLDPE-propylene/butene copolymer-ethylene/octene
copolymer,
LLDPE-propylene/butene copolymer-ata-polypropylene,
LLDPE-propylene/butene copolymer-syn-polypropylene,

25 LLDPE-propylene/butene copolymer-propylene hexene



LLDPE- pr opyl ene/ but ene copol yner - syn- pol ypropyl ene, 25

LLDPE- pr opyl ene/ but ene copol yner - propyl ene hexene 73 copol yner,
LLDPE- pr opyl ene/ hexene copol yner - et hyl ene/ propyl ene copol yner,
LLDPE- pr opyl ene/ hexene copol yner - et hyl ene/ butene 5 copol yner,
LLDPE- pr opyl ene/ hexene copol yner - et hyl ene/ hexene copol yner,
LLDPE- pr opyl ene/ hexene copol yner - et hyl enefg@t ene copol yner, 10
LLDPE- pr opyl ene/ hex. ene copol ymner - at a- pol ypropyl ene,

LLDPE- pr opyl ene/ hexene copol yner-syn- pol ypropyl ene, LLDPE- propyl ene/ hexene

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

copol yner - pol é‘ethylene/hexene 15 copol yner, ethyl ene/ but ene
copol ymer - pol yet h Iene ethy e/ oct ene copolyner et hyl ene/ but ene
copol yner - pol SHEPYE n&f SRS L YyRa R tdhek eRg Apvecpy lene
copol yner - - pol yet hyl ene- - syn- pol ypropyl ene, 20 et hyl ene/ but ene

copol yner - - pol e- - propyl ene/ but ene copolyner et hyl ene/ but ene

copolyner-polyethylene propyl ene/ hexene copol yne
LLDPE-propylene/hexene copolymer- ethylene/butene

5 copolymer,
LLDPE~propylene/hexene copolymer-ethylene/hexene
copolymer,
LLDPE-propylene/ﬁexene copolymer—ethylene/octene
copolymer,

' ‘10 LLDPE-propylene/hexene copolymer-ata-polypropylene,
L%pPE-propyiene/hexene copolymer—-syn-polypropylene,
LLDPE-propylene/hexene copolymer-propylene butene
copolymer,
éthylene/butene copolymer—polyethylene—ethylene/hexene

16 copolymer,
ethylene/butene copolymer-polyethylene-ethylene/octene
copolymer,
ethylene/butene copolymer_polyethylene—ata—polypropylene,
ethylene/butene copolymer-polyethylene-syn-polypropylene,
20 ?thylene/butene copolymer-polyethylene-propylene/butene
copolymer, _
ethylene/butene.copolymer—polyethylene—propylene/héxene
copolymer,
ethylene/butene copolymer-HDPE-ethylene/hexene copolymer,

25 ethylene/butene copolymer-HDPE-ethylene/octene copolymer,



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

et hyl ene/ but ene copol yner - HDPE- et hyl ene/ oct ene copol yner, 74 5 10 15

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

copol yrer - HDPE- syn- pol ypr opyl ene, et hyl ene/ butene ethyl ene/ but ene

et hyl ene/ butene et hyl ene/ butene ethyl ene/butene ethyl ene/butene

et hyl ene/ but ene copol ymer, et hyl ene/ butef® copol yner, et hyl ene/ but ene
et hyl ene/ hexene et hyl ene/ butene ethyl ene/octene ethyl ene/butene

copol yner - - HDPE- pr opyl ene/ but ene copol yner,

copol ymer - HDP&+ RG 0B} L ?B&EBRXEBEE DALY IRPrE-SPROb¥IBL b PTEREL NI ene/ hexene

copol yner,
ethylene/butene copolymer-HDPE-syn-polypropylene,

ethylene/butene copolymer~HDPE—propylene/butene copolymer,
ethylene/butene copolymer-HDPE-propylene/hexene copolymer,

5 ethylene/butene copolymer¥LLDPE—ethylene/hexene copolymer,
ethylene/butene copolymer-LLDPE-ethylene/octene copolymer,
ethylene/butene copolymer-LLDPE-ata-polypropylene,
ethyleﬁe/butene copolymer-LLDPE-syn-polypropylene,
ethylene/butene copolymer—LLDPE—pr0pylene/butene

‘ 10 copolymer,

ethylene/butene copolymer-LLDPE-propylene/hexene
copolymer,
ethylene/butene copolymer-ethyleﬁe/propylene copolymer—
ethylene/hexene copolymer,

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

20 §yn—polypropylene, |
ethylene/butene copolymer-ethylene/propylene copolymer—
propylene/butene copolymer,
ethylene/butene copolymer-ethylene/propylene copolymer-
propylene/hexene copolymer,

25 ethylene/butene copolymer-ethylene/hexene copolymer-



copol ynmer - LLDPE- et hyl ene/ oct ene copol yner,

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

copol ymer - LLDPE- pr opyl ene/ but ene copol yner - LLDPE- pr opyl ene/ hexene

copol yner - et hyl ene/ prapyl ene copol ynmer- copol yner,

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

copol yner - et hyl ene/ propyl ene copol yner atm- pol ypropyl ene, ethyl ene/ butene
copol ynmer - 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 ynmer, ethyl.ene/ putene copol yner--et hyl ene/ propyl ene copol yner -
prOpyIene/h§§g§&%ﬂﬁiﬁ%ﬁﬁﬂ? %é%%i#@?%ne/butene copol yrer - et hyl ene/ hexene
copol ymer 75 et hyl eng/ octene copol yner, et hyl ene/ but ene

copol ymer - e@ﬁ%k’gﬁ? S e FeRpE OpST enkhy behgl Basepat eapolymer-ata-

copol yner - et hyl ene/ hexene 5 pol ypropyl ene, ethyl ene/ butene
copol yner-e Y pr opyl ene/ but ene. copol yner,

ethylene/butene copolymer-ethylene/hexene copolymer-syn-
5 polypropylene,

_ethylene/butene copolymer-ethylene/hexene copolymer-—

propylene/butene. copolymer,

ethylene/butene éopolymer—ethylene/hexene copolymer-

propylene/hexene copolymer,
16 ethylene/butene copolymer-ethylene/octene copolymer—

e?hylene/hegene'copblymer,

ethylene/butene copolymer-ethylene/octene copolymer—ata-

polypropylene,

ethylene/butene copolymer-ethylene/octene copolymer-syn-
15 polypropylene, |

ethylene/butene copolymermethylene/octene copolymer-

propylene/butene copolymer,

ethylene/butene copolymer-ethylene/octene copolymer-

propylene/hexene copolymer,
20 gﬁhylene/butene copolymer-ata-polypropylene-

ethylene/hexene copolymer,

ethylene/butene copolymer-ata-polypropylene-

ethylene/octene copolymer, r

ethylene/butene copolymer-ata-polypropylene-syn-

25 polypropylene,



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

et hyl ene/ but ene copol ymner - et hyl ene/ oct ene pol ypropyl ene, ethyl ene/ but ene
copol ynmer - et hyl ene/ oct ene 15 pol ypropyl ene, et hyl ene/ but ene

copol yner - et hyl ene/ oct ene propyl ene/ but ene copol yner, ethyl ene/ but ene
copol yner - et hyl ene/ oct ene propyl ene/ hexene7@&opol yner, copol yner-ata
copol ynmer-syn copol ynmer copol ynmer copol yner copol yner-ata copol yner--syn
copol ymer copol yner 20 et hyl ene/ but ene copol yner - at a- - pol ypr opyl ene-

et hyl ene/ hexene,£q QFMQ?ButgﬁﬁyFgﬁgﬁgﬂ%gngtgogghénerb a pol ypropyl ene
et hyl ene/ oct ene co yner yl'énerbuteneco rerPy gnﬁolypropylene syn-
propylene/butene copolymer,
ethylene/butene copolymer-ata-polypropylene-
propylene/hexene copolymer,
5 ethylene/butene copolymer—syn—polyprdpylene—

ethylene/hexene copolymer,
ethylene/butene copolymer—-syn-polypropylene-
ethylene/octene copolymer,
ethylene/butene copolymer-syn-polypropylene-ata- -

‘10 polypropylene,
eﬁbylene/bﬁéene cOpélymer—syn—polypropylene—
propylene/butene copolymer,
ethylene/butene copolymer-syn-polypropylene-
_propylene/hexene copolymer,

15 efhylene/buteﬁe copolymer-propylene/butene copolymer-
ethylene/hexene copolymer,
ethylene/butene copolymer-propylene/butene copolymer-—
ethylene/octene copolymer,
ethylene/butene copolymer-propylene/butene copolymer-ata-

20 Qolypropylene, |
ethylene/butene copolymer-propylene/butene copolymer-syn—
polypropylene,
ethylene/butene copolymer-propylene/butene copolymer-

propylene/hexene copolymer,

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



25 pol ypropyl ene, 76 ethyl ene/ butene copol yner - at a- pol ypr opyl ene-
propyl ene/ but ene copol yner, ethyl ene/ butene copol yner - at a- pol ypr opyl ene- -
propyl ene/ hexene copol yner, 5 ethyl ene/ butene copol ynmer-syn- pol ypropyl ene-
et hyl ene/ hexene copaql yner, ethyl ene/ butene copol yner-syn- pol ypr opyl ene-
et hyl ene/ oct ene copol yner, ethyl ene/ butene copol yner - syn- pol ypr opyl ene- at a-
10 pol ypropyl ene, ethyl ene/ but ene copol ynexrz syn- pol ypropyl ene-
propyl ene/ but ene copol yner, ethyl ene/ butene copol yner -syn- pol ypropyl ene- -

. propyl ene/ hexene copolyner 15 et hyl ene/ but ene copol yner - propyl ene/ but ene
ethylene/hexene cqQpoly et hyl ene/ but ene copol yner - pr opyl ene/ but ene
et hyl ene/ oct eff& gﬁHFVﬂEXEQﬁrﬁH Reheiiene copol yner - propyl ene/ but ene 20
pol ypr opyl ene, et hyl ene/ but ene copol yner - propyl ene/ but ene pol ypropyl ene,

et hyl ene/ but ef&ENIGRBI8/ R eI RN/ IR S ROP YIS [eerea e xeoRo ymer,

ethylene/octene copolymer,
ethylene/butene copolymer-propylene/hexene copolymer-ata-—
5 polypropyvlene,
ethylene/butene copolymer-propylene/hexene copoljmer-syn—
polypropylene,
ethylene/butene éopolymer—propylene/hexene copolymer-
propylene/butene copolymer,
10
ethylene/hexene copolymer-polyethylene-ethylene/octene
copolymer,
ethylene/hexené copolymer—polyethylene—ata—polypropylene,
ethylene/hexene copolymer—polyefhylene—syn—polypropylene;
16 ethylene/hexene copolymer-pclyethylene-propylene/butene
copolymer,
ethylene/hexene copolyﬁer-polyethylene-propylene/hexene
copolymer, |
ethylene/hexene copolymer-HDPE-ethylene/octene copolymer,
20 gthylene/hexene copolymer-HDPE-ata-polypropylene,
ethylene/hexene copolymer-HDPE-syn-polypropylene,
ethylene/hexene copolymer-HDPE-propylene/butene copolymer,
ethylene/hexene copolymer-HDPE-propylene/hexene copolymer,
ethylene/hexene copolymer-LLDPE-ethylene/octene copolymer,

25 ethylene/hexene copolymer-LLDPE-ata-polypropylene,



copol ynmer- copol yner copol yner-ata copol yner-syn copol yner 25

et hyl ene/ but ene copol yner - propyl ene/ hexene copol yner 77 et hyl ene/ hexene
copol ynmer, ethyl ene/ butene copol yner - propyl ene/ hexene copol yner -

et hyl ene/ oct ene copol yner, ethyl ene/ but ene copol yner - propyl ene/ hexene
copolyner-ata - 5 pol ypropyl ene, ethyl ene/butene copol yner - propyl ene/ hexene
copol yner-syn - pol ypropyl ene, ethylene/bﬁ@ene copol yner - propyl ene/ hexene
copol ymer - propyl ene/ but ene copol yner, 10 et hyl ene/ hexene

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

copolyner-polaeagyéﬁ@?h@&@neobxﬁaggméfnﬁLngtEngQSjgg§8§glene,

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

cobol yirer - pol ¥ehDYLR07RBLARY) E0BL DYLERSrLBBROLYIEL: BN, ERgLheXene

copol yner - pol yet ene- propyl en xene ~copol'y
copolyner-HDPgaﬁgbyﬁgggloctene copol yrer,

ethylene/hexene copolymer~LLDPE-propylene/hexéne
5 copolymer,
ethylene/hexene copolymer-ethylene/propylene copolymer-—
ethylene/octene copolymer,
ethylene/hexene copolymer—ethylene/propylene copolymer—
afa—polypropylene,
) 10 ethylene/hexene copolymer—ethyleﬁe/propylene copolymer-

syn-polypropylene,
ethylene/hexene copolymer-ethylene/propylene copolymer-
propylene/butene copolymer,
ethylene/hexeﬁe copolymer-ethylene/propylene éopolymerh

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

20 gthylene/hexene copolymer-ethylene/butene copolymer-syn-
polypropylene,
ethylene/hexene copolymer—ethylene/butené copolymer-
propylene/butene copolymer,
ethylene/hexene copolymer—ethylene/butene copolymer -~

25 propylene/hexene copolymer,




20 et hyl ene/ hexene copol yner - HDPE- at a- pol ypropyl ene, ti et hyl ene/ hexene
copol yner - HDPE- syn- pol ypr opyl ene, et hyl 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

copol ynmer - LLDPE- et hyl ene/ oct ene copol yner, 25 et hyl ene/ hexene

copol yner - LLDPE- at a- pol ypropyl ene, 78 et hyl @9/ hexene

copol ynmer - LLDPE- syn- pol ypr opyl ene, et hyl ene/ hexene

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

copol yner - LLDPEgpK, h n capol yner t hyl ene/ hexene
copolyner-ethylgne?g%%%y 5#3%%6383ﬁ¥¥99%nﬁﬁﬂi?ﬁﬁ%ﬁﬁ%ﬁﬁ?%xﬁﬁﬂ%&%w?r—ata—
et hyl ene/ hexene r.- et hyl ene/ propyl ene copol yner- at a- pol ypr opyl ene,
10 ethylene/hexgﬁgggg%§§§§%$?ethyIene/propylene copol yner -

SY4. pol ypropyl en t hyl ene/ hexene copol yner - et hyl ene/ propyl ene copol yner -
propylene/buten8%gggspé%gﬁfegﬁhﬁﬂ&diﬂ%%ﬁ%ﬁ?Wﬁﬁﬁﬂ%ﬁﬁﬁtﬁﬁq“HQﬁﬂﬂxmﬁxw$Ene

copol yner- 15 prog%lene/ exene copol yner, ethyl ene/ hexene
copol yrer - et hyl BReYBuPBHe®E8pol yner - ~ et hyl ene/ oct ene copol ymer,

et hyl ene/ hexene copol yner - et hyl ene/ but ene copol yner - at a-
y %F ethB?e%e/hexen% copolymer—etg;léée/octene copolymer-

propylene/butene copolymer,

ethylene/hexene copolymer-ethylene/octene copolymér—
propylene/hexene.copolymer,

ethylene/hexeﬁe copolymer-ata-polypropylene-

10 ethylene/ocféne copolymer, |
egbylene/hexene éopolymer—ataupolypropylenemsyn—
polypropylene, | |
ethylene/hexene copdlymernata—polypropylene¥
propylene/butene copolymer,

15 ethylene/hexene copolymerféta—polypropylene—
propylene/hexene copolymer,
ethylene/hexene copolymer-syn-polypropylene-
ethylene/octene copolymer,
ethylene/hexene coﬁolfmer—syn—polypropylene—ata—

20 Qolyproleene,
ethyléne/hexene copolymer-syn-polypropylene~
propylene/butene copolymer,
ethylene/hexene copolymer-syn-polypropylene-
propylene/hexene copolymer,

25 ethylene/hexene copolymer-polypropylene/butene copolymer-



pol ypropyl ene, . 20 et hyl 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 ymer- propyl ene/ but ene copol yner, ethyl ene/ hexene

copol yner - et hyl ene/ but ene copol yner- 25 propyl ene/ hexene copol ymer, 79

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

et hyl ene/ hexene copol yner - et hyl ene/ oct enggcopol yner-sy n- pol ypropyl ene, -
5 et hyl ene/ hexene copol yner - et hyl ene/ oct ene copol ynmer propyl ene/ but ene
copol yner, ethyl ene/ hexene copol yner - et hyl ene/ oct ene copol yner -
propyl ene/ hexene_copol ymer, ethyl ene/ hexene copol yner - at a- pbl ypropyl ene- 10
ethylene/oct@ﬁBY&8B8V9ﬁ§PneeFﬁPPéH@ﬁﬁexene

copol yner - at a- onpro yl ene--syn- pol ypropyl ene, ethyl ene/ hexene

copol yner - - at& Mé??ﬁ/g yﬁﬁﬁeCOEP&W@B@H@PBNP@@@Y@@@@I#W@ﬁneu;0polymer-

et hyl ene/ hexene copol yner - at a- pol ypr opyl ene- propyl ene/ hexene copol yner,
et hyl ene/ hexehe-popsbyaprlepr,- pol ypropyl ene- et hyl ene/ oct ene copol yner,

ethylene/hexene copolymer-polypropylene/butene copolymer-—
5 syn-polypropylene,
ethylene/hexene copolymer-polypropylene/butene copolymer-
propylene/hexeneEcopolymer,
ethylene/hexene éoﬁolymer-polypropylene/hexene copolymer-
ethylene/octene copolymer,
10 ethylene/hexene copolymer-polypropylene/hexene copolymer-—
apq—polypropyleﬁe,
ethylene/hexene copolymer-polypropylene/hexene copolymer—
syn-polypropylene,
ethylene/hexene Copolymer-polypropylene/hexene copolymer-
16 propylene/butene copolymer,
ethylene/octene copolymer-polyethylene-ata-polypropylene,
éthylene/octene copolymer—polyethyleheusyn—polypropylene,
ethylene/octene copolymer-polyethylene-propylene/butene
copolymer, -
20 q}hylene/octene copolymer—pplyethylene—propylene/hexene
copolymer, |
ethylene/octene copolymer-HDPE—ata—pq;yppopylene,
ethylene/octene copolymer-HDPE-syn-polypropylene,
ethylene/octene copolymer-HDPE-propylene/butene copolymer,

25 ethylene/octene copolymer-HDPE-propylene/hexene copolymer,



et hyl ene/ hexene copol yner -syn-pol ypropyl ene-ata- 20 pol ypropyl ene,

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

et hyl ene/ hexene copol ymer -syn-pol ypropyl ene- propyl ene/ hexene copol yner, 25
et hyl ene/ hexene copol yner - pol ypr opyl ene/ but ene copol ynmer 80 et hyl ene/ oct ene
copol yner, ethyl ene/ hexene copol yner - pol ypr opyl ene/ but ene copol yner -

at a- pol ypr opyl ene, et hyl ene/ hexene copol y&®r - pol ypr opyl ene/ but ene

copol ymer- 5 'syn-pol ypropyl ene, ethyl ene/ hexene

copol yrer - pol ypr opyl ene/ but ene copol yner- propyl ene/ hexene%opol yner,

oL enel nexeay oDl VUEL 8ol Xocpyenet hesens qopgl e il enel oot ene

copol yner, 10 et ene/ hexene copofyner-po

at , a~- pol ypropyl ene, -ethyl ene/ hexene c mer - pol ypr opyl ene/ hexene

copol ymer - sy%g%%$§%?68§Péﬂ8,c8Pﬂ V@ﬁéfﬁgggﬁéSyn‘poxgproﬁyﬁenef

copol yrer - pol ypr opyl ene/ hexene copol yner- 15 propyl ene/ but ene copol yner,
ethylene/octé%gh%g%%? fiE ?58I98PH§V@ ETQPQPﬁﬁEﬁﬁgﬁﬁﬁpéﬁgPteéﬁhyIene/octene
copol yner - pol yet hyl ene-syn- pol ypropyl en. e, ethyl ene/oct ene
copolyner-pol%%?%iY%ﬁEtpropylene/butene )

5 ethylene/octene copolymer-LLDPE-propylene/hexene
copolymer,
ethylene/octene copolymermethylene/pfopylene copolymer-
atampolypropylené,
ethylene/octene copolymer-ethylene/propylene copolymer-
' ‘,10_ syn-polypropylene,

thylene/octene copolymer-ethylene/propylene copolymer-—
propylene/butene copolymer,
ethylene/octéne copolymer-ethylene/propylene copolymer-—
propylene/hexene copolymer,

15 ethylene/octene copolymer—ethylene/butene copolymer-ata-
polypropylense,

_ ethylene/octene copolymer-ethylene/butene copolymer-syn-

polypropylene,
ethylene/octene copolymer-ethylene/butene copolymer-

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

25 ethylene/octene copolymer-ethylene/hexene copolymer-syn-




copol ynmer, 20 ethyl ene/ octene copol yner - pol yet hyl ene- propyl ene/ hexene
copol yner, ethyl ene/ oct ene copol yner - HDPE- at a- pol ypi ~opyl 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 yner, 25 ethyl ene/ octene
copol yner - HDPE- pr opyl ene/ hexene copol yner, 81 et hyl ene/ oct ene
copol yner - LLDPE- at a- pol ypr opyl ene, ethyleng?octene
copol ynmer - LLDPE- syn- pol ypr opyl ene, et hyl enel oct ene
copol ymer - LLDPE- pr opyl ene/ but ene copol ynmer, 5 ethyl ene/ oct ene
copol yner - LLDPE- pr opyl ene/ hexene copol yner, ethyl ene/ octene
copol yner - et hyl BAéyprepyltene, copol yner - at a- pol ypropyl ene, et hyl ene/ oct ene
copol ynmer - et hyl ene/ propyl ene copol yner- f& syn-pol ypropyl ene,
et hyl ene/ oct enectbpdepmépceehyl enpbpryopyetbydepel/yimxenepopp lome/dut ene
copol yner, ethyl ene/ octene copol yner - et hyl ene/ propyl ene copol yner
propyl ene/ hexenproppokprébntébeethpbénebact ene copol yner - et hyl ene/ but ene
pol ypropyl ene, ethyl ene/ octene copol yner-et hyl ene/ butene pol ypr opyl ene,
ethylene/octene copolymer-ethylene/hexene copolymer-
5 propylene/hexene copolymer,
ethylene/octene copoiymer—ata=polypropylenewsyn—
polypropylene,
ethylene/octene copolymer-ata-polypropylene-
propylene/butene copolymer,
10 ethylene/octene copolymer-ata-polypropylene-—
p;ppylene/hexene copolymer,
ethylene/octene copolymer—-syn-polypropylene-ata-
polypropylene,
ethylene/octene copolymer-syn-polypropylene-
16 propylene/butene copolymer,
ethylene/octene copolymer—-syn-polypropylene-—
propylene/hexene copolymer, |
ethylene/octene copolymer-propylene/butene copolfmer—ata—
polypropylene,
20 %thylene/octene copolymer-propylene/butene copolymer-syn-
polypropylene,
ethylene/octene copolymer-propylene/butene copolymer-
propylene/hexene copolymer,

ethylene/octene copolymer-propylene/hexene copolymer-ata-

26 polypropylene,



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

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

copol yner - et hyl ene/ hexene copol yner-ata- pol ypropyl ene, 25 ethyl ene/ octene
copol yner - et hyl ene/ hexene copol yner-syn 82 pol ypropyl ene, ethyl ene/octene
copol yner - et hyl ene/ hexene copol yner- pro®§l ene/ but ene copol yner,

et hyl ene/ oct ene copol ymner - et hyl ene/ hexene copbl yner- 5 propyl ene/ hexene
copol yner, ethylene/octene copol yner - at a- pol ypr opyl ene-syn- pol ypropyl ene,

et hyl ene/ oct t ro ene- | ene/ but ene copol yner, 10
ct iyl one/ oot ehay E8REYYREREE, BoBBi YR oy eReLBraRYIERE Revenarediairer

et hyl ene/ oct ene. copol ynmer - syn- pol ypropyl ene- at a- pol ypropyl ene,
ethylene/octé g YROpBY yfBF: syn- pol ypropyl ene-

ethylene/octene copelymer~propylene/hexene copolymer-

propylene/butene copolymer,

ata-polypropylene—polyethylene—syn~polypropylene,
ata-polypropylene-polyethylene-propylene/butene copolymer,
ata-polypropylene-polyethylene-propylene/hexene copolymer,
ata-polypropylene-HDPE~syn-polypropylene,

' 10  ata-polypropylene-HDPE-propylene/butene copolymer,
ata-polypropylene-HDPE-propylene/hexene copolymer,
ata-polypropylene-ethylene/octene copolymer—-syn-
polypropylene,
ata—polypropyleneQéthylene/octene copolymer-

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

20 Qta-polypropylene-ethylene/propylene copolymer—
propylene/butene copolymer,
ata-polypropylene-ethylene/propylene copolymer-
propylene/hexene copolymer,
ata-polypropylene-ethylene/butene coéolymer—syn—

25 polypropylene,



15 propyl ene/ but ene copol yner, ethyl ene/ oct ene copol yner-syn- pol ypr opyl ene-
propyl ene/ hexene copol yner, ethyl ene/ octene copol yner - propyl ene/ but ene
copol ynmer - at a- pol ypropyl ene, 20 et hyl ene/ octene copol ymer - propyl ene/ but ene
copol ynmer-syn- pol ypropyl ene, ethyl ene/ octene copol yner- propyl ene/ but ene
copol yner- propyl ene/ hexene copol yner, ethyl ene/ octene

copol ymer - propyl ene/ hexene copol yner -ata- g% pol ypropyl ene, 83

et hyl ene/ octen' e copol yner-pro' pyl ene/ hexene copol yner -syn- pol ypropyl ene,
-et hyl ene/ oct ene copol yner - propyl ene/ hexene copol yner- propyl ene/ but ene

copol ynmer, at a- pol ypropyl ene- pol yet hyl ene- syn- pol ypr opyl ene,
ata-polyprop'y?gﬁépg%¥95?3¥*@%%éebe SreneyrbareneCEapBNGKer
at a- pol ypr opyl ene- pol yet hyl ene- pr opyl ene/ hexene copol yner,
at a- pol ypr opy| RHeR HEPES PRt 9of yeeBRyYRaE; 10 -
at a- pol ypr opyl ene- HDPE- pr opyl ene/ but ene copol yner,
at c~- pol ypr opyd eaer¢bPEr ppvpyhenet hekene/ bopehgneppolymer-
at a- pol ypr opyl ene- et hyl ene/ oct ene copol yner -syn- pol ypropyl ene,
at a- pol ypr opyl enery behyl lete¢net eppotppetyner - 15 propyi ene/ but ene
copol yner,
ata-polypropylene-ethylene/hexene copolymer-syn-
polypropylene,
ata—polypropyléne—ethylene/hexene copolymer-
‘propylene/butene copolymer,
ata-polypropylene-ethylene/hexene copolymer-

‘ 10 propylene/hexene copolymer,
ata-polypropylene-ethylene/octene copolymer—syn—.
'polypropylene,
ata-polypropylene-~ethylene/octene copolymer-
propylene/butene copolymer,

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

20 copolymer,
ata-polypropylene-propylene/butene copolymer-syn-
polypropylene,
ata-polypropylene-propylene/butene copolymer-

propylene/hexene copolymer,

25 ata-polypropylene-propylene/hexene copolymer-syn-



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

at a- pol ypr opyl ene- et hyl ene/ propyl ene copol yner-syn-
at a- pol ypr opyl ene- et hyl ene/ propyl ene copol yner -
at a- pol ypr opyl ene- et hyl ene/ propyl ene copol yner -
at a- pol ypr opyl ene- et hyl ene/ but ene copol yner -syn-

at a- pol ypropyl ene- et hyl ene/ but ene copol \8gr -
at a- pol ypr opyl ene- et hyl ene/ but ene copol yner -

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

ata-polyprog% ne- et hyl ene/ hexene copol yner -

at a- pol ypro

at 4- pol ypropyl ene-et hyl ene/ oct ene copol yner-syn-
[%% el SR ETRY Reeere pFelg L BARY but ene copol yner,

at a- pol ypro

propyl ene/ hexene copol yner,
pol ypropyl ene,
pr opyl ene/ but ene copol yner,
pr opyl ene/ hexene copol yner,
26 pol ypropyl ene,
pr opyl ene/ but ene copol yner,
propyl ene/ h- exene copol yner,
pol ypr opyl ene,
I pr opyl ene/ but ene copol yner,
7 ere- Bty T Ewe/ hexene copol ymer 10 propyl ene/ hexene copol yner,
pol ypr opyl ene,

- 15 ata-poly%gop | ene- et hyl ene/ oct ene copol yner -

ropylene/butene copolymer,

syn-polypropylene-polyethylene-propylene/butene copolymer,
5 syn-polypropylene-polyethylene-propylene/hexene copolymer,
syn-polypropylene-HDPE-propylene/butene copolymer,
‘syn-polypropylene-HDPE~propylene/hexene copolymer,
syn—polypropylené—LLDPE—propylene/butene copolymer,
syn-polypropylene-LLDPE-propylene/hexene copolymer,

10 syn-polypropylene-~ethylene/propylene copolymer-

pgqpylene/butene copolymer,

syn-polypropylene-ethylene/propylene copolymer—

propylene/hexene copolymer,
syn—po1ypropylene—ethylene/butene

15 propylene/butéﬁe copolymer,
syn-polypropylene-ethylene/butene
propylene/hexene copolymer,
syn-polypropylene-ethylene/hexene
propylene/butene copolymer,

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

25 propylene/hexene copolymer,

copolymer-

copolymer-

copolymer-

copolymer-

copolymer-~

copolymer-



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

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- propylene/butene copol ynmer-- propyl ene/ hexene copol yner,
25 at a- pol ypropyl ene- propyl ene/ hexene cop%%yner-syn 85 pol ypropyl ene,

at a- pol ypr opyl ene- propyl ene/ hexene copol yrrer- propyl ene/ but ene copol yner,
syn- pol ypr opyl ene- pol yet hyl ene- propyl ene/ but ehe copol yner, 5

syn- pol ypr opyl ene- pol yet hyl ene- propyl ene/ hexene copol yner,

syn- pol ypr opy|seife-R49EPR g5y

reed thutrenle oot yare— propylene /butene

. syn- pol ypr opyl ene- HDPE- pr opyl ene/ hexene copol yner,
syn- pol ypr opy @ I4eRE- pr opyl ene/ but ene copol yner,
syn- pol ypr opyl ene- LLDPE- pr opyl ene/ hexene copol yner, 10

syn- pol ypr opy|syme-pet iy e/ Jeopyd tene alopalopyeren g-mpyp ehel ditieaene opol ymer,

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

syn-polypropykﬁﬂﬁﬂgmhyhene[butene copol ymer 15 propyl ene/ but ene copol yner,

5

10

16

20

25

syn-polypropylene-propylene/butene copolymer-

propylene/hexene

copolymer,

syn-polypropylene-propylene/hexene copolymer-

propylene/butene
propylene/butene
copolymer,
propylene/butene
copolymer,
propylene/butene
copolymer,
propylene/butene
propylene/hexene

propylene/butene

‘ propylene/hexene

propylene/butene

propylene/hexene

-propylene/butene

propylene/hexene
propylene/butene
propylene/hexene

propylene/butene

copolymer,

copolymer-polyethylene-propylene/hexene
copolymer-HDPE-propylene/hexene
copolymer-LLDPE-propylene/hexene

copolymer—ethylene/propylene copolymer—
copolymer,

copolymer-ethylene/butene copolymer-
copoiymer,

copolymer-ethylene/hexene copolymer- .
copolymer,

copolymer-ethylene/octene copolymer-
copolymer,

copolymer-ata-polypropylene-

copolymer, and

copolymer-syn-polypropylene-



syn- pol ypropyl ene- et hyl ene/ but ene copol ynmer- propyl ene/ hexene copol yner,
syn- pol ypropyl ene- et hyl ene/ hexene copol yner- propyl ene/ but ene copol yner,
syn- pol ypropyl ene- et hyl ene/ hexene copol ynmer- propyl ene/ hexene copol yner,
syn- pol ypropyl ene- et hyl ene/ oct ene copol ynmer- propyl ene/ but ene copol yner,

20

syn- pol ypropyl ene- et hyl ene/ oct ene copol ymer 25 propyl ene/ hexene copol yner,

, 86 syn-pol ypropyl ene- at a- pol ypropyl ene-gyopyl ene/ but ene copol yner,
syn- pol ypr opyl ene- at a- pol ypr opyl ene- propyl ene/ hexene copol yner, 5

syn- pol ypr opyl ene- propyl ene/ but ene copol yner- propyl ene/ hexene copol yner,
syn-pol ypr opyl ene yl ene/ hexene_copol yner- propyl ene/ but ene copol yner,
propylene/but%ﬁ%pﬁgﬁﬁﬁﬁﬁéﬁebél98PH}V@ﬁé=propylene/hexene 10 copol yner,

pr opyl ene/ but ene copol yner - HDPE- pr opyl ene/ hexene copol yne
propyl ene/ but ene c® otgﬁée PLoPE- 9@@99Y@ﬁé$heR@nblCubpﬁﬂyngrefQEable

propyl ene/ but ene copol yner - et hyl ene/ propyl ene copol yner -
are

polyethylene-polypropylene,

5 polyethylene-ethylene/propylene copolymer,
polyethylene-ethylene/propylene copolymer-polypropylene,
pélyethylene—ethylene/propylene copolymer-LLDPE,
polyethylene—eth?lene/butene copolymer,
polyéthylene—ethylene/butene copolymer~LLDPE,

) 10 polypropylene-ethylene/propylene copolymer, and
pquéfhylene—LLDPE—HDPE, ﬁolyethylene—LLDPE.

The olefin block copolymer of the invention may be
bonded to otherrstructural parté within limits not
detrimental to the objects of the invention, with the

15 proviso that it has the above structure. The polymer of
" the invention may be a graft modified polymer.

The olefin copolymer can be favorably used for
various molding materials for films, sheets and blow
molded products, various additives such as

20 compatibilizing agent and modifier, coating materials and
adhesives. The use application will be described later.

The process for preparing the olefin block copolymer’
of the invention will be described later.
| The olefin block cbpolymer of the invention may have

256 a functional group at the terminal of the main chain.



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

copol yner - et hyl ene/ hexene copol yner-. 20 propyl ene/ hexene copol yner,
propyl ene/ but ene copol yner - et hyl ene/ oct ene copol yner- propyl ene/ hexene
copol ynmer, propyl ene/ but ene copol yner - at a- pol ypr opyl ene- propyl ene/ hexene
copol yner, and 25 propyl ene/ but ene copol ygger - syn- pol ypr opyl ene 87
propyl ene/ hexene copol yner. O these bl ock copol yners, particularly
preferable are polyethyl ene-pol ypropyl ene, 5

pol yet hyl ene- et hyl ene/ propyl ene copol ymer, pol yet hyl ene- et hyl ene/ propyl ene
copolyner-poﬂgﬁ?%by?%ﬁgg g%%lg%?%?f%%%ie%ﬁ??%ﬁe%%@bb?ﬁehbecﬁﬁmﬁygépupﬁDPE

pol yet hyl ene- et hyl ene/ but ene copol yner, pol yet hyl ene- et hyl ene/ but ene
copol ymer - LLBPE, ET0 ot Yinr&pyFeHee@t hyl ene/ propyl ene copol yner, and

pol yet hyl ene- LLDPE- HDPE, pol yet hyl ene- LLDPE. The ol efin bl ock copol yner of
the invention nay B¢ QﬁﬁéiﬂjQkPQkrRQPQﬁymﬂxLn&Ni@@rasfmhchi@nélngtSupot
detrinental to the objects of the invention, with the 15 proviso that it
has the abovétstthettigmuine bl thermain chain can be favorably used

S for various additives such as compatibilizing agerit and
modifier, coating materials and adhesives. The use
application will. be described later.

The process‘for preparing the olefin block copelymer
having a functional group at the terminal of the main
) 10 chain will be described later.
. Next, the process for preparing an olefin polymer
according to the invention is described.
The process for preparing an olefin pqumer
according to the invention uses an olefin polymerization
16 catalyst comprising the below-described transition metal
compound (A), preferably an olefin polymerization
catalyst comprising:
(A} the below-described transition metal compound,
and |
20 . (B) at least one compound selected from:
(B-1) an organometallic 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.



the invention may be a graft nodified polyner. The ol efin copolyner can be
favorably used for various nolding materials for filns, sheets and bl ow
nol ded products, various additives such as 20 conpatibilizing agent and
nodi fier, coating materjals and adhesives. The use application will be
described |l ater. The process for preparing the olefin block copol yner' of
the invention will be described later. Thggol efin bl ock copol yner of the
invention may have 25 a functional group at the termnal of the main
chain. 88 Exanples of the functional groups include the sanme groups as
previ ously descri Fd The ol efin bl ock copol ymer having a_functional group
at the terninal of %ﬁ%thnﬁ%FC%QWHP%%Bt%ef?év PEBLYIUERE Sledinvari ous

addi tives such as coppatibilizin agent and nodifier, coating materials
and adheS|vespo%ﬁﬁﬁﬂééat%%%l?%%%fﬁﬁ wiped be BBScinBeatignemreThe process
for preparing the olefin block copolymer having a functional group at the
term nal of t#RS#8iRedo chain will be described |ater. Next, the process
for preparing an ol efin polyner according to the invention is described.
The process for preparing afgfol Ekanspslipnemetadcaodipogno fhe i nvention
uses an olefin polynerization 15 catalyst conprising the bel ow descri bed
transiti of metal The transition metal compound {A) for use in the

invention is a compound which is represented by the
following formula (I)'and has properties that, in a B-
agostic structure of é cationic complex wherein X in the
formula (I) is replaced with a n-propyl group, said

10 structure being measured by a density functional method,
the distance (r value) between the heteroatom (Z}, which
has.no direct bond to the central metal M and is nearest
to the central metal M, and hydrogen at the P-position is
not more than 3.0 A and the elecﬁrostatic energy is not

15 more than 10 kJ/mol.

The "density functional method" means calculation
using a program ADF2000.01 (developed by SCM Co.
(Netherlands), obtained by making a license contract with
SCM Co. and then downloading the program from fhe home

20 page (html://www.scm.com) of SCM Co.) and using BLYP
method. As the basis function, a Slater type orbital
function is used. As for the structure, a function of
Triple zeta type is used for the central metal, and a
function of Double zeta type is used for other atoms,

25 however, in the electrostatic energy evaluation, a




conpound (A), preferably an olefin polynerization catalyst conprising: (A
t he bel ow described transition nmetal conpound, and 20 (B) at |east one
compound sel ected from (B-1) an organometal lic conpound, (B-2) an

or ganoal um num oxy-conpound, and (B-3) a conpound which reacts with the
transition nmetal conpound (A) to forman ion pair. 89 First, the conponents
for formng the olefin polynerization cagﬁiyst used in the invention are
described. (A) Transition nmetal conpound 5 The transition netal conpound
(A) for use in the invention is a conpound which is represented by the
following formula (1) and has properties that, in a agostic structure of a
cationi c conplienati@reiaf Xqupliehd tor e (ddded Wi o geb bt bz @t hepr opyl
group, said 10 structure being neasured by a density functional nethod,
tle distance (fungdlige) ilvetuseeh fidre digtear Gatamm ( ZThewhiagflis Fasoid o rect
bond to the central netal Mand is nearest to the central netal M and
hydrogen at t et pdsid ifor ithe rdihgiRr-dian ¢k 1A @bt her ef RSt s9st Ak
energy is not 15 nore than 10 kJ/nol _ The "density functional nethod"

" neans cal cul atsitemctusien @bt sameer Iy ABRZRA0 AL (devalnpedhy: SEM Co.

| 5 calculations other than the structural calculafion,
corrections of Pauli's relativistic potentials are made.
The "electrostatic energy" means an electrostatic energy
between hydrogen.at the PB-position and the nearest
‘heteroatom. More specifically, the electrostatic energy

10 is an interatomic‘electrostatic inferaction based on the
é%ectrohic state obtained by aésigning electrons obtained
by the complex calculation to those two atoms. The
electron referred to herein is each electron population
of s, p, d-orbitals of the two atoms obtained by the

15  complex calculation (single-point calculation in the B-
agostic optimum structure obtained after the structural
calculation).

LypMXp (I)
In the formula (I}, M is a transition metal_atom

l20 selected from Group 3 to Group 11 of the periodic table,
preferably a transition metal atom selected from Group 4
to Group 5, more preferably a transition metal atom of
Group 4, specifically titanium, zirconium or hafnium,
particularly preferably titanium.

25 m is an integer of 1 to 6.



(Net herl ands), obtained by naking a |license contract'wwth SCM Co. and then
downl oadi ng the program fromthe hone 20 gage (htm ://www. scm con) of SCM
Co.) and using BLYP nethod. As the basis function, a Slater type orbital
function is used. As for the structure, a function of Triple zeta type is
used for the central nmetal, and a function of Double zeta type is used for
ot her atons, 25 however, in the el ectrost @i c energy evaluation, a 90
function of Double Zeta type added with a polarization function is used
for other atons. The basis function is wused also for the single-point

cal cul ation of the_optinum, structure, obtained structural calculation.”
In 5 cal cul ati ons &t Hér & %@aﬂ"l‘fg Cﬁorjiﬁjétrlﬂ'tﬁéqgﬁ %leatqed'}ﬁra]cd?efte%]t i o RN 8
Pauli's relativistic potentials are nmade.. The "electrostatic energy" neans
an el ectrost atiSc @h Nife e el HEfoden atthd F bt | breshdPhe
nearest heteroatom More sapeci fically, the electrostatic energy 10 is an

i nteraton c ePEHFEATAN ol 4 Intrrigdy itGie e e Girh Heond et lomi eentra b

obt ai ned by assigning el ectrons obtained by the conplex calculation to
those two at oMetathd!- el ectron referred to herein is each €l ectron
popul ati-on of s, p, d,orbitals of the two atons obtained by the 15 conpl ex
cal cul ati o (si ngl Exgoipdtescalfcdlistansh ske tet@n(3-iragostd ¢ opti num structure
obtained after the structural calculation).

cyclopentadienyl skeleton, acetylacetonato skeleton,

phenoxy skeleton, amido skeleton, imldo skeleton and

ligand skeleton which forms the later-described

transition metal compound represented by the formula (II-

) 10 a), (II-b) or {(III).

‘ The ligand skeleton represented by the formula (Ii—
a) includes ligand skeleton of the formula (II-a) wherein
Rl is a hydrocarbon group and any one of R3 and R4 has
the later-described heteroatom or heteroatom-containing

15 group, namely, ligand skeleton wherein at least one of R1,
R3 and R4rhas the later-described heteroatom orx
hetercatom~containing group.

The ligand skeleton represented by the formula (II-

b) includes ligand skeleton of the formula (II-b) wherein

20 El is a hydrocarbon group and ény one of R®, R7, R8 ang
R has the later—aescribed heterocatom or heteroatom-
containing gfoup, namely, ligand skeleton wherein at

least one of Rl, R6, R7, R8 and RY has the later-

described heterocatom or heteroatom-containing group.




LmvMXn (I) In the fornula (1), Mis a transition netal atom 20 selected
fromGoup 3 to Goup 11 of the periodic table, preferably a transition
netal atom selected fromGoup 4 to Goup 5 nore preferably a transition
metal atomof Goup 4, specifically titanium zirconium or hafnium
particularly preferably titanium 25 mis an integer of 1 to 6. 91 L is a
| i gand coordi nated to the central netal Mg%ﬂd is an organic or inorganic
|l i gand havi ng at | east one heteroatom (Z)"which has no direct bond to the
central metal M 5 Exanples of |igand skeletons include cyclopentadi enyl
skel et on, acetyl acetonato skel eton, phenoxy skel eton, am do skel eton,

i m do skel et on and Thie dammdrsk el ketlert owhimdp fesrars: ¢chéoy atler -ThesorlidbetIiT )
transition nmetal conpound represented by the fornula (I1l1- 10 a), (I1-b) or
(1'11). The |i dandsles dtigrarrdepriesiartterd dify e fammida (111R)wheedlgdesl O

| i gand skeleton of the fornmula (l11-a) wherein Rl is a hydrocarbon group
and any one ofisRa andirftarason thedmtard daseried hatlel pagoiy wl3, rl4

het er oat om cont ai ni ng 15 group, nanely, |igand skel eton wherein at |east
one of Rl, R3rah&IR4 raas drhe 1latar-dasarithed hetefQat & &F heteroatom—

het er oat om cont ai ni ng gr oup. :

5 containing group, namely, ligand skeleton wherein at
least one of Rll, R12, R13, R4 and R15 has the later-
described heteroatom or heterocatom-containing group.

The heteroa#om is a nonmétal atom other than a
carbon atom and a hydrogen atom, and examples thereof
10 include atoms of halogen, nitrogen, oxygen, phesphorus,
sulfur and selenium.
n is a number satisfying a valence of M.
X-is an oxygen atom, a hydrogen atom,'a halogen atom,
a hydfocarbon group, an oxygen—containing group, a
15. sulfur-containing group, a nitrogen-containing group, a
boron-containing group, an aluminum-containing group, a
phosphorus-containing group, a halogen-containing group,
a heterocyclic compound residue, a silicon-containing
group, a germanium-containing group or a tin-containing
20 group. Plural groups indicated by X may be bonded to
form a fing.
When n is 2 or greater, plural groups indicated by X
may be the same or different,.

Examples of the halogen atoms include fluorine,

25 chlorine, bromine and iodine.



The |igand skel eton represented by the forrmula (I1- b) includes |igand
skel eton of the formula (11-b) wherein 20 R is a hydrocarbon group and
any one of R6, R7, R8 and 11 RO has the | ater-described heteroatom or

het eroat orn- containing group, nanely, |igand skel eton wherein at | east
one of R, R6, R7, R8 and RO has the | ater- described heteroatom or

het er oat om cont ai ni ng group. 92 The |igan83skel eton represented by the
formula (111) includes ligand skeleton of the fornula (111) wherein R10
is a hydrocarbon group and any one of R11, R12, R13, R14 and R15 has the

| at er - descri bed he atom containin u mel y

| i gand skel et on mhg?é@%& ﬁeas?‘Ee rPc %Oanfouﬁf3 rgﬁ'cghéﬂaﬂé-has t he

| at er- descri t er.gatom or roa n}contalnlng group. . The het er oat om
is a nonnetalgggoﬁgétﬁ tﬁgnmgtggﬁboﬁ Ydm BFEPY hy HSden &l and
exanpl es ther of hal oge ni trogen, oxygen,

phosphor us, 88F¥&r QﬁBy e|§ﬁ3&ﬁ¥ napg &lﬁ%ﬁﬁér §XGlsRlikg It 0B M
X is an oxygeE hﬂﬁ] a hédro en ato a hal ogen atom a hydrocarbon group,
an oxygen- cont8i RFn§2gPs ngs SYFhuASc SXCarRend Ydro@ycldhexyl,

ni t rogen- ntain# grou a boron-containing group, an

al um num ¢ont 3Ph ﬁgnﬁioéﬁd agamgRgd phopdseodit Aroupg grouwh a& vinyl,

hal ogen- contalnlng group,
propényl and cyclohexenyl; arylalkyl groups, such as

benzyl, phenylethyl and phenylpropyl; and aryl groups,
such as Phenyl,_éolyl, dimethylphenyl, trimethylphenyl,
ethylphenyl, propylphenyl, biphenyl, naphthyl,

10  methylnaphthyl, anthryl and phenanthryl. In the
hydrocarbon groups, halogenatéd hydrocarbons, such as
groups wherein at least one hydrogen is replaced with a
halogen in hydrocarbon groups of 1 to 20 carbon atoms,
are also included.

15 Thé oxygen-containing group is, for example, a group
containing 1 to 5 oxygen atoms, but the later—described
heterocyclic compound residue is not included in this
group. A group containing a nitrogen atom, a sulfur atom,
a phosphorus atom, a halogen atom or a silicon atom, said

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

25 arylalkoxy groups, such as phenylmethoxy and



a heterocyclic conpound residue, a silicon-containing group, a

ger mani um contai ning group or a tin-containing 20 group. Plural groups

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

plural groups indicated by X may be the sane or different. Exanples of the

hal ogen atons include fluorine, 25 chlorine, bromne and iodine. 93

Exanpl es of the hydrocarbon groups includ?4alkyl groups, such as nethyl,

et hyl, propyl, butyl, hexyl, octyl, nonyl, dodecyl and eicosyl; cycl oal kyl

groups of 3 to 30 carbon atonms, such as cyclopentyl, cyclohexyl, 5

nor bornyl and_adanmant|y; al kenyl groups, such as vinyl, propenyl and
5?9?§PE5PX§f035§¥0§M

cycl ohexenyl ; P cHTa8P/ hangycarpioam} ereyr -andhen
phenyl propyl; and aryl groups, such as phenyl, tolyl, dinethylphenyl,
tri met hyl phenf® CEYE§NpREAYRLNBREPFEPHENEPNLBIL pise Mpirbomaplioiy| thel. 0
met hyl napht hyl, anthryl and phenanthryl. In the hydrocarbon groups,
hal ogenat ed hydFBear B&nsarbaphagomsgisups wher eiange d®astuanky hydeogsm,i s
replaced with a hal ogen in hydrocarbon groups of 1 to 20 carbon atons,
are al so i nclbrefierablyhé bxygén-containing group is, for exanple, a group
containing 1 to 5 oxygen atons, but the | ater-described heterocyclic
conpound si due iBhaotul fiet tdedtainihgsgroup is, for example, a group
containing 1 to 5 sulfur atoms, but the later-described
heterocyclic compound residue is not included in this
group. Examples of the sulfur-containing groups include
sulfonato groups, such as methylsulfonato,

10 trifluromethanesulfonato, phenylsulfonato,
benzylsulfonato, p-toluenesulfonato,
trimethylbenzenesulfqnato, triisobutylbenzenesulfonato,
p—-chlorobenzenesulfonato and pentafluorobenzenesul fonato;

~sulfinato groups, such as methylsulfinato,

16 phenylsulfinato, benzylsulfinato, p-toluenesulfinato,
trimethylbenzenesulfinato and pentaflurobenzenesulfinato;’
alkylthio groups; and arylthio groups. When the sulfur-
containing group contains carbon atom, the number of
carbon atoms is in the range of usually 1 to 30,

20 Rreferably 1 to 20.

The nitrogen-containing group is a group containing
1 to 5 nitrogen atoms, but the later-described
heterocyclic compound residue is not included in this

group. Examples of the nitrogen-containing groups

25 include amino group; alkylamino groups, such as



group. A group containing a nitrogen atom a sulfur atom a phosphorus
atom a halogen atomor a silicon atom said 20 atom being directly bonded
to the oxygen atom is not included either. Exanples of the
oxygen-cont ai ni.ng . groups include hydroxyl group; al koxy groups, such as
met hoxy, ethoxy, propoxy and butoxy; aryloxy groups, such as phenoxy,
met hyl phenoxy, di met hyl phenoxy and napht hgygy; 25 aryl al koxy groups, such as
phenyl met hoxy and 94 phenyl et hoxy; acetoxy group; and carbonyl group. Wen
t he oxygen-contai ni ng group contains carbon atom the nunber of carbon
atoms is in the range of usually 1 to 30, preferably 1 to 20. 5 The
sul fur - cont ai MY s, It hesdamine . £ipdupl anbme ai dlpgenytansnsul fur
atons, but the |ater-described heterocyclic conpound residue is not
i ncl uded in t @ GG Y IBEEms esistyalmh et Faminont andi agy baoims oncl ude
sul fonat o groups, such as nethyl sul fonato, 10 trifl uromethanesul fonat o,
phenyl sul f onatédky Uselv2aping fomates, psuch uesepbkhglatméno, diphenylamino,
trimet hyl benzenesul fonato, triisobutyl benzenesul fonato,
p- chl or obenzewédw fydrationcan dl ipentheafH ucmaben zene sud f lopas 0 ny Bathfhdat o
- groups, such as nethylsulfinato, 15 phenyl sul finato, benzyl sul finato,
p-t ol uenesll fi nat o Thet korenhRyideenrderiesuldioial 4 gndfor example, a grou$%

en

pent af | urobenzenesul finato;' alkylthio groups; and arylthi o groups.
the sulfur- containing 1 to 5 boron atoms, but the later-described
- heterocyclic Eompound residue is not included in this‘
group. An example of the boron-containing group is BRyg
(R is hydrogen, an alkyl group, an aryl group which may
10 have a substi;uent, a halogen atom or the like).
v+ The aluminum-containing group is, for éxample, a
group containing 1 to 5 aluminum atoms. An example of
the aluminum-containing group is AlRa (R is hydrogen, an
alkyl group, an aryl group which may have a substituent,
16 a halogen atom or the like).

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

20 qroups include trialkylphosphine groups, such as
trimethylphosphine, tributylphosphine and
tricyélohexylphosphine; triarylphosphine groups, such as
tripheylphosphine and tritolylphosphine; phosphite groups

(phosphido groups), such as methylphosphite,



cont ai ni ng group contains carbon atom the nunber of carbon atons is in
the range of usually 1 to 30, 20 preferably 1 to 20. The
nitrogen-containing group is a group containing 1 to 5 nitrogen atons, but
the | ater-described heterocyclic conmpound residue is not included in this
group. Exanples of the nitrogen-containing groups 25 include am no group;
al kyl am no groups, such as 95 net hyl am noggdi net hyl am no, di et hyl am no,

di propyl am no and di butyl am no, dicycl ohexyl am no; and aryl am no or

al kyl aryl am no groups, such as phenyl am no, diphenylamn o, ditolylamnm no,
di napht hyl am n agd met hyl phenyl am no. 5 The boron-containing group is, for
exanpl e, a'grSEBY PBRERMALRg 211G phENYPERSRIGHE, BloSHhenist ecidescri bed
heterocyclic conpound residue is not included in this group. An exanple of
t he bor on- conf&PHPRgagFoBposehBRIC ackdi grhygr-ogen, an al kyl group, an aryl
group which may 10 have a substituent, a halogen atomor the like). The

al um num cont ai ni n§xgMBdpsi of tbe branpker-cantgiodpgcombapsi ngelude 5

al um num atons, An exanple of the alum numcontaining group is ALR4 (R is
hydrogen, an TaPRYLNGrEGpLaaniagynrgipep whichhasayFlsawedabsubstituent, 15
a halogen§?t0n1or the |ike). The phosphorus-containing group is, for

exanpl e, gFBlpréBaTaPRtAGNiNE0g5Ophes pauchs aat 6404 butl Shellkat end

iodine—containing groups, such as I04.

Examples of. the ﬁeterocyclic compound residues
include residues;of nitrogen~containing groups such as
pyrrole; pyridine, pyrimidine, gquinoline and triazine;

' 10 residues of oxygen-containing groups such as furan and
pyran; ;esidues of sulfur-containing groups such as
thiophene; and groups wherein these heterocyclic compound
residues are further substituted with substituents such
as alkyl groups of 1 to 30 carbon atoms, preferably 1 to

15 20 carbon atoms, or alkoxy groups.

The silicon-containing group is, for example, a
group containing 1 to 5 silicon atoms. Examples of the
silipon-cpntéining groups include hydrocarbon-substituted
silyl groups, such as phenylsilyl, diphenylsilyl,

20 Erimethylsilyl, triethylsilyl, tripropylsilyl,
tricyclohexylsilyl, triphenylsilyl, methyldiphenylsilyl,
tritolylsilyl and trinaphthylsilyl; hydrocarbon-
substituted silyl ether groups, such as trimethylsilyl
ether; silicon-substituted alkyl groups, such as

25 trimethylsilylmethyl; and silicon-substituted aryl groups,



descri bed heterocyclic conpound residue is not included in this group.
Exanpl es of the phosphorus-containing 20 groups include triaokyl phosphine
groups, such as trimethyl phosphine, tritutyl phosphi ne and
tricycl ohexyl phosphi ne; triaryl phosphi ne groups, such as tripheyl phosphine
and tritolyl phosphi ne; phosphite groups (phosphido groups), such as
met hyl phosphite, 96 ethyl phosphite and plkgnyl phosphite; phosphonic acid
group; and phosphinic acid group. Exanples of the hal ogen-containing groups
i nclude fluorine-containing groups, such as PF6 and BF4;
chl ori ne-cont ai ing groups ugﬂ as Cl104 and SbCl6; and i odi ne-containing
groups, suchSH§M182. TEAERbPYL SIL vilkdematler ohEPI ENGoRpdinenresi dues
i nclude residues of nitrogen-containing groups such as pyrrolei pyridine,
pyrimi di ne, GAPRBENABIaAEORPI £ e1nE0 Geadicdued o, dBhygyenidesit adhi ng gr oups
such as furan and py:pn; residues of sulfur-containing groups such as
t hi ophene; aﬁarBPBUE¥OWﬁeﬁéiAntﬁé@%Iﬁ@ﬂﬁ#@@yﬂﬂuﬁkimnﬁnnnjBGﬁsidues are
further substituted with substituents such as al kyl groups of 1 to 30
carbon at onsPrpferaball y tot 8015 20 carbon. atons, or al koxy groups. The
silicon-containing group is-, for exanple, a group containing | to 5
silicon & onms. ExBrphesesfofhéhespkiroeniaonricaintiaio igieupsupic|iutel ude
hydr ocar bon-substituted

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-
) 40 mentioned silicon-containing groups.
As the transition mefal compound {A) for use in the
invention, a compound represented by the following

formula (II-a) or (II—b) is available.

15

... (II-a)

20 yherein N-—-M1 generally means that they are coordinated
to each other, but in the present invention they are not
always coordinated.

In the formula (II-a), Ml is a transition metal atom
selected from Group 3 to Group 11 of the periodic table,

25 preferably a transition metal atom of Group 4 to Group 5,



silyl groups, such as phenylsilyl, diphenylsilyl, 20 trimethylsilyl,
triethylsilyl, tripropylsilyl, tricyclohexylsilyl, triphenylsilyl,

nmet hyl di phenylsilyl, tritolylsilyl and trinaphthylsilyl; hydrocarbon-
substituted silyl ether groups, such as trinethylsilyl ether;
silicon-substituted al kyl groups, such as 25 trinethylsilylnmethyl; and
silicon-substituted aryl groups, 97 such aggtrinethylsilylphenyl. Wen the
silicon- containing group contains carbon a?onl t he nunber of carbon atons
is in the range of usually 1 to 30, preferably 1 to 20. 5 Exanples of the
gernaniun}containin%égroups I nclude groups wherein silicon is replaced

wi t h ger mani unPPRCtRéCadpyyElientiunedigicondmm, c dvtfaiinimg vgmauisim, Exanpl es
of the tin-containing groups include groups wherein silicon is replaced
with tin in thelabsve, 10aptalioned $hei ddmesomoaieniorg fgneils. aAs t he
transition netal conpound (A) for use in the invention, a conpound
represented bytrapsfolipownagafortrohactl Granpon (sl fisaavai kakl=e ik, R
(R3=; MLXn R4 m 20 mherein N---ML generally means that they are coordi nated
zirconium or hafnium, still more preferably titanium.
5 Q is a nitrogen atom or a carbon atom having a
substituent R2Z (—C(R2)=).
| A is an oxygen atom, a sulfur atom, a selenium atom
or g nitrogen atém having a substituent R® (-N(R5)—).
R? is a hydrocarbon group having at least one
b 10 heterocatom or a hydiocarbon group having at least one
h@tefoatommcbntaining group. Examples of the heteroatoms
includé atoms of halogen, nitrogen, oxygen, phosphorus,
sulfur and selenium. The hetercatom-containing group is
& group containing a nonmetal atom other than a carbon
15 atom and a hydrogen atom, and examples thereof include an
oxygen-containing group, a nitrogen-containing group, a
sulfur-containing group, a phosphorus—coﬂtaining group, a
halogen atem-containing group and a heterocyclic compound
residue. Examples of the oxygen-containing groups, the
20 Qitrogen~containing groups, the sulfur-containing groups,
the phosphorus-containing groups and the heterocyclic
compound residues include the same groups as previously
described with respect to X in the formula (I). Examples

of the halogen-containing greoups include groups wherein

25 at least one hydrogen is replaced with halogen in the



to each other, but in the present invention they are not al ways
coordinated. In the fornmula (Il1--a), ML is a transition netal atom
selected fromGoup 3 to Goup 11 of the periodic table, 25 preferably a
transition metal atomof Goup 4 to Goup 5, 98 specifically titanium
zirconium hafnium vanadium niobium tantalumor the |like, nore
preferably a transition netal atomof @G@up 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 a sulf t a_sel eni.um at or,.a nitrogen atom having a
substit uent #gd?9§€¥g?p)grg$ppsog ﬁghPoégrﬁaﬁhﬁpoﬁﬁoﬁﬁviﬁﬁ@é?QQﬁ%M bne 10
heteroaton1q€ a ydrogarbon %roup havi ng at | east one
het er oat om cbt &Y nFAGPGRoB oM Ex afPFRsa8f 2L k¥ Lharer®st dee 9 -i-ndleidw lat ons of
hal ogen, nitrﬁgef, oxygen, Bhos horus, sulfur and sel enium The
het er oat om cON 4 ni REPHY bupPrEyla Bestp, cort¥ilni ANy lnosiesiealy lateard ot her
than a carbon 15 atom and a. hydrogen atom and exanpl es thereof include an
oxygen- cont & hFAYY §t oupychonl kv dgercupat aifnisndg agrifupsazbors i ems coat gi.ni ng
group, a,_phosphorus-containing group, a halogen atom containing group and
" a het er o®ycl FYCkompotvid, ¢BeiduexyExanpriesroflt hedorygeantdyai ni ng groups,
the 20 nitrogen-containing groups, the sul fur-containing groups,

alkenyl groups (e.g., vinyl, propenyl and cyclohexenyl),

' arylalkyl groups: (e.g., benzyl, phenylethyl and

phenylpropyl) and aryl groups (e.g., phenyl, tolyl,

dimethylphenyl, trimethylphenyl, ethylphenyl,
' 10 propylphenyl, biphenylyl, naphthyl, methylnaphthyl,

~anthryl and phenanthryl). Specific examples of such

groups include trifluoromethylr‘perfluoroethyl,

pentafluorophenyl, perfluorchexyl, trichloromethyl,

perchloroethyl, pentachlorophenyl and perchlorohexyl.

15 Rl is preferably a halogen atom-containing
hydrocarbon group of 1 to 30 carbon atoms, particularly
preferably a fluorine-containing hydrocarbon group of 1
to 30 carbon atoms.

Specifically, Rl is trifluromethyl, perfluorocethyl,

20 Qerfluoropropyl, perfluorobutyl, perfluoropentyl,
perfluorohexyl, perfluoroheptyl, perflucrooctyl,
perfluorodecyl, 1H,lH-perfluoropropyl, 1H,1H-
perfluorobutyl, 1H,1lH-perfluoropentyl, 1H,1lH-
perfluorohexyl, 1H,1H-perfluorcheptyl, 1H,1H-

25 perfluorooctyl, 1H, 1H-perfluorodecyl, perfluorocyclohexyl,



t he phosphorus-contai ning groups and the heterocyclic conpound residues
i nclude the sanme groups as previously described with respect to Xin the
formula (1) . Exanples of the hal ogen-containing groups include groups
wherein 25 at | east .one.hydrogen is replaced with halogen in the 99

hydr ocar bon groups of 1 to 30 carbon atons, preferably I to 20 carbon
atons, such as al kyl groups (e.g., nethyl400ethyl, propyl, butyl, hexyl,
octyl, nonyl, dodecyl and eicosyl), cycloal kyl groups of 3 to 30 carbon
atons (e.g. 5 cyclopentyl, cyclohexyl, norbornyl and adamantly), al kenyl

groups (e.g., ;o RLoRenyl  and cycl.ohexen %, aryl al kyl groups,.(e.qg.,
benzyl , phenyleﬁ%&ucg%gmggﬁéﬁ9T%fgﬁéW%’a 13¥ 1§68 %m?Egﬁl?cﬁﬁgﬁbﬁﬁyl,
tolyl, dinethyl.phenyl, tri hyl phenyl , et hyl phenyl, 10 propyl phenyl,
bi phenyl yl , n&%ﬁ&%%O%tWﬁﬁébﬁfﬁﬂy,ﬁOQWr%l MNP IeFamtenY),.  Speci fi ¢
exanpl es of sug 1.3.0ups iﬁplude trifluoronethyl,. perfluoroethyl,
pent af | uor oph&y T UOFEFERS o h &AL L Yoropheaydnettipfra £ vomsiphengdthy| |
pentachlorophen%l and perfhlorohexyl. 15 Rl is preferably a hal ogen
at om cont ai ni R§TtRYdHECLPHER Ygr o U Taff Lrorened hyds rem tatfdwe,ropdwetriydyl ar | y
preferably_ a fluqgrine-containing hydrocarbon group of I to 30 carbon
at oms. Speti f i(E&RIYuoRemes hvd) il woawishieply L , p&hilfloraeteyhy 1p2@ny L,
perfluoroprop%L, perfl uorobutyl, perfluoropentyl,
is(trifluocromethyl)phenyl, tris(trifluoromethyl)phenyl,
tetrakis (trifluoromethyl)phenyl,
pentakis (trifluoromethyl)phenyl, perfluoroethylphenyl,
bis (perflucroethyl)phenyl, perfluoropropylphenyl,

' 10 perfluorobutylphenyl, perfluoropentylphenyl,
pg;fluorohexylphenyl, bis (perfluorohexyl)phenyl,
perfluoronaphthyl, perfluorophenanthryl, perfluorocanthryl,
(trifluoromethyl)tetrafluorophenyl or the like.

RZ to RS may be the same or different and are each a

15 hydrogen atom; a halogen atom, a hydrocarbon group, a
hydrocarbon-substituted silyl group, an oxygen-containing
group, a nitrogen-containing group, a sulfur-containing
group, a boron-containing group, an aluminum-containing
group, a phosphorus-containing group, a halogen-

20 Eontaining group, a heterocyclic compound residue, a
silicon-containing group, a germanium~-containing group or
a tin-containing group. Two or more of R2 to RS may be
bonded to form a ring.

Examples of the boron-containing groups, the

25 aluminum-containing groups, the phosphorus-containing



per fl uorohexyl, perfluoroheptyl, perfluorooctyl, perfluorodecyl,

1H, 1H perfl uoropropyl, 1H 1H perfluorobutyl, 1H 1H perfluoropentyl, 1H, 1H
per fl uorohexyl, 1H, 1H perfl uoroheptyl, 1H, 1H 25 perfl uorooctyl,

1H, 1H perfl uorodecyl, perfluorocycl ohexyl, r 100 trifl uoronethyl cycl ohexyl,
bis(trifluoromethyl)cycl ohexyl, trifIuorgnethylfluorocyclohexyl,
nonof | uor ophenyl, difl uorophenyl, trifld ?ophenyl, tetrafl uorophenyl,

pent af | uor ophenyl, (trifluoronethyl)pentafl uorophenyl, 5
(trifluoromethyl)fluorophenyl, trifluoromnethyl phenyl,

bi s(trifl uor GFEMPA,) pitenylaldgers{dar tfd Lolmgred hyhphepdl, heterocyel ic
tetrakis(trifluoronethyl)phenyl, pentakis(trifluoronethyl)phenyl,

per f | uor oet hyoptremyld rdﬁﬂdqyyjIﬂHH(HﬂIm&aﬂﬂEgH%aiﬁfﬁ%I§ﬁ59€%0p¥hghenylk 10
perfl uorobutyl phenyl, perfluoropentyl phenyl, pT: Vfl uorohexyl phényl ,

biS(perf-|UOQ@hﬁmWﬁﬁﬂhemﬂbaid%ﬁd|d£HU§EﬂHH&UﬂheF%ﬁnic$ye%%§fﬁgﬁgggr|,

perfluoroanthryl, (trifluoronmethyl)tetrafluorophenyl or Sto RS

may be the saneieateid her @@t taneksare Lagh -hydrogen atom', a-hal ogen
atom a hydrocarbon group, a_hydroéérbon-sﬁ%§%5¥ﬁg%d5gl B¥ YFoup, an .

o a1 e ot A S L AL 0L PPy, RS Fhb i L "
phosphor us- cont ai AkARHYEQURF @heahggggen—éontaining groups indicated
by R2 to RO inc%ude the same groups as previously
described with réspect to Rl in the formula (II—a)..
Examples of the hydrocarbon‘grbups indicated by RZ2

10  to R® include those of 1 to 30 carbon atoms.
Specifically, there can be mentioned straight-chain or
béanched alkyl groups of 1 to 30 carbon atéms, preferably
'l to 20 carbon atoms, such as methyl, ethyl, n-propyl,
isopropyl, n-butyi, isoﬁutyl, séCHbutyl, tert-butyl,

15 neopentyl and n-hexyl; straight-chain or branched alkenyl
groups of 2 to 30 carbon atoms, preferébly 2 to 20 carbon
atoms, such as vinyl, allyl aﬁd isopropenyl; straight-
chain or branched alkynyl groups of 2 to 30 carbon atoms,
preferably 2 to 20 carbon atom, such as ethynyl and

20 propargyl; cyclic saturated hydrocarbon groups of 3 to 30
éérbon a;oms, preferably 3 to 20 carbon atoms, such as
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
adamantyl; cyclic unsaturated hydrocarbon groups of 5 to

30 carbon atoms, such as cyclopentadienyl, indenyl and

25 fluorenyl; aryl groups of 6 to 30 carbon atoms,



20 containing group, a heterocyclic conpound residue, a N
silicon-containing group, a gernmaniumcontaining group or a tin-containing
group. Two or nore of R2 to R5 may be bonded to forma ring. Exanples of

t he boron-containing groups, the 26 al um num containi ng groups, the
phosphor us-cont ai ni ng 101 groups, the hal ogen-containing groups, the

het erocyclic conpound residues, the silicdi containing groups, the

ger mani um cont ai ni ng groups and the tin-containing groups indicated by R2
to R5 include the sanme groups_ as 5 previously described with respect to X

in the fornulap&bxerﬁbqqp@e%oobotQ%rgghog%ghﬁgnﬁﬁkﬁi% egﬁ&#ﬁﬁﬁigg%gggffo E{

R2 to R5 include the sanme groups as previous escCri

in the formul anGbhral, E&?ﬂ?g?ggqf t %Rgég%ﬁgitb% e %%%@%Whggkgﬁéfg EgnRﬁe

10 to RS include those o ¢arbo
rentoned, <L abgbiohsl ey o AACIed SUkYL Brouss ol L Lo 30 carbon st
S hexy ) trai SRE-BRSPABPCBY AncheRU S IKEHFTY tgr Hufost by 1pPeY30 bt B ¢ -
atons, prefgeraply, 2,1g,20 carbon
The above-mentioned hydrocarbon groups may be
substituted withzother hydrocarbon groups, and examples
of such groups include alkyl groups substituted with aryl
groups such as benzyl and cumyl.
10 Examples'of thg hydrocarbon-substituted silyl groups
indicated by R? to RS include those of 1 to 30 carbon
atoms. Speéifically, there can Be mentioned methylsilyl,
dimethylsilyl, trimethylsilyl, ethylsilyl, diethylsilyl,
triethylsilyl, diphenylmethylsilyl, triphenylsilyl,
15 diﬁethylphenylsilyl, dimethyl-t-butylsilyl and
dimethyl(pentafluorophényl)silyl. Of these, preferable
‘are methylsilyl, dimethylsilyl, trimethylsilyl,
ethylsilyl, diethylsilyl, triethylsilyl,
dimethylphenylsilyl and triphenylsilyl. Particularly
20 preferable are trimethylsilyl, triethylsilyl,
gfiphenylsilyl and dimethylphenylsilyl.
Examples of the oxygen-containing groups indicated

by R2 to RS include the same groups as previously

described with respect to X in the formula (I).



atons, such as vinyl, allyl and isopropenyl; straight- chain or branched

al kynyl groups of 2 to 30 carbon atons, preferably 2 to 20 carbon atom
such as ethynyl and 20 propargyl; cyclic saturated hydrocarbon groups of 3
to 30 carbon atons, preferably 3 to 20 carbon atons, such as cyclopropyl,
cycl obutyl, cyclopentyl, cyclohexyl and qganantyl; cyclic unsaturated

hydr ocar bon groups of 5 to 30 carbon at% such as cycl opent adi enyl

i ndenyl and 25 fluorenyl; aryl groups of 6 to 30 carbon atons, 102
preferably 6 to 20 carbon atons, such as phenyl, benzyl, naphthyl,

bi phenyl yl, ter ph&FPMpHLespledh driten myilt rarbn -andrdtrad i e oy ad deyvd - Sypst i £ uged
aryl groups, such as talyl, iso-propyl phenyl, t-butyl phenyl,

di met hyl phenl & dt@iR%-ﬂﬁdhm#ﬂﬂh&nﬁaméﬂgrdﬂpguggﬁﬁgé§ggﬁg dr ocar bon
groups may be substituted with other hydrocarbon groups, and exanpl es of
such groups ﬁﬁ@pﬁdéedlWﬁthgm@w@@cﬂﬂﬁdb¢ukeiﬁgtﬂbgﬁdﬂa gFoups such as
benzyl and cunyl. 10 Exanpl es of the hydrocarbon-substituted silyl groups

i ndi cated by R2 tBxRapilsel uvdethbosgief,rly tons. ..Speci fically,
t here ca;n"aI be rren%i oned§rret hyl silyl, di m%ﬁ}%&ﬁ?ﬁja}ﬂ%@t@qdﬁ %e,é

et hyl silyl, dieRAytsi Ryl inclitidet hpkeSiskWe, Ldi | et hyl.si |

triphenylsilyl, 15 di nethyl phenyl si | 5’|a)ﬁ di neoﬁ%%r}étﬁurh%ﬁlsoﬂ%liy and di met hyl
(pent afl uorepbenybiai kykn ggsbgg§etdp&eggr%%%eformula (1)

RZ to §5 ar? each preferably a hydrogen atom, a
halogen atom, a hydrocarbon group, a hydrocarbon-
substituted silyl group, én oxygen—cohtaining group, a

) 10 nitrogen-containing group, .a sﬁlfur—containing group or a
halogen-containing group, more preferably a hydrogen atom,
,a‘halogen atom, a hydrocarbon group, a hydrocarbon-
substituted silyl group or a halogen-containing group.

Examples of the halogen atoms and the halogen-

15 containing groups indigated by RZ2 to RY include the‘same
atoms and groups as previously described with respect to
Rl in the formula (II-a).

n is a number satisfying a valence of M1,
specifically an integer of 2 to 4, preferably 2.

20 X 1s an oxygen atom, a hydrogen atom, a halogen atom,
a\hydrocarbon group, an oxygen-containing group, a
sulfur-containing group, a nitrogen~containing group, a
boron-containing group, an aluminum-containing group, a
phosphorus—containing group, a halogen-containing group,

25 a heterocyclic compound residue, a silicon-containing



are nethylsilyl, dinmethylsilyl, trimethylsilyl, ethylsilyl, diethylsilyl,
triethylsilyl, dinmethyl phenylsilyl and triphenylsilyl. Particularly 20
preferable are trinethylsilyl, triethylsilyl, triphenylsilyl and

di et hyl phenyl silyl . Exanpl es of the oxygen-containing groups indicated by
R2 to R5 include the sanme groups as previously described with respect to X
inthe formula (1). 103 Exanples of the ni@4ogen-contai ning groups
indicated by R2 to R5 include the same groups as previously described
with respect to Xin the fornula (1). Exanples of the sulfur-containing
groups indica up by RS e .t ame groups,_as previously
descri bed wi ttr?e:(rj)esl:gect gf[%(?)rrﬁ)?‘?nilﬁﬁnt h%e(;a(rj%u rzl;be(qs CURF R déjlf\%lré_r‘go%%ﬁzhnl“g

preferably a en al n_atom _a hydrocarhon group, a
hydr ocar bon- E%ﬁ@??tquégg?F§|°gr8§%% 5§°8§y689-é&ﬁ?&ﬁnﬁﬁgl@ﬂ@uﬁkwa 10

ni trogen- cont QiR UR,. . ul fur-containi ng group or a i
hal ogen- cont ai ﬁ?{ng%écrg%n%p%nﬁ'ﬁrgzmﬁp& & ab’ Vd Wrdrnogisis dtidiRd Wit hal ogen

atom a hydrocar gr.oup, .a hydracarbqgn- substituted silyl group or a
haIogen-conta?%ﬁ?%%ﬁr5ﬁp% l@x&%ﬁl%QrHPlﬁhéIHalogen atons and the hal ogen 15
cont ai ni ng; gr oups hgdicated By R2 to R5 include the sane atons and groups
as previously describ8d™withr 8p8&eatgr, 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

.. (II-b)

whereinN———M1 generally means that they are coordinated
156 to each other, but in the prgsent invention they are not
alwéys coordinated.

In the formula (II-b), Ml is a transition metal atom
selected from Group 3 to Group 11 of the periodic table,
preferably a transition metal atom of Group 4 to Group 5,

20 specifically titanium, zirconium, hafnium, vanadium,
ﬁiobium, tantalum or the like, more preferably a
transition metal atom of Group 4, specifically titanium,
zirconium or hafnium, still more preferably titanium.

m is an integer of 1 to 5, preferably 2 to 4, more

25 preferably 2.



Rl in the formula (Il1-a). nis a nunber satisfying a valence 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, an oxygen-contai ni ng
group, a sulfur-containing group, a nitrogen-containing group, a

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

phosphor us-cont ai ni ng group, a halogen-coﬁl ning group, 25 a heterocyclic
conpound residue, a silicon-containing 104 group, a germani untcontai ni ng
group or a tin-containing group. Exanples of such atons and groups include

the sane atons andAgﬁQuasnaﬁrgggﬁig@%hycge%prﬂggﬁﬁggdg ect to Xin
the formula (1). 5 Wen nis 20rgﬂeMer,plgalgrmms%nleedtw X

may be the same oryditfar %@}rbo%?%t%vrr?alv%{d)%sswg"cfg}xfgtb#ﬁ@ﬁg@ﬁ"mw

bonded to forma ring. ...(II- wher el n --ML gener y nmean

are coordi nated niprbgefagRoft BEN 4 %&ng?F%%%)%&%%Ent invention they are

not always coordinatéd. In the for is atransition neta
atom sel ected from GLoyp G 1 of the riodic table, referably
a transition ne;aI@;tonlofééﬁgﬁpéﬁ%§b¥ﬁyﬁﬁﬁgg? §€b§5%%???2a3?y(f$ﬂ529ﬁﬁp
1 con um S0l i r¥g0AdkEGk ol QPRHELCHANA! WP, the tike, more

S is a carbon atom having a substituent RS (-C(R8y=),
a nitrogen atom or a phosphorus atom.

T is a carboh atom having a substituent R9 (—C(R9)=),
a nitrogen atom or a phosphorus atom.

. 10 Rl is a hydrocarbon group having one or more
hetercatoms or a hydrocarbon group having one or more
hééeroatom~containing groups, and has the same meaning as
that of R! in the formula (II-a).

R® to RY may be the same or different and are each a

15 hydrogen atom, a halogeén atom, a hydrocarbon group, a
hydroéafbon—substituted silyl group, an oxygen-containing
group, a nitrogen-containing group, a sulfur-containing
group, a boron-containing group, an aluminum-containing
group, a phosphorus-containing group, a halogen-

20 containing group, a heterocyclic compound residue, a
gilicon—containing group, a germanium-containing group or
a tin-containing group. Examples of the hydrocarbon
groups and the hydrocarbon-substituted silyl groups

. include the same groups as previously described with

25 respect to RZ to R® in the formula (II-a). Examples of



transition nmetal atomof G oup 4, specifically titanium zirconium or
hafnium still nore preferably titanium mis an integer of 1 to 5,
preferably 2 to 4, nore 25 preferably 2. 105 Ais a nitrogen atomor a
phosphorus atom U is a carbon atom having a substituent R6 (-C(R6)=), a
nitrogen atom or a phosphorus atom Qis a carbon atom having a substituent
R7 (-C(R7)=), 5 a nitrogen atomor a phosplp® us atom S is a carbon atom
having a substituent R8 (-C(R8)=), a nitrogen atomor a phosphorus atom T
is a carbon atom having "a substituent RO (-C(R9)-), a nitrogen atomor a

et or oat oms or 5 hydr 62T bog §PH b HaUr AUPane BF Ruféoen containing

the formia (115950 B FBE RS 1A} 5eStHaTE4RE GrouPes ofbmt nafdcaea cach a

ycr Gcar bon- SUBSRT LAt 6 41 P55 bbpe. HA¥ Ry GERT eGREBBhERguEEs oBbe a

ni trogen-containjng.group, a sulfur-containing group, a boron-containing

group, an aIuni%u%@%%ﬁ?é'ﬂ?%@lnb?%u%¥oﬁp§h0§bﬁophgsﬁbntasﬁbﬂgtgiﬂﬂng a

hal ogen 20 gontai ning group, a heterocyclic conpound residue, a

silicon-con ajrﬁ;gp OuBbeah%*Qgﬁ@ﬁQ@@ heaigi agogpeuptbe heterocyclic
compound residues, the silicon~containing groups, the
germanium—contaiping groups and the tin-containing groups
include the same groups as p:eviously described with
respect te X in the formula (I).

.. 10 R® to R? are each preferably a hydrogen atom, a
halogen atom, a hydrocarbon group, a hydrocarbon-
substituted silyl group, an oxygénmcontaining group, a
nitrogenhcontaining group, a sulfur-containing group or a
halogen-containing group, more preferably a hydrogeﬁ atoﬁ,
156 a halogen atom, a hydrocarbon group, a hydrocarbon-
substituted silyl group or a halogen-containing group.
Two or more of R® to RY may be bonded to form a ring,

and when m is 2 or greater, Rls, R6s, R7s, R8s and R9%s
may be the same or different, and one group of R® to RY

LY

20 contained in one ligand and one group of R® tg RO
ébntained in other ligands may be bonded.
n is a number satisfying a valence of ML,
X is an oxygen atom, a hydrogen atom, a halogen atom,

a hydrocarbon group, an oxygen-containing group, a

25 sulfur-containing group, a nitrogen-containing group, a



i n-containin roup. Exanples of the hydrocarbon groups and the
ﬁygrocarbon-subgt?tutgd silgP groups .include the same groups as previously
described with 25 respect to R2 to RS in the fornula (I1-a). Exanples of
106 the oxygen-containing groups, the nitrogen-containing groups, the
sul fur-containing groups, the nitrogen- containing group, the
boron-contai ni ng groups, the al um num cdfaj ning groups, the
phosphorus-containing 5 groups, the hal ogen-containing groups, the
het erocyclic conpound residues, the silicon-containing groups, the

. o . g ST he same
er mani um corbaronAgogt aURSngNgrbhig, t bA- 620LEANNINNGUEAYRS ng AGLYUde L
groups as previously describedgmﬁtﬁ respect to X in tﬁe Pgrﬁupgp(l). 10 R6

) hydr ocar bon
to R9 are eacphpsgherabtyoachydiagenrahpm 2an-0akegen atom .a |
group, a hydggzar%on- substitutedgsglylﬁgroup? a oxyﬁgkgggﬁpgl 7y Far oup,

a nitrogen-Cé"ﬁé&é&é@b@[?@Dcoﬁg?E#&uf'%Qaﬁgin%pgégagggaﬁénﬁgiaiﬁg|Ogen

hal ogen-cont ai ni ng group, nore era Y a hydr ‘vl aroup or a
e i SPIT S e NCLSEOGs AEE e
;:'agg o?ngis:‘,\?gjr}:eﬁ%:sa%:é{%(%nﬁg'egcfooﬁgpjso%%ttodnwn%@%%ﬂsaijrﬂéal‘-iche die | i gand
and one groun;fe R dis Rhq QRS G0 ' 0, Q108! | 1 950ds, By  be, bonded.
.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

‘y,

represented by the forﬁula (I), the transition metal
compound (A) represented by the formula (II-a) or (II-b)
.preferably has properties that the distance between the

15 heteroatpm, which has no direct bond fo the central metal
M and is nearest to the central metal M, and hydrogen at
the B-position is not more than 3.0 A and the
electrostatic energy.is not more than 10 kJ/mol.

Of the tranéition metal compounds represented by the

20 formula (II-a) or (IT-b), a transition metal compound
r;presented by the following formula (II-a') or (IT-b")
énd having the following structure as Rl is preferable as
the transition metal compound (A) for use in the

invention.

25




nis a nunber satisfying a valence of ML. X is an oxygen atom a hydrogen
atom a halogen atom a hydrocarbon group, an oxygen-containing group, a
25 sul fur-contai ning group, a nitrogen-containing group, a 1 07

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

phosphor us--cont ai ni ng group, a hal ogen-containing group, a heterocyclic
conpound residue, a silicon-containing gri®8, a gernmani um contai ni ng group
or atin-containing 5 group. Exanples of such atons and groups include the
sanme atons and groups as previously described with respect to X in the
formula (1). Wien n is 2lor greater, plural groups indicated by X nay be
the sanme or different, and plural groups indicated 10 by X may be bonded
to formaring. Simlarly to the transition netal 0 represented by
the formula (1), the transition netal conpound (A) ﬁgbﬁb ented by the
formula (l11-a) or (I1-b) preferably has properties that the distance

bet ween the ' 15 heteroatom mhich has no direct bond to the central metal M

and i s nearest ﬁ% %\ entr net al £1 and en at the position is
not nore than‘% and th %?%%f?% YaT?%n%nE?@g F@eﬁoﬁrﬁn¢@0€ﬂanamed

kJ/ ol . t r |t| n netal conpounds represented by the 20 fornula
(TI-a) or ?| etb(§ eaac “r’?i ot hetAl tRenpERHeNt invention they are not

always coordinated.

Ip the formgla (rr-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,
va?adium, niobium, tantalum or the like, more preferaﬁly
a transition metal atom of Groip 4, specifically titanium,
zirconium or hafnium, still more preferably titanium.

Q is a nitrogen atom or a carbon atom -having a

15 substituent RZ (-C(R2) =) .

A is an oxygen atom, a sulfur atom, a selenium atom
or a nitrogen atom having a substituent R5 (-C(R3)-).

Rl_is a phenyl group having at least one substituent
selected from a heterocatom and a heteroatom-containing

20 groups, an aromatic hydrocarbon group other than a phenyl
N
group, an aliphatic hydrocarbon group or an alicyclic
hydrocarbon group. When Rl is a phenyl group and the
position of the carbon atom bonded to a nitrogen atom is

the l-position, the phenyl group desirably has, at at

25 least one position of the 2-position and the 6-position,



represented by the following formula (Tl-a') or (Il1-b") and having the

followng structure as Rl is preferable as the transition netal conpound

(A) foz use in the invention. 25 MLX" 108 ... (Il-a") wherein N---M
generally neans that they are coordinated 5 to each other, but in the

pr esent

M is atransition nmetal atom selected f
table, preferably a transition nmetal atomof Goup 4 to 10 G oup

eriodic _ :
D vanadi um ni obium tantal um

5, specifically titanium zirconium hafnium
reor el g ef esred| yulsst 1 ensht | S8 SRESH AEOM th&é)f'cBaéorB and a

or the

invention they are not al ways coggg]nated In the formula (lI1-a'),

l'i ke,

Goup 3 to Goup 11 of the

specifically titanium zirconiumor hafnium still nore preferabl

titanium Q i shexdidd RGP OM Ind f@é@@n é‘i‘%@av‘%@%ﬁe 15 éé‘PﬁH' E“e“t R2
A Is an oxygen atom a su

(-AR2)=).

fur atom a enlun1at m~ or

ni trogen atomﬂﬁ@nqub@gfﬂggg|5M@n@hg€5( 5%{%Qoﬁ %% iéa p@g@yl group

havi ng

phenyl

at | east one substituent selected

het er oat om conhi M d¥ NG, B0 W n%?érf?@tﬂ&gﬁlgéogar(? )? qup oL her than a
y focar or AR Al T %

group,
5

10

15

20

25

rom a teroatom and a

an aliphatic
fluorine atom, a fluorine-containing group containing one

on group

carbon atom and not more than two fluorine atoms, a

fluorine~containing group containing two or more carbon

" atoms and a hetetoatom-containing group having a

heteroatom other than a fluorine atom. When R! is an
aromatic hydrocarbon group othexr than a phenyl group, an

aliphatic hydrécarbon group or an alicyclic hydrocarbon

y

group, this group has one or more substituents selected
from heteroatoms and heteroétom—containing groups .

Examples of the heteroatoms and the heteroatom-
contaiping groups indicated by Rl include the same atoms
and groups as previously described with respect to RL in
the formula (II-a).

In the transition metal compound represented by the
formula (II-a'), when the position of the carbon atom
bonded td a nitrogen atom is the l-position, R is
ﬁkeferably a fluorine-containing hydrocarbon group of 1
to 30 carbon atoms which is selected from a phenyl group
having, at at least one position of the 2-position and
the 6-position, at least one substituent selected from a

fluorine atom and a fluorine atom-containing group, a



hydr ocar bon group. Wien R1 is a phenyl group and the position of the
carbon atom bonded to a nitrogen atomis the 1l-position, the phenyl group
desirably has, at at 25 | east one position of the 2-position and the
6-position, 109 at |east one substituent selected froma heteroatomand a
het er oat om cont ai ni ng group, or has, at the 3-position, the 4-position and
the 5-position, at |east one substituent 3&Dected from a heteroat om ot her
than a 5 fluorine atom a fluorine-containing group containing one carbon
atom and not nore than two fluorine atons, a fluorine-containing group

cont ai ni ng t W 1 T @r &3S %pﬁ&nsa@ngj@ he ﬁ%%&c%qé?%g%ﬁgigr oup

having ' a heteroatomother than @ fl uorine 8Fomati ¢
hydrocarbon grgup othes. ; henyl p n..aliphatic hydrocarbon
group or an alli cycﬁ ce%}grogtal?%rg’n Q%rlo%oé,)éjt%lg sgli"%%%Pﬂé ngn%gg?cﬁﬁge :
substituents t from het atons_and het eroatom contai ni n r oups.
Exanpl es of tﬁ%lcﬁita:?%%lg%r?s&an%&%qhaeuﬁeQ%r%%?%‘?neq%v%%%t%?rﬁiﬁﬁpﬁ?’guggom

i ndi cated by RI_jnclude the .sanme ato and groups as _previously described
with respect ﬁ&q%%?31m?5ﬁ;%Qﬁ4E%¥9( UHLING AT HeS 133G s? t FbrROFEREr conpound
represente b¥x§q$ . f.ormul a &%I-a' ,. Wwhen the position of the carbon atom
20 bonded To a MTHIYET AGHE FAHE T PHEi ¥ rPr MO¥e carbon atoms, an

aromatic hydrocarbon group other than a phenyl group
haviﬁg at least one substituent selected from a fluorine.
atom and a fluorine-containing group, an aliphatic
hydrocarbon group having at leasf one substituent

. 10 selected from a fluorine atom and a fluorine-containing
group, and an alicyclic hydrocarbon group having at least
oﬁe substituent sglected from a fluorine atom and a
fluorine-containing group. Such a transition metal
compound 1is preferable from tﬂe viewpoints of activity

15  and molecular weight of the resulting polymer.

Specifically, R1 is trifluoromethyl, perfluoroéthyl,
perfluoropropyl, perfluorcbutyl, perfluoropentyl,
perfluorochexyl, perfluoroheptyl, pérfluorooctyl,
perfluorodecyl, I1H,1H-perfluoropropyl, 1H, 1H-

20 pe;fluorobutyl, 1H, 1H-perfluoropentyl, 1H, 1H-
éérfluorohexyl, 1H, 1H-perfluoroheptyl, 1H, 1H-
perfluorooctyl, 1H,1lH-perfluorodecyl, perflucrocyclohexyl,
trifluoromethylcyclohexyl, bis(trifluoromethyl)cyclohexyl,
trifluoromethylfluorocyclohexyl, monofluorophenyl,

25 difluorophenyl, trifluorophen?l, tetrafluorophenyl,



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-position and the 6-position, at |east one substituent selected from
a 25 fluorine atomand a fluorine atomcontai ning group, a 110 phenyl group
havi ng, at the 3-position, the 4-position and the 5-position, at |east one
substituent selected froma fluorine-conflailni ng group havi ng one carbon
atom and not nore than two fluorine atons and a fluorine 5 containing
group containing two or nore carbon atons, an aromatic hydrocarbon group

e, o o By 0 i oM AT DAL, o

fluorine atomand a fluorine-contalning group, . ar bon
3l hor me- cont Gt T aroan T L ey T i R By bPBEBY havi ng- at
1 tor i ne- cont o ng o oue SRy H TRfel B ek St TR Shnear  Apbreras abl e
ol yrer - Speat a1 ! ARt Yoy Gor G, pertl voroettyl . o
perfl uor OpBOp%ent%q{ifs! &Ogiog)lul}allldmezt%}Ple)rg}!eunO;lo,he}_:;(gi’flugfgé’é#;lrggeeggll;
bis (perfluoroethyl)phenyl, perfluoropropylphenyl,
perfluorobutylphgnyl, perflpéropentylphenyl,
perfluorchexylphenyl, bis(perfluorohexyl)phenyl,
perfluoronaphthyl, perfluo#ophenanthryl, perflucorocanthryil,

10 (trifluoromethyl)tetrafluorophenyl or the like.

Rl is preferably a fluorine—containing aliphatic
hédrocarbon group of 3 to 30 carbon atoms, and examples
thereof include 1H, 1H-perfluoropropyl, 1H,1H-
perfluorobutyl, 1H,lH-perflucropentyl, 1H, 1H-

15 perfluorohexyl, 1H, 1H-perfluoroheptyl, 1H,1H-
perfluorococtyl and 1H, 1H-perfluorodecyl. BAlsc preferable
are aromatic hydrocarbon gréups of 6 to 30 carbon atoms
substituted with fluorine and/or fluorine-containing
hydrocarbon, such as monofluorophenyl, difluorophenyl,

20 trifluorophenyl, tetrafluorophenyl, pentafluorophenyl,
;ﬁrifluoromethyl)pentafluorophenyl,

(trifluoromethyl) fluorophenyl, trifluoromethylphenyl,
bis(trifluoromethyl)phenyl, tris{trifiuoromethyl)phenyl,

tetrakis(trifluoromethyl)phenyl,

25 pentakis(trifluoromethyl)phenyl, perfluoroethylphenyl,



perfl uorobutyl, perfluorohexyl, perfluorooctyl, perfluoropentyl,

per fl uoroheptyl, perfluorooctyl, 1H, 1H perfluoropropyl, 1H, 1H

1H, 1H perfluoropentyl, 1H 1H 1H, 1H perfluoroheptyl, 1H 1H

1H, 1H perfl uorodecyl, perfluorocycl ohexyl, trifluoronethylcycl ohexyl,

bi s(trifluoromethyl)cyclohexyl, trifluoronethylfluorocyclohexyl,
monof | uor ophenyl, 25 difluorophenyl, triff&érophenyl, tetrafl uorophenyl,
~ 111 pent afl uorophenyl, (trifluoronethyl)pentafl uorophenyl,
(trifluororethyl)fluorophenyl, trifluoronethyl phenyl,

Dit(tri{} vor o dudopiRivce U4 BSS LA LOTOBRENA) 0B phoryt

tetrakis(trifluoronethyl)phenyl, 5 pent
per f | uor oet hylgdhemioroi &4 ra?gﬁy r f | upr opr opyl phenyl ,
perfluorobutylphenyl,(%erﬁﬁ{gﬁ(nﬁgﬁ p éh%ﬁa%&%é?¥f% ?%%gkylphenyl,

per 1 uor oant Ryl 10 L F Pl URFBREL T Bt o U aHeb B he 1 ke, RL is
Car bon-at ome. Knd Sem e B o B R S § 1 broman ey At
5 and (trifluoromethyl) tetrafluorophenyl.

Of the above examples, particularly preferable as R}
are monofluorophgnyl, difluofophenyl, trifluorophenyl,
tetrafluorophenyl, pentafluorophenyl, |
(trifluoromethyl)pentafluorophenyl and 1H,1H?7

10 perfluorooctyl.

RZ to RS may be the same or different and are each a

)

hydrogen atom, a halogen atom, a hydrocarbon group, a
-hydrocarbon—substituted silyl group, an oxygen-containing
group, a nit;ogenmcontainingrgroup, a sulfur-containing
15 group, a boron-containing group, an aluminum-containing |
group, a phoéphords—containing group, a halogen-
containing group, a heterocyclic compound residue, a
silicon-containing group, a germanium-containing group or
a tin—containing group. Tﬁo Oor more of‘R2 to RO may be
20 bonded to form a ring.
) Examples of the boron-containing groups, the
aluminum-containing groups, the phosphorus-containing
groups, the halogen-containing groups, the heterocyclic

compound residues, the silicon-containing groups, the

25 germanium-containing groups and the tin—containiﬁg groups



perfluorobutyl, 1H 1H perfluoropentyl, 1H, 1H 15 perfl uorohexyl .,

1H, 1H perfl uoroheptyl, 1H, 1H perfluorooctyl and 1H, 1H perfl uorodecyl. Al so
preferable are aromatic hydrocarbon groups of 6 to 30 carbon atons
substituted with fluorine and/or fluorine-containing hydrocarbon, such as
nonof | uor ophenyl , difl uorophenyl, 20 trifluorophenyl, tetrafl uorophenyl,
pent af | uorophenyl, (trifluoromnethyl)pentt¥3 uor ophenyl ,
(trifluoromethyl)fluorophenyl, trifluoronethyl phenyl,
bis(trifluoromethyl)phenyl, tris(trifluoronethyl)pher,yl,

tetrakis(triflyas yL).phenyl , -25 .pent aki s(trifl uoronet hyl ) phenyl,
perfluoroethylpheggﬁ%91%§ is%ﬁeﬁfl&%?gggﬁy& eM® P& HUSopr opyl phenyl
per fl uorobuty - erfl uor.opent yl phenyl , er f | uor ohexyl phenyl ,

bi s(perf | uor o%ggg‘??gﬂdﬁ%ﬁyF?Scﬁégﬁﬁuaﬁ&ﬁb& srﬂﬂc,tpdé?f}?ub‘?*otb}h%n PEREYR, (I) .
perfl uoroanthryl 5_and étriflugﬁgﬁgthyl)tetrafluonophenyl. O the above

exanpl es, particul aFFVPhrEf 8Fa g lRgenzrenkBAsLNGogsp@sylindicated

di f | uor ophenyj bi flugeophenyl, tetrafluorophenyl, pentafluorophenyl,
(trifluoronetﬂyl pe%?agFUEPGbH@ﬁthﬁnéaTﬁ,EHOP@Sp@ﬁfpm@Nd@@Eﬂw. R2 to RS

may be the sane or , different and are eac? a hydrogen atom a hal ogen atom
a hydrocaPon“gFohpPed YWhiar 5e8PB6HR- 50bBLi Lot sbesifloymugroudI-an .

oxygen-cont ai ni ng
‘ Examples of the hydrocarbon groups indicated by RZ
to RY include those of 1 to 30 carbon atoms.
Specifically, there can be mentioned straight-chain or
branched alkyl groups of 1 to 30 carbon afoms, preferably
. 10 1 to 20 carbon atoms, such as methyl, ethyl, n-propyl,
i??propyl, n-butyl, isobutyl} sec-butyl, tert-butyl,
neopentyl and n~hexyl; straight-chain or branched alkenyl
groups of 2 te 30 carbon atomé, preferably 2 to 20 carbon
atoms, such as vinyl, allyl and isopropenyl; straight-
| 16 chain or branched alkynyl groups of 2 to 30 carbon atoms,
preferably 2 to 20 carbon atom, such as ethynyl and
propargyl; cyclic saturated hydrocarbon groups of 3 to 30
carbon atoms, preferably 3 to 20 carbon atoms, such as
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
20 adamantyl; cyclic unsaturated hydrocarbon groups of 5 to
N
30 carbon atoms, such as cyclopentadienyl, indenyl and
fluorenyl; aryl groups of 6 to 30 carbon atoms,
preferably 6 to 20 carbon atoms, such as phenyl, benzyl,

naphthyl, biphenylyl, terphenylyl, phenanthryl and

25 anthryl; and alkyl-substituted aryl groups, such as tolyl,



group, a nitrogen-containing group, a sulfur-containing 15 group, a
boron-contai ni ng group, an al um numcontaining group, a

phosphor us-cont ai ni ng group, a hal ogen- containing group, a heterocyclic
conpound residue, a silicon-containing group, a germni um contai ni ng group
or a tin-containing group. Two or nore of R2 to R5 may be 20 bonded to
forma ring. Exanples of the boron-contai nld groups, the

al um num cont ai ni ng groups, the phosphorus-containing groups, the

hal ogen- cont ai ni ng groups the heterocyclic conpound residues, the

si |'i con-cont ai nisg- o 25 98¢ pnt apd.the ,
tin-containing groups 11 i cated by |nc%@%%géﬁggggnggargﬁpélas

previ ously des&mﬂyy%HMﬁJRrespect to X in the fornula (1) Exanples of the
hal ogen-cont ai ning groups indicated by R2 to R5 include the sane groups as

previously 5 descri gl Wi, J-esnact rEeOd %dl{bota&% frﬁf;q”ﬁ%@p :{gé}z) Exanpl es

of the hydrocarbon groups i'ndi cated 1to 30
Er"";ﬁﬁﬂeﬁtg{'ﬁw Sroips “8?4%04*205 Fooh T ”E“t'o‘é}“is?%?%?'yg%di@?%?@%é@arbon
dec-butyl . et @ELSP%“ el r}c"%}i’cﬁev éﬂa‘s@if’e"z—f@f&s&.@F‘nsb%t%%e%?v?&‘-f%%em
al kenyl group%f%up Suéﬁ)é%a&gggz (i(Preferany 2 to 20 carbon
Examples ofxthe hydrocarbon-substituted silyl groups
indicated by RZ to RS include those of 1 to 30 carbon
atoms. Specifically, there can be mentioned methylsilyl,
. 10 dimethylsiiyl, trimethylsilyl, ethylsilyl, diethylsilyl,

triethylsilyl, diphenylmethylsilyl, triphenylsilyl,

dimethylpheﬁylsilyl, dimethyl—t—butylsilyl and
dimethyl(pentafluorophenyl)éilyl. Of these, preferable
are methylsilyl, dimethylsilyl, triﬁethylsilyl,

15 ethylsilyl, diethylsilyl, triethylsilyl, |
dimethylphenylsilyl and triphenylsilyl. Particularly
preferable are trimethylsilyl, triethylsilyl,
triphenylsilyl and dimethylphenylsilyl.

Examples of the oxygen-containing groups indicated

20 Dby R2 to RY include the same groups as previously
&escribed with respect to X in the formula {1).

Examples of the nitrogen-containing groups indicated

by RZ to RS include the same groups as previously

described with respect to X in the formula {I}).



atons, such as vinyl, allyl and isopropenyl; straight 15 chain or branched
al kynyl groups of 2 to 30 carbon atons, 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 cycl opropyl,
cycl obutyl, cyclopentyl, cyclohexyl and 20 adamantyl; cyclic unsaturated
hydr ocar bon groups of 5 to 30 carbon atoh® such as cycl opent adi enyl ,

i ndenyl and fluorenyl; aryl groups of 6 to 30 carbon atons, preferably 6
to 20 carbon atonms, such as phenyl, benzyl, naphthyl, biphenylyl,

terphenylyl, phenamihiylesand 29 atNrals- 24 ALK 4 ut ed | ,groups,
such as tolyl, 114 is%—propylphenyl, tfbutylShéh%%{§ﬂ$%%$%gvgﬂgﬁ%%é%nd di -

t- butyl phenyk,. R"Eh%oatp@vqh@rﬁt&egﬁgg @éq{ﬁ()@?cﬁ-‘% %rsogﬁsevniaa/usb& r]substi tuted

wi t h ot her hydrocarbon groups, exanp of su groups cl ude al kyl

groups subst HEed ik i@y | gouPs ouoh A% henzyly and gyl Bxanp es of

t he hydrocarbon-substituted groups t'o R5 include

those of 1 to 30 a Speci ficall t here ,can-be nenti oned
met hyl silyl, 10 d??ré?‘ﬁ@resi %’gﬁhﬁ.ﬁ% toﬁﬁ‘sialt%’im,s éf‘ﬁ&utiﬁ %aiocﬂeémyl silyl,

(200 3 Yoo thensl LML SPGB pron 2
preferabl e groups as previously‘described with respect to Rl in the
formula (II-a).
RZ to RY areé each preferably a hydrogen atom, a
halogen atom, a hydrocarbon group, a hydrocarbon~
. 10  substituted silyl group, an oxygen-containing group, a
nitrogen-containing group, a sulfur-containing group or a
'hélogen—containing grdup, more preferably a hydrogen atom,
a halogen atom, a hydrocarbon group, a hydrocarbon—
substituted silyl group or a halogen-containing group.
15 n is a number satisfying a valence of M1,
specifically an integer of 2 to 4, preferably 2.
X is an oxygen atom, a hydrogen at&m, a halogen atom,
a hydrocarbon group, an bxygenncontaining group, a
sulfur-containing group, a nitrogen-containing group, a
20 boron-containing group, an aluminum-containing group, a
5hosphorus~containing group, a halogen-containing group,
a heterocyclic compound residue, ; silicon-containing

group, a germanium-containing group or a tin-containing

group. Examples of such atoms and groups include the



are nethylsilyl, dinmethylsilyl, trimethylsilyl, 15 ethylsilyl,

diethylsilyl, triethylsilyl, dinmethylphenylsilyl and triphenylsilyl.
Particularly preferable are trimethylsilyl, triethylsilyl, triphenylsilyl
and di net hyl phenyl silyl. Exanples of the oxygen-containing groups indicated
20 by R2 to R5 include the sane groups as {geviously described with
respect to X in the formula (1). Exarrple§I t he ni trogen-containing groups
indicated by R2 to R5 include the same groups as previously described
with respect to Xin the formula (1). 115 Exanpl es of the sul fur-containing
groups indi catseghe layt oz e Ryroifsude iR SR 16 QR A% dY eYQys! Y
described with respect to Xin the fornula (I). Exanples of the hal ogen

atoms and t he rlalpegen ta CORMAINANG FRURS (mdi cated by R2 to R5 include the
same groups as previously described with respect to R in the fornula

(I'l-a). R2 to RS apgeacgh ikref grably.a hyd atgq;q hal.ogen atom_ a
hydr ocar bon group, a hydrocarbon 5 Suggfi%ﬁggglsiIyué%%£ﬁ§lé§%e§iby X
oxygen- cont ai Rz b@r MR, AmeNish! Q! ai nj R, A sul fur-contai ni ng
group or a haloggn-containfﬁbcbroug?é%%%g'p%e ef%ﬁﬁy aqﬁﬂﬂaixﬁPéﬁﬁﬁﬁega

hal ogen atem 1y BYHEGCALDAL IR, FPILOGIHRON- substituted silyl group
or a hal ogen-contal ning group.

... {II-b")

wherein N---M1 generally means that they are coordinated
-té each other, but in the present invention they are not
always coordinated. -
In the formula (II—b'); ML is é transition metal
15  atom selected from Group-3 to Group 11 of the periodic
table, preferably a transition metal atom of Group 4 to
Group 5, épecifically titanium, zirconium, hafnium,
vanadium, niobium, tantalum or the like, more preferably
a transition metal atom of Group 4, specifically titanium,
20 zirconium or hafnium, stiil more prefefably titanium.
) m is an integer of 1 to 5, preferably 2 to 4, more
preferably 2.
A is a nitrogen atom or a phosphorus atom.

U is a carbon atom having a substituent R® (—C(R6)=),

25 a nitrogen atom or a phosphorus atom.



15 n is a nunber satisfying a valence of M, specifically an integer of 2
to 4, preferably 2. X is an oxygen atom a hydrogen atom a hal ogen atom

a hydrocarbon group, an oxygen-containing group, a sulfur-containing
group, a nitrogen-containing group, a 20 boron-containing group, an

al um num cont ai ning group, a ti phosphorus cont ai ni ng group, a

hal ogen-cont ai ni ng group, a heterocycllt Eonpound resi due, a
silicon-containing group, a gernmani umcontaining group or a tin-containing
group. Exanples of such atons and groups include the 116 sane atons and

groups as previogshy geggyg%ﬁié@éﬂkpgﬁﬁgﬁg% é@pgkégu%ag égrguthgl) When

nis 2 or greater, plural groups in

different, agd R S ol N |c ated. 5 may be bonded to forn1a
ring. RL N U kQ%%Nf 98@! Whér &) Sﬁho ﬁfyﬁgﬁ@}all y neans that they are

coordi nat ed S is a carbon atom having a substituent R8 (-C (R8) =),
a nitrogen atom or a phosphorus atom.

5 ' T is a carbon atdm having a substituent R2 (~C(R9)=),
a nitrogen atom or a phosphorus atom.

Rl is a hydrocarbon group having one or more
heteroatoms or a'hydrocarbon group having one or more
heterocatom-containing groups, and has the same meaning as

10  that of Rl in the formula (II-a'). |
y R6 to Rgrmay be the same or-different_and are each a
hydrogen atoﬁ, a halogen atom, a hydrocarbon group, a
hydrocarbon-substituted silyl group,.an oxygen-containing
group, a nitrogen-containing group, a sulfur-containing
16 group, a boron?containing group, an alumiﬁum—containing
group, a phosphorus-containing group, a halogen-
containing group; a heterocyclic compound residue, a
silicon-containing group, a germanium—containiﬁg group or
a tin—cpp;aining group. Examples of the‘hydrocarbon
20 groups and the hydrocarbon-substituted silyl groups
N
includg the same groups as previously described with
respect to R? to R® in the formula (II;a). Examples of
the oxygen-containing groups, the nitrogen-containing

groups, the sulfur-containing groups, the nitrogen-—

25 containing group, the boron-containing groups, the



to each other, but in the present invention they are not al ways
coordinated. In the fornmula (Il1-b"), ML is a transition netal 15 atom
selected fromGoup 3 to Goup 11 of the periodic table, preferably a
transition metal atomof Goup 4 to Goup 5, specifically titanium
zirconium hafnium vanadium niobium tantalumor the |like, nore
preferably a transition netal atomof Go 1§¢L specifically titanium 20

zirconiumor hafnium still nore preferably titanium mis an integer of 1
to 5, preferably 2 to 4, nore preferably 2. Ais a nitrogen atonlor a
phosphor us at efrumiinisi- aonaabﬁmnthWbﬂ@glngh@ §%Q@§Hdggg & el GG 25

a nitrogen atomor a phosphorus atom 117 Qis car bon aton1 avi

subst it uent R@réuﬁé(the_halog@nnbthggﬁlﬁbO@E% g% pQ%%PW@%&%&%&%Tl S Is a

carbon atom having a substituent R8 (-C(R8 itrogen a on1o

phosphor us at e8ipbuidi §eglaaégontﬁte0§h'i§\ébﬂgc SURSLI gu%r} ( R9)) a
nitrogen atomor a phosphorus atom Is a hy rocarb n gro g one or

nore het er oagepkafl uf- B%HEQEQEHganEBPEeQE&'@geo@%no%ogsafélpﬁaggﬂugﬁ in

het er oat om cont ai ni ng gr oups sane meanin
the formisa (Lhethde Fhet0afR GBYLPS LOC,3URLQL1Y | L2reny g age each 2

~respect to X in the formula (I).

R® to RO are each preferably a hydrogen atom, a
halogen étom, a hydrocarbon group, a hydrocarbon-
substituted silyl group, an oxygen-containing group, a

. 10 nitrogen-containing group, a sulfur-containing group or a
ha%qgen containing group, moxre - preferably a hydrogen atom,
a hydrocarbon group, a hydrocarbon-substituted silyl
group, a halogen atom or a halogen—containing group.
Two or more of R® to RY may be bonded to form a ring,
16 and when m is 2 or greater, Rls, RGS, R7s, R8s and ﬁ9s
may be the same or different, and one group of R® to RY
contained in one ligand and one group of R® to RY
contained in other ligands may be bonded.

n is a number satisfying a valence of ML.

20 X is an oxygen atom, a hydrogen atom, a halogen atom,
. _
a hydrocarbon group, an oxygen—-containing group, a
sulfur-containing group, a nitrogen-containing group, a
boron-containing group, an aluminum-containing group, a

phosphorus~containing group, a halogen-containing group,

25 a heterocyclic compound residue, a silicon-containing



hydrogen atom a hal ogen atom a hydrocarbon group, a

hydr ocar bon-substituted silyl group, an oxygen-containing group, a

ni t rogen-contai ning group, a sulfur-containing 15 group, a boron-cont ai ni ng
group, an alum num containing group, a phosphorus-containing group, a

hal ogen- contai ning group, a heterocyclic conpound residue, a
silicon-containing group, a gernaniun}coﬂﬂﬁ ning group or a tin-containing
group. Exanpl es of the hydrocarbon 20 groups and the

hydr ocar bon-substituted silyl groups include the sanme groups as previously
descri bed wi throtpspachetfaRRuin0cBathAniRg Ho6MY! 8r(L! tah-Examlies 4 the

oxygen-cont ai ni ng groups, the nitrogen-containing groups, the

sul fur-cont ai kBEpIr OMPSHp1HE & t£QGEN: 25 S oM A ﬁ%ﬁlgpgrﬂi'glu&?ﬁghe

bor on-cont ai ning groups, the 118 al um num cont ai groups,

phOSphOfUS-COQ&ﬁ&”EESQSQEBHpgroﬁﬁg QQ'??89188@&§iHkggrgkg%pﬁit%he

het erocyclic conpound residdes, the sflicon-contairning groups,” the

ger mani um confaLnLRg gLoyp naggetggr%h?-cqgiaining groups 5 include the
ed W th

same groups as previously descCrib Spect to X in the fornula (1).
R6 to RO e each ferably,a hydrogen ato a, hal ogen,atom a
hydrocarbg% group;ﬁ%S%yﬁr%%a%b%ﬁ-ggﬁgg?Ftnghrg%l9F°6§8ub?déﬁated by X

Ul fur - cont ai TFAGoSr BUR BF08 ohatohereEOnt afhingLiF6pa-AdPe. preksaing a
hydrogen aton%y X may be bondgd to form a ring.
As the transition metal compound (A) for use in the
‘invention, there can be also mentionéd a transition metal
10  compound represented by the following formula (III) and

having properties that, in a P-agostic structure of a

t

cationic complex wherein one of X in the formula (III) is
replaced with a n-propyl gfoup, said. structure being
. measured by a density functional meﬁhod, the distance
15 Dbetween the heterocatom, which hés no direct bond to the
central metal M and is nearest to the central mefal M,
and hydrogen at the PB-position is not more than 3.0 A and

the electrostatic energy is not more than 10 kd/mol.

20 T”
. 11 Neeel) L
R /N
R12 0
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4 a hydrocarbon group, a hydrocarbon-substituted silyl group, a hal ogen
atom or a hal ogen-contai ning group. Two or nore of R6 to RO may be bonded
to formaring, 15 and when mis 2 or greater, R's, R6s, R7s, R8s and R9s
may be the sane or different, and one group of R6 to RO contained in one
| i gand and one group of R6 to RO containq%g.n ot her |igands may be bonded.
nis a nunber satisfying a valence of M. ™20 X is an oxygen atom a
hydrogen atom a hal ogen atom a hydrocarbon group, an oxygen-cont ai ni ng
group, a sulfur-containing group, a nitrogen-containing group, a

boron-containwngrgiﬁupr—an1abuﬁéﬂﬂﬂﬁ90ﬂbahaiﬂﬁaﬂrQHEy @re coordinated .
phosphor us-cont ai ni ng group, a hal ogen-contai ning group, 25 a heterocyclic

“conpound resi geleeadhSbtheen- At ahnkhg - ;gsgﬁeuenv@ng%ﬁﬂfehg@* At 3l ng
group or a tin-containing group. Exanples of such atons an

the sane atogbwapd g68YASnaScAreviously described with respect to X in the
formula (1). 5 Wen nis 2 or greater, plural groups indicated by X my be

(e sae of A1 ferentonandophusal (acepoui gt el by, Koeyobe Panded Lo

forma ring. As the transition neta r-ase’in
Lhere ranshe aLpociEat ko0Rdagolbalstll BRoB! 8' or'RnEHRRYRY; LoRLETE]! o0 BY
specifically titanium, zirconium, hafnium, vanadium,
niobiuﬁ, tantalum or the like, preferably a transition
metal atom of Grdup 4, specifically titanium, zirconium
or hafnium, more preferably titanium.

v 10 m is 1 or 2, preferably 2.

R10 js a hydrocarbon group having at least one

W

'heterdatom or a‘hydrocarbon group having at least ﬁne
Heteroatom—contéining group; Examples of the hetercatoms
include atoms of halogen, nitrogen, oxygen, phosphérus,
15 sulfur and_seléniumd The'heteroatom—containing group is
a group containing a nonmetal atom other than a carbon
atom and a hydrogen atom, and examples thereof include an
oxygen-containing group, a nitrogen—containing group,; a
sulfur-containing group, a phosphorus-containing group, a
20 halogen atom-containing group and a heterocyclic compound
. _
residue. Examples of the oxygen-containing groups, the
nitrogen~containing groubs, the sulfur-containing groups,
the phosphorus-containing groups and the heterocyclic

compound residues include the same groups as previously

25 described with respect to X in the formula (I). Examples

groups include



havi ng properties that, in a j3-agostic structure of a cationic conplex
wherein one of X in the formula (Il11) is replaced with a n-propyl group,
said structure being measured by a density functional method, the distance
15 between the heteroatom which has no direct bond to the central netal M
and is nearest to the central metal M and, hydrogen at the p-position is
not nore than 3.0 A and the electrostatiézénergy Is not nore than 10
kJ/mol. 20 I; ... (111) 120" wherein N---M generally nmeans that they are
coordinated to each other, but in the' present invention they are not

al ways coor di rat éthe IHhtdied-addAl & didd )grdpd Sicii@dsitbeps "Bh etk ?BO"‘ >
selected fromGoup 4 to Goup 5 of the periodic table, ™ specifically

titanium zireanimshai Wydxanadi n o ahlam s dRmadmer s fhe 11 ke,
preferably a transition netal atomof Goup 4, specifically titanium

zirconium or rerHBbJH)rgerdegg erabf i 4 iﬁ@@%or}oa{%rb%ht %%%r%}giﬁf &r ably

2. R10 is a hydrocarbon grioup "having at |east one he

D/ Shoraiten KRR LSl 408, DAL oRagp o219, hoHRy,

5 ethyl, propyl, butyl, hexyl, octyl, nonyl, dodecyl and
eigosyl), cycloalkyl groups of .3 to 30 carbon atoms (e.g.,
cyclopentyl, cyclohexyl, norbornyl and adamantly),
alkenyl groups (e.g., vinyl, propenyl and cyclohexenyl),
arylalkyl groups (e.g., benzyl, phenflethyl and

. 10 phenylpropyl) and aryl groups (e.g., phenyl, tolyl,
.dimethylphenyl, trimethylphenyl, ethylphenyl,
péopylphenyl, biphenylyl; naphthyl, methylnaphthyl,
anthryi and phenanthryl). Specific examples of such
groups include trifluorometh?l,-perfluoréethyl,

15 pentafluorophenyl, perfluorohexyl, trichiofomethyl,
perthoroethyl, pentachlorophenyl and perchlorohexyl.
R1O is preferably a halogen atoﬁ—cohtaining
hydrocarbon group of 1 to 30 carbon atoms, particularly
preferably a fluorine~éontaining hydrocarbon group of 1
20 to 30 carbon atoms.
) Specifically, R0 is trifluromethyl, perfluoroethyl,
perfluoropropyl, perfluorobutyl, perfluoropentyl,
perfluorochexyl, perfluoroheptyl, perfluorococtyl,

perfluorodecyl, 1H, lH-perfluoropropyl, 1H,1H-

25 perfluorobutyl, 1H,lH-perfluoropentyl, 1H,1H-



i ncl ude atons of hal ogen, nitrogen, oxygen, phosphorus, 15 sul fur
and. sel enium The heteroatomcontaining group iS a group containing a
nonmetal atom ot her than a carbon atom and a hydrogen atom and exanpl es
t hereof include an oxygen-containing group, a nitrogen-containing group,
sul fur-cont ai ni ng group, a phosphorus-containing group, a 20 hal ogen

atom contai ning group and a heterocyclic1@@rpound resi due. Exanples of the
oxygen--contai ni ng groups, the nitrogen-containing groups, the

sul fur-contai ning groups, the phosphorus-containing groups and the

heterooyell o pePIRUGhERs! dues \Achuds LUE RATE, 91 Ul g b1 vl Usty 25

described with respect to Xint or nu 121 of the

halogen-cont nch ud gr.ou wherein | east one hydrogen is
repl aced witH %a g%%%8¢$gy%ydégégﬁb giSﬁﬁ?dSFyfixP?ﬁfiﬁQQﬂﬁ¥
byt pr opyl L ERSrESRERY P B R op KRy P R S v & %w%efoﬁe'xyf
cycl oal kyl cl opentyl, cycl ohexyl,

rorborm ahf I”%‘ﬁi?‘w&f B el
phitpr o 5 et T ot Tt i nans
ot yl napht AR SR AT bhe ot RF3e§oaoEl | Panbakhphosobin Fush
(trlfluoromethyl)fluorophenyl, trifluoromethylphenyl,
bis(trifluorometﬁ&i)phenyl, tris(trifluoromethyl)phenyl,
tetrakis(trifiuoromethjl)phenyl,

10 pentakis (trifluoromethyl)phenyl, perfluoroethylphenyl,

bis(perfluoroethyl)phenyl, perfluoropropylphenyl,

"

perfluorobutylphenfl, perfluoropentylphenyl,

perfluorohexylphenyl, bis (perfluorohexyl)phenyl,

perfluoronaphthyl, perfluorophenanthryl, perfluoroanthryi,

15: (trifluoromethyl)tetrafluorophenyl or £he like.

r11 torR14 may be the same'or different and are each
a hydrogen atom, a halogen atom, a halogen-containing
group, a hydrocarban group, a hydrocarbon-substituted
silyl grdup, an oxygen-containing group, a nitrogen-

20 containing group or a sulfur-containing group. Examples
Sf such atoms and groups include the same atoms and
groups as previously described with respect to RZ to RS
in the formula (II-a).

R1S is a halogen atom, a halogen-containing group, a

25 hydrocarbon group or a hydrocarbon-substituted silyl

a



groups include trifluoronethyl, perfluoroethyl, 15 pentafl uorophenyl,

per fl uorohexyl, trichioronethyl, perclloroethyl, pentachlorophenyl and
per chi orohexyl. R10 is preferably a hal ogen at om cont ai ni ng hydr ocar bon
group of 1 to 30 carbon atons, particularly preferably a

fl uori ne--containing hydrocarbon group of 1-20 to 30 carbon atons.
Specifically, R1O is trifluronethyl, per¥d3ioroethyl, perfluoropropyl,
per fl uorobutyl, perfluoropentyl, perfluorohexyl, perfluoroheptyl,
perfluorooctyl, perfluorodecyl, 1H, 1H perfluoropropyl, 1H 1H 25

per fl uor obut ¥k H, 1 oL ep I 1 2 | yar I,
'1H,1H—perf|u%r8ﬁ%ptyl,Q?E,%% Bgeggﬁﬁo?%%ﬁ%yFb&léfgﬁégeggfggsgég@ﬁ,

perf'UOfOCychgﬁéxxkomstPhE'gg@%%%tﬁ%'%&%%&%%é&;iﬂqiﬁgﬁgﬁg(ﬁ&&@l1

bi s(trifluoromethyl)cycl ohe trifFuoraometh

nDnoquorophﬁgngF§ QEfkgoEng%nXE’t %L&é%%@ggggﬁékypaetrafluor.ophenyl,

pent af | uor ophen (trifluoronet hyl)

trifl thyl ) £l henyl , trifl thyl phenyl , .
bi 511111 uor omet hTFRRBRSI Lt FRe( PYRFPROFERE! RYPRBRerpdicated by RIS

i A s e Ty

DC S pert 1 vor HeRon bphehsreo L ART L BRE R ohe ARt O bt e a T Ky

‘ groups of 1 to BP.carbon atoms, preferably 1 to 20 carbon
‘atoms, such as methyl, ethyl, n-propyl, isopropyl, n-
‘butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl,

. 10 neopentyl and n-hexyl; hyd:ocarbon groups héving
alicyclic skeleton and having 3 to 30.carbon atoms,
preferably 3 to 20 carbon atoms, such as cyclopropyl,
cyclobutyl,ﬁcyclopentyl, cyclohexyl, norbornyl and
adamaptyl; aryl groups of 6 to 30 carbon atoms,

iS' preferably 6 to 20 carbon atoms, such as phenyl, benzyl,
naphthyl, biphenylyl, triphenyly1, fluofenyl, anthryl and
phenanthryl; and groups wherein these groups are further
substituted with an alle group of 1 to 30 carbon atoms,
preferakly 1 to 20 carbon atoms, or an aryl group of 6 to
20 30 carbon atoms, preferably 6 to 20 carbon atoms. Of
ghese, tert-butyl is more preferable.
Examples of the hydrocarbon-substituted silyl groups

indicated by R1% include the same groups as previously

described with respect to RZ to RY in the formula (II-a).



per fl uoronapht hyl, perfluorophenanthryl, perfluoroanthryl, 15
(trifluoronethyl)tetrafl uorophenyl or the like. Rl1 to R14 may be the sane
or different and are each a hydrogen atom a hal ogen atom a

hal ogen-cont ai ning group, a hydrocarbon group, a hydrocarbon-substituted
silyl group, an oxygen-containing group, a nitrogen 20 containing group or
a sul fur-containing group. Exanples of such2&tons and groups include the
sanme atons and groups as previously described with respect to R2 to R5 in
the formula (I I-a) . RL5 is a halogen atom a hal ogen-contai ning group, a

25 hydrocarbon groupQr, dr rbhon- substituted sjlyl 123 group. Exanpl es
of such atons and grg%gén%il%l Sgg%tr%e%se}r%oﬁtgﬁbs éﬁﬁ-‘! d%ﬁjé‘éetfgm&tgwbusl y
described with respect. to R2 to R5 in the fornula (1T-a). Exanples of the
hydr ocar bon gr o&ﬁ?%%&%&% gcf%ﬂ,pstéﬁléza}tr?cq Lﬁyen%‘lh%slé’%]fu%e ' BF e whoms

atons. Preferred C]exarrples t her eof, include straight-chain or branched al kyl
groups of 1 to 38%& IR SafSn® T et Erab e seid e wathdir sra®ns: o skichias
met hyl , ethyl, n-:prqpyl, .isopropyl, n- butyl, isobutyl, sec-butyl,
tert-butyl, n-p@ﬁ?y&%rfﬁlﬁedﬂéﬁﬁyk and n-hexyl ; hydrocarbon groups havi ng
alicyclic ig?leton anqohavinggg to 3Q .carbon atons, preferably 3 to 20
carbon atons® such a& cyé&P&pFapylte cMsutd they dagsemtry Idi ffisieotiex yhana

nor bor nyl and :
two or more of them may be bonded to form a ring.
n is a numbgr satisfying a valence of Mi,
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, a
sulfur—cohtaining group, a nitrogenmcontaining group, a
boron~containing grbup, an aluminum-containing group, a
Vphosphorus—containing group, a halogen-containing group,
a heterocyclic compound residue, a silicon-containing
156  group, a germanium-containing group or a tin-containing
group. E#amples of such atoms and groups include the
same atoms and groups as previously described with
respect to X in the formula (I).
When n is 2 or greater, plural groups indicated by X
20 may be the same or different, and plural groups indicated
gy X may be bonded to form a ring.
As the transition metal compound (A), there can be
also mentioned a transition metal compound represented by

the following formula (III') and having the following

25  structure as R10.



adamantyl; aryl groups of 6 to 30 carbon atons, 15 preferably 6 to 20
carbon atons, such as phenyl, benzyl, naphthyl, biphenylyl, triphenylyl,
fluorenyl, anthryl and phenanthryl; and groups wherein these groups are
further substituted with an alkyl group of 1 to 30 carbon atons,
preferably 1 to 20 carbon atons, or an aﬁ¥g group of 6 to 20 30 carbon
atons, preferably 6 to 20 carbon atons. ti these, tert-butyl is nore
preferable. Exanples of the hydrocarbon-substituted silyl groups indicated
by R15 include the sanme groups as previously described with respect to R2
to R5 in the formula (I1--a). 124 Exanpl es of the heteroatons and the

het eroat om contai ning groups ipgdi.cated by R15 include the sanme atons and
groups as previously desgribed Wtk respect to RL in the formula (Il-a) 5
R10 and RI'1 to R15 may Be gte sare. (fferent, and two or nore .of them
may be bonded to formafring. i's nunber satisfying a val ence of ML,
specifically an integerj gf2 referably 2. X is an oxygen atom a
hydrogen atom a hal ogep at hydr ocar bon group, an
oxygen-contai ni ng group}.fd ur,s gont ai ni ng group, a nitrogen-contai ni ng
group, a Qoron--containi%g gr upB nal um num contq&ggm . group, a

. phosphor us- cont ai ni ng ghoup,R¥ haf mgen- cont ai ni 1§ ' gr ug,

M

wherein N---M1 ggnerally means that they are coordinated
to each other, but in the present invention they are not
always coordinated.

. 10 In the above formula, M1, m, R11 to r14, rR15, pn and

X have the same meanings as those of Ml, m, R1L to R14,

3
i .

R15,‘n and X in the formula (III).
R10 is a phgnyl group having at least one
substituent seiected from a hetercatom and a heterocatom-
15 containing group; an aromatic hydrocarbon group other
than a phenyl group, an aliphatic hydrocarbon grouvp or an
alieyclic hydrocarbon graup. When R10 is & phenyl group
and the position of the carbon atom bonded to nitrogen is
the l-position, this phenyl group has, at at least one
20 position of the 2-position and the 6-position, one or
éore substituents selected from a heteroatom and a
heteroatom-containing group, or has, at the 3-position,
the 4-position and the 5-position, at least cne

substituent selected from a hetercatom other than a

25 fluorine atom, a fluorine-containing group having one



a heterocyclic conpound residue, a silicon-containing '!5 group, a

ger mani um contai ning group or a tin-containing group. Exanples of such
atons and groups include the sane atons and groups as previously described
with respect to Xinthe formula (I). Wien nis 2 or greater, plural
groups ndicated by X 20 nay be the sane or different, and plural groups
indicated by X nay be bonded to forma r1pg. As the transition netal
compound (A), there can be also nentioned a transition netal conpound
represented by the following formula (I11") and having the follor1ng 25
structure as 5.5%1-- i, (111'), ... whergjn N---ML. generally nmeans
that they ar e%:agro]?%‘lgnaatt%% 0% BAR ANt Rerhath i we nﬂt‘h%rjd?%s%?fg“? nv@ntion they
are not always, coordinated.. 10 In the above formula, M, m Rll to R14,
R15, n and X%V&%%%’%%aMQ nYsC'HR THBERI 0FWR10F1MOFR, CRYPONG AfpNS,
R15, n and Xin the formula (111). R10 is a phenyl group having at |east
one substi tu?rﬂé s‘aell"e‘?:t(ee‘ho?"?Q’I‘l’ﬁ%\g el B O o Al RehEt@ra e rastemnt ai ni ng

roup, an aronmtic hydrocarbon group other
9 P other e%an a fluoé&nergtom. When R10 is an aromatic

5 hydrocarbon group other than a phenyl group, an aliphatic
hydrocarbon group or an alicyclic group, this group has
at least one substituent selected from a heterocatom and a
heteroatom—containing group.
Exqmples ofrthe hetercatoms and the hetercatom-
. , 10 containing grbups include the same atoms and groups as

previously described with respect to Rl in the formula

.
]

(II—a).
In the transitiqn metal compound rebresented by the
formula (III),rwhen the position of the carbon atom
15 Dbonded to a nitrogeh.atom is thé l—position, rR10 ;s
preferably a fluorine-containing hydrocarbon group of 1
to 30 carbon atoms which is selected from a phenyl group
having, at at léast one position of the 2-position and
the 6—§osition, one or more substituents selected from a
20 heterocatom and a heteroatom-containing group, a phenyl
;roup having, at the 3-position, the 4-position and the
S-position, at least one substituent selected from a
fluorine~containing group containing one carbon atom and

not more than two fluorine atoms and a fluorine-

25 containing group containing two or more carbon atoms, an



than a phenyl group, an aliphatic hydrocarbon group or an alicyclic
hydr ocar bon group. Wien R10 is a phenyl group and the position of the
carbon atom bonded to nitrogen is the 1-position, this phenyl group has,
at at |least one 20 position of the 2-position and the 6-position, one or
nore substituents selected froma hetergatomand a heteroatom containing
group, or has, at the 3-position, the 424osition and the 5-position, at
| east one substituent selected froma heteroatomother than a 25 fluorine
atom a fluorine-containing group having one 126 carbon atom and not nore
than two fl ueréomet at onpdrecafborAEuEOBtRERI BHafN QUBLBRYING LG OF nore
carbon atons, and a heteroatom containing group having a heteroatom ot her
than a fluorhaeisgoat West RlQe i suBst 8EQBREI SePepYdROGRLROD ¢rOWD ;QLher
than a phenyl group, an aliphatic hydroecarbon. group or an aﬂlcycllc :
group, this gfewpaha@ssa .0, Ltu el ected. .a het eroatom
and a heteroaton}cont%i%}%gﬁgé%ugsnéﬁgﬁ%+gssg%u?hegﬁegg%%égggg and the
het er oat om i L | bel ude S t .and_groups as
L (o PR ey 08 41 P BB, PR P The

previ ously described w respect t
transitign e ' d the .foropula (LILI), when . the
positiQngofq%%gé%éﬁﬁg%%%§?6%1Paﬁgggige%pg% %nﬂi?rgggﬁrgPSH%PEtFHang

1-position, 5§éh§§ and an alicyclic hydrocarbon group having at least

one substituent §elected from a fluorine atom and a

fluorine-containing group. Such & transition metal

compound is preferable from the viewpoints of activity
. 10  and molecular weight of the resulting polymer.

As for the substitution position of‘the substituent
héving a heteroatom or a heteroatom-containing group,
when RIO jg aromatic, fhis substituent is preferably
present at the pésition of a carbon atom (carbon atom at

15 the P-position) adjacent to the carbon atom in R10 that
is bonded to a nitrogen atom, and when R10 is aliphatic,
the substituent is preferably present at the adjacent
position or its adjacent position (B-position or
position).

20 Examples of the heterocatoms and the hetercatom-
é;ntaining groups include the same atoms and groups as
previously described. Particulariy, fluorine is
preferable as the hetercatom, and a fluorine-containing

group is preferable as the heteroatom-containing group.

25 Examples of R*® include



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-position and the 6-position, one or nore substituents selected from
a 20 heteroatom and a heteroatom contai ning group, a phenyl group having,
at the 3-position, the 4-position and the 5-position, at |east one
substituent selected froma fluorine-cont@8ni ng group containing one
carbon atomand not nore than two fluorine atonms and a fluorine 25
cont ai ning group containing two or nore carbon atons, an 127 aromatic

con b havij t | t
ydrocarbon groupe ol fiedmd ”%$JQQPFW$D%§%##¥&1E%%#%%é#??ég%%% g?ning gr oup,

substituent selected from orine. d .
an 2 PRl SMSkSCLanof U B0 oL onst, one subsiLyent © sel ectec
atom and 8 {IRe N AR el - Stk b (R TR Compount 1<
Fesult ing. pol Y A FHRTRORBEL L1 D st T oRPRAE Che SubsSti et
havi ng a hgtergatom or het er oat om cont ai ni ng group, when RIOis
aromati c, higggﬂﬁﬁﬁ? CRPYafler abi AL B presEhtozahesiel position of a
carbon atom (carbon atomat 15 the n-position) adjacent to the carbon atom
in R O that 1H, 1H-perflucorcheptyl, IH, 1H-perfluorooctyl,
1H,1H—perfluorod9cyl, perfluoroéyclohexyl,
trifluoromethylc§clohexyl,
bis(trifluoromethyl)cyclohexyltrifiubromethylfluorocyclo—
. 10  hexyl, monofluorophenyl, difluorophenyl, trifluorophenyl,
tetrafluorophenyl, pentafluorophenyl,
(trifluoromethyl)pentafluorophenyl,
(trifiuoromethyl) fluorophenyl, trifluoromethylphenyl,
bis(trifluoromethyl)phenyl, tris(trifiuoromethyl)phenyl,
15 tetrakis (trifluoromethyl)phenyl,
pentakis (trifluoromethyl)phenyl, perfluorcethylphenyl,
bis (perfluocroethyl)phenyl, perfluoropropylphenyl,
perfluorobutylphenyl, perfluoropentylphenyl,
perfluorohexylphenyl, bis(perflubrohexyl)phenyl,
20 perfluoronaphthyl, perfluorophenanthryl,
.
perfluoroanthryl and (trifluoromethyl)tetrafluorophenyl.
RY is preferably a fluorine-containing aliphatic
hydrocarbon group of 3 to 30 carbon atoms. Examples

include aliphatic hydrocarbon groups of 3 to 30 carbon

25 atoms substituted with fluorine and/or fluorine-



is bonded to a nitrogen atom and when RIOis aliphatic, the substituent
is preferably present at the adjacent position or its adjacent position
(p3-position or 7- position). 20 Exanples of the heteroatons and the

het er oat om cont ai ni ng groups include the same atons and groups as

previ ously described. Particularly, fluorine is preferable as the

het eroatom and a fluorine-containing gfl@® is preferable as the

het er oat om cont ai ni ng group. 25 Exanples of R10 include 128
trifluoronethyl, perfluoroethyl, perfluoropropyl, perfluorobutyl,

per fl uoropent ybntpefifhyon pRES¥hrboReshikHORQhept yl, perfluorooctyl,
per fl uorodecyl, 1H, 1H perfl uoropropyl, 1H, 1H perfluorobutyl, 5

1H,IH—perflu01@p§@1?érf%{ﬁ%§§p§ﬁ$hyoigb@ﬁykerfiuP%gbB%&&Iuoroheptyl,

1H, 1H perfl uoroocty peril uorodecy perfluorocyél ohexyl,

trifluoromet hyj cygl,obexy, _
bis(trifluoronethyl?cycl% %ﬁ@????%fu%?b%%tH§FFFH8F88§éV&'1o hexyl ,

pent af | vor opham ™ ReH TIOBPEM L ) HehfapPRE VasReRay L - T
bi S(1 1171 Gor ont RIS BHemyTL Sas Pt T ROBT BHBeRGPRRRERy! , 15
tetr?kiS(triféf%iﬁgg%gﬁgafTFn¥£ifluorophenyl, tetrafluocrophenyl,
| pentafluoropheny}, (trifluoromethyl) pentafluorophenyl,
(trifluoromethylifluorophenyl, trifluoromethylphenvyl,
bis(triflu&romethyl)phenyl, tris(trifluoromethyl)phenyl,
10  tetrakis(trifluoromethyl)phenyl,
pentakis (trifluorcmethyl)phenyl, perfluoroéthylphenyl,
bis(perfluoroethyl)phenyl, perflulorpropylphenyl,
'perfluorobutylphenyl,AperfluoropentylpheﬁYl;
perfluorohexylphenyl, bis (perfluorohexyl)phenyl,
16 perfluoronaphthyl, perfluorophenanthryl;
perfluoroanthryl, and (triflucromethyl)tetrafluorophenyl.
RY is particularly preferably an aromatic
hydrocarbon group of 6 to 30 carbon atoms substituted
with fluorine, an aromatic hydrocarbon group of 8 to 30
20 carbon atoms substituted with a fluorine-containing
ﬁ&drocarbon of 2 or more carbon atoms or an aromatic
hydrocarbon group of 7 to 30 carbon atoms substituted
with fluorine and a fluorine-containing hydrocarbon group.

Examples include

25 monofluorophenyl, difluorophenyl, trifluorophenyl,



pent aki s(trifl uoronethyl)phenyl, perfluoroethyl phenyl,

bi s(perfluoroethyl)phenyl, perfiuoropropyl phenyl, perfluorobutyl phenyl,

per fl uoropentyl phenyl, perfluorohexyl phenyl, bis(perfluorohexyl)phenyl, 20
perfl uoronapht hyl, perfluorophenanthryl, 11 perfluoroanthryl and
(trifluoromethyl)tetrafl uorophenyl. R10 is preferably a
fluorine-containing aliphatic hydrocarbon180oup of 3 to 30 carbon atons.
Exanpl es include aliphatic hydrocarbon groups of 3 to 30 carbon 25 atons
substituted with fluorine and/or fluorine 129 contai ning hydrocarbon such

as 1H | H perf H I 1H, 1H- perfl uor opentyl,
1H,1FLperfIuor%ﬁg£§??98%éfq%f%%ffﬁ%%%%ﬁg%€€€§g%$¥ﬁF+perfIuorooutyl, 5

1H,IH—perfluorpgfffiu8£?@?€ﬁ%ig%%gggffy%{?Egéégrorophenyl, trifl uorophenyl,

tetrafl uorophenyl pen eny bmet hyl ) pent af | uor ophenyl
(1t uororet iy ELugt oty L LGt net vl PhemMl oo ipneny,

per 1 uor ot hyl BHERy T+ BIETHBY T GBRGEERYT) phenyl . pert 1 4l br pr opyl pheny!
E?;ELES¥FB§£XL §§£¥%H%E§$£%igg§g§g¥%§ ;Eiggﬁl'perfluorohexylphenyl,

- pentakis (trifluoromethyl)phenyl, perfluocroethylphenyl,
bis(perfluoroethyl)phenyl, perfluoropropylphenyl,
perfluorcbutylphenyl, perfluoropentylphenyl,
perfluorchexylphenyl, bis{perfluorohexyl)phenyl,

10 perfluoronaphthyl, perfluorophenanthryl,
pe%fluoroanthryl and (trifluoromethyl)tetrafluorophenyl.

Of these, particularly preferable as R are

.2—fluorophenyl group, 2,6-difluorophenyl group,
2,4,6-trifluorophenyl group, pentafluorophenyl group,

16 4-trifluoromethyl 2,3,5,6-tetrafluorophenyl group,
2-trifluoromethylphenyl group and 14, 1H~perfluorcoctyl
group. '

As for the substitution position of fluorine, when

R10 is aromatic, this fluorine is preferably present at

20 the position of a carbon atom (carbon atom at the B-

N
position) adjacent to the carbon atom in R10 that is
- bonded to a nitrogen atom, and when R10 is aliphatic, the

fluorine is preferably present at the adjacent position

or its adjacent position (B-position or y-position).



15 perfl uoronaphthyl, perfluorophenanthryl, perfluoroanthryl, and
(trifluoronethyl)tetrafluorophenyl R O is particularly preferably an
aromati ¢ hydrocarbon group of 6 to 30 carbon atonms substituted wth
fluorine, an aromatic hydrocarbon group of 8 to 30 20 carbon atons
substituted with a fluorine-containing hydrocarbon of 2 or nore carbon
atons or an aromatic hydrocarbon group 317 to 30 carbon atonms substituted
with fluorine and a fluorine-containing hydrocarbon group. Exanples

i ncl ude 25 nonofl uorophenyl, difluorophenyl, trifluorophenyl, 130

(tr1 71 uoronet byl ) 11 o onhenyl 0t BEt FUS: SABEnGEpRaErent and axe edon
tris(triflu h , 5 tetrakis(trifluoronethyl)phenyl,

pent gki s(tr :)% %?%%%ﬁy%%ﬁén?l ?‘a 8918Pu%§r:85‘t’hy—‘l Bﬁéﬁaﬂe?ﬁ“)c%nta%ninq

bi s(perf!l uor | ) phenyl erfl uoropropyl phenyl, . perfl uorobutyl phenyl,
perfluoropeﬁ%@%@%bd@l5YXBQF$FEBPOH59 Pphén$WFr8P§F§@MHﬁmﬁﬁﬂﬁmyk¥bhenyI, 10
pexfluoronaq@t{gi, gerfluoro henant hryl, =~ perfluoroanthryl and
(trifluorome Thit )Tt PRf | T8r SPRERY I COBE 2L RéBE, Ipaibi cal arltyogeef-er abl e as

R 4 are 2-fluorophenyl group, 2,6-difluorophenyl group,
2,4,6-tr$f|JgFHﬁﬁﬁﬁb¥gg$6%5P PEntaPrlbnspRenyrigiogpgroup. Examples

of such atoms and groups include the same atoms and

groups as previously described with respect to RZ to RS

in the formula (ilna).
R1S is a halogen atom, a haleogen-containing gfoup, a

. 10 hydrocarbon group or a hydrocarbon-substituted silyl

gf?upf Exampies of such atoms and groups include the
same atoms and‘grodps as previously described with
respect to R? to RO in the formula (II-a).

Examples of the hydrocarbon groups indicated by R15

18  include those of 1 to 30 carbon atoms. Preferred
examples thereof include straight-chain or branched alkyl
groups of 1 to 30 carbon atoms, preferably 1 to 20 carbon
atoms, such as methyl, ethyl, n-propyl, isopropyl, n- .
butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl,

20 q?opentyl and n-hexyl; hydrocarbon groups having
alicyclic skeleton and having 3 to 30 carbon atoms,
preferably 3 to 20 carbon atoms, such as cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, norbornyl and

adamantyl; aryl groups of 6 to 30 carbon atoms,

25 preferably 6 to 20 carbon atoms, such as phenyl, benzyl,



15 4-trifluoronethyl 2,3,5,6-tetrafl uorophenyl group,
2-trifluoronethyl phenyl group and 1114, 1H perfl uorooctyl group. As for the
substitution position of fluorine, when R10 is aromatic, this fluorine is
preferably present at 20 the position of a carbon atom (carbon atom at the
3 position) adjacent to the carbon atomin RLO that is bonded to a
nitrogen atom and when R10 is aliphatic, tIB8 fluorine is preferably
present at the adjacent position or its adjacent position (R position or
y-position). 131 R11 to R14 may be the same or different and are each a

hydr ogen at om @a%ﬁiﬁgfg 8t HéngnggfgfﬁgﬁQH%?bﬂi”Qlu%E%%ggh?gﬁﬁﬁkgﬁgﬁgﬁ

group, a hydrocarbon-substitute roup, “ah oxygen-

Such atoms and oroune Vel baefrafelis dhaReThTEegR 58t S RvRstRNT

such atons and ‘groups 1 nclude S atons~an

described with . RS 1 he formul.a.(11-a). R15 is a hal ogen
ﬁtgﬁ] a Balogen%gggﬁgﬁﬁ%%%aéTéﬁp?naaigéihgﬁr88a9§0ﬁ éﬁoé? GRT. ﬁ? atoms,

ydr ocar bon- su u sily oup. anpl es of such atgns and groups

i ncl ude the sgﬁéé%?% l%n% 5?0%@scggb%?egg8ﬂ§ry°6e§8r?6§& W-ORP F@%ﬁgctoto
R2 to RS ingth ornmula (11-a). Exappl es. of the hydrocarbon groups

i ndi cated by RI ﬁé%b?&|%3@m%hogﬁe€$rqb%5 §ot8a?§oﬁaabeﬁsatpmérereéd

these, tert-butyl is more preferable.

Examples of-the hydrocarbon-substituted silyl groups
indicated by R12 'include the same groupé as previously
described with respect to RZ to RS in the formula (II-a).

10 Examples of the halcgen atoms and the halogen-—
containing groups indicated by R13 include the same atoms
aéd groups as previously described with respect to Rl in
the formula (IIfa).
| R10 and R11 to R1S may be the same or different, and

16 two or mere of them may be bonded to form a ring.

n is‘a number satisfying a valence of M1,
specifically an integer of 2 to 4, preferably 2.

X is an oxygen atom, a hydrogen afom, a halogen atom,
a hydrocarbon group, an oxygen-containing group, a

20 sulfur-containing group, a nitrogen-containing group, a
Sbron—containing group, an aluminum-containing group, a
phosphorus-containing group, a halogen-containing group,
a heterocyclic compound residue, a silicon-containing

group, a germanium-containing group or a tin-containing

25 group. Examples of such atoms and groups include the



exanpl es thereof include straight-chain or branched al kyl groups of 1 to
30 carbon atons, preferably 1 to 20 carbon atons, such as nethyl, ethyl,
n- propyl, isopropyl, n- butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl,
20 neopentyl and n-hexyl; hydrocarbon groups having alicyclic skeleton and
having 3 to 30 carbon atons, preferably 3 to 20 carbon atons, such as
cycl opropyl, cyclobutyl, cyclopentyl, cj%*%hexyl, nor bor nyl and
adamantyl; aryl groups of 6 to 30 carbon atons, 25 preferably 6 to 20
carbon atons, such as phenyl, benzyl, 132 naphthyl, biphenylyl,

triphenylyl, &hmerenyhs anthgybupedaspheesnbliyly (RRE ARUPS Wher ei n these
groups are further substituted with an alkyl group of 1 to 30 carbon

atons, preferabpyct te R0igarhenratAlEa Qjan aryl group of 6 to 5 30
carbon atons, preferably 6 to 20 carbon atons. O these, tert-butyl is

nore preferable. Expapl gsief 2t be B¥Qé@@§tbgﬂﬁ§59$g&%ﬂ%@d&BHEXEtggoﬁﬁfﬁ&

i ndi cated by R15'include the sane groups as previousl escribe

respect to R2pt0 Re tRet BepboppulasELlaa). )l.es _of the.hal.ogen atons
and the halogen? contal ning groups ?%%?ggfe%gggéiggaﬁngfﬁagstﬁ8%§§%§: ons.
and groupg asppr{viQusi, b | respect to RL in the fornula
(I'r-a). R10 ang R11 ?o éﬂgSﬁg%hbggt 8Egaﬁe?gggdifferent, and 15 two or
more of them may b@hgopgggsigiggrﬂééailngpound represented by the

formula (II—a'),;(II—b') or {(II1I') 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
density functional method, the distance between the
hetercatom, which has no direct bond to the central metal
M and is nearest to the central metél M, and hydrogen at
the B-position is not more than 3.0 A and the o

15 electrostatic energy is not more than 10 kJ/mél.

Examples of the transition metal compounds
represeﬁted by the formula (I),.(II—a), (II~-b), (II-a‘'),
(IT-b'), (III) or (III) are given below, without limiting
thereto.

20



n is a nunber satisfying a valence of ML, specifically an integer of 2 to
4, preferably 2. X is an oxygen atom a hydrogen atom a hal ogen atom a
hydr ocar bon group, an oxygen-contai ning group, a 20 sul fur-containing
group, a nitrogen-containing group, a boron-containing group, an

al um num contai ning group, a phosphorus-containing group, a

hal ogen- cont ai ni ng group, a heterocyclic 8émpound residue, a
silicon-containing group, a gernmani umcontaining group or a tin-containing
25 group. Exanples of such atoms and groups include the 1 33 sane atons and
groups as previously described with respect to Xin the formula (1). Wen
nis 2 or greater, plural groups indicated by X my be the sane or
different, and plural groups indicated 5 by X nay be bonded to forma
ring. The trangition nmetal cofrpound represented by the ferftda (I1-a'),

(Ir-b") or ( pr ef er abl S properti hat, in a iFE tic structure
of a cationi e~yegnpl ex wher pne of X ing gformul a isg L.aced with 10
a n-propyl group,> sald struct r |ng measu e by a densify unctional,

met hod, the d sta EClyet weed°t he éﬁeroato

LehClhas no NH

t he central 2M and i est to the gl met al K i¥d, hydr ogen at
the n-positi 's not nore n 3 0 A and 15 el ectr atic energy is
not nore than 1dBLF<J/nDI 'Bu "Bu
;:N F ' QCF;; CHa(CF2)6CFa
" N*® ),TCIE ”'),‘rc'l-, neN=-- ~TICl, N"N “YeTic,
ook @ Tt oo
'Bu . “tgy o 'By
F F - ' CFa

Fr~ F ' FoN F
F@F F@F ' F@F F]i']F '
Yoo, /N“");‘ncla. /N‘”j;ncra Y ic),
S & & &
"By 'Bu 'Bu ' 'Bu |
QF @GI QCF;; CHa(CF2)6CF3

N-.. N
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- 'Bu 'Bu 'Bu 'Bu

SN : F ACF

F@F .F©F F@F F@F
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N--_ .- -
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N N N
v 2 \ @ v 2 : N7 2
lBU tBl_] 1Bu ‘B
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Exanples of the transition netal conpounds represented by the formula (1),

(rr-a, (1r-b),.(r1r-a), (11--b"), (I11) or (Il'l) are given bel ow, w thout
limting thereto. 20 FF CF3 F,J< F CH2(CF2)6CF3 >TICI2 N - nCl2 F F F
CH2(CF2)6CF3 ~N - TIC 2 CH(CF2)6CF3 ,~.TiCdl2 J~TiCl2 )TfCl2 2 2 2 tBu 6
N- TiICl2 N 1F :
: 185

F F CF;

i

o @ R :

N-'-.. N N

~ =TiCl TC[g & 'rcj2 "'- =T
: iCl
By
; F : Cl cr-'3 c:~|2(c:=a)5c::=3
9} i
2

N

Z77" ) STiC,
Xy 2

-2 N-o .
~-Y 2 07 2 . 07 o _ 07

F F
| F [ CF3F

F F F@F F
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Ph~x Tic, Pt O:),-'ncnz Ph~ 2N~ O},TCIE PN\ s1ic,
N 2 X 2 g 2 S ) 2

F F

F F F QF r@r:

N

Phwz =TiCl, Ph—~2""= -} -Ticy, Ph~z O/),TTCig Phe 2N~ ;),—Ticb
072 X072 597 2 07,



Ph Ph F Ph F Ph-~'-

;TICE Ph 2 2 Ph 185 Tid2 Ve

CNz(CF2)6CF3 "TI Cl2 Se Ph 2 136 ci

136

2 Ph Ph Ph F Ph

Ph



11 13~ 13s FaO =6 . r -3>TiCLz r- - ; . Ti TiC~r _: - id3r T ? ncl2
CFa F3C,,-_iCF3 F3C ~CFa F3C Y --CF3 F2C | "*CF3 F3C' T _-CF3 N 1iC
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tBu .



-'X'C2 12 tBu
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i;ol N

~~ "TCA2r TICL 2 CH2(CF~) $CF3 CH2(CF2)&CF3 11 _ - |
Bu denotes a butyl

t he above exanpl es,
transition netal
netal other 5 than ti

above- nenti oned conpounds are al so enpl o

the transition netal
exanple, the transiti

CF
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. N S
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conpounds

~ N N
N 11C12 O2 tBu 141 In
In the present invention,

is replaced with a,
in the

group.
wherein the titanium neta
tanium such as zircgni um or hafnium
| e. The process for preparing

conmpound (A) is not specifically limted, and for
on netal conpound represented by the formula
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10 (1'1'1) can be synthesized by allow ng a conpound (ligand precursor)

whi ch becones a ligand in the resulting transition netal conpound to react
with a transition nmetal ML-containing conpound represented by M Xk (ML and
X have the sane neani ngs as those of and Xin the 15 formula (111), and
k is a nunber satisfyi-ng a val ence of The |igand precursor is
obtained by allowing a salicylal dehyde. caﬁﬁbund to react with a primary
am ne conpound represented by the fornmula R10-NH2 (R10 has the 20 sane
meani ng as previously described), such as an aniline conpound or an

al kyl am ne conpound. Mre specifically, both of the starting conpounds are
dissolved in a solvent. As the solvent, a solvent usually used for such a
reaction is enployable and above all, an al cohol solvent 25 - such as

met hanol or et hARH" 26Fs a hydrﬁﬁdgﬁdzp%ol vent %a@ﬁdi% as tol @Eﬂ@ﬂ)gﬂ&

pr ef er abl e. Th he resul tiRg>sol ution |s rred for aboyt~ 1 to 100
hour-s under tH#e co F¥¥XWB of r Tﬂ@npera’Ure i@, ref | ux=temperpiure to

obtain the ndlng precursor e synt hes he
| i gand precu an acid | yst such a rnlc aci d, ggm ic acid or
t ol uenesul foni'c aﬁud may- be “useiu Use of ul ar si evesTmgnesi um

sulfate or sodiumsulfate as a dehydrati ng agent or dehydratlon by a
Dean-Stark nethod is effecti've for the progress of the reaction.
CFZ(CFE)ECFs CFg(CFg)-,CFa CHgCFchg CH2(CF2)20F3

(&>ma -

._ g(ma é( \,},rcuz é{}ma

CHa(CFz)acFa CHZ(CF2)4CF3 CHZ(GFZ)SCFS CHa(CFp)aCFs
E }nob E }TCIZ E }T;Clz g }TCIa
CH2(CF2)7CF3

-



10 Then, the ligand precursor thus obtained is allowed to react with a
transition netal ML-containing conpound to synthesize the correspondi ng
transition netal conpound. More specifically, the ligand precursor thus
synthesized is dissolved in a solvent, and if desired, the solution 15 is
contacted with a base to prepare a phenoxide salt. Then, the solution or
the salt is mxed with a netallic conmpoub#!such as a netallic halide or a
netallic alkylate at a |ow tenperature and stirred for about 1 to 48 hours
at a tenperature of -78C to roomtenperature or under 20 the refl ux
conditions. As the solvent, a solvent usually used for such a reaction is
enpl oyabl e, and above all, a polar solvent such as ether or

el yanydrofuran (Th) e %bOQﬁd%%%ﬁ&Hgg?fgglﬁﬁﬁl enOX|dh8£gF %525

preferable. As the base used for

metal lic salt suchi@s %EEEE@%%%ES§5%65%£%W l%fg% lﬁé”'@%{"#"%ﬁ@%ﬁﬁ% odlum

salt (e.g., sodlun1hy an organlc'base Stic

/1§ gand prochree San e ANEAWSC Y ot PP B VA 4 HEeT é)%‘r?lganthe

5 ligand precursor can

nmetal M -gpnt ghghn%ﬁ%ﬁgogpngévl\ftc g%gst tZIpr (ra?par ation ﬂ {he rﬁ)’lhtelnlgélrg% salt, to

synt hesi ze the " "Correspon SSIb|e to

replace the WEBO ew%eh%l%%ed compounds are also employable.

The process:for preparing the transition metal
compound (A} is not specifically limited, and for example,
the transition metal compound represented by the formula

", 10 {ITT) can be synthesized by allowing a compound (ligand

precursor) which becomes a ligand in the resulting

[
L)

transition metal compound tc react with a transition
metal lecontaining compound represented by Mlxk (M1 and
X have the same meanings as those of Ml and X in the
15 formula (III}, and k is a number satisfying a valence of
ml).
The ligand precursor is obtained by allowing a
salicylaldehyde compound to react with a primary amine

compound represented by the formula R1O-NHy (R10 has the

20 same meaning as previously described), such as an aniline
ébmpound or an alkylamine compound. More specifically,
both of the starting compounds are dissolved in a solvent.
As the solvent, a solvent usually used for such a

reaction is employable, and above all; an alcchol solvent

25 - such as methanol or ethanol or a hydrocarbon solvent such



nthesized transition metal conpound with another transition netal in
ioczﬁventional way. Further, when any one of R10 and Rl1 to R}S is H a
substituent other than H may be introduced in any stagg of the'synthesis.
It is possible to use the reaction solution of the 15 'ligand precursor and
the transition nmetal Ml-containing conpound as it is wthout isolating the
transition netal conpound. A usual proce§42foy preparing the conplex is
described al so in EP1008595A2.. 20 The transition nmetal conpound (A)
menti oned above can be used singly or in conbination of two or nore kinds.

B-1) Organo | 4 & T &P Exarpl £s ofp the Qn anonet Ilic c ounds
gB--)l) V\ﬁi chm%tzsgl %?léuoptigﬁgzlgfy usedfién tTrI]léapll’n\?cgn ior e Hﬁtlon

i G i i ou : oup 2 _and G oup
‘i%??ﬁé%é?%%Wi‘?%,f‘?ﬁi%%‘éﬁ’g%g@%fih@e?%qﬁ%giﬁgvﬁ% %’T?lmns
i onin il UG i o o G o e o
S?grr‘ns? nggoga‘{]%g Loong ior?ﬁf g tonr:il'5}_:)]_E:e(’j‘crurosnora. In tFI?le synthesis of the
. 5 ligand brecursor, an acid catalyst such as formic acid,

acetic acid or toluenesuifonic acid may be used. Use of
molecular sieves! magrnesium éulfate or sodium sulfate as
a dehydrating agént or deﬁydration by a Dean-Stark method
is effective for the progress of the reaction.

\ 10 ‘ Then, the ligand precursor thus obtained is aliowed
to react with a transition metal Ml-containing compound
té‘synthesize the corresponding transition metal compound.
More sﬁecifically, the ligand precursor thus synthesized
is dissolved in a solvent, and if desired, the solution

15 is contacted with a base to prepare a phenoxide salt.
Then,.the solﬁtion or the salt is mixed with a metailic
compound such as a metallic halide or a metallic alkylate
at a low temperature and stirred for about 1 to 48 hours
at a temperature of -78°C to room temperature or under

20 the reflux conditions. As the solvent, a solvent usually
u;ed for such a reaction is employable, and above all, a
polar solvent such as ether or tetrahydrofuran (THF) or a
hydrocarbon solvent such as toluene is preferable. As

the base used for preparing the phenoxide salt, a

25 metallic salt such as a lithium salt (e.g., n-



m n, p and q are nunbers satisfying the conditions of O<nc3, QO n<3,
Gcp<3, O-<g<3 and m+-n-i-p+q = 3. (B-1b) Al kyl conplex conmpound conprising
a metal of 15 Group 1 and al um num and represented by the fol | owi ng
formul a: M2AI Ra4 20 wherein M2 is Li, Na or K, and Ra is a hydrocarbon
group of 1 to 15 carbon atons, preferaglﬁul to 4 carbon atoms. (B-1c)
Conmpound represented by the follow ng f ASul a: 25 RaRbMB 145 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 organoatuhintuim coppoundsséBiha) salﬂckﬁgﬁi. , 3B0aR gANBHWAIRYMgonpound
represented by the following fornula: 10 Ra (ORb) 3_mwherein Ra and Rb

may be the sameopsadiéfesnest sasd ééetE@éhh?lBMQBQCéEbBQrQHQP@ 9fs 1 to 15
carbon atons, preferably 1 to 4 carbon atons, and mI§ preferably a 15

nunber sati spyépgribeecondi tion of 1.5cm: 3; an organoal um num conpound
represented by the follow ng fornula:

Depending upon the properties of the compound, the
5 ligand precursor can be allowed to directly react with
the transition metal Ml—containing compound without
preparation of the phenoxide salt, to synthesize the
corresponding transition metal compound.
It is possible to replace the metal M1 in the
\ - 10 _synthesized transition metal compound with another
transition metal in a conventional way. Further, when
' aﬁé one of RI0 and R11 to R1S is H, a substituent other
than H may be introduced in any stage of the synthesis.
It is possible to use the reaction solution of the
15  ligand precursor and the transition metal Ml-containing
compound as it is without isolating the transition ﬁetal
compound.
A usual process for preparing the complex is
described also in EP1008595A2.

20 "The transition metal compound (A} mentioned above

LY
can be used singly or in combination of two or more kinds.

(B-1) Organometallic compound

Examples of the organometallic compounds (B-1) which

25 are optionally used in the invention include



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 satisfying the condition of 0<nk3; 146 an organoal unm num conpound
represented by the following fornmula: RamAlH3_m 5 wherein Ra is a

hydr ocarbon group of 1 to 15 carbon atons, preferably 1 to 4 carbon atons,
and mis preferably a nunber satisfying %€ condition of 2Cnx3; and 10 an
or ganoal um num conpound represented by the follow ng formla:

RamAl (ORb) nXg 15 wherein Ra and Rb nay be the sane or different and are

each a hydr ocarbnin Heap ofc L ATRAN 0Ty ndlef £13Pl g dyto; 4 carbon
n

atons, X is a hdalogen atom and m n a g are hunbers sa is?ylng t he

condi tions of Qgme o 3 PR, (593% la%% {B;%-Fludjgjfé-ta 0152{%@2:%1%?@”@ es

of the organoal um num conmpounds = ( tri="n

such as trimetfyl &l pym, .,

(B-la) Organoaluminum compound represented by the

5 following formula:

R3pAL (ORP) nHpXy

wherein R2 and RP may be the same or different and are
10 each a hydrocarbon group of 1 to 15 carbon atoms,
pr?ferabiy 1 to 4 carbon atoms; X is a halogen atom; and
m, n, p and g are numbers satisfying the conditions of
o<ip§3, 0=n<3, 0=p<3, 0=qg<3 and mtn+piq = 3.
(B-1b) Alkyl complex compound comprising a metal of

15 Group 1 and aluminum and represented by the following

formula:

- M2A1R3y

20 wherein M2 is Li, Na or K; and R is a hydrocarbon group
LY
of 1 to 15 carbon atoms, preferably 1 to 4 carbon atoms.
(B-1c) Compound represented by the following

formula:

25 Raprbpm3



triethylalum num tri-n-butylalumnum tripropylal um num

tripentylalumnum trihexylal umnum trioctylalumnumand 25

tridecyl alumi num 147 branched-chain trial kyl al um nuns, such as
triisopropylalumnum triisobutylalumnum tri-sec- butylal um num
tri-tert-butylalumnum tri-2- nethyl butylal um num

try.-3-nmethyl butylal umnum tri-2 5 nethéﬂ%entylaluninum
tri-3-nethylpentylalum num tri-4- nethyl pentylal um num

tri-2-methyl hexylal um num tri-3- nethyl hexylal um num and
tri-2-ethyl hexyl al um num tricycl oal kyl al um nuns, such as
tricycl ohexyl al um num and tricycl ohctyl al um num 10 triaryla-Ium nuns, such
as triphenyl athedaim Bhdandi RB] yhal bel bhe] shmeabkedy FabushRuasd @.@ , those
represented by the fornula (i-C4Hg)xAly(C5HLO z (wherein x, y and z are
each a positeaeh nunbbedroeatbd? ZxpupSdEh1asoldst EakrBeRr 8RYKAI, UM num

al kyl al um num al koxi des, such as isobutylal um num nethoxi de,

i sobut yI al unipwet etdioky dp edda | sobuby| at onk hughdgi §BPLQPRAYI de;
di al kyl al um num al koxi des, such as di net hyl al umi num 20 fret hoxi de,

di et hyl al 8mi num etieasigsies ANk i It ¥ g oA D Btk OXblouAkiKY | AL YD) num
sesqui al koxi des, such as et hyl al um num
include:

an organoalpminum compound represented by the

following formula:

10 R3AL(0RP)3p

!

wherein Ra‘and Rb may be the same or different and are
each a hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 to é carbon atoms, and m is preferably a

15 number satisfying the condition of 1.55m<3;

an crgancaluminum compound represented by the

following formula:

R2pA1X3-m
20
\ 0
wherein R? is a hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 to 4 carbon atoms, X is a halogen atom, and

m is preferably a number satisfying the condition of

0<m<3;



sesqui et hoxi de and butyl al um num sesqui but oxi de; 148 partially al koxyl at ed
al kyl al um nuns, such as those having an average conposition represented by
Ra2. 5AI (ORb) 0. 5; di al kyl al um num aryl oxi des, such as diethylalumnurn 5
phenoxi de, diethylal um num 2, 6-di-t-butyl-4- nethyl phenoxi de),

et hyl al um nunbi s(2, 6-di -t-butyl -4- nethyl phenoxi de),

di i sobutyl al umi um( 2, 6-di -t-butyl-4- met h§#fhenoxi de) and

i sobutyl al um nunbi s(2, 6-di --t-butyl- 4-nmethyl phenoxide); 10 dial kyl al um num
hal i des, such as di nethyl al um num chloride, diethylalum num chlori de,

di butyl al um num chhQré fan S Bk YR AR S%ng%%%% nﬁgﬁg%l al um num

chl ori de; al kyl al um num sesqui hal i des, 'suc 5
sesquichIoH(¥%llgwig+afgﬁhgﬂg]sesquichIoride and et hyl al um num

sesqui brom de, partiall al ogenat ed al kyl al um nuns, e.g., alkylal um num
di hal i de such as ethyl al umi num di chl oride, propylal um num di chl ori de and
butyl al um num di brom de; 20 di al kyl al um num hydri des, such as
diethylalunfnunlle1A%ﬁ§§ di but yl al um num hydri de and dii sobutyl al um num
hydride; partially hy rod%nated al kyl al um nuns, e.g., -

5
wherein R2 is a hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 to g carbon atoms, and m is preferably a
number satisfying the condition of 2=m<3:
and
. 10 o an orgénoaluminum compound represented by the

following formula:

R2pAL (ORP) nXg

15 | wherein R2 and RP may be the same or different and afe
each a hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 to 4 carbon atoms, X is a halogen atom, and
m, n and g are numbers satisfying the conditions of 0<m=
3, Q§n<3, 0=qg<3 and m+tn+q = 3.

20 Particular examples of the organoaluminum compounds
{ﬁ~1a) inclqde:

tri-n-alkylaluminums, such as trimethylaluminum,
triethylaluminum, tri-n-butylaluminum, tripropylaluminum,

tripentylaluminum, trihexylaluminum, trioctylaluminum and

25 tridecylaluminum;



al kyl al um num di hydri des, such as ethyl al um num di hydride 25 and

propyl al um num di hydri de; ~and 449 partially al koxyl ated and hal ogenat ed

al kyl al um nuns, such as ethyl al um num et hoxychl ori de, butylal um num

but oxychl ori de and et hyl al um num et hoxybrom de. Al so enpl oyabl e are
conpounds anal ogous to the 5 organoal um n conpound (B-l1a). For exanpl e,
there can be nentioned organoaluninun1cdﬁ%%unds wherein two or nore

al um num conpounds are conbi ned through a nitrogen atom such as

(C2H5) 2A1N( C2H5) Al (C2H5) 2 Exanpl es of the compounds (B-1b) include

Li Al (C2H5) 4 10 anbrbBnAhgG7Hh5)nd t r@ahery lednpduwnass, alst enpl oyabl e as the
organonetallic conpounds (B-1) include nethyllithium ethyllithium

propyl I'i t hi umtrhispblrioblyil uiumimeid)y lkragresiuem ke idem Mty sJegnesi um
chl oride, 15 ethyl magnesi um brom de, ettyl magnesi um chlori de,

propyl magnesi butbnamuge nupy, ORYiFR@Res Py Rl1Qni iG8ym, RUtiylsmgnesi um bromni de,
but yl magnesi um chl ori de, di net hyl magnesi um di et hyl nagnesi um

di but yl rragnesintéﬁhgmautﬁmhxbﬁ\tim&nqagﬁasiaumet@%ﬁfﬂﬁfﬁ}ﬂa%%ni%nﬁomoiu-@—s 20
no

capabl e of producing the above-nentioned org al Um num conpounds in the

polymerizg i OﬂeﬁM?ﬁﬁghﬁg;lQ-lum%nuﬁlomiir'la-@i*gl%t%&l%%ln %’gﬁtﬁ&dﬂ{#’mi{'ﬁ{ﬂ@ﬂd_
al kyl l'ithiumand ~a conbi nation of hal ogenate I'um“num and al’kyl'maghesi um
' methylpentylaluminum, tri-2-methylhexylaluminum, tri-3-
methylhexylaluminum and tri—2—ethylhexylaluminum;
tricycloalkylaluminums, such as
tricyclohexylaluminum and tricyclooctylaluminum;

10 triarylaluminums, such as triphenylaluminum and

tritolylaluminum;

LN
L]

trialkenylaluminums, e.g., those represented by the
formula (i—C4H9)xAly(C5H10)Z (wherein %, y and z are each
a positive number, and z=2x), such as
15 triisoprenylaluminum;
alkylaluminum alkoxides, such as isobufylaluminum
methoxide, isobutylaluminum ethoxide and isobutylaluminum
isopropoxide;
dialkylaluminum alkoxides, such as'dimethylaluminum
20 methoxide, diethylaluminum ethoxide and dibutylaluminum
gutoxide;

alkylaluminum sesquialkoxides, such as ethylaluminum

sesquiethoxide and butylaluminum sesquibutoxide;



are al so enpl oyable. 150 [BY: ------ O the organonetal lic conmpounds
(B--1), the organoal um num conpounds are preferable. The organonetal lic
conmpounds (B-1) nentioned above are used singly or in conbination of two
or nore Kinds. 5 (B-2) Organoal um num oxy-conpound The organoal un num
oxy-conpound (B-2) which is optionally used in the invention nay be
conventional al um noxane or a benzene-insodldbl e or ganoal um num oxy 10
conmpound such as exenplified in Japanese Patent Laid-Qpen Publication No.
78687/ 1990. The conventional al um noxane can be prepared by., for exanple,

the foll ow ng proceg%??gaQQ@ %ik%%gﬁ%%kby %g&%ﬁ%% ns? ngﬁpgﬁgt¥ﬁgse

al
sol vent solution. 1 An~or ganoal um num conpound sucH as

trial kylalumn i:s adde h car:-hon nmedi um_ syspension of a conpound
cont ai ni ng adsgggﬁﬁgnq%a%g%gg ea¥%élPﬁlc&ﬁpaﬁﬁpﬁfsﬁﬁﬁﬁgfgﬁ’c[ysyalIlggtlon,
e.g., magnesi uga,chhgricg®,hydr.ate, copper sulfate hydrate, alum num

sul fate hydrate,zh?ckél s&pfgte hydrate or cerous chloride hydrate, to

1. nd to eact. with the adsorpti on water or
?LLOXEEQE gggagfsgggbggggﬁggﬁggnum aryioxgdes, such as die%hylaluminum

5 phenoxide, diethylaluminum(2, 6-di-t-butyl-4-
methylphenoxide), ethylaluminumbis(2,6-di~t-butyl-4-
methylphenoxide)! diisobutylalumium(2, 6~di-t-butyl-4-
methylphenoxide) and isobutylaluminumbis (2, 6-di-t-butyl-
4-methylphenoxide) ;

_— 10 dialkylaluminum halides, such as dimethylaluminum
chloride, diethylaluminum chleride, dibutylaluminum
cﬂloride, diethylaluminum bromide and diisobutylaluminum
chloride; | | |

alkylaluminum sesquihalides, such as ethylaluminum
15 sesquichloride,.butylaluminum sesquichloride and
ethylaluminum sesquibromide,
partially halogenated alkylaluminums, e.g.,
alkylaluminum dihalide such as ethylaluminum dichloride,
propylaluminum dichloride and butylaluminum dibromide:
20 dialkylaluminum hydrides, such as diethylaluminum
ﬁ;dride, dibutylaluminum hydride and diisobutylaluminum
hydridé;
partially hydrogenated alkylaluminums, e.q.,

alkylaluminum dibydrides, such as ethylaluminum dihydride

25 and propylaluminum dihydride; and



(2) Water, ice or water vapor is allowed to 25 directly act on an

or ganoal um num conpound such as 151 trialkylalum numin a medium such as
benzene, toluene, ethyl ether or tetrahydrofuran. (3) An organotin oxide
such as dinethyltin oxide or dibutyltin oxide is allowed to react with an
5 organoal um num conpound such as trialkylalumnumin a nediumsuch as
decane, benzene or toluene. The al um nox&we may contain a small amount of
an organonetal lic conponent. Further, it is possible that the solvent or
t he unreact ed organoal um num conpound is 10 distilled off fromthe

recovered sol uti @& refi=allymRBNe a@ 408 HeMBLOHSE LS h80h 850l ved in a

sol vent or suspeﬁg;d in gnkoor sol vent for alu norang. Exgnp_ggﬁgﬁgF?ﬁe

or ganoal un nemMcko RO WS, 14Seeh1ief éHHH%?dHl AiH Al noxane [ nel u

sa%e or ganoal uni num 15 conpouﬁdsnhs pre |oug1f' éSgrﬁbEf‘ TH " Bspect to
i B- ts e, .Jjreferable are

tr Organoabﬁ%bw#@m&M%g%n%nGIét i r e g é?9&5m@%q%'preferable is

~trial kylal um nums and tr|CyC|0? E?nahrggnugﬁh s are used singly or in 20
Combi nat i on of 1w 0F PR ERde. ERatoTBE S RO SR UHE f or
oD Son gt AR, R AT DHLOSRRS, Sheh g, e

be mentioned organcaluminum compounds wherein two or more

aluminum compounds are combined through a nitrogen atom,

such as (C2H5)2AlN(C2H5)Al(C2H5)2.

Examples of the compounds (B-1b) include LiAl(C2H5)4
10  and LiAl (C7H1s5) 4.

Other compounds, also employable as the
Qééanometallic compounds (B-1) include methyllithium,
ethyllithium, propyllithium, butyliithium,
methylmagnesium bromide, methylmagnesium chloride,

15 ethylmagnesium bromide, ethylmagnesium chloride,
propylmagnesium bromide, propylmagnesium chloride,
butylmagnesium bromide, butylmagnesium chloride,
dimethylmagnesium, diethylmagnesium, dibutylmagnesium and
butylethylmagnesium. Combinations of compounds

20 capable of producing the above-mentioned organoaluminum
ébmpounds in the polymerization system, e.g., a
combination of halogenated aluminum and alkyllithium and

a combination of halogenated aluminum and alkylmagnesium,

are also employable.



hydr ocar bons, such as pentane, hexane, heptane,. octane, 25 decane,
dodecane, hexadecane and oct adecane; alicyclic 152 hydrocarbons, such as
cycl opentane, cycl ohexane, cyclooctane and nethyl cycl opentane; petrol eum
fractions, such as gasoline, kerosine and gas oil; and hal ogenated
products of these aromatic, aliphatic and alicyclic 5 hydrocarbons (e;g;,
chl orinated or brom nated products ther1é-t9) . Also eml'Wabke--grefé.EMrs
such as ethyl ether and tetrahydrofuran. O the solvents, particularly
preferable are aromatic hydrocarbons and aliphatic hydrocarbons. 10 The
benzene-insolubIeOﬁrgaeoakgﬁhaﬂatQlyieoagggagndgpqgqu,lQR%he invention is
preferably an organoal um num oxy-conpound contai ni ng an conponent whi ch

I's soluble brghABZENAI ALNORofpolildaNa3R0URL Rk susyal Iy not more than 10
preferably notgnnre th;n g %?ggarticuﬁarlg 15 p?e erably not nore than 2 %

int f Al at i b = wasokubl e angal um, num

oxy- compound i s pogt Eér?g%ﬂ?}“iéﬁ?%;ﬂg& g&ggeggggi 35 3’36“%&%18:? gxr?i’eelng. The
| um n OX¥=GO r.us . . _Lnvention is ,

o ganoal U nahr osyeaoREAYTY bL LS EehBi it 1 oh R Lk o mes Bty ¢ he

follow ng formula RR2 RR1 R22 AI-OB-OA R2 R22

(B-2) Organcaluminum oxy-compound

The organoaluminum oxy-compound (B-2) which is
optionally used in the invention may be conventional
aluminoxane or a benzene-insoluble organocaluminum oxy-

10  compound such as.exemplified in Japanese Patent Laid-Open
Publication No. 78687/1990. |

a The conventional aluminoxane can be prepared by, for
example, the following processes, and is generally
obtained as a. hydrocarbon solvent solution.

15 (1) An organocaluminum compound such as
trialkylaluminum is added to a hydrocarbon medium
suspension of a compound containing adsorption water or a
salt containing water of crystallization, e.qg., magnesium-
chloride hydrate, coppér sulfate hydrate, aluminum

20 sulfate hydrate, nickel sulfate hydrate or cerous
éhloride hydrate, to allow the organocaluminum compound to
react with the adsorption water or the wéter of
crystallization.

(2) Water, ice or water vapor is allowed to

25 directly act on an organoaluminum compound such as



(1V) 25 153 wherein R21 is a hydrocarbon group of 1 to 10 carbon atoms;
and each R22 may be the sane or different and is a hydrogen atom a
hal ogen atom or a hydrocarbon group of 1 to 10 carbon atons. 5 The
or ganoal um num oxy- conpound contai ning boron and represented by the
formula (1V) can be prepared by allow nﬂan al kyl boroni c acid represented
by the following formula (V): 10 R21--B-"(OH) 2 (V) | wherein R21 is the
same group as descri bed above, to react wi th. an organoal um num conpound in
an inert solvent at a tenperature of -80 Cto roomtenperature 15 for 1
mnute to 24thdardydadermianm der ta gasliatmuspiterss bdnwmd esdfudie, _
al kyl boroni c acids represented by the fornula (V) include nmethylboronic
aci d, et hyl beitbyilc etheird ori seprrepyidierfaniacn .aci d, n- propyl boronic acid, n-
butyl boroni ¢ acid, isobutylboronic acid, n-hexylboronic 20 acid,
cycl ohexyl bor oni c (4¢i dAnpbegyhbesanosigdel ducs, ésdldﬁhié@h%@i%”'o%j]%gé Gy
pent af | uor ophenyl boronic acid and 3,5-bis(trifluoromethyl)phenylboronic
acid. O theséputpletieralligiearie mRURYILORONICRE ¢ith Ryt Yl boronic acid,
5 organcaluminum compound such as trialkylaluminum in a
medium such as decane, benzene or toluene.
The aluminqxane may contain a small amount of an
organometallic component. Further, it is possible that
the solveﬁt or the unreacted organoaiuminum compound is
10 distilled off from the recovered solution of aluminoxane
and the remainder is redissolved in a solvent or
suspended in a poor solvent for aluminoxane.
Examplés of the organcaluminum compounds used for
preparing the aluminoxane include the same organoaluminum
15 compounds as previously described with respect to the
organcaluminum compound (B?la). Of these, preferable are
trialkylaluminums and tricycloalkylaluminums.
Particularly preferable is trimethylaluminum.
The organcaluminum compounds are used singly or in
20 combination of two or more kinds.
\
Examples of the solvents used for preparing the
. aluminoxane include aromatic hydrocarbons, such as
benzene, tbluene, xylene, cumene and cymene; aliphatic

hydrocarbons, such as pentane, hexane, heptane, octane,

25 decane, dodecane, hexadecane and octadecane; alicyclic

SIS



i sobutyl boronic acid, 3,5-difluorophenyl boronic acid and 25

pent af | uor ophenyl boroni ¢ acid. 154 These al kyl boronic acids are used singly
or in conbination of two or nore kinds. Exanples of the organoal um num
conpounds to be reacted with the al kyl boronic acid include the same 5

or ganoal um nurn conpounds as previously qu ribed with respect to the

or ganoal um num conpound (B-l1a). O these, é?eferable are trial kyl al um nuns
and tricycloal kylalum nuns. Particularly preferable are

trinmethylal um num triethylalum numand 10 triisobutylal um num These

or ganoal um numhgorpaanrt®nar, € sudsed ssichglypentiahe; Oricnathieaanef, two or nore
ki nds. The organoal um num oxy- conpounds (B-2) nentioned above are used

singly or in Cbeﬂ@@b&@ﬂeOEnBWQthyqﬁ@%lobéﬁ@%nel5p@%r%ﬁ G@ﬂ@%%@%%gﬁé:h

reacts. with the transition nmetal conpound (A) to formion palr

conpound (B-3) swehCh st §agb3 iWet hkarbkansl hihan gaBBhL3l ;com 0 orm
an ion pair (referred to as 20 "ionizing |on|c conpoun erelna ter

that is optiongkbuuissdolnchisel Byeabkan, Laghides L aﬁﬁ'gg an i onic

conpounds, borane conpounds an car orané oun& escrlb iy Japanese

Patent Lai & Ogldrocarbons (e.g., chlorinated or brominated products
thereof). Also employable are ethers such as ethyl ether
and tetrahydrofuran. Of the solvents, particularly
preferable are aromatic hydrocarbons and aliphatic
hydrocarbons. |

. 10 The benzene-insoluble brgqnoaluminum oxy-compound
for use in the inventidn is preferably an organoaluminum
ogy—compound containing an Al component which is solubie

in benzene at 60 °C, in an amount of usually not more

than 10 %, preferably not more than 5 %, particularly

15 preferably not more than 2 %, in terms of Al atom. That

is, the benzene-insoluble organoaluminum oxy—éompound is
preferably insoluble or sparingly soluble in benzene.

The organocaluminum oxy-compound for use in the
invention is, for example, an organoaluminum oxy-compound

20 containing boron and represented by the following formula

EIV):

R22 R21 R22
N\ I /
Al—O—B—0—A
/ (IV)
R22 R22

25



Publ i cati ons No. 501950/1989, No. 502036/1989, No. 25 179005/1991, No.
179006/ 1991, No. 207703/1991 and No. 155 207704/1991, and U.S. Patent No.
5,321,106. A heteropoly conpound and an isopoly conpound nay al so be
enpl oyed. The Lewi s acids are,.for exanple, conpounds represented by BR3
(Ris fluorine or a .phenyl group which 5 may have a substituent such as
fluorine, nmethyl or trifluoromethyl). Ef&8ples of such conpounds incl ude
trifluoroboron, triphenylboron, tris(4-fluorophenyl)boron ,
tris(3,5-difluordphenyl)boron, tris(4 fluoronethyl phenyl)boron,

i fl b O tri -1 I I baron, t i s(o-tolyl)boron
and {F15(3. g“*’%%%?ﬂ%%%h%%%‘)h%%ﬂ%ﬁ%%ﬁ ‘fg‘ﬂ ?eﬁr%?aﬂdi ée;%par Sxamle
d n ormul a X es
R SOR26. AT TN RRVALRG2 ToF il aChRoBeRe i, CLAFBRRTGNROR Aona 20

oxoni um cati.on, anmmoni um cati.on ghosphonlun1cat|on cycl oheptyltrienyl

cation, ferr bEHTIUM catPBn hRFHGIE" ¢+ FAsP¥ i BnINErararbent geoppkef 1

to 10 carbon atoms.
5 The organcaluminuim oxyncémpound éontaining 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)
wherein RZ1l is the same group as described above,
to react with an organocaluminum compound in an inert
solvent at a femperature of -80 °C to room temperature
15 for 1 minute to 24 hours under an inert gas atmosphere,
Examples of the alkylboronic acids.represented by
the formula (V) include methylboronic acid, ethylboronic -
acid, isopropylboronic acid, n-propylboronic acid, n-
butylboronic acid, isobutylboronic acid, n-hexylboronic
20 acid, cyclohexylboronic acid, phenylboronic acid, 3,5-
éifluoroboronic acid, pentafluorophenylboronic acid and
3,5-bis(trifluoromethyl)phenylboronic acid. Of these,
preferable are methylboronic acid, n-butylboronic acid,

isobutylboronic acid, 3,5-difluorophenylboronic acid and

25 pentafluorophenylboronic acid.



R24 to R27 may be the sane or different and are each an organic group,
preferably an aryl group or a 25 substituted aryl group. 156 Exanples of
the carboniumcations include tri- substituted carbonium cations, such as
tri phenyl carboni um cation, tri(nethyl phenyl)carbonium cation and

tri (di met hyl phenyl ) carboni um cation. 5 Ex@gyles of the anmoni um cations

i nclude trial kyl ammoni um cations, such a ri met hyl anrhoni urn cation,
triethyl anmmonium cation, tripropylanmonium cation,

t ni butyl ammoni um cation and tri(n-butyl)anmmoniumcation; _

N, N-di al kyl ani | i ni gfleeat aQks,1bouohias aliNs1Q & midy anidipigm gation,

N, N-di ethylaniliniumcation and N, N 2,4, 6-pentanet hyl ani |I'i ni um cati on; and

di al kyl ammoni ¢en@Abia@1%n $HCRWRS odi MoTAPARYS ammoni um cation and
di cycl ohexyl anmoni um cati on. Exanpl es of the phosphoni um cations include 15

triaryl phosphoni umegakib9as, c$UERAS rhkLHBRS I RIGS RGN WD 4 LAt
ng 6 i met’hy 5henﬁ

n
tri (met hyl phenyl) phosphoni um cation ot . )6% Sphoni um
cation. R23 iscRieber alky ¢ALPANRUNGILIQR e e Yime
particularly preferably triphenylcarbonium cation, _
N,N-dl”Eth¥|aBkbthﬂﬁhﬁihh%nc%&pﬁuﬁa%'%%h%E%@ﬂJJEf§“é§EG£¥%ed with
respect to the organcaluminum compound (B-la). Of these,
preferable are trialkylaluminums and
tricycloalkylaluninums. Particularly preferable are
trimethylaluminum, triethylaluminum and
10 triisobutylaluminum. These organoaluminum 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) Compound .which reacts. with the transition ﬁetal
compound (A) to‘form ion pair
The compound (B-3) which reacts with a transition
metal compound (A} to form an ion pair (referred to as
20 "ionizing ionic compound"” hereinafter), that is

o%tionally used in the invention, inciudes Lewis acids,
an ionic compounds, borane compounds and carborane
compounds described in Japanese Patent Laid-Open
Publications No. 501950/1989, No. 502036/1989, No.

25 179005/1991, No. 179006/1991, No. 207703/1991 and No.



Al so enpl oyable as the ionic conmpound is a trialkyl- substituted ammoni um
salt, a N,N-dialkylaniliniumsalt, a dialkylamoniumsalt or a

triaryl phosphoniumsalt. 157 Exanples of the trial kyl--substituted ammoni um
salts include triethylamoniuntetra(phenyl)boron,

tripropyl anmoni unt et ra( phenyl ) boron, tri butyl)

ammoni unt et ra( phenyl )boron, 5 trinmethyla ni unt etra(p-tolyl)boron,
trimethyl anmoniunmtetra (o-tolyl) boron, tri (n-

but yl ) anmoni unt et r a( pent af | uor ophenyl ) bor on,

tripropyl anmmeifl Uit £l $ B 0, qrali hes hypphemy INdOr®B21 ride. a heteropoly
but yl ) anmoni unt et ra( m m di net hyl phenyl ) boron, tri(n 10

but yl ) ammoni wrmgtaa(d-drrd fdruarsapeiny | gD eRon, a 16 (B 1
butyl ) anmoni untetra(3,5--ditrifluoronethyl phenyl ba(l)r on andemEt)r? er’ﬁibutyl )

amoni unt et r a( o- t dh Jleren.adix®es Aod e MY itiniumsalts
i ncl ude N,N—dinethylaniIiniuntetra(phéﬁ@l)boré%# Wf%?%%éﬂﬂ&é

di et hyl ani | i miegntestemer(gghéry IBR3or @0 iandNdYieéd. & a phenvl i
pent amet hyl ani | i ni unt et r a(phenyl ) boron. Exanples of the' di Bl KA anmsRium

sal ts 1 nch udaadi (b eP0RUOATIAILLR CRetald grophenyl Jpor on and

di cycl ohexyl ammoni unt et r a( phenyl ) bor on. gﬁrﬂ%ﬁhﬁﬂnﬂ%) Tas the ionic

conpounds  ar e epRaHeeALASN URLShE2KLSLReRLRE! uargphenyl Jbotate, NN
triflqoroboron, triphenylboron, tris(4—fluorophenyl)bbron,
tris (3, 5-difluorcphenyl)boron, tris(4-
fluoromethylphenyl)boron, tris(peﬁtafluorophenyl)boron,

. 10 tris(p-tolyl)boron, tris(o~tolyl)boron and tris (3, 5-
dimethylphenyl)boron.

The ionic compounds are, for example, compounds

.represented by the followiﬁg formula (VI):

236) 24 I @
R® R*—p—=R%

én {(vI)

In the above formula, R23 is HY, carbonium cation,
20 oxonium cation, ammonium cation, phosphonium cation,
éycloheptyltrienyl cation, ferrocenium cation having a
transition metal, or the like.
R24 to R27 may be the same or different and are each
an organic group, preferably an aryl group or a

25 substituted aryl group.



di met hyl ani |'i ni unt et r aki s( pent af | uor ophenyl ) bor at e,

ferroceni unt etra(pentafl uorophenyl)borate,

tri phenyl car beni unpent aphenyl cycl opent adi enyl conpl ex, 158

N, N-di et hyl ani I i ni unpent aphenyl cycl opent adi enyl conplex and a_borop
conmpound represented by the formula (VII1): (M1) wherein Et is an'ethyl
group, or the formula (VIIl): 10 (VI11) Ex |l es of the borane conpounds
include 15 salts of netallic carborane anions, such as tri(n-butyl)
ammoni unbi s(nonahydri do-1, 3- di carbanonaborate) cobaltate(lll), tri
(n-butyl) ammoni unbEsampidecaliydhiedearbondum cations include tri-

di car baundecaborate)ferrate(lll), 20

tri(n- butyl)aﬁﬁnbsuﬁbuiédn@@%@Bﬁdhmd@ala%ns, such as triphenylcarbonium
di car baundecabor at e) cobal tat e( 1 |

tri(n- bUty|)anﬁﬁﬂhdﬁD!%&ﬁﬂﬁ%%ﬁ?lghbﬂ91zc%rbonlu cation and
di car baundecabor at e) ni ckel at e( tri FS

amroni unbi s( undeeahyAEk 917839, dLeaLhauRdesalanal o) cuprate(111), 159
4 Jarras 7o

tri(n-butyl) ammoni unbi s{undec ‘
d'Carbaund?paborateﬁﬁgﬁﬁigglbk)the ammonium cations include

trialkylammonium cations, such as trimethylammonium
cation, triethylammonium cation, tripropylammonium cation,
tributylammonium cation and tri(n~butyl)ammonium cation;
N,N—dialkylénilinium.cations, such as N, N-
10 dimethylanilinium cation, N,N-diethylanilinium cation and
N,N—2,4,6—pen£amethylanilinium catidn; and
di;lkylammonium cations, such as di(isopropyl)ammonium
cation and dicyclohexylammonium catioﬁ.
Examples of the phosphonium cations include
15 triarylphosbhonium cations, such as triphenylphosphonium
cation, tri(methylphenyl)phosphonium cation and
tri{dimethylphenyl)phosphonium cation.
RZ23 is preferably carbonium cation or ammonium
cation, particularly preferably‘triphenylcarbonium cation,
20 N,N-dimethylanilinium cation or N,N-diethylanilinium
N
cation.
Also employable as the ionic compound is a trialkyl-

substituted ammonium salt, a N,N-dialkylanilinium salt, a

dialkylammonium salt or a triarylphosphonium salt.



tri(n--butyl) amoni unbi s(nonahydri do-7,8-dinethyl-7,8

di car baundecaborate)ferrate(lll), 5
tri(n--butyl)amoni unbi s( nonahydri do-7, 8-di net hyl -7, 8-

di car baundecaborate)chromate(l11),
tri(n-butyl)annDniunbis(tribronDoctahydriq?-7,8-

di car baundecaborate)cobaltate(lll), tris ﬂi(n-butyl)

anmoni unj bi s(undecahydri do-7 10 car baundecaborate)chromate(ll11),
bis[tri(n-butyl) anmoni um bi s(undecahydri do-7-

car baundecabor at e) RaagahatebFV:he b&aaﬁth~éﬂbsQ§kh&kda@mﬁ8n%%h Ri=S ¢ s
(undecahydri do- 7- carbaundecaborate)cobaltate(lll) and 15 bis[trifhjbutyl)

ammoni unj bi s( undecaby diiden?l asathaungesaq _E@Aﬁh@%ﬁkﬁ%e('\o- - The
het er opol y conpound conprises an atom of silicon, phosphorus, titanium

ger mani um ar senpe okl binMoARHm@Re raQhbHERLS s¢lgqted from vanadi um
ni obi um nnlybdenun?yzo and tﬂngsfgg? Ex n%?ggggf ?ﬁgﬁ%bonpounds i ncl ude

phosphovanadi gy 8¢h §l s @EREBRONARAGI [ rsenovanadi ¢ acid,
phosphoni obi ¢ gc?d?agernanoniog?gbggﬁg}qbggﬁﬁéonnlybdic acid,

phosphonolgybdi ¢ ; a€i j LG, _acl er manonol ybdi ¢ aci d,
arsenonnl5%diEgégggﬂy%%h%?§%§§%§nggPc%éggé}gﬁﬁggphotungstic acid, 160

ger manot ungst{ £;aci f.1 5LA00 LC_aci hosphonol,ybdovanadi ¢ aci d,

phosphotungstovanaglg aCI§195H@g§Ea?o ogyl)BoroR, triin
butyl)ammoniumtetra(pentafluorophenyl)boron,
tripropylammoniumtetra (o, p-dimethylphenyl)}boron, tri (n-
butyl)ammoniumtetra(m,m—dimethylphenyl)boron, tri(n-

10 butyl)ammoniumtetra(p-trifluoromethylphenyl)boron, tri(n—-

butyl)ammoniumtetra(3,5~ditrifluoromethylphenyl)boron and

)
L]

tii(n—butyl)ammoniumtetra(o—tolyl)boron.

Examples of the N,N—dialkylaﬁilinium éalts include
N,Nudimethylaniliniumtetra(phenyl)boron, N, N-

16  diethylaniliniumtetra (phenyl)boron and N,N-2,4,6-
pentamethylaniliniumtetra(phenyl)boron.

Examples of the dialkylammonium salts include di (1-
propyl)ammoniumtetra (pentafluorophenyl)boron and
dicyclohexylammoniumtetra (phenyl)boron.

20 Further employable as the ionic compounds are
Ekiphenylcarbeniumtetrakis(pentafluorophenyl)borate, N, N~
dimethylaniliniumtetrakis(pentafluorophenyl)borate,
ferroceniumtetra(pentafluorophenyl)borate,

triphenylcarbeniumpentaphenylcyclopentadienyl complex,



ger manot aungst ovanadi ¢ aci d, phosphonol ybdot ungst ovanadi ¢ aci d,

ger manonol ybdot ungst ovanadi ¢ acid, 5 phosphonol ybdotungstic acid,

phosphonol ybdoni obic acid, netallic salts of these acids, specifically,
salts of these acids, for exanple with netals of Goup 1 or 2 of the
periodic table such as lithium sodium potassium rubidium cesium
beryllium magnesium calcium 10 st ront 18/ and bari um and organic salts
of the above acids such as with triphenylethyl salt, but not limted
thereto. The ionizing ionic conpounds (B-3) nentioned above may be used
singly or in Qmﬂb+@ﬂét@ﬁlQﬁi1Y@i@ﬁ?@@fgpﬁéﬂgﬁcyciBpéﬂ@a&i@ﬂzitE8§pﬂ§&a
conpound (A) is used as an 15. olefin polynerization catalyst and an

or ganoal um numa©XYs K&FPLU a Nylo] €l d .CO-
cat al yst conponent in conb?ﬁ% ?gﬁdMF?QF%%%$€%ﬁg%8ngﬁ?A§?§mPE§ 6?2F?h

pol ymeri zation catal yst exhibits extrenely _high polynerization activity to
olefins. 20 In the present inventio theryNansition netal conpound
represented by any one of {he for ), (Il a), (Il-b) and (111) nmay be
used singly as an ol efin ,Pelyne catal yst, or there may be used an
olefin pokynerization cata yszt)2 ony g: 25 (A) the transition netal
conpound, and 161 (B) at |east one gonpound selected from (B-1) an

or ganoal um num conpound, * (VIT)

wherein Bt is an ethyl group, or the formula (VIII):

CFy

(VIIT)

Examples of the bofane compounds include

15 salts of metallic'carbofane anions, such as
tri(n-butyl)ammoniumbis (nonahydrido-1, 3-
dicarbanonaborate)cobaltate (II1}),
tri(n-butyl)ammoniumbis (undecahydrido-7, 8-
dicarbaundecaborate) ferrate (III),

20 tri(n-butyl)ammoniumbis (undecahydrido-7, 8-
gicarbaundecaborate)cobaltate(III),
tri(n—butyl)ammoniumbis(undecahydrido—?,8—
dicarbaundecaborate)nickelate (111},
tri(n—butyl)ammoniumbis(undecahydrido—?,8—

25 dicarbaundecaborate)cuprate (III),



(B-2) an organoal um num oxy-conpound, and (B-3) a conpound which reacts
with the 5 transition netal conpound (A) to forman ion pair. If the
transition nmetal conpound (A) represented by the forrmula (I11) is used in
conbination with the conponent (B), aconpound represented by the foll ow ng
formula (lIll1-a) is forned in the polynerization system 10 ...(lll1-a) 15 In
the above fornula, R10 to R15, M, m n188d X have the same neanings as
those of RIO to RI5, M, m n and Xin the formula (l11l), and Y is a
so-cal |l ed weak coordination anion. 20 In the formula (I1l-a), the bond

bet ween t he yief g|_ M apgd %F@i%fspﬁx@é esy(plo ,.0% @n ionic bond. Y is,

for exanple, a weak coor nation anion SC | ed 1h "Chenical Review',

w093/ 30612, TaT T LA 1R ASEHFEL (hercof | neiude the Tol | owi ng

compounds AfHy IR PuSREN Sull et Sege #LoChlferent png 1o an

hal ogen atogié%rl&ﬁ%ééé&ﬁ%ré%@tf%é%é%%(lll), | N

5 tri(n-butyl)ammoniumbis (nonahydrido-7,8-dimethyl-7, 8-
dicarbaundecabdrate)chromate(III),
tri(n—butyl)ammopiumbis(tribromooctahydrido~7,8—
dicarbaundecaboréte)cobaltate(III),
trisftri(n-butyl)ammonium]bis (undecahydrido-7-

. 10 carbaundecaborate)chromate (III},
bis[tri(n—butyi)ammonium]bis(undeqahydrido—?—
c;rbaundecaborate)manganate(IV),
bis[tri(n—butyi)ammonium]bis(undecahydrido—7—
‘carbaundecaborate) cobaltate (III) and

15 bis[tri(n—butyl)ammonium]bis(undecahydrido—?—
carbaundecaborate)nickelate (IV). |

. The heteropoly compound comprises an atom of silicon,

phosphorus, titanium, germanium, arsenic or tin and one
or more atoms selected from vanadium, niobium, molybdenum

20 and tungsten. Examples of such compounds include
ghosphovanadic acid, germanovanadic acid, arsenovanadic
acid, phosphoniobic acid, germanoniobic acid,
silicomolybdic acid, phosphomolybdic acid, titanomolybdic

acid, germanomolybdic acid, arsenomolybdic acid,

25 stannomolybdic acid, phosphotungstic acid,



any of these atons, an aliphatic hydrocarbon group, an aromatic

hydr ocar bon group, an alicyclic hydrocarbon group, a substituent wherein an
al i phatic, aromatic or 10 alicyclic hydrocarbon group is substituted with
an oxygen atom a nitrogen atom a phosphorus atomor a hal ogen atom or a
substituent wherein an aliphatic, aromatic or alicyclic hydrocarbon group
is substituted with a substituent having'&h oxygen atom a nitrogen atom
a 15 phosphorus atom or a hal ogen atom BR4 wherein each R nay be the sane
or different and is an oxygen atom a nitrogen atom a phosphorus atom a

hal ogen at om R rafthdndRt Rt NING R Qg desealpms, 20 an aliphatic
hydr ocar bon group, an aromatic hydrocarbon 11 group, an alicyclic

hydrocar bon graRpREHRHIRMERG : MIQLE N ggm%vﬁio@?ﬁntdsct’ovaarn '&?ﬁé G Ay

alicyclic hydrocarbon d¢roup iI's substitut an ‘oxygen atom a Hitrogen

atom  a_phoSpROrss ALML: o HalAYCN ALOM 00, A HHASHANERL 25 wher el 0 an

aliphatic, ar tic or Icyclic ydrocafb n group 1's e
2 SUDSt L eet 15 AGURS0 AL 3 Lo AL 2 phosphorus atom o
sulfonate.5 phosphomolybdotungstic acid, phosphomolybdoniobic acid,
metallic salts of these acids, specifically, salts of
these acids, fofxexample 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 ioniziﬁg ionic compounds (B-3) mentioned above
may be used singly or in combination of two or more kinds.
If the transition metal compéund (&) is used as an
16 olefin polymerization catal&ét and an organcaluminum oxy-—
compound such as methylaluminoxane is used as a co-
catalyst component in combination with the compound (A),
the olefin polymerization catalyst exhibits extremely
high polymerization activity.to olefins.
20 In the present invention, the transition metal
;ompound represented by any one of the formulas (I), (II-
a), (II-b) and (III) may bé used singly as an olefin
polymerization catalyst, or there may be used an olefin

polymerization catalyst comprising:

25 (A} the transition metal compound, and



The ol efin polynerization catal yst enployable in the invention can contain
the following carrier (C and/or the |ater-described organic conpound (D)
if necessary, in addition to the transition netal conpound' (A) and at 10

| east one conpound (B) (sonetimes referred to as a "conponent (B)"

herei nafter) selected fromthe organonetallic conpound (B-1), the

or ganoal um num oxy- conpound (B-2) and th&61onizing ionic conmpound (B-3).
15 (O Carrier The carrier (C) optionally used in the invention is an

i norganic or organic conpound in the formof granular or particulate
solid. As the inor i j des,. 1.ho i c halides, clay,
clay mnerals or ig%nzgngggﬁgﬁggﬁvﬁyergg égﬁg%%%ﬁgnge{%ﬁgTerable. Exanpl es
of the porous oxides inclu .02, A1203,. .MyO, ZrQ Ti 02, B203, CaO ZnO
BaO, Th02, and conpl ex ((?gq ogrrlldsdrgranrﬁax uﬁnrlglg“mcé:%% t hese oxi des, such
as natural or syntheti c(@z_%cil ite, Si02-MyO,. Si 02-A1203, Si02 25 Ti02,

Si 02- V205, Si 02-Cr203 and S 02 Ti%%2A3, DY L&Y FERRFEI%Er 81T are
conmpounds containing SiQ nd/ or A1203 as_  the nmain conponent. The

i nor gani ¢ oxi des may con(%éi%ﬁ 35 PP oAU B reegtisorite iR fate, nitrate
and oxi de gonponent,s,, such as Na2CO3, K2C03, CaC03, MyCO3, Na2SM4,
A12(304) 3,° BaSEANS HENPE TFEN0 HFPANOD)3, ENAIED 181D 7l RAIDQ.

If the transition metal compound (A) represented by
the formula (III) is used in combinaticn with the

component (B), a compound represented by the following

formula (III-a) is formed in the polymerization system.

. 10
... {I1I-a)
15
In the above formula, RO to R15, MY, m, n and X
have the same meanings as those of R10 to R15, Mi, m, n
and X in the formula (ITII), and Y is a so-called weak
coordination anion.
20 In the formula (III-a), the bond between the metal M

L]
and Y may be a covalent bond or an ionic bond.

Y is, for example, a weak coordination anion
described in "Chemical Review", vol. 88, p. 1405 (1988),

"Chemical Review", wvol. 97, p. 927 (1993), or W098/30612,



Al t hough the porous oxides differ in their properties dependi ng upon the
type and the preparation process thereof, the carrier preferably used in
the 10 invention has a particle dianeter of 10 to 300 um preferably 20 to
200 pin, a specific surface area of 50 to 1,000 nR/g, preferably 100 to 700
n2/g, and a pore volune of 0.3 to 3.0 cn8B/ | f necessary, the carrier may
be calcined at 100 to 1,000 C, preferablib 50 to 700 C, 15 prior to use.
Exanpl es of the inorganic halides enployable in the invention include
MyCl2, MgBr2, WMhCl2 and MnhBr2. The inorganic halide may be used as it is,

or may be useg:- afteanhduwerniszed e@aém 15 %%@.Jo% ih A de PHd
aShfl ne par tjirhc'?es

oscillating mll. The inorganic halide may also be Use

of a obtai ned By di$s@l.ving the inorganic chloride. in a solvent such as
al cohol and then preC|p|tat|ng using a precipitant. The clay enpl oyabl e as
a carrier in the |%g§@L|on is 25 generally conposed nmainly of clay

m nerals. The ion exchange | ayer ed- conpounds enpl oyable as a carrier in

the inventio | qunds, havi crystal structure wherejin planes
formed by i onlnlc %8 gll ng r%t R& ?D%e% eslagﬁa‘i ﬁ’&t éi&ftﬁueﬁeﬁ’&r A°kI1 S @rone
anot her w a_weak b%nd strength, and ions contained therein are

exchangeabl e Oﬁggﬁn £y it F89§naP§°an e%%%ﬁﬁ@@rpéy rcGmpounds. The

hydrogen atom, a halogen atom, a substituent containing
any of these atoms, an aliphatic hydrocarbon group, an
aromatic hydrocafbon group, an alicyclic hydrocarbon
group, a substituent wherein an aliphatic, aromatic or

. 10  alicyclic hydrocarbon group is substituted with an oxygen

atom, a nitrogen atom, a phosphorus atom or a halogen

[y
1

atom, or a substituent wherein an aliphatic, aromatic or
alicyclic hydrocarbon group is substituted with a
.substituent having an oxygen atom, a nitrogen atom, a
15 phosphorus atom or a halogen atom;
BRA-
wherein each R may be the same or different and is an
oxygen atom, a nitrogen atom, a phosphorus atom, a
halogen atom, a substituent containing any of these atoms,
20 an aliphatic hydrocarbon group, an aromatic hydrocarbon
éfoup, an alicyclic hydrocarbon group, a substituent
wherein an aliphatic, aromatic or alicyclic hydrocarbon
group is substituted with an oxygen atom, a nitrogen atom,

a phosphorus atom or a halogen atom, or a substituent

25 wherein an aliphatic, aromatic or alicyclic hydrocarbon



clay, the clay mnerals and the ion-exchange | ayered conpounds enpl oyabl e
in the invention are not limted to natural ones but include synthetic
ones. 10 Exanples of such clay, clay mnerals and ion- exchange | ayered
conmpounds include clay, clay mnerals and ion crystalline conmpounds having
| ayered crystal structures such as hexagonal closest packing type,
antimony type, Cdd 2 type and Cd12 type. 183 Particul ar exanpl es-of the
clay and the clay mnerals include kaolin, bentonite, kibushi clay,
gaironme clay, allophane, hisingerite, pyrophyllite, mca,

mont nori | | oni tgesowerid ailbdE et @rifen W90F ski inite,  nacrite,
dickite and hallgggite. Particul ar Z%QEXgﬁiles %#é%ﬁ% ?%ﬁ?% c%%n8§y9§§bred
conmpounds i NClaw@en,Cray stiad dd i salt nt netals,.such as a-
Zr (HAsO4) 2 H20, a-ZraJ(llI—clsl%% a&gm%% %ﬁ&é&g’% " QL FiNEPBRR 2, a-Ti
(HAsO04) 2 H2Qi@:Sn (HP04) 2 H20, y- Zr(HP04)2, y-Ti (HP04)2 and y-Ti
(NHAPO4) 2H20, 166 The clay, the clay mnerals and the ion-exchange |ayered

conpounds are pref ep@bl.y 4 agse havi a _por vol un as measured on pores
havi ng a radius of not'lg%g t Han iﬁf%k%ﬁ#@?ﬁhﬁQﬁuiﬂxiﬁﬂﬁq%ﬂiQﬁ%id%fhod,

of --not | ess t 0. / and are particularly preferably those having
a pore voluneﬁggg%gf F@#?éﬁ%%f'The pore vol une

The olefin polymerization catalyst employable in the
invention can coptain the following carrier (C) aﬁd/or
the later—desc:iBed organic compound (D), if necessary,
in addition to the transition metal compound (&) and at

. 10 least one compound_(B} (sométiﬁés referred to as a

"component (B)" hereinafter) selected from the

organometallic compound (B-1), the organocaluminum oxy-

compound (B-2) and the ionizing ionic compound (B-3).

15 ‘ (C) Carrier

The carrier (C) optionally used in the invention is
an inorganic or organic coﬁpound in the form of granular
or particulate solid. As the inorganic compounds, porous
oxides, inorganic halides, clay, clay minerals or ion-

20 exchange layered compounds are preferable.
) Examples of the porous oxides include Si02, Al»03,
MgO, Zr0O, TiO2, B203, CaoO, ZnO, BaO, ThO2, and complex
compounds or mixtures containing these oxides, such as

natural or synthetic zeolite, S5i02-Mg0O, Si02-Al203, SiOé—

25 TiOp, S5i02-V20s, §102-Cr203 and Si02-Ti02-Mg0. Of these,



is neasured on the pores having a radius of 20 to 3x104 A by a nercury
penetration nmethod using a nmercury porosineter. 10 If a conpound having a
pore vol une, as neasured on pores having a radius of not |ess than 20 A,
of less than 4.1 cc/g is used as the carrier, high polynerization
activity tends to be hardly obtained. It is also preferable that the clay
and the clay 15 minerals to be used in thd&4nvention are. subjected to
chem cal treatnents. Any of surface treatnents, for exanple, to renove
inmpurities attached to the surface and to influence on the crystal

structure of th§r€£@¥ab?éeargnEBﬁé%?keslEéﬁ?gkﬁin fSEHEhagﬁ?gkfggggénfuhnd

treatnments include 20 acid treat a treatnent; s

organic substanfﬁ treatnment. The acid treatment can contribute to not only
renmovi ng i mpuri t18s"fOnTPHRONSHFf ace but al so el uting cations such as Al,
Fe and My present in?the crystal structure to increase the surface 25
area. The alkali treatfrehtoE3@ndesProyesrpayarcrtpipt ainaliszmgengrapit o
bring about change in the structure of the clay. The salt treatnent and
the organic subSt&neratercavhEatecaniprafacandf exidganpmeoneotice such as

conposites, . nol ecular conposites, or organic derivative to change the 5
su??ace are® orN?%§$%isg%ﬁgébe?ﬁﬁgﬁrlg9§8§! &ﬁ@spén-éiaﬁﬁﬁ@éBPa?gﬁgdr

conpound for use._in the
KNO3, Mg (NO3)2, AL(NO3)3, Naz0, K20 and Li20.

Although thgvporous oxides differ in their
properties depending upon the type and the preparation
process therecf, the carrier preferably used in the

. 10 invention has a particle diameter of 10 to 300 um,
pr?ferably 20 to 200 yum, a specific surface area of 50 to
1,000 m2/g, preferably 100 to 700 m?/g, and a pore volume
of 0.3 to.3.0 cm3/g. If necessary, the carrier may be
calcined at 100 to 1,000 °C, preferably 150 to 700 °C,

16 prior to use.

Examples of the ihorganic halides employable in the

'invehtion include MgClz, MgBr2, MnCl? and MnBrs. The
inorganic halide may be used as it is, or may be used-
after pulverized by, for example, a ball mill or an

20 oscillating mill. The inorganic halide may also be used
.
as fine particles of a obtained by dissolving the
inorganic chloride. in a solvent such as alcohol and then
precipitating using a precipitant.

The clay employable as a carrier in the invention is

25 generally composed mainly of clay minerals. The ion-



invention may be a | ayered conpound in which the exchangeable ions between
| ayers have been exchanged with other |arge and bul ky ions utilizing ion
exchange 10 properties to enlarge the distance between the |ayers. The
bul ky ion plays a pillar-like roll to support the |ayer structure and is
generally called a "pillar”. [Introducti of other substances between

| ayers of a |ayered conpound is called "i*htercal ation". Exanples of 16 the
guest conpounds tb be intercal ated include cationic inorganic conpounds,
such as Ti Cl4 and ZrCl4; netallic al koxides, such as Ti (OR) 4, Zr(OR)4,

PO( OR) 3 and BECGRpRIe( Raiysredhydmpoaniden egibdoyadi et hes |d ke)vr iand iretald i c
hydr oxi de i ons, such as [AlI 1304(CH)24] 7+, [Zr4(0OH) 1412+ 20 and

[ Fe30( OCOCH3)8YentThe ¢enpompdsintentiaoned abevesway ke st s Rglrdr, in
conbi nation of two or nore kinds. The intercal ation of the conpounds nay be

carried outpilenthe fpraeendg abnpel yeBES nebbai R Y day &Rl VWSS e e £5
nmetal lic al koxi des such as Si(OR)4, AI(OR)3 and Ge(OR)4 168 (R1s a

hydrocar bon gnoppranlthetbi kayr ahotRet-hgiPhesenesx @f IQd | ngrgani c
conpounds such as Si 2. Exanples of thelpillars incF& esggkgggj%rgﬁgged by

igtercalaiiOﬂheOthBec@h@&@n&ﬁ”%h@ﬂ@@n”ﬁ%@!Ekﬁhgﬁg%%?ﬁgﬁ iﬁggtbg%meen >
yers, followed by dehydration under heating. clay, clay m'nerals and
i on- exchangeci ayenelerals are lon-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
'aﬂé ion crystalline compounds having layered crystal
structures such as hexagonal closest packing type,
aﬁtimony type, CdCly type and CdI2 type.
15. Particular examples of the clay and the clay
minerals include kaolin, bentonite, kibushi clay, gairome
clay, allophane, hisingerite, pyrophyllite, mica,
montmorillonite, vermiculite, chlorite, ralygorskite,
kaolinite, nacrite, dickite and halloysite. Particular
20 examples of the ion-exchange layered compounds include
'éfystalline acid salts of polyvalent metals, such as o-
Zr (HAsO4) 2 * H20, a-Zr{HPOg) 7, 0—-Zr (KPO4)2 * 3H20, o-
Ti(HPO4)2, o-Ti(HAsO4)2 *H20, a-Sn(HPOg)2 * H20, y-

2xr (HPO4) 2, y-Ti(HPO4)2 and y-Ti(NH4PO4)2 * H20,



conpounds nentioned above may be used as they are, or may be used after
they are subjected to a treatment of ball mlling, sieving or the Iike.
Moreover, they may be used 10 after they are subjected to water adsorption
or dehydration under heating. The clay, clay minerals and ion-exchange

| ayered conmpounds may be used singly or in conbination of two or nore
kinds. O the above-nentioned materials, kﬁ%ferablg are 15 clay and clay
mnerals, and particularly preferable are nontnorillonite, vermculite,
hectorite, tenorite and synthetic m ca. The organic conpound is, for

exanpl e, a granul arher clpght iceiel atig Sﬁhh@r%@%pgﬂﬁdtﬂévggg %xE@f&fCle
dianeter. of 20 10 to 300 pm Exanples of such conpounds inclu (co)

ol yners prodiiaedresi Remdduaael afin Q%f% %%1 4 3RoR 3L oTE SUCh as
gthglene ppropylgene 1- g%tgne or 4- fethyl- % pentene as a°méi # %4 gr edi ent

[
e B o
ot Tonal |y UsehFo P Yo 5 BoryR rF S5 REY B8R Hr prozosr Lons
resul tingspol yagk. o ExappLes ,af Eh £920:.61527pounds [ agh ude, al cohol S
having a pore volume of 0.3 to § cc/g. The pore volume
is measured on the pores having a radius of 20 to 3x104 A
by a mercury penétration method using a mercury
porosimeter.

. .10 If a compound having a pore volume, as measured on

pores having a radius of not less than 20 A, of less than

e

0.1 cc/g is used as the carrier, high polymerization
activity tends to be hardly obtained.
It is also preferable that the clay and the clay
16  minerals to be used in the invention are subjected to
‘chemical treatments. Any of surface'treatmenté, for
example, to remove impurities attached to the surface and -
to influence on the crystal structure of the clay, are
employable. Examples of such chemical treatments include
20 acid treatment, alkali treatment, salt treatment and
giganic substance treatment. The acid treatment can
contribute to not only removing impurities from the
surface but also eluting cations such as Al, Fe and Mg

present in the crystal structure to increase the surface

25 area. The alkali treatment can destroy crystal structure



phenol i ¢ conpounds, carboxylic acids, phosphorus conpounds and sul fonates,

but not limted thereto. As the al cohols and the phenolic conpounds, those
10 represented by R28-OH (R28 is a hydrocarbon group of 1 to 50 carbon
atons or a hal ogenated hydrocarbon group of 1 to 50 carbon atons) are
general ly enpl oyed. Preferable al cohols %,e t hose wherein R28 is a

hal ogenat ed hydr ocarbon group. Preferabf@sphenollc 15 conpounds are
preferably those wherein the cc,a' -positions to the hydroxyl group are
substituted with hydrocarbon groups of |I to 20 carbon atons.. As the

carboxyl i ¢ acifdslayhesebrepyeseniied chyng9inCORN (3% dtia Qﬁﬂﬁﬁﬁérbon
group of 1 to 50 carbon.atons 20 or a hal ogenated hydrocarbon group of 1

to 50 carboncategns, T@éeé@l@biyeétﬁ@$@9§ﬂét@Heh¥9§8ﬁ§EbQBbQE8HBeOf 1to 50
carbon atons) are generally enpl oyed. As the ph osp or us conpounds

hosphoric_agirdsthaninganPpQobiubandsophesahates Hayiing Rr@R hond, or P=0
Bondpand 25 phosphi ne gildeocgnpounos are greferaY#y eﬁ% oye§:5ﬁ70 The

sul f onat es Uﬁ@ﬁ!ebﬂlﬁk}ecbgﬂi{)%&h@@ She bBgaR:R LRSI Y g ol eu ng
formula (1 X): O Ii

5 surface area or the distance between layers.

The ion-exchange layered compound for use in the
invention may bg a layered compound in which the
exchangeable ions between layers have been exchanged with
other large and bulky ions utilizing ion éxchange

v 10 properties to enlarge the distance between the layers.
The bulky ion plays a pillar-like roll torsupport the
l;yer structure aﬁd is generally called a "pillar".
Introduction of other substances between layers of a

layered compound is called "intercalation". Examples of

15 the guest compounds to be intercalated include cationic

inorganic compounds, such as TiClg and ZrClg; metallic
alkoxides, such as Ti(OR)4, Zr(OR)4, PO(OR)3 and B (OR)3
(R is a hydrocarbon group or the like); and metaliic

hydroxide ions, such as [Al1304(OH)2417+, [Zrg(OH)714]2%

20 and [Fe30(0COCH3)gl1T.
[N
The compounds mentioned above may be used singly or
in combination of two or more kinds.

The intercalation of the compounds may be carried

out in the presence of polymers obtained by hydrolysis of

25 metallic alkoxides such as Si(OR)4, AL{OR)3 and Ge (OR)4



OlIn (IX) I'n the above formula, Mis an elenent of Goup 1 to 10 Goup 14
of the periodic table. R30 is hydrogen, a hydrocarbon group of 1 to 20
carbon atons or a hal ogenated 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 atons. m
is an integer of 1 to 7, and lcnc7. In Fi$681, an exanpl e of the process
for preparing an olefin polymerization catalyst which is occasionally 20
used in the present invention is shown. S. Sone exanples of the processes

e pn el on eSS JS4R COPEN AL BEL R

feedi ng the conponents are option y selected. (: ansi
conpound (A) icf sioigloyidear iR dahideRPourRd Zaldioh d Sags.or . s&éﬂn}g@s The
transition nmetal conpound (A) and the conponent (B) are f'ed to the

Wherein the traner o bt areaias kel e et e iR Ther (o
and of the above-mentioned metallic hydroxide ions between
5 layers, followed by dehydration under heating.
The clay, clay minerals and ion-exchange layered
compounds mentiqned above-may be used as they are, or may
be used after théy 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

ot

ion-exchange layered compounds may be used singly or in '
combination of two or more kinds.
- Of the above-mentioned materials, preferable are
16 clay and clay minerals, and particularly preferable are
montmorillonite, wvermiculite, hectorite, tenorite and
synthetic mica.
The organic compound is, for example, a granular or
particulate solid compound having a particle diameter of
20 10 to 300 pum. Examples of such compounds include
Fco)polymers produced using an o-olefin of 2 to 14 carbon
atoms such as ethylene, propylene, l-butene or 4-methyl-
l-pentene as a main ingredient, (co)polymers produced
using vinylcyclohexane or styrene as a main ingredient,

25 and modified products thereof.



the conponent (B) are fed to the polynerization reactor in an ordinary
order. (4) A catal yst conponent wherein the conponent (B) is supported on
the carrier (C) and the transition netal 10 compound (A) are fed to the
pol ymeri zation reactor in an ordinary order. (5) A catalyst conponent
wherein the transition netal conpound (A%' and the conponent (B) are
supported on the carrier (C) is fed to 182 pol yneri zation reactor. 15 In
t he above processes (2) to (5), at least two of the catal yst conponents
may be previously contacted with each other. In the processes (4) and (5)
in which the component (B) having been supported is used, the conponent
(B) 20 having been not supported may be added in an arbitrary order. In

this case, these conponent §p(Bpr i%ech%o%%EedEm ifdgrent. Onto the
solid catal yst conponent erein [ IO mpound (A) is
supported on the gaf HHY pré3e® Hyddis dd,ansid !o%a{}%@lcowgd (A and
the 172 conponent (B) are supported on the carrier , an-olefin may be

Cat Al yet component o o0 A e SR A dq MU B 1 pol ymer i 7at | on
process QFcobgﬂyhéflzability and properties of the resulting polymer.
Examples of the organic compbunds include alcohols,
phenolic compoungs, carboxylic acids, phosphorus
compounds and sulfonates, but not limited thereto.
As the alcohols and the phenolic compounds, those

10 represented by R28-0B (RZ28 jis 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 phenolic
15 compounds are preferably those wherein-the o,a'-positions
to the hydroxyl group are substituted with hydrocarbon
groups of 1 to 20 carbon atoms.
As the carboxylic acids, those represented by R29-
COOH (R29 is a hydrocarbon group of 1 to 50 carbon atoms
20 or a halogenated hydrocarbon group of 1 to 50 carbon
;Loms, preferably a halogenated hydrocarbon group of 1 to
50 carbon atoms) are generally emplayed.
As the phosphorus compounds, phosphoric acids having

P-O-H bond, phosphates having P-OR bond or P=0 bond and

25 phosphine oxide compounds are preferably employed.



the invention, an olefin of 2 to 20 carbon atons is polynerized or

copol ynerized in the presence of the olefin polynerization catalyst to
obtain a polynmer. Exanples of the olefins of 2 to 20 carbon atons include
10 the sane olefins as previously described. In the present invention, the
pol ymeri zation can be carried out as any, of |iquid phase pol ynerization
such as solution polynerization or suspéHg?on pol yneri zati on and gas
phase pol ynmerization. 15 Exanples of inert hydrocarbon nedia used for the
i quid phase polymerization include aliphatic hydrocarbons, such as

propane, butane, pehkarel fexaRe, uskaPian@he06haler ¢eCane tdedgcane and

kerosine; alicyclic hydrocarbons, such as cycl opentane, cycl ohexane and 20

met hyl cycl opertanes eAtQIBHC JRURAahansy BHah13s (Q@ﬁjz.ene, tol uene and
xyl ene; hal ogenat ed hydrocarbons, such as ethylene chloride, chlorobenzene

and dichl oronethane; and m xtures of these hydrocarbons. The olefin
itself can be used as a solvent. 173 In the polynerization of an ol efin of
2 to 20 carbon atonms using the olefin polynerization catal yst, the
transition nmetal conpound (A) is used ingan akount of wusually 10-12 to 1

nol, preferably 10-10 to 10-2 not, baskd on liter of the reaction
volune. In"the use of the (Barpond B—13—RMej component (B-
0 n (IX)

In the above formula, M is an element of Group 1 to
v 10 Group 14 of the periodic table.
.R3O is hydrogeﬁ, a hydrocarbon group of 1 to 20
c;rbon atoms or a halogenated hydrocarbon group of 1 to
20 carbon atoms.
X is a hyd£ogen atom, a halogen atom, a hydrocarbon
156 group of 1 to 20 carbon atoms or a halogenated
hydrocarbon group of 1 to 20 carbon atoms.
m is an integer of 1 to 7, and i=n=7.
In Fig. 1, an eXample of the process for preparing
an olefin polymerization catalyst which is occasionally
20 used in the present invention is shown.
) Some examples of the processes are given below,
though the methods to use the components and the order of
feeding the components are optionally selected.

(1) The transition metal compound (A) is singly fed

25 to the polymerization reactor.



1) is used in such an anmount that the nolar ratio ((B- 1)/M of the
conponent (B-1) to the transition netal atom (M in the transition netal
conmpound (A) becones usually 10 0.01 to 100, 000, preferably 0.05 to 50, 000.
In the use of the conponent (B-2), the corrponent (B-2) is used in such an
anount that the nolar ratio ((B-2)/M of7t1 conponent (B-2) to the
transition netal atom (M in the tranS|t|on nmetal conpound (A) becones
usually 10 to 15 500, 000, preferably 20 to 100,000. In the use of the
conponent (B-3), the conponent (B-3) is used in such an anount that the
nolar ratio ((B-3JZ2MThé thensobponeneétalBe3npbantihéa)randai then netal atom
(M in the transition netal conpound (A) becones usually 1 to 10,
preferably lco@fonent. (Mhearsheegooponrst pbDymesivsedoandekhe cgonpongnt (B-
1) is used as the conponent (B), the conmponent (D) is wused in such an
amount that éheim®taroraéio ((D)/(B-1)) becones usually 0.01 to 10,
preferably 0.1 to 5. Wen 25 the conponent (D) is used and the conponent

(B-2) is used 174(as A hea €OIPONEALn &enﬁh@héegpﬁne% &szlﬁtméﬁd in such
an anount that the nolar rat1o ((D) ‘becones usualty 0.001 to 2",

pr3ferab5y(%éﬁgﬁt@bﬂ%FNM§n helsCQ%EBBEEEd(E% hﬁeuﬁsgﬁﬁgg B¢ gﬁponent

(B-3) -is used as 5 the conponent t he conponent S use i'n such an

anmount t hat EHEE&Eﬁﬁ%néﬁﬁ'PBf(£§é(§é§5%obgﬁgngglgﬁg§HE¥tlon reactor

in an ordinary o;der.
(4) A catalyst component wherein the component (B)
is supported on the carrier (C) and the transition mefal

10 compound (A) are fed to the polymerization reactor.in an
ordinafy order.

. (55 A catalyst component whe;ein the transition
- metal compound (A) and the component (B).are supported on
the carrier (C) is fed to the polymerization reactor.

15 - In the above ﬁrocesses {(2) to (5), at least two of
the catalyst components may be previously contacted with
each other.

Inithe processes (4) and (5) in which the component
(B) having been supported is used, the component (B)

20 having beén not supported may be added in an arbitrary
Srder. In this case, these components (B) may be the
same or different.

Onto the solid catalyst component wherein the

transition metal compound (A) is supported on the carrier

25 {C) or the transition metal compound (A) and the



0.01 to 10, preferably 0.1 to 5. In the olefin polynerization using the
olefin polynerization catalyst, the polynerization tenperature 10 is in
the range of usually -40 to +200C, preferably 0 to +100C, and the

pol ymeri zation pressure is in the range of usually atnospheric pressure to
100 kg/cnR, preferably atnospheric pressure to 50 kg/cnR. The

pol yneri zation reaction can be carried duR by any one of batchw se, 15
sem -conti nuous and conti nuous processes. It is possible to conduct the
pol ymeri zation in two or nore steps under the different reaction

condi ti ons. TESmﬁBh@ﬁH' %) wei-ghty, ngga?&{asdrsaukhbnaa%@_g N dég' YR 1680 e

nodi fied by controll |ng t e nono catal yst ratio

SOt ST pPLpEEREECEERL Sl PR LT gl R

such as the afo aving a ecul ar

1000 t Sf 5. 008°550, L1581 EnG FRPRRTBF Chot ﬁ%?aiyﬁéob%‘r’n%o%%%&f &%{EFE’% ﬁf)? ort

t han is o?kglnedu Acc glng to the process of the invention,
olefin olyngP Vi ng BpﬁFgﬁ ol ecul ar wei ght and a narrow 5 nnlecular

wei ght d| ributio be. obt ai ne merization,activity, or
an olefin aper ed gBlgﬁ%ro%? l%n98£¥T?ﬁlE?Bancg ¥§ﬁ§r35F85ﬁ§Qﬁyt°
controlled in ge 1nventlon, an olefin of 2 to 20 carbon atoms is
polymerized or cppolymerized 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
c;rried out as any of ligquid phase polyﬁerization such as
solution polymerization or suspension polymerization and
gas phase-poiymerization.

15 Examples of inert hydrocarbon media used for the
liquid phase polymerization include aliphatic
hydrocarbons, such as propane, butane, pentane, hexane,
heptane, octane, decane, dodecane and kerosine; alicyclic
hydrocarbons, such as cyclopentane, cyclohéxane and

. 20 methylcyclopentane; aromatic hydrocarbons, such as
genzene, toluene and xylene; halogenated hydrocarbons,
such as ethylene chloride, chlorobenzene and

dichloromethane; and mixtures of these hydrccarbons. The

olefin itself can be used as a solvent.



structure can be obtained wth high polynerization activity. 10 Anot her
enbodi nent of the process for preparing an olefin polyner according to the
i nvention conprises i contacting the polynmer obtained as above with-a
functional group-containing conpound to prepare such an ol efin polyner
having a functional group at the termnal_15 as previously described. A
conpound .capabl e of being converted int 73 functi onal group is included in
the functional group-containing conpound. Exanples.of the functional
group-contai ning conpounds or the conpounds capabl e of being converted 20

into a functional Igr ate padlyade icRMAIMNEGT havie fiungd onals grpups.saigh as
an aromati c hydrocarbon group, a halogen atom an oxygen-containing group,

a nitrogen- &eitd MalheRgi 012 DHORNGM G e JF AP a netal
atom cont ai ni ng group. Specifically, there can be 25 nentioned an aronmatic

vinyl conpourganisadiing, rellar idgp okl brgmine., L&y bop di %&ﬂﬁ‘t ane ester

conmpound, an al dehyde conpound, "a carboxylic acid conpound,  oxygen, an
L)oo cmAY 3.5 ke ) MANE Y, ol RSO
the like.s ALLgld & GONLRGL Wit Rhe Junstdonaly group-
In the use of the component (B-1), the component (B—
1) is used in.sugh 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 (&) becomes usually
. 10 0.01 to 100,000, preferably 0.05 to 50,000. In the use
of the componeht (B-2), the component (B-2) is used in
sdch an amount that the molar.ratio ((B-2) /M) of the
component (B-2) to the transition metal atom (M) in the
transitionlmetal compound {(A) becomes usually 10 to
15 500,000, preferably 20 to 100,000. In the use of the
component (B-3), the component (B-3) is ﬁsed in such an
amount that the molar ratio ((B-3)/M) of the component:
(B-3) to the transition metal atom (M) in the transition
metal COmpoﬁnd (A) becomes usually 1 to 10, prefefably 1
20 to 5.
.
When the component (D) is used and the component (B-
1) is used as the component (B), the component (D) is
used in such an amount that the molar ratio ((D)/(B-1))

becomes usually 0.01 to 10, preferably 0.1 to 5. When

25 the component (D) is used and the component (B-2) is used



cont ai ni ng conpound, the functional group can be converted into another
functional group by a known nethod. 1In 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 +200C, and the pressure is in
the range of usually atnospheric pressure to 100 kg/cnR, preferably

at nospheric pressure to 50 kg/cn2. The cpmact tine is in the range of 15
usually 1 minute to 100 hours, preferably 10 mnutes to 24 hours. The
contact of the olefin polymer with the functional group-containing
conmpound can be rried out .in solvent or wi thout a solvent. Exanples of
thgpzo sol venf$ 3%3I5?§@q§eﬁéré@ﬁ'iﬁﬂq“ﬁQWHQQﬂ%ﬁi@”hfd?dﬁﬁ%%dﬂk,su%@ch as

propane, butane, pentane, hexane, heptane, octane decane, dodecane and

kerosi ne: al i GcPROUNdrbEr bhies Mo lawe fradd ool deii#ie, keramsexene and

met hyl cycl opent ane;. aromati c hydrocarbons, such as benzene, toluene and 25

xyl ene; ~ hal og&35¥dd YhPdP8dartisors, Peedieradlet WyI0dfe to7 A chiWbendéhe
chl orobenzene and di chl or omet hane; oxygen- contai ni ng conpounds, such as

di et hyl et her CaR@oneats ) disf wesaed amed thiex emeonemdr edf-3)A Ffurdded as
enbodi ment_of the process for preparing an 5. olefin polyner according to
t he i nvent® onthenmsempesengol (Brier ithiengoaponeast (tDAo i efiets whisshclaren
sel ected from
amount that the molar ratio ((D)/(B-3)) becomes usually
0.01 to 10, prefgrably 0.1 to 5. |
In the olefin polymerization using the olefin
polymerization catalyst, the polfmerization temperature
‘ | 10 is in the range of usually -40 to +200°C, preferably 0 to
+100°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 polymerization
reaction can be carried out by any one of batchwise,

15 semi-continuous and continuous processes. It is poésible
to conduct the polymerization in two-or more steps under
the different reaction conditions.

The molecular weight of the resulting olefin polymer
can be modified by controlling the monomer/catalyst ratio

20 or the polymerization time.

) By the process.of the invention, an olefin polymer
such as the aforesaid olefin polymer having a number-

average molecular weight of not less than 500, preferably

500 to 10,000,000, more preferably 1,000 to 5,000,000,



olefins of 2 to 20 carbon atonms and have different polynerization
reactivities, in the presence of an olefin polynerization catalyst
conprising the aforesaid 10 transition metal conpound (A) to prepare a

t apered pol ymer containing a segnent wherein conmposition of two , 4 or
nore nononers continuously changes. As descri bed herei nbefore, the tapered
polymer is a polyner in which the conmorid®er conposition gradual ly 15
changes fromone end to the other end of the polynmer chain. This polyner
can be synthesized by polynerizing two or nore.nononers having different

reactivitiesaf§ @w/Mnebbyhgpemapd PLQRY'EBE) &Bf&%k‘é&”%lﬂ%ﬁ%%% %g{(on

system wherein chain transfer reaction does not substantia 3 de_
pl ace. Exanpies of tBStQ?£?8QS to feed the nononers include a' nethod in
whi ch pl ural nnhon%rs are fed with .continuously changi ng the nononer

25 Tnitial stage BOTFACRYI Gory ot FBRCARCR ANFf SPARGELGR 198 olefin |

25 initial stage o pol yneri zaf . c g : o
ol yneri zat i tivities of.the noners is.taken advantage o o]
gbtain a tad@?%%ﬁggl%ﬁ%%?gTﬂeﬁl9£nﬁggngﬁéf B?éQEGrQPdaGdPFFGHbe tﬂe

i i i I ization are the 5
o o B THRFRL L% 0B, BEeF L ELoh "L RO HTEL T LA,

polymerization activity, or an olefin tapered polymer or
an olefin block copolymer precisely controlled in the
structure can be obtained with high peolymerization
actiﬁity.

10 Another embodiment of the process for preparing an
olefin polymer accordiné to the invention comprises
contacting the polymer obtained as above with a

- functional group-containing compound to prepare such an
olefin polymer having a functional group at the terminal

16 as previously described; A compound capable of being
converted into a functional group is included in the
functional group-containing compound.

Examples of the functional group-containing
compounds or the compounds capable of being converted

20 into a functional group include compounds having
Eunctional groups such as an aromatic hydrocarbon group,
a halogen atém, an oxygen-containing group, a nitrogen-
containing group, a phosphorus-containing group and a

metal atom-containing group. Specifically, there can be

25 mentioned an aromatic vinyl compound, iodine, chlorine,



The two or nore kinds of nononers are selected from the aforesaid ol efins
of 2 to 20 carbon atons, they are preferably selected from ethyl ene,

propyl ene, 1-butene, |-pentene, 1-hexene, 1-heptene and 1l-octene, and they
are 10 nore preferably selected from et hyl ene, propylene and 1- butene. A
still further enbodi ment of the process for preparing an ol efin polyner

according to the invention conprises coh@cting the followng step (1),
the 15 following step (2), and optionally, the followng step (3) of an
arbitrary nunber of tines, to prepare an olefin block copol ymer conprising

pl ur al polym%fgaﬂﬁ$s.lf%&?qj§; 0, (1), at |east one olefin selected from
olefins of 2 to 20 darbon at ois )‘?lsdeéfolayl}reﬁ'ﬁeee]a cf?‘}m?%‘éndQOarﬂ)r%gﬁ‘ﬁ}ééd%f t he
af oresai d ol%% I ri zatiaqn catalj%% i to epare a pol yner bl ock
Exanpl es of t éﬂjo| et |’g§a PP 26 caé‘?/ rFQé'EQﬁFEECE'i NeFY#N t @l sane ol efi ns
p! & ! . . e Ol
as previousl e crLb%g, and they %ﬁg:be used singly or in conbination of
two or nore KiTHLE EIRNEE of? tHe 1507 ek btHekEd¢ ncdude t he sane
bl ocks as preﬁhpﬂ%] described. In the step géz, t he pol yneri zation
tenperature iPs <YlF RS GO YLy aldy i napomnpeeidr abty 0 to 5
mp _ran R
+150C, aqg thikquxnerlzatloncPressure is in the range
alxkylzinc compound, an alkyllithium compound and the like.
After the contact with the functional group-
containing compound, 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
in the range of -78 to +300°C, preferably -78 to +200°C,
and the pressure is in the range of usually atmospheric
pressure to 100 kg/cm2, preferably atmospheric pressure
to 50 kg/cm?. The contact time is in the range of
15 usually 1 minute to 100 hours, preferably 10 minutes to
24 hours.
The contact of the olefin polymer with the
functional group-containing compound can be carried out
in a solvent or without a solvent. Examples of the
20 solvents employable herein include aliphatic hydrocarbons,
LY
such as propane, butane, pentane, hexane, heptane, octane,
decane, dodecane and kerosine; alicyclic hydrocarbons,
such as cyclopentane, cyclohexene and methylcyclopentane;

aromatic hydrocarbons, such as benzene, toluene and

25  xylene; halogenated hydrocarbons, such as ethylene



of usually atnospheric pressure to 100 kg/cnR2, preferably atnospheric
pressure to 50 kg/cn2. In the step (2), at |east one olefin selected from
olefins of 2 to 20 carbon atons is polynerized in the 10 presence of the
pol ymer bl ock prepared in the step (1) to prepare a polyner block which is
different fromthe pol yner block prepared in the step (1). The different

pol ynmer bl ock nmeans a pol yner bl ock whiéh is different in at |east one of
primary structures, 15 such as nononer type, conobnoner type, cononomer
conposition, conmononer content, conononer configuration and

st er eor egul &1t 1 deX aml B’ Med e Ol &ld N$i A1 2 & 20a 587 boRy@tRs i ncl ude
the sanme olefins as previously described,' and 20 they can be used singly

or in conbiqgﬁj s Of }ﬂg§.:§&% 1 ofthe polymer bl ocks
obtained in t«f%ﬁiﬁ?%ggxﬁﬁﬁﬁﬁgg F%e sane ﬂ%%ﬁé aétpreV%gusly descri bed.
In the step ) 3t Jiﬁﬁgi ; er is in the range of usually
-40 to +200&%§ﬁﬁgpg§§§ﬁ&¥ﬂ¥&o gggféﬁgg?andggfgﬁbolynerization pressure is
in the range 180 .of . usyally atnmpspheric. pr.essure to 100 kg/cnP, .preferably
at mospher i ¢ pr eséurd g 50 RHEH S Tha 15 dif 1550 atoT St 5he19) efi n
sel ected.fro |l efins of 2 to 20, carbon_.atons is Polynerized inthe5

presencedof TR PoISABIH AICH S ot | ¢ e EpEpt g ) compises

polymerizing at least two olefins which are selected from
olefins of 2 to 20 carbon atoms and have different
polymerization réactivities; in the presence of an olefin
pelymerization catalyst comprising the aforesaid
10 transition metal compound (A) to prepare a tapered
polymer containing a segment wherein composition of tw§
oé more monomers continpousiy chapges.
As described hereinbefore, the tapered polymer is a
polymer in whicﬁ the comonomer composition g;adually
45 changes from one end to the other end of the polymer
chain. This polymer can be synthesized by polymerizing
two or more monomers having different reactivities (e.g.,
ethylene and propylene) in a living polymerization system
wherein chain transfer reaction does not substantially
20 take place.
) Examples of the methods to feed the monomers include
a method in which plural monomers are fed with
~continuously changing thg monomer composition and a

method in which plural menomers are fed together in the

25 initial stage of the polymerization and a difference of



and the pol yner block prepared in the step (2) to prepare a polyner block
which is different fromthe polynmer blocks prepared in the previous step.
Exanpl es of the olefins of 2 to 20 carbon atons 10 include the sane

ol efins as previously described, and they can be used singly or in

conmbi nation or two or nore Kkinds. Exanples of the polyner bl ocks obtained
in the step (3) include the sane bl ocks1&& previously described. In the
step (3), the polynerization tenperature is 15 in the range of usually -40
to +200C, preferably 0 to +150C, and the polynerization pressure is in the

range of usgalllyheatimRsaker 116 v 6Hg% f er
at nospheric g?tgghré_to 50 kg/cﬁ§§§¥ﬁgﬁi$g%q?§¥gﬁan Eﬁg{gﬁgéggé%érbitrary
times vith 20ehangead yeshiihe o giaf?e% qu nat i gt her eof or

t rocess 1

pol ymeri zati on conditions. roug hgntlon for
e, AR oL NS ERRS S Gk, oo Lo
S SBT3 Ml B
g;;,g;tgontacgmg gre%%nsﬁhﬁégg%ﬁ b é&gwg%%Fﬁ_copolyner 5 obtai ned above

The two or more kinds of monomers are selected from
the aforesaid olefins of 2 to 20 carbon atoms, they are
preferably selected from ethylene, propylene, l-butene,
l-pentene, l-hexene, 1l-heptene and l-octene, and they are

1 - 10 more preferably selected from eth?lene, propylene and 1-
butene.

A still further embodiment of the process for
préparing an olefin polymer according to the invention
comprises conducting the following step (1), the

15 following step (2), and optionally, theAfollowing step
(3) of an arbitrary number of times, to prepare an olefin
block copolymer comprising plural polymér blocks.

In the step (1), at least one olefin selected from
olefins of 2 to 20 carbon atoms is polymerized in the

20 presence of the aforesaid olefin polymerization catalyst
gb prepare a polymer block.

Examples of the olefins of 2 to 20 carbon atoms

include the same olefins as previously described, and

they can be used singly or in combination of two or more



cont ai ni ng conpound to obtain an ol efin block copolynmer having a
functional group at the termnal. The contact of the olefin block copolyner
with the functional group-containing conpound is carried out in 10 the
sanme manner as previously described. A still further enbodi ment of the
process for preparing an olefin polyner according to the invention
conprises polynerizing an olefin in the ptéence of a polynerization

catal yst which pronotes living 15 polynerization of an olefin and further
conducting olefin polymerization by the use of a catal yst obtai ned by

cleaving a bogpdnprsodugfdmpbiesnerSypepLRchweeR1bRgs Gaahyst «apd 4 _
resulting polynmer chain by neans of chain transfer reaction. 20 Pronotion

of the living I r i i d by the narrow nol ecul ar
LRGICKILET ?ﬁr‘e‘%ﬂlo‘i%fhped i,

wei ght distribution o he resul'ting pol'ymer and the increase of the

nol ecul ar  wei ght gf the g%%#f&ﬂg Eﬁ%¥§ﬁhﬁﬂé.gﬁﬂhng%%ﬁﬁéfgﬁﬁ%§§%%re

According to the process of e i'fv easi b

for exanple, the.monqdisper o] yaol efi t he 5&8% lefin_co r, the

t apered pol yrrtr"sL?l S'r%%t e " eefolsfﬁ ‘%cué%%yyrrellrrb mehti one&qabooﬁleef.erl%’ofc%ﬁi ¥

whet her t l'i,vi.ng pol ri.zatian roceeds or not, it,is, nost preferable
to polyne??ze+;ﬁ% 7ol (i P& W iS5t b RAGIOHE et #F ¥RP9§ no

of usually atmospheric pressure to 100 kg/cmz, preferably
~atmospheric pressure to 50 kg/cm2.
In the stepi(2), at least one olefin selected from
clefins of 2 to 20 carbon atoms is polymerized in the
) 10 presehce of the polymer block prepared in the step (1} to
prepare a polymer block which is different from the |
pélymer block prepared in the step (1).
The different polymer block means a polymer block
which is different in at least one of primary structures,
15 such ds monomer type, comonomer type, comonomer
lcomposition, comonomer content, comonomer configuration
and stereoregularity.
Examples of the olefins of 2 to 20 carbon atoms
include the same olefins as previously described, and
20 they can be used sihgly or in combinationrof two or more
ﬁinds. Examples of the pol&mer blocks obtained in the
step (2) include the same blocks as previously described.
In the step (2}, the polymerization temperature is

in the range of usually -40 to +200°C, preferably 0 to

25 +150°C, and the polymerization pressure is in the range



chain transfer agent. To confirm whether the nonodi sperse polyolefin, the
ol efin copolymer,’ the tapered polymer or the olefin block copolyner can
be prepared or not, it is nost preferable 10 to polymerize an ol efin under
the sane conditions except for not performng a cleaving operation by the
chain transfer reaction (i.e., the sane t®hditions except for using no
chain transfer agent). In this process, the follow ng olefin polymerization
15 catalysts (1) to (5) are enployaF:e. (1) An olealn golyng{tﬁﬁélﬁgn
catal yst conpri_sin G oup 4 netall ocene conpound and a s -
coord?/nat i ngg i Bﬁg@?&é’nﬁﬂ}?&%@d—’#& ST ISR T ot yieg Acinc | padef ¢ haise yof
the 20 follow ng fornulas. [YCPM2X1][(C2B9H11)2Co] [ (YCp) 2M2X2 (L) ]
[ X3 . B (C6F57UBPSPRegkccpmersprexsio [ Kg/am4-he above fornulas, M is
titanium zirconiumor 25 hafnium 183 Y is at |east one hydrocarbon group
of 1 to 20 carbonlét&RE, sEgpi <34 /| irdadealsaviong ojlelfdpenteidicny Hkah et on,
and when plural Cp are contained, they are the sane or' 5 different,
olefins of 2 to 20 carbon atoms is polymerized in the

5 presence of the polymer block prepared in the step (1)
and the polymer block prepared in the step (2) to prepare
a polymer block which is different from the polymer
blocks prepared in the previous step.
| Examples of the olefins of 2 to 20 carbon atoms
10  include the same olefins as previously described, and
they can be used singly or in combination or two or mﬁre
kinds. Examples of the polymer blocks obtained in the
step (3) include the same blocks as previously described,
In the step (3}, the polymerization temperature is
15 in the range of usually -40 to +200°C, preferably 0 to
+150°C, and the polymerization pressure is in the range
of usually atmospheric pressure to 100 kg/cmZ{ preferably
atmosphéric pressure to 50 kg/cmZ.
The step (3) can be repeated arbitrary times with
20 changing types of the olefins, combination thereof or
Polymerization conditions.
Through the process of the invention, for example,
the aforesaid olefin block copolymer is cbtained.
According to the process of the invention, an olefin

25 Dblock copolymer having a high molecular weight and a



XI to X5 are each the sane as the aforesaid X, L is a Lews acid, and B
Is the aforesaid non-coordi nation anion. (2) An olefin polynerization
catalyst that is a 10 conbination of (YCp)2SmX6, Y-CpTaX7 or Y-CpNoX8 (Y
and Cp are each the sane as that described above, and X6 to X8 are each
the sane as the aforesaid X) and nethylgéyninoxane (3) A conpound
represented by the followng formula: 15%/3 20 wherein R31 to R33 are each
a hydrogen atom an al kyl group of 1 to 8 carbon atons or an aryl -group,
with the proviso that at |east one of R31 to R33 needs to be a hydrogen
at om but t herar sy moloase avherei FA1 d s tR33d Eon aban hydr egesiakanstat t he
sane tinme. 25 (4) Conpound represented by the follow ng fornmula: 184 Max9

~ g 5 In theiaoye Tyoidnil fat Mh iteripdF\oid I WILHES 8hh 3bOMymet: GheyB,8 to
G oup 10 of the periodic table, preferably nickel, palladiumor platinum
R34 to R37 mmtibeidpe sanme or different and are each 10 a hydrocarbon
group of 1 to 50 carbon atons, a

In the present invéntion, the block copolymer
5 obtained above can be contacted with a functional. group-
containing compound to obtain an olefin block copolymer
having a functioﬁal groap at the terminal.
The contact 'of the olefin block copolymer with the
functional group-containing compound is carried out in
10 the same manner as préviouély described.

A still further embodiment of the process for

s
L)

preparing an olefin polymer éccording to the invention
comprises polymerizing an olefin in the presence of a
polymerization catalyst which promotes living

15 polymerization of an olefin and further conducting olefin
polymerization by the use of a catalyst obtained by
cleaving a bond produced in the system betﬁeen the
catalyst and the resulting polymer chain by means of
chain transfer reaction.

20 . Promotion of the living polymerization can be
ébnfirmed by the narrow molecular weight distribution of
the resulting polymer and the increase of the molecular
weight of the resulting polymer with polyﬁerization time.

According to the process of the invention, it is feasible

25 to prepare, for example, the monodisperse polyolefin, the



hal ogenat ed hydrocarbon group of 1 to 50 carbon atons, an organic silyl
group, or a hydrocarbon group substituted wth a substituent containing at
| east one el enent selected fromnitrogen, oxygen, phosphorus, sulfur and
15 silicon. Two or nore of the groups indicated by R34 to R37, preferably
adj acent groups, may be boned to each other to forma ring. qis an
integer of 0 to 4. 20 X9 is a hydrogen ati$R a hal ogen atom a hydrocarbon
group of 1 to 20 carbon atons, a hal ogenated hydrocarbon group of 1 to 20
carbon atons, an oxygen-contai ning group, a sulfur-containing group, a

si l'i con-cont abNeBgngEOYD19Med  Nithe0gap=¢ant AbRiAE rIHPURY s 2 or
greater, 25 plural grgupg X may be tﬁe sang o? dffferenfv%?%gqFS) Conpound

represented byobbeyhek! AwhRgohelMiLaye> I n the above formila, M is a
transition netal atom of Goup 3 to Goup 6 of the periodic table,

preferably titanigm .z gQBiﬁgggﬁegaEﬂggg}végﬁsggéggggg%géggﬁpbe the sane

or different and are eac a rogen at of 1 to 50
o o Lo pAoghshaseiziof, Yo et Rtave.Shal L8 BRigaLbTTLeT o
5 olefin under the same conditions except for using no

chain transfer agent.

To confirm yhether the monodisperse polyolefin, the
olefin copolymer, the tapered polymer or the olefin block
copolymer can be prepared or not, it is most preferable

10  to polymerize an olefih under the same conditions exéept
for not performing a cleaving operation by thé chain
téansfer reaction (i.e., the same cdnditions except for
usiﬁg no chain tiansfer agent}.

In this process, the following olefin polymerization

15  catalysts (1) to (5) are employable.

| (1) An dléfin polymerization.catalyst comprisinq a
Group 4 metallocene compound and a soluble non-
coordination anionic compound

Examples of such catalysts include those of the

20 following formulas.

" [ycpM2x1)[ (CoBgH11)2Co]
[ (YCp) 2M2X2 (L) ] [X3-B(CgF5) 3]
[ (Y-CpM2x4) 2X5] [B']

In the above formulas, M2 is titanium, zirconium or

25 hafnium,



| east one el enent sel ected fromnitrogen, oxygen, 15 phosphorus, sulfur and
silicon. mis an integer-of O or 2, and nis an integer of 1 to 5 A is an
atomof Goup 13 to Group 16 of the periodic table, specifically boron,
carbon, nitrogen, oxygen, 20 silicon, phosphorus, sulfur, germanium
selenium tin or the I|ike, preferably cg @& nor silicon. When n is 2 or
greater, plural A.may be the sane or erent. E is a substituent having
at | east one el enent 25 selected fron1carbon, hydr ogen, oxygen, hal ogen,
nitrogen, 186 sul fur, phosphorus, boron and silicon. Wen plural groups
indi cated by E exYsis awoledsE omy hedirbeashor grougi bfenemnb, 2gr may be
bonded to each other to forma ring pis an integer of 0 to 4. _ 5 Xl0 is a
hydr ogen at omarlachabkoges, atom a hydrocarbon group of 1 to 20 carbon
atons, a hal ogenated hydrocarbon group of 1 to 20 carbon atoms, an

oxygen- cont ai ni ngcgr osipa 1 agsndf HEvEARt @yewﬁeﬂﬁgaﬁen915bkbi%@o@om chf" ”9
group or a nitrogen-containing group. Wien p is 2 or greater 0 Bl Ut

groups X10. npyeReplhea sanp QEedeﬁgéﬁﬂéd E%ﬁ E%eth%hEaﬁlef'n conpounds
of 1 to 20 carbon atons for use in the polymefization inc Ude "t he sane

strai ght schagprpLrbpanched a-ol efins of 2 to 20 carbon

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
. 10 combination of (YCp)2oSmx®, Y-CpTaXx’ or Y-CpNbx8 (Y and Cp
ére each fhe same as that described above, and X6 to x8
,aéé each the same as the aforesaid X) and

methylaluminoxane

(3) A compound represented by the following formula:

16

R32
|
C R33
\C/ \C/
cl)()l
0

Sy .

20 wherein R31 to R33 are each a hydrogen atom, an alkyl
éfoup of 1 to 8 carbon atoms or an aryl group, with the
proviso that at least one of R31l to R33 needs to be a
hydrogen atom but there is no case where R31 to R33 are
all hydrogen atoms at the same time.

25 (4) Compound represented by the following formula:



atons as previously described, cycloolefins of 3 to 20 15 carbon atons,

vi nyl cycl ohexane, dienes, polyenes and aromatic vinyl conpounds. These

ol efins can be used singly or in conbination or two or nore kinds. Also
enpl oyable as the olefins in the present invention are nononers having
atons ot her than carbon and 20 hydrogen, and exanpl es of such nononers

i nclude a, (3 unsaturated carboxylic aci ds84cycl ool efin carboxylic acids,
anhydrides thereof, netallic salts thereof, such as sodiumsalts,
potassiumsalts, lithiumsalts, zinc salts, nmagnesiumsalts and cal ci um
salts thereof, a, (3 25 unsaturated carboxylic esters, vinyl esters,
unsaturated 187 glycidyls, halogenated ol efins, unsaturated cyano
conmpounds, unsaturated ketones, un f{urated ethers, functional
group-contai ni ng styrene deriwativ and vinyl group-containing

. heterocyclic conpounds. _ 5 At .one olefin of the ol efins enployable
inthe inventionis an olefin c‘nsis}fnﬁ of only carbon and hydrogen
There is no specific Iinitath the quantity ratio of the olefin
consisting of only carbon ahd hydegen to the whol e ol efi-ns, but for
exanple, ghe 10 ratio is not |ess ghan 5 % by nol and not nore than 100 %
by nol based on the whole olef ins. By the expression "at |east one olefin"

is neant that at kga§g ong king.of n okefin consisting of only carbon and
hydrogen is @ above formula, M” 1s a transition metal  atom

of Group 8 to Grpup 10 of the-periodic table, preferably
nickel, palladium or platinum.
R34 to R37 may be the same or different and are each
) . 10 a hydrocarbon group of 1 to 50 carbon atoms, a

halogenated hydrocarbon group of 1 to 50 carbon atoms, an

organic silyl group, or a hydrocarbon group substituted
‘'with a substituent containing at least one element

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 each other to

form a ring.
d is an integer of 0 to 4.

20 X? is a hydrogen atom, a halogen atom, a hydrocarbon
d}oup of 1 to 20 carbon atoms, a halogenated hydrocarbon
group of 1 to 20 carbon atoms, an oxygen-containing group,
a sulfur—containing group, a silicon-containing group or
a nitrogen-containing group. When g is 2 or greater,

25 plural groups X may be the same or different.



contained in the whole olefin polyner of the invention, 15 and in case of,
for exanple, an ol efin polynmer conposed of plural polynmer blocks, the

ol efin consisting of only carbon and hydrogen nay be contained in any of
the polymer blocks. In order to polynerize these olefins, the aforesaid
20 conditions are enpl oyable. The polynerbgation N tenperature is in the

range of usually -100 to +200C, preferabﬂ -78 to +150C, and the

pol ymeri zation pressure is in the range of usually atnospheric pressure to
100 kg/cnR, preferably atnospheric pressure to 50 kg/cn2. 188 The chain

transfer reaction {3) ptambedd byepresatioedilng the Fenmpewahyr €oakudadi ven
tenperature at which the reaction proceeds or by using at | east one
conpound sel ected from hydrogen, ag, organoal um num 5 conpound, an

.or ganobor on conpound, an organozi conpound, an organosilicon conpound,
an or ganocadn um conpound and anporganol ead conpound. The conditions to
pronote the chain transfer(E§ﬁ§ Viﬁhwﬁﬁmpbe the sane as or different from

t he above- 10 nenti oned ole%l %OI rization conditions. The tenperature
is in the range of usually -100 tq +200C, preferably -78 to +150C, and the
pressure s in the range of usuaRPY atnospheric pressure to 100 kg/cn®,

In the above formula, M’ is & transition metal atom
of Group 3 to Group 6 of the periodic table, preferably
titanium, zi;conium or hafnium.

. 10 R*® and R*® may be the same or different and are each

a hydrogen atom, a hydrocarbon group of 1 to 50 carbon

.
[}

atoms, a halogenated hydrocarbon group of 1 to 50 carbon
atoms, an organic silyl group, or a substituent having at
leést one element selected from nitrogen, oxygen,
15 phosphorus, sulfur and silicon.
| m is an integer - of 0.or 2, and n is an integer of 1
to 5.
A is an atom of Group 13 to Group 16 of the periodic
table, specifically boron, carbon, nitrogen, o#ygen,
20 silicon, phosphorus, sulfur, germanium, selenium, tin or
€he like, preferably‘carbon or silicon.
When n is 2 or greater, plural A may be the same or
different.
E is a substituent having at least one element

25 selected from carbon, hydrogen, oxygen, halogen, nitrogen,



preferably atnospheric pressure to 50 kg/cnR. 15 To pronote the chain
transfer reaction by heat, it 1is preferable that the olefin conpound is
polynmerized at a tenperature at which the chain transfer does not proceed,
then the tenperature of the reaction systemis nmaintained at a given
tenperature at which the chain 20 transfer proceeds to pronote the chain
transfer reaction, and the polynerization86s conducted again at a
tenperature at which the chain transfer reaction does not proceed. This
operation may be repeated arbitrary tines. Wen the chain transfer reaction

> promoted by.tbe. Zohusenaluat Leash ons corpound selsctefl, Lrpm hydrogen.

an 189 organoal um nl und, ‘an-or ganobor on Yot ganozi nc
conmpound, an organosili.con, c oupd, an_ organogadm um co und and an

or ganol ead coftp ﬂ%a,l?ﬁ%gat?gggyignéﬁégﬁt ﬁ§9 B£ gr@§¥nPePE8ﬁ1Fﬁ@eb8§inning
of the polngrt%atioE or may be a deg llater in any stage. In the
preparation of'& thpe ed°50W§HEPeo ogagHoER &8RRI hRET TPt TPEMpRekdrsbl e to
add the chain transfer agent after the intended polyner is produced in the
system Exanples of thedRniiheoransfel Bgehts enployable in 10 the

i nvention_nclude hydrogen, an organoal um num_ conpound, an_organoboron
conpound, Ban or ganbzi ré EoMYSERGETaR toFgaRo8RIPEER ebrPouRd hyarocarbon

or ganocadm um conpound and an organol ead conmpound. Specifically, there can
be 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 greater, |

. 10 plural groups X*° may be the same or different.

Examples of the olefin compounds of 1 to 20 carbon'
aéoms for use in the polymerization include the same
straight-chain or branched a-olefins of 2 to 20 carbon
atoms as previously described, cycloolefins of 3 to 20

156 carbon atoms, vinylcyclohexane, dienes, polyenes and
aromatic vinyl compounds. These olefins can be used
singly or in combination or two or more kinds.

Also employable.as the olefins in the present
invention are monomers having atoms other than carbon and

20 hydrogen, and examples of such monomers include o,B-
Jﬁsaturated carboxylic acids, cycloolefin carboxylic
acids, anhydrides thereof, metallic salts thereof, such
as sodium salts, potassium salts, lithium salts, zinc

salts, magnesium salts and calcium salts thereof, o,p-

25 unsaturated carboxylic esters, vinyl esters, unsaturated



mentioned: 15 an organoal um num conpound represented by the fornula: RamAl
(ORb) nHpXg wherein Ra and Rb may be the sane or different, when plural Ra
or plural Rb are present, they may be the same 20 kind or two or nore
different kinds, Ra and Rb are each a hydrocarbon group of 1 to 15 carbon
atons, preferably 1 to 6 carbon atons, Is a halogen atom and m n, p
and q are nunbers satisfying the conditrons of O<nS3, 0rn<3, OSp<3, 0Sg<3
and mtn+p+q=3; 190 an or ganoboron conpound represented by the foll ow ng
fornmul a: RanB(ORb) nHpXq wherein Ra and Ro may be the same or different,
when 5 pl ur glyRd dorl spl iedlogRnadresl wrlesfeints, thesetmeyatbed tépasame ki nd or
two or nore different kinds, Ra and Rb are each a hydrocarbon group of 1
to 15 car boroatommdspr enercdbinatked the thoross bamsdiomsated | stiaeha) ogen at om
and in, n, p and q are nunbers satisfying the conditions of 0<nk3 10

(pref erabl y fGam¢dpnad gnshpuefteriahing Qﬂryﬁﬂéne Q&épﬁﬁati@é@f@ﬁ@b{dn&&p@)
0<q<3 (preferably 0O<p<2) and a- | m-n+p+q=3
group-containing heterocyclic compounds.

5 At least one olefin of the olefins employable in the
invention is an olefin consisting of only carbon and
hydrogén’ 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

10 ratio is not less than 5 % by mol and not more than 100 %

by mol based on the whole olefins. By the expression "at

4
1

least one olefin" is meant that at least one kind of an
olefin consisting of only carbon and hydrogen is
contained in the whole olefin pélymer of the invention,
16 and in case of, for example, an olefin polymer composed
of plural polymer blocks, the olefin consisting of only
carbon and hydrogen may be contained in any of the
polymer blocks.
In order to polymerize these olefins, the aforesaid
20 conditions are employable. The polymerization
gémperature is in the range of usually -100 to +200°C,
preferably -78 to +150°C, and the polymerization pressure
is in the range of usually atmospheric pressure to 100

kg/cm?, preferably atmospheric pressure to 50 kg/cmZ



an organosilicon conpound represented by the follow ng formula; 15

Ranti (ORb) nHpXg wherein Ra and Rb may be the same or different, when

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 hydrocarbon group of 1 to 15
carbon atons, preferably 1 20 to 6 carbog gtons, X is a hal ogen atom and
m n, p and are nunbers satisfying the c Rdi ti ons of O<nx4 (preferably
O<m<3), O<n<4 (preferably OSn<3), 05p<4 (preferably |Sp<4), 0<qg<4
(preferably OSp<3) and mtn+p+g=4; g 191 an organol ead compound represented

by the followi ng foieutiesiRanPipg ORbY nHEXE: ighel i pr&acead Ky may be the

sane or different, when 5 plural Ra or plural Ro are present, they nmay be

the same ki nch®IntaonDiig ORE dihibereptrKi adss &V@Hdt&pékstsﬁéhge
hydr ocarbon group of 1 to 15 carbon atons, preferably 1 "to 6 carbon atons,

X is a hal ogensif Mt ROA-dAchiof FPIceBhE QPngfrﬁs%ﬁgi%EV?EQFEhgngonditiOns
of O<nx4, 0<n<4, 10 OSp<4, 0OSq<4 and mtn+p+g=4; an I al kyl' conpound of

zinc or cadm upmsep&sest &L by fpgmfﬁ§é9¥ﬁgg,fgﬁnykgénoaluminum

-5 compound, an organoboron compound, an organozinc compound,
an organosilicon compound, an organocadmium compound and
an organoclead compound.

The COnditidns to promote the chain transfer
reaction may be the same as or different from the above-

10 Inentioned.olefin polymerization conditions. The
temperature is in the range of usually -100 to +200°C,
pééferably ~78 to +150°C, and the pressure is in the
range of usually atmospheric pressure to 100 kg/cmz,
preferably atmospheric pressure to 50 kg/cm?.

.15 To p;omote the chain transfer'réaction by heat, it
is preferable that the olefin compound is polymerized at
é temperature at which the chain transfer does not
proceed, fhen the temperature of the reaction system is
maintained at a given temperature at which‘the chain

20 transfer proceeds to promote the chain transfer reaction,
ghd the polymerization is conducted again at a
temperature at which the chain transfer reaction does not
proceed. This operation may be repeated arbitrary times.

When the chain transfer reaction is promoted by the

25 use of at least one compound selected from hydrogen, an



RaRoM4 wherein Ra and Rob may be the sanme or different and are 15 each a
hydr ocarbon group of 1 to 15 carbon atons, preferably 1 to 4 carbon atons,
and M4 is Zn or Cd. Specific exanples.of the above conpounds i ncl ude
triakyl al um nunms, such as trinmethylal um num triethylalum num
tri-b-butylalumnum trioctylal um num Zq bridccylaluninunl
triisopropylalum numand g k triisobutylg um num di al kyl al um num

hydri des, such as diethylal um num hydri de, dibutylal um num hydri de and

di i sobutyl al um num hydri de, al kyl al um num di hydri des, such as

et hyl al um nure X dyea 1 ael amd poopybad s nuerondbbyehi d8mpbanane g nbor ane

t et rahydr of uran conpl ex, borane 192 di net hyl sul fi de conpl ex, borane

di met hyl am neo oganpd 2knc &mmpwmm&ri@ﬁt@y¢@ﬂ$§ﬁlféaﬂ|éémpBQFé?ea
trimet hyl phosphi ne conpl ex, thexyl borane, 9-borabicyclo 3.3.P]nonane,

triethyl bor amgdrﬁdd&iﬂﬂﬂﬂrb%@'@i@on%ﬁ;?%i kyh b1 @08 1 Sadl ébﬁﬁbﬁh?aﬁﬁﬁf}ﬁc admi um

trial kyl silane, diethyl zinc, nc, diethylcadmu

1 ot Ay s oV S AT

transfer agents are formed in the polynerization Sy

gggggggfinpgﬁrﬁ%ﬁﬁaﬁnyﬂ R b@Mhadds Of SArPz fic, gonpeund,  ap
the preparation of a tapered polymer or a block copolymer,
it is preferablekto add the chain traﬁsfer agent after
the intended polymer is produced in the system.
Examples of the chain transfer agents emplovable in
\ 10 the invention include hydrogen, an organoaluminum
compound, an organoboron compbund, an organozinc compound,
an organosilicon compound, an organocadmium compound and
an organolead compound. Specifically, there can be
mentioned:
15 " an organoaluminum compound represented by the
formula:
R28mAL (ORD) nHpXg
wherein R2 and RP may be the same or different, when
plural R® or plural RP are present, they may be the same
20 kind or two or more differerit kinds, R@& aﬁd RP are each a
H&drocarbon group of 1 to 15 carbon atoms, preferably 1
to 6 carbon atoms, X is a halogen atom, and m, n, p and g

are numbers satisfying the conditions of 0<m<3, 02n<3,

0<p<3, 0£g<3 and m+n+p+q=3;



organosi |l i con conpound, and particularly preferable are hydrogen,

di ethyl zinc and a boron hydride conpound. The chain transfer agents

menti oned above are used singly or in conbination. 15 Wen the chain
transfer agent is used, this agent is different fromthe organonetallic
conpound used for fornlng an ol efin polynerization catalyst, because the-
pol ymeri zation reaction in the present irMhtion is characterized in that

when the chain transfer agent is 20 not used, progress of living
pol yneri zation is essential, 11 - and the chain transfer reaction proceeds

by the addition of 2hhe ghRALBOLbANSHRLCAYEN o p] R @ ent 1s
used i n such an anount %thatothe nnﬁgo rat%gpoggsﬁggghgln gran YadEht to
the 1 93 tranghiignsetal conmpound becones usually 0.1 to 10000,

preferably 1 to 5000. The ol efin polynerization catalyst used in the above

process is preferahh%BQORb?gﬁbg pol ymeri zation catalyst 5 containing the
transition netal conpound dnd the process for preparing the tapered

‘pol yrmer, the cap or t efin k ¢aopol ynmer is preferable.
Accor di ng -togbﬁggprocesg Fh@aynggngk8nsagﬁ 8Fe#ﬁ§fﬁéﬁﬁﬁerwﬁéﬁ ng a high

nol ecul ar | d narr | ecul ar wei ght dlstrlbutlon can be
Obtalned &#B 2 %T Rg or p ura? nB are presen% they may be the same

kind or two or more different kinds, R® and RP are each a
hydrocarbon group of 1 to 15 carbon atoms, preferably 1
to 6 carbon atoms, X is a halogen atom, and m, n, p and q
are numbers satisfying the conditions of 0<m<3

. . 10 (preferably 0<m<2}, 0Sn<3 (preferably 0<n<2), 0<p<3

(preferably 1<p<3), 0<q<3 (preferably 0<p<2) and

gt

- mintptg=3;
an organosilicon compound represented by the
following formula:
15 R2nSi (ORP) nHpXq
wherein R2 and RP may be the samé or different, when
plural R2 or plu;al RP are present, they may be the same
kind or two or more different kinds, R& and RP are each a
hydrocarbon group of 1 to 15 carbon atoms, preferably 1
20 to 6 carbon atoms, X is a halogen afom, and m, n, p and g
;re numbers satisfying the conditions of 0<m<4
(preferably 0<m<3), 0<n<4 (preferably 0<n<3), 0<p<4
(preferably 15p<4), 0<g<4 (preferably 05p<3) and

m+n+p+qg=4;



pol ymeri zation activity, or a tapered polyner or an olefin block copol yner
precisely controlled in the structure can be obtained with high

pol ynmeri zation activity. 95 To the nonodi sperse polyolefin, the olefin
copolynmer, the tapered polyner, the olefin block copolyner or a polyner
havi ng a functional group at the terninq 1of any of these polyners,
various additives may be added. The nnnog'sperse polyolefin, the olefin
copolymer, 20 the tapered polyner, the olefin block copolynmer or a

pol ymer having a functional group at the termnal of any of these polyners
can be applied toavapFoasolsad. campoupdskepoasenntdi bynghth€ooredingper se
pol yolefin, the olefin copolyner, the tapered polynmer, the olefin 25 bl ock
copol yner orfarpelgnmer having a functional group at 194 the termnal of any
of these polyners can be nDIded into articles by a known nol di ng net hod.

O the ol efin pol§fmrls QRP I hiépXgvention, the block copolynmer containing a
rigid block and a soft block and 5 the tapered pol yner have properties of

thernopl astiwheetbstRARsSd ERXAAR| €5 0f ht NeamMses Ok ke rRALY MRRS I NCI ude
aut onobi |l e parts; such as side nmalls, bunpers, weatherstrips, glass run

channel s5 bgetsrandrai ér dythriP ﬁb5§§e b?ggéhﬁ'akhgﬁrﬁéy guchnas shaeki ngs,
mats, belts
kind or two or more different kinds, R® and RP are each a
hydrocarbon groug of 1 to 15 carbon atoms, preferably 1
to 6 carbon atoms, X is a halogen atom, and m, n, p and g
are numbers satisfying the conditions of 0<m<4, 0<n<4,
. 10 0<p<4, 02g<4 and m+n+p+g=4; and
a dialkyl compound of zinc or cadmium, representéd
b§ the following formula:
RaRrbpm4
wherein R2 and Rb may be the same or different and are
15 each a‘hydrocarbon group of 1 to 15 carbon atoms,
preferably 1 to 4 carbon atoms; and M2 is Zn or Cd.
Specific examples .of the above compounds include
triakylaluminums, such as trimethylaluminum,
triethylaluminum, tri-b-butylaluminum, trioctylaluminum,
20 tridecylaluminum, triisopropylaluminum and |
Qriisobutylaluminum, dialkylaluminum hydrides, such as
diethylaluminum hydride, dibutylaluminum hydride and
diisobutylaluminum hydride, alkylaluminum dihydrides,

such as ethylaluminum dihydride and propylaluminum

25 dihydride, borane, borane tetrahydrofuran complex, borane



and hoses; electric/electronic parts, such as electric | wires, codes and
silencing gears; sporting goods, such as sport shoes, ski shoes; and civil
engi neering/building materials, such as gaskets and water barrier sheets.
15 To the olefin polymers of the invention, thernoplastic resins, fillers,
nucl eating agents and additives used for gplynprs may be added in
arbitrary anounts, and the polyners may 19 subj ected to secondary

nodi fication such as crosslinking or blowng. 20 As the thernoplastic
resins, crystalline thernoplastic resins,. such as polyolefin, polyan de,

polyester anddpmbyhgésaﬂflaedcbmpié&ysbakbhéedlhBEBQQBhﬂﬁb'%oﬁ gkRs, such
as pol ystyrene, acrylonitrile/butadiene/styrene copolynmer (ABS), 25

pol ycar bonat ebopahyphenykene 1ami de @Bﬂp@@kYaﬁb¥hﬁEetr@ﬁ@tﬁgipﬁﬁgbﬂiﬂgle
Pol yvinyl chloride is also preferably oyed. Exanpl es

pol yol efins Iﬁﬁhpd@xantﬁbﬁyheﬂéraﬁe|ygEEorébPEQE%B?@e3p9bXgﬁgnea but ene
polynmer, a 4 5 nethyl-I|-pentene pol yner I -butene polynmer and a

exene pol ymetcGtny8seanan eLhxLenc1RoLYRE! . mgﬂogi?ﬁXFETSnQO|yner and a

4- et hyl -1 - pent ene pol yner are pre ene poblynmer, an
Ethy|ene/Ep|a&iagk9991§98é?'EkEQleT¥£l§989|¥f§£hyf Eﬁgfea%aéghylzlnc,

diethylcadmium, dimethylcadmium and tetraphenyllead.
Also employgble are compounds by which the chain
transfer agents are formed in the polymerization system.
Of the above compounds, preferable are hydrogen, an
. 10 organozinc compound, an organoboron compound and an
. organosilicon compound, and particularly preferable are
h;érogen, diethylzinc and a boron hydride compound.
| The chain transfer agents mentioned above are used
singly or in combinatiog.

15 When the chain transfer agent is used, this agent is
different from the organometallic compound used for
forming an olefin polymerization catalyst, because the-
polymerization reaction in the present invention is
characterized iﬁ that when the chain transfer agent is

20 not uéed, progress of living polymerization is essential,
ghd the chain transfer reaction proceeds by the addition
of the chain transfer agent.

The chain transfer agent is used in such an amount

that the molar ratio of the chain transfer agent to the



10 Exanpl es of the polyesters include aromatic polyesters, such as

pol yet hyl ene terephthal ate-, polyethylene naphthal ate and pol ybutyl ene
terepht hal ate, pol ycaprol actone and pol yhydroxybutyrate. O these,

pol yet hyl ene terephthalate is particularly preferable. 15 Exanples of the
pol yam des include aliphatic polyam des,I%guch as nylon-6, nylon-66,

nyl on- 10, nylon-12 and nyl on-46, and aromati c pol yam des prepared from
aromati c dicarboxylic acids and aliphatic diamines. O these, nylon-6 is
particularly preferable. 20 Exanpl es of the polyacetals include

pol yf or mal deffy@@ sdpdioyoxyatethytammyungdbearet ol delytey @ol yps oppooal dehyde
and pol ybutyl al dehyde. O these, polyfornmal dehyde is particularly
preferable. P¥&fErabdol yistha &00my be a honopol yner of styrene or a

bi pol ynmer of styrene and acrylonitrile, nethyl methacrylate or

a- met hyi styrene. Ahet lbd eABS, porlafesmat useddsa ORS: GoSd | St NhR038Qyve5 35
% by nol of constituent units derived from acrylonitrile, 20 to 30 % by

mol of constptueﬁbsuﬂbt®rdfﬁﬂaﬂﬂyfdﬁ”&ﬁéﬂfﬁ“ﬁ%ﬁ%ﬁ%%&égki&h6@59%?%39”' of
0

constituent units derived fromstyrene. Exanples of the polycar ates

i(ZCI ude M| y&ehsaihd neptrdicned 3 ikirs n(é%ghyq{tﬁﬁﬁlcﬂwylﬂ) ,”Eér’i‘@”@ue 1, 1--bis
process for preparing the tapered polymer, the olefin
copolymer or the_olefin block copolymer is preferable.
According.td the process of the invention, an olefin
polymer having a high molecular weight and a narrow

. 10 molecular weight distribution can be obtained with high

polymerization activity, or a tapered polymer or an
oiefin block copolyﬁer precisely controlled in the
structure can be obtained with high polymerization
activity.

15 To the monodisperse polyolefin, the olefin copolymer,
the tapered polymer, the olefin block copolymer or a
polymer having a functional group at the terminal of any
of these polymers, various additives may be added.

The monodisperse polyolefin, the olefin copolymer,

20 the tapered polymer, the olefin bloék'copolymer or a
golymer having a functional group at the terminal of any
of these polymers can be applied to various uses.

A composition containing the monodisperse polyolefin,

the olefin copolymer, the tapered polymer, the olefin

25 block copolymer or a polymer having a functional group at



hydr oxyphenyl) et hane, 2, 2-bi s(4- hydroxyphenyl) propane and 2, 2-bis

(4- hydroxyphenyl ) butane. O these, polycarbonate obtained.from

2, 2- bi s(4-hydroxyphenyl ) propane is particularly preferable. 15 As the
pol yphenyl ene oxi de, poly(2,6-dinethyl-1,4- phenyl eneoxide) is preferably
enpl oyed. As the pol yacryl ate, polynethyu net hacrylate or pol ybutyl
acrylate is preferably enployed. The therﬁﬁblastlc resins nentioned above
may be used 20 singly or in conbination or two or nore kinds. ti The

ol efin bl ock copolyner of the invention may further contain, in addition

to the thernophastieemiasilnof angregskhekingoagfBlc @aglble%ﬁl?e%{q§§%;nking

accelerator, a crossllnklng assi stant, a softener,

anti-agi ng agepticaehl BYi AOKAGRAL mo@diaa RERREYSI ng aid, an adhesion
inparting agent, an inorganic filler, an organic flller a nucleatlng

agent, a heat stabfltg@roléfmaﬁbfgﬁegsS&ébtﬂléthve 1%‘”“§h bicagent.

colorant, a lubricant, a flame retarfdant, an anti oonn d the

l'i ke. CkosslbaﬁbmgmégeeanEQEnEﬁgsé!%g&hﬁgbeSQtané afggf%xgggci aﬁg{fur

sul fur compound or”an organi c peroxi n-organrc
5 the tapered polymer have properties of thermoplastic

elastomers.

"Examples oflthe 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

wires, codes and silencing gears; sporting goods, such as
sport shoes, ski shoes; and civil engineering/building
ﬁaterials, such as gaskets and water barrier sheets.

15 To the olefin polymers of the invention,
thermoplastic resins, fillers, nucleating agents and
additives used for polymers may be added in arbitrary
amounts, and the polymers may be subjected to secondary
modification such as crosslinking or blowing.

20 As the thermoplastic resins, érystalline
ghermoplastic resins, such as polyolefin, polyamide,
polyester and polyacetal; and non¥crystalline
thermoplastic resins, such as polystyrene,

acrylonitrile/butadiene/styrene copolymer (ABS},

25 polycarbonate, polyphenylene oxide and polyacrylate, are

a

a



per oxi de having a tenperature, at which the half-life 10 period corresponds
to 1 mnute, of 130 to 200C is preferable, and specifically, dicunyl

peroxi de, di-t butyl peroxide, di-t-butyl peroxy-3, 3, 5-
trimet hyl cycl ohexane, t-butyl cunyl peroxide, di-t-anyl peroxide, t-butyl
hydr oper oxi de, 2,5-dinet' hyl-2,5-di-(t 15 butyl peroxy)hexane or the like is
preferable. Wien the organic peroxide i $99sed as the crosslinking agent,

it is preferable to use a crosslinking assistant in conbination. O the
various crosslinking agents, sulfur or a sulfur conpound, particularly

sulfur, is peebdogaliyaisedol 20ihetaese oz 1603 ianked 5)%‘}%%%1 ving
excel l ent properties can be obtalned. However, an organic peroxide is nore

preferably useglbgeause it has particularly excellent crosslinking
efficiency. Crosslinkijjg accelerator 198 As the crosslinking accel erator,

N oyclohery! 2. bemasiesrole s bRIamn (P Bt i Ene 2 |
the |1 ke io Pepplonia  BreRaieRs Be dubiay an el ARl dy el st ant i s
used for grggetAy1ReLEXLEeEr E%ﬁlfm%lg,n%' B o lyﬁs—lqbtlttrzaenecrpoosls;nilenﬁ iélr?d
a hexene polymer. Of these, an ethylene polymer, a
propylene-polymef and a 4-methyl-Il-pentene polymer are
preferable. As the ethylene polymer, an ethylene/polar-
group containing vinyl copoiymer is preferable.

. 10 Examples of the polyesters include aromatic
polyesters, such as polyethylene terepﬁthalate;
polyethylene naphthalate and polybutylene terephthalate,
pOchaprolactone and polyhydroxybutyrate. Of these,
‘polyethylene térephthalate is'particularly preferable,.

15 Examples of.the polyamides inclﬁde aliphatic
polyamides, such as nylon—G; nylon-66, nylon-10, nylon-12
and nylon—46, and aromatic-polyamides prepared from
aromatic dicarboxylic acids and aliphatic diamines. of
these, nylon-6 is particularly preferable.

20 Examples of the polyacetals include polyformaldehyde
Epolyoxymethylene), polyacetaldehyde, polypropionaldehyde
and polybutylaldehyde. Of these, polyformaldehyde is

particularly preferable.



10 assistants include sul fur; quinone dioxinme conpounds, such as p-quinone
di oxi me and p, p' - di benzoyl qui none di oxi me; and pol yfunctional nononers,
such as (neth)acrylate conmpounds (e.g., trinethylolpropane triacrylate
and pol yet hyl ene gl ycol dinethacrylate), 15 allyl conpounds (e. g.,ldlallyl
pht hal ate and triallyl cyanurate), nalelnlde conpounds (e.g., N/ N -

phenyl enebi smal ei mi de) and di vi nyl benzene198oft ener As the softeners,
those heretofore added to rubbers 20 are wi dely used, and exanples thereof
i nclude petrol eumtype softeners, such as process oil, lubricating oil,

paraffin, liquid pal‘laéf@@ly@@}f&ﬁ@%ﬁsﬂg%th@fﬂgpo¥?rﬁﬁl:' B8 s ?9{5 Ea rLYpe

softeners, . such as coal tar and coal” tar pitch; atic ol

sof t ener s, suq@l}]aél%ﬁeﬁaéf%tﬂéme'éﬁéegérﬂb&m{?fi’éeeﬁ efhlgand coconut

oil; 199 tall acti ce; waxes, such eeswaX, tarn wax and

| anol i ne; fatQﬂe@@ég§yfg@%fé%t&;ﬁ%#ﬁ&%%#§§ nsuch as ricinolic acid,

palmtic acid, bariumstearate s ®arate and zinc | aurate; and

synthetic polynmer S,umaterigls, rﬁ&gcpergbfﬁté% ;‘{%&ggé g%?%%?éﬁ?ﬁl?y%% to

pol ypropyl ene and courar one-'i ne Tesi t a4
articul ar

softeners gre 3&?@*& eqplqu% 1 809, ro5fes § erlved P2 y
preferably enploye owm ng age

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, 1,1-bis (4-

~ hydroxyphenyl}ethane, 2,2-bis(4-hydroxyphenyl)propane and

ot

2,2-bis({4-hydroxyphenyl)butane. Of these, polycarbonate
obtained from 2,2-bis (4-hydroxyphenyl)propane is
particularly preferable.
15 As the polyphenylene oxide, poly(2,6-dimethyl-1,4-
phenyleneoxide) ié preferably employed.
As the polyacrylate, polymethyl methacrylate or
polybutyl acrylate is preferably employed.
The thermoplastic resins mentioned above may be used
20 singly or in combination or two or more kinds.
) The olefin block copolymer of the invention may
further contain, in addition to the thermoplastic resin,
a crosslinking agent, a filler, a crosslinking
accelerator, a crosslinking assistant, a softener, a

25 tackifier, an anti-aging agent, a blowing agent, a



10 As the blow ng agents, those generally used for bl ow nolding of rubbers

are widely used, and exanpl es thereof include inorganic blow ng agents,

such as sodium bicarbonate, sodium carbonate, anmmoni um bi carbonate,

anmoni um car bonate and amoniumnitrite; nitroso 15 conpounds, such as

N, N -di nethyl -N N - dinitrosoterephthal a ﬂge and N, N -

di ni trosopent anet hyl enetetram ne; azo cdﬁ% unds, such as azodi carbonam de,

azobi si sobutyronitrile, azocyclohexylnitrile, azodi am nobenzene and bari um

20 azodi carboxyl ate; sul fonyl hydrazi de conpounds, such as benzenesul fonyl
hydrazi de, tpkueaesuhbonyld, hyar azihdeion imparting agent, an inorganic

p, p' - oxybi s(benzenesul f onyl hydr azi de) and di phenyl sul f on- 3,3'-disJ?%onyI
hydrazi de; afidlazirdeagorReunds, fSUQkras 5 GRIQIJYD;

4. 4- di phenyl di sul f onyl aorde ang p 200 tolqﬁe(’(nleefsétrﬂl??n%%ee?zﬁ'dg "§%% hese,
referabl e ageapithoee, 6O . d P ounds..
Blomﬁng assi stant The bIow?%g%gggﬁgﬁgﬁﬁ%%gﬁq%%qzs%&i%?%ﬁ%%ﬁ%%ﬁ%%ﬁ%%¥ﬁdth

the bl owing a9enlorthe, b b8 BlaWNO A55aEAN Il a R fALL QN contribut es

gent,

to | owering of deconposition tenperfaturé of the blow rig

accel er agl on, 9f 8860 it reqf _and production of uniform bubbles.
Exanpl es of suc%mblgm?ﬁgﬁgsgggt%ﬁ?sﬁg#grude organi c acids, 10 such as

salicylic acid, phthglic acid, s&gggg i%ﬁ%ggaggent

The crosslipking agent is, for example, sulfur, a
- sulfur compound or an organic peroxide. An organic
peroxide having a temperature, at which the half-1ife
. - 10 period correspgnds‘to 1 minute, of 130 to 200°C is

‘preferable, and specifically, dicumyl peroxide, di-t-

)t

butyl pergxide, di-t-butyl péroxy—3,3,5~
trimethylcyclohexane, t—butylcumylrperoxide, di—ﬁ—amyl
peroxide, tuﬁutyl hydroperoxide, 2,5—dimethyl—2,5—di—(t—
15 Dbutylperoxy)hexane or the like is preferable. When the
organic peroxide is used as the crosslinking agent, it is
preferable to use a crosslinking assistant in combination.
Of the various crosslinking agents, sulfur or a
sulfur compound, particularly sulfur, is pfeferably used
20 Dbecause a crosslinked product having excellent properties
één be obtained. However, an organic peroxide is more
'preferably used because it has particularly excellent

crosslinking efficiency.

Crosslinking accelerator




oxalic acid; and urea or its derivatives. Processing aid Exanples of the
processing aids include acids, such as ricinolic acid, stearic acid,
palmtic acid. and lauric 15 acid; salts of these-higher fatty acids, such
as barium stearate, zinc stearate and cal cium stearate; and esters.
Adhesi on inparting agent The adhesion inparfing agent is an agent to

i nprove adhesion between a_ crosslinked duct and a decorative .20-

| ayer such as a coating film and exanpl es of such agents include an
organotin conpound, a tertiary am ne conpound, a hydroxyl group-containing
(co)pol ymer and a Hetahbicrohym&ﬁkﬁdg.aba@&gaak@rtiNL%&cagkeﬁgéﬂ@Les of the
inorganic fillers include silica, diatomaceous earth, alumna, titanium
oxi de, magnesbanzotkiideplpusitEcpawdar, (PEAN) Cenbal q@th@&%WeQQQJhydroxide,
magnesi um hydr oxi de, basi c magnesi um carbonate, dolomte, calcium

sul fate, cal cbambthanabee balkupnaykbat g, v-6aksh hiite, talc, clay,
m ca, asbestos, glass. fiber, glass fl ake, g?assggggg} galciunlsilicate,

nont nori | | oni benzbent anki g, i al ymj ] nd . ol ybdenum

sul fide. 10 Aboeg all, |ayefﬁﬁgggﬁ%gﬂﬁas92?%”%?@?§9§éﬁ§t§%sﬁ Qéd, “and cl ay

mnerals Igavi ng, suekhi PRLEHERYRIRe PEIBELELES ok Riazole or the like is
emploved. | |

Cfosslinking assistant

The crosslidking assistant is used for organic
peroxide crosslinking. Examples of the crosslinking
. | 10 assistants include sulfur; quinone dioxime compounds,
su?h as p-guinone dioxime and p.p'-dibenzoylquinone
dioxime; and polyfunctional monomers, such as
{(meth)acrylate compounds (e.g.,_trimethylolpropane
triacrylate and polyethylene glycol dimethacrylate),

16  allyl compounds (e.g., diallyl phthalate and triallyl
cyanurate), maleimide compounds (e.g., N,N'-m-
phenylenebismaleimide) and'divinylbenzene.

Softener
As the softeners, those heretofore added to rubbers

20 are widely used, and exémples thereof include petroleum
N
type softeners, such as process oil, lubricating oil,
paraffin, liquid paraffin, petroleum asphalt and
vaseline; coal tar type softeners, suﬁh as coal tar and

coal tar pitch; aliphatic oil type softeners, such as

26 castor oil, linseed oil, rapeseed o0il and coconut oil;



et

4 dispersion nedia are particularly preferably enployed. The clay mnerals
are generally classified into a type of two-layer structure consisting of
a tetrahedral |ayer of 15 silica and an octahedral |ayer containing

al um num or magnesium as a central netal provided on the tetrahedral

| ayer and' a type of three-Iayer structqugconsisting of tetrahedral |ayers
of silica and an octahedral |ayer containing alum num or magnesiumas a
central netal 20 sandwi ched between the tetrahedral |ayers. The two-I|ayer
structure type (forner type) is, for exanple, a kaolinite group or an
antigorite ¢grdub,obhd faetibeeewhager ssthuesubeectype, (barhevbhypek is, for
exanple, a snectite group, a vermculite group or a mca group that is 25
grouped accamt ntpnelihe; nfabey afidstentamhoay eaidopslt202sSpACKHE C
exanpl es of the clay mnerals include kaolinite, dickite, nacrite,

hal | oysite, mitimotiteacidhrysbhitec gyiephybbit®e, soeALAPE) | ANkt 6m
beidellite, nontronite, saponite, sauconite, stevensite, hectorite, 5
tetrasilici ctemstsoshdniaen githee; NHSGO¥hEhet MBI P81 {HhEr talC,

verm culite, phlogopite, xanthophyllite and chlorite. ay mneral's

havi ng' bgen ridteat &dl 8 tdaok g@@lﬁetﬁaié‘ﬁmakésiﬁ9@&%8@%[@&%@?%&?&%

"organic nodified 10 clay mnerals") are also enploya norgani c
and coumarone-indene resin. Of these, petroleum type
softeners are preferably employed, and process oil is

particularly preferably emploved.

Blowing agent

. 10 As the blowing agents, those generally used for
blow-molding of rubbers are widely used, and examples
thereof include inorganic blowing agents, such as sodium
Bicarbonate, sodium carbonate, ammonium bicarbonate,

_ammonium carbonate and ammonium nitrite; ﬁitroso
156 compounds, such as N,N‘QdimethylnN'N'—
dinitrosoterephthalamide and N,N'-
dinitrosopentamethylenetetramine; azo compounds, such as
ézodicarbonamide, azopisisobutyrcnitrile,
azocyclohexylnitrile, azodiaminobenzene and barium
.20 azodicarboxylate; sulfonyl hydrazidé compounds, such as
genzenesulfonyl hydrazide, toluenesulfonyl hydrazide,
p,p'-oxybis (benzenesulfonylhydrazide) and diphenylsulfon-

3,3"'~disulfonyl hydrazide; and azide compounds, such as

calcium azide, 4,4-diphenyldisulfonyl azide and p-



| ayered conmpounds. (On the clay mnerals having been treated with organic
materials, see "Dictionary of Cay" by Asakura Shoten.) O the above clay
mnerals,, preferable are a 15 smectite group, a vermculite-group and. a
m ca group, and nore preferable is a.snectite group, fromthe viewpoints
of swelling properties or cleavage properties. Exanples of the snectite
group clay mnerals include nontnorillonkfP8, beidellite, nontronite,
saponite, 20 sauconite, stevensite'and hectorite. ti Exanples of the

di spersion nmedia by which the inorganic |ayered conpounds are swollen or
cl eaved are asolfiohdOUBEoh] CASEGOS i inerals. .there can
be nmentioned water, alcohdfs, sﬁ%ﬁ aghﬁé?%ﬁﬁ%l?gfghg%ﬁg%%lgr%wQﬁﬁﬁﬁﬁ?

i sopr opanol , @ﬁﬁpg@g@gglygglcémggégé%(gﬁﬁrg%f?%rg% co%Pgdinethylfornanide,

di met hyl sul foxide and acetone. t hese, wa Bhol such as
nmet hanol are preferable. In case gf Lhe,or ani A dified clay mnerals,
there 5 can be nentioned aronati “NEuch as benzene, tol uene
and xyl ene, ether sy, Sygh thyl. et her and. tetrahydrofuran, ketones, such
as acetone, nethyl et hy]1 "ﬁ%eg[eoa%‘qlésﬁccﬂ%et‘?ﬂﬂ RS KR I L ket IR DA i phat i ¢
hydr ocar bgns,, :
y 8NS.with the blowing agent. Use of the blowing assistant in
combination contributes to lowering of decomposition
temperature of tpe blowing agent, acceleration of
decomppsitipn thereof and production of uniform bubbles.
Examples of such blowing assistants include crganic acids,.
. 10  such as salicylic acid, phthalic acid, stearic acid and
oxalic acid; and urea or its derivatives.

Processing aid

Examples of the processing aids include acids, such
as ricinolic acid, stearic acid, palmitic acid and lauric

16  acid; salts of these higher fatty acids, such as barium
stearate, zinc stearate and calcium stearate; and esters.

Adhesion imparting agent

The adhesion imparting agent is an agent to improve
adhesion between a crosslinked product and a decorative
200 layer such as a cecating film, and examples of such agents
N
include an organotin compound, a tertiary amine compound,
a hydroxyl group-containing {co)polymer and a metallic

hydroxide.

Inorganic filler




such as n--pentane, n--hexane and n-octane, hal ogenated 10 hydrocarbons,
such as chl orobenzene, carbon tetrachloride, chloroform dichloronethane,
1, 2-di chl or oet hane and 15' perchl oroet hyl ene, ethyl acetate, nethyl

nmet hacrylate (MWA), dioctyl phthalate (DOP), dinethylformam de, dinethyl
sul foxi de, methyl cellosolve and silicone oil. Nucleating agent As the

nucl eating agents, various nucl eating aégﬁks hitherto known are used

wi thout specific Iimtation. Exanples of the nucleating agents include the
follomﬁhg aromati c phosphoric ester salt, benzylidenesorbitol 20 aromatic

carboxylic acid apdaigskB BYCkeat i Agragent: f@i@@%‘ s nd1 YO8l G phosphori ¢
ester salt are conpou%ds r epr esent ed gy the fol oﬁ1n8’ 5@%% | a 69¥P 25 204

Ra2 RAS M5 B43:LlakBBudbauschor dubnB Hit A XYgan Al Gl Sl ur atom

or a hydrocarbon group of to 10 car on at ons are each a
hydrogen atOS%?BebyBEHEEEbBBw@%QQpp%hl%e balloon, aluminum hydroxide,

magnesium hydroxide, basic magnesium carbonate, dolomite,

5 calcium sulfate, calcium titanate, barium sulfate,
calcium sulfite, talc, clay, mica, asbestos, glass fiber,
glass flake, glqgs bead, calcium silicate,
montmorillonite, bentonite, graphite, aluminum powder and
molybdenum sulfide.

. 10 Above all, layered compounds ére preferably employed,
and clay minerals having swelling/cleavage properties in
dispersion media are particularly preferably employed.
The clay minerals are generally classified into a type of
two-layer strucfure consisting éf a tetrahedral layer of

16 silica and an octahedral layer containing aluminumior
magnesium as a central metal provided on the tetrahedral
layer and a type of three-layer structure consisting of
tetrahedral layers of silica and an octahedrai layer
containing aluminum or magnesium as a central metal

20 sandwiched between the tetrahedral layers. The two-layer
;fructure type (former type) is, for example, a kaolinite
group or an antigorite group, and the three-layer
structure type (latter type) 1s, for example, a smectite

group, a vermiculite group or a mica group that is

25 grouped according to the number of interlaminar cations.



to 10 carbon atonms and nmay be the sanme or different, and R42s, R93s or R42
and R43 may be bonded to each other to forma ring; Mis a netal atom
having a valency of 1 to 3; and nis an integer of 1 to 3. 15 Concrete
exanpl es of the-conpounds represented by the above formula (1) include
sodiun}2,2'-nethylene-bis(4,6-di-t-buty|pgﬁ@yl)phosphate,
sodium 2, 2' -et hyl i dene-bi s(4, 6-di -t-butyl nyl ) phosphat e,
l'ithium 2, 2" -nethyl ene-bis(4,6-di-t-butyl phenyl)phosphate, 20.. _
lithium-2,2" -ethylidene-bis (4,6-di-t butyl phenyl)phosphate, sodium-2,
2' -ethylidene-bis $Retipiopykadpies bof ytipheaysy phosphadteinclude
l'ithium 2, 21- et hyl ene-bi s(4-nmethyl -6-t. 25 butyl phenyl ) phosphate, 205 o
1ithium 2, 21- neadyieiee bi didkithyl ndetitbyut xhphepylephasphabeiteal ci um bis
(2, 2'-thiobis (4-nethyl--6-t- butyl phenyl)phosphate), 5
cal ci um bi s(2, &ixydwobls( dperbyhybritHUt NbpheOYL ) PEASPEA Bridellite,
cal ci um bi s(2, 2" 7t hi obi s(4, 6-di -t--butyl phenyl ) phosphate),
magneci um bi s (iorX et 0] s¢Apbn die; tsabubiiPBENYE I PORSPRAL ) ecllrite,
magneci um bi s(2, 21-t hi obi s(4-t-octyl phenyl ) phosphat e),

5 tetrasilicic mica, sodium taeniorite, muscovite,

margarite, talc, vermiculite, phlogopite, Xanthophyllite
and chlorite.
- Clay minerals having been treated with organic
materials tsometimes referred to as "organic modified
. 10  clay minerals") are also employable as the inorganic
layered compounds. (bnrthé clay minerals-having been
tééated with orgénic materialé,lsée "Dictionary of Clay"
by Asakura Shoten.)
Of the above clay minerals,,preferable are a
16  smectite group; a vermicuiite-group and.a mica group, and
more preferable is a smectite group, from the viewpoints
of swelling properties or cleavage properties. Examples
of the smectite group clay minerals include
montmorillonite, beidellite, nontronite, saponite,
20 sauconite, sfevensite'and hectorite.
; Examples of the dispersion media by which the
inorganic layered compounds are swollen or cleaved are as
follows. 1In case of the swelling clay minerals, there

can be mentioned water, alcchols, such as methanol,

25 ethanol, propanol, isopropancl, ethylene glycol and



sodi um 2, 2' - but yl i dene- bi s(4, 6-di - net hyl phenyl ) phosphat e,
sodium 2, 2' -butylidene-bis(4,6-di-t- buthyl phenyl) phosphat e,

sodi um 2, 2' -t -octyl net hyl ene- bi s(4, 6-di - 15" nethyl phenyl ) phosphat e,
sodi um 2, 2' -t-octyl net hyl ene-bi s(4, 6-di-t- butyl phenyl) phosphate,

cal ciumbi s(2,2" -nmethyl ene_bis(4, 6-di- 't'OBUt yl phenyl ) phosphate), 20
nagneciun}bis(2,2t-nethylene-bis(4,6-di-? ut yl phenyl ) phosphat e) ,

bari um bi s(2, 21- net hyl ene-bi s(4, 6-di -t- butyl phenyl) phosphate),

sodi um 2, 2' - net hyl ene- bi s(4-nmet hyl -6-t 25 butyl phenyl ) phosphate, 206
sodi um 2, 2' - metet e di gllyko bt imdehyl botydmpheay| dinbesphat €1 foxide
sodi um (4, 4" -di methyl --5, 6" -di -t-butyl-2,21- bi phenyl) phosphate,

cal ci um bi s- (drd Aceiored hy D6 tbesd, - bralkblyyland 2 1cdHPheidy) Rhosphate),
sodium 2, 2'-ethylidene-bis(4-m-butyl-6-t- butyl phenyl)phosphate,
sodi um 2, 2' - niettndresie-du e (s Sedi st hyl phenyl ) phosphat e, 10

sodi um 2, 2' - net hyl ene- bi s(4, 6-di --et hyl phenyl ) phosphat e,

In case of the organic modified clay minerals, there
5 can be mentioned aromatic hydrocarbons, such as ben:zene,
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, halogenated
10 hydrocarbons, such as chlorobenzene, carbon tetrachloride,
chloroférm, dichlordmethane, 1,2~-dichloroethane and
pérchloréethylene, ethyl acetate, methyl methacrylate
(MMA), dioctyl phthalate (DOP), diméthylformamide,

dimethyl sulfoxide, methyl cellosolve and silicone oil.

15 ' Nucleating agent

As the nucleating agents, varioué nucleating agents
“hitherto known are used without specific limitation.
Examples of the nucleating agents include the following
aromatic phosphoric ester salt, benzylidenesorbitol,

20 aromatic carboxylic acid and rosin nucleating agent.
.

Examples of aromatic phosphoric ester salt are

compounds represented by the following formula (1).

25



pot assi um 2, 2' -et hyl i dene--bi s(4, 6-di -t- butyl phenyl ) phosphate,

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 ) phosphat e),
bariumbis, (2,2 -ethylidene-bis(4,6-di-t- butyl phenyl) phosphate),
alumniumtris (2, 2 -nethylene-bis (4, 6-di-t- 20 butyl phenyl ) phosphat e)
and aIuniniun}tris(2,2'-ethylidene-bis(4,@ﬂﬁ -t- butyl phenyl ) phosphat e),
and m xtures of two or nore thereof. Particularly preferable is
sodium 2, 2" nmet hyl ene-bi s(4, 6-di -t-butyl phenyl ) phosphate. 207 Exanpl es of
aromati ¢ phosphoric ester salt are conpounds represented by the foll ow ng
formula (2). O5 J0--OMr.. (2) 422 In the above fornmula, R44 is a
hydrogen atom or hydrocarpon groupRof 1 to 10 carbon atons; Mis a neta
atom having a valency of 1 md nis anfinteger of 1 10t o 3.

Concrete exanples of the c eignted by
il
. R /P— OT—M
5 R43 o | . {1 )

In the ébové 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
t?‘lo carbon atoms and may be the same or different, and
R*s, R%s or R* and R“.may be bonded to each other to
form a ringf.M is a metal atom having a valency of 1 to
3; and n is an integer of 1 to 3.

156 Concrete examples of the ‘compounds represented by
the above formula (1) include
sodium—2,2'—methylene~bis(4,6—di—t-butylphenyl)phosphate,
sodium—Z,2'~ethylidene—bis(4,6—di—t~butylphenyl)phosphate,
lithium—2,2'—methylene—bis(4,6—di—t—butylphenyl)phosphate,

20 lithium-2,2'-ethylidene-bis (4, 6-di-t-

.

butylphenyl)phosphate,

sodium-2, 2'~ethylidene-bis (4-i-propyl-6-t—
butylphenyl)phosphate,
lithium—2,2'—methylene-bis(4—methyl—6—t~

25 butylphenyl)phosphate,



the above formula (2) include sodiumbis(4-t-butyl phenyl)phosphate,

sodi um bi s(4- et hyl phenyl ) phosphate, 15 sodi um bi s(4-ethyl phenyl ) phosphat e,
sodi um bi s(4-i - propyl phenyl ) phosphat e,

sodi um bi s(4-t-octyl phenyl ) phosphate, potassiumbis (4-t--butyl phenyl)
phosphate, cal ci um bis(4-t-butyl phenyl)phosphate, 20

magneci um bi s(4-t-butyl phenyl ) phosphat e, 205

lithiumbis(4-t---butyl phenyl)phosphat e,

al um num bi s. (4-t-butyl phenyl ) phosphate, and m xtures of two or nore

t her eof . Parpﬂfgﬂfyﬂggrgfﬂﬁg¢%§f§%é§bfg)Jf%ﬁﬁiﬁéékt-butylphenyl)phosphate.

208 The benzyli denesor’bito exa ound represented by the

foll owi ng for : egrein each R45 may be the sane or different
and is a 10I%ﬁﬂi%éﬁ?@ﬁéiﬁ(ﬁséﬁ%ﬁ%ﬁocarbon group of 1 to 10 carbon atons,

and mand n are each.an jnhteger of O 5. Exanpl es of the conpounds

repr esent ed %yaﬁl%lélr? (?I’JTﬁJ(Jl% Ze("ﬁhji%%&g"“ie,té}ﬁél,'gg'o‘i‘benzyl i denesorbitol, 1,3-
benzylidene-%ii; --met hyl henzyl i denesorbitol, 1,3 15

benzyl i dene- e’ 30 il h%ﬁﬁksorbitol, 1, 3-p- nethylbenzyli dene-2,

4- benzyl i denesarhitol,. 1,3-p-
ylig céié%um—bis(z,ﬂq-thiobis(4—ethy1—6—t—

‘butylphenyl)phosphate),
calcium—bis(2;2’;thiobis(4,6~di—t~butylphenyl)phosphate),
magnecium-bis (2,2'-thiobis (4, 6-di—t-
butyliphenyl)phosphate),

‘ 10 ,nmgnecium—bis(2,2'—thiobis(4—t—octylphenyl)phosphate)ﬂ
s?éium-2,2'—buﬁ&lidene—bis(4,6—di—methylphenyl)phosphate,
sodium-2,2'-butylidene-bis (4, 6-di-t-
buthylphenyl)phosphate,
sodium-2,2'-t~octylmethylene-bis (4, 6-di-

15 nethylphenyl)phOSphate,
sodium—2,2'—t—octylmethylene—bis(4,GFdi—t—
butylphen?l)phosphate,
calcium-bis(2,2'-methylene-bis (4, 6-di~t-
butylphenyl)phosphate),

20 magnecium-bis(2,2'-methylene-bis (4, 6-di-t-

N

butylphenyl)phosphate),
barium-bis{2,2'-methylene-bis (4, 6-di-t-
butylphényl)phosphate),
sodium-2,2'-methylene~bis(4-methyl-6-t-

25 butylphenyl)phosphate,



et hyl benzyl i dene- 2, 4- benzyl i denesorbitol, 1, 3-p--

nmet hyl benzyl i dene- 2, 4- p- et hyl benzyl i denesorbitol, 1,3-p

et hyl benzyl i dene- 2, 4- p- net hyl benzyl i denesorbitol, 20

1, 3, 2, 4-di (p- net hyl benzyl i dene)sorbitol, 1,3,2,4-di(p

et hyl benzyl i dene)sorbitol, 1,3,2,4-di(p-n- propyl benzylidene)sorbitol,
1,3,2,4-di (p-i- propyl benzylidene) sorbitd06 1, 3, 2, 4--di (p-n--

but yl benzyl i dene)sorbitol, 1,3,2,4-di(p-s 25 butyl benzylidene)sorbitol,
1,3,2,4-di (p-t 209 butyl benzylidene)sorbitol, 1,3,2,4-di(2,4"-

- di met hyl benzylddgng)-sordi ol b, i A0 t hoxybenzyl i dene) sor bi t ol
1,3,2,4-di (p- ethoxybenzyli der%])%o%ggﬁ%ﬁ—pef@bzéggl i dene-2-4-p 5

chl or obenzyl i i.t.0l, -.chl or obenzyl i dene- 2- - 4-
USRI Pl prb il

benzyl i denesor bi t'o ) orodenzyl i dene---2-4-p -

met hyl benzyl i depsesRr i tol, 4.1, 3-P-chl arobenzyli dene- 2- 4. - p-

et hyl benzyl i deneslg.]?rgi dl4,q fi,%qe- 5&%’9?{15;{ b "615/7%@'25'-%1-1)-

chl or obenzyl i rhistal , 1, 3-p-ethyl benzylidene--2--4-p 10
chlorobenzyligﬁﬁ%@%ﬁﬁ%%ﬁhqsﬁhézfg,4-di(p chl or obenzyl i dene) sorbitol, and

m Xt ures ? twg ,0r, nore _é( S %f, these caonpounds. O these, preferable are
1,3,2, 4- df beTNTEIREIS i Pol? | ek byl giqqh ebictytaseiizdt 2 dhe) sor bi t ol

1,3,2,4-di(p %?p%%% HR%%%%gh%%g%{sorbltol, 1, 3- p-chl or obenzyl i dene- 2- 4- p-

sodium—Z,2‘—ethy}idene—bis(4—m—butyl—6—t—
_butylphenyl)phosﬁhate,
sodium—2,2';methylene—bis(4,6—di—methylphenyl)phosphate,

10 sodium—Z,2'—methylene~bis(4,6~di~ethylphenyl)phosphate,
p?FaSSium—2,2'¥ethylidene~bis(4,6—di—t+
butylphenyl)phosphate, |
calciumfbis(2,2'—ethylidene-bis(4,6—di-t—
butylphenyl)phosphate),

15 magnecium-bis(2,2'-ethylidene-bis (4, 6-di-t-
butylphenyl)phosphate),
barium—bis{2,2'—ethylidene—bis(4,6—di—t—
butylphenyl)phosphate),
aluminium—tris(2,2'—methylene~bis(4,6-di—t—

20 ?utylphenyl)phosphate) and
aluminium—tris(2,2'~ethylidene~bis(4,6—di—t-
butylphenyl)phosphate), and mixtures of two or more
thereof. Particularly preferable is sodium-2,2"'-

methylene—bis(d,6—di—t~buty1phenyl)phosphate.



met hyl benzyl i denesorbitol, 1,3,2,4--di(p-- chlorobenzylidene)sorbitol, and
m xtures of two or nore of these conpounds. O the above
benzyl i denesorbitols, preferable is a 20 conmpound represented by the
following fornmula (4): R45 25 OH ... (4) 210 wherein each R45 may be the
sane or different and is nethyl or ethyl. The aromatic carboxylic acid is,
for exanple, 5 alum numhydroxydi para-t-b®@0d benzoate represented by the
following formula (5): 10 The rosin type nucleating agent is, for exanple,
a nmetallic salt of a rosin acid, and the netallic salt of a rosin acid is

a reaction product S nd a npound- Exanpl es of
the rosin acids |nc% gél g %gtgggﬁ ?Ogl gosgb8ﬁl§se§ ﬁFr3§qﬁ 8| oi

rosin and woqd _ros na vari ous noa b g ro%lgi such as dlsproportlonated
rosin, hydrogSRared st RPr &Ry E b&qtp PH 1 Dol Zed Zosi n and

a, (3 ethylenically unsaturated carboxylic acid-nodified rosin; 20 purified
products of the natural rosins; and purified products of the nDdified
rosins. Exanples of unsaturated carboxyllc aci ds used for preparlng t he

a,J3-ethylenically
(R“ o sllmo .y
5 5 | c--(2)

n

In the.abové formula, R%* is a hydrogen atom or
hydrocarbon grouﬁ of 1 to 10 carbon atoms; M is a metal
atom having a valency of 1 to 3; and n is an integer of 1

: _ 10 to 3.

Ny Concrete examples of the compounds represeénted by
the above formula (2) include
sodium~bis(4—t—butylphenyl)phosphate,
sodium—bis(4—methylphenyl)phosphate,

15 sodium—bis(4—ethyiphenyl)phosphate,
sodium-bis (4-i-propylphenyl)phosphate,
sodium-bis (4-t-octylphenyl)phosphate,
potassium-bis (4-t~butylphenyl)phosphate,
calcium-bis (4-t-butylphenyl)phosphate,

20 magnecium-bis(4-t—butylphenyl)phésphate,

N
lithium—bis(4—t~butylphenyl)phosphate,
aluminum-bis (4-t-butylphenyl)phosphate, and

mixtures of two or more thereof. Particularly preferable

is sodium-bis (4-t-butylphenyl)phosphate.



unsat urated carboxylic acid-nodified rosins include maleic acid, maleic
anhydri de, fumaric acid, itaconic 25 acid, itaconic anhydride, citraconic
acid, acrylic acid 211 ad nethacrylic acid. O the above rosins, preferable
is at least one rosin acid selected fromthe group consisting of a
natural rosin, a nodified rosin, a purified product of a natural rosin and
a purified product of a nodified rosin. 288e rosin acid contains pl ural
resin acids selected frompimaric acid, sandarachpimaric..acid, parastric
acid, isopimaric acid, abietic acid, dehydroabietic acid, neoabietic acid,
di hydropi nari ¢ aciThe dbdvyzly Dade gé s6rigct 61 ang @Qrt@ggﬁgyg[ogbggﬁbgu?%:d.
The netal lic conpound which reacts with the rosin acid to forma netallic
salt is, for ﬁé@i@%éﬁt@dC@pp@y@dfoybéﬁbn§ogggﬁg§aa(g?taIIic el ement, such
as sodium potassiumor nagnesium and forns a salf’'fogether with 15 the
rosin acid. Exanples of the netallic salts include chlorides, nitrates,
acetates, sulfates, carbonates, oxides and hydroxi des of the above netals.
O her exanpl es of the nucl eating agents include high-nmelting point

pol ymers, netallic salts of aronai 20 /BQX@ﬁMp acids or aliphatic
carboxylig acids, and ,Lnorgamic/conmpounds.

% O \

X I,

(R45)m
OH
. {3)
OH

wherein each R%5 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.

[ .

Examples of the compounds represented by the formula
(3) inglude 1,3,2,4—diben2ylidenesorbitol; 1,3-
benzylidene—z,4—pnmethylbenzylidenesorﬁitol, 1,3-

15 benzylidene-2,4-p-ethylbenzylidenesorbitol, 1,3-p-
methylbenzylidene-2, 4~benzylidenesorbitol, 1,3-p-
ethylbenzylidene-2, 4-benzylidenesorbitol, 1,3-p-
methylbenzylidene-2,4-p-ethylbenzylidenesorbitol, 1,3-p-
ethylbenzylidene—2,4—p-methylbenzylidenesorbitol,

20 1,3,2,4-di(p-methylbenzylidene)sorbitol, 1,3,2,4-d4 (p-

.

ethylbenzylidene)sorbitol, 1,3,2,4-di{p-n-

propylbenzylidene) sorbitol, 1,3,2,4-di({p-1i-
propylbenzylidene)sorbitol, 1,3,2,4-di(p-n-
butylbenzylidene)sorbitol, 1,3,2,4-di(p—s—

25 butylbenzylidene)sorbitol, 1,3,2,4-di(p-t-



Exanpl es of the high-nelting point polyners include polyvinylcycloal kanes,
such as pol yvi nyl cycl ohexane and pol yvi nyl cycl opent ane,

pol y- 3- net hyl -1 - pentene, poly-3-- 25 nethyl-I-butene, and

pol yal kenyl si | anes. 212 Exanples of the netallic salts of aromatic
carboxylic acids or aliphatic carboxylic acids include alum num benzoate,
al um num p-t-butyl benzoate, sodi um adi pa2@) sodi um t hi ophenecarboxyl ate and
5 pyrrol ecarboxylic acid. Mldin method The ol efin copol yner of the

i nvention can be subjected to various nolding nethods such as extrusion

mol di ng, inj [ I I | di ng, -press noldin 10 and st anpi ng.
The ol efin c%%%Fgﬁgggbgﬁ%%geﬁgﬁﬁggn¥ﬂfo%§ﬁgégéﬁ6$P4'Vﬁ%’(unstretched) by
extrusi on nolding. retched filnms can he qbtained by stretching the

ext r uded shegggggpygxﬁpﬁgg&dﬁqe C”%HQFQEtghéHF'ﬁﬁ' @i 15 tentering

(I engt hwi se-crossw se stretching, c¢r.ossw se | engthw se stretching),
sinultaneousmﬁ%ﬁ?ﬁgiegﬁﬁéﬁggpﬁg%or tﬁﬁnoéxﬁaﬂf Bt @i ng. From the ol efin
copol yrer Ofﬁt§5§ %nven i,on, inflation films can also be produced.

Fil aments ca GRFYed Be ) SO bdtanpl ,r dshensdiligerEo-Zr4ratt en ol efin

copol yner throg%h spinneret. The_ filanments nmay be produced=by a nelt
bl owi ng ﬁ%th&&. robenzylidenesorbitol, 1,3-p-chlorobenzylidene-2-4-

" benzylidenesorbitol, 1,3-p-chlorobenzylidene~2-4-p-
methylbenzylidenesorbitol, 1,3-p-chlorobenzylidene—-2-4-p-
ethylbenzylideneéorbitol, 1,3-p-methylbenzylidene-2~4-p-
chlorobenzylidenesorbitol, 1,3—§—ethylbenzylidene-2u4—pm

10 chlorobenzylidenesorbitol, 1,3,2,4-di(p-
c?}orobenzYlidene)sorbitol, and mixtures of two or more
of these compounds. Of these, preferable are 1,3,2,4-
dibenzylidenesorbitol, 1,3,2,4~di(p-

;methylbenzylidene)sorbitol, 1,3,2,4-di (p-

15 ethylbénzylidene)sorbitél, 1,3—p—chlorobenzylidene—2—4-p—

- methylbenzylidenesorbitol, 1,3,2,4-di(p-
chlorobenzylidene) sorbitol, and mixtures of two or more
of these compounds.

Of the above benzylidenesorbitdls, preferable is a

. 20 compound represented by the following formula (4):

LY

R45

0 —-—-/
oI
\
-
. OH
25 o1 vo.(4)



I nj ection nol ded products can be produced by injection nolding the olefin
copolyner into various shapes by the use of hitherto known injection
nol di ng 25 nmachi nes under the known conditions. The injection 213 nol ded
products obtained fromthe ol efin copolyner of the invention are hardly
el ectrostatically charged and have excellent rigidity, heat resistance,

" inpact resistance, surface gloss, chem ca1®esi stance and abrasion 5

resi stance, so that they can be broadly used as autonobile interior trim
autonobil e exterior trim housings of electric appliances, containers,
etc. Blow nol ded products can be produced by the use of hitherto known

bl ow nol di ng machi nes under the known 10 conditions. In the injection

mol di ng nmet hod, ,the .ol efin cqopol ymer of the invention is injected into a
pari son nold SRS ER FeRoer JRr £SO PRGNS F0EHHE FH @NPpaks son,

then the parisgn, is.held in nol d of desired 15 shape, and air is blown
into the parisgﬁtbglfPF &Y sari son into the nold, whereby a bl ow nol ded
product can be prodﬁced. The stanping nethod is, for exanple, stanping

mol ding. In this nmetH6d3r8MB4de FRrEOFIN ign@cd SKisn 2 meemipdle are press

nol ded at the s%ne,tine to perform integral nolding (stanping nolding),
and t he ol i naluminumhydroxydipara-t-butyl benzoate represented by the

following formula (5):

COO—AI(OH)
2

v e (D)

. The rosin type nucleating'agent is, for example, a
metallic salt of a rosin acid, and the metallic salt of a
rosin acid is a reaction product of a rosin acid and a
metallic compound. Examples of the rosin acids include

16 natural rosins, such as gum rosin, tall oil rosin and
wood rosin; various modified rosins, such as
disproportionated rosin, hydrogenated rosin,
dehydrogenated rosin, polymerized rosin and o, B-
ethylenically unsaturated carboxylic acid-modified rosin:

20 purified products of the natural rosins; and purified
.
products of the modified rosins. Examples of unsaturated
carboxylic acids used for preparing the o, B-ethylenically
unsaturated carboxylic acid-modified rosins include

maleic acid, maleic anhydride, fumaric acid, itaconic

25 acid, itaconic anhydride, citraconic acid, acrylic acid



copol ymer can be used as the base material. Use application 214 The ol efin
copol yner of the invention can be applied to various uses, and for

exanple, it can be used for film |am nates, sheet |am nates and nodifiers.

Exanpl es of the lami nates containing at |east one 5 layer formed fromthe
ol efin copolymer of the invention include agricultural film wapping
film shrink film protective film. segdrating filmsuch as bl ood plasma
separating filmor water selective perneation vaporizing film ion
exchange film battery separator, and selective 10 separating filmsuch as

i | i i The_aql efi ol yner_of the invention can be used
oo = modi 11 er oo pear st ethﬁ?ﬁma%%aﬁ Fiel e £ e ke
h r rubber (NR),, isoprene_rubber ,
Lﬂ?gg{Zhe?gﬁb g?l%€é§,gé?yF%%%?b ?ééi%ﬁiegﬁﬁaeﬁr?%Bﬁy? 9ERMBr opr ene r ubber

CR), acrylonitri but adi ene_r ubbe (NBR), butyl rubber (IIR),
gthilene/%rod@%%%%géb%%e?k(%Pﬂftu OSth| of 080t Bihedt B@spol yet hyl ene

i ber (ACM ANM etc.), epichlorohydrin rupbgr (CO ECO
20 otc. ). SITTEBRES] UbBRRUTE)Ohra T UbFoL rEpBEr FRRNE BUEdF ednd

[ olefin type,
PR R v R SR S A A L M L
plural resin acids selected from pimaric acid,
sandarachpimaric acid, 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
aqid to form a_metallic salt is, for example, a compound
which contains a metallic element,_such as sodium,
potassium or magnésium, and‘formsra salt together with

16 the rosin acid. Examples of the metallic salts include
chlorides, nitrates, acetates, sulfates, carbonates,
oxides and hydrbxides of the above metals.

Other examples of the nucleating agents include
high-melting point polymers, metallic salts of aromatic

20 carboxylic acids or aliphatic carbozylic acids, an
.
inorganic compounds. | |

Examples of the high-melting point polymers include
polyvinylcycloalkanes, such as polyvinylcyclohexane and
polyvinylcyclopentane, poly-3-methyl-l-pentene, poly-3-

25 methyl-l-butene, and polyalkenylsilanes.



The ol efin copolyner of the invention can be used as 25 a nodifier for

| ubricating oils, such as gasoline engine 21 5 oil, diesel engine oil,
marine engine oil, gear oil, machine-oil, metal working oil, nmotor oil,
machine oil, spindle oil and insulating oil. The ol efin copolymer can be

used as a viscosity nodifier or a freezing-point 5 depressant of these

| ubricating oils. The ol efin copol yner of2ftzhe i nvention can be used as a
nodi fier for waxes. Exanples of the waxes include mneral waxes, such as
nont an wax, peat wax; ozokerite/ceresin wax and petrol eum wax; synthetic
waxes, 10 such as poLysibyl spe,pEl o] h wax, chemcally nodified
hydr ocar bon wax and sugstituted anﬁ%gg%%ig g%%&?aﬁ?eaﬁﬁ?8§}cand ani mal
waxes. The ol g5 Bos0PPLYEE 40f JLhe,inyvention _can be used as a nodifier for
cement. 15 Exanpl%sQO$ tﬁgiggn%%tQ%%EPagécaFFr BEYiAg eedest incdugle as
l'ime, gypsum angh, fRghes) nt,.water setting cenment, such as Ronan
cenment, natural cemen'ﬁgé %§§€§hd318@hﬁﬂT,péFGﬁFﬁglééﬁﬁﬁ?tamdSﬁﬁgﬁﬂsuIfuric
salt slag cengqf, d cial _cements, such as acid proof cement, 20
refractory.censmt. %ht%$§b?%sgh%%ﬂ%%?e%ﬁﬂb8§ﬁ%éFecéﬁént. Vi scosity

nodi fi er, gMol i lyty inprover The olefin polyner of the invention can be
used as a5 Vi cog?iigéﬁéE%Y% CotCHnol dability inprover for inks and

Molding method

The olefin copolymer of the invention can be
subjected to various molding methods such as extrusion
molding, injection molding, blow molding, press molding

10  and stamping.

The olefin copolymer can be molded into sheets or

t

films (unstretched) by extrusion molding.
Stretched films can be obtained by stretching the
extruded sheets or extruded films (unstretched) through
16 tentering (lengthwise—crosswise stretching, crosswise-
lengthwise strgtching), simultaneous biaxial orientation
Or monoaxial stretching. From the olefin copolymer of
the invention, inflation films can also be produced.
Filaments can be produced by, for example, extruding
20 a molten olefin copolymer through spinneret. The
.
filaments may be produced by a melt blowing method.
Injection molded products can be produced by
iﬁjection molding the olefin copolymer into various

shapes by the use of hitherto known injection molding

25 machines under the known conditions. The injection



pai nts, such as letterpress printing ink, lithographic 25 printing ink,

fl exo graphic ink, gravure ink, oil paint, 216 cellul ose derivative paint,
synthetic resin paint, water baking paint, powdery water paint and
Japanese lacquer. Building material, Cvil engineering material The olefin
copol yner of the invention can be used 5 for building/civil engineering
resins and building/civil engineering mfided products, such as flooring,
floor tile, floor sheet, sound insulating sheet, heat insulating panel,
danping material, decorative sheet, baseboard, asphalt nodifier, gasket,

seal i ng natenﬁ@ideﬁOpfbﬂﬂcﬁge§EtaiQean@r8Httﬂ%foie%gb'Fﬁé%ﬁﬁg@k{% -Q%g%igg

or exterior trim Gasoline tank The ol efin polyner
used for autpppdi L n i e i LD asoline tank El ectric
or electronic part%fa% %ﬁ% g%é??% é%%%F?é%?g%?E?EgY?ﬁ@éﬁﬂ?gna gnhﬁgehsed
for electric opni C: S. f the .electric or electronic
LGBl BERE ORLGIORE YD nEXRTRLESSnLl? i RGREE Hart St RER g

parts include electric In g fmateri
i nstrunents, i C ordi ng. nedi a, bipders of nmagnetic recording
nedi a, 20 seailng %%t %#% 5 %*eef%% rF%S%FE%G??s?nﬂaFgFﬁéPgnof_ electric

appl i ancesg, 3 erials _of containers such as electronic oven
containerg, ?ﬁ%ﬁ%£§%ﬁ0%1e%?r%m?5 %@%ﬁs?anp%?yﬂﬁ?agﬂécﬁﬁﬁﬂyﬁé base material s

and conducti ve..all qy. . . ,
a toméB&le interior trim, automobile exterior trim,

housings of electric appliances, containers, etc.
Blow molded'products can be produced by the use of
hitherto known blow molding machines under the known

10 conditions.

. 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 to form a
parison,.thén the parison is held in a ﬁold of desired

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 method is, for example, stamping
molding. 1In thig method, a base material and a skin

20 material are press molded at the same time to perform
N
integral molding (stamping molding), and the olefin

copolymer can be used as the base material.

Use application




base materials. Qther exanples of the electric or 25 electronic parts
include electric or electronic parts, 217 such as connector, socket,
resistor, relay case switch coil bobbin, condenser, variable condenser
case, optical pickup, optical connector, vibrator, various term nal
assenblies, transformer, plug, printed wiring-board, 5 tuner, speaker,

m crophone, headphone, small notor, magnét4c head base, power nodul e,
housi ng, sem conductor, liquid crystal display parts, FDD carriage, FDD
chassis, HDD parts, notor blush hol der, parabola antenna and conputer

associ ated parts, VIR pakiSin BYRaier E&OQheiy%Jgngﬁﬁxggh F%%ﬁﬁgﬁﬁﬁgr

parts, electronic oven parts, acoustic 1 nstrunent parts, a

arts such as tauiz® il-ase iSC isc,. . donestic or office
p il hé@é% gﬁajﬂ6¥“¥%%q51e lﬁxﬁ%Qquwﬁﬁﬁ é;%ﬁoﬁlﬁﬁrts,

.electric appliance parts, such as-|ight-Trtnent

air conditionggmRaktss t LREW: Her. . arts., and,.ward processor parts,
of fice conputer aéasocsi'at e% E):arlt%én,lnt%gle%pﬁgﬁemfsdsl iHt%ed parts, facsimle
arts, .electromagnetic shielding

associ ated parts, hi.ne.associ ated p ,
material, speaker gg%épgggeP?aF%e §ﬁ§l9ﬁgﬁgtfﬁ&téﬂgﬁ€ﬁtaﬁoﬁe§ﬁ€awéﬁ% 20

Aqueous' ergll s n us. enul sion.caontai ning the ol efin copolyner of
t he inventioniggﬁébgggggg %gognt §h8d Tt P &fi dreofingegdliiamt heat

seal ing propetfieg e agricultural 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 resolution film.
y The olefin copolymer of the invention can be used as
a modifier for rubbers.
Examples of the rubbers include crosslinked rubbers,
such as natural rubber (NR), isoprene iubber (IR);
16 butadiene rubber (BR), st&rene/butadiene rubber (SBR),
chloroprene rubber (CR), acrylonitrile/butadiené rubber
(NBR), butyl rubber (IIR), ethylene/propylene rubber ({EPM,
EPDM) , chlorosulfonated polyethylene (CSM), acrylic
rubber (ACM, ANM, etc.), epichlorohydrin rubber (CO, ECO,
20' ?tc-), silicone rubber (Q) and fluororubber {FKM, etc.}:
and thermoplastic rubbers, such as rubbers of styrene
type, olefin 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 gasoline engine



Medi cal or hygienic material 218 The ol efin copolynmer of the invention can
be used for nedical goods, such as nonwoven fabric, nonwoven fabric
| am nate, electret, nedical tube, nedical container, transfusion bag,
prefill syringe and syringe, 5 nedical materials, artificial organs,
artificial nmuscles, filter films, food sanitation/health goods, retort
bags, and freshness keeping filnms. M sc&8 aneous goods The ol efin
copol ymer of the invention can be used 10 for stationery, such as desk mat,
cutting.mat, ruler, pen holder, pen grip, pen cap, scissors grip, cutter
grip, magnet eety: ) r hol der, binder, |abel seal, tape and
white board;Oggfl?lﬁggﬂnggggpﬁa%§§UsH@&&@?,%ﬁﬂﬁ?ezﬁ$%ﬂ(ﬁQﬁ§mﬁl%urtain,
mat , bucket, hose, bag, planter,

sheet, carpe ra hal | t 5 _-bat, . ]

air conditio%gfﬁqkﬁlgéﬁf g?ﬁgggﬁbF NG Pler, MOHATe\Rirde, Radiineuptil i unch
box, coffee nakea funngl,Pﬁye | ass frame, container, storage case, hanger;
rope and wasRPAGCASt Otdpd 'ﬁ%SU388&§9 &ddh athenedsfigoggred ymski san
racket, ball _ tent, 20 smﬁnning,%oggles,.smﬁn1fin, fishing rod, cooler box,
w | ei sure shB&t USRH 850t VAGCRELL Yt BPS 1 fdgah oxs abfasie zdmy- rosmds

contai ner,s, such as kerosine can, drum detergent bottle and shanpoo
bottle; ahd GFBEpFSYaHsoas, thgss dwbricating oils.

The olefin copolymer of the invention can be used as
a modifier for waxes. Exampleé of the waxes include
mineral waxes, such as montan wax, peat wax;
ozokerite/ceresin wax and petroleum wax; synthetic waxes,
. 10 such as polyethylene, Fischer-Tropsch wax, chemically
mogified hydrocarbon wax and substituted amide wax;
vegetable waxes; and animal waxes.
The olefin copolymer of the invention cén be used as
a modifier for cement. |
15 Ekamples of the cement include air setting cement,
such as lime, gypsum and magnesia cement; water setting
cement, such as Roman cement, natural cement, Portland
cement, alumina cement and high sulfuric salt slag
cement; and special cements, such as acid proof cement,
20 refractory cement, water glass cement and dental cement.

LY
Viscosity modifier, Moldability improver

The olefin polymer of the invention can be used as a
viscosity modifier or a moldability improver for inks and
paints, such as letterpress printing ink, lithographic

25 printing ink, flexo graphic ink, gravure ink, oil paint,



si gnboard, pylon and plastic chain. 25 Filler nodifier 219 The olefin

copol ymer of the invention can be favorably used as an additive for

preparing a filler dispersibility inprover or a dispersibility-inproved

filler. 5 Comatibilizin agent The ol efin copolymer of the invention

having a functional group, at the termnal can be used as a _

conmpati bilizing agent. Wien the olefin coppbymer of the invention is used

as a conpatibilizing agent, a 10 polyolefin and a polar group-containing

t hernmopl astic resin can be mxed in an arbltra[y n1r|ng ratlgO :ﬂgtolefln
ol ymer has f gnEDN ctional grou

?gﬁer gnt ly i nggnpg{l?/%ee de(r:]rolr&r‘goneneg spala{ht ’bes%%#b chlW 1M e dEREDY her

f the
by the 15 usg d olyner Q her ses The olefin copolyner o]
i nvention can be uépg)gg& R UGN SREE B Ak glaPand e bt QuRir bs,

drug deliver . l EFFECT CF THE INVENTICN The ol efin polymer
according to r ; ‘

The olefin copolymer of the invention can be used
5 for building/civil engineering resins and building/civil
engineering molded products, such as flooring, fléor tile,
floor sheet, sound 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

gt

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 used
for electric or electronic parts. Examples of the
electric or electronic parts include electric insulating
materials, electronic part treating instruments, magnetic
recording media, binders of magnétic recording media,

20 sealing materials of electric circuits, materials of
éiectric appliances, base materials of containers spch as
electronic oven containers, films for electronic ovens,
p&lymer electreoiyte base materials and conductive alloy

base materials. Other examples of the electric or

25 electronic parts include electric or electronic parts,



According to the process for preparing an olefin 25 polymer of the

i nvention, an olefin polynmer having a high 220 nol ecul ar wei ght and a
narrow nol ecul ar weight distribution and a tapered polymer or various

bl ock copol yners precjsely controlled in the structure can be obtained at
hi gh pol ynerization tenperatures with high 5 polynerization activities.
EXAMPLE The present invention is furtherpdescribed with reference to the
foll owi ng exanples, but it should be 10 construed that the invention is in
no way-limted to those exanples. The structures of the conpounds obtained
in the synthesis exanEIes wer e degernined b¥9neans of 1H NVMR and FD-nmass

spect romet r y>£93pan EPRREFbAT OpPPELCEabsPaLSFGTY | TeIRY- £GBR) SwWd teihesi s
Examle 1 In a, 100 ni reactor thoroughly gurged with nitrogen, 100 m of
tol uene, 10.%3'4 P8BPED mEBPRdBRSepentarlabl6afPRrRRESEE. 685§/ ( PR 28, 2
mml ) of 3-t 20 butyIsa[ichaldehyde and a small amount of acetic acid as
a catal yst WetekpPacedtiand tcaeperEps, hshbedtand vefliowed tewimimastirring
for 7 hours. After the solution was allowed to stand for cooling, a snall
amount of p-2$3¢mehies| f bhresferdenaspaddedpasntedatanisty; baadd,hey
5 tuner, speaker, microphone, hea&phone, small motor,

magnetic head base, power module, hoﬁsing, semiconductor,

liquid crystal display parts, FDD carriage, FDD chassis, .

HDD parts, motorlbluéh holder, parabola antenna and

computer associated parts, VTR parts, TV parts, iron,

10 hair dryer, rice cooker parts, electronic oven parts,

acoustic instrument parts, audio machine parts such as

audio laser disc and compact disc; domestic or office
f<eIQCtric appliance parts, sﬁch-as_light-fitment parts,

refrigerator parts, éif conditidﬁer.parté, typewriter

15 parts and word processor parts, éffice'computer
associated parts, telephone aséociated parts, facsimile
associated parts, copy machine associatéd parts,
electromagnetic shielding material, speaker cone material,
and vibrating element for speaker.

20 Agueous emulsion
b

An aqueous emulsion containing the olefin copolymer
of the invention can be used as an adhesive for
polyolefins of excellent heat sealing properties.

Medical or hygienic material




25 were refluxed with stirring for 2.5 hours. The reaction 221 sol uti on was
allowed to stand for cooling to room tenperature, then filtered to renove
the catal yst and vacuum concentrated. The residue was purified by a

silica gel colum to-obtain 8.47 g (yield: 88-0) of yellow solids
represented by the following formula (a). 10 (a) In a 50 m reactor
thoroughly purged with nitrogen, .1.043 g2(18.00 nmmol) of the conpound (a)
obt ai ned above and 30 ml of anhydrous diethyl ether were placed, and the
15 solution was cooled to -78C and stirred. To the solution, 2.05 m of
n-butyllithium (n- h?%@ngléf&ﬁﬂé 4 1 W se .added
over a period of 5 mnutes, h%%efﬁ%ﬁagi?u$%9§£é1%¥6§? ﬁga?aﬁdto room
t enper at ur e. Lerns r room20te erature t he
reaction squf?on ﬂﬂéiééimgogadﬁed ?% §s HRYHeY %IE??g?Sf BOBBOHPNof
tltanlun1tetra§9! d t ane, sol utjon avi ng been
cooled to -78 g#% fa %Qggdﬁl?}%ﬁFr?R@ %?&%%?gqah slga$§ga£eated to room
t enper at ur e. tggn{esultln dar ed 25 sl urr% wgﬁnflltered and the
filtrate was vacuum 222 c 5%%% ?%i ?i 1 PYREL hhotrtinget #ed| syhiBTBecane

about 5 nk The sol ds precipitated were collected and washed
medlca materials, artificial organs, artificial muscles,

filter films, food sanitation/health goods, retort bags,
and freshness keeping films.

Miscellaneous goéds

The olefin copolymer of the invention can be used
19 for stationery, such as desk mat, cutting mat, ruler, pen
h?}der, pen grip, pen cap, scissors grip, cutter grip,
magnet sheet, pen case, paper holder, binder, label seal.,
tape and white board; daily use miscellaneous goods, such
as clothing, curtain, sheet, carpet, entrance hall mat,
15 bath mat, bucket, hose, bag, planter, air conditioner
filter, exhaust fan filter, tébleware, tray, cup, lunch
box, coffee maker funnel, eyeglass frame, container,
storage case, hanger, rope and washing net; sporting
goods, such as shoes, goggles, skis, racket, ball,‘tent,
20 swimming goggles, swim fin, fishing rod, cooler box,
.
leisure sheet and sporting net; toys, such as block and
cards; containers, such as kerosine can, drum, detergént
bottle and shampoo bottle; and display goods, such as

signboard, pylon and plastic chain.

25 Filler modifier




w th hexane. The resulting solids were vacuumdried to obtain 0.381 g
(yield: 32 0) of a brown conmpound 5 represented by the follow ng formul a
(1). The FD-mass spectronetry of the conpound (1) resulted in 802 (M+). 10
(1) Synthesis Exanple 2 15 In a 200 m reactor thoroughly purged wth
nitrogen, 100 m of toluene, 3.82 g (26.0 mvl ) of 2,4, 6-
trifluoroaniline, 2.32 g (13.0 nmol) of 219- butyl salicyl al dehyde and a
smal | amount of p- toluenesulfonic acid as a catal yst were placed, and they
20 were heated-and refl.uxed with.stirring for 4 hours. The reaction
solution was allo to st.and for. cooling . to roomtenperature, then ,
filtered to remv\éﬁ} eoolcea%lgrpy%%ﬂa?ﬂ'&?]{/aocﬁtﬁﬁeco]rﬂz"é%rfpaﬁdc.aﬁ'ﬁéeresi due was
purified by sili.ca gel colum to obtain 3.79 (yield: 95 9% of a 25

yel | ow oi | rgfﬁrveosreﬁ‘ﬁcje’ﬁqbi/e‘fk%s Y | RF G Yor d’%%@"’.‘rm "(‘bgljf/?B%rl nab50n
reactor thoroughl yrged with nitrogen, 1.23 g (4.00 mmol) of the
conmpound (b) pzf?/’?%gng[b’o% MREOVRY AT Gt HnHRAr DR H oY PR He? wer e

pl aced, and %Q%HEO solution was cooled to -78C and stirred. To the
solution, 2.63m®%f n-butyllithium (n-hexane sol ution,

5 Compatibilizing agent

The olefin copolymex of the invention having a
funptioﬁal group, at the terminal can be used as a
compatibilizing égent. When the olefin copolymer of the
invention is used as a compatibilizing égent, a

10 polyolefin and a polar group-containing thermoplastic
r?§in can be mixed in an arbitrary miéing‘ratio. The
olefin copolymer has a polyoclefin segment and a

“functional group, so that inherently incompatible
components can be compafibilized with each 6ther by the

16 use of the copolymer.

Other uses

The olefin copolymer of the invention can be used
for microcapsules, PTP packages, chemical bulbs, drug
_delivery syétem, etc.

20

EFFECT OF THE INVENTION

The olefin polymer according to the invention
exhibits various useful properties.
According to the process for preparing an olefin

25 polymer of the invention, an olefin polymer having a high



1.60 N, 4.20 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 2
hours at room 15 tenperature, the reaction solution was slowy added to an
ether slurry of 4.00 m of titaniumtetrachloride (heptane solution, 0.5
M 1.50 mmol) having been cooled to -78C. After the addition, the mxture
was slowy heated to roomtenperature. Thg2fesulting dark red 20 slurry
was filtered, and the filtrate was vacuum concentrated. Then, 5 m of ether
and 30 m of hexane were added, and the solids precipitated were coll ected

hed w t The: ultiing solids were vacuum ,dried to obtain
gngS\ga; ?yi \g: dbm3§ % of "g&r%}gglgéé]é b%o%rﬁ%w ods) %%%ﬁalfe‘bi"’e% ht ed bé '22;3

i f a (2).. .The 224 FD-mass spectyonetry of the conpoun
:g!s{ﬁ\t/meggi noggg:llas(ﬁ(\%}?utsl?erb)a@n? hté%ﬁ’%rﬁa?’r%i%“%r 19° | /R B 299 grfo@%act or
hor oughl urged with nitrogen, . 30 nl. of ethanol, 5.16 g (40.0 mol) of
t horoughly p i of . gt hanc ol
2,6- difluoroanidiHMEBPIFELEHY ity oles (1n b | sarieyize detwydecand a

smal | amount of .acetic,acid as a catal yst were placed, and they were heated

and refluxed TPWRIIESEYT MY REIMeUFIHondRRE A BHEs whbunhiof

5 polymerization activities.

EXAMPLE

The present.invention is further described with

reference to the following examples, but it should be
. 10  construed that the invention is in no way limited to

thQSe examples.

The structures of the compounds obtained in the
synthesis examples were determined by means of lH-NMR and
FD-mass spectrometry (Japan Electron Optics Labérafory

15  sSx-102n).

Synthesis Example 1

In a 100 ml reactor thoroughly purged with nitrogen,

100 ml of toluene, 10.34 g (56.5 mmol) of
pentafluorocaniline, 6.68 g (75.4 %, 28.2 mmol) of 3-t-

20 butylsalicylaldehyde and a small amount of acetic acid as
<
a catalyst were placed, and they were heated and refluxed
with stirring for 7 hours. After tﬁe solution was
allowed to stand for cooling, a small amount of p-

toluenesulfonic acid was added as a catalyst, and they

25 were refluxed with stirring for 2.5 hours. The reaction



acetic acid, the mxture was refluxed with stirring for 150 hours. The
reaction solution was allowed to stand for cooling to roomtenperature and
t hen vacuum concentrated. The residue was purified by a silica gel 20
colum to obtain 4.76 g (yield: 82.2 %9 of yellow solids represented by
the followng fornmula (c). 25 225 (¢) 5 1n a 30 mM reactor thoroughly
purged with nitrogen, 1.16 g (4.00 mo. 2210of the conpound (c) obtained
above and 20 nl of anhydrous diethyl ether were placed, and the solution
was cooled to -78C and stirred. To the 10 solution, 2.50 m of

n-butyl I'ithi ((n-4 lution, 1.6 N ,4.00 nmol) was dropw se added
over a peri oﬁo%d‘%l%%%ﬁst Zag%l%a%e?ﬁt%%nﬁ%%d o S uF R %gsF‘B\M:‘leﬂeat ed to room
t enper at ur e. e tirri f or hours at roomtenperature, the reaction
SOFEti on was tgrﬁé)vé@ascauaraeefd el‘énf&l%e’é‘?‘ie?" sTRIreYe o“?}?@,. eotatyst @ndani um

tetrachl ori de hept ane sqlutiopn, 0.5 M 2.00 mmol) having been cooled to
-78C. After tvt?ec(%ud‘gﬁqr&ﬁanﬁ‘?et#xt dhe WES1siswnes mumtidd et Roem

tenperature. The resuliting dark red slurry was filtered, and the solids
obt ai ned wer & FHo SHLHE R CharRtakhid bf9 nerhsleéned&htbréfe. The

fiItrate-gnd th%_mashing | i qui d were vacuum concentrated, and the
yellow solids represented by the following formula (a) .

10 . (a)

In a 50 ml reéctor thoroughly purged with nitrogen,
-1.043 g (3.00 mmol) of the compound (a).obtained above
and 30 ml of anhydrous diethyl ether were placed, and the
16 solution was cooled to -78°C and stirred. To the
solution, 2.05 ml of n-butyllithium (n-hexane solution,
1.54 N, 3.15 mmol) was dropwise added over a period of 5
minutes, and then the mixture was slowly heated to room
temperaturé. After stirring for 3 hours at room
20 Eemperature, the reaction solution was slowly added to an
N
ether slurry of 3.00 ml of titanium tetrachloride
(heptane solution, 0.5 M, 1.50 mmol) having been cooled
to -78°C. After the addition, the mixture was slowly

heated to room temperature. The resulting dark red

256 slurry was filtered, and the filtrate was vacuum



resulting solids were collected and suspended in 15 m of ether. The
precipitate was filtered and then washed with a small anount of ether and
hexane. The resulting solids 25 were vacuumdried to obtain 1.059 g (yield:
76 %9 of a 226 brown conpound represented by the following fornula (3).

The FD-nmass spectronetry of the conmpound (3) resulted in 694 (M+). 5 (3)
Synthesis Exanple 4 10 In a 200 m reactorggshoroughly purged with nitrogen,
100 m of toluene, 2.89 g (26.0 mol) of o-fluoroaniline, 2.32 g (13.0
mmol ) of 3-t-butylsalicylal dehyde and a snall anmount of p-tol uenesulfonic
acid as a catahgég %ﬁret glacgd agd they were heated and refluxed with
stirring 15 for b RBUFELePhENFELcErEnaBERE] 6F Was dliomisd besastearbofor
.cool i ng to_roog1tgnpe ature, then filtered to renove the catalyst and
vacuum concent Pat'ed I ?%%%ﬂ%epﬁ%%lpkﬁﬁ¥¢¢eweb@ aodlettadgehdcebeed t 0
obtain 3.45-¢g &Yield: 98 %9 of a yellow oil represented by the follow ng
20 formula (d)¥1ER)NS8aDe7 |They B tiraciolidthorenghtycpungadivit o

ni t rogen, , )
obtain 0.381 g (yield: 32 %) of a brown compound

5 represented by the following formula (1). The FD-mass

spectrometry of the compound (1) resulted in 802 (M+),

F
' F .
10 AN
(O
e

| ‘Bu
Synthesis Example 2

15 In a 200 ml reactor thoroughly purged with nitrogen,

100 ml of toluene, 3.82 g (26.0 mmol) of 2,4,6-
trifluoroaniline, 2.32 g (13.0 mmol) of 3-t-
butylsalicylaldehyde and a small amount of p-
toluenesulfonic acid as a catalyst were.placed, and they
20 were heated -and refluxed with stirring for 4 hours. The
.
reaction solution was allowed to stand for cocoling to
room temperature, then filtered to remove the catalyst
and vacuum concentrated. The residue was purified by a

silica gel column to obtain 3.79 g (yield: 95 %) of a

25 yellow oil represented by the following formula (b) .



1.01 g (4.00 nmmol) of the compound (d) obtained above and 30 m of
anhydrous di ethyl ether 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 mvol) was dropw se added over a period of 5

m nutes, and then the m xture was slowy heated to room tenperature. After
stirring for 2 hours at roomtenperature228he reaction solution was slowy
added to an 10 ether slurry of 4.00 mM of titaniumtetrachloride (heptane
solution, 0.5 M- 2.00 nmol) having been cooled to -78C. After the
addition, the mxture was slowy heated to roomtenperature. The resulting
dark red slurry was filtered, and the filtrate was vacuum 15 concentrat ed.
Then, 5 m of ether and 30 @ of hexane were added, and the solids
precipitated were coll ected ) and washed with hexane. The resulting solids

were vacuum dried to obt .530 g (yield: 40 0) of a reddish brown
conpound represented by %omﬁng formula (4). The 20 FD- nass
spectronetry of the compound (4) resulted in 658 (Mt). 228 Synthesis E

t horoughly purged with nitrogen, 100 m of
ofO H | H- 5 perfluorooctylamne, 1.43 g (8.0
rdehyde and a snal | anmountbpf p-

xanple 5 In a 200 m react
tol uene, 3.19 g (8.0 mmol
nmml ) of 3-t- butyl sali gy

tBu
In a 50 ml reactor thoroughly purged with nitrogen,
1.23 g (4.00 mmol) of the compound (b) obtained above and
30 ml o; anhydrous diethyl ether were placed, and the
10 soluti§ﬁ~was cooled to -78°C and stirred. To the
s?%ution, 2.63 ml of n-butyllithium (n-hexane solution,
1.60 N, 4.20 mmdl) was d:opwise added over a period of 5
minuteg, and then the mixture was slowly heated to room
temperature. After stirring for 2 hours at room
15 temperaturé, the reaction solution was slowly added to an
ether slurry of 4.00 ml of titanium tetrachloride
(heptane solution, 0.5 M, 1.50 mmol) having been cooled
to -78°C. After the addition, the mixture was slowly
“heated to room temperature. The resulting dark red
20 slurry was filtered, and the filtrate was vacuum
N
concentrated. Then, 5 ml of ether and 30 ml of hexane
were added, and the solids precipitatéd we?e collected
and washed with hexane. The resulting solids were wvacuum

dried to obtain 0.550 g (yield: 38 %) of a reddish brown

25 compound represented by the following formula (2). The



tol uenesul fonic acid as a catal yst were placed, and they were~ heated and
refluxed with stirring for 14 hours. The reaction solution was allowed to
stand for cooling to 10 roomtenperature, then filtered to renove the
catal yst and vacuum concentrated, to obtain 4.04 g (yield: 90 of yellow
solids represented by the following formula (e) CH2(CF2)6CF3 45 (e) In a 30
m reactor thoroughly purged with nitroge@?4 1.12 g (2.00 nmmol ) of the
conmpound (e) obtained above and 20 30 ml of anhydrous diethyl ether were

pl aced, and the solution was cooled to -780C and stirred. To the

sol ution, 1.31%§1 of n-but IIithiun1gn-hexane solution, 1.60 N, 2.10 mmol)
was dropwi se added ovePPaChErTeHr¥f o5 thengpEBOLAAd (Ehemethé teiixtinr & 3WAS

sl ow y heat ed room 25 tenperature. After stirring for 2 hours at. room -
229 tenperatur ,+%he reaction solution was slowy added to an ether slurry
of 2.00 nl of titaniumtetrachl oride (heptane solution, 0.5 M 1.00 mol)
havi ng been cooled to -78C. After the addition, the mxture was slowy 5
heated to room t enper at uye. regulting dark red slurry was filtered,

and the filtrate was vagqu o‘f

centrated. Then, 3 nm o.f ether and 20 m
of hexane 5were added, i

S precipitated were coll ected
L= HCkL

Synthesis Example 3

10 - In a 100 ml reactor thoroughly purged with nitrogen,
3?‘ml of ethanol, 5.16 g (40.0 mmol) of'2,6— |
difluorocaniline, 3.58 g (20.0 mmol) of 3-t-
buﬁylsalicylaldéhyde and a small amount of acetic acid as
a catalyst were placed, and they were heated and refluxed

15 .with stirring. With further adding a small amount of
acetic acid, the mixture was refluxed with stirring for
150 hours. The reaction solution was allowed to stand
for cooling to room temperature and then vacuum
concentrated. The residue was purified by a silica gel

20 column to obtain 4.76 g (yield: 82.2 %) of yéllow solids

[N

represented by the following formula (c).

25



and washed w th hexane. The resulting solids were vacuum .10 -dried to
obtain 0.183 g (yield: 15 o).of a reddish brown conpound represented by
the following fornmula (5). The FD-nass spectronetry of the conpound (5)
resulted in 1234 (M+) . H(CF2)6CF3 H- 15 f ( - Tid2 (5) Synthesis
Exanple 6 In a 200 m reactor thoroughly purged with nitrogen, 20 100 m

of toluene, 4.66 g (20.0 nmol) of 4 225
trifluoronmethyl-2,3,5,6-tetrafluoroaniline, 1.78 g (10.0 mol) of

3-t-butyl salicyl al dehyde and a small anpbunt of p-toluenesulfonic acid as a
catal yst were placed, and they were heated and refluxed with stirring for
53 hours. 25 The starting materiga as confirnmed by the GC anal ysis, 230 so
that 2.33 g (10.0 mmol) of 2,3, 5 etrafluoro-4- trifluoronethylaniline
was further added, and the m xturg Wwas heated and refluxed with stirring
for 7 hours. The reaction soluti®n was allowed to stand for cooling to 5
roomtenperature, then filtered|to renove the catalyst and vacuum
concentrated- The residue was ponf?2d by a silica gel colum to obtain
2.53 g (yield: 64 % of |ight | ow solids represehtkd by the follow ng

formul a g).

In a 30 ml reacﬁor thoroughly purged with nitrogen,
1.16 g (4.00 mmol} of the compound (c) obtained ébove 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,
'l:§ N, 4.00 mmol) was dropwise added over a period of 5
minutes, and then the mixture was slowly heated to room
temperature. After stirring for 3 hours at room
temperature, the reaction solution was slowly added to an
15 ether slurry ofl4.00 ml of titanium tetrachloride |
(heptane solution, 0.5 M, 2.00 mmol) having been cooled
to ~-78°C. After the addition, the mixture was slowly
heated to room temperature. The resulting dark red
slurry was filtered, and the solids obtained were washed
20 fith a small amount of methylene ﬁhloride. The filtrate
and the washing ligquid were vacuum concentrated, and the
resulting solids were collected and suspended in 15 ml of
ether. The precipitate was filtered and then washed with

a small amount of ether and hexane. The resulting solids

25 were vacuum dried to obtain 1.059 g (yield: 76 %} of a



10 (f) 15 In a 100 M reactor thoroughly purged with argon, 0.15 g (3.80
nmml ) of sodi um hydri de was placed and washed twice with 10 m of hexane.
Then, 30 m of diethyl ether was added to give a suspension. Wth stirring
t he ‘suspension at roomtenperature, 20 ml 20 diethyl ether solution
cont ai ning the conpound (f) obtained above was dropw se added over a period
of 20 mnutes, followed by further stirr2@g for 2 hours. The solution was
cooled to -78C, and thereto was dropwi se added 3.75 m of titanium
tetrachl oride (heptane solution, 25 0.5 M 1.88 nmol) over a period of 5

mnutes. Aftery ddlt was, co reaction

sol ution was S# é@éﬁﬁﬁﬁ‘ %ﬁ??tﬁ%e?étﬁ?%n?ﬁfﬁ VlPﬁe OLBHGRI dr) was |
further stlrref%fo§ 12 hours a% roo€1 tepperature, the resultlng dark red
slurry was fil B g SR REC F RS F%t% WBRE VGRHRATRBnddnt FEFBALeEhen,

et her was adqﬁg agg the solids precipitated were collected and vacuum
dried to obtai % b (yield: 45 % of a reddish brown powder represented
by the followi.ng fornula" (6 The FD-mass spectronetry of the conpound
(6) resulted in 10 902 nt\hesis Exanple 7 In a 200 m reactor
thoroughlyspurged with n L

. {3)
“tBu’/ 2
Synthesis Example 4
! 10 . In a 200 ml reactor thoroughly purgéd with nitrogen,

TOO ml of toluene, 2.89 g (26.0 mmol) of o~fluorocaniline,
02.32 g (13.0 mmol) of 3-t-butylsalicylaldehyde and a
smgll amount of p~toluenesulfénic acid as a catalyst were
placed, and they were heated and refluxed with stirriné
15 for 5 hours. The reaction solution was allowed to stand
for cooling to room-temperature, then filtered to remove
the catalyst aﬁd vacuum concentrated. The residue was
purified by a silica gel column to obtain 3.45 g (yield:

98 %) of a yellow oil represented by the following

A,

N
=

20 formula (d).

OH

25 tBu



16.2 m of ethyl magnesi um brom de (ether solution, 3M 20 48.6 mml) and 50
m of anhydrous tetrahydrofuran were placed. Then, a solution of 11.2 g
(46.2 muol ) of 2--(1- adanmantyl)-4-nmethyl phenol in 50 mM of anhydrous
tetrahydrof uran was dropwi se added over a period of 20 mnutes with ice
cooling. After the dropwi se addition 25 was conpleted, the reaction
solution was stirred at room 232 tenpergage. To the solution, 300 m of
tol uene was added, and the m xture was heated with stirring to distil
of f the tetrahydrofuran and the diethyl ether. After cooling to room

t enper at ur e, 3.8013B%1%§ ) of 5 parafornmal dehyde and 7.1 g (70.2 mmmol)
of triethylanine e~ddBedCERECENEDRTRIGRE YWRE THES: #d thi 1 t9agari ng. at
80 to 90 C f?r 20 m nutes. The resulting solution was cooled to room
tenperature, rafld BhdfePS WESLAdaéd theo crmpogndl e hyitediesy iabcats davd t h
ice cooling. Then, 300 m 10 of diethyl ether was added to perform phase
separation, S8nBltRéE 8rjIAreusagérthad wabkedwewec @ laiceld,2@0drtiaf  wat er
and then with a sodi um hydrogencarbonat e agqueous solution. The resulting
sol uti on wass@lhhEdosveErs aahyddots sddi’Gmasul Batieraad tNentkacuum
concentrated. 15 The resulting crystals were vacuumdried to obtain 10.5
(yield: &4 opodhtiopel Rewdcuipodnd-bepydiénhédmby ni-hexahel lseiurg dror nul a

- (g) (wherein Adm denotes an adamantyl group).

1.60 N, 4.20 mmol) was dropwise added over a period of 5

minutes, and then the mixture was slowly heated to room
temperature. After stirring for 2 hours at room
temperature, the reaction solution was slowly added to an
o 10 ether slurry of 4.00 ml of titanium tetrachloride
(§?ptane solution, 0.5 M, 2.00 mmol) having been cooled
,tb -78°C. After the addition, the mixture was slowly
" heated to room temperature. The resulting dark red
.slurry was filtered, and the filtrate was vacuum
156 concentrated. Then, 5 ml of ether and 30 ml of hexane
were added, and the solids precipitated were collected
and washed with hexane. The resulting solids were vacuum
dried to obtain 0.530 g (vield: 40 %) of a reddish brown
compound represented by the following formula (4). The
20 FD-mass spectrometry of the compound (4) resulted in 658

5

(M+) .

25




20 (g) g Ad miIn a 100 m reactor thoroughly purged with nitrogen, 80 ni
of toluene, 2.75 g (15.0 mmol) of 25 pentafluoroaniline, 4.07 g (99.7 15.0
mol ) of the 233 conmpound (g) obtained above and a small|l anmount of p-

tol uenesul fonic acid-as a catal yst were placed, and they were heated and
refluxed with stirring for five and half hours. After the reaction
solution was allowed to stand 5 for cooli @88 the solvent was distilled off
under reduced pressure. Then, 50 m of nethanol was added, and the

m xture was stirred and filtered. The resulting solids were vacuumdried
to obtain 4.38 g (yield: 67 %9 of vyellow solids represented by the
followng formula (g'). 10 15 -1z" -Adm(g') In a 50 mM reactor thoroughly

purged with niggs 0s 1 s lp38m9: £ 35 00 nmol ) of the conpound (g') obtained
above and 20-ﬁﬁggi—aﬁ%y%fﬁugwé+ethyl et her were placed, and the solution
was cooled to -78C and sééénﬁf. To %he 0 solutjon, 1.89 m of |

n-butyl I'ithi um (n- Hexahe” $ol Ut i BAACTAL 597 REC3IB6Y ot §ehads B opiv 5e98dded

Oper @ period fo Sy MPULEReA0T ANFo M XEHTS MES PILET Y, [RL 2 hours and

5 perfluorooctylamine, 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
reaction solution was allowed to stand for cooling to -

) 10  room temperature, then filtered to remove the catalyst

agq vacuum concentrated, to obtain 4.04 g (yield: 90 %)

of yellow solids represented by the following formula (e).

CHy(CFR)eCFs

N
~al

15
OH-

Bu

In a 30_ml reactor thoroughly purged with nitrogen,
1.12 g {(2.00 mmol) of the compound (e) obtained above and
20 %0 ml of anhydrous diethyl ether were placed, and the
solution was cooled to -78°C and stirred. To the
solution, 1.31 ml of n-butyllithium (n-hexane solution,
1.60 N, 2.10 mmol) was dropwise added over a period of 5
minutes, and then the mixture was slowly heéted to room

25 temperature. After stirring for 2 hours at room



slowy heated to roomtenperature. After stirring for 3 hours at room
tenperature, the solution was dropw se 25 added to 20 ml of a
tetrahydrofuran solution of 3.00 mM 234 of titaniumtetrachl ori de (heptane
solution, 0.5 M 1.50 nmol) having been cooled to -78C. After the dropw se
addition was conpleted, the mxture was slowy heated to roomtenperature
and stirred for 12 hours at room5 tenpe@@Bure. Then, the sol vent was
distilled off under reduced pressure. To the resulting solids, 40 m of
met.hyl ene chl ori de was added. The mixture was stirred and filtered, and

" epr eci L{?ta?e%% TR e e el o Teluftongadl FhePhirafiadiom an ed

to obtain |eId rown conpound represented by the
fol | owi ng forrru E ( ?ma@% Jpe%?r‘b%?‘?’ym&fte?ﬁ%c bApdERd (7)
resulted in 9 [\ 15 T|CIZ (7)_20 S nthe5|s ample 8 In a 200 ni
react or thoroﬁﬁﬁ%ﬁa rfedH ?WTrﬁt?d%en 0Q gryned | o$ameﬂeh%en4Clegd(26 0
mmol ) of o- trifl OJonetfyIanlllne g (13.0 mmol) of 3--t- 25

butyl sal i cyl diderifié and & egndihe &t%’t}ﬁtl%\‘r fhe mixture was slowly

5 heated to room temperature. The resultlng dark red
slurry was filtered, and the filtrate was vacuum
concentrated. Then, 3 ml of ether and 20 ml of hexane
were added, and the solids precipitated were collected

. and washed with hexane. The resulting solids were vacuum

‘ 40 - dried to obtain 0.183 g (yield: 15 %) of a reddish brown
c?@pound represented by the following formula (5). The

FD-mass spectrometry of the compound (5) resulted in 1234

(M+) .

?Hz(CFz)eCFa

15

tBu /2

Synthesis Example 6

In a 200 ml reactor thoroughly purged with nitrogen,
20 100 ml of toluene, 4.66 g (20.0 mmol) of 4-
. i
trifluoromethyl—2,3,5,6~tetrafluoroaniline, 1.786 g (10.0
mmol) of 3~t—butylsali;ylaldehyde and a small amount of
p-toluenesulfonic acid as a catalyst were placed, and

they were heated and refluxed with stirring for 53 hours.

25 The starting material was confirmed by the GC analysis,



235 toluenesulfonic acid as a catal yst were placed, and they were heated
and refluxed with stirring for 5 hours. The reaction solution was all owed
to stand for cooling to roomtenperature, then filtered to renove the
catal yst 5 and vacuum concentrated. The residue was purified by a silica
gel colum to obtain 3.20 g (yield: 77 % of a yellow oil represented by
the following fornmula (h). 10 (h) In a 30 rA30reactor thoroughly purged with
nitrogen, 15 1.29 g (4.00 mml) of the conpound (h) obtained above and 30
m of anhydrous diethyl ether were placed, and the solution was cooled to
-78C and stirreds dQathe 3solutypen o] -butyl li thi_um (n-hexane
solution,  1.60 N, gé%ogm?’%!); I(Nahag'8r§rﬁ§m§ég1ogdgég’gvéftﬁtﬁélfﬁii&&{?f“% 20

m nutes, and t ; ] slowy heated to room tenperature. After
stirring for 2h§€t€£§%f$%%gﬁ l%@%%%?%tﬂ%ﬁ,%Pﬁgg?ﬁaégﬁﬁﬁrsépﬁtﬁbﬁ Wastsiom v

added to an eth 4.00.m of tjitaniumtetrachl oride" (heptane

solution, 0.5 ngé.%%y%%%l%éﬁaﬁ?gbuﬁﬁgnw%tgl531951P6 fesC’ Ppuse-t hehe

addition, the nj e was slowy 236 heated to roomtenperature. The
Tt {

resul ting dark Ted —sTUr?y WaktoF i F22r@4loBad Faestanerfos aaslingutm

concentrateg. Then, 5 m of ether and 30 m of hexane
room temperature, then filtered to remove the catalyst

and vacuum concentrated. The residue was purified by a
silica gel column to obtain 2.53 g (yield: 64 %) of light

yellow solids rebresented by the following formula (£)

15 In a 100 ml reactor thoroughly purged with argomn,
0.15 g (3.80 mmol) of sodium hydride was placed and
Washed twice with iO ml of hexane. Then, 30 ml of
diethyl ether was added to give a suspension. With
stirring the suspension at room temperature, 20 ml of a

20 iiethyl ether solution containing the compound (f)
obtained above was dropwise added over a period of 20
minutes, followed by fgrther stirring for 2 hours. The
solution was cooled to -78°C, and thereto was dropwise

added 3.75 ml of titanium tetrachloride (heptane solution,

25 0.5 M, 1.88 mmol) over a period of 5 minutes. After the



wer e added, and the solids precipitated were collected 5 and washed with
hexane. The resulting solids were vacuum dried to obtain 0.80 g (yield: 53
%9 of a reddish brown conpound represented by the followi ng formula (8).
The FD nass spectronetry of the conmpound (8) resulted in 758 (Mt) 10 (8)
15 Synthesis Exanple 9 In a 100 m reactgr t hor oughly purged with nitrogen,
55 m of ethanol and 3.44 g (15.0 nmol) 3,5- ditrfluoronethylaniline
were placed, and they were stirred. To the solution, 1.79 g (10.0 mmol) of
3-t 20 butylsalicylal dehyde was added, followed by stirring for 19 hours
at room t enped@dpi¥ £se Taedh ¢ Ho0v4s ofomi®l €edtiarthsi evest4énweseuadded, and
the m xture was heated and refluxed wth stirring for 5 hours. The solids

were removed,dy diddIRthOzedth tRgom ot shbhORavaseCONCRIM F atigd. 25 The
resulting solids were purified by a silica gel columm 237 to obtain 0.92 g

(yield: 72 %sof s iygds %§%ﬁﬁ@hé§%@§§f&§df8¥ ib‘ehéekéoﬁt”ﬂof;ﬁr nula (1). 5
(i) In a 30 m reactor thoroughly purged wth nitrogen, 0.779 g (2.00

ol ) of the %\?@Pé‘ﬁjdl(é) bt aﬁé@@l@ﬂ?@’edaﬁﬂdrgg b, of yaphydEQys disgt Ny!

et her were placed, an

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 bowder represented by the following formula (o).
The FD-mass spectrometry of the compound {(6) resulted in

10 902 (M+).

15

Synthesis Example 7

In a 200 ml reactor thoroughly purged with nitrogen,
16.2 ml1 of ethylmagnesium bromide ({(ether solution, 3M,

20 48.6 mmol) and 50 ml of anhydrous tetrahydrofuran were
placed. Then, a solution of 11.2 g (46.2 mmol) of 2-(1-
adamantyl)-g—methylphenol in 50 ml of anhydrqus
tetrahydrofuran was dropwise added over a period of 20
minutes with ice cooling. After the dropwise addition

25 was completed, the reaction solution was stirred at room



solution was cooled to -78C and stirred. To the 10 solution, 1.43 m of
n-butyl lithium (n-hexane solution, 1.54 N, 2.20 mmol) was dropw se added
over a period of 5 mnutes, followed by stirring for 3 hours. Thereafter,
the m xture was stirred for 5 hours with slowy heating to room
tenperature and then slowy added to an ether 15 slurry of 2.00 m of
titaniumtetrachl oride (heptane solution23®.5 M 1.00 nmol) having been’
cooled to -78C. After the addition, the m xture was slowy heated to room
tenperature. The resulting dark red slurry was filtered, and the solution

was concent r atesnd@-40:7d . The ey Al 128 0%%%'%§689yt%1u%r%thggsmere

washed wi th hexane and vacuum drled to obtaln 0 1 9% of a
reddi sh 238 browesompoyund, d epy oII W formul a (9) The
FD- mass spectrorretry of the corrpound resu ton q%grzlm(q\%) 5 (9)

100t of Lol Lo and 336 g (é%t%ae%"%f 24“’%"%94"0%%&?%%“? o
5 Bt y1 sal | oyl dersaret i te St Sete O . 1o eheEt T oML Tl wer e
added, andSth%é?ﬁgégﬁ%f%E%yde and 7.1 g (70.2 mmol) of triethylamine
were added, and the mixture was heated with stirring at
80 to 90 °C for 20 minutes. The resulting solution was
cooled to room témperature, and thereto was added 200 ml
of 10% hydrochloric acid with ice cooling. Then, 300 ml
_10 of diethyl ether was added to perform phase separation,
and the organic layer was washed twice with 200 ml of
water and then_with a sodium hydrogencarbonate aqueous
solution. The resulting solution was dried over
anhydrous sodium sulfate and then vacuum concentrated.
15 The resulting crystals were vacuum dried to obtain 10.5 g
(yield: 84 %) of a yellow compound represented by the
folloﬁing fofmula (g} {(wherein Adm denotes an adamantyl
group) .

—0

20
OH

_ (g)
Adm
In a 100 ml reactor thoroughly purged with nitrogen,

80 ml of toluene, 2.75 g (15.0 mmol) of

25 pentafluorocaniline, 4.07 g (99.7 %, 15.0 mmol) of the



heated and refluxed with stirring for 6.5 hours. The solids were renoved
by filtration, and the solution was concentrated. The concentrate was
purified by a silica 20 gel colum to obtain 3.32 g (yield: 89 % of yellow
solids represented by the following formula (j). 239 (j) In a 50 m reactor
t horoughly purged with nitrogen, 5 1.16 ? 4.00 mmol ) of the conpound (j)
obt ai ned above and 30 ml of anhydrous die % | ether were placed, and the
solution was cooled to -78C and stirred. To the solution, 2.63 m of
n-butyl lithium (n-hexane solution, 1.60 N, 4.20 nmml) was-dropw se added
over a periodcemP®UI@ nigutesta iThet edddwr ,andiea nsmxd Ut eanasnistof rgd for 12
hours with slowy heating to roomtenperature and then slowy added to an
ether slurry d¢olied@sdlfamitd tanidinms tetdachl gt dee (hepladed Sohnd i ©Rey0. 5
M 2.00 mmol ) having been cooled to -78C. After the addition, the m xture
15 was sl ow y wheat éddted eom tenmanadne tiihecresid | fgr dark £ed Shupry
was filtered, and the solution was concentrated. The crystals obtai ned by

filtration weneursashgdrwict inBexanetand waauumod hed 9 10kt 1 O-958 @
(yield: 69 %9 of a' reddish brown conpound represented by 20 the follow ng

f la (1) fobh i e r '
for m(J M:it)( Zzofo ROHMRES tIREGS VB W addier cotpovnd (P, resplied in

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

vellow solids represented by the -following formula (g').

10
F
F F
F F
N
"
OH
Ad '
15 m (g")

In a 50 ml reaptor thoroughly purged with nitrogen,
1.35 g (3.00 mmol) of the compound (g') obtained above
and 20 ml of anhydrous diethyl ether were placed, and the
solution was cooled to -78°C and stirred. To the
20 solution, 1.89 ml of n-butyllithium (n-hexane solution,
1.59 N, 3.00 mmol) was dropwise added over a period of 5
minutes, and the mixture was stirred for 2 hours and then
slowly heated to room temperature. After stirring for 3
hours at room temperature, the solution was dropwise

25 added to 20 ml of a tetrahydrofuran solution of 3.00 ml



Synthesis Exanple 11 In a 100 ml reactor thoroughly purged with nitrogen,
2.00 g (5.27 mmol) of hafnocene dichloride and 40 m of 10 anhydrous

di ethyl ether were placed, and the solution was cooled to OC and stirred.
To the solution, 9.6 m of nethyllithium (ether solution, 1.14 N, 10.9
mmol) was dropw se added over a period of 45 m nutes, followed by
stirring for 2 hours. Then, the m xture wa&s4slowy 15 heated to OC. After
stirring for 30 mnutes at 0C, insolubles were renoved by filtration. The
filtrate was concentrated, and to the concentrate was added 10 m of '

ether to give grSUSPERShAN «ThEAR1LRSALY Lesheoved agagn, andcthe
sol ution was vacuunlco%%ent?ateghlég ?% gh?éFﬁﬁf.?S g?faﬂfn |F?¥rv§1§ el d)
Py’ S SRR SRPENPLEER,SRRILTCL BV ecl oL IS 0TS, (.
hor oughl ur . WM itroge 250 of .toluene was_pl aced, and a m xed
;ag SUgf gtﬁy|%§é¥%@éﬁ1¥ 7)“ ﬁBP%F%§y|gh% ?i§8u£FthSma%gw§a Peatedt tiPat e
the liquid phage ang t he g-as phaée. Thereafter 5 1.25 mmol (in terns of
al umi num at om)”~ Of% %%?%9% Fom 79 aﬁEl?ﬁﬁdtﬁaﬁté.OBSUﬁﬁDPtoFO?%e titani um
ation.
compound (15> V‘@érﬁpgggggrég) IT Iegr{,atteheposoylrireérlltz was distilled off under
reduced pressure. To the resulting solids, 40 ml of
methylene chloride was added. The mixture was stirred
and filtered, and the filtrate was vacuum concentrated.
The solids precipitated were reprecipitated with hexane,
10  and the resulting solids were vacuum dried to obtain
0.334 g (yield: 23 %) of a brown compound represented by

the following formula (7). The FD-mass spectrometry cf

the compound (7) resulted in 986 (M+).

15 F.

20

‘Synthesis Example 8

In a 200 ml reactor thoroughly purged with nitrogen,
100 ml of toluene, 4.19 g (26.0 mmol) of o-
trifluoromethylaniline, 2.32 g (13.0 mmol) of 3-t~-

25 butylsalicylaldehyde and a small amount of p-



10 After the polynerization was conducted at 50C for 5 mnutes, a snal
anount of isobutanol was added to term nate the polynerization. The
resulting polymer solution was introduced into 1.5 liters of nethanol
containing a small anount of 15 hydrochloric acid to precipitate a pol ymer.
The polyner precipitated was washed w th nethanol and then vacuum dried
at 130C for 10 hours. Thus, 0.794 g of a®3%t hyl ene/ propyl ene copol yner was
obt ai ned. The polynerization activity was 1.91 kg/ hr based on 1 mmvl of 20
titanium The propyl ene content as neasured by IR was 13.3 % by nol, the

mol ecul ar wei ghtuéMayuasoneasHEed By aGBQt\Q@§s%5\%eQQO 1304 o, N APl
wei ght distribution (Mv M) was 1.09. 25 Exanple 2 242 Polynerlzatl n mas

conducted in &@EeSﬁgﬁtgﬁnﬁﬁa §§51h9e§xﬁqghes%lr?é&%p%o g%% The
pol ynmeri zation tinme was changed to 10 m nutes of an

e 170 o PYeREEIaRPOLYTEL NG00k A ARy TBE PaRAl YUG! (ZB0LAR 3 L ¢' 1Y

was 1.58 kg/ hr based on titanrum Iene con ent

measured by | S Iar mel S .e sured by
GPC was 233, 0 %a%%‘q‘gﬁgat/%t@ (Phen B8y gﬁ?rﬁu SEP1 BETeds ﬁ‘ RPNV 1. 16.
10 5 and vacuum concentrated. The residue was purified by a

silica gel column to obtain 3.20 g (yield: 77 %) of a

yellow oil represented by the following formula (h).

10

In a 30 ml_reactor thoroughly purged with nitrogen,
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 was cooled to -78°C and stirred. To the
solution, 2.63 ml of n-butyllithium {(n-hexane solution,
1.60 N, 4.20 mmol) was dropwise added over a period of 5
20 minutes, and then the mixture was slowly heated to room
temperature. After stirring for 2 hours.at room
temperature, the reaction solution was slowly added to an
ether slurry of 4.00 ml of titanium‘tetrachloride'
(heptane solution, 0.5 M, 2.00 mmol) having been cooled

25 to -78°C. After the addition, the mixture was slowly



Exanpl e 3 Pol ynerizati on was conducted in the sane manner as in Exanple 1,
except that the polynerization tine was changed to 20 m nutes. Thus, 2.225
g of an 15 et hyl ene/ propyl ene copol yner was obtai ned. The polynerization
activity was 1.34 kg/hr based on 1 mmol of titanium The propyl ene content
as nmeasured by IR was 15.4 % by nol, the nol ecul ar wei ght (M) as neasured
by GPC was 345,000, and the nol ecul ar we23fht distribution 20 (MvV M) was
1.29. Exanple 4 In a 500 m gl ass autoclave thoroughly purged with
nitrogen, 250 m of toluene was placed, and ethylene was 25 fed to

saturate the ljqu has 243 Thereafter, 1.25 nmmol (in
terns of aIunf%%##%%§#$%§¥%Pg§%ﬁ§?%ﬁﬁﬁ¥ﬁoxgﬁg gﬁau?ﬁéﬂgogﬁ655rﬁénl of the
titanium co nd (1 e .added to jnitiat, ol yrmerization. After the
reaction \/\/asn'(%(@)q‘lrill1 uct e")cfsgﬁr%rfe v %hr‘?utaftelei*?oq QA% MASHE" gas

at nosphere at ordinar ressyre, a_ soal |l ampunt of t hanol_ was added to

t erni nat e thecﬂ&ﬁ%ﬁaﬁgg% 'ioﬁ&eﬂvtérngpr8E$ﬁ€rP?9t? n“haSfcBRpFRBCed, the
reaction product ma%%h%%roduced intqQ a |arge anount of methanol to

precipitate tf&ELVAE | yATEr EPfo S 30 BISISHREE 2 R MEEa sr9idestial was

added, foléomed by filtration over a %Iass filter. The resulting pol yner
and washed with hexane. he 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 with nitrogen,
55 ml of ethanol and 3.44 g (15.0 mmol) of 3,5-
ditrifluoromethylaniline were placed, and they were
stirred. To the solution, 1.79 g (10.0 mmol) of 3-t-

20 Dbutylsalicylaldehyde was added, followed by stirring for
19 hours at room temperature. Then, 6.00 g of molecular
sieves 4A were added, and the mixture was heated and
refluxed with stirring for 5 hours. The solids were
removed by filtration, and the solution was concentrated.

25 The resulting solids were purified by a silica gel column



was vacuumdried at 80C for 10 hours to obtain 0.149 g of polyethylene

(PE). The polynerization activity was 35.8 kg based on 1 nmmol of titanium

The nunber-average 15 nol ecul ar wei ght (M) and the wei ght-average

nol ecul ar weight (Mwv) of the resulting pol yethylene were 191,000 and
219, 000, respectively, and MM Mh was 1.15. Exanples 5 - 22 20

Pol yneri zati on was conducted in the sane Bhner as described. above,
except that the catalytic anbunt, the polynerization tine and the

pol ynmeri zation tenperature were changed as shown in Table 1. The

pol yneri zati o %_'é@ﬁ&b.ﬂ?hfc ALy 'Lﬁbt%PfO#Qf%%f?ﬁl &g?%Qolyner and 244

nol ecul ar wei ght distribution thereof are set

Y5 8T e e Ak S EmeAbioo N 0 rn \0 i Pa 0

OLe-) 00 +T
44 ANVMWN N M

10

15

20

a

(i)

In a 30 ml reactor thoroughly purged with nitrogen,
0.77%9 g (2.00 mﬁol) 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
solution, 1.43 ml of n-butyllithium (n-hexane solution,
1.54 N, 2.20 mmol) was dropwise added over a period of 5
minutes, followed by stirring for 3 hours. Thereafter,
the mixture was stirred for 5 hours with slowly heating
to room temperature and then slowly added to an ether
slurry of 2.00 ml of titaniuﬁ tetrachloride {(heptane
solution, 0.5 M, 1.00 mmol) having been cooled to -78°C.
After the addition, the mixture was slowly heated to room
temperature. The resulting dark red slurry was filtered,
and the solution was concentrated to 10 ml. The crystals
obtained by filtration were washed with hexane and vacuum

dried to obtain 0.269 g (yield: 30.1 %) of a reddish

1. z45 O \O
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brown compound represented by the following formula (9).
The FD~mass spectrometry of the compound (9) resulted in

894 (M+).

(9)

10 Synthesis Example 10

In a 200 ml reactor thoroughly purged with nitrogen,h
100 ml of toluene and 3.36 g (26.0 mmol) of 3,5-
difluoroaniline were placed, followed by stirring. To
the solution, 2.32 g {(13.0 mmol) of 3-t-

15 Dbutylsalicylaldehyde and a small amount of p-
toluenesulfonic acid were added, and the mixture was
heated and refluxed with stirring for 6.5 hours. The
solids were removed by filtration, and the solution was
concentrated. The concentrate was purified by a silica

20 gel column to obtain 3.32 g (yield: 89 &) of yellow

solids represented by the following formula (j).



(cad C? C :c '=ClCC;c ~a)s a): a)i nEa): ~aa) (L) ~ Qa)a)

a)n)Oa)a ate: a)a) aa ~.T ~. R 5~\i s~\i [/~ ~: raj-. rte-: ~\ini /..
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| 239
F. ; F
=N
OH
(3)

In a 50 ml reactor thoroughly purged with nitrogen,
5 1.16 g (4.00 mmol) of the compound fj) obtained above and
30 ml of anhydrous diethyl ether were placed, and the
solution was cooled to ~-78°C and stirred. To the
solution, 2.63 ml of n-butyllithium (n-hexane solution,
1.60 N, 4.20 mmol) was dropwise added over a period of 5
10 minutes. Thereafter, the mixture was stirred for 12
hours with slowly heating to room temperature and then
slowly added to an ether slurry of 4.00 ml of titanium
tetrachloride (heptane solution, 0.5 M, 2.00 mmol) having
v ]
been cooled to -78°C. After the addition, the mixture
15 was slowly heated to room temperature. The resulting
dark red slurry was filtered, and the solution was
concentrated. The crystals obtained by filtration were
washed with hexane and vacuum dried to obtain 0.958 g
(yield: 69 %) of a reddish brown compound represented by

20 the following formula (10). The FD-mass spectrometry of

the compound (10) resulted in 694 (M+).
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Synthesis Example 11

In a 100 ml reactor fhoroughly purged with nitrogen,

2.00 g (5.27 mmel} of hafnocene dichloride and 40 ml of

10  anhydrous diethyl ether were placed, and the solution was
cooled to 0°C and stirred. To the solution, 9.6 ml of
methyllithium (ether solution, 1.14 N, 10.9 mﬁol) was
dropwise added over a period of 45 minutes, followed by
stirring for 2 hours. Then, the mixture was slowly

15 heated to 0°C. After stirring for 30 minutes at 0°C,
insolubles were removed by filtration. The filtrate was
concentrated, and to the concentrate was added 10 ml of
ether to give a suspension. Then, insolﬁbles were
removed again, and the solution was vacuum concentrated

20 to obtain 1.79 g (quantitative yield) of a light yellow

compound represented by the following formula (11).

<

H,C—Hf —CH,

.



GN  Mr in \pin=0oo o\O-**jNm cY Vi\COOCDN r-[ U ' -j .0 E 246
Exanple 23 In a 500 m glass autoclave thoroughly purged with nitrogen,
250 m of toluene was placed, and propylene was fed to saturate the |liquid
phase and the gas phase. 5 Thereafter, 2.50 mmol (in terns of alum num
atonm) of nethylal um noxane and then 0.01 nmmol of the titanium conpound
(1) were added to initiate polynerization?.‘H After the reaction was
conducted at 25C for 30 minutes, a small anobunt of isobutanol was added to
termnate the 10 pol ynerization. After the polynerization was conpl eted,

t he reaction product wa.s introduced into nethanol containing a snal

amount of hydrochloric acid to precipitate the whole polyner, followed by
filtration ovgkaﬁquaqs filter. The resulting polyner was vacuum

In a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was placed, and a mixed gas
5 of ethylene (50 1/hr) and propylene (150 1l/hr) was fed to
saturate the liquid phase and the gas phase. Thereafter,
1.25 mmol (in terms of aluminum atom) of
methylaluminoxané and then 0.005 mmol of the titanium
compound (1) were added to initiate polymerization.

10 After the polymerization was conducted at 50°C for 5
minutes, a small amount of isobuténol was added to
terminate the polymerization.

The resulting polymer solution was introduced into

1.5 liters of methanol containing a small amount of

15 hydrochloric acid to precipitate a polymer. The polymer
precipitated was waéhed with methanol and then wvacuum
dried at 130°C for 10 hours. Thus, 0.794 g of an
ethyl'ene/propylene copolymer was obtained. The
polymerization activity was 1.91 kg/hr based on 1 mmol of

20 titanium. The propylene content as measured by IR was
13.3 % by mol, the molecular weight (Mn) as measured by
GPC was 159,000, and the molecular weight distribution

(Mw/Mn) was 1.09.

25 Example 2



15 dried at 80C for 10 hours to obtain 0.4 ng of polypropylene (PP). The
nunber - aver age nol ecul ar weight (M1, in terns of PP) and the

wei ght - average nol ecular weigl-it (Mv, in terns of PP) of the resulting PP
were 4,200 and 4,400, respectively, and MV Mh was 1.05. 20 Exanple 24

“Pol ypropyl ene (PP) of 96 ng was obtained in the sanme manner as in Exanple
23, except that the polynerization tine 248 prolonged to 3 hours. The
nunber - average 25 nol ecul ar weight (M, in terns of PP) and the wei ght 247
average nol ecular weight (Myv, in terns of PP) of the resulting, PP were

20,500 and 22,400, gespecti ¥el Yon qbr%ﬁjs Mﬁ@#’%ﬁeﬁ 08, X2l earirge{ 2 Exanpl e

Pol ypropyl ene (PP)- of "180 ng was obtai ne sane nanne
uber - aver age o SEUTSr et SRE M S e BETRRE L0 LR LS o Eoul ar
Mt i ues. 1. 15 At DR g Tporhk biok B8 pal ymer by DSC
resul ted 1n 133G, A% EXAIBLS) 28 ROLYS ORY! &S, (B, 376 1y was obtained
5 polymerization-activity was 1.58 kg/hr based on 1 mmol of
titanium. The propylene content as measured by IR was
15.0 % by mol, the molecular weight (Mn) as measured by
" GPC was 233,000, and the molecular wei@ht distribution
(Mw/Mn) was 1.16.
10
Example 3
Polymerization was conducted in the same manner as
in Example 1, except that the polymerization time was
changed to 20 minutes. Thus, 2.22% g of an
15 ethylene/propylene copolymer was obtained. The
polymerization activity was 1.34 kg/hr based on 1 mmol of
titanium. The propylene content as measured by IR was
15.4'% by mol, thé molecular weight (Mn) as measured by

GPC was 345,000, and the molecular weight distribution

20 (Mw/Mn) was 1.29,.

Example 4

In a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was placed, and ethylene was

25 fed to saturate the liquid phase and the gas phase.



same manner as in Exanple 23, except that the titanium conpound (6) was
used instead of the titanium conpound (1) and the polynerization tinme was
prol onged to 5 hours. 20 The nunber-average nol ecul ar weight (Wh, in terns
of PP) and the weight-average nol ecul ar meight (My, in terns of PP) of
the resulting PP were 52,000 and 66, 200, . ,respectively, and Mv Mh was 1. 27.
.25 Exanple. 27 248 In a 1 liter stalnlesszégeel aut ocl ave thoroughly purged
with nitrogen, 380 m of heptene was placed, and propylene was fed at 25C
to saturate the liquid phase and the gas phase. Thereafter, 2.5 mmol (in

terns of 5 al Dheneataton)10f5neuby| alnunteexanerandui@bmmaebmef otrhe
titani um conpound (1) were added, and polynerization was conducted for

3'hours at a peopylenemphessueecanll BhekgbcoBoS mho1t Be Easukti-Agipal yner
suspension, 1.5 liters of 40 nmethanol containing a small amount of

hydrochl ori c @shfouMer ¢1adgdegdet 84REQCED &ﬁiﬁlétEOFbsmgfnerIagt@ehyrrer was
filtered over a glass filter to renove the solven hen washed with

net hanol and N@@@angé'§Qa@£1§9cﬁg%rC&QduéegﬁsatT?gs c :69% .9 ﬁgnuéﬁ
pol ypr opyl ene was obtai ned. M interns of PP) as nmeasured C was

78,000, Mg Mh;yagy, étﬂéleﬁ@dggg]&@ﬁo%ﬁﬂe@g'ag1o?d%ﬁary pressure, a

small amount of methanol was added to terminate the
polymerization. After the polymerization was completed,
the reaction product was introduced into a large amount
oflmethanol to precipitate the whole polymer. To the
10 polymer, hydrochloric acid was added, followed by
filtration over a glass filter. The resulting polymer
-was vacuum dried at B80°C for 10 hours to obtain 0.149 g
of polyethylene (PE). The polymerization activity was
35.8 kg based on 1 mmol of titanium. The number-average
15 molecular weight (Mn) and the weight-average molecular
weight (Mw) of the resulting polyethylene were 191,000

and 219,000, respectively, and Mw/Mn was 1.15.

Examples 5 - 22

20 Polymerization was conducted in the same manner as
described .above, except that the catalytic amount, the
polymerization time and the polymerization temperature
were changed as shown in Table 1. The polymerization

activity, molecular weight of the resulting polymer and



Pol yrmeri zation was conducted in the same manner as 20 descri bed above,
except that the polynerization tinme was changed to 5 hours. Thus, 1.125 g
of pol ypropyl ene was obtained. Mh (in terns of PP) as nmeasured by GPC was
138, 000, M~ Mh was 1.11, and Tmwas 130.5C. 25 Exanple 29 249 In a 500 m
gl ass autocl ave thoroughly purged with nitrogen, 250 ml of toluene was

pl aced, and a nmi xed gas of ethylene and Bddene (ethyl ene: 40 1/hr, butene:
60 1/hr) was blown into the autoclave for 20 mnutes. 5 Thereafter, 1.25
mmol (in ternms of alum numatom of .nethylalum noxane and then 0.001 nmol

of the titani &gﬁggp { i .todnitiate polynerization. After
the reaction agg'con uc3%34§%:§%k$#€¥£ rﬁ%u;%ﬁ?eégt ?ﬂ%ﬁﬁ 1 Mixed gas
into the auto Ve smal | 10 amount of nethanol was added to term nate
the polynerization.” After the polynerization was conpleted, the reaction
product was introduced into nethanol containing a snmall anount of

hydrochl oric acid dissolved therein to precipitate a polyner, followed by
filtration 15 over a glass filter. The resulting polynmer was vacuum dried
at 130C for 10 hours to obtain 0.056 g of an ethyl ene/ butene copol yner.
The pol ynerization activity was 0'.67 kg based on 1 mol of titanium The
nunber - average nol ecul ar wei ght (M) of the polynmer was 49, 100,



20 the nol ecul ar weight distribution (MvV M1) was 1.14, and the

but ene, content was 8.4 % by nol. Exanples 30 - 33 Pol ynerizati on was.
conducted in the sane manner as 25 in Exanple 29, except that the feed
rates of ethylene and 250 5 butene, the polynerization tinme and the

pol ynmeri zation tenperature were changed as _shown in Table 2. The

pol yneri zation activity, nolecul ar meighﬂzﬁﬁ'the resul ting pol yner and
nol ecul ar wei ght distribution are set forth in Table 2. Table 2

Ti t ani unkt hyl ene/ But ene Ex" conpoundTi nebut eneYi el dActi vi t yMiMMMW/ Vhcont ent

feed rate mmo _t(mn)(L/h)(g)(kg/mm 1 (.10)(x 10") (ol 9%
2910. 001540/16Q0. 0560. 674| 915. 611. 148, 4
3010. 0011040/ B00. 870, 526007 UMb a2 = o 35 3 x|
3110.001570/3gg,258391 16- I8 LA~ — = | = = == | | =i
3210. 0011070/ 300.4562.:7422:. 427. 91.243.:7
3310. 0015501500. 0881. G67| 318. 281. 135. 9 10 |Exarplle [34 ITln:a:5Q0 |m gl ass
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was passed through the autoclave for 40 mnutes at a rate of 100 1/ hr.
Then, the polynerization tenperature was 15 nai ntai ned at 25C, and 5. 00
mol (in ternms of alum num of nmethyla.lum noxane was added. Subsequently,
0.05 mml of the titaniumconmpound (1) was added, and a m xed gas of

et hyl ene and 1-butene (ethylene: 20 1/hr, 1-butene: 80 1/hr) was passed

t hrough, followed by stirring for 60 20 maag es. Then, 20 m of isobutyl

al cohol was added to 251 term nate the reaction. Subsequently, 10 m of a
IN hydrochloric acid aqueous sol ution was added, followed by stirring for

30 mnutes in f nitrogen. The polyner solution was poured into
Exﬁhgﬁ‘%mzl 9

1.5 liters of to precipitate a polyner, followed by stirring for
one night by a nageetic gbir er. The polyner was filtered over a gl ass
filter and dried at "80€ P8P Té HOAFS dHHeFlayedhbegopebigupersedobtisibn 1. 79
g of an ethylene/l-buten copolynmer. As a result of GPC analysis, the
nunber 10 averﬁéErREFBCUEQP i@%ttQAEGQQ,@9@,Péﬁ§eNM/ﬁﬁdw@§0@y15ne0mas
terns of polye%g lene). As a result of IR analysis, the 1-butene content

" was 22.8 % by . EBxaAtreass the| higusdophpsgl asd asbeoghavehtkeroughl y
purged wit nitrogen, 200 m of dry toluene was placed, and 1-butene was
passed t hr SughThRECAEEBE afe5Pormad finutesmat of eatminoh 266ml/bE. Then,

the pol yneri Zati on tenperature was
methylaluminoxane and then 0.01 mmol of the titanium

compound (1) were added to initiate polymerization.
After the1reaction was conducted at 25°C for 30 minutes,
a small amount of isobutanol was added to terminate the

10 polymerization. After the polymerization was completed,
the reaction product was introduced into methanol
containing a small amount of hydrochloric acid to
precipitate the whole polymer, followed by filtration
over a glass filter. The resulting polymerlwas vacuum

15 dried at 80°C for 10 hours to obtain 0.4 mg of
polypropylene (PP). The number-average molecular weight
{(Mn, in terms of PP) and the weight-average molecular
weight (Mw, in terms of PP) of the resulting PP were

4,200 and 4,400, respectively, and Mw/Mn was 1.05.
20

Example 24

Polypropylene (PP) of 96 mg was obtained in the same
manner as in Example 23, except that the polymerization
time was prolonged to 3 hours. The number-average

25 molecular weight (Mn, in terms of PP) and the weight-



mai ntai ned at 25C, and 5.00 nmmol (in terns of alum num 20 of

nmet hyl al um noxane was added. Subsequently, 0.05 nmmol of a catal yst was
added, and a m xed gas of ethylene and 1-butene (ethylene: 40 1/hr,
1-butene: 60 1/hr) was passed through, followed by stirring for 30

m nutes. Then, 20 m of isobutyl alcohol was added to term nate 25 the
reaction. Subsequently 10 M of a i N hy@ddchl oric 252 acid aqueous

sol ution was added, followed by stirring for 30 mnutes in a stream of

ni trogen. The polyner solution was poured into 1.5 liters of nethanol to

precipitate azypehyfeho1behh wedebynst il ngyf e gt gnetic 5
stirrer. The pglyn%r mgs fil tereg gvgr g gl ggs@%F Eeﬁ% g%d grle ggt 80C for

10 hours undef£gdyced pEEsaULeshos0BRLANNSY. 1909 GL-ARGLALEnel Joput ene

copol ymer resu analysi s, e’ nunb erage

wei ght was 7 was 1.16 (in ternms of 10 polyethylene) As a
result of 1R§gﬁg@ys?§g ?Mé@h butene content was 14.5 % by nol. Exanple 36

In a 500 mM gl ass autocl ave thoroughly purged with 15 nitrogen, 200 m of
dry toluene mas pl aced, and 1-butene was passed through the autoclave for
40=m nut e rd raie gf 100 1/ hr. Then, the polynerization tenperature was
mai nt ai ne at 5.00 mol (in terns of alum num of

t hyl al xane added, Subse uentl 0. 05 Mol
et hyl al um no &nypropylene %Pg XBO mg was obtained in the

same manner as in Example 23, except that the
polymerization-time was prolonged to 5 hours. The
number-average molecular weight (Mn) and the weight-
10 average molecular weight (Mw) of the resulting PP were
28,500 and 31,600, respectively, and Mw/Mn was 1.11.
Measurement of the meliting point of the polymer by DSC

resulted in 139°C.

16 Example 26

Polypropylene (PP} of 376 mg was obtained in the
same manner as in Example 23, except that the titanium
compound (6) was used instead of the titanium compound
{1) and the polymerization time was prolonged to 5 hours.

20 The number—aﬁerage molecular weight (Mn, in terms of PP)
and the weight-average molecular weight (Mw, in terms of
PP) of the resulting PP were 52,000 and 66,200,

respectively, and Mw/Mn was 1.27.

25 Example 27




20 of a catal yst was added, and a m xed gas of ethylene and 1-butene
(ethylene: 60 1/hr, 1-butene: 40 1/hr) was passed through, followed by
stirring for 10 mnutes. Then, 20 m of isobutyl al cohol was added to
termnate the reaction. Subsequently, 10 ml of a IN hydrochloric 25 acid
aqueous sol ution was added, followed by stirring for 253 30 minutes in a
stream of nitrogen. The polyner solution 248&s poured into 1.5 liters of

nmet hanol to precipitate a polyner, followed by stirring for one night by a
magnetic stirrer. The polyner was filtered over a glass filter 5 and dried
at 80C for 10 hours.under .r. e ressure.to . obtain 2. 38 of

et hyl ene/ 1- but ene c%(;lpo%\ ;erelr&d,eg Sgca%rngseuﬁst B G AT Yes,tr?%ou&‘nly
nunber - aver age.nol ecul ar i ght wa ,.800, _and MV WMh was 1.18 (in terns
of pol yet hyl dle)2 A en\é\e‘ﬁ%%efn’l ?@@ﬁé‘?%ysc?%,ah?ﬁ%eﬁe- blA e 29% coRt@nt was
11.3 % by nol. Exanple 37 In,a 500 i, gl ass autocl ave thoroughly purged
with nit roger{rcﬁygperﬂe ot2g of SR zf;?ﬂ ngl%s%cfurl@%x@?‘% Weteld Pptaged, and
et hyl ene was fed tq saturate the |iquid phase and the gas phase with
stirring. Therd¥t (&1e BOPHARR- EPRTEELRSTof 2alouMmedm GfoRerss of

met hyl al unmLnoxane and then 0.0025 mol_ of the titanium conpound (1) were
added to Pni GAEPH GRS siethykaduninoranttdnh Wedl Zonebreficted at

25C for 5 minutes with bl ow ng ethyl ene
titanium compound (1) were added, and polymerization was

qonducted for 3 hours at a propylene pressure of 5
kg/cm2-G. '
To the resulting polymer suspension, 1.5 liters of
10 methanol containing a small amount of hydrochloric acid
were added to precipitate a polymer. The polymer was
filtered over & glass filter to remove the sdlvent, then
washed with methanol and vacuum dried at 80°C for 10
hours. Thus, 0.6%91 g of polypropylene was obtained. Mn

15 (in terms of PP) as measured by GPC was 78,000, Mw/Mn was

1.15, and Tm was 134.8°C.

Example 28

Polymerization was conducted in the same manner as
20 described above, except that the polymerization time was
| changed to 5 hours. Thus, 1.125 g of polypropylene was
obtained. Mn {(in terms of PP) as measured by GPC was

138,000, Mw/Mn was 1.11, and Tm was 130.5°C.

25 Example 29




into the autoclave, a small anmount of nethanol was added to termnate the
pol yneri zation. After the polynerization was conpleted, the reaction
product was introduced into nethanol containing a small anount of 25
hydrochl ori c acid dissolved therein to precipitate a 254 polyner, followed
by filtration over a glass filter. The l.ymer was vacuumdried at 130C
for 10 hours to obtain 0.304 g of an et%@ﬁene/hexene copol yner. The

pol ymeri zation activity was 1.46 kg based on 1 nmol of 5 titanium The
nunber -aver age nol ecul ar weight (Wn) of the resulting polymer was 95, 600,
MV Mh was 1.17, anfintiseshexehegTont eattvasale 7thobyugbly Exagplew38hl0 An
et hyl ene/ hexene copol yner of 0.241 g was obtained in the sanme manner as in

Exanpl e 37, excepbgéhptotheml appunbl9énkheaki bankun) coAROUNEi ki)Y Was
changed to 0.001 nmol, the anmobunt of toluene was cﬁanged to 225 m, and

the amount ofog- @@M?D@n@ﬂénghﬁﬁﬂéﬂet@e@ﬁyﬂbneTh@015/99|YHﬁEéﬁ@t'@6 activity
was 2.89 kg based on 1 mmol of titanium The nunber-average nol ecul ar

wei ght (Mh) 0i/h£hew£§5HléhH91H9£YB§é %@%oéﬁgvgogorh@bhﬂ Waged. 22, and the
hexene content was 1.7 % by nol 0 Exanple 39 I n a500 n% gl ass autoclave

t hor oughl pufH@Pe%f%Qr,nitéggﬁﬂolz§9nnte9$stQkugﬂﬁm%ﬁﬁmDEESﬁy ognd

et hyl ene was
methylaluminoxane and then 0.001 mmol of the titanium

compound (1) were added to initiate pélymerization.
After the reaction was conducted at 25°C for 5 minutes
with blowing the mixed gas into the autoclave, a small
10 amount of methanol was added to terminate the
polymerization. After the polymerization was completed,
the reaction product was introduced into methanol
containing a small amount of hydrochloriclacid dissclved
therein to precipitate a polymer, followed by filtration
15 over a glass filter. The resulting polymer was vacuum
dried at 130°C for 10 hours to obtain 0.056 g of an |
ethylene/butene copolymer. The polymerization activity
was 0.67 Kg based on 1 mmol of titanium. The numbexr-
average molecular weight (Mn) of the polymer was 49,100,
20 the molecular weight distribution (Mw/Mn) waé 1.14, ang

the butene content was 8.4 % by mol.

Examples 30 -~ 33

Polymerization was conducted in the same manner as

25 in Example 29, except that the feed rates of ethylene and



fed to saturate the liquid phase and the gas phase tenporarily. -Then, only
the gas phase was purged with 25 nitrogen. Thereafter, 2.5 mol (in terns
of al um num 255 aton) of nethyl al um noxane and then 0.01 mml of the
titani um conmpound (1) were added to initiate polynerization. After the
reacti on was conducted at 25C for 5 mnutes, a small anount of nethanol
was added to 5 ternminate the polynerizati2®®. Then, hydrochloric acid and a
| arge anount of nethanol was added to precipitate a polyner. The pol yner
was filtered, washed with nethanol and vacuumdried to obtain 0.800 g of

polyethyl ene (BELne TRGEN glsﬂﬁ; %@gsnn‘aﬁguggg ‘é’%‘egﬁw}/k%nz@tfl rms of

PP) 10 of the resulting p ene was and

Conversi on frgm, aneaggngﬁrglﬁhqﬂgegwsg gggtn khgg%& fggrtfﬁesysten1was

quantitativel y consure reaction

was conduct ed ag - 25C f nute to c;ng teI % n& hylene a

pr opyl ene gaSPP & ffﬁ?f mﬁg SFBﬁHl fomP & Sgéfe %e o] reactlon for
20 minutes. Then, .feedin stop further
feaction for 26° Eéélﬁﬂnﬁgé¥me?héﬁ SdRgr= 5nﬁﬁﬁ8%§f BRI s Hftied to
ternlnate he rea tIOB % %he reactlon product was introduced into 1
liter EGE] ffaithi MgP4Sskal |  anount of hydrochloric acid to
precipltate a pol ymer.

Tablie 2
| et Ethylene/ _
Ex. Tl;tamumd Time butene Yield Activity Mn Mw | Mw/Mn Butene
compound feed rate content
amount _ 7 {kg/mmol - '
(mmol) (min) | (L/h) (® Ti-h) (x10% | (x10 {mol %)

29§ 10001 | 5 | 40/60 | 0056 | 067 | 491 | 561 | L4 | 84
30 {10001 | 10 | 40/60 | 0087 | 052 | 690 | 782 | LI3 | 105 .

3t 1| 6om 5 70/30 0.258_ 3.10 16.1 18.9 | 1.17 3.7
32 | 1| 0.001 i0 70/30 0.456 2.74 224 [ 279 | r24 | 37

33 111 0001 5 50/50 0.088 1.06 731 | 828 | 1.13 59

10 Example 34

In a 500 ml glass autoclave thoroughly purged with
nitrogen, 200 ml of dry toluene was placed, and l-butene
was passed through the autoclave for 40 minutes at a rate
of 100 1l/hr. Then, the polymerization temperature was

15 maintained at 25°C, and 5.00 mmol (in terms of aluminum)
of methylaluminoxane was added. Subsequently, 0.05 mmol
of the titanium compound (1) was added, and a mixed gas
éf ethylene and l-butene (ethylene: 20 l/hr, l-butene: 80
1/hr) was passed through, followed by stirring for 60

20 minutes. Then, 20 ml of isobutyl alcohol was added to



The polynmer was filtered, washed wi th nethanol and vacuum 25 dried at 130C
for 10 hours to obtain 1.135 g of a 256 polyner. The nunber-average

nol ecul ar weight (Mh, in terns of PP) of the resulting polyner was

136, 000, MM Mn was 1.15, and the propylene content was 14.6 % by nol. In
conparison wth the polyethylene prepolynmer 5 prepared in Exanple 39, this
pol ymer was increased in the nolecular Eght with keeping a narrow

nol ecul ar wei ght distribution, and propylene was incorporated into the
polynmer. Fromthis, it can be seen that a pol yethyl ene- pol ypropyl ene

di bl ock copol ynmer was quantitatively 10 produced. Exanple 41 In Exanple 39,
after the readtSBH Mt %tHA o Slekon corftlrstestieatt 125C flom1s afi putles, an
ethyl ene gas (25 15 I/hr) and a propylene gas (75 I/hr) were blown into the
systemto perf FREAQYIoh F%kd RqHertessoMeon feesli midedf kel oieddogas
was stopped, followed by further reaction for 3 mnutes. Then, a small
amount of et PRI ingast ad dE nio vt s tate $thecareact i ot ragsh t heheeact i on
20 product was introduced into 1 liter of nethanol containing a snall
amount of hydisdiusyd casitd dro wapy guipiddit Entao pbl Y Nl t e dhec P QbR n MBS
filtered, washed wth nethanol and vacuumdried at 130C for 10 hours to
obtain 1. 790 ¢ooforeqigijrmre aThe nusdher - Byer aged 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/l1-butene
copolymer. 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,

the l-butene content was 22.8 % by mol.

Example 35

15 In a 500 ml glass autoclave thoroughly purged with
nitrogen, 200 ml of dry toluene was placed, and l-butene
was passed through the autoclave for 40 minutes at a rate
of 100 1/hr. Then, the polymerization temperature was
maintained at 25°C, and 5.00 mmol (in terms of aluminum)

20 of methylaluminoxane was added. Subsequently, 0.05 mmol
of a2 catalyst was added, and a mixed gas of ethylene and
l1-butene (ethylene: 40 1/hr, l-butene: 60 1/hr) was
passed through, followed by stirring for 30 minutes.
Then, 20 ml of isobutyl élcohol was added to terminate

25 the reaction. Subsequently, 10 ml of a 1IN hydrochloric



25 nol ecul ar weight (M1, in terns of PP) of the resulting 257 pol ynmer was
211,000, the nol ecul ar weight distribution (Mv M) was 1.16, and the
propyl ene content was 6.4 %by nol. In conparison with the polyethyl ene
prepol yner 5 prepared in Exanple 39, this polynmer was increased in the

nol ecul ar wei ght with keeping a narrow nol ecul ar weight distribution, and
propyl ene was incorporated into the poly2®2. Fromthis, 'it can be seen
that a pol yet hyl ene- et hyl ene/ propyl ene di bl ock copolyner was
gquantitatively 10 produced. The propyl ene content in the second bl ock

component  ( et had;enelpiomd ena GARR! WE RRILd Oq1 efca}]ec?:%%"%@ffpirfxé\g%%he

nol ecul ar melght and t he propyl ene content i'n yner

by ml . 15 Bragphe: 42 L Examle 2o o te;ogimer & o gl ety ne yes

conduct ed at m nutes, an ethyléne gas (2

i nut es.  Then “UFeERE 20 HE the ik yegrtsgé’sftxﬁ% r%%%“e%oeaﬁ%%%éﬁét@ Purt her
{he. system f oP°3 ef?n‘#%trﬁﬁtfgi S Forht PORRY B e L9 dThg? dFaprabyFene
e P TCE AR AIE Sl P e

and dried at 80°C for 10 hours under reduced pressure to
obtain 5.15 g of an ethylene/l-butene copolymer. As a
result of GPC 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

. content was 14.5 % by mol.

Example 36‘

In a 500 ml glass autoclave thoroughly purged with
16 nitrogen, 200 ml of dry toluene Qas placed, and l-butene
was passed through the autoclave for 40 ‘minutes at a rate
of 100 1/hr. Then, the polymerization temperature was
maintained at 25°C, and 5.00 mmol {in terms of aluminum)
of methylaluminoxane was added. Subsequently, 0.05 mmol
| 20 of a catalyst was added, and a mixed gas of ethylene and
l-butene (ethylene: 60 1l/hr, l-butene: 40 1l/hr) was
passed through, followed by stirring for 10 minutes.
Then, 20 ml of iscbutyl alcohol was added to terminate
the reaction. Subsequently, 10 ml of a 1N hydrochloric

25 acid aqueous solution was added, followed by stirring for



258 reaction, and the reaction product was introduced into 1 |liter of

nmet hanol containing a small amount of hydrochloric acid to precipitate a
pol ymer. The polymer was filtered, washed with nmethanol and vacuum dri ed
at 130C for 10 hours to obtain 1.814 g of a polynmer. The nunber-average
nol ecul ar weight (M, in ternms of PP) of the resulting polyner was
235,000, the nol ecul ar wei ght distributio§3Mv Mh) was 1.15, and the
propyl ene 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, thisy palyARs Was j QG ed dn.the _ nolgcular_ weight wth
keepi ng a narrow nol ecul ar wgigﬁf%%gﬁgF:i%}ﬁ9%$F'angﬁﬁr88}V@ﬁ figdution

i ncorporated ipt r- Er.omthi it can _be seen that a

pol yet hyl ene- et%y%gﬁé%gr§%§¥gﬁé5c&6%@§ﬁefﬁbgﬁ§ﬁﬁ8ﬁ9léﬁepFﬁ96P6€@te a
copol yner was itatively produced. The increase of the propyl ene

cont ent agreedgaﬁghe hefggﬂﬁge aPduPated 10 R 28&umdolén byhat aaati ¢ d
bl ock conponengthtr%duc§d 20 in this example was pol ypropyl ene. Exanple 43
I'n Exanpl e 39, “aft&fithe' PREPTYACHf Vet hil therfRsovesndueieds afidserfor 5

m nutes, an ethyl.ene.gas (2 5 1/hr) and a propylene gas (75 |I/hr) were
bl own intoqihe gggrl%g ag gOZC for %O hourspun%ér red%ced(pressugg to

obtain 2.38 g of an ethylene/l-butene copdlymer. 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

ol@

by mol.

Example 37

In a 500 ml glass autoclave thoroughly purged with

nitrogen, 200 ml of toluene and 50 ml of l-hexene were

15 placed, and ethylene was fed to saturate the liquid phase
and the gas phase with stirring. Thereafter, 1.25 mmol
(in terms of aluminum atom) of methylaluminoxane and then
0.0025 mmol of the titanium compound {1} were added to
initiate polymerization. After the reaction was

20 conducted at 25°C for 5 minutes with blowing ethylene
into the autoclave, a small amount of methanol was added
to terminate the polymerization. After the
polymerization was completed, the reaction product was
introduced into methanol containing a small amount of

25 hydrochloric acid dissolved therein to precipitate a



systemto performreaction for 3 mnutes. Then, feeding of the m xed gas
was stopped, followed by further reaction for 3 mnutes. Subsequently, an
et hylene gas (100 1/hr) was blown into the systemto performreaction 5
for 1 mnute. Then, .a small anount of nethanol was added to term nate the
reaction, and the reaction product was introduced into 1 liter of nethanol
containing a small anount of hydrochl orizbdcid, followed by stirring, to
precipitate a polyner. The polyner was filtered, washed 10 wi th net hanol
and vacuumdried at 130C for 10 hours to obtain 1.998 g of a

pol yet hyl ene- et hyl ene/ | ene. . I r- LLDPE bl ock polyner. Th

nunber - aver aggoqﬁﬁ%gdu&%ﬁa&&eéjmb A %ﬁﬂ%ryﬁﬁeoﬂmovo * ﬁD)gch?S’pst h%ﬁ&ees{n t ?fﬁ’ge

pol ymer was 272,000, Mv Mh was 1.13, and t propylene . 15 content was 6.6
% by ol . In STIFS SRS ER e BoTE ety eito Aty hdIBropylerit e BF ock
copol ymer pre%ol% r prepared in Exanple 41, this polynmer was increased in
t he mol ecul ar “wei gﬁf? Wikt BTk E&HVHGNE /R EE\T RAREINET weilght 20
distribution, and the ethylene content in the polynmer was increased.. From
this, it can POLYBEXIERAICR Asdiiydithy arfe letdfy I hd1asiashydrene mmol of

copol ynmer-LLDPE tri bl ock copol%ner was quantitatively produced. The

propyl ene & coitéaniva -t hBhe hppEbpF pBKeEBFBORCAECULEDPESRENE dMn) &F 260

calcul ated fromthe nol ecul ar weight and the propyl ene
the resulting polymer was 95,600, Mw/Mn was 1.17, and the

hexene content was 2.7 % by mol.

Example 38

10 | An ethylene/hexene copolymer of 0.241 g was obtained
in the same manner as in Example 37, except that the |
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 l-hexene was changed té 25 ml. The

15 polymerization activity was 2.89.kg based on 1 mmol of
titanium. The number-average molecular weight (Mn) of
the resulting polymer was 152,000, Mw/Mn was 1.22, and

the hexene content was 1.7 % by mol.

20 Example 39

In a.500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was placed, and ethylene was
fed to saturate the liquid phase and the gas phase
temporarily. Then, only the gas phase was purged with

25 nitrogen. Thereafter, 2.5 mmol (in terms of aluminum



——

content in the whole polyner, was 7.3 % by nol. Exanple 44 5 Pol ynerization
was conducted in the sanme manner as in Exanple 39, except that the

catal yti c amount was changed to 0.02 mmol. Thus, 0.800 g of polyethyl ene
(PE) was obtained.. The nunber-average nol ecul ar weight (M, in terns of
PP) of the resulting polyethylene was 78,200, 10 and the nol ecul ar wei ght
distribution (MM M) was 1.14. In this esgple, after the reaction of

et hyl ene was conducted at 250C for 5 mnutes, an ethylene gas (20 1/hr)
and a butene gas (80 1/hr) were blown into the systemto performreaction

for 3 mnutes 16 .of the m X as sto pe fol | oned by
further reacFﬁﬂTféFfﬁéﬁhﬁh TR Ca %H%ﬂﬁxﬁﬁ e was

added to term nate .t he reaction, and t he reaction  product mas |ntrodu ced
into | liter &f SAEREhGOTROSRh (i nd e s AR darhsurt i ahedr ochl or| c acid,
foll owed 20 by stirring, to precipitate a polyner. The poly

filtered, masﬁ@&MNQQ%Qﬁ&¥%holAéﬁ@rVQEEUﬁ?éPFéBnaPa§3GOGﬁUP§?d19thaér§3to
obtain 1.416 of a pol yet hyl ene- ethylene/butene copol ymer bl ock pol ymner.
The nunber- av¥&Fage MolEAf a@ wd@ladht amemnty & e aso lpmasofaddest 2%
resultinaégolyner was 120, 600, the nol ecul ar wei ght 261 distribution

( MM M) 1tezmized o Wdeppodnmegdredrion.n ThRg, whybeopblymér agédl. 9 % by

nol .
and a large amount of methanol was added to precipitate a

polymér. The polymer was filtered, washed with methanol
and Eacuum dried to obtain 0.800 g of polyethylene (PE).
The 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 In Example 39, after the reaction was conducted at
25°C for 5 minutes to completely consume ethylene, a
propylene gas (30 1/hr) was blown into the system to
perform reaction for 20 minutes. Then, feeding of
propylene was stopped, followed by further reaction for

20 280 minutes. Then, a small amount of methanol was added
to terminate the reaction, and the reaction product was
introduced into 1 liter of methanol containing a small
amount of hydrochloric acid to precipitate a polymer.

The polymer was filtered, washed with methanol and vacuum

25 dried at 130°C for 10 hours to obtain 1.135 g of a



In conparison with the pol yethylene prepolymer prepared in Exanple 39,
this polynmer was increased" in the 5 nolecular weight with keeping a
narrow nol ecul ar wei ght distribution, and butene was incorporated into the
polymer. Fromthis,.it can be seen that a pol yethyl ene- ethyl ene/ LLDPE

di bl ock copol yner was quantitativel, produced. The butene content in the
second bl ock 10 conponent (LLDPE portionps6as cal cul ated fromthe

nol ecul ar wei ght and the butene content in the whole polynmer, was 5.6 o by
nol . Exanple 45 15 In Exanple 39, after the reaction of ethylene was
conduct ed at 25g$for 5ﬁﬂ§nute§j an et hyl ene fas 20 1lh%% @Qd a,butene gas
(80 1/ hr) werR°bYoRh i nt'S tHECSYSTEM T gt tor it Fealttdhtf o3 t'nut es.
Then, feeding, of th ]l xed_gas was stopped, followed by _further 20
reaction for %eﬁTﬁu?§s£%éu%gegE%nF?ﬁ?REEgﬁtH?ﬁ@ﬁ@rg§§s %fé@ofphrf“V%glblomn
into the systemto Perforn1reaction for 1 mnute. Then, a small anmount of
met hanol was %@det- 1?0 ¥RfnfhatRr PRELPRECEPBRENENYAENE Ir €abt PONTSrloduct was
introduced into 1 |iter of methanol containing a snmall 25 anount of

hydrochl oric aci d, i oFPRR@E: B9 st1¥hi R3S pelpgbhpleppprrabelangsl yner. The
polymer was filtered, washed w th nmethanol and vacuumdried at 130C for 10
hours to SobtRfePare@1imy Bramppel §8t hyhiAePLLPRETHBRE Bheekapely ey the

molecular weight with keeping a narrbw molecular weight
distribution, and propyleﬁe 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 reaction of ethylene was

conducted at 25°C for 5 minutes, an ethylene gas (25

16 1/hr) and a propylene gas (75 1/hr) were blown into the
system to perform reaction for 3 minutes. Then, feeding
of the mixed gas was stoppe&, followed by further
reaCfion for 3 minutes. Then, a small amount of methanol
was added to terminate the reaction, and the reaction

20 product was introduced into 1 liter of methanol

” containing a small amount of hydrochloric acid to
precipitate a polymer. The polymer was filtered, washed
with methanol and vacuum dried at 130°C for 10 hours to
obtain 1.700 g of a polymer. The number-average

25 molecular weight (Mn, in terms of PP} of the resulting



The nunber-average nol ecul ar weight (M1, in ternms of PP) 5 of the resulting
pol ymer was 141,400, the nol ecular weight distribution (MvV Mh) was 1. 14,
and the butene content in the whole polyner was 2.0 % by nol. In
conparison with the polyethyl ene- LLDPE di bl ock copol yner prepol yner
prepared in Exanple 44, this polynmer 10 was increased in the nol ecul ar
wei ght with keeping a narrow nol ecul ar wei§#ft distribution, and the
ethylene content in the polynmer was changed. Fromthis, it can be seen
t hat a pol yet hyl ene- LLDPE- HDPE tri bl ock copol ymer was quantitatively
produced. The it gfier ot epi1i M08 heedd hii £y bhpCke £ ! ?ﬁf&«tbrmPE’Eo

e

. Il
portion), as calculated from the nolecul ar weight a utene content

in the whole p@%m@@y,wggslglgf9@@@_@@&.eﬁgggg%§e490%p?%€ &,209 m,glass

aut ocl ave thoroughly purged with nitro m o uene was EI fed,
and propylene \yas fed at 25C to saturate the |iquid phase and the gas
phase. Thereafter, 2.5 mml (in terns of alum num atom of

added to initiate pofyrerryarrohos Tt drotret TRl onRen orauCt ed at
20 ToT, 198, MM oo B RBLn IBUAL, o IEIBIGL NS, SCHEC 0 LOr L g e
containing a %%Héc&gg¥”%e£thy€{€§ léggfngcédﬁarrow molecular weight
distribution, and propylene was incorporated into the
polymer. From this, 'it can be seen that a polyethylene-
ethyleﬁe/propylene diblock copolymer was quantitatively
10  produced. The propylene content in the second block
component (ethylene/propylene copolymer portion}, as

calculated from the molecular weight and the propylene

content in the whole polymer, was 14.6 % by mol.

15 Example 42
In Example 39, after the reaction of ethylene was
conducted at 25°C for 5 minutes, an ethylene gas (25
1/hr} and a propylene gas (75 1l/hr) were blown into the-
system to perform reaction for 3 minutes. Then, feeding
20 of the mixed gas was stopped, followed by further
reaction for 3 minutes. Subsequently, propylene (30
1/hr) was blown into the system for 20 minutes to perform
reaction. Then, feeding of propylene was stopped,
followed by further reaction for 280 minutes. Then, a

25 small amount of methanol was added to terminate the



5 followed by stirring, to precipitate a polyner. The polynmer was
filtered, washed with nethanol and vacuum dried at 130C for 8 hours to
obtain 0.100 g of polypropyl ene. The hunber-average nol ecul ar wei ght (MW,
in terns of PP) of the resulting polymer was 17,200, and 10 MwW Mh was
1.15. Exanple 47 In Exanple 46, after the reaction of propyl ene was
conducted for 180 minutes, an ethylene ga25§20 |/hr) was 15 blown into the
systemto performreaction for 3 mnutes, and a snall amount of nethanol
was added to termnate the reaction. Then, the reaction product was

i ntroduced i nta . é’]t AN terancg t}[ael tlc)c;lnt ai né ng. a%és?rrgjjt%t ne%dof){}%? 1The

hydr ochl ori c aci ov Iomed rrlng R preC|

pol yner was f| red maih ed W% thanol and v. cuun1dr| % to obtain
0.481 g of a p pr Sy e G eallﬁ}%}%/laen'sé“ac]ojgoﬁlw bP'ock pol ymer. The

nunber-' avera l.ecul ar we in ternms of PP) of the resultlng
Dol yer was 08 G IS Aee ol 166 PHH R 1k G5 Sty EHEF CoftenPAUTRer0. 6 o6

by nol. 264 In conparison with the polyethylene pre olyner epared in
Exanpl e 39, tHES poEeadashighasdd! ine o Lﬂ%ﬁu%icglme%am
keepi ng a.garrOM/nDIecular wei ght distribution, and ethyl ene was

i ncor por at®d o & KOs IWolpvars tr thtais, 1 1§14 4h B el Rt aThe

pol ypr opyl ene-
number-average molecular weight (Mn, in terms of PP) of

the resulting polymer was 235,000, the molecular weight
distribution (Mw/Mn) was-l.IS, and the propylene‘content
.was 14.1 % by mol.

10 In comparison with the polyethylene-
ethylene/propylene diblock copolyme; prepolymer prepared b
in Example 41, this polymer was increased in the’
molecular weight with keeping a narrow molecular weight
distribution, and propylene was incorporated into the

16 polymer. From this, it can be seen that a polyethylene-
ethylene/propylene copolymer—-polypropylene triblock
copolymer was quantitatively produced. The increase of
the ﬁropylene content agreed with the value calculated on
the assﬁmption that the third block component introduced

20 in this example was polypropylene.

Example 43

In Example 39, after the reaction of ethylene was
- conducted at 25°C for 5 minutes, an ethylene gas (25

256 1/hr) and a propylene gas (75 1/hr} were blown into the



et hyl ene/ propyl ene di bl ock copol yner was quantitatively produced. The

et hyl ene content in the second bl ock conponent (ethyl ene/propyl ene

copol ymer portion), as calculated fromthe nol ecul ar weight and the

propyl ene 10 content in the whole polyner, was 18.4 % by nol. Exanple 48 In
a 500 m gl ass autoclave thoroughly purged with nitrogen, 250 m of

tol uene was pl aced, and propyl ene was 15289ssed through the autoclave at a
rate of 100 1/hr to saturate the system Thereafter, 2.5 nmol (in ternms of
al um num aton) of net hyl al um noxane and then 0.02 mml of the titanium

m at i noxane and t hen 0. 0: he {itar
(240) Al el 1Rb 30 pal yreer oo o Ha benduct e Tor e hadi Gy of

I , f i f.,.1.5 1/h
S arted Artert e palonet | S 1 e v Bty S B 8 r Bk ature Tor 40

started. After the p i on was
mnutes, a smgll r% fol q%utanol s added .to term nate the 25
pol yneri zati on.. The %o Oeloa‘?’rn)rﬁln T ¢ hg\{\l%(??ﬁ[luﬁ ¢ Y268 HhAVHEETS FY was
introduced-intfiﬁqfi#ﬂgﬁnﬁaof net hanol , .and a smal | _anmount of hydrochl oric
acid was added' ™ Ther, % HE FiXtUE WES 1517 16T 30 TOIRLCEOHE gt 3ekOn The
pol ymer mag_mqﬁyeq*mﬁlqlnethﬁgpl and thﬁn vacuum dried at 5 _80C for 10
hours. The yi el of THESol ymdFlaf efMarlyi AFOUREs °f Bisthangd yaseqddechs
GPC measur ement t he nunber - .
¢ terminate the reaction, and the reaction product was
introduced into 1 liter of methanol containing a small
amount of hydrochloric acid, folloﬁed by stirring, to
precipitate a polymer. The polymer was filtered, washed
10 with methanol and vacuum dried at 130°C for 10 hours to
obtain 1.998 g of a polyethylene—ethylene/propylene
.copolymer-LLDPE block polymer. The number-average
molecular weight (Mn, in terms of PP) of the resulting
polymer was 272,000, Mw/Mn was 1.13, and the prepylene
16 content was 6.6 % by mol.

In comparison with the polyethylene-
ethylene/propylene diblock copolymer prepolymer prepared
in Eﬁample 41, this polymer was increased in the
molecular weight with keeping a narrow molecular weight

20 distribution, and the ethylene content in the polymer was
increased. From this, it can be seen that a
polyethylene~ethylene/propylene copolymer-LLDPE triblock

copolymer was quantitatively produced. The propylene

content in the third block component (LLDPE portion), as



aver age nol ecul ar wei ght of the pol yner was 160,300, and Mwv~ Mh was 1.51.
O the whol e anobunt of the resulting polynmer, 50 ng 10 of the pol yner was
di ssolved in 0.5 m of a m xed solvent of orthodichl orobenzene/ deutero
benzene (mxing ratiio: -8/ 1 by volune) at 110C, and the foll ow ng
measurenents were nmade in the proton decoupling node under the follow ng
condi tions using a JEOL LA500 type nucl eai®6Q5 magnetic resonance devi ce.
Pul se angl e: 45, Pulse repetition: 5.5 sec, Spectral w dth: 22000 Hz,
Nunber of scans: 16000, Tenperature: 120C, Data points: 32 K As a result,

[ML] was 59. 7ca/aéé %Qled MRl s @%&&1&0 »}?e\’l ’an[cMﬁ}MZ{ph 2 & % by

nmol, [MLML] was 3 % by nol, was 18. o by no e of

MLMR] / (2x[ ML 9 d f o
%M -I\/]IZ] g/?&x[kﬁ“&%}] ﬁ/lal\/ﬁ?’) Q’hoei% é%’rl%met a% pr owﬁso tnhét t he nmononer

unit ML is ethylene, and the nononer 25 unlt M2 is propylene. 266 The

di stribution of n of continuous n nethylenes is as follows. [n=l]: 37.87 %
by nol [n 2] . %by nmol 5 [n=3] : 9.96 %by nol [n=4] : 6.94 % by
ol Examp

5 Polymerization was conducted in the same manner as
in Example 39, except that the catalytic amount was
changed to 0.02 mmol. Thus, 0.800 g of polyethylene (PE)
was obtained. The number-average 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 of ethylene was |

conducted at 25°C for 5 minutes, an ethylene gas (20
1/hr) and a bﬁtene gas (80 l/hr) were blown into the
system to perform reaction for 3 minutes. Then, feeding

16 of the mixed gas was stopped, followed by further
reaction for 3 minutes. Then, a small amount of methanol
was added to terminate the reaction, and the reaction
prodﬁct was introduced into 1 liter of methanol
containing a small amount of hydrochleoric acid, followed

20 by stirring, to precipitate a polymer. The polymer was
filtered, washed with methanol and vacuum dried at 130°C
fqr 10 hours to obtain 1.416 g of a polyethylene-
_ethylene/bufene copolymer block polymer. The number-
average molecular weight (Mn, in terms of PP} of the

25 resulting polymer was 120,600, the molecular weight



[n=5]: 7.41 %by mol [n~!6]: 23.23 %by nmol Methylenes of n=3, n=5 and n~6
mean that an isolated 10 nonomer unit ML is detected, two continuous .
nmononer units M are detected, and three or nore continuous nonomer units
ML are detected, respectively. Exanple 49 15 In a 500 m gl ass autocl ave

t hor oughl y purged with nitrogen, 250 m of dry toluene was placed, and
propyl ene was passed through the autocl a#B¥or 20 ninutes at a rate of
100 1/hr. Then, the polynerization tenperature was maintained at 25C, and
5.00 mmol (in ternms of alumnum 20 of nethyl al um noxane was added.
Subsequent |y, @i@5ramokioaf (Magmhit gaisum @@”D%W&dgﬁqje) b‘ﬁecsen%d%%%ten’%d

m xed gas of ethylene and propylene (et hyl ene: 1/ hr,” propylene: 0

1/ hr) was passeﬂethh@mghpoﬁghggwegsbg §tbr Lngohor 3 M nutes and 2
seconds. Then, 20 m of isobutyl alcohol was added to term nate the

reaction. Subsequenghycoﬁgagy §§7w9£hatﬁ§ Pg%&ggn%lﬁhﬁegc:%og ueous

sol uti on was added, | owed by stirring Feam of

orocipitate 3 B%W“S?WFMBW% 37 SEfF ol Ry vBrote snighesnyea magcrs o

recipitate a polyner
S ol A Tt a R g R0 T 0
' distribution, and butene was incorporated into the
polymer. From this, it can be seen that a polyethylene-
ethylené/LLDEE 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
1/hr) and a butene gas (80 1/hr) were blown into the
system to perform reaction for 3 minutes. . Then, feeding
of the mixed gas was stopped, followed by further

20 reaction for‘3 minutes. Subsequently, an ethylene gas
(100 l/hr)_was blown into the system to perform reaction
for 1 minute. Then, a small amount of methanol was added
to termlnate the reaction, and the reaction product was
introduced into 1 liter of methanol containing a small

25 amount of hydrochleric acid, followed by stirring, to



of an ethyl ene/ propyl ene copolynmer. As a result of GPC analysis, M was
25,100, and MV Mh was 1.07. As a result 10 of IR analysis, the propyl ene
content was 24.4 % by nol. Exanple 50 In a 500 m gl ass autocl ave

t horoughly purged with nitrogen, 250 m of dry toluene was pl aced, and
propyl ene 15 was passed through the auto gé ve for 20 mnutes at a rate of
100 1/ hr. Then, the polynerization tenper re was maintained at 25C, and
5.00 mmol (in ternms of alum nun) of nethyl al um noxane was added.
Subsequently, 0.05 mml of the titanium conpound (1) was added, and a

m xed gas 20 FFestmjitere andodnom .en€heepbylyere: w3s I&ﬁker@ﬁqpmb%W%d 65
1/hr) was passed through, followed by stirring for 3 mnutes and 20

seconds. ThenWléhrrmeédjlagl@sl efhdetiadiame driaed 4 qrad@ef&a\/lmqlcﬁiﬁie&@nt
conposition (ethylene: 60 1/hr, propylene: 40 1/hr) was passed t rough

fol | owed by 2Bbgaiimr ilng2fiorg bmm®@1@@%§9e§@£m§§E Jﬂ?ﬁﬂje@i&@fc Fie1268
of isobutyl alcohol was added to term nate the reaction. Subseq ent

m of a IN hy@hechhobie-atietageuaeuscia@hitiaymasadded,
stirring for 30 mnutes in a streamof nitrogen. %he pol y ner so t|on was

poured 5 ift oof. Bhki tress1efingebanalert §aRr q(21'1p'4to®t e @ﬁepqu&irg%r followed by
stirring for one night by a magnetic stirrer. he polynmer wasaflltered

over a glass welhtar andedubadiah @AGMRIT W12 *10%8 Under eeduged, pressure
to obtain 2.29 g

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
content in the polymer was changed. From this, it can be
seen that a polyethylene-LLDPE-HDPE triblock copolymer
was 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.

Example 46

20 In a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of toluene was placed, and propylene was
fed at 25°C to saturate the liquid phase and the gas
phase. Thereafter, 2.5 mmol (in'terms of aluminum atom)
of methylaluminoxane and then 0.01 mmol of the titanium

25 compound (1) were added to initiate polymerization.



of an A-B di bl ock copolyner. As a result of GPC analysis, 10 the
nunber - aver age nol ecul ar wei ght was 40,600, and MV Vvn was 1.09. As a
result of IR analysis, the propylene content was 23.1 % by nol. Examle 51
15 In a 500 m gl ass autocl ave thoroughly purged with .nitrogen, 250 m of
dry toluene was placed, and propyl ene was passed through the autocl ave for
20 mnutes at a rate of 1d0 1/hr. Then, 28® pol ynerization tenperature was
mai nt ai ned at 25C, and 5.00 mmol (in terns of alum nun) 20 of

met hyl al um noxane was added. Subsequently, 0.05 nmol of the titanium

conmpound (1) ad d and nlxed r | ene

(et hyl ene: \ﬁgﬁh d%r opyl Cté‘on 65 "1/ ﬁd‘wate%%t ?d’&tcﬁ lept%w&ﬁndﬁeeds by
stirring for 3 ninutes an 20 secqonds.. Then, xed s of eth Iene 25
and propyl ene Vg dTHETeRT CRRGEIT: dF Y &

propyl ene: 40 1/hr) was passed throug fol | owed b stlrrlng for 1 mnute
and 50 second®°r Nﬁ%? &yl ERET g Eewé§35§§§§dpFﬁﬂdﬁéhw§F grgfe tor 100
1/ hr, foll owed tlrrlng for 1 mnute and 10 seconds. Thereafter 20 n
5 of isobutyl “ﬁ%@d’kﬂ tRIdEN% & 181 IhAnOUHe Fedtdrh Cﬁ}t?se%ﬁﬂeivt ly,
10 mM of a_IN hydrochlorlc acid aqueous solution was added, followed by
stirring for JPHamackdy i+ i sinarho P aAtirddate Thepomarer I5Euti on was

poured into 1.5 liters of nethanol to precipitate a polynmner,
polymer was filtered, washed with methanol and vacuum

dried at 130°C for 8 hours to obtain 0.100 g of
polypropyiene. The humﬁer~average molecular weight (Mn,
in terms of PP) of the resulting polymer was 17,200, and

10 Mw/Mn was 1.15.

Example 47

In Example 46, after the reaction of propylene was
conducted for 180 minutes, an ethylene gas (20 1l/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
1 Jiter of methanol contaiﬁing a small amount of
hydrochloric acid, followed by stirring, to precipitate a
20 polymer. The polymer was filtered, washed with methanol
and vacuum dried to obtain 0.4B1 g of a polypropylene;
ethylene/propylene copolymer block polymer. The number-
average molecular weight (Mn, in terms of PP) of the
resulting polymer was 99,000, Mw/Mn was 1.06, and the

Q

25 ethylene content was 70.9 % by mol.



10 followed by stirring for one night by a magnetic stirrer. The pol yner
was filtered over a glass filter and dried at 80C for 10 hours under
reduced pressure to obtain 3.79 g of an A-B-C triblock copolynmer. As a
result of GPC anal ysis, the nunber-average nol ecul ar wei ght was 59, 000, 15
and MM WMh was 1.11. As a result of IR analysis, the propylene content was
19.5 % by nol. Exanple 52 In a 500 m gl aut ocl ave t horoughly purged
with 20 nitrogen, 250 ml of toluene was placed, and ethylene was fed to
saturate the liquid phase and the gas phase. Thereafter, 1.25 mmol (in
terms of al um num ato ; hyl; ak urtk no n | of the
titani um conpound (2$bﬁ§%él§§§e§l?§ ?ﬁ%t?gg eg@&&%@%i g?%gg§mggDAfter t he
reacti on was diat far m es, kN 0 et hyl ene gas

at nospher e at§g§§?%§§y1%r§§§§ é% g%éngﬁﬁ% %ﬁ%&ﬁ%lbﬁ%%eﬁﬁgﬁgﬁse s Wadde t o

the roacti on BYBGEr her s dobel e KT Aot S6F o8 RYQPoeFer B AN and a

the reaction product were “smalta

| ge amunt g1 peUBanL ool KB LALe Lo bl e polurer Lol Lgned by
based on P mBELURCETL ah O G 160 niBEP avePghihbl ScoFAYCRSPHENEH)
and the Weighnte{:hylene/propylene diblock copolymer 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 with

nitrogen, 250 ml of toluene was placed, and propylene was

15 passed through the autoclave at a rate of 100 l/hr‘to
saturate the system. Thereafter, 2.5 mmol {in terms of
aluminum atom) of methylaluminoxane and then 0.02 mmol of
the titanium compound (1) were added to initiate
polymerization at room temperature {(24°C)}. After the

20 polymerization was conducted for 5 hours, feeding of
propylene .was stopped, and feeding of ethylene at a rate
of 1.5 1/hxr was started. After the polymerization was
cbnducted at room temperature for 40 minutes, a small
amount of isobutanol was added to terminate the

25 polymerization. The whole amount of the resulting



average nol ecul ar weight (Mv) of the resulting PE were 73,300 and 79, 900,
respectively, and MV Vn was 1.08. Exanple 53 15 In a 500 m gl ass autocl ave
t horoughly purged with nitrogen, 250 ml of toluene was placed, and

et hylene (100 1/hr) and hydrogen (5 1/hr) were blown into the autoclave
for fO mnutes with stirring. Thereafter, 1.25 mmol (in terns of alum num
atom of nethyl al um noxane and then 20 0.Z882 mmol of the titani um conpound
(2) were added to initiate polynerization. After the reaction was
conducted at 50C for 2 mnutes with bl owi ng. ethylene and hydrogen into the

aut ocl ave, a k# nt _of mnet hanal , was adqu o.termnate_t he
polyrrerizatio%gE F2?%3H5r55wﬁé| ﬁ?ﬂﬁﬁ%ﬂ1%ﬁhc’d%n%l%%%%Est%ft%%t?%QEQPon
product 271 were added smal |  ampunt of draochloric acid and a | arge
amount of netﬁgﬁoﬁ F@a&ieEWBPP5tg%tE¥d%ﬁ8 éoﬁ&Fyﬁﬁﬁﬁ &S 126\REd -py Then,
filtration. TQ poL¥ner was vacuumdried at . 80C for 10 hours to obtain
0.195 g of polggtﬁ§ EHES( PRY. T5l¥RECHoLPmELLigCtoR ROLVNEEy wWBBE2. 93 kg
based on 1 nrnol of titanium The nunber-average nol ecul ar wei ght (M)
and the wei ghPOAYBFAgUaFplastirgr "hEfgRe tiRMP loRNchd hene g@lquurg JPE aereet
59, 500 and_69, 7Q0, resgectively, and M~/ M was 1.17. 10 Exanples 54 - 58
5 BO°C for 10 hours. The yield of the polymer after drying
was 2.53 g. As a result of GPC measurement, the number-
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
of orthodichlorobenzene/deutero benzene (mixing ratio:
8/1 by volume) at 110°C, and the following measurements
were made in the proton decoupling mode under the
following conditions using a JEQL LA5S00 type nuclear
15 magnetic resonance device. |
Pulse angle: 45°, Pulse repetition: 5.5 sec,
Spectral width: 22000 Hz, Number of scans: 16000,
Temperature: 120°C, Data points: 32 K

As a result, [Ml] was 59.7 % by mol, IMZ] was 40.3

oo

20 by mol, [M1-M2] was 43.4 % by mol, [MY-M1] was 38.1 % by
mol, [M2-M2] was 18.6 %'by mol, the wvalue of
{Ml-Mz]/(Zx[Ml]x[Mz]) was 0.90, and the wvalue of
[Ml-M2]2/(4x[M1-M1]x[M2'M2]) was 0.66, with the proviso
that the monomer unit M1 is ethylene, and the monomer

25 unit M? is propylene.



Pol ymeri zati on was conducted in the sanme manner as in Exanple 53, except
that the catalytic anobunt, the feed rate of hydrogen and the

pol ynmeri zation time were changed 15 as shown in Table 3. The

pol ymeri zation activity, nolecular weight of the resulting polymer
and- nol ecul ar weight distribution are set forth in Table 3. Wth increase
of the anount of hydrogen, the nol ecul ar 2686i ght of the resulting pol yner
was decreased, and even when the 20 polynerization tinme was prol onged, the
nol ecul ar wei ght of the resulting polynmer was hardly increased. Fromthis,

|t can be seen thapybydogen,iunshi oned 85 acffizhoubr AnALeN, A0ROL sEven

when the polynerization tinme was prol onged e polynerization activity

was not | owergd. 25 g@9n1th|s it can be seen that polynerization was
further 272 pronnte% y the active species produced by the chain transfer

reaction. 2,13 OON.N M rs *1 nlp,aCt-00 , ,,00LN~~D "oLo0"o0
~omDOON hELME 57187 h81

[n=2]: 14.52 % by mol

5 [n=3]: 9.96 % by mol
in=4]: 6.%4 % by mol

r[n=5]: 7.41 % by mol

[n26]: 23.23 % by mol
Methylenes of n=3, n=5 and n26 mean that an isolated

10 monomer unit M1l is detected; two continuous monomer units

Ml are detected, and three or more continuous monomer

units Mt are detected, respectively.

Example 49

15 In a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of dry toluene was placed, and propylene
was passed through the autoclave for 20 minutes at a rate
of 100 1/hr. Then, the polymerization temperature was
maintained at 25°C, and 5.00 mmol (in terms of aluminum)

20 of methylaluminoxane was added. Subsequently, 0.05 mmol
of the titanium compound (1) was added, and a mixed gas
of ethylene and propylene (ethylene: 35 1l/hr, propylene:
65 1/hr) was passed through, followed by stirring for 3
minutes and 20 seconds. Then, 20 ml of isobutyl alqohol

25 was added to terminate the reaction. Subsequently, 10 ml
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of a 1N hydrochloric acid aqueous solution was added,
followed by stirring for 30 minutes in a stream of
nitrogen. The polymer solution was poured into 1.5

liters of methahol 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 1.19 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
of IR analysis, the propylene content was 24.4 % by mol.

Example 50

In a 500 ml glass autoclave thoroughly purged with
nitrogen, 250 ml of dry toluene was placed, and propylene
was passed through the autoclave for 20 minutes at a rate
of 100 1/hx. Then, the polymerization temperature was
maintained at 25°C, and 5.00 mmol (in terms of aluminum)
of méthylaluminoxane was added. Subsequently, 0.05 mmol
of the titanium compound (1) was added, and a mixed gas
of ethylene and propylene (ethylene: 35 1/hr, propylene:
65 1/hr) was passed through, followed by stirring for 3
minutes and 20 seconds. Then, a mixed gas of ethylene.
and propyiene having differeﬁt composition (ethylene: 60
l/hr, propylene: 40 1/hr) was passed through, followed by

stirring for 1 minute and 50 seconds. Thereafter, 20 ml
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of isobutyl alcohol was added to terminate the reaction.
Subsequently, 10 ml of a 1IN hydrochloric acid aqueous
sclution was added, followed by stirring for 30 minutes
in a stream of nitrogen. The polymer solution was poured

5 into 1.5 liters of methanol to precipitate a polymer,
followed by stirring for one nigﬁt 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

[o]

content was 23.1 % by mol.

Example 51

15 In a 500 ml glass autoclave thoroughly purged with
_nitrogen, 250 ml of dry toluene was placed, and propylene
was passed through the autoclave for 20 minutes at a rate
of 100 1/hr. Then, the polymerization temperature was
maintained at 25°C, and 5.00 mmol {(in terms of aluminum)

20 of methylaluminoxane was added. Subsequently, 0.05 mmol
of the titanium compdund (1) was added, and a mixed gas
of ethylene and propylene (ethylene: 35 1l/hr, propylene:
65 1/hr) was passed through, followed by stirring for 3
minutes and 20 seconds. Then, a mixed gas of ethylene

25 and propylene having different composition (ethylene: &0
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Exanple 59 In a 500 nl glass autoclave thoroughly purged with nitrogen,
250 m of toluene was placed, and ethylene was fed to saturate the liquid
phase and the gas phase. 5 Thereafter, 1.25 nmol (in terms of alum num
atonm) of nethylal um noxane, 0.08 nmol of diethylzinc and then 0.002 mol
of the titani um conpound (2) were added t 369

1/hr, propylene: 40 1/hr) was passed through, followed by
stirring for 1 minute and 50 seconds. Then, an ethylene
gas was passed through at a rate of 100 l/hr, followed by
stirring for 1 minute and 10 seconds. Thereafter, 20 ml
S of isobutyl alcohol was added to terminate the reaction.
Subsequently, 10 ml bf a 1N'hydrochloric acid agqueous
solution was added, followed by stirring for 30 minutes
in a streamlof nitrogen. The polymer 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 ath
80°C for 10 hours under reduced pressure to obtain 3.79 g
of an A-B-C triblock copolymer. As a result of GPC
analysis, the number-average molecular weight was 59,000,

15 and Mw/Mn was 1.11. As a result of IR analysis, the

[+]

propylene content was 19.5 % by mol.

Examﬁle 52

In a 500 ml glass autoclave thoroughly purged with
20 nitrogen, 250 ml of toluene was placed, and ethylene was
fed to saturate the liquid phase and the gas phase.
Thereafter, 1;25 mmol (in terms of aluminum atom) of
methylaluminoxane and then 0.0002 mmol of the titanium
compound (2) were added to initiate polymerization.

25 After the reaction was conducted at 50°C for 2 minutes in



initiate polynerization. After the reaction was conducted at 500C for 2
mnutes in an ethylene gas 10 atnobsphere at ordinary pressure, a smal
anount of rmethanol was added to termi nate the polynerization. After the
pol ynmeri zati on was conpleted, to the reaction product were added a snal
“amount of hydrochloric acid and a |large _anmount of nethanol to precipitate
the whole 15 polyner, foll owed by filtrdfPon. The pol ymer was vacuum dri ed
at 800C for 10 hours to obtain 0.209 g of polyethylene (PE) The

pol yneri zation activity was.3-14 kg b~sed on 1 mmol of -titanium The

nunber - aver agen &BheTeharg é(‘@'Qﬂhoé%&r@nﬁttbﬂdy\ti’hgw8@&%@9@ mal egdhar 20
wei ght (NMD of the resulting PE were 51,500 and 70, 3 respectively, and

MV M was 1. 3fnoX@npk efe 60ano 62,89 yMeLdh zabi po-weg.condyeted in the same
manner as 25 in Exanpl e 59, except that the anmount of diethylzinc and 275

the polymerizati pnot{ M ¥k e ghanged H%ﬂ$%¥¥M% el hs difp1eted,

pol yneri zation activity, nolecular wel ght resul ting pol ymer and

ol coul ar el ghtc L SHLLOLLLON, AL GucBShel T buEE !atgﬂng%ﬂo?ﬁo\h{gch Jlgncr ease of

t he amount of the zinc co ecu ar wei resul ting

pol ymer  wgs Cidsiong né‘”g'c e§n<¥‘h§ léh é{HE{'%ft 8‘811511”? £as
prolonged th eculrar weig he |ng poly
precipitate the whole polymer, followed by filtration.
The polymer was vacuum dried at 80°C for 10 hours to
obtain 0.213 g of polyethylene (PE). The polymerization
activity was 3.20 kg based on 1 mmol of titanium. The
10 number-average molecular weight {(Mn) and the weight-

' average molecular weight (Mw) of the resulting PE were

73,300 and 79,900, respectively, and Mw/Mn was 1.08.

Example 53

15 In a 500 ml glass autoclave thoroughly purged with
nitrcgen, 250 ml of toluene was placed, and ethylene (100
1/hr) and hYdrogen {5 1/hr) were blown into the autoclave
for 10 minutes with sti?rinq. Thereafter, 1.25 mmol {in
terms of aluminum atom) of methylaluminoxane and then

20 0.0002 mmol of the titanium compound (2) were added to
initiate ﬁolymerization. After the reaction was
conducted at 50°C for 2 minutes with blowing ethylene ang
hydrogen into the autoclave, a small amount of methanol
was added to terminate the polymerization. After the

25 ©polymerization was completed, to the reaction product



was hardly increased. Fromthis, it can be seen that the 10 zinc conpound
functioned as a chain transfer agent. Even when the polynerization tine

was prolonged, the polynerization activity was not |owered. Fromthis, it
can be seen that polynerization was further pronoted by

produced by the chain transfer 15 reaction. 2% N "-, ~Y rn m~ ~r-r ~n 3-

pb ~~0'0 ~i
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15
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were added a small amount of hydrochioric acid and a

large amount of methanol to precipitate the whole polymer,
followed by filtration. The polymer was vacuum dried at
80°C for 10 hours to obtain 0.195 g of polyethylene (PE) .
The polymerization activity was 2.93 kg based on 1 mmol

of titanium. The number-average molecular weight (Mn)

and the Qeight—average molecular weight (Mw) of the
resulting PE were 59,500 énd 69,700, respectively, and

Mw/Mn was 1.17.

Examples 54 - 58

Eolymerization was conducted in the same manner as
in Example 53, except that the catalytic amount, the feed
rate of hydrogen and the polymerization time were changed
as shown in Table 3. The polymerization activity,
molecular weight of the resulting polymer and molecular
welght distribution are set forth in Table 3. With
increase of the amount of hydrogen, the molecular weight
of the fesulting pdlymer was decredsed, and even when the
polymerization time was prolonged, the molecular weight
of the resulting polymer was hardly increased. From thig,

it can be seen that hydrogen functioned as a chain

transfer agent. Even when the polymerization time was

prolonged, the polymerization activity was not lowered.

From this, it can be seen that polymerization was further

the active species
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promoted by the active species produced by the chain

transfer reaction.



004 40 00O0O0OO V VvV u ONQvVlI 5 ~p ~P 277 Exanple 63 In a 500
m gl ass autocl ave thoroughly purged with nitrogen, 250 m of toluene was
pl aced, and ethylene was fed to saturate the |iquid phase and the gas
phase. 5 Thereafter, 1.25 muol (in terns of alum num aton) of

met hyl al um noxane and then 0.002 nmmol of the_ titanium conpound (3) were
added to initiate polynerization. 273
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After the reaction was conducted at 50C for 10 mnutes in an ethylene gas
at nosphere at ordinary pressure, a 10 snmall anount of nethanol was added to
termnate the polynerization. After the polynerization was conpleted, to
the reaction product were added a small anount of hydrochloric acid and a
| ar ge anobunt of nethanol to precipitategﬁ pol ymer. The pol yner was
filtered, washed 15 with nmethanol and va dm dried at 80C for 10 hours to
obtain 0.247 g of polyethylene (PE). The polynerization activity was 0.74
kg based on 1 mml of titanium The nunber-average nol ecul ar wei ght (M)
and the wei ghExampéeage nol ecul ar weight (Mwv) of the resulting PE were 20
88, 500 and 98, 800, respectively, and MV Mh was 1.12. Exanple 64

Pol yneri zation wasigoadggtedli 1588 saHBCIBRBEEhEF oulyh 1EX 3RGR 631 gxcept -
that the anpbunt of the titanium 25 conmpound (3) was changed to 0.001 mol

and the 278 p@ivﬁagieﬁatizgo fl "BFWRS1GRARIGH st 1k, NUHES ot FMSne Qdaésﬁl 9
of pol yethyl ene (PE) was obtained. The polynerization activity was 0.64 kg

based on 1 mpLqofo bhiapheE tﬁgelgﬁgﬁﬁmﬁsggagﬁgm'h%c@la%r 5“‘%%“ (M) and

5 the wei ght-average nol ecul ar wei resultin wer e

145,000 agd 16dePOQrcbesPechiVihys 380 MM ¥2S arbd SunCRTRA e Bxanpl e

methylaluminoxane, 0.08 mmol of diethylzinc and then

0.002 mmol of the titanium compound (2) were added to
initiate polymerization. After the reaction was
conducted at 50°C for 2 minutes in an ethylene gas

10 atmosphere at ordinary pressure, a small amount of
methanol was added to terminate the polymerization.
After the polymerization was completed, to the reaction
product were added a small amount of hydrochloric acid
and a large amount of methanol to precipitate the whole

15 polymer, followed by filtration. The polymer was vacuum
dried at 80°C-for 10 hours to obtain 0.209 g of |
polyethylene (PE). The polymerization activity was 3.14
kg bdsed on 1 mmol of “titanium. The number-average
molecular weight (Mn) and the weight-average molecular

20 weight (Mw) of the resulting PE were 51,500 and 70, 300,

respectively, and Mw/Mn was 1.37.

Examples 60 - 62

Polymerization was conducted in the same manner as

25 in Example 59, except that the amount of diethylzinc and



10 In a 500 m gl ass autoclave thoroughly purged with nitrogen, 250 m of

tol uene was placed, and ethylene was fed to saturate the |Iiquid phase and
t he gas phase. Thereafter, 1.25 mmol (in terns of alum num aton) of

met hyl al um noxane and then 0.0005 mmol of zirconocene 15 dichloride were
added to initiate polynerization. After the reaction was conducted at 25C
for 0.5 minute in an ethylene gas atnosgh&re at ordinary pressure, a snal
anount of nethanol was added to term nate the polynerization. After the
pol yneri zati on was conpleted, 20 to the reaction product mere added a snal

amount  of hYQ'h%CE.l)loqry'm%ﬁ él(%l%r?ld tQmea%%ea@l%@} & S §i assa?% tzn TP LI pitate

t he whol e pol yner, by filtration over a e pol ymer

was vacuum drirgd %ély%gglfg%lg% E%%E%‘%% g%& e%ngﬁgzgég_ f pﬁ%ﬁﬁ§hylene

(PE). 25 The poly zati on activity wa 279 of

e 114,000, SRATMIIR KRENEG0 S L AR e D 5 PAYHEH AT on was

conducted in th a mann |n Cbnparatlve Exanpl e 1, except that the
polynerizatiOEE% T n%%a§n ﬁ&ﬁﬁ@ﬂ to 1 mnute. Thus, 0.433 g of

pol yet hyl ene (PE) obtai ned. The polynerization activity was 52.0 kg
based on %9 Wﬁ%Pc&ﬁFEﬁPs?hgflégﬁuﬁﬂ@Pn§v@¢a§QQnﬂ%ﬂ9ﬂ99mR&HQﬂn ( Mh)

of the resultkgg molecular weight of the resulting polymer was
decreased, and even when the polymerization time was
prolonged, the molecular weight of the resulting polyﬁer
was hardly increased. From this, it can be seen that the

10 zinc compound functioned as a chain transfer agent. Even

when the polymerization time was prolonged, the
polymerization activity was not lowered. From this, it
can be seen that polymerization was further prémoted by
the active species produced by the chain transfer

15 reaction.



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 mml of the titanium conpound (9) was used instead of the
zirconium conpound and the polynerization tine was changed to 1 mnute.
Thus, 0.253-g of polyethylene (PE) was obtgined. The pol yneri zation
activity was 60.7 kg based on 1 mmol 20 ot/®itani um The nunber - aver age
nol ecul ar wei ght (Mh) and the wei ght-average nol ecul ar weight (My) of the
resulting PE were 184,000 and 370, 000, respectively, and .Mwv M1 was 2.01.
25 Conparative Exanple 4 280 Pol ynerization was conducted in the sane
manner as in Conparative Exanple 1, except that 0.0005 mmol of the
titani um conpound (10) was used instead of the zirconium conmpound and the
pol ynmeri zation tinme was changed to 1 5 mnute. Thus, 0.267 g of

pol yet hyl ene (PE) was obtained. The polynerization activity was 32.0 kg

based on 1 mmmol of t{tani un The nupbet-average nol ecul ar weight (M) and
thg ggggggbaverage no é%ular gfiggtg g of t2e78regglting PE WE;G 1?9,g0?
an , , respectiye}y, ah Mv-Mh was 1. 78. nparative anpl e n
a 100 m reactor thoroughly puriged withinitrogen,
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50 m of toluene was placed. The systemwas cooled to 15 0C, and et hyl ene
was fed to saturate the |iquid phase and the gas phase. Thereafter, 0.0125
mrol of di nethyl aniliniuntetrakis(pentafluorophenyl)borate and then
0.0125 mmol of the hafnium conpound (11) were added to initiate _

pol ynmeri zation. After the reaction was 20 conducted at OC for 1 minute in
an et hyl ene atnosphere at ordinary press@vé, a smal | amount of nethanol
was added to term nate the polynerization. The reaction product was
introduced into a large anount of methanol to precipitate a polyner. The
polymer was fifiefsde. £hen 25- washed with nethanol and vacuumdried at
80C for 10 281 hours to obtain 0.290 g of polyethylene (PE) . The

- i | ti 132, 400, and
Vo o was 1 85, o S e e PP b PR AP a0 -t he

manner as, .| (Y ample 5, exce t hat the appunt of the
ﬁgpﬁiun1conpoﬁ%ht€%§§ggﬂ%§¢H%fa%%uﬁ$i%?n?h%?sbgiacegf an 1;@Ry?inehwas .
di met hyl ani l'i npuntetrakis(pentafl uoropheri orate were each change o]
01385 xnnl andf?ﬂét%o?ﬁ%%%gE%tg%ﬂ P%%Hb%r%%%%% aﬁengﬁang@a PBa§GC.|ThuF,

0. 148 of et hyl ene | was obt ai ned. The nunber-average nol ecul ar
wei ghtg(l\/h pqw%%e%%"s%ifti(ﬁ?%@%% 680 8RS nat M WRiEE atom) of

methylaluminoxane and then 0.002 mmol of the titanium
compound (3) were added to initiate polymerization.
After the reaction was conducted at 50°C for 10 minutes
in an ethylene gas atmosphere at ordinary pressure, a
10  small amount of methanol was added to terminate the
polymerization. After the pelymerization was completed,
to the reaction product were added a small amount of
hydrochloric acid and a large amount of methanol to
precipitate a polymer. The polymer was filtered, washed
15 with methanol and vacuum dried at 80°C for 10 hours to
obtain 0.247 g of polyethylene (PE). The polymerization
activity was 0.74 kg based on 1 mmol of titanium. The
numbeér-average molecular weight (Mn) and the weight-
average molecular weight (Mw) of the resulting PE were

20 88,500 and 98,800, respectively, and Mw/Mn was 1.12.

Example 64

Polymerization was conducted in the same manner as
in Example 63, except that the amount of the titanium

25 compound (3) was changed to 0.001 mmol and the



15 282 5 10 15 Cal cul ati on exanpl es of conplex structure paraneters (1)
nPr (9) Ti \ nPr HP-Z Distance (r(H -2)) and electrostatic interaction
energy (ESp(HQ Z) of each catalyst Ti \ nPr Conpound(1)(4)(5)(8)(9)(10)
r(HP-2) (A)2.2752.3292.2342.4982. 2464. 812 ESp(Hf-2)
-37.1-41.1-42.9-33.1-12.0-10.2 (KJ/mol) 2Q 283 What is clainmed is: 1. An
ol efin polynmer which is a polyner of at 278ast one ol efin selected from
olefins of 2 to 20 carbon :

polymerization time was changed to 15 minutes. Thus,
0.161 g of polyethylene (PE) was obtained. The
polymerization activity was 0.64 kg based on 1 mmol of
titanium. The number-average molecular weight (Mn) and

5 the weight—avefage molecular weight (Mw) of the resulting
PE were 145,000 and 167,000, respectively, and Mu/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
fed to saturate the liquid phase and the gas phase.
Thereafter, 1.25 mmol (in terms of aluminum atom) of
methylaluminoxane and then 0.0005 mmol of zirconocene

15 | dichloride were added to initiate polymerization. After
the reaction was conducted at 25°C for 0.5 minute in an
ethylene gas atmosphere at ordinary pressure, a small
amount of methanocl was added to terminate the
polymerization. After the polymerization was completed,

20 to the reaction producf were added a small amount of
hydrochloric acid and a large amount of methanol to
precipitate the whole polymer, followed by filtration
over a glass filter. The polymer was.vacuum dried at
80°C for 10 hours to obtain 0.229 g of polyethylene (PE).

25 The polymeriZation activity was 55.0 kg based on 1 mmol



atons and has a nunber-average nol ecul ar wei ght of not 5 |less than 500 and
MV WMn (Mv. wei ght - average nol ecul ar  wei ght, WM. nunber-average nol ecul ar
wei ght) of not nore than 1.5. 2. The olefin polynmer as clainmed in claima1,
which 10 is pol yethyl ene, high-density polyethylene, linear |ow density
pol yet hyl ene, pol ypropyl ene, pol ybutene, a copolyner of ethylene and at

| east one olefin selected fromolefins o278 to 20 carbon atons, dienes and
cycl ool efins, or a copolyner of propylene and at |east 15 one olefin

sel ected fromolefins of 4 to 20 carbon atonms, dienes and cyclooleflns

The ol efin pol ypges; as, 5! @hme h ene
and has a nunber-a%/ercz)agelgz‘ﬂ1 GerEPecu ae{? \]/\a/e"fé,% no?cﬁ%% "f%la% tllg)M%i)

The ol efin pol S i p.cl aj i at Ieast
one ol efin sel%ﬁ?%%éfg%%g%gFQ? B %?Sn1%% @@bCa?%gnME{@ 3ﬁd hég a nelting
poi nt of not 25 |ower than 70C. 284 5. The olefin polynmer as clained in
claim1, which is a polyner of propylene or butene and has a racemc . diad

(r), as neasur@d by 13C- N\VR, oflno£ | ess than 0.85. 5 6. The ol efin polymer
as cl ai med |ﬂ-éﬂ$%%¥i7—¥$$§§ﬁ99—§——

5 Polymerization was conducted in the same manner as
in Comparative Example 1, except that the polymerization
time was changed to 1 minute. Thus, 0.433 g of
polyethylene (PE) was obtained, The polyﬁerization
activity was 52.0 ké based on 1 mﬁol of zirconium. The

10  number-average molecular weight (Mn) of the resdlting PE

was 136,000, and Mw/Mn was 2.26.

Comparative Example 3
Polymerization was conducted 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 andAthe polymerization time was changed to 1
minute. Thus, 0.253 g of polyethylene (PE) was obtained.
The polymerization activity was 60.7 kg based on 1 mmol
20 of titanium. The number-average molecular weight (Mn)
and the weight-average molecular weight (Mw) of the
resulting PE were 184,000 and 370,000, respectively, and

‘Mw/Mn was 2.01.

25 Comparative Example 4




i s an et hyl ene/ propyl ene copol ynmer and has an ethylene content of not |ess
than 60 % by nol. 10 7. An olefin polyner which is an ol efin copolyner of
at least two olefins selected fromolefins of 2 to 20 carbon atonms, has a
nunber - aver age nol ecul ar wei ght of not |ess than 500 and is a tapered

pol ynmer containing a segnent wherein conposition of two or nore nononers
15 continuously changes in the polynmer ci&th. 8. The olefin polyner as
claimed in claim7, which has w M (Mx weight-average nol ecul ar wei ght,
Vh: nunber-average nol ecul ar wei ght) of not nore than 2.5. 20 9. The

ol efin polymer as ghaipedibAt¢hal Mh8, WhLGh S i3 GQROIWIR nh el ene and
at least one olefin 8elected fromolefins of 3 to 20 carbon atons and has

an ethyl ene Eﬂnhgﬁbaﬁf&;ﬁ!% b%%ﬁn?ﬁn%?’iﬁ%x%ei Y il 2 oRfRP i %ﬁ Oéd'géi n

pol ymer which 1s an o i'n copo conprrsing a nononer unit rived

that i's di 115 SArPPoneTReSREnaRe] SR, A T e e T QS R
T3 AR sat PEFYCPRe SPBI ot R RFAIFBRGoT (L 8) eSO e )
5 minute. Thus, 0.267 g of polyethylene (PE) was obtained.
The polymerization activity was 32.0 kg based on 1 mmol
of titanium. The number—-average molecular weight (Mn)
and the weight-average molecular'weight (Mw) of the
resulting PE were 129,000 and 229,000, respectively, and

10 Mw/Mn was 1.78.

Comparative Example 5

In a 100 ml reactor thoroughly purged with nitrogen,

20 ml of toluene was placéd. The system was cooled to

15 0°C, and ethylene was fed to saturate the ligquid phase
and the gas phase. Thereafter, 0.0125 mmol of
dimethylaniliniumtetrakis (pentafluorophenyl)borate and
then 0.0125 mmol of the hafnium compound (11} were added
to initiate polymerization. After the reaction was

20 conducted at 0°C for 1 minute in an ethylene atmosphere
at ordinary pressure, a small amount of methanol was
added to terminate the polymerization. The reaction
product was introduced iﬁto a large amount of methanocl to
precipitate a polymer. The polymer was filtered; then

25 washed with methanol and vacuum dried at 80°C for 10



1> M ] 2/ (4x[M "M ] x[ M. M2l ) 10 wherein [M] is a nolar fraction of the
mononmer unit M, [M] is a nolar -fraction of the nononmer unit M, [M.' M]
is amlar fraction of a unit in which the nmonomer unit M and the nononer
unit M2 are adjacent. to.each other, [MML] is a nolar fraction of a unit
in which the 15 nononer unit ML and the nonomer unit ML are adjacent to
each other, and [M2-M2] is a nolar fractigqof a unit in which the nononer
unit M2 and the nononer unit M2 are adjacent to each other. 20 11. The
olefin polymer as clainmed in claim10, which has. MV Mh (Mv  wei ght - aver age

mol ecul ar wei ; nber - av. e | ecul ar, wei ght)_of not nore than
2.5. 12. The %%gﬁswkpool%#b%l%s&&%aqaﬂ%d’r?ﬁ yaeitrﬁyllle,ne%?%ﬁ?e-r efR€an i sol at ed
mononer unit M and a sequence of two 286 or nore consecutive nononmer units
M are both dét"EEETIFHIFE PEINART adhais By ndlns ofF HBc-ravR 1 iy e

ol efin polymer as ainmed in claim1l, 5 wherein a sequence of two
consecultoi vg nﬂ’r‘?‘danélsam‘]i?og. e e M seguend® -of three or nmore continuous
nmononer units M are both detected in the polynmer chain by neans of
13C-NVR. 10 14_ The olefin polynmer as clained in any one of clains 11 to

13, wherein the nononer unit ML is an ethylene unit.
5 Comparative Example 6 '

Polymerization was conducted in the same manner as
in Comparative Example 5, except that the amount of the
hafnium compound {(11) and the amount of the .
dimethylaniliniumtetrakis(pentafluorophenyl)borate were

10  each changed to 0.005 mmol and the polymerization
-temperature was changed to 50°C. Thus, 0.148 g of
polyethylene (PE} was obtained. The number-average
molecular weight (Mn) of the resulting PE was 98,800, and
Mw/Mn was 1.91.

16



15. The olefin polymer as clainmed in any one of 15 clainms 11 to 14,
wherein a sequence of two or nore continuous nethyl ene groups is detected
by neans of 13C- NVMR, and a sequence of two consecutive nethyl ene groups
and a sequence of three or nore consecutive nmethylene groups are both
detected. 20 16. An olefin polynmer which is a block copolynmer conprising:
(i) a polymer block obtained fromat |eag®BZne olefin selected from
olefins of 2 to 20 carbon atons, and 287 (ii) a polynmer block that is
obtained fromat |least one olefin selected fromolefins of 2 to 20 carbon
atons and is different fromthe polyner block (i). 5 17. The olefin
polymer as clainmed in claim16, which conprises two or nore polyner
DhaCe s aol acent cha POL YR, BhOtks 8F, WBRENA &rdlilerenhalafmeaey of her,
and has Mn/ : rageTfrotectts e M ——trber=aver age
nmol ecul ar wei ght) oanot nore than 2.5. 10 18. The ol efin pol ymer as
claimed in claim]l7, mﬂ;ch is a diblock copolyner conprising two pol yner

bl ocks and has wei ght - aver a | ecul ar wei ght, Mnh:

nunber - aver age /nol

10

15

gﬁ—z Distance (r(HB—Z)) and electrostatic interaction

energy (ESpiﬂﬁ—Z) of each catalyst

=
<
3
C
-
e

Compound {1)

r(HB-7) (A) 2.275 | 2.328 | 2.234 | 2.498 | 2.246 | 4.812

Esp (HP-2) -37.1 | -41.1 | -42.9 | -33.1 | -12.0 | -10.2

(KJ/mol)

20



19. The olefin polynmer as clained in claim17, which is a triblock

copol yner conprising three polynmer blocks and has MV Mh of |ess than 1.80.
20 20. The olefin polymer as claimed in claim 17, which is a nultiblock
copol ymer conprising.four or nore polyner blocks and has Mwv Wh of | ess
than 2.00. 21. The olefin polyner as clainmed in claim217, 25 wherein the
pol ynmer block is selected from pol yet hyl e@83 288 hi gh-density pol yet hyl ene,
|l i near | owdensity polyethylene, a copolyner of ethylene and at |east one
olefin selected fromolefins of 3 to 20 carbon atons, dienes and

cycl ool efi ns, ﬁﬁgﬁtlg Efgygégp%lene, i sotactic 5 pol ypropyl ene,

syndi otacti c polypropylene, a %polyner of propylene and at | east one
olefin selected fro oléiins f 4 to 20 carbaon atonms, dienes and

cycl ool efins, and the %f?%e%dTyf?ﬁs YIRF- oY 145 3 POYMFRLHI2F i n
polymer as claimin clai 1%, which 1s a diblock, copolyner conprising two
pol ymer bl ocks 3%} Rt d°t Fbhl pde e h§F eheOM hp YRE HeRsPE y2 pbP ye? hgh ERRDN

i near | owdensjty polyethylene, an ethyl ene/propylene copolyner, an
ethylene/buted%t%%%o? as af NYNRERYRERE? R XBAESEBHBY yHREghinof not
ethylene/ogtene copol ymer atactic pol ypropyl ene, syndiotactic

pol ypropyl Bne, 1285 prlapy | 20/ e eMe/Mpp by hewe halit a2 e 5pye ahel hexbae

copol ymer. . :
weight, Mn: number-average molecular weight) of not more
than 1.5.
2. The olefin polymer as claimed in claim 1, which

10 is polyethylene, high-density polyethylene, linear low-
density polyethylene, polypropylene, polybutene, a
copolymer of ethylene and at least one olefin selected
from olefins of 3 to 20 carbon aﬁoms, dienes and
cycloolefins, or a copolymer of propylene and at least

15 one olefin selected from olefins of 4 to 20 carbon atoms,

dienes and cyclbolefins.

‘3. The olefin polymer as claimed in claim 1, which
is a polymer of ethylene and has a number-average

20 mwolecular weight of not less than 110,000.

4. The olefin polymer as claimed in claim 1, which
is a polymer of at least one olefin selected from olefins
of 3 to 20 carbon atoms and has a melting point of not

25 lower than 70°C.

e A



20 23. The olefin polynmer as claimin claim117, which is a triblock

copol yner conprising three polyner blocks selected from pol yet hyl ene,

hi gh-density pol yethyl ene, I|inear |owdensity polyethylene, an

et hyl ene/ propyl ene .copol yner, an et hyl ene/ but ene copol yner, an 25

et hyl ene/ hexene copol yner, an et hyl ene/ octene copol yner, 289 atactic

pol ypr opyl ene, syndiotactic pol ypropyl ene284 propyl ene/ but ene copol yner
and a propyl ene/ hexene copolynmer. 5 24. The olefin polyner as clained in
claim17, which is a block copol yner conprising a polyner block selected
fromthe foll ow ng polynmer blocks (a), (b) and (c) : (a) a polyner block
obt ai ned fromethylene, 10 (b) a pol yner bl ock obtained fronlone a-olefin
sel ected from a-ol flns 20_carbon at ons, .and, , polyne bl .ock
obt ai ned fromtwo Fg Oéﬁgﬁpngoigpsgtéﬁ gﬁ@ﬁﬂ?%ﬂl 9%? Iy fpiseh
carbon atons. ,15 25 The ol efin ynmer as clainmed ip . claim?24, MhICh
contains at |&8sf BR&EYBET R P& FECT Gk DD AF funfsrever age
nol ecul ar wei ht of 110, 000 to 10, 000,,000 and MV Mn (Mv. wei ght - aver age
nol ecul ar wei (khr REnBEASAFECaGY ﬁéé@ﬁ%rQﬁaQﬂﬁ)l%ﬁsrﬁﬁaﬁmﬁeﬁ%han

1.5. 20 2%; The olefln pol ynmer as clainmed in any one of

6. The olefin polymer as claimed in claim 1, which
is an ethylene/propylene copolymer and has an ethylene

content of not less than 60 % by mol.

10 A 7. An olefin polymer which is an olefin copolymer
of at least two olefins selected from clefins of 2 to 20:
carbon atoms, has a number-average molecular weight of
not less than 500 and is a tapered polymer containing a
segment wherein composition of two Or more monomers

156 continuously changes in the polymer chain.

8. The olefin polymer as claimed in claim 7, which
has Mw/Mn (Mw: weight-average molecular weight, Mn:
nuﬁber—average molecular weight) of not more than 2.5.

20

9. .The olefin polymer as‘claimed‘in claim 8, which
is a copolymer of ethylene and at least one olefin
selected from clefins of 3 to 20 carbon atoms and has an
ethylene content of not less than 30 % by mol.

25



claims 1 to 25, which has a functional group at the termnal of the main
chain. 290 27. A nolded product conprising the olefin polyner of any one of
claims 1 to 26. 28. A process for preparing an olefin polyner, 5 conprising
pol ynerizing an 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 followng fo28Bla (1) and has properties
that, in a f3-agostic structure of a cationic 10 conpl ex wherein one of X
inthe formula (1) is replaced wth a n-propyl group, said structure being

neasured by a den f ctl hod t he .di st ance wee
' het er oat 0?1/1 whi chslhOtag ngp (caﬂt% nd TS CHE Cemts 47 rﬂef in I\ﬁ%‘afYIBEI

noar et 10 1 Ne. et 1l 1] aloMnand e 9eik A1y d3 1hs naposition be aot

nore than 3.0 A an éﬁ] el ectrostatic e IS ho nDre 10 R

t t f f 7 10

V\ﬁerglrﬁpﬁ/lr |es rz;C%t(r)jadfrjséla[tkl}:gér%JL rfi[ggrﬁlso I%(;Amaéis%(;nlleéc Sed ?]?%?ﬁrl@%%%r ‘fgl\%nbflé @%Ep 11
f th di.c. t 1t b tisf

2 vl once of M LTS THoaHR R BHETaREE 3 The WbntFaf BEFarh®rand 15 3

| i gand havbng a heteroaton1mh|ch has no direct bond
ollowing properties:

[M1-M2], [M1-Mi1], [M2-M2], [M1] and [M2], as
measured by 13C-NMR, satisfy the following relations:

1>[M1-M21/ (2% [M1]x [M2])

1>[M1-M2]2/ (4x [M1-M1]x[M2-M2])

10 wherein [M]] is a molar fraction of the monomer unit M1,
[M2] is a molar fraction of the monomer unit M, [M71-M2]
is a molar fraction of a unit in which the monomer unit
M1 and the monomer unit M2 are adjacent to each.other,
fM1-M71] is a molar fraction of a unit in which the

15 monomer unit M] and the monomer unit Mi are adjacent to
each other, and [M2-M?] is a molar fraction of a unit in

which the monomer unit M2 and the monomer unit M2 are

adjacent to each other.

20 11. The olefin polymer as claimed in claim 10,
which has Mw/Mn (Mw: weight-average molecular weight, Mn:

number-average molecular weight) of not more than 2.5.

12. The olefin polymer as claimed in claim 11,

25 wherein an isolated monomer unit Mi and a sequence of two



25 to the central netal M and 291 X is an oxygen atom a hydrogen atom a
hal ogen atom a hydrocarbon group, an oxygen-contai ning group, a

sul fur-containing group, a nitrogen-containing group, a boron-containing
group, an al um num containing group, a 5 phosphorus-containing group, a

hal ogen- cont ai ni ng group, a heterocyclic conpound residue, a
silicon-containing group, a germani um c@86ai ni ng 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 10 groups indicated by X may be bonded to

forma ring. &2 ndyOro6AsScheLvRl fBALKOY BRiPLelil Napa! ¥BEh cfORRELS!N
pol ymeri zing an olefin o to 20 carbon atons n the presence of an

ol efin polynerizatipn catal yst 15 conprising-a transition netal conpound
which is rep?%%éﬂ?gﬂm%§ t él?oPYoﬂfﬂ Sf8Fn%F§_FVB:a) or (I1-b) and has
properties that, in a Ragostic structure of a cationic-conplex wherein one
of Xin the formula (1T-a) or (lIl-b) is replaced with a n-propyl group,
said 20 structure being neasured by a density functional nethod, the

di stance between thé- helf?? catofin vibP t¥iaasafoctriBed ipBoplat® the central

netal Mand is nearest to the central netal .and hydrogen at the
3-positiof i s*HoteHord FRINCNSS0CA SHE FRBSBFHEELVEsPARPEeENERGYSI ¥inot nore

t han 10 292
and a sequence of three or more continuous monomer units

M1 are both detected in the polymer chain by means of

13¢c-NMR.

10 14. The olefin polymer as claimed in any one of

claims 11 to 13, wherein the monomer unit M3 is an

ethylene unit.

15. The olefin polymer as claimed in any one of
15 claims 11 to 14, wherein a sequence of two or more
continuous methylene groups is detected by means of 13c-
NMR, and a sequence of two consecutive methylene groups
and 5 sequehée of three or more consecutive methylene
groups are both detected.
20
16. An olefin polymer which is a block copolymer
comprising:
(1) a polymer block obtained from at least one

olefin selected from olefins of 2 to 20 carbon atoms, and



kJ/mol, to prepare the olefin polyner of claiml1, 7, 10 or 16; 1 R3 MLX 5\
An- - - (Il-a) R4 mwherein ML is a transition netal atom sel ected from

Goup 3 to Goup 11 of the periodic table,

is a nitrogen atomar a.carbon atom having a substituent R2, Ais an
oxygen atom a sulfur atom a seleniumatom or a nitrogen atom having a

substituent R5, Rl is a hydrocarbon group2$avi ng one or

or a hydrocarbon group having one or nore heteroatom containing groups,
to R5 may be the sanme or different and are each a hydrogen atom a hal ogen

atom a hydrocarbon, .gr.oup, hydr.acar.bgn-substituted silyl group, an
oxygen- cont ai ni ng gﬁgdr5hﬁfﬂgm%%ré%ﬁ%ﬁggﬁﬁhfﬁinlﬁﬁ%ﬂﬁé %%O@ at"least
sul fur-contai ni ng roup, bar onp-cont ai hi hg group, an um num cont ai ni ng
group, a phosﬁ‘r{@rl?sl%cﬁlr{[)aﬁeﬁieﬁgtedi] ,ma‘?]rﬁ;’?)gbgrf? C%ntt%.iﬁén‘"ga]a?%p?t%ms

het er ocyclic COQE
ger mani um cont®ai

esi due, si |l icon-containing group,'a

to R5 may be 293

5

10

15

20

25

17. The olefin polymer as claimedrin claim 16,
which comprises two or more polymer blocks, adjacent
t polymer blocks of which are different from each other,
énd has Mw/Mn (Mw: weight-average molecular'weight, Mn :

number—-average mcelecular weight) of not more than 2.5.

18. The olefin polymer as claimed in claim 17,
which is a diblock copolymer comprising two polymer
blocks and has Mw/Mn (Mw: weight-average molecular weight,

Mn: number-average molecular weight) of less than 1.35.

19. The olefin polymer as claimed in claim 17,
which is a triblock copolymer comprising three polymer

blocks and has Mw/Mn of less than 1.80.

20. The olefin polymer as claimed in claim 17,
which is a multiblock copolymer comprising four or more

polymer blocks and has Mw/Mn of less than 2.00.

21. The olefin polymer as claimed in claim 17,

wherein the polymer block is selected from polyethylene,

mis an integer of 1 to 5 10 Q

nore 15 het eroatons

R2

und,
S%‘c&:%e&t Ztglrod“tﬁfiﬁdﬁ?ﬂtﬁ‘i‘e?ﬁ mt Y oupt’ two or nore of R2



bonded to forma ring, and when mis 2 or greater, Rls, R2s, R3s, R4s and
R5s may be the sane or different, and one group of R2 to R5 contained in
one ligand and one group of R2 to R5 contained in other |ligands nay be 5
bonded, n is a nunber satisfying a valence of M, and X is an oxygen atom
a hydrogen atom a hal ogen atom a hydrocarbon group, an oxygen-contai ni ng
group, a sulfur-containing group, a nitr@&gh-containing group, a 10

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

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

conpound resi dug, . AcALLEGORF00LALALAG,  958UB. 3 JeLTARlUm containi ng gr oup
or a tin-containing grodp, a enn’isg of greater, pFural groups 15

i ndi cated by X e.the sane or _different, and. plural roups i ndicated
by X ey be. bERGCH RS PEEm 3 FPRGLVBE™ oF, FEPR SRearth i SE 4 Gns: ¢ on
metal atom sel ected from G qu 3t oup 11 of t periodic table, 25 m
is an integerOEF%intﬁeg?cﬁﬁg %rPQ QRﬁggpéggk §t5ﬁﬁ%$ £AFREBRECTS rat om U
is a carbon atom having a substituyent R6, a, nitrogen -atom or a phosphorus
atom Qis a S4FBSA aPBnfH&EvPRYSEI8GhsBteGEAC RPLYpTOPYlene, isotactic

5 polypropylene, syndiotactic polypropylene, a copolymer of
propylene and at least one olefin selected from olefins
of 4 to 20 carbon atoms, dienes and cycloolefins, and the

olefin polymer of claim 11.

10 .22. The olefin polymer as claim in claim 17, which
is a diblock copolymer comprising two polymer blocks
selected from polyethylene, high-density polyethylene,
linear low-density polyethylene, an ethylene/propylene
copolymer, an eﬁhylene/butene copolymer, an

16 ethylene/hexene copolymer, an ethylene/octene copolymer,
atactic polypropylene, syndiotactic polypropylene, a
propylene/butene copolymer and a propylene/hexene

copolymer.

20 23. The olefin polymer as claim in claim 17, which'
is a triblock copolymer comprising three polymer blocks
selected from polyethylene, high-density polyethylene,
linear low-density polyethylene, an ethylene/propylene
copolymer, an ethylene/butene copolymer, an

25 ethylene/hexene copolymer, an ethylene/octene copolymer,



5 nitrogen atom or a phosphorus atom S is a carbon atom having a

substituent R8, a
having 'a substituent R9, a

hydr ocar bon group having at | east one heteroatom or a hydrocarbon group
having at | east one heteroatomcontaining group, R6 to RO may be the sane

or different

and are each a hydrogen ato&89a hal ogen atom a hydrocarbon

group, a 15 hydrocarbon-substituted silyl group, an oxygen-contai ni ng
group, a nitrogen-containing group, a sulfur-containing group, a

bor on- cont ai nif\g, grou ] C i i . group, a
phosphorus-containingqa?o ﬁ%hgﬁka dgé%ﬂ%%% éggﬁ%%:%ﬁdﬂ%Fo%y%%?%To%yclic

quj il -containin oup,_a r mani um cont ai ni ng

group or a tin-&gﬂéﬁéﬁﬁéféﬁ%;%fp?gkp%ﬁqﬂgiéﬂﬁr?@§¢%9?éb%%@n%e bonded to

forma ring, qg&xj eImis 2 or greater, R's, R6s, R7s, Os and' R9s may be
di Tterent,

conmpound r esi

t he sanme or

and one group of R6 to RO contained in one |igand

and one 295 group of R6 to RO contained in other |igands may be bonded,

is a nunber satisfying a valence of M,

atom a habogen at%ﬂ& %H% derqcarbon group, an oxygen-contai ni hg group,

10

15

20

lefin polymer as claiméd in claim 17,
which is a block copolymer'comprising a polymer block
selected from the following polymer blocks (a), (b} and
(c): ) ’

(a) a polymer block obtained from ethylene,
(b)Aa pqumer block obtained from one da-olefin
selected from e-olefins of 3 to 20 carbon atoms, and
- {c) a polymer block obtained from two or more o-

olefins selected from a-olefins of 2 to 20 carbon atoms.

25. The olefin polymer as claimed in claim 24,
which contains at least one of the polymer block (a)
having a number-average molecular weight of 110,000 to
10,000,000 and Mw/Mn (Mw: weight-average molecular weight,

Mn: number-average molecular weight}) of not more than 1.5.

26. The olefin polymer as claimed in any one of
claims 1 to 25, which has a functional group at the

terminal of the main chain.

nitrogen atomor a phosphorus atom T is a carbon atom
nitrogen atomor a phosphorus atom 10 Rl is a

n

and X is an oxygen atom a hydrogen

a



sul fur-containing group, a nitrogen-containing groupr a boron-containing
group, an alum num containing group, a phosphorus-containing group, a

hal ogen- cont ai ni ng group, a heterocyclic conpound residue, a
silicon-containing 10 group, a gernmani um containing group or a
tin-containing group, and when n is 2 or greater, plural groups indicated
by X may be the sane or different, and pl®0al groups indicated by X may be
bonded to forma ring. 30. A process for preparing an ol efin polyner,
conprising polynerizing an olefin of 2 to 20 carbon atonms in the presence

of an olefin poly i zag i | Si a it t al
conpound whi ch isn?Zbrééeﬁ?%%é%§ﬁ¥ﬁgu§§o?%%%?gyi%gngﬁg ?%%?gﬁ %?Q?P%?b) 20
wherein RL is fnag?ogg igfh¥§égﬁ§r9°909§8Up’ an aliphatic hydrocarbon
group or an a?lcyc i ¢ hydrocarbon group;, "~"sel'ected froma phenyl group
having, at at |east one position of the 2-position and the 6-position,

when the position of the carbon atom bonded to nitrogen is the 1 25
position, one or npge s bstituenti selected.froma ng.halo en atomand a
hal ogen- cont ai ni ng %rou%,pB?C%S%h Ay 1 PLGrotp" ha¥i ng; Cat " ab + E88E - one
position @f the 3-position the 4-position_and the 5-pgsition, at |east
one substi ueﬁ?mgﬁgééPgdpP}BﬁFﬁlFFU r Phe® ﬁﬁfﬁiﬁﬁng §Po§§ CBTRYY Ad TR

carbon atom anpd not nore than two fluorine ) )
in the presence of an olefin polymerization catalyst

comprising a transition metal compound which is
repreéented by the following formula (I) and has
properties that, in a B-agostic structure of a cationic
10 complex wherein one of X in the formula (I) is replaced
with a n-propyl groﬁp, said structure being measured by a
density functional method, the distance between the
‘heterocatom, which has no direct bond to the central metal
M and is nearest to the central metal M, and hydrogen at
15 the B-position is not more than 3.0 A and the
electrostatic energy is not more than 10 kJ/mol, to
prepare the oclefin polymer of claim 1, 7, 10 or 16;
LMXn i (1)
wherein M is a transition metal atom selected from Group
20 3 to Group 11 of the periodic table,
m is an integer of 1 to 9,
n is a number satisfying a valence of M,
L is a ligand coordinated to the central metal M and
is a ligand having a hetercatom which has no direct bond

25 to the central metal M, and



atons, a fluorine-containing group having two or nore carbon atons, a
chlorine atom a bromne atom an iodine atom a chlorine-containing
group, a bronine-containing group and an iodine-containing group, an
aromati ¢ 10 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 ha®%hg at | east one substituent
sel ected froma halogen atom and a hal ogen-containing group, or an
alicyclic 15 hydrocarbon group having at |east one substituent selected

f hal ogen at gm:and .a - t al nj u to pr re the _olefin
pgﬁghgr of glain]%,1%’qu<%$k%%?Q§%9§1?épﬁ ?%%%é@ g%?mbrgpggﬁﬁaegnagngin

ol ynmer, conprisi rj.zi n, olefin of t.0 20 carbon atoms in the
Bregence of g% 3?5?%ﬁ83%¥€ﬁé?%2 fi%ﬁwﬁﬁ%ﬁ%ﬂnco (ﬁﬁﬂﬁ@%rﬁf%ﬁﬁwﬁhfiti?n

tal conpoun i.ch i r.epresented by the aforesaid formula (.11-a) or
?F | - b) ng Merggﬁgf‘ﬁﬁﬁé’?\‘ttaﬁé‘gﬁgsigtﬁ%?fofat TOABH T GG HIHH &F T 297
nitrogen is the 1-pasition,. R is a hal ogen-containing  hydrocarbon group
of 1 to 30 carbon atons¢etES &F FHrom3a YT G RV, IR URt 3 east
one position of the 2- positian.and the 6-podition, one or nore
substituents §L88P§858§ FPOMEA THA% G URt-oR A1 OF STHI Y ER IdEMAi g aip

ro' Ll p, . . - .
9 P a heterocyclic compound residue, a silicon-containing

group, a germanium-containing group or a tin-containing
group, and when n is 2 or gréater, plural groups
indicated by X may be the same or different, and plural

10  groups indicated by X may be bonded to form a ring.

29. A process for preparing an olefin polymer,
comprising pol?merizing an olefin of 2 to 20 carbon atoms
in the presence of an olefin polymérization catalyst

16  comprising a transition metal compound which is
represented by the following formula (II-z) or (II-b) and
has properties that, in a B-agostic strﬁcture of a
cationic” complex whe?ein one of X in the formula (II-a)
or (II-b) is replaced‘with a n-propyl group, said

20  structure being measured by a density functional method,
the distance between the heterqatom, which has no direct
bond to the central metal M and is nearest to the central
metal M, and hydrogen at the B~position is not more than

3.0 A and the electrostatic energy is not more than 10



a phenyl group having, at at |east one position of the 3-position, the
4-position and the 5-position, at |east one subs-tituent selected froma
fluorine-containing 10 group having one carbon atom and not nore than two
fluorine atons, a fluorine-containing group having two or nore carbon
atons, a chlorine atom a bromne atom an_iodine atom a

chl ori ne-contai ni ng group, a brom ne- co@@gining group and an

i odi ne-contai ning group, 15 an aromati c hydrocarbon group other than a
phenyl group having at |east one substituent selected frorn a hal ogen
atom and a hak9ges: conbapPEPIrar OHR. o@Bfahi pRayine rhydr eaarikon ,group chavi ng
at | east one substituent selected froma hal ogen atom and a hal ogen- 20
cont ai ni ng grQupigand-an alicyclic hydrocarbon group having at |east one
substituent selected froma hal ogen atom and a hal ogen-contai ni ng group,
to prepare the ol efin pol yner ?5 claim1l1, 7, 10 or 16. 25 298 32. A process
for preparing an ol efin/polyner, onprising polynerizing an olefin of 2 to
20 carbon atoms in thef presepeeyofy an ol efin pol ymerization catal yst

conprising a transition nmgetgl conp ﬁ$hich is 5 represented by the
follomjngsfornula (III),Rto repar ol efin polyngan claim1l1, 7, 10
or 16; A

R* m
wherein M! is a transition metal atom selected from Group
3 to Group 11 of the beriodic table,
m is an integer of 1 to 5,
10 Q is a nitrogen atom or a carbon atom haviﬁg a
substituent R2,
A is an oxygen atom, a sulfur atom, a selenium atom
or a nitrogen atom having é substituent R5,
Rl is a hydrocarbon group having one or more
15 heterocatoms or a hydrocarbon group having one or more
heteroatom~containing groups,
RZ to RO may be the same or different and are each a
hydrogen atom, a halogen atom, a hydrocarbon group, a
hydrocarbon-substituted silyl.group, an oxygen-containing
20 gréup, a nitrogen-containing group, a sulfur-containing
group, a boron-containing group, an aluminum-containing
group, a phosphorus-containing group, a halogen-—
containipg group, a heterocyclic compound residue, a
silicon-containing group, 'a germanium-containing group or

25 a tin-containing group, two or more of RZ to R® may be



10 ... (I'l1'l') wherein ML is a transition netal atomselected fromGoup 4 to
G oup 5 of the.periodic table, 15 mis | or 2, R1IO is an aronatic

hydr ocar bon group, an aliphatic hydrocarbon group or an alicyclic

hydr ocar bon group, when R10 i .s a phenyl group and the position of the
carbon atom bonded to nitrogen is the 1-position, this phenyl group 20
has, at at |east one position of the 2-poged on and the 6-position, one or
nore substituents selected froma heteroatomand a heteroat om cont ai ni ng
group, or has, at at |east one position of the 3-position, the 4-position

and the 5-posit}j I ne.substituent selected 25 from a heteroatom
other than a f %gg?%gﬁgtgﬁg%agfFﬁggrn%gdzggegthé?n§n8r99566tﬁ§viﬁ&sone

carbon atom angy pot  gpre_khan_t fluorjne atons, a fluorine-containing
group havi ng n?m%’o$ Tror & Ea?Bgnﬂg?oﬂﬁY fdthegr6lp esntaffrrgng, and
heteroaton1othe5 t han a f#ugéine atom and when R10 is an 5 aronmatic

hydr ocar bon group StHEY Phan” atBnBnyfFogtaipedann arephagrednyafoeacbon
group or an aliqgclic grgugé tsis roup-has at | east one substituent

sel ected from®& Mt ?f 0if ohvaRd GORkBeEReAt b €6REA hiGgngroupy Rel to R14
may be the sagﬁjor different and are each 10 a hydrogen atom a hal ogen
atom a haﬁog -%Qﬁﬁajnlng

n is a number satisfying a valence of ML, and
X is an oxygen atom, a hydrogen atom, a halogen atom,
a hydrocarbon group, an oxygen—containiﬁg group, a
sulfur-containing group, a nitrogen—containing group, a
10  boron-containing group, an aluminum-containing group, a
phosphorus-containing group, a halogen-containing group,
a heterocyclic compound residue, a silicon-containing
group, a germaniumncontaining group or a tin-containing
group, and when n is 2 or greater, plural groups
15  indicated by X may be the same or different, and plural

groups indicated by X may be bonded to form a ring:;

20

... {II-b)

wherein M1 is a transition metal atom selected from Group
3 to Group 11 of the periodic table,

25 B m is an integer of 1 to 5,



group, a hydrocarbon group, a hydrocarbon-substituted silyl group, an
oxygen-contai ning group, a nitrogen- containing group or a

sul fur-containing group, R15 is a hal ogen atom a hal ogen-contai ni ng group,
a 15 hydrocarbon group or a. hydrocarbon-substituted silyl group, nis a
nunber satisfying a valence of M and X is an oxygen atom a hydrogen
atom a halogen atom a hydrocarbon group94an oxygen-containing group, a
20 sul fur-contai ning group, a nitrogen-containing group, a

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

phosphor us- cont ai niyng gr.oypn.. & hal agen- coorntaab)’rhiogg%}gé%%%ﬁ%het erocyclic

conpound residue, a silicon-containing grou ‘ont ai ni ng group

or atin-containin 5 graup, and when n .is 2 or_greater, ral groups 300
i ndi cated by X rnaly%bgL o SRS T e ete aan?i"%%]r%é entyy éS'psai ndi cat ed
by X may be bonqu to forma ringj 33. The process for preparing an olefin
pol yner as 5 14i9R%Ed i3 Bl 4mBENRGRIYH (4% ansi tion netal conpound is
a conpound of the 2%Qresaid formula (111) wherein, when the7position of
the carbon atom bofded o ST bGEPH LaHd A -HoHrF o v ks 2

hal ogen- copt ai ni.ng hydrocarbon group of 1 to 30 carbon atons sel ected from
a 10 pheny? grdtF¥&H i oMatC%td RSP HAEMMon of the 2

S is a carbon atom having a substituent R8, a
nitrogen atom or a phosphorus atom,

T is a carbon atom havingla substituent R9, a
nitrogen atom or a phosphorus atom, '

10 Rl is a hydrocarbon group having at least one
heterocatom or a hydrocarbon group having at least one
hetercatom-containing group,

R6 to RY may be the same or different and are each a
'hydrogen atom, a halogen atom, a hydrocarbon group, a

16  hydrocarbon-substituted silyl group, an oxygen-containing
group, a nitrogenwcontaining group, a sulfur-containing
group, a boron-containing group, an aluminum-containing
grouﬁ, a phosphorus-containing group, a halogen-
containing group, a heferocyclic compound residue, a

20 silicon-containing group, a germanium-containing group or
a tin-containing group, two or more of R® to RY may be
bonded to form a ring, and when m is 2 or greater, Rls,
RGS, R7s, Rgs‘and'Rgs may be the same or different, and

one group of R® to RY contained in one ligand and one



position and the 6-position, one or nore substituents selected froma

hal ogen at om and a hal ogen-contai ning group, a phenyl group having, at at
| east one position of the 3-position, the 4-position and the 5-position, at
15 | east one substit.uent selected froma fluorine-containing group having
one carbon atom and not nore than two fluorine atons, a

fl uorine-containing group having two or 2®%e carbon atons, a chlorine
atom a bromne atom an iodine atom a chlorine-containing group, a

brom ne 20 containing group and an i odi ne-containing group, an aromatic
hydrocarbon group ot her than §1phenyl,group havi ng at | east one

substituent s&T&HFe®% Fom™® HEl Sgur 2t Eh %l dodta ieg group,
an aliphatic hydrocarbon group having at | east one substituent 25 sel ected
fron1a.ha|oge#cﬁfﬁﬁ¥and a hal ogen-containing 301 group, and an alicyclic
hydrocarbon group having at |east one substituent selected froma hal ogen
atom and a hal ogef- déntainnimiRg Igrsdtip.s B 13w 4A yrlogess dfoMipr epat i ng an
ol efin polyner, conprising polynerizing an olefin of 2 to 20 carbon atons
in the presence o af @refaxyqsl yaieriizat i bndcagahystomgoaphaibggnt heom,
transition netal conpound of claim32, to prepare the olefin polyner of
claim7, 1 or hydri@a3®onA qurogessarf arxyresparamicn ianirof eficqumolay ner ,
sulfur—-containing group, a nitrogen~containing group, a
boron-containing group, an aluminum-containing group, a
phosphorus-containing group, a halogen~containing gfoup,
a heterocyclic compound residue, a silicon-containing
10 group, a germanium-containing group or a tin-containing
group, and when n is 2 or greater, plural groups

indicated by X may be the same or different, and plural

groups indicated by X may be bonded to form a ring.

15 30. A process for preparing an olefin polymer,
comprising polymerizing an olefin of 2 to 20 carbon atoms
in the presence of an olefin polymerization catalyst
compfising a transition metal compound which is
represented by the aforesaid formula (II-a) or (II-b)

20 wherein Rl is an aromatic hydrocarbon group, an aliphatic
hydrocarbon group or an alicyclic hydrocarbon group,
selected from a phenyl group having, ét at least one
position of the 2-position and the 6-position, when the
position of the carbon atqm bonded to nitrogen is the 1-

25 position, one or more substituents selected from a



conprising polynerizing an olefin of 2 to 20 carbon atons in the presence
of an olefin polynerization catalyst conprising the transition netal
conmpound of any one of 15 clains 28 to 34 to prepare a polynmer and then
bringing the polyner into contact with a functional group- containing
conpound to prepare an olefin polyner having a functional group at the
terminal. 20 36. A process for preparing9n ol efin polymer, conprising
pol ynmeri zing at |east two olefins which are selected fromolefins of 2 to
20 carbon atonms and have different polynerization reactivities, in the

presence of ﬁQlQ&@B'QtBﬁ'¥H§r(}-1ZﬁéngeﬁaEéhﬁéanﬁpﬁpﬂr%' %gre e }per sition

nmet al conpound of "any one of clains 28 to 34 302 to pre

pol ymer Conta%ﬁb&g ﬁaéggg‘engtw@@fgg Eogngsgglsgfel% o0 (e &%gm%??rs

conti nuously A"process P or preparing an

conpri sing co uchi $g8£p§0£o£ 8“%%% ggﬁgéﬁBpgrgr ﬁﬁ%%%? step (2), and

optionally, e fol omﬁng step of times, to

prepare a bIoc r struc ereln pIuraI pol yrer
bl ocks are bond aEl‘?BE%ﬁm S TE¥kRd Pe Bl Brot it e Peit e S n
sel ected forom ol efins_of to 20 carbo atons int presence of an olefin

pOIynErlz th%aEh?%IVE? E%HB??S?Eam and not more t an two fluorine

atoms, a fluorine-containing group having two or more
carbon atoms, a chlqrine atom, a'bromine atom, an iodine
afom, a chlorine-containing group, a bromine-containing
group and an iodine-containing group, an arcmatic
10 -hydrocarbon group other than a phenyl group having at

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

15 hydrocarbon group having at least one substituent
selected from a halogen atom and a halogen-containing
group, to prepare the olefin polymer of claim 1, 7, 10 or

le.

20 31. A process for preparing an olefin polymer,
comprising polymerizing an olefin of 2 to 20 carbon atoms
in the presence of an olefin polymerization catalyst
comprising a transition metal compound which is
represented by the aforesaid formula (II-a) or (II-b)

25 wherein, when the position of the carbon atom bonded to



the transition netal conpound of any one of clains 28 to 34 to prepare a
pol ymer bl ock, 15 (2) a step of polynerizing at | east one olefin selected,
fromolefins of 2 to 20 carbon atons in the presence of the pol yner bl ock
prepared in the step.(1).to prepare a polynmer block which is different
fromthe polymer block prepared in the step (1), and 20 (3) a step of
pol ynmeri zing at |east one olefin selectedoffromolefins of 2 to 20 carbon
atons in the presence of the polyner block prepared in the step (1) and
t he pol yner block prepared in the step (2) to prepare a pol yner-bl ock
which is different fromthe polynmer 25 blocts.prepared in the previous
step. 303 38. M iFoeeRsifothprbparshgian oRefin pohyhegen-conpaising
preparing a tapered polymer or an olefin block copolyner by the process of
claim36 or 3MEHEPEHERPOB B¥PwRi 9f 1 heo (20)pathoeratone sehtaceédw thmaa
functional group-containing conpound to prepare a tapered polyner or an
ol efin bl ock cIpvyhedrdawihgvingunet i analegsoupnat posheiderat nahe 2-10 39
A process for preparing an olefin polymer, conprising polymerizing an
olefin in the preseher aid atheobymesizadn pnocat at yisdrahs abs pr oaehes | i vi ng
pol yneri zation of an olefin and further conducting olefin polynerization
by the usedof seloattatysirabtaimelodyn atom and a halogen-containing
gLoup,
a phenyl group having, at at least one position of
the 3-position, the 4;position and the 5-position, at
least one substituent selected from a fluorine-containing
10 group having one carbon atom and not more than two
fluorine atoms, a fluorine-containing group having two or
more carbon atoms, a chlorine atom, a bromine atom, an
iodine atom, a chlorine-containing group, a bromine-
containing group and an iodine-containing group,
156 an aromatic hydrocarbon group other than a phenyl
group having at least one substituent selected from a
halogen atom and a halogen-containing group,
" an aliphatic hydrocarbon group haviﬁg at least one

substituent sglected from a halogen atom and a halogen-
20 containing group,
and an alicyclic hydrocarbon group having at least
one substituent éelected from a halogen atom and a
‘halogen-containing group, to prepare the olefin polymer
of claim 1, 7, 10 or 16.

25



15 cleaving a bond produced in the system between the catalyst and the
resulting polynmer chain by neans of chain transfer reaction. 40. The
process for preparing an olefin polyner as 20 clained in claim39, wherein
the chain transfer reaction is pronoted by the use of at |east one conpound
selected from hydrogen, an organoal um num conpound, an organoboron
conpound, an organozi nc conpound, an orga&f8ilicon conpound, an
or ganocadm um conpound and an organol ead 25 conpound. 304 41. The process
for preparing an olefin polynmer as clainmed in claim39 or 40, wherein the
ol efin polymeri zashon gababystoi $othg egbalivat 0f Ak :Ng A,k claims 28

o] n & po as “cl

to 34. 42. The process _preparing - . ymer: imed in claim
any one of "10corBrie 8 5 3neRdRd T SR T verce b T By mer
procas‘tar LRI 08 e oottt (U, |
chai n transfeFowgﬁéﬁégﬂ éggrﬁﬂéigﬁgﬁ W%&ﬂ%ﬂdémﬁﬁﬂQﬂ LY 96 the chain
transfer EFaction is the %%pered paol.ynmer or_the olefin

I
represented the f&glow1ng formula (III), to prepare

the olefin polymer of claim 1, 7, 10 or 16;

10
cL{TIT)
wherein Ml is a transition metal atom selected from Group
4 to Group 5 of the periodic table,
15 m is 1 or 2,

R10 is an aromatic hydrocarbon group, an aliphatic
hydrocarbon group-ér an alicyclic hydrocarbon group, when
rR10 is a phenyl group and the position of the carbon atom
bonded to nitrogen is the 1-position, this phenyl group

20 has, at at least one position of the 2-position and the
b-position, one or more substituents selected from a
hetercatom and a hetercatom-containing group, or has, at
at least one position of the 3-position, the 4-position
and the 5—po$ition, at least one substituent selected

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



bl ock copol ymer of claim7, 10 or 16. 20 44. . The process for preparing an
olefin polyner as clained in claim39, wherein the ol efin polyner obtained
before the chain transfer reaction and the olefin polyner obtained after
the chain transfer reaction are each the 305 tapered polynmer or the olefin
bl ock copol yner of claim7, 10 or 16.
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containing group having one carbon atom and not mdre than
two fluorine atoms, a fluorine-containing group having
two or more carbon atoms, and a group containing a
heterocatom cher than a fluorine atom, and when R10 is an
5 aromatic hydrocarbén group other than a phenyl group, an
aliphatic hydrocarbon group or an alicyclic group, this
group has at least one substituent selected from a
heteroatom and a hetefoatom—containing group,
R11 to r14 may be the same or different and are each
10 a hydrogen atom, a halogen atom, a halogen—-containing
group, a hydrocarbon group, a hydrocarbon-substituted
silyl group, an oxygen-containing group, a nitrogen-
containing group or a sulfur—cdntaining group,
R1> is a halogen atom, a halogen-containing group, a
15 hydrocarbon group or a hydrocarbon-substituted silyl
group,
n is a number satisfying a valence of M, and
X is an oxygen atom, a hydrogen atom, a halogen atom,
a hydrocarbon group, an oxygen-containing group, a
20 sulfur-containing group, a nitrogen-containing group, a
boron-containing group, an aluminum-containing group, a
phosphorus-containing group, a halogen-containing group,
a heterocyclic compound residue, a silicon-containing
group, a germanium-containing group or a tin-containing

25 group, and when n is 2 or greater, plural groups
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indicated by X may be the same or different, and plural

groups indicated by X may be bonded to form a ring.

33. The process for preparing an olefin polymer‘as
claimed in claim 32, wherein the transition metal
compound is a compound of the aforesaid formula_(III)
wherein, when the position of the carbon atom bonded to
nitrogen is the l—position,lRlo is a halogen-containing
hydrocarbon group of 1 to 30 carbon atoms selectéd from a
phenyl group having, at at least one position of the 2-

position and the 6-position, one or more substituents

- selected from a halogen atom and a halogen-containing

group, a phenyl group having, at at least one position of
the 3-position, the 4-position and the 5-position, at
leastAone substituent selected frem a fluorine-containing
group having one carbon atom and not more than two
fluorine atoms, a fluoriné—containing group having two or
more ‘carbon atoms, a chlorine atom, a bromine atom, an
iodine atom, a chlorine-containing group, a bromine-
containing group and an iodine-containing group, an
aromatic hydrocarbon group other than a phenyl group
having at least one substituent selected from a halogen
atom and a halogen-containing group, an aliphatic
hydrocarbon group having at least one substituent

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

halogen-containing group.

34. A process for preparing an olefin polymer,
comprising poiymerizing an olefin of 2 to 20 carbon atoms
in the presence of an olefin polymerization catalyst
comprising the transition metal compound of claim 32, to

prepare the olefin polymer of claim 7, 10 or 16.

35. A process for preparing an olefin polymer,
compfising polfmerizing an olefin of 2 to 20 carbon atoms
in the presence of an olefin polymerization catalyst
comprising the transition_metal compound ©of any one of
claims 28 to 34 to prepare a polymer and then bringing
the polymer into contact with a functional group-
containing compound to prepare an olefin polymer having a

functional group at the terminal.

36. A process for preparing an olefin polymer,
comprising polymerizing at least two olefins which are
selected from clefins of 2 to 20 carbon atoms and have
different polymerization reactivities, in the presence of
an olefin polymerization catalyst comprising the

transition metal compound of any one of claims 28 to 34
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to prepare a tapered polymer containing a segment wherein

composition of two or more monomers continuocusly changes.

37. A process for preparing an olefin polymer,
comprising conducting the foilowing step (1), the
following step (2), and optionally, the‘following step
(3) of an arbitrary number_of times, to prepare a block
copolymef having a structure wherein plural polymef
blocks are bonded;

(1) a step of polymerizing at least one{glefin
selected from olefins of 2 to 20 carbon atoﬁs in the
presence of an olefin polymerizatioﬁ catalyst comprising-
the transition metal compound of any one of claims 28 to
34 to prepare a polymer block,

(2) a step of polymerizing at least one olefin
selected from olefins of 2 to 20 carbon atoms in the
presence of the polymer block prepared in the step (1) to
prepare a polymer block which is different from the
polymer block prepared in the step (1), and

(3) a step of polymerizing at least one olefin
selecte& from olefins of 2 to 20 carbon atoms in the
presence of the polymer block prepared in the step (1)
and the polymer block prepared in the step (2) to prepare
a polymer-block which is different from the polymer

blocks prepared in the previous step.
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38. A process for preparing an olefin polymer,
comprising preparing a tapered polymer or an olefin block
copolymer by the process of claim 36 or 37 and then
bringing the (co)polymer into contact with a functional
group-containing compound to prepare a tapered polymer or
an olefin block copolymer having & functional group at

the terminal.

39. A process for preparing an olefin polymer,
comprising palymerizing an olefin in the presence of a
polymerization catalyst which promotes living
polymerization of an olefin and further conducting olefin
polymerization by the use of a catalyst obtained by
cleaving a bond produced in the system betwéen the
catalyst and the resulting polymer chain by means of

chain transfer reaction.

40. The process for preparing an olefin polyner as
claimed in claim 39, wherein the chain transfer reaction
is promoted by the use of at least one compound selected
from hydrogen, an organocaluminum compound, an organoboron
compound, an organozinc compound, an organosilicon
compound, an organocadmium compound and an organclead

compound.
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41. The process for preparing an olefin polymer as
claimed in claim 39 or 40, wherein the olefin
polymerization catalyst is the catalyst of any one of

claims 28 to 34.

42. The process for preparing an olefin polyﬁé£ as
claimed in claim 39 or 4b, wherein the olefin
polymerization catalyst is the catalyst of any one of
claims 28 to 34, and the oclefin pqumer, the tapered
polymer or the olefin block copolymer of claim 1, 7, 10

or 16 is prepared.

43. The process for preparing an olefin polymer'as
claimed in claim 39, wherein at least one polymer of the
olefin polymer obtained before the chain transfer
reaction and the olefin_polymer obtained after the chain
transfer reaction is the tapered polymer or the olefin

block copolymer of claim 7, 10 or 16.

44. | The process for preparing an olefin polymer as
claimed in claim 39, wherein the olefin polymer obtained
before the chain transfer reaction and the olefin polymer

obtained after the chain transfer reaction are each the
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tapered polymer or the olefin block copolymer of claim 7,

10 or 16.



