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(57y Abstract: A polymer characterized by having a
melt tensiof (MT (g)) substantially équal to or lower
than that of a polymer which is substantially equal
in repeating units of the backbone and in molecular
weight, molecular—wewht distribution, and crystallinity

- and by having a flow activation energy (Ea (KJ/mol))

“higher by at least 5 K)/mol than the Fa value of that
-polymer. A preferred example of the polymer is one
which comprises 50 to 100 mol% repeating units derived

~ from ethylene and 0 to 50 mol% repeating units derived
from an a-olefin having 3 to 20 carbon atoms, satisfies a
specific relationship between flow activation energy (Ea
(KJ/mol)) and. a-olefin content (C (wt.%)), and satisfies
a specific relationship between melt tension (MT (g))
and melt flow rate (MFR (g/10 min)). This branched
polyolefin is"excellent in moldability ‘and mechanical
strength.
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Abstract- A polymer characterized by having a nelt tension (Ml (Qg))
substantially equal to or lower than that of a polyner which is
substanti al Igzggual in repeating units of the backbone and in nol ecul ar

wei ght, nol ecul ar-wei ght di.stribution, and crystallinity and by having a
flow activation energy (Ea (KJ/nol)) higher by at |east 5 KIfrRQY t2g t he
Ea value of that polyner; A preferreqkexanple of the polyner is one which
conmprises 50 to 100 nol % repeating units derived fromethylene and O to 50
nmol % repeating units derived froman a-olefin having 3 to 20 carbon atons,
satisfies a specifipoinveimt imgnshigpdeigvaeir fpowwarRos valr osaegner gy (Ea
(KJ/nol)) and. a-olefin content (C (WM.%), and satisfies a specific

. relationship between nelt tension (MI (g)) and nelt flowrate (MR (g/10
mn)). This branched polyolefin is excellent in.noidability 'and
mechani cal strength, SP-784 TECHNICAL FIELD

The éresent invention relates to novel polymers having

5 equivalent or smaller melt tensiqn (MT {(g}) and larger flow
activation energy value than conveﬁtional polymers having
equivalent recurring unit of the main skeleton and
substantially the same molecular weight, molecular weight
distributionandcrystallinityasthoseofthenovelpolymers.

10 More particularly, the invention relates to a branched
polyolefin of novel structure among the above polymers, said
branched polyolefin.mainiy coptaining ethylene units and
havingasasidechainanolefinchainhavingfewﬁethylbranches,
and a process for prepariﬁg the same.

15

BACKGROUND ART

Lowﬂdenéity polyethylene (LDPE)} produced by a
high-pressure radical method is well known as a branched
polyolefin, and the side chain of the LDPE has a non-—linear

20  tree-like structure. Such a structure is excellent in
moldability and advantageous in melf processing, but on the
other hand, it has a disadvantage of lowering mechanical

strength of the polymer.



11 NOV 2003 POLYMER AND PROCESS FOR PREPARI NG THE SAME TECHNI CAL FI ELD The
present invention relates to novel polyners-having 5 equivalent or smaller
melt tensionge(AM (g) ) and larger flow activation energy value than
“conventional polyners having equivalent recurring unit of the main

skel eton and substantially the.same nol ecul ar wei ght, mol ecul dr NG¥i 168
distribution and crystallinity as those of the novel polyners. 10 Mre
particularly, the invention relates to* a branched pol yol ef i n of novel
structure anong the above polyners, said branched polyolefin. mainly

cont ai ni ng et hyl eng Wi tiss @nghp NAYAPGo RSy e St dfe SRR D2l leéhgtﬁhqisn
havi ng few nethyl branches, "and a process for preparing the sane. 15

CAGKGRAND T oyt doneiLvcpaL Yo ene (L TRE) p odsed 8, gl osur

radi cal net known "as’a ‘branched ~poly hai n
~of the LDPE has .a non-linear 20 tree-like structure. Such structure is
excel [ ent iK> %%BP’i??P@rPﬂ“%%‘fja%Sgseﬁw % aﬁ%gégﬁﬁé,“‘b ebhNt he
: i i sad t fol i nmechani cal strength of the
ggP;LE?énghj%%gg%%r%égygggé?gygg? Ohowéﬁﬁijly%e length of the sidg chain .

3 of the LLDPE is extremely shorter than that of the LDPE, so
that the LLDPE does not have good moldability that is éﬁ
advantage of the LDPE.

On this account, development of branched polyethylene
which is superior to the LDPE in mechanical strength and melt

10 processability has been made enthusiasticaliy. For example,
a macromonomer produced by the use of a metallocene catalyst
is copolymerized with ethylene to obtain a branched polymer
satisfying the above-mentioned properties, as described in
National Publication of International Patent No. 502303/1996.

15 The polymer obtained by the process described in this
publication has a structure similar to that of LLDPE, and its
side chain does not become completely linear and has a methyl
branch. Althoughrthe polymer of this structure is superior
to LDPE in mechanical strength, the methyl branch lowers

20 mechanical strength, and therefore the mechanical strength
of the polymer is sometimes unsat.isfactory depending upon the
purpose.

| InJapanesePatentLaid—OpenPublicationsNo.316?11/1998

and No. 38418/2000; a process for preparing a branched polymer



In the use application where nechanical strength is necessary, therefore,

| i near | owdensity polyethyl ene (LLDPE) obtained by copol ynerization of

et hyl ene andsgayghi gher a--olefin is generally enployed. However, the |ength
of the side chain 5 of the LLDPE is extrenely shorter than that of the
LDPE, so that the LLDPE does not have good nol dability tHal NGV 3803

advant age of the LDPE. On this accounts devel opnent of branched

pol yet hyl ene. which is superior to the LDPE in nechanical strength and nelt
10 processability has been made enthusiastically. For exanple, a :

Macr onbnNoNerLPeegytoflekY 2t RG 4188 cebmdnhied! 408 e At M5t s diSsclosed,
copol ynerized with ethylene to obtain a branched pol yner satisfying the

above- ment i gnNgd JPLRPEEL £, 1,85 L bed Jn; Natd bl,i {,0
| nt er nati onal Pgtent %1 8%0121%8%?%%? 15m£r%%§351§9n§:th?gt%F%gghbgf?ﬁée
process descr. bed, Ln_this lication has a structure sim.lar,to that  of
LLDPE, and i%lsCpe gpégnc}%‘asl %nggg%n%?g‘ﬁgé'@ ) ci%&é}%wvﬁﬁ]&% dGRF e

met hyl  branch._ Al t hough t pol yper of ,this structure is superior to.LDPE
“in mechani cai® St'lt% CH’?et e]r?e‘f“—f"n OhFanth 9 %Eg%u%cﬁanpe%r@#r EhGt h,
and thergfore the nechanical strength of the polyner is sonetines

unsat i sf act I8+ HEpSTRTRF PN eHEL AH Fpbalt ¢h Dapankde Frinttedrd- Bpen
Publications No . 316711/1998 and No. 38418/ 2000, a process for preparing
a branched pdieymand®r-ofg4 P00 NOV 100, and there is a limitation on

the process for preparing a branched polymer having a main
chain and a side chain different in the composition.
In National Publication of-International Patent No.
10 502303/199%96, there is disclosed a branched polyolefin
comprising: a main chain (b) of a homopolymér or a copolymer
of C2-C30 alpha olefins; and side chains (a) of at least 250
carbon atoms comprising a homopolymer or a copolyﬁer of C2
-C30 alpha olefins, said side chains being distributed along
15 the polymer main chain at an average frequency of 0.1 to 5
side chains per 1000 main chain carbon atoms,
saidbranchedpolymerhavingaiweightaveragénmlecularweight
of at least 30,000 and an MW/Mn of 6 or less.
In view of such prior art as described above, the present
20 invenfors have found novel polymers having equivalent or
smallermelt tension (MT (g)) and larger flowactivation energy
value than conventional polymers having equivalent recurring
unit of the main skeleton and substantially the same molecular

weight, molecular weight distribution and crystallinity as



3 by copolynerizing a macronononmer and an a-olefin is disclosed, but a
met hod of inhibiting formation of nmethyl branch of the side chain has not
been known ygisgsFor the invention described in the above publications, it
is difficult to control the 5 weight-average nol ecul ar wei ght of the side
chain to be in the range of 1,000 to 10,000, and there iﬁ R Mi idhat i on on
the process for preparing a branched pol yner having a maln g a and a
side chain different in the conpositidh. In National Publication of

I nternational Patent No. 10 502303/1996, there is disclosed a branched

polyol efin oige i § Nghe andPED §HBIReLP) Ofned humpol yme&ioﬁs(?ﬁg%yrrer

of C2-C30 al pha ol efins; and side chains (a) of at |least 250 carbon atons

conpri S ng - IDOLAIRG Qb fa GOROLIRTy Ofe £ o P [LBSsmSRLd

si de chainsq%elng distrfkuted a?o%g 1 %é&?po §ﬁ£§83§?n C g%ﬁu% %%8% er age

frequency. of_,0.1.t0 5 i de_chai ns . per, 1000..mai n.chai n_carbon atons,  said

br anched poﬁgﬁ%?bﬁg$iRaigmﬁéﬁgh?aﬂ%éFﬂ@@dﬁﬁFébﬁPépqﬁé?%ﬂFalengﬁ“?%%%¥

30, 000 and an Mh of 6 or less. In view of such prior art_as described

-above, the pr ne ygitsait BRYLRGGS 7 SdRe HoRet 2pdt yakhs chadimbaving.

equi valent or smaller nelt tension (MI (g)) and larger flow activation

energy val de% Rakhydnbeanrbaal ol pnereceayifiny pyepealiost theduranagedunit

of the main skeleton and substantially the sane nolecul ar weight,

mol ecul ar weigghto i Sitmi bthicop sk ndy yistvantianigt yhease SFEWBided, as the
branchedpolyolefin, abranchedpolyolefincontainingscarcely
any methyl branch and having a specific weight-average
mqlecular weight, and as a result, they have found that the

10 desired branched polyoclefin can be obtained by the use of a
catalyst containing specific two different transition metal
compounds. Based on the finding, the present invention has
been accomplished.

That is to say, it is an objéct of the present invention

15 to provide a novel polymer having characteristic melt tension
and flow activation energy which are not observed in the
conventional polymers, and in particular, it is an'object of
the invention to provide abranched polyolefinhavingexcellent

moldability andmechanical strengthand aprocess for preparing

20 the same.

DISCLOSURE OF THE INVENTION

The novel polymer'according to the invention is a polymer

having a melt tension (MT (g)) that is substantially the same



| 1 NOV 2003 4 those of the novel polyners. The present inventors have
further found a branched pol yolef in of novel structure anong the above
pol yners, sadghgpol yolefin mainly containing mainly ethylene units and
having as a side chain an olefin chain having . 5 few -nethyl branches, and
a process for preparing the branched polyolefin. The present inventors
have studied, as the branched polyole§ a branched pf1yﬂbgfmm3contaln|ng
scarcely any nethyl branch and having a speC|f|c wei ght -'aver age ™ nol ecul ar
wei ght, and as a result, they have found that the 10 desired branched

pol yol efin Qﬂﬁ(ﬁ?lﬂ@ﬁ@inﬁﬁaQYtﬁﬁﬂ g8€a0bofvendtdahust BQQRQEnhﬂgc§Pgﬁif'c
two different transition nmetal conpounds. Based on F finding, the

present invention fiass) beemn ACCRAAPLL %ds ndl2h ¢§1$TR thg fécépr%ect

of the present invention 15 to provi novel

characteri stj.c. t ensi.on | ow ct|v t|o ener h ar

observed in Lpﬁ 1£’%(%onl%/en f‘gnsa]? g%{f}?rért ef:H 5r“f‘?:'g‘ij}ta{r t(fz‘letm? e%‘ﬁiﬁﬁj ect
of the invent| ide a br anched poI oIefln havi excel | ent

mol dabi ity Wqﬂb rdé tﬁ%ﬁ&@h BRd¢caY %/‘6%%%’%1?5& ap’rigbéﬁflﬁ@ agblene
sanme. DI SCLOSURE OF THE | NVENTI ON The novel pol ymer -according to the

i nventi oA | SH PR YRR enfadihg ER it/ mcdndi diatvits( dpygenathas a value

substantially the sanme -SF-784
obtained by adding 5 KJ/mol to the Ea value of the conventional

polymer.
In an embodiment of this polymer, it is desirable that
the recurringunit of themain skeletonis constituted of carbon
10 and hydrogen, and optionally oxygen, and the polymer is
substantially thermoplastic. Another embodiment of this
Apolymer is a polymer which has branches and in which the main
skeleton is constituted of olefins of 2 to B carbon atoms.
The first embodiment of the branched polyolefin according
15  to the invention is albranched polyolefin comprising 50 fo
100 % by mol of recurring-units derived from ethylene and 0
to 50 % by mol of recurring units derived from an a-olefin
of 3 .to 7 carbon atoms and having the following properties:
the flow activation energy (Ba {KJ/mol)) and the a—olefin
20 content (C (% by weight)) satisfy thé following relation:
inthe case where the number of carbon atoms of thea-olefin
is 3 and C 2 10 % by weight:

Ea = 0.130xC+28.7,



5 11 NOV 2003 as or |ower than that of a conventional polynmer which is
substantially the sane as this novel polyner in the recurring unit of the
mai n skel et og 4ghhe nol ecul ar wei ght, the nol ecular weight distribution and
the crystallinity, and having a flow 5 activation energy (Ea (KJ/ nol)) that
is larger than a value .obtained by adding 5 KJ/nol to the Ea value of the
‘conventional polyner. In an enbodi nent of this polyner, ifgmg ﬂmgirable
that the recurring unit of the main skeleton is constitLt f~carbon 10
. and hydrogen, and optionally oxygen, and the polynmer is substantially

thermopl astic. Anglhge M@F@g&]gfndrﬁg& o PUMIR, LS, s%&ltﬁﬁ%i—%@%% i nzhatso

branches and in which the nain eleton i1s constitute 0

8 carbon atons., The ;igg& @ngo%i %gPof the Q[anched pol yol efin accordi ng

15 to the invention 1s a branché yoVS%ﬁﬂ ¢conprising 50 to 100 % by nol

of recurring- units derived, f et.hylene and 0 to 50 % by nol of
recurring units deriv f%o%1éég%£ﬁ#39?11 of 3 to 7 carbon atons and having
the followi ng properties: the flow activation energy (Ea (KJ/nol)) and the

a-ol efin -20 cont®htReCcasn Wiene tgrthumnbas p§oprbiea FoPnoniidie etatp6An i n
t he case where the nunber of carbon atons of the a-olefin is 3 and C Z 10
% by wei éht 13 and §.<180%&28eIghsP-iz8Al gling the case where the a~olefin
content is 0), and in the case where the number of carbon atoms
of the e-olefin is 4 to 7 and C < 4.1 % by weight:
Ea 2 30,
and
10. the melt tension (MT {g}) and the melt flow rate (MFR
{(g/10 min)) satisfy the following relation:
| MT £ 2.2xMFR-0-88
This branched polyclefin comprises, for example,
(1) recurring units derived from at least one olefin
15 .selercted from ethylene and olefins of 3 to 7 carbon atoms,
and
(1i) recurring units derived from a vinyl-terminated
macromonomer comprising 50 to 100 % by mol of recurring units
derived from ethylene and 50 to 0 %.,by‘mol of recurring units
20 derived from an olefin of 4 to 7 carbon atoms, having a
weight-average molecular weight of 600 to 3,500 and having

less than 0.1 methyl branch, as measured by 13C—NMR, based on

1,000 carbon atoms.



1 1 NOV 2003 in the case where the nunber of carbon atons of the a-olefin
is4to7 and CZ 4.1 %by weight: Ea Z 0.385xC+28.7, in the case where the
nunber of cayrogp atons of the a-olefin 5 is 3 and C. < 10 o by wei ght

(i ncluding the case where the a-olefin content is 0) , and in the case
where the nunber of carbon atonms of the cx-olefinis 4to 7 and C< 4.1 %

by weight: Ea z 30, .and 10 the nelt tension (M .(g)) and,t f | ow
rate (MFR (g/ 10 min)) satisfy the foIIﬁvvi ng rel ation: MT1<{]§IW2§<%FR O .

B8 . This branched polyol efin conprises; for exanple, (i) recurring units

derived from at |mastseth®l@fibdaidénsebectrd bromeLlybensoand gl ef i ns of
3 to 7 carbon atons, and (ii) recurring units derived froma

iyl e m R MR EBTNORY SR RTRN! AL 8% 50 difed 081 Yo DY e Rl Bl £ EEHLKT 00

units derived fromethyl ene an recurring uni

e uetar AR B ol 0oE SOENRD,PLOIR (0 0y 2L P Re
as measured at?‘}/d O%% %"g%o b?(argg o%nreéﬁgggngal.lrnbi%% gég%éd%lzfoﬁggnz—l&ly%/nzoos
5 of8 to 20 carbon atoms -and having the folldwing properties:
the flow activation energy (Ea (KJ/mol)) and the a—olefin
content (C (% by weight)) satisfy the following relation:
in the case of C 2 4.1 % by weight:
Ea 2 0.385xC+28.7, |
10 in the case of C < 4.1 % by weight:
Ea 2 3Q,
and
the melt tension (MT (g)) and the melt flow rate (MFR
(g/10 min)) satisfy the following relation:
15 MT < 2.2xMFR-©-88,
This bfanched polyolefin comprises, for example,
(i} recurring units derived from‘at least one olefin
selected from ethylene and olefins of 8 to 20 carbbn atoms,
- and
20 (ii) recurring units derived from a vinyl-terminated
macromonomer comprising 50 to 100 % by mol of recurring units
derived from ethylene and 50 to 0 % by mol of recurring units

derived from an olefin of 3 to 20 carbon atoms, having a

weight-average molecular weight of 600 to 3,500 and having



"The second enbodi nent of the branched i [

_ ( _ pol yolefin according to th
invention is a branched polyolefin conprising 50 to 100 @gby n%leof
recurring gpdgs derived fromethylene and 0 to 50 % by nol of recurring
units derived froman a-olefin 5 of 8 to 20 carbon atons and having the

-follow ng properties: the flow activation

¢ i ng ( / energy (Ea (KJ/ h

2 olef;n conteng (C (% by weight)) gatisfy the follom}ng1?g ﬂ@ygﬁﬂ3tlﬁ t he

bssae? h? Z é.l Yo by weight: Ea > 0.385xC+28.7, 10 in the case of C< 4.1 %
g a z 30, and the nelt tension (Ml (g)) and the nelt flow rate

(MFR (9/10,md.n) )58t b ST Yedtheyif lrbenen
ngabahedsoned Wb *M-MMR 2 pawdRon
Thi s branche& Fyoiefln conprlses for exanple, (ﬁ? recurring units o

derived fr mdg f
0 '&3¥ £fin selected fromethylene and ol efi
to 20 carbgﬁ atons, 3{(||) recurring units de¥ivéd from a ins of 8

| -
vi nyl - ter ni nat ed m’?ﬁﬁ%gﬁ”ﬁ& nEREDS ghg%%&fbcﬂﬁgl%@éfﬂﬁbcﬂfoﬂm i ng

ggifieddfigxfgnfolefln of 3etgn2 car oy recurring units
mol ecul ar Vigd gt G eaY P 31&“5® %Qgioyggﬂﬂ@wr%’g%ﬁat average
5 (i) recurring units derived from at. least one olefin
selected from olefins of 2 to 20 carboﬁ atoms, and
(ii) recurring units derived from a vinyl-terminated
/ macromonomer comprising 50 to 100 % by mol of recurring units
derived from ethylene and 50 to 0 % by mol-of recurring units
10 derived from an olefin of 4 to 20 carbon atoms, having a
weight-average molecular weight of 600 to 200, OOO and having
less than 0.1 methyl branch, as measured by 13C-NMR, based on

1,000 carbon atoms.

This embodiment includes a preferred embodiment wherein

15 the weilght-average molecular weight of the vinyl-terminated
macromonomer is in the range of 1,000 to 10,000, and fg:cther
includes another preferred embodiment wherein the
weight.—average molecular weight of the vinyl-terminated
macromonomer is in the range of 600 to 3,500.

20 The process for preparinga branched polyolefin according
to the invention is a process comprising polymerizing at least
one olefin selected from olefins of 2 to 20 carbon afoms using

an olefin polymerization catalyst comprising:



8 less than 0.1 nethyl branch, as neasured by 13C-NVR, based on 1,000
carbon atons. The third enbodi nent of the branched pol yolefin according to
t he inventigﬁq%§ a branched polyolefin conprising: 5 (i) recurring units
‘derived fromat |east one olefin selected fromolefins of 2 to 20 carbon
atons, and (ii) recurring units derived froma vinyl-term nated

macr onononer conprising 50 to 100 % by nol of recurring unit g@p'ved from
et hyl ene and 50 to 0 % by nol -of rec@rring units 10 derivédﬁ9¥ %n ol efin
of 4 to 20 carbon atons, having a weight-average nol ecul ar wei ght of 600
to 200,000 and hawinge rhesst Bamdsh S5, &&n@&ﬁﬂ%@in@%g@}ﬁgéf&ﬁgh@éri'rﬁf' NVR,

based on 1,000 carbon atons. This enbodi nent includes ™a préeferre

enbodi nment el A wej,ght -.average nol ecul ar wei ght of the
vinyI-terniﬁgté%kgﬁ%%ggﬁ%ﬁgmﬁﬁgz?ﬁﬁP%he range of 1,000 to 10, 000, and

further includes_another preferred enbodi nent erein the i ght - aver age

mol ecul ar wei ght ¢ Fh&qﬁqﬁﬁi%%ﬂrﬁ%ﬁ%ﬁdﬂH%ﬁE?5£Gﬁﬁﬁﬁs?é&?%&hﬁetyﬁnge of

600 to 3,500. 20 The process for preparing a branched polyol efin according
to the invedtldR"if% faess Conmpra®ing pol ymerizing at 1east one olefin
selected fromolefins of 2 to 20 carbon atons using an olefin

pol yneriZati on cdfal pét leamir igiengorgrsl e Lecingy 2006

(C-1) én organometallic compound,
(C-2) an organcaluminum oxy-compound, and
': (C-3) a compound which reacts with the transition
metal compound (A) or the transition metal compound (B} to
10 form an ion pair,

to prepare any one of the above-described branched

polyolefins;
{ R' )
|
RN ooN---|.
3 /’/-MXH

R O (1)

R* R®
\ R J m

wherein M i1s a transition metal atom of Group 4 to Group 5
15 of the periodic table, m is an integer of 1 to 2, R? is.an
aliéhatichydrocarbongroupcn:analicyclichydrocérbongroup,
R? to R® may be the same or different and are each a hydrogen
atom, a hydrocarbon group, a hydrocarbon-substituted silyl

group, anoxygen-containinggroup, anitrxogen-containinggroup



(A) a transition netal conpound containing a |ligand having

cycl opent adi enyI skeleton, (B) a transition netal conpound represented by
the follow ormul a (I) and 5 (C) at |east one conpound sel ected from
(Gi) an org@%& fretal lic conmpound, (C2) an organoal um num oxy-conpound, and
(G- 3) a conmpound which reacts with the transition netal conmpound (A) or
the transition netal conpound (B) to 10 forman ion paif, Wp are any
one of the above-described branched PBblyolefins; (1) vvhiarb VNW@ a ‘
transition nmetal atomof Goup 4 to Goup 5 15 of the periodic table, mis

an i nteger of 1 Q7 RJC r%san al i phatic %Erocarq?fraé‘%rou or an a|IC%C|IC
hydr ocar bon Yr ps o W%eglf%ép’s Y St i Ar e
hydr ogen atom a h drocar bon group a drocar bon- substituted sily]|
group, an oX¥AEEOAEAPRATRECGFOLPL = SN Hoge R oRts HPHEPEr oA SE 782910 11
NOV 2003 or 'a sul fur-containing group, R6 is a hydrocarbon group or a
hydr ocar bon-2 $ab82¢¢ afdb X1 plh¥fFrgehat ena afipdseresat p8f pihtflzecareaee of
M Xis a hydrogen atom a hal ogen atom a hydrocarbon group, an
oxygen- cont @unury gnowygca-sudrfaaiciond girniipg gsolppr5canhaindgens come ai ni ng
group, a boron-contai ning group, an
5 a nitrogen-containing group, a boron—-containing group, an
aluminum~containing group, a phosphorus—éontaining group, a
halogen—containing group, a heterocyclic compound residue,
j a silicon-containing group, a germanium-containing group or
a tin-containing group,.and when n is 2 or greater, plural
10 groups indicated by X may be the same or different, and plural
groups indicated by X may be bonded to form a ring.

In the process for preparing a branched polyolefin
according to the invention, it is also preferable that the
polymerization is carried out continuously under at least two

15 different polymerization conditions, and the polymerization
includes

polymerization conducted under such conditions that the
yield of a polymer produced by the transition metal compound
(B) becomes higher than the yield of a polymer produced by

20 the transition metal compound (A) and
polymerization conducted under such conditions that
theyieldof apolymer produced by the transitionmetal compound

(A) becomes higher than the yield of a polymer produced by

the transition metal compound (B).



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

hal ogen-cont ai ning group, a heterocyclic conpound residue, a
silicon-cog&7n nlng group, a gernmaniumcontaining group or a tin-containing
group, and en nis 2 or greater, plural 10 groups indicated by X may be
the sane or ‘different, and plural groups indicated by X may be bonded to
forma ring. In the process for preparing a branched pplyolefin ccordi ng
to the invention, it is also preferable that the polynqrﬂzﬁﬂVdN ﬁs carried
out continuously under at least two 15 different polynmerization conditions,
and the pol ynerization includes polynerization conducted under such
conditions that the yield of a polyner produced by the transition netal

conpound (B)- becones highgr phapriberyiebe efirappatiyNes produced by 20
the transition netal c ymeri zati on conducted under such
conditions that _the_ yjeld of 54 Epansidponingt al
conpound (A) bdddhed Jf'ﬁ(j‘ﬁe?xifﬂ%‘gg%%gf&l%wg}%@gn%oI ytér%?r pr(r)tgﬁuc%d by the
transition nmetal conmpound (B). SF-78 3 GRI-RTI ON OF
THE DRAW NG& R fin|Rohymek ?%Eb?%r??%@%g omnﬁggs%gﬁgﬁg Eggregéring an

ol efin polynerization catalyst for use in the pr esent i nvention.
5 invention.

Fig. 2 is a GPC chart of ‘.a polymer obtained in Example

BEST MODE FOR CARRYING OUT THE INVENTION

10 The polymers according to the invention, suchasabranched
polyolefin, and a process for prepa—ring the same are described
in detail hereinafter.‘ The meaning of the term
"polymerization” used herein is not limited to
"homopolymerization" but may comprehgnd "copolymerization”

15 Also, the meaning of the term "molymer" used herein is not
limited to "homopolymer". but may comprehend "copolymer”

The novel polymer according to the invention is ‘a polymer
having a melt tension (MT (g)) that is substantially the same
as or lower than that of a conventional polymer which is

20 substantially the same as this novel polymer in the recurring
unit of the main skeleton, the molécular weight, the molecular
wei.ght distribution and the crystallinity, and having a flow

activation energy (Ea (KJ/mol}) that is_large'r than a value



Fig. 2 is a GPC chart of a polyner obtained in Exanple 1. BEST MODE FOR
CARRYI NG QUT THE- | NVENTI ON 10 The polynmers according to the invention, such
as a branche _TQonoIefin, and a process for preparing the sane are
described in detail hereinafter. The neaning of the term "polynerization"
used herein is not limted to" "honopol ynmerization" but may conprehend
"copol ynerization". 15 Also, the neaning of the term "poly n@"quﬁﬁ herein
is not limited to "honopolyner" but Ay conprehend "copJI Q'. The novel
pol yner according to the invention is a polyner having a nelt tension (M

convent s onal “petyer nran 145 B/ Eor S fbed §oehe R aStvfac havar

pol ymer in tQ%_recurring unit of the main skeleton, the nol ecul ar weight,
t he ol ecul & m%?ﬁht di stribution and the crystallinity, and having a fl ow
activation energy (Ea éKJ/an))'that,is | arger than qtvalue SF-784 12 1 1
NOV 2003 obt ai ned 'y S4RAFA§LSNKA It a0t thkl EaheAame orsed & egsivenerbaal
polymer. The express ion "substantially the sane" used herein neans that,
as conpar ed Wiath B¥ecpBPyived withHdiq pedyrieanofittes tiyyentsoof, the tgperring
unit is identical, a difference in the nolecular weight (weight-average
"nol ecul ad wedyhhg resurmingeiidnge iokntical, adifference inthemolecular
weight (weight-average molecular weight) is in the range of
iBO%,adifferenceinthemolecularweightdistribution(Mw/Mn)
) ' is in the range of £30 %, and a difference in the crystallinity
is in the range of %10 %.
i0 The crystallinity canbemeasuredby X-raydiffractometry
(5.L. AGGARWAL; J. Polymer Sci. 18, 17 (1955)) or the like.
The récurring unit of the main chain of the polymer is
not specifically limited, and various recurring units can be
exemplified. Of these, preferable is a recurring unit
15 constituted of carbon and hydrogen, or carbon, hydrogen and
- oxygen, and the polymer is desired to be substantially
thermoplastic.
Examples of the recurring units includé olefins, such
as an a-olefin, a cycloolefin, a dioclefin and an aromatic
20  group-containing vinyl compound. Of these, olefins of 2 to
8 carbon atoms are desirable.

The first embodiment of the branchedpolyolefin according

to the invention comprises recurring units derived from



30 % a difference in the nol ecular weight distribution (MM M) is in the
range of 30 % and a difference in the crystallinity is in the range of 10
10 The crystgfL_J,éFnity can be nmeasured by X-ray diffractonetry (S.L.
AGGARWAL; J. Polyner Sci. 18, 17 (1955)), or the like. The recurring unit
of the main chain of the polyner is 'not specifically |imted, and various
recurring units can be exenplified. O these, preferable [s a recurring
unit 15 constituted of carbon and hydtdgen, or carbon, h dié@n

oxygen, and the polymer is desired to be substantially thernoplastic.

Exanpl es of &g, {eGu" §ART 48§55 ) cwﬁesoggigvéd gUgh .8s.am g olefin, a

cycloolefin, a diolefin and an aronati c roup-cont ai ni ng- vi nyl
conmpound. Gtéhfée?a%c%i néoof 2.to 8 carbon atons are desirable. The
o} e

‘first enbodi iren bf anched pol yol efin according to the invention

conprises recurri unjts cgter%ved from SF-784' 13 1 1 NOV 2003 et hyl ene and
recurring units o['g?%‘?‘(} F Pont R T BT 8 3 teo? 9 rahiPbatarsnsRcERdrpl es

9 . . e ;

of the a-olefins of 3 to 20 carbon atons include straight-chain or

branched a- ci'efaigRtofhain @braached atohelins Uich vs 2% opybeneatombut ene,

1- pentene, 3-nethyl-I|-butene, 1-hexene, 4-nethyl-I-pentene,

3-nethyI5I-Gﬁﬁﬂém§ drawitlare, l-butene, 1l-pentene, 3-methyl-l-butene,
l-hexene, 4-methyl-1-pentene, 3-methyl-l-pentene, I-octene,
l-decene, - l1-dodecene, l-tetradecene, l-hexadecene,

o l-octadecene and 1-eicosene; and cycloolefins of 4 to 20 carbon
atoms, such as cyclopentene, cycloheptene, norbornene,

10 ~ 5-methyl-2-norbornene, tetracyclododecene and
2—methyl—1,4,5,8—dimethano—1,2,3,4,4a,5,8,8a—octahydronap
hthalene. In the branched peolyolefin, two or more kinds of
the recurring units derived from the a—olefins of 3 to 20 carbon
atoms may be contained.

15 When the branched polyolefin of the invention comprises
50 to 100 % by mol of recurring units derived from ethylene
and 0 to 50 § by mol of recurring units derived from an a-olefin
of 3 to 7 carbon atoms, this branched polyolefin has the
following properties:

20 the flow activation energy (Ea (KJ/mol)) and the a—olefin
content (C (% by weight}) satisfy the following relation:

inthe case where the number of carbon atoms of thea—olefin

is 3 and C 2 10 % by weight:

Ea 2 0.130xC+28.7,



1-ei cosene; and cycloolefins of 4 to 2 0 carbon atons, such as

cycl opent enege gycl ohept ene, norbornene, 10 ' 5-nethyl - 2- nor bor nene,
tetracycl odoﬁecene and

2-methyl -1, 4,5, 8-di net hano-1, 2; 3,4, ' 4a, 5, 8, 8a-oct ahydronap hthalene. In .
the branched polyolefin, two or nore kinds of the recurﬁiggl lvngé derived
fromthe a-olefins of 3 to 20 carbon atons may be contatn .U 1 en the
branched pol yol efin of the invention conprises 50 to 100 by nol of

recurring units deriv%g_,gﬁré}#gkﬁtyygfaenf Oag&){%&cg 5]0 o by not of recurri.ng
efin” " of 3 t0 ]

units derived froman a-o car bon dtons, ‘this branched
pol yol efin has the faqllow.n roperties: 2@ ]E\ﬂe fl ow activation energy (Ea
(KJ/nol)) and the a-ol'€tih P%o%%&ﬂ?eli( C;féto%b - e gHitd8)- ati sfy the fol I owi ng
relation: in the case where the nunber of carbon atons of the a-olefin is
3 and C > 10 % by-WelgReSeperthgmunbey of carbpgatpmsiof thew2008fin
preferably Ea 0.144xC+28.7, nore preferably Ea ? 0.178xC+28.7, in the case
where the ndifbér & TaBbE at dhs! of bhewetgltefin is 4 to.7 and C? 4.1 %
by weight: 5 Ea >- 0.385xC+28. 7,
5 Ea 2 0.385xC+28.7,

preferably Ea 2 0.425xC+28.7,

more preferably Ea 2 0.528xC+28.7,
f 3 . inthe case where the number of carbon atoms of the a~olefin
is 3andC< 10 $ by weight (including the case where the a-olefin

10 content is 0), and in the case where the number of carbon atoms

of the e-olefin is 4 to 7 and C < 4.1

de

by weight:
Ea 2 30,
preferably Ea 2= 35,
more preferably Ea 2 40,
-15 and
the melt tension (MT (g)) and the melt flow rate (MFR
(g/10 min)) satisfy the following relation:
MT £ 2.2xMFR-0-88,
"preferably MT £ 2.0xMFR-0-88,
20 Thefirstembodimentofthebranchedpolyolefincomprises,
for example,
(1) recurring units derived from at least one olefin
selected from ethylene and olefins of 3 to 7 carbon atoms,

and



ferably Ea > 0.425xC+28.7, nore preferably Ea Z 0.528xC+28.7, in the
gggeemherg the nunber of carbon atoms of the a-olefin is 3 and C < 10 o by
wei ght (incl ygdi-pg the case where the a-olefin 10 content is 0) , and in
t he case where the nunber of carbon atonms of the a-olefinis 4 to 7 and C
< 4.1 %by weight: Ea z 30, preferably Ea > 35 nore preferably Ea > 40,
15 and the nelt tension (Ml (g)) and the nelt flowrate (MFR (g/ 10 mn))
satisfy the following relation: M < 252xMFR-0 8B, preflerlally 2003 <
2. XMFR--88. 20 The first enbodinment of the branched pol yol efin conpri ses,

i rom ot hyl ohe' and GLet FRGUaf 5% B e A B ok o 4P Pty

fromethyl ene and ol efins o o carbon o i SP o 15 4 AT,
3 (ii) re [ its derived fr avinyl-term ) )
compr si ng. S8 FECRBe ek oRBr - L Spactltnbb B by b b sacrramne: Ryme and
50 to 0 % by ,nol. of £ecurrin units derived froman olefin of 4 to 7
deﬁéyﬁﬁg rom ethylene and 50 to 0 % by mol of recurring units

car bon at ons,
. derived from an olefin of 4 to 7 carbon atoms, having a
5 welght-average molecular weight of 600 to 3,SOO and having
iess than 0.1 methyl branch, as measured by *3C-NMR, based on
1,000 carbon atoms.
"; Thisvinyl—terminatednmcromonomerhasaaweight-average
moiecular weight (Mw), as measured by gel permeation
10  chromatography (GPC), of usually of 600 to 3,500, preferably
700 to 3,500, more preferably 800 to 3,500, and Mw/Mn (Mn:
number—averageJnoleculax'weighﬁ) of usually not leés than 1.5
and less than 4.0, preferably not less than 1.8 and less than
3.8.
15 In the vinyl-terminated macromonomer, the number of
methyl branches, as measured by 13C-NMR, is usually iess than
-0.1,preferablylessthan0.0B,morepreferablylessthan0.0S,
based on 1,000 carbon atoms.
The vinyl-terminated macromer can be prepared by
20 copolymerizing ethylene and an olefin of 4 to 7 carbon atoms
or polymerizing ethylene alone, using a catalyst containing,
for example, the later-described transition metal compound

(B} .



5" wei ght-average nol ecul ar weight of 600 to 3,500 and having |ess than
0.1 methyl branch; as neasured by '3C-NMR, based on 1,000 carbon atons.
This vinyl-t 4nated macr onononer has a wei ght -average nol ecul ar wei ght
(My), as neasured by gel perneation 10 chromatography (GPC) , of usually of
600 to 3,500, preferably 700 to 3,500, nore preferably 800 to 3,500, and
M~ Mn (Mh: nunber - average nol ecul ar wei ght) of usually noH ﬂﬁVéﬂ@?
and less than 4. 0, preferably not les¢ than 1.8 and | ess ﬂ 15 In
t he vinyl -term nated macronmononer, the nurrber of nmet hyl branches as
measured by 13C I t 1, .preferably |ess than 0. 08,
nore preferably | “%E%st éﬁﬁg%%§¥“”55§e Jﬁhhfsdb@, |ﬁ% > VALGRS mejgcular
V|nyI-tern1nated gagromer pared 20 cop merizin t hyl ene and
an ol efin of "4 ¥3 OéaPSBﬁﬁ%??@ I%(SﬁJ feieg 3? i%%i0hg F&ﬁ%%ml%@f)@stmg a
catal yst co 81%%8% for exanple, the | ater-described transition netal
conmpound B‘% FU984 apd PMER qdvus0e3 17hPsObremckRd gidi0yolief i pragsrabl v
wei ght - avera e nol ecular weight of usually 30,000 to 500,000, preferably
50, 000 to 80 050bo, 18na/MPRmaf .usual Iy 0.01 to 100 g/ 10 nin, preferably
.0.05'to 10 g/10 m n.

5 The second embodiment of the branched polyolefin

3

according to the invention, which comprises 50‘to 100 % by
mol of recurring units derived from ethylene and 0 to 50 %
by mol of recurring units derived from an a—olefin of 8 to
20 carbon atoms, has the following properties:
10 theflowactivationenergy(Ea(KJ/mol))andthearolefin
content (C (% by weight)) satisfy the following relation:
in the case of C > 4.1 % by weight:
Ea 2 0.385xC+28.7,
preferably Ea 2 0.425xC+28.7,
15 more preferably Ea 2 0.528xC+28.7,
in the case of C < 4.1 % by weight:
Ea 2 30,
preferably Ea 2 35,
more preferably Ea 2 40,

20 and

the melt tension (MT (g)) and the melt flow rate {(MEFR
(g/10 min)) satisfy the following relation:

MT £ 2.2xMFR-©.88,

preferably MT £ 2.0xMFR-0.88,



nd enbodi nent of the branched polyolefin according to the
?nlgﬁt?gﬁ? ghich conprises 50 to 100 % by mol of recurring units derived
fromethylengragd O to 50 O by nol of recurring units derived Tron1an
a-olefin of 8 to 20 carbon atoms, has the follow ng properties: 100the
flow activation energy (Ea (KJ/nol)) and the a-olefin content (C (% by

. . . ST % by
wei ght satisfy the following relation:: in the case of
weight?)Ea Z 0.385xC+28.7, preferably’Ea Z 0.425xC+28.7]Cl§uﬁ%&@m?

' [ f C< 4.1 %by-weight: Ea Z
preferably Ea >- 0.528xC+28.7, 1in the case o~ _
M (S ot e b sEeon@PLRRBHEIERYOE She Krtindm RO IR ATAT owt ny
(o o O0) B Lhe o - -0.88. SF-784 17 1 1
rel ation: MT <& rgéggR-g.§8é%F%%ﬁferably MI -< 2. OxMFR- 0. 88.

NOV 2003 The ‘second efbaodi me ®he branched pol yol efin conprises, for

i Al i derived fromat | east one olefin
exanple, (i) recur(ungelétqrg:ing un\.{ts derived from at least one olefin

selected from ethylene and olefins of 8 to 20 carbon atoms,
-5 and
(ii) recurring units derived from a vinyl-terminated
macromonomer comprising 50 to 100 % by mol of recurring units
derived from ethylene and 50 to 0 % by mol of recurring units
derived from an olefin of 3 to 20 carbon atoms, having a
10 weight-average molecular weight of 600 to 3,500 and having
less than 0.1 methyl branch, as measured by 13C-NMR, based on
1,000 carbon atoms.
This vinyl-terminated macromonomer has a weight-average
molecular weight (Mw), as measured by gel permeation
15 chromatography (GPC), of usually of 600 to 3,500, preferably
700 to 3,5Q0, more preferably 800 to 3,500, and Mw/Mn (Mn:
number—averaée molecular weight) of usually not less than 1.5
and less than 4.0, preferably not less than 1.8 and less than
3.8.
20 In the vinyl-terminated macromoncoimer, the number of
methyl branches, as measured by 13C-NMR, is usually less than
0.1, preferably less than 0. 08, more preferably less than 0.05,

based on 1,000 carbon atoms.



ted fromethylene and olefins of 8 to 20 carbon atoms, 5 and (ii)
fgLﬁfring units-dgrived froma vinyl-term nated macronononer conpr|5|gg 50
to 100 % by gphsef recurring units derived fromethylene and 50 to O % by
nmol of recurring units derived froman olefin of 3 to 20 carbon atons,
having a 10 wei ght -average nol ecul ar wei ght of 600 to 3,500 and havi ng
| ess than 0.1 nethyl branch, as nmeasured by 7-3C NVR based on 1,000
carbon atons. This vinyl-term nated ndér onononer has aTWbN@MtgmBerage
mol ecul ar wei ght . (My), as neasured by gel perneation 15 chronmat ography
(6P , of usuallynel v8AQ1L8edmiHA0CAPRELELARLY caf00d 9.3, 000, IBre
preferably 800 to 3,500, and Mv Mh (IMh: nunber-averag C lgg;gth;n

agn 1. I h . 0, f |y not
T 6"and 1 o5 vRanT S 2008 Ty R T 2Pop it hif et kP GBS EREMRIMDer

- i ' 0. 1
of nmethyl b as nmeasured by 13C-NMR s usually less than ,
preferably Iégrﬁ% ﬁglnlejf)l. (01 %Mqﬁré @iQBFEy 12539 th&Ate.l o8, cophséaing, 1, 000

bon atoms. SF-784 18 1 1 NOV 2003 The vinyl-term nated macromer can be
g?;pgpeg by f%ﬁp%??ﬂ%i?ziB@ee%%9¢%ﬁ%e%ﬁ€lﬁﬁdotéﬁnﬁlbiOg net2l cambomnat ons
or polyn%riz%gg et hyl ene al one, using a catal yst cont ai ni ng,

This branched polyolefin has a weight-average molecular
weight of usually 30}000 to 500,000, preferébly 50,000 to
200,000, and MFR of usually 0.01 to 100 g/10 min, breferably
6.05 to 10 g/10 min.

10 Large Ea means that the'temperature dependence of the
viscosity of the brancheq polyolefin is great, and when a
branched polyolefin having large Ea is molded by extrusion,
extrusionméldingcanbeeasilyperformedbecausetheviscosity
of the polyolefin in the vicinity of the die is low, and when

15 themoldedproductisthencooled,theviscosityrapidlyrises.

| Hence, the molded product comes to be hardly stretched, and
és a result, the product hardly suffers stretching
nonuniformity..

The branched polyolefin according to the invention has

-20 low MT and thereby has good drawdown (high-speed take-off
properties). Hence, if thepolyolefinis taken off ina molten.
state at a high speed, breaking hardly occurs.

Thethirdembodimentofthebranchedpolyolefinaccording

to the invention comprises:



for example, the later-described transition metal conpound 5 (B). This
branched pol yol efin has a wei ght-average nol ecul ar wei ght of usually
30,000 to 50QgQ0P, preferably 50,000 to 200, 000, and MFR of usually 0.01
to 100 g/10 mn, preferably 0.05 to 10 g/10 min. 10 Large Ea neans that
the tenperature dependence of the viscosity of the branched polyolefin is
- great, and when a branched polyolefin having | arge Ea |sénﬁ¢ﬂ§ﬁufy .

extrusion, extrusion nolding can be é85|lyperfornedbec use viscosity
of the polyolef inin the vicinity of the die is |ow, and when 15 the

' i : i Ssi.ty, rapidly rises. Hence, the '
ol ded product cotmh EecherRaTaratel SRR FAAn 2 FREE e e product

; i i ‘ fin according
hardly suffe chin onuni form ty. The branched pol yol efir
to the inven%?%%Eﬁgé 58%I8%§%#n§n8 ﬁbFébf%h§§ﬁﬁﬁ&i%H%Mhoﬁﬁ“{hlgh-speed
take-of f properties) . Hence, if the polyolefinis taken of f ina nol t en.
state at a high spted, FBFEAKIRG HakdPy desdurs. fThe ehividydntiedimenttad the
branched pol yol efin according to the invention conprises: §F-784 1911
NOV 2003 (i )MREERFPIAReEMESiRerE vedghtoavatrakeassleoelat efd ighseleeoed
fromolefins of 2 to 20 carbon atons, and .

5 to 200,000, preferably 1,000 to 100,000, and having less than
0.1lmethyl branch, as measured by 13C-NMR, basedon 1,000 carbon
atoms.

" . The third embodiment of the branched polyolefin
comprising the recurring units (i) and the recurring units

10 (ii) is obtained by copolymerizing at least oneclefin selected
from olefins of 2 to 20 carbon atoms and the vinyl-terminated
macromonomer.

Examples of the olefins of 2 to 20 carbon atoms include
ethylene and the aforesaid olefins of 3 to 20 carbon atoms.

15 Of these, an olefin selected fromethylene, propylene, l-butene,
l1-hexene, l-octene and norbornene is preferable. These
olefins of 2 to 20 carbon atoms can be used singly or in
combination of two or more kinds.

Thevinyl-terminatedmacromonomer isa (co)polymermainly

20 . containing recurring units derived from ethylene, and in the
vinyl-terminated macromonomer, recurring units derived from
ethylene are desirably present in amounts of usually 50 to

100 % by mol, preferably 55 to 100 % by mol, more preferably

65 to 100 % by mol, most preferably 70 to 100 % by mol, and



(i1) recurring units derived froma vinyl-term nated mnacronononer having a
wei ght - aver age nol ecul ar wei ght of 600 5 to 200, 000, preferably 1, 000 to
100, 000, andgphgying less than 0.1 nethyl branch, as nmeasured by 13C NWR
based on 1, 000 carbon atonms. The third enbodlnegt ﬁf t he branched_t‘ 10
ol yolefin conprising the recurring units (i) and the recurring units

Fii¥ is obtaingg by cgpolynerizing at | east one ol efin selfettNQY 788Im ol ef
ins of 2 to 20 carbon atoms and the vi¥yl-terni nated macr onononer.

Exanples of the olefins of 2 to 20 carbon atons include ethylene and the

o ot hyl ong - praaneRub e SUSAAN r2bA, o1 10 BT e AN dEbetene | o

from et hyl ene, propylene, 1-butene,20 b t be used singly or in
' f erabl e. i to car bon ons _can be u )
ol Spenfes sy Ef"‘grm‘?i Er%gr‘?ﬁéﬁ HYREVRAY 2% B B9 baYRRY oRBRERERMLY &

conbi nati on of two or _ _ _
20 ¢ recurring units derived from et hyl ene,

nd i b the QTR EPR NG CURRPORERGRBLY F 6GuF Gy i Spuer Luod abriam

or ol erabl 5 SBIEREE8BLY, By £268b ke Beator anl v 85 Lo 10075 by mol moet

bref orably 70 to 100 %by mol . and SP-784 20 1 1 Nov 2003 recurring. units

derived from an oF&RFRLEF af tthe 20.eddmsontat ons 20 carbon atoms include
the aforesaid straight-chain or branched a-olefins and
éycloolefins, except ethylene and propylene. Of these, an
olefin selected from l—-butene, l-hexene, l-octene and
norbornene is preferable. o

10 The vinyl-terminated macromonomer has a weight—average
molecular weight (Mw), as measured by gel permeation
chromatography (GPC), of usuallyof1,000to 10,000, preferably
1,500 to 9,000, more preferably 2,000 to 8,000, still more
preferably 2,500 to 7,000.

i5 In the vin‘yl—terminated macromonomer, the _number of
methyl branches, as measured by 13C—-NMR, is usually less than
0.1, preferably less than 0.08, more preferably less than0. 05,
based on 1,000 carbon atoms.

The vinyl-—terminafed macromonomer has Mw/Mn (Mn:

20 number-average molecular weight) of usually ﬁot less than 1.5
and less than 4.0, preferably not less than 1.8 and less than
3.8. |

The vinyl-terminated macromonomer can be prepared by

copolymerizing ethylene and an olefin of 4 to 20 carbon atoms



are desirably present in amounts of O to 50 %by nol, preferably 0 to 45
% by nol, nore preferably O to 35 % by nol, particularly preferably O to
30 % by nol . shygxanpl es of the olefins of 4 to 20 carbon atons include the
af oresai d straight-chain or branchéd a-olefins and cycloolefins , except

et hyl ene and propylene. of these, an olefin selected from 1-butene,

1- hexene, 1-octene and norbornene is preferable. 10 The,vi =1 1 nat ed
macr onononer has a . wei ght -average nmolécul ar wei ght - ( My 1 ég}xd%:ﬁﬁined by
gel permeation chromatography (GPC), of usually of1, 000t o010, 000, prefeéerably

1,500 to 9, 089, pdDyee I £1 64 @ﬂkb&l?er@)glbﬁeg’gggn%% ic'a'taWs% cgﬁg%géi?%%

2,500 to 7,000. 15 In the vinyl-term nated nmacronononer,” thé nu

met hyl branc , su 13C is usually.less than 0. 1,
preferably |E§§ ?%irﬁﬁgé' O‘tésgng%{%é%r%l%%%ﬁ%?/dl 5%“??459106% ‘?T FageaueRt

1, 000 carbon A} oms. The vinyl -term nated nmacronononer has Mv Wh (vn: 20
nunber-avera(ge nmol ecul ar weight) of usually not less than 1.5 and |ess
than 4.0, prefera,ﬁlg1 not less than 1.8 and _less than 3.8. The .
vi nyl -t erm nat ed %r%%%%%ﬁi REhHYBEehiBpaf elhBy thiggokyhedinieng dtnyd ene
and an olefin of 4 to 20 carbon atonms SF-784 21 11 NOV 2003 or pol yneri zing
et hyl ene “al diRIYokehin #Rtdisigdbycorpal yvemgizing (i) at least one olefin

selected from olefins of 2 to 20 carbon atoms and (ii) the
above-mentioned vinyl'—terrﬁinate_d macromonomer. -This.

w branched polyolefin has a weight-average molecular weight of
usually 30,;000 to 10,000, coo, preferablf 50,000 to 5,000,000,

10  and Mw/Mn of usually 1.5 to 20, preferébly 1.8 to 10, more
preferably 2 to 4, and has usually 0.01 to 60 side chains‘,.'ﬂ?‘;'
preferably 0.1 to 50‘side chains_, more preferably 1 to 40 side
chains, still more preferably 6 to 30 side chains, based on
1,000 carbon atoms of main chain.

15 The branched peolyolefin accerding to the invention is
desired to be a polyolefin wherein the main chain is a
(co)polymer of at least one olefin selected from olefins of
2 to 20 carbon atoms, preferably a (co)polymer essentially
containing at least one olefin selected from olefins of 3 to

20 20 carbon atoms, and the side chain is an ethylene homopolymer.

Next, methods for measuring flow activation enerqgy,
a-olefincontent, melt tensionandmelt flowrate are described.

Flow activation energy (Ea)




le, the later-described transition netal conpound ($) The
L?;ngﬁggppolyolefin of the third enbodiment is a 5 polyolefin obtalngg by
copol yneri zi ng.7k) at |east one olefin selected fromolefins of 2 to
carbon atons and (ii) the above-nentioned vinyl-term nated nacronnnoner.l
This branched pol yol efin has a wei ght-average nol ecul ar wei ght of Kﬁuaf y
30,000 to 10, 000, 000, preferably 50, 000 to 5,000, 000, 10 and Mwm o]

‘ d has
lly 1.5 to 20, preferably 1.8 to 1%, nore preferabhyﬁN 2493 an
3:32II§ 0.01 to 60 gide chains, preferably 0.1 to 50 side éhglns, nor e

: i i 6 to 30 side chains,
referably 1 to 4@sSi q@,@ £t 14, nmor r%ﬁ_&%y . _
Based'on yl, 000 cgjrsbg%]egtorrs o? tn]%ll}'!n Ackheacfnheécéi% 'anvc,arfé’tfltﬁﬂy%feﬁln

or di invention. s desired to be_a polyolefin wherein the main
2%?;10': gg.gpaﬁ"g@)lﬁ%l g%Pcéftyat("’I PRE/BRE) bl oF i el e psshohekula st 2

bon o] referably a (co)pol ynmer essentially containing at
f;’aﬁ? gﬁ:a ol égit'nqggf‘gé?@g) { rope grerswsedf Rg @ 2@ml.ecaphderat pagaldrd t he

e . ‘ ing flow
o1 de chain | gyan st byl 0 hampol yrer  Next | methods Tor meesuring 110w
described, Flow activation energy (Ea) SF-784 22 1 1 NOV 2003 Using a
Rheonet r i Riesnabept RBSmM). Vaeimagsudingntemperatures were 140, 170,
200 and 230°C, and at each temperature, G' was measured in
the range of 0.04%0<400. The measuring points were 5 points
- basedonone figureefw. The strainwas appropriately selectred
from the range of 2 to 25 % so that the torque can be detected
10  in the measuring range and no torque-over occurs. After the
measurement, flow curves obtained under four témperature
conditions were ov.erlapp.ed (reference temperature: 140°C),
and Ea was determined from the Arrhenius type plot of the shift
factor. CalculationwasperfomedbyplottiﬂgwithaMicrosoft
15 tabularcalculationsoftware excel™. First, thedatameasured
gt the four measuring temperatures were plotted as both
logarithmic' values, with o as abscissa and G' as ordinate.
Flow curves other than the flow curve of the measuring
temperature of 140°C were shifted along the ordinate so that
20 they overiap the flow curve of the measuring temperature of
140°C, and the shift quantity is taken as log(aT). To the
reciprocal number of the measuring temperature (true measuring

temperature being described as absolute temperature), log(aT)

was plotted, and an inclination was determined by the method



angul ar velocity (w (rad/sec)) of a storage elastic nodulus (G
(dyne/cn2).) was neasured. As a sanple holder, parallel plates of 25 mm

di anet er wer espuged, and the sanple thickness 5 was about 2 mm The
measuring tenperatures were 140, 170, 200 and 230C, and at each
tenperature, G was neasured in the range of 0.04<c <400. The neasuring
points were 5 points based on one figure of w The strain was
appropriately selected fromthe range*®f 2 to 25 % so t hay NU\FZB gue can
be detected 10 in the measuring range and no torque-over occurs. After the
measur enent, df baastkes rekt @iigd U L enper at.ure  conditions were-
over | apped (reference tenperature: %%?Lgﬂgaﬁgggzm W FBERIRE k3 bie Rhe
Arrheni us typed¥ot-Qfnit ke ShLf ctor. Calcul atjon was performed by
plotting with a Mcrosoft 1@9% a%u%%?ogai%watsﬁynta@dﬂ Wdr Ehexekdpw qrers the
data neasureg,,2a e four neasuri tenperatures were plotted as both

| ogarit hnic vasuzadsc%r{évw ‘ﬁero aé]sale{bsc&g@al&ﬁélgat&@fbrlcﬁ f@tken &8 dw curves

other than the flqw curve of the nmeasuring tenperature of 140C were
shifted al ong the®6r d?{fa/ff@léort Hat3 0208t Réd¢xByerl aplote fl ow curve of the
measur i ngstenBer ature of 140C, and the shift quantity is taken as |og(aT).
To the reci BPGEEINEnS&R df tlhd Omeasur ing itdenneratgye dddsiesmeasuri ng
tenperature being described as absolute tenperature), log(aT) was plotted,

and an inclinati ohAfwasleey drrametd iy pirfess emt hedy FF-aff 2P ih Jchwe%q%%
of low o is sometimes b_ad. In this case, the flow curve was

j shifted so as to overlap in the region of high o of about w210

rad/sec.

10 a-0Olefin content

The a-olefin content was determined by 13C-NMR.

- Melt tension (MT)

The melt tension was determined by measuring a stress

given when a molten polymer was stretched at a constant rate.

15 That is, granulation pellets of a copolymer were used as a

measuring sample, and thermeasurement was carriéd.out using

a MT measuring machine manufactured by Toyo Seiki Séisakusho

under the conditions of a resin Lemperature of 190°C, a barrel

diameter of 9.55 mm, an extrusion speed of 15 mm/min, a take-up

20 rate of 10 to 20 m/min, a nozzle diameter of 2.095 mm énd a
nozzle length of 8 mm.

When the MT value was less than about 4, the full-scale

rangewas set to>g, and in this case, the MT value was expressed

by @ value down to the second decimal place. When the MT value



of least squares (linear approximation) . \WWen the correlation coefficient
R2 was 0.995 or less, shifting of the flow curves was done over again. The
inclination ig ken as A Ea (KJ/nmol) = 2.303x8. 314xAX(--1)/1000 5 wherein
2.303 is Inl ,'F’g‘ﬂd 8.314 is a gas constant. |If a long branch is present,
overlapping in the region of lowwis sonmetines bad. In this case, the
flow curve was shifted so as to overlap-in the region of high w of about
cu~!10 rad/sec. 10 a-Oefin content The a--ol efin conteitt] d83%r i ned
by '3CGNVR Melt tension (M) The nelt tension was determ ned by measuring

[ 15
a stress gi e mol_t en | yner s stretched at a constant rate.
That is, granu%a}tyi{ﬂo%h%elrla&gse %@dﬁo%ﬁé’r Jetdeuded lasor lteaamdagias

le, and th asyrenment was carried out using a-MI neasuring machine
?rggﬁf act ur ed Sﬁ?f %syibl%i KANEeiTs fibdshgasgndehet HE ok tiams:iressesiny
tenperature of 190C, a barrel dianeter of 9.55 mm an extrusion speed of
15 md ni n, a2t ¥RéVgpdonnr hpetbe fOrsd @ecihmai nplaceoz ziteerditareter 0f1 2095
mmand a nozzle length of 8 nm Wien the MI value was |ess than about 4,
the full-scaFas iangBewasngetofoalbogt @nih iT8,t hine Gaga.-dha MrMaldig, yas
expressed by a value down to the second deci mal place. \Wen the val ue
SF-784 24 11sdOVt@0DB g, and in this case, the MT value was expressed by,

a value down to the first decimal place.

Melt flow rate (MFR)

7 : The meit flow rate was measured in accordance with ASTM
D-1238 under the conditions of a temperature of 190°C and a

10 load of 2.16 kg.

Number-average molecular weight (Mn), Weight-average

molecular weight (Mw), Mw/Mn

The molecular weight was measured in the following manner
using Waters GPC-150C. Separatory columns of TSKgel GMHG6~HT
15 and TSKgel GMH6-HTL each having an inner diameter of 7.5 mm
and a length of 600 mm were used, and the column temperature
was 140°C. Using o-dichlorobenzene {available from Wako
Junyaku Kogyo) as a mobile phase and 0.025 & by weight of BHT
(avallable from Takeda Chemical.Industries, Ltd.) as an
20  antioxidant, a sample (concenfration: 0.1 % by weight, pour:
500microliter)wasmoved-atarateofrl.Oml/min. Asadetector,
a differential refractometer was used. As standard
polystyrene, polystyrene of Mw<1000 and Mw>4x106 available

from Tohso Co. and polystyrene of 1000<Mw<4x106 available from



was in the range of about 4 to 9, the full-scale range was set to. 10 g,
and in this case, the Ml value was expressed by a value down to the first
deci mal pl acegp.fhen the M value was in the range of about 9 to 18, the
full-scale range was 5 set to 20 g, and in this case, the Ml val ue was
expressed by a value down to the first decimal place. Melt flowrate (MFR) -
The nelt flow rate was nmeasured in accordance with ASTM ﬁﬁlsaﬁ Hm§er t he
conditions of a tenperature of 190C arld a 10 |oad of 2.16 'kg. .
Nunber - aver age nol ecul ar wei ght (nh), Weight-average nolecul ar wei ght
(Mny), MV Mn Bhe siml.ec \\ei g neasured in the foll ow ng manner
usi ng Waters Gng%ggcgm%gﬁggétE%Vmg%?ﬁ%ﬁ§5 . TéRg&PeGHﬁéﬁﬂiat%QnaﬁéfTSngI
digneter of 7.5 mmand a | ength of 600 nm

@VHG- HTL [ I
R b B P B AT = e LAY 4081 ey kol caroberizane

were used, and the colu
(avail abl e fr8g1wak% Jﬁnyaku Kogyo) as a nobile phase and 0.025 % by
vei ght of BHTX“faV&f ¥Bruer LsnATHRe4S dmetiecals lofdWBiries, Ltd.) as an 20

antioxidant, a sanple (concentration: 0. 1 % by wei ght, pour:

500mi croliter) waShABPed-RPaE atE®n 0hs Tartird o by A% edf SIEL Q6L mande r
differentjal refractoneter was used. As standard polystyrene, polystyrene
of Mw1060 andiMiraxIoscawmalebiealf sppufahse Segoand PRl ¥$hyhERe 8t ne

1000<Mw<4x106 avail abl e from SP-784 25
between peaks was determined from the chart. From the point,

a perpendicg_;l,g,n was drawn toward the base line, and Mw, Mn,

/ Mw/Mn and peak intensity ratio at each peak were calculated.

 Measurements of the number of methyl branches ahd the number

10  of hexyl branches

The number of methyl branches based on 1,000 carbon atoms
in the polymer mo.lecular chain was measured by %3C-NMR. In
the measurement, a Japan Electron Opfics Laboratory Lambda
500 type nuclear magnetic resonance apparatus (lH: 500 MHz)

15 wasused. The number of integration times was 10,000to 30,000.
As the chemical shift base, a peak (29.97 ppm) of the main
chain methylene was used. The measurement was made by placing
250 to 400 mg of a sample and 3 ml of a mixed liquid of
o-dichlorobenzene of special grade available fromWako Junvyaku

20 Kogyo K.K. and benzene—dé available from ISOTEC Co. {5:1, by
volume) in a commercially available NMR measuring quarts glass
tube of 10 mm diameter and heating them at 120°C to give a
homogeneous dispersion, Assignment of each absorption in the

NMR spectrum was carried out in accordance with Region of



SRARENS e

11 NOV 2003 Pressure Chemical Co. were used. In the calcul ation of

nol ecul ar wei ght, universal calibration was nmade, and the  obtai ned val ue
is a value igelygsms of PE. The peak separation was carried out by the

foll owi ng manner- 5 using a Toso anal yti cal apparatus SC8010. A mi ni nmum

poi nt between peaks was determned fromthe chart. Fromthe point, a
perpendi cul ar, was drawn toward the base line, and Mv, M, 1 {MNOVh2(iRd peak
intensity ratio at each peak were cal 3l ated. Measurenents of the nunber
of methyl branches and the nunmber 10 of hexyl branches The nunber of

net hyl branches g@%qg,o rhon o] i n the pal yner nol ecul ar
chai % was measured. by g)é%ﬁﬁ/oRp%l(r}]é I\?)h'el%\%ag&ﬁﬁ%ﬁgﬁ?ﬁ%g%ﬁxEﬁééW@ti cs

Laboratory L type ]| netic resonance apparatus ('H 500
My e s R BRC L e iy T e 020 EBs e 900.
~As the chem cal, %Hlpft bﬁse, a peak (29.97 ppm of the main chain nethyl ene
was used. The nEasur EFERPPVELTRER G5y ladiedyt r B 1ot 400 fith®f na ezl e
and 3 m of a mxed |iquid of o-dichlorobenzene of special grade avail able
from Wako Juhﬂ}g]ﬁﬁsﬁéyléb%?@sl@.lm.t% (B8n28repml6 odvairkett ¥l oy SOFEGCP-
(5:1, by _volune) in a commercially available NVR neasuring quarts gl ass
tube of P0 nh¥em anetleyl dwehheattind Heemiaigrbd0€ota 1gEUR 85 QQ&B\QAE@?L%%

di spersion. Assignnent of each absorption in the NWR spectrumwas carried
out in accordRiprer wighiRejionreafi Fof84 to 45 ppm. The number of hexyl

(orlonger)branchesbased(n1l,000carbonatomsjjscalculated

o from a ratio of the integral intensity of methylene (C6+3)

appearing at 32.2 ppm to the integral total sum thereof.

10 Preparation

The branched polyolefin according to the invention can
bepreparedbytheuseof,forexample,anolefinpolymerization
catalyst comprising:

{A)atransitionmetalcompoundcontainingaligandhaving

15  cyclopentadienyl skeleton,

(B) a transition metal compound represented by the

following formula (I):

( R )
S
H2\c.’aN‘-‘~.
R O,/‘Mxn
(1)
5
\ R J m

and



mstry, extra issue No. 141, NVR-Qutline And Experi nental
-éﬁiéé ?Kng?ngFhﬁsz-lsﬁ. The nunber of nethyl branches based on 1,'?00
carbon at ons SFgscal cul ated froma ratio of the integral |ntePsLty oh O
absorption (19.99 ppnm) of a methyl group derived 5 from nethy ;agcto 0
the integral total sum of absorptions appearing in the reglgg o] > Lo 45
ppm The nunmber of hexyl (or longer) branches based on #Heﬁﬂ%lﬁﬁé 06a5)
is calculated froma ratio of the |nf€gral intensity of 5' '
appearing at 32.2 ppmto the integral total sumthereof. 10 Preparatio

[ ] [ , [ iQ d by the
hed pol yeCefan deastdone COmpdRndI\LRNHL L) e prepared
Igg g¥an?0$ egan%le? an olefin polyngggééklon cata ysP conprising: (A a

T L . . di eny|
‘ tal conpoupndq ¢copta nd havi n 15 cycl opent a
2L2PZLLH?”(E§ a traggi??O%an%aFggggggﬁhég?éﬁrgg@ﬁpg&dby the follow ng

) | east one conpound
el cctea rom (&' "S5 R B ofedalbr SR aohndconbound, ana "
' (C-3) a compound which reacts with the transition
5 metal compound (A) or the transition metal componnd (B) to
form an ion pair.
The components fof forming_the olefin polymerization
.:f} catalyst émployable for the preparation of the branched

polyolefin are described below.

10 (A) Transition metal compound containing ligand having

cyclopentadienyl skeleton

Although the transition metal compound (A} containing

a ligand having cyclopentadienyl skeleton, which is used for
forming the olefin polymerization catalyst, is not

15 specificallylrestricted, a metallocene compound per se
publicly known is available. Examples of such compounds
include metallocene compounds of transition metals such as
titanium, vanadium, chromium, zirconium and hafnium, and any
ofnompoundswhichareliquidorsolidundertheuseconditions

20  is employable. The transition metal compound may be a single
compound, may berupported on another compound, may be a
homogeneousndxturewithanothercompound,ormaybeeacomplex

or double compound with another compound.



- anoal um num oxy- conpound, and (C-3) a conpound which reacts
&fiﬁ)tﬁg ?ﬁgnsition 5 netgl compound (A) or the transition netal conpound
(B) to -formsmvgson pair. The conponents for forn1ng_the oIeflnb hed
pol ynmeri zation catalyst enployable for the preparation of the rancte_ -
pol yol efin are described below. 10 (A) Transition netal conpound contai ni ng

i i i he transi,tjQn al
li'gand having cycl opentadi eny skel etop Althqugh the .
cgﬁpound (Aogco%tafning a ligand havifig cyplopentadlenyl_ék&ﬁ%tﬁm, whi ch
is used for forming the olefin polynerization catalyst, is not 15

transition mb@b&l%‘d;@?lea%ombbhﬂ@li y| cﬂfpgfisb{:@%t&res&qul%d"e?r SYRENg slay

haf ni um and any of conpounds which are Tiqui Cnal
S i tal conmpound may be a single

condi tions 2@ g1epphayap eisﬁygé fansithon in rrpe enﬁoﬁ% endou .

conpound, may be suppor ted on ‘anot fiet> ch d3| be § bl e génpound W t h

i i ot her .conpaund, aor may be a conplex or dou

Aot her compound. P SEL 78 AESHEnET Y 5363e 51 hecwes Shhpeemelcoofoungsl per

i tal | ocene conpound of chiral structure having C2
sepubllcgykgown a netall mp , _
structure having C2 symmetry include

symmetry

rac—ethylene—bis(indenyl)zirconium dichloride,

rac—ethylene—bis(tetrahydroindenyl)zirconium'dichloride,

rac~dimethylsilylene—bis(2,3,5—trimethylcyclopentadienyl)

Zzirconium dichloride,

10 rac—dimethylsilylene—bis{1~(4—pheny1indenyl)]zirconium
dichloride,
rac—dimethylsilylene—bis[l—(2¥methyi—4—phenylindenyl)]
zirconium dichloride,
rac~dimethylsilylene—bis{1—[2—methyl—4—(l—naphthyl)

15 indenYl]}zirconium dichloride,
rac—dimethylsilylene—bis{1—[2—methyl—4—(2—naphthyl)
indenyl] }zirconium dichleride,
rac—dimethylsilylene-bis{1—[2—methyl—4~(1—anthryl)
indenyl] }zirconium dichloride,

20 racédimethylsilylene—bis{1—[2*methyl—4-(9—anthryl)
indenyl]}zirconium dichloride,
rac—dimethylsilylene—bis{1~[2—methyl—4—(9—phenanthryl)

indenyl]}zirconium dichloride,

'rac—dimethylsilylene—bis{l—[2—methyl—4—(o~chlorophenyl)



or U symretry is preferably used in the present invention. Preferred
exanpl es of the netall ocene conpounds of chiral 5 structure having C2
synmetry inclggdgs rac-ethyl ene-bis(indenyl)zirconiumdichloride, _
rac- et hyl ene-bi s(tetrahydroi ndenyl)zirconiumdichloride, rac-dine
thyl'silylene-bis (2, 3, 5-trimethylcyclopentadienyl) zirconiumdichloride,
10 rac-di nethyl silyl ene-bis[|-(4-phenylindenyl)]zirconium dichloride,

rac- di met hyl si | yl ene-bi s[ 1- ( 2- net hyl - 42%henyl i ndenyl )] ;IL i 003
-~ dichloride, rac.dinethylsilylene-bis{1l-[2-nethyl--4-(1-nap m ? 15

e di bt hyl Sty ona B erE T 2SS (B napht iyl ) i ndenyl 1} i rconi um
neny 121« 68 S BRERGR g SR LA 2B e Lo e
stchort . PV Rl it o T8t )

i ndenyl ]} zirconium di ¢chl ori de, :

rac- di et hyl SRFYHCHECBYSERL Y EnRety Lis- (@-atinaroplRmyLISRIHRA 29 1 1 NOV

2003 ey s o g |
rac—dimethylsilylene—bis{1—[2~ethyl—4—(1—naphthyl)
indenyl}}zirconium dichloride,
rac—dimethylsilylene—bis{l—[2~ethyl~4—(94phenanthryl)
indenyl] }zirconium dichloride;

10 rac—dimethylsilylene—bis[l—(2—n—propyl—4—phenylindenyl)]
zirconiﬁm dichloride,
rac—dimethylsilylene—bis{1—[2—nﬂpr6pyl—4—{1-naphthyl)
indenyl] }zirconium dichloride and |
rac—dimethylsilylene-bis{1—[2—n~propyl—4—(9~phenanthryl)

15 indenyl]}zirconium dichloride.

Preferredexamplesofthenetallocenecompoundsofchiral
structure having C1 symmetry include
ethylene[2-methyl—4—(9—phenanthryl)*l—indenyl](9—'
fluorenyl) zirconium dichloride,

20 ethylene[2—methyl—4-(9—phenanthryl)—1~indenyl](2,7-
dimethyl-9-fluorenyl) zirconium dichloride,
dimethylsilylene(9—fluorenyl)(3—t—butylcyclopentadienyl)

zirconium dichloride and

diphenylsilylene(9—fluorenyl)(3~t—butylcyclopentadienyl)



rac-di net hyl si |l yl ene-bi s{1-f2-net hyl - 4- (pent afl uoro
phenyl )i ndenyl ]} zirconi um di chl ori de,
rac-dinethylght%gene-bis[l-(2_ethy|-4-pheny|indenyl)] 5 zirconi um
di chl oride, rac-dinethylsilylene-bis{1l-[2_ethyl-4-(I-naphthyl)
i ndenyl ]}zirconiumdichloride,
rac-di met hyl silyl ene-bi s{1-[ 2-ethyl-4-(9--phenanthryl) inden Hh&iirconium
di chl oride, 10 rac-dinethylsiIyIene-bi@{l-(Z-n-propyI-44pﬁdﬁy?i nyl ))
zirconiumdichloride, _
rac-di net hyl sislyd &bk ${d12: N3z Propyl -4- (1 -naphthyl) indenyl]}zirconium
di chl ori de a%gJ%%ac-|ré&#%%é%{gséne-bis{l-[2-n-propy|-4-(9-phenanthry|) 15
i ndenyl]}zirconiu Lchlaride. Preferred exanples of the netall ocene
conpounds of chi rarqfd JC@?F’&HW&%%W%@m@t%WC@mWUQS, metallocene
et hyl ene[ 2--neth I-4-(B-§henanthryl)-1-indenyl](9- fluorenyl) zirconium
.dichloride, 25"E{HNEHEE 1hEt Ayl enegsphenahuheyl Qydl opetenyd] é2y T-group
di met hyl - 9-fl uorenyl ) zirconiumdichloride,
~di met hyl . si | §#*€n8¢5of PuBL erigb} €326 - et yletyadl lopantadicamund i rCOM 4B 1
di chl ori de and diphenylsiIerne(9-quorenyI.)(3-t-buty|cyc|opentadienyV)
SF- 784 30°.1 HMSROVi200%e invention.

For example, there can be mentioned (tertiary

butylamido)(tetramethyl—n5—cyclopentadienyl)—1,2—ethane
G ~‘diylzirconium dichloride, |

(tertiarybutylamidb)(tetramethyl—ns—cyclopentadienyl)—1,2

10 -ethanediyltitanium dichloride,
(methylamido)(tetramethyl—n5—cyclopentadienyl)—i,2-ethane
diyl;irconium dichloride,
(methylamido)(tetramethyl~n5—cyclopentadienyl)~1,2—ethane
diyltitanium dichloride, |

15 (ethylamido)(tetrame#hyl—ns—cyclopentadienyl)—1,2—ethane
diylzirconium dichloride,
(ethylamido)(tetramethyl—n5—cyclopentadienyl)—1,2-ethane
diyltitanium dichloride, |
(tertiarybutylamido)dimethyl(tetramethyl—n5—

20 cyclopentadienyl)silanetitanium dichloride,
(tertiarybutylamido)dimethyl(tetramethyl—n5—

cyclopentadienyl)silanezirconium dibenzyl,

(benzylamido)dimethyl(tetramethyl—ns—cyclopentadienyl)



zirconiumdichloride. O the hitherto known netallocene conpounds,
metal | ocen e conpounds havirg only one substituted cycl opent adi enyl group
are al so enpkpyabl e as the netal | ocene conpounds preferably 5 used in the
i nvention. For exanple, there can be nentioned (tertiary butylam do)

i ‘ - i i ' iLchloride
tetramet hyl - T15-cycl opent adi enyl) -1, 2-ethane diylzirco ,
gtertiarybﬁtylanido)(tetranethyl-fls-c¥clppentad|enyl)-l,yudﬂ?ﬂhf
-et hanedi yl ti tani um di chl ori de, (neth?lanldo) _ _ _ _ _

(tetramet hyl -, g5-cycl opentadi enyl) -1, 2--ethane diyl zirconiumdichloride,

met hyl am dojilapttatehhyh- Hiehgyelidepenizadi enyl) -1, 2-ethane _
giylt?taniun?d%chloride, 15 (ethylam do) (tetranethyl-n5--cycl opentadi enyl)

-1, 2-et ha“e(pﬁéﬂﬂﬂﬁ@@ﬁh9%95%}#5&?3tf.@%%ﬁélﬁg%g%ﬂfw]aﬂ?%%ai chl ori de,

(tetranet hyl -115-cycl opent adi eny

et pary et e a4 S llEd bkl St ATRERELA TS 20

??glﬁpgptggierani a?et; arlgg]raneth | --15- cycl opent adi enyl) _

siIanezi¥con¥un1&ﬁgéﬁ%ﬁagp%{Eﬁ%?Pgm §a%ﬂ@@gm@pompounds,metallocene

(tEtrane%hyhi%%%g§ggﬁgsgkggﬁggﬁgsgitzgsdgyglgggnigggeiilgroupswhich
arenotbridgedarealsoemployagleasthenetallocenecdmpounds
preferabl? used in the invention.

:T? For example, there can be mentioned
bis({methylcyclopentadienyl) zirconium dichloride,

10 bis(dimethylcyclopentadienyl) zirconium dichloride,
bis (dimethylcyclopentadienyl) zirconium ethoxychloride,
.bis(dimethylcyclopentadienyl)zirconium
bis(trifluoro—methanesulfonato),
bis (ethylcyclopentadienyl)zirconium dichloride,

15 bis(propylcyclopentadienyl) zirconium dichloride,
.bis(methylpropylcyclopentadienyl)zirconium dichloride,
bis(butylcyclopentadienyl)zirconium dichloride,
bis(methylbutylcyclopentadienyl)zirconium dichloride,
bis(methylbutylcyclopentadienyl)zirconium

20 bis(trifluoro—methanesulfonato),
bis(trimethylcyclopentadienyl)zirconium dichloride,
bis(tetramethylcyclopentadienyl)zirconium dichloride,

bis(pentamethylcyclopentadienyl)zirconium dichloride,



sil aneti tanium dichl oride and (phenyl pho' sphi do) di nethyl
(tetramethyl -TlI5-cycl openta dienyl)silanezirconiumdi benzyl. O the
hi t herto knowg.7get al | ocene conpounds, netall ocene 5 conpounds having two
substituted cycl opentadi enyl groups which are not bridged are also
enpl.oyabl e as the netal |l ocene conpounds preferably used in the invention.
For exanple, there can be nentioned bis(nethylcyclopentadienyk%éirconium
di chloride, 10 bis(dinethylcyclopentéﬁienyl)zirconiun1hkaUM o,
bi s(di nmet hyl cycl opent adi enyl ) zi r coni um-et hoxychl ori de, _
. bi s(di nmet hylbgwqh i I4:Canj - bl s(triflugro-nmethanesul fonato),
bis(ethylcycloﬁgntagigﬁg???%%%%ﬁﬁ%ﬁggﬁgﬁf%%ﬁ4é%n1 tehfortae and
bi s(propyl cygh adienyl ).zl rconi.um di.ch).ori de, . - ) .
bi s(met-hyl pr %535?3%?“%‘62#5&? %;%P’)Czlioupc%’r%aﬁ;rhedw |%orf¢fgtium dichloride.
bis(butylcyclopenb?dieny%)zirconiig1dichloride, .
bi s(met hyl but yl cyCFopEntXS EnPr} 2L Le6RIENTENEARBARdemore preferable are
bis(nethylbutg%%iﬁlopentadienyl)zirconiun120
- bis(trifluor®E 8fE5EI FoRRPENAS Bagdng metlhy loryec |sopreritiaditeny| ) zi r coni um
dichloride, bis(tetranethylcyclopentadienyl)zirconiumdichloride,
bi s( pent ahet RYFEYEPBpEAL 8B &ngPEPE cenidupatitdlthamkirds; PSR EEZ 1 de NOV
2003

metallocene compounds having only one substituted

cyclopentadienyl group and containing titanium as the central
J metal.

The transition metal compounds (A) mentioned above can
10 be used singly or in combination or two or more kinds.

(B) Transition metal compound

The transition metal compound {B) for forming the olefin

polymerization catalyst is a compound represented by the

following formula (I):

( R' )
Rz\cép!l" Seebl
R? o’/hWn
(1)
R* R°®
\ R Jm

15

wherein N---M generally indicates coordination, but in the
present invention, they do not need to be coordinated.
In the formula (I), M is a transition metal atom of Group

4 or Group 5 of the periodic table, such as titanium, zirconium,



bi s(hexyl cycl opent adi enyl ) zi rconi um di chl ori de and

bi s(trinmethylsilylcycl opentadienyl)zirconiumdichloride. O the above

met al | ocene gpAppunds, nore preferable are netall ocene conpounds having
only one substituted 5 cycl opentadi enyl group, and particularly preferable
are netallocene conmpounds having only one substituted cyclopentadienyl
group and containing titaniumas the central netal. The transition netal
conmpounds (A) nentioned above can 10 3e used singly or i f K@F0gRt i on or
two or nore kinds. (B) Transition nmetal -conpound The transition netal

conpound (B)hEthuh?r@hﬁ%d&@ﬁ¥ghﬁogﬁﬂm §9|¥gﬁégiﬁ%iogfg%%gg %ré?ﬁgﬁﬁil-hﬂ

conpound represented by the OW ng T Oormu

general ly indigat i nation, but i.n the resent invention, they do
not need to ggsgogidgﬁgﬁgdg P%OFﬁg PEFHeCE S PPl em isdich @sarisitamimet al
at om of C?ougi 4 RE'C?oup 5 _of the periodic table, such as titanium
zirconi um SE=7847358M1 PINBRLDAEE hEPKrURESF&Falilymz Lrcobiigm.or t ant al um
preferably a metal ,atom of G oup 4 of the periodic table, such as
titanium zirconfuhPoPhaRRPART R/éré perefer Bbkfezibdgnizum

5 | R! is an aliphatic or alicyclic hydrocarbon group.
Examples of the hydrocarbon groups include:
aliphatic hydrocarbon groups of 1 to 30 carbon atoms,
} _ Asuchasneﬁhyl,ethyl,n—propyl,isoprbpylrn—butyl,isobutyl,
sec-butyl, tert—butyl,rnupentyl, térthamyl,

10 1,2-dimethylpropyl, l-ethylpropyl, isocamyl, l-methylbutyl,
2-methylbutyl, neopentyl, n-hexyl, 1,3—dimethylbutyl;
3,3-dimethylbutyl, n-heptyl, l-ethylpentyl, 1-methylhexyl,
n-octyl, 1,5—dimethylhexfl, 2-ethylhexyl, l-methylheptyl,
tert-octyl, n-nonyl, n-decyl, n-undecyl, n-dodecyl,

15 n-tridecyl, n-tetradecyl, n-pentadecyl, n-hexadecyl,
n-heptadecyl and n-octadecyl; and

alicyclic hydrocarbon groups of 3 to 30 carbon atoms,
‘such as cyclopropyl,.cyclobutyl, cyclopentyl, cyclohexyl,
2-methylcyclohexyl, 2,2-dimethylcyclohexyl,

20 2,6-dimethylcyclohexyl, 2,2,6,6-tetramethylcyclohexyl,
adamantyl, cyclopropylmethyl, cyclobutylmethyl,
cyclopentylmethyl and cyclohexylmethyl.

Rl is preferably an aliphatic or alicyclic hydrocarboﬁ

group represented by CH3R' or an alicyclic hydrocarbon group



mis an integer of 1 to 2, preferably 2. 5 R3 is an aliphatic or alicyclic
hydr ocar bon group. Exanples of the hydrocarbon groups include: aliphatic
hydrocarbon gypogdps of 1 to 30 carbon atoms, such as nethyl, ethyl,

n- propyl, isopropyl,n-butyl, isobutyl,  sec-butyl, tert-butyl, n-pentyl,
tert-amyl, 10 1, 2-di nethyl propyl, 1-ethylpropyl, isoanyl, 1-nethylbutyl,
2- et hyl butyl, neopentyl, n-hexyl, 1,3-dinethyl butyl, ,3-di net hyl but yl ,
n-heptyl, 1-ethylpentyl, 1-nmethyl hexyl34 n-octyl, 1,5-dﬁﬂeNaylﬂmiyl,

2-et hyl-hexyl, 1-nethyl heptyl, tert-octyl, n-nonyl, n-decyl, n-undecyl ,

n- dodecyl , 1%diddil I, - r L, . n:pent adecyl , n-hexadecyl
/ and r%—%?%&eg%rgb%gn%qéwgyoaqe?h d?ﬁg}%%&?oﬁ} GFps FRF tvL 30

n- hept adecyl
SR rE L R R
5 S e A SR S B T e
an aliphatic or alicyclic hydrocarbon group represented by CHZR or an
al i cyclic hydrocafbohS gt Srhaftsisc 31 Bl NV 1200 3 yvehmicairbichd g2 okdy,bam &t om
bonded to_the N atomas a part of the alicyclic skeleton, and is
partiCu|é§|ye5§§pép§bp9egﬁof include aliphatic hydrocarbon groups of 1
toZQcarbonatoms,suchasn@thyl,ethyl,n-bropyl,isoprOpyl,
| n-butyl, 2-methylpropyl, iscbutyl, n-pentyl, neopentyl,
% n—hexyl,ﬁ—heptyl,1—ethylpentyl,n—octyl,nénonyl,n—decyl,
n—undecyl,n—dodecyl,n—tridecyl,ﬁftetradecyl,n—pentadecyl,
10 n—hexadecylandn—heptadecyl;andalicyclichydrocarbongroups
of 3 to 29 carbon atoms, such as cyclopropyl, cyclobutyl,
cyclopentyl and cyclohexyl. Of these, preferable as R' is
a straight-chain aliphatic hydrocarbon group of 1 to 17 carbon
atoms.

15 Preferred examples of the alicyclic hydrocarbon groups
containing a carbon atom bonded to the N atom as a part of
the alicyclic skeleton include cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl,.2—methylcyclohexyl,
2,2-dimethylcyclohexyl, 2, 6-dimethylcyclohexyl,

20 2,2,6,6—tetramethylcyclohexyl and adamantyl. Of these,

cyclohexyl is more preferable.

R? to R5 may be the same or different and are each a

hydrocarbongroup,zahydrogenatom,zihydrocarbon—substituted



i phatic or alicyclic hydrocarbon group represented by CH2ZR'. R is an
:::Bhatic or alicgclic hgdrocarbon group, .and 5 exanples thereof include
al i phatic hydregarbon groups of 1 to 29 carbon atons, such as nethyl,
ethyl, n-propyl, isopropyl, n-butyl, 2-nethylpropyl, |sobupyl, n-pentr :
neopentyl, . n-hexyl, n-heptyl, 1l-ethylpentyl, n-octyl, n-nonyl, n-decyl,
n-undecyl, n-dodecyl, n-tridecyl, n-tetradecyl, n-pentaldeCﬁbB ﬁﬁg -
-n-hexadecyl and n-heptadecyl; and alic&yclic hydrocarbon dr S f 3to
carbon atons, such as cyclopropyl, cyclobutyl, cyplgpfpéyLygpg g¥ggghg?gub
: r L - L : = n_ali i y :
of 1 to 17 carbon o orT el S eI n s BB uPpBy e 1oing

I N
hydr ocar bon S ~-cantai a ar.bon at om bonded to‘the N atom as a par
o?\ t he a|ic§%?P§ gﬁe%e%g%%P%cF% %a&Q&P8p96ﬁ§%? cycl obutyl, cyclopentyl,

hexyl, 2-methylcycl ohexyl, , 2-di met hyl cycl ohexyl , ' '
gygl gi ﬁe%/hyl cycl oﬁ%%ﬂ?ﬁe%’%@}f %Bf‘%? PERFRRR ORPLEPC TBHalds sandighamehayin  Of
these, ~cyclohexyl is nore preferable. R2 to R5 may be the sane or
di fferent an‘arg?%aré%}&%daﬁllﬁgﬂdr%@a#%ﬁfgldi£p,3chCIay@mgenoatsonpraferably
hydr ocar Qon-subst i tuted SF-784 35 1 1 NOV 2003 silyl group, an
oxygen-cgntdlﬁP&?%ﬁ%ﬁ@PaéoﬁBtﬁmyhaaxmmhyh;aghygneu@ﬁﬁpyn,;SO?ropyl,
sul f ur-cont ai ni ng-group. Exanpl es of the hydrocarbon groups include
st rai ght - chaiTbutyl, isobutyl, sec-butyl, tert-butyl, neopentyl and

n-hexyl; straight-chain or branched alkenyl groups of 2 to

30 carbon atoms, preferably 2 to 20 carbon atoms, such as vinyl,

N

allyl and isopropenyl; straight-chain or branched alkynyl
10 groups of 2 to 30 carbon atoms, preferably 2 to 20 carbon atoms,
such as ethynyl and propargyl; cyclic saturated hydrocarbon
groups of 3 to 30 carbon atoms, preferably 3 td 20 carbon atoms,
such as cyclopropyl, cyclobutyl, cyclop;entyl, cyclohexyl and
adamantyl; cyclic unsaturated hydrocarbon groups of 5 to 30
15 carbonatoms, suchas cyclopentadienyl, indenyl and fludrenyl;
aryl groups of 6 to 30 carbon atoms, preferably 6 to 20 carbon
atom, such as phenyl, benzyl, naphthyl, biphenylyl,
terphenylyl, phenanthryl and anthryl; and alkyl-substituted
aryl groups, such as tolyl, isopropylphenyl, t~butylphenyl,
20  dimethylphenyl and di-t-butylphenyl.
In the above hydrocarbon groups, the hydrogen atom may
be replaced with a halogen, and examples of the hydrocarbon
groups in which the hydrogen atom is replaced with a halogen

include halogenated hydrocarbon groups of 1 to 30 carbon atoms,



or branched al kyl groups-of 1 to 30 carbon atons, preferably 5 1 to 20
car bonat ons, such as nethyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
sec-butyl, tegtzbutyl, neopentyl and n-hexyl; straight-chain or branched
al kenyl groups of 2 to 30 carbon atons, preferably 2 to 20 carbon atons,
such as vinyl, allyl and isopropenyl; straight-chain or branched al kynyl

10 groups of 2 to 30 carbon atons, preferably 2 to 20 cay HoNQ{t20#8. such
as ethynyl and propargyl; cyclic satur¥ted hydrocarbon groups of 3 to 30

carbon atons, preferably 3 to 20 carbon atons, such as.cyclopropyl,
I C. unsat ur at ed

cycl obutyl, gw@fyyyg 1 %nggp and , adamantyl; cycl]
hydr ocar bon groups oﬁxg t 6 36 15 LB s, S %hﬁ?%§: YRS Ehy |
i ndenyl and fl uar | ; ryl .groups of 6 to 30 carbon atons, preferably 6
to 20 carbon e%?gﬁ*ga—*g@gﬁy h@ﬁ’sﬁ ,dg‘ééﬁaﬂ}}e%ht hyl, bi phenyl ylI,
t er phenyl yl , pheng thryl and anthr%l; and al kyl -substituted aryl groups,
such as tolyl, is BF SRy ocarbap grshesymay Re sdibrastityd tevbwnit h artthe
di -t -butyl phenyl. In the above hydrocarbon groups, the hydrogen atom nay
be repl aced WEECSaKRPBgBAOURARE @XAngtaspbés tde shyadr byarbea rb@no RS ugs
whi ch the hydrogen atomis replaced with a hal ogen include hal ogenat ed
hydrocarﬁ%n ghodpdeofril tpuid3dt chnbed my@ﬂacaﬁﬁbﬂaﬁréﬁb§7:bdeVa%OQ%nzyl.
preferably I to 20 carbon atons, such as trifluoromnethyl,
pent af | uor opardytumpd . chl or ophenyl ' .
Of the above groups, preferable are straight-chain or
L branched alkyl groups of 1 to 30 carbon atoms, preferably 1
toZOcarbonatoms,suéhasn@thyl,ethyl,n—propyl,isopropyl,
10 n-butyl, isobutyl, sec-butyl, t-butyl, necpentyl and n~hexyl;
aryl groups of 6 to 30 carbon atoms, preferably 6 to 20 carbon
atom, such as phenyl, naphthyl, biphenylyl, térphenylyl,
phenanthryl and anthryl; and substituted aryl groups wherein
the above aryl groups are substituted with 1l to 5 substituents
15 such as halogen atoms, alkyl groups of 1 to 30 carbon atoms,
preferablyl1x>20cafbonatoms,alkoxygroupsofiltoiﬂ)carbon
atoms, preferably 1 to 20 carbon atoms, aryl.groups of 6 to
30 carbon atoms, preferably 6 to 20 carbon atoms or aryloxy
groupsof61x)30carbonatoms,preferably6ix)200arbonatoms.
20 Examples of the hydrocarbon-substituted silyl groups
include methylsilyl, dimethylsilyl, trimethylsilyl,
ethylsilyl, diethylsilyl, triethylsilyl,
diphenylmethylsilyl, triphenylsilyl, dimethylphenylsilyl,

dimethyl—t—butylsilylanddimethyl(pentafluorophenyl)silyl.



ove hydrocarbon groups naybe substituted with other hydrocarbon
;Pgugg, andyexaNples o? sugh hydr ocarbon groups 5 include aryl-substituted
hydrocarbon ggegps, such as benzyl and cunyl. O the above groups, |
preferable are straight-chain or branched al kyl groups of I to 30 carbon
atons, preferably I to 20 carbon atons, such as nethyl, ethyl, n-propyl,

i sopropyl, 10 n-butyl, isobutyl,, 3ec-butyl, t-butyl, neo yl d
n- hgxylo?/ aryl groups of 6 to 30 carbdi atons, preferabﬁng%\) zﬂgﬁlcar bon

atom such as phenyl, naphthyl, biphenylyl, terphenylyl, prenfghggy;rgnd
; dosl kkut | 0 . e ahove.aryl,
anthryl; andogubgbityt 86 ek pILOURS @%%?33%1& a|&6§% AR

substituted with | to 5 substituents . 5 kylogrgug?
T to 30 carbon aosm T RRutkr SERVIR Y h0 ikt oot it TR b 6 to

30 b at r ef rably., 0_20Q carbon atons or aryloxy groups of 6 to
30 gZ;bSE at%%%?thngﬁaHhéngﬁoaﬁé EALBER YL eAE Y 120 apdapsirds cofl athley

(¥ i ot hyl of | SFSESEERy e F oL e §mfz£f!t‘i{’i%té”ﬁzh?alyﬁi,il'y,:yésiﬁéé'ﬁii‘i'ii'y'ly' |
| 35ﬁgfﬂ§l%ffB%ééié¥$§ti%%5353%£§§£¥£beﬂl2??PﬁLPQSEZniI)ysi|y|. SF-784 37 11
NOV 2003 OF these, preferable are met hyl silyl, dimethylsilyl,
trinmethylsilyl, éfh@l@ﬁjg&n—mbmﬂé@ﬁiﬁ@)drodﬁIﬁﬁiBYQ%bh$|containing 1 to
5 oxygen atoms, and does not include the later—described
f%}_ . heterocyclic'compognd residue. Examples of the
oxygenucontaininggroupsincludehydroxylgroup;alkoxygroups,
100 such as methoxy, ethoxy, N-propoxy, isopropoxy, n-butoxy,
isobutoxy and tert-butoxy; aryloxy groups, such as phenoxy,
methylphenoxy, 2;6—dimethylphenoxy, 2,4,6-trimethylphénoxy
and naphthoxy; arylalkoxy groups, such as phenylmethoxy and
phenylethoxy;: acetoxy group; and carbonyl group.
i5 The nitrogen-containing group is a group containing 1
| to 5 nitrogen atoms, and does not include the later-described
heterocyclic compound residue. Examples of the
nitrogen-containing groups include amino groups, such as
methylamino, dimethylamino, diethyiamino, dipropylamino,
20 dibutylaminé,dicyclohexylamino,phenylamino,diphenylamino,
ditolylamiﬁo, dinaphthylamino and methylphenylamino; imino

groups, such as methylimino, ethylimino, propylimino,

butylimino and phenylimino; amido groups, such as acetamido,



i hyl phenyl silyi and triphenylsilyl, and particularly preferable are
?:rﬁ;tﬁypsilgl, t¥iethy|si|5|, triphenylsilyl 5 and dimethyl phenylsilyl. 4
The oxygen-cgmjgi ning group is a group containing 1 to 5 oxygen atoms, an
does not include the later-described heterocyclic. conpound reS|QUe. A
Exanpl es of the oxygen--containing groups include hydroxyl group; alkoxy
groups, 10 such as nethoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,

i sobut oxy and tert-butoxy; aryl oxy gr 88ips, such as pheqonyugummmylphenoxy,
2, 6-di net hyl phenoxy, 2,4, 6-trimethyl phenoxy and napht hoxy; aryl al koxy

groups, suchyasephenyEaELRNY a%miNWlﬁéﬁ%iQ%C;eﬁ%éﬁggégggﬁﬁg{‘gpﬁa 1

carbonyl group. 15 The nitrogen-containing group 1s a

. _ . ] . lic
to 5 nitro a, : S .Longlude the.|ater-described heterocyc
cgnpound rEE?%J%QQ%§%%% e%ggfb?ﬁ%lﬁgé?bgaﬂgc8ﬁ%5PngﬁﬁuBroups i ncl ude ami no

' i i met hyl am no, .diethyl amnmi no, dipropylam no,
groups, such as t hyl Qp(gﬂéﬂﬁtﬂ%h ' | pr
20 di butyl ami no, ﬂ?%y%qlo Ty Y g SRAHNIF02 @FpHENgPRARADING 1 to i
ditohylanin%a di ht hyl am no and net hyl phenyl ami no; inmno groups, such as
met hyl i mi no GQQéggkﬁql?m%TO%?ﬁiQ?ﬁ§,no§u%§F wilaothedl phenytestmabeani do

’ 1 d SF-784 38 1 1 Nov 2003 N-net hyl acetam do and
groups, guch as acetam do, - Yk S q
thethyIEenfﬁﬁ%ﬁfCY?ﬁkﬁ)%ﬁm@@mndsneﬁldas.a@Mampkksaﬂﬁ1h&ﬂ2lnldO, an
nitro group. o .

sulfur-containing groups include sulfonato groups, such as

methylsulfonato,trifluoromethanesulfonato,phenylsulfonato,
:; benzylsulfonato, p-toluenesulfonato,

trimethylbenzenesulfonato, triisobﬁtylbenzenesulfonato,

10 p-chlorobenzenesulfonato and pentafluorcbenzenesulfonato;
sulfinato groups, such as methylsulfinato, phenylsulfinato,
benzylsulfinato,'pmtoluenesulfinato,
trimethylbenzenesulfinato and pentafluorobenzenesulfinato;

_ alkylthio groups, such as methylthio and ethylthio; and

15 arylthio groups, such as phenylthio, methylphenylthioc and
naphthylthio.

R¢ is a hydrocarbon group or a hydrocarbon-substituted
silyl group.
Examples of the hydrocarbon groups preferable as RS

20  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, neopentyl and n-hexyl; cyclic saturated

hydrogarbon groups of 3 to 30 carbon atoms, preferably 3 to



The sul fur-containing group is a group containing 1 to

does not include the | ater-described 5 heterocyclic conmpound residue.

Exanpl es of thegssul fur-containing groups include sul fonato groups, such as

met hyl sul f onat o, trifluoromethanesul fonato, phenylsulfonato,
benzyl sul fonat o, p-toluenesul fonato, trinethylbenzenesulfonato,
triisobutyl benzenesul fonato, 10 p-chl orobenzenesul fonato and

pent af | uor obenzenesul f onat o;

phenyl sul f.i nato, benzylsulfinato, p-toluenesulfinato,

trimet hyl benzereswdhi 80 28d-Re

| £i nat,o; kyl t hi
groups, such as nethylthio and eth§$%§?§?§§ﬁé?%§%éf§*ﬁaﬁ§ %ﬁé%g%zzgﬁgroﬁz
' : s a
T eneh R Ry R 0D SrBiBinbes Bp Kb RparoeapBEn

or a hydrocar

phenyl thio

groups pref

of 1 to.30
ethyl, n-p
neopent yl

carbon atons, preferably 3 to SF-784 39 11 NOV 2003 20 carbon atons,

r
a

yl, isopropyl, n-butyl, isobutyl, sec-bupyl, tert-butyl,
%%%@?E&%Y%aBQ&ﬁ%PhﬁﬂKk%&@@nd@y@mmﬁwmmme{ﬂbhpahﬁﬁé@t@uﬁa

as cycl opr op3&e feyEheBvkst idyet epwithl substituents such as alkyl groups

10

15

20

of 1 to 30 carbon atoms, preferably 1 to 20 carbon atoms, or
aryl groups of 6 to 30 carbon atoms, preferably 6 to 20 carbon
atoms.

Examples of the hfdrocarbon-substituted silyl groups
preferable as R® include methylsilyl, aimethylsilyl,
trimethylsilyl, ethylsilyl, diethylsilyl, triethylsilyl,
‘diphenylmethylsilyl, triphenylsilyl, dimethylphenylsilyl,
dimethyl—t—butylsilylanddimethyI(pentafluorophenyl)Silyl.
Of these, particularly preferable are trimethylsilyl,
'triethylphenYI, aiphenylmethflsilyl, isophenylsilyl,
dimethylphenylsilyl, dimethyl-tert-butylsilyl and
dimethyl(pentafluorophenyl)silyl-

In the present invention, Rf is particularly preferably
a branched alkyl group of 3 to 30 carbon atoms, preferably
3 to 20 carbon atoms, such as isopropyl, isobutyl, sec~butyl,
tert-butyl or neopentyl, a group wherein the hydrogen atom
of the above branched alkyl grbup is replaced with an aryl
group of 6 to 30 carbon atoms, preferably 6 to 20 carbon atoms,

such as cumyl, or a cyclic saturated hydrocarbon group of 3

5 sul fur atons, - and

sul fi naf® groups, such as ymetioy geg i nat o,

b 0.1 nclude straight-chain or branched al kyl groups
eé%‘?%%ﬁgg%ggﬁ"%pq SR EPABRY OF t3131DA & RRBB Lattemsy lsuetpashydt hyl |

such



cycl ohexyl and adamantyl; aryl groups of 6 to 30 carbon atons, preferably
6 to 2 0 carbon atom such as phenyl, benzyl, naphthyl, biphenylyl and
t-riphenylyl gpsand groups wherein the above groups 5 are further
substituted wth substituents such as al kyl groups of 1 to 30 carbon
atonms, preferably .1 to 20 carbon atons, or aryl groups of 6 to 30 carbon
atons, preferably 6 to 20 carbon atons. Exanples of the

hydr ocar bon-substituted silyl groups 420 preferable as IR NOV| 2082

methylsilyl, dimethylsilyl, trinmethylsilyl, ethylsilyl, diethylsilyl,
triethylsilyke 3di Si (] nylsilyl, .di methyl phenylsilyl,
y Yto PhERYh @&cﬂy&l, I%Jyr?é!f’e aﬂl{%);gl ¥o %(i))hceﬁﬁ}?grgialtﬁqse Ga'%lotl'hé"ﬁ

di met hyl -t-butylsilyl and di net pen uaor

particularly le are trinethylsilyl, 5 -tri.ethyl phenyl,

di phenyl et hiﬁéﬁ%ﬁﬁ?’arsggﬁg%ﬁrew & CY&lﬁ&Uﬁyﬁjlphé’ﬁsﬂlﬁR%t,yl or

dinethyl-ter&-gftxlsiEyl and dLnethyI(pentaquorophen |)silyl. In the

present invention SRELT PPACMS LHFAMAL Hratla bl pres crakivhen aadky brgugup of

3 to 30 carbo tong preferably 20 3 to 20 carbon atons, such as

i sopropyl , 'i%g£F§I 30 Garhan Yltomser Profieyabdy heop2htod sben grtous Wearei n

" the hydrqgen atom of the above branched al kyl group is replaced with an
aryl ~group 3% ey B0 negitdylat 6heprpnefierabtlyrényd A0 peanBamhatans o such

as cunyl, or a cyclic saturated hydrocarbon group of 3 SF-784 40 1 1 NOV

2003 a hydrocarbon-substituted silyl group.

Two or more groups of Rl to RS, preferably neighboring
ﬁ | _ groups thereof, may be bonded £o form an aliphatic ring, an
aromatic 'rj_ng or a hydrocarbon ring containing a hetero atom
10 such as a nitrogen atom, and these rings may further has a
substituent.
n is a number satisfying a valence of M, specifically
an integer of 2 to 4, preferably 2.
X is a hydrogen étom, a halogen atom, a hydrocarbon group,
15 an oxygén—containing group, a sulfur-containing group, a
nitrogen-containing group, a boron-containing group, an
aluminufn—contaiﬁing group, a phosphorus-containing group, a
halogen-containing group, a heterocyclic compound residue,
@ silicon-containing group, a germanium-containing group or
20 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.

Thehalogenatomis fluorine, chlorine, bromine or iodine.



to 30 carbon atons, preferably 3 to 20 carbon atonms, such as adamantyl,
cycl bpropyl, cyclobutyl, cyclopentyl or cyclohexyl; and is al so
“particularlygprgferably an aryl group of 6 to 30 carbon atons, preferably
6 to 20 carbon atoms, such 5 as phenyl, naphthyl, f luorenyl, anthranyl or
phenant hryl, or a hydrocarbon-substituted silyl group. Two or nore groups

of RI. to RE, preferably neighboring ?roups t hereof, may heNHOREEX to
‘forman aliphatic. ring, an aromati ¢lring or ‘a hydrocarbon ring
containing a hetero atom 10 such as -a nitrogen atom and these rings may

further has a subpskibyedtsr i,d r..satisfying, a valence of M
specifically an int eger of 2 étgygj:egrg‘gggp Ofﬁlgg%%d%%hﬁcfrad%ﬂratléﬁ a
hal ogen ato a_hydrocarbon_group,.., 15 an_oxygen-contai ni ng group, a
suIfur-contg%ﬁiﬁgggﬁgﬁﬁ?yaex fn ﬁgééﬁécHﬁFQiﬁ?ﬁQegﬁoGﬁ,Ré B@rgﬁ-containing
group, an um num copnf ai pj ng group, a phosphorus -containing group, a.
~hal ogen- contalg?ﬁ?nsgp%@oﬂ:‘pcaﬁiﬁ'et ERNcPR sipriuirne@ sildud, graups, such
sil'icon-containin roug a gernmani um containing group or 20 a
tin-cont ai ni A9 Rrowp,: & BY e TRy 5/ budryIgr bakel, @tuybl nogyaypsodsadigat ed
by X may be the same or different, and plural groups indicated by X may be
bonded t @ f oRhdl & ¥Gery L Ty Haladdar atrompiss of| Bord B8 cabbeni AgomBl 08188 OF
iodine. SF-784 41 1 1 -NOV 2003

as cyclopentyl, cyclohexyl, norbornyl and adamantyl; alkenyl

groups, such as vinyl, propenyl and cyclohexenyl; arylalkyl
groups,suchasbenzyl,phenylgthylandphenylprop?l;andaryl
groups,suchasphenyl,tolyl,dimethylphenyl,trimethylphenyl,

10 ethylphenyl, propylphenyl, biphenyl, naphthyl, |
methylnaphthyl, anthryl ang phenanthryl. These hydrocarbon
groups include halogenated hydrocarbon groups such as groups
wherein at least one-hydrogen of hydrocarbon groups of 1 to
20 carbon atoms is replaced with a halogen.

15 The oxygen-containing group.is & group containing 1 to
5 oxygen atoms, and does not include the later-described
heterocyclic compound residue. Examples of the
oxygenfcontaininggroupsincludehydroxylgroup;alkoxygroups,
such as methoxy, ethoxy, propoxy and butoxy; aryloxy groups,

20 suchasphenoxy,methylphenoxy,dimethylphenoxyandnaphthoxy;
arylalkoxy groups, such as phenylmethoxy and phenylethoxy;
acétoxy group; and carbonyl group.

The sulfur-containing group is a group containing 1 to

5 sulfur atoms, and does not include the later-described



. . ly
of the hydrocarbon groups include the same groups as previous
Eiggglsﬁied W th ?espect to Rl to R6. Mire specifically, there ﬁan Fe
mentioned al kyl ,.groups, such as nethyl, ethyl, propyl, butyl, géy érbon
octyl, nonyl, dogecyl 5 and ei cosyl; cycl oal kyl groups of 3 t?' IE ; I.
atons, such as cyclopentyl, cyclohexyl, norbornyl and adamantyl; al ke yCh
groups, such as vinyl, propenyl and cycl ohexenyl; aryl al kyl gLoups,hsE
as benzyl, phenyl ethyl and phenyl propy#3 and aryl groupk,] Ngvlz ple yl,
tolyl, dimethyl phenyl, trinethyl phenyl, 10 ethyl phenyl, propyl phényl,

i hyl, _anthryl and phenanthryl. These
E;grggglr bozang%%%cﬁ?%lcé&ﬁg#%%%nﬁ?%ﬁg‘ﬁ%dr opﬁﬁar“ﬁfﬂrﬁ@r%p@% U(Z:B as gr oups
[ LR ' f 1to car bon
wherein at | te.one hydrogen of hydrocarbon groups of : :
atoms is replacé&ﬁM??ﬁ%ﬁ T CUsS A BidRy et iomati ;i gupup oups i 8haa @ oup

i ni : include the | ater-described
containing 1t oxygen atons, and does not inc ter-d
heterocyc?icn@ 3@#@éhﬂﬁ?ﬁmﬁrt&bﬂ@t@@ebhanheulﬁmygen;@Qﬁh@ﬂBdEEéMQHEE

i ncl ude hydr-oxyl gr?éf; al koxy groups, such as nethoxy, ethoxy, propoxy

) . | phenoxy,
but oxy: fanss o 2 P -surhiarse eyt o et hyl p
g?ﬁetﬁylp%enoxy and napht hoxy; aryl al koxy groups, such as phenylrnet hoxy

SpguBhfgﬂaetg?gﬁgﬁgﬁ?ﬁ%ﬁmﬁgoﬂu’fﬁ%ﬁgﬁg e e S Ut e The'

| at er - descr i pedh$Ero84rd2nkl 203 and pentafluorobenzenesul fonato:
sulfiﬁato groups, such as methylsulfinato, phenylsulfinato,
benzylsulfinato, p-toluenesulfinato,
trimethylbenzenesulfinato and pentafluorobenzenesulfinato;

10 alkylthio groups; and arylthio groups.

The qitrogen—containiﬁg group is a group containing 1
'to S nitrogen atoms, and does not include the later-described
heteroéyclic compound residue. Examples of the
nitrogen-containing groups include amino group; alkylamino

15 groups, such as méthylamino, dimethylamino, diethylamino,
dipropylamino, dibutylamino and dicyclohexylamino; and
arylamino or alkylarylamino groups, such as phenylamino,
diphenylamino, ditolylamino, dinaphthylamino and
methylphenylamino.

20 The boron-containing group is a grbup containing 1 to
5 boron atoms, and does not include the léter—described
heterocyclic compound residue. The boron-containing group
is, for example, BR; (R is hydrogeq, an alkyl group, an aryl

group which may have a substituent, a halogen atomor the like) .



het er ocycl i ¢ conpound residue. Exanples of the sulfur-containing groups
i ncl ude sul fonato groups, such -as ’

met hyl sul f ongigutrifl uoronet hanesul f onat o, phenyl sul f onat o,
.benzyl sul f onat o, p-toluenesul fonato, 5 trinethyl benzenesul fonato,
trii-sobutyl benzenesul fonat o, p-chl orobenzenesul fonato and

pent af | uor obenzenesul fonato; sulfinato groups, such as nethylaulglnato

- phenyl sul fi nato, benzylsulfinato, p- ﬁ%luenesulflnato 1 TN 083

trimet hyl benzenesul fi nato and. pentafluorobenzenesulflnatO' 10 aIkyIthio
groups; and aryl thHo OhARS T £ Nl Loy

containing 1 to 5 nltrogenI%tonB ﬂ qﬁ%q'ln%% ﬁg Fat@g g@ribed

het er ocycl i Ies of t he nltrogen cont ai ni ng groups
i ncl ude aﬂl%b g oup, éfk31 %ﬁgﬁig GPEupsl 8h¥h dEOHBt Kighipey have a
'dlnethylanln qﬁﬁg anln rogglanlno dlbutylanlno and

di cycl ohexyl SR 3? ANKYF aF§P aki k8) groups, such as

phenyl am no, dlphenylanlno dltolylanlno di napht hyl am no and
et hyl phenyl ani nd PO @PIRRP IO B M TG Irup is @ group aottaiming 1 to
5 boron atons and does not include the | ater-described heterocyclic
conpound?® re%Eméphvﬁ@ﬂﬁﬂuﬂﬁtmmﬁaﬁndd@egmmnnncsudé@heamwﬁm4aeiﬁ¥hﬁéhlS
hydr ogen, an al kyl group, an aryl group which may have a substituent, a
hal ogen at ofmedrerdwy dlike)cdipatdd 43 41 dudOV Q0P les of the
phosphorus-containing groups include trialkylphosphine
:ﬁ} : groups, such as trimethylphosphine, tributylphosphine and
tricyclohexylphosphine; triarylphosphine groups, such as
10 triphenylphosphine and tritolylphosphine; phosphite groups
(phosphido groups), such as methyiphosphite, ethylphosphite
and phenylphosphite; phosphonic acid group; and phosphinic.
acid group. |
Examples of the haloéen—containing groups include
15 fluorine-containing groups, such as PF¢ and BF,;
chlorine-containing groups, such as ClCs and SbhClg; and
iodine-containing groups, such as I0,.
The heterocyclic compound residue is a group having a
cyclicstructurecontéiningoneormoreheteroatoms. Examples
20 of the hetero atoms include oxygen, nitrogen, sulfur,
phosphorus and boron. Examples of the cyclic structures
include 3- to 18-membered rings. Of these, preferable are

4-to 7-membered rings, andmore preferable are 5- to 6-membered

rings. Examplesoftheheterocycliccompoundresiduesinclude



The al um num containing group is, for exanple, AIR4 (R is hydrogen, an

al kyl group, an aryl group which may have a substituent, a hal ogen atom or
the like). The phosphorus-containing group is a group containing 5 1 to 5
phosphorus atfof#s, and does not include the later-described heterocyclic
compound residue. Exanples .of the phosphorus-containing groups i.nclude
trial kyl phosphi ne groups, such as trinethyl phosphine, tributyl phosphine
and tricycl ohexyi phosphine; triaryl plosphi ne groups,1§uﬂHVa§%30

- triphenyl phosphine and tritolyl phosphi ne; phosphite groups (phosphido
groups), such as, nethyl phosphite, ethylphosphite and phenyl phosphite;
phosphoni ¢ dEFYTUPT dHd HITEPHAELN IR FPRRIDaIfl @ sfvatwele,

hal ogen-cont ai ni ng groups include 15 fluorine-containing groups, such as

. PF6 and BF4:PYEHIEYS md ot mag grioupsines vahd asr Glodnand Sbd 6; and

i odi ne-cont ai ni ng groups, such as 104. The heterocyclic conpound residue is
~a group haviawygen-eywiti i rsitrgl ctampmpo wwodd as i ga ®NButdn D@ hetenp ahdns.
Exanpl es 20 of the hetero atons include oxygen, nitrogen, sulfur,

phosphor us and faof-aron @M EcAipd IS YOS $4 riet dbesne ] ngh4dgrdupko
18-nmenbered rings. O these, preferable are 4- to 7-nenbered rings,

andnor e prefigraidia, et s HA b r e o gSy EXAIMLES i
het er ocycl i c conpound residues(?ﬁg?ﬁbe éﬁﬁ%84 11 NOV 20039£e Brther

substituted with substituents such as alkyl groups of 1 to
30 carbon atoms, preferably 1 to 20 carbon atoms, or alkoxy
L . groups.
Examples of thelsilicon—containing groups include
10 hydrocarbon-substituted silyl éroﬁps, sﬁch.as phenylsilyl{
diphenylsilyl, trimethylsilyl, triethylsilyl,. |
-tripropylsilyl, tricyﬁlohexylsilyl, triphenylsilyl,
mefhyldiphenylsilyl, tritelylsilyl and trinaphthylsilyl;
hydrocarbon-substituted silyl ether groups, such as
15 trimethylsilyl ether; silicon-substituted alkyl groups, such
astrimethylsilylmethyl; andsilicon-substitutedaryl groups,
such as trimethylsiiylphenyl. |
Examples of the germanium-containing groups include
‘groups wherein silicon is replaced with germanium in the
20 above-mentioned silicon-coritaining groups.
Examples of the tin-containing groups include groups
wherein silicon is replaced with tin in the above-mentioned

.8ilicon-containing groups.



resi dues of nitrogen-containi ng conpounds such as pyrrole, pyridine,
pyrimdine, quinoline and triazine, oxygen-containing conpounds such as
furan and pyg. and sul fur-containing conpounds such as t hi cphene, and
groups 5 wherein these heterocyclic conpound residues are further
substituted with substituents such as al kyl groups of 1 to 30 carbon
atonms, preferably 1 to 20 carbon atons, or al koxy groups, fﬂﬁﬂrlﬁﬁ of the
silicon-containing groups include 10‘ﬁwdrocarbon-substituﬂe )2 broups
such as phenylsilyl, diphenylsilyl, trinmethylsilyl, triethylsilyl,
tripropylsilyl, [ I yL gLl I |.si{yl met hyl di phenyl si lyl,
tritolylsilyl an X![a(rﬁl}b(r:]laeg%?ﬁy#g%el%Jf?né%/g&gc%er%%in-csd S SFPS5A & Rer
.groups, such as, 15, trinmethylsilyl .ether; silicon-substituted al kyl groups,
such as tribﬁ%f%ﬁy?l S?F?ngt hi//l .2 %@lé’iel%‘i E?Sﬁ%’ub‘@??tm%&%ﬂ%ﬂlfglr%&%ta%such
as trinethylsilyl phenyl. Exanples of the germani um containing groups .
include gr 6GH® iafSsinatc it b gireat i t h germaniumin the 20
.above-nmentioned silicon-containing groups. Exanples of the tin-containing
groups include groups wherein siliconis replaced with tin in the
above-nentioned .silicon-containing groups. .SF-784 45 1 1 NOV 2003



Exanpl es of the transition nmetal conpounds represented by the fornula (1)
are given below, but the transition netal conpounds are not limted

. thereto. SF- 57P8§4 RPr 46 1 1 NOV 2003 Bu N zZrd2 | L 2rCJ2 "Qctadecyl
-->7Zr C12 XN~ rad2nPr r "Hexyl 002 N "2Zrd2 0 2 Bu "Qecyl 01WzZrd 2
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~N. ZrCl12 N ZrCl2 O ~O1 1 NOV 2003 SF-784 50 1 NOV 2003

- SF-784 Me O Me2N i Cctadecyl N-- rC6 Me2N 51 Ph Me2N 1 1 NOV 2003
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2 SF-784 ZFCl 52 1 1 NOV 20x3 -ZiCl2 2 -111~ A _ PhO f Bu PhO PhOfp iProO

"Qctadecyi ~-Zrd2 OiPrOip SF-784 53 1 1 NOV 2003 In the above exanpl es,
Me denotes agnethyl group, Et denotes an ethyl group, nPr denotes a.
n-propyl group, - iPr.denotes an isopropyl group, nBu denotes a n7butyl

group, tBu denotes a t-butyl group, nPentyl denotes a n-pentyl group,
nHexyl denotes 5.a n- hexyl group, nHeB)tyI denotes a n-h?pt‘yﬁo\grzgﬂgo, nCct yl

. | "Non
M Neall - fe- = T 2;
}ZrC]a }ZrCIz }ZI'CIQ 0% tCly
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denotes a n-Cctyl group, nNonyl denotes a n-nonyl group, nDecyl denotes a
n-decyl group, nUndecyl denotes a n-undecyl group, nDodecyl denotes a
n- dodecyl grQ nCct adecyl denotes a n-octadecyl group, and Ph denotes a
phenyl grouﬁsng Al so enpl oyabl e are transition netal conpounds wherein
the zirconiumatomis replaced with a netal other than zirconium such as
titaniumor hafnium in the above conpounds. The process for preparing the
transition metal conpound (B) represénted by the fornufal NO ﬂ@ﬁnot
specifically 15 restricted, and the transition netal conpound (B) can be
prepared by, for exanple, the follow ng process. First, a conpound
(referred to as a "Ii§§ﬁ¢lprecursorﬂkmgpreinaf teh?mwmich beconﬁﬁmﬁ | i gand
I

in the resulting trangiNti.Qn t al ynpound repreggnt €d by the faeciula (1)
i s obtained by 20 redcti n%{cggl i cc"g@m@ co oun%@h a pfi maryZ8fine

conpound of the forpgfhy 2NH2 ( e sane ) as i € /for mul a
(1)) , such as an aRil¥ng~gonpou al kyl g onpoun 3454 11
NOV 2003 ' More Mp@ci 0 MU .-@ iMeSH| "
sol.vent. As the solvent, y sol vent ly used fa uch reacti IS

enpl oyabl e, and particul arly, an al coholN solvent suchNas net hanol or
et hanol or a hydrocarbon solvent 5 such as toluene is preferable. Then, the
resul ting solution

"Dodecyl "Octadecyl

N=-ol) ——
7 /}~2r012 N }zrc:rz
O o7

2 2




is stirred for about 1 to 48 hours at roomtenperature or under ref |ux,
wher eby the corresponding ligand precursor is obtained in excellent yield.
In the synt@g_slf of the ligand precursor, an acid catalyst, 10 such as
form c acid,” acetic acid or toluenesulfonic acid, nay be used as the

catal yst. The reaction can be effectively pronoted by the use of nol ecul ar
sieves, magnesium sutfate or sodiumsulfate as a dehydrgtﬁq@ﬁﬁgﬁ;ﬁ or by
conducting dehydration through the Dilen and Stark nethod. '1 , the

| i gand precursor obtained as above is reacted wth a netallic conpound

represented by MXk (M and X have the sanme neanings as those of Mand X in

the formula (1) , and KHelys a nunberygati sfying aypl ance of Ngny Wher eby
; ’95@ ound can I@éé;?{l ynt hesi qugf.?_y 0 More

the corresponding trapgsition netal \go 3 3
specifically, the syntfhesi ki gaffd prgedtsor i%- gigzu vedfin a}&diyent

"

and if necessary cong# i"c Nth g ot 0 prepate0a/pheno A4, then
the solution or the Rall_./is mXx ith a net onpoun ch,as a
netal lic halide M§P a fre bl i eQil RYT aKe, ameDT e Myxt urided’s d for
about SF-784 55 1 NOV 2003 1 to 48 hdurd at a tengerdture of 0 room

tenperature or under reflux. As the solvent, any solvent usually used for
such reaction is enployable, and particularly, a polar solvent such as
et her or tetrahydrofur "Dodecyl "Octadecyl
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5 solvent such as toluene is preferably used. As the base for preparing a
phenoxi de salt, a netallic salt, e.g. a lithium salt such as
nfbutyllithlgﬁy$ a sodium salt such as sodi um hydri de, or an organic base
such as trie “ani ne or pyridine is preferable. 10 Dependi ng upon the
“properties of the compound, the ligand precursor is directly reacted with
the metal lic conpound without preparing the phenoxide salt, whereby the .
corresponding transition netal conpousg can al so be synﬂhéSN@@émU 5
Further, it is possible to replace the metal Min the resulting transition
metal compound with another transition netal in a conventional manner.
When any one of Rl to R6 is a hydrogen atom a sabsjituent other than a
hydr ogen at om can belrﬂwwwuced in aﬁ¢d§&g9e of t 5ynt hesi s pr'aggss.
The reaction solution LN¢I‘ | i gand pﬁec Sor and fhe tranS|t|oh :

M cont ai ni ng conpound [can Zfded ag’it éserWth N4~ Z%E' ng
transition netal conmpéugdC('B) fro gl ution.} SF: !
- The transition netal ,uounds (B) R 2f or mul
'singly or in conffihRation Bé tweho
conpound
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S5 Exanples of the organonetallic conpounds (C-1) enployable in the

i nvention include the bel owdescribed organonetal lic conmpounds contai ning
net al s of C} 1, Goup 2, Goup 12 and - Goup 13 of the periodic table.
(G 1a) C}gananunlnunlconpound represented by the 10 follow ng fornula:
RamAl (ORb) nHpxq wherein Ra and Rb may be the same or different and are

. each a hydrocarbon group-of 1 to 15 carbon atons, prefer ny gﬁ 3
carbon atons; X is a halogen atom and m n, p and g are g
satisfying the conditions of 0<nk3, 0Sn<3, Osp<3 0- <g<3 and mn+p+q =

C-Ib) A kyl co of e periodic
'Eabl e) and al uni ﬁ%%n%%gggggﬁr@ %%r;o?% E\ﬁ%ﬁ{ﬁf%rr ! El%?nlﬁ?%fsi?a4b
wherein M2 is L s "a hydrocarbon group o 0 car bon
at ons, pref3Pa3%9yib?ﬁoﬁpcdggﬁﬁﬁgFﬁﬁﬁsaSP TPEAPEF 9rQUROEpeEnateg)an
Di aIkyI conpound containing a Goup 2 or Goup 12 netal of the periodic
tabl e and r éFPELERYEd IBPUPhe NBYl HBRPAES #oRTRNEYL RERUNE tRutersteRa and

Rb may be the sanme or different and are each
: t-butyl group, nPentyl denotes an-pentyl group, nHexyl denotes

5 a n-hexyl group, nHeptyl denotes a n—-heptyl gréup, nOctyl
denotesean—Octylgroup,nNonyldenotesanrnonylgroup,nDecyl
denotes a n-decyl group, nUndecyl denotes a n-undecyl group,
nbodecyl denotes a n~-dodecyl group, nOctadecyl denotes a
n-octadecyl grﬁup, and Ph denotes a phenyl group.

10 Also employable are transition metal compounds wherein
thezirconiumatomisreplacedwithametal otherthan zirconium,
such as titanium or hafnium, in the above compounds.

- The process for preparing the transition metal compound
(B) represented by the formula {I) is not specifically

15 restricted, and the transition metal compound (B) can be
prepared by, for example, the following process.

First, a compound (referred to as a "ligand precursor"
hereinafter)whichbecomesaligandintheresultingtransition_
metal compound represented by the formula (I) is obtained by

20 reacting a salicylaldehyde compound with a priﬁary amine
compound of the formula R!-NH; (R! has the same meaning as in
the formula (I)), such aé an aniline compound or an alkylamine

compound.



a hydrocar bon group of 1 to 15 carbon atons, preferably 1 to 4 carbon
atons; and M3 is My, Zn or Cd. Exanples of the organoal um num conpounds
(GCla) incl lrjf%em an organoal um num conpound represented by the follow ng 10
formul a: Ra ﬁmb) 3-mwherein Ra and Rb may be the same or different and
-are each .a hydrocarbon group of 1 to 15 carbon atons, preferably 1 to

car bon atom; and mis preferably a number satisfying t eT(l)ﬁ ‘zm&%tlon of
1.5-m5, 3; an organoal um num conpound54 epr esent ed by thd f 0
formula: RamAl X3 -mwherein Ra is a hydrocar bon group of 1 to 15 carbon

atons, 20 prefer 1l to 4 car ms X is a halogen atonp and m_is
preferably a nunb%?llés/a S aJtﬁé’ Lolhgt Cgaﬁﬁgngéna’é‘?g‘éh%%‘%ﬁﬁﬁum
conmpound repy esent d the foll ow ng forrrul a: RamAlH3_m SF-784 58 1 1 NOV

2 003 whereif'’a S dr 66aFBEnSgLEEPLef a0Vt BO1Bephirbonabipnesed for

‘preferably 1 to 4 carbon atons; and mis preferably a nunber satisfying
t he conditi otHSH Worgnﬁs employable and particularly, an alcochol

- solvent such as methanol or ethanol ¢r a hydrocarbon solvent
5 -such as toluene is preferable. Then, the resulting solution
is stirred for about 1 to 48 hours at room temperature or under

reflux, whereby the corresponding ligand precursox is obtained

\.CA.J’

in excellent yield;
Intheéynthesisoftheligandprecursor,anacidcatalyst,

10 such as formic acid, acetic acid or toluenesulfonic acid, may
be used as the catalyst. The reactidén can be effectiveiy
promoted by the use of molecular sieves, magnésium sulfate
or sodium sulfate as a dehydrating agent or by conducting
déhydration through the Dien and Stark method.

15 | Then, the ligand precursor obtained as above is reacted
with a metallic compound represented by MX; (M and X have,the
same meanings as those of M and X in the formula (I), and K
isanumbersatisfyingavalanceofM),wherebythecorresponding
transition metal compound can be synthesized.

20 More specifically, the synthesized ligand precursor is:
dissolved ineasolﬁent and if necessary contacted with a base
to prepare a phenoxide salt, then the solution or the sa;t
is mixed with a metallic compound such as a metallic halide

or a metallic alkylate, and the mixture is stirred for about



5 an organoal um num conpound represented by the following fornmula: Ra,,, A
. (ORb) nXg wherein Ra.and Rb may be the sane or different and are each a
hydrocarbon grayp of 1 to 15 carbon atonms, preferably 1 to 10 4 carbon
atonms; X is a halogen atom and m n and q are nunbers satisfying the
condltl ons of 0<m <3, 0-<n<3, 0_<g<3 and mtn+q = 3. Particul ar exarrpl es of
t he or'ganoal umi num compounds (C-la) include: 15 tri-n-afk IWVuﬁﬂ uns,

such as trirnenhylal um num inum tr|56entyl al um num tr| exyI al um num ,
trioctylalum numand tridecylalum num tri-branched-chain alkylalum nuns,

h 20 1t l
{ri - sec- buty] E‘%%ﬁﬁ&%%?%%?%% P i & T 1 o, RS num

tri-3- rrethyl u Iumn entylalu
tri-3-nethyl t|§:en A urﬁ% %263550 V%n va%0§°r1"ent usually used

tri-4- rrethyl ent um num tr|-2 nmet h hexylalunllnum
tri-3-nmet hyI ﬁluél%rﬁ%%l%c}% rempé%ﬁaé}ﬁhem hpghtigylarly, a polar

tricycl oal kyl al um nunms, such as tricycl ohexyl al um num and
tricycl ooct ;ﬂ%‘f@ﬁtnﬁwh@smfsﬁlypmtm’ﬁrmmrcﬁimaraﬁﬂm pheaylyanatanbeand -

5 solvent such as toluene is preferably used. As the base for
preparing a phenoxide salt, a metallic salt} e.g., a lithium
salt such as n-butyllithium or a sodium salt such as sodium
hYdride, or an organic base such as triethylamine or pyridine

~1s preferable.

10 Depending upon the properties of the compound, the ligand
precursor is directly reacted with the metallic compound
without preparing the phenoxide salt, whereby the
corresponding transition metal compound can also be

.synthesized.

15 Further, it is possible to replace the metalrM inrthe
resulting transition metal compound with another transition
metal in a conventional manner. When any one of Ri'to Ré is
a hydrogen atom, a substituent other than a hydrogen atom can
be introduced in any stage of the synthesis process.

20 The reaction solution of the ligand precursor and the
transition metal M-containing compound can be used as it is
without isolating the transition metal compound (B) from the

selution.



tritolylalumnum dial kyl al um num hydri des, such as diisobutyl al um num
hydri de; trial kenylal um nuns represented by (i-C4H9) XAl y(C5H10)2 10
(wherein x, y and z are each a positive nunber, and zz2x) or the |ike,
such as isoﬁ%%ﬁ@laluninunl al kyl al um num al koxi des, such as

i sobutyl al um num net hoxi de, isobutyl al um num et hoxi de and isoaﬁéﬁbﬁhfninum
i sopropoxi de; 15 di al kyl al um num al koxi des, such as dinethyﬂaﬂ

met hoxi.de, diethyl al um num et hoxi de afé di butyl al um num but oxi de;

al kyl al um num sesqui al koxi des, such as ethyl al um num sesqui et hoxi de and
butylaluninunisegﬂyibutoxide' 20 partially al koxyl ated al kyl al umi nuns
havi ng an aver age' "¢onpBsT oA rBpr 24 e NP RO By Ra bl 5 TR nted Ly the

l'i ke: ~dial kylal um num aryl oxi des, such as, di ethylal um num phenoxi de,

di et hyl al um 2} %- g~ repyepe. 21pglyPBhenGamidna sy gd $Bo 101 MNOYE 2003
et hyl al um nunbi s(2, 6-di -t -butyl -4--nmet hyl phenoxi de),

di i sobut yl alk#dsq 2, 6-di -t - but yl - 4- - met hyl phenoxi de) and

i sobut yl al- um nunbi s(2, 6-di -t-butyl -4--net hyl phenoxi de); dial kyl al unm num
hal i des, such as di net hyl al{rilhufrganometallic compound ‘

5 | Examplesoftheorganometalliccompounds(C—l)employéble
in_the invention include the below-described organometallic
compounds cdntaining_metals of Group 1, Group 2, Group 12 andl
Group 13 of the periodic table.

(C-1a) Organoaluminum compound represented by the

10 following formula:

R2,A1 (ORP) Hp X
wherein R2 and R® may be the same or different and are each
a hydrocarbon group of 1 to 15 carbon atoms, preferably 1 fo
4 carbon atoms; X is a halogen atom; and m, n, p and g are

15 numbers satisfying the conditions of 0<m<3, 0sn<3, 05p<3, 0<g<3
and m+n+p+g = 3.

(C~1b} Alkyl complex compound comprising a Group 1 metal
of the periodic table and aluminum aﬁd represented by the
following formula:

20 M2A1R2,
wherein M2 is Li, Na or K; and R® is a hydrocarbon group of

1 to 15 carbon atoms, preferably 1 to 4 carbon atoms.



5 chloride, diethylalumnumchloride, dibutylalumnumchloride,

di et hyl al um num brom de and dii sobutyl al um num chl ori de; al kyl al um num
sesqui hal i deg,-gsuch as et hyl al um num sesquichl oride, butyl al um num

sesqui chl ori de "and et hyl al um num sesqui brom de, 10 partially hal ogenat ed

al kyl al um nuns, such as ethyl al um num di chl ori de, propylal um num

di chl oride-and butyl al um num di brom de;. dial kyl al um num hydri des, such as
di.et hyl al umi num .hydride and di butyl a¥?um num hydri de; 3151 NOW i2603 ¥

hydr ogenat ed al kyl al um nuns, e.g., al kylal um num di hydri des, such as .

ethylalum rium di(k@?/_dlré dey;and.,,qpr. | a] um num di hydride;, and partiall
al koxyl ated and ha oge)natleg Qilkyi aiiuoﬂnnurﬁso,n@asl& X SHRHRI LR FhoUP
et hoxychl ori g%\,l yl m num 20 butoxychl ori de and et hyl al umi num
ot oy brom A me R B R e e P a5 a0 Bhe M) 1owing
or ganoal um r}um conpound (G la), such as an organoal um num conpound wherein
two or nore &M fim conpounds are combined SF 784 61 1 1 Nov 2003 through
a nitrogen atom An_exanple of such conpound is (C2H5) 2AIN (C2H5) Al
(C2H5) 2 Exanpl &RB¥® t he or ganoal uni num conpounds (G 1b) include Li Al
(CH5) 4 and LiAl (C H1;5) 4.
wherein R? and RP may be the same or different and are each
a hydrocarbon group of 1 to 15 carbon atoms, preferably 1 to
4 carbon atoms; and M3 is Mg, 2Zn or Cd.
- Examples of the organcaluminum compounds (C—1a) include:
an organoaluminum compound represented by the following
10 formula:
Re,AL (ORP) 5
“wherein R?® and RP may be the same or different and are each
.a hydrocarbpn group of 1 to 15 carbon atoms, preferably 1 to
4 carbon atoms; and m is preferably a number satisfyihg the
15 condition of 1.55ms3;
an organocaluminum compound represented by the following
formula:
RamAlX_?.-m
wherein R® is a hydrocarbon group of 1 to 15 carbon atoms,
20 preferably 1 to 4 carbon atoms; X is a halogen atom; and m
is preferably a number satisfying the condition of 0<m<3;

an organoaluminum compound represented by the following

formula:

R3,A1H;



5 O her conmpounds, such as methyllithium ethyllithium propyllithium
butyl ['i thium nethyl magnesi um brom de, nethyl magnesi um chl ori de, ‘

et hyl magnesi um brom de, et hyl magnesi um chl ori de, propyl nagnesi um broni de,
propyl magnesFif4 chl ori de, butyl magnesi um broni de, 10 butyl nagnesi um

chl ori de, dinethyl magnesi um di et hyl magnesi um di butyl magnesi um and

butyl et hyl'magnesi um are al so enpl oyabl e as the organonetal | i c conpounds

(G- 1). Conbinations of conpounds capafyl e of producing t?qejéﬂgpvﬁ_ ment i oned
- organoal um num conpounds in the 15 polynerization syste . ,2 %]

conbi nation of hal ogenated al um numand al kyllithiumand a conbination of
hal ogenat ed whglngimih and aahlygireagmbsinu g campe ofl o tenyl Soyarben Gt drhe,
organonetal i ¢ conpounds (C-1) nmentioned above, organoal um num conpounds
are pref er aprefe2@blhe lot gahormtladi iat ceenpawadds { € dyefeniboned rahtyver ar e
used singly or in conbination of two or nore kinds. (C2) O ganoal um num

oXxy- conpoundathe frigay aalel i dHE 00 COfPEe ( B-2) may be a hitherto known
al um noxane or may be such a benzene-insoluble SF-784 62 1 1 NOV 2003

or ganoal um nunoxyygonpound as exenplified in Japanese Patent Laid-Qpen
Publ i cati on No. 78687/1990. The hitherto known al um noxane can be prepared

by, for 5 an organcaluminum compound represented by the following

formula:

R3,A1 (ORP) 1Xq
wherein R2 and RY may be ﬁhe same or different and are each
a hydrocarbon group of 1 to 15 carbon atoms, preferably 1 to

10 4 carbon atoms; X is a halogen atom; and m, n and g are numbers
satisfying the conditions of 0<m<3, 0=n<3, 0£g<3 and m+n+q
= 3. |

Particular examples of the organcaluminum compounds
(C-la) include:

15 tri-n-alkylaluminums, such as trimethylaluﬁinum,
triethylaluminum, tri~n-butylaluminum, tripropylaluminum,
tripentylalgminum, trihexylaluminum, trioctylaluminum and
tridecylaluminum;

tri-branéhed—chain alkylaluminums, such as

20 triisopropylaluminum, triisobutylaluminum,

tri-sec-~butylaluminum, tri-tert-butylaluminum,
| tri—2—méthylbutylaluminum, tri—3—methylbutylaluminum,.

tri-Z-methylpentylaluminum, tri-3-methylpentylaluminum,



exanpl e, the follow ng processes, and is generally obtained 5 as a

hydr ocar bon sol vent solution. (1) An organoal um num conpound such as trial
kyl al um num is added to a hydrocarbon medi um suspensi on of a conpound
contai ni ng a8 ption water or a salt containing water of crystallization,
e.g., magnesium chloride hydrate, copper 10 sulfate hydrate, al um num
~sulfate hydrate, nickel sulfate hydrate or cerous chloride hydrate, to

al | ow t he organoal unmi num conpound to5¢ eact with the adbot NO¥o#lf3at er or
.the water of crystallization. (2) Water, ice or water vapor is allowed to

directly 15 act,on an organoal um pum conpound such_as trial kyl al.um num in
a nediunlsué$Fﬁ§4BE%€%¥ébéﬁ %Wl%?%ylQE%ﬁgfm%FhY%??éﬁ}ﬁ}BW&P&Wf- (3) An

organotin oxide such as dinmethyltin oxide or dibutyltin oxide is allowed
to react wi tWh-@m%%Hmeﬁwm%n@@@narsu&heﬁbylheaykﬂammpmm ina
medi um such as decane, benzene or toluene. The al um noxane may contain a
smal | armount of d&rrieyghroietlsd lucironporsmnth Faurtrhieryclidhexsy Jookshhent hat
the solvent or the unreacted organoal um num conpound is renoved SF-784 63
1 1 NOV 2003rid dmeidwecYesover£dusohat} on of al um noxane by distillation
and the remainder is redissolved in a solvent or suspended
5 triarylaluminums, such as triphenylaluminum and
tritolylaluminum;
dialkylaluminum hydrides, such as diiscbutylaluminum
hydride;
trialkenylaluminums represented by (i-CgzHo)xAly (CsHig)2

10 (wherein x, y and z are each a positive number, and z22x) or

the like, such as isoprenylaluminum;

alkylaluminum alkoxides, such as isobutylaluminum
methoxide, isobutylaluminum ethoxide and isobutylaluminum
isopropoxide;

15 dialkylaluminum alkoxides, such as dimethylaluminum
methoxide, diethylaluminum ethoxide and dibutylaluminum
butoxide;

alkylaluminum sesquialkoxides, such as ethylaluminum
sesquiethoxide and butylaluminum sesguibutoxide;

20 partially alkoxylated alkylaluminums having an average
composition represented by R2; 5sAl (ORP},.5 or the like:

dialkylaluminum aryloxides, such as diethylaluminum

phenoxide,

diethylaluminum(2, 6~di~t-butyl-4-methylphenoxide),



in a poor solvent for alum noxane. Exanples of the organoal um num conpounds
used for 5 preparing the alum noxane include the sane organoal um num
conmpounds as_previously described with respect to. the organoal um num
conpound (C¥FdP4 OF these, preferable are trial kyl al umi nums and
tricycl oal kyl'al um nuns, and particularly preferable is 10
trimethylal um num. The organoal um num conpounds are used singly or in
conbi nati on of two or nmore ki nds Examgdl es of the sol vert$ M@%dﬁﬁ%r
preparing the alum noxane include aromatic hydrocarbons, such as benzene,
t ol uene, xyl e,l unmene %pd |.i phati c hydrocarbons, 15 such as

C ne;, a
pent ane, he qHEn %ﬁﬁé; Td%ﬁﬁiﬁﬁiY%ﬁﬁﬁﬂﬁﬁﬂﬁlﬁﬁﬁﬁﬁ%%%ﬁbrand
oct adecane; alicyclic hydrocarbons, such as cycl opentane, cyclohexane,
cycl ooct ane didf@utet A wiidiberft zthe &~ pet v ot eurs thukphemsxidethand
gasoline, kerosine and gas oil; and halides of these aromatic, aliphatic
20 and al i cyislobethyldrlovsirhoisi { € - dich -gritdels- amk thvipldesox t ief eof ) Al so
enpl oyabl e are ethers such as ethyl ether and tetrahydrofuran. O the
sol vents, parti culianlkylpemtran &aldrd G gaii G ydineeatpoasuangual | phati c
hydrocarbons. SF-784 64 1 NOV 2003 The benzene-insol ubl e organoal um num
OXY- CONMPOUNGH1S RS, 68 88k Ny BR1 @h IAARFNIT WY, XY COPOtAH] SR IN Nihan A
| diethylalﬁminum bromide and diisobutylaluminum chloride;
alkylaluminum sesquihalides, such as ethylaluminum
sesquichloride, butylaluminum sesquichloride and
ethylaluminum sesguibromide,

10 partially halogenated alkylaluminums, such as

ethylaluminum dichloride, propylaluminum dichloride and
- butylaluminum dibromide;
dialkylaluminum hydrides, such as diethylaluminum
hydride and dibutylaluminum hydride;

15 partially hydrogenated alkylaluminums, e.q.,
alkylaluminumdihydrides,sucha§ethylaluminmndihydrideand
propylaluminum dihydride; and

partially alkoxylated and halogenated alkylaluminums,
such as ethylaluminum ethoxychloride, butylaluminum

20 butoxychloride and ethylaluminum ethoxybromide.

Also employable is a compound analogous to the

organoaluminum compound (C-la), such as an organocaluminum

compound wherein two or more aluminum compounds are combined



conmponent which is soluble in benzene at 60C in an anount of usually not
nore than 10 preferably not nore than 5 5 parti cul arly preferably not nore
than 2 % in_ternms of Al atom That is, the benzene-insol uble

or ganoal uni mmMxy- conpound is preferably insoluble or sparingly soluble

i n benzene. The organoal um num oxy-conpound enpl oyabl e may be an

or ganoal um num oxy- conpound cont ai ni ng boron and represented 10 by the
following formula (11): RL1 RI0 Rl1 At-O B--O Al wherel nl NO¥ 2803a

hydr ocarbon group of 1 to 10 carbon atoLnsl; 15 and each R'r'] gay bebt hegfgrrg
or different_and is a hydrogen atom a hal ogen atom or a hydrocarbon u
of 1 to 10 c‘%ﬁ’b%%gha?oﬁg?rq’géno%aﬁoalwWﬁbﬁp@ﬁnﬁu@bn@@mﬂqﬂm@dbmson and
represent ed be/ the formula (11) can be prepared by allowing 20 an _
al ky! bor oni c{CAli dAi¥fFelerh etCHls)the following formula (111) to react with
an organoal um num conpound in an inert solvent SF-784 65 1 1 NOV 2003 at a

tenperature of --Bamdles rdohhtenpeambalentoin LoMptinds 0C24bNOLES1 hde an
inert gas atnosphere. RIO B_(Of)2 (Il1l) 5 wherein RI111 is the sanme group
as descri bed.igbos, Heyamphas Lehit(bsnalky! boroni ¢ acids represented by the
5 | Other compounds, such as methyllithium,'ethyllitﬂium,
propyllithium, butyllithium, methylmagnesium bromide,
methylmagnesium chloride, ethylmagnesium bromide,
ethylmagnesium chloride, propylmagnesium bromide,
propylmagnesium chloride, butylmagnesium bromide,
10 butylmagnesium chloride, dimethylmagnesium,
diethylmagnesium, dibutylmagnesium and butylethylmagnesium,
are also employable as the organometallic compounds (C—l).
Combinations of compounds capable of producing the
above-mentioned organocaluminum compounds in the
15 polymerization system, e.g., a combination of halogenated
aluminum and alkyllithium and a combination of halogenated
aluminum and alkylmagnesium, are also employable.
Of fhe organometallic compounds (C-1) mentioned above,
organoaluminum compounds are preferable.
20 The organometallic compounds {C-1) mentioned above are

used singly or in combination of two or more kinds.

(C-2) Organocaluminum oxy-compound

The organoaluminum oxy-compound (B-2) may be a hitherto

known aluminoxane or may be such a benzene-insoluble



formula (Il1) include nethyl boronic acid, ethylboronic acid,

i sopropyl boronic acid, n-propyl boronic acid, n-butylboronic acid,

i sobut yl boroni c acid, n-hexylboronic acid, 10 cycl ohexyl boroni c acid,
phenyl bor oni€&784ci d, 3, 5--di fl uoroboroni c acid, pentafluorophenyl boronic
acid and 3,5-bis(trifluoronethyl)phenyl boronic acid. O these, preferable.
are met hyl boronic acid, n-butylboronic acid, isobutylboronic acid,

3, 5-di fl uorophen. yl boroni acid and 1&g pentafl uorophenylioqrgpyc2igsi d. These
al kyl boronic-acids are .used singly or in conbination of two or nore Kkinds.
Exanpl es of the'or%anqaluninun1conpounds to be reacted with the

al kyl bor oni OT8ENP A HEV-RHE PR~ SARROBR Y AFork enP hifi e dmpdrpaise 38 Barteritous| y
described with respect to the 20 organoal um num conpound (C-la). O. these,
pref erabl e &RédrPpgnk Pudlldwaiiesn ald 186 8&kAl B kyl al um nuns, and
particularly preferable are trinmethylalum num triethylal um num and
triisobutylal um Bhm hSEhEB4olkdoNoVa 200Bn6Latibesen A5€ e Aa by Camounds
are used singly or in conbination of two or nore kinds. The organoal um num

oXy- conpoundsamBi2) tREtfONedwahgVisrodéEsalsethisd NG Yedle ral 160RIRAL LN Of
two or nore kinds. 5 (G 3) Conmpound which reacts with the transition netal
ponpounds tasf ar AvbeBcB@bbn solvent solution.
(1) 'Anorganoaluminumcompoundsuchastrialkylaluminum
is added to a hydrocarbon medium suspension of a compound
.containing adsorption water or a salt containing water of
crystallization, e.g., magnesium chloride hydrate, copper
10 sulfate hydrate, aluminum sulfate hydrate, nickel sulfate
hydrateorcerousChloridehydrate,toallowthedrganoaluminum
compound to react with the adsorption wafer or the Water of
crystallization.
(2) Water, ice or water vapor is allowed to directly
15 ~act on an organoaluminum compound such as trialkylaluminum
in a medium such as benzene, toluene, ethyl ether or
tetrahydrofuran: ‘
(3} An organotin oxide such as dimethyltin oxide or
dibutyltin oxide is allowed to react with an organocaluminum
20 compound such as trialkylaluminum in a medium such as decane,
benzene or toluene.
The aluminoxane may contain a small amount of an

organometallic component. Further, it is possible that the

solvent or the unreacted organcaluminum compound is removed



Exanpl es of the conpounds (C-3) which react with the transition netal
conpound (A) or the transition nmetal conpound (B) to forman ion pair
(referred to _as "ionizing ionic conpound" 10 hereinafter) include Lew s
acid, an ionffd®onpound, a borane conpound and a carborane conmpound
descri bed in Japanese Patent Laid-QOpen Publications No. 501950/1989, No.
502036/1989, No. 179005/1991, No. 179006/1991, No. 207703/1991 and No.
207704/ 1991, and U. S. Patent-No. 5,32k, 106. A heteropply 0%5 mﬁnpound and
an isopoly conpound are also available. The Lewis acid y, fg exanpl e, a
conpound represented by BR3 (R is fluorine or a phenyl group which may
have a subStifuéhe F&ERVESeA §oditd ormetth Il UK nopsemiey bvo fe sty )1 at Baanpl es
of such conpounds include trifluoroboron, 20 triphenyl boron, .
tris(4-fluordshéhg yesedadert diss ¢8ddsgicfllvesr dphenydlollyeindn or suspended
tris(4-fluoronethyl phenyl)boron, tris(pentafluorophenyl)boron,
tris(p-tolylinber @eon ricd(venttolfidy) kdroni ramxckrte i s( 3, 5- di net hyl phenyl ) bor on
SF-784 67 1 | NOV 2003 The ionic compound is, for exanple, a conmpound
represented by tBgam@llleewo®g ther Mg ndaumi@ il 4officnRisSBERIS RL6

5 preparing the aluminoxane include the same organoaluminum
compounds as previously described with respect to.the
organocaluminum compound (C-la).

Of these, preferable are trialkylaluminums and
tricyclbalkylaluminums, and particularly preferable is

10  trimethylaluminum. The organcaluminum compounds are used
singly or in combination of two or more kinds.

| Ekamples of the solvents used for preparing the
aluminoxane include aromatic hydrocarbons, such as benzene,
" toluene, xylene, cumene and cymene; aliphatic hYdrocarbons,

15 such as pentane, hexane, heptane, octane, decane, dodecane,
hexadecane and‘octadecane; alicyclic hydrocarbons, such as
cyclopentaﬁe, cyclohexane, cyclooctane and
methylcyclopentane; petroleum fractions, such as gasoline,
kerosine and gas oil; and halides of these aromatic, aliphatic

20 and alicyclic hydrocarbons (e.g., chlorides and bromides
thereof). Also employable are ethers such as ethyl ether and
tetrahydrofuran. Of the solvents, particularly preferable

are aromatic hydrocarbons and aliphatic hydrocarbons.

e



o

5 (I'V) In the above formula, R12 is H+, carbonium cation, oxonium cation,
amoni um cat i on, phosphoni um cation, cycloheptyltrienyl cation,
ferroceniumcation having a transition nmetal, or the like. 10 R13 to R16
may be the sH#i®4or different and are each an organic group, preferably an
aryl group or a substituted aryl group. Exanples of the carboni untations
include tri-substituted carbonium cations, such as triphenyl carboni um
cation, 15 tri (methyl phenyl)carboni umggati on and 1 1 NOV 2003

tri (di met hyl phenyl ) car boni um cati on. Exanpl es of the amoni um cati ons
include trial kylanmmonium cations, such as trimethyl amoni um cati on,

tri et hyl anmoni um TRatPenzeret insepyplansdarues tamionn oxyrbompghndnisni um
cation and 20 tri(n-butyl) ammoni um cation; N, N-dial kyl anilinium cations,
such as N, N-Riie%e hgihavi &1 ndume oed 1enindin N xiy -etdypaumd | avnima i ehh d osin and

N, N-2; 4, 6-pentanet hyl ani | i nium cation; and SF-784 68 1 1 NOV 2003

di al kyl ammontenpaagén bneh ishichs aso thb (& SOPrepytgna Dot cat |40 add@nt

di cycl ohexyl ammoni um cati on. Exanpl es of the phosphoni um cations include
triaryl phosphbnigimciaf irdSmosdChnas 161 Phe/pd RHsNRPRicEMReCahhans 5,

tri (met hyl phenyl ) phosphoni um cati on and

5 particularlypreferably not more than 2 %, in terms of Al atomn.
That is, the benzéne—insoluble‘organoaluminum oxy-compound
is preferébly insoluble or sparingly soluble in benzene.

The organoaluminum oxy-compound employable may be an

organcaluminum oxy-compound containing boron and represented

10 by the following formula (II):

R11 R0 R
\ P /
Al—O—B-—0—Al
R1/1 \ 11
R (IT)

wherein R0 is a hydrocarbon group of 1 to 10 carbon atoms;
15 and ealch Rl may be the_same or different and is a hydrogen
atom, a halogen atom or a hydrocarbont group of 1 to 10 carbon
atoms.
The organocaluminum compound containing boron and
represented by the formula (II) can be prepared by allowing
20 analkylboronicacidrepresentedby the following formula (ITII)

to react with an organcaluminum compound in an inert solvent



tri(di nmet hyl phenyl ) phosphoni um cation. R12 is preferably carbonium cati on,
ammoni um cation or the like, particularly preferably triphenyl carboni uim
cation, N, Ndinethylaniliniumcation or N, N-diethylaniliniumcation. 10
Al so avai | abFé%%s the ionic conpound is a trial kyl-substituted ammoni um
salt, an N, N-dial kylanilinium salt, a.dialkylamoniumsalt or a

triaryl phosphoniumsalt. Exanples of the trial kyl-substituted ammoni um
salts include triethyl anmoni unt etra(ptienyl )boron, 15 1 1 NOV 2003
tripropyl anmoni unt et r a( phenyl ) bor on,

tri(n-butyl)ammonpi untetra(phenyl )hog n ,
trinethylanﬁ%hﬁu 8??56%9&§I9?)5é50n$ to room temperature for 1 minute

‘trimet hyl'ammoni unt etra(g-tol yl) boron

tri (n:butyl FEmfnheret ray féntiara ordith SER9BAE - 20

tripropyl anmoni unt et r a( o, p- di met hyl phenyl ) bor on,
tri(n-butyl)amoni untetra(m mdi net hyl phenyl ) boron
tri(n-butyl)ammniuntetra(p-trifluoronethyl phenyl)boron,
tri(n-butyl)ammoBiis-e{@m)(,3, 5-ditrifl uoronet hyl phenylfxbpr on and
tri(n-butyl)ammniuntetra(o-tolyl)boron. SF-784 69 1 1 NOV 2003 Exanpl es of

the N N-3li aldoghaninl mapunsaths sa6kUgeoup as described above.
- N, N-di net hyl ani |'i ni unt etra(phenyl)boron,

N, N-di et hyl ani | i Rikl Qbﬁaﬁﬁh%ﬂélth?QBo%%%ic acids represented by the
N, N-2, 4, 6- pent anet hyl ani | i ni unt et ra( phenyl ) bor on.

formula (IIT) includelnethylboronic acid, ethylboronic dcid,

isopropylboronic acid, n-propylboronic acid, n-butylboronic
acid, isobutylboronic acid, n—hexylboronic acid,
10 cyclohexylboronic acid, phenylboronic acid,
3,5-difluoroboronic acid, pentafluorophenylboronic acid and
'3,5~bis(tfifluoromethyl)phenylboronic acid. Qf these,
preferable are methylboronic acid, n-butylboronic acid,
isobutylboronic acid, 3,5-difluorophenylboronic acid and
15 pentafluorophenylboronic acid. Thesealkylboronicacidsare
used singly or in combination of two or more kinds.
Examples of the organcaluminum compounds to be reacted
with the‘alkylboronic acid include the same organcaluminum
compounds as previously described with respect to the
20  organoaluminum compound {(C-1la).
Of these, preferable are trialkylaluminums and

tricycloalkylaluminums, and particularly preferable are

trimethylaluminum, triethylaluminum and triisobutylaluminum.



5 Exanpl es of the dial kyl amfmoni um salts include

di (1- propyl ) amoni unt et r a( pent af | uor ophenyl ) bor on and

di cycl ohexyl anmoni unt et r a( phenyl ) boron. Further enployable as the ionic
conpound i s SF$#4 phenyl car beni unt et r aki s( pent af | uor ophenyl ) borate, 10
N, N-di met hyl-ani |'i ni unt et r aki s( pent af | uor ophenyl ) bor at e,

f erroceni unt et r a( pent af | uor ophenyl ) bor at e, 1 1 NOV 2003

tri phenyl car beni unpent aphenyl cycl operdsadi enyl conpl ex, N, N-di et hyl

ani 1i ni unpent aphenyl cycl opent adj enyl conplex or a boron conpound
represented by the followng fornmula (V) or 15 (Vl). ( wherei n Et
denotes an é‘"?‘ﬁﬂe GrATILCASRIADITY (COMPOWRSE 20D Y139 E%%%Ye%rofnt he borane
conpounds include decaborane(14); salts of anions, such as '

bi s[tri (n- bGePPlnafhsw @ trhabormeare kidg s[tri (n-butyl)
ammoni unj decaborate, bis[tri(n-butyl) ammoni un] undecaborate, bis [tri
(n-butyl) ammoni Gkedodgeabelamenumbosytcoppebotiyl JB~2) mentioned above
anmoni unj decachl or odecabor at e and

bi s[tri (n-buatyl Lawapriinygldodac aahl cunasiadeciakoret etwandr dérsaki sdef
metal | i ¢ borane ani ons, such as

tri(n-bus yl }anepnt 4 ehd et yeh L0 atecanot3bG¢id)d fetal compound

to form ion pair

'Examples of the compounds {(C-3) which react with the
transitionmetal compound (A} or the transitionmetal compound
(B)toformanionpair(referredtoas"ionizingioniccompoun@"

10 hereinafter) include Lewis acid, an ionic compound, a borane
compoumﬂandacﬁrboranecompounddescribedinJapanesePatent
.LaideOpen.Publications No. 501950/1989, No. 502036/1989, No.
179005/1991, No. 179006/1991, No. 207703/1991 and No.
207#04/1991, and U.S. Patent No. 5,321,106. & heteropoly

15 compound and an isopoly compound are also available.

The Lewis acid‘is, for example, a compound represented
by BR; (R is fluorine or a phenyl group which may have a
substituent such as fluorine, methyl or trifluoromethyi).
Examples of such compounds include trifluoroboron,

20 triphenylboron, tris(4-fluorophenyl)}boron,
tris{(3,5-difluorophenyl)boron,
tris(4-fluoromethylphenyl)boron,
tris(pentafluorophenyl)boron, tris(p-tolyl)boron,

tris(o~tolyl)boron and tris(3,5-dimethylphenyl)boron.



te(l11) and bis[tri(n-butyl) amoniunibis-(dodecahydri dododecabor ate)n
ickelate(lll). 15 Exanpl es of the carborane conpounds include: salts of
ani ons, suc%F%§ 4- car banonaborane(14), 1, 3-di carbanonaborane(13),

6, 9- di.car badecabor ane(14), dodecahydxi do--1--phenyl -1,

3---di carbanonaborane, dodecahydxi do-I-nmethyl -1, 3-di carbanonabor ane, 20
undecahydri do- 1, 3-di net hyl - -1, 3-di car banonabor ane, 1 NOV 3

7, 8- di car baundecabor ane( 13), 2,7-dicaﬁbaundecaborane(lé),'@%—%@ﬂ 71 1 1 NOV

2003 undecahydri do- 7, 8- di net hyl - 7, 8- di car baundecabor ane,
dodecahydrido- 11 - - di car.baundecabor ane, -
tri(n_bﬁty|)annnm%%%%g%g%gégggﬁiﬁ%ﬂg?rexamﬁie,acompoundrepresented
tri(n-butyl)anmmoni |.- car baundecaborate, 5

tri(n-bLityl ar'?ﬂ?nilﬂﬂ}“@@é}%a‘g%ﬂgya%o%‘fb;
tri(n-butyl)amoniuml-trinmethylsilyl-I|-carbadecaborate,
tri(n-butyl)amoni unbrono- 1- car badodecabor at e,
tri(n-butyl)amm oni um 6-car badecabor at e( 14),
tri(n-butyl)annnniUHMG-carbadecaborate(12), 10
tri(n-butyl)aﬁﬂnniupEy-carbaundecaborate(13),

tri (n-but yl RIfmRuB+R'8- di car baundecabor at e(12),
tri(n-butyl)ammoni ums2, 9- di car baundecaborate(12), tri(n-butyl)
ammoni undodecahydr i do- 8- met hyl - 7, 9- di car baund. (IV)

5
J Intheabovefbrmuia,RlzisH+,carboniumcation,oxonium
cation, ammonium cation, phosphonium cation,
cycloheptyltrienyl cat;on, ferrocenium cation having a
transition metal, or the like.
10 R*3 to R may be the same or different and are each an

organic group, preferably an aryl group or a substituted aryl
group. |

Examples of the carboniumcationsincludetri-substituted
carbonium cations, such as triphenylcarbonium cation,

15 tri(methylphenyl)carbonium cation and
tri(dimethylphenyl)carbonium cation.

Examplesof the ammoniumcations include trialkylammonium
_cations, such as trimethylammonium cation, triefhylammonium
cation, tripropylammoniumcation, tributylammoniumcation and

20 tri({n-butyl)ammonium cation; N,N-dialkylanilinium cations,
such as N,N—dimethylanilinium cation, N,ﬁ—diethylanilinium

cation and N,N-2,4,6-pentamethylanilinium cation; and



- ecaborate, 15 tri (n-butyl)anmmoni unundecahydri do- 8-ethyl -7, 9-di car baunde
caborate, tri(n-butyl) amoni unundecahydri do-8-butyl -7, 9-di car baunde
caborate, tri(n-butyl)anmoni unundecahydri do-8-allyl-7,9-dicarbaunde 20
caborate, tri{®*butyl) amoni unundecahydrido-9-trinethylsilyl-7,8" -di

car baundecaborate and tri (n-butyl)

ammoni unmundecahydri do- 4, 6- di br ono- 7- car baunde caborate;, and salts of
.metallic carborane anions, such as SF8784 72 1 1 h[N-ZOdbltNUV(HmButyl)
ammoni unbi s (nonahydri do-1, 3--dicarbanonaborate )cobaltate(lll),

tri(n--butyl)a i unbi s(undecahydri do- 7, 8-di car baundecabo
.rage)ferrgféfﬁmaﬁa@@onéumcatfoXs,suchasdg(gsopropyl)ammoniumcation

tri(n-butyl)anmonj unbi s(.undecahydri do-7, 8-di car baundecabo rate)
cobal tat e( 11309 FHGYHLPRXN Hammrasni Wikt atierlecahydri do- 7, 8- - di car baundecabo
rate)ni ckelate(lll), :

tri (n-butyl) anmofixamy ls{surede adiey dticp gt oza thizumsl eCadbud4 0
rate)cuprate(lll), tri(n--butyl)

amoni unbi s (tunidenaptdsseheonidng-ak tciashsunslesabos §algheaYI Bhesphbh) um

| 5 cation, tri(methylphenyl)phosphonium cation and
tri(dimethylphenyl)phosphonium cation.
| R2 is preferably carbonium cation, ammonium cation or
the like,'particularlgrpreferablyrtriphenylcarboniunlcation,
N,N-dimethylaniliniumcation or N,N-diethylanilinium cation.

10 Also available as the ionic compound is a
trialkyl-substituted ammonium salt, an N,N-dialkylanilinium
salt, é.dialkylammonium saltAor a triarylphosphonium sélt.

Examples of the trialkyl—substituted ammonium salts
include triethylammoniumtetra (phenyl}boron,

15 tripropylammoniumtetra(phenyl)boron,
tri(n-butyl)ammoniumtetra {phenyl)boron,
trimethylammoniumtetra (p-tolyl)boron,
trimethylammoniumtetra (o-tolyl)boron,
tri(n—butyl)ammoniumtetra(pentafluorophenyl)boron,

20 tripropylammoniumtetra (o,p-dimethylphenyl)boron,
tri(n-butyl})ammoniumtetra {(m, m—dimethylphenyl)boron,
tri(n;butyl)ammoniumtetfa(p—trifluoromethylphenyl)boron,

tri(n-butyl)ammoniumtetra(3,5-ditrifluoromethylphenyl)bor

on and tri(n-butyl)ammoniumtetra (o~tolyl)boron.



. tri(n-butyl)anmoni unbi s( nonahydri do- 7, 8-di net hyl -7, 8-di va
- rbaundecaborate)ferrate(lll), 15

tri(n-butyl%% ni unbi s( nonahydri do- 7, 8--di net hyl -7, 8-di ca
r baundecabor g@?chron&te(lll), _
tri(n-butyl)ammoni unbi s(tribronooct ahydri do-7, 8-di car baun

decaborate)cobaltate(ll1), tris[tri(n-butyl) amonium 1 NOV i
bi s(undecahydri do- 7- car baundeca 20 b@%ate)ohronate(ll]), gis?mpi(n-butyl)
ammoni unj bi s(undecahydri do- 7- car baundecab orate) manganate(lV),

bis[tri(n--butyl)_.a ni u i,S cahydrido- 7- car baundecab

orat e) cobal t at e( IEi)i‘_’)mpfiihedS gif %lfg %ﬁ_ﬁl% PP r$3 R DUt SF 3 ehFoni uni
bi s(undecahydrj do- 7- car baundecab orate) -ni-ckelate (1V) The heteropoly
conpound co#b K Bk L BRIt ¥ orlery ) Re¥Pn phosphor us, titani um
~germanium arsenic and tin and 5 one or nore atons sel ected from vanadi um
~ ni obi um noNBuehiahhamnt birgsuere t = Gpipt el Bfo s rrdnpounds i ncl ude
phosphovanadi ¢ aci d, germanovanadi ¢ aci d, arsenovanadic acid,

phosphoni obitG Nerdi -, , Ggaraveiraome oy tamil oh 1 wnt ¢ oartbltydrdy T) et o .
phosphonol ybdi ¢ acid, titanonolybdic acid, germanonol ybdic 10 acid,

ar senonpf ybdi ¢ a@ixhmpstean road b dil £a Bigy Thmrphtos ph o ANas t i e Bed &,

germanot ungsti ¢ acid, stannotungstic acid, phosphonol ybdbvanadi c acid,

phosphotung&ﬁgwa@ﬁﬁkgﬂ@@mhoniumtetra(pentafluorophenyl)boron and
dicyclohexylammoniumtetra (phenyl)boron.

Further employablé as the ionic compound is
.triphenylcarbeniumtetrakis(pentafluorophenyl)borate,

10 N,N—dimethylaniliniumtetrakis(pentafluorophenyl)borate,
ferroceniumtetra{pentafluorcphenyl)borate,
triphenylcarbeniumpentaphenylcyclopentadienyl complex,
N,N—diethylaniliniumpehtaphenylcyclopentadieﬁyl complex or
a boron compound represented by the following formula (V) or

15 (VI).

CFz

@
H (OEty), B

wherein Et denotes an ethyl group.



ger manot ungst ovanadi ¢ aci d, phosphonol ybdot ungst ovanadi ¢ aci d,
ger manonol ybdot ungst ovanadi ¢ aci d, 15 phosphonol ybdotungstic acid,
" phosphonol ybdoni ob.ic acid, and salts of these acids, e.g., salts of these
acids and nefRaI88 of G oup 1 or Goup 2 of the periodic table such as
lithium sodium potassium rubidium cesium beryllium magnesium
calcium strontiumand barium and organic salts such as 20 triphenylethyl
salt. The ionizing ionic conpounds (G;83) nentioned abovi hﬁW‘?@ﬁF singly
or in conbination of two or nore kinds. In the olefin p Is [ on
catal yst of the invention, the bel owdescribed carrier (D) can be used if
“necessary, in SF-78A4 74cE;\ Nov 2003 additionto the transition netal
conmpound (A),t ingitron netal conpound (B) and at | east one conpound
(O selectedé?r Qr gahonetal i ¢ conmpound (C-1), the organoal um num
oxy- conpound '{ C2) he fonizing ionic compound (C-3). 5 (D) Carrier
The carrier (D) i norgani ¢ or organi c conpound and 1is a granular or
particul ate solid. O€, jfor gani ¢ conmpound, a porous oxide, an inorganic
chloride, clay, a clay mneral or an ion-exchange | &y&red conmpound is
preferable. 10 Exanples of the porous oxides enployable in the invention .
i nclude Si02r A1203, MyO, ZrO Ti 02, B203, CaO 2ZnO BaO, Th02,

Examples of the borane compounds include decaborane (14);

saltsofanions,suchasbis[tri(n-butyl)ammonium]nonaborate,

g 5  Dbisftri(n-butyl)ammonium]decaborate,
bisftri(n-butyl)ammonium] undecaborate,
bis[tri(n-butyl)ammonium]dodecaborate,
bisftri(n-butyl)ammonium]decachlorodecaborate and
bis[tri(Q—butyl)ammonium]dodecachlorodbdecaborate; and

10 salts of metallic borane anions, such as
tri(n-butyl)ammoniumbis (dodecahydridododecaborate)cobalta
te(IITI) and
bis[tri(n—bﬁtyl)ammbnium]bis—(dodecahy&ridododecaborate)n
ickelate(III).

15 Examples of the carborane compounds include: salts of
anions, such as 4-carbanonaborane (14),

1, 3-dicarbanonaborane (13), 6, 9-dicarbadecaborane (14),
dodecahydrido~1—phenyl—l,3~dicarbanonabbrane,
dodecahydrido-l-methyl-1, 3-dicarbanonaborane,

20 undecahydrido—l,3—dimethyl—l,B—dicarbanonaborane,

7,8-dicarbaundecaborane (13}, 2, 7-dicarbaundecaborane (13),



and conpl ex conpounds or.m xtures containing these oxides, such as natural
or synthetic zeolite, Si Q2-MO Si02-A1203, Si02-Ti Q2r Si 02-V205,

Si 2- Cr 203 %&gr§i02-TiC2-NgC1 O these, 15 preferable are conpounds each
cont ai ni ng $%and/ or A1203 as the main conponent. The inorgani c oxides
may contain small amounts of carbonate, sulfate, nitrate and oxide
conponents, such as Na2C03, K2CO3, CaC03i MyCOB, Na2S®4] NOW2 20804) 3,
BaSO4, KNO3i My (NO3) 2, 20 Al (N03)3,7Na20, K20 and Li20. Although the
porous oxides differ in their properties depending upon the type and the

preparation theregf, .the carrier refe agl .used in the invention

desirably hégl'e%éhngﬂiﬁ ﬁﬁ%d&%@?g%¥ 13' BgéﬁﬁrBﬁPnﬁﬁéﬁéPﬁﬁp?rzo to 200

pm a specifjc SE-784 | | NOV 2003 75 surface area of 50 to 1,000 n®/g,

preferably SO Y27 Yl ey h-pof edver theunflegabgrane3. 0 cnB/g.

According to the necessity, , the carrier is calcined at 100 to 1, Q00C,

preferably 180 trobowy 10 amprépiumnol userbadExalnptesepf the inorganic

chlorides enployable in the invention include MyC1l2r MgBr2, MCl2 and

“MhBr2 . The timodrgdnity 1 )adnnoen denthychebasedeasbbtats, or may be used after

pul verized by a ball mll or an oscillating mll. Al so enployable is a.

preci pi tat e tirt (rhenftofIM Himdn NenPBr & 6 £8o AL 8 HLE BY '
tri(n-butyl}ammonium-l-trimethylsilyl-1-carbadecaborate,
tri(nwbutyl)ammoniumbromo—l—carbadodecaborate,
tri(n-butyl)ammonium-6-carbadecaborate{14),
tri(n-butyl}ammonium-6-carbadecaborate (12),

10 tri(n—butyl)ammonium—?—carbaundecaborate(13),
tri(n—butyl)ammonium—?,8—dicarbaundecaborate(12),
tfi(n—butyl)ammonium—2,9-dicarbaundecaborate(12),
tri(n—butyl)ammoniumdodecahydrido—B—methyl—7,9—dicarbaund,

: ecaboréte,

15 tri(n—butyl)ammoniumundecahydrido—8—ethyl—7,9—dicarbaunde
caboraté,
tri({n-butyl)ammoniumundecahydrido-8~butyl-7, 9-dicarbaunde
caborate,
tri{n-butyl)ammoniumundecahydrido-8-allyl-7, 9-dicarbaunde

20 caborate,
tri(n—butyl)ammoniumundecahydrido—9—trimethylsilyl—7,8—di
carbaundecaborate and

tri(n-butyl)ammoniumundecahydrido-4, 6-dibromo-7-carbaunde

caborate; and salts of metallic carborane anions, such as



10 dissolving the inorganic chloride in a solvent such as an al cohol and
then conducting precipitation using a precipitant. The clay is usually
constituted mainly of a clay mneral. The ion-exchange | ayered conpound is
a conpound h¥vithg "a crystal structure wherein planes forned by ionic
bonding or the like 15 are lam nated in parallel to one another with a
weak bond strength, and the ions contained therein are ex hfn %aahﬁ. Mbst
of clay mnerals are ion-exchange | ay®ered conpounds. The lc é@l cl ay

m nerals and the ion-exchange | ayered conpounds enployable in the
invention are not limted to natural ones 20 but include synthetic ones.
Exanpl es of %ﬁ“&%l)&wlmlﬁ%?w snemahydrl €chadneicpaharenabersdends
include clay, clay mnerals and ion crystalline conpounds having | ayered
crystal struc@hektairehtBR 784 76 1 1 NOV 2003 as hexagonal closest packing
type, antinony type, CdC 2 type and Cdl2 type. Particul ar exanples of the
clay and thetwl @y-bvtner)amnon nohide (kadecahybentonl | 8-dkchushiuneleanbo
gairone clay, 5 allophane, hisingerite, pyrophyllite, mca,

nont nori | | ondates) farerafiecUiit)e, chlorite, palygorskite, kaolinite, nacrite,
dickite and halloysite. Particular exanples of the ion-exchange |ayered

conpounds i RGdUGE- RIS ) dies B0 Os BahdScaRfaPPhyVal 8041 BELBL SnaSUeh AS
a.-Zr (HAs04) 2H20, a-Zr (HPO4) 2,
rate)cobaltate (III},
tri(n;butyl)ammoniumbis(undecahydrido—7,8—dicarbaundecabo
/ o ‘fate)nickelate(III),
'tri(nubutyl)ammoniumbis(undecahydrido—7,8—dicarbaundecabo
10 rate)cuprate(III),
tri(n-butyl)ammoniumbis (undecahydrido~7,8-dicarbaundecabo
‘rate)au:ate(III),
tri(n—butyl)ammoniumbis(nonahydfido—?,8~dimethyl—7,8~dica
‘rbaundecaborate)ferrate(III),
15 tri(n-butyl)ammoniumbis (.nona.hydrido—? , 8-.dimethyl—7, 8-dica
rbaundecaborate) chromate (III},
tri{n-butyl)ammoniumbis (tribromooctahydrido-7,8~-dicarbaun
decaborate) cobaltate (III),
tris[tri(n—butyl)ammonium]bis(undecahydrido—?—carbaundeca
20 borate)chromate(III),
bis[tri{n-butyl)ammonium]bis (undecahydrido-7-carbaundecab
orate)manganate (IV),

bis{tri(n-butyl)ammonium]bis (undecahydrido-7-carbaundecab

orate)cobaltate(ITI) and



10 a-Zr (KP04) 2. 3H20, a-Ti (HP04) 2, a-Ti (HAsO4) 2 H20, a-Sn (HPO4) 2

H20;, 7-zZr (HPO4) 2, y-Ti (HPO4) 2 and 7-Ti (NH4 2 H20, The clay, the clay

mnerals and_the ion-exchange | ayered conpounds are preferably those

havi ng a por&-{l ume, as measured on pores having a radius of not |ess

than 20 A by a mercury 15 penetration nethod, of not less than 0.1 cc/g,

-and are particularly preferably those having a pore volune of 0.3 to 5

cc/g. The pore volune is neasured on the pores having 4 1rheN LP;Bﬂa)f 20.to 3

x 104 A by a mercury penetration method usi gg a rrercuLy‘ por osi msél_e_r.S g? | f
onpound. hayi a pore volume, as neasured on pores having a radi u

ﬁof Irrgss thg?ml%ggﬁ,l (’gféPEféﬂ FRANBU) BEp undgcalpdradorRecaababade daigh

- polynerization activity tends to be hardly obtained. SF-784 77 1 1. NOV

2003 It is pPetephbiekebatabfett the clay and the clay minerals to

chem cal treatnments. Any of surface treatnments to remove inpurities from

the surface and tTeathwsrrodEy ogmanunhdf tagmeese o Beogr ys1 @bt str ggbr e of

the clay is enployable. Exanples of such chemi cal treatnents include acid

treatnment, adkalcony eaiomphiorusgl titseaknplle anRdithdantEeavbShaN¢8n and.
treatnment. The acid treatnment contributes to not only renoving inpurities

from thessurdacerbbbrala@nd) YbiB8teQM IS anUER uAS Al obFoma b MLRLSSENt 1N

the crystal structure
and tungsten. Examples of such compounds include

phosphovanadicacid,germanovanadicacid,arsenovanadicacid,
phosphoniobicacid,gérmanoniobicacia,silicomolybdicacid,
phosphomolybdic acid, titanomolybdic acid, germanomolybdic

10 acid, arsenomolybdic acid, stannomolybdic acid,
phosphotungstic acid, germanotungstic acid, étannotungstic
acid,phosphomolybdbvanadicacid,phosphotungstovanadicacid,
germanotungstovanadic acid, phosphomolybdotungstovanadic
acid, germanomolybdotungstovanadic acid,

15 phosphomolybdotungstic acid, phosphomolybdoniobic acid, and
salts of these acids, e.g., salts of these acids and metals
of Group 1 or Group 2 of the periodic table such as lithium,
sodium, potassium, rubidium, cesium, beryllium, magnesium,
calcium, strontium and barium, and organic salts such as

20 triphenylethyl salt.

The ionizing ionic compounds (C-3) mentioned above are
used singly or in combination of two or more kinds.
In the olefin polymerization catalyst of the invention,

the below-described carrier (D) can be used if necessary, in



10 to increase the surface area. The alkali treatnent destroys crystal
structure of clay to bring about change in the structure of the clay. The
sal t treat meat, nd the organi c substance treatnent can produce ionic
conpl ex, nol'ecular conplex, organic derivative or the |like and change the

. surface area 15 or the distance between | ayers. The ion-exchange | ayered

conpound may be .a | ayered conpound in which the exchangeabl e i ons between
| ayers have been exchanged with othe# | arge and bul ky fi ¢rmwtm‘3322i ng ion
exchange properties to enlarge the distance between the | ayers. 20 The

bul ky ion pl i -like roll, to s ort the r  structure and is
usual I'y cal e éﬂp& H)gt{h‘é t SEPSGIEH %ﬁg§$ CO&H?&“%%& e rBEsiddP ayer s
of a layered %oqpound IS c&lled "intercal ation". ExanEIes of the guest
compounds t 8HEL FRTRPEARat R aPfct d€asd PRRICCTIRIGhAFE SVMRReds rauch as
SF-784 78 1 1 NOV 2003 TiCl4 and Zrd 4; netallic al koxides, such as Ti (OR)
4, zr (OR) kbhe podeoryetadid B qaamowd RGslla Hyr cvegdrore Qroupuor  t he
like) ; and netallic hydroxide ions, such as [A11304 (OH) 24] 7+, [Zr4
(OH) 14] 2 o#NdcPPERIeNEOCOEH3) =6id . t1khelss icoinpp unets areoms@cthéi ngty) or in

5 conbination of two or nore kinds. The intercal ation of these conmpounds
may be carried out in the presence(Df @applyperizati on product obtai ned by
hydrolysis of a netallic al koxide such as Si (OR) 4, Al (OR) 3 or

The carrier (D) is an inorganic or organic compound and

isa granular orparticulate solid. ’As the inorganic compound,
a porous oxide, an inorganic chloride, clay, a clay mineral
or an ion-exchange layered compound is preferable.

10 Examples of the porous oxides employable in the invention .
include Sioz,_Alzo;*,' MgO, Zr0, TiOz, B,Os, Cal, Zn0, BalO, ThO,,
and complex compounds or mixtures containing these oxides,
such as natural or synthetic éeolite, 85i0,-Mg0O, Si0;-Al,0;,
S5103-Ti0;, S103-V305, Si10,-Cr,05 and Si0,-Ti0,-Mg0. Of these,

15 preferable are compouﬁds each containing $i0O; and/or Al,0; as

N the main component.

The inorganic oxides may contain small amounts of
carbonate, sulfate, nitrateandoxide components, suchasNa,C0,, |
K2C03, CaCb;;, MgCO3, NayS04, Al;{S04)3, BaS0s, KNOj, Mg (NO3) o,

20 Al (NOs)3, Naz0, K0 and Li,O.

Although the porous oxides differ in their properties

dependinguponthe type andthepreparationthereof, the carrier
- preferably used in the invention desirably has a particle

diameter of 10 to 300 pm, preferably 20 to 200 um, a specific



Ge (OR) 4 (Ris a hydrocarbon group or the like) or in the presence 10 of a
col |l oi dal inorgani ¢ conpound such as Si02. Exanples of the pillars include
oxi des produced by intercalation of the above-nentioned netallic hydroxide
i ons bet weerft’8yers, foll owed by dehydration under heating. The clay, clay
‘m nerals and ion-exchange | ayered 15 conpounds nenti oned above Eﬁy be used
as they are, or may be wused after subjected to a treaﬂn&dﬂﬁbﬂﬂ |1

mlling, sieving or the like. Mreovesr, they may be used after subjected
to water adsorption or dehydration under heating. The clay, clay minerals
and i on-exchange | ayered cquounds maybe used singly 20 or in conbination
of two or mF 4&GFISEeef of hel disove ORENKT baedTrfteralal 8,100 EPeV BBI®° A e cl ay
and clay mnerals, and particularly preferable are nontnorillonite,

verm cul i t e, 2nseePoretvelumeei 0} Btte Jrfticmdfmt hétcar miigey t SEh#E 8 CES dli ty NOV
2003 The organic conpound is, for exanple, a granular or particulate solid"
havi ng a partheckardiigmeiercalicilffed ®t30@pmo 1ERAGPLeSpOEfSHabl ¢onPOUNSS

.. .include (co) polymers produced using as a main ingredient an a-olefin of 2

to 14 carborvat diis suchord tas weidyl ene, propyl ene, 1-butene or
4- et hyl -1 -pentene, (co)polyners produced using as a main ingredient
vi nyl cyckohexane sdangpiiysens taRd imRdifareal i A tipioyable in the
| invention include MgCl,, MgBr;, MnCl; and MnBr,. The inorganic
chloride may be ﬁsed as it is, or may be used after pulverized
by a ball mi'll‘ or an oscillating mill. Also employable is
a precipitate in the form of fine particles obtained by
10 dissolvingtheinorganic chlorideinasolvent suchasanalcohol
and then conducting precipitation usiﬁg a precipitant.
The clay is-usually constitutedmainly of a clay mineral.
The ion-exchange layered compound is a compoundhavingacrystal
structure wherein planes formed by ionic bonding or the like
15 are laminated in parallel to one another with a weak bond
strength, and the ion_s contained therein are exchangeable.
Most of clayminerals are ion—-exchange layered compounds . The
clay, the clayminerals and the ion-exchange layered compounds
employable in the invention are not limited to natural ones
20 but include synthetic ones.
Examples of such clay, clay mineArals and ion-exchange

layered compounds include clay, clay minerals and ion

crystalline compounds having layered crystal structures such



t hereof. The ol efin polynerization catalyst may further contain 10 the
bel ow descri bed specific organic conpound conponent (E), if necessary, in
addition to ghg,transition netal conmpound (A) (conponent (A)), the
transition metal conpound (B) (conponent (B)), at |east one conpound (C)
(conponent (C)) selected fromthe organonetallic conmpound (C-1), the 15
or ganoal um num oxy-conpound (G 2) and the ionizing ionid 1CW‘%U£ (CG3),
and the carrier (C) optionally used. %) Organic conmpound conponeht The
organi ¢ conpound conmponent (E) is used, if necessary, for the purpose of

i nproving p (o i+ | 0 of..the resulti ol ynmer. -
Exanpl es of O‘%é/hg%édraggﬁlaé %%cr%%%gﬁgég(?ﬁéﬁ%%%%’co%o lgorﬁ'hgﬁ&ei’ceggﬁrﬁo%ﬁa?,
car boxylic ag .od%dl pqzols?ohorus conmpounds and sul fonates. As the. al cohols
and the phenolic ¢ ginids, those represented by R21-OH (R23 is a
~hydrocarbon-group. of 1 to 50 SF-784 80 1 1 NQV 2003 carbon atons or a

hal ogenat ed hydr d&rBdH o FiFadP et ¢ Bhe flgoh anbidle dlesuneyabsed.
The al cohols are preferably those of the above formula wherein R2' is a
‘hal ogenat ed leK@td?adﬂnUgr degntammiet h b sh tonpavndga dremer efavabl y
those wherein the a,a -positions of the hydroxyl group are substituted
wi t h hyd? oc@ldemhasfe,ThisigQeratbopyatapiszllite, mica, montmorillonite,

vermiculite, chlorite, palygorskite, kaolinite, naérite,

dickite and halloysite. Particular examples-of the

Lo

ibn—exchangelayeredcompoundsincludecrystallineacidsalts
of polyvalent metals, such as a-Zr (HAsO,),-H,0, a—Zr(HPO4)2,

10 a-Zr (KPO4)2° 3Hz0, o-Ti(HPO,),, a-Ti (HASO4),-H,0,
oa—Sn (HPO4) 5+ HyO, y~Zr (HPO4) 2, y—T1i (HPO,4) 2 and y=Ti (NH4PO4) 2" H0,

The clay, the clay minerals and the ion—exchange layered

compounds arepreferably thosehavingaporevolume, asmeasured
on pores having a radius of not less than 26 A by a mercury

15 penetration method, of not less than 0.1 cc/g, and are‘
partiéularly preferably those having a pore volume of 0.3 to
5 cc/g. The pore volume is measured on the pores having a
radius of 20 to 3 x 104 A by a mercury penetration method using
a mercury porosimeter.

20 If a compound having a pore volume, as measured on pores
having a radius of not less than 20 A, of less than 0.1 cc/g
is used as the carrier, high polymerization activity tends

to be hardly obtained.



As the carboxylic acids, those represented by R22-000H (R22 is a |
hydr ocarbon group of 1 to 50 carbon atons or a hal ogenated hydrocarbon
group of 1t 20 carbon atons, 10 preferably a hal ogenat ed hydrocarbon
group of 1 tgp' % carbon atons) are usually used. As the phosphorus
conpounds, phosphoric acids having P-O-H bond, phosphates having P-OR
band or P=0 bond and phosphine oxide. conmpounds are preferamy d. 15 As
t he sul fonates, those represented by the foll ow ng fornulaT M re
usually used. (Xmn)- MnO Il OS-- RR3 0 1In (VII) 20 In the above forml a,

M i t om of up 1. to Go 14 of ,the periodic table. SF 784 81 1 1
Nolvszggsast is 3%&%@%&5%#? te P ecarbschr vapdoihe clayaoi rer absa

atons or a hal ogenat ed hydrocarbon group of 1 to 20 carbon atons. X is a
hydr ogen at oh¥ %%Qﬁg]eﬁr%menéshydﬁ@bfa@&ﬁv@&ﬂmtreatments to remove

impuritiesfromthesurfaceandtreatmentshavinganinfluence
‘on the grystal structure of the clay .is employable.

5 Examples of such chemical treatments include acid
treatmént, alkali treatment, salt treatment-and organic .
substance treatment. The acid treatmént contributes to not
only removing impurities from the Sﬁfface but also eluting
cations such as Al, Fe and Mg present in the crystal structure

10  to increase the surface area. The alkali treatment destroys
‘crystalstructureofqlaytobringaboutChangeinthestructure
of the clay. The salt treatment and the organic substance
treatment can produce ionic complex, molecular cémplex,
organic derivative or the like and change the surface area

15 or the distance between layers.

The ion-exchange layered compound may be a layered
compound in which the exchangeable ions between layers have
been exchanged with other large and bulky ions utilizing ion
exchangepropertiestoenlargethedistancébetweenthe1ayers.

20 The bulky ion plays a pillar-like roll to support the layer
structure and is usually called a "pillar". Introduction of
othersubstancesbetweenlayersofalayeredcompoundiscmlled
"intercalation". Examples of the guest compounds to be

intercalated include cationic inorganic compounds, such as



5 of 1 to 20 carbon atons or a hal ogenated hydrocarbon group of 1 to 20
carbon atons. mis an integer of 1 to 7, and n is a nunber of |Sri-7.

Pol ynerization In the process for preparing a branched polyolefin 10
according to™H¥é invention, an olefin is polynerized or copol ymerized in
the presence of the above--nentioned olefin polynerization catalyst to-
obtain the aforesaid branched polyolefin. In Fig. 1, steps of a process
for preparing.an olefin polynerizatien catal yst of t heti hywemt are
shown. 15 In the polynerization, the conponents can be used in-any way and
in any order.. Sone exanples of the polynerization processes are given

bel ow?/ (1) ThECtorps l{FAI}‘eFat‘Lﬂiécg%lfT%@hws(W%@Stﬂﬂe(%mpoﬁérﬁQR)@C) are
fed to the polynerization reactor in an arbitrary order. 20 (2) A catalyst
conponent WR? EPR) ¢ Badch@BherR {#)a hydswppabbedgonupher taver Leke(B)andt he
conponent (B) and the conponent (C) are fed to the polynerization reactor
in an arbit meztya bl dehydSbx184 ilorls NMcROO3 [ﬁzlgcﬁ)(oﬁ)%]w,y@hggy@pﬁqn&
wherein the conponent (B) is supported on the carrier (D) , the conmponent

A) and the HEAPOENT (0C0OH, RE B*  edneld herp@huvel bzat (984 82649 |
gri)i trary or der.%) (A cat §?§/§t conponent m\I%/ner ein the corrpone%t 5/(%? ?lg 5

support eg onedmiei @ 1herof Dwo $hensPOPRARAL (A) and the conponent

The intercalatiop of these compounds may be carried out
in the presence of a polymerization product obtained by
hy"drolysis of a metallic alkoxide such as Si (OR) 4, Al (OR)3 OT
Ge (OR) 4 (R is a hydrocarbon group or the 1like) or in the presence

10 of a colloidal inorganic compound éuch as Si0;. Examplgs of
the pillars include oxides produced by intercalation of the
above-mentioned metallic hydroxide ions’betweenlléyers,
followed by dehydration under heating.

The clay, clay minerals and ion—exchange layered

15 compounds mentioned above may be used as they are, or may be
used after subjected to a treatment of ball milling, sieving
or the like. Moreover, they may be used after subjected to
water adsorption or dehydration under heating. Theclay, clay
mineralsandion—exchangelayeredcompoundsmaybeusedsingly

20 or in combination of two or more kinds.

Of the above-mentioned materials, preferable are clay
and clay minerals, and particularly preferable are
montmorillonite, vermiculite, pectolite, taeniolite and

synthetic mica.



(B) are fed to the polynerization reactor in an arbitrary order. (5) A
cat al yst conponent wherein the conponent (A) and the conponent (B) are
support ed on%:tﬂsg carrier (D), and the conponent (C) are fed to the _
pol'ymeri zati'tn'reactor in an 10 arbitrary order. (5) A catal yst conponent
wherein the conponent (A) is supported on the carrier (D), a catal yst
conponent. wherein the conponent (B) is supported on the carrier (D), and
the conponent (C) are fed to the pol gieri zation react §ri iNgyag()3Lls
arbitrary order. (7) A catalyst conponent wherein the conponent (A) and

t he conponent (C).,are supported on the carrier (D), _and the conponent (B)
are fed to the pol}Fert & OnCPBRRMBY ifr ahoT afbRIPARY 8r d&ANUAGT( BF A
catal yst conponent wherein the conponent (B) and the conponent (C) are
suppor t ed o?ﬁ%@%‘éﬁ?%ﬁ%@)@ haid nghe Pasonigorre sl amat ear e £ troo 30Repm.

pol ymeri zation reactor in an arbitrary order. SF-784 83 1 1 NOV 2003 (9) A
“cat al yst corfpRTante séraiah chmpoungerientlude) { cot hel yrenp pmericeB) u andgt he
conponent (C) are supported on the carrier (D) is fed to the

pol yneri zat izon ar pad¢hoingtadi det adrove qeFEes s€S2 (tlg 1140ch8bhont MPoRE §REE Of
the 5 catal yst conmponents nmay be previously contacted. In the

5 as ethylene, propylene, l-butene or 4-methyl-l-pentene,
(co)polymeré‘produced using as a main ingredient
vinylcyclohexane or styrene, and modification products

/ | thereof. | |
The olefin polymerization catalyst may further contain
10 the below—described,épecific organic compound component (E),
if necessary, in addiﬁidn to the transition metal compound
(A) (componeht (A}), the transition metal compound (Bi
{component (B)), at least one compound (C) {(component (C})
selected from the organometallic compound {C-1), the
15 organocaluminum oxy—compound.(C—Z) and the ionizing ionic

T compound (C-3), and the carrier (C) optionally used.

(E) Organic compound component

Theorganiccompoﬁndcomponent(E)isused,ifnecessary,
for the purpose of improving polymerizability and properties
20 of the resulting polymer. Examples of the organic compounds
include alcohols, phenolic compounds, carboxylic acids,
phosphorus compdunds and sulfonates.
As the alcohols and the phenolic compounds, those

represented by R?1-0OH (R?! is a hydrocarbon group of 1 to 50



processes (4), (7), (8) and (9) in which the conponent (C) is supported on
the carrier (D) , a conponent (C) which is not supported on the carrier
(D) may be g&gpnally added in an arbitrary order. In this case, the
conponent s %) may be the 10 same or different. An olefin nay be

prepol yneri zed onto-the solid catalyst conponent wherein the component (A) |

and the conponent (C) are supported on the carrier (D), the solid catalyst
conponent wherein the conponent (B) #nhd the conponent (tﬂ Hp¥ §Wﬂported 15
on the carrier (D) and the solid catal yst conponent wherein the conponent

(A, the conpopent (B and th onent. (C), are supported on the carrier
. e prepolymeri zedgsgllaﬁg)%cnaeczﬁdyﬁ})%o e‘?{{),grfut?atog# t*¢onponent
D On th I _
may be further sugEortsd. 20 Thggﬁgh%ggiization can be carried out as any
of Liquid pRASETHBFIRE! i 358 ibHS ol fifi BHCPRP Pt Bisdie iAbly
suspensi on pol yneri zati on, andrfg)as phase pol ynmerization. Exanples of inert
hydr ocar bon the§Ea Fothgs @baye Hormyka dherete BRI yseri hatliogeniatddide
.al i phatic hydrocarbons, such as SF-784 84 1 1 NOV 2003 propane, butane,
pent ane, heRAAREOCREPCANEYr vdt-andhed pbane ] 1 od ebegere dan G Hee rposd freeralal y cycl i ¢
hydr ocar bons, such as cycl opentane, cycl ohexane and net hyl cycl opent ane;
aromati 3 hydpseavbersinsutle ascbepoeneionel venehandyaroane; diahngenat ed
substituted with hydrocarbons of 1 to 20 carbon atoms.
As the carboxylic acids, those represented by R22-COOH
7 - (R?2 is a hydrocarbon group of 1 to 50 carbon atoms or a
halogenated hydrocarbon group of 1 to 50 carbon atoms,
10 preferably a halogenated hydrocarbon group of 1 to 50 carbon
atoms) are usually used.
As the phosphorus compounds, phosphoric acids having
P-O-Hbond, phosphates having P~ORbond or P=0bond and phosphine
oxide compounds are preferably used.

15 As the sulfonates, those represented by the following

formula (VII) are usually used.

(Xmn-n)— M 0—S—R?

o (VII)

20 In the above formula, M is an atom of Group 1 to Group

14 of the periodic table.



5 hydrocarbons, such as ethylene chloride, chlorobenzene and

di chl oronet hane;. and m xtures of these hydrocarbons. The olefin itself can
be used as g}cg' %ol vent. \Wen the polynerization of an olefin is carried out
using the ,'fg said olefin polynerization catalyst, the conponent 10 (A
is used in an amount of usually 10-8 to 1 nol, preferably 10-7 to 0.5 nol,
based on. 1 liter of the reaction volune, and the Corrp(;‘nir}i \f%a“ s used in
an amount of usually 10-12 to 10-2 nrt, preferably 10-1 Q) 10-°3 nol ,
based on 1 liter of the reaction volunme. The conponent (A) and the
caonponent ( B) arg{zgsed in 15 such amounts that the nolar ratio (B/A) of the
‘conponent (B) to theScd e At Pere Ghey Bz T5ew . g poaw e f ol 110,20
preferably 0.00005 to 10, nore preferably 0.000075 to 1, still nore
preferably GCHRPP BF WS OrTRe edrgenanied Gyt doaniged guowuctf dh ot

that the 20 nolar ratio (G1/M of the conponent (C-1) to the whole
transition re@rgomatad@MsM) in the conponents (A) and (B) becomes wusually
0.01 to 100000, preferably 0.05 to 50000. The conponent (C-2) is used in
such an anmount. t Kaistshbydpbgenratidnm, 62l dfenfatidie alnypdrwwn Bbomdrbide
conponent (C-2) SF-784 85 1 1 NOV 2003 to the transition netal atom (M in

the conpbnentts 1( Ab awndcabBeanssonsuak! ¥ £8158.380Q00 n RHefanaR Y
100000. The conponent (C-3) is used in such gﬁ anount y'Eeihat t he g%%&g?

of 1 to 20 carbon atoms.

m is an integer of 1 to 7, and n is a number of 1<n<7.

Polymerization
- In the process for preparing a bfanched polyolefin
10 according to the invention, an olefin is polymerized or
copolymerized in the pfesence of the above-mentioned olefin
polymerization catalyst to obfain the aforesaid branched
polyolefin. In Fig. 1, steps of a process for preparing an
olefin polymerization'catalyst of the invention are shown.
15 " In the polymerization, the coﬁponents can be used in any
way and in any order. Some examples of the polymerization
processes are given below.
(1) The compoﬁent {A), the component (B) and the component
(C)arefedtothepolymerizationreactorinanarbitraryorder.
20 | (2) A catalyst component wherein the component (A) is
supportedonthecarrier(D),thecomponent(B)andthecomponent

(C)arefedtothepolymerizationreactorinanarbitraryorder.



nolar ratio (C-3/M of the conponent (C-3) to the transition 5 netal atom

(M in the conponents (A) - and (B) becones usually~ 1 to 10, preferably 1
to 5. If theggogponent (E) is used and if the conponent (C) is the
conponent (C-1) , the conponent (E) is used in such an anount that the

nolar ratio (E/C-1) becones usually 0.01 to 10 10, preferably Q.1 to 5. If
t he conponent (E) is used and if the conmponent (C) is t hel c1oN88n2al}98 (G2,
the conponent (E) is used in such an & ount that the nolar ratio (E/ C 2)

becomes usually 0.001 to 2, preferably 0.005 to 1. If the conponent (E) is

used and if the c ogent . LS onponent 15 C—%, t he conponent (E)
is used in such agm;m)unt %%?tt%éggﬁg?gg ‘ir’;l}éﬁ%l'a ékta ORUYTRS  (Buaf By
0.01 to 10, pr o]} .1 to 5. The tenperature f or the polynerization
of an ol efi n&&@;%@g?%g tg]ee(f?ﬁrjp%ﬁflﬁgri%qwc&ﬁrﬁq {&} apd tihg gdrerenrents of
usual ly 20 -(go to +200' C, preferably O to 170'C. The pol yneri zation
pressure is- 1™ BHE 1hER toe RRLWNe YL A hbepherrtopriessunebitoary. o8daPa (100
kg/cnR) , preferably atnospheric pressure to 4. 9 WMPa (50 kg/ CM2) The
pol yneri zati on regth idrraknl pet cepmpenenouthdne anythod  dratedvdise, (C) is
sem -conti nuous and continuous SF-784 86 1 1 NOV 2003 processes. The
 nol ecul aP wet¥Rovted he thestd 1t 1 ey bDapehectonpeneelefi Nagarhbedmphated by
al l owi ng hydrogen to be present
(B)arefedtothepolymerizationreactorinanarbitraryorder.
{5) A catalyst component wherein the component (A) and
oS ' the component (B} are subported on the carrier (D), and the
component (C) are fed to the polymerization reactor in an
10  arbitrary order.
{6) A catalyst component wherein the component (A) is
- supported on the carrier (D), a catélyst component wherein
the component (B) is supported on the carrier (D), and the
component (C) are fed to the polymerization reactor in an
15 arbitrary order.
(7) A catalyst component wherein the component (A} and
the component (C) are supported on the carrier (D)}, and the

component (B) are fed to the polymerization reactoer in an

arbitrary order.

20 (8) A catalyst component wherein the component (B) and
the component (C) are supported on the carrier (D), and the
component (A) are fed to the polymerization reactor in an

arbitrary order.



in- the polynerization systemor changing the polynerization tenperature.
The nol ecul ar wei ght can be regulated also by 5 changing the type of the
conmponent (C)_used. Exanples of the olefins used in the polynerization
include the™afdresaid olefins of 2 to 20 carbon atons. These ol efins can
be used singly or in conbination of two or nore kinds. |In the present
irnvention, a branched polyolefin can be 10 prepared by polynerizing an
olefin in the presence of the olefin 8polynerization catpnyﬁgvcgmgaining
the transition netal conpound. (A) and the transition netal conponent (B) .
under one kind OL ngctiog cgndition, or can be prepared by polinerizing
an olefin in the ptedbfesadt StheOUPRRERTpENSFRIT 4419 GrIeRNanfsfAls tnger
two kinds of reaction conditions. It is thought that when the

pol ynmeri zat i O RPIGME JPfanfl the cogmanemtol€) prethwopreseher thle ¢herdéef i n
pol ymeri zation catalyst containing the transition netal conmpound (A) and
t-he transit(®h hetéedcoppouadpeBynetheavingl reeciomat ed macromer 20 is
"produced by the transition nmetal conpound (B) and an olefin and the

vinyl -term nat ed Tecrioserbevre mopodyses | ged by tde, twanst thdre Bt athe
.compound (A) to prepare a branched polyolef in. SP-784 87 1 1 NOV 2003 The

transiti6n neitdlgonpesisoiét €anaprodugeediBakY Fekonehcaehl ghy gol ggul ar
wei ght and can incorporate the vinyl-term nated macronmer into the grow ng
pol ymer chaigkocesses (4), (7), (8) and (9} in which the component (C)
is supported on the carrier (D), a component (C) .w.hich is not
; supported on the carrier (D) may be optionally added in an
arbitrary order. In this case, the components (C) may be the

10 same or different. |

An élefin may be prepolymerized onto the solid catalyst
cbmponent wherein the component (A) and the component (C) are
supported on the carrier (D), the solid catalyst component
wherein the component (B) and the component (C) are supported

15 on the carrier (D) and the solid catalyst component wherein
the compeonent (A), the component (B) and the component (C)
are supported on the carrier (D). On the prepolymerized solid
catalyst component, a catalyst component may be further
supported.

20 The polymerization can be carried out as any of liquid
phase polymerization, such as solution polymerization or
suspension polymerization, anld gas phase polymerization.

Examples of inert hydrocarbon media for use in the liquid .

phase polymerization include aliphatic hydrocarbons, such as



The transition netal conmpound (B) tends to produce a 5 polyner of a
relatively | ow nol ecul ar wei ght and does not incorporate the o

vinyl -term nated nacronmer into the growing polyner chain. The transition
met al conpodfd8¢B) can further produce polyethyl ene having extrenely few
met hyl branches, and when ol efins containing ethylene are polynerized, the
10 transition nmetal conpound (B) tends to selectively polynerize ethylene.
In the present invention, it is prefegable to carry out fqeﬂﬁvegmgation of
t he branched polyolefin continuously in two or nore stages e i fferent
reaction conditions, and 15 it is preferable to carry out the :
pol yrer i zat IFGPREGRA AVWEISy RATdenat hesmet ieiians, ofctaxet | dacane,
conditions in a polymerization reactor of one stage. Wen the .

pol ymer i zat idedlecareararickdkeuts tont | albougtyiandedroabrbeast twehkiards of
reaction conditions, the polynerization 20 preferably includes

pol yneri zat ioy logredicired, undelolsattdne comdlind tong ddtoddie: &) th ®bmat pel yrer
produced by the transition metal conpound (B) becones higher than the

yield of a polatmRiarHyRduseenis E@ﬁzéﬁ@p%ﬁh@&d@ﬁ@kﬁ_@%@%%ﬁénééé'gg L1

ponnerizaEion sometimes being referred to-as "pol ynerization 784
R T e
dichloromethane; and mixtures of these hydrocarbons. The
olefin itself can be used as the solvent.
When the polymerization of anolefin is carried out using
the aforesaid olefin polymerization catalyst, the component
10 (A) is used in an amount of usually 108 to 1 mol, preferably
10-7 to 0.5 mol, based on 1 liter of the reaction volume, and
the component (B} is used in an amount of usually 10-12-to 10-2
mol, preferably 10-1%to0i0-3mol, basedon 1l liter of the reaction
volume. The component (A) and the component (B) are used in
15 As'uch amounts that the molar ratio {B/A) of the component (B)
to the component (A). becomes usually 0.00001 to 100, preferably
0.00005 to 10, more preferably 0.000075 to 1, still more
preferably 0.0001 to 0.5.
The component (C-1) is used in such an amount that the
‘- 'VZO molar ratio (C-1/M) of the compénent {C-1) to the whole
trans.ition metal atom (M) in the cémponents (A} and (B) becomes
usually 0.01 to 100000, preferably 0.05 to 50000.

The component (C-2} is used in such an amount that the

molar ratio (C-2/M) of the aluminum atom in the component (C-2)



nmetal conmpound (A) becomes higher than the yield of a polymer produced by
the transition metal conpound (B) (said 5 polynerization sonmetimes being
referred to as_"pol ymerization A" : hereinafter). In this case, it is
preferable t “®nduct the pol ymeri zation B prior to the polynerization A
When the polymerization is carried out under the conditions including the
pol yneri zation B and the 10 pol ynerization A a branched pol yolefin can be

repared in a high yield, and when tke polynerization B i gﬁ ut
Brigr. to the polgneyization A, a branched pol yol efin can ﬁgfqﬂﬁé pgd in a
hi gher yield. It is nore preferable that, after the polynerization B 15 is
conpl et ed, the HeciiitstetPhdlsimet 3komi bl ed-ha ¢orpOPB IRy azndn

sol vent or the systemis naintained at a high tenperature so as not to
preci pi tate Ehdt§FRIei sl 1h te OGN Gmpiettranl s Vens 100006,

pol ymeri zation process, and then-the polynerization A is conducted. 20
~Waen the pol yner it iapmponegdr r{iCed)olits asedesar shed ahoxeount NEhat the
vinyl -term nated macromononer is nore-honbgeneously dispersed in the

pol yneri zat inl solredrito, (ard/Hence t&lé)foaiﬁ@ﬁ:ﬁ‘féntpqldﬁ@)ef:bntl?@'%rta)r?sPlff@ﬁr ed

in a higher yield. SF-784 89 1.1 NOV 2003 Sone exanpl es of the processes
for preparingtalaareNed) in the components (A) and (B) becomes usually
1 fo 10, preferably 1 to 5.

If the component (E) is used and if the component (C)
is the component (C-1), the component (E) is used in such an
amount that the molar ratio (E/C-1) becomes usually 0.01 to

10 10, preferably 0.1 to 5. If the component (E} is used and
if the component fC) is the component (C-2), the component

(E) is used in such an aﬁouﬁt that the molar ratio (E/C—Z)
becomes usually 0.001 to 2, preferably 0.005 to 1. If the

: cdrﬁponent (E) is used and if the:component (C) is the component

15 (C-3}, the component (E) is used in such an amount that the
molar ratio (E/C—3) becomés usually 0.01 to 10, preferably

0.1 to 5.

Thetemperatureforthepolymerizatimnofanolefinusing

the olefin polymerization catalyst is in the range of usually
20 -50 te +200°C, preferably 0 to 170°C. The polymerization

pressure is in the range of usually atmospheric pressure to:

9.8 MPa (100 kg/cm?), preferably atmospheric pressure to 4.9

MPa (50 kg/cm?). The polymerization reaction can be carried

out by any of batchwise, semi-continuous and continuous



pol yol efin including polynerization under such conditions that the yield
.of a polyner produced by the transition metal conpound (B) becomes higher
than the yield of a polynmer produced by 5 the transition nmetal conpound (A)
and pol yneri$i8ton under such conditions that the yield of a polyner
produced by the transition netal conmpound (A) becones higher than the
yield of a polynmer produced by the transition netal conpound (B) are
given below. To (1) In the presence ofs the transition net4gl Nﬂ 9|nd (A
the transition netal conpound (B) and the conponent (C), yl'ene only or
two or nore kinds of olefins mainly containing ethylene are polynerized
(fornmer stagg@ocarsehen Theopylemmlaonweightt wd ahenmesKividsy Gfranched

ol efins-mainly containing propylene 15 are polynerized (latter stage) . In

this case, tdwlymlafinabnde (BHALagEdHEalNaRsh OPIFBEEh (ePBRRLL{BY to

the transition netal conpound (A) is so deternined that the yield of a

pol ymer  produced b)bltyﬂ%rtlrz%'%ﬁ'o'h' 90s PBhab r CORAIL (tt@ﬁ ?J‘%) ml@%%%\) than

the yield of a polyner produced by the tran3|t|on ne conmpou in
wgnfs?{ |m§:1 nmet al corrp%guﬁfj ?‘%) m)égggrqréggh% gﬂg?{% ?hee%/I eﬁ‘tdg%f Jgsf)o}FN?)rrer
ELESF??SaFYfﬁ%#elnﬂa“ﬁa%é T o ey SR ol (YRRR met al compound ( B
to the SF-784 90E1 pl§|_0\é o?t%e olefinsusedinthepolymerization include
the aforesaid olefins of 2 to 20 carbon atoms. These olefins
can be used singly or in combination of two or more kinds.
| In the present invention, a branched polyolefin can be
10 preparedbypolymerizinganolefininthe presence of theolefin
polymerization catalyst containing the transition metal
‘compo‘und_ {A) and the transiticn metal component (B) under oné
kind of reaction condifion, or can be prepared by polymerizing
anolefin in the presence of the ollefin polymei:ization catalyst
15 under two kinds of reaction conditions.
It is thought that when the polymerization of an olefin
‘is carried out in the presence of the olefin polymérization
catalhyst containing the transition metal compound (A) and the
transition metal compound (B), the vinyl—lterminated macromer
20 is produced by the transition metal compound (B) and an olefin

and the vinyl-terminated macromer are copolymerized by the

transitionmetal compound (A) toprepareabranchedpolyolefin.



transition netal conpound (A) is determned in-the range of 1/1 to 1/1000,
preferably 1/10 to 1/500. The pol ynerization conditions in each stage,
such as pol ysrige{i zation tenperature, polynerization pressure and anounts of
t he cat al yst ¢Sfponents 5 used, are in the above ranges. (2) In the
presence of the transition netal conmpound (B) and the conmponent (O,

ethylene only or two or nore kinds of olefins mainly cdntaipy rz§0¥t hyl ene
are polynerized (forner stage) , theBeafter the transition netal conpound
(A) is added, 10 and then propylene only or two or nore kinds of olefins -

mai nly cont ai ni ropyl ene are polynerized (latter stage) In this case,
the molar- ratio %ﬁf%sﬁﬁé%gﬁgﬁg‘i GRMRRR A @wﬁ@@nam%wet% RHgmer
transition netal .conpound (%is so determned that the yield of a polyner
produced by Thé tHHS 19t MR Bl " bapbudad 1631 Al npeEpaEat di Gher than t he
yield of a polynmer produced by the transition netal conpound (B) in the

| atter stag&iNrdempdritedaiagromae hotarthat goo¢Bid)pofyhde thanaition
‘nmetal conpound (B) to the transition netal conpound (A) is determined in
the range of 1/1The 1/rk0GO,t jmrefrertadl yedddun® 1BH00ehddeco 20roduce a

pol ymeri zation- conditions in each stage,. such as pol yneri zation

t enper at fir e pofigimerrerd 2 af i ¥l i PESLY €1 @A dno BEBYDES BEidhe £k ahYSE not
conponents used, are in the above ranges. (3) In the presence of the

t iti Teical i rand e lene . of two
o;agéleIEPnds Ofﬁ%&%&%ﬁﬂ%f(%hﬁ@l.ﬂéﬁhfﬁHﬁgﬁnﬂgcﬁéaer fﬁﬂ&’ﬁﬂé dygﬁﬁn

polymer chain. The transition metal compound (B} can further

Lo produce polyethyleﬁe'having extremely few methyl branches,
énd when olefins containing ethylene are polymerized, the

10 transition metal compound (B) tends to selectively polymerize
ethylene:

In the present inventi@n; it is preferable to carry out
the preparation of the branched polyolefin continuously in
two or more stages uﬁder different reaction'coﬁditions, and

15 it is preferable to carry out the polymerization continuously
under at least two kinds of reaction conditions in a
polymerization reactor of one stage;

~Whenthepolymerizationiscarriedoutcontinuouslyunder
at least two kinds of reaction conditions, tﬁeqpolymerization

20 preferably includes polymerization conducted under such
conditionsthat theyieldof apolymerproducedbythe transition
metal compound (B) becomes higher than the yield of a polymer

produced by the transition metal compound (A) (said

polymerization sometimes being referred to as "polymerization




1 1 NOV 2003 olefins mainly containing ethylene are polynerized (formner

stage) , thereafter a part of the resulting slurry is withdrawmn and

diluted with a polynerization solvent of the latter stage to give a

. solution, a6 the solution is added the-transition 5 metal conpound (A)
Then, ethylene only or two or nore kinds of olefins mainly containing

ethyl ene are polynerized (latter stage) . In this case, the nolar ratio

(B/A} of the transition metal conpougd (B) to the trankilt NOW ?388al '

. conpound (A) is so determined that the yield of a polyner produced by the

10 transition netal conpound (A) becones higher than the yield of a

pol yner prodlcdtPaRinae aflarigid inml e wi zaohpourendByted nunfler bacher

.stage. More specifically, the nolar ratio (B/A) of the transition netal

conpound ( Brarsiitthiens elnst thery irdidad £ a podyoend fojuded et eertmeats it dlhe |

range of 1/1 to 1/1000, 15 preferably 1/10 to 1/500. The pol ynmeri zation

condi ti ons metadacbhmpbage, (AUdeasng®hygREzahhANt RS BEea polymer

pol ymeri zation pressure and anounts of the catal yst conponents used, are,

In  the aboyedanges bylhee/itldhOft P AHNEI difdOngaeh) t ragsit ion nmetal
conpound 20 in each stage can be cal cul ated by ‘conducti ng each

AR € o i R R PG e L

conpound _(B}%".i_-ﬁe'}%tin%%te%i)qedInS\Eﬁzgd'ce?sZe, it is preferable to conduct
the polymerization B prior to the polymerization A.

When the polymerization is carrile‘cll out under the

conditions including the polymeriiation B and the

10 polymerization A, a branched polyolefin can be prepared in
a high yield, and when the polymerization B is carried out
prior to the polym'erization A, a branched polyoiefih can be
prepared in a higher yield.

| It is more preferable that, after the polymérization B

:15 | is completed, the precipitated polymer is dissolved in the
polymerization solvent or the system is maintained at a high
temperature so as not to precipitate a polymer dissolved in
the polymerization solvelnt in the polymerization process, and
then the polymerization A is conducted.

20 rWhen the polymerization' iscarriedout asdescribed above,
the vinyl-terminated macromonomer is more homogeneously

dispersed in the polymerization solvent, and hence a branched

polyolefin can pe prepared in a higher yield.



e AL

111NOV 2003 By carrying out the polynerization of an olefin as described
above, the branched polyolefin of the invention can be obtained, and

whet her a viﬁy -term nat ed nmacronmononer has been copol ynerized in the
resulting po yﬁér or not can be judged 5 by, for exanple, the follow ng
met hods. (1) Mw of a pol yner obtained by the polynerization of an olefin
in the presence of the vinyl-term nated nacronononer is higher than Mwv of

a polymer obtained by the polynerizatgdbn of an olefin Pgﬂﬁkwmﬁﬁgsane
conditions except that the 10 vinyl-term nated nmacronono I's t present. -
(2) The nunber of_ carbon at.ons qf branches having a |length not shorter
than that of hexyli®%% %&?&Fédo%yt%@wwsd £93 PreParépgas e Byhede

pol ymeri zation of an olefin in the presence of the vinyl-term nated

. macr ononomerP3Y ¢ R et LPRARE RE PRIBET 1ER téorcinden s ach s nof. thrcarecbies t
having a length not shorter than that of hexyl as neasured by 13C-NWVR on a
pol ymer obt diffedieyd atheppdlyywemm zediced b tée ot @i s ht Loders thhe eap@und
conditions except that the vinyl-term nated nacronononer is not present.
(3) The el tiBig bpoionte Trjglodr a it yirves o Tod el Dypdhgne 2GR0k yoBa 1 B89t i on
of an olefin in the presence of the vinyl-term -nated macronononer is

| ower bySnottHeess drhisint iborC mddtan daRgfurds POLY g Y¥ained b 148 under
pol ymerization of an olefin under the same conditions except that the
vinyl-term raiad cofRERAMNORI Y $HIOL1RAGSER s SE1/84r produced by the

transition metal compound (A) becomes higher than the yield
r"\. : -

H

of a polymer produced by the transition métal compound (B)
are given below.

10 (1) In the presence of the transition metal compound (A),
the transition metal compound (B) and the component (C),
ethylene only or two or more kinds of olefinsmainly containing
ethylene are polymerized (former stage) -and then propylene
only or twoormore kinds of olefinsmainly containing propylene

15 arepolymerized (latter stage}). Inthis case, themolar ratio
(B/A} of the transition metal compound (B) to the transition
metal compound (A) is so determined that the yield of a polymer
produced by the transition metal compound (B} becomes higher
thaﬁ the yield of a polymer produced by the transition metal

20  compound (A) in the former stage and that the yield of a polymer
produced by the transition metal compound (A) becomes higher
than the yield of a polymer produced by the transition metal

compound (B) inthe latter stage. More specifically, themolar

ratio (B/A} of the transition metal compound (B) to the




93 1 1 Nov 2003 (4) The solubility of a polyner obtained by the
polymerization of an olefin in the presence of the vinyl-term nated
macronononer .in a specific solvent at a specific tenperature is different
fromthe sol¥bi¥ity of a 5 mixture consisting of a polymer obtained by the
pol ymerization ~of an olefin under the same conditions except that the '
vinyl -term nated macromonomer is not present and a vinyl-term nated

- macronononer in the.same anpbunt as thgd of the vinyl-teqmymat _

macr onononer present in the 10 polynerizati?n. (5? The nEIt_prgpgrtlﬁs,
such as nelt_viscosjty and nelt tension, of a polymer obtaine y e
polynerizati%ﬁ?%ﬁl%ﬁPXdW%HQ%1qCHWFHEKbr@geﬁéed6ﬁ3¥WéD@ﬁnyP-tb@rﬁﬁﬁé?e@f
macronononer. are different fromthose of a pol yner obtained by the 15

pol yrer i zat i bhl & 241608 i prerfeieabinel Ao dMADDI. onBhexsehtme t hast 1 br
vinyl -term nated macronmonomer is not present. O the above nethods, the

net hods (1) ¢eondB)iene ipredah atibye,usedn tbe pakemehezhudgrerdmpdhernvaper of
carbon atons of branches having a length 20 not shorter than that of hexyl

.as neasur ed gyl i3 MR, 1 dripkesbardest ahednt B dfherdebRad vedcombpSnent s
cal cul ated by, for exanple, the aforesaid nethod. The nelting point (Tm

described i mgddie, mpidioth (e idboreasiygdsin, for exanple, the follow ng
manner .

(2) In the presence of the transition metal compound (B)
and the component (C), ethylene only or two‘or more kinds of
olefins mainly cdntai_ning ethylene are polymerized (former
stage), thereafter the transitionmetal compound (A) is added,

10 and then propylene only or two or more kinds of clefins mainly
containing propylene are pol.ymerize.d (latter stage). 1In fhis
case, the molar ratio (B/A) of the transition metal compound

~(B) to the transition metal compound (A) is so determined that
the yieldof apolymer producedby the transitionmetal compound
15- (A) becomes higher than the yield of a polymer produced by
- the transition metal compound (B)A in the latter stage. More
~specifically, the molar ratio (B/A) of the transition metal
compound (B) tothe transitionmetal compound (A) is determined
in the range of 1/1 to 1/1000, preferably 1/10 to 1/500. The
20. polymez_;ization conditions in each stage, such as
polymerization temperature, polymerization pressure and
amounts of thecatalyst componentsused, are inthe above ranges.
(3) In the presence of the transition metal compound (B)

and the component (C), ethylene only or two or more kinds of



e R

SF-784 94 1. 1-NOV 2003 Measurenent of neltin point (Tnm) An endothernmc
curve of a differential scanning calorimeter (DSC) is sought, and the
tenperature at_the naxi num peak position is taken as a nelting point (Tm
In the 5 nea¥uf®nment, a sanple is placed in an al unmi num pan, heated up to
20C at a rate of 100/ mn, maintained at 200C for 5 mnutes, then cooled to
-150C at a rate of 20C/mn and then heated at a rate1of1 N{W%ﬂﬁn to obta_l n
t he second-run endotherm c curve, angh fromthe endotherm ¢ curve, the |
nmelting point is 10 found. EFFECT OF THE | NVENTI ON The branched pol yol efin
according to the invention is excellent in noldability and mechani cal
strength. 1% ¢ dPrhretl. et iiea et g aRfdurlding awe tted vimewsrmasicon( frasne tar ge -
tenperature dependence of viscosity, so that in the wvicinity of the die .
wher e the resiagalenpaecaeats civsa piaght, of ibe mescbsiny silsirdrew s and Henom t he
polyolefin is easily stretched. On the other hand, at the place apart from
the vi ci ni t yarof d2Quttkel dieh 4 belyesii zkedpar &6 1snt S eWeresh t &Rk that eby
-the viscosity is abruptly increased, so that even if there is sone

t enper at ui e tungveanesslusioh, siketehimg sasutebhect s qthe tﬂ«ﬁ@%ﬁ-@stib Sn
unevenness does riot take place at the place apart fromthe di e because

the viscesi metat bombelweetal Ne Blace ethylene only or two or more kinds

ofolefinsmainlycontainingéthylenearepolymerized(latter

stage) . Inthiscase,thenwlarratio(B[A}ofthetransition

metal compound (B) to the transition metal compound {(A) is
so determined that the yield of a polymer produced by the
10 transition metal compound (A) becomes higher than the yield
of a polymer produced by the transition metal compound (B)
inthelatterstége. MCIespecifically,thenmiarratio(B/A)
of the transition metal compound {B) to the transition métal
compound (A) is determined in thé range of 1/1 to 1/1000,
15 preferably 1/10 to 1/500. The polymerization conditions in
eachstage,suchaspolymerizationtempérature,polymerization
pressure and amounts of the catalyst components used, are in
the above ranges.
Theyieldofapolymerduetoeachtransitionmetalcompound
20 in each stage can be calculated by conducting each
polymerization under the same conditions as mentioned above
except that only the transition metal compound (A) or only

the transition metal compound (B} is not contained.



SF-784 95 INQ /2003 apart fromthe die and the vicinity of the die is
large, and as a result, production of a film free fromstretching

nonuni f ormty is feasible. Mreover, the branched polyolefin has a |ow

- nelt tensi omF-&Ad hence the branched polyolefin is 5 hardly _

di stortion-hardened even if stretched. Therefore, drawdown is likely to
take place, and it becones feasible to take off at a high speed. The
process for preparing a branched pol ygj efin according t offt HeNlithean ion can
efficiently prepare a branched polyolef in 10 having the above-nentioned
properties. EXAMPLE The present invention is further described with
reference to the Eﬂblqugﬂ%mm@se bot yineérshatuidnbefcensblgednt kgt 15
the invention is inno way linted to those exanples. In the exanples and

"the conpar atdescritarpebsyea coapauntthadpbesented nbyr the {ghLawi pg Lormul a
(A-1) ?{)ransmlon metal conpound (A--1) ) and a conpound represented by

Lhe foll ow g obamtuba, (&nd)uidnansial baRy et ke ARRRUNL & FirddoEE G Hged a5
20 the transition netal conpounds. SF-7824 96 //1" y
been copolymerized inthe resulting polymer or not can be judged
5 by, for example, the following metheds.
(1) Mw of a polymer obtained by the polymerization of
anolefin in the presence of the vinyl-terminated macromonomer
is higher than Mw of a polymer obtained by thé polymerization
of an olefin under the same conditions except that the
10 vinyl-terminated macromonomer is not present.

{2) The number of carbon atoms of branches having a length

not shorter than that of hexyl asmeasured by *3C-NMR on a polymer

Ay

obtained by the polymerization of an olefin in the presence
of the vinfl-—terminated macromonomer is larggr than the number
15 of carbon atoms of branches having a length not shorter than
o that of hexyl as measured by 13C—N-MR on a polymer obtained by
thepolymerizationofanolefinundér the same condii?ions except

that 'the vinyl-terminated macromonomer is not present.
(3) The meltiné point (Tm) of a polymer obtained by the

20 polymerization of an olefin in.the presence of the

vinyl-terminated macromonomer is lower by not less than 1°C
than Tmof a polymer obtained by the polymerization of an olefin
under the same conditions except that the vinyl-terminated

macromonomer is not present.



\'/ d N1 1 NOV 2003 (A1) (B-1) Examle 1 Pol ymerization 10 In a
1-liter glass polynerization reactor thoroughly purged with nitrogen, 750
m of purified toluene was placed, and ethylene was passed through the
reactor for SP08rinutes at a flowrate of 100 I/hr. Then, the system was
heated to 50C, and 40 mmol of commercially avail abl e nethyl al um noxane 15
(from Tohso Akuzo Co., referred to as "MAO- 1" hereinafter) was added.

Further, 0. 3 mmol of the transition gietal conpound (A-1) fuqﬁvog ol
of the transition nmetal conpound (B-1) were added. Wth stirri et hyl ene

was passed through the reactor at 50C for 10 ninutes'at a flowrate of 100
1/hr to 20 perfdrih Faleymerliukitliidny o terpalwngolgmerizedilon was conduct ed
f.or a given period of time, a small anount of i sobutyl al cohol was added,
and t he wholpelameuritzadfidrhe f esuldlie)is|in ryhe Wosesacoduceghénto a m xed
li.quid of 2 liters of nethanol and 2 liters of acetone. After the m xture

was al | owed vtieySF-+ &34 i9% tedl ¥ Hbridanth o idded OF1 ONELIVGRE, 2 gmal |
anount of hydrochloric acid was added, followed by filtration. The pol ymer
separ ated bgpecific temperature is different from the solubility of a
5 mixtﬁrecdhsistingofeapolymerobtainedknfthepolymerization
of an olefin under the same conditions except that the
vinyl-terminated mécromonomer is ndt present and a
vinyl—ferminated macromonomer in the same amount as that of
the vinyl-terminated macromonomer present in the
10 polymerization.

(5) The melt properties, such as melt viscosity and melt
tension, of a polymer obtéined by the polymeriéation cf an
olefin in the presence of the vinyl-terminated macromonomer
are different from those of a polymer obtained by the

15 polymerization of an olefin under the same conditions except
that the viﬁyl—termiﬁated macromonomer is not present.

Oftheabovemethods,themethods(l)to(B)arepreférably
used to make the judgment.r

The number of carbon atoms of branches having a length

20 nét shorter than that of hexyl as measured by 13C~-NMR, that
is described in the method (2), is calculated by, for example,
the aforesaid method.

The melting point (Tm) described in the method {3) is

measured in, for example, the following manner.



“filtration was washed with 1 liter of methanol and then vacuum dried at

80C for 10 hours: The yield of the polymer (1-a) 5 thus obtained was 21.2
g. Preparation of neasuring sanple To the resulting polymer, 0.1% by wei ghg
of Irganox 1878HM (available from C ba Speci alty Chemcals, Co.) and 0.1.%
by weight of Irgafos 168TH . (avail abl e fronGi ba Specialty Chenm cals, 1Q
Co.) were added as heat stabilizers, and the m xture was melt kneaded by a
Toyo Sei ki Seisakusho | aboplastonm || @t a resin tenperatjurieNOy 299 C for 5
mnutes at a revolution nunber of 50 r.p.m The polynmer was then placed in

a mold having a thickness of 2 mmand subjected to press nolding using a
Shi ndo 15 Ki Jelsign Qimig_(Erehi ne under the conditions of a
preheating tenperature of 190C, a preheating tinme of 5 minutes, a heating
tenperature of 190Ceraidigerimig: tdurrefof 2 rd i €senei Eas &48H prgssure of

100 kg/cn2, a cooling tenperature of 20C, a cooling tinme of 5 mnutes and a

cool ing 20 qurlessiwereaf (390) ke SoghThusd whsapbershaet having,a ihickness
of 2 mqnvvas prepared. Analysis of polyner. (l-a) t:/)\hen t he pol ymerﬂz f@gﬁ was

Chart s shbwn. BT TS50 T S W i PR A Vs
73,000, BM/W@dgﬁié%é%m,a%dsample is placed in an aluminum pan, heated
up to 20°C at a rate of 10°C/min, maintained at 200°C for 5
minutes, then cooled to -I50°C at a rate of 20°C/min and then
heatedatarateof10°C/mintoobtainthesecond—runendothermié

curve, and from the endothermic curve, the melting point is

i0 found.

EFFECT OF THE INVENTION

The branched polyolefin according to the invention is
excellent in moldability and mechanical strength.

15 | The branched polyolefin according to the invention has
large temperature dependence of viscosity, so that in the
vicinity of the die where the resin temperature is high, the
viscosityislow,andhencethepolyolefiniseasilystretched.
On the other hand, at the place apart from the vicinity of

20 the die, the resin temperature is lowered, and thereby the
visqosity is abruptly increased, so that even if there is some
témperature unevenness, such stretching as reflects the
temperature unevenness does not take place at the place apart

from the die because the viscosity ratio between the place



the peak intensity ratio was 66.3 % while with respect to the other peak,
Mv was 2,000, MMM was 1.7, and the peak intensity ratio was 33.7 MFR, MI
and Ea of . the resulting 5 polymer are set forth in Table 1. Judgnent of
presence of S$R18g- chain branch Wth respect to one peak of the peaks of the
polymer (1-a) detected by GPC, Mv was 73,000, as described above. It is
t hought that a macronononer corresponding to the polyner (1-c) 10 obtai ned

in the later-described Conparative nple 2 was copol t he
transition metal compound(B-1), and hEr(l%e t he pol yner (1b121)1 m%@ﬁya hi gher

Mv val ue than the polynmer (1-b) obtained in the |ater-described
Conpar at i ve #@barplieccn thehdieisnd cisawidibed tholofmene( di8)isadtyde drnulged
to .be a branched 15 polynmer with.a side chain having Mv of 2, 000 and

scarcel y anys retdeduly,ancfoddavesn tdan therd, i fide of ragt @Efé@@))llngvv‘en the
yield rati o between the polyner (1-b) and the polyner (1-c) was watched,

the ratio ofnde i @yl ecilran sweiight g Ebggr 't'héleaRQlll¥ olé}loltae)flwght

to have been hi gher than that of 20 the |gh mbl ecul ar wel i'on, but

Lhe CPC pealfaeonsl eyt 3l L e AL 624, o, YL 9N ROLILPL 12, e
?nao\/t 2:) 38%%31}, J\fgct theﬁf)gxa}/_rr&eenéc} a\)en i sb{ragggﬁgdpOl'therefOSrFe,784 99
drawdown is likely to take place, and it becomes feasible to
take off at a high speed.
The process for preparinga branched polyolefinaccording

to the invention canefficiently prepare a brahched-polyolefin

10 having the above-mentioned properties.

EXAMPLE

The present invention is further describedwith reference

to the following examples, but it should be construed that
15 the invention is in no way limited to those ex'amples.

In the examples and the comparative examples, a compound
represented by the following formula (A-1) (transition metal
compound (A-1)) and a compound represented by the fdllowing
formula (B-1) (transition metal compound (B-1)) were used as

20 the transition metal compounds.



A polynmer (1-b) was obtained in the sane manner as in the "pol yneri zat
ion" of Exanple 1, except that the transition netal conpound (B-1) was not
added. The yield was 15.6 g, Mwv was 56, 000, MW Wh was 4 -2, and only one
peak was detsFeBed. by GPC. Conparative Exanple 2 A polymer (1-c) was
~obtained in the sane manner as in 10 the "polynerization" of Exanple 1,
except that the transition netal conpound (A-1) was not added. The yield
was 42.4 g, Mwv was 2, 000, Mw Mh masQZ 1, and only one p@@% detected
by GEIC. As a result of measurenent of met hyl branch of th pﬁﬁi

met hyl branch was detected. 15 Conparative Exanple 3 MFR, Ml and Ea of a
commercially avallabl et hyl ene/ 1-hexene copol yner (trade nane: Evol ue
SP2040, from Mt emcals, Inc. ) obtain by gas phase pol yneri zation

20 are set forth i 1. Thi s et hyl ene/ 1 hexene ‘ had MI' and
-MFR satisfying a, ion represented by Mr: : ut_had Ea
deviating f @nt nge @% Ea~-' O 385xC+2{8. 7. hi flz SF-784

100 1 1 NOV 2 structure

co yner is presuned
cont ai ni ng no pch

5 | _,__

(A-1) (B~-1)
’ Example 1
Polymerization
10 In a 1-liter glass polymerization'reactor thoroughly

purged with nitrogen, 750 ml ef purified toluene was placed,
and ethylene was passed‘through the reactor for 20 minutes
at a flow rate of 100 1/hr. Then, the system was heated to
50°C,and401mmﬂ.ofcommerciallyavailablen@thylaluminoxane
15 (from Tohso Akuzo Co., referred to as "MAO-1" hereinafter)
was added. Further, 0.3 mmol of the transitionmetal compound
(A-1) and 0.015 mmol of the transition metal compound (B-1)}
were added. With stirring, ethylene was passed through the
reactor at 50°C for 10 minutes at a flow rate of 100 1/hr to
20 perform polymerization. After the polymerization was
cohductedforagﬁvenperiodoftime,asmallamountofisobutyl
alcohol was added, and the whole amount of the resulting slurry
was introduced into a mixed liquid of 2 liters of methanol

and 2 liters of acetone. After the mixture was allowed to



Conparative Exanple 4 5 MFR, MI and Ea of a commercially avail able
ethyl ene/ 1-octene copolyner (trade nane: Affinity PL1845,from The Dow
Chenicals, Co.) obtained by solution polynerization are set forth in
Table. 1. Tlrgsethyl ene/ 1-octene copol yner had Ea satisfying the 10
requisite of Ea>' O 385xC+28. 7 but had MI and MFR not satisfying a '
rel ation represented by MI<2. 2xMFR-4-88 . Fromthis fact, this copolymer
is presuned to have a primary struct yne having a | ong-¢nhhiNOVb28lidch of a
| engt h of about twi ce the nol ecular “wei ght between the entangl enent
points. W UNNTrn4-1 0 Q 44pm it 0O O pp, CEr)r-

stand still for one night, a small amount of hydrochloric acid

was added, followed by filtration. The polymer separated by
filtration was washed with 1 liter of methanol and then vacuum
dried at 80°C.for 10 hours. The yield of the polymer (l-a)

5 thus obtained was 21.2 gq.

Preparation of measuring sample

To the resulting polyn{er, 0.1-% by weight of Irganox 1076™
(available from Ciba Srpecialty Chémicals, Co.) and 0.1 % by
weight of Irgafos 168™ (available fromCiba Specialty Chemicalé ,

10  Co.) were added as heat stabilizers,‘ and the mixture was melt
kneaded by a Toyo Seiki Seisakusho laboplastomill at a resin .
'temperature.of 180°C for 5 minutes at a revolution number of
50 r.p.m. The polymer was then placed in a mold having a
thickness o.f 2 mm and subjected to press molding using a Shindo

15 Kinzbku Kogyosho press molding machine under the conditions
of a preheating temperature of 190°C, a preheating time of
5 minutes, a heating temperature of 190°C, a heating time of
2 minutes, a heating pressure of 100 kg/cm?, a cooling
temperature of 20°C, a cooling time of 5 minutes and a cooling

20 pressureof100kg/cm?. Thus, a sample sheet having a thickness
of 2 mm was prepared.

Analysis of polymer (1l-a)

When the polymer (l-a) was analyzed by GPC, two peaks

were detected. InFig. 2, apeak-separated GPC chart is shown.
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‘With respect to one peak, Mw was 73,000, Mw/Mn was 2.8, and

10

15

20

the peak intensity ratio was 66.3 %, while with respect to
the other peak, Mw was 2,000, Mw/Mn was 1.7, and the peak
intenéity ratio was 33.7 . MFR, MT and Ea of the resulting

polymer are set forth in Table 1.

Judgment of presence of long-chain branch

With respect to one peak of the peaks of the polymer (l-a)
detected by GPC, Mw was 73,000, as descriﬁed above. It is
thought that a macromonomer corresponding to the poelymer (1-c)
obtained in the later-described Comparative Example 2 was
copolymerizedbythe transitionmetal compound (B-1), and hence
the polymer (l-a) showed a higher Mw value than t.he polfmer
{1-b) obtainéd in the later-described Comparative Example 1.
That is tosay, thepolymer (1-a) couldbe judged to be abranched
polymer with a side chain having Mw of 2,000 and scarcely any
methyl branch (léwer than the limit of detection). When the
vield ratio between the polymer (1-b) and the pqumer (1-c)
was watched, the ratio of the low-molecular weight portion
in the polymer (l-a) ought to have been higher than that of
the high-molecular weight portion, but the GPC peak intensity
ratio of the high-molecular weight portion in the polymer (1-a)

was higher than that of the low-molecular weight portion, and

this suggests that the polymer (1-a) is a branched polymer.
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Comparative Example 1

A polymér (1-b) was obtained in the same manner as in

- the "polymerization" of Example 1, except that the transition

metal compound (B-1) was not added. The yield was 15.6 g,
Mw was 56,000, Mw/Mn was 4.2, and only one:peak was detected

by GPC.

Comparative Example 2

A polymer (1l-c} wés obtained in the same manner as in
the "polymerization” of Example 1, except that the transition
metallcompound (A-1l) was not added. The yileld was 42.4 g,
Mw waS'Z,OOO, Mw /Mn wés 2.1, and only one peak was detected
by GPC. As a result'of‘measurement of methyl branch of the

polymér, no methyl branch was detected.

Comparative Example 3

MFR, MT and Ea of a commercially avaiiable
eth?lene/1~hexene copolymer (trade name: Evolue SP2040, from
Mitsui Chemicals, Inc.) obtained by gas phase pdlymerization
are set forth in Table. 1.

This ethylene/l-hexene copolymer had MT and MFR
satisfying a relation represented by MT<2.2xMFR-?-8% but had

Eadeviating fromtherangeof Ea20.385xC+28.7. Fromthis fact,
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this copolymer is presumed to have a primary structure

containing no long-chain branch.

Comparative Example 4

MFR, MT and Ea of a commercially available

,ethylene/l—octenécopolymer(tradename:AffinityPL1845,from

Nt-t

The Dow Chemicals, Co.) obtained by solution polymerization -

are set forth in Table. 1.
This ethylene/l-octene copolymer had Ea satisfying the
requisite of Ea20.385xC+28.7 but had MT and MFR not satisfying

arelation represented by MT<2.2xMFR-%-88_, Fromthis fact, this

'copolymer is presﬁméd to have a primary structure having a

long-chain branch of a length of about twice the molecular

weight between the entanglement points.
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Polynerﬁfﬁ $6n 1n a 500-ni" gl ass pol yneri zation reactor thoroughly purged
with nitrogen, 250 m of purified toluene was placed, 5 and ethylene was
passed through the reactor for 20 mnutes at.a flowrate of 100 1/hr.

Then, .the systemwas heated to 50C, followed by adding 1.25 mmol of

et hyl al-unmi noxane (referred to as "MAO 2" hereinafter) aS'ﬁ tohm ne
solution having been obtained by vaggimdistilling t ol ukerleNBY o t ol uene
10 solution of Al benar nethyl al um noxane at 40C and t hen addi ng dehydrated
t ol uene again. Further, 0.005 mmol of the transition netal conmpound (A--1)

“and 0.00025 nmml of the transition netal conpound (B-1) were added. Wth
stirring, ethylene las passefd through the reactor at 50C for 5 minutes 15
at a flowrate -of 10#H hr tpo| perfform poliymerization. After the
pol ymeri zati on was cqumcbgggfor a gijveniperiod of time, a small anount of
i sobut yl alcohol'masu91ﬂedﬁ:anqrthe. wholle amount™ of the resulting slurry
was i ntroduced into Jplgtemg o | & @
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of methanol. After the mxture was allowed to stand still 20 for one night,
a small anount of hydrochloric acid was added, followed by filtration. The
pol ymer separated by filtration was washed with 1 |iter of nethanol and

t hen vacuunsm@vgsed at 80C for 10 hours. The yield of the polynmer (2-a) thus
obtained was 0.65 g. SF-784 103 1 1 NOV 2903 Analysis of polynmer (2-a)
Wien the polyner (2-a) was anal yzed by DSC, Tmwas 130 .C. Wen the

pol ymer was anal yzed by GPC, two pegks were detected. Wth NOYSR8ix to one
peak, Mwv was 180, 000, Mv Mh was 2. 4, and 5, the peak intensity ratio was
- 64 % while with respect to the other peak, Mv was 8, 000, MM M1 was 2. O,
and t he peakxampeasPty ratio was 36 % Judgnent of presence of |ong-chain
branch Wth respect to one peak of the peaks of the polyner (2-a) 10
detected by GPC, Mv was 180, 000, RS eesei Efedoabove. It is thought that a
macr onmononer corresponding to the polymer (2-c) obtained in the

| at er-descri bed atgh L I . : ' y ition
metal compound (1) - Oantt Henee PheYRer year by e e TR

val ue than th Y L & i ned-in the | r.-descrihbed. C arative
Exanpl e 5. Isq'ﬁ%?gi"}s/l on;lgf,(o%t lill)é %gpéhngrg% ézua]‘l)ln%oeuc?gc lélejneuaagdg%gggg’a

i i i i rcely an
branche% pgﬁX”E{h¥iéQeaw§éCE%&Q&&”tﬁ?X&SH @%goiegétggofggd28%%inut s y

at-a flow rate of 100 1l/hr. Then, the system was heated to
50°C, followed by adding 1.25 mmol of methylaluminoxane
(referred to as "MAO-2" hereinafter) as a toluene solution
havingbeenobtainedbyvacuumdistilling toluene fromatoluene
10 solutioncﬁfAlbemarlnethylaluminoxane at 40°C and then adding
dehydrated toluene again. Further, 0.005 mmol of the
transition metél compound (A-1) and b.00025 mmol of the
transition metal compound (B-1) were added._ With stirring,
ethylene was passed through the reactor at 50°C for 5 minutes
15 at a flow rate of 100 1/hr to perform polymerization. After
the polymerization was conducted for a given period of time,
a small amount of isobutyl alcohol waé added, and the whole
amount of the resulting slurry was introduced into 1 liter
of methanol. After the mixture was allowed to stand still
20 for one night, a small amount of hydfochloric acid was added,
followed by filtration. The polymer separated by filtration
was washed with 1 liter of methanol and then vacuim dried at
80°C for 10 hours. Theyieldof the polymer (2-a) thus obtained

was 0.65 g.



met hyl branch (lower than the Iimt of detection). Wen the yields of the
‘pol ynmer (2-b) and the polyner (2-c) 20 were watched, the yield of the

| ow- nol ecul ar wei ght portion in the polymer (2-a) which was a pol yher
produced bysk1e¢ transition nmetal conpound (A-1) and the transition netal
conpound (B-1) ought to have been higher than that of the high-nol ecul ar
wei ght portion, but the GPC peak intensity ratio SF-784 1 1 NOV 2003 104 of
t he hi gh-nol ecul ar weight portion inghe polymer (2-a) wds{ NO\GI2883 t han
that of the | ow.nolecular weight portion, and this suggests that the

pol ymer (2-a) i.s not a mxture of a polyner produced by the transition
metal conpound (A-1) and a Bokygeds5ofr pddye@rby2t48e transition netal
conmpound (B-1)' but a branched polynmer wherein a part of ‘the pol yner

(vi.nyl - t er m nat ethematreopel ymer odircadwhy drivel ¢ zah iyt DB, ried abscdBPOANd
(B-1) was copolynerized.by the transition netal conpound (A-1). ~ 10
CoTpar atiVw@@mleepélfxnéﬁlwﬁman@ymadm? ot at pehddkd hersader sapaar as in
the "polynerization" of Exanple 2, except that the transition netal

conpound ( By i ,» MMM aL33'. @, was
110, 000, Wﬁ\%ﬁt %%dgﬂg %%?&yoﬁt%ﬁ%@éjﬁa% det ect gﬁ%bg &C.M%i

Colpar at5|<vethEé(%r£pa!ke i%tensity ratio was 64 %, while with respect to the
other peak, Mw was 8,000, Mw/Mn was 2.0, and the peak intensity

ratio was 36 %.

Judgment of presence of long—vchain branch

With respect to one peak of the peaks of the polymer (2-a)
10 detected by GPC, Mw was 180,000, as described above. It is
thoughtthatanmcromonomercorréspondingtxathepolymer(2—c)
obtained in the later—described Comparative Example 6 was
polymerized by the tJ.:ansition metal compound (B-1), and hence
fhe polymer (2-a} showed a higher Mw valﬁe than the polymer
15 (2-b) obtained in the later-described Comparative Example 5.
That is to say, the polymer (2-a) couldbe judged tobe a branched
polymer‘with a side chain having Mw of 8,000 and scarcely any
methyl branch (lower than the limit of detection).
When the yields of the polymer (2-b) and the polymer (2-c)
20  were watqhed, the yield of the low-molecular weight poftion
in the polymer (2-a) which was a polymer produced by the
transition metai compound (A-~1l) and the transition metal
compound (B-1) ought to have been higher than that of the

high-molecular weight portion, but the GPCpeak intensityratio



A polymer (2-c) was obtained in the sane manner as in the "polynerization"
of -Exanple 2, except that the transition 20 netal conpound (A-1) - was not
added. The yield was 0. 96 Tmwas 128QC, Mwv was 8,000, Mv/ Vnh was 2.1, and
only one pe#®k-784as detected by GPC. As a result of neasurenent of nethyl
branch of the polyner, no nmethyl branch was detected. SF-784 105 Exanple 3
1 1 NOV 2003 Pol ynerization. In a 500-ml gl ass pol yneri z&t{ O\ @83 or

t horoughly purged with nitrogen, 250;p81 of purified toluene was placed, 5
and et hyl ene was passed through the reactor for 20 mnutes at a flowrate
~of 100 1/ hr. Then, the systemwas heated to 50C, and 1.25 mmol of MAO 1
was added. Rdrtherhidh-go8 enwlar geighé pornsoniiontietadl goepolineh ( A2k and
0. 00025 nmmol of .the transition netal conmpound (B-1) were added. Wth
stirring, lhiefhlyl enen whatpasste 1dwougbethitateatiit pbrb0&nt and vKinut es
at a flowrate of 100 1/hr-to perform polynerization. Then, feeding of

ethyl ene wasugigerredchand:-id P 1Side i(DGa) PL IR EREMVRELPASSEG HRNQHE t he
reactor at 50C for 1 hour a:p a§/1t‘m| ow raté of 100 1/hr Fo perfo%m

pol yreri zat i,@R @kel t ' YRErl zat|

conduct ed fgr a gievgﬁyp%% ggggggfﬁtﬁg%%tgmﬁmﬂgn@ucﬁﬁé g$ %%%bajup;gll\gg%gohol

was add§d, p%%ﬁutcgﬁ W%h% %ﬁgftf nE’nhaecarlecs:grlnitaEagds(lﬂ"lwrlr)yb%sa branched
polymer wherein a part of the poiymer (vinyl-terminated

macromer) produced by the transition metal compound {B-1) was

copolymerized by the transition metal compound (A-1).

.10 Comparative Example 5

A pelymer (2-b) was cobtained in the same manner as in
the "polymerization" of Example 2, exéept that the transitié;l
metal compound (B-1) was not addeci. The yield was 0.18 g,
Tm was 133°C, Mw was 110,000, Mw/Mn was 4.1, and only one peak

15 was detected by GPC.

Comparative Example 6

A polymer (2-c} was obtained in the same mannexr as in

the "polymerization" of Example 2, except that the transition

20 metal compouhd (A-1) was not added. The yield was 0.96 g,
Tm was 128°C, Mw was 8,000, Mw/Mn was 2.1, and oﬁly one peak

was detected by GPC. As a result of measurement of methyl

branch of the polymer, no methyl branch was detected.



introduced into 1 liter of nethanol. After the mixture was allowed to
stand still for one night, a small amount of 20 hydrochloric acid was
added, followed by filtration. The polymer separated by filtration was
washed withsd7d4 ter of nethanol and then vacuumdried at 80 C for 10
hours. The yield of the polyner (3-a) thus obtained was 8.39 g. Analysis
of polyner'(3-a) SF-784 106 1 1 NOV 2003 Wen the polyner (3-a) was

anal yzed by DSC, Tmwas 125C. ~ \Wen the pol ymer was anal éeﬂgﬁy GPC, a

si ngl e peak having a shoul der peak mnth Mv of about dO Wh3ect ed.
Wth respect to this peak, Mwv was 210,000, and NM/Nh mas 2.6. 5 Judgnent
of presenceEgémpdn 3chain branch The Mwv of the polyner (3-a) was 180, 000,
as descri bed above, and this Mwv was hi gher by 140,000 than the Mwv of the

potynmer (3-b) obtained in the | ates: grse{iRegd-Sonparati ve Exanple7. It is
t.hought that a vinyl-term nated macromonomer 10 corresponding to the

pol yner (3-c) Obiﬁ'ﬁegobnmih?léé&ﬁg?gﬁﬁgEﬁQSgigﬂngg%éEB¥ hencéﬁPﬁ’“as

copol ynmeri zed by e transition compoun

| th -b
Po Yoy, hePBbs §§§‘¥‘e W%?'{l%ofﬁgoré@éam o Pft‘%l?f%eledo %Péﬁfﬁ&dgfg)ﬁﬁﬁ?ﬁgr wiih
“sid arce an met anc ower
Than the T fnd Sk P eRe s PR Res dmiﬁgg e F¥actst "or 28Rl nbt 8

at a flow rate of 100 1/hr. Then, the system was heated to
50°C, and 1.25 mmol of MAO-1 was added. Further, 0.005 mmol
of the transition metal compound (A-1) and 0.00025 mmol of
.thetransitionmetalcompound(B—l)wereadded. Withstirring,
10 ethylene was passed through the reactor at 50°C for 5 minutes
~at a flow rate of 100 1l/hr to perform polymerization.
.-Then;feédingofethylenewasstdpped,andwithstirring,
ptopylene was passed through the reactor at 50°C for 1 hour
at a flow rate of 100 1/hr to perform polymerization of the
15 sécond stage. After the polymerization was conducted for a
given period of time, a small amount.of isobutyl alcohol was
added, and the whole amount of the resulting slurry was
introduced into 1 liter of methanol. After the mixture was
allowed to stand still for one night, a small amount of
20  hydrochloric acid was added, followed by filtration. The
polymer separated by filtration was washed with 1 liter of
methanol and then vacuumdried at 80°C for 10 hours. The yield
~of the polymer (3-a) thus obtained was 8.39 g.

Analysis of polymer (3-a)




(3-a) showed Tmlower than that of the polymer (3-b) and that of the
polymer (3-c) , and this also suggests that the polymer (3-a) is a h
branched pol ynmer. 20 Conparative Exanple 7 A polyner (3-b) was obtained in
the sane mafi€B4 as in the "polynerization" of Exanple 3, except that the
transition nmetal conpound (B-1) was not added. The yield was 4.5 g, Tm
SF-784 107 1 1 NOV 2003 was 129C, Mwv was 140, 000, NM/NM1£FB ﬁ.ﬁm and a
singl e peak was detected-by GPC. Compgrative Exanple 8 5 g y 3 (3-¢)
was obtained in the sane manner as in the "polymerization" of Exanple 3,
except that the transition netal conpound (A--1) was not added. The yield
was 1.0 g, Tm wdser2ghepalivmgss (8:-800vaManki ywas! By DSGnifimavas AGISE (heak
was detected by GPC. As a result of neasurenent of methyl branch 10 of
the pol yner Wheo mitehyplo liymanc wasasnddtyeeicty B8, Waatksinglel peamdhasiin 1 NOV
20D3 1. A polymer having a nelt tension (Ml (g)) that is ~substantially the
- sane as or lLoweoullian phatk efithasomerdanals, W Mddtds. with
substantially the sane as the polyner in- the recurring unit of the main

skel eton, thespRl-ecylar el glak, Mw was 210,000, and Mw/Mn was 2.6.

5 Judgment of presence of long-chain branch

The Mw of the polymer (3-a) was 180f000, as described
above, and this Mw was higher by 140,000 than the Mw of the
polymer (3-Db) obtained in the later—described Comparative
Example 7. It is thought that avinyl-terminatedmacromonomer

10  corresponding te the polymer (3-c¢) obtained in the
later-described Comparative Example 8 was copolymerized by
-the transitibn metal‘compound (B~1), and hence the polymer
(3-a) showed a higher Mw value than the polymer (3-b). That
is to say, the polymer (3-a) could be judged to be a branched

15 polymer with a side chain having Mw of 8, 000 and scarcely any
methylbrénch(1owerthanthelimitofdetection). The polymer
(3-a) showed Tm lower thap that of the polymer (3-b) and that
of the polymer (3-c), and this also suggests that the polymer
(3-a) is a branched polymer.

20

Comparative Example 7

A polymer (3-b) was obtained in the same manner as in
the "polymerization" of Example 3, except that the transition

metal compound (B-1) was not added. The yield was 4.5 g, Tm



t he nol ecul ar weight -distribution and the crystallinity, and having a
fl'ow activation energy (Ea (KJ/nol)) that is larger than a val ue obtai ned
by adding 5 KJfnol to the Ea value of the conventional polyner.) . and
conprising $@7840 100 o by nol of recurring units derived from ethyl ene and
0O to 50 %by idol of recurring units derived froman a-olefin of 3 to 7.
carbon atons and having the follow ng properties: the flow activation
energy (Ea (KJ/nol) ) and the a-ol efl;l,)\ﬂ content (C (o by viei{gNOY)208ati sfy
the following relation: in the case where the nunber of carbon atons of the
a-olefinis 3-and C Z 10 % by weight: Ea Z 0.130xC+28.7, in the case where
t he nunber' w&sch? Hon, atomea 0fl4thd - ,o0lMefiMn wias 2 .130 Znand E€idgldel p¥ak
by.weight:. Ea >- 0.385xC+28.7, in the case where the nunber of carbon
atons of theas-akektBed. By3caod C < 10 % by wei ght (including the case
where the a-olefin :ontent is 0) , and in the case where the nunber of
carbon atons +f the a-olefinis 4to 7 and C< 4.1 %by wight: Ea z 30, 1
1 NOV 2003 110 9 and the nelt tension-(MI (g)) and the nelt-flow rate (MR

(g/10 mn) )Cérﬁﬁét?g%fi%QeELQllnﬁ%'i gg relation: M S 2. 2xMFR-a. ae-.

5 A polymer (3-c) was obtained in the same manner as in
the ';polymerization" of Example 3, ezﬁcept that the transition
metal compound (A-1) waé not added. The yield was 1.0 g, Tm
was 128°C, Mw was 8,000, Mw/Mn was 2.2, and a single peak was
detected by GPC. As a result of measurement of methyl branch

10  of the polymer, no methyl branch was detected.



2. The polyner as clainmed in claim1, wherein the recurring unit of the
mai n skel eton is constituted of carbon and hydrogen, and. optionally
oxygen, and -the polyner is substantially thernoplastic. 3. The pol yner as
claimed in claim2, wherein the main skeleton is constituted of ol efins of
2 to 8 _.carbon atonms.. 4 The branched polyolefin as clainmed in claiml.
conprising: (i) recurrlng uni t st%erived fromat |east one PlieNQy 2p8Bect ed
fromethylene and olefins of 3 to 7 carbon-atonms, and (ii) recurring units

derivediidtom @ ¥ifY¥hakefginated macronononer conprising 50 to 100 P6 by
nol of recurrlng units derived fromethylene and 50 to O % by -not of

recurring unj frroman olefip of 4 to 7 carbon atons; having a
wei ght - average n€?§%6¥§§g ‘W%%& B %fY %H%BQHaﬁHThayihgthaessSthan 0. 1
met hyl ch, as red by 13C-NWVR, based on 1, 00,0 carbon atonms. 110
5. 11 h%ﬂm%&l%/elre*%e%@ﬁ@m shaty &0 ataod96ndd bgamot :  of
recurrlgﬁ1un|ts derlved fromethylene and O0.to 50 % by - nol of recurring
units AL P"P&ﬁ%haﬁsaﬁlﬂ?%’ff@mtbawyt@ezeamr@ertheatp(@r_'@naﬂd ipavihBg the
fol | owi ng. properties: the flow activation energy (Ea (KJ/nol)) .and the
a- - ol efrfaﬁburrlng unit of the main skeleton, the molecular weight,
the molecular weight distribution and the crystallinity, and
having a flow activatioh energy (Ea (KJ/mol)) that is larger
than a value obtained by adding 5 KJ/mol to the Ba value of

the conventional polymer; . andcomprlsmg 50 to 100 % by mol

of recurring units derived from ethy,le'ne and 0 to 50 & by ol
of recurring units derived from an a—clefin of 3 to 7 carbon
atoms and having the following properties:

the flow activation energy (Ea (KJ/moi) } and the s—olefin

content (C (% by welght)) satlsfy the follow:mg relatlon

in the casewhere the number of carbon atoms of the a—olefln :
is 3 and C 2 10 % by weight:
Ea 2 0.130xC+28.7,
inthe case where the number of carbon atoms of the a—olefin |
is 4 to 7 and C 2 4.1 % iey.weight: .-
Ea 2 0.385xC+28.7,
inthe case where the number of carbon atoms of the a—olefin
.$3andC<10% by weight (ineludir:zg the case where the a~o0lefin
ontent is 0), and in the case where the numbe,e of carbon atoms
' the a-olefin is 4 to 7 emd C < 4.1 % by weight: | i

. Ea 2 30,



content .(C (% by weight)) satisfy the following relation: in the case of C
z 4.1 %by wight: Ea Z 0.385xC+28.7, In the case of C < 4.1 by weight: Ea
Z 30, and the nelt tension (MI (g)) and the nelt flow rate (MFRS '
(g/10-mn)) satisfy,the followng relation: MI S 2. 2X|\/FFT lﬁﬁ : @ The
branched polyolefin as claimed in claimsS, conprising: (1) ¥u2 ﬁng units
derived fromat |east one olefin sell@eted fromethyl ene and ol efins of 8.
to 20 carbon aggas, and 111-1 | NOV 2003 (ii) recurring units derived from
a vinyl--termnated nacrononorner conprising 50 to 100. o by nol of

recurring unitgpedgenvedchsadnet(vl erg )arthddG e nePo- il rate r @ERr i ng
units derjved froman olefin.of 3 to 20 carbon atons,- having a

wei ght - av ' dhC WA 8 Ghite ofo B0y 3r&08tasd:having less than 0.1
met hyl brgﬁggg gnsqﬂr)rgasur eldﬂ?y 13C- NVR, based on ..1, 000 carbon atons. 7_ A

branched pol yol.gf i.n.c LSénR@: (1) recurring units derived fromat |east
one olefin sek@c%e&‘%gg%hol efins of 2 to 20 carbon atons, and .

2. The polymer as claimed in claim 1, wherein the .
récurriﬁg ﬁnit of the main skeléton is constituted of carbon
and hydrogen, and optionally oxygen, and -the polymer is

- substantially thermoplastic.

3. The polymer as claimed in claim 2, whert_ain the main

;skeieton-is conétituted of olegins of 2 tg 8'carbon éﬁqmsm
47 The 'branched polyplefin as claimed in claim |, -
:cﬁmprising:

(i) recurring units derived from at least-one o;efinA
~selected from ethylene and olefins of 3 to 7 carﬁoﬁ'atoms,_
and

(ii) recurring units derived from a viqylfterminated
*. macromonomer comprising 50 to 100 % }*;>y mol of recurring units

‘derived from ethylene and 50 to 0 % by mol of recurring units

.deriw}e'd from an olefin of 4 to 7 carbon atoms, having a
weight—avérage molecular weight of 600 to 3,500 and having
less than 0.1 methyl branch, as measured by 13C-NMR, bgs_ed- on

1,000 carbon atoms.



(i) recurring units derived froma vinyl-term nated nmacronononer
conprising 50 to 100 o by nol of recurring units derived from ethyl ene and
~50to 0 % by nmal of recurring units derived froman olefin of 4 to 20

~ carbon atons," having a weight-average nol ecul ar wei ght of 600 to 200, 000
and having less than 0. 1 nmethyl branch, as neasured by '3C-NMR, based on
1,000 carbon atoms. The branched polyo]gfin as clained if tINOVN2003 wherein -
t he wei.ght - aver age | ecul ar weight is 1n the range of.600 to 3,500. . 112 -
9 A process for pr%[)go)ﬁff‘h e RocHeaf isbepspetisd pgcboniro Si0tgepol e i:zi ng at

| east one.olefin selected from olefins of 2 to 20 carbon atons using an
olefin p%‘Fy‘?’F’é?‘f 1D iclat deysivesh fppmsehylend)amd tor 86S50i Do PRicl |
conmpound containing a |ligand having "~ cycl opentadi enyl skeleton, (B) a

transi t i Oh TR egmeditts deprissen fedmbyn the 1 Jrald oW 5104 @W%}JAH , and
i

(C) at |east one conmpound selected from (C 1) an organonetallic conmpound,
(G 2) arrlomganvad unaninyoklec EopouvRdngape operd)i e conpound which reacts
with the transition netal compound (A) or the transition netal conpound

(B) to formtim Fanwpaitivielshepaiy iBa MdaAd PALYURLLNGLAY one " of
clal ns : i

content (C (% by weight)) satisfy the following relation: :
in the case 6£‘C s 4.il% by weight: | B |
Ea 2 0.385xC+28 .‘7,
‘in the case of CI< 4.1 % By weight:
Fa 2 30, |

and

the melt tension (MT (g)) and the melt flow rate (MFR
A | !
- 1_(g/10_ndn)) satisfy the following relation:

MT < 2.2xMFR-0.88

6, The branched polyolefin as claimed in claian,
' comprising:
(i) recur;ing_units derived from at least one olefin

selected from ethylene and olefins of 8 to 20 carbon atoms,:

and



", , 5= and |I; (1) wherein Mis a transition netal atomof Goup 4 to
Goup 5 of the periodic table, mis an integer of 1 to 2, RLis an 1 1 Nov
2003 113 aliphatic hydrocarbon group or an alicyclic hydrocarbon group, R2
to R5 may be the sane or.. different and are each a hydrogen atom a

hydr ocar bon group, a hydrocarbon substjtuted siiyl grou

oxygen-contai ni ng group, a nitrogen- cdHi |ning group g 1aﬁhv 2MB

sul fur--containing group, R6 is a hydrocarbon group or

“hydr ocar bon-suybsti tHEgEr$hhY u JSHHQP vl ence of
M XiS'a'hydrgge%atonlra Eahgggﬁ Efgﬁf%iiﬁ§ rocaﬁﬁﬁ?} groutﬁgn'?}tlt}’:z}fl

oxygen- 'ca LaLRALRY Ak é%}ﬂr%flél‘:llll%l“go %%n _/ 3%4 %8:#&1{&? .a_ni %Eﬁ?qlen.- cont ai ni ng

group, a boron-containi grou an a

phosphor nt.aknin r |.o en tainin group, a heterocyclic

corrpounstzléi(?"egﬁﬁé1 ‘L‘rmﬁ%ﬁﬁc‘%@ E‘S‘r‘i{]gpn ‘?lgo é‘r g’ﬁp‘,‘wé{ g%rrr?éﬁ“?%%%ﬁ%@r?ﬁ ng group
a tla conﬁahg roug and when n is 2 or greater, plural groups

|nd|cate Nt 1Al vohedlheledie oFf &lFFbP@hﬁﬁﬁﬁﬁp¢ﬁE9@ﬁ- havipy a

i ndi cated' by X may be bonded to forma ring. Z0, The pr-ocess for preparing

a branché8lgbtyererpgeagoteanias Waichsi of, 6A%ertsi 3,508 old rervized i on i s

carried out continuously. under at least two different polynerization

condi t i ohess dithn e Ippeyhyiilzaanch, |mlmﬁm;mdiy:r§eﬁ(zamman oadacsed under

such condi.tion that the
' 1,000 carbon atoms.

7. A branched polyolefin comprising:

(1) recurr_ilng units derived from a_i‘:'least one olefin
Selected from olefins of 2 to 20 carbén atoms, and

(1i) recurring units derivéd from a vinyl—terminated

'macromononer'comprlslng 50 to 100 % by1n61 of recurrlng'unlts
derived from ethylene and 50 to 0 % by mal of recurring unlts
derived from an olefin of 4 to 20 carbon atoms, having a
weight—ave;agérﬁoleculaf ﬁeight of 600 to 200,000 and having
less than'O. 1 methy_l branch, as measured by 1_3C-I-\IMR, based on

1,000 carbon atoms.

8. The branched polyolefin as claimed in clain17}
wherein the weight-average molecular weight is in the raﬂge

of 600 to 3,500.



yield of a polynmer produced by the transition netal conpound (B) becones,
higher 'than the yield of a polyner produced by the transition netal
corrpound (A) . and polynerization conducted tinder such conditions that the
yie'lid of a polyner produced' by the transition netal conmpound (A)

becoi nes higher than the yield of a polyner produced by gEmrmgsl tion

met al' conpound - (B). ABSTRACT POLYMER AND PROCESS FOR PREPARI NG THE SAME
The present invention relates to a polyner having a nelt- tension (Ml (g) )
subst.anti @ |y t heAsapwoces sorfdmoweregdvamd rmtbraiclaed opyipbl edidn,pol yner
which is substantially the same as the polymer in the recurring unit of the

mai n skebmpaet s inke palyreotil Aingved g lea 4 heom®| €TaFan Wel gbtedi Fridnbuti on and
the crystallinity, and having a flow activation energy (Ea (KJ/nol) )

| arger bhatfiasvef vet 8@ icaebodYa 888k itk tndah®l e Pn ﬁ&ﬁq@rvﬁéﬁ'_@oﬂf the
conventional polymer. A preferred exanple of the polyner is branched

pol yol efhRagQaRr | 120 4 100 % by nol of recurring units derived from
ethylene and”0 to 50 % by nol of recurring units derived froman a-olefin

P os LB PSRRI L O B BOREL S BR AAES N0 )
?fé@sﬁé?gciﬁgéh%aﬁirel ah)%?{és]ft ncsrl,f';h;a1 mel't tension (Ml (g)) and the nelt
(B) a transition metal compound represented by . the
following'formula (I}, énd
{C) at 1east one combound éelecﬁed.from:
(C-1) an organometallic compound,
(C—-2) an organoaluminum oxy-compound, and
(C-3) a compound which reacts with the transition
metal compound (A)_&r the transition ﬁetal compound (B) to
form an ilon pair,
to prepare the branched polyolefin of any one of claiﬁs

L., 5 and 13

(o
9 I. _
H\C,:,N"-..-'- -
. L oM
. o - (1)
R Ré
5 .
\ R Jm

wherein M is a transition metal atom of Group 4 to Group 5

of the periodic table, m is an integer of 1 to 2, Rl is an 1
. q - -



specifrc relation. This branched polyolefin is excellent in noldability
and nechani cal strength.

1 1 NOV 2003

. i13
aliphatichydrocarbongroup or analicyclic hydrocai:bdn group,

R? to RS may be_t’he same or.different and are each a hydrogen
| atom, a hydrocarbon grbup, a hydrocarbon-substituted silyl
' group, anoxygen-containinggroup, anj;trogen;coﬂtai'nir;ggroup -
- or a sulfﬁr——containing éfdu’p, Ré is a hydroéarbon group or
a hydrocarbon-—substitute.:d éilyl group, nis anumber satisfying
avalenceofM, Xisahydrogenatom, a ha_logen éltom, Ia hydro-car-bon
groﬁp, an oa;:ygen-contéining group, a sulfur-containing group,
a nitroge’n-—co.ntainiﬁg group, a boron—confaining 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 ‘
. @ tin-containing group, and when n is 2 or greater, plural |
gro-ups indicated by X may be the same or differént, and plural

groups indicated 'by X may be bonded to form a rlng
10, The process for preparing a branched polyolefln ‘as
ciairﬁed in claim 9, wherein the polymerlzatlon is car_rled
| out cdntinuously_under at least two different polymerization
conditions, and the polmerizatioq includes
'polyr.nerization conducted uﬁder such condition that the
yield of a polymer produced by 1-:he trénsitioﬁ n{etal bdmpound ;
I_ -{B} beéomés_ higher than the yield of a polymer producea by |
the transition metal compo;md (&) and
polymerization conducted under sﬁch conditions that the :
yleJJd of a polymer produced by the transition metal compound

(A) becomes higher than the yield of a polymer produced by

the transition metal compound (B) .
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ABSTRACT

POLYMER AND PROCESS FOR PREPARING THE SAME

The present invention relates to a polymer having a melt
tension (MT (g)) substantially the same as or lower than that
of a conventional polymef which is substantially the same as
the polymer in the recurri_ng unit of the main skeleton, the
molecular weight, the molecular weight distribution and the
crystallinity, and having a flow activation energy (Ea
(KJ/mol)) larger than a value obtained by adding 5 KJ/mol to
the Ea value of the conventional polymer. A preferredexample
of the polymer is a branched polyolefin comprising 50 to 100 %
by mol of recurring units derived from ethylene and 0 to 50 %

by mol of recurring units derived from an a~olefin of 3 to

20 carbon atoms and having the following properties: the flow

activation energy (Ea (KJ/mol)) and the a—olefin content (C
{%byweight)) satisfya specificrelation, andthemelt tension
(MT (g)) and the melt flow rate (MFR (g/10 min)} satisfy a
specific relation. This branched_polyolefin is excellent in

moldability and mechanical strength.



