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PCLYMER AND PROCESS FOR PREPARING THE SAME

TECHNICAL FIELD

The éresent invention relates to novel polymers having
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.
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.

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
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.



Abstract- A polyner characterized by having a nelt tension (M (Q))
substantially equal to or lower than that of a polyner -which is
substanti al Iggggual in repeating units of the backbone and in nDIecuIar
“wei ght, nol ecul ar-weight distribution, and crystallinity and ﬁﬁ havi ng
flow activation energy (Ea (KJ/nol)) higher by at least 5 Kb/l DVtﬂmB the
Ea value of that polyner; A preferred exanple of the polyner is one which
conprises 50 to 100 nol % repeati ng units derived fromethylene and 0 to 50
mol % repeating units derived froman a-olefin having 3 to 20 carbon atons,

satisfies a specifithd %@é'%ﬁi@a@f&ﬂ‘eﬁk@efé%cﬁgﬁit\fﬁi'QErgﬂ %ﬂyfl(sEa

(KJ/nDI))‘and a olefln content (C ( satisfies ecli
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' is generally employed. However, the length.of‘the side 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

InJapanese Patent Laid-OpenPublications No. 316711/1998

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



TECHNI CAL FI ELD The present invention relates to novel polynmers having 5
equi val ent or -smaller nelt tension (M (g) ) and larger flow activation
ener gy val uesdfgan conventional polynmers having equivalent recurring unit
of the main skeleton and substantially the.sane nol ecul ar wei ght, nol ecul ar
wei ght distribution and crystallinity as those of the novel ﬁhﬁ s 10
More particularly, the invention relatges to a branched pol yol efi n of novel
structure anong the above polyners, said branched polyolefin. mainly
containing ethylene units and having as a side chain an olefin chain

having few B BybobraBehesny AREcRoREASAET 4/ aBr £RAId N t B SAMEL s d @,
BACKGROUND ART Low density pol yethyl ene (LDPE) produced by a high-pressure

radi cal et hod: i mehbakeWhs, At B £ 04 ¥ alkcy1apgahBe Skde,ghain

of the LDPE has a non-linear 20 treeZliKe structure. ch a structure’is
excellent in.. it vant ageous i .t processin but,.on.the
ot her hand, f?ﬂﬁggggh&Fﬁ%ﬁ@gg¥%%%€%%wﬁéﬁ%ringonqgﬁ%ﬁpggp lnggﬁﬁf5l%ﬁdthe

I . SF-784 .11 NOV 200 ., In the use application_where nechanical .
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obt ai ned_by copol yneri zati on of ethylene and a higher a--olefin
5 ~ welght-average molecular welght of the side chain to be in

the range of 1,000 to 10,000, 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



is generally enpl oyed. However, the length of the side chain 5 of the LLDPE
is extrenely shorter than that of the LDPE, so that the LLDPE does not
have good nmodgdghi lity that is an advantage of the LDPE. On this account,
devel opnment of branched pol yethylene which is superior to the LDPE in
‘mechani cal strength and nelt 10 processability has bee r’fﬂﬁv 3

ent husi astically. For exanple, a macropononer produced Bl/ ug@ of a

net al | ocene catal yst is copolyneri zed" with et hyl ene to obtain a branched
pol ymer satisfying the above-nentioned properties, as described in

National Publigsd i oh ©fe | AbeE DAL ORAE PAL Effe %e&@‘%@oﬁ%@?@orﬁlﬁa:&ge

pol ynmer obtained by the process described in this publication has a
structure Sifﬂﬂﬂef‘?z‘é}ﬂﬂ} a%r!n'rﬁ??d [+ Sc. Si kN n eco
conpletely Ilnear an as a nethy r n‘%%éfﬂftoﬁﬁﬂéﬁg?h%g’g‘g%ﬁg% % 8?%?3
structure is,superior o LDPE in. rrecgsn'ic . Strength tEe.rrethyI- branch
oners 20 mAAREAT BPPGER: ShHS NS ia R RLUnaAR L LE PRt R Yot
t he pol yner i oneti mes unsatisfactory dependi ng upon the _purpose, In
‘Japanese Pateetﬁiy WUIPER PDPREARE A RGAe 1B BP9t 1nRdang having.
38418/ 2000, -a process for preparing a branched polynmer SF-784 1 1 NOV 2003
3 by copdl yrfaW Pekeva haershbhomrd aneraneas dief prepardingctbederangueda
met hod of inhibiting formation of nmethyl branch of the side chain has not
been known yestlydHefime iTheemrieserdesioridrddrs have studied, 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



in the above publications, it is difficult to control the 5 wei ght-average
nol ecul ar wei ght of the side chain to be in the range of 1,000 to 10, 000,
and there isggyghi mtation on the process for preparing a branched pol yner
having a main chain and a side chain different in the conposition. In
National Publication of International Patent No. 10 502303/1996, there is
di scl osed a branched pol yolefin conprising: a nmain cha1q Ng H@

honopol ymer or a copol ynmer of C2-C30 al pha ol efins; and si chains (a) of
at least 250 carbon atons conprising a honopol ymer or a copol ynmer of C2

-C30 al pha alefémsiosat duishdecxhai os eregv@h§&6h9mt 8613h8R0wh3 dhe ol ymer
mai n chain at an average frequency of O. side chains per 1000 main

h bo k t eLage mpl ecul ar
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activation ener value than conventlonal ool mers havi ng equi val ent
recurring ngvﬁ dipd TR 190 PEEohP & el BekeL Lhei By | )Fnﬁ%gaé’écr‘ﬂé? Aof &evl ar
wei ght, nDIecuIar wei ght distribution and crystalllnlty as SF-784 I 1 NoOV
2003 4 tﬁosé“%ﬁl‘f%fb’-%\ﬁé}e%f vider S KI7me Prleddat ilsvéareoes hhwe afwualher
found a branched pol yol-ef in of novel structure anong the above pol yners,
sai d pol yol efitraimschby adhing B K/ mal ilo/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,



et hyl ene units and having as a side chain an olefin chain having . 5 few
-nmet hyl branches, and a process for preparing the branched polyolefin. The
present invegifys have studied, as the branched polyolefin, a branched

pol yol efin containing scarcely any nethyl branch and having a specific

wei ght - average nol ecul ar weight, and as a result, they have found that the
"10 desired branched pol yol efin can be obtai ned by the usg:Py 9 Em?talyst
contai ning specific two different tran%ition netal conmpoun 9. ased on the
. finding, the present invention has been acconplished. That is to say, it

s an object of  thetReesal haVeRhQlnde: be RLBYL: 8.00¢8l, POLYIEBE s Ravi ng

characteristic nelt tension and ow activation energy wh are no

observed in ihe n eg;'o al, polygers, and in particular, it is an object
. e} 'E 'y . 3 ! . . . !

of the invention to proglge aEb#ancégdw86?9 efin having excell ent

nol dability and-necha&%g%kvgk%ﬁ%%agﬁﬂnp a process for preparing 20 the
sane. DI SCLOSURE OF T | ‘Fite" rovel pol yner-according to the
invention is a polynmer having a nelt tension (MI (g)) that is '
substantial |y t hes5RE S8Eergac e tReNairg0gt 8¢ rbon aveirs phdrhe haolefia
conventignal polyner which is substantially the same as this novel polymer
in the récurkd AGndBitlof heeiaht cketlotdima the qadevbbar tird ghtlefha
nol ecul ar weight distribution and the crystallinity, and having a flow 5
activation emergnt Ex (KJ/aml ) thetakse dieegethchaomBevadfiearbon 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,
(i) recurring units derived from at least one olefin
15 selected 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 %Jayinol 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 byJJC—NMR, based on

1,000 carbon atoms.



.obtained by adding 5 KJ/nol to the Ea val ue of the conventional polyner.
In an enbodi nent of this polyner, it is desirable that the recurring unit
of the main gkgheton is constituted of carbon 10 and hydrogen, and
optionally oxygen, and the polymer is substantially thernoplastic. Another
enbodi nent of this polynmer is a polynmer which has branches and in which
the main skeleton i.s constituted of Q%efins of 2to 8 ca bgmwwt?ﬂﬁ. The
‘first enbodi nent of the. branched pol yol efin according 15t vention
is a branched pol yolefin conprising 50 to 100 % by nol of recurring- units

derived from et hytienes@shd efi®o®0ndbBYo rOLLOf LESEUELH nﬁoyybiéf%r' ved from
an a-olefin of 3 to 7 carbon atons and having the foll omﬁng properties:

Lhe L1 ow acldci o @sidie (RochKICHDd b Mithdifity Bo 2T LR n O ORL el C (%

by weight)) satisfy lowi ng relation ase ere ufrber

0. 130x0128. 7 8"98?‘6 %Yl*ﬂﬁémﬁﬁoﬁﬁwﬁ??ﬁg %%g%gvsﬁ%f%v%ﬁmb%m%r bon

atons of the a- ﬁlefée b o7 and C.Z 4.1 %hb g . Ea Z ,
0. 385xC+28. 7119 cas¥ P fﬁ%uﬁﬁﬁﬁgrundft%gﬁﬁbﬁe t%??é“ 8 areleafbrefin
5is 3 apd C.< 10 o by weight (including the case where the a-olefin
content i (?)f 8 BARY FatRot ademmend bRE1REnbee fofllewion ratammrties:

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



"of the cx-olefinis 4to 7 and C< 4.1 %b

_ : y weight: Ea z 30, and 1

][rg” tension (Mr (g)) and the nelt flowrate (MFR (g/ 10 mn)) satis?yt'?ﬁe

fo ;):NI ng gf_l,&tlon. MM < 2. 2xMFR- O. B8 . This branched polyolefin
nmprises, for exanple, (i) recurring units derived fromat |east one

-olefin 15 selected fromethyl ene and ol efi
X : _ _ ins of 3to 7c¢c
(i1) recurring units derived froma yinyl-term nated mcrgﬁgﬂ%ﬁ;@w1 and

conprising 50 to 100 % by nol of recurring units deri
) _ _ ved frometh
50 to O %by nol of recurring units 20 derived froman ol efin of Zl te(r;e7and

carbon atong,. hayibpo & ' ;
: 5 S a1 RNt bavelchgeasuhessih ped ey P& -WfR 5 GTR
having |less than 0. 1 nethyl branch, as neasured byé' 3C NWR, biif?go and

1, 000 carbagn @at0 Sl 71 ‘ [
PIB i 68% i .11 NOV 2003 The second embodi ment of th
branched p ‘3%%1 fnglsan accoréﬂ ng to the invention is a br anched pol yol gfi n
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arfring units ved froman a-olefin 5 of 8 to

20 carbon atoms and having the fqllowin e _of
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the following relation: in the case_of ' 9 i -
5 (i) recurring units dgrivceg é}':c%'m %legg!ﬁghgne 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, OOIO‘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 atoms using

an olefin polymerization catalyst comprising:



Ea > 0.385xC+28.7, 10 in the case of C< 4.1 % by wight: Ea z 30, and

the nelt tension (Ml (g)) and the nelt flowrate (MFR (g/10 mn)) satisfy

t he follomjggqiplation: 15 Ml <- 2.2xMFR-"~-88. This branched pol yol efin
‘conprises, tor exanple, (i) recurring units derived fromat |east one
olefin selected fromethylene and olefins of 8 to 20 carbon atonms, and 20

(ii) recurring units derived froma vinyl-termnated ma rqq@@fgﬁn
conprising 50 to 100 % by not of recuPring units derive ;Iene and

50 to 0 % by nol of recurring units derived froman olefin of 3 to 20

carbon atons, hayiy Qa@rai@@hEQEn@n‘é‘%ra@_g@orﬁﬁl?&%?&'E@Et‘é@_hgﬂﬁ £1 1 89041 3 mP0 and
havi ng SF- 784 11 2003 8 less than O net hyl branc as” neasur ed by

13C- NVR, ba %l% enk(%%%(§ytgﬁéfgoq§ The third enbodi nent of the branched
polyolefin a cor he 1'nven |dn is a branched polyolefln conpri si ng:

5 (i) recurrin it erive ron1 | east one,olefin se ted from
o st inecor 5 to 48eE Bens o 1SRG R Rt e F om a

vinyl -term nated rmacronononer conpr|5|ng 50 to 100 % by nol of recurring
units _ following formula (I), and

5 (C) at least one compound selected from:
(C-1) én organometallic compound,
(C-2) an organcaluminum oxy-compound, and
. 3 (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®
5

\ 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



derived fromethylene and 50 to 0 % by nol -of recurring units 10 derived
froman olefin of 4 to 20 carbon atons, having a weight-average nol ecul ar
wei ght of 6q3§%€ 200, 000 and having less than 0.1 nethyl branch, as
measur ed by NVR, based on 1,000 carbon atons. This enbodi nent includes
a preferred enbodi nent wherein 15 the wei ght-average nol ecul ar wei ght of
the vinyl-term nated nmacronononer is in the range of 1, £0P¢t& é@ﬁ 000, and
further includes another preferred elbodi nent wherein t aver age
nol ecul ar wei ght of the vinyl-terninated nacronnnoner |s in the range of

600 to 3,500, 20 lg_lprqge arln bran;?e (P ol efi n_accordi ng
to the inverti ¢h 3% & roO rq ?% éja&tgr%‘f*% Sfefin
selected fromol efins of 2 to 0 car.ban atonB using an olefin

pol yneri zat .aow%?am?nc%HB%FéFHaed@lWéﬂg@%ar ROV 2p98PEA)SaE +$RAERYi on
nmetal compound containing a ligand having cyclopentadienyl. skeleton, (B) a
transition reYalerenpsithd i &prosimasn dyonhe halaaw hgnf etmdzeqasboand 5
(C at |east one conmpound selected from (Ci) an organonetallic conpound,
(C2) an or gavod! uah MRVCEN~coriEounidg gndupc-Buafvonpounhdinhnghyreact s

with the transition metal conpound (A) or the transition netal conpound
(B) to 20 formtarcdean-dgiittaining 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—contéining 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 tranéition metal compound
(B) becomes higher than the yield of a polymer produced bg
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).



to prepare any one of the above-described branched polyolefins; (1)
wherein Mis a transition netal atomof Goup 4 to Goup 5 15 of the
peri odi c tgpg%: mis an integer of 1 to 2, R is an aliphatic hydrocarbon
group or a I cyclic hydrocarbon group, R2 to R5 may be the sane or
different and are each a hydrogen atom a hydrocarbon group, a
hydr ocar bon-substituted silyl grou an oxygen-contai ni ng grou
ni t rogen- contalnlng group SF-784 10 1 NOV 2003 or a suIFQrNB%hﬁEBnlng
group, R6 is a hydrocarbon group or a hydrocarbon- substituted silyl
group,n is a nunber satisfying a valence of M Xis a hydrogen atom a
hal ogen atom a hydrocarbon group, an oxygen-containing group, a

sul fur-containing groupg, sz BLEERYPRTEANDRI MHRAIDEARINGSA bor on-contai ning

group, an a|Uﬁanﬁ}COﬁra|H|Hg gruup, a phosphorus-contai ni ng group, a

hal ogen- contalnlng grgﬂg L OCYEL G GPIROU Ly 'L feor preparing

si.l i con- contalnlﬂéggﬂ nan|un¥conta|n|ng group or a tin-containing
group, and when n is 2 or eater,

u 1 [QURS.i Bdi e 4dmy be
the same Oﬁuuuqx%ﬁ%thO%ﬁH85+ﬁ?5 Ong?%ﬁ%iysgd?8gt§ bggxgﬁg 9§E¥Boﬁaed to
forma ring. In the process for preparing a branched pplyolefln accordi ng
to the Bnvemvemntion.is al so preferable that the polynerization is carried
out continuously under at |east two 15 different pgggnerl atiogxconQitions,

and the pol yrrerny_-a_t;l dh is rclGRfeshart of a polymer alne in Exdmple
1.
BEST MODPE 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



pol ymeri zati on conducted under such conditions that the yield of a polyner
produced by the transition netal conpound (B) becones higher than the
yield of a pﬁi_%ger produced by 20 the transition netal conpound (A) and
pol ymeri zati on conducted under such conditions that the yield of a polyner
produced by the transition netal conmpound (A) becones higher than the
yield of a polyner produced by the transition netal conqognﬂwﬁ@ SF- 784
11 1 1 NOV 2003 BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1'fi B?anatory,
vi ew showi ng steps for preparing an olefin polynerization catalyst for use

Example 1. SR TREE POK Chiger N Bk MTENFRERTIER 4o CHRe Borghbrarat

accordi ng to the énventi on, such as a branched polyolefin, and a process
for prepari npg fie“5ame are described in detail hereinafter. The neani ng of
the term "polynerization” used hereinis not limted to ‘

"honopol yner i zat i 'Ot SKBE SRay CBorptHett ta&bpo Fpfeanadt kopd hers ig seanshe
meani ng of the term"polynmer"” used herein is not Ilimted to "honopol ynmer"
but- may conprieHen@s' eeppRyRErvith tHee povemepob§ndre dawendiiog ,t theheype
invention is a polynmer having a nelt tension (Ml (g)) that is substantially
"t he saneS oftherecurringunitisidentical, adifferenceinthemolecular
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 thé like.
The récurring unit of the main chain of the polymer ié
not Specifically limited, and various recurring units can be
exemplified. Of thesé, 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-colefin, a cycloolefin,.a diolefin 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



as or lower than that of a conventional polynmer which is 20 substantially
the sanme as this novel polyner in the recurring unit of the main skel eton,
t he nol ecul ag yygi ght, the nol ecul ar weight distribution and the
crystallinity, and having a flow activation energy (Ea (KJ/nol)) that is
| arger than a value SF-784 12 1 1 NOV 2003 obtained by adding 5 KJ/nol to
the Ea value of the conventional polyner. The express ign, "substantially
the same" used herein means that, as ébnpared with the pgl YNV 3803 he
invention, the type 5 of the recurring unit is identical, a difference in

30 % . a {{oFANEE rot het ol Bert Ar bt oreca ge BefHorn (fad DeS 2, B8R R

range of 30 gg‘gﬁd?grggﬁfe ence i.n the crystallinity is in the range of 10

"10 The crystallThity can Be“easur ed by X-ray diffractonetry (S. L.

AGGARVWAL; J. Pol yner i. 18, 17 (1955)), or_the_ like. The recurring unit
of the main chai n&g@mﬁ%s 041 g reiod efigsy of b &ior 2@ AaKPAN ALOBE, 1RAMUGEr i ous

recurring units can be exenplified. O these, preferable is a recurring
unit 15 constifateytorhadr enbasachydrogyehef brs b Boko 29y drogen anhdms,
oxygen, and the polymer is desired to be substantially thernoplastic.
Exanpl esSof qweh ragwrdniglant + sitndiarde, o -gfémsensuchr-metshwn- h-ioheéha, a
cycloolefin, a diolefin and an aronatic

: l-hexene, 4-methyl-1-pentene, 3-methyl-1l-pentene, l1-octene,
l-decene, - l1-dodecene, l-tetradecene, l-hexadecene,

o l-octadecene and 1-eicosene; and cycloolefins of 4 to 20 carbon
afoms, 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 unité derived from an a—-olefin
of 3 to 7 carbon atoms, this branched polyolefin has the
following properties:

20 | theflowactivationenergy(Ea(KJ/mol))andthea;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,



atons are desirable. The first enbodi ment of the branched pol yolefin
according tg& dhe invention conprises recurring units derived from SF-784'
13 1 1 NOV 2003 ethylene and recurring units derived froman a-olefin of 3
to 20 carbon atons. Exanples of the a-olefins of 3 to 20 carbon atons .
i nclude straight-chain or branched a-olef ins of 3 to Zg fﬂ@ﬁpg tons, 5
such as propyl ene, 1-butene, 1-penten& 3-nethyl-I-butene, “'h ne,
4-met hyl -1 -pentene, 3-nethyl-1-pentene, 1-octene, 1-decene, |-dodecene,

1--tetradecene, l-heng%¥gy% ﬂchgaﬁQ§eﬂf)&ggéLfﬂcosene; and cycl ool.-efins
ms, suc el opent

of 4 to 2 0 carbon at as cycl opent'ene, ‘cycl ohept ene, norbornene,
10 ' 5-met hyl - 2- nor bor nene, tetracycl ododecene d
2-net hyl - 1, 4, 5, 8-di rret“hoérﬁéo-ﬁr,ezg,%?%’?l%i?%%,(gal-—g%ca*}%ﬁdﬂonap ht hal ene. In
t he branched polyol efin, two or nore kinds of the recurring units derived
fromthe a-of ef i nd! b€ §28§ WirkakbsAunbesirt faybpe adomss hsde o MaBnt he
branched pol yol efin of the invention conprises 50 to 100 by nol of
recurring udit ¢ d&ilend o et hylerky waiblotto 50 o by not of recurring
units derived froman a-olefin of 3 to 7 carbon atons, this branched
pol yol ef¥n has the fd&d ewih@gi@pdst.iZes: 20 the flow activation energy (Ea
(KJ/nmol)) and the a-olefin

preferably Ea 2 0.425xC+28.7,

more preferably Ea 2 0.528xC+28.7,

f,ﬁ . in the 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



[ [ i ion: i he case
content (C (% by weight)) satisfy the following relation: int :
wher e thg n&nber of carbon atons of the a-olefin is 3 and C > 10 % by
wei ght: Ea ~g¢@-430xC+28.7, SF-784 14 1 1 NOV 2003 preferably Ea
0.144xC+28.7, nore preferably Ea ? 0.178xC+28.7, in the case where the

nunber of carbon atons of the cc-olefin is 4 to.7 and C? 4.1 % by weight:

bly Ea Z
5 Ea >- 0.385xC+28.7, preferably Ea > 0.425xC+28.7, nore prefera .
0.528xC+28.7, in the case where the nufber of carbon atdmd HEVtH83a-ol efin

i i ght -(including the case where the a-olefin 10
o oennd, & 5100 By, el 9 ( ¥ of car.bon atons, of the

aolefin s 4 to 3 ana E e 0y T S R VR B ey o YRt o 3,

Colefinis 4 io
ﬁD?LeLLgf;fa VA = G- (O PO and.thgﬁﬂelt beQ§!on (Mr (g)) and the melt

flow rate (N@E r%gpfgmmrn??mgﬁf?§?§ &f bYP onPigmp &1 @ FEFUTMENG BRAENFR- 0
8B, preferahly .Ml < 2. OxMFR--88. 20 The first enbodi nent of phe brqnched
! gﬁ%}yggsfrom.ethylene and 50 to 0 % by mol of recurring units

pol yolefin c
. 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} .



for exanple, (i) recurring units derived fromat |east one olefin selected
fron1ethy|ene and olefins of 3 to 7 carbon atoms, and SP-784 15 1 1 NOV
2003 (i) SH 4 ng units derived froma vinyl-term nated rmacrononomner
conprising 50 to 100 % by nol of recurring units derived from ethylene and
50 to O % by nol of recurring units derived froman olefin of 4 to 7
carbon atons, having a 5 weight-average nol ecul ar wei ght Oﬁnﬁﬁ? %@ 3,500
and having |less than 0.1 nethyl brandh; as neasured by ' éed on
1,000 carbon atons. This vinyl-terninated macr onononer has a wei ght - aver age

ohest! o VLo | 6 e ORaT e 06 LB RRLSY 10 CLL RS TRY,

preferably 800.t 00 nunber - aver age nol ecul ar wei ght) of.
usual | y not %sgthSE Sgaeiﬁd Oggg%tﬁgnaﬁo 00 erratenapiot50 20 than 1. 8
and |l ess tha 2 g In the vinyl-term nated macronononer, the nunber of
met hyl. branch®8: 088, n%%gLNFeFH oy UsPELNVRO - 03 te Ul w/AldssinhapreBerbbl y
preferably Iess than 0.08, nore preferably |l ess than 0.05, based on 1,000
carbon at onsl- §RetQi h)I oY éPniuaated macroner can be prepared by 20
copol yneri zing ethylene and an olefin of 4 to 7 carbon atons

5 The second embodiment of the branched polyolefin

3

0

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))aﬁdthearolefin
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 Eé 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-0.88,

preferably MT £ 2.0xMFR-0.88,



r polynmerizing ethylene alone, using a catalyst containing, for exanple,
'?hepl a%/er-desc?i bedytr-ansiti on netal compound (B) SF-784 16 1 1 NOV 2003
Thi s branchedrpg] yol efin has a wei ght -average nol ecul ar wei ght of usual I0>1/
30, 000 to 500, 000, preferably 50,000 to 200, 000, and MFR of usually O.
to 100 g/10 mn, preferably .0.05 to 10 g/10 mn. 5 The second enbodi nent

: . . . . . 50
of the branched pol yolefin according to the invention, i ses
to 100 % by nol of recurring units défived from et hyl enmhjamvgaﬁ@% 0 - by

mol of recurring units derived froman a-olefin of 8 to 20-=carbon atons,

has the follown oR S I t| atlo er y(Ea(KJ/rmI))
agz thg a-ol efi nnggnt gﬁtbh(ece?&ggggl\?@ftg%}% Et% r?}e'r?g ogll J?‘l’g“rel ation:

Ea Z
he case % by wei Ea Z O. 385xC+28 7, preferably
I0.n4t25>e<C+28. 75% grrjfg%g'prf/og ngﬁfngiﬁa >- 0.528xC+28.7, in the case of C <

[ ~ 40, 20
4.1 % by wei ght a, Z 30 refera Ea >- 35, nore preferably Ea
and t%eymel tgtensﬁ)ﬁ fthﬁg?gaHBlFﬁed%Pﬁ’eﬂl SWomated vRERt 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
'(j 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.
Thisvinyl—terminatedn@cromonomerhaszaweight—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—averaéeJnolecular'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,preferablylessthan0.0B,morepreferablylessthan0.0S,

based on 1,000 carbon atoms.



' atisfy the following relation: M < 2.2xM-R-0.88, preferably
ﬁ/l?'/ 12 rzngl?\/FsROSSy SF-784 17 1 % NOV 2003 The second embodi ment of the
branched pol yphefin conprises, for exanple, (i) recurring units derived
fromat ‘| east one olefin selected fromethylene and olefins of 8 to 20
carbon atoms, 5 and (ii) recurring units derived froma vinyl-termnated
macr omononer conprising 50 to 100 % by nol of recurri _n‘g/ units derived from
et hyl ene and 50 to 0 % by nol of recurifi ng units deri e‘bNUiVo_mnyn ol efin 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 Th@sﬁihyint@rﬁiﬁﬁEgﬁlQEQQQQQK A3 TeAS Gﬁ%ﬁﬁ%ﬁgF%E'NMR

based on 1,000 carbon atons. This vinyl-term nated macro as a

[ i ti 15
chr omat o0y aphy TR - - aPoLEuRTT s isnd BTEELRGE: W dias Rerporegons

ghr58(r)rat (r)rg;glpgi/ f @bl y; 800 to,3,500, imd MV Mi (Mh:  nunber - aver age
mol ecul ar  we gﬁ{(ﬁe 3%? ST S N5 8 LPREN 4S1BY mfatrdest AaRtaining,

preferably n&t) less than 1.8 and less than 3.8. 20 In the vinyl-termnated

macr onononer; °t hg* Br Yte heteyrderanthes, tasnabhsanedebygl18GuNvRNd S
usual |y |5688(é)h.an
This branched polyolefin has a welght-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:



0. 1, preferably less than 0.08, nore preferably less than 0. 05, based on
1,000 carbon atoms. SF-784 18 1 1 NOV 2003 The vinyl-term nated macromer
can be prepaggdgpy copolymerizing ethylene and an olefin of 8 to 20 carbon
atons ~ or polynerizing ethylene alone, using a catalyst containing, for
exanple, the | ater-described transition netal conpound 5 (B). This

. . ) . iy |
- branched pol yol efin has a wei ght-average nol ecul ar wei ght, y
30,000 to 500,000, preferably 50,000 ti8 200, 000, and %F&Igﬁ ﬁ@gglly 0.01

to 100 g/10 min, preferably 0.05 to 10 g/10 n}n.hlobLargﬁ Ea nFanfe;rﬁtis_
' d n the . vi Si t t he br.anched pol yol €]
Great - and when 8 Thr acengaing) M ek SEAIN Yot S R PR L

great, and when a Dbranche | yol'e haYl g : db the viscosity

ext rusi on, Lan _nol di can b asi | yper f or redbecause th

of the pol yo%?é?ﬁe.ﬁnftrﬁ% SREhiey 0%_ p e dile GPERBW2 tes wardt 15 t he

nmol ded product is th?n cool ed, the viscosity rapidly rises. Hence, t he

mol ded product cofed!t 5GBYRAREI Pnétrefenddedaidomas a ing3uitte rrties tprabduct

hardly suffers stretchin nonuni fornmty. The branched pol yol efin according

to the i nvenffehORaECMSE JW-IMT 2ard ighérebyrags gobdcdi andeiy{hicghsspeed

take-of f _ properties) . Hence, if the polyolefinis taken off in a molten.

state at Ja higR&hdd), brediiragp lyal dDY0ocs W09, 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



The third enbodi ment of the branched pol yolefin according to the invention
conprises: SF-784 19 1 1 NOV 2003 (i) recurring units derived fromat | east
one olefin gelgeted fromolefins of 2 to 20 carbon atons, and (ii)
recurring units derived froma vinyl-term nated nacronononer having a

wei ght - aver age nol ecul ar weight of 600 5 to 200, 000, preferably 1, 000 to
100, 000, and having less than 0.1 nethyl -branch, as neasdir edNGW 28HC NVR,
based on 1, 000 carbon atoms. The thi4d enbodi nent of the branched

pol yolefin conprising the recurring units (i) and the recurring units 10

(i) is obtairked by ngopel ¥awRid:2ing 3t cheastoong oLef ] n sshected from ol ef

ins of 2 to 20 carbon atons and the vinyl-teérmnina

"Exanpl es of the alefi 20 carbon at i ncl ude et hyl ene and the

aforesai d ol efins %{ ?%%Lﬁéség}zblorﬁagl%%.s };%BCEO PRes BY Bl oPEriERTEdllect ed

from et hyl eng,. pr,epyl ene, . 1- but ene 1- hexene, 1l-octene and norbornene is
8 PyeRY

preferabl e. These S TRsr BPT2 PHe56TaRIEdh tat 37 bumde nsstiisbAginiyor in
conbi nati on of %mo 8& mpre kinds. The vinyl-term nated nacronononer is a
FRF§o-3

(co)- pol yner PR 09cbRt dPnfngvr 8€drring units derived from ethyl ene,

and int vinyl -term nated nacronmononer, recurring units derived from

et hyl ene “are desi FaBNy1prexlrithe o lafdmst ofol s @0 laarkdrt @toms include
the aforesaid straight-chain or branched a-olefins and
cycloolefins, 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) r 0Ofusuallyof1,000to0l0, 000, preferably
1,500 to 9,000, more preferably 2,000 to 8,000, still r‘nore
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



%
100 % by nol, preferably 55 to 100 % by not, nore preferably 65 to 100
by nDI,ynDst preferably 70 to 100 % by nol, and SP-784 20 1 1 Nov 2003
recurring unggtsgderived froman olefin of 4 to .20 carbon atons are

desirably present in anmounts of 0 to 50 %by nol, preferably 0 to 45 % by

nol, nore preferably O to 35 %by nol, particularly preferably 0 to 30 %

i 20 carbon at ons ,i ngl he
by nol. 5 Exanples of the olefins of 4 to ﬁwﬂg$p0

af oresai d strai ght-chain or branched #lol efins and rcycloélé xcept

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

1- hexene, 1-oetemeyrmas z ok RANMENG e gio%efﬁéﬂf?{;S%tc%%ﬁ%%ﬂégxkéggagggawd

macr onononer has a wei ght-average nolecular we

el perneati 0og h C .Jsyal Ly of 1,000t 010, 000, pref erably
17500 10 9. 000y S Erererantotst onn°FoiHSHobr ¥aft Fi Copetapr eruPabrd
2,500 to 7,0 9y 15 In the vinyl-term nated macronmononer, the nunber of

met hyl branchés, as neasured by 13C-NWR, is usually less than 0. 1,

f bly less than 0. 08 nore preferably less than 0. 05, based on
gfgogrgar%on atoﬁﬁheT%EaQ???ﬁ-P%%HPkﬁﬁéH ﬁéc?bﬁnﬁbﬁéﬂ Bad oMt Nis 20

nunber - ayer age. mol ecul ar wei ght) of usually not Igss than 1.5 and Igss
than 4.0 prE?Eyabtiinsbuadaed i?ﬁrﬁ%@lmizesrsgt(hanat?,l@ast one olefin

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

ﬁ}' branched.polyolefin.hasaaweight—average‘molecular weight of
usuall)rBO;OO()to 10,000,000, preferabl&?S0,000 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;f;
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,melttensionandmeltflowratearedescribed.

Flow activation energy (Ea)




[ ' opol ymeri zi ng
The vinyl -term nated macronononer can be prepared by copo
ethyleng and an olefin of 4 to 20 carbon atons SF-784 21 11 NOV 2003 or

i zi i i ni for exanple, the
ol ynmeri zin -yl ene al one, using a catalyst containing, _
Patgr-descr?§§5@¥ransition nmetal conpound ($) The branched pplyolef!n of
the third enbodinment is a 5 polyolefin obtained by copolynerizing (i) ath
| east one olefin selected fromolefins of 2 to 20 carbon atons and (ii) the

br hepy ppdyol efin
above- nenti oned vinyl -term nated macr o®ononer. This
has a wei ght -average nol ecul ar wei ght of wusually 30,00 o 10, 9%%0 000,

| 1.5 to 20,
referably 50, 00@Qg4@ ,OQ@YOQ%OC dl\/l/)g’l\/h a ,
Breferably 1.8 to 18(% gr5rt)re ore erga}g nafr?e % %uﬁ; ‘{%‘iﬂaﬁlf}(iﬁooﬁla]ﬂo 60

|de chains, nore preferably 1 to 40

2: gg Cgﬁ:mn fns g’ﬁlﬁﬁg %‘%rlécﬁrté’f é?’agF§;§éS?6) BOPE| Y I IS e Loatdd owdull w080

carbon atons gf ggygachaEn 15 The branched pol yol efin according to the
de

Cnvention is /€82 hd ﬁaﬁdﬁ?%$%¥@@ wWHer @i satipd. emhbidelrai pairalla 1 o
(co) pol yner at | east one olefin selected fromolefins of 2 to 20 carbon
at ons, prefePiBl?sao t o) por Fhisimedsseneiral hyedeomaitingasblleast coneset ef i n
selected fromolefins of 3 to 20 20 carbon atons, and the side chain is an
et hyl ene ShonBpsl $hERE 2Next., Tkt hodsstoinyeasuphagehrow AEkEVRlHON 1%er 9y,
a-olefin content, nelt tension and nelt fiowrate are described. Flo
‘activation eaéagyn@Ea)SO C, and at each temperature, G' was measured in
the range of 0.04%0<400. The measuring points were 5 points
y | j basedonone figureefw. The strainwas appropriately selected
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 overlapped (reference temperature: 140°C),
and Ea was determined from the Arrhenius type plot of the shift
factor. CalculationwasperformedbyplottingwithaMicrosoft
15 tabularcalculationsoftware excel™. First, thedatameasured
at 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



SF-784 22 1 1 NOV 2003 Using a Rheonetri x Rheonmeter RDS-11, variance of an
angul ar velocity (w (rad/sec)) of a storage elastic nodulus (G
(dyne/cn?)) wgsyggeasured. As a sanple holder, parallel plates of 25 mm
di aneter were used, 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 figthre of w The straqnlvw 2903
appropriately selected fromthe range of 2 to 25 % so tha e Torque can

be detected LY l@atheqi@asyl imngdan ' jorque-gver occurs. After the
measur enent, flow curves obt(:ai ned U%Ig%?g?(ljlﬁgt%ghgéra@ﬂ?%t EGTHLS sl owr e
over |l apped (rRfarEncejie r ' oel40 and Fa was determ ned fromthe
Arrhenius type plot of tﬁgeg%%;q'eggf%gtraésﬁal%ﬂgﬂ%%'s’hﬁeﬂwm‘tﬂ/s

cal cul ati on software excel. First, the

plotting wt osQft 15 t.abul )
dat a neasur egva%a!tgot-ee c%q{)eurr A i %‘et eRperRelies ver daKent tasd Fas bot h

| ogarithm c val ueg\,ﬁ \glﬂl{‘jh 0_as abscissa and G as ordinate. Flow curves
other than the fl &% VB3 the -d3s8r BAd At enbef 2000 e of 140C were

shifted along the ordinate so that 20 they overlap the flow curve of the
measurin te%ﬁ@FS’t‘Rr@-@fm 1£0En18nd atnide 8sHif4 iquantddy dsnd@ken. as | og(aT).
To the reciprocal nunber of the nmeasuring tenperature (true neasuring
t enper at ur e bei ngléescdivedzancibsid lﬁr@ﬂeﬁfﬂ)ercﬁz{éﬂl%)ppj!r@(ﬁ;)the%gmé tted,
and an inclination was determ ned by the nethod

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



SF-784 23 1 1 NOV 2003 of |l east squares (linear approximation) . Wen the
correlation coefficient R2 was 0.995 or less, shifting of the flow curves
was done over'Fa]g in. The inclination is taken as A Ea (KJ/nmol) =
2.303x8. 314xAX(~+1)/1000 5 wherein 2.303 is Inl0, and 8.314 is a gas
constant. If a long branch is present, overlapping in the region of low w
is sonetinmes 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] YTNGY @& in

content The a--olefin content was determined by ' 3G NVR.  Melt tension (M)
gi ven when a nolten

The nelt tensiqQn. eterm ned b asuring a stress

pol yner was %%m%?& a'ér aélg@‘or?i é’#orﬁéﬁatzle.to I ﬁ?}j”ﬁﬁg@;ﬁ@;;ﬂuiaﬁ p?;!ssets
of a copol yner re.used as_a neasuring sanpl e, : nt

carri edpou%/. 5§it\r,1\§°' ?abll\ﬂ" s i 19 itachiSte FRRUNECTalee Wwas FoyorSesdd by

Sei sakusho under the conditions of a resin tenperature of 190C, a barrel

di aneter. of 9. 531lkf dannekertBeohiispbedeoimdb phice n, whdrakerd P sBi&e Of
10 to 20 mMmn, a nozzle dianeter of 2.095 mmand a nozzle length of 8 mMm
Wien the MI VabuénwaBel| essgehaf about %,td Mes,f uWHe sealie sdAN06 4 seisto 5
g, and in this case, the MI val ue was expressed by a value down to the
second "deXi maetptacz0 dhemd hey Mhivakl8e, 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



SF-784 24 11 NOV 2003 was in the range of about 4 to 9, the full-scale
range was set to. 10 g, and in this case, the MI value was expressed by a

val ue down tagi-ae first decimal place. Wen the MM 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 MI val ue was expressed by a value down to the first decimal place.
Melt flowrate (MFR) The nelt flow rate was neasured in o] n wth

a& aﬂﬁﬁaﬁmio.load

ASTM D- 1238 under the conditions of &5tenperature of 19

of 2.16 kg. Nunber-average nol ecul ar wei ght (M), Weight-average nolecular
sured in_the foll ow ng

wei ght (Mn), pMu, .ecyl i ght was, ne )
nenner  usi ng wgggfghgg%?§§%g.%%332#%FbﬁfQQﬂ|J s the fakgelagie: 19t 15 and
TSKgel GNHG‘HS&e%%?Erh%%Ln an_inner dianmeter of 7.5 mmand a | ength of 600
nm wer e used, an e Cordmi t ERpdFEtare caldd resdon W sgradali dmarobenzene
(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 anglMi~ax106cagnalpbiealf apputahse €egcand pQ|M§ﬁ¥ﬁ§Hep83nt

1000<Mw<4x106 avail abl e from SP-784
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
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25 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



' [ - [ And Experi nent al
2003 Chem stry, extra issue No. 141, NMR-Qutline _
-éﬁiéé ?K?g ., Pp. 132-13%. The nunber of nethyl branches based on 1, ?00
carbon at ons SFgscal cul ated froma ratio of the integral intensity oh
absorption (19.99 ppn) of a methyl group derived 5 from methyl branc tZS
the integral total sum of absorptions appearing in the region of 5 to t
ppm The nunber of "hexyl (or longer) branches based on 1, 000 ﬁﬁébon at ons
is calculated froma ratio of the int¥gral intensity off feNBYI (C6+3)
appearing at 32.2 ppmto the integral total sumthereof. 10 Prepaaaglonhe
lse of - for examl e, an o ofin el yonr e S Fa M ohpr | i ng: 1A) 3
use of, for exanple, an olefin polyneriz: . .
ransiti : LA 5 cycl opent adi enyl
tion nmetal conpoypd)¢opta nd havin 1 _
;L2P210n? (B) a traggi??O%an%aFggggggﬁhég?éﬁrgg@ﬁpg&dby the follow ng

: 1 _NOV.2003 (C) at |east one conpound
Lg{gglgd(}znnfl)(g?g)Sg%z%fg§%oéﬁggpPF&um&BH%oBﬁ&TCPGPQPném arganoal unmi num

oxy- conmpound, - and (C-3) a compound which reacts with the transition
5 nmetal 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.



(G- 3) a conmpound which reacts with the transition 5 netal conmpound (A) or
the transition nmetal conpound (B) to forman ion pair. The conponents for
formng the @lFeBin pol ymerization catalyst enployable for the preparation
of the branched polyolefin.are described below. 10 (A) Transition netal
conmpound contai ning |igand having cycl opent adi eny skel eton Although the

transition netal conpound (A) containing a ligand having qy adi enyl
skel eton, which is used for formng t¥e ol efin polyneri%aﬁiﬁﬁvgﬁﬁilyst, is
'not 15 specifically restricted, a netall ocene conpound per se publicly

known i s avail abl &f Emanmbe&lgbc@%%hc@g@@gygg§Eekngguggkﬂﬁ%g%% cene -
Iu

conpounds of transition netals such as "titaniam van

nder 1he o condi e TBe L SR oy A AL SHN e D bria B G

under the use conditions 20" is enp

may be a singhecicg y. be.su rted on another compound, may be a

honmogeneous nixturegaﬁgﬁggnggﬁ%$é%% ISt iy FePEesemy dxvent idoubl e

conpound with ano%@e&eggnaound. SF-784 28 1 1' NOV 2003 O the netall ocene
I

conmpounds per se pub FUHRIP LS8 ohtha reezhiocomp somposidshy £ athiral
or C symretry is preferably used in the

structure havjfng gz symetry .
present inveRtTBHtUBFefEried EXamprestely tinelmeteal | ocene compounds of

chiral
: rac—ethylene—bis(indenyl)zirconium dichloride,

rac—ethylene—bis(tetrahydroindenyl)zirconium'dichloride,
rac~dimethylsilylene—bis(2,3,5—trimethyléyclopentadienyl)
Zzirconium dichloride,

10 rac—diméthylsilylene—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 dichloride,
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)



5 structure having C symetry include rac-ethylene-bis(indenyl)zirconium
dichloride, rac-ethylene-bis(tetrahydroindenyl)zirconiumdichloride,
rac-di me thylsgizkyl ene-bis (2, 3, 5-trinethylcyclopentadienyl) zirconium
di chl oride, 10 rac-dinethylsilylene-bis[l-(4-phenylindenyl)]zirconium

di chil ori de, rac-dinethylsilylene-bis[1-(2-nethyl-4-phenylindenyl)]
zirconiumdichloride, rac.dinethylsilyl ene-bis{1-[2-nethyl--4-(1-naphthyl)

15 indenyl]}zirconiumdichloride, V 203
- rac-di nmet hyl sil yl ene-bi s{1-[ 2- net hyl - 4- ( 2- naphthyl) |ndLnLh¥£ coni um

dichloride, imden @ﬂgﬂ&@ﬂdﬂdﬁﬂﬂﬂgTéHfﬁglég met hyl - 4- (1-ant hryl)

‘|ndenyl]}2|rcon|un1 chl ori de

rac- dlnethylgbby %£4§iene s?a-&? anth E%gfnyl }ziéfgrgum

dichl oride, rac- |net 7S] ene-

i nd I ir di chlor

agh ey hyl @9?5%&&'“&@&941' ZZre gl ﬂ%@lmi&%phenyn SP-784 29 1 1 NOV
2003 indenyl£%2|rcon| m_di_chl ori de,

r.ac- di net hyl Aemet 5W§F}lﬁéﬁﬁﬁrﬁwsﬁii&&ﬁﬂﬁﬁylnﬁiphenyl1ndenyl)]

phenyl)in enyl]}2|rconlun1d|chlor|de
rac- di nethyl §tFgPeABIpASEleZidenyl - 4- phenyl i ndenyl )]

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)



5 zirconiumdichloride, rac-dinmethylsilylene-bis{1l-[2_ethyl-4-(l-naphthyl)

i ndenyl ]} zirconium dichloride,

rac-di net hyl s¢d yl,ene-bi s{1-[ 2-et hyl - 4- (9--phenanthryl) indenyl]}zirconium
di chl oride, 10 rac-di nmethylsilyl ene-bis[1-(2-n-propyl-4-phenylindenyl))

zi rconi um di chl ori de,

rac-di met hyl silyl ene-bi s{l-[2-n--propyl-4-(l-naphthyl) inden gh&iirconium
di chl ori de and rac-dinethylsiIyIene-bﬂb{l-[z-n-propyl-4-09N@% thryl) 15
i ndenyl ]} zirconiumdichloride. Preferred exanples of the netall ocene

conpounds of Ghid: std iggwﬁgving G symmetry include
et hyl ene[ 2- - net hyl - 4- (9- phenanthryl ) - 1-i ndenyl ] (9- fluorenyl) zirconium

di chl oride, 20 et e[,2-net hyl - 4- (9-phenant hryl )-1_indenyl](2, 7-

di met hyl - 9-f | uor e% ?H%ihﬁg&ﬁ% %ﬁl%\ﬁﬂl 8ieitdd Locene compounds, metallocene
dinethyL.siI%Jene 9- IHorenyl)(S-t-butyIcyclopentadienyl) zi rconi um
.dichloride a &“ﬁ%oéﬂlé?lﬁ/ SVILpHetrel 9 omeusrleal i t it 8dtc bl ybeychopeny ady o))
SF-784 30 1 | NOV_2003 zirconiumdichloride. O the hitherto known
‘netal | ocene E&fpBdaasSmRRPHRPdEens et he arimndse dray gt i - Stibsth 1 yt ed

cycl opent adi enyl group are also enployable as the netal |l ocene conpounds
pr ef er ab|-§/ used in the invention.

For example, there can be mentioned (tertiary
butylamido)(tetramethyl—n5—cyclopentadienyl)—1,2—ethane
B ‘diylzirconium dichloride,
(tertiarybutylamidb)(tetramethyl—ns—cyclopentadienyl)—1,2

10 -ethanediyltitanium dichloride,
(methylamido)(tetramethyl—n5—cyclopentadienyl)—1,2-ethane
diylzirconium dichloride,
(methylamido)(tetramethyl~n5—cyclopentadienyl)~1,2—ethane
diyltitanium dichloride,

15 (ethylamido)(tetramethyl—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)



in the invention. For exanple, there can be nentioned (tertiary
gu?ifgnido) (tetranet hyl - T15-cycl opent adi enyl ) -1, 2-ethane ~diylzirconium
di chl ori de, GmﬂmﬁiarybutylanLdo)EtetLarethéI;fls-cyclopentadlenyl)-l,Z 10
-ethanedi yl titani um di chl oride, (methylam do _ _ _ _ _
(tetranet Kyl -, g5-cycl opentadi enyl) -1, 2--ethane diyl zhrgw%ﬁ chl ori de,
(et hyl am do) (tetranethyl-r15-cycl-ppentad|enyl) -1, 24e e § I
di yl titaniumdichloride, 15 (ethylanlﬁé) (tetramet hyl - n5--cycl opent adi enyl)
-1,  2-ethane diylzirconiumdichloride, (ethylam do)

(tetranet hyl siléreyttapenihadienyb)idd adwet hane diyltitani um dichloride,
(tertiarybutyl am do) dinethyl (tetranmethyl-15- 20

. Ol anett o uondi chl ori de. .,
(Fert ! arybutsTam S5 AP SRR ?g%“rg:ézrﬁﬁﬁ%ﬁ B LylrafnaioengFs

. ; yt _ . |

?{L?P:ﬁ%{ﬁgpﬁgﬁ%y%ggP%%éﬁ%éé?@ﬁ&ﬁ? gégﬁéﬂy#'i Nov 2003 31 silanetitanium

di chl ori de and ( | pho'.sphi d di met hyl (tetramethyl-TI5-cycl openta
di enyl ) si | anezir %ﬁ%% ‘Hé‘%’?gﬁ %@f"%fﬁ%‘:%}%%@%%cr@wnﬁﬂman%@khecene

| I'otene conpounds having two substituted cycl opentadi enyl
;?ggggnd iCg%ﬁ%ounéghav?ngt@%substitute cyclopentadienyl groupswhich

arenotbridgedarealsoemployableasthenetallocenecdmpounds
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,



. 2003 bi s(hex¥y

are not bridged are al so enpl oyabl e as the netal |l ocene conpounds
preferably used in the invention. For exanple, there can be nentioned
bi s( et hyl cygrogent adi enyl ) zi rconi um di chl ori de, 10
bi s(di met hyl cycl opent adi enyl ) zi rconi um di chl ori de,

bi s(.di net hyl cycl opent adi enyl ) zi r coni um et hoxychl ori de,

bi s(di met hyl cycl opent adi enyl ) zi rconi um bis(trifl uoro- nethaneﬁmlfonato)
b|s(ethylcyclopentadlenyl)2|rconlun1dﬁ8hlor|de 15
b|s(propylcyclopentadlenyl)2|rcon|un1d|chlor|de

bi s( et hyl pr epwl (@ l %ld)l%'n@_f}gﬁ d‘l.q.pm Ocilcgjelorlde and

bls(butylcyclopenta i enyl )Z|rcon|um
bi s(met hyl bugyls zi-rconi dIC orlde
bls(nethylbutylg¥% %%§%§%% z}ﬂaﬁﬁqﬁa )zirconium dichloride.
bls(trlfluoro met ulfonato i s(trinmethyl cycl opentadienyl)zirconium
di chl ori de, bis({3 Wec?éFaﬂagﬁFgaieeﬁ9mE§Pﬁ@§mIﬂ@ﬁ%miﬁf@naj:e],e are
bls(pentaneth¥% i&lopentadlenyl )zirconiumdichloride, SP-784 32 1 1 NOV

§ 85@H?a8P@ﬁ9P$§ﬁrééﬁ1@mlmmﬂﬂ<mnaﬂsuhui1tuted
bis(tri hyl si |yl cycl opent adi enyl ) zi rconi um di chl oride. O the above
net al | ocehe E¥RPpBERESadABRELpaEbEPabhedapea rttetdldrdsens cravposnds, favi ng
only one substituted 5 cyclopentadi enyl group, and particularly preferable
are netal | ceehel toapoandsmhavndg babyngn@ngyb@h@t%y@étltuted

cyclopentadienyl group and containing titanium as the central

o 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 clefin
polymerization catalyst is a compound represented by the
following formula (I):
( R' )
|
Rz\CGN‘-""-c
s L -MX,
R 0 (1)
R4 R°®
5
\ R ) m
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,



cycl opent adi-enyl group and containing titaniumas the central netal. The
transition nmetal conpounds (A) nentioned above can 10 be used singly or in
conbi nation @g7kmwo or nore kinds. (B) Transition netal -conpound The
transition nmetal conpound (B) for. formng the ole fin polynerization
catalyst is a conmpound represented by the following formula (I): (1) 15
wherein N----Mgeneral ly indicates coordination, but in the present
invention, they do not need to be coordinated. In the fdr Ry (2[]?3 Mis a
transition nmetal atomof Goup 4 or Goup 5 of the periodic table, such as

Lantal um proreranty & meral el on GrmGroub ot P heb e FEaPLY A0RE bch
Mteger of 1°TeroSTNeERNRL 40 D RS IR el o iR o,
Eygrocargon ggggggigﬁa%gl§§§ggegpewg¥droca%20n &rougs inquEeI al i phatic
ydr ocar bon grou t bBR L&t BFSLesadn Yag imeomilum.et hyl |

n- propyl , isoprog¥lfn-butyl, i sobutyl, sec-butyl, tert-butyl, n-pentyl,
tert-anyl, 10 1, 2dtfrefRyLBEBEGE, of- ét byl Br opyefeirsbanyl, 1-net hyl butyl,

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



2-met hyl butyl, neopentyl, n-hexyl, 1,3-dinethylbutyl, 3, 3-dinethylbutyl,
n- heptyl, 1-ethylpentyl, 1-nethyl hexyl, n-octyl, 1,5-dinethylhexyl,

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

n- dodecyl, 15 n-tridecyl, n-tetradecyl; n-pentadecyl, n-hexadecyl,

n- hept adecyl and n-octadecyl; and alicyclic hydrocarbon groups of 3 to 30
carbon atons, such as cycl opropyl, cyclobutyl, cyclopeftyh ciclohexyl,
2-met hyl cycl ohexyl , 2, 2-di net hyl cycl oh¥xyl, 20 2, 8- di net Hy Byclmﬂexyl,
2,2,6,6-tetramet hyl cycl ohexyl., adamantyl, cycl optopyl nethyl, :

cycl obut yl metdy - I d cycl.oh | nethyl. Rl is preferably
1P anat | ol PSPy VR LT T Sl ok

an aliphatic or alicyclic hydrocarbon

alicyclic hydgacar r.oup ,Sk- 784 34 11 NOV 2003 contai ning a carbon atom
bonded to the N %tlg%r}gglf% SARLEGPN ﬁ@%l%%ﬁ?ﬂ#@%&@%&bmrmmly an

articularl referably an. aliphatic or alicyclic hydrocarbon group

p Y aRY iC ai Ccylic i

represent ed By SR $CYRLAFipIHE ¢ @2 Brombireyel 1 ep teatrrocead borCHYROUD,

and 5 exanples thereof include aliphatic hydrocarbon groups of 1 to 29

nmp ¥ : ; : .

car bon atons,'supﬁ aéSﬁg@@ﬂgphgu%g,onpqhmqndlba3@@hﬂﬁ$&bonﬂg@%ﬁﬂﬂ and

2- et hyl propyl , |sobutKI, n-pentyl, neopentyl, n-hexyl, n-heptyl,

1_ethy|pé%tyﬁgaﬁpéggyp,eneqényhglnddeayﬁphaﬁi@nd@@fbca@b@%d%9$hps f '

n-tridecyl, n-tetradecyl, n-pentadecyl, 10 n-hexadecyl and n-heptaé%cfl;

‘1 decyl, y

and alICyCI|EOQ&#@mbmWGMOgEQun&ﬂ1asmethyl,ethyl,n-propyl,isoprOpyl,
n-butyl, 2-methylpropyl, iscbutyl, n-pentyl, neopentyl,

J n—hexyl,n—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



of 3 to 29 carbon atons, such as cycl opropyl, cyclobutyl, cyclopentyl and
cycl ohexyl. O these, preferable as R is . a straight-chain aliphatic
hydrocarbon ggegp of 1 to 17 carbon atons. 15 Preferred exanples 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, cycl ohexyl, 2-nethylcyclohexyl, 2,2-dinet ylﬁéﬁlamﬁgyl,
.26~ di met hyl cycl ohexyl, 20 2,2,6, 6-tetifamet hyl cycl ohexyl 1aN8Va ntyl. Of
t hese, cyclohexyl is nore preferable. R2 to R5 may be the sane or
different angia Qg&%ﬁﬁ; a , drogen atom a, . .,
hydrocarbon-subgtituted&gkg¥gg@%5598?aﬂé%ﬂgﬁéiéﬁh@?95F8gﬁ?"gﬁntalnlng
oxygen- cont ajnj oup itr n-.cont ai ni-n group or a :
sulfur-conta?%?ﬁg-g%o%p?ugfgﬁbfgg%gﬁnﬁﬁg Ry&@H&carbon groups incl ude
strai ght-chain OEXbraEche éﬂk%% groups of 1 to 30 carbon atons,
preferably 5 1 t6 30PCEPEINAtDN¥IIGRAPER IxeRyIinakuns sthapgbpykhain
i sopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, neopentyl and
n- hexyl ; str%Fg%¥§ FRER DYy SFhEs afkee 3 capboof afote, Bbe farhbn v
atons, preferably 2 to 20 carbon atons, such as vinyl, allyl. and
i soprope I;1§Péé%ﬂﬁb%matﬁmérﬂmqmaﬂuwthykyayhylonypnﬂﬁyxﬁigopgogglgarbon
atons, preferably 2 to 20 carbon atons, -such as ethynyl and propargyl;
cyclic saturtkdtwydr beapbopl, gseupsuofl3 ter80paakhonnabps,t A efikf ably 3
to 20 carbon atons,

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

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

p—

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,



such as cycl opropyl, cycltobutyl, cyclopentyl, cyclohexyl and adamantyl;
cyclic unsaturated hydrocarbon groups of 5 to 30 15 carbon atons, such as
cycl opent adi gp F4 i ndenyl and fluorenyl; aryl groups of 6 to 30 carbon
atonms, preferably 6 to 20 carbon atom such as phenyl, benzyl, naphthyl,
bi phenylyl, terphenylyl, phenanthryl and anthryl; and al kyl -substituted
aryl groups, such as tolyl, isopropylphenyl, t-butylphenyly NBQ 2003

di met hyl phenyl and di-t-butyl phenyl. 13 the above hydrocarbon groups, the
hydrogen atom may be replaced with a hal ogen, and exanples of the

hydrocarbon gi B whigh A rogen atomis re Iacggkmﬁth a_hal ogen
i ncl ude haroégaate hgbrocarbon%ﬁg%%ﬁﬁqﬁ?a Sﬁdﬂ§%163$ﬂbﬁl YreomEkLy g4 36
1 NOvV 2003 rally | to 2Q carpon atons, such as trifluoronethyl,
p%% ér r?)l ‘
ent af | uor opRenyt “and “ERSPEph 'ChERTORIKGE hydr ocar bon groups maybe
p I pheny
substituted with ghher hydr ocar bon groups, and exanpl es of such
hydr ocar bon gr oups *¢5HG¥E iiér aF§roenssunsealy hednbsdriorn agroips otdtech as
benzyl and cunyl. O the above groups, preferable are straight-chain or
branched al k§¥9§PEaES0Bf 9Forps 30RRArdrampl @Fm £ prefrehghlry charbion 28 ardon
atons, such as nethyl, ethyl, n-propyl, isopropyl, 10 n-butyl, isobutyl,,
3ec-butyld tipalyHe aeppestlystandtadhiexgtocasbyh @roups, Gudh b 8Qnca/bon
atons, preferably 6 to 20 carbon atom such as phenyl, naphthyl,
bi phenyl yl , &edpbenylyl ,
Of the above groups, preferable are straight-chain or
L4 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.



nthryl and anthryl; and substituted aryl groups wherein the above
gP;Pagﬁou%s.are‘subst?tuted wth | to 5 substituents 15 such as hal ogen
atoms, al kyl sgrgups of | to 30 carbon atons, preferably 1 to 20 carbon
atons, al koxy groups of 1 to 30 carbon atons, preferably 1 to 20 carbon
atons, aryl groups of 6 to 30 carbon atons, preferably 6 to 20 carbon

20 carbon
atons or aryloxy groups of 6 to 30 carbon atons, preferabl §
atons. 20 Eianples of the hydrocarbon-3ubsti t ut ed S|Iyl1gaoﬂgk 2tUﬁ%clude

methyl silyl, dimethylsilyl, trinmethylsilyl, ethylsilyl, diethylsilyl,

[ [ R ; |yl riphenyl.sj;l yl .. di.net.hyl phenyl silyl,
et 1 o, ) s R A
OV 2003, 1 | FEngBekauabl &aCe sty Sl SIS 1oy,
E{LgfLSYLﬁLn§ éie i ash tei eTngiI |, and pa[ticularl’ preferable are
trimethylsily r,“eJF%{?’ %Pﬁﬁf‘é’ﬁ?g&?’ tPPBhéﬁ}P&erlSléyéndam antisheipet by |yl .

The oxygen-containing group is a grouF containing-1 to 5 oxygen atons, and
does not inc?ﬁ%gé #

FﬁBgﬁaré?rtﬁ%@%wmi bt érdeydlyileilgdnpovidherygil digy 1
. Exanpl es of the oxygen--containing groups include hydroxyl group; alkoxy
groups, P0 siRA dsmahoryenglhdkyl - n- propoxy, i sopropoxy, n-butoxy,

i sobutoxy and tert-butoxy; aryloxy groups, such as phenoxy, nethyl phenoxy,

2, 6-di met hyl phendRye @vyéntcomet hylphenmyp and gapibhexutadhyhg Koxy

groups, such as phenyl net hoxy and |

5 oxygen atoms, and does not include the later—described

f%}_ . heterocyclic compound 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.

15 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 dibutylamino,dicyclohexylamino,phenylamino,diphenylamino,
ditolylamino, dinaphthylaminc and nethylphenylamino; imino

groups, such as methylimino, ethylimino, propylimino,

butylimino and phenylimino; amido groups, such as acetamido,



phenyl et hoxy; acetoxy group; and carbonyl group. 15 The nitrogen-contai ni ng
group is a group containing 1 to 5 nitrogen atons, and does not include

t he | at er - degetdsbed heterocyclic conpound residue. Exanples of the

ni t rogen- cont ai ni ng groups include am no .groups, such as nethyl an no,

di et hyl am no, diethyl am no, dipropylam no, 20 dibutylam no,

di cycl ohexyl am no, phenyl am no, diphenglanino, di t ohyl am no,

di napht hyl am no and nethylphenylanino? imno groups, sjudhNgg mgshyli m no,
ethylimno, propylimno, butylimno and phenylim no; am do groups, such as

acet am do, SF-n84hpBadedatodo2903 I\f\l'rr{@_l}'ﬁéi:h%% g_%ﬁjog)o' ?L?a?lldg gf%ﬁ%%??ﬁégﬁ' do;

i mdo groups, such as acetim do and be and n _
sul fur-cont & i NG9 RUR, I ntaining.l to 5 sulfur atons, and
does not include‘tﬁe #a?e$?§e§%$22%§805 ﬂ%?eﬂb%§8l96°88npound resi due.
Exanpl es of the S#ngr-c nt ai ni.ng, groups include sul fonato groups, such as
met hyl sul f onat o, T F1Uor St Hy 1DV PifefyP5aPoR@RBA1INING 1 to

benzylsulfoqgto‘ -tol uenesul fonato, trimethyl benzenesul fonat o,
triisobutyl be 30t 0, 249 foesl sebbéngindeuthendebeandescribed

pentaflugrpbenzenesulfpnato; sul finato groups, such as methylsulfinato,

phenyl su hlﬂﬁQErOQ%ﬁhV¥§mm@¢mm@,r@SL@&@ené@ﬂﬂplﬁﬁ(bf the

trimet hyl benzenesul fi nat o and pent afl uorobenzenesul finato; al kylthio

groups, sucWQ%iqﬁHQQnﬁ&ﬁmimguhmmwgétiﬁdﬂudﬁﬁbulfonato groups, such as
methylsulfonato,trifluoromethanesulfonato,phenylsulfonato,

:; benzylsulfonato, p-toluenesulfonato,
trimethylbenzenesulfonato, triisobﬁtylbenzenesulfonato,

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



15 arylthio groups, such as phenylthio, methylphenylthio and naphthylthio.
R6 is a hydrocarbon group or a hydrocarbon-substituted silyl group.
Exanpl es of thegshydrocarbon groups preferable as R6 20 include

strai ght-chain or branched al kyl groups of 1 to 30 carbon atons,
preferably 1 to 20 carbon atons, such as nethyl, ethyl, n-propyl,

i sopropyl, n-butyl, .isobutyl, sec-butyl, tert-butyl, neopentyl and

n- hexyl: cyclic saturated hydrocarbod”groups of 3 to,SQ ?‘WG\PQU% ons,
prefe¥ab|yy3 to SF-784 39 11 NOV:-2003 20 carbon atons, such as cycl opropyl,
grOUfS of 6.to 30

cycl obutyl, 20@&%@8%&@om§yEhgﬂ%%%&%gﬁg%ﬁgéggz%XEﬂéﬁﬁééhﬁHg%@ 9pggﬁ¥}p

carbon atons, preferably 6 t

' i -Liph Lyl d groups. wherein the above
orbupe’5 ar ey AT ke LG ot RReE RN A, SO E R hor Gsaabroyt aboBaps  of

PR L e L C R LS A
nyororarbon-ShbeLi Lt ed S g oupe, 10 prelerabl e ae R U ke
triethylsilyl, diphenylnethylsilyl, trlphenyI5|IyI, di met hyl phenyl silyl,
di met hyl 2t - BRES ESFIpPTarith o Huttsd withenilad t ionepbesylohsi 4 wlky1Grohgse, .
particularly preferable are trinethylsilyl,

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
. s atoms.

Examples of the hfdrocarbon-substituted silyl groups

10 preferable as RS include methylsilyl, aimethylsilyl,
trimethylsilyl, ethylsilyl, diethylsilyl, triethylsilyl,
‘diphenylmethylsilyl, triphenylsilyl, dimethylphenylsilyl,
dimethyl—t—butylsilylanddimethyI(pentafluorophenyl)Silyl.
Of these, particularly preferable are trimethylsilyl,

15 '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

20 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

1 to 20 carbon atons, or aryl groups of 6



15 -triethyl phenyl, diphenylnethylsilyl, isophenylsilyl,

di nmet hyl phenyl'silyl, dinethyl-tert-butylsilyl and

di met hyl (penakkuorophenyl)silyl. In the present invention, R6 is
particularly preferably a branched al kyl group of 3 to 30 carbon atons,
preferably 20 3 to 20 carbon atons, such as isopropyl, isobutyl,
sec-butyl, tert-butyl or neopentyl, a group wherein the hydrogen atom of
the above branched alkyl group is repldced with an aryll 1gNGVipl083 6 to 30
carbon atons, preferably 6 to 20 carbon atons, such as cunyl, or a cyclic

sat urated hyderogar o, @k bl 39k 1 2003 tq 30 carbqgn atons,
preferably 3 to 20 carbon atoﬁt% sucléﬁgﬁpgdgéa yTaTRRME y[Such as

cyclobutyl, gxclaR ﬁyl r.. .cyclohexyl:; and.is also _particularly preferably

an aryl group o? gg}té §gc(%§ BOK: t’o#éff:lﬁpélfté’iablcyycéo&?“fc’]céﬁbon at ons,

such 5 as ph na Eth | , .f luorenyl, anthranyl or phenanthryl, or a

hydr ocar bon-ggé?p?fjg g %IFCIzl Vabe af%aﬁ%arwwraw ergieupblofamiartlogRBup

preferably ne% borgng roups thereof, nmay be bonded to 'form an
aliphatic. rPhg tan3V&BrRan étemsg BFe&ehgliipcRrtipoR0 rd aup@onttains Nguah
hetero atom 10 such as -a nitrogen atom and these rings may further has a

substitu@nt 2% Bheny Inumsenh téatli,sfyiingeayial anclerohy Moispaenbingalrhy , 8-

integer of 2 to 4, preferably 2. X is a hydrogen atom a hal ogen atom a

hydr ocar bon @yrioygrocarbon-substituted silyl group.

Two or more groups of Rl to RS, preferably neighboring

W _ groups thereof, may be bonded to 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 atom, a halogen atom, a hydrocarbon group,

15 an oxygén—containing group, a sulfur-containing group, a
nitrogen-containing group, a boron-containing group, an
aluminum—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.



15 an oxygen-contai ning group, a sulfur-containing group, a

ni trogen-contai ning group, a boron-containing group, an

al um num contgakg Ng group, a phosphorus -containing group, a.

hal ogen-cont ai ni ng group, a heterocyclic conpound residue, a
silicon-containing group, a germani um containing group or 20 a
tin-containing group, and when n is 2 or greater, plural{ §rNOQWZ0INdi cated
by X may be the sane or different, and!plural ‘groups indicated by X may be
bonded to forma ring. The hal ogen atomis fluorine, chlorine, brom ne or

i odi ne. SF-784 41 - of the hydrocarbon groups include
the same groups gﬁaﬁ?éeggﬁ§?3§gg§%§P%??8@Qﬁ%ﬁP% %ﬁg%?eggeﬁ%q%gﬁﬁPpﬁbre
specifically, .there.can,be nentioned al kyl groups, such_as nethyl, ethyl,
propyl, butyl> Egéﬁﬁ?u&%F?ewshgf?}e&oaé@l respgad dccdlyke Bfel oal kyl
groups of 3 tao_ 30 carpgn onms, such as cycl opentyl, cyclohexyl, norbornyl
and adamant y1 -~ 8l &Ry t ca8 e mantinmgemlikvindropplsehexehy| ;
~arylal kyl groups, such as benzyl, phenylethyl and phenyl propyl; and aryl
groups, such®3Hery| ethyly|prepyiet ptyienpexyls iomthy] pbewyl,, dod8cy 1

et hyl phenyl, propyl phenyl, biphenyl, naphthyl, nethylnaphthyl, anthryl and
‘phenant hry| . MR eslec s b carion grlogpsupsc bide-thal3ayeaabed hyenecashen
groups such as groups wherein at |east one hydrogen of hydrocarbon groups

of 1to 20‘@@Fb@dQﬂﬁmuyﬂﬁcyembﬁeﬁgbmﬁétﬁbbﬂ#DQﬂﬂiaé@mgﬂgyl;alkenyl

oxygen-containing group is a group containing 1 to

: 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



nms, and does not include the later-described heterocyclic
goﬁgggﬁg ?ggidue Exanpl es of the oxygen-containing groups |ncluded
hydr oxyl grougi-el koxy groups, such as nethoxy, ethoxy, propoxyhar Henox
but oxy; aryloxy groups, 20 such as phenoxy, nethyl phenoxy, dhneL y Fethoxy'
and napht hoxy; arylal koxy groups, such as phenylrnethoxy and pheny tho Y;
acet oxy group; and carbonyl group. The sulfur-containing group is a g beg
containing 1 to 5 sulfur atons, and dé®s not include the {1 {0 ﬁr?@ﬁfﬁrl
SF-784 42 11 NOV 2003 heterocyclic conpound residue. Exanples o e

h -as
sul fur-cont ai i e ulfon t 0 groups,_ suc
nethylsu[foné?%ﬂ%% u%?%né%h%ne§% %ﬁh ephéﬁﬁ@ﬂﬂ?%ﬂﬁﬁ(ﬁhe

benzyl sul f on t ol uenesul fonato, 5 trimethyl benzenesul f onat o,

triisobutyl bgsrﬁugLenesu‘fcfrb%aalt’bmg (FIHHRT oAt st Fogra oo agicbups,  such as

| finato,
nzenesul fonato; sulfinato groups, such as nethyl su
Bﬁgasrgﬂf¥?ge éﬁl%5%H£WQﬂHQ4ﬁé}51U9r@mﬁbbﬂeSEUifnaH®o phenylsulfonato

| finato; 10 al kylthio
trimet hyl benzenesul fi nat o and pent af | uor obenzenesu aLkyl
and ZivHiso Thet o uerogment fand b Ni Ng group is a group
ggggg?nin 15$?L 5 nﬁ??gggﬁ)atons and does not include the | ater-described

het er ocy |ct@@mmﬁﬂmiheﬂaahﬁsuﬂﬁdﬂﬁﬂ@5 ﬂﬁliéﬁbuﬂ§16éﬁﬁﬁhggﬁif&ﬂh@g groups

thylamn
i ncl ude am no group; al kylam no 15 groups, such as ne
di et hyl am np- CﬁﬂetbwamﬁdM@SUMﬁdﬂdﬂﬁ”éﬁH’ﬂ%néﬁf&ﬂa@&%@g&gnesulfonato;

di cycl ohexyl am no;. and :
sulfinato groups, such as methylsulfinato, phenylsulfinato,
BE 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) .



arylam no or al kyl aryl am no groups, such as phenyl am no, di phenyl am no,

di tol yl am no, di naphthylam no and nethyl phenyl am no. 20 The

boron-cont aighfg group is a group containing 1 to 5 boron atons, and does
.not include the | ater-described heterocyclic conmpound residue. The
boron-containing group is, for exanple, BR4 (R is hydrogen, an al kyl
group, an aryl group which nmay have a substituent, a hal ogen atomor the
.like) SF-784 43 1 1 NOV 2003 The al unfhum cont ai ni ng groud ﬂsNOVdMU&xanple,
AlR4 (R is hydrogen, an alkyl group, an aryl group which nmay have a

substituent, a hqhggqﬂhﬁngnﬁucgﬁﬁ?43*&?. 'Qq% osghor us- cont ai nL ng oup
is a group containing 5 1 to b phosphot (s a oﬁ%f %ﬁ& qE68YPAS gh%ﬁug t he
| at er - descriheq, cycl i g .compaund resi due. Exanpl es of the
T 4 : j
‘phosphor us-cont &i ni é@héhpéﬁﬂ%@1&&@UPW|éPkﬁFBHogﬁﬂggewh@?Bub%y BaER as
tri met hyl phos hL@. tributylgfos hi ne and tricgglohexyiphosphine;
triaryl phosph ejg?ﬁﬂﬁgﬂ‘%dﬁ e 2P pPenyRphoskal ne” and
tritonIphosphin%; phosphite groups (phosphido groups), such as
“net hyl phosphi t e, T&shRYSHRRIHI Y% Camer Thery | proaphis e grtogphonitce acl tg
group; and phosphinic. acid group. Exanples of the hal ogen-containing
groups i ficl dded 3 Phopphemuse ttams agnildy egroipsn c Sudd tas 16 et Bhdibed
chl ori ne-cont ai ni ng groups, such as Cl04 and SbCl 6; and i odi ne-cont ai ni ng
groups, suchederi@®yclic compound residue. Examples of the
phosphorus-containing groups include trialkylphosphine
: . groups, such as trimethylphosphine, tributylphosphine and
tricyclohexylphosphine; triarylphosphine groups, such as
10 triphenylphosphine and tritolylphosphine; phosphite groups
(phosphido groups), such as methylphosphite, ethylphosphite
and phenylphosphite; phosphonic acid group; and phosphinic.
acid group.
Examples of the halogen-containing groups include
15 fluorine-containing groups, such as PFg¢ 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
cyclicstructurecontainingoneormoreheteroatons. 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 heterocyclic conpound residue is a group having a cyclic structure
contai ning one or nore hetero atons. Exanples 20 of the hetero atons

i ncl ude oxygen, nitrogen, sulfur, phosphorus and boron. Exanples of the
cyclic structfuf®s include 3- to 18-nenbered rings. O these, preferable
are 4- to 7-nenbered rings, andnore preferable are 5- to 6-nenbered

ri ngs.. Exanpl es of the heterocyclic conpound residues include SF-784 11 NOV
2003 resi dues of nitrogen-containi ng €onpounds such ak 1pNOV023 pyri di ne,

- pyrimdine, quinoline and triazine, oxygen-containing conmpounds such as
furan and pyran, and sul fur-containing conpounds such as t hicphene, and
groups 5 whereifieRe HEteisSicI G tEdmidish ¢ AR s s fag firrole,
substituted with substituents such as alkyl groups of 1 to 30 carbon
.atons, pref @@EbIdine + @20t on alwinl ore akdxyrigroups. Exanpl es of the
silicon-containing groups include 10 hydrocarbon-substituted silyl groups,
-such as phempwidnAgontd jphieny |inpdyndsg i seetthyd sifytantanétpytshl yhnd
tripropylsilyl, tricyclohexylsilyl, triphenylsilyl, nethyldiphenylsilyl,
tritolylsilyulaht-tddrmanpiting stdndoundy desardoncisibstdtal eghgi bybugkher
groups, such as-15" trinethylsilyl ether; silicon-substituted alkyl groups,

such as5triyRidusidnd Jetitle rih 5id | SR SHRstid M 86k 2 Yo IFQUPRe, SUCh
as trinmethylsilyl phenyl. Exanples of the gernmani um contai ni ng groups
include 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.



groups wherein silicon is replaced wwth germaniumin the 20
above-nentioned silicon-containing groups. Exanples of the tin-containing
groups i ncl Lé@l_q groups wherein silicon is replaced with tin in the
above-nenti 'oneé .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 nmetal conpounds arecrioa | ] h&g
thereto. SF-784 p RPr 46 1 1 NOV 2003Bu N zZrd2 | L 2rCi2 "MM'& yl

-->2rC1l2 XN~ Zrd 2 nPr r "Hexyl 0 2 N "Zrd 2

Examples of the transition metal compounds represented

by the formula (I) are given below, but the transition metal

compounds are not limited thereto.



0 2 Bu "Qecyl- 01wzrd 2 "Undecyl N4 ZrCl2 p 2 SF-784 47 1 1 NOV 2003
"Qodecyi "9ctadecyl :p "ZFU2 ZrCl2 \,0 a SF-784 48 1 1 Nov 2003 "ii ndecyl
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O2 SF-784 49 2/ 2 McCr V -tBu MeO O nf,,, | n Jndeeyl ~N. ZrCl2 N ZrCl2
O~0O1 1 NOV 2003 SF-784 50 1 NOV 2003 - SF-784 Me O Me2N i Cctadecyl N--

rc6 Me2N 51 &SQ/EZN 1 1 NOV 2003 "4ctadecyl ,:;-N- zrCl 2
47 | 11 NOV 2003
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O 2 Ph Me2N 2 zr_CI lz 2 SF-784 ZFCl
f Bu PhO PhO fp i PrO "Qct adecyi -
In the aboveSF%gﬁpl es, Me denotes

Hexyl

);'ZFCIZ

MeaO

52 1 1 NOV 20x3 -ziCl2 2 -111~ A _ PhO

~-Zrd2 OiPrOip SF-784 53 1 1 NOV 2003

a nethyl group, Et denotes
48 1 1 NOV 2003
"Nonyl
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072
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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-geptyl group, nHexyl denotes 5 a n-hexyl group, nHeptyl denotes .
a n-heptyl group, nCctyl 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 group, nCctadecyl denotes teﬂacyl
group, and Ph denotes a phenyl group.4%10 Al so enpl oyablg émgansi tion

met al compounds wherein the zirconiumatomis replaced with a netal other
than zirconium such as titaniumor hafnium in the above corrpoﬁ{agﬁ The

process for preparing t Wi ansi tion"Hegw compound®*M B) represe by the
formula (1) is not specifd.cally 15 re§1_[| ted, ang:N-he IirélnSi tien metak.o
conpound (B) can be pfepar ’éz, | ex%ﬂ% t he f?] ow'Ag prloceg e
First, a conpound (re Q1720 as g N igapd pregdyo™ 2 hereif ér)2 whi ch
becones a ligand in } esul ting sition epigsent ed by

conpoun
o TNeaCting Ml i cy|‘§udeh@8§ conpotihd wi t h

20" Tes
a primary am ne conpound of the fornmula R -NH2 (Rl has the sane neaning as
in the formula (1)) , such as an aniline conpound or an al kyl am .ne
conpound SF-784 54 11 NOV 2003 ' More gpecifically, both of the conpounds
are dissolved in-a soffest. As the sdidest, any solpededy! usual | y'Qssgideytor

p—

N -------- -y LTS
AN Yz, 5 zc, AN Yo, AN Yz,
07/ 05 075 0“a
MeOQ £4 MeO 'BU MeO lBu MeO " tBu




such reaction is enpl oyable, and particularly, an alcohol solvent such as
met hanol or ethanol or a hydrocarbon solvent 5 such as toluene is
preferable. Then, the resulting solution is stirred for about 1 to 48
hour s at rogﬁfF%nperature or under ref lux, whereby the corresponding

| i gand precursor is obtained in excellent yield. In the synthesis of the

| i gand precursor, an acid catalyst, 10 such as formc acid, acetic acid or
tol uenesul fonic acid, may be used asothe catalyst. ThelrbAVi @i3can be
effectively pronoted by the use of nolecul ar sieves, magnesiumsulfate or
sodium sul fate as a dehydrating agent or by conducting dehydration through
the ‘Dien and Stark nefﬁ@¢l 15 Then,ﬂ%@&lligand pr sor obt ai n&bngis above
is reacted with a ne/aLngrgﬁnpounqb[ resent ed ﬁ@_u Kk (Nland,, we the
same nmeani ngs as thoge of d X fh thgaes nul af(1) Fé4@d K

satisfying a val ancgv 0 ] ;
conpound can be syni i

precursor is- dF@éolved
to prepare a phenoxide s
metal li c conpound such as l'ic al kyl ate,
the mxture is stirred for about SF-784 55 1 NOV 2003 1 to 48 hours at a
tenperature of -78C to roomtenperature or under reflux. As the solvent,

any solvent usually Usee "Dodecyl "Octadecyl
N""'-... -
i }‘Zr% N j‘ZrCIz
O o O y

2



AN

for such reaction is enployable, and particularly, a polar solvent such as
et her or tetrahydrofuran (THF) or a hydrocarbon 5 sol vent such as tol uene
is preferabls¥7§|4fed. As the base for preparing a phenoxide salt, a netallic
salt, e.g. a I'Tthium salt such as n-butyllithiumor a sodiumsalt such as
sodi um hydride, or an organic base such as triethylamne or pyridine is
preferable. 10 Dependi ng -upon the properties of the corrpciuam \}gpujpi gand
precursor is directly reacted with thd netallic conpound i Q1 reparing
t he phenoxide salt, whereby the corresponding transition nmetal conpound
can al so be synthesized. 15 Further, it is possible to replace the netal M
inthe resulting trans’Hta,)tyon metal gopppund wi t hagpet her trangydpson netal

2

in a conventional nann N--.. hen any ’e f Rl to F@_' a hydrqlg atom a
substituent other thard a -hy#Blen AChbe | di¥geih i n £ny spag: of
the synthesis proces ere i ﬁ 3ol utio | i gapth\ 2 rsor and
the transition net cont ai ni | ound ¢ sed as i W t hout
i solating the tr¥8Sition | aMe@o ( Bye®T O sadQit 1 on. h—784 11
NOV 2003 56 The transition netal oUrds (B) re r édkbnt ed by formul a
(1) are used singly or in conbi natlon of two or nore kinds.
"Octadecyl
/N“‘?ZrCiz
O/
Ph t
Tz,
2
"gctadecyl
< "‘;}-Zrcnz
o)



(G1) O anonetallic conpound 5 Exanpl es of the organonetal lic conpounds
(G 1) enployable in the invention include the bel ow described

or ganonet al | §19 corrpounds containing netals of Goup 1, Goup 2, Goup 12
and Goup 1 & the periodic table. (C1a) O ganoal um num corrpound
"represented by the 10 follow ng fornmula: RamAl (ORb) nHpxq wherein Ra and
Ro may be the sane or different and are each a hydrocarbon group of 1 to.
15 carbon atoms, preferably 1 to 4 c&bon atoms; X is a‘IhéIl&@;\br{p&lom and
m n, p and q are 15 nunbers satisfying the conditions of 0<nx3, 0Sn<3,
Osp<3, 0-<g<3 and mn+p+q = 3. (C1b) A kyl conpl ex conpound conprising a
Goup 1 netal of the periodic table and al um nu - represented by the
following formula: 20 l\/ﬂiﬁleka4 wher ei rﬁ‘og@déc 3 o K, and Ra g

No_}Src(E:}ar bon ﬁLQ pr ef er3 1 to 4 capnbon

hydr ocar bon group of
co lbd c Na~| Qrg;{a G qlp 2
2 .

3 represgnte
y bethe B diff

Group 12 netal of t s
in Ra and | and are
Bu PhO™ " gy PhO s

PhQ Bu

- formula: RaRbMB 5
‘each PhO

"Octadecyl

N" -
= graerlz
0/

Ph

"Qctadecyi Q
N-<._

2 }Zrcl2 /N"' - 'ZrCI
07, 2

"Qctadecyi
N-..C
= %‘ZrClz
0 2 N" -

Ph
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a hydrocarbon group of 1 to 15 carbon atoms, preferably 1 to 4 carbon
atons; and M3 is My, Zn or Cd. Exanples of the organoal um num conpounds
(GCla) incl légﬁé an or ganoal un num conpound represented by the follow ng 10
formul a:. Ra ‘tO?b) 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 4
. carbon atons; and mis preferably a nunber satisfying the 151 wﬂghéon of
1.5-m 5, 3; an organoal um num conpound3r epresented by the floll] '
formul a: RamAl X3 -m wherein Ra is a hydrocarbon group of 1 to 15 carbon

pref o abl y & nunber s trels RS RS ey o o MBHRE O BRHERR A hum

DS o B AL LGBy el P B Bt B o el Sk oh -

preferably 1 to 4 carbon atons; and mis preferably a nunmber - satisfying

the conditi FCBEOPSIcILrodRd NBUadenpganoal nmb g crpuund Beplesssmted by
the foll ow ng

: 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,
nbDodecyl 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.



formula: Ra,,,Al (ORb) nXg wherein Ra and Rb may be the same or different
and are each a hydrocarbon group of 1 to 15 carbon atons, preferably 1 to
10 4 carbon ai ; X is a halogen atom and m n and g are nunbers
satisfying thé'"conditions of 0<m<3, 0-<n<3, 0_<q<3 and m¢n+q = 3.
Particul ar exanpl es of the organoal um num conpounds (C-la) include: 15
tri-n-al kylal um nuns, such as trirnenhyl al um num |nynh Hrhﬁfqﬁ6§alunlnun1
trihexylalum num, trioctylalumnumafd tridecylalumn _
tri-branched-chain al kyl al um nuns, such as 20 triisopropylal um num

triisobutylal ym:r tri-sec-butylal yum tri-tert-butylal um num
tri-2-net¥y|bﬁtyﬁ§ﬁ&%%ﬁ? l§%9%£i¥mt %bﬁgigh?uﬁPﬁBﬁPnds ate dissolved
tri-2-nmethyl pentyl al um nu tri-3-nethyl pentylal um num SF-784 59 1 1 Nov
2003 tri-4-met ittt ufitnbhf ePLventreeRyl Aekyrar unsialiy used for
‘tri-3-methyl hexyl al um num and tri-2-ethy|hexylalgnlnunl

tricycl oal kyF¥FunfeaGs1 o ukh eeplevehteohangl phutiinuimaitg, an alcohol
tricyclooctylalumnum 5 triarylalum nums, such as triphenylal um num and.
tritolylal urBdmurgnidisaidby ksl metnanvhydr isddmneuch ashgiltSobLbyh asdli-abm

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



hydride; 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 isoprenyl al um num 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 i sobutyl al um num
i sopropoxi de; 15 di al kyl al um num al koxi des, such as di net hyl al um num

met hoxi de, .di et hyl al um num et hoxi de and dibutylaluninuny1bpmmWi@Nﬁ

al kyl al um num sesqui al koxi des, such &S ethyl al um num sésqui et hoxi de and

but yl al um num sesqui but oxi de; 20 partially al koxyl ated al kyl al um nuns

havi ng an awver SLEI ;@EE y_{%f# 0.5 or the
like: .diaIEyﬁg?gﬁi%&gP§r§F0§pa%§£g§uc %gxgiet y_gﬁ%ﬁ$éﬁﬁgtﬁﬂ%ﬁﬁ%ﬁ%ﬁf
di et hyl al um _nuny 2r 6- di ~t. - but yl - 4: net hyl phenoxi de), .SF-784 60 1 NOY_ 2003
et hyl al umi nt?%birgsrtcge,%-rc?é]tq}b'ut P- Ef‘?rréf’?ﬁygf}%en%ydé)o}ve“t usualjly used

di i sobutyl al um uny ,6;di-t-butyl-4--neth{lphenoxide),and

i sobutyl al u %rﬁ%ﬁé’( FE LA it FRPACYREIRY | BRdh Barde U I ey | RIRMA BEmM
hal i des, such as di met hyl al um num 5 chl ori de, diethylal um num chl oride,

di but yl al uniSUHSEH srFlas ethet Ay Itatmdnvidndiror ¢ THRY ofi & doutod et num

chloride; al kylalum num sesqui halides, such as ethyl al um num
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.



sesqui chl ori de, butyl al um num sesqui chl ori de and et hyl al um num

sesqui brom de, 10 partially hal ogenated al kyl al um nuns, such as

et hyl al um num di chl ori de, propyl al um num di chl oride and butyl al um num

di br oni de; . Ur'&fkyl al um num hydri des, such as diethyl al uni num hydride and

di butyl al um num .hydri de; 15 partially hydrogenated al kyl al um nuns, % ég ,

al kyl al umi num di hydri des, such as ethyl al umi rium di hydride dnd NOV 200

propyl al um num di hydri de; and parti al b§ al koxyl ated and hal ogenat ed

al kyl al um nums, such as et hyl al umi num et hoxychl ori de, butyl al umi num 20

but oxychl ori de aﬂﬂjet@ | al um num et h}c;]x%brom' de. A}I so enployable is a

conpound anal ogous™¥ o~ t#HeS L bt Yarbat ami FOmRR uby (CEREHSeRG Ry Bhe

organoal um num conpound wherein two_or nore al unm num conpounds are

combi ned SF TaAMEha 1(h) R 2969 ehrghyhor W tqsemadtion oAnteRaapleope such

conmpound is (C2H5) 2AIN (C2H5) Al (C2H5) 2 Exanples of the organoal um num

conpounds (&ingy-include LiAl (C2H5) 4 and Li Al (C H1;5) 4. 5 O her

conpounds, such as nethyllithium ethyllithium propyllithium

butyl l'ithium nethyl magnesi(Grilbr omrigdecmenmiinylcregaesiuwa chl ori de,

et hyl magnesi um brom de, et hyl magnesi um chl ori de, propyl magnesi um brom de,
5 Examples of theorganometallic compounds (C-1) employable

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.



propyl magnesi um chl ori de, butyl nagnesi um bronide, 10 butyl magnesi um

chl oride, dinethylnmagnesium diethyl magnesi um di butyl magnesi um and

but yl et hyl ngsium are also enpl oyable as the organonetal |ic conpounds

(G 1). Conbinations of conpounds capable of producing the above-nentioned
or ganoal um num conpounds in the 15 polymerization system e.g., a

conbi nati on of hal ogenated alum num and al kyllithium and a conbi nati on of

hal ogenat ed al uni num and al kyl magnestum are -al so enplioyNO\e - 206F the
organonetal li ¢ conmpounds (C-1) mentioned above, organoal um num conpounds

are preferable. _h ; tallic ¢ ounds (C 1% nti oned above are
used singly or iﬁ&coltlr%i %Lt% ﬁo??_ ofcaotnl\&)oqlonrCP orn§: %Brﬁﬂ;g (é—TI?;qu)r hﬁ?erﬁﬂj%lli?om
a1 Ui nowane 15 eEg Y SUEReT I Fohe  RELEPL: SrenBalGs the TRO)200H

or ganoal um r}urmx - conpound as exenplified in Japanese Patent Laid-Qpen
Publ i cati on m 87/ 1990. The hitherto known al umi noxane can be prepared

by, for exanple, the follow ng processes, and is generally obtained 5 as
~a hydrocarbon soR#BRY® sol uti on. (1) An organoal uni num conpound such as
trial kylalum num is added to a hydrocarbon nmedi um suspensi on of a
_conpoundd cehexieiim®2adsdr P ingsy it etheOrlsanes At QAR SHN GRS e &fach
a hydrocarbon group of 1 to 15 carbon atoms, preferably 1 to
4 carbon.atoms; and M3 is Mg, Zn or Cd.
- Examples of the organcaluminum compounds (C—1a) include:
an organoaluminum compound represented by the following
10 formula: |
RamAl {ORP) 3 o
"wherein Ra2 énd 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:
R2,A1X;5 .
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;



crystallization, e.g., magnesium chloride hydrate, copper 10 sulfate
hydrate, alum num sulfate hydrate, nickel sulfate hydrate or cerous

chl oride hydrate, to allow the organoal um num ‘conpound to react with the
adsorption Wit/ or the water of crystallization. (2) Water, ice or water
vapor is allowed to directly 15 act on an organoal um num corrpound such as
trial kylalum num in a nediumsuch as benzene, tol uene, et hyl ether or
tetrahydrofuran.- (3) An organotin oxdgde such as di math E] >§ :
~dibutyltin oxide is allowed to react with an organoal unm'n rNrbz\g H&mound
such as trial kylalum numin a nmedium such as decane, benzene or tol uene.

The al um nox&es eray Reonsaian hadgwaklirbamo grougf odn 1 drcg drfo retrad dri ctogaponent .

Further, it is possible that the solvent or the unreacted organoal um num
corrpound i s prefevethlSF1784 63 drdom@¥ a3 afudom ibepreforvared salwiben of
al um noxane by distillation and the remainder is redissolved in a solvent

or suspendegatii® faipRPreHolaeiti dioin unidexane. Exanpl es of the
or ganoal um num conpounds used for 5 preparing the alunm noxane include the

sanme organoal um gy conpounds as previously described wth respect to. the

or ganoal um num conpound (C-la). O these, preferable are trial kylal um nuns
and
. 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-branched-chain alkylaluminums, such as

20 triisopropylaluminum, triisobutylaluminum,

tri-sec-~butylaluminum, tri-tert-butylaluminum,

tri-2-methylbutylaluminum, tri—3—methylbutylaluminum,.

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



tricycl oal kyl al um nunms, and particularly preferable is 10
trimethylal um num. The organoal um num conpounds are used singly or in
conbi nati on of two or nore kinds Exanples of the solvents used for
preparing t 78] umi noxane incl ude aronatic hydrocarbons, such as benzene,
tol uene, xylene, cunene and-cynene; aliphatic hydrocarbons, 15 such as
~ pentane, hexane, heptane, octane, decane, dodecane, hexadecane and
octadecane; alicyclic hydrocarbons, ssch as cycl opent ahel NOYcEB§3exane,
.cyclooctane and nethylcycl opentane ; petroleumfractions, such as
asoline, kerosjne and gas ojl: apd haljdes_of these aronati,.c, aliphatic
go and‘alicy%lerEAng}%éb% %Fl%iijekﬂa%f}m&mBHLa%gm%ﬁyia%ﬁi’a@éumﬂﬁérﬂeof) Al so
enpl oyabl e are ethers such as ethyl ether anhd tetrahydrofuran. O the
sol vent s, patirrflrtﬁn%@@lyym@fﬂ%\mr@lnw&woﬁm'r&-ﬁyayb%axbbaéummum;i phati c
hydrocarbons. SF-784 64 1 NOV 2003 The benzene-insol ubl e organoal um num
oxy- conpound is prefeyabial gnl ahysiteatsim suwoh e -todmpaind ccont 2l whigumn Al
conmponent which is soluble in benzene at 60C in an anount of usually not
nore than 1Curpt efei@ptyosoty ilwniman; 5 5 particularly preferably not nore
than 2 % in terns of Al atom That is, the benzene-insol uble

. organoal §ni UM oXy- COMNPIRUNGni rivind) e @kRbly + REShaR B2 DEimSRakI ALY sol uble
i n benzene. The organoal um num oxy-conmpound enpl oyabl e may be an ‘

or ganoal um num QX CONRRUNG, cont ai ni ng boron and represent ed
| dialkylaluminum hydrides, such as diisobutylaluminum
hydride;
trialkenylaluminums represented by (1-C4Ho) 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 haﬁing 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),



10 by the following formula (11): R11 RI0 R11 Al -OB--O Al wherein R10 is-
a hydrocarbon group of 1 to 10 carbon atons; 15 and each R' nmay be the
sanme or different and is a hydrogen atom a hal ogen atom or a hydrocarbon
group of 1 t5578 carbon atons. The organoal un num conpound cont ai ni ng
boron and . reéepresented by the formula (I1) can be prepared by allowng 20
an al kyl boronic acid represented by the follow ng formnul a (Illﬁ to react
wi th an organoal umi num conmpound in ansti nert sol vent SF178AN®6 2003 Nov 2003
at a tenperature of --80 Cto roomtenperature for 1 minute to 24 hours in

an inert gas at phere. RRO_B (OH)2 (Il11) 5 wherein R111 is the sane
group as de&gﬁﬁigiﬁﬂﬁRH?QBéﬁ%ﬂQﬁg%ﬁtThﬂ;XﬂTﬁﬂqﬁﬁﬁﬁﬂRh%Rﬁ%%d?bpresented by

the fornula (I11) include nethylboronic acid, ethylboronic acid,
i sopr opy| bordgrisekattixd a WUprpld ordin te- ket sl - 4rneityy borenexidati dnd
i sobutyl boroni ¢ acid, n-hexyl boronic acid, 10 cycl ohexyl boronic acid,
pheny! bor oniis okadivd,a Byni-nuikfil such dhot ionti -dowan 1o 4 pent faf 1 plosophedy ) bor oni ¢
acid and 3,5-bis(trifluoromethyl)phenylboronic acid. O these, preferable.
are met hyl bor oni @iadikd:) aluniiryinboraanicdBeidich |50 itnyd 110§ 04 Gnashd,
3, 5-di fl uorophen. yl boroni acid and
5 chloride, diethylaluminumchloride, dibutylaluminumchloride,
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



15 pent af | uor ophenyl boroni c acid. These al kyl boronic acids are used singly
or in conbinati-on of two or nore kinds. Exanples of the organoal um num
conpounds to _be reacted with the al kyl boronic acid include the sane

or ganoal uni miM®conpounds as previ ously described with respect to the 20

or ganoal um num conpound (C-la). O these, preferable are trial kylal um nuns
and tricycloal kyl al um nuns, and particularly preferable are ,
trimethylal uninum triethylal um num aad triisobutylal uni nubMOVsE0384 1 1 Nov
2003 66 These organoal um num conpounds are used singly or in conbination
"of two or nopre kinds. The organoal um num oxy-conpounds (B-2) nentioned
above are USEPEFMgRyROFTPASROABPRat i h DTS 0P f neveh kierisousd (s 3)
Conmpound which reacts with the transition netal conmpound to formion pair
Exanpl es of tFedlseefpBuRdes A3 J2Heiizeh react with the transition nmeta
conmpound (A) or the transition nmetal conpound (B) to forman ion pair
(referred to as "Bxamgleg dfohhe @oymocatiinluhefoeipiafidayr Y cknsh ute: Leak s
acid, an ionic conpound, a borane conpound and a carborane conpound

descri bed i M.irapangese ;PahantiabaicduQagn Publications No. 501950/ 1989, No.
502036/ 1989, No. 179005/1991, No. 179006/1991, No. 207703/1991 and No.

207704/ 1991, and dérdr Ras@Bus , 5331 06 h L ANPAM Y o AR, LOIPOHYY and
an isopoly conpound are al'so avail abl e. !
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



The Lewis acid is, for exanple, a conpound represented by BR3 (Ris
fluorine or a phenyl group which may have a substituent such as fluorine,
met hyl or trifluoromethyl). Exanples of such conmpounds include
trifluorobo®Brd 20 triphenyl boron, tris(4-fluorophenyl)boron,
tris(3,5-difluorophenyl)boron, tris(4-fluoronethylphenyl)boron,
tris(pentafl uorophenyl)boron, tris(p-tolyl)boron, tris(o-tolyl)boron and
tris(3,5-dinethyl phenyl)boron. SF-784267 1 | NOV 2003 The {i ROV c208pnpound
is, for exanple, a conmpound represented by the follow ng formula (1V). O
R14 R12 R13BOR15 R16 5 (1V) In the above formula, Rl2 is H+, carbonium
cation, oxoRFERNOGAHIHRUNPHBNEORPeURH &, cpraRphbhcdmnciapamese Patent
cycloheptyltrlenyl cation, ferroceniumcation having a transition netal,
or the |ikelaig- RP@nt@uR16QﬂQAdnaNdmaE&ﬁ&?kﬁ9&ﬂiferent and are each an
organi c group, preferably an aryl group or a substituted aryl group.
Exanpl es of the Thebbhtharabi knswhngludendransubsh idelt®tbpared by, for

example, the following processes, and is generally obtained

5 as a hydrocarbon 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
hydrateor cerous chloride hydrate, toallowthe organcaluminum
compound to react with the adsdrption water 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



carboni um cations, such as triphenyl carbonium cation, 15 : -

tri (methyl phenyl)carbonium cation and tri (dinmethyl phenyl)carbonium cati on.
Exanpl es of the ammoni um cations include trial kylanmmonium cations, such
as trimet hyS&ffbni um cation, triethyl amonium. cation, trip ropyl ammonium
cation, t ribut yl amoniumcation and 20 tri(n-butyl) ammoni um cati on;

N, N-di al kyl anil i nium cations, such as N, N-di nethylaniliniumcation,

N, N-di et hyl anilinium cation and N, N-&; 4, 6- pent anet hyi apmoivn:z@g] cation; and
SF-784 68 1 1 NOV 2003 di al kyl ammoni um cati ons, such as ( propyl)
anmoni um catj on nd di cycl ohexyl amoni um cati on. Exanpl es of the.
phosphoni um*&&f §HE FRATEE €% SPAMFISR0 §FhEAIRICHE N SY siettidslation

tri phenyl phosphonium 5 cation, tri(nethyl phenyl)phosphoni um cation and

tri (di met hyBgikesyie) pressghdsizumsc eiddssoRV2d ¢ nprefserlaisint car orspendsd i on,
amoni um cation or the like, particularly preferably triphenyl carboni uim
cation, N, iN di methy|sadivieinti fow atlivonirorxdheN- di et hyl ani | i ni um cation. 10
Al so available as the ionic conpound is a trial kyl-substituted anmoni um

sal t, "an N, N-di aEkgh@niesi Bifumhes @liganddiidikiind TR EAl s for
triaryl phosphoniumsalt. Exanples of the trial kyl-substituted amoni um

sal ts i ngl ugeephi@hlyy 3TN TP NG VRO sde organoaluminum
tripropyl anmoni unt et'r a( phenyl ) bor on,
Ffi(“'bUfY'k%ﬁg%ﬁhﬁ%t%%r%&%@¥3dgﬂyﬂdé§cribed 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



~trinmethylammoni untetra(p-tolyl)boron,

tri nmet hyl ammoni unt etra(o-tol yl)boron,

tri(n-butyl)ammoniuntetra(pentafl uorophenyl)boron, 20

tri propyl amm&hi®nt et r a( o, p- di met hyl phenyl ) bor on,
tri(n-butyl)ammniuntetra(m m di net hyl phenyl ) boron,
tri(n-butyl)amoniuntetra(p-trifl uoronethyl phenyl)boron,
tri(n-butyl)amoniuntetra(3,5-ditriflgoronethyl phenyljbbNJYodlland
tri(n-butyl)ammniuntetra(o-tolyl)boron. SF-784 69 1 1 NOV 2003 Exanpl es of
the N, N-di.al kyl aniliniunsalts inc|ude :

N, N- di met hyl ani | i hfrenPerFerphba§PIBbEenorgancaluminum oxy-compound is
N, N-di et hyl ani i ni unt et ra(phenyl ) boron and '

N, N- 2, 4, 6- pert @bt aigl vnah | ow gan e hat pinen yo 3 porampodnExaspt &sn diigt fve A1
di al kyl ammoni um sal ts i ncl ude

di (1- propyl )@rmmpomemt evh aéipens add Lnis D hen W Ibosn MN0°C in an amount
di cycl ohexyl ammoni unt et r a( phenyl ) boron. Further enpl oyable as the ionic

conpound i s of risthamy crdbaprent Bhhakd st PeiHad igyiapheryhhber ahgn 519,
N, N- di met hyl ani | i ni unt et r aki s( pent af | uorophenyl ) borat e,

ferrocenisuntalraf pent 21§ yereerRhemyl) ROE % 3
tri phenyl car]%teni unpent a%#er?yl cycl fpent 3‘5’?’&% a%gnpf el>£1 teﬂ,nﬁl-oofl Zé"tlh%;fom’

ani 1i ni urrpen%?ao@qyl 34]% e adi e | ex_or bar on conpound
represented by the ’fgi_ oW ng e?ﬂgér ‘rsrlur}?gao ;%&peororgféw(é@l%".‘lrt% oxy-compound
is preferably 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):

Rt R10- R
AN P /
/AI———o——B—-—o-—AI
11 1
R R (I1)

wherein R0 is a hydrocarbon group of 1 to 10 carbon atoms;
15 and each Rl may be the_same or different and is a hydrogen
atom, a halogen atom or a hydrocarbontgroup 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 (III)

to react with an organcaluminum compound in an inert solvent



wherein Et denotes an ethyl group. SF-784 70 1 1 NOV 2003 (VI) Exanpl es of
t he borane conmpounds include decaborane(14); salts of anions, such as -
bi s[tri(n-but I¥ anmoni un] nonaborate, 5 bis[tri(n-butyl)

annnniun]deéE%B ate, bis[tri(n-butyl) ammoni.uni undecaborate, bis [tr
(n-butyl) ammoni um dodecaborate, bis[tri(n-butyl)

ammoni unj decachl or odecabor at e and

bi s[tri(n-butyl)amoni um dodecachl or cdodecabor ate; and 11®|w31qmgpf
nmetal | i ¢ borane anions, such as

tri(n-butyl)ammoni unbi s(dodec hyg i g dodecaborate cobalta teéIIL) and
bis[tri(n- b&t%yla) CeiReRn Hf i gla:(a éecgh’&%rﬁ%%‘a&c?éggeﬁ%{% FOh kB REEA 1) .
-15 Exanpl'es of the carbagrane conpounds include: salts of anions, such as
4- car banonabGr #lePPATS 1D 3NdiloGHartfiardifaene . -
6, 9- di car badecabor ane(14), dodecahydxi do--1--phenyl-1, ,
3---di carbanonaborane, dodecahydxi do-I|-nethyl-1, 3-di carbanonaborane, 20
undecahydri do- 1, 3-di net hyl - - 1, 3-di car banonabor ane,
7, 8-di car baundecabbrmnedd3), 2, 7-di car baundecaboranefi3), SF-784 71 1 1 NOV
2003 - :
5 wherein R!%® is the same group as described above.
Examples of the alkylboronic acids represented by the
formula (IIT) includelnethylboronic acid, ethylboronic dcid,
v ' isopropylboronic acid, n-propylboronic acid, n-butylboronic
acid, isobutylboronic acid, n-hexvylboronic 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. These alkylboronic acids are
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.



undecahydri do- 7, 8- di net hyl - 7, 8- di car baundecabor ane,

dodecahydri do- 11- - net hyl - 2, 7- di car baundecabor ane,
tri.(n-butyl)ammoni um| -carbadecaborat e,
tri(n-butyl PEA¥oni um | - car baundecaborate, 5
tri(n-bLityl)amoni um| -carbadodecabor at e,
tri(n-butyl)ammonium|-trinethylsilyl-I-carbadecaborate, 1 1 NOY 2003
tri(n-butyl)ammoni unbr ono- 1- car badodessabor at e,

tri(n-butyl)amm oni um 6-car badecaborate(14), ‘

tri(n-butyl)ammoni um 6-car badecaborate(12), 10 o o
tri(n-butyl#gﬁﬁﬁmQEﬂaﬂgﬁ%H%ﬁﬂﬂﬂnﬁﬂﬂﬂQﬁQﬁ%&%Fe used singly or in
tri(n-butyl)anmoni um 7, 8- di car baundecabor at e( 12),

tri (n-butyl FempdRiaiimen efditws srundataboimde( 12), tri(n-butyl)

ammoni undodecahydri do- 8- net hyl - 7, 9- di car baund. ecaborate, 15

tri (n-butyl) ammofhemondenabydmidom8eryhybmFo@nds c aB-baune t taied atlsove
tri(n-butyl) ammoni unundecahydri do-8-butyl -7, 9-di carbaunde caborate,
tri(n-butyl paemasedmsidedanyd i ido-dbmdddnd +76:19-¢lf cardasipdeor20kxcaber at e,
tri(n-butyl) ammoni unundecahydri do-9-trinmethylsilyl-7,8" -di

car baundgcaherat Q%ﬁuﬁd‘i Witk ¥bdcts with the transition metal c:om%ound
ammoni unundéca ydaril do- 4, b-dl br onp- /- car baunde

netal lic carborane ani ons, such 3s, §%&%ﬁ{0%2p%i% NOV 2063

'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.



tri. (n-butyl) ammoni unbi s (nonahydrido-1, 3--dicarbanonaborate
)cobaltate(lll), tri(n--butyl)ammoni unbi s(undecahydri do-7, 8-di carbaundecabo

‘rate)ferratg(lll), 5 .
tri(n-butyl)amroni unbi s(undecahydri do- 7, 8-di car baundecabo rate)
cobaltate(lll), tri(n-butyl)anmoni unbi s(undecahydri do-7, 8--di carbaundecabo

rate) ni ckelate(lll),
tri(%-butyl)an%nnitnbis(undecahydrido€ﬁ,8-dicarbaundech3 NQ%-ﬂM3
rate)cuprate(lll), tri(n--butyl) -
annDnlunblS(undeqqgﬁgégggbbﬁﬁggﬁhggg$?§£g$cab ,&$?§$8$€Q§E%§géggnﬁed

tri(n-butyl)amoni u nona I

rbaundecaborate)ferrate(lll), 15
tri(n-butyl )bé’m%ﬁﬁ LﬁPg‘ilsO((“Hd}%rE/ﬂW‘a]o@ 7{BYY di net hyl - 7, 8- di ca

r baundecabor ate) chromate(I11),
tri(n-butyl)ammoni unbi s(tribronooctahydri do-7, 8-di car baun
decaborate)cobaltate(lll), tris[tri(n-butyl) amoni uni

bi s(undecahydri do- 75@4ar baundeca 20 borate)chromate(ll1), bis[tri(n-butyl)

annDniun]biEﬁﬁﬁdecaﬁgﬁrido-7-carbaundecab or at e) manganat e(1V),

bi s[tri (n-- Rt yRP—aBFmiPun] bi s(undecahydri do- 7- car baundecab

orate)cobaltate(lll};sand SF-784 73 1 1 NOV 2003 bis[tri(n-butyl)anmoni unj

bi s(undecahydri do- 7-car baundecab (IV)

5

In the above formula, R!'2 is H*, carbonium cation, 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



-orate) nickelate (1V) The heteropoly conpound conprises an atom sel ected
from silicon, phosphorus, titanium germanium arsenic and tin and 5 one
or nore atons selected from vanadi um niobium nolybdenum and tungsten.
Exanpl es of ¥éh conmpounds i ncl ude phosphovanadi ¢ acid, gernmanovanadi c
acid, arsenovanadic acid, phosphoniobic acid, germnoni obic acid,
siliconmol ybdic acid, phosphonol ybdic acid, titanonolybdic acid

. germanonol ybdic 10 acid, arsenonol ybgi c aci d, stannonDIbHdNBVaHma,
phosphot ungsti c aci d, gernmanotungstic acid, stannotungstic acid,
phosphonol ybdbvanadi c acj d, Eos hot ungst ovanadi ¢ aci d _ ,

ger manot ungs Q@?ﬁﬁ%ﬂcg bs ﬁoﬁHFgﬁﬂ%¥ﬁ5b§?898H§éﬁémeBPéwlcatlon

ger manonol ybdot ungst ovanadi ¢ aci d, 15 phosphonol ybdot ungsti c ‘aci d,
phosphonl yEdthi By €L eled L agmepnisa teabfor hese acids, e.g., salts of these
acids and netals of Goup 1 or Goup 2 of the periodic table such as
lithium sodi umExsomdssi W thebirdiasphaeisiungathisrtys | incl udagnesi um
calcium strontium and barium and organic salts such as 20 triphenyl et hyl
salt. The i dmiizmglphoreghaoinpouedsi (s ,3)suEnta onedi plbenegl phespHsad usd Ngl y
or in conbination of two or nore kinds. In the olefin polynerization

cat al yst 50f ddiei dr)vedti @istHyig el wwslesssndetak kst £6n (Bhgcan be used if

necessary, in SF-784 74 1 1 Nov 2003 addition to the transition netal

conpound (Alprit ke dd@NBidHeM 1) 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.



. nmetal conpound (B) and at | east one conpound (C) selected from the

- organonetal | ic conpound (C 1), the organoal umi num oxy-conpound (C-2) and
t he ionizi n%Fi ;anic conpound (C-3). 5 (D) Carrier The carrier (D) is an

i norgani c or o 6ani c conpound and is a granular or particulate solid. As
t he inorganic compound, a porous oxide, an inorganic chloride, clay, a
clay mneral or an ion-exchange |ayered conpound is pfe{]ﬁrﬂbh@p 10
Exanpl es of the porous oxides enploya#l e in the inventlion i ude Si 02r
A1203, MO, ZrO Ti 02, B203, CaO, ZnO BaO Th02, and conpl ex conpounds

or. m xtures contalning thes Xi such as tural or.synthetic zeolite,
Si O2- MyO, *Si 02- A ,%%ﬁ%%q@ﬂw@afﬁﬁﬁw% sjr%%i‘ﬁg@z-wgo.
O these, 1 prgﬁgﬂrabl e are conpounds each containing Sir02 and/ or A1203 as
~ the main cofPOREH™eFhEl 3Thok kit ok aeh eyl der@in smal | amounts of

- carbonate, sulfate, nitrate and oxide conponents, such as Na2C03, K2CGs3,

- CaC03i MyCOd Nusisthhy 1mrgl kispuyniget BaSaen )KNOSProvy mD3) 2, 20 Al (NO3) 3,
Na20, K20 and Li 20. Although the porous oxides differ in their properties
dependi ng upoii-tzhe ,t6peeraradng ey bamphiat wore t e tgodny I heocatr i er

preferably used in the invention desirably has a particle dianeter of 10
to 300 pfn pref eFaing 123 tof HH: pMaBkpRaehdi CuSEai8dk | idc AL 2003 75

surface area of 50 to 1,000 nR/g, preferably 100 to 700 rn2/g,

di (l-propyl)ammoniumtetra (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 (OEt), B

CFy / #

wherein Et denotes an ethyl group.



e

and a pore volunme of 0. 3 to 3. 0 cnB/g. According to the necessity, , the
carrier is calcined at 100 to 1, O0C, preferably 150 to 700 C, prior to
“use. 5 Exanples of the inorganic chlorides enployable in the invention
i ncl ude MgCI#-78%gBr 2, MhCl2 and MhBr2 . The inorganic chloride may be used .
as it is, or may be used after pulverized by a ball mlIl or an oscillating
mll. Also enployable is a-precipitate in the formof fine particles '
obt ai ned by 10 dissolving the inorganig chloride in a s?lyﬁﬁh&ﬁmﬁ? as an
al cohol and then conducting precipitation using a precilptt . he cl ay
is usually constituted mainly of a clay mneral. The ion-exchange |ayered
~conpound is a conpofind \ng "a crystal - structure wherein planes forned
by ionic bondgin lTke 15 are lamnated in parallel to one another
with a weak g%néa th, and the ions contained therein are exchangeabl e.
Most of clay i e e i pn-exchange | ayered conpounds. The clay, the
clay mnerals and on- exchange | ayered conpounds enployable in the
invention are not I\ mted,;yct natural ones 20 but include synthetic ones.
Exanpl es of such clay, cldy mnerals and i on-exchangé€Vllayered conpounds
include clay, clay mnerals and ion crystalline conpounds having | ayered
crystal structures such SP-784 76 1 1 NOV 2003 as hexagonal cl osest packing
type, antinony type, CdC 2 type B

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 Cd12 type. Particul ar exanples of the clay and the clay mnerals

i ncl ude kaolin, bentonite, kibushi clay, gairone clay, 5 allophane,

hi si ngerite, Fp,érophylllte mca, nontnorillonite, vermculite, chlorite,
pal ygorsklteS %olinite, nacrite, dickite and hal | oysite. Particul ar
exanpl es of the ion-exchange |ayered conpounds include crystalline acid
salts of polyvalent netals, such as a.-Zr (HAs04) 2HPO] NOVZA0QHPO4) 2, 10
a-Zr (KP0O4) 2. 3H20, a-Ti (HP04) 2, afli (HAsO™M) 2 H20, a-Sn (HPO4) 2

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

m neral s and. t he i.0n- e | aye o] unds are preferably those
having a pord{aiUREITH 0 %% ggﬁlpifgpgh%@FF@ua dpgaPaEaBe not |ess
than 20 A by, a nercury, enetratlon nmet hod, of not less than 0.1 cc/g,

and are par tqoéi.ﬂ%?rmgﬂ’ﬁr%‘?é HSthYibse, haviaarhapodecebbuaseof 0.3 to 5
cc/g. The pore volune is nmeasured on the pores having a radius of 20.to 3
x 104 A by &hielmedryt persmmen iwn hethodadecalgoratepr cury porosi neter. 20 |f
a conmpound having a pore volunme, as.neasured on pores having a radius of
“not | ess thdari2GAunfl ) asson han-D-darisdgndéSaibsedtas the carrier, high

pol ymeri zation activity tends to be hardly obtained. SF-784 77 1 1. NO\/,

2003 It §s murdf(erahit I)ousd Bet-1hea sbadodddabbeackay ninerals to

chem cal treatnments. Any of surface treatnents to remove
tri(n-butyl})ammonium-l-trimethylsilyl- l-carbadecaborate,
tri(nwbuty;)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,

: ecaboiéte,

15 tri(n—butyl)ammoniumundecahydrido—8—ethyl—7,9;dicarbaunde
caboraté,
t;i(n—butyl)ammoniumundecahydrido—S—butyl—7,9—dicarbaunde
caborate,
tri(n—bﬁtyl)ammoniumundecahydrido—S—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



inmpurities fromthe surface and treatnents having an influence on the
crystal structure of the clay is enployable. Exanples of such chem cal
treatnments include acid treatnent, alkali treatnent, salt treatnent and
organic substfaifte treatnent. The acid treatment contributes to not only
removing inpurities fromthe surface but also eluting cations such as A,
Fe and My present in the crystal structure 10 to increase trguﬁw ﬁ ce area.
The al kali treatnment destroys crystab2 structure of clay 3 bout
change in.the structure of the clay. The salt treatnment and the organic

subst ance treahge$t c oduce ioni c conpl ex, nolecular conplex, organic
derivative dr'i UL § hecrakydEedar bad191i6rrPRBRCHRBLARGE

bet ween | ayers. The ion- exchange | ayered conpound may be a | ayered

conmpound in N%ﬁQﬁ#Q%kee&E%bmgeable i ons between | ayers have been exchanged
with other large and bulky ions utilizing ion exchange properties to
enl dar ge t he tiistrarioy: hetamseom tireo 1 ayendec2Bydhidbul k§-dhoapbayadacabo
pillar-like roll to support the layer structure and is usually called a
"pillar". | ntatedusdrdrtof IIDOEher substances between | ayers of a | ayered
conpound is called "intercalation". Exanples of the guest conpounds to be

i nt er cal gt ed:4inGl-UAf: Catdndkt S dkio! Ia0H § ~7SHC
NOV 2003 T Ay S etal g?ioi?ﬁgggygﬁé 75d Blé§r§EUE§%fy%ﬁaa 4,

PO (OR) 3 am%ﬂ%ﬁéggafkgggefifypydrocarbon group or the like) ; and

tritn;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



netal i c hydroxide ions, such as [A11304 (OH) 24] 7+, [Zr4 (O) 14] 2 and
[ Fe30 (OCOCH3) 6] . These conpounds are used singly or in 5 conbination of
two or more kinds. The intercalation of these conpounds nay be carried out
in the preseffc®4f a pol ynerization product obtained by hydrolysis of a
nmetal lic al koxi de such as Si (OR) 4, AIh (OR) 3 or 1(C)Ee %CR) 4II(§| |lea

-hydr ocarbon group or the like) or in the presence of a co

|%organ| c co?rpouﬁd such as Si02. Exanpd es of the pilldr$ NOWI28E oxi des
produced by intercal ation of the dabove rrenfjl onﬁd tmst al | [r(r:] hyldr oxXi glealyons
bet ween | ayers fol | oned dehydration under heating. e cl ay,

m neral s a%%?%ﬁtﬁkéﬂaﬁbﬁyfgﬁm%ﬂlﬁ% I ebRpoRfasahedridned-apoke umdeded used

- as they are, or nay be wused after subjected to a treatnment of ball
mlling, si e‘?/Fh’@e Bickabatek®Y) Moreover, they may be used after subjected

to water adsorption or dehydration under heati ng. The clay, clay mmnerals

and i on- exchange Thg drede rmprygundspraybiecaset sé NGy at2Q 961 &8t6aNPiHat i on

of two or nore kinds. O the above-nentioned materials, preferable are clay

and clay m rmrbicsonalpchom@mtolmul at 1 yal @h £ g ndfifh, eHPQéHPE'a{r{cP@'lheand
vermculite, pectolite, taeniolite and synthetic mca. SF-784 79 1 1 NOV

2003 Thesorgm@rcmp@mmssseieateamnevaﬂaa BRU A 0B umPHI T @GSOl 1 d
having a particle diameter of 10 to

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



Exanpl es of such conpounds include (co) polyners produced using as a naln
i ngredi ent an a-olefin of 2 to 14 carbon atons such 5 as et hyl ene,

propyl ene, g&ene or 4-nethyl-|-pentene, (co)polyners produced using as
a main |ngred| vi nyl cycl ohexane or styrene, and nodification products
. thereof. The ol efin polynerization catalyst may further contain 10 the
bel ow descri bed -specific organi c conpound conponent (E), if necessary, in
addition to the transition nmetal comp®und (A) (conponénﬂ NOY 200

transition netal conpound (B) (conponent (B)), at |east one conpound (O

s B o8 Ba Lt L S RO e TER UK S i e 3

organoalunlnunloxy conpoun
and the carri Iy used.. (E) Organic co ound conmponent The

I

or gani c conﬂ‘(?%r?& %3%5%3 RIERnAsatd&@ st Prasanaim (C) grelert elirfosse of
i nprovi ng polynerlzablllty and properties 20 of the resul ting pol yner.
Exanpl es of “fRe OF9ga9e tedpdu it g dideC 2l looHdies , o pgasmed 1 won compounds,
car boxylic acids, phosphorus conpounds and sul fonates. As the. al cohols
and the pheﬁéwreqmmﬂmm@uﬁ§~aﬂuﬁnﬁ treprieseitedy hyorR2 -EIthfRA2d | sCa3) .
hydr ocarbon group of 1 to 50 SF-784 80 1 1 NOV 2003 carbon atons or a
hal ogendt ed hydrocarbon group of 1 tm) 50argaebon atons) are usually used.
The al cohols are preferably

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 eeolite, 85i0,-Mg0O, Si0;-Al,0;,
S5103-Ti0;, S103-V305, Si10,-Cr,05 and Si0,-Ti0,-Mg0. Of these,

15 preferable are compoueds 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



those of the above formula wherein R2" is a halogenated hydrocarbon group.

The phenolic conpounds are preferably those wherein the a,a -positions of

t he hydroxyl glroup are substituted with hydrocarbons of 1 to 20 carbon

atoms. As t R&/€4rboxylic acids, those represented by R22-000H (R22 is a

‘hydrocarbon group of 1 to 50 carbon atons or a hal ogenated &drﬁar bon
group of 1 to 50 carbon atons, 10 preferably a hal ogendt 4N 08k ar bon
group of 1 to 50 carbon atons) are usually used. As the phosphorus
conpounds, phosphoric acids having P-O-H bond, phosphates having P-OR
band or P=0O bond and phosphi ne oxi de. conpounds are preferab% used. 15 As

the sul f onat¥%¥ Ladfos&ePepf ederited -9 0t B8/ ¢ ol B %RA SRRL ¥ 0 kAN so( W)Y

usually used. (Xmn)- MnO Il OS-- RR30 In (V1) 20 I'n t-he above .formJI a,

Mis an atomrstappsgpyolumes f 0up tof df cnhég pedicotixditrapt e thSR et Bl v, 1

NOV 2B03 R23 is a hydrogen atom a hydrocarbon group of 1 to 20
the carrier is calcined at 100 to 1,000°C, preferably 150 to
700 °C, prior to use.

5 Examples ¢of the inorganic chlorides emplovable 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 mill or an oscillating mill. Also employable is
a precipitate in the form of fine particles obtained by

10 dissolvingtheinorganicchlorideinasolvent suchasanalcohol
and then conducting precipitation using 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 ions 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 minerals and ion-exchange

layered compounds include clay, clay minerals and ion

crystalline compounds having layered crystal structures such



carbon atons or a hal ogenated hydrocarbon group of 1 to 20 carbon atons. X
is a hydrogen atom_, a hal ogen atom a hydrocarbon group 5 of 1 to 20
carbon ato a hal ogenat ed hydrocarbon group of 1 to 20 carbon atons. m
is an integer o? 1to 7, and nis a nunber of |Sri-7. Polynerization In"’
the process for preparing a branched polyolefin 10 according to the
invention, an olefin is polynerized or copolynerized in hmwrgﬁznce of

t he above--nmentioned ol efin polymeri%ation catalyst to obtaln

af oresai d branched " polyolefin. In Fig. 1, steps of a process for preparing

on olefin *@ag%%‘a'l°ew%%cgécgina%@V%@%&%@;@%&%ﬂaﬁs Lagbhe

pol ymeri zation conponent's i'n “any
Sone exanpl gmof nmerization processes are given below. (1) The
conmponent (% onent (B) and the corrponent (C are fed to the
pol ymeri zat i on react or i.n an arbitrary order. 0 (2) A catalyst conponent

"wherein the conpdReftt ERYE ST é'-blE dri e rf‘el%ralfﬁ%rtf(@)da}t el zonpoaent
(B) and the conponent (C are fed to the polynerization reactor in an
arbitrary ordérludse-kegdl in 1 hen: @ooBe 82k {13y s cat ay y sgatoapenedtywher ein
t he conponent (B) is supported on the carrier (D) , the conponent (A) and
t he conpdnentllqpbarar.ehietingerihe, polnopinilattnmt eas trm trb 1wl Behiteary
or der.

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.



(4) A catal yst conponent wherein the conponent (C) is 5 supported on the
carrier (D) , the conponent (A) and the conponent (B) are fed to the
pol yreri zat i eactor in an arbitrary order. (5) A catalyst conponent
wherein the glfn)?%onent (A) and the conponent (B) are supported on the
carrier (D), and the conponent (C) are fed to the polynerization reactor

inan 10 arbitrary order. (5) A catal yst conponent wherein ( onent
(A) is supported on the carrier (D), 7a catal yst corrponenl h/ﬁ@g’eﬁﬁﬁpt he
conponent- (B) ts supported on the carrier (D), and the conponent (C) are

fed to the polynerjzation_reactor in apn 15 arbitrary order. (7) A catalyst
conponent V\Eerei nijfﬁ‘és %5%%5%3{@@&)5%@ héecohpoRskt tierlaver kuppat sed on

the carrier (D), and the conponent éB) are fed to the polynerization |
reactor in an® PG FrEAIERNTRD (BNY L A Saste torporent swher eémot e
conponent (B) and the conponent (C) are supported on the carrier (D), and
the = conponeHtP{A}taee fireu tive Shie fackyared iczatitornteded wing Bnaim £ BEShEEAT Y
order. SF-784 83 1 1 NOV 2003 (9) A catalyst conmponent wherein the
.conponent (A, thhecreotpbnentu¢Birandft brecoMponest ehf) ogbgisupported on
the carrier (D) is fed to the polynerization reactor. In the above
processes (1) to E:Bnplew Of $WEE hehi®al treatments include acid
treatment, alkali treatment, salt treatment and organic .
substance treatment. The acid treatment contributes to not
only removing impurities from the surface 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
‘crystalstructureofclaytobringaboutChangeinthestructure
of the clay. The salt treatment and the organic substance
treatment can produce ionic complex, molecular complex,
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 catal yst conponents may be previously contacted. In the processes (4),
(7), (8) and (9) in which the conponent (C) is supported on the carrier
(D) , a conmponent (C)- which is not supported on the carrier (D) may be
optionally a884 in an arbitrary order. In-this case, the conponents (O
may be the 10 same or different. An olefin may be prepol ynerized onto the
solid catal yst conponent wherein the conponent (A) and the conponent (C)
are supported on the carrier (D), thegsolid catalyst cpnp@mgngm]mherein

t he conmponent (B) and the conmponent (C) are supported 15 on the Carrier (D)
and the solid, catal yst conponent wherein  the conponent (A), the conponent
(B) and the ThnpoRBRt2¥E) 17 BREaddpporteerbies heucdr pE & (U)o, O (R4,
prepol yneri zed solid catalyst conmponent, a catal yst conmponent may be
further- supffof@Ri: ang HHeR bol(Wnksix yidewceahoregranpi ead thiet 1akeanyandl
liquid phase pol ynerization, such as solution polynerization or

suspensi on podya®licatidenxided ges, phase POLY RS, @al)i,oNn7+ Exanpl&s) pf; 2i-nert
hydr ocarbon nedia for use in the liquid phase polynerization include

al i phati c hygi@cardonecosch, ps. Srnédd 84nbolinNVa20035RK0RANE: byt ang,

pent ane, hexane, heptane, octane, decane, dodecane and kerosfrne; alicyclic

hydr ocar Bonssoniiole 85on CYE! QRSN ANRor &YKL RAEXANE and met hyl cycl opent ane;
aromati ¢ hydrocarbons, such as benzene, toluene and xyl ene; hal ogenated

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 S5i0;. Examples 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 mgterials, preferable are clay
and clay minerals, and particularly preferable are
montmorillonite, vermiculite, pectolite, taeniolite and

synthetic mica.



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 the solvent. When the polynerization of an olefin is carried out
using the & ofésai d ol efin pol ynmeri zation catal yst, 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 conponent. (B) is used in
an anount of usually 10-12 to 10-2 n32, preferably 10f1p NOy 20033 nol,
based on 1 liter of the reaction volunme. The conponent (A) and the
conponent (B) argrused in 15 such amunts that the nolar ratio (B/A) of the
conponent (B) t o the coipbnent ™A BetdmesChisGErIY1E, 806021 AX0OT
preferably 0.00005 to 10, nore preferably 0.000075 to 1, still nore
pref erabl y FIOHCEHR &R 50 Hitk hagipone maytidale idd amederi nf sl oad O8mmnt
that the 20 nolar ratio (C-1/M of the conponent (C-1) to the whole
“transition retaPg et EVch rompeusdapomdntie (&) ) poty(&) s becdiesd wsuag! y
0.01 to 100000, preferably 0.05 to 50000. The conponent (C-2) is used in
such an anow# at hatnt hegnedaent adn a—(0T<diM o6f 2 tihe 18l BEFRBM 3t ORI Huthe
conponent (CG-2) SF-784 85 1 1 NOV 2003 to the transition netal atom (M in
t he conpﬁnemg;dﬁﬁyfﬁnb,tpx@myﬁeﬂépaiLyuﬂQné0050@0ggth?§eﬁeF%gkgn%Q to

e

100000. The conponent (C-3) is used in such an anount that nolar ratio

(CG3/M of the)gumanend diodlcd® LO8nEraPsitholn 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

'?‘ 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



5 netal atom (M in the conponents (A) and (B) becomes usually~ 1 to 10,
preferably 1 to 5. If the conponent (E) is used and if the conponent (C

is the conpepent (CG1) , the conponent (E) is used in such an anount that
the nolar ratio (E/C 1) becones usually 0.01 to 10 10, preferably 0.1 to 5.
I f the conponent (E) is used and if the conmponent (C) is the conponent

(G 2), the conponent (E) is used in such an anmount that the nolar ratio
(E/CG2) becones usually 0.001 to 2, $referably 0.005 tol 2. NOV 2083
conponent (E) is used and if the conponent (C) is the conponent 15 (C 3),

becores. ueudTy . GE 4 15, 2 MRSl R B il i, PGS or 4 0 che

pol ymeri zation,of an olefin usin the olefin polynerization catalyst is in
t he".r ange oFaﬁgﬁglﬁgomfg 459 1 'Wieine?éﬁa%19°@°%%f@?bP@?fﬁﬁ?bly

pol ymeri zation pressure is in the range of usually atnospheric pressure. to
9. 8 MPa (1BH9R§ &fp)the Fhsrvie dinymutavdpesin Rledsure hied offer@tedPa (50
-kg/ CVM2) The pol ynerization reaction can be carried out by any of

bat chwi se, $§¥firocembioiugrouand Eont ipheowd iSF-CIeb BBidE kOB 03 gisbgesses.
The nol ecul ar wei ght of the resulting branched polyolefin can be regul ated
by al | owk ngthpdeogée rednbeher esentpoisitibhe pal yiRr hyarioksy 1S ysiaip Are
changi ng the polynerization tenperature. The nol ecul ar wei ght can be

regul ated aksbshytuted 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 changing the type of the conponent (C) used. Exanples of the olefins used
in the polynerization include .the aforesaid olefins of 2 to 20 carbon

at ons. These%:g)8 fins can be used singly or in conbination of two or nore
ki nds. | n the %resent i nvention, a branched pol yolefin can be 10 prepared
by polynerizing an olefin in the presence of the olefin polynerization
catal yst. containing the transition netal conpound. (A)1 Er}g%\i F@g ransition
nmetal component (B) under one kind dfl reaction conditilon, n be
prepared by polynerizing an olefin in the presence of the olefin

pal yneri zati on c%tzgl st 15 under two kinds of reaction conditions. It is

t hought that wher't heSpdl QLR i BPf AN WIEIGErLey TR «ff outte 2@ he
presence of the olefin polynerization cat.aldyst containing the transition
met al compolifdFAeR) ahnPs KE & hadsvensit esetaldresetond BP tdle 1 to 20
vinyl -term nated macroner 20 is produced by the transition metal conpound
(B) and an &egkion afhd-he vinyl -terni nated macroner are copol ymeri zed by
the transition nmetal conpound (A) to prepare a branched pol yol ef -in.
SP-784 87 1 1 NO 28GBhFHeoyeansidn,on el éfes GRAUNE HyAr S@r B6 QIR

pol ymer of a high nol ecul ar weight and can incorporate the

vinyl -t e§ni mat ed teReORREbLAL atbhe BFO0W AE1BakYEREJCAGHIocthSd f%;[}%'&ﬂ on
nmetal compound (B) tends to produce a 5 polymer of a'relatively 1ow

mol ecul ar weirght +an@ dees et atidpcor porate the vinyl-term nated macroner
into the grow ng

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.



pol ymer chain. The transition nmetal conpound (B) can further produce

pol yet hyl ene havi ng extrenely few nethyl branches, and when ol efins
cont ai ni ng ethyj,ene are polynerized, the 10 transition netal conpound (B)
tends to selectively polynerize ethylene. In the present invention, it is

preferable to carry out the preparation of the branched ponoIefirEl_a
continuously in two or nore stages under different react i brl OMdZll ons,

and 15 it is preferable to carry out #he pol ymerization continuously under
at least two kinds of reaction conditions in a polynerization reactor of

one stage. \Wen t ps! i [ Is carried out continuously under at
| east” two kinds o g%é§c¥?§%ii§%d?€?%§g?nﬁh%hiﬁﬁ§%é§'%eﬁ?TFP@%KErégérbﬁly

i ncl udes pol i iian .conduct ed uynder such conditions that the yield of
a pol ymer pr%%%é%%g ?QHéb%?%ﬁ%+?¥gR r ORISR | BRdB&eorrmp o ghtr

t han t he yiek? of | ymer roduced by the transition netal conpound (A)
sai d pol yneri | i1 apelrpiiriazat o ode SE-
d pol l BEP R L bHETierRal HoF Fiy# &1 of Fedctor 46 Apekpitrizats i BE- 784
88 1 1 NOV 2003 B" hereinafter) and polymerization conducted under such
condi tions that tHe y}efatakyst potypenent odumestty the domgrsidion(cpetal
conpound (A) becones higher than the yield of a polynmer produced by the
~transitién nstrRRoTorHonRde(@)risat D5, pokyTRHCIRINLOIR SOHB theRSo S dh £
referred to as "polynerization A" : hereinafter).
(B)arefedtothepolymerizationreactorinanarbitraryorder.
{5) A catalyst component wherein the component (A) and
oS ' the component (B) are supported 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.



I'n this case, it is preferable to conduct the polynerization B prior to the
pol yneri zation A.  Wen the polynerization is carried out under the
conditions i +uding the pol ynerization B and the 10 polynerization A a
branched pol 6f%fin can be prepared in a high yield, and when the

pol ynmeri zation Bis carried out prior. to the polynerization A a branched
pol yolefin can be prepared in a higher yield. It is nore preferable that,

after the polynerization B 15 is conpleted, the preci pit at Rgyprglpger is
di ssolved in the polynerization solvent or the systemis maintained at a
high tenperature as _not t reci pitate a polynmer dissolved in the

pol yneri zati on sof%gﬁicﬁ aﬁﬁg%pEP?HBBPEEIW%ﬁr%%%dég%Foﬁﬂﬁnepﬁeﬁaﬂhethe

pol ymeri zation A is conducted. 20 When the polynerization is carried out as
descri bed abovERCNeRE (B AAd toe FoRmasE Nt tE bRSREHIYDI Btetber thenpgentous| y

di spersed in the polynerization solvent, and hence a branched polyolefin
can t)e preptPkdisnfedhtgheheypel yne8Ez784089reattNEV 2003 Sone exanpl es of
‘the processes for preparing a branched polyolefin including polynerization
under such condi timonshd hetovd Herytced seof (B) podb YRy, prwdusedndye tHE the
transition nmetal conpound (B) becones higher than the yield of a pol yner

producedsby cattdieydt anshpben t®tahy COAPHYEF: 64k 19NdoReLYRERI Zaf i, opy under

such conditions that the yield of a polynmer produced by the
processes (4), (7), (8) and (9) in which the component (C)
is supported on the carrier (D), a component (C) which 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



transition netal conpound (A) becones higher than the yield of a polyner
produced by the transition netal conpound (B) are given below. To'(1) In
the presence of the transition nmetal conpound (A) , the transition netal
conmpound (B)SFaR# the conponent (C), ethylene only or two or nore kinds of
ol efins mainly containing ethylene are polynerized (former stage) and then
propylene only or two or nore kinds of olefins-mainly containing propyl ene
15 are polynerized (latter stage) . Igthis case, the nDI?q § Viﬁm (B/'A) of
the transition netal compound (B) to the transition nmetal ¢ gpo na (A) is
so determned that the yield of a polynmer produced by the transition netal
conpound ( BPARR&3ifes Mitgig, RedmiTe haH e ofhep woigmerciamelucelcayet he
transition metal 20 conpound (A) in the forner stage and that the yield of
a pol yner plcsdused: Bnd hetosise t | @hiopthic coppodndrbdhshesands als gher
than the yield of a polyner produced by the transition netal conpound (B)

in the | atteyctoggatdvr e cpeicdtdeaid Yand hetmlayc Tdddoc 4 A)a ®dmbhec
transition nmetal conpound (B) to the SF-784 90 1 1 NOV 2003 transition

metal conpouRddoa diforist enEhnRtbeRzEHe, kangen@f andkl1E0e1/H000; - REELAr abl y
1/10 to 1/500. The polynerization conditiens in each stage, such as '

i e e e e R T T
of the tran%iiitcihci%rweaéha%oé’r;poéwg n(tlB}Ztures 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)



and the component (C), ethylene only or two or nore kinds of olefins

mai nly con'[rgi ni ng <(at %yl ene are -polynerized (fornmer stage) , thereafter the
transition tal conpound (A) is added, 10 and then propylene only or two
or nore kind 'gal“ olefins mainly containing propylene are polynerized
(latter stage) In this case, the nolar ratio (B/A) of the transition netal
conpound (B) to the transition netal conpound (A) is so determ ned that

the yield of a polyner produced by thetransition netal co : A)
beco?/res hi gher than the yield of a pol yner produced by thgp?m%p%n

metal conmpound (B) in the Jatter stage. Mre specifically, the nolar ratio
(Bl A) of Thet?réh%iﬁ%}ﬁ%‘t%ﬁ Mt A (BY) tn tiHee teepzons RS Nbh bl and
compound (A) is determined in the range of 1/1 to 1/1000, preferably 1/10
to 1/500. ThEB) RPGarSFrerswatvn & ol 1 G0, o eafhra hge? 0 sushl Gs000 .

pol yneri zation tenperature, polynerization pressure and anounts of the

cat al yst conponerithe gsagorars: i(€-tHe imbovedr angeach 43)ahduhberpsesense of
“the transition metal conpound (B) and-the conponent (C) , ethylene only or

two or nore ndlms reft iSF (284 /8] Af It INO¢oddh el teficnss ymebnt e GO N NG
et hyl ene are polynerized (fornmer stage) , thereafter a part of the

resul ting slwtas ason thgr amnehandn@idadads wahh a4pekynerizatd on sof yent of
ed

the latter stage to give a solution, and to the solution is a _
transition 3 refalo cimaunhA) 1 Jhen, ethylene only or two or nore kinds -
of olefins mainly containing €thylene are polynerized (latter -

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



stage) . In this case, the nolar ratio (B/A} of the transition netal
.conpound (B) to the transition nmetal conpound (A) is so determ ned that
the yield of a polyner produced by the 10 transition netal conpound (A)
becomes hi gh##78¢han the yield of a polyner produced by the transition
metal conpound (B) in the' latter stage. Mre specifically, the nolar
ratio (B/A) of the transition netal conpound (B) to the transition netal
conmpound (A) is determned in the ran%e of 1/1 to 1/1000, {1fgw mﬂgrably
1/10 to 1/500. The polynerization conditions in each stage, sucC

pol ymer.i'zation tenperature, polymerization pressure and amounts of the
cat al'yst conmporesssesisedheamleaoulatrth@edbbve ofanges reba tiire} b einchogl ymer
due to each transit’ion metal conpound 20 in each stage can be cal cul ated

by conduct i g leashef holprEsé zabuoa teadsy at hewsagen &h Q%Sb@spf@@éhe“ed
“above except that only the transition netal conpound (A) or only the

B
Lransition et ahogengted 6B 5k B9k AN Al diahq:Sf T 22 1LHNDY 2003, By

carrying out the polynerization of an olefin as

branched pololelidt ofc ! N BALLAR aQaQelgﬁFoé’ér?' 0% ANfLIE e%ﬁw%

Vi InyI -term na: eg macr onononer fg(rane)(zg yme‘rlhze]c oLl oving eothote’ (1)
IF\)A(/)V g;re; gtr)l y%?r]er Qg{)}}‘ﬁﬁcnﬂe%d%ﬁ?? he p%—feyr%cfr?pzoaﬁ Gt} YFEdiefin in the
presence of the \ﬂ ré\){nplteesrg]f t% oq.erirf%%rsolgrsoggrlrgrthe polymerization 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.



i s higher than Mv of a pol yner obtained by the polynerization of an olefin
under the sane conditions except that the 10 vinyl-term nated macronononer

i s not preses{g?t?r (2) The nunber of carbon atons of branches having a length

not shorter YHAh that of hexyl as neasured by 13C-NVR on a pol yner

obtai ned by the polynerization of an olefin in the presence of the

vinyl -term nated nmacronononer is larger than the nunber {113 Ny cifbon at ons

of branches having a |l ength not short& than that of hexyl as.neasured by

13C-NWVR on a polynmer obtained by the polynerization of an ol efin under the
sanme condi-tions expGept. t hat. t he ir_JLyI -term nated macronmononer is not
present. (3) The nel ting poitm’ f“?%f‘ o‘FOlﬁpBBT‘a ) GFPaPREEURS 7 ROLlywer

pol yreri zat i ojin of .an olefin in the presence of the vinyl-term -nated

macr onononerCy € | leotlabseeidhh and cehafnFprReraAtpotieer obt ai ned
by the polynerization of an olefin under the sanme conditions except that
the vinyl - t A atternaiehotoreenés hoto pteseatowBirg 7841 @8e# dhhldv . 2003
(4) The solubility of a polyner obtained by the polynerization of an
olefin in the pré&¥endeafsithien wietyd t esmpaat@d(BRCt OMDNOEprdédudespeci fic
solvent at a specific tenperature is different fromthe solubility of a 5
m xt ure fongicdtyimey off a pad aErvebf al e dudye thea POy IBRE Zadd 0foe8f 80

ol efin under the sane conditions except that the vinyl-term nated

NMaCr oNDNONBRncd rir a3 W@ 1@ terminated macromer into the growing

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

Lo produce polyethyleﬁe'having extremely few methyl branches,

and when olefins containing ethylene are polymerized, the

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

In the present inventi-on,' it is preferable to carry out
the preparation of the branched polyolefin continuously in
two or more stages uﬁder different reaction'con'ditions, 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..

‘When the polymerization is carried out continuouslyunder
at least two kinds of reaction conditions, th.e. polymerization

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

My



vinyl -term nated macronononer in the same anount as that of the
vi nyl -term nat ed nacronononer present in the 10 pol ynerization. (5) The
nelt properties, such as nelt viscosity and nelt tension, of a polynmner
. obt ai ned by &4 pol yreri zation of an olefin in the presence of the
vinyl --term nat ed macronononer -are different fromthose of a polyner
obt ai ned by the 15 pol ynerization of an olefin under the sane conditions
except that the vinyl-term nated nacgononomer is not pkdshBY.2008 the above
. nethods, the nmethods (1) to (3) are preferably used to nake the judgnent.
The nunber of carbon atons of branches. having a Iength 20 not shorter than
that of hexyd" d¥ifsdnfierbyanBENwRerhztion cerndetbed undehesmehhod (2)
., Is calculated by, for exanple, the aforesaid nmethod. The nelting point -
(Tm descri lggdid #dres pieathole3elido f apadymed dundfaed ey anpltesartdiecion

foll owi ng manner. SF-784 94 |. 1 NOV 2003 Measurenent of neltin point (Tny*.

An endot her miet adurvepohing (Af frerenid ahige@rNtRgn €8 GridIRE 8F 4 BRQ)yrhsr
sought, and the tenperature at the maxi mum peak position is taken as a

mel ting poi prddlied by it HRASUMETEN tme B B &R SohSa PLAF €@shpgan al um num
pan, heated up to 20C at a rate of 10C/ mn, maintained at 200C for 5

m nut es, 5t heR 168180 10 srl 208G 8l nés rb%ti%go;:eggg% 1 And "E)Qﬁr}merization
AY. herej;nafter)'. ~ In this case, 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.



heated at a rate of 10 Cmn to obtain the second-run endothermc curve,

and fromthe endotherm ¢ curve, the nelting point is 10 found. EFFECT OF
THE | NVENTI The branched pol yol efin according to the invention is

excel l ent i r*nBf dabi | i ty and nmechani cal strength. 15 The branched

pol yol efin according to the invention has |arge tenperature dependence of
viscosity, so that in the wvicinity of the die where the resin tenperature

is high, the viscosity is |ow, and h&hce the polyol efir 1W?¢ﬂ3y
stretched. On the other -hand, at the place apart fromth I'c ty of 20

the die, the resie§1 te?)eratlure i_s, ] owered, and thereby the viscosity is
abruptly increaset’™S§5FHRLSH 8T FRe (e 33 de PEERBELAOUR & TRRVRARESS,
such stretching as reflects the -tenperature unevenness does riot take

- place at th@PhRehbatpclpfdpoped viies iraddwreindrer siich ooindy triatr ot hatween
the place SF-784 95 I NQ /2003 apart fromthe die and the vicinity of the
die is | arg&havdeldsfa peduher pratiuctd by thfe tardns hti b eethnammspsehghi ng
nonunif ormty is feasible. Mreover, the branched polyolefin has a | ow
nel t tensi on(Blaredrence Highdy arteredepo| wiod e i9¥ 16 fohateh Yoroduced by

di stortion-hardened even if stretched. Therefore, drawdown is likely to

take pl afe, wnd drtarheicomms feasl Manddund ake ofdg ?ol%mﬂrha%)ﬁ%@uﬁgr

process for preparing a branched polyol efin accor ing
such conditions that the yvield of a polymer produced by the
transition metal compound (A) becomes highef than the yield
of a polymer produced by the traﬁsition 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

e AL




to the invention can efficiently prepare a branched polyolef in 10 having
the above-nentioned properties. EXAMPLE The present invention is further
described with reference to the follow ng exanples, but it should be

construed t h¥t7#15 the invention is in no way limted to those exanpl es. Inr

t he exanpl es and the conparative exanples, a conpound represented by the
followng formula (A-1) (transition metal conpound (A--1) ) and a conpound

“represented by the following fornulasqB-1) (transition ggq@ ﬁ%poungl
(B-1)) were used as 20 the transition met al conpounds 8 /11

---y \ %W\ Cl N 1 1 NOV 2003 1) (B-1) Examle 1

Pol yreri zat i [EJ]FFnSiJGtJr?]n é“‘?Lt"‘lJ1 CFRAES (Bol yeerp étrméﬁeldeaét ‘bhet hienoaghfy

purged with nitrogen, 750 m of purified toluene was placed, and ethyl ene

was passed thibighlYh80PeapreteraploOl fithiiced /580 .a Thewalktmenfza00oh/ hr .

Then, the systemwas heated to 50C and 40 mmol of connerC|aIIy avai |l abl e

met hyI al um rioxvetiet 160 flnoasadmlsskagékus@CMS poeieeredat0oascemr At ure,

here| nafter)
polymerizationpressure and amounts of the catalyst components
5 used, are in the above ranges.

(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,

7 10 and then propylene only or two or more kinds of olefins malnly
containing propylene are polymerlzed (latter stage). 1In this
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) 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 polymerization 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

was added. Further, 0. 3 mmol of the transition netal conpound (A-1) and

0. 015 mml of the transition netal conpound (B-1) were added. Wth

stirring, ethyl ene was passed through the reactor at 50C for 10 m nutes at

a flom1rate-%¥mioo 1/hr to 20 perform polynerization. After the

pol ynmeri zati on was conducted for a given period of tinme, a small anount of

i'sobutyl al cohol was added, and the whol e anmount of t1h€|3 '.F[WS%EB ng slurry

was i-ntroduced into a mxed liquid ofgR liters of nethano and 2 liters of

acetone. After the mxture was allowed to SF-784 97 1 1 NOV 2003 stand

still for one night, a small anount of hydrochloric acid was added,

fol | oned by HHFHIRR i M e ot 34rtng egfdhatant re foidltymetricre dvalst anasded

with 1 [iter of nethanol and then vacuum dried at 80C for 10 hours. The .

yiel d of thestAghetheregftes a pag tobf dhrede swbt Pdg 2 1gur rir £pariati b wi
measuring sanple To the resulting polynmer, 0.1% by weight of |rganox 1076DM
(avail abl e farghdCilbaeSpetthls polherirdaksiof0sdl vt &l i byat wet dhita

- lrgafos 168TH (avail able fronCi ba Specialty Chemicals, 1Q Co.) were added
as heat staltid jzeess sandttibe, ndxd ¢oer ya t onki Q. 158 ki \

Sei sakusho | abopl astom || at a resin t33%2?3?3#%9%?a%gg%E?Fggﬂ%ﬁﬁiﬁﬂes at

a revol usi omarabern . e I r t | aced in.a npld

pbune0 (A) P ni"sh%lﬂ eQ%a'YL%e X@fg Jr}gl@g?)ngr d%?lf'l% ki

having a thickness of 2 mmand subjected to pres ng’ ndo
15 Ki nzoku %Q%f?éf‘j@ngrn?asi%l@t:gh@gim%glenc%yulnedneer ag:gepgfynqértizpeng (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.



of a preheating tenperature of 190C, a preheating time of 5 minutes, a
heating tenperature of 190C, a heating tinme of 2 mnutes, a heating
pressure of 100 kg/cn2, a cooling tenperature of 20C, a cooling tine of 5

- mnutes and ¥-®boling 20 pressure of 100 kg/cnR. Thus, a sanple sheet
having a thickness of 2 mmwas prepared. Analysis of polymer.(l-a) Wien
the polyner (1~a) was anal yzed by GPC, two peaks were detected. In Fig. 2,
a peak-separated GPC chart is shown. &--784 1 1 NOV 2003 H81}mm2@$pect to
one peak, Mwv was 73,000, MV Mh was 2.8, and -the peak intensity rati o was-
66.3 % while with respect to the other peak, Mv was 2,000, Mvw M was 1.7,
and the peak intfBhsiasryidaid cowastiss. FoMARer MiahihdnEafodnt BBe FeaUkki ng 5
pol yner are set forth in Table 1. Judgnment of presence of |ong-chain branch

"Wth respectdascoiieedehkvel the nealchaf pbhgopelrymes £ () nvegt esheds QY
GPC, MN\a/as 73,000, as described above. It is thought that a nacronononer

cor r espondi g bbtaleecpo! yne wHd1ed JaonHSzQL'E%@mlﬂatt@% & Lo IESHE gLy

Conparative Exanple 2 was copolynerized by the transition

et al compoundidh dbpanfbensea e, SOLNRL Ll shoved a:hi gher Muvalue

tl'hanTLQSSnglh;/rre;ﬁ% é){]}ﬁn o 3%;; %;v t;;JLZJILJI %Bﬁgla%%dged toI be a branched 15
poI yrrer Wi th. a si de char'n havi ng scarcely any

(1) Mw of a polymer obtained by the polymerization of
anolefinj11thepresence41Ethevinyl—terminatedHmcromonomer
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
notshorterthanthatofhexylasnmasuredbylkaMRonapmlymer
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
that of hexyl as measured by'lmi—NMR on a polymer obtained by
thepolymerizationofanolefinundérthesameconditionsexcept
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.

Ay



nethyl branch (lower than the linit of detection) . Wen the vyield ratio
bet ween the polyner (1-b) and the polyner (1-c) was watched, the ratio of
the | ow nol ecul ar wei ght portion in the polyner (1-a) ought to have been
hi gher than SFtid¢ of 20 the hi gh-nol ecul ar wei ght portion, but the GPC peak
intensity ratio of the high-nolecular weight portion in the polyner (1-a)
was hi gher than that of the | ow nolecular weight portion, and this
suggests that the polyner (1-a) is a daranched pol ymer . SF17§igﬂﬁg IOV 2003
Conpar ative ExaTple 1 A polymer (1-b) was obtained in the sarnm er as in
the "pol yneri zat ion" of Exanple 1, except.that the transition netal
conpound (B-1) . welstIndtheadipelarb ifHe Wil ch wersl e 6 afta Mredvaisy 56000, Mv/ Mh
was 4 -2, and only one peak was detected. by GPC. Conparative Exanple 2 A
pol ynmer (1- @plwere mireetiimed df drheolsafin manngie asrésendd dhethe

"pol ynerization™ of Exanple 1, except that the transition netal conpound

(A-1) was netingddedsrmliie: e inthdvesndnked, in MV $8sc 275 00051 M4 Mpag 2. 1,

and only one peak was detected by CGEIC. As a result of neasurenent of

met hyl brangheef; fike teﬁe)ﬁ:@%rurencis”%ltirﬂ_’ler@r&n%o\ﬁ@%ﬂ%ets%ﬁtu%q']ﬁ% of a

Conpar ati ve Exanple 3 R, MI and Ea of a commercially availa

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.



et hyl ene/ 1-hexene copol ymer (trade name: Evol ue SP2040, from M tsui _
Chemi cals, Inc. ) obtained by gas phase polynerization 20 are set forth in
Table.. 1. This ethylene/1l-hexene-copol ymer had MI and MFR satisfying a

rel ation rep¥edénted by MI: ~-2. 2xMFR-0-88 but had Ea deviating f romthe.
range of Ea~-'Q 385xC+2 8. 7. Fronthis f act, SF-784 100 1 1 NOV 2003 this
copol ymer is presuned to have a primary structure cont ai ni ng no | ong-chain
branch. Conparative Exanple 4 5 MFR, T and Ea of a commefr di ROV y2p8y2i | abl e
et hyl ene/ 1-octene copolyner (trade nane: Affinity PL1845,from The Dow
Chenicals, Co.) obtained by sol ution pol ymerization are set forth in
Table. 1. THiSeinsAeHe/of qakning opolymetThiad Ea satisfying the 10
requisite of Ea>!' O 385xC+28. 7 but had MI and MFR not satisfying a
relation represedtrecdrsiotMithi QxdviRal-8B a i DfefdnisidBCicahiisg copol ymer
is presumed to have a primary structure having a |ong-chain branch of a

I ength of ahaifortimeaseit (BSOPliecsb@iht MandhthdebmBeRrat e et A8 e B um
points. W UNNTrn4-1 0

peak position is taken as a'melting point (Tm)}. 1In the

5 measurement, a sample 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—runendothermic
curve, aﬁd from the endothermic cﬁrve, 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
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apart ‘from the die and-the vicinity of fhe die ié lérgg, and
aé a result; production of_é-film_free from stretching
nonuniformity is feasible. Moreover, the branchedpolyolefin
has a low melt tension, and hence the branched polyolefin is
hardly distortion-hardened even if stretched. Therefore,
drawdown is likely to take place, and it becomes feasible to
take off at a high speed.

Theprocessforpreparingakmanchedpolyolefinaccording
totheinventioncanefficientlyprepareeabrahchedpolyolefin

having the above-mentioned properties.

EXAMPLE

The present invention is further describedwith reference
to the following examples, but it should be construed that
the invention is in no way limited to those e#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

the transition metal compounds.
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Ph

(A-1) (B-1)

Example 1

Polymerization

10 In a 1-liter glass polymerization'reactor thoroughly
purged with nitrogen, 750 ml §f purified'to;uene 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@thylalpminoxane

15 (from Tohso Akuzo Co., referred to as "MAO-1" hereinafter)
was added. Further, 0.3 mmol of the transitionmetal compound
(A-1) énd 0.015 mmol of the transition méfal 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,asmallamountofisobuty;
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
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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)

thus obtained was 21.2 q.

Preparation of measuring sample

To the resulting polyn{er, 0.1-% by weight of Irganox 1076™
(available from Ciba Specialty Chemicals, Co.) and 0.1 % by
weight of Irgafos 168™ (available fromCiba SpecialtyChemicals,

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
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
pressure of 100 kg/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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Nt-t 4-1 04-4-1 o0 va)cl) r-~u]”) to(TiCd >UU H1 1 NOV 2003 SF-784 102
Exanple 2 1.1 NOV 2003 Pol ynerization In a 500-ml"' glass polynerization
react or thoroughly purged with nitrogen, 250 m of purified toluene was

pl aced, 5 andgset hyl ene 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 nethyl al um noxane (referred to as "{VAONRBY ?088ei nafter)
as a toluene solution having been oggained by vacuum distilling tol uene
froma toluene 10 solution of Al bemar nethyl al um noxane at 40C and then
addi ng dehydrated toluene again. Further, 0.005 mml of the transition
met al conpouhdh(Aespecanto O oty afad &8, 000, Mw/Mn was 2.8, and

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

3 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)

10 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

15 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

20 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.



transition netal conpound (B-1) were added. Wth stirring, ethylene was
passed through the reactor at 50C for 5 mnutes 15 at a flowrate of 100

1/ hr to perform polynerization. After +the polynerization was conducted for
a given perigpgsof tine, a small anount of isobutyl alcohol was added, and
the. whole anount of the resulting slurry was introduced into 1 liter of
met hanol . After the m xture was allowed to stand still 20 for one night, a
smal | amount of hydrochloric acid waggadded, fol | owed by [ IIIN@WBU% The
pol ymer separated by filtration was vvashed with 1 liter of nethanol and

t hen vacuumdried at 80C for 10 hours. The yield of the polyner (2-a) thus
obt ai ned w&empatatdveSExaB4H1E03 1 1 NOV 2903 Anal ysis of polyner (2-a)
Wien the polyner (2-a) was analyzed by DSC, Tmwas 130 .C. Wen the

pol ymer was ana'ﬁzg@lQMe§P¢l BWDWQ§35§tﬁ@h@dd§BeEE@dsan%yRQnﬁ%%p%%t1}9 one
peak, Mv was 180 00, MM M1 was 2. 4, and 5, the peak Intensity ratio was

64 % “h'letﬂkthp6f§9§££z£€léﬁecn9§g§@pE§@F e%@eBQStﬁatqgl %gf@%%_z 0,

and the peak inten rati o was presence of" I"ong -chal n

detected L'y‘méﬁéﬁefa%mi%a%u%%sdﬁ 36, %as' fost %%ﬁi%ai";b@lﬁs. DR fehabnidy Sohat a
Fgf;(r)[rgg cr Cor%&gé n\g}!@} @ég%sgog%mgnézogiy C?IR—; %}Iegekdwlag Eig?:ected.

by GPC.

Comparative Example 2

A polymer (1l-c} wes obtained in the same manner as in
10 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 wes 2.1, and only one peak was detected
by GPC. As a result'of‘measurement of methyl branch of the
polymer, no methyl branch was detected.
15

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 pelymerization

20 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,



pol ymeri zed by the transition netal conpound (B-1) , and hence the polyner
(2-a) showed a higher Mwv val ue than the polynmer 15 (2-b) obtained in the

| at er-descri bed Conparative Exanple 5. That is to say, the polyner (2-a)
could be | $8get to be a branched polynmer with a side chain having Mv of
8, 000 and scarcely any nethyl branch (lower than the limt of detection).
When the yields of the polyner (2-b) and the polynmer (2-c) 20 were

wat ched, the yield of the | ow nolecuj@gr weight portioq [ ﬁ@@ ol ymer
(2-a) which was a polymer produced by the transition nét Q ﬂ%ound (A-1)
and the transition netal conpound (B-1) ought to have been hi gher than
that of the thiisgieomsilameirar sweirgistumest ticomavizuta thhelnGRG peatudhbieasi ty
ratio SF-784.1 1 NOV 2003 104 of the high-nol ecular weight portion in the
pol ymer (2- @pnwas.nihiggher 1ohanchbdhn ofradke | ow nol ecul ar wei ght portion,
and this suggests that the polyner (2-a) is not a mxture of a polyner
produced by the transition nmetal conpound (A-1) and a polyner 5 produced by
the transition netal conpound (B-1) but a branched polyner wherein a part

of the poIy@ghggyngbet@%ghgggeq macroner) produced .by the transition

met al conpo Jporynerlzed by the transition netal conpound

(A-1). 10 CoTp ti e al b mas obtained in the sanme
manner as in the §b|¥ﬁe$ﬁ§gpgoﬁ§ &1 & gg Q the transition
met al

Conpouggyﬁene»l octenecopolymer(tradename AffinityPL1845, from
| The Dow Chemicals, Co.) obtained by solution polymerization -
are set forth in Table. 1.
This ethylene/l-octene éopolymer had Ea satisfying the
10 _ 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.



not add%%; %he yield-was 0.18 g, Tmwas 133'C, Mv was 110, 000, Mw Mh was
4. 1, a 3 y one peak 15 was detected by GPC. CoMarative Exanple 6 A
pol ymer (2-c) was obtained in the sane nanner as in the "polynerization”
of Exanple 2, except that the transition 20 netal conpound (A-1) was not
added.. The yield was 0. 96 Tm was 128QC, Mwvw was 8, 000, MvM Mh was 2.1, and
,only one peak was detected by GPC. As a result of measurerrﬁnt ﬁ]f nmet hyl
branch of the pol yner, no nethyl braggh was detected. SH 7As¥0Y0 Uﬁxanpl e 3
1 1 NOv 2003 Pol ynerization In a 500-nil glass pol yneri zation reactor

t horoughly purged with nitrogen, 250 ml of purified toluene was placed, 5
“and ethyl ene was passed through the reactor for 20 mnutes at a flowrate

of 100 1/ hr. Then, t ystem was| hedted [to 50C, and 1.25 mmol of MAGC 1
was added. Further, 5 mp| of the trjansition netal compound (A-1) and
0.00025 nmmol of .thegtransig|on nmetgl cqonpound (B-1) were added. Wth
stirring, 10 ethyl eng, gas E&Ssgﬂd t hr qugh |t he react™®r at 50C for 5 minutes
at a flowrate of 10 B hretp p_grf@rm‘ gollymeri zati®n. Then, feeding of
et hyl ene was stoppeds &d sig h Stiirriing, propyl enes was passed through the
_reactor at 50C for 1jsheur 4| a flow|rate of 100 Hhr to perform
pol yneri zati on of thd; & g o ‘
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15 second stage. After the polynerization was conducted for a given period
of time, a small anount. of isobutyl alcohol was added, and the whole
anount of the resulting slurry was introduced into 1 liter of nethanol.
After the nixtmre was allowed to stand still for one night, a snmall anount
of 20 hydrochloric acid was added, followed by filtration. The polyner
separated by filtration was washed with 1 liter of nmethanol and then
vacuumdried at 80 C for 10 hours. The yield of the po'g”?mKWBZQH t hus
obtai ned was 8.39 g. Anal ysis of polyner (3-a) SF-784 106 1 1 NOV 2003 When
- the polyner (3-a) was anal yzed by DSC, Tm was, 125C. Wen the pol yner was
anal yzed byEGRpla Bi ngl e peak having a shoul der peak with Mv of about
8,000 was detected. Wth respect to this peak, Mv was 210,000, and Mw Wh
was 2.6. 5 Judgnent of presence ool PRerchat DoRr anch The Mw of t he pol yner
(3-a) was 180, 000, as described "above, and this Mv was hlgher by 140, 000
than the Mv of the aps.)dwrm &f:agg ]ﬁgﬁ_?ﬁgggzbe.ﬂagerlegc% &g, rr'o iy

Conparative . Exanp e7. It 1s thought at a V|ny -term nate

10 Correspegg§§ t?b%l%%l I &%Uc%ldgi$> dtégi éﬁ%?&agf ﬁghggd

Conparativ Was copol'yieri ze ran5| ion ne compound

B-1 d h 3- howed gh lug than th
pol yher (3. eé‘cgmfeﬁ?s%% e r?haﬁﬁ%u%‘?h a?éaaal Sbe?) VBGBHLES be a

br anched

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.



15 polyner with a side chain having Mv of 8, 000 and scarcely any nethyl
‘branch (lower than the imt of detection). The polyner (3-a) showed Tm
| ower than that of the polyner (3-b) and that of the polynmer (3-c) , and
this al so stfggests that the polyner (3-a) is a branched polyner. 20
Conparative Exanple 7 A polyner -(3-b) was obtained in the sane manner as in
the "pol ynerization" of Exanple 3, except that the transition netal
conpound (B-1) was not added. The yijgl d was 4.5 g, Tm SF47$AN002083 1 Nov
2003 was 129C, Mw was 140, 000, MwW Mh was 2.3, and a single peak was
detected by GPC. Conparative Exanple 8 5 A polyner (3-c) was obtained in
the sane manner as in the Apslysési 24t podymefr Exadll e 3, except that the
transition netal conmpound (A--1) was not added. The yield was 1.0 g, Tm
was 128 C, Mwv waghdh @0e, pdivar Was- 2. Rasaarth by sedi@lyeDPeaKimass U808Ct ed by
GPC. As a result of neasurenent of nethyl branch 10 of the polyner, no
met hyl br arm@eﬁ\@ﬁedﬁéﬁﬁhéﬂ -wé@gnM?ﬁz)ei)dS?ﬁ'@U}”eﬂwbﬁjea]ksle@é 298 ctedA

g s

pol ymer -having a nelt tension (MI at is substantially the sanme as

or |ower than f}aésrﬁcé 3 LORLepLhRNaly ol VRY, OWY Chnd Aarswhst anti akhy the
ymer in- the

sanme as the pol

5. the peak intensity 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 dete_cted by GPC, Mw was 180,000, as described above. It is
thought that a macromonomer corre-sponding to the po_lymer {(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 val.ue 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 watched, the yield of the low-molecular weight po.rtion
in the polymer (2-a) which was a polymer produced by the
transition metal- 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



recurring unit of the main skeleton, the nol ecul ar weight, the nolecular
wei-ght -distribution and the crystallinity, and having a flow activation
energy (Ea (KJ/nol)) that is larger than a val ue obtained by adding 5

KJf nol to t.¥&-7Ea val ue of the conventional polyner.) . and conprising 50
to 100 o by nmol of recurring units derived fromethylene and 0 to 50 % by
idol of recurring units derived froman a-olefin of 3 t¢ ¥ N RIS atons
and having the follow ng properties:jgshe flow activation energy (Ea
(KJ/nmol) ) and the a-olefin content (C (o0 by weight)) satisfy the
‘followng relation: in the case where the nunber of carbon atons of the
a-ol efin isof hhd IGohzmd wbhamwwieghht Farzion i30x0e280Yymeén (2vea cases wher e
t he nunber' of carbon atons of the a-olefin is 4to 7 and CZ 4.1 %

by. wei ght : . hEgher tha8%k&+28f Thel ot heotasel whare diepouaben, afng amnien
atons of the a-olefin .s 3 and C < 10 % by wei ght (including the case
where the aselgfkists £Rat &ie pS1Pher 30dai)Ni & H1CaSH; WPEEE dHe pwﬂé/%rexof
carbon atons +f the a-olefinis 4 to 7 and C< 4.1 %by weight: Ea z 30, 1

1 NOV: 2003 3138 By i FPhhaleRShaRe M diiiodlid (b0 MBS o Lawyale (MR

(g/10 mn)) "satisfy t¥1e followmng relation
5 produced by the transition metal compound (B-1) but a 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.



2. The polynmer as clainmed in claiml1, 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
clainmed in gkagsm 2, wherein the main skeleton is constituted of ol efins of .
2 to 8 carbon atons.. 4 The branched polyolefin as claimed in claim 1.
conprising: (i) recurring units derived fromat |east one olefin selected
fromethyl'ene and olefins of 3 to 7 ,garbon-atonms, and (i &ﬁ@u ring units
derived froma vinyl-term nated mnacronononer conpr|5|n&l§0 P6 by
mol of recurring units derived fromethylene and 50 to 0 % by nDt of
recurring uBkbspldeBived froman olefin of 4 to 7 carbon atons, having a
wei ght - average nol ecul ar wei ght of 600 to 3,500 and having less-than 0. 1
met hyl branch, as neasured by 13G cbpsedign 1, 00,0 carbon atonms. 110
5. 1 1 NOV 2003 A branched pol yolefin—conprising 50 to 100 Wbby not : of

recurring units ggrivedot 9”??5@% EBEXQQg QaE onOyr %%Q¥o¥nkgo oJBaur i ng

units derived froman a-ol ef car on atons and "havi®ng -t he
(011 0w 13 PEREER! P LIS LA A1 08 IS BpyCEALTBLL) 200 e
. 5 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, 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)




inthe case of Cz 4.1 %by weight: Ea Z 0.385xC+28.7, In the case of C <
4.1 by weight: Ea Z 30, and the nelt tension (Ml (g)) and the nelt fl ow
rate (MFRS (g/10-mn)) satisfy,the following relation: MI S 2. 2xM-FR- 88
. 6. The br &fdBkd polyolefin as claimed in claimsS, conprising: (i)
recurring units derived fromat |east one olefin sel ected fromethyl ene and
olefins of 8 to 20 carbon atons, and 111 | | NOV 2003 (Li? bﬁcgméing units
derived froma vinyl--term nated maggononorner conpri si hg y t 00 o by
mol of recurring units derived fromethylene and 50 to 0 % by nel of
recurring units derived froman olefin.of 3 to 20 carbon atons, having a
wei ght -aver age' #hleacuharadeimgnt (8fab00as and 1506 dany gy fig wded@5t°ltan 0. 1
nmet hyl branch, as neasured by 13C-NWVR, based on 1,000 carbon atonms. 7_ A
branched polWpheneftihe podymesi mgs @hp lveed LiynGEM)i &S sdegileegehlkomMaati ligeast
one olefin selected fromolefins of 2 to 20 carbon atons, and (i)
recurring uni ishot@deregehkomiahy My loft edEutateed 0 (TR PIRNIYM e £ONRiitH Ng 50
to 100 o by nol of recurring units

respect te this peak, 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



derived fromethylene and 50 to 0 % by mal 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 nethyl branch, as
measur ed bysk-&4- NVR, based on 1,000 carbon atons. The branched pol yol efin
as clainmed in claim1' r wherein the wei ght-average nol ecular weight is in
the range of 600 to 3,500. . 112 9 A process for preparing a branched

pol yol efin, conprising polymerizing g |east one ol efin sef gcNe¥ 700 m
olefins of 2 to 20 carbon atons using an ol efin polynerization catalyst
conprising:. (A) a transition nmetal conpound containing a |igand having
cycl opent adweayl28ke} afwrnwag B) (g X0CanHut/iMon waet 2. 3gompaundsiapileseriéd
by.the following formula (1), and (C) at |east. one conpound sel ected from
(C 1) an orgagogetakbtea Bonpeand, (C-2) an organoal unmi num oxy- conpound, and
(G- 3) a conmpound which reacts with the transition netal conmpound (A) or
the transition netal conpound (B) to forman ion pair, to prepare the
branched pol yol efin of any one 'of clains |'. , 5= and |I; (I) wherein Mis

a transiti 0@0%&?&%8”}:9&11&8“@ 4 to Goup 5

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.



of the periodic table, mis an integer of 1 to 2, RLis an 1 1 Nov 2003 113
al i phatic hydrocarbon group or an alicyclic hydrocarbon group, R2 to RS may
be the sane or.. different and are each a hydrogen atom a hydrocarbon
group, a hydrocarbon-substituted siiyl group, an oxygen-containing group, a
ni trogen-containing group or a sulfur--containing group, R6 is a

hydr ocarbon group or .a hydrocari¥8n-substituted silyl groupj INNOY ZpBunber
satisfying a valence of M Xis a hydrogen atom a hal ogen atom a -

hydr ocaghan i§reuRinmal PXygen-containing group, a sulfur-containing group,
.a nitrogen-containing group, a boron-containing group, an - :

al um num cong ai ning a_phosphor us-cont ai.ni n roup, a - :

hal ogen- con'?ia'l ni nzgg%(fg%ﬁﬁjeor ahar‘f&%go%ﬁ?fE E%%b%‘hd%’mgsm &, that is
silicon;gont.aini rQup, a germanj umcontaining group or a tin-containing
group, i rgvﬁ‘n%‘ﬁ%g}g t%eo?alﬁ?@a‘-“t er, lower shargtbabo§ adiawaredthynXimay be the
same or different, and plural groups indicated by X may ‘be bonded to form
ari ngPogd,“‘eﬁgh&f:&ﬁssqliﬁt%ﬁ*‘epallmgﬂm srarche dIpolppohefd iastgkai med in
claim, wherein the polynerization is carried out continuously. under at

| east EREUEFNG amipolfyhivd zetionskealostdin,j anss mswkddies POLYBELEZAt | on
i ncl udes pol yreri zation conduct ed under such condition that the ‘yield of a

pol ynethgrmdleedlby whight aiﬁsdﬂf@mumlalangp@gwysgﬂlrgﬁgg Sy f)i gher t han
the yield of a polyner produced by the transition neta conggunla (A and
pol ymehawahioa £howl ugdted: 4t 1diereridich, G@adickoRs 1Y hataLhe; o larger
tﬁan a value obtained bS/ adding 5 Kmeoi -t'-o the Ea value of
the conventional polymer; . and comprising 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 ¢-oclefin of 3 to 7 carbon
atoms and having the following properties:
the flow activation energy (Ea (KJ/moi) } and the s—olefin
'conteﬁt (C (% b-y weight)} satisfy the following relation:

in the case where the number of carbon atoms of tlge a—oi‘efin :
is 3 and C 2 10 % by weight:
Ea 2 0.130xC+28.7,
inthe case whére the number of carbon atoms of the a—olefin |
is 4 to 7 and C 2 4.1 % isy.weight:.' |
Ea 2 0.385xC+28.7,
inthe case where the number of carbon atoms of the a—olefin
.$3andC<10% by weight (in;':ludir:zg the case whére the a~o0lefin
ontent is 0), and in the case where the numbe:f of carbon atoms
' the a-olefin is 4 to 7 énd C < 4.1 % by weight:- |

. EBa 2 30,



yie'lid of a polyner produced by the transition nmetal conpound (A)
becoi nes higher than the yield of a polyner produced by the transition
nmetal conpound -(B). ABSTRACT POLYMER AND PROCESS FOR PREPARI NG THE SAME

The present invention relates to a polyner having a nelt tqnﬂgﬁ (9) )
substantially the sanme as or lower than that of a conventio ymer

which is substantially the sane as tllo® polymer in the recurring unit of the
mai n skel eton, ghRe nol ecul ar wei ght, the nol ecul ar wei ght distribution and
the crystallinity, and having a flow activation energy. (Ea (KJ/nol) )

| arger than a ¥gbugeqbt 2ichgd dby- @idi (@0 )5 il e e 1t Wl dia rvatee(FRt he
conventionat polynmer. A.preferred exanple of the polyner is a branched

pol yol ef i gﬁgggpgngﬁgggos%@itﬁyl%é%fmmn@fréﬁguibhag units derived from

et hyl ene Yo by nol of recurring units derived froman a-olefin

of 3 to carbop..ato a baweng the foll owi ng properties : the flow
activation ene&ayg(gngﬁgﬁm)l )) and the a-olefin content -(C (% by weight'))

satisfy a specific relation, and the nelt-tension (Ml (g)) and the nelt

fl t MFR (g/ 10 m tisfy a.specifi | at i Is hed
poIO\;/VoIr 2f i6n_( [ szeigelm'\‘?mpn M%;%a@f%@&g% L%C%%%?%%FQQ??;%%& l%rh%nc ©

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.
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5. A branched polyolefln comprising 50 to 100

¢ by mol @
of recurring units derived from ethylene and ¢ to 50 & by mol -

of recurring units derived from an a~olefin of 8 to 20 carbon

" atoms and having the following. properties:

the flow activationenergy (Ea (K§/mol)) and the kx—olefin?

content (C (% by weight)) satlsfy the follow1ng relatlon

in the case of C 2 4, 1 9 by weight:

Ea 2 0.385xC+28.7,
in-the case of C < 4.1 % By weight:
Ea 2 30,

and

the melt tenSJ,on {(MT (g)) and the melt flow rate (MFR
. ;A (g/lO min)) satlsfy the following relation:

MT < 2.2xMFR-0-88

6., The branched polyolefin as claimed in claim.5

' comprising:
(1)

recurring units derived from at least one olefin

-. selected from éthylene and olefins of 8 to 20 carbon atoms,

and
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(11) recurring units derived fromr a .vinyl-term-inat'ed
macromonomer compxl'isir_lg 50 to 106 % by mol of recu;:i:ing _imi_ts
. derived from ethylene and 50 to 0 % by mol of recurring units
. derived from an olefin.of 3 to 20 cai:bon atoms, ﬁav-ing a
ﬁeight—average‘molecular weight of 600 to 3,506 and haviﬁg

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

i, 000 carbon atoms.

7. A branched polyolefin comprising:

(1) recurr_ilng units derived from a_i‘:'least one olefin
'selected fJ;om ole-afir;s of 2 to 20 carb;:m atoms, and

(1i) recurring units dgrivéd from a vinyl~terminated

macromonomer comprising 50 to 100 % by mc;;l of r"ecurring units
.derived from ethylene and 50 to 0 % by mol of recurring units
derived from an olefin of 4 to 20 carbon atoms, having a
weight-average rrioleculai: \«-reight 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 claim 7",
wherein the weight-average molecular weight is in the rarige

of 600 to 3,500.
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9 A process for preparing a branched pol§oiefin,
"'comérising.polymeriiing at ieast one olefin selected from
- olefins qf 2 to 20 carbon atoms using an olefin polymeri zation
cataiyst comprising:
{A)atransitionmeﬁalcompoundcontainingaligandhaving
cyclobéntadienyl skeleton,
(B) a transition metai cdmpound represented by . the
following'formula (I}, énd
{C) at 1east one combound éelecﬁed.from:
(C-1) an organometallic compound,
(C-2} an organcaluminum 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., Sland T

\C._f, ""c-.,,_'- _'-
s M,
R o (D

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, R! is an
. q - *
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. 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) .





