; BCDEFGHI JKLMNOPQe3enno$v| x B6xT"l1 JSF-784 1  POLYMER AND P
PREPARI NG THE_SAME TECHNI CAL FI ELD The present invention r2$§ﬁgﬁmmﬂﬂmmmmm
pol ymers haviSig®6 equival ent or smaller nelt tension (MF (g)) rger
flow activation energy val ue than conventional polyners having equii®8l ent
recurring unit of the main skeleton and substantially the sane nol ecul ar

wei ght, nol ecul ar weight distribution dnd crystallinity as those of the
novel polymers . 10 More particularly, the invention relates to a branched

pol yol efin of novel str r v : [ anched

pol yol efin mainly co%?%&ﬁ% Q%Q?ﬁ3ﬁgﬁgﬂgkﬁggigﬁgﬁﬁégﬁﬁ%ﬁgg?éggﬁ%e chain an
ol efin chain having few nethyl branches, and a process for preparing the
sanme. 15 BACKGROUND ART Low-density pol yethylene (LDPE) produced by a

hi gh- pressure radical nmethod is well known as a branched pol yol efin, and
the side chain of the LDPE has a nBACHNhEAE POELPee-1i ke structure. Such a
structure is excellent in noldability and advantageous in nelt processing,
but on the other IMandpretseasiavdnsadvantageesf tboweve hpagohems dalving
strength of the polynmer. u~A~~~~u~ SF-784 2 In the use application where
nmechani cak std@ngidn drs: REcessaAnyr hbereteneibhnemr! oy Hemsd tya mpdyet by ene
(LLDPE) obtai ned by copol ynerization of ethylene and a higher a-olefin is

general Iy enp]Qyafh « HWeMelrg hea 1 00 MaRf cdhee st denghabd1 fmetst REVERBPE is

extrenely shorter than that of the LDPE, so that the LL does not have

good nol dabi | j §y. is vant of <t [ SnaceQunt
devel opnment 5¥£%?%%%%g%:%%ﬁvggﬁg?éﬂgfﬂh%%hbfiH&%%%r%%?iggé?hgﬁﬁDPE in
mechani cal Str'1t%h£¥%;é§#ﬁgéigéﬁéxﬁg ggﬁiééngfahg?eﬂoHBQSlar weight

ent husi ast i caity®

distribution and crystallinity as those of the novel polymers.
10 More particularly, the invention relates to a branched
polyolefin of novel structure among the above polymers, said
branched polyolefin mainly containing ethylene units and
havingas asidechainanolefinchainhaving fewmethyl branches,
and a process for preparing the same.
15

BACKGROUND ART

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

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

strength of the polymer.

L
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a macronononer produced by the use of a netallocene catalyst is
copol ynerized with ethylene to obtain a branched pol yner satisfying the
above- ment i o¥€d8broperties, as described in National Publication of
I nternational Patent No. 502303/ 1996. 15 The pol yner obtai ned by the
process described in this publication has a structure simlar to that of
LLDPE, and its side chain does not becane conpletely linear and has a
met hyl branch. Al though the polynmer of this structure is superior to LDPE
i n nmechanical strength, the methyl branch | owers 20 nechani cal stren%th,
and therefore the Wedithitst aRR WOt YRR HIAGrRtRisesofetPRgsh 1
unsatisfactory dependi ng upon the purpose. |In JapanesePatent Laid-Open
Publ i cat i ons N SI67I1Y 1998rafdr Ro. 1 138418) Pooten 3l by Beeys thyl epeeparPHg) a
branched pol yner SF-784 3 by copol yneri zing a nacronononer and an
a-olefin is disdiosetipydpal ynethiozk ofon phidity Ignd enned haghefr aret hyfin
branch of the side chain has not been known yet. For the invention
descri bed in ihgeabewe IgubhpTayeans, However dithid Tahytho £ ankr 8l dehehHin
wei ght - aver age nol ecul ar wei ght of the side chain to be in the range of
1,000 to %0, QDO rand 1ifief € d ex@ et athortar thenprasessrioie Prsparing a
branched pol yner having a main chain and a side chain different in the
conposition. i blicati n i : n . :10.
502303/ 1996, %%eér\jggﬂlé;n%%%#o%%%gahg?aﬁ%%%d&%%?%?g??ir)llggﬁgrirjsl:slgg:léa i n
chain (b) of a,hog ol yner,_.0r pol ymer of C2-C30 al pha ol efins; and side
chai ns (a) ofa%‘{ar}n%%%? %Ot%%r]g%}?\gatorm conprising a honopol yner or a
copol ymer of C2 -C30 al pha ol efins, said side chains being distributed
2 ong 16 the pol yfit “H h XRAH b U6 SMERHE (FagUREy T XS g Bl S e
chai ns per 1000 main chain carbon atons, said branched pol yner having a
wei ght aver age il é6UFAPEREPEHEC GhealDPEakR MSFIG0Y- S Sak SNAERN2BE B° bF
|l ess. In view of such prior art as descri bed above, the present 20
i nvent or 40haver dJararhinolvety peisybees nedd agtageieatésaldy -snBPreaxarpie,
tension (Ml (g) ) and larger flow activation energy val ue than conventi onal
pol ynmer s haviahgaequmeslcerdr peoducieagbyntie ofsd bd panetskbbetmn Gnthlyst
substantially the same nol ecul ar

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. Although the 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 unsatisfactory depending upon the
purpose.
In Japanese Patent Laid-OpenPublicationsNo. 316711/1998

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



wei ght, nol ecul ar wei ght distribution and crystallinity as SF-784 4 those
of the novel polyners. The present inventors have further found a branched
pol yol ef i n ofSF8%¥el structure anong the above pol yners, said polyolefin

mai nly containing mainly ethylene units and having as a side chain an

ol efin chain having 5 few nethyl branches, and a process for preparing the
branched pol yol efin. The present inventors have studied, as the

br anchedpol yol efi n, abranched pol yol efi n cont ai ni ngscarcely any net hyl
branch and having a_specific weight-average nol ecul ar. wei ght,  and. as
result, they HavePrPoiingriRahIthBaEIORSFES ARSHEP 1501 Yol 814 TS B
obt ai ned by the use of a catalyst containing specific two different

transiti on mezatl acoapboddef Busdell ohng Weofmaldi oy, 0t HetpvdsbrenFhRveht tod has
been acconplished. That is to say, it is an object of the present invention
15 to provi desiadeouelnjodyynmet Hesri hgowharett efiostiitee reientensidas ando¢d ow
activation energy which are not observed in the conventional polyners, and
in particul arinithd saiswvo®bpesti©itibesj nyenisoaifoipudvi de aohranthede

pol yol efin having excellent noldability and nechanical strength and a

process far prepald Ngyoaddansea®a1 B Sk QR OF HéE: 1 ANVENTA ON ddepaoyel

pol ymer ~according to the Tnvention is a polyner having a nelt tension (Ml

(g) ) that istpyg#bégr?ggi@é'ﬂ_dm %@{‘jgon,tcl)(?r,l‘;%f%f‘tﬁér@riéWir&i@é‘ti@ﬁtoﬁf a

conventi onal ynmer®which 'i's su e sanme as this novel polyner

in the recurrjin nit of the main skeletan, the npole I , . the,
Im)l ecul ar \l/Jveltl(;fPf%J pdgﬁ(l%?e?sfsbtﬁ?%fraérpaalﬁ%g ct %%%T%%?t%?f%%g h%%\%%gé aaflf?%%NHS
activation ener Ea (KJ/ ol that |s_larger . th a value.obtained b
S a5 %kar Y it e An iR AT EbRear: bnaeoshinasi SRy Y

enbodi nent of this polyner, it is desirable that the recurring uni t. of the
mai n skel eton is cohHNFEiRERL ofulehipahion of International Patent No.

10 502303/1996, there is disclosed a branched polyolefin
comprising: a main chain (b) of a homopolymer or a copolymer
of C2-C30 alpha olefins; and side chains (a) of at least 250
carbon atoms comprising a homopolymer or a copolymer 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,
said branched polymer having a weight average molecular weight
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 inventors have found novel polymers having equivalent or
smallermelt tension (MT (g)) andlarger 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



10 and hydrogen, and optionally oxygen, and the polynmer is substantially

t hernopl astic. Another enbodinent of this polynmer is a polyner which has
branches andSFr8hich the main skeleton is constituted of olefins of 2 to 8
carbon atons. The first enbodi ment of the branched pol yol efin according 15
to the invention is a branched polyolefin conprising 50 to 100 o by nol of
recurring units derived fromethylene ad O to 50 o by nol of recurring
units derived froman a-olefin of 3 to 7 carbon atons and having the

fol |l owi ng propertles the flow activation energy (Ea (KJ/no d the
a-olefin 20 &EREENCH ERIRY Siei RISt i & ?‘f % (tl ﬁgﬁg%t BT in

the case where the nunber of carbon atonms of the a-olefinis 3 and CZ 10 o
by wei ght: ' fEather)fo30dCaiganchedpoigplefiin phenedse Sthete $he aitfer of
carbon atons of the a-olefinis 4 to 7 and C > 4.1 %by weight: Ea >-

0. 385xC+28. 7 tHenabheecaskymbes ¢ 2dial podlyer edfincas bohyatonsa biindganaiol ef i n

5is 3 and C < 10 o by weight (including the case where the a-olefin

content is 0grhylait ufitBercasevihgre 4 Bedawthern ah cartioncabonthofinde
a-olefinis 4to7 and C< 4.1 o by weight: Ea > 30, and 10 the nelt

tension (T () m@@gx/ﬁtr@rﬁﬁéﬁey AMd étgr&c%;:% (¥ r1QrBpAk)ingathsrddehed

follow ng relation: 2x MFRW~sa hi s branched pol yolefin conpri ses,

for exanpl e, ngy%ee%&{.'n h%ng?%s%% Ve d i @PAth Jeastt e o) efd ntﬂ-é

sel ected from ene an ns of 3 to 7 carbon atoms, and (i)

UL 19, UL JEILYE, L O8G0 LR BORDOTRY SOBEL 19,
oL Of reeurring 15 20, dery ved trom an ol fin;pf 4,107, cay bon at ors.
molecular weight, and as a result, they have found that the
10 desired branched polyolefin 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 object 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 inventiontoprovide abranchedpolyolefinhavingexcellent

moldabilityandmechanical strengthandaprocess forpreparing

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



wei ght - aver age nol ecul ar wei ght of 600 to 3,500 and having |l ess than 0.1
nmet hyl branch, as neasured by ~3C-|1 VMR, based on 1,000 carbon atons.

SF-784 7 The $e@6nd enbodi nent of the branched pol yolefin according to the
invention is a branched pol yolefin conprising 50 to 100 % by nol of
recurring units derived fromethylene and 0 to 50 % by nol of recurring
units derived froman a-olefin 5 of 8 tH 20 carbon atons and havi ng the
foll owi ng properties: the flow activation energy (Ea (KJ/nmol) ) and the
a-olefin content (C (0o by meightgé satisfy the tollgmﬁng relation; in the
case of C > a8 1P RVGei gt BaPS-0b. 3g5RE¥OBLFON3H PAIYREI Y8 CHf 1€ ¢ 4.1
% by weight: Ea > 30, and the nelt tension (MI (g)) and the nelt flowrate
(MFR (g/ 10 misbhsteantsidly féef spmevah§ v aPVEh: P SyIIr 4n phe D8R nJea .
Thi s branched pol yol efin conprises, for exanple, (i) recurring units
derived fromatit edstheoneiol £f¢hesehedthedmblemiébhyemhanthelrefieasubdbir8 to
20 carbon atons, and ‘20 (ii) recurring units derived froma

vi nyl - t er m najedymBeriemienR i ospd shage5@s tol 1001 oy byambhaefingeauf I ong
units derived fromethylene and 50 to 0 o by nol of recurring units derived

froman olsef i ft-©0f v 3 {6 2Zh L POk AL HB/mAAV G2 Wal gat:gayet@gﬁ go} geykar
wei ght of 600 to 3,500 and havi ng SF-784 8 less than 0.1 nethyl branch,

as measur ed %é@%%fﬁ&mﬁ %n[é&/rQQQ t%‘%ﬁ@?hébgﬂﬁe o@“@h@ah{)&rﬂr%ﬁ%ﬁ&lﬁgﬁm

of the branched p In actording to the invention 1s a bran
pol yol efin coqgfising: 5 (1) recurring units derived fromat |east one
ol efin sel ect®d ¥Pohi ol efins of 2 to 20 carbon atons, and

In an embodiment of this polymer, it is desirable that
the recurringunit of themain skeletonisconstitutedof carbon
10 and hydrogen, and optionally oxygen, and the polymer is
substantially thermoplastic. Another embodiment of this
polymer is a polymer which has branches and in which the main
skeleton is constituted of olefins of 2 to 8 carbon atoms.
The first embodiment of the branchedpolyolefin according
15 to the invention i1s a branched polyolefin comprising 50 to
100 % by mol of recurring units derived from ethylene and O
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 (Ea (KJ/mol)) and the a~-olefin
20 content (C (% by weight)) satisfy the following relation:
inthe case where thenumber of carbon atoms of theoa~olefin
is 3 and C 2 10 % by weight:

Ea 2 0.130xC+28.7,



(i1) recurring units derived froma vinyl-term nated macronononer
conprising 50 to 100 % by nol of recurring units derived from ethyl ene and
50 to 0 % by S¥oB4of recurring units 10 derived froman olefin of 4 to 20
carbon atons, having a wei ght-average nol ecul ar wei ght of 600 to 200, 000
and having less than 0.1 nethyl branch, as neasured by 13C- NVR, based on
1,040 carbon atons. This enbodi nent i nd udes a preferred enbodi nent wherein
15 the wei ght-average nol ecul ar wei ght of the vinyl-term nated nmacr onononer
isin the range of 1, 000 to 10, 000, and further includes _another
preferred embodi mert tMASESIE R T WBEGINLR/E? g8 T REPE AT Chdingrt— ot et H
vinyl -term nat ed nacronononer is in the range of 600 to 3,500. 20 The
process for prepharing’ aamd dhchetl- bot yioy ef¢hdlaEcording to the invention is a
process conprising polynmerizing at | east one olefin selected fromolefins
of 2 to 20 carbon at ongEausi My FH-@+XF.17 ,pol yneri zati on catal yst conpri sing:
SF-784 9 (A) a transition nmetal conpound containing a |igand having

cycl opent adi enyl sketgé Qs e(WBle Pe t haRsindedNo frebaboaiauNe £ eRr $SE€NE £0n by
the following fornula (1), and 5 (C) at |east one conpound sel ected from

(C1) an ar ganouelal ¢ic1 GAMAYDLant GiZle AN OIOBRORILE UL OXYeCOpOUAdh, and

(G 3) a conpound which react's w the transition nmetal conpound (A) or the
transition metg|

t he above-deaﬁrﬂbed bggﬂghggkb%ﬁ;%%%kg%gpﬂ%Th%thgﬁﬁgbéPﬁﬁiSESB%H%$%QQQGIOf
R6 R5 | in Mi , j ti o 4 G 5 15
of the pert odie ThbI% TS dr htEger BIE1CTs 2 TR P8 BA al phati ¢

hydr ocar bon group oran alngyclic hydr ocarbon group, R2 to R5 nmay be the
sane or different and &% ®ath a hydrogen atom a hydrocarbon group, a

hydr ocar bon-substituted silyl group, an oxygen-containing group, a

ni t rogen- cont ai ni MRYr oup SF-784 10 or a sulfur-containing group, R6 is a
hydr ocarbon group or a hydrocarbon-substituted silyl group, n is a nunber
satisfyid§ a val endes afeM bHenssien hidlf ogen stromthe e bgehlet omta (MER
hydr ocar bon group, an oxygen-containing group, a sulfur-containing group, 5
a nitrogen- cofd Al imon gy oskt i af porlon- Cohtavhnagrgletpenan

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

hal ogen- cont ai ni ngu@roup, 2,aeretessqcycl i ¢ conpound residue, a
silicon-containing group, a germani um containing group or a tin-containing

group, and when n i 2 ©Fa RSl 6Fol Pb L Bl n 1008 PUPSs | NEbeateEmPY eX may be
the sane or different, and plural groups indicated by X may be bonded to

forma ring. In thceiprp&%%érw PEeparhog; e Br anshed: poLyol efhn ageendi ng

to the invention, 1t is so preferable that the polynerization is carried

out - cont i guousl yo InGer - Al £8841 4N0 g 1L efontopol Wiprj 28l Log, condhl ] ons,
and the pol ynerization Tnclu pol ymeri zat1on conducted undersuc
conditions that the yield of a polynmer produced by the transition netal

conpound (B)EHE%ones hi gher than the yield of a pol yner produced by

(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

20 derived from an olefin of 4 to 7 carbon atoms, having a
welght-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.



20 the transition netal compound (A) and pol ynerizati on conducted under
such conditions that the yield of a polyner produced by the transition

met al conpourdd-7BA) becones hi gher than the yield of a pol yner produced by
the transition netal conpound (B). SF-7 84 11 BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1 is an explanatory view show ng si:eps for preparing an

ol efin polynerization catalyst for use1n the present 5 invention. Fig. 2
is a GPC chart of a polymer obtained in Exanple 1. BEST MODE FOR CARRYI NG
OUT THE | NVENTI ON 10 The pol yners according to the invention,_ such as a
branched pol yol ef i€ aﬁﬁF‘%“br%ﬁ%%%”?%?t pPepare n}@r?lﬁ%hg‘gnﬁog-‘r"élﬁg%&i bed in
detail hereinafter. The nmeaning of the term "polynerization" used herein is
not |imted tBECHsHEpbEPridrs 2AVEBRLOPULS e WEMACREAYCL8EHBIGARRT 232 oNn" .
15 Al so, the neaning of the term"polynmer"” used herein is not limted to
"honopol yner "Shuto @Y éobpr Bhéndf" copotyheg"unhe gewevegpol sorere@eebené ng
to the invention is a polyner having a nelt tension (MI (g) ) that is

subst anti al | yaride saB® asyotiol @kerethanihbainiofs deedneemtamah pod yeein
which is 20 substantially the same as this novel polynmer in the recurring
uni t of the my B skebotONsbéha tBHLEHARaWRhgNEhe LIS TBN Bed ol Ghds :
distribution and the crystallinity, and having a flow activation energy (Ea
(KJ/nol)) that is tg]ﬁpj - (84 tai i

KJ/mol to the Ea véa uggér t he \gaoe/ngtgeﬁlnt%flgré? g%?;ﬁ/&g%ﬁé%?égﬂwfﬁn
"substantially the sape" 4 h j ; t S | .he .

pol ynmer of thcyeorlltn?/netnt {E‘gnf ° frﬁg “t’%)@l]g) g:‘agggégr? cEkrl?i ﬁé%ﬁ‘??ggs%%gﬁﬁ% , a
difference in the nol ecul ar wei gh i ght -average pol ecul ar weight) is in
the range of 30% Hui’f %r%ﬁ%i%fhén%r%cglér%i ‘éﬁ?%]ilg?ri bution (Mv M) is in
the range of 30 % and a d>ifference in the crystallinity is in the range of

10 0. Ea = 0.385xC+28.7,
10 in the case of C < 4.1 % by weight:
Ea 2 30,
and

the melt tension (MT (g)) and the melt flow rate (MFR

(g/10 min)) satisfy the following relation:
15 MT < 2.2xMFR-0-88,

This bfanched polyolefin comprises, for example,

(i) recurring units derived from at least one olefin
selected from ethylene and olefins of 8 to 20 carbon 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




10 The crystallinity can be nmeasured by X-ray diffractonetry (S.L.
AGGARWAL; J. Polyner Sc.i. 18, 17 (1955) ) or the like. The recurring unit
of the mai nSETdi n of the polymer is not specifically limted, and various
recurring units can be exenplified. O these, preferable is a recurring
unit 15 constituted of carbon and hydrogen, or carbon, hydrogen and oxygen,
and the polynmer is desired to be subsBantially thernoplastic. Exanples of
the recurring uniits include ol efins, such as an a-olefin, a cycloolefin, a
diolefin and an aromati ¢ 20 _gr.oup-contaipi L Mmook, addese,

ol efins of 2etss 8haarboh & Egén& éi?%ﬁﬁ%?¥4%%&#ﬁfst embodi nent of the
branched pol yolefin according to the invention conprises recurring units
derived from, 008FcE&»o13 aétHf-ene and recurring units derived from an
a-olefin of 3 to 20 carbon atons. Exanples of the a-ol ef] f ’
carbon at ons i ncliudetist raeghoddngng %ﬁnghﬁmeaq ’8?2?’?%9% %fcgjog%or?ggar bon
atons, 5 such as propyl ene, 1-butene, 1-pentene, 3-nethél-1:butene,

1- hexene, 4WQ§tgHg-ﬂndgﬁﬁfﬁﬁnié%ambi@mche@em@%h%}eichF HRE-320€cene,

1- dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene and 1-eicogege' and
cycl ool ef.i ns of 4(§f)ggtd¥¥£5%;@ﬁiﬁﬁnd@nbﬁeasfcgml@Eeh?éﬁ%,oﬁﬁcp fiéplene,
nor bor nene, 10 5-net hyl - 2-norbornene, tetracycl ododecene and 4
2-methyl -1, 4,5, 8-di 0% i 85 4o 422518, 8a- ocetrbhypdrtrag -heR&l ene. In the
branched poI%%%%??%, %ggﬂo?ﬂ%%%§ kinds of the recurring units deggéggifrom
the a-olefins of 3. to 20 car ibedcepbai aediny3d -Waem e
branched ponoIef?hlbfr?%%9¥g§£n?ﬁgggcgﬁ%rises 50 to 100 o by nol of

recurring units derived from et hyl dy §p 1:01,950mO1 byt rekuefcinecuniitag
units derivemaﬁréﬁpaﬁmﬁngﬂ?Eﬁl%¥n§qﬁ%%§ carbon§g?ons, this branched

(p%y %F;i )n 233r322d2§£$§¥2$§y1p££ erti e3:+8% thg,fhow setievatiramenengy (Ea

10 derived from an olefin of 4 to 20 carbon atoms, having a

' havin
weight-average molecular weight of 600 to 200,000 and having

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

1,000 carbon atoms.

This embodiment includesaapreferred.embodiment wherein

15 the weight-average molecular weight of the vinyl-terminated

macromonomer is in the range of 1,000 to 10,000, and fgrther

includes another preferred embodiment wherein the

i inyl-terminated
weight—-averadge molecular weight of the viny

macromonomer 1is in the range of 600 to 3,500.

20 Theprocessforpreparimgabranchedpolyolefinaccording

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:




content (C (o by weight)) satisfy the following relation: in the case where
the nunber of carbon atons of the a-olefinis 3 and C > 10 % by weight: Ea
~ 0. 130XC+285F/84 SF-784 14 preferably Ea >- 0.144xC+28.7, nore preferably
Ea >- 0.178xC+28.7, in the case where the nunber of carbon atonms of the
a-olefinis 4to7 and C> 4.1 %by wight: 5 Ea > 0.385xC+28. 7,
preferably Ea ~ 0.425xC+28.7, nore prePerably Ea >- 0.528xC+28.7, in the
case where the nunber of carbon atonms of the a-olefinis 3 and C < 10 o by
wei ght (including the case where the a-olefin, 10 content is.0 ~and in
the case where t hé2AdhbERN Bt LR BT 2t TP B S hign §3PéPﬁﬁifggﬁ%?5l and C <
4.1 o by weight: Ea > 30, preferably Ea >- 35, nore preferably Ea >- 40, 15
and the nelt cveAspemtEMigry)) stfd et nelt flow rate (MFR (g/ 10 nin))
satisfy the following relation: Ml -<< 2. 2xMFR-0. ea~ preferably Ml <-

2. XMFR- ~~aa. 20 TR¢ fi rtstzreiddimeretadf admedirgh iR PR EPn EBfpri ses,
for exanple, (i) recurring units derived fromat |east one olefin selected
from et hyl ene andwalef iftsrmaflad (o ,7 avad bon atons, and SF-784 15 (i)
recurring units derived froma vinyl-term nated macrononomer conprising 50
to 100 o by nol of chegu nidigwnids defdaied feaneetdyl enemand 50 to 0 o by
nol of recurring units derived froman olefin of 4 to 7 carbon atons,

having a 5 wei ght-aver Mo £ G Al e it 10f &QbduhB, 500 and having | ess
than 0. 1 rriethyl braégﬁsjas neaé%?éd by 1§C-NNR, based on 1,000 carbon

atons. This vinyl-term pnated nmacr qpﬁ{ hﬁg. 1| s AYEE age, §ol ecul ar
wei ght (Mw), as neasuré 6§ 5%1‘3%%%@5 ion 1 3ﬁ%§ﬁ%§§6raphy (G0 , of
usually of 600 to 3, 500 referably 700 tq, 3 ef er ..800 to
3,500, and Mv/ Mh ( Mh: ﬁﬁﬁﬁgr9a98?§8énﬁnwgéﬁra$g%§Faﬁgyﬁéﬁﬁﬁiﬁﬁﬁﬁ$¥ﬂg% ess
than 1.5 and less than 4.0 referably not less tha .8 and | ess, than 3.8.
15 In the vi MACAleGATRAES rrghc)rcﬂﬁ) r?ratr}%ltrﬁﬂ%é?eqiﬁ]l r?é:fnﬁﬂur@ah%%:%? as
measured by 13CG-NWR, is usually less than O . 1, preferably less than O .
08, nore lprefferablan |iews pdan 0 . 05,

to prepare any one of the above-described branched

polyolefins;
( rR' \
|
R Nl
3 //Mxn
R 0] (D)
R* R®
5

\ R /m

wherein M is a transition metal atom of Group 4 to Group 5
15 of the periodic table, m is an integer of 1 to 2, Rl is an
aliphatichydrocarbongrouporanalicyclichydrocarbongroup,
R2 to RS may be the same or different and are each a hydrogen
atom, a hydrocarbon group, a hydrocarbon-substituted silyl

group,anoxygen—containinggroup,anitrogen—containinggroup



based on 1,000 carbon atons. The vinyl-term nated nmacroner can be prepared
by 20 copol ynerizing ethylene and an olefin of 4 to 7 carbon atons or

pol yneri zi ngSEf/#y| ene al one, using a catal yst containing, for exanple, the
| at er-descri bed transition netal conpound (B) . SF-784 16 This branched
pol yol efin has a wei ght-average nol ecul ar wei ght of usually 30,000 to

500, 000, preferably 50,000 to 200, 0000 and MFR of usually 0. Ol to 100

g/ 10 mn, preferably 0.05 to 10 g/10 min. 5 The second enbodi ment of the
branched pol yol efin according to the invention, which conprises 50 to 100 o
by nol of recur B wyldvtrsodEEved T (GiRBh‘ere andYSresa58H By IRVRT
recurring units derived froman a-olefin of 8 to 20 carbon atons, has the
fol | owi ng pr eperdiesardontsieo$t bwned isvdtyilorr @ier By S(EAVPRSF #eitL 9L EMP t he
a-olefin content (C (o by weight)) satisfy the following relation: in the
case of C >- rdl dadeyorel, ght s alFy drodk 885w+ 28al ogqamed eerabk y vEx osarbon
0.425xC+28.7, 15 nore preferably Ea >- 0.528xC+28.7, in the case of C < 4.1

o by weight: Eaup, 30 oxiyiorheicdhiva ika iy gBbup ey supf ef ecabt yi Fang-gip 20
and the nelt tension (Ml (g)) and the nelt flowrate (MR (g/10 min))

2?2;;;%_gsgagpugggégﬁﬁﬁégﬂﬂéﬁhiﬁ@-@%o@b?X§Fﬁbf@ﬁvc@ﬁ@$§ﬁﬂ@¢Ygﬁ@ﬁﬁ, an
aluminum-containing group, a phosphorus-containing group, a
halogen-containing group, a heterocyclic compound residue,
a silicon-containing group, a germanium-containing group or
a tin-containing group, and when n is 2 or greater, plural
10 groups indicated by X may be the same or different, and plural

groups indicated by X may be bonded to form a ring.

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

15 different polymerization conditions, and the polymerization
includes
polymerization conducted under such conditions that the
yield of a polymer produced by the transition metal compound
(B) becomes higher than the yield of a polymer produced by
20 the transition metal compound (A) and
polymerization conducted under such conditions that
the yield of a polymer producedby the transitionmetal compound

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

the transition metal compound (B).



The second enbodi nent of the branched pol yol efin conprises, for exanple,

(i) recurring units derived fromat |east one olefin selected from ethyl ene
and ol efi nsSBf848 to 20 carbon atonms, 5 and (ii) recurring units derived
froma vinyl-term nated macronononmer conprising 50 to 100 o by nmal of
recurring units derived fromethylene and 50 to O o by nol of recurring
units derived froman olefin of 3 to120 carbon atoms, having a 10

wei ght - aver age nol ecul ar wei ght of 600 to 3,500 and having |l ess than 0.1
met hyl branch, as neasured by 13C-NVR, based on 1,000 carbon atons. This
vinyl -term nated macronononer has a wei ght-average nol ecul ar wei ght (Mw),
as neasured by gel perneation 15 chr gr.ap ( ; usual ly of 600 to
3,500, preferably 700 toBRIBRHQDE 4 isho g%IN@% Q, and Mw Mh
(M nunber-average nol ecul ar weight) of usually,not |ess .. and

| ess than 4.0, preferably anoexp st omEn Ve %ﬁﬂ%%gssr‘tel?asnfé?g&%%a?% he

vi nyl -term nat ed nacronononer, the nunber of nethyl branchgs, assne%sured
by 13C NVR, ;5 a/sealhypbegset hant Don datateser ABFyUPEsSTt hafi 85508, nore
preferably I ess than O . 05, based on |, 000 carbon atons. SF-784 18 The
vinyI-terning&g%ngggﬁgner can be prepared by copol yneri zing ethyl ene and an
olefin of 8 To 20 carbon atons or polynerizing ethylene alone, using_a

cat al yst containi#% f%rig&QWEkﬁchb&Q bat er pdeégmeichbedtainagdi inoRXABPAP
conpound 5 (B) . ?é ranched pol yol efin has a wei ght-average nol ecul ar

wei ght of us¥ally 30,000 to 500, 000, preferably 50,000 to 200, 000, and MFR
of usually 0--02 to 100 g/10 mn, preferably 0.05 to 10 g/10 mn. 10 Large
Ea neans that the tenperature dependence of the viscosity of the branched
polyolefin is great, and when a branched polyolefin having large Ea is

nol ded by extrusion, extrusbon gﬁgdbﬂgﬁgiﬂgbgy%aﬁhkxI@@@k@qq&d because the

viscosity of the ponﬁEg?iM PR i-et-Atrty—of—thedre i's Tow, and when 15

t he nmol ded product is then cooled, the viscosit jdl I SespHrafeneRs the
mol ded pt@duct cofbe rol WeeHararyrtrate ,lgﬁ%néggg’Fégﬁlt, the pr oduct

hardly suffers stretchin . .
’ polyolefin,gndapmocessforpreparlngthesamearedescrlbed

in detail hereinafter. The meaning of the term
"polymerization” used herein is not limited to
"homopolymerization" but may comprehend."copolymerization".
15 Also, the meaning of the term "polymer" used herein is not
limited to "homopolymer".but may comprehend "copolymer".
Thenovelpolymeraccordingtx;theinventioniseapolymer
having a melt tension (MT (g)) that is substantially the same
as or lower than that of a conventional polymer which is
70 substantially the same as this novel polymer in the recurring
unit of the main skeleton, the molecular weight, the molecular
ght distribution and the crystallinity, and having a flow

wei

activation energy (Ea (KJ/mol)) that is larger than a value



nonuni formty. The branched pol yolefin according to the invention has 20

| ow MI' and t hereby has good drawdown (hi gh-speed to ke-off properties)
Hence, if theéFg8tyolefin is taken off in a nolten state at a hi gh speed,
breaki ng hardly occurs. The third enbodi rent of the branched polyolefin
according to the invention conprises: SF-784 19 (i) recurring units
derived fromat |east one olefin selected fromolefins of 2 to 20 carbon
atons, and (ii) recurring units derived froma vinyl-term nated

macr onononmer havi ng a_wei ght - average nol ecul ar wei ght of 600 5 to 200, _ 000,
preferably 1,opoined Pgoa Safd/mavityytheds ’t’ﬁéHe(Pf ENAEIE B beReAl as
nmeasur ed by 13C—NNR based on 1, 000 carbon atons. The third enbodi nent of
t he branched polywefin conprising the recurring units (i) and the
recurring units 10 (ii) is obtained by copolynerizing at | east one olefin
sel ected from ol efTiserpr2staoR0 0ar o @t alisy ahd stalre "vi swydl heeedinrad eds
macr onononer. Exanples of the olefins of 2 to 20 carbon atons include

et hyl ene and 4w af:er esapdrebelis e oigmd@ sarden iatems ion]l5tRk tiese,
an ol efin sel ected fromethyl ene, propylene, 1-butene, 1-hexene, 1-octene

and norborsner@ftﬁe%%%rr%lgamﬁmfﬁd@h%f RS, %fdsz@rgﬁc@%lmr@épé@uggp be
used singly or In conblnatlon of two or nore kinds. The vi nyl -term nat ed

TRt oronoret LSRR PRI, TR o2 AN L U B ek dRShuee
derlved Trom py s, are degy 1o w%ese%éwﬁ?gﬁg%a@&g“ B g 1
ol most. pr eJ].cserl%b’lc}%/e Z:%rltg% %go 30/(()) b>,/ arlrr?cli a dalgferesrlfcg in the crystallinity
is in the range of 10 %.
10 The crystallinity can bemeasuredby X-raydiffractometry
(S.L. AGGARWAL; J. Polymer Sci. 18, 17 (1955)) or the like.
The recurring unit of the main chain of the polymer is
not specifically limited, and various recurring units can be
exemplified. Of these, preferable is a recurring unit
15 constituted of carbon and hydrogen, or carbon, hydrogen and
oxygen, and the polymer is desired to be substantially
thermoplastic.
Examples of the recurring units include olefins, such
as an o-olefin, 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 branchedpolyolefinaccording

to the invention comprises recurring units derived from



20 recurring units derived froman olefin of 4 to 20 carbon atons are
desirably present in amounts of 0 to 50 o by nol, preferably 0 to 45 % by
nol, nmore pre$fetdbly O to 35 o by nol, particularly preferably O to 30 o by
mol . 5 Exanples of the olefins of 4 to 20 carbon atons include the

af oresai d straight-chain or branched a-ol efins and cycl ool efi ns, except

et hyl ene and propylene. O these, an ohgfin selected from 1-butene,

1- hexene, |-octene and norbornene is preferable. 10 The vinyl-term nated
macr onononmer has a wei ght -average nol ecul ar wei ght (Myv), as neasured by gel
per meat i on chebhéiegeaphy (EPCIringfunshal fgréved, foon ep aooleddn of 3
preferably 1,500 to 9,000, nore preferably 2,00Qto 8,000, still nore
preferably 2,50020o0cdr000. atdmsn the vinyl-term nated nmacronmononer, the
nunber of methyl branches, as nmeasured by 13C-NMR, is usually less than O .
1, preferably | esseié&apl&s.of08herrd griefepdbd vd 2escdfvoh Btom@5inbagad on
1,000 carbon atons. The vinyl-term nated macronmononer has Mwv Vh (M 20
nU”ber‘aVerag§tﬂ@l?§’él—éﬁa}l\ﬁlcgchb)r:a‘?lfchlé%luéllél/eﬁ%s|c¢t3% tbam Ltadpandaless, than
4.0, preferably not less than 1.8 and |l ess than 3.8. The vinyl-term nated
macr ononorger b [ cm% rizi 'Qﬁh%ﬁ;ﬂ Lh.of 4
to 20 cargﬁn g?%%sgsqgﬁgggﬁg%%ydf po %ﬁg?igiéﬁrgﬁﬁ%1ene alo g,lﬁéﬁﬁéﬁg’
catal yst containj for_ | e, t t er- ibed t i_.tipn a
conpound (B) f @%%g%?agkﬁ§§§§§13@#%%?%5%? ?hggﬁﬁ&%d%eﬁgéggﬁghtfi%gggge’

pol yol efin obtained by copolynerizing, (i t least_one olefin selected from
el ine of 5 1oi08oRe! boREaPERENnd L TE P} FeReckBave LRBRrRbRER R

vi nyl -term nat ed nmacronmononer. This branched polyolefin has a

wei ght - aver agk™ fef @@afare wéidghte bFosRaf Py a3y C bool ¢ bine o fobbe 2fbparbon
preferably 50, 000 to 5, 000, 000, 10 and Mw~ Mh of usually 1.5 to 20,
preferably 1.8temsi0suabrespfBfépppnyenet ocyclahgriigscusualtbprocteto 60
side chains, preferably 0. 1 to 50 side chains, nore preferably 1 to 40

si de chailfls, Stméthybr2-peeberabhy, 6tedr3d0ysiiddodkaiens, abased on 1, 000
carbon atonms of mmin chain. 15 The branched pol yol efin according to the
invention is desétiedltd, beSaspaliyetrbho-wher 8in, the 5nai, Bacbhaicahygirohap
(co)polynmer of at |east one olefin selected fromolefins of 2 to 20 carbon
atons, prefergbhylanéco)poltHebressenid aldllycaertial Nithe at heast k@Agsobefin
selected fromolefins of 3 to 20 20 carbon atons, and the side chain is an

ethylepe hO”“@@é%@%hrﬂ%ﬁ@unf@é@%@%ﬁéﬁfﬁ@ﬁ%%@dnbféfWH§8Ef¥§ébQﬁc§9869y1
a-olefin content, nelt tension and nelt flow rate are descri bed. Fl ow

activation engrgy, (F8) pe contained.

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

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

inthe casewhere thenumber of carbonatomsof thea-olefin
is 3 and C 2 10 % by weight:

Ea 2 0.130xC+28.7,



SF-784 22 Using a Rheonetrix Rheometer RDS-11, variance of an angul ar

vel ocity (e~ (rad/sec)) of a storage elastic nmodulus (G (dyne/cnR)) was
measur ed. As S&-784nple hol der, parallel plates of 25 nm di aneter were used,
and the sanple thickness 5 was about 2 mm The neasuring tenperatures were
140, 170, 200 and 230C, and at each tenperature, G was neasured in the
range of 0.04<-w<400. The neasuring poisnts were 5 points based on one
figure of c~. The strain was appropriately selected fromthe range of 2 to
25 o0 so that the torque can ba det ect ed 10 in the neasurl ng range and no
tor que-over occurs . AfREEEerRRbdsurentnt44fd&8 cur ves obt ai ned under four
tenperature conditions were overl apped (reference tenperature: 140C), and
Ea was determined fromndie Andfanalsly vige Hl0t1 0IxQHE8 shift factor

Cal cul ation was perfornmed by plotting with a Mcrosoft 15 tabul ar

cal cul ati on sof t wanetlexcelsEMie rsthetrhenkdat @f oeabunert dis dhe hiewo N@AsHI | Ng
tenperatures were plotted as both logarithmc values, with w as absci ssa
and G as ordisat o H%@L@vzszloihserbyh@@l@me fl ow curve of the measuring
tenperature of 140C were shifted along the ordinate so that 20 they overl ap
the flow surve of the nmmasurg ngzd.enpeyature of 140C, and the shift quantity
is taken as log(aT). To the r'eci procal nunber ofthe nmeasuri ngtenperat ure

(true measuring tenper sgr Iute tenperature) , |og
(aT) was plotted, and |nc mggl%ﬁ wa% ZIS?%erm ned by the nethod SF- 784

23 of | east squar es(l i near I’OXI n orrelation coefficient R2
was 0.995 or |ess, shlﬂlrlro?p L?er)%wgzacur gﬁ%‘? neﬁover again. The
inclination is taken as A Ea (KJ/m)I) 2. 303x8 314xAx(-1)/1000 5 wherein
2.303 is 1n10, and'stR3f £3p§ Vﬁ“egi%%t%ﬁ’mfowaéb%ﬁ&%% kheerlatin
overlapping in the region of lowwis sonetinmes bad. In this ease, the flow
curve was shiift 2@ns ast @  bovesiabti i nladiagi e 68 skivgrere Sheabotte fin | O
rad/ sec. ZO a-O efin content The a-olefin content was determ ned by

13C- NVR. 18e] tcargrgitons(IMT, The heltthet ease orhavses tHetmumbane o thya neas i orgs a
stress given when a nolten polynmer was stretched at a constant rate . 15
That is, gramfl atheom—pdldfetrs iof 4 woOpblamerc werfe. Used@syai gigasuri ng

sanpl e, and the neasurenent was carried out using a MI nmeasuring nmachine
manuf actured by Toyo Saaki> S@i,sakusho under the conditions of a resin
tenperature of 190C, a barrel dianeter of 9. 55 nm an extrusion speed of
15 mimn, a take-up 2@ a8 20f1 1G4 & 20, M nmn, a nozzle dianmeter of 2.095
mm and a nozzl e | ength of 8 mMm "When the ‘M val ue was | ess than about 4,

the full-scale range wgg, set lG a4 frgg in 4ghis case, the M value was
expressed by a val ue down to the second decimdl place . Wen the MI val ue
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 The first embodiment of the branched polyolefin comprises,
for example,
(1) recurring units derived from at least one olefin

selected from ethylene and olefins of 3 to 7 carbon atoms,

and



SF-784 24 was in the range of about 4 to 9, the full-scale range was set to
10 g, and in this case, the MI val ue was expressed by a value down to the
first deci mal Sl%ce. When the MI value was in the range of about 9 to 18,
the full-scale range was 5 set to 20 g, and in this case, the Ml val ue was
expressed by a value down to the first decimal place. Melt flow rate (MFR)
The nelt flow rate was neasured in accosdance with ASTM D-1238 under the
conditions of a tenperature of 190C and a 10 | oad of 2.16 kg.
Nunber - aver age nol ecul ar wei ght (M), Wi ht-average nol ecul ar wei ght (My),
MV Mh The mol ecul afiiei fEunasndreasufeddehivae foPMNodi Hgnwanhermdsiatgd

Wat ers GPC- 150C. Separatory columms of TSKgel GvH6-HT 15 and TSKgel

GVHG- HTL eachndawdmngname I roverp i siret o0 06 TN G nbyamull @ fl eagthr 0h g6001 rm
were used, and the colum tenperature was | 40C. Using o-dichl orobenzene
(avai | abl e froor Wake thony akhyKegyohndss@ qwbi keophase oande Bub25n %o byivei ght
of BHT (avail able from Takeda Chem cal I|ndustries, Ltd.) as an 20

anti oxi dant, @esapPhert&ANERNGIaEiANor0411%0 by cuehEAt atBAYr I HAQ9ng 2
mcroliter) was noved at a rate of 1. O m/mn. As a detector, a

di ff er entiszal 1 dard | ystyr , I ne
of MN<1003 an%@%é’%%fi%%i I ajb%;éa\?jfj?gm% lgg @C% 6§§dt¥%o ys yraerﬁée) %%9%8

| 000<- M\<_4x106_availahle fr SF- 784 25 Pressure Chenic Co, were used.
In the cal cul ??%rﬁo " @oﬁe%%}?g]}{lv%f%%}’ Nk W&??&Irega]f’fb:{pgt_ggﬁ'mﬁgSﬁgd%l? and
t he obt ai ned vaé(ﬂ(z is avalue in ternms of PE. The peak separati on was
carried out by FOT PN AGPHRNner 5 using a Toso anal ytical apparat us
SC8010. A m ni rmméﬁ&i nt between peaks was determ ned fromthe chart. From
the point, a perpenth®Iray Lnks raramt Sohaf BOPAROBAS AT AcTe et MW e Mg

Mv Mh and peak intensity ratio at each peak were cal cul ated. Measurenents
of the nunbern®feqiptdy| wikaihehedwhndas heeasnbed 29 oblhpryhmebtanches The
nunber of methyl branches based on 1, 000 carbon atons in the pol yner

mol ecul artOchathnr st ogaspin e d GRC )L,36ENMRIa L hytdie atEasor pehd, arelEpeably

El ectron Optics Laboratory Lanbda 500 type nucl ear magnetic resonance
apparatus (1HO0®OL MHZHO0WS wvarse yseslt e ddiel wudert ©f 3, 5 @gratd o ANGesvMmas
10, 000 to 30, 000 . As the chem cal shift base, a peak (29.97 ppm) of the

mai N chai n metlbene yasa ¢ ed.] cHia STeRS UFRERNS £ Wasaadendy 1RIsact Agn2p0st o
400 ng of a sanple and 3 m of a mxed |iquid of o-dichlorobenzeneof

speci al grade il ek Q, nlyrakih (o] n z =

avai l abl e fro%?é%%lcgfég?r% \5@1% by vol un%%ogﬁngggggtnﬂéé??i ca!3I ?gaa%%g@?ae“
NMRmeasuring qgquarts glass tube of 10 .nmmdianeter and heating themat 120C
to give a honbgeneous dispersion. Assignment of each absorption in the NWR
spectrum,was carried .qut i.n accordance wth Region of F- 784 26

Cheni stryl\,glaextra ilgnsute No’ T AT, “ RV T e ah %&%@?Fmﬁ?%l nePaE et ) |
pp . 132-133 . The nunber of net hé/l bran;}he§3 based on 1, 000 carbon atons

i s cal cul at ed™¥riont RTARGNG Sof AEHREF HLEST Q1Y 1 it SHeR ¢ - oFSHB Y pteon tham
99 ppm of a nethyl %roug derived 5 fraom net hyl branch to the integral
total sum of GbsoPpEFBRELAFIEHS R R -Ufe TREF B ederably ks pphnnthe hwunber
of hexyl (or |onger) branches based on 1, 000 carbon atonms is cal cul ated
froma ratio Fseheon nt LQYt@lcarhensitgmaf net hyl ene (C6+3) appearing at
32.2 ppmto the integral total sumthereof. Preparation The branched

pol yol ef i n accor diTige twlrihle tamweintd e ceac hengr epan doe hyréperesebpf, for
exanpl e, an olefin polynerization catalyst conprising: (A) a transition

met al corpountbeingred i 2ich @ dtihgdrchehavidngn 151 €yTh apent adi Brod riskel aions  (B)
a transition nmetal conpound represented by the following formula (1): R 2
I R ~C-N._ " dMKpo3ymerizing ethylene alone, using a catalyst containing,

for example, the later-described transition metal compound

(B).



R~ ~0~) R4\ RR R mand SF-784 27 (C) at |east one conpound sel ected
from (C1) an organonetallic conpound, (C 2) an organoal um num

oxy- conpound, S&A% (C-3) a conpound which reacts with the transition 5 netal
conmpound (A) or the transition nmetal conpound (B) to forman ion pair. The
conponents for formng the olefin polynerization 10 catal yst enpl oyable for
the preparation of the branched pol yol gki n are descri bed bel ow. (A)
Transition nmetal conpound containing |igand havi ng cycl opent adi enyl

skel eton Although the transition metal conpound (A) containing 15 20 a
ligand having cycl épéftereayed siedilat imhpenn ive Laddd afverr Fam modg e r

ol efin polynerization catalyst, is not specifically restricted, a

met al | ocene c@ﬁ@ébﬁdOﬁewsyal@biwomﬁokm@w@GQS&@@mIpﬂﬁﬁﬁréb&ymﬂ@50©® sdch
conmpounds i nclude netall ocene conpounds of transition netals such as

titani um vana@DufPOghandimy i neerRildy and1hes nemg /Amnd many gﬁ:e(f@fﬂé@l@)ds
which are liquid or solid under the use conditions is enpl oyabl The
transition nepabscespeond /may ke .a single conpound, nay be supported on
anot her conpound, may be a honbgeneous m xture with another conpound, or

may be a opnpl ex O@hgog@benaogaeeaqg%%ho%n%g%r%%%% “;g goﬁF g4 28 O
pu a meta

the netal | ocene conpounds per se known ne conpound of

chiral struct g r s d
the present |%égﬁgﬁéh8 ggg%eéggppés ?nHE Fé? éﬁe% ﬁﬁ u%d? Yof
Fac. ot hy) ZLQ“%T22?ﬁSg%Lﬁ?f%pgoﬁﬂ"%dﬁswﬁdﬁrom ethylene and 0 to 50 %
rac- et hyl ene-bi s t rahydr oi ndenyl } zi rconi um di chl ori de,

rac- di met hyl sPYy 82 %lé??uﬁrBHErPﬁéFﬁyﬂ%?éV@ﬁeﬁFaﬂléﬁyﬁjoiﬁféanpénﬁ to

di chl ori de,
20 carbon atoms, has the following properties:
10 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,
preferably Ea 2 0.425xC+28.7,
15 more preferably Ea 2 0.528xC+28.7,
in the case of C < 4.1 % by weight:
Ea 2 30,
preferably Ea 2 35,
more preferably Ea 2 40,
20 and

the melt tension (MT (g)) and the melt flow rate (MFR
(g/10 min)) satisfy the following relation:
MT £ 2.2xMFR-0.88,

preferably MT < 2.0xMFR-0-88,



10 rac-di net hyl silyl ene-bi s[ 1- (4-phenylindenyl)]zirconiumdichloride,
rac-di met hyl si |l yl ene- bi s[ 1- (2- et hyl - 4- phenyl i ndenyl )] zirconi um

di chl oride, r&E7% net hyl silyl ene-bi s{1-[2-nethyl-4-(1-naphthyl) 15

i ndenyl ]} zirconium di chl ori de,

rac-di nmet hyl sil yl ene-bi s{1-[ 2- net hyl - 4- (2- napht hyl ) i ndenyl]}zirconium
di chl oride, rac-dinethylsilylene-bis{l-ip2-nmethyl-4-(1l-anthryl)

i ndenyl ]}zirconiumdichloride, 20

rac-di net hyl sil yl ene-bi s{1-[2-nethyl -4-(9-anthryl) |ndenyl]}2|rcon|um
di chl ori de, rac- d|ﬁﬁ?h§?§PP9léﬁ@oﬁﬂ@ﬁﬂi[ZiheﬂhyﬁnﬁﬂﬁgmnhemﬂudﬁqﬂDn

i ndenyl ]} zirconium di chloride,

rac- di met hyl scbypbeheshi sfor[ 2xampiyl, - 4- (0o- chl or ophenyl ) SF-784 29

i ndenyl ]} zirconium di chl ori de,

rac-di nmet hyl sil yl en¢j breftrip2ngethyls4depericaf |fueHD at least one olefin
phenyl )i ndenyl ]} zirconi um di chl ori de,

rac-di net hyl skkykenedbesbh-£2net byk-4nphe 19 ] l

di chl oride, rac- dlnethyIS|Ier%e bi s{1- [ZD%%%€?Qﬂy69tﬁggétegﬁngnhtoms’
i ndenyl ] }z§ rcgpium di chl ori de,

rac-di met hyl sil yl ene-bi s{1-[ 2-et hyl -4-(9- phenanthryl) i ndenyl ]} zirconium
di chloride, 10 rac | ene-bis[1-(2-n- I-4 henyl i ndenyl

zi rconi um di chl or | égwraggghﬁh HyPs. I?yl éﬁé(l r? Erlg‘a [ hyl )
i ndenyl ]} zirconiumdichlorid

rac- d|nethyls??§F8ﬂ8n8W§f19T@??F?ﬁ%%ﬁv)Eo(bogheﬁﬁﬂ?ﬁry¥§IfSurrlng units
|ndenyl]}2|rcgnlunrdlchlorlde Preferred exanpl es of the netallocene
conmpounds of CRFFEPISETQR S Yeia AgACPOsyanfetr pyime} wferecurring units
et hyl ene[ 2- net hyl - 4- (9- phenant hryl ) - 1 i ndenyl ] (9 fluorenyl)zirconium
di chl ori de, 28e&iwh§HehEpn- ﬁﬁtﬁ&ﬁfdn(prﬁeﬁanﬂﬁrybybbnrad@nwl]@EVEng a
di met hyl - 9-f | uorenyl ) zi rconi um di chl ori de,
di net hyl sid yl eaéglot f tverany| n¢Betubatyveyghopent addDenyl 3,500 and having
less than 0.1 methyl branch, as measured by 13C-NMR, based on
1,000 carbon atoms.
Thisvinyl—terminatedn@cromonomerhasalweight—average
molecular weight (Mw), as measured by gel permeation
15 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-average molecular weight) of usually not less than 1.5
and less than 4.0, preferably not less than 1.8 and less than
3.8.
20 In the vinyl-terminated macromcnomer, the number of
methyl branches, as measured by 13C-NMR, is usually less than

O.l,preferablylessthan0.0B,morepreferablylessthan0.05,

based on 1,000 carbon atoms.



zi rconium di chl ori de and

di phenyl silyl ene(9-fl uorenyl) (3-t-butyl cycl opent adi enyl) SF-784 30

zi rconi um di cfié¥ de. OF the hitherto known netall ocene conmpounds,

nmet al | ocene conpounds having only one substituted cycl opentadi enyl group
are al so enpl oyable as the netal |l ocene conpounds preferably 5 used in the
i nvention. For exanple, there can be ngAtioned (tertiary

but yl am do) (t et ramet hyl - ~5- cycl opent adi enyl ) -1, 2- et hane di yl zi rconi um

dichloride, (terti butyl am do) (t etranet hyl - ~5-cycl opent adi enyl )-1,2 10
-ethanediyltftaniuﬁ$ igﬁ%g??hg;%SnaEeg mac%omer égn H% prepargg)by

(met hyl am do} (tetranet hyl - ~5-cycl opent adi enyl ) - 1, 2- et hane di yl zi rconi um
di chloride, (REPRYVARRTAS)POtarbenylandagyelebpemadi eayl) cbrbaat hanas
diyltitaniumdichloride, 15 :

(et hyl am do) (eetrakwtdwl z 153 erdlydert adery| Ysin@-ethaad yditybazht adning,
di chl oride, (ethylam do)(tetranethyl-~5-cycl opentadienyl)-1, 2-ethane

di yl titani um flochéramdee, (tleetlatybutiybani dojdt rrhbyt ( bet haeel hybmpbui@
cycl opent adi enyl ) si |l anetitani um di chl ori de,
(tertiarybutylksm do}di nethyl (tetranethyl-~5

cycl opent adi enyl ) si | anezi r coni um di benzyl ,

(benzy|a”id0)dinEt@Hi&ﬁﬁ&iﬁﬂﬁ&h¥51§§1%$§50H§§Eﬁgggaﬁklave§§§é8 ofcular

silanetitani um di chl oride and | _ _ _ _

Pt PoZe L AohOL TR YL oL D L5 RS e o o

ConpoundShaVi?@6?@§HPS§A5%hﬁgo%ygggg?ﬂ§agig?¥LaQkﬁyg§ i%?n, preferably
0.05 to 10 ¢g/10 min.

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

15 themoldedproduct is thencooled, the viscosity rapidly rises.
Hence, the molded product comes to be hardly stretched, and
as a result, the product hardly suffers stretching
nonuniformity.

The branched polyoclefin according to the invention has

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

The third embodiment of the branched polyolefinaccording

to the invention comprises:



are not bridged are al so enpl oyable as the netall ocene conpounds preferably
used in the invention. For exanple, there can be nentioned

bi s( et hyl cycblopént adi enyl ) zi rconi um di chl ori de, 10

bi s(di met hyl cycl opent adi enyl ) zi r coni 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 umibi s(trifl uoro-nmet hanesul f onat o),
bi s(et hyl cycl opent adi enyl ) zi rconi um di chl ori de, 15

bi s( propyl cycl opent adi enyl) zi r coni um di chl ori de,

bi s( met hyl pr opyl cyél bpEREREF &RY| Y2i EsoAREAVEDC firom @&, least one olefin
bi s(butyl cycl opent adi enyl ) zi rconi um di chl ori de,

bi s( et hyl but y¢tyctepehtradi ehgl)risr odni2umodi2€hlcarbde, atoms, and

bi s( et hyl but yl cycl opent adi enyl ) zi rconi um 20

bi s(trifluoro-methahesukéonatohg hhsEer deet hgbcyebapantadiyenylelaiireauam
di chl oride, bis(tetramethylcyclopentadienyl)zirconium dichloride,

bi s( pent amet hyheyshopent adi £y g zi CvéQ@h'éﬂlee%Bb@rﬂnQPecul&c‘E WSH2 of 600
b|s(hexylcyclopentadlenyl)2|rconlun1d|chlor|de and

bi s(trimetshyl @b'%&yc}‘d@ng%%@r ?Mlyaéf pEaN yimadi ghloor L dg. haQHEﬁjlge%%méﬁan

net al | ocene conpoun S re prefe e are netallolene co hav

I b t ad f bl
are’ motal | oot HERINIHRS %F%sa%%f?“%%%@&%&ﬁ@ﬂfﬁo@rwﬁ% oA ERGPE

group and contalnlng titaniumas the central netal. The transition netal
conpounds (A 2% @¥hti oned above can 10 be used singly or in conbination or
two or nore kinds B) Transition netal ound The transition netal
conpound (B) for f%@%1%@l¥ﬁee%P%¢FWeBBI9ﬁegB§aPFéﬁcéaﬁaP9évoﬂ§fénconpound
represented by the following formula (I): RL |1 R ~e~N-_

Comprising the recurring units (i) and the recurring units

10 (ii) is obtainedby copolymerizingat least oneolefin 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 Ofthese, anolefinselected fromethylene, propylene, 1-butene,
l-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-terminatedmacromonomerisa (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



" X" RRa\ ( RS Rm15 wherein N---Mgenerally indicates coordination,
but in the present invention, they do not need to be coordinated. In the
formula (1) , SK7f% a transition netal atomof Group 4 or Group 5 of the
periodic table, such as titanium zirconium SF-784 33 hafnium vanadi um
ni obi umor tantalum preferably a netal atomof Goup 4 of the periodic
tabl e, such as titanium zirconiumor afnium nore preferably zirconium m
is an integer of 1 to 2, preferably 2. 5 Rl is an aliphatic or alicyclic
hydr ocar bon group. Exanples of the hydrocarbon groups include: aliphatic
hydr ocar bon gfﬁﬁg§r&Pglu?bt%6L¥§ﬂﬁﬁhféPBh%? Qﬁﬁﬁ%n-Of 4 to 20 carbon atoms
asnet hyl , et hyl , n-propyl , i soprapyl, n-butyl, isobutyl, sec-butyl, tert-butyl,
n-pentyl, terBr&RASIATOUY praiseathit propylts df 8t thy5Prdpylmol spamflerably

1- net hyl butyl, 2-methyl butyl, neopentyl, n-hexyl, 1, 3-dinethylbutyl,
3, 3-di net hyl btyd 45n% taptyl, mowet hykpertply d+mesdy bexydl, paeetivularly
2, 5-di met hyl hexyl, 2-ethyl hexyl, |-nmethyl heptyl, tert-octyl, n-nonyl,

n-decyl, n-undeeykrabigodeeyl 301% mt micdecyl, n-tetradecyl, n-pentadecyl,
n- hexadecyl, n-heptadecyl and n-octadecyl; and alicyclic hydrocarbon groups

of 3 to 305 carbon akanblesUSH B YU CORORE 4 £6Y Lopent vi
cycl ohexyl 2-nethy|c§%lghexyl, 2,2-dinethylcyc?éﬁgggﬁ%%%ba%g%s RR%: Hae

2, 6-di methyl c o] 2 = r hyl cyel ghexyl , ad tyl,
cyclopropylne%ﬁ%l?%§¥%Fgggt$?ﬁ§%E§F,%g§é oﬁ%h%?%%%?%?ic% 2%%Qﬁ% and

cycl ohexyl net pylL . gg i referahly | i phati.c _or alicycTic_hydrocarbon
group represen?eéO ye%iﬁgf 8Fc§ taF?Eyiﬁpg Rydr BELPYIRGroupt ¥§P§?84a§4
containing a carhon atom bonded to_the N atomas a part of the alicyclic

9,2 SFERER, BhOmRIC Lo Lhe N aton -

skel eton, and®i§™pBr PPCHFAPPY TpPBF &rabICFNEn arlSr&ice dr ostienfcland
hydr ocar bon groug represented by CH2R .
norbornene is preferable.

10 The vinyl-terminated macromonomer has a weight-average
molecular weight (Mw), as measured by gel permeation
chromatography(GPC),ofusuallyofl,OOOtol0,000,preferably
1,500 to 9,000, more preferably 2,000 to 8,000, still more
preferably 2,500 to 7,000.

15 In the vinyl-terminated macromonomer, the number of
methyl branches, as measured by 13C-NMR, is usually less than
O.l,preferablylessthan0.0S,morepreferablylessthan0.05,
based on 1,000 carbon atoms.

The vinyl-terminated macromonomer has Mw/Mn (Mn:

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

The vinyl-terminated macromonomer can be prepared by

copolymerizing ethylene and an olefin of 4 to 20 carbon atoms



R is an aliphatic or alicyclic hydrocarbon group, and 5 exanpl es thereof

i nclude aliphatic hydrocarbon groups of 1 to 29 carbon atons, such as

met hyl , et hyl SE-i4propyl, isopropyl, n-butyl, 2-nethylpropyl, isobutyl,
n-pentyl, neopentyl, n-hexyl, n-heptyl, 1-ethylpentyl, n-octyl, n-nonyT,
n-decyl, n-undecyl, n-dodecyl, n-tridecyl, n-tetradecyl, n-pentadecyl, 10
n- hexadecyl and n- hept adecyl ; and al i cycl2ic hydrocarbon groups of 3 to 29
carbon atons, such as cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl.

O these, preferable as, R is a straight-chain aliphatic hydrocarbon group
of 1 to |7 caPhdPaYBielZiB9 Fidres i 2deafpl 831089 & ke talivsfcrPatRyaie@ar bon
groups containing a carbon atom bonded to the N atomas a part of the
alicyclic skef@toﬁxﬁﬁ@ﬂadeth?cl@bﬁépQBSC@ybEdbnrthle@hopehaylpompound
cycl ohexyl, 2-methyl cycl ohexyl, 2, 2-dinethyl cycl ohexyl, '
2,6-dinethy|cbeohexyI, 20 2,2,6,6-tetranethy|cyc|ohexyl and adamantyl. O
t hese, cyclohexyl is nore preferable. R2 to R5 nay be the sane or different
and are each a hydrheapbancpeaupolgbydregenratem ta ivdreagrharrsubss id ut ed
SF-784 35 silyl group, an oxygen-contai ni ng group, a nitrogen-contai ni ng group

or a sulfu- C@Bl?bmé@9n%%n@%@&@§@i§ﬁ@rh¥gﬁecﬂ bar least one olefin
gr oupsi ncl udestrai ght -chai n or branched alky groups of to 30 carbon

atons, prefer 0 o] t yI
|sopropyl %%%%Féeés%gaﬁy?ﬁgggggbg%yPst ? %Q?bﬁs %gé%gn%Q¥ é g&yl
straight - chaln Nels bran heg ?Iken groups f 2 to 30 carbon a 8

preferably 2 t3°%9 S&F oﬁ SHoNE PYSGERTRANGERA MG PCREAE T |so% dFenyl :

st rai ght - chai n E g ﬁ%ﬁzn 10 gr s of 2 to 30 carbon atons,
preferably 2 }PBa‘% g &L et hyye T ame HGrat RA Weé;%’lq et
saturated hydrocarbon groups of 3 to 30 carbon atons, preferabl to 20
car bon at ons, U%H‘éiﬁlésgooy%](gﬁpoﬁﬂlOOQ:@R:QQ)bEﬁT?Pferé‘PéWO%)%nQW t%@/cg@ﬁewprand
adamant yl ; cycllc unsat ur at ed hydrocarbon groups of 5 to 30 15 carbon
atons, suéh aandydydfenehdienyllyi hdenyd 2Ad prebezagly ar§ltgrblpsmoke6 to
30 car bon atons, preferably 6 to 20 carbon atom such as phenyl, benzyl,
napht hyl , bippeaﬁéyhblyefphenylyandpheﬂaM$haylya@d0Bnthr&@;samd chains,

al kyl -substituted aryl groups, such as tolyl, isopropyl phenyl,

t - butyl phenylpr@fedainey fyl phenyd sard: dhatnbutyd pherylferanithe @baveside
hydrocarbon groups, the hydrogen atom may be replaced with a hal ogen, and

exanmpl es of t&ga hyd] osas DDMEFOUPSs § - 381 £ 1 the 3y dragennat a9 i 5akepl gged
wi th a hal ogen include hal ogenated hydrocarbon groups of 1 to 30 carbon

atoms,  SF- 784036 @&%@ﬁagwm; 5@ 491 RarRgALat oms, such as
tr|fluoronethyl pent af | uor ophenyl and chl orophenyl. The above hydrocarbon

gr oups be sub dro oups | es, of
such hygﬁgcarbon 3%%%3% ?%%?J%% é§ ysub§€é$8?%%éh?%r%%%rqgﬁégggups such

as benzyl and,cu t he_aboye S referable are s ralght chain or
branched al kyT® g?%ﬁ%st%fbi ?0P83Y8a g%ﬁ ngﬁﬁl“pgg?ePEbe 38 26 Earbon

atons, such as neth , propyl, ropyl, 10 n-butyl,_ isobutyl,
sec- butyl , @ﬂ? YW@% ‘ﬁ%fﬂé”ﬁ* 1£ E 5FoGFE S8 TEOR B0t EBFboh
at ons, preferably 6 to 20 carbon atom such as phenyl napht hyl ,

bi phenyl yl, t@righettySALOh R YR LRI ANk Ay | (P ket iatasmt bayly
gr oups mhereln t he above aryl groups are substltuted wth 1to 5
substituent s A% suehiRg dHalleget anenslediRyselpoupd fofort ofle f3dscarfbdnto
atons, preferably 1 to 20 carbon atons, al koxy groups of 1 to 30 carbon
atons, pr28f erabbyrbonc 2nsarbont fat emsi,e @radn gsaupstbi16nth B mal frodr .
atons, preferably 6 to 20 carbon atons or aryloxy groups of 6 to 30 carbon
atoms, preferably Meto, 2:icasdontat ondasu2Ongxanphescoivibeon energy,
hydrocarbon substituted silyl groups include nethylsilyl, dlnethyIS|IyI

trimethylsilyl.oltdid sbhybnt dititW Sid ¥dn aha etk 1244 Yegte aredescribed.
di phenyl net hyl silyl, trlphenyIS|IyI di net hyl phenyl si | yl

di met hyl -t - t“ﬁ?@&'Ad%??QtP%ﬁEéH¥£&§enﬁ§ IuorophenyI)S|IyI SF-784 37




O these, preferable are nethylsilyl, dimethylsilyl, trimethylsilyl,
ethylsilyl, diethylsilyl, triethylsilyl, dimnmethylphenylsilyl and
triphenyl si |l yPF7#nd particularly
preferablearetrinethylsilyl,triethylsilyl,triphenylsilyl 5 and

di met hyl phenyl silyl. The oxygen-containing group is a group containing 1 to
5 oxygen atons, and does not include thg | ater-described heterocyclic
conmpound resi due. Exanples of the oxygen-containing groupsinclude
hydr oxyl group; al koxy groups, 10 such as net hoxy, ethoxy, n-propoxy,

i sopropoxy, n- butoQ?lngsébﬁbéﬁweéﬁdxt8@@QQQQ961RQ&ybewaymanEa sficdn as
phenoxy, mnethyl phenoxy, 2, 6-di nmet hyl phenoxy, 2a4,6-trinmethyl phenoxy and
napht hoxy; ar?hﬁuké%yvngQpSy $@chﬁa$/$®ehylm@uhexpra@@ phasyliet hedyilus
acet oxy group; and carbonyl group. 15 The nitrogen-containing group is a

group cont ai ni(ag 1dyme5cmﬁxrcwﬁﬁ1m§é§$re@ﬂdzﬂ@%SsBﬁblbnﬁbEQ@rthEarallel
| at er-descri bed heterocyclic conpound residue. Exanples of the

ni trogen-cont piatey G WP AEhHER cMyBP UL OHBS 213G AS y
di met hyl am no, di et hyl am no, dlpropylamnou 20’ d?buty anfﬁgﬁg tATAfess

di cycl ohexy! agyh 8oapeheny! ﬁm ”%h&“rﬁ@%‘é{i E’emgéEQLMLQQ‘ W8re LéR1 2Pno

di napht hyl am no and net hyl phenyl am no; such"as® ne
ethylimno, p y ut o] hen do groups, such as
acet am do, g@7éﬁ %§?+€ %k?g%gtgﬁg Pgma fﬁylggh§3ﬁ1%%agPﬁ?Holn

groups, such acetim a i and nitro group. The

sul f ur - cont ai ﬁﬁ%gragr}%% %DQ Q(Z ggéoconfg?ﬁp?@sﬁr%%@l?%ﬁﬂt’r%r‘“"eéleoﬁspoahasdoes
not i ncl ude the | at er - descrlbed 5 heterocyclic conpound residue. Exanples
of the sul f ur®esH SPﬁFﬁbfb9665§fﬂhcl&&?%ﬁ#@bhaﬁé%@ﬁﬁﬂmfl&nﬁﬂys@lected

met hyl sul fonato, trifl uoronet hanesul f onat o, phenyl sul fonat o, benzyl sul f onat o,
p- toIuenesulf%ﬁ@@dﬂm{ﬁ@ﬁﬁﬁh9fbéﬁzeﬁés%hﬂbm@6¢ theitcoput Yaehzemesatt eaat o,
10 p-chl orobenzenesul fonato and pentaf | uor obenzenesul fonato; sulfinato
groups, sléch s the mglesuirfiingatre pgpheny sl fd mate; oranoylcaulst.i NAFGer the

p-tol uenesul finato, trinethyl benzenesul finato and

pent af | uor obeme@neserénnat 0l oal kykvosoogratipgd suebragso®t Rxhbhira and
ethylthio; and IS arylthio groups, such as phenylthio, methyl phenylthio and

- napht hyl t hi 0.cd6di 51 6nHyk 06 a5 ROM GEOUD OF e Pe AYIESCALRN: SUDSL i t11f 86 5i | Y]
group. Exanples of the hydrocarbon groups preferable as R6 20 |nc{§dce§

strai ght - chaigh®Eabraneked ralikly ﬁf%%eoﬁfihéﬂlégp‘@ﬁféjgﬂo%t Oﬁ% pr}%g?{ abl y

1 to 20 carbon atons, such as net hyl, pro soprop y

but yl d
hyar ocar bon GronRe bf 3 T8 40 B BER e sttt fhf\%wi(ﬁﬁ' e

carbon atgns,, yl ,-.cycl obut cy cyclohexyl and
adamant y!I’; 13 ary ro%%%f%ﬁhggﬁgg fgé”;r/ one}é?%irs Blll‘/?/ gted e e Hon

atom SUCh astpnﬁﬂylfo&¥”ﬁg%éu£§%gnggﬁperatures 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 overlap the flow curve of the measuring temperature of
140°C, and the shift quantity is taken as log(aT). To the
reciprocalnumberofthenmasuringtemperature(truemeasuring
temperaturebeingdescrib@jasabsolutetemperature),log(aT)

was plotted, and an inclination was determined by the method



bi phenylyl and triphenylyl; and groups wherein the above groups 5 are
further substituted with substituents such as al kyl groups of 1 to 30
carbon atons, Shr’éterably 1 to 20 carbon atons, or aryl groups of 6 to 30
carbon atons, preferably 6 to 20 carbon atons. Exanples of the

hydr ocar bon-substituted silyl groups 10 preferable as R6 include

methyl silyl, dinethylsilyl, trinmethylsidsyl, ethylsilyl, diethylsilyl,
triethylsilyl, diphenylnethylsilyl, triphenylsilyl, dinethylphenylsilyl,
di net hyl -t-butyl silyland di nethyl (pentafluorophenyl)silyl. O these,
particul arly Pefetabrauarest(liimaanerproxingdsion) et Hjtehehglcorrelation
diphenylnethylsiuyL,.isophenylsilyl, di met hyl phenyl si |yl

di et hyl - t er t Soethflisiilent RAdwals etIRA bpeht af) wdriophieny lo)fst hyl £14w dheres

present invention, R6 is particularly preferably a branched al kyl group of
3 to 30 carbowaat asie prefreraafdin .20TBet @n20 ig@arhem at0nBkSUGY 88,

i sopropyl, isobutyl, sec-butyl, tert-butyl or neopentyl, a group wherein

t he hydrogen atom gf umgygﬁgye=an@@@Q@_@h@xhxgrprplggoreplaced wth an
aryl group of 6 to 30 carbon atons, preferably 6 to carbon atons, such

as cunyl, or aneyehic satglr ateed Aydr oup of 3 SF-784 40 to 30
carbon atoms, preferably 3 to 20 )ggr %gﬁ{ la%{)orsr%s%r 1553(: LK SRR

cycl opropyl, cycl obutyl yl _ar_cyclohexyl; and is also ,
particularly pref e?gb¥ylgﬁ¥g¢§$§§$ oup FoFF Bty ﬁyecfalraé?ﬁwuéq difs Ehsr ersrias y 6
to 20 carbon at.o such 5 as .,phenyl, naphthyl, fluorenyl, anthranyl or
phenant hryl , 8trf ggﬂy‘&rjo%asr%-lﬂ?ﬁséatdut egnsﬁ(% TR DR, LR o e &y ivesp's
of Rl to R, gﬁefer bly nei ghboring groups thereof, may be bonded to form
an aliphatic PPAGEeENSArohali €VET heP o &Ney8r6éanbeh hilgyecohtaiaing4 0
hetero atom 10 such as a nitrogen atom and these rings may further has a
substituent. KaP€sgCpunber satisfying a valence of M specifically an
integer of 2 to 4, preferably 2. X is a hydrogen atom a hal ogen atom a
hydr ocar bbh geo@befis annbzygen- contai ning group, a sul fur-containing
group, a nitrogen-containing group, a boron-containing group, an
al um num cont ai ni Nghgr @upleaiphospbentsweantiat BirREngHOWR. 18c-NMR .,
hal ogen- cont ai ni ng group, a heterocyclic conmpound residue, a
silicon-cont aval agtghetpn aMger mani um contai ning group or 20 a
~tin-containing group, and when n is 2 or greater, plural groups indicated
by X may be the safgecOfctiffe : u i ndi by may be
bonded to forma ring. The haﬁgg%% g%%ﬁ?%gé ﬁg%?ng? %ﬁ?%ﬁ?%gg %r%gFﬁggor
i odi ne . SFs ¥ f c raups include the sane
R EF e p Y S c S PRERE Y o Popgrant Tatl

groups as previously exenp ( r espec
speci fi cal v, hier g5 cap. be, Eptioned, alkyl jgroups, such

measuring sample, and the measurement was carried out using

a MT measuring machine manufactured by Toyo Seiki Seisakusho

under the conditions of a resin temperature 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

range was set to5g, andinthis case, the MT value was expressed

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



as nethyl, ethyl, propyl, butyl, hexyl, octyl, nonyl, dodecyl 5 and

ei cosyl; cycloal kyl groups of 3 to 30 carbon atons, such as cycl opentyl,
cycl ohexyl, n8FB& nyl and adamantyl; al kenyl groups, such as vinyl,
propenyl and cycl ohexenyl; arylal kyl groups, such as benzyl, phenyl et hyl
and phenyl propyl; and aryl groups, such

asphenyl , tol yl, di met hyl phenyl, tri met hylphenyl, 10 ethyl phenyl,

propyl phenyl , bi phenyl, naphthyl, nethyl naphthyl, anthryl and phenanthryl.
These hydrocarbon groups include hal ogenated hydrocarbon groups such as
groups wher ei H2at ihease sraghydfogbrusf 4hydr 8cathenfgioupsadt tahge2®as
carbon atons is replaced with a hal ogen. 15 The oxygen-containing group is

a group contakatngolld ay,5 soxydentatensasandtHeasr Refl ddelaedexbhessed by
| at er - descri bed heterocyclic conpound residue. Exanples of the

oxygen- cont ai ai 1g1 g& odPwh ned uglehyelr Oxy | G OuUR; Bl ke 9r @RS, +SUCRHT@S 21 ue
met hoxy, ethoxy, propoxy and butoxy; aryloxy groups, 20 such as phenoxy,

met hyl phenoxyyadi bRt iyl phenoxy, and, Haphy g, ALylka Y Qrqups. such as
phenyl met hoxy and phenylé?ﬁ%xf? acet oxy 33%&8! %ﬁ %g? oﬁ%FQSrSSBQGTWSS

sul fur-cong ai nj r i oup.cont ai ni 0 sul fur atons, and does
ngt ?nclu e ;ﬁéggggég?g%;§¥?%g§ EH%&-?@iéﬂgﬁﬂ%#gié@aéfygagoﬁﬁBEﬁ&sFé%P&ue.
Exanpl es of the sulfur-containin royps. i ncl ude _sul fonato groups, such as
netﬂglsulfona?oY?rF?lﬂ8W8 ?hghgggg SggéﬁFﬁﬁ@ﬁyﬁgﬁpﬁonato, genzslsulfonato,

p-tol uenesul fonato,_ 5 trinethyl benzenesul f onat o,
triisobutylbe%ighegﬁﬂﬁoﬁéﬂﬁriégghlorobenzenesulfonato and

pent af | uor obenzenesul fonat o; sul fi nato groups, such as nethyl sul finat o,
phenyl sul fi nato, bERytskit flikeat sate- vebuesesutéd niat accordance with ASTM
trimet hyl benzenesul fi nato and pent afl uorobenzenesul fi nato; 10 al kylthio
groups; and aPyl2h8 ounpeupshe Twndit roge e ©entaimperg tar@Up fi $98°Qr aup a
containing 1 to 5 nitrogen atons, and does not include the |ater-described
het er ocyclO ¢ roagouhd2r e6i Ayye. Exanpl es of the nitrogen-containing groups
i ncl ude am no group; alkylam no 15 groups, such as nethyl am no,

di met hyl am nayuh et hyvarh§e, ndi peopyk-agkngntdi(idt y| #EkARraRderage

di cycl ohexyl am no; and arylam no or al Kylarylam no groups, such—as

phenyl ani no, i phenys AN 894181 {@ky! agi,pa, di napht hyl'ani no and

met hyl phenyl amno. The Doron-contarnrg group iS a group containing 1 to

20

5 boron atons, an Lngcl | at er - descri hed_heterocyclic
conmpound resi due. T}ﬂée)ﬁ%(%reg%}g%méja?%%g’%gsr@%%s?%e,g%Brtqbigﬁgﬁ&“@éi“‘?rﬁl?E
hydr ogen, an alkyl .aroup, _ group whjch may have a substituent, a
hal ogen atomlggrlr%l%g%ﬁekes) G?E ?§é£784§)§1§aﬁt05¥ THRRT 6At BP A9 Ry GFdepiTs,
for example, Al IS ogen, an al kyl group, an aryl group which may
have a gﬂgsti%Qéihéégfdhéﬁ%g%ﬁggtﬁﬁfg?%ﬁﬂé”@iE@)?HWﬁé dhespher uet cond almi ng
group is a grou cgntainin%

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
(available from Takeda Chemicalllndustries, Ltd.) as an
20 antioxidant, a sample (concentration: 0.1 % by weight, pour:
500microliter) wasmovedatarateofl.0ml/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




51 to 5 phosphorus atons, and does not include the |ater-described

het erocycl i ¢ conpound resi due. Exanples of the phosphorus-containing groups
i ncl ude trial RE/#hosphi ne groups, such as trinethyl phosphi ne,

tributyl phosphine and tricycl ohexyl phosphi ne; triaryl phosphi ne groups, such
as 10 tri phenyl phosphi ne and tritol yl phosphi ne; phosphate groups (phosphido
groups), such as nethyl phosphite, ethyloghosphite and phenyl phosphite;
phosphoni ¢ acid group; and phosphinic acid group. Exanples of the

hal ogen-contai ni ng groups include 15 fluorine-containing groups, such as
PF6 and BFg; Eﬁﬁéﬁpﬁé-@gﬁmapﬁﬂnéogr®@§§,U§a@h agnCtd4 andcShEt6pnand

i odi ne-cont ai ni ng groups, such as 104. The heterocyclic conpound residue is
a group havi ngodecyékircgergbtur endcortraiali ng ldhecrt 1T eviererdat (fd the
Exanpl es 20 of the hetero atons include oxygen, nitrogen, sulfur,
phosphorus andbbatasd Exaopl s af vhheecyel it@ rsis ¥gt wres include 3- to
18-nenbered rings. O these, preferable are 4- to 7-nenbered rings, and
nore preferable arendvpeh® & T ' 1 XA rocyclic
conpoundresiduesinclugé %%-—784 i%gV%E?%Egg of n|§?§%%2%%g§V§VHfﬁanner
conpounds ssuc pyr , 1Ldi pe; Loidine iLnolipe and triazine,
oxygen-coéfaiE?%ggc%n%ghﬁdggé%gﬁhgglfg%éﬁrgg88p§F§§?%an sTt F tFYCoRPANHI ng
conmpounds suc i.ophene, and groups 5 wherein these heterocyclic
conpound r esi %ggeéllg %Da{}(rst T %%‘b%f‘f‘%‘ﬁ?%mf? ﬁ?‘?u%}%‘?ﬁuerﬁ%or%ﬁ@ﬁ BS1Bfkyl
groups of 1 to 30 carbpn atons, preferably 1 to 20 carbon atons, or al koxy
groups. Exanmpf &80FeR %p%f%F(ﬂﬁﬁ(éﬁﬂﬂﬂrﬁQﬂ?%ﬁ(ﬂhﬁsﬁaﬁ@l&ééeloand Mw, Mn,
hydrocar bon-substituted silyl groups, such as phenylsilyl, diphenylsilyl,
trinethylsi | yYW/Kpiaihpesii yptepsipyopyt 013t eaati ppelkohexyl salghlated.
triphenylsilyl, methyldiphenylsilyl, tritolylsilyl and trinaphthylsilyl;
hydr ocar bon- a3 uremedt sidfyit het hembgroopsyetdueh kasanches and the number

10 of hexyl branches

The number of methyl branches based on 1,000 carbon atoms
in the polymer molecular chain was measured by 13C-NMR. 1In
the measurement, a Japan Electron Optics Laboratory Lambda
500 type nuclear magnetic resonance apparatus (!H: 500 MHz)

15 wasused. Thenumberofintegrationtimeswas10,000to30,000.
As the chemical shift base, a peak (29.97 ppm) of the main
chainmethylene was used. The measurement was made by placing
250 to 400 mg of a sample and 3 ml of a mixed liguid of
o—dichlorobenzeneofspecialgradeavailablefromWakoJunyaku

20  Kogyo K.K. and benzene-dé available from ISOTEC Co. (5:1, by
volume)jjlacommerciallyavailableNMRHeasuringquartsglass
tube of 10 mm diameter and heating them at 120°C to give a
homocgeneous dispersion. Assignment of each absorption in the

NMR spectrum was carried out in accordance with Region of



15 trimethylsilyl ether; silicon-substituted al kyl groups, such
astrinethylsilylnmethyl;andsilicon-substituted aryl groups, such as
trinethyl sil ySpfighyl . Exanpl es of the gernmani um contai ni ng groups include
groups wherein silicon is replaced with germaniumin the 20 above-nenti oned
silicon-containing groups. Exanples of the tin-containing groups include
groups wherein silicon is replaced withpgtin in the above-nenti oned
silicon-containing groups. SF-784 45 Exanpl es of the transition netal
conpounds represented by the fornmula (1) are given below, but the
transiti on nmefAerdSgoundstapel woee INay 114a, t MR edot 1 inSRIEBL xictr imMrrt a1

Zrd2 O2 tBu nPentyt ~N~ ~ ~ 2Zrd2 O2\ tBu "Qtyl ~N.__ zZrd2 O2 tBu ~
Qodecyt ~N-. SEAGR2 (L)} @2 A32BBF!"t ™e numbeZr & 2K 2 randfe HR¥ased
N... Zrd2 O2tBu ~NzZrda 0O2\ tBu "Nonyl ~N~zZrd2/ ~ O-J 2 tBu

onl,OOOcarbonatomsiscmlculatedfromzaratraoftheintegral
intensity of absorption (19.99 ppm) of a methyl group derived
5 from methyl branch to the integral total sum of absorptions
appearing in the region of 5 to 45 ppm. The number of hexyl
(orlonger)branchesbasedonlqooocarbonatomsiscmlculated
from a ratio of the integral intensity of methylene (C6+3)
appearing at 32.2 ppm to the integral total sum ﬁhereof.

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):

H3 C/ />Mxn
O (1)

and



"~Ctadecyl ~N~' ~ Zrd 2/ ~ O\ tBu "Bu ~NV" ~ Zrd2 O2 ~ tBu n Hexyl ~-N"

~Z~Cl12 O2 tBu "l~acyl ~N~w~ 2z2Zrclz/ f O2 tBu ,~-N.. ZrCz OZ\ItBu
Cl2 nPr tPr NOE-784 C12 ~' ~ 72rd2 C s O nt~u .N-- ~ Zrd2 n nPentyl 'N-~
~2rd2 ~~~Jn ~N-.., ZrC2 O2 tBu n Heptyt ~N~~ ~ Zrd2 / ~ O tBu "U ndecyi
~N. .. Zrd2 02 tBu' ~zrcl2 00 SF-784 47 "Hexyl "Qecyl G2

27

(C) at least one compound selected from:
(C-1) an organometallic compound,
(C-2) an organoaluminum OXy-compound, and
(C-3) a compound which reacts with the transition
5 metal compound (A) or the transition metal compound (B) to
form an ion pair.
The components for forming the olefin polymerization
catalyst employable 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 specifically restricted, 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
of compounds which are liquid or solid under the use conditions

20 is employable. The transition metal compound may be a single
compound, may be‘supported on another compound, may be a
homogeneousmixturewithanothercompound,cn:maybeeacomplex

or double compound with another compound.



Cz ™ VrzZ" "Pr1~N...2Zrd202Ph~t1~N"~2rd2/" Q2 Ph N o~
ZrCi21 02Ph"Pr | ~N'" ~2rd2,/ ( O2 Ph ~u "Pentyi ~N ~ zZrd2 ~N"' ~
Zrd2\) ~ 087 Ph "Mepcyl 'N~' ~ Zrd2 Oo "~Jndecyl 'N ~Zrd2 ,0

“betyl ‘Nt~~ ~:2rCia "Qodecyl .N... _Zrd2 ~O0C2 M~N' ~zrd2 ~G2 / Ph
"Bui ~N...._ zZrd2/ ~2 Ph ~N---" "LZrd 2 O—~ff 2 Ph "Nonyl 'N-' ~ ZrG 2
, O 28 :

Of the metallocene compounds per se publicly known, a
metallocene compound of chiral structure having C2 symmetry
or Cl symmetry is preferably used in the present invention.

Preferredexamples of themetallocene compounds of chiral

5 structure having C2 symmetry include
rac-ethylene-bis(indenyl)zirconium dichloride,
rac-ethylene-bis (tetrahydroindenyl)zirconium dichloride,
rac—dimethylsilylene—bis(2,3,5—trimethylcyclopentadienyl)
zirconium dichloride,

10 rac-dimethylsilylene-bis {1~ (4-phenylindenyl)]zirconium
dichloride,
rac—dimethylsilylene—bis[1—(2—methyl—4—phenylindenyl)]
zirconium dichloride,
rac-dimethylsilylene-bis{1-[2-methyl-4~(1-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 rac-dimethylsilylene-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{1—[2—methyl~4—(o—chlorophenyl)




SF-784 48 "Hexyl ~N ~ zZrCG 2 O 2 Ph "Heptyl ~N~~"'"LZrd 2 O-J 2 WPh "Qtyl

~N~ ~ ~2ZrG2/ ~OPh "Decyl ~N-' ~2Zrd2 O2 Ph ~N-... Zrd2 O 2 Ph
"~JndeCyt ~N SF38%rd2 02 Ph ,,N-___ ZrCl~ O2 Ph "IVonyl ~N~ ~zrd2 / |
O 2 Ph "Dodecyl ~N~- ~ ~ Zrd2 O2 WPh "COctadecyl ~N., . ZrGi2 02 Ph M N_
~~N~~2Zrd2 ~rcd2 02/ O2 MO-\ ~Bu Ph Fit "Pr ~Pr "~u ~N w Zrd 2 ~N
" ~Zrd 2 ~N-' ~'Zrd 2 ~N-~ ~Zrd 2 2

indenyl]}zirconium dichloride,
rac-dimethylsilylene-bis{1l-[2-methyl-4- (pentafluoro
phenyl)indenyl]}zirconium dichloride,
rac—dimethylsilylene—bis[l—(2—ethyl—4—phenylindenyl)]

5 zirconium dichloride,
rac~dimethylsilylene—bis{1—[2—ethyl—4—(1—naphthyl)
indenyl] }zirconium dichloride,
rac—dimethylsilylene—bis{1—{2—ethyl—4—(9—phenanthryl)
indenyl]}zirconium dichloride,

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

15 indenyl]}zirconium dichloride.

Preferredexamples of themetallocene compounds of chiral
structure having Cl symmetry include
ethylene[2-methyl-4- (9-phenanthryl)-1-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)




/'l I/ oO/ ~02/ ~02/ ~02/" 2 MO ~ tBu MO\ ~Bu MeO \ tBu MO ~

~Bu ~Nu, 02 MO ~ "8u "Fertt)/lI N- . ~N Zrd2 ~-N ~~-2rd2 ~ ~ 2ZrG 2 ~
Zrcd2 O/ OOSE7R42 /| 2 ~( ~f MO~ tBu MeO tBu MeO ~Bu SF-784 49
nHexyl nMeptyl ~Qctyl °~ 9%onyl "" zZrdl ~N'° ~ ~ zZrd2 ~zrd2 z ' zZrd2 ~
O/ 20~/ 2f ~t MO ~tBu MeO ~ ! tBu MeO ~ tBu MeO Bu "@BCyl "Undecyl
"E~odecyl © ZrG2 ~-N~ ~Zrd2 ~N" "ZrC&; 000/ 2/ z/ O2 MO\ ~ tBu
MeO ~ tBu MeO ~' ~ tBu MeC -'N ~ ~ZrCG 2 ~N-" ~ZrC]202/~OZMeO~tBu
MO ~tBu ~ M ~Zrd2 O-'~2 MO ~ Mn~, ~N~ ~~2Zr2 O2 n '"Pr 1 ctadecyl
S ~Zrd 2 .0 tBueNUN diZIQridO o ;12 ~N~ -yZrd 2 ~' N~ -Zrd 2 ~~JJO 2
/I\i O2 MO "~ MOt~u'N"" ~ 2ZrC"Pentyl G zZrd2 0

Of the hitherto known metallocene compounds, metallocene
compounds having only one substituted cyclopentadienyl group
are also employable as the metallocene compounds preferably

5 used in the invention.

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

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

15 (ethylamido)(tetramefhyl—n5—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—n5—cyclopentadienyl)

)




SF-784 ~1 "V riCleCyl "N ~zrd2 . ..0zZrd2 .0., "Nonyl "N~ ~ Zrd 2
"~CtaCl2Cyl "N~ ~Zrd2 . ,0l~te Nw~ 2Zrd2 2 ~-N~ ~ ZrCl N-- Or ~-2Zrd 2
~2/ O2 p' /SHW4\ ~\ i 2 MO ~ Ph\ MO E~ "Pr SFr n~u ~-~Zrd 2 ~N~~
yzrd2 '~N~ -LZrd2 ~N~~~2Zrd2 O/ O/l OO/ [ 2/ 2/ 2/ f\ ~\

MOv ~ Ph MO ~ ~ Ph MO ~ ~ Ph MO v ~ Ph ~N~~ ~Zr( / | O-2 MeO \ Ph 50
"F-lexyl "Hepty) n(~Clyl ~C2 ~N" ~Ztgl ~OJ., "Decyl "~Pentyl ~zZrd 2 ~
~Z~C12 O 2 02 ~ M Ph MeO Ph SF- 784

silanetitanium dichloride and
(phenylphosphido)dimethyl (tetramethyl-n3-cyclopenta
dienyl)silanezirconium dibenzyl.
Of the hitherto knownmetallocene compounds, metallocene
5 compouﬁdshavingtwosubstitutedcyclopentadienylgroupswhich
arenot bridgedarealsoemployableasthemetallocene compounds
preferably used in the invention.
For example, there can be mentioned
bis(methylcyclopentadienyl) zirconium dichloride,
10 bis(dimethylcyclopentadienyl)zirconium dichloride,
bis(dimethylcyclopentadienyl)zirconium ethoxychloride,
bis (dimethylcyclopentadienyl)zirconium
bis({trifluoro-methanesulfonatoc),
bis (ethylcyclopentadienyl)zirconium dichloride,
15 Dbis(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,




51 "Hexyl "Heptyl "Ootyl "Nonyl ''NMA ~ZrC4z ~N A~ '.zZrd2 ~N' AZrd2 ' N
"Zrd2 0-J2 O- 0~ O/ ] 2/ 2/ 2 MO ph MeO ~ ph MeO ~ ph MeO ~ ph "Decyl
~N* ~ZrC/ ' ©RJ® MeO Ph "I~7QdeCy/ ~ "~CtaC ~eC) 1~ Zrd 2 ~N-"A' ; Zr Cl

~N-~~~ ZrCl 0~ 2 0' / MO ~ ph MeO \ Ph "Hexyl ''N- ~Zrd2 ~N-' ~Zrcl N°-

"N~ ~2rd2 0202 ~~"2Zrd2/ 0/12 2 p%2 M ~P M0 ~! ~i M2N ~ ~Bu
Oh ~"" ph MO0 ~/ "Ph "Cctadecy! ~N"' 35 Zrd2 N. / O2 ~~Zr | | Me2N ~
~Bu Me2N ~ tBu "Hexyl N™- ~Nv yzrCf zZrd2/ O2/ O2 MezN ~ ( Me2N \ Ph
Me2 ~Ciz '~-2ZrCl Ph "OCtadecyl Zrd 2 Ph SF-784 52 "Hexyl "Cctadecyl
~N ' ~zZrd 2 ~Ris (hgp@lzyaorzatieziienyl) 22 ycon i@ did orhde \andu PhO \ tBu
phO \ ( tBu P "Qctadecyl '"N' ~ z2Zrd2 O~ ~Z 2

bis(trimethylsilylcyclopentadienyl)zirconium dichloride.
Of the above metallocene compounds, more preferable are
metallocene compounds having only one substituted
5 cyclopentadienyl group, and particularly preferable are
metallocene compounds having only one substituted
cyclopentadienyl group and containing titanium as the central
metal.
The transition metal compounds (A) mentioned above can
10  be used singly or in combination or two or more kinds.

(B) Transition metal compound

The transition metal compound (B) for forming the olefin
polymerization catalyst is a compound represented by the

following formula (I):

( R )
2 |
R \C//N~‘~' e
s //'MXn
R O (D)
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,



O 2 PhO "Hexyl "~ctadecyl ~N' ~ZrCt2 iN' ~ZrG2 ~N' ~zZrG2/ | O-'/2 ]

| O/2/ 2 iP~~tBu ; W%. ~t PrO Bu PhO Ph Qctadr~cyl 'N' ~ ZrC. ,0C2
"Hexyl ' N~~ ~SEfd 2 "Hexyl "Qtadecyl rd2 ~N-~ ~ 2Zrd2 ~NM ~ -"2Zrcd2 O
cPr \' 1 2\ 1 2PhOvV ~Ph PO ~" ~Ph 12 ~N O2 ~PrO~N"'" ~ 2ZrG2 02

Ph "C~ctadecyl ~N' ~ zZrd2/ ~ 02 Ph Q~N' ~2Zi'Cl21 O2 ~PrO~ ~Bu
~Hexyl ZrG ~N~ ~zZrd2 z / ( O2 ~PrOsgh SF-784 53 In the above

exanpl es, Me denotes a nethyl group, Et denotes an ethyl group, nPr denotes
a n- propyl group, iPr denotes an isopropyl group, nBu denotes a n-butyl
group, tBu dehafasua,t veaeylugyoopobiRentyl tdenefes, apmefentyll ygrougtal
nHexyl denotes 5 a n-hexyl group, nHeptyl denotes a n-heptyl group, nCctyl
denotes a n- Cetyhn gfoGpoupNdnylf dérotes iadi-carylegr aunh oyt denghes a
n- decyl group, nUndecyl denotes a n-undecyl group, nDodecyl denotes a

n-dodecyl grouprcafetiadeeyhadenahss m ria- @eladaey1 OraueAngh Ph denotes a
phenyl group. 10 Al so enployable are transition metal conpounds wherein the

zirconiumatomis pepkaggdiwithea @Rt al tgt Iger o8] ,ZHh OB um  such as
titaniumor hafnium in the abdve conpound '

5 R! is an aliphatic or alicyclic hydrocarbon group.
Examples of the hydrocarbon groups include:
aliphatic hydrocarbon groups of 1 to 30 carbon atoms,

suchasnethyl,ethyl,n—propyl,isopropyl,n—butyl,isobutyl,
sec~-butyl, tert-butyl, n-pentyl, tert-amyl,

10 1,2-dimethylpropyl, l-ethylpropyl, isoamyl, l-methylbutyl,
2-methylbutyl, neopentyl, n-hexyl, 1,3-dimethylbutyl,
3,3-dimethylbutyl, n-heptyl, l-ethylpentyl, l-methylhexyl,
n-octyl, 1,5-dimethylhexyl, 2-ethylhexyl, I-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.

R! is preferably an aliphatic or alicyclic hydrocarbon

group represented by CHR' or an alicyclic hydrocarbon group



The process for preparing the transition netal conpound (B) represented by
the formula (1) is not specifically 15 restricted, and the transition netal
conpound (B) &Hi8%e prepared by, for exanple, the follow ng process. First,
a conmpound (referred to as a "ligand precursor” hereinafter ) which becones
aligand in the resulting transition netal conpound represented by the
formula (I ) is obtained by 20 reacting a salicyl al dehyde conpound with a
primary am ne conpound of the formula R1-NH2 (Rl has the same neaning as in
the formula (I ) ) , such as an aniline conpound or an al kyl am ne
conpound. SEOTEA 1md ngb Be CaFkeNS iadain yporistsich tof thise Neerppounds sapart of

di ssolved in a solvent. As the solvent, any solvent usually used for such

reaction is eﬁ@ﬁo?&bb@CLMQjﬂkﬁﬂﬁﬂﬂﬂﬁﬂd@d ieen @ retoihol 1501 W eitte Sbedo 86 an
met hanol or ethanol or a hydrocarbon solvent 5 such as toluene is

preferable. Thanphbhe cresulltcnglselifdoicd sost hibag firahoute dnl e dﬁ‘%vhours
at roomtenperature or under reflux,whereby the correspondlngllgan

pr ecur sor | sobt ai ned i nexsell amavi el dm e syLhesis alodhec
cid

| i gandprecursor, an acid catalyst, 10 such as tform'c acid,

t ol I t I, Th t
of 1 octivel y. preantad oy ¢ Egﬁiéﬁg Bs) ATaFiRtaihus ro%s&%%%.'%gg‘éas?a N

sodi um sul f at ﬁ % t|n gent_ or con t|n dehydrati on through
the Di en and gta k§a9§ gat n %ﬁﬁ§§¢%b g? OR%ﬁe}ﬁ@Br§§yébove
is reacted with a ng Ilcﬁﬁ ggound represented by NKk (M and X have the
same neani ngsas FK5se2of P YHE TPV rt He RO aia {PEN e ReaPen fihber
satisfying a valance of , mherebé t he corresponding transition netal
conpound can B& §§Mﬂhéﬁ@ﬁﬁFyb01Nﬁﬁ vdpesithiloant 9ct yhe rsymtrhesi zedekiydand
precursor is dissolved in a solvent and if necessary contacted with a base
to prepare a phenégidé, saldodadisn phersdeayilom-orettthaiesallt, hspahxedewiytlh a
metal li c conpound such as a netallic halide

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 R®> may be the same or different and are each a

hydrocarbon group, a hydrogen atom, a hydrocarbon-substituted



or a netallic alkylate, and the m xture is stirred for about SF-784 55 1
to 48 hours at a tenperature of -78C to roomtenperature or under refl ux.
As the sol venfF-7#ny sol vent usually used for such reaction is enpl oyabl e,
and particularly, a polar solvent such as ether or tetrahydrofuran (THF) or
a hydrocarbon 5 solvent such as toluene is preferably used. As the base for
preparing a phenoxide salt, a netallicsgalt, a. g. , a lithiumsalt such
as n-butyllithiumor a sodiumsalt such as sodium hydride, or an organic
base such as triethylam ne or pyridine is preferable. 10 Dependi ng upon the
properties of SthEl&ggpduni okHeengandaprédaosent, 2 di tecyky-reatted inigt h
the netallic conpound w thout preparing the phenoxide salt, whereby the
correspondi ngdtpansPri en spetfal -compeind ngagraiga be synt hesi zed. 15
Further, it is possible to replace the netal Min the resulting transition

nmetal conpound wit bxamplbelo fttensi i 00a MBb AL riolpd GMedd Eepak gARNREL 1 n\When
any one of RlL to R6 is a hydrogen atom a substituent other than a hydrogen

atom can be i 9trogucERed N BBYL g;trﬁﬂl%soﬁft Nec Sy Resis, PLOGRSS: ﬁgtgg%%bly

reaction solution of the |igand préecursor and the transition

M- cont ai nisig ¢eapaund 63N D8-S A% d heL 8, W Lhayh sqlating the Lrangition

met al conpound (B) fromthe sol ution. he Tt

conmpounds (B)._r ented, h he _forpula.( | ). are used singly ar in
conbi nation of $§%§gf %%Pguéyédsseﬁ-%ﬁt@%aaHSEﬁf RIS &%m&x% and
Exanpl esof t he_organomet al | i cconpounds(C-1) enpl oyabl e in_the invention

i ncl ude the bRTH 8@3c? BéagBFgghaﬁﬁtéFl?éagghed alkenyl groups of 2 to

30 carbon atoms, preferably 2 to 20 carbon atoms, such as vinyl,
allyl and isopropenyl; straight-chain or branched alkynyl
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 to 20 carbon atoms,
such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
adamantyl; cyclic unsaturated hydrocarbon groups of 5 to 30
15 carbonatoms, suchascyclopentadienyl, indenyl and fluorenyl;
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,



conpounds containing netals of Goup 1, Goup 2, Goup 12 and G oup 13 of
the periodic table. (C la) O ganoal um num conpound represented by the 10
following for 8 RamAl ( ORb ) nHpXg wherein Ra and Rb may be the sane or
different and are each a hydrocarbon group of 1 to 15 carbon atons,
preferably 1 to 4 carbon atons; X is a halogen atom and m n, p and q are
15 nunbers satisfying the conditions ofjg0<nk-3, 0<-n<3, 0<p<3, 0<-g<3 and
mtn+p+q = 3. (C 1b) Al kyl conpl ex conmpound conprising a Goup 1 netal of
the periodic table and al um num and represented by the follow ng fornula:

2~ M2Al Raq whereifrreplys ILito ME rnkoramd dRs i ssucthyady dosirborn mproeiphei, 1 to
15 carbon atons, preferably 1 to 4 carbon atons. SF-784 57 (C 1c) D al kyl
conpound contaEntﬁélaO@D@Upnghwmm?@mﬁdmbphﬁmylof the periodic table and
represented by the followng fornmula: RaRoM3 5 wherein Ra and Rbo may be the

sane or different a@ahd aacerLagdrdchydsoeaches rgd Pup sefb st itttk waf Per halons,
preferably 1 to 4 carbon atons; and M3 is Mj, Zn or Cd. Exanpl esof the

or ganoal um nuRy,geRBAYBES QEbh@% 'QﬁaL@%%mﬁﬁéQQQ@@Q@%PH&@nggg%gguggouﬁﬁ

represented by the followng 10 formul a: s:m wherein

nmay be thQSSagﬁcgﬁdg'££§159&b§99t§£% ﬁﬁg&rgcgy §Q%%g§§pré%era s $ehe #ber

carbon atons, preferably car tons Iy a'f
sati sfying thgn 5 Sﬁggltlon of 1.5<-nx-3; an organoal um num conpound
represented by I"owi ng formula: RamAl X3 _m

Of the above groups, preferable are straight-chain or
branched alkyl groups of 1 to 30 carbon atoms, preferably 1
to 20 carbon atoms, such asmethyl, ethyl, n-propyl, iscpropyl,
10 n-butyl, isobutyl, sec-butyl, t-butyl, neopentyl and n—hexyl;
aryl groups of 6 to 30 carbon atoms, preferably 6 to 20 carbon
atom, such as phenyl, naphthyl, biphenylyl, terphenylyl,
pheﬁanthryl and anthryl; and substituted aryl groups wherein
the above aryl groups are substituted with 1 to 5 substituents
15 such as halogen atoms, alkyl groups of 1 to 30 carbon atoms,
preferably 1l to 20 carbon atoms, alkoxy groups of 1 to 30 carbon
atoms, preferably 1 to 20 carbon atoms, aryl groups of 6 to
30 carbon atoms, preferably 6 to 20 carbon atoms or aryloxy
groups of 6 to 30 carbon atoms, preferably 6 to 20 carbon atoms.
20 Examples of the hydrocarbon-substituted silyl groups
include methylsilyl, dimethylsilyl, trimethylsilyl,
ethylsilyl, diethylsilyl, triethylsilyl,
diphenylmethylsilyl, triphenylsilyl, dimethylphenylsilyl,

dimethyl-t-butylsilylanddimethyl (pentafluorophenyl) silyl.




wherein Ra is a hydrocarbon group of 1 to 15 carbon atons, 20 preferably 1
to 4 carbon atons; X is a halogen atom and mis preferably a nunber
satisfying t heFé¥nditi on of 0<nk3; an organoal um num conpound represented
by the following fornmula: RamAlH3 m SF-784 58 wherein Ra is a

hydr ocarbon group of 1 to 15 carbon atons, preferably 1 to 4 carbon atons;
and mis preferably a nunber satisfyingythe condition of 2<-nx3; and 5 an
or ganoal um num conpound represented by the following fornula: Ra~Al ( ORb )
nXq wherein Ra and Rb may be the sane or different and are each a

hydr ocar bon gPéuphefrel Pgefsreddison rat oveshyphrsdflerlabldinde ttroy U9 Wy Tar bon
atons; X is a halogen atom and m n and q are nunbers satisfying the
condi tions of tOimetBylBidy3d, @<hyd3idyd ,meneqhy13iIRdrt it erh exanpyes of
t he organoal um num conpounds (C-1a) include: 15 tri-n-alkylal um nuns, such

as_trinethyl abimentgl phenet Ry 1§/1uahaumr idher Uty 8l WADWErticularly
tripropylalumnum tripentylalum num trihexylalumnum trioctylalumnum

and tridecyl abugirayaL1krd rdt angbedyehai pyalkylal '%&@,ﬁggﬁ%ﬁﬁgilyl

triisopropylal um num trllsobutyIaYunlnunl tri-sec-

tri-tert-byuty ug: tri -2 et hylhbutyl al um num
tri-3-netﬁ§lbé?élghﬂgghgééhfﬁyggaéé%hylpentylaluninun]

tri-3-nmethyl pentyl al um nu SF-784.59 tri-4-nethyl pentyl al um num
tri-2-neth§|ﬁexy¥a hﬁi%ﬁ%gén—contalnlng group 1s a.%r%uPJ%ontalnlng 1 to

5 oxygen atoms, and does not include the later-described
heterocyclic compound residue. Examples of the
oxygen-containinggroupsincludehydroxyl group; alkoxygroups,

10 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-trimethylphenoxy
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, diethylamino, dipropylamino,

20 dibutylamino, dicyclohexylamino, phenylamino, diphenylamino,
ditolylamino, dinaphthylamino and methylphenylamino; imino
groups, such as methylimino, ethylimino, propylimino,

butylimino and phenylimino; amido groups, such as acetamido,



tri-3-nmethyl hexyl al umi num and tri-2-ethyl hexyl al um num
tricycloal kyl al um nuns, such as tricycl ohexyl al um num and

tricycl ooctyl 8i-te¢gi num 5 triarylalum nuns, such as triphenyl al um num and
tritolylalum num dial kyl al um num hydri des, such as diisobutyl al um num
hydride; trial kenyl al umi nuns represented by (i-C4H9) XAl y(C5H o)z 10
(wherein x, y and z are each a positivagnunber, and z>-2x) or the |iKke,
such as isoprenyl al um num al kyl al um num al koxi des, such as

i sobut yl al um num et hoxi de, i sobutyl al um num et hoxi de and i sobutyl al um num
i sopr opoxi de; N48edhgl kgt abuaipuamdlNane tesl, besuramiaso diimetdyy babupisnusuch
nmet hoxi de, di et hyl al um num et hoxi de and di butyl al um num but oxi de; :
al kyl al um nunasesqat ahkoxi das, beuehmasioet hyhahumiraumreegqui et hoxi de and
but yl al um num sesqui but oxi de; 20 partially al koxyl ated al kyl al um nuns

having an average coanasi tiencseps eseny edk-hiy, Raz oS4 ro@@Réana§n95gtﬁetb'kei
di al kyl al um num aryl oxi des, such as diethyl al um num phenoxi d

di et hyl al um n i t e SE-
ethylélunlnunﬁré%%gug a%o@%ugéné gﬁ%gy§Pghgﬁ§;9§£ the la%%%—%%scrlbed

?égﬁﬁgyfélﬁhlnuﬁgﬁgig giﬁl-eﬁéané ﬁﬁglph %%%?%%? Oﬁlﬁmﬁylalunlnum

hal i des, such ﬁf d|nethélalun1nun15 ch Oﬁ# $ di et hyl al um num chl or | de,

di but yI al umi n3ht AT or P21 T BE hGF APBRi hif BEOnT det %ﬁﬂt6|9§%%ﬂ?yI§Pﬁﬁlﬁﬁm
chl oride; al kyl al um num sesqui hal i des, such as ethyl al um num
sequ|chIor|d%et%h%%Whf%%@ﬁﬂnﬁ§é§é@@é@@@¢m@@eéméﬁﬂﬂ%ﬂQﬂRhﬁnuﬁﬁulfonato,
sesqui br om de, artially hal ogenated al kyl al um nuns, such as
ethylalunlnud$@ﬂ%ﬁ vl Benapeopytablrenamdiehkoei de and

trimethylbenzenesulfonato, triisobutylbenzenesulfonato,

10 p-chlorobenzenesulfonato and pentafluorobenzenesulfonato;
sulfinato groups, such as methylsulfinato, phenylsulfinato,
benzylsulfinato, p-toluenesulfinato,
trimethylbenzenesulfinato and pentafluorobenzenesulfinato;
alkylthio groups, such as methylthio and ethylthio; and

15 arylthio groups, such as phenylthio, methylphenylthio 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

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



but yl al um num di brom de; di al kyl al umi num hydri des, such as diethyl al um num
hydri de and di butyl al um num hydri de; 15 partially hydrogenated

al kyl al um nunsg-78&. g., al kyl al um num di hydri des, such aset hyl al um num .

di hydri deand propyl al um num di hydri de; and partially al koxyl ated and

hal ogenat ed al kyl al um nuns, such as et hyl al um num et hoxychl ori de,

butyl al um num 20 but oxychl ori de and et hyl al um num et hoxyb: rom de. Al so

enpl oyabl e i s a conpound anal ogous to the organoal um num conpound (C-1a),
such as an organoal um num conpound wherein two or nore al um num conpounds
are conbi ned 20SRrrgn Homér sugh &6 aytiogenpaiomyAvtexanpl eyofopachyl,
conpound is ( CzZHS ) zZAIN ( CZHS ) Al ( CZHS ) z . Exanples of the

or ganoal um nuaycooheupisar(dCabbnanteliuder ki ArdudZbs § t4 andakivAn 4tBHLES ) 4
. 5 O her conpounds, such as nethyllithium ethyllithium propyllithium
butyl'lithi um pretbyLERgEaS] 2o-hEeBHAR onTBS hyh BBIMRSIMMIC A1 d8aphthyl,

et hyl magnesi um br om de, et hyl nagnesi um chl ori de, propyl magnesi um brom de,

propyl magnesi H%HQEQE.&/g%}nMﬁ’, %ﬁ%g%g{%% B%Qr?k'{d ¥hragnesi ﬁgbups

chl oride, dinethyl nagnesium di ut yl magnesi um a
butyl et hylqragpesiym, are.a : | qyahl.e_a he organonetal |i onpounds
; t ]
(CG1). Cor%?na?l ons g%rcsérrﬂﬁ%gﬁ qupgg)éJalb 553 S%rlg‘dﬁtr:ll Ag 1 aﬁﬁc}\c}%'ﬁnggf’PBﬁed
or ganoal um num.c ounds in the 15 pol riz}Lio system e.g., a
conbi nati on o&hglr%)gé aF@ﬁgglnuﬁ'Fﬂfﬁ‘Fﬂ aﬂégg?iiﬁg Vtﬂi%%&""&b@é‘nﬁicﬁg}tsi'oﬁrof
hal ogenat ed al um num and al kyl magnesi um are al so enpl oyable. O the
or ganonet al | i BT¥SMFRHRE OECe TH° rEnt R Bhed alidve, Pedasedilund iumroapobnts
are preferable. 20 The organonetal | i ¢ conmpounds (C-1) nentioned above are
used singly o#tPmSeonbination of two or nore kinds. C 2) O aanoal uni num
oxy-conpound The or ganoal um num oxy-conpound (B-2) may be a hitherto known
al um noxane or mayEkemgleh afbehzehgdrnsekbbhesubstituted silyl groups
10 preferable as R® include methylsilyl, dimethylsilyl,
trimethylsilyl, ethylsilyl, diethylsilyl, triethylsilyl,
diphenylmethylsilyl, triphenylsilyl, dimethylphenylsilyl,
dimethyl—t—butylsilylanddimethyI(pentafluorophenyl)silyl.
Of these, particularly preferable are trimethylsilyl,
15 triethylphenyl, diphenylmethylsilyl, isophenylsilyl,
dimethylphenylsilyl, dimethyl-tert-butylsilyl and
dimethyl (pentafluorophenyl)silyl.
In the present invention, R® 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 group 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



SF- 784 62 or ganoal um num oxy- conpound asexenplifiedin Japanese Patent
Lai d- Open Publication No. 78687/1990. The hitherto known al um noxane can be
prepared by, 8®784exanple, the foll ow ng processes, and is generally
obtained 5 as a hydrocarbon solvent solution. (1) An organoal um num
conpoundsuchastri al kyl al um numis added to a hydrocarbon nedi um suspensi on
of a compound contai ni ng adsorption waygr or a salt containing water of
crystallization, e.g., nmagnesiumchloride hydrate, copper 10 sulfate
hydrate, alum num sul fate hydrate, nickel sulfate hydrate or cerous

chl ori de hydr &fe30 t@Rr ¢ tdws o pgafealaliynGnt c o ararb dro arteact, widdh ke
adsorption water or the water of crystallization. (2) Water, ice or water
vapor is all omedmeotgil;ecykyopsoaetl , onyan obugangalaymlapsregpaund such as
trial kylalum numin a nedium such as benzene, toluene, ethyl ether or

t et rahydr of ur epc168pxA ; (IgRANGL & Ds O 1S as, diraethyblivn 9xdde 8oy
dibutyltin oxide is allowed to react with an organoal um num 20 conpoung

such as Fria'8?“@&%”@@Qﬂhﬂﬁn@a%%%%?”b?QEQrQE%QQ§%Q§2O QordL! ueng.
The al um noxane nmay contain a small anount of “an organonetal I'ic cdnponent.

Further, ig i bl e.t e n r the unreacted, organoal um num
conpound ists r%mﬁ'sﬁ#g’&hég’f ?glﬁgﬁﬁéyfeéc%r\l/@?%%n*g Ut rpgﬁngf]tg‘lré’ i'nBxane
by distillatign%agd t he regaigdﬁrtiéﬁredizsglved in a solvent or suspended
in a poor sol Vel 7 8raAPART REX&NE T UEREnPIed Lof TOHE -or ganoal uni num compounds
used for 5 preparing the alum noxane include the sane organoal um num

conpounds as previ DS Y€ dBRES | PEW R tH FdspecR®t oprhiEe vrighnoa¢ Lemhaming

conmpound (C-1la).
groups thereof, may be bonded to form an aliphatic ring, an

aromatic ring 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 oxygen-containing group, a sulfur-containing group, a
nitrogen-containing group, a boron-containing group, an
aluminum-containing group, a phosphorus-containing group, a
halogen-containing group, a heterocyclic compound residue,
a silicon-containing group, a germanium-containing group or
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.



O these, preferable are trial kylalumnuns and tricycl oal kyl al um nuns, and
particularly preferable is 10 trinmethylal um num The organoal um num
conmpounds ar eSE®@d singly or in conbination of two or nore kinds. Exanples
of the solvents used for preparing the al um noxane include aromatic

hydr ocar bons, such as benzene, tol uene, xylene, cunmene and cynene;

al i phati c hydrocarbons, 15 such as penyane, hexane, heptane, octane,

decane, dodecane, hexadecane and octadecane; alicyclic hydrocarbons, such
as cycl opent ane, cycl ohexane, cycl ooctane and net hyl cycl opent ane; petrol eum
fractions, such astyamsplésef ey bgilnecandogas wids imntidakhdesref gthepe
aromatic, aliphatic 20 and alicyclic hydrocarbons (e. g., chlorides and

broni des thergefpyevidlisvyesptayabFecar @iehheespsuehtas ret byl ret her and
tetrahydrofuran. O the solvents, particularly preferable are aromatic

hydr ocar bons asgle alddrhati € hygdr 0RIR0BS 0 be SReT8rbb4y Thehepzengsi, ”éBEHb' e

or ganoal um num oxy- conpound i's preferably an organoal um num oxy- conpound

cont ai ni ng anag%e%%rmongeg \i\hllgzj_tbfg ls%l#ylﬁot[lgx gn lat gg(\}%l ndg glﬂzunt

of usually not norethan 1 % prefetrab arly
preferabl y no rns of Al _atom _That

benzene- msol%rtl) e locro%}?lo nqlr?l?%k )%L JemsSun |gstopr3-eB Sﬁgbloi? ?E@BFUbF’éCBr
sparingly soluble i.n be ne. Eg or ganoal nlnu oXYy- ound_enp] oyabl e
may be an or gan&GAIH Hﬁﬁ%y yc¥8 Bﬁﬁgﬁcd%?ﬁ A ™Y 5H¥%ﬁ8gﬁ6nF¥ﬁre%%%?%ﬁllo
by the followng formula (11): R11 Rlo R11 At-p-g-p-Al i RI1 \R11 (I | )
wherei n RL i sSTECWr CH'bAT Group -oPTePESYI02REr BuRl b ensnyl & angl @blsnlR11
may be the sane or different and is a hydrogen atom a hal ogen atom or a
hydr ocar bon gdeepP®f suchoad bepayborrheoyss tThe ancdgaimeray L opiyi. © empbangl

cont ai ni ng boron and represented by the fornmula ( Il ) can be prepared by
al | owi ng groups, suchasphenyl, tolyl, dimethylphenyl, trimethylphenyl,

10 ethylphenyl, propylphenyl, biphenyl, naphthyl,
methylnaphthyl, anthryl and 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 a group containing 1 to
5 oxygen atoms, and does not include the later-~described
heterocyclic compound residue. Examples of the
oxygen-containinggroups includehydroxyl group; alkoxy groups,
such as methoxy, ethoxy, propoxy and butoxy; aryloxy groups,

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

The sulfur-containing group is a group containing 1 to

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



20 an al kyl boronic acid represented by the followng formula ( 11l ) to
react with an organoal um num conpound in an inert sol vent SF-784 65 at a
tenperature ofF-780 C to roomtenperature for 1 mnute to 24 hours in an
inert gas atnosphere. Rio g- (OH) z (I11l1) 5 wherein RL is the sane group as
descri bed above. Exanples of the al kyl boronic acids represented by the
formula (111) include nethylboronic acisd, ethylboronic acid,

i sopropyl boroni c acid, n-propyl boronic acid, n-butyl boronic acid,

i sobutyl boroni c acid, n-hexyl boronic acid, 10 cycl ohexyl boroni c acid,

phenyl bor oni chatedoc3ciidi Fomprabdr orisd daei.d, Epenpatkuorfopheny! bor oni ¢ aci d
and 3,5-bis(trifluoronethyl)phenyl boronic acid. O these, preferable are
net hyl bor oni csatifdr-nohttyhbagogirougei dncilsabutylBerarioCgaeuds, such as

3, 5-di fl uorophenyl boroni c acid and 15 pent afl uorophenyl boronic acid. These
al kyl boroni c petdg1ane rusedositial/ W dnik (AN Nat ¢ e Kjinds.
Exanpl es of the o?ganoaluninZn1conpouﬁggato béﬂgggggggiM%ﬁﬁng%gﬁﬁf%nﬁt%,

al kyl boroni c gghgyhgghggga%ﬁg gagglggg@ggﬁkgg%Q%nlconpounds as previously
e

described with respect to 0 organoal um num ¢onpound (Cla). O these,
preferable are tri E | um nu and.tricycloal kyl al um nuns, and
particula?iy EF%%%?Q #%3328n F?259H9F8Vu%¥ﬁ&ﬁfgﬁ¥ﬁ AR AR -
triisobutylalug%gynl SF-7$4HE? These organoal um num conmpounds are used
singly or in RorBiREPPGRZ6PPRGLBPBr 8NRI RS T TR T O SRGANGAMIRNato;
oxy- conpounds &B_Z) ment i oned above are used singly or in conbination of
two or nore kPRa§INBteEBOYPTomIindswWRREhRYeaéfinaton piheny} amsEtnenonet al
conmpound to formion Ea[r Exanpl es of the conpounds (C-3) which react with
the transiti oRcRBYAPutbipatind PAFrodrenheutfansicbion metal conmpound (B) to
forman ion pair ( referred to as "ionizing ionic conpound” 10 hereinafter)
i ncl ude Lew stathdthghbeonenesoiponadp andqrane Composthsh aate &, Tar harane
conmpound descri bed in Japanese Patent Laid-COpen Publications No.
501 950/ 19189, #NokybOR03641988s; Nend1Z9005h189%rolNps . 179006/ 1991, No.
207703/1991 and No. 207704/1991, and U.S. Patent No. 5,321,106. A
heteropoly 15 conppuad, 2gogenisOROh Yn cRIPGESG Al e &l sPoqyaldablening 1

to 5 nitrogen atoms, and does not include the later-described

heterocyclic compound residue. Examples of the

nitrogen-containing groups include amino group; alkylamino

15 groups, such as methylamino, 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 group containing 1 to
5 boron atoms, and does not include the later-described
heterocyclic compound residue. The boron-containing group

is, for example, BRy (R is hydrogen, an alkyl group, an aryl

groupwhichmayhaveasumstituent,ahalogenatmnorthelike).



The Lewis acid is, for exanple, a conmpound represented by BR3 (R is
fluorine or a phenyl group which may have a substituent such as fl uorine,
met hyl or trgfkgsoromet hyl ). Exanpl es of such conpounds incl ude
trifluoroboron, 20 triphenyl boron, tris(4-fluorophenyl)boron,
tris(3,5-difluorophenyl)boron, tris(4-fluoronethyl phenyl)boron,
tris(pentafluorophenyl)boron, tris(p-tglyl)boron, tris(o-tolyl)boron and
tris(3,5-dinmethyl phenyl) boron. SF-784 67 The ionic conpound is, for
exanpl e, a conpound represented by the following formula (1V). R14 R12 R13-
BO R15 Ris 5 (1V)The tahemdbhomecbatminangRi2oup s, Larbommum eatAbRy (R
oxoni um cati on, ammoni um cati on, phosphoni um can on, cycloheptyltrienyl

cation, ferregeniyurvgahi,oanhavkpy arboupnsationy Meidup ahidre dd Keadd R13
to R16 may be the sane or different and are each an organi c group,

preferably ag, gLyl (Qloyp QF Ha1skRst idddedarote arou, . _ _
Exanpl esof t hecar boni um cati onsi ncl ude tri-substituted carboni um cati ons,

such as triphenyl ¢arbani i.on, A I nyl oni at.i and
tri(di nethyl phenyﬁ?‘gaggglé%%%%gnr&gﬁ %&W hgg’m)éoﬁgg’% CONTH Y]
cationsi ncludetrial kyl anmoni um can_on such .as trinet hyl ammoni um._cati pn
Cr1 et hyl amoriai? BAEFBRCE PRy Mo B o 139 BT P R RronE A At on
and 20 tri(n-butyl)ammuoni um cation; N, N-dial kyl ani_liniuymcations, such as
N, N di net hy| &RiCRirRiCYinldst TP NG di et Sni ﬁ?‘ﬁfﬂﬁﬁweéaﬂ 0 %§nd

N, N-2, 4, 6-pentanet hyl ani | i ni um cation; and SF- 784 68 di al kyl anmoni um
rations, suckhespHiorus<sepytepyling dhrii UmTatydh ik Hi sl ok R anmoni um
ration. Exanples of the phosphoniumrations include triarylphosphoni um
rations, suckrasptyi phverlylaehdsphorilumhasttiiorg, tributylphosphine and

tri (met hyl phenyl ) phosphoniumration and tri (di met hyl phenyl ) phosphoni um
rati on. R a isipvefllenadw pdardponinen ratiany L Enmgt e rgitdwgms orstwdle bske,

particularly preferably triphenyl carboniumration, N, N-dinmethylanilinium
ration ofgN, NrdicgthylignddpHiia rmid @titolylphosphine; 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 BFy;
chlorine-containing groups, such as Cl04 and SbClg; and
iodine-containing groups, such as IQO,4.
The heterocyclic compound residue is a group having a
cyclicstructurecontéiningoneormoreheteroatoms. Examples
20 of the hetero atoms include oxygen, nitrogen, sulfur,
phosphorus and boron. Examples of the cyclic structures
include 3- to 1l8-membered rings. Of these, preferable are

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

rings. Examplesoftheheterocycliccompoundresidues include




10 Al so available as the ionic conpound is a trialkyl-substituted ammoni um
salt, an N, Ndialkylaniliniumsalt, a dialkylamoniumsalt or a
triarylphosp@&g&yn1salt. Exanpl es of the trial kyl -substituted ammoni um
salts include triethyl anmoni unt et ra( phenyl ) boron, 15

tripropyl anmoni unt et r a( phenyl ) bor on,

tri(n-butyl)amoni untetra(phenyl)boron

trimet hyl anmoni untetra(p-tol yl )boron, %rinethyl anmoni unt etra(o-tolyl)boron
tri(n-butyl)ammoniuntetra(pentafl uorophenyl)boron, 20

tripropyl ammoni g et (0, ;%gégﬁiﬁgﬁﬁﬁﬁggf ;{éh%ﬁﬁnds such as pyrrole,

tri(n-butyl)amoniuntetra I yl phen
tri(n-butyl)amoniunmtetra(p-tri.fluoronethyl phenyl)boron

LE1 (e but vl ) SR AT et 3 6141 | F0F bt hOTBRERSF 588 on and tri
(n-butyl) amoniuntetra (o-tolyl) boron. SF- 784 69 Exanpl es of the

N, N- di al kyl arff Y HUR S D3 RN i e my?R anf PFAT Rt et PREPRengPFbor on,
N, N- di et hyl ani |i ni unt et ra(phenyl ) boron and

N, N- 2, 4, 6- perftalEtryd Hi 3 4 i gt @ameg phénys Y blor o7, tBiERAePEesanfl pheups

di al kyl ammoni um sal ts i ncl ude

di (1- propyl ) arimeore untEte s gerteaf ¢ upr bpbenyrhp bondnrasiddues are further

di cycl ohexyl ammoni unt et r a( phenyl ) boron. Further enpl oyable as the ionic

compound i s tgukdeinyhtcsd beird e gtaki sdipent addnor ophisnyl )haraie, 0101 to
N, N- di met hyl ani | i ni unt et r aki s( pent af | uor ophenyl ) bor at e,

ferroceni unt eig apeAaklcbaisQpberyle)donst e, to 20 carbon atoms, or alkoxy
tri phenyl car beni unpent aphenyl cycl opent adi enyl conpl ex,

N,N—diethylaqi$3gg§ppentaphenylcyclopentadienyl conpl ex or a boron conpound
represented by the followwng formula (V) or 15 (M) . CF3 H (CEt2)z g CF3 4

(1) oot £ 9on) B0k S B 8o S (04, 10,50, M R
ani ons, ﬁHCh}%ﬁdggég égg—éégg%ggggeénggggfl réﬁ%ﬁﬁ“gégﬁhas phenylsilyl,
diphenylsilyl, trimethylsilyl, triethylsilyl,

tripropylsilyl, tricyclohexylsilyl, triphenylsilyl,
methyldiphenylsilyl, tritolylsilyl and trinaphthylsilyl;
hydrocarbon-substituted silyl ether groups, such as
15 trimethylsilyl ether; silicon-substituted alkyl groups, such
astrimethylsilylmethyl; andsilicon-substitutedaryl groups,
such as trimethylsilylphenyl.
Examples of the germanium-containing groups include
groups wherein silicon is replaced with germanium in the
20 above-mentioned silicon-containing groups.
Examples of the tin-containing groups include groups

wherein silicon is replaced with tin in the above-mentioned

silicon~containing groups.



5 bis [tri (n-butyl) amoniun] decaborate, bis[tri(n-butyl)anmonium
undecaborate, bis[tri(n-butyl)anmoni un]jdodecaborat e,

bi s[tri (n-butgglsyammoni un] decachl or odecabor at e and
bi s[tri(n-butyl)amoni un dodecachl or ododecabor at e;
borane ani ons, such as
tri(n-butyl)amoni unbi s(dodecahydri dodpdecaborate)cobalta te(lll) and

bi s[tri(n-butyl)amoni um bi s-(dodecahydri dododecaborate)n ickelate(lTl).
Exanpl es of the carborane conpounds include: salts of anions, such as

4- car banonabor ane(Ednp lle 3-odi caebanenabot anefd33] compounds represented
6, 9- di car badecaborane(14), dodecahydri do-1-phenyl -1, 3-di car banonabor ane,

dodecahydr! d%ﬂ-‘t‘ﬁ%t E?sz:mi]a,lé‘ @t?%@@%ﬂ@b@b@ﬂ@w,zgut the transition metal
undecahydri do-1, 3-di net hyl - I, 3-di car banonabor ane,

7, 8-di car bau

undecahydri do-7,8- di nmet

2, 7+ A cag bayndecabor ane(13) , SF-784 71

)
ik %%-%?S-dicarbaundecaborane,

dodecahydri do- 11- et hyl - 2, 7- di car baundecabor ane,

tri(n-butyl)anmon
tri(n-butyl)ammoni
tri(n-butyl)amoni
tri(n-butyl)anmoni
tri(n-butyl)anmon
tri(n-butyl)ammoni
tri(n-butyl)amoni

tri(n-butyl)anmoni

tri(n-butyl)anmon
tri(n-butyl)amoni
tri(n-butyl)amoni
tri(n-butyl)anmoni
tri(n-butyl)anmon

um 1- car badecabor at e,

um 1- car baundecaborate, 5

um 1- car badodecabor at e,

um 1-trimethylsilyl-1-carbadecaborat e,

unbr ono- 1- car badodecabor at e,

um 6- car badecabor at e(14),

um 6- car badecaborate(12), 10

um 7- car baundecabor at e(13),

um 7, 8- di car baundecabor ate(12),

um 2, 9-di car baundecabor ate(12),
undodecahydri do- 8- net hyl - 7, 9- di car baund ecabor at e,
umundecahydri do- 8- et hyl - 7, 9- di car baunde cabor at e,
umundecahydri do- 8- but yl - 7, 9- di car baunde

15

and 10 salts of netallic

15



caborate, tri(n-butyl)anmmoni umundecahydri do-8-allyl-7,9-dicarbaunde 20
caborate, tri(n-butyl)amoni unundecahydrido-9-trinethylsilyl-7,8-di
car baundecabgr.aue and
tri (n-butyl)ammoni unundecahydri do- 4, 6-di br ono- 7- car baunde cabor ate; and
salts of nmetallic carborane anions, such as SF-784 72
tri(n-butyl)amoni unbi s( nonahydri do-1,,3-di car banonaborate )cobaltate(lll),
tri(n-butyl)ammoni unbi s(undecahydri do- 7, 8- di car baundecabo
rate)ferrate(lll), 5
tri(n-butyl)ammoni unbi s(undecahydri do- 7, 8-di car baundecabo
rate)cobal tate(lll), n
abo

ZrCl, N } 21,

072

..

n
tri(n-butyl)ammoni unbi sﬁtu decahydri d’ét— 7, 8-di car bauﬁa_e
rate)nickelate(ll1), @ =ZrCl, E/ Y-zrCl, z T
tri(n-butyl)ammoniu S cahydr iido g di car
rate)cuprate(lll),

B

tri(n-butyl)ammoniu gndecahy , 8-di car abo rat g ate(lll),

tri(n-butyl)amoni unbi s(nonahydri do-7,8-di net hyl -7, 8-di va 'Bu

rbaundecaborate)ferrate(lll), 15

tri(n-butyl)ammoni unblEpgonahydr o-?,8-dinethy|-%@£wnica "Heptyl

r baundecabor at €) chro .e(~I%%, Ne-2) N--2) N

tri(n-butyl)amoni unpi s(t,}«' lemoocfahydfizi€.7, 8- i cam)%g.l'ﬁ'z Z j,‘ZrCIz

decaborat e) cobal ta 07 2 07, 072 o7,

tris[tri(n-butyl)a i uni bis(un ydri do- 7- aundeca 2

borat e) chromate(l11)Y 'Bu 'Bu 'Bu By

bi s[tri(n-butyl)amoni unm bi s(undecahydri do- 7- car baundecab

or at e) manganat e(1V), N

bi s[tri (n-butyl)amoniaend bi s(undecaljgu i do- 7- car tmepdecab "Undecyl

orate)cobaltate(lll) /amd.}_ZrScFlz 7 84N .}_zmlz /N"j;ZrCIZ N ")’;ZrClz
Bu ‘Bu 'Bu 'Bu

"Dodecyl "Octadecy! Q

o Nee )
N }~2rc32 z }'ZrClz
By 'Bu




73 bis[tri(n-butyl)ammoni uni bi s(undecahydri do-7-car baundecab
orate)nickelate(l1V). The heteropoly conpound conpri ses an atom sel ect ed
fromsiliconggpfosphorus, titanium germanium arsenic and tin and 5 one or
nore atons sel ected from vanadi um niobium nol ybdenum and tungsten
Exanpl es of such conpounds i ncl ude
phosphovanadicacid,gernanovanadicacida@rsenovanadic aci d, phosphoni obi c
aci d, germanoni obic acid, siliconolybdic acid, phosphonol ybdic acid,
titanonol ybdi ¢ aci d, germanonol ybdic 10 acid, arsenonvol ybdic acid,

st annonol ybdi ¢ acid, , hosphotungshic acid, ger ot ungsti c acin o

st annot ungstic acid, ' erdviadi ¢ aci d, PpMosphot ungst gvRuadi ¢
aci d, gernmanot ungst o¥a anadige™act ZrCl,
ger manonol ybdot ungsi ov
phosphonol ybdoni ol?cyEcl d2 and P of thes s 2e. g. s of these
acids and netal s i ot »

lithium sodium potasg
cal cium strontium and D&gfi um and ic salts s s{1f as 20 tripheqy
salt. The ionizing ionic conpounds (C menti oned abbve are used singly or
in conbination of two or nore kinds. In the olefin polynerization catal yst
of the invention, the bel owdescribed carrier (D) can be used if necessary,
in SF-784 74 additrgiyfo the tran3jddeen netal colpoeeyd (A) , (Qetadecyl

”,

n
]
N

magnesi

t he inorgani c comrpBeuch
m neral or an ion-excha

N--

4 j’,’ZrCig ANoLoaa, N Lo, P 21Cl,

Ph Ph Ph Ph



10 Exanpl es of the porous oxides enployable in the invention include Si02,
A1203, MO, ZrO Ti 02, B203, CaO, ZnO, BaO Th02, and conpl ex conmpounds or
m xtures contgpizgy Ng t hese oxi des, such as natural or synthetic zeolite,

Si 02- MgO, Si 02- A1203, Si 02-Ti 02, Si02-V205, Si02-Cr203 and Si 02-Ti 02- O

O these, 15 preferable are conpounds each containing Si02 and/or A1203 as
the main conponent. The inorganic oxidgs may contain small anpbunts of
carbonate, sulfate, nitrate and oxi de conponents, suchasNa2C03, K2C03,
CaC03, MyC03, Na2S04, Al2 (S04) 3, BaS04, KNO3, My (NO3) 2. 20 Al (NO3) 3,
Na20, K20 and Li20. Ahthqugh the pprous oxides differ in theim, Qpertles
dependi ng upon the ty nd the pr&fsaY btion ther &M the carrl referably
used in the inventiop'des}rably hge a22§§%|0|e N forciof 107 roYl m
000 2/ g, preferabl #hd a pg ol &me of 3t63. 0
cnB /g. Accordin

chl orides enployable in the invention include Mgl z, MyBr2, vhd 2 and
MhBr2. The inorganic chloride may be used as it is, or may be used after

preferably 20 to 200 ung speC|f C 84 75 supfjace area of
to 700
000C, preferably 150 t pes of the yn@mngani c

pul verized by a ball |1 or an oscid tlng mll. S npl oyabln
precipitate in the formlﬁ?% fine part |'TJ8$ " obt ai nedA% g ‘8 di ssol v8 {aa?(%l

i norgani c chloride int&-s Lyent sucMNay rey cohol# nd-ythen cond CT @rCl,
precipitation using @ 1 pI tant . heo ay Is usuall Sonstlt inly
of a clay mneral. ion2exchang [aye ed cony i s"a conf d having a
crystal structure yker’ei f pl anes megd by ionjpe ¥d/ ng or R iJe 15 are

ions contained therein are exchangeabl e. Mstof clay
m ner al sar ei on- exchange | ayered conpounds. The clay, the clay mnerals and
t he i on-exchange | ayered conmpounds enpl oyable in the invention are not

l[imted to natural on
IYle
N-- ANz
} ZrClp 20 9:2"012 2N~ .j:zr Cly o 2
0/, o7, 2
MeO”™ 'By
Ph

"pr 'pr "Bu

=~ N - T N ~adl.
}zwnz }ZrC!z N >ZrCl, Z ZrCl,
072 O 72
MeO 'Bu MeO 'Bu
n
“" > ZrCl ms-- N---2\ ATy
2 Zl’Cl2 ZVC'z ZrC'z
07 0o
MeO MeO



20 but include synthetic ones. Exanples of such clay, clay mnerals and
i on- exchange | ayered conpounds include clay, clay mnerals and ion
crystal line gapappunds having | ayered crystal structures such SF-784 76 as
hexagonal cl osest packing type, antinony type, CdC 2 type and Cdl 2 type.
Particul ar exanples of the clay and the clay mnerals include kaolin,
bentonite, kibushi clay, gairome clay,,p allophane,
hi si ngerite, pyrophyllite, nmca, nDntnDrlllonlte vermculite, chlorite,
pal ygorskite, kaolinite, nacrite, dickite and halloysite. Particul ar
exanpl es of the ion- exchaqgelayered cqnpoundsi ncl ud @yystalllne WNongsal t s
of polyval ent netals, suc As a- Zr(kwsﬂﬁmﬂHZO a- Zra% )2. 10 a- 4
z 3H20, a-Ti ( HP04 )=Mh-- % ASN4-.) ) H20, ra- d:;,(ZrBPM) “2
9, The :
i uspyeb Nt I'ggs t han

y-Zr (HPO4 ) 2, ~y-Ti ( PO%& a -T]%
o ange LAY
| ess than 0.1 cc/g, and are

clay mnerals and the
as_easured 0 pres h

havi ng a pore vol uneg,
20 A by a nercury penet réyt i oMe®®et Trod,'Bwf no

particularly preferably those having a pore volume of 0.3 to 5 cc/g. The
pore volunme is nmeasured on the pores having a radius of 20 to 3 X104 A by
a nercury penetration nmgthod using a Bﬁ porosi ngt er .

havi ng a pore vol ume, asti#asured on p %;;b;VIng a Hﬁﬁ?ﬂ@ of notcf§§ han
~ . .

20 A of less than 0.1etrg-dsgysed a

I'C|2

activity tends to be hardl btalned

Clyi

84 77I
subj ect the clay and @‘ C a? m ner em cal
surface treatnment 0 f on1the
havi ng an |nflueﬂkécwlthé¥trysta strucFLre(MQQhe CI5W
Exanpl es of such chem cal treatnents include acid treatnent " al kal i

treatnent, salt treatnent and organic

- N
A }ZrC!z > ZrCly AN > ZrCl,
'Bu

MeO Bu




substance treatnent. The acid treatnment contributes to not only renoving
inpurities fromthe surface but also eluting rations such as Al, Fe and My
present in t@gqggystal structure 10 to increase the surface area. The

al kali treatnent destroys crystal structure of clay to bring about change
in the structure of the clay. The salt treatnment and the organic substance
treatnent can produce ionic conplex, nplecular conplex, organic derivative
or the Iike and change the surface are¥ 15 or the distance between | ayers.
The ion-exchange | ayered conmpound may be a | ayered conpound in which the
exchangeabl e i ons betwegn | ayers have been exchanged with other Large and
bul ky ions utilizing i ofy® change perquies to enl @f¥e the di st AN

bet ween the | ayers . ZBNThe-pkhky i opNpLlays a pill a4 ﬁcr°|| Vs Eit
the layer structure and i s/isudl iy {all i@bpill. ntPoducli oy Bl
ot her substances bet y& ?a ers of S p 2
"intercalation".NE6 % '
cationi c inorgani

al koxi des, such as Ti 3
hydr ocarbon group or the like) ; and netalMic hydroxide 1ons, such as
[ A11304 (OH) z4] ~+, [Zr4 (OH) 14] a+ and [Fe30 (OCOCH3) 6] +. These
conmpounds are used singly or in 5 cogbination of tw or nore kinds. The
intercal ati on of these ReSvipounds may Pe®¥hrri ed outP?4§¥ he presefli@dadstyla

or in the presence
Exanpl es of the pil
above- nenti oned al
dehydrati on under heati ng:
15 conpounds nenti oned above may be used as they are, or may be used after
subjected to a treatnment of ball mlling, sieving.or the |ike. Mreover,
they may be used after bjected to er adsorp‘l;‘ or dehydration under
heating. The cl ay, clégiginerals an&fzgn-exchangas 2
nmb t

{yered conpoundle may be
used singly 20 or in c i nation of or nore kimgds. O the

- .
-

above-nenti oned mat er A1 S-)-prgf er abl eNar®_clay and gl ay mineral g - 21Cle
particularly preferable g nmont nor il | o e,2vernicU|R§b&Cpect( 2
taeniolite and synt 1 F 7® The o } oups or

2 Q:.QO

exanpl e, agram’qe QL ¢
to 300 um Exanpl€sof suc




as a main ingredient an a-olefin of 2 to 14 carbon atons such 5 as

et hyl ene, propyl ene, 1-butene or 4-nethyl-1-pentene, (co)pol yners produced
using as a magRgj ngredi ent vinyl cycl ohexane or styrene, and nodification
products ther eo?. The ol efin polynerization catalyst may further contain 10
t he bel ow descri bed specific organi c conpound conponent (E), if necessary,
in addition to the transition netal conpound (A) (conponent (A)), the
transition nmetal conpound (B) (corrponeﬂt (B)), at |east one conpound (C
(conponent (C)) selected fromthe organonetallic conpound (C1), the 15

or ganoal um num oxy-conpound (G 2} and the ionizing ionic conmpound (C 3),
and the carrier (C) optigeat|y used. "l;{dﬁ)yl Organi c gfmmound corrp&}dmlt The

or gani ¢ conpound conpongh-. amy, \for the of

i mproving pol ymerizabilfity 1 288 he d4®'i ng[pol e
Exanpl es of the organi j nol i ds,
carboxylic acids, ph . As t cphol s and
t he phenolic corrp(%f?ds, 1MpQ par bon

group of 1 to 50 SF-784 80 carbon atons or a hal ogenat ed hydrocarbon
group of 1 to 50 carbon atons) are usually used. The al cohols are

hydrocar bon group. The fe¥lolic conpoWftRYare pref @edsyly 5 t hosedarersti n
the a, a' -positions of -hQch 99 t-udegi t h hyNtrodar hons
of 1 to 20 carbon ato i he? o e répresent y 2
R22-COOH (R22 is a h Fon gro on2atom3

hal ogenat ed hydrag SV oup Qfe oqE, 10, greserably a

hal ogenat ed hydrocar bon gt ocRlp o sPhar e usual | / \msed. As

t he phosphorus conpounds, phosphoric acids having P-0-Hbond, phosphates
havi ng P- OR bond or P=Cbondandphosphi ne oxi de ¢ ounds are preferably
used. 15 As the sul fong , those rsent ed e follow ng formul a
(VIl) are usually used.

N2\ _ U R S
” }Z"CL? N 'g:ZrClz NN - )ZrClz
072 07, o7, 2 072
Me Me,N 'Bu
(0] Ph MeO Ph MeO Ph 2
) n,
gctadecyl Q "|'_|exy’
2T ~ZrCl, - 2N ~ZrCl
0%2 N~ ~ZrCl, 2
075
Me,N 'Bu

072
Me,N Bu

4]

Efexyl "Qctadecyl
z ";)-Zrmz /N""';ﬂcnz
07 O 2
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O~Xmn)-MnO Il RRs On (VIl) 20 In the above fornmula, Mis an atom of
Goup 1 to Goup 14 of the periodic table. SF-784 81 R23 is a hydrogen
atom a hydr bon group of 1 to 20 carbon atons or a hal ogenat ed

hydr ocar bon %E%%p of 1 to 20 carbon atons. X is a hydrogen atom a hal ogen
atom a hydrocarbon group 5 of 1 to 20 carbon atons or a hal ogenated
hydrocarbon group of 1 to 20 carbon atoms. mis an integer of 1 to 7, and n
is a nunber of 1<n<-7. Polynerization’tn the process for preparing a
branched pol yolefin 10 according to the invention, an olefin is polynerized
or copolynerized in the presence of the above- nent'oned olefin

pol yneri zation catal yst to obtain the aforesaid b thed pol yol gfi n.

Fig. 1, steps of a proceﬁ%@ﬁor preparcmgaamlolef| .olynerlzatloﬁ'e talyst

of the invention are s %§|In th NpaL %ﬁ |zat|o the conpqaent-sy-gay) be
used in any way and in any i@ Sofre e %es Of h 'ﬂﬂhynerlzat
processes are given (2) The Brent (A

t he conponent (C) ar to the P r|zat|on sctor 2
order. 20 (2) A cQl yst é%npodﬁﬁh er'din e Corpoggnt ?ﬁ? [
on the carrier (D), the conponent (B) and the conponent (C) are feo - t he
pol yneri zation reactor in an arbltrar::order SF-784 82 (3) A catalyst

conponent wherein the gonponent (B) upported on, the carrier , the
conponent (A) and the CB fdnt (C) fed to the 18 nerlzatlod?ﬁ%%ﬁwor

in an arbitrary order.zN"-- ~ZrCl, _ } MNe--\o Ol g‘ZrCla
0

ph MO Ph

"I;texyl "Octadecyl Q
/N~-.. ZrClz /N.~.j_zr0'2 /N-'j.z»rc"q
/N'"‘9,~2rc:|2 072 075 o7,
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(4) A catal yst conmponent wherein the conmponent (C) is 5 supported on the
carrier ( D , the conponent (A) and the conponent (B) are fed to the
polynerlzatuﬁ@‘Eeactor in an arbitrary order. (5) A catalyst conponent
wherein the conponent (A) and the conponent (B) are supported on the
carrier (D) , and the conponent (C) are fed to the polynerization reactor
in an 10 arbitrary order. (6) A cataléft conponent wherein the conponent
(A) is supported on the carrier (D), catal yst conmponent wherein the
conponent (B) is supported on the carrier (D), and the conponent (C) are

fed to the pol ym‘v‘fﬂﬁﬁéb%v"e@@&nﬂflé@ @@déﬁoeegl ALy P P598Lp, EDaéhsat sl yst

conmponent wher ei n the conmponent “(A) ‘and t he conpone C) are supported on

the carrier ([» the c o] ) r t po 0
reactor in éﬁlar %' rou@?d%?? @%R%§§§A gﬁ?hfg)ﬁ'grOQghe %¥u§ ?é?%gt%e
component (B) and the onent are sugpg %eg on the ca rrier an
t he conponeh%5?95oQ#¥aq Ro 1t %ﬁﬁﬁﬂ 28T PYHYedEPHP i h Bnd%?B ? a?y
order. SF-784 83 ( 9 ) A catalyst conponent wherein the conmponent

t he conponemzQ!QYhﬁéoﬂﬁef&ﬁﬁﬁhﬁbﬁ?n@tﬁséﬂéEﬁﬂﬂﬁﬁgéﬁuﬁnnﬁﬁ@%ﬁﬂ?n%Fe%E» is
fed to the polynerization reactor. In the above processes (1) to (8), two
or nore 6f téhen-Sheayhl ysouponpoerhys ﬁayOb@spaevrbas}tylcgﬁpa@t,edl.OCItn/Jt he
processes (4), (7), (8) and (9) in which the conponent (C) is supported on
the carrier dd)otelaacomponentroCp, wiNalyl denot esuppandredl gmotipe caecyer (D)
may be optionally added in an arbitrary order. In this case, the conponents
(O nmay be tdwendf-sane-aecqilf fecept . nAmdetef idermmeda prepakyyergzedpont o
the solid catal yst conponent wherein the conponent (A) and the conponent

(O are supposd@d-on &@ﬁo@@yaeﬁ éQaecg,meg%bpd ﬁ@E@EM@Ey@LO@BQ'&Q@S wher ei n
t he conponent (B) and the conponent are supported

n-octadecyl group, and Ph denotes a phenyl group.

d

10 Also employable are transition metal compounds wherein
thezirconiumatomisreplacedwithametal otherthanzirconium,
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) whichbecomesaligandinthe resultingtransition
metal compound represented by the formula (I) is obtained by

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

compound.



15 on the carrier (D) and the solid catal yst conponent wherein the
conponent (A), the conponent (B) and the conponent (C) are supported on the
carrier (D .qfQuthe prepolynerized solid catal yst conponent, a catalyst
conponent may be further supported. 20 The pol ynerization can be carried
out as any of |iquid phase polynerization, such as solution polynerization
or suspension polynerization, and gas g)hase pol yneri zati on. Exanpl es of

i nert hydrocarbon nedia for use in the 1i qui d phase pol yreri zation incl ude
al i phati c hydrocarbons, such as SF-784 84 propane, butane, pentane,

hexane, hept ane, q@@%,pe@em%qud%%%eo%nghgeéeﬁwgﬁﬂg';féfqiiigsolved
hydr ocar bons, such as cycl opentane, cycl ohexane and net hyl cycl opent ane;

aromati c hydr uchasb epe; en d : hal ogenat ed .5
hydr ocar bons,ﬂgﬁa(r:%%g?eentsch'yl %%eggél g?#&%&éh?@?oﬁé#ﬁ%ﬁg ANt gf%h?%?%n%?ﬁane;
and m xtures of .these hydrocar bon](s). Thf olefin itgelf can be useﬂ %E‘Wt he
sol vent. Wer® 1He POt 7ot i SR LT Y AR B ef PP PRIELFETREL $ut 2DsPrhg Ol

af oresai d ol efiin polynerization catalyst, the conponent 10 (A) is used in
an anount of SRUHTY SHEreagathdrol prefeddaal £0-# ko ppdn Iakeenon 1
liter of the reaction volunme, and the conponent (B) is used in an anount of
usual Iy 16- 134%h 86- Rokpeneprefaredsdnalie.l Then)- 8havtesbhsedy apluticmer of
the reaction volune. The conponent (A) and the conmponent (B) are used in 15
such anount s itshatitrhedndarpboatti b t(BABA)hafrd he coomparente @B tc0otrhender
conponent (A) becomes usually 0. 00001 to 100, preferably 0.00005 to 10,

mor e pref er aldef10::00008beb 9 the Sbitéspon@ipg efighakl yrd: 0003 t e bt iddhe
conponent (C-1) is used in such an anount that the 20 nolar ratio (CG1/'M

of the conpongnteffeil)erito yierghol e transition netal atom (M in the
conponents (A) and (B) becones usually 0.0l to 100000, preferably 0.05 to

50000, The componanOsghehssusert LA SUChyAR AT, gk oL0g I Ay 421 ©

(CG2/M of the alumnumatomin the conponen

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

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

20 More specifically, the synthesized ligand precursor is
dissolved in a solvent 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



SF-784 85 to the transition netal atom (M in the conponents (A) and (B)
becones usually 10 to 500000, preferably 20 to 100000. The conponent (C 3)
is used in sychsan anount that the molar ratio (G 3/M of the conponent
(G3) tothe transition 5 metal 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 conpog;nt (G 1), the conponent (E) is used
in such an anmount that the nolar ratido (E/C 1) becones usually 0.01 to 10
10, preferably 0.1 to 5. If the conponent (E) is used and if the conponent

(G is the conponent,{G2)at the ccprparent CE) -I78°used kbosucdmparamuuat
that the nolar ratio (E/C-2) becones usually 0.001 to 2, preferably 0.005

to 1. If the g@@gg?ke@xis yéf&@%i%me g@@@@ﬁ@énﬁ%&m&pﬁused

conponent 15° € conponen ) 1s used I n such an anount at the

mol ar ratio (E/C-3), becones usual | .01 1 p . 1 to, h4.The

t enper at ur e %BF ?H%hp5?§g§?99a%?o%%%$o %b%%éfgﬂdué?%SE?ﬁgxgggfi% p31ak

pol ymeri zation_catalyst is in the range, of uzually,ﬁ? - 50 tg gZOOC

preferably 0SPHVERBEUCHN2S GoNFHerT LELFBRYHrESSIAE (85 hoFife Y ahge5ron

usual |y atnospheric pressure to 9.8 MPa (100 kg/cnz) , preferably

at mospherd ¢ ppéushEesteh4s PP 86 REEERPFPLYTRESHol yiRIGREAORST £84ct i on

can be carried out by any of batchw se, sem -continuous and conti nuous

SF- 784 86 prpcepsesngTampleculasaldi ghtnetat hecresiit ing br anéh&gium

pol yol efin can be regul ated by all ow ng hydrogen to be present in the

pol ynmeri zati ga1system 8¢ chaungy hpi t hieupaod y neerdaBitunors atlempercat ase sofham

nol ecul ar wei ght can be regul ated al so by 5 changing the type of the

conponent (QyHsede, BXam 6sgahithes o ehidrsapses & th Tenpod wreplyzadiior

i ncl ude the a?oresaid olefins of 2 to 20 carbon atons. These ol efins can be

used singly QE %Qe @mbination of two or nore kinds. In the present

i nvention, a branched polyolefin can be 10 prepared by polynerizing an

olefin impthe pre t [ 1 zat. t faini t he
b @%g%ggggg( orgggét Aol yerd zatian cababusgt adtaikaihbg

transiti nmet al e transition netal conponent (B) under

ki nd of [ di t.i on, b : | y:ner i
ol et i n'i "t NBE B BEGREG 101 CRECbriah e BT ymer gt bn TR A VAT TE RIS two

i polynmerization ca

ki nds of reaction conditions. It is_thought that when the | ymeri zati on of
an ol efin i sY&&PPPEd PEGPATH e @%’@ﬁ‘é’égﬁ#e t%e" ol é”f%erifegjo‘f %%I zation

catal yst containing the transition nmetal conpound (A) and the transition
met al ~ conpouR@IEBFPONRE NG AN SerHATa e e GBRIUED G4 RIS by the
transition nmetal conpound (B) and an olefin and the vinyl-term nated

macr oner ar esgopokpieEidzed by the transition netal conpound (A) to prepare

a branched polyolefin . SF-784
15 Further, it is possible to replace the metal M in the

resulting transition metal compound with another transition
metal in a conventional manner. When any one 6f R! to R® 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

solution.



87 The transition nmetal conpound (A) can produce a polynmer of a high

nol ecul ar wei ght and can incorporate the vinyl-term nated macroner into the
grow ng pol yngrogghain. The transition netal conpound (B) tends to produce a
5 polynmer of a relatively |ow nol ecul ar wei ght and does not incorporate the
vinyl -term nated macroner into the grow ng polymer chain. The transition
nmetal conmpound (B) can further produce _pol yethyl ene having extrenely few
met hyl branches, and when ol efi ns conté?ning et hyl ene are polynerized, the
10 transition netal compound (B) tends to selectively polynerize ethylene.

In the present invenliOPandéltisn PhetelabbRoben&ar 1Y) okdptbe-pEEPapat AR of
t he branched pol yolefin continuously in two or nore stages under different

reaction condition d it ferable t ' 0 t
polynerizati0%5%@%f?nﬁgh§%%3E%&gfsgbgﬁgég? ?ﬂégﬁﬁﬁﬂgﬁb‘Hﬁéﬁgﬁwgnogoﬁ I ti ons
in a polynerization reactor of one stage. Wien the polynerization is
carried out c%h??%uously under at |east two kinds of reaction conditions,

t he pol ynerization 20 preferably includes paolynerization conducted under
such conditions that the yiéfdlof OX9aIe2 Hrisd mBPI S he transition
metal conmpound (B) becones higher than the yield of a polynmer produced by
the transidtion netBxanphpoaoid e,egrg@gcprdeb@lih@ppz@pp@ﬁsS(@rrét)i ereigbevagle

ref erredt oas" pol yneri zati on SF-784 88 B" hereinafter) and pol ynerization
conduct ed unden tSuchrnoemdiitdronsctlivate the jedbd-desarpoegnergprodacedlby t he
transition netal conpound (A) becones higher than the yield of a polyner
produced by thenpsansstdaitaiialg eemeaundf(Erogsai,dGhoup 2, Group 12 and

pol ymeri zati onsoneti nesbei ng referredto as"pol ynerization A" hereinafter).

In this case,gibuhsipreternbl get9og9BdYeb1khe pol ynerization B prior to the
pol yneri zation A. Wen the polynerization is carried out under the

condi tions including {he gehyABLaAthAR BoaBduhhRe 18, RAkyRRE 83! leon A a
branched pol yol efin can be prepared in a high yield, and when the

pol ymer i io I S.carki t prior to the polynerization A a branched
ponoIef%ﬁ}caﬁogzo%%%%argggFgga hi gher yield. It is nore preferable that,
after the polynerization 15 is conpleted, the precipitated polyner is

di ssolved in the ﬁ%ﬁ@ﬁéﬂRgéﬁwﬁﬁlsolvent or the systemis maintained at a
hi gh tenperature so as not tg precipitate a polyner dissolved in the

pol ymeri zat i ofreBe¥ent® iald e pélyRer 24t PeRSpPEcesSieaRAtt ARA #R8 Sach

pol yneri zation A is conducted. 20 Wien the polynerization is carried out as
descri bed abo¥@\YAFRCAFRYN -IRFUR 1t edt Arat? croiife R Hiodsno P& eh6egeedusPy

di spersed in the polynerization solvent, and hence a branched pol yol efin
can be preparédcanbanhagbmes; yKeld. a hg&Fogey 8f9oBonenedxanphespoinghe are
processes for preparing a branched pol yol efi ni ncl udi ng pol yneri zati on

under suchlconglimbens tshati stflye ngi @lecofhdatpohygrer 0 pndsluCEd<By Udpec3 ,r @RgKBI on
nmet al compound (B) becones higher than the yield of a polynmer produced by 5
the transiti oandehah+gegpeund (A) and pol ymerization under such conditions
that the yield of a polyner produced by the transition nmetal conpound (A)
becones hi gher tha_@cib@})mmﬂ @Em?l@@' YORE o R QAUERM- kY e dransithena et al
conpound (B) are given below. 10 1) In the presence of the transition
metal conpounds (e, pLPSolifanshihan ABt ah reRRAUAd A Bhpaad hhe L pangnt

(©, ethylene only or two or nore kinds of olefins mainly containi'ng

et hyl ene are Pg#yggihéegog Qr oer stage) and then propylene only or two or
nmore kinds of “olefins”nmarnly containi ng propyl ene 15 are pol yneri zed
(latter sfage) . In this case, the nolar ratio (B/A) of the transition

net al coﬁ%bund (Bﬁﬁa}%%e transition netal conpound (A} is so determ ned
that the yield of a polyner produced by the transition nmetal conpound (B)
becones hi gherherahnthe 45 dilg oF £581y A BfodEced By PR PPangf P¥BnCHet al
20 conpound (A) in the former stage and that the yield of a polyner
produced by theterahsterbannetamsconpedrdabAy Be&ends chir§lsr atless -t he yi el d
of a polymer produced by the transition nmetal conpound (B) in the latter
stage. More specifically, the nolar ratio (B/A) of the transition neta
conpound (B) to the SF-784 90 transition netal conpound (A) is determ ned
inthe range of 1/1 to |1/1000, preferably 1/10 to |1/500. The polynerization
conditions in each stage, such as polynerization tenperature,

pol ymeri zati on pressureand anount softhe catal ystconponents




5 used, are in the above ranges. (2) In the presence of the transition
nmetal conmpound (B) and the conmponent (C) , ethylene only or two or nore

ki nds of Ol%&Lﬁi mai nly contai ning ethylene are pol ynerized (fornmer stage)
, thereafter”the transition netal conmpound (A) is added, 10 and then
propyl ene only or two or nore kinds of olefins mainly containing propyl ene
are polynerized (latter stage). In this case, the nolar ratio (B/A) of the
transition nmetal conpound (B) to the ?fansition netal conmpound (A) is so
determ ned that the yield of a polynmer produced by the transition netal
compound 15 (A) bego | 6t heq Vi i Ag P8l ¥ B PP oglkcedoty t he
transition netal @gnggﬁngi%ggy%ng?ﬁ%é?ﬁ?tgfﬁg?ggé.ngre sp%cifically?ythe
nolar ratio (B/A) aof the transiti t ( e :
transitionneigﬁﬁ%gﬁﬁg%%geéi:r%%é%ggggﬁfﬁéag%%E?%%%P§E%%£2F&%7%9%%0%}?%00,
preferably 1/10 to 1/500. The 20 polynerization conditions in each stage,
such as pol yAeFF'248fon tenperature, polynerization pressure and anmounts of
t he catal yst conponents used, are in the above ranges . (3) In the presence
of the transitionRHEtEl conpound (B) and the conponent (C) , ethylene only
or two or nore kinds of SF-784 91 olefins mainly containing ethylene are
pol yneri Zed ¢heraen Bt age) RP maer baf tbe sapar profilfheressupRfngrsl ared is
wi t hdrawn and diluted with a polynerization solvent of the latter stage to
gi ve a sol ut hamydanda tivot hereag utfi dnt bsl adoketbdhe tamemns iptriedie ribret dl to
conmpound (A) . Then, ethylene only or two or nore kinds of olefins mainly
contai ning eghylensnakeopelyaeni medi §l @y ernsbagen.. In this case, the
nolar ratio (B/A) of the transition nmetal conpound (B) to the transition

metal conpound (A}.LS,$0sd68t €R8IeG dhatunthtiy tehfoohda @eliaeinpladuced by
the 10 transition nmetal conpound (A) becones higher than the yield of a

pol ymer produced aNsh i g tthe kEgtteristage.
Mor e specifically?xfﬁgﬁﬁ%far r%??g (B Afwggggﬁggsfgﬁégﬁ?éﬁ'%Etal conpgund
(B) tot transiaign nmetal compound (A) is determned in the range of 1/1
to 1/1 008 15°pFBf&Fably /10 to 1/500. The pol ymerization conditions in
eachst age, suchaspol ynmeri zation tenperature, pol ynerization pressure and
anounts of the cafat OEi:dr?p!tonents used, are in the above ranges. The yield
of a polynmer due to each transition nmetal conpound 20 in each stage can be
cal cul at ed byhesadocR? mar@ath ngol WeelihLatesi® Grder TERE S8ané EoAdft FBRE as
nment i oned above except that only the transition netal conpound (A) .or only
the transiti enhyeratacbapourel® B)f ils tRol S contlaphertoms sreg£ 3P B Ic&fryi ng
out the polynerization of an ol efin as described above, the branched

pol yol ef i n ot thebbnventmen zan Mmel vltrEfrhbland Wiebiear satisiyindehienat ed
macr onononer has been copol ynerized in the resulting polyner or not can be
j udged 51%y, chadiexamplos, it.Be&nrfadl;l owi ng net hods. (1) Mwv of a pol yner

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

vinyl -term nat ed ERCEPFRAGNENMI SuRi @heiouttaredyectna epoby mere dbflaiomedgby
the polynerization of an ol efin under the sane conditions except that the
10 vinyl -ter . pat.ed .macronmononer is not present. ( 2 ) The nunmber of carbon
atons of branches having a Il ength not shorter than that of hexyl as
measured by 13C-N a polynmer obtained by the polynerization of an
olefin in the presefice bf" the vinyl-term nated macrononormer is |arger than

the nunber 15 of at t _brapches havi h h th
hat of hexyFrBEiendar &8 By S SECRRCOn SA OBl Jker GBt Srna By Sroe

20 preferably 1 to 4 carbon atoms; X is a halogen atom; and m
is preferably a number satisfying the condition of 0O<m<3;
an organoaluminum compound represented by the following

formula:

Ra,AlH3.m



t he polynerization of an ol efin under the sanme conditions except that the
vi nyl -term nat ed nacronononer is not present. ( 3 ) The nelting point (Tm
of a polynermp Eained by the 20 polynerization of an olefin in the presence
of the vinyl=term nated nmacronmononer is |ower by not less than 1 C than Tm
of a polyner obtained by the polynerization of an olefin under the sane
condi tions except that the vinyl-term nated nmacronononer is not present.
SF-784 93 (4) The solubility of a pol yirer obtained by the pol ynerization of
an olefin in the presence of the vinyl-term nated macronononer in a
specific solvent at speci fi e ratu i Lfferent . f e bility
of a5 nixtuV%eE%ﬁgig?ig% %fhgd%%$§ﬁ%$ﬁo %?ée%£b§ %ﬁeigo %g%%ﬁzgﬁgg%’of an
ol efin under the sapme conditions, except that the vinyl-termn.nated
nacronnnonerpF§§ﬁ6?gEVe§éﬁf4aﬁ8r5°§iﬂ PREér it d?éﬁsﬁéfﬁﬁﬁﬁﬁﬂﬁb? PHPRE same
amount as that of the vinyl-term nated macronononer present in the 10

pol yneri zat i ®AtigEyiTHethel £opAdpérni ef, 2S66K/as melt viscosity and nelt
tension, of a polynmer obtained by the polynerization of an olefin in the
presence of the vangl-term nated nacronononer are different fromthose of a
pol yner obtained by the 15 pol ynerization of an olefin under the sane
condi ti orfs except ah hatgdrme Mimid urt ecmpoathnedrepcesaonendry ithendblpresaegt . O
t he above nethods, the nethods ( 1) to ( 3 ) are preferably used to nake

t he judgnent sodag1aunber of carbon atons of branches having a | ength 20 not
shorter than that of hexyl as neasured by 23C-NVR, that is described in the

nmethod (2) , is ﬁg&ggj@ﬁgq Qg, for exanple, the aforesaid nethod. The
mel ting point (Tm) "déscribédin the method (3) is neasured in, for exanple,

the foll ow ng, manoerp, a%fﬁﬁﬁﬁl A Neagur eapat of JIelLiag Pghat AC LM A0
endot hernmi ¢ ¢urve of ~a it ferénti al scanni ng
a hydrocarbon group of 1 to 15 carbon atoms, preferably 1 to

10 4 carbon atoms; X is a halogen atom; andm, 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 organoaluminum compounds
(C-1a) include:

15 tri-n-alkylaluminums, such as trimethylaluminum,
triethylaluminum, tri-n-butylaluminum, tripropylaluminum,
tripentylaluminum, 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-2-methylpentylaluminum, tri-3-methylpentylaluminum,



calorinmeter (DSC) is sought, and the tenperature at the maxi num peak
position is taken as a nelting point (Tm. In the 5 neasurenent, a sanple
is placed in @gn gluninunlpan, heated up to 20C at a rate of 10C/ m n,

mai nt ai ned at 28 Cfor 5 mnutes, then cooled to -T50C at a rate of 20C/ m n
and then heated at a rate of 10 Cmn to obtain the second-run endothermc
curve, and fromthe endotherm c curve, the nelting point is 10 found.
EFFECT OF THE | NVENTI ON The branched p@?yolefin according to the invention
is excellent in noldability and nechani cal strength. 15 The branched

pol yol efi n accor.di r}gem%m@r_liwgwn@ﬁumastlr_@r-gemta,%ﬁp%awng;qﬁ@%qﬁnce of
viscosity, so that in the vicinity of the die where the fesin t enperat ure

is high, the yvjscosj [ - c h oby bRl [ .
trothed. | Qtthe orter Paralt a0 I El e R BB RS B
the die, the resin tenperature is |owered, and thereby the viscosity is
abruptly incr easednt,rjs%y‘f %?P@Je%f’illfll?ﬂrﬁé PACl he tt%r%‘@@a‘ﬁhﬁ'}éy]ﬁ%i e*ﬁ%‘gs,
such stretching as reflects the tenperature unevenness does not take place
at the place HPartri¢vr ¢Pet¥i@alB8eBUSe the viscosity ratio between the

pl ace SF-784 95 apart fromthe die and the vicinity of the die is |arge,
and as a Pesult, produey}ahumingns;| aveheast FohPBERELehiRgnum and

nonuni form tyi sfeasi ble. Mreover, the branched polyolefin has a | ow nelt
tensi on, and tencel yheldmamahed pol yolefin is 5 hardly distortion-hardened
even if stretched. Therefore, drawdown is likely to take place, and it
becones feasi bl e tdidpkel ofdmbhua highiapeedsudheapr acessbhoylplepdniung a
branched pol yol efin according to the invention can efficiently prepare a
branched pol yol@fide 10 having the above-nentioned properties. EXAVPLE The
present invention is further described with reference to the follow ng

exanpl es, but it s@fé?]é%?y%ﬁ)m{fﬁﬂstP?ﬁréée%@@diE‘}‘lemi@ﬂig!),sii-\ln)((g%—lpj}%gé

limted to those exanp n the exanples and the conparative €

. , a
compound fepr gsented, by 4he oLl opLng Lor M Al nlthRDST Lhan BBLE! 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 sesquibutoxide;

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

dialkylaluminum aryloxides, such as diethylaluminum

phenoxide,

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



conpound (A-1)) and a conpound represented by the followng fornula (B-1)
(transition nmetal conmpound (B-1)) were used as 20 the transition netal
conpounds. 5%58284 96 5 .,~~~~Cl 'Si Ti° "Cl Nn' CsH-s /N -Zrcd 2 O
Ph t-Bu 2 (B-1) (A1) Exanple 1 Polynerization 10 15 In a 1-liter gl ass
pol ynmeri zation reactor thoroughly purged with nitrogen, 750 ml of purified
tol uene was pl aced, and et hyl ene was pgised t hrough the reactor for 20
mnutes at a flowrate of 100 1/ hr. the system was heated to 50C, and
40 mmol of commrercially avail abl e net hyl al um noxane (from Tohso Akuzo Co.

referred to as.pMAG dnihehel 0afferqg i wasyaddeds - ﬁéﬁﬁg@f}hegox§d@m| of the
transition netal” conmpound (A-1) and 0.0l5 mmol of the transition netal

compound (B 1; Y806, Apfethy Wik Py 5614 '-egbu@gbyg@@ggﬂg;ﬁﬂaﬁaﬁggghr% gh the

reactor at 50C for m nu es om1rat rto per orm

pol ynmeri zation. Afte ner' tlon nguct i.ven period
of time, a snaifP %ﬁﬁiﬁiu%$ {% a?%oﬁ g gdﬂgggyiﬁhepﬁgl Wdlie amount
of the resulting slurry was |ntroduced into a mxed liquid of 2 liters of
met hanol and 2 i t&Falieflabetbmen 2dtEHes heSHFRt @Fed &a%tavﬂa&@alpam SF- 784
97 stand still for one night, a small anpunt of hydrochloric acid was
added, foﬁlow@@l®yl¢¢lﬁﬂ&ﬁh@ﬁalﬁmémmm@@&ﬁr%%%aﬁa 8¢ YBy Lamingt ¢loho fige
washed with 1 liter of nmethanol and then vacuumdried at 80C for 10 hours.
The yield of dhetipplyhenigdrahprémifasandt di hedowaglalupigumPeeparddegn of
measuring sanple

alkylaluminum sesquihalides, such as ethylaluminum
sesquichloride, butylaluminum sesquichloride and
ethylaluminum sesquibromide,

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.g.,
alkylaluminumdihydrides, such as ethylaluminumdihydride and
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-1a), such as an organcaluminum

compound wherein two or more aluminum compounds are combined



To the resulting polyner, 0. 1 % by weight of Irganox 1076TM (avail abl e
fromC ba Specialty Chemcals, Co.) and 0.1 o by weight of Irgafos 168TM
(avai l abl e fromgiba Specialty Chemcals, 10 Co. ) were added as heat
stabilizers, Y4AY the mixture was nelt kneaded by a Toyo Sei ki Sei sakusho
| abopl astom || at a resin tenperature of 180C for 5 mnutes at a revol ution
nunber of 50 r.p.m The polynmer was then placed in a nold having a
t hi ckness of 2 nm and subjected to préds nol ding using a Shindo 15 Ki nzoku
Kogyosho press nol di ng machi ne under the conditions of a preheating
tenperature 190C, _a npr. i | me,Qf AUt es, eat ature
of 190C, a hgg Pﬁggtﬁnéﬂgghgﬁﬁéggf%g, gghg§€I g%p§255352 gkh Oé&ﬁgpgia, a
cool i ng tenperatur coling tine of 5 mnutes and a cooling 20
pressure of i@@Hkbﬁ “ﬁgﬁgé}%gzgéﬁble sheet having a thickness of 2 nm was
prepared. Analysis of polynmer (1-a) \Wen the pol yner -a s, anal.yzed b
GPC, two peaks weF&3HEHESt @f.the oppgnog luging gé%B%Pé%Ed? %ﬁ&FFQQ? g
shown. SF-784 98 Wth respect to one peak, Mwv was 73,000, Mwv Mh was 2.8,
and t he peakLiAfld@aHtya rand obiwak (©6113)0; while with respect to the other
peak, Mwv was 2,000, MVW Mh was 1.7, and the peak intensity ratio was 33. 7 0
MFR, MI5and Ea ofthiche coepwhinidsg 5uedl wsemeahe 1dett hfiomt, h eith yTabitdium,
Judgnent of presence of |ong-chain branch Wth respect to one peak of the
peaks of theppelymerthliwa, detgclled hiyunGPGe My Wesgas DO0, basndéscri bed
above. It is thought that a macronononer corresponding to the polyner ( 1-c
) 10 obt ai ned dich i Jratehmiescrd bed Conmay aid yee £X@b Lol aes
copol yneri zedbyt het ransi ti onmet al compound (B-1), and hence the pol yner

(1-a) Shomde@;&u@&%@%@’né@’!u‘ﬁ?'&ﬂ&?&bt Tﬂg&%%nés%@b%%@?d in the

| at er - descri be arative Exanple 1. Is to say, the polyner ( 1-a)
could be j udged t.o be a .branched 15 p i i in having Mwv of
2, 000 and sé& Pgéquaﬁ?yesn%%“hyﬁ%ﬁb?%lné %%%@Em%%%tﬂﬁ@ }]q?%ﬁ?@%’f detection) .
When the yield ratio between the pol yner -b) _and the polymer (1-c) was

wat ched, ! heQQQMQ?Qﬂanﬁywcﬁ@%ﬁﬁ%é%ﬂg$”%%%$#m?ﬁﬁ??%ﬁpin the pol yner (1-a)

ought to hav%s@%ﬂ}fxégggsﬁﬂ&ndgg%%ygkagnesimnandbutylethylmagnesium,
are also employable as the organometallic compounds (C-1).
Combinations of compounds capable of producing the
above-mentioned organcaluminum 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 the organometallic compounds (C-1) mentioned above,
organocaluminum compounds are preferable.
20 The organometallic compounds (C-1) mentioned above are
used singly or in combination of two or more kinds.

(C-2) Organoaluminum oxy-compound

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

known aluminoxane or may be such a benzene-insoluble




20 the high-nol ecul ar wei ght portion, but the GPC peak intensity ratio of

t he hi gh-nol ecul ar weight portion in the polynmer ( 1-a) was higher than
that of the | ow nol ecul ar wei ght portion, and this suggests that the

pol yner (1-alfV& a branched polyner.  SF-784 99 Conparative Exanple | A
pol ymer (1-b) was obtained in the sane manner as in the "polynerization" of
Exanpl e 1, except that the transition netal conpound (B-1) was not added.
The yield was 15.6 g, 5 Mv was 56, 0002 MW Mh was 4 .2, and only one peak
was detected by GPC. Conparative Exanple 2 A polyner (1-c) was obtained in

t he sane manner_ _as .i.n_10 the_ "pol rizatjon” : I th

érgggitkﬁ;wﬂéFgﬁngg&ﬁgﬂﬁﬁmk%5X?GaaggHgé%ﬁ%gg%mg%hg§§?gf§J %gﬁgggéﬁ%ﬂﬂa/mag
, , was 2.1, and only one ted by GPC. As I f

measur enent o2 HFEORAD ﬁHQ%ﬂ?%%qul‘%gryﬁgizpﬁ%ﬁﬁefhylybranch mag &gfgcteg.

15 Conparative Exanple 3 MFR, MI and Ea of a commercially avail able
ethy!ene/1-hexeneT@@pbﬂVﬁ§ﬁtPtkééénnahémlE96PG§ SPDoRD, PEFRAR M t3i Lo
Chenicals, Inc.) obtained by gas phase polymerization 20 are set forth in
Table. 1. Thiexaetdlyd endelfhékenéngopobygreschadaMi ahd WER dt Syfisiged
rel ati on represented by MI<2. 2XMFR-~88 but had Ea deviating fromthe range
of Ea>-0.538%Cethydrbcaamddiiverdtaciolut 8784 100 this copol ymer is
presuned to have a primary structure containing no |ong-chain branch.
Conpar ati ve Exanpl@ )4 anVRyaMa andi ffam ebmp ctodner €t ak ity iavaiyilalleninum
is added to a hydrocarbon medium suspension of a compound
containing adsorption water or a salt containing water of
crystallization, e.g., magnesium chloride hydrate, copper
10 sulfate hydrate, aluminum sulfate hydrate, nickel sulfate
hydrateorcerouschloridehydrate,toallowtheorganoaluminum
compound to react with the adsorption water or the water of
crystallization.
(2) Water, ice or water vapor 1s 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 organoaluminum compound is removed



et hyl ene/ 1-oct ene copol yner(trade nanme: Affinity PL1845,from The Dow

Chem cal s, Co.) obtained by solution polynerization are set forth in Table.
1. This ethylene/l octene copol yner had Ea satisfying the 10 requisite of
Ea>- 0. 385xC+¥8/847 but had MI and MFR not satisfying a relation represented
by MI<-2.2xMFR-o0.as. Fromthis fact, this copolynmer is presumed to have a
primary structure having a Iong-chain branch of a length of about tw ce the
mol ecul ar wei ght between the entangl ef&nt points. "~F "7~~ Col N~ HN
oNtr~ ,NoOWO ~ N ~~0.4 4; '~ U--1G ~ C bp4 Com-*CCVM 7M-" 7TM ~-1 O

Qou7cpW X ~u7~- M- 00 u~0 ~ 1D o~ ~ h=G ~ U
300t Y70 O ~ q*&fd‘fﬁf%%%ﬁ%%ﬁﬁ %%ﬁﬂlo ~~>‘%;§%O\zﬂ\g‘biblgtg9nx O N
NNUXMOo\oSnIUfOMo\oSOVUONI NO| 43 000b U
21100 > GIEITET FeTakner 6 |7eitasqese L b gpivent oz fafpende

in a poor solvent for aluminoxane.
Examples of the organocaluminum compounds used for
5 preparing the aluminoxane include the same organoaluminum
compounds as previously described with respect to the
organocaluminum compound (C-la).

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

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

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

15 such as pentane, hexane, heptane, octane, decane, dodecane,
hexadecane and octadecane; alicyclic hydrocarbons, such as
cyclopentane, 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.




4-1 ONO4-1 "+-1 OON(nfn f[j UUr-I N SF-784 102 Exanple 2

Pol ymeri zation In a 500-m gl ass pol ynerization reactor thoroughly purged

W th nitroger\%_%ao m of purified toluene was placed, 5 and et hyl ene was
passed t hroug e reactor for 20 mnutes at a flowrate of 100 1/ hr. Then,
the systemwas heated to 50C, followed by adding 1.25 nmmol of

met hyl al um noxane (referred to as "MAO 2" hereinafter) as a tol uene

sol ution having been obtained by vacuuft distilling toluene froma tol uene 10
sol ution of Al bemar nethyl al um noxane at 40C and t hen addi ng dehydrat ed

Lol uene again. Furthernc (. 005 rmpl of Lhe. LLans] Lhon.Aetal _commaynd (A1

and 0. 00025 mmol ranS| on net al npoun

stirring, eth e passed thro the react or at OCfor 5 mnutes 15
St ow r et Aot %@%?ﬁﬁ%%wyw.aﬁm?%w ARTE{REY an Al
pol ymeri zation was conduct ed for a given period of tine,_a small anmount of
i sobutyl al cOHIIPIMREN addetch ahdl $PeIRhD| &7 anduFrnof 2t Hed reskit t3hg@BPwRty
was introduced into 1 liter of nethanol. After the mixture was allowed to
stand still 20 fusruadney micghtmorg Shahl 1anburrofe raldrio slditomog eachdnwass,
added, followed by filtration. The polyner separated by filtration was

washed w th Ipdritieruldr hephaferadid themowactoandr kedirate80€ dOA11H: drour S.
The yield of the polyner (2-a) thus obtained was 0.65 g. SF-784 103

Anal ysi s of prianrers (2t V&rererddiel pod ireTe (d-@nisunditalny Z8d, yoS&indm
was | 30C.
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):

R” R0 R”
|
Al—0O—B~—0—Al
11
R R (I1)

wherein R0 is a hydrocarbon group of 1 to 10 carbon atoms;
15 and each R!! may be the same or different and is a hydrogen
atom, a halogen atom or a hydrocarbon group of 1 to 10 carbon
atoms.
The organocaluminum compound containing boron and
represented by the formula (II) can be prepared by allowing
20 analkylboronicacidrepresentedbythe following formula (III)

to react with an organoaluminum compound in an inert solvent



When the polyner was anal yzed by GPC, two peaks were detected. Wth respect
to one peak, Mv was 180, 000, MvM Mh was 2 . 4, and 5 the peak intensity
rati o was 64 Jaehile with respect to the other peak, Mv was 8, 000, Mw M
was 2. O, an& the peak intensity ratio was 36 0. Judgnent of presence of

| ong-chain branch Wth respect to one peak of the peaks of the polyner
(2-a) 10 detected by GPC, Mwv was 180, 000, as described above. It is thought
that a macrononomer corresponding to the polymer (2-c) obtained in the

| at er - descri bed Conparative Exanple 6 was pol ynerized by the transition
nmetal compoung: (Brblupe raitdhherge -ghe °pokynesoh2: eppshevedear i ghefii M yal ue
than the pol yner 15 Ea-b) obtained in the |ater-descri bed Conparative
Exanmple 5. T j Yo t _be j udged to be a
branched pol Sﬁgeréfvi%%Paésjiraeg}ghg%\yﬂg%?%ggm%?)}?gg,kgooo and scarcely any

met hyl branch (lower than the limt of detection). Wen the yields of the
polymer (2-b) and the polyner (2-c) 20 were watched, the yield of the

| ow nol ecul ar wei t ortion in the polymer (2-a) mhiﬁ@:mas a pol ymer
produced by the transPfilBH) metal compound (A-1) and tHe t'ransition netal
conpound (B-1) ought to have been higher than that of the high-nolecul ar
wei ght pofti orheirAn tie GPCtpEalk et SFSIUY Fatder crismI P ATA of t he

hi gh-nol ecul ar wei ght portion in the polynmer (2-a) was higher than that of
t he | ow nol ecul ar Ewdrghtepor itdre ey o somig st ds trerre s pol yertie- a)
is not a mxture of a polymer produced by the transition nmetal conpound
(A-1) and a podymera 5 Iprrodicetudy diehy Yamsiniomaiet,abtbghpoundi¢Badidbut a
branched pol ymer wherein a part of the polynmer (vinyl-term nated macromer)
produced by thespransindesn etliCorpeuddy(iBokbniasaecopol yrest yeco bynt be
transition netal conpound (A-1). 10 Conparative Exanple 5 A polyner (2-b)
was obt ai ned j& & he; sawe: PBpdhesnas hoithen pekymebirzaticonciaf, Exanple 2,
except that the transition netal compound (B-1) was not added. The yield

was 0.18 g, cyclohexylboronic acid, phenylboronic acid,

3,5-diflucroboronic acid, pentafluorophenylboronic acid and
3,5-bis(trifluoromethyl)phenylboronic acid. Of these,
preferable are methylboronic acid, n-butylboronic acid,
isobutylboronic acid, 3,5-difluorophenylboronic acid and
15 pentafluorophenylboronic acid. These alkylboronicacids are
used singly or in combination of two or more kinds.
Examples of the organocaluminum compounds to be reacted
with the alkylboronic acid include the same organoaluminum
compounds as previously described with respect to the
20 organcaluminum compound (C-la).
Of these, preferable are trialkylaluminums and
tricycloalkylaluminums, and particularly preferable are

trimethylaluminum, triethylaluminum and triisobutylaluminum.



Tmwas | 33C, Mv was 110, 000, MvW Mh was 4. 1, and only one peak 15 was
detected by GPC. Conparative Exanple 6 A polyner (2-c) was obtained in the
same nanneré%% in the "polynerization" of Exanple 2, except that the
transition Rkt al conpound (A-1) was not added. The yield was 0.96 g, Tm
was 128 C, Mwvw was 8, 000, MW Mh was 2 . |, and only one peak was detected
by GPC. As a result of neasurenent of nmethyl branch of the polyner, no
nmet hyl branch was det ect ed. SF-784 %5 Exanpl e 3 Polvnerization In a
500-m gl ass polynerization reactor thoroughly purged with nitrogen, 250 mi
of purified @8&yg“&é@@ﬁogi@xﬁgﬁum%éﬂgo@hagI gpe wasdpassedyt brough the

S

reactor for nm nu at a ow rate of 100 1/hr. Then, the system was
heated to 50C, apd 1. 25 of ded. Further, 0.005 nmmol of the
transition n%@%ﬁl%%ﬂb%ﬂngg?gyi}Ogﬁﬁ%%?gggggghnnl of the transition netal
compound (B-1 ) were added. Wth stirring, 10 ethyl.el d ugh
the reactor at 50T fFIF IR ML BB T Orua{’[%s of Pgom%?ﬁ?g?%%p%wgrgm
pol yneri zation. Then, feeding of ethylene was stogggd, and mﬁﬁp %%irring,
propyl ene wazrpassed shnebghOtrhélr E8EPEPAALCE08TT §1"°1 HoliPTat “4 11w rate
of 100 1/hr to perform polynerization of the 15 second stage.. After the

pol yneri Zat i 00- %< ocogreduct editbrres gfisveht hdhieolraf st HRn e EPIMRANNAL , of
i sobutyl al cohol was added, and the whole amount of the resulting slurry
was introduced into 1 liter of nmethafokm Abhepathe mi xture was allowed to
stand still for one night, a small anount of 20 hydrochloric acid was
added, followed byxfinbliEeat bentnthecppbyres gepanatwed dhy reialcttr atitdn Wes
washed with 1 liter of methanol and then vacuumdried at 80 C for 10 hours.

The yield of . the pek ¥AELe {3 @bmbbBusicolt @brathavesaBs39ign ntal y sbspofund
pol ynmer (3-a)

3 1 3 4 3 3 "
(B)toformanionpalr(referredtoas"1on121nglon1ccompound

10 hereinafter) include Lewis acid, an ionic compound, a borane
compoundandeacarboranecompounddescribedinJapanesePatent
Laid-Open Publications No. 501950/1989, No. 502036/1989, No.
179005/1991, No. 179006/1991, No. 207703/1991 and No.
207704/1991, and U.S. Patent No. 5,321,106. A hetercpoly

15 compound and an isopoly compound are also available.

The Lewis acid is, for example, a compound represented
by BR3; (R is fluorine or a phenyl group which may have a
substituent such as fluorine, methyl or trifluoromethyl).
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.



SF-784 106 When the polymer ( 3-a ) was analyzed by DSC, Tmwas 125 C .
When the pol yner was anal yzed by GPC, a single peak having a shoul der peak
wi th Mv of aQ%a% 8,000 was detected. Wth respect to this peak, Mwv was

21 0, 000, and Kh was 2.6. 5 Judgnent of presence of |ong-chain branch The
Mv of the polynmer (3-a) was |80,000, as described above, and this Mv was

hi gher by 140,000 than the Mwv of the pg ynmer (3-b) obtained in the

| at er - descri bed Conparative Exanple7. Ttisthoughtthata vinyl-term nated
macr onmononer 10 corresponding to the polymer (3-c) obtained in the

lat er-described Comparativeckrample 8 was DHTRE 2RB oY dtrhe td Adtgi dd on
nmetal conmpound (B-1}, and hence the polynmer (3-a) showed a higher Mw val ue

t han the pol ymer,.(3- . i a he pol yner (3-a) could be judged
to be a branc ed”%%:§%¥V¥§}ah{§F%Q%?déizﬁain having Mv of 8, 000 and
scarcely any nethyl branch (lower than the |imt of detection} . The
polymer ( 3-a ) showed Tm |l ower than that of the polynmer ( 3-b ) and that
of the polymer (3-c) , and this al so suggests that the polynmer (3-a) is a
branched pol yner. 20gGonparative Exanple 7 A polyner (3-b) was obtained in
the same mannef~as in@he "pol ymerization” of Exanple 3, except that the
transiti on meR4l REomBouRY (B-1) was not added. The yield was 4.5 g, Tm
SF-784 107 was 129C, oMy was | 40, 000, Mw~ Mh was ZZU%, and a single peak was
detected by GPC. Conparative Exanple 8 5 A ponne? ('3-¢c) was obtained in

t he same manner as in the "polynerization" of Exanple 3, except that the
transitiog netal conmpound (A-1) was not added. The yield was 1.0 g, Tm was
128 C, Mwv was 8, 000, MvW Mh was 2. 2, and a single peak was detected by

GPC. As a result tduel : bran f
met hyl branch msof%?g%%ég. @%Eﬁ%%?fg% ngt '%%&a@%ﬁggggg%y%%%?gﬁer

having a mel tctensi on (M, (g))cLhabs| soaubstant @l by tBe same as or | ouer

than that of a conventlonaf poTyner wh s substantially the same as the

an that of onal " . 1y the the
e’ mol ecul art Uk AT of SCPHRA T ot Gh t ne EF YRERTTnEEy - Cand" RauPng & 1how

activation ener (Ea (KJ/pmol) that is . larger than a val ue obtained by
addi ng 5 KU/rﬁﬁé%%fjfﬁ§gé&eB%iUe%prﬁﬁeiégﬁVentional pol yner. 10 2. The

polynmer as clainmed in claim1, wherein the ,
10 R!3 to R1® may be the same or different and are each an

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

Examplesof thecarboniumcationsincludetri-substituted
carbonium cations, such as triphenylcarbonium cation,

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

Examples of the ammoniumcations includetrialkylammonium
cations, such as trimethylammonium cation, triethylammonium
cation, tripropylammoniumcation, tributylammoniumcationand

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

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



recurring unit of the main skeleton is constituted of carbon and hydrogen,
and optionally oxygen, and the polymer is substantially thernoplastic. 15
3. The polyner as claimed in claim2, wherein the main skeleton is
constituted B8l efins of 2 to 8 carbon atons. 4. A branched pol yol efin
conprising 50 to 100 o by nol 20 of recurring units derived from et hyl ene
and 0 to 50 o by nol of recurring units derived froman a-olefin of 3 to 7
carbon atons and having the fol | owi ng®broperties: the flow activation
energy (Ea (KJ/nDI) ) and the a-olefin content (C (o by weight)) satisfy

the follown L on, ok 09 35@ ey thdemm@ta@ﬁoﬁarbon
atons of the h ﬁ%%# %m?gl cagqén§_ Lkﬂégggl&elght a . 130xC+28. 7, in

t he case where the nugb car bon atggﬁogf t he a- oIefln 5 is 4to 7 and C
>- 4.1 o by #efghtcYE gex@ 3BERC+28. ? the case mhere t he nunber of

carbon atons of the a-olefinis 3 and Qg &hlncludlng t he
case where the a-BrempPhegoffehbei ghesyhonéﬁﬁ Cﬁ ﬁ@sc se ere the nunber

of carbon atons 10 of the a-olefinis 4 to 7 and C < o.b Ight Ea >-
30, and the teiaryépsbephEMFufngFRrtasdsth éuﬁ@I@SfF6W9@9ﬂ¥%ﬁh§% i n))
satisfy the following relation: 15 MI <- 2.2xMFR-~~ee. 5. The branched

pol yol ef in asaekahned riinmekaiyiphenydnphiosiphgn 1im gedciry iaif! units deri ved
fromat |east one olefin 20 selected fromethylene and olefins of 3 to 7

carbon at oms ¢ yand i ficich yeeUHRILNGhorphenden \ed farom a vi nyl -t er mi nat ed
macr onmononer conprising 50 to 100 o by nmol of recurring units derived from

ethylene and 50 t@.9 g;éerm;lra%‘l J QGUIdAIURatS on , Bl 110 cderiiored xf r om
an olefin of 4 to 7 carbon atons,” having a wei ght-average nol ecul ar wei ght

T3 NUR. basedSont 17085 carbon alares 5 oy o panfiba s sty
N,N—dimethylanillnlumcatlonorN,N—dlethylanlllnlwncatlon.
10 Also available as the ionic compound is a
trialkyl-substituted ammonium salt, an N,N-dialkylanilinium
salt, a dialkylammonium salt or a triarylphosphonium salt.
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)ammoniumtetra(p—trifluoromethylphenyl)boron,

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

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



6. A branched pol yolefin conprising 50 to 100 o by nol of recurring units
derived fromethylene and O to 50 o by nol of recurring units derived from
an a-olefin gf-8 to 20 carbon atons and having the fol |l owi ng properties: 10
the flow activation energy (Ea (KJ/mol) ) and the a-olefin content (C (o by
wei ght)) satisfy the followng relation: in the case of C > 4.1 o by

wei ght: Ea >- 0.385xC+28.7, in the case of C< 4.1 o by weight: 15 Ea >-

30, and the nelt tension (Ml (Q)) and%he nelt flow rate (MFR (g/10 mn))
satisfy the following relation: MI <- 2. 2xMFR-~~es. 20 7. The branched
polyolefin as cl appdpohBschal ghe, NCRIRIAILSKYTani 1973 (84 shlk (idhdeEE ring
units derived fromat | east one olefin selécted fromethyl ene and ol efins
of 8 to 20 carpon. aand. (i) .r rri [ erived froma
vinyI-terningtgdgéﬁégg§%ﬁ§2§ﬁé%h§5§§%ié?ﬁ%%ggQF%%P 0 o by nol of recurring
units derived fromethylene,and 50 to 0.0 b | of recurring units derived
from an ol ef nN681§t58¥?6lEéPBBW%§F5ﬁ§Phﬁ§V¥ﬁgggqﬂePéﬁf-average nol ecul ar
wei ght of 600 to 3,500 and having |l ess than 0.1 nethyl branch, as neasured
by 13C- NMVR, Ba¥eds 6nb10c2L006 tEN 5o ldfdmdted raA Pheavdn &P yol ef i n
conprising: (i) recurring units derived fromat |east one olefin selected
from ol efi ns of 2Exempdesarboiihagt 6l kayramrendiym sedégr dingd WHiei t s derived
froma vinyl-term nated macronononmer conprising 50 to | 00 % by nol of
recurring unitslderbped)bmomnmeumpledne (g thd lue r@p¥any Indlo s rasedir ri ng
units derived froman olefin of 4 to 20 carbon atons, having a

wei ght - aver ageciel eaukal aneioghtimafe t6Q0 phen2Q0 bd@@® .and havi ng 20 | ess than
0.1 nmethyl branch, as measured by 13C-NWR, based on 1,000 carbon atons.

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

10 N,N-dimethylaniliniumtetrakis (pentafluorophenyl)borate,
ferroceniumtetra (pentafluorophenyl)borate,
triphenylcarbeniumpentaphenylcyclopentadienyl complex,
N,N-diethylaniliniumpentaphenylcyclopentadienyl complex or
a boron compound represented by the following formula (V) or

15 (VI).

CF,
® ©
H (OEt;); B

CF,

(V)

wherein Et denotes an ethyl group.




SF-784 112 9. The branched polyolefin as clainmed in claim8, wherein the
wei ght - average nol ecul ar weight is in the range of 600 to 3,500. 5 10. A
process for pgeparing a branched polyol efin, conprising polynerizing at

| east one olefin selected fromolefins of 2 to 20 carbon atons using an

ol efin polynerization catal yst conprising: (A a transition nmetal conpound
containing a |igand having 10 cycl opent adi enyl skeleton, (B) a transition
met al conpound represented by the foIIHMAng formula (1), and (C) at | east
one conpound selected from (C 1) an organonetallic conpound, 15 (C2) an
or ganoal um num oxy- cpnpo n and (C-3) a conpound which reacts with the
transition netal coffpound £A) or the transition netal conpound (B) to form
an ion pair, t® @ epa t he pranched pol yol efin of any one of clains 20 4,
6 and 8~ SFNa?%l—l—' r, 3R/ ~0CI) Ra\ RS R5 mwherein Mis a
transition netal atomof Goup 4 to Goup 5 of the periodic table, mis an
integer of 1 to 2, iscgn a i phatic hydrocarbon group oranalicyclic

hydr ocar bon group, RZ t'0°R5 may be the sane or diffeyent and are each a
hydrogen atom a hydrocarbon group, a hydrocarbon-substituted silyl group,
an oxygen-contai ni ng group, a nitrogen-containing group or a

sul fur-containing group, R6 is a hydrocarbon group or a

hydr ocar bon- substi t ut ed sil¥l group, n is a nunber satisfying 10 a val ence
of M X is a hydrdg@FRtonPt & 1FaPogenc fFMOH Iy dr6 ARSI o aht 4) /
oxygen-cont ai ni ng group, asul fur-containing group, a nitrogen-containing
group, a bor dritldonhe Ainieg sgroup! 2akialldming laiamieg igrdwenaporate,
phosphor us- cont ai ni ng group, a hal ogen-contai ni ng group, a heterocyclic
conpound fesikdiee] t 1i5( ra-ksid ¥ Cloammeamt an hilegalge oaipe, a ger mani um cont ai ni ng
group or a tin-containing group, and when n is 2 or greater, plural groups
i ndi cat ed by p{ 9myr ben-ther wansamosn Oirf ] feneatabandtpl ural groups i ndicated
by X may be bonded to forma ring. SF-784 114 11. The process for
preparing a yanched pal o} ef din&si ¢hphdBEcaPoehatm 10, wherein the

pol yneri zation is carried out continuously under at |east two different

pol ymeri zati oy LA {-90S0 y ANk 5181 R YOBLERRL 9B EAELULES ana

bis[tri(n-butyl)ammonium]dodecachlorododecaborate; and

10 salts of metallic borane anions, such as
tri(n-butyl)ammoniumbis (dodecahydridododecaborate)cobalta
te(III) and
bis[tri(n—butyl)ammbnium}bis—(dodecahydridododecaborate)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~l-phenyl~-1l, 3~-dicarbanonaborane,
dodecahydrido~-1l-methyl-1, 3-dicarbanonaborane,

20 undecahydrido-1,3-dimethyl-1, 3-dicarbanonaborane,

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



5 polynerizati on conducted under such condition that the yield of a polyner
produced by the transition nmetal conpound (B) becones higher than the yield
of a polymer prgguced by the transition netal conmpound (A) and

pol yneri zati on conducted under such conditions that the 10 yield of a

pol ymer produced by the transition nmetal conpound (A) becones higher than
the yield of a polyner produced by the tranS|t|on nmetal conpound (B).
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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 Si0;, Al,;03, MgO, ZrO, TiO,, By0;, Cal, Zn0O, BaQ, ThO,,
and complex compounds or mixtures containing these oxides,
such as natural or synthetic zeolite, Si0O;-MgO, Si0,;-Al,0;3,
SiOg—TiOZ, SiOz‘VzOs, SiOz“CI’zOg} and SlOz"TlOz“Mgo Of these,

15 preferable are compounds each containing Si0O, and/or Al,0;5 as
the main component.

The inorganic oxides may contain small amounts of
carbonate, sulfate, nitrateandoxide components, suchasNa,CO;,
K2C03, CaCO3, MgCO3, Na2504, Alz (804)3, BaSO4, KNO3, Mg (NO3>2,

20 Al(NO3)3, Na,0, K30 and Ligo.

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 pm, a specific
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by a ball mill or an oscillating mill. Also employable is

109g& () -

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
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of polyvalent metals, such as a-Zr (HAsO4)2'H30, a-Zr (HPO,) 5,
10 o—72r (KPO4) 2" 3H20, o-Ti (HPO4) 27 oa-Ti (HASO4) 2° Hgo,
a—-Sn (HPO4> 2° Hzo, y—Zr (HPO4) 2 ’Y“Tl (HPO4) 2 and Y"Ti (NH4PO4 ) 2° Hzo,
The clay, the clay minerals and the ion-exchange layered
compounds arepreferably thosehavingaporevolume, asmeasured
on pores having a radius of not less than 20 A by a mercury
15 penetration method, of not less than 0.1 cc/g, and are
particularly 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 Aby 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.
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on the crystal structure of the clay .is employable.

5 Examples of such chemical 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
crystal structure of clay tobringabout change in the structure
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
exchange propertiestoenlarge thedistancebetween the layers.

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

intercalated include cationic inorganic compounds, such as
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The intercalation of these compounds may be carried out

in the presence of a polymerization product obtained by
hydrolysis of a metallic alkoxide such as Si(OR)4, AL (OR)3 Or
Ge(OR)4(Rjj;ahydrocarbongroupcnrthelike)orjj1thepresence
100 of a colloidal inorganic compound such as SiO,. Examples of
the pillars include oxides produced by intercalation of the
above-mentioned metallic hydroxide ions between layers,
followed by dehydration under heating.
The clay, clay minerals and ion-exchange layered
I5 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. The clay, clay
mineralsandion—exchangelayeredcompoundsnmykxausedsingly
20 or in combination of two or more kinds.
Of the above-mentioned materials, preferable are clay
and clay minerals, and particularly preferable are
montmorillonite, vermiculite, pectolite, taeniolite and

synthetic mica.
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as ethylene, propylene, l-butene or 4-methyl-l-pentene,
(co)polymers produced using as a main ingredient
vinylcyclohexane or styrene, and modification products
thereof.
The olefin polymerization catalyst may further contain
10  the below-described specific organic compound component (E),
1f necessary, in addition to the transition metal compound
(A) (component (A)), the transition metal compound (B)
(component (B)), at least one compound (C) (component (C))
selected from the organometallic compound (C-1), the
15 organoaluminum oxy-compound (C-2) and the ionizing ionic

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

(E) Organic compound component

The organic compound component (E) is used, if necessary,
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 compounds and sulfonates.
As the alcohols and the phenolic compounds, those

represented by R2?!-OH (R?! is a hydrocarbon group of 1 to 50

p
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10g 109 1099%@%@%h($toﬁs) are usually used. The alcohols are preferably
those of the above formula wherein R2?! is a halogenated
hydrocarbon group. The phenolic compounds are preferably
5 those wherein the o,a'-positions of the hydroxyl group are
substituted with hydrocarbons of 1 to 20 carbon atoms.
As the carboxylic acids, those represented by R22-COOH
(R22 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, phosphateshaving P-ORbondor P=Obond andphosphine
oxide compounds are preferably used.

15 As the sulfonates, those represented by the following

formula (VII) are usually used.

O (VII)

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

14 of the periodic table.
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H& () -JxnbC ! OL&EKOLE & tlydrogen atom, a halogen atom, a hydrocarbon group

5 of 1 to 20 carbon atoms or a halogenated hydrocarbon group
of 1 to 20 carbon atoms.
m is an integer of 1 to 7, and n is a number of 1<n<7.

Polymerization

In the process for preparing a branched polyolefin
10 according to the invention, an olefin is polymerized or
copolymerized in the presence of the above-mentioned olefin
polymerization catalyst to obtain the aforesaid branched
polyolefin. 1In Fig. 1, steps of a process for preparing an
olefin polymerization catalyst of the invention are shown.
15 In the polymerization, the components can be used in any
way and in any order. Some examples of the polymerization
processes are given below.
(1) The component (A), the component (B) and the component
(C) arefedtothepolymerizationreactor inanarbitrary order.
20 (2) A catalyst component wherein the component (A) is
supportedonthecarrier (D), the component (B) and the component

(C) are fedtothepolymerizationreactor inanarbitrary order.
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(4) A catalyst component wherein the component (C) is

5 supportedonthecarrier(D),thecomponent(A)andthecomponent
(B)arefedtothepolymerizationreactorinanarbitraryorder.

(5) A catalyst compbnent wherein the component (A) and
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 catalyst 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 reactor 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.
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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 optiocnally added in an
arbitrary order. 1In this case, the components (C) may be the

10 same or different.

An olefin may be prepolymerized onto the solid catalyst
component wherein the component (A) and the compeonent (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 component (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, and gas phase polymerization.

Examples of inert hydrocarbon media for use in the liquid

phase polymerization include aliphatic hydrocarbons, such as
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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, preferably10-10to010-3mol, basedonl literof the reaction
volume. The component (A) and the component (B) are used in
15 such 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
20 molar ratio (C-1/M) of the component (C-1) to the whole
transitionmetal atom (M) in the components (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)
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' hs/ 109&' () - 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 (C) is the component (C-2), the component
(E) is used in such an amount that the molar ratio (E/C-2)
becomes usually 0.001 to 2, preferably 0.005 to 1. If the
component (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) becomes usually 0.01 to 10, preferably
0.1 to 5.
Thetemperatuﬂaforthepolymerizatrmlofanolefinusing
the olefin polymerization catalyst is in the range of usually
20 =50 to +200°C, preferably 0 to 170°C. The polymerization
pressure 1s 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
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can be used singly or in combination of two or more kinds.
In the present invention, a branched polyolefin can be
10 preparedbypolymerizinganolefininthepresenceof theolefin
polymerization catalyst containing the transition metal
compound (A) and the transition metal component (B) under one
kind of reaction condition, or can be prepared by polymerizing
anolefin inthepresence of theolefinpolymerizationcatalyst
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 polymerization
catalyst containing the transition metal compound (A) and the
transition metal compound (B), the vinyl-terminated 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) toprepare abranchedpolyolefin.
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produce polyethylene having extremely few methyl branches,
and when olefins containing ethylene are polymerized, the
10  transitionmetal compound (B) tends to selectively polymerize
ethylene.

In the present invention, it is preferable to carry out
the preparation of the branched polyolefin continuously in
two or more stages under different reaction convditions, 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 polymerizationiscarriedout continuously under
at least two kinds of reaction conditions, the polymerization

20 preferably includes polymerization conducted under such
conditionsthat the yieldofapolymerproducedbythetransition
metal compound (B) becomes higher than the vield of a polymer

produced by the transition metal compound (A) (said

polymerization sometimes being referredto as "polymerization
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10%&I()-10%&§&%ogggﬁgg9-fﬁg)oggnsition metal compound (B) (said
5 polymerizationsometimesbeingreferredtxJas"polymerization
A" hereinafter). In this case, it is preferable toc conduct
the polymerization B prior to the polymerization A.
When the polymerization is carried out under the
conditions including the polymerization 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 polymerization A, a branched polyoclefin can be
prepared in a higher yield.
It is more preferable that, after the polymerization 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
thepolymerizationsolventjj1thepolymerizationprocess,and
then the polymerization A is conducted.
20 Whenthepolymerizationiscarriedout asdescribed above,
the vinyl-terminated macromonomer is more homogeneously

dispersed in the polymerization solvent, and hence a branched

polyolefin can be prepared in a higher yield.



1091 10% () - 7Z10%& () - 9vdEbC 10" f310%& () -, F10%& () - " 10% ()-f 10%& () -
(12)%&' ()-/1%IEbC 10"f" 109 ()- 10% ()- 10% ()-L"10% ()-f
109%&' ()-L 10%8Ag)- ¥%6i dEDC 10"f @ 10%&' () - 9-s10%&' ()-+f 10%& ()-),

109%& () -

109%& () - L&

109 ()-$- 109%& () - HaxnbC 10" T1094& ()- 10 10

107109& () - 5109 ()-s3109% ()- 9YL109% ()-)adEnbC 10" | 109%& () - 109%T& () -
10967& ()-y 10967& ()- 10967& ()- S10947& () - +4l dEmbC

10"s@O0%& ()-F' 10967& () -

10" *10967& () - (YL090& () - & "10947& ()-$ 10967& ()-"y 10967& ()-y

1099& () - +edEMC some examples of egpl#ol%eo/sd_sg?s()foél €6%§I65]g ﬁ_d%)&agpcfl?eﬁbC

10" 7y10967& () - f 510907 & () B3 T00RE: ()

10" yF109%I& (
10" &&10%I'&'

1092 & () -
1092 & () -

VT & 3l dEbC
A RS Sl 7 e e
" 10058 A ()20 31098 () - YIOWE () - @L0%TE
5 ot i it
10" 1092 & () -

1090°& L310 .
15 10%2&'() b ; k dEbC 10"& 10%& ()- $109%& ()-"110%& () -

W@I(P) et averigt ¥9n BEO9F& YR wT!

% & 10T 10T 10T&7 10%&' & 5S
/ ‘ %ﬂfb‘d hegr 1GvR: (he we(ﬂ%@/ae&? @ PoloFes Prod U &Y ) -

37 m&r(a)nswj:m&\e(t)al compound (A) and polymerization under

10

15

20

such conditions 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)
are given below.

(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 olefins mainly containing
ethylene are polymerized (former stage) and then propylene
only or twoormore kinds of olefinsmainly containingpropylene
are polymerized (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 vield of a polymer
produced by the transition metal compound (B) becomes higher
than the yield of a polymer produced by the transition metal
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

, 10908 () - &Y18%a& () - 1090& () -s10%& () - >LdEmbC

G



LudEbC 10"L3109%& ()- 31#10%& ()-,/10%& ()--10%& ()-*10%& ()-(

10%& () - <qrst{~bC 10" 10%g& () - @0%¢& ()- 10z 10z |

1029f 10% & ()sei9% & () -y510%& ()-~ S x dEbC 10" 10%& ()- 10%¢& () -

10%g& ()- 10%g& ()-10%& ()- 10%& ()- ![dEbC 10" 10%& ()- 109g& ()-

| "109%g& ()- fg 10%& ()-LT 10%& ()-3T 10%g& () - YZdEbC |

10" & @O0%& () - 3+10%g&" () - (y10%g& ()- &#10%g& () - $10%& ()-"10%& () - NKLMIE:
/ 10g 10g&9 10%& ()-7 10%g& ()- 5:10%f& ()-3 109%g& ()- Y1"10%& ()- @
10%g& () - MNUX#xY: /| 10gS10%& () - 10({{«&' (géllloté{%()ins o

109 () - 109%& (GLOYE, (et S0 : ) - ' ()n

S9- 105/«)&' ()- 39%%/%' ()-&}1((5%%5'(11) Qﬁm O%&'d()](- W m?E:}g f%gé? %oﬁ;&' %S‘e 5718%°t) - $

. " ' ' . . QYR () -
1008 0| A998 (0! O A S, AT ) Sreeson
10% & () - 100/‘zcgc‘5ln(c2i_tslloor?/éz‘:%In(géc-rl'g'go%‘ge(,)s_uc::l}(? a]éopolymerization temperature,
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 containing ethylene are polymerized (former
stage), thereafter the transitionmetal compound (A) is added,

10 and then propylene only or two or more kinds of olefins mainly
containing propylene are polymerized (latter stage). Inthis
case, the molar ratio (B/A) of the transition metal compound
(B) to the transition metal compound (A) is so determined that
theyieldof 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) to the 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
amountsof thecatalyst componentsused, areintheabove ranges.

(3) In the presence of the transition metal compound (B)

and the component (C), ethylene only or two or more kinds of
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stage). 1In this 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
10 transition metal compound (A) becomes higher than the yield
of a polymer produced by the transition metal compound (B)
in the latter stage. More specifically, themolar ratio (B/A)
of the transition metal compound (B) to the transition metal
compound (A) 1is determined in the range of 1/1 to 1/1000,
15 preferably 1/10 to 1/500. The polymerization conditions in
eachstage, suchaspolymerizationtemperature, 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.
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beencopolymerizedintheresultingpolymerornotcanbejudged

5 by, for example, the following methods.

(1) Mw of a polymer obtained by the polymerization of
anolefinin the presence of the vinyl-terminated macromonomer
is higher than Mw of a polymer obtained by the polymerization
of an olefin under the same conditions except that the

10  vinyl-terminated macromonomer is not present.

(2)Thenumber<xfcarbonatomscxfbrancheshavingealength
not shorter thanthat of hexyl asmeasuredby 13C-NMR on a polymer
obtained by the polymerization of an olefin in the presence
of the vinyl-terminated macromonomer is larger than the number

15 of carbon atoms of branches having a length not shorter than
that of hexyl as measured by !3C-NMR on a polymer obtained by
thepolymerizationofanolefinunderthesameconditionsexcept
that the vinyl-terminated macromonomer is not present.

(3) The melting 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.
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vinyl-terminated macromonomer in a specific solvent at a
specific temperature is different from the solubility of a

5 mixture consisting of a polymer obtainedby the polymerization
of an olefin under the same conditions except that the
vinyl-terminated macromonomer is not present and a
vinyl-terminated 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 obtained by the polymerization of 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 vinyl-terminated macromonomer is not present.

Of the abovemethods, themethods (1) to (3) are preferably
used to make the judgment.

The number of carbon atoms of branches having a length

20 not 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.
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peak position is taken as a melting point (Tm). In 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 cocled to -150°C at a rate of 20°C/min and then
heatedatarateof10°C/mintoobtainthe second-runendothermic

curve, and from the endothermic curve, the melting point is

10 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
viscosity is low, and hence the polyolefiniseasily stretched.
On the other hand, at the place apart from the vicinity of

20 the die, the resin temperature is lowered, and thereby the
viscosity is abruptly increased, so that even if there is some
temperature 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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5 hardly distortion-~hardened even if stretched. Therefore,
drawdown is likely to take place, and it becomes feasible to
take off at a high speed.
The process for preparing a branched polyolefinaccording

to the inventioncanefficiently prepare a branchedpolyolefin

10 having the above-mentioned properties.

EXAMPLE

The present invention is further describedwith reference

to the following examples, but it should be construed that
15 the invention is in no way limited to those examples.

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 following
formula (B-1) (transition metal compound (B-1}) were used as

20 the transition metal compounds.



105 105 105y9 109%& ()-, 7109%& ()-yf5- 1096& () - L3109B& () -
1#1096& () - , d  dEYNC! 10 1 - 109 ()- 10% ()-y 10% ()-L
109& () - 109& % @O0%: ()- aHaaaadEYNC! 10 1
SF#10%& () - Y& ()-Z109& () -y109%& ()-s109%& ()-"109% ()- abFbbbbcdEYNC! 10
1 (SL0%& ()-s& 109%&' ()-$- 10%& ()-" 109%& ()-yy 10%& ()-°
109& () - ccc! c[ cucvewexc}ASHe! 10 10 10 107 109& () - S5#109%& ()- Y
1S109& ()-!-' 109 ()-!-' 109%& ()- xccccOd<ddESH=! 10 10y109%& ()- 3109%& () -
109& () - 109& ()-109%& ()- S109%& () - <dyddddeGedESH=! 10
10" F! 109 () - @MLOY& () 9109& ()-y 10%& ()-Z 109& ()-"109%& ()-
Geeee2f nf f dESH=! L0 109& ()-L&#109%& ()- $y 109%& ()-" 109%& ()-y
109& ()-s 109& () - gggggdE: / 10 10y5S 109 () - L3n-c,,
109& () - 931#109%& () () - - 10%&' ()-*10%& /() - gghh?HBhhx Y/ 1010% & () -
Y S 10%& ()-3@1 -3&3@% & ()- @0%& ()-LT10% &Ny
10L-10% & () -1 2g%n & () - ;20% & () 3100 & ()-

10% & () - Fy" 10%(& ) - ZG ) k=kt kdE: / 10f ( 1004 & ()-8 &A%
10%&'8 % (\S\/s/wl & ()- 910% & () - tkkkIdE:/

(A-1)
Example 1
Polymerization
10 In a 1l-liter glass polymerization reactor thoroughly

purged with nitrogen, 750 ml of purified toluene was placed,
and ethylene was passed through the reactor for 20 minutes
at a flow rate of 100 1/hr. Then, the system was heated to
50°C,and401mmﬂ_ofcommerciallyavailableH@thylaluminoxane
15 (from Tohso Akuzo Co., referred to as "MAO-1" hereinafter)
was added. Further, 0.3 mmol of the transitionmetal compound
(A-1) and 0.015 mmol of the transition metal compound (B-1)
were added. With stirring, ethylene was passed through the
reactor at 50°C for 10 minutes at a flow rate of 100 1/hr to
20 perform polymerization. After the polymerization was
conductedforeagivenperi@doftime,asmallamountofisobutyl
alcohol was added, and the whole amount of the resulting slurry
was introduced into a mixed liquid of 2 liters of methanol

and 2 liters of acetone. After the mixture was allowed to
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Preparation of measuring sample

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

10 Co.) were added as heat stabilizers, and the mixture was melt
kneaded by a Toyo Seiki Seisakusho laboplastomill at a resin
temperature of 180°C for 5 minutes at a revolution number of
50 r.p.m. The polymer was then placed in a mold having a
thickness of 2 mm and subjected to press molding using a Shindo

15 Kinzoku Kogyosho press molding machine under the conditions
of a preheating temperature of 190°C, a preheating time of
5 minutes, a heating temperature of 190°C, a heating time of
2 minutes, a heating pressure of 100 kg/cm?, a cooling
temperature of 20°C, a cooling time of 5 minutes and a cooling

20 pressureof 100 kg/cm?. Thus, a sample sheet havinga thickness
of 2 mm was prepared.

Analysis of polymer (1-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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Judgment of presence of long-chain branch

With respect to one peak of the peaks of the polymer (1l-a)
detected by GPC, Mw was 73,000, as described above. It is
thought that a macromonomer corresponding to the polymer (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 the polymer
(1-b) obtained in the later-described Comparative Example 1.
That is to say, thepolymer {1-a) couldbe jud(ged tobe abranched

15 polymer with a side chain having Mw of 2,000 and scarcely any
methyl branch (lower than the limit of detection). When the
yield ratio between the polymer (1-b) and the polymer (1l-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
ratioof the high-molecular weight portioninthe polymer (1-a)
was higher than that of the low-molecular weight portion, and

this suggests that the polymer (l-a) is a branched polymer.
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metal compound (B-1) was not added. The yield was 15.6 g,
5 Mw was 56,000, Mw/Mn was 4.2, and only onevpeak was detected

by GPC.

Comparative Example 2
A polymer (l-c) was obtained in the same manner as in
10 the "polymerization" of Example 1, except that the transition
metal compound (A-1) was not added. The yield was 42.4 g,
Mw was 2,000, Mw/Mn was 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 available
ethylene/l—hexene copolymer (trade name: Evolue SP2040, from
Mitsui Chemicals, Inc.) obtained by gas phase polymerization

20 are set forth in Table. 1.

This ethylene/l-hexene copolymer had MT and MFR

satisfying a relation represented by MT<2.2xMFR-0-88 but had

Eadeviating fromthe rangeof Ea20.385xC+28.7. Fromthisfact,
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5 MFR, MT and Ea of a commercially available
ethylene/l-octenecopolymer (tradename: AffinityPL1845, from
The Dow Chemicals, Co.) obtained by solution polymerization
are set forth in Table. 1.
This ethylene/l-octene copolymer had Ea satisfying the
10 requisite of Ea20.385xC+28.7 but had MT and MFR not satisfying
arelationrepresentedbyMT<2.2xMFR'?-88, Fromthis fact, this
copolymer is presumed to have a primary structure having a
long-chain branch of a length of about twice the molecular

weight between the entanglement points.
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Branch of hexyl |
number of
branches/1000C
0

{(or longer) groupd

0.385xC+28.7

30

Ea
x103
J/mol
45
1
40,

*1
1.45

6
0.73

Table 1
MT
9
6
0.50
7

MFR
g/10 min
1.6
3.8
3.5

% by weight
10
13

Comonomer
content
(C)

Comonomer
Type
1-hexene
l-octene

Case of number of carbon atoms of a-olefin = 4-20 and C24.1 wt%:
Case of number of carbon atoms of a-olefin = 4-20 and C<10 wt$

Value of 2.20xMFR-0.88

Ex.
Comp. Ex. 3
Comp. Ex. 4
*1:
*2
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Example 2

~ Polymerization

In a 500-ml glass polymerization reactor thoroughly
purged with nitrogen, 250 ml of purified toluene was placed,
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, followed by adding 1.25 mmol of methylaluminoxane
(referred to as "MAO-2" hereinafter) as a toluene solution
havingbeenobtainedbyvacuumdistilling toluene fromatoluene
10 solution of Albemar methylaluminoxane at 40°C and then adding
dehydrated toluene again. Further, 0.005 mmol of the
transition metal compound (A-1) and 0.00025 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 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
20 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. Theyieldof thepolymer (2-a) thus obtained

was 0.65 g.
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Analysis of polymer (2-a)

When the polymer (2-a) was analyzed by DSC, Tm was 130°C.
When the polymer was analyzed by GPC, two peaks were detected.
With respect to one peak, Mw was 180,000, Mw/Mn was 2.4, and
the peak intensity ratio was 64 %, while with respect to the
btherpeak,Mwwas8,000,Mw/ana32.0,andthepeakintensity
ratio was 36 %.

Judgment of presence of long—chain branch

With respect to one peak of the peaks of the polymer (2-a)
detected by GPC, Mw was 180,000, as described above. It is
thought that a macromonomer corresponding to the polymer (2-c)
obtained in the later-described Comparative Example 6 was
polymerized by the transition metal compound (B-1), and hence
the polymer (2-a) showed a higher Mw value than the polymer
(2-b) obtained in the later-described Comparative Example 5.
That istosay, thepolymer (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)
were watched, the yield of the low-molecular weight portion
in the polymer (2-a) which was a polymer produced by the
transition metal compound (A-1) and the transition metal
compound (B-1) ought to have been higher than that of the

high-molecular weight portion, but the GPCpeak intensityratio
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of the high-molecular weight portion in the polymer (2-a) was
higher than that of the low~-molecular weight portion, and this
suggests that the polymer (2-a) is not a mixture of a polymer
produced by the transition metal compound (A-1) and a polymer
5 producedby the transition metal compound (B-1) but a branched
polymer wherein a part of the polymer (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 polymer (2-b) was obtained in the same manner as in
the "polymerization" of Example 2, except that the transition
metal compound (B-1) was not added. 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 manner as in

the "polymerization" of Example 2, except that the transition

20 metal compound (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 only one peak

was detected by GPC. As a result of measurement of methyl

branch of the polymer, no methyl branch was detected.
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Example 3

Polymerization

In a 500-ml glass polymerization reactor thoroughly
purged with nitrogen, 250 ml of purified toluene was placed,
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
the transitionmetal compound (B-1) wereadded. Withstirring,
10 ethylene was passed through the reactor at 50°C for 5 minutes
at a flow rate of 100 1/hr to perform polymerization.
Then, feeding of ethylene was stopped, andwith stirring,
propylene 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 second stage. After the polymerization was conducted for a
given period of time, a small amount.of isocbutyl 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 vacuum dried at 80°C for 10 hours. The yield
of the polymer (3-a) thus obtained was 8.39 g.

Analysis of polymer (3-a)
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When the pclymer (3-a) was analyzed by DSC, Tm was 125°C.
When the polymer was analyzed by GPC, a single peak having
a shoulder peak with Mw of about 8,000 was detected. With
respect to 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 180,000, as described
above, and this Mw was higher by 140,000 than the Mw of the
polymer (3-b) obtained in the later-described Comparative
Example 7. It isthought that avinyl-terminatedmacromonomer

10 corresponding to the polymer (3-c) obtained in the
later—-described Comparative Example 8 was copolymerized by
the transition 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
methyl branch (lower thanthe limit of detection). The polymer
(3—-a) showed Tm lower than that of the polymer (3-b) and that
of the polymer (3-c), and this also suggests that the polymer
(3-a) 1s 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
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was 129°C, Mw was 140,000, Mw/Mn was 2.3, and a single peak

was detected by GPC.

Comparative Example 8

5 A polymer (3-c) was obtained in the same manner as in
the "polymerization” of Example 3, except that the transition
metal compound (A-1) was 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.
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What is claimed is:
1. A polymer haﬁing a melt tension (MT (g)) that is

substantially the same as or lower than that of a conventional
polymer which is substantially the same as the polymer in the
5 recurring unit of the main skeleton, the molecular weight,
the molecular weight distribution and the crystallinity, and
having a flow activation energy (Ea (KJ/mol)) that is larger
than a value obtained by adding 5 KJ/mol to the Ea value of

the conventional polymer.

10
2. The polymer as claimed in claim 1, wherein the
recurring unit of the main skeleton is constituted of carbon
and hydrogen, and optiocnally oxygen, and the polymer is
substantially thermoplastic.
15

3. The polymer as claimed in claim 2, wherein the main

skeleton is constituted of olefins of 2 to 8 carbon atoms.

4. A branched polyolefin comprising 50 to 100 % by mol

20 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 (Ea (KJ/mol)) and the a—olefin

content (C (% by weight)) satisfy the following relation:
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inthe casewhere the number of carbon atoms of thea-olefin
is 3 and C 2 10 % by weight:
Ea 2 0.130xC+28.7,
in the casewhere the number of carbonatoms of thea-olefin
5 is 4 to 7 and C 2 4.1 % by weight:
Ea 2 0.385xC+28.7,
in the casewhere the number of carbonatoms of thea-olefin
is3andC<10 % byweight (including the case where thea-olefin
content 1is 0), and in the case where the number of carbon atoms
10 of the a-olefin is 4 to 7 and C < 4.1 % by weight:
Ea 2 30,
and
the melt tension (MT (g)) and the melt flow rate (MFR
(g/10 min)) satisfy the following relation:

15 MT < 2.2xMFR-0-88,

5. The branched polyolefin as claimed in claim 4,
comprising:
(i) recurring units derived from at least one olefin
20 selected from ethylene and olefins of 3 to 7 carbon 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
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derived from an olefin of 4 to 7 carbon atoms, having a
welght-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.
5
6. A branched polyolefin comprising 50 to 100 % by mol
of recurring units derived from ethylene and 0 to 50 % by mol
of recurring units derived from an a-olefin of 8 to 20 carbon
atoms and having the following properties:
10 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,
in the case of C < 4.1 % by weight:
15 Ea 2 30,
and
the melt tension (MT (g)) and the melt flow rate (MFR
(g/10 min)) satisfy the following relation:
MT £ 2.2xMFR-0-88,
20

7. The branched polyolefin as claimed in claim 6,

comprising:
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(1) recurring units derived from at least one olefin
selected from ethylene and olefins of 8 to 20 carbon atoms,
and

(11) recurring units derived from a vinyl-terminated

5 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
less than 0.1 methyl branch, as measured by 13C-NMR, based on

10 1,000 carbon atoms.

8. A branched polyoclefin comprising:
(1) recurring units derived from at least one olefin
selected from olefins of 2 to 20 carbon atoms, and
15 (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 4 to 20 carbon atoms, having a
welght-average molecular weight of 600 to 200,000 and having
20 less than 0.1 methyl branch, as measured by 13C-NMR, based on

1,000 carbon atoms.
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9. The branched polyolefin as claimed in claim 8,
wherein the weight-average molecular weight is in the range

of 600 to 3,500.

5 10. A process for preparing a branched polyoclefin,
comprising polymerizing at least one olefin selected from
olefins of 2 to 20 carbon atoms using an olefin polymerization
catalyst comprising:

(A) atransitionmetal compound containinga ligand having

10 cyclopentadienyl skeleton,

(B) a transition metal compound represented by the
following formula (I), and
(C) at least one compound selected from:
(C-1) an organometallic compound,
15 (C-2) an organoaluminum oxy-compound, and
{C-3) a compound which reacts with the transition
metal compound (A) or the transition metal compound (B) to
form an ion pair,
to prepare the branched polyolefin of any one of claims

20 4, o6 and 8;
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