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process for producing the branched palyolefin; and a 2 Marc 05

DESCRIPTION
" BRANCHED POLYOLEFIN, PROCESS FOR PREPARING THE SAME, AND
“FHERMOPLASTIC RESIN COMPOSITION CONTAINING BRANCHED

POLYOLEFIN

FIELD OF THE INVENTION
The present invention relates to a branched polyolefin
Wh'efein at least one olefin chain is linked to a position other
than both ends of another-olefin chain having an olefin
composiiion which is the same as or different from that of
thepreviousolefinchain,andrélatestoaprocessforpreparing
the branched polyolefin and a thermoplastic resin composition

contaihing the branched polyolefin.

BACKGROUND OF THE INVENTION

Since polyolefins have excellent processability,

chemical resistance, electrical properties and mechanical

properties, they are processed iﬁto extruded articles,
injectionmoldedarticles, blowmolded articles, films, sheets,
etc., and applied to various uses.

In recent years,\property requifeﬁents for polyolefins
havebeendiversified,andpolyolefinsoftmuiousprpperties,

e.g.,polyoiefinsofexcellentheatresistanceandpolyolefins,




t hermopl astic resin conposition containing the branched pol yol efin. The
branched polyolefin is made up of olefin chains (A) and ol efin chains (B)
whi ch each conprises repeating units derived froman olefin as the main
structural units, the chains (B) being bonded to the ¢hai#&ck B0&t sites
other than the ends of the chains (A) through bonds each having a carbonyl
group and the nunber of the chains (B) being 1 or larger. per chain (A).
The process for producing a branched pol yol efin conprises reacting a
functional polyolefin (C) having a carboxyl and/or acid anhydride group
bonded t §3HcW &d &t herebf saal #QNQQﬁWr%%M¥m§ﬂ0W@nGﬂ gblerddehorye and/ or
aci d anhydri de groups bonded to other sites with a term nal -nodified

pol yol ef idegiBedavi ng only at an end thereof a group reactive with a
car boxyl or acid anhydride group. 1 24 March 2005 DESCRI PTI ON BRANCHED

POLYCLEFI.N, PREGESS1ddER: PRERARNING Hd-Hr SAMEL 1 AND T IHdERMIRLASH CeREGEN
COVPOSI TI ON CONTAI NI NG BRANCHED POLYOLEFI N FI ELD OF THE | NVENTI ON The

present iareeatnaihdelodt €snt podl bngnahed ypel ¥olehbAomvhes €ithcahol §ASt One
olefin chain is linked to a position otﬁer than both ends of anot her

ol efi n chaitA h@&thgean rr@'n%He’i"s,C%”Hfé%ihtoicp'&fv@h%lﬂgji%gtahlgmr%e@ as or

different fromthat of the previous olef in chai"n, "an ates to a

process HBRERAEHRY. Lo bsanaied Rl valoely 0,20d a,Ller opLastigaresin.

conposi tion containing the branche ol'yol erin. KRG |
| NVENT! O 95058 RO HOR T BLE CRS HhaTL praseRsab L 1y, chemcal
It is generally known that with respect to polydlefins
céntaining ethylene as a main component, the polymer of a
branch_ed structure exhibits specific melt properties and is
advantaéeous in the polymer molding. ©On this account, with
respect to polyolefins containing an olefin of 3 or more carbon
atoms as a main component, also the polymer of a'branched
structure is expected to have épec_ifi_c melt properties. When
the composition of the olefin chain of the:main chain is
different fr‘dm that of the olefin chain of the side chain,
the polyﬁlef is also expected to function as a compatibilizing
-agent.,
Under such circﬁmstancesas.described above, the present
: _inventors .have studied, and as Q result the inventors have
fbund that a branched polyolefin wherein at least one olefin
chain-obtained froman olefin of 2 to 20 carbon atoms is linked
to a positioen other than both ends of another olefin chain

having an olefin composition which is the same as or different




properties, they are processed into extruded articles, injection nolded
‘articles, blow nolded articles, filns, sheets, etc.,. and applied to
various uses. In recent years, property requirenments for polyolefins have
- been diversified, and polyol efins of garious propertie$, Maecly. 244t yol efi ns
~of excellent heat resistance and pol yolefins 2 24 March 2005 having soft:
touch such as non-rigid polyvinyl chloride, are desired. As nethods to

i nprove the properties of polyolef ins, there are a nethod of controlling
the type of a nonomer or the nolar ratio between nononers, a mnethod of
changi ng IfsfoRBRt a0 ¥ dife v i cdigc hlad inapidobn drahiveak casr angehkant etc.
and various nethods have been attenpted heretofore. It is generally known
that wit propepédest.o Pabydl @hitise fdodtiaigni tige gidpdane iaseati@innhasnponent ,
the polyner of a branched structure exhibits specific nelt properties and
is advabkageadsompltibeepal ymer nolding. On this account, with respect to
pol yol efins containing an olefin of 3 or nore carbon atonms as a main

conponent, al sgathes R wARr, 9t £s krABehed: &t rded Yheskscexpestefoho have
specific nmelt properties. "Wen the conposition of the olefin chain of the

min chakl beovahbl ar eablham Haal ki ikt ehal ol g sekde chain,
the polyner“is also expected t nction as a onpat|b|I12|ng agent .
properties and a process for preparing the same. It is another

 object of the invention to provide a thermoplastic resin

composition containing the branched polyolefin.

DISCLOSURE OF THE TNVENTION
The branched polyolefin of the invention is a branched
-polyolefin compriéing an olefin chain (A) having, as main
constituent units, recurging'units cbhtained from at least one
olefin selected from olefins of-2 to 20 carbon atoms and olefin
chain(s)(B)having,asmainconstituentunits,récurringunits

-obtained from at least one olefin selected from olefins of

2 to 20 carbon atoms and having an olefin composition which

is the same‘as or different from that of the olefin,chain {(A),
wherein the olefin chain (B) is linked to a position other
- than both ends of the olefin chain (A) through a bond having
a carbonyl group, and at least one olefin chain (B) per one
olefin chain (A) is present.
'Thebranéhedpolyolethoftheinventionis,fOrexémple,_

apolyolefinwhereintheWeight~averagenmleculaiWeight




Under such circunstances as descri bed above, the present inventors have
studied, and as a result the inventors have found that a branched
pol yol efin wherein at | east one olef in chain obtained froman olefin of 2
to 20 carbon atons is linked to a po&ition other thaf?bd2hckndl0®f anot her
olefin chain having an olefin conposition which is the same as or
different 3 24 March 2005 fromthat of the previous olefin chain has

vari ous excellent properties. Based on the finding, the present invention
has been acconplished. That is to say, it is an object of the present

i nventi onlM#)o r dVidde e Brmardtidd pdlydlsefiat H@dsnghear i WP lexcel | ent
properties and a process for preparing the sane. It is another object of

t he inventi onat gpopyoiede na whiseenoplchst bondebimingoaposibooplcgnbapni ng t he
branched pol yol efin. DI SCLOSURE OF THE | NVENTI ON The branched pol yol efin of
the invenrdtsr @am ic$stebhanchethd faal wol efvirlec tigerd,si ng an ol efin chain (A
having, as main .constituent units, recurring units obtained from at | east

one ol efin sel geteditEomwetd s ol Srtithe2@16FHROLHhAL QNEL)ABGAOLBET N
chain(s) (B) having, as main constituent units, recurringunits obtained

fromat lgas 00 0hefin) 38! actedstLoMi akebbngo@Eein éHdZQh&aét?ngatO”E and
havi ng an ol efin conposition which is the sane as or different fromthat

of the Oﬁ%f%nd@%ﬂd}ﬁg@abliﬁ@h%kﬁ&%1%Q§n8lefin chain (B) is linked to a
posi tion ot her

a polyolefin wherein both the olefin chain (&) and the
~olefin chain (B) are polypropylene, or .

a polyolefin wherein both the olefin chain (A} and the
‘olefin chain (B) have stereoregularity.

Thé process for preparing a branched polyolefin of the
invention comprises allowing a functional groﬁp—containing
polyolefin (C) having, as main constituent units, recurring
units obtained from at least one olefin selected from olefins
of 2 to 20 cérboﬁ atoms and.héving one or more carboxyl groups
and/or acid aﬁhydride groups at positions other than both ends
to react with a terminal modified'éolyolefin (D) having, as

_mainconstituentunits,recurringunitsobtainedfromai:least
oneolefinsélectedffomolefinsontx)ZOcarbonatoms,having
" an olefin compositien which is the same as or different from
'that of the functional group—containing polyolefin (C) and
having at least one group capable of reacting with a carboxyl
group or an ac-id anhydride group at only the position of chain |

end to prepare the above-mentioned branched polyolefin.




t han both ends of the olefin chain (A through a bond having a carbonyl
group, and at |east one olefin chain (B) per one olefin chain (A is
present. The branched polyolefin of the invention is, for exanple, a

pol yol ef i n wherein the wei ght-averagesnol ecul ar wei gh€44MajclvegZ@h>2005 (Mw)
of the olefin chain (B) is not |Iess than 5,000, a polyolefin wherein the
bond having a carbonyl group 1is -an ester bond and/or an am de bond, a

pol yol efin wherein one of the olef in chain (A) and the olefin chain (B)
is a crystalline polyolefin and the other 1is a non-crystalline polyolefin,
-a pol yol ef i n Vilhey @inedseish folrepokpir Anghaibrimyhedpahe lafdief iaf cheai n (B)
are pol ypropyl ene, or a polyolefin wherein both the olefin chain (A and
the ol efinveataion (B), hiavie staeios,egul arity. The process for preparing a
branched pol yolefin of the invention conprises allow ng a functional

gr oup- cont ai Niang rJe 30 hefd e (O HEviuigs t idshdMidkgnsdditgmingi t s,
recurring units obtained fromat |east one olefin selected fromol efins of

2 to 20 : n LAg:en _ ] n@#%;%@:/ acid
anhydri d%ﬁ;glmgﬁlgﬁggs?% ir%}rfllglg%%e%nt %ﬁpﬁgtrﬁi@%%%i;&étrg{react W t%Ea :

term nal %ﬁlﬁéﬁ%gbpooﬂ yqud_‘e)jlié%é I%)m{n/aovli NG oD e in constituent units,

recurrin tai ned from a east e oldfin selected fromol efins of

2 to 20 Carbog %&%g%bshggéggin the terminal modified'polyolefin (D)

is a one-side-end modified polyolefin having a group capéble
of reacting with a carboxyl group or an acid anhydride group
af only one-side-end, or |

a process wherein the terminal modified polyolefin (D)
is a maieic anhydride—modified homopolYmer or copolymer of
ethylene and/or propylene.

The thermoplastic resin composition of the invention
~contains the above-mentioned branched polyolefin in a content

of 0.01 to 50 % by weight.

fREFERRED EMBODIMENTS OF THE INVENTION
The branched polleefin of the invention, the process
forpreparingthesameandthethermoplasticresincbmposition
containing the branched polyoclefin are described in detail
.'hé:einafter.
The branched polyolefin of the invention comprises an
olefin chain (A) having, as main constituent units, recurring -

units obtained from at least one olefin selected from olefins




an ol efin conposition which is the sanme as or different from that of the
functional group-containing polyolefin (C) and having at |east one group
capable of reacting with a carboxyl group or an acid anhydride group at
only the position of chain end to prépare the above-#tnlasaled®fanched

pol yolefin. 5 24 March 2005 The process for preparing a branched pol yol efin
of the invention i's, for exanple, a process wherein the functional
group-containing polyolefin (C) is a naleic anhydride-nodified honopol yner
or copol yner of ethyl ene and/ or propyl ene, a process wherein the term nal

" nodi fi ed Yoldy SPefncpppon §tamsnans gécénn rbaini(ed P8I ybrEENE, having a
group capable of reacting with a carboxyl group or an acid anhydri de group
at onl y &@dns¢eesehtnent uaifsecessunhereiun itbeoliterimiedE ronditf Ledspol yol ef i n
(D) is a maleic anhydride-nodified honopol ynmer or copolymer of ethyl ene
and/ or progybéréinTheltheedoptastale fries picdnposd icanrboh hhemnsnyedti on

cont ai ns the above-nenti oned branched polyolefin in a content of 0.01 to
50 % by weivdhig aPRERERREBoRMBEDE VNG & THE HNVENEI £NoThei bfanshed

pol yol efin of the invention, the process for preparing the sane and the

~ ther nopl &sthC thesi HrCONPASILF OR P aia)i nGridhenkr anghed pRLyR! ekjn are
described in detail

is linked to a position other than both ends of the olefin
chain (A) through a bond having a carbonyl gréup.

The meaning of the expression "composition is the same"

ié as follows. When the olefin chain (A) is for example a

homopolymer, the olefin chain (B) is a homopolymer composed

of the same olefin as that of the olefin chain (A), and when

: the olefin chéin (A) iS'fOé example a copolymer, the olefin

chain (B) is a copolymer composéd of the same combination of

olefins as that of the olefin chain (A) and having almost the

same comonomer content as that of the olefin chain {A). The

meaning of the expression "composition is different"™ is as

follows. At least one condition selected from the monomer

type for forming the 6lefin.chain, the comonomer type and the
comonomer conteﬁt is different. In the present invention,
- it is preferable that the composition is different.
Thecompositionoftheolefinchain(A)andthecomposition_

of theolefinchain (B) donot include the bond having a carbonyl

group for linking the olefin chain (A} to the olefin chain

(B).




herei nafter. The branched polyolefin of the invention conprises an olefin
chain (A) having, as main constituent units, recurring units obtained from
-at | east one olefin selected fromolefins 6 24 March 2005 of 2 to 20 carbon
atorms and ol efin chain(s) (B) having,7as main constiZdigfremi2&)5 recurring
units obtained fromat |east one olefin selected fromolefins of 2 to 20
carbon atons and having an ol efin conposition which is the sane as or
different fromthat of the olefin chain (A), and the olefin chain (B) is
l.inked to a position other than both ends of the olefin chain (A through
a bond havi ngTaeceafibdnyl odr @upo FHecrehnnngtohmst he, ekpressamplé composi ti on
is the sanme" is as follows. Wien the olefin chain (A is for exanple a

honopol yReh-aithe -ehafinn oehdiinBed $-1REFVPRY FELcARATEd n.of the sane
olefin as that of the olefin chain (A), and when the olefin chain (A) is

for exampl e aE%QHPh)éQE £ 4he sodreafi?éhtt—gdgf&i &Bbli&iafsceﬂe MHS%%’%@OSEO' of

the sanme conbination o ol efins of the olefin chalin and havi ng
al nost t C # t t ' in The

; 2 SYB g COIPNOMRL, ANt SOL £85,{19t5 Qi -
meani ng g? f he egﬁ?e55|ontpboﬁpgs%t?oﬁ ?2:%?%#%@gﬁghﬁﬁggggﬂgfo?éégw. At
| east one_candition sel ected fromthe nononer e for.form ng the olefin
chain, L RE. COHBNGARY ByBEYANE T hd - PeoRORoms PEBRERRY LSPARPRErant . I ¢ he
present | NYeRLioN.; ddedie, PLEASAERLE L N3 e LR fion 1o diff erent.

l-octadecene and l-eicosene.

Eiamples of the branched a-olefins include those of 4
to 20 carbon atoms, preferably 5 to 10 carbon atoms, such as
3-methyl-l1-butene, 4-methyl-1l-pentene, 3-methyl-l-pentens,
3—ethyl—l¥pentene, 4,4-dimethyl-1-pentene,

4-methyl-1-hexene, 4,4-dimethyl-il-hexene, 4-ethyl-1l-hexene

and 3-ethyl-l-hexene.

Examéles of the cycloolefins include those of 3 to 20
carbon atoms, preferably 3 tq 10 carbon atoms, such as
‘cyclopentene, cycloheptene, norbornene,

S5-methyl-2-norbornene, tetracyclododecene and

vinylcyclohexane.
When the composition of the olefin chain (A) and the
- composition of the olefin chain (B} are the same, the olefin
chain (A) and the olefin chain {B) preferably have recurring

units obtained from an olefin of 3 to 20 carbon atoms as main

constituent units.




The conposition of the olefin chain (A) and the conposition of the olef in
chain (B) do not include the bond having a carbonyl group for linking the
olefin chain (A to the olefin chain (B). 7 24 March 2005 The ol efin of 2
to 20 carbon atons is, for exanple, ag straight-chai 2dMdranched a-ol efin
or a cycl ool efin. Exanples of the straight-chain a-olef ins include those
of 2 to 20 carbon atons, preferably 2 to 10 carbon atoms, such as

et hyl ene, propyl ene, 1-butene, 1-pentene, 1-hexene, 1-octene, 1-decene,

1- dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene and 1-eicosene.

Exanpl es of thadianghetaokeinnshbng! yip dh@sholidrito 2@ igarben atons,
preferably 5 to 10 carbon atons, such as 3-nethyl-I|-butene,

4- et hyl HaRepteneri dgneh s dbt@i@@lte%lnﬁrom%rFBméklh PEBLLI®O carbon
4, 4- dlnethyl-l-pentene 4- et hyl -1 - hexene, 4, 4-di net hyl -I - hexene,

4-ethyl - %g.a gSEEM Lrpexene, g:zrigéfggrg@ af, ttgﬁn Eagg eLLns

i ncl ude t 10se O car on at ons, tO 1 carbon-at ons,

such as %Jop Q;e ycl ohept nor qQrnene, nor bor nene,
tetracycléy 2 H&Ic%@ﬁgwgféﬁg ﬁh&ﬁ“?ﬂ&rc§§b8¥.Fﬁ8H gg t he

ol.efi n C.-h | iglefarbd ttoheZO Ccoa b%sﬁl talt%?nsOf sturclz% %lsefal Q‘ll%rrlgal n (B are the sane,
t he ol efi d

The olefin chain (A) and the olefin chain (B) may be formed
from fecurring units obtained from one olefin selected from
the above olefins of 2 to 20 carbon atoms, or may be formed
from iecurri-ng units obtained from two ormore olefins selected
from the above olefins of 2 to 20 carbon atoms.

When the olefin chain (A) and the olefin “chain {B) are
formed from recurring units obtained from two or more olefins
selected from the above olefins of 2 to 2‘0 carbon atoms, one
of theolefins isdesired tb be contained in a content ;af usually
not less than 60 % by mol and less than 100 % by mol, preferably
70 to 99 % by mol, more preferably 75 to 98 % by mol, and the
other is an olefin selected from olefins of 2 to 20 carbon
atoms other than the olefin described above and/or a
polymerizable Iﬁonomer other than the olefin of 2 to 20 carbon-
atoms. |

The olefin chain (A)' and the olefin chain (B) may. have

stereoregularity, and in this case, theymaybe any of isetactic

and syndiotactic.




chain (A) and the olefin chain (B) preferably have recurring units
obtained froman olefin of 3 to 20 carbon atoms as main constituent units.
8 24 March 2005 Although the olefin chain (A) and the olefin chain (B)
have recurring units obtained fromangolefin of 2 to 20 Nardor20®: oms as
mai n constituent units, théey may contain recurring units obtained froma
pol yneri zabl e nononmer other than the olefin of 2 to 20 carbon atons, such
as a diene. The olefin chain (A) and the olefin chain (B) nay be forned
fromrecurring units obtained fromone olefin selected from the above

ol efins of 2 W@m&ptﬁ%r@@xﬁ'pé%ﬁﬁ‘ﬁon At BRY BEeEORMathid NQIM K ECkHE iddghalni t's
obtained fromtwo or nore olef ins selected fromthe above olefins of 2 to

20 car bon, atons. YWhan, the Al e{:hglﬁhggpr(t‘})e P4 4ihe 4l ‘?’LBI ???%@&1@6 are

f or med from recurring unlts obt ai ne omitwo or nore I ns cted

from the abave olefins 2 1q gar at fins is
desired tgl(%ﬁ/ o‘?ﬂaa]irhe ma cponet abtﬁi?y f nf‘?m?ess hﬁa% 60. % by nol

and | ess than 100 % preferabl 70 to 99 % b nor e preferably

75 to 98 BRRY I %ﬁ%@ﬁ%we& i o S iR YOI oS ] GBS R of 2

to 20 carbon atoms other than the ol efin described above and/or a
pol yner i 2SRy IfsirorBs ke fiifafft hd ok f Faren ?ﬁ%nszopééﬁﬁﬁlaaftldns The

olefin chain (A) and the olefin chain (B). may have.
preferably a propylene homopolymer. The olefin chain (A) and

‘the olefin chain (B} preferably héﬁéméééfeoregularity, and
in this case, they may be any of isotactic and syndiotactic.
When the élefin chain (A) and the olefin chain (B) have
stereoreqularity, the olefin chain (A) and the olefin chain
(B) are preferably isotactic. |
When th.e‘composition of the olefin chain (A) is different
from.that of ﬁhe olefin chain (B), it is preferable that one
of theolefin chain (A) andthe olefin chain (B) is acrystalline
polyolefin and the other is alnan—cryétalline polyoléfin. It
is particularly preferable that the olefin chain (A) is a
non—cfystalline copolymer of ethyiene and an olefin of 3 to
20 carbon.atoms, such as an ethylene/propylene copolymer, or
a non—-crystalline copolymer of propylene and an olefin of 2
to 20 carbon atoms other than propylene, such as a
probylene/ethylene copolfmer, and that the olefin chain (B)
is a crystalline polymer such as an ethylene homopolymer or

a propylene homopolymer.




stereoreqgularity, and in this case, they nmay be any of isotactic and

syndi otactic. 24 March 2005 Wien the conposition of the olefin chain (A) is

the sane as that of the olefin chain (B), the olefin chain (A and the

~olefin chain (B) are preferably pol ypfgpyl ene, such &t dlagsitopGne

. hornopol yner or. a propyl ene copol yner conposed of propylene and an ol efin
of 4 to 20 carbon atons, particularly preferably a propyl ene honopol yner.

The olefin chain (A) and the olefin chain (B) preferably have

stereoreqgularity, and in this case, they may be any of isotactic and

syndi ot act i c. whWhenhthel ek ehi combas it {Ap afhdcidelefdfi rhelia Ma(Bishave

stereo regularity, the olefin chain (A) and the olefin chain (B) are

pref er ablay fireotea@t tGomViBALt HE €OEMORd £1 @il h@)okief kReChRhAChAN 1S
different fromthat of the olefin chain (B), it is preferable that one of

the ol ef i 6RalE ;AL raRdct Qﬁv@h%&bﬁ c@% ap@§)s b% BhErystaihip alﬁgl yolefin

and the othér 1s.a non-crystalline po yo ef |n I's particular
pr ef er abl t Lefi e # GhY tallin r of
et hyl ene andggnfBF 8Sh %ﬁ %9‘ on a éuc%ogsgﬁﬁa ene

/ propyl ene co a_non-cr, l.i ne co oI mer of pro Iene and an
o errn ofosoERgvheE cai}rb%ﬂls%ﬂschﬁﬁ%b? iﬁgn F BPERYP ﬁaerﬁfcﬁ%@

propyl ene/ et hyl ene copol¥ and that the qlefin chain_(B)
crystallFﬁ@Pﬁéﬁﬂﬁﬁrasﬁhﬁ %%e%ﬁ %&?@4%h@“ﬁ6ﬁﬁﬁﬁ1?ﬁéFhGrOlﬁfﬁ9059?é%e

honopol yne
(A) , and when the olefin chain (A) is a copolymer, the olefin

.cbaln (B) is a copolymer of a different combination of olefins

from that of the olefin chain (A) or a copolymer having the

| samé combination of olefins as that of the olefin chain (A)

but having a different monomer ratio, or a homopolymer. |

The olefinchain (A) has aweight-averagemolecular weight

{Mw) of usually 10,000 to 10,000,000, preferably 20,000 to
5,000,000, more preferably 50,000 to 1,000,000.

The olefin chain (B) preferably has 15 or more carbon

atoms and has aweight-averagemolecular weight (Mw) of usually

not less than 5,000, preferably 5,000 to 1,000,000, more
preferably 10,000 to 500,000.
When the composition of the olefin chain (A) is different
| frbm that of the olefinchain (B), the weight-average molecular
weight (Mw) of the olefin‘ chain (B) is desired toc be ﬁsually
not less than 5,000, preferably 10,000 to 10,000,000, more
preferably 15,000 té 1,000,000, still more preferably 20,0_00_;

to 500, 000.



10 24 March 2005 When the ol efin conposition of the olefin chain (A) is
different fromthat of the olefin chain (B) in the branched polyolefin of
t he i nvention, exanples of the olefin chains are as follows. Wen the
olefin chain (A) is for exanple a hongpol yner, the AAeMareha¥PIB) is a
. honopol ynmer or copolynmer conprising a different olefin fromthat of the
olefin chain (A), and when the olef in chain (A) is a copolyner, the
~olefin chain (B) is a copolynmer of a different conbination of olefins
fromthat of the olefin chain (A) or a copolyner having the sane

conbi nati on of1wlefd bgaashhapodiotbeial &f itheChaivBntAbn, bt hand fith a

di fferent nononer ratio, or a honopolyner. The olef in chain (A) has a

wei ght - avera0€ (Ml esul 8h 1Bl ghta poMAk i0h YsHaL! thh0 KRG, £8410,£0G,000,
preferably 20,000 to 5,000,000, nore preferably 50,000 to 1,000,000. The

el gt - ey age areau ) et e gl ToauaY i CanPoRRE SR 2 B,
Compos ¢ i 91 BTPRS Bf SPnCaRdrR Cry 78 BFFEReRe T4 0 ¢ haTBIHA ol of in -
chain (B), the weight-average | ecular . weight (Mv) of the olefin chain
(B) is deh & 1P ‘?fs%dm‘% ﬂgtpq%é%‘at%ﬁ O IES ridrat dblly P00 to
10, 000, 000, nore _ preferably 15,000 to 1,000,000, still rmore preferably
20, 000 tRFSREdoy 1.5 to 100, still more preferably 2 to 50, based
on one olefin chain (2).
Examples of the bonds having a carbonyl group include
an éster bond, an amide bond, an imide bond, a urethane bond
and a2 urea bond. |
These bonds may be present-singly‘or in combination of
two or more kinds, and an ester bond and/pf an amide bond is
preferable.
The branched.polyolefin of the invention has a:nelt_flow
'fate (MFR, measured at 190°C or 230°C under a load of 2.16
kg in accordance with ASTM D 1238, the same shall épply
hereinafter) of usually 0.001 to 3,000 g/10 min, preferably
0.005 to 1,000 g/10 min, more preferably 0.01 to 1,000 g/10
min, and a density (measure@ in accordance with ASTM D 1505,

: thesameshallapplyhereinafter)ofusuallyO.?Qix:lJ)g/cma‘
pfeferably 0.75 to 0.98 g/cm% more preferably 0.80 to 0.96
g/cm’. |

.When;the composition of the olefin chain (A) is the same

as that of the olefin chain (B), MFR of the branched polyolefin




11 24 March 2005 In the branched polyolefin of the invention, the olefin
chain (B) is linked to a position other than both ends of the olefin chain
- (A through a bond having a carbonyl group, and the nunber of the olefin
~chains (B) linked to the olef in chaigo (A) is not |es% Maweeh 120 eferably
not less than 1.1, nore preferably 1.5 to 100, still nore preferably 2 to
50, based on one olefin chain (A). Exanples of the bonds having a carbonyl
group include an ester bond, an am de bond, an imnm de bond, a urethane bond
and a urea bond. These bonds may be present singly or in conbination of
two or noig desidssd dnd ben iestee bendeaond/ wsuahl and del bond3,ic0 0 py/afoer abl e.
The branched pol yolefin of the invention has a nelt flow rate (MR
neasur ed min 190 rra30C underoall 0ad §§18.1bn, %ﬂ@gﬁ@@m owiit h ASTM D
1238, the sane shall apply hereinafter) of usually 0.001 to 3,000 g/10

mn, prefesabdy P @0pid0 hnd00 Gl Mpds iR B@k%@%’é%@ao%%%\gnl’ 000

g/10 mn, and a density (measured in accordance with t he
SoTE hllygosl IR Ll 608 LN 10 0L, L 1Y
CoMPOSt LI B ok fe B Sl (Abcia 0, R o2 e SFL0RG, 1
. 0.001 to 1,000 g/10 min, preferably 0.005 to 500 g/10 min,
more preferably 0.01 to 100 g/iO min.
rExamples of]greferrfmicombinations of the olefin (&) and
the c¢lefin (B) are described below.
When the composition of the olefin chain (A) is the same
as that‘of the oclefin chain (B}, the olefin chain (A)‘ and the
‘olefin chain (B) are preferably polypropylene, and in this
case, the polypropylene preferably has a density of 0.880 to

0.960 g/cm?, particularly 0.890 to 0.950 g/cm®, and MFR of 0.05

to 1,000 ¢g/10 min, particularly 0.1 to 500 g/10 min. When

the polypropylene is a cépolymer, the content of the
copolymerized component is desired to be usually not more than
10 % by mol, particularly not more than 5 % by mol.
When the composition of the olefin chain (A) is diffgrent
- from that of the olefin chain (B), it is preferable that the
-olefin'chain,(A) is a copolymer of ethylene and an olefin of
3 to 20 carbon atoms and the olefin chain (B) is polypropylene.
In this case, the copolymer of ethylene and an olefin Qf 3

to 20 carbon atoms, that is the olefin chain (A), has a density




12 24 March 2005 is desired to be in the range of usually 0.01 to 3,000
g/10 mn, preferably 0.05 to 1,000 g/10 mn, nore preferably 0.1 to 500
g/ 10 m n_ - \Wen the conposition of the olefin chain (A) is different from
that of the olefin chain (B), MR of .the branched pot4ydfafdm & desired to
be in the range of usually 0.001 to },000 g/ 10 mn, preferably 0.005 to
500 g/10 mn, nore preferably 0.01 to 100 g/10 m n. Exanples of preferred
conmbi nations of the olefin (A) and the olefin (B) are described bel ow
When the conposition of the olefin chain (A) is the sane as that of the

ol efin chat . .6Bh totheml elch’ chaidriAhi1and . the tolekio ghahh, GB)care
preferably pol ypropylene, 'and in this case, the polypropyl ene preferably
has a densi ) , t Ly, Qe to:0. 950
g/ cnB, a;}%&él\/ﬁléeﬁ%?‘&o%g%g?gog,od%%%g%/{%mgi nt?@%aéf?ﬂc'ﬁ{ arl %Oog‘?qtoo&%g() g/ 10

m n. \Wen _ the | ypr apyl.e 1S 8. ¢copal yier, t nt en f-

copol yrrerl?rzeegc;erc%ﬁlﬁ{)ﬁé%t 1\g?s‘ﬂgec‘gierOe.Icrf(j\:86) %éér%g&aqﬁqe%angty ﬁb?e‘?o t#}d;ﬁ/lgo % by
mol, particularly not nmore than 5 % by nol. \Wen the co Siti of the

ol ef i h iRt CRE 2 ERHT TEHEHE DXy 60 PRAT DBRAHE YoF8YFY O RHAST EBFD 1t is
preferable that the olefin chain (é@ i.s a copol ymer of ethylene and an

ol efi n of30 3t PrEF e Yoh L@ehdhamd Z28nhé - oFefrei RTEREFAPLE) 1P8Spbh§Pr opyl ene.
In this case, the copolynmer of ethylene and an olefin of 3 to 20 carbon
atons, tHat %.s The prévpwoeNadene(Arhathds &hegepdefyn chain (B),

preferably has a density of 0.880 to 0.960 g/cm3, particularly
Of890 tol 0.950 g/cm®, and MFR of 0.05 to 1,000 g/10 min,
particularly 0.1 to 500 g/10 min. When the polypropylene is
a copolymer, the content of the copolymerized component is
desired to be usually not more than 10 % by mol, particularly
not more than 5 % by n}ol—.

Preparation

The branchéd polyolefin of the invention can be 'prepared
by, for example, allowing a fgnctiohal group-containing
polyolefin (C} having, as main constituent units, recurring
units c')btained,from at least one oiefin selected from olefins
of 2 to 20 carbon atoms and having one or more Cabez{yl groups
and/or acid anhydride groups at positions other than both ends
to react with at least one terminal modified polyolefin (D)
having, as main constituént ﬁnits, recurring units obtained
fromat least one olefin se.lectedlfrom olefins of 2 to 20 carbon
atoms, having an olefin composition which is the same as or

~different from that of the olefin chain {C) and having at least




13 24 March 2005 of 0. 850 to 0. 900 g/cnB, preferably 0.858 to 0.898
g/cnB, nmore preferably 0.855 to 0.895 g/cnB, MFR of 0.1 to 50 g/10 mn,
preferably 0.2 to 40 g/10 mn, nore preferably 0.3 to 30 g/10 mn, and a
crystallinity, as measured by X rays, 1af |ess than %anEf?é}Oa‘bl y |l ess
than 28 % nore preferably less than 25 % The pol ypropyl ene, that is the
olefin chain (B), preferably has a density of 0.880 to 0. 960 g/cn8B,
particularly 0.890 to 0.950 g/cnB, and MFR of 0.05'to 1,000 g/10 min,
particularly 0.1 to 500 g/10 min. Wen the polypropylene is a copolyner,
t he cont eme gfraupeceppblyner reedtéogpainent ¢srbaesi gedupoobearugsuabl y not
nmore than 10 % by nol, particularly not nore than 5 % by nol. Preparation
The br ancieigy ol §o| @fdup odt tdel y ntentpadt €adh hef pirepiat echd by, for exanpl e,
allowing a functional group-containing polyolefin (C having, as main

constituent unitsyc) egi{dtiRGra1URrch PRI a6 if. Il%a_gtn one ol efin
~sSelected fromol € |ns 0 0 car on at ons one or nore

car boxyl grou d I t ot:her. than both
the. at ]least one term r?glﬂ#l%firl%lég) ’c1t & Q.)e

ends to react W t yol efr n havi ng,
as nain coo f“ ﬂlr unr% S Orneecuorlrér ng. unratr obt.ai ned fro Al I eas one
olefin s @ Fom o erfq ng of-2 1% 20 carQﬁ%’n1 ES\N0) ﬁfg l efin

g(ﬁg‘ip(r)]SI( E;grghg\ég'% Ir%?rcgl.?pes[ ZaanfpoassltolronsdIofgheerrer‘!:thafnr o thhaétnciosf tlilﬁ Ol ef in
functional group-containing polyolefin (C) becomes the olefin
'Chain {(A), and the carboxyl group and/or the acid anhydride
- group becomes a bond having a éarbonyl group for linking the
oiefiﬁ chain (A) to the olefin chain (B). |
Tﬁe functional group-containing polyolefin (C) is
obtr—,tinéd' by graft modifying a part or the whoie of a-n unmodified -
-polyolefin with an unsaturated carboxylic acid or'its
derivative.
Theunmodifiedpolyolefincanbepreparedbypoljmeriiing
or copolymerizing the aforesaid olefin of 2 to 20 carbon atoms

using a hitherto known catalyst. Examples of the hitherto

known catalysts include a magnesium-supported titanium

catalyst system and a metallocene catalyst.
These catalysts are described below.

Magnesium-supported titanium catalyst system

'The magnesium-supported titanium catalyst system is
preferably a catalyst system comprising a solid titanium

-catalyst domponent (I) contailning titanium, magnesium and




14 24 March 2005 one group capable. of reacting with a carboxyl group or an

acid anhydride group at only the position of chain end. (C Functional

group-cont ai ni ng pol yol efin The functional group-containing polyolefin (C

isa- polyolefin having one or nore cq%poxyl groups atdl/Mrredeid0%nhydri de.

groups at positions other than both ends. The functional group-containing

pol yolefin (C) becones the olefin chain (A), and the carboxyl group and/or

the acid anhydride group becones a bond having a carbonyl group for

linking the olefin chain (A) to the olefin chain (B). The functi onal

group- conhailbgeg fokyekatinl(Ggiediobts) Redobyagbnétatndifsdmgb@part or

the whole of an unnodified polyolefin wth an unsaturated carboxylic acid

or its dent¥alk¥econiéhdi¥mdirhi ednaod ¥ etle doh 5AN R PEEPAEE L Wor

pol ymeri zing or copolynerizing the aforesaid olefin of 2 to 20 carbon

- atons uskggI?;hitherto known catal yst. Exanples of the hitherto known
catal ysts include a magnesi um supported titanium catalyst systemand a

net al | ocene cat al yst descri bed be|%ML

Magnesi um suppor t ed- &+ BRE4H e FhECRRGAES  um suppor t ed

titanium catal yst systemis . refefabl¥'a cat al yst éysten1 conprising a
sol i d titani untPEECAFYSH BheRt2 ¢V T IR g (1 1980 bfpaakiiead um and

bycontactingthebelow-describedmagnesiumcompound, titanium

compound and electron donor with each other.

Magnesium compound

The magnesium compound is a magnesium compound having
reducing ability or a magnesium compound having no reducing
ability.

The magnesium compound having redﬁcing ability is, for
‘ekample, an organomagnesium.compound represented by the
following formula:

XnMgRa-p
wherein n is a number of 0=n<2, R is hydrogen, an alkyl gi:oup
of 1 to 20 carbon atoms, an aryl group or a cycloalkyl group,
when n is O,Itwo of R may the same or différent, and X is a
halogeﬁ.

Examplesoftheorganomagnesiuméompgundshavingrgducing
ability include alkylmagnesium,compounds;‘such as

~dimethylmagnesium, diethylmagnesium, dipropylmagnesium,
dibutylmagnesium, diamylmagnesium, dihexylmagnesium,

didecylmagnesium, octylbutylmagnesium and




15 24 March 2005 hal ogen as essential ingredients, an organonetallic
conpound catal yst conponent (l1), and if necessary, an el ectron donor
(rrr)y. (1) Solid titaniumcatal yst conmponent The solid titanium catal yst
conponent (1) can be prepared- by codt@acting the bel i désrar idEthmagnes i um
conpound, titanium conpound and el ectron donor with each other. Magnesium
conpound . The magnesi um conpound is a magnesi um conpound havi ng reducing
ability or a magnesi um conpound having no reducing ability. The nmagnesi um

conpound P Vi reducin .ab[lii is, for exanple, an organonmagnesi um
conpound® Eﬁiggﬁﬁiﬁﬁgﬁﬁg%ﬂﬁ’ £ KygﬂﬁﬂﬁeﬁbPﬂuhgglﬁ¢ﬁgREEﬁg #erein nis a
nunber of 0:n<2, R is hydrogen, an alkil group of 1 to 20 carbon atons, an
aryl grotphptragegeliwal kil ogidap, PropEhmATInesbumt gblofi®emay t he sane or
different, and X is a halogen. Exanples of the organomagnesi um conpounds

~ havi ng redbeinggadslunychher bde, ahky) hngoessimmconpouids, asdch as

di met hl'l magnesi um di et hyl magnesi um di propyl magnesi um  di butyl magnesi um
di any|l megmeshagme si wexyh bagidsi ual ky bhagoys tagneskonidest yshuhyhsagnesi um
and :
butylethoxymagnesium{ ethylbutoxymagnesium and
octylbutoxymagnesium; butylmagnesium hydride; and magnesium
hydride.

Metallic magnesium is also employable.

Examples of the magnesium compounds having no reducing
'abilityincludemagnésiumhalides,suchasnwgnesiumchloride,
nagnesium‘bromide, magnesium iodide and magnesium fluoride;
alkoxymagnesium halides, such as methoxymagnesium chloride,
sthoxymagnesium ¢hloride{ isopropoxymagnesium chloride,
>utoxymagnesium -chloride andeCtoxymagnesium chloride;
arlexymagnesiunthalidés, such as phenOXYmagnesium.chloride
and,metﬁylphenoxymagnesium chloride; dialkoxymagnesiums,
such as diethoxymagnesium, diisopropoxymagnesium,
libutoxymagnesium, di-n-octoxymagnesium,
ii-2~ethylhedeymagnesium and metﬁoxyethoxymagnesiUHu
1iaryloXymagneSiums, such as diphenoxymagnesium,
iimethYlphenoxymagnesiumaﬁdphenoxyméthylphenokymagnesium;

ind carboxylic acid salts of magnesium, such as magnesium

.aurate and magnesium stearate.




16 24 March 2005 ethyl butyl magnesi um al kyl magnesi um hal i des, such as

et hyl magnesi um chl ori de, propyl magnesi um chl oride, butyl magnesi um

- chloride, hexyl magnesi um chloride and anyl magnesi-um chl ori de;

al kyl magnesi um al koxi des, such as butyl et hoxynagnesiddmMarch 2005

et hyl but oxymagnesi um and octyl but oxyimagnesi um butyl magnesi um hydri de; and
magnesi um hydride. Metallic nmagnesiumis al so enpl oyabl e. Exanples of the
magnesi um conpounds having no reducing ability include nagnesi um hal i des,
such as magnesi um chl oride, nagnesium bronide, nmagnesium i odide and
magnesi um f | uortiedeiagrid iy mRGRR[IMMNA ifie ho %ﬁ@&%&%ﬂ%ﬁ?% um

chl oride, athoxymagnesium chloride, isopropoxymagnesi'um chl ori de,

Dut oxy maghesi Wirghlid des angk TRNGS ri e o 85 Yh Qxymgnesi um
hal i des, such agﬁgﬁen0xynagnesﬁ%%§%h orﬁ%gﬂQgﬁ'é%#éﬁ?%%%%oé%ﬁ%ﬁ esi um

chl oride;.. di.al. ragpnesi uns ch_ as di et hgxymagnesi um .
d!isoproﬁ§%§%%jﬁgé¥ggge$f#%ﬁﬁ%%@ 8%%%§§% ‘“ﬁfgﬂﬁbeggﬁyﬁﬁ§ﬁ8éfﬁﬁﬁOn .
12 et I hoxorunpanest um and, et hoxyet hoxyegnesi w1 aryl oxyanesi u,
i i met hyl phenoxynmagnesi umandphenoxymnet hyi phenox naghesiunl tnd carboxylic
aci d salfgmﬁpqﬁﬁﬁﬁ%%%%P°§@ﬂ¥9%99ﬁﬁﬁkkthﬁfom JIPEl wagaEpoundst ear at e.
17 24 March 2005

having reducing ability, the magnesium com?ound having
reducing ability has only to be contacted with, for example,
apolysiloxanecompoﬁnd,ahalogen—containingsilanecompoﬁnd,
a halogen-containing aluminum compound, en ester, an alcohol,
ahalogen—containingcompoundcn:acompoundhavingan(ﬁigroup
or an active carbon-oxygen bond.

| The magnesium compound having redﬁcing ability and the
'magnésiumcompoundhavingnoreduéingabilitymayformacomplex
compoundoraadoqblecompoundtogetherwithanothern@talsuch

as aluminum, zinc, boron, beryllium, sodium or potassium, or

may be amixture of the magnesium compound and another metallic

compound. The magnesium compounds may be used singly or in

combingtion.of two Or more kinds.

Of the above magnesium compounds, a scolid magnesium
compound can be made ‘liquid by the use of an electron donor
{i). Examples of the eleétron donors (i) include alcohols,
‘phenolé, ketones, aldehydes, ethers, amines, pyridines and

s metallic acid este;s.

Specifically, there can be mentioned:



The magnesi um conmpound having no reducing ability nmay be a conpound
derived fromthe magnesi um conpound having reducing ability or a conpound
derived during the preparation of the catalyst conponent. In order to
derive the nagnesi um conpound havi ngigo reduci ng abi24 tNarfaloraGlde
magnesi um conpound having reducing ability, the magnesi um conpound havi ng
reducing ability has only to be contacted with, for exanple, apolysiloxane
conmpound, a hal ogen-cont ai ni ng silane conmpound, a hal ogen-contai ni ng

al um num conpound, en ester, an alcohol, a hal ogen-containing conpound or

- a conmpound hawdlugphai sGH §itouB carbana bohs v euchrazane hxaygeh, bbhdnoTIhe
magnesi um conpound having reducing ability and the nagnesi um conpound

havi ng ngrefuaidlg Bht hdyMpEntanta, ceipnet , comaufchkao Dogbtgneoppound
together with another netal such as alum num zinc, boron, beryllium

'sodi Um org RAABFH UMb chdeBBY DE-dhdl Xb%woeilémoﬁamym@eapeynd and
anot her netalllc compound. The nmgnesi um conpounds may be used singly or

mbi t JBh d
Sl 1 gt o oo o B ads T 4 ) R aee o et f on -

donor (|)o c)g@ﬁes of tgix) gectron donors (i) include al cohols, phenols,
ket ones, éﬁhf) "étther® M- ries, pyridines and netallic acid esters.
SpeCIfICally’ t %%%np%%n almTygaihgkoisof].to]i%carbonatoms such

astrichloromethanol,trlchloroethanolandtrichlorohexanol;
alkoxy alcohols, such as 2-propoxyethanol,

2;butoxyethanol, 2-ethoxypropanol, 3-ethoxypropanol,

1—methoxybutanol, 2-methoxybutancl and 2-ethoxybutanol;

' phénbls of 6 to 20 carbon atoms, which may have a lower
alkyl group, such as phenol, cresol,.xylenol, ethylphencl,
propylphenol, nonylphenol, cumylphenol and naphthol:;

ketones of 3 to 15 carﬁon atoms, such as acetone, methyl
ethyl ketone, ﬁethyl ischutyl ketone, acetophenoné,
benzopheﬁone‘and benzoquinone;

aldehydes of 2 to 15 carbon atoms, such as acetaldehyde,
piopiénaldehyde, octylaldehyde, benialdehyde, tolualdehyde
and naphthaldehyde?

| ethers of 2 to 20 carbon atoms, such as methyl ether,
‘ethyl ether, isopfopyl ether, butyl ether, amyl ether,

tetrahydrofuran, anisole and diphenyl ether;




24 March 2005 al cohols of 1 to 18 carbon atons, such as nethanol, ethanol,
propanol , butanol, pentanol, hexanol, 2-ethyl hexanol, octanol, dodecanol,
oct adecyl al cohol, ol eyl alcohol, benzyl alcohol, phenylethyl alcohol,
cunyl al cohol, isopropyl alcohol and q4sopropyl benzyl2ald=otwi ;2005

hal ogen-cont ai ning al cohols of Ito 18 carbon atons, such as

‘tri.chl oromet hanol, trichloroethanol and trichl orohexanol; al koxy al cohol s,
such as 2-propoxyet hanol, 2-butoxyethanol, 2-ethoxypropanol, '
3- et hoxypropanol, 1-nethoxybutanol, 2-nmethoxybutanol and 2-ethoxybutanol;
phenol s of 6 tmi2@scardem atoreimehihgh amayehave iathgwemiakky! group, such
as phenol, cresol, xylenol, ethylphenol, propylphenol, nonyl phenol,

cunyl pherali ;g 1RapM0lG rieatQNeR il 3ng0 15 carbon atons, such as
acetone, nmethyl ethyl ketone, nmethyl isobutyl ketone, acetophenone,

benzopheneng 8R4 RARZGAMI NG andldehydes of 2 to 15 carbon atons, such as
acet al dehyde, prop i1onal dehyde, octyl al dehyde, benzal dehyde, tol ual dehyde

and napht hal d s her f .carbon. at ons, .such as net hyl ether,
et hyl et her, §§§gﬁ8ﬁ%%'e€%%$,a§u§§F§§%ﬁ§r,8ﬁ%§V98¥ﬁé }nefetrahydrofuran,

antsole AL ALIENLOLIEr 0 R0 10,2008, e Sueh as

metallic acid esters, such as tetraethbkytitanium,
tetra-n-propoxytitanium, tetra-i-propoxytitanium,
tetrabutoxytitanium, tetrahéxoxytitanium,
tetrabutoxyzirconium and tetraethoxyzirconium,

These may be used singly or in combination of two or more
kinds. | |

Of these, alcohols, alkoxy alcohols and metallic acid
esters are particularly preferably employed. The

solubilization reaction of the solid magnesium compound by

the electron donor {i) is generally'carried out by contacting

the solid magnesium compound with the electron donor (i),

followed by heating if necessary. 1In this case, the contact

temperature is in the range of 0 to 200°C, preférably 20 to

180°C, more preferably 50 to 150°C. |

| In the solubilization reaction, a hydrocarbon solvent
- or the like may be preseﬁt. Examples of the hydrocarbon

solvents include aliphatic hydrocarbons, such as penténe,

héxané, heptane, octane, decane, dodécane, tetradecane and

kerosine; alicyclic hydrocarbons, such as Cyclopentane,



tributyl am ne, tribenzyl am ne and
. pyridines, such -as pyridine, nethyl pyridine,
di met hyl pyridine; and netallic acid esters,
tetra-n-propoxytitanium tetra-i-propgygytitani um

t et ramet hyl et hyl enedi am ne;
et hyl pyri di ne and
such as tetraethokytitani um

and

t et 4 dibant dxy2Gdani um

‘tetrahexoxytitani um

t et rabut oxyzirconi um and tetraethoxyzirconium These

may be used singly or in conbination of two or nore kinds. O these,

al cohol s, al koxy al cohols and netallic acid esters are particularly
preferably enpl oyed. The solubilization reaction of the solid nmagnesium
conpound ni®thyilhey el @edritam elonofc (dhesianege neridl e vedrdheadineyt by contacti ng
the solid magnesi um conmpound with the el ectron donor (i), followed by
heat i ng l&gdl%tseﬁ{é/-addlcybuéhéﬁéﬁe;t@@oﬁ@@i@@iydﬁo%m%fo%tsw§ul:§ ad the
range of ‘0 to 200C, preferably 20 to 180C, nore preferably 50 to 150C
the sol ublddAftd O d1Rattd O 3XAEACaRBORaSBLYRRECd OhydREcd1ken sy be
present. Exanples of the hydrocarbon sol vent |ncFude al 1 phatic

nydr ocar hons, oSURhCRRoPOIRDR.  IXANSISRLAE.  OELANE, o deGaNE,; dodecane,

t et radecane an grosine; alitcyclic roons, ~SUC cliopentane, 20
24 Mar ch 2905 ety cycl opentang,Gygl Qhgrane, et hyl cycl ohexane.

As the magnesium compound used for preparing the solid

In

titanium catalyst componen? (I), many magnesium compoundé
other than those described above are also employable. In the
-s0lid titanium catalyst component (I) finally obtained,
however, the magnesium compound is preferably present in the
fornlofzé halogen—containingJnagnesiunicompound. Therefore,
if a magnesium compound containing no halogen is used, it is
preferable to contact the magnesium compound with a
halogen~containing compound during the course of .the.
preparation.

Of the above compounds, magnesium cdmpounds having no
reducing ability,are preférably containéd in the component
(I),and<1fthese,haiogen—containingn@gnesimncompoundsare
particularly preferably contained. Of these, magnesium
chloride, alkoxymagnesium chloride or aryloxymagnesium

chloride is preferably contained.

Titanium compound

Asthetitaniumcompound,atetravalenttitanimmcompound‘

is preferably employed. The tetravalent titanium compound




cycl ooct ane and cycl ohexene; aromati c hydrocarbons, such as benzene,

t ol uene and xyl ene; and hal ogenat ed hydrocarbons, such as dichl oroet hane,
di chl oropropane, trichloroethylene, chlorobenzene and 2, 4-di chl orot ol uene.
As the magnesium conpound used for prgparing the sol i2¥ NatcnidfifiTat al yst
conponent (1), many magnesi um conpoundS other than those descri bed above
are also enployable. In the solid titaniumcatalyst conmponent (1) finally
obt ai ned, however, the magnesi um conpound is preferably present in the
form of a hal ogen-contai ni ng magnesi um conpound. Therefore, if a nagnesium

conpound £ont b Ai 8GaRe1 HA! HYEAdSuMS S pitd sdiSted 18] &bl & 11w act the
magnesi um conpound wi th a hal ogen-containi ng conpound during the course
of .the pggparption. O the above conpounds, magnesi um conpounds having no
reducing ability are preferably contained in the conponent (1), and of

t hese, halogengcgﬂip&ning magnesi um conpounds are particularly preferably
contained. O h,se,gﬁﬁbnesiun1 chl ori de, al koxymagnesi um chl ori de or
aryloxynaqgesiun1 chloride is preferably contained. Titani um conpound As
the titarlf3fkebipbuhdl, 2 PETIFHARThIGIUPaniturhSc Smpddedenirs aﬁ*tdefog‘ébl y

enpl oyed. The tetraval ent titani um conpound 21 24 March 2005 is, for
exanpl e, &%onpound represented by the foll ow ng

Examples of such cpmppunds'include:
titanium tetrahalides, such as TiCls, TiBr, and Til,;
alkoxytitanium trihalides, such as Ti(OCH;3)Cls,
71 (OCzHs) Cla, Ti{O-n-CaHls)Cls, Ti(OCsHs)Brs and
Ti{O~iso-C4Hy)Bra;
dialkoxytitanium di‘halides, such as Ti (OCH3)2C12,
Ti{(OCyHs),Cly, Ti(0-n—-CyHg)2Cl, and Ti (OCoHs)2Brs;
trialkoxytitanium monohalides, such as Ti({OCHs3)3Cl,
T4 (OC2Hs)5C1, Ti (O-n-CaHs)sCl and Ti(OCsHs)3Br; and
- tetraalkoxytitaniums, such as Ti(0OCHs)g, Ti(OCﬁk)4,
Ti(0-n-CqHg)4, Ti(0-iso-CyHg)s and Ti{0-2-ethylhexyl),.
Of these, éitaﬁium tetrahalides are preferable, and
-'titahium tetrachloride is particularly ?referable. These
titanium compounds may be used ééngly or in combination of
two or more kinds. The titanium compound may be uséd together
with an aromatic hydrocafbon, or may be used, diluting with
a hydrocarbon or a halogenated hydrocarbon.

. {1i} Electron donor




formula: Ti (OR) gX4-g wherein R is a hydrocarbon group, X is a hal ogen,
and 0< g <4. Exanpl es of such cpnppunds include: titaniumtetrahalides,
such as Ti Cl4, TiBr4 and Ti 14; al koxytitaniumtrihalides, such as

Ti (OCH3)d 3, Ti (OC2H5) C13, Ti (O n-C4H9) A 3, Ti (OC2HRBiB aHd 2005

(O 1 SO0-C4H9) Br 3; di al koxytitani um di hal i des, such as Ti (OCH3)2C12, Ti
(OC2H5) 2C12, Ti (O-n-C4H9) 2C12 and Ti (OC2H5) 2Br2; trial koxytitani um
nonohal i des, such as Ti (OCH3)3d, Ti(0OC2H5)3C1, Ti (O n-C4H9)3d and

Ti (OC2H5) 3Br; and tetraal koxytitaniunms, such as Ti (OCH3)4, Ti (OC2H5) 4,

Ti (O n-C4AH9) 4, 171 €16 | 50 64HN) Aornslf TE O 2oethyt hexyldd. c&Fathese, titanium
tetrahalides are preferable, and titaniumtetrachloride is. particularly

pr ef er abl gamdbeser (o)t aph WNLHMUALE Ry PE llésﬁfleﬁéf'%l’y QUmg 11b&ATDI nat i on
of two or nore klnds . The titani um conpound may be used together with an

aromatic aL b T utd n or a
halogehatg%gﬁgdroéggggﬁge%??1ggiectron doﬁ%r giﬁgﬁﬂk% tﬁyg%%§. 9lthe

preparati sol i i_.taniumc cqnponen an el ectron
donor (i i Ly @ Sgé'erébﬁﬁl%npl‘ﬁed atrl es SIS ér{dgé organic

-acid esters and polyethers.

Specifically, there can be mentioned:‘

acid halides of 2 to 15 carbon atoms, such as acetyl
chioride, benzoyl chloride, toluyl chloride énd anisoyl
.éhloride;

acid amides, such as N,N-dimethylacetamide,
N,N-diethylbenzamide and N,N-dimethyltoluamide;

nitriles, such as acetonitrile, benzonitrile and
tolunitrile;
| acid anhydrides, such as acetic.anhydride, phthalic
anhydride and benzoic anhydride; and |

organicacidestersof213>18carbbnatoms,suchasnmthyl
formate,methyiacetate,ethylacetate,vinylacetate,gmopyl
acetate, octyl acetate, cyclohexyl acetate, ethyl propionate,
methyl butyrate, ethyl valerate, methyl chloroacetate, ethyl
rdichloroacétate,methyln@thacrylate,ethylcrotonate,ethyl
cYclohexahecarboxylate, methy1 benzoate,‘éthyl benzoate,
propyl benzoate, butyl benzoate, octyl benzoate, cyclohexyl
benzoate, phenyl benzoate, benzyl benzoate, methyl toluylate,

éthyl toluylate, amyl toluylate, ethyl ethylbenzoate, methyl




Exanpl es of the electron donors (ii) include the following acid halides,

acid amdes, nitriles, acid anhydrides, organic .acid esters and

pol yet hers. Specifically, there can be nmentioned: acid halides of 2 to 15
car.bon atonms, such as acetyl chloridgz‘benzoyl chl orddejaral Wloschl ori de

.and ani soyl chloride; acid am des, sué% as N, N-di net hyl acet am de, '

N, N-di et hyl benzam de and N, N-di met hyl tol uam de; nitriles, such as

acetonitrile, benzonitrile and tolunitrile; acid anhydrides, such as

acetic anhydride, phthalic anhydride and benzoic anhydride; and organic

aci d estepsjohtd, ¥nld LRI DON: ALOABI ULk A IR jﬁﬁgyﬁéiaéﬁgqyl
e, octy

‘acetate, ethyl acetate, vinyl acetate, propyl acet’a acetdt e,

methyl onrorsea Grefly AR AT PR R RS raEalS: erhy
ot opyl benzoat 2t Bty bERBRAT e Bhr VR CRrdUA . c R e RSB enzoat 6,
Fol uyl at oo B T3t RERIR ben a4t B9 SHetRyhas SBF S I B0 s deBingt byl

ani sate, ethyl_ ethoxybenzoate, y-butyrolactone, S-valerolactone, cunarin,
phthalidégﬁﬂﬁu%@%yl car bonat e.

H

] R’ COOR? ?
R’ — C—COOR' \\ //{ R — C—COOR?
) ¢ I
R* — C— COOR? //‘\ : R* — Cc— cOORS .
L , R COOR'  or . L

Intheabovefbrmulas,Rliseaéubstitutedcn:unsubstituted
.hydrOCarbongfoup,andR?,RSandRsarehydrogeﬁorasubstituted
or unsubstituted hydrocarbon group. R® and R® are hydrogen
or a substituted or unsubstituted hydrocarbon group, and

preferablyat least oneofthemisasubstitutedorunsubstituted

hydrocarbon groﬁp. R*® and Rdnmy'be bonded to form a cyclic
structure. The substituent of the substituted hydrocarbon
'groqps R' to R® has a hetero atom such as N, O.or 5, and has,
- for example, a group of C~0-C, COOR, COOH, OH, SOsH, —C-N-C-
‘or -NH,.
Examples of.such polycarboxylates include aliphatic
polycarboxylates, alicyclic polycarboxylates,_aromatic ,

polycarboxylates and heterocyclic polycarboxylates.




Preferred exanples of the organic esters include polycarboxylates having
skel etons represented by the following fornulas: R8 COORZ H R3 R3 - \
COORS CO- G COOR2/ \ 0 - i CGC COORe HR4A COOR or HIn the above
fornulas, Rl is a substituted or unsubgtituted hydratborclgrogs and Rz,
R5 and R6are hydrogen or a substitute or unsubstituted hydrocarbon group.
R3 and R4 are hydrogen or a substituted or unsubstituted hydrocarbon -
group, and preferably at |east one of themis a substituted or :

- unsubstituted hydrocarbon group. R3 and R4 nay be bonded to forma cyclic

‘structure. Th@]&éﬂ@ﬁﬂé&%ﬁaaﬁhé&%ﬁ@fég&ﬁﬁﬁﬂﬁ&!ﬂcﬂé@maﬁr@ps Rl to R6

has a hetero atomsuch as N, 0 or S, and has, for ‘exanple, a group of

c-o-C, lé%g%é{éﬁﬁr (%§¢é%e(%bg#élfééqﬂﬂg§ﬁﬁﬁ)l&&@h

d
pol ycar boxyl at es | ude al iephatl ¢ polycarboxylates, alicyclic

pol ycar boxyl at es,, ,ar.omati ¢ pol ycarhaxyl at es..and. het er lic
pol ycar boxyl at%‘sefthz‘ﬁL ff%rnc#ezo b?’l?: fersrueccflélf%r%l é%eg:fq’}g@he

pol ycar boxyl ates havi ng skel et ons represented by t he ahove fornul as
i ncl ude: m%ribé‘fltﬁﬂc '%atcgl,a]ﬂfo]bd‘ﬁfl Ysluﬁﬂ-ﬁ%é}aé:,exdicgtm%utyl ,

_ o-methylglutarate, diisopropyl B-methylglutarate,
diisobutyl methylmalconate, dibutyl ethylmalonate, diethyl
ethylmalonate, diethyl isopropylmalonate, dibutyl
isopropylmalonate, dibutyl butylmalonate, dibutyl
phenylmalonate, diethyl diethylmalonate, dibutyl
dibutylmalonate, diethyl dibutylmalonate, n-butyl maleate,
dibutyimethylmaleate,dibutylbutylmaleate,dif2—ethylhexyl
fumarate,di—n—hexylcyclohexenecabéXylate,diethylnadiate,
diisopropyl tetrahydrophthalate, diethyl phthalate,
monoethylphﬁhalate,dipropylphthalaté,diisobutylphthalate,
diisopropyl phthalate, ethylisobutyl phthalate, diun—butyl
phthalate, di-n-heptyl phthalate, di~n~dctyl phthalate,
di-2-ethylhexyl phthalate, di(2-methylpentyl) phthalate,
di (3-methylpentyl) phthalate, di (4-methylpentyl) phthalate,
di(2,3~dimethylbutyl} phthalate, di(3-methylhexyl)
phthalate, di(4-methylhexyl) phthalate, di(Sfmethylhéxyl)
phthalate, di{(3-ethylpentyl) phthalate,
di(3,4~dimethylpentyl) phthalate, di(2,4—dimethylpentyi)

phthalate, di(2-methylhexyl) phthalate, di(Z—methylbctyl)‘




~ met hyl succi nate, diaryl nethylsuccinate, diisobutyl a-nethylglutarate,

-di i sopropyl J3-nethylglutarate, diisobutyl nethyl mal onate, dibutyl
et hyl mal onate, diethyl ethylmal onate, diethyl isopropyl nalonate, dibutyl
i-sopropyl mal onat e, di butyl butylnalongge di butyl pheEhwardhoidts, di et hyl
di et hyl mal onate, di butyl dibutyl mal onate, diethyl dibutylmalonate, n-butyl
mal eate, dibutyl nethyl nal eate, dibutyl butyl mal eate, di-2-ethyl hexyl f '
umar at e, di-n-hexyl cycl ohexenecaboxyl ate, diethyl nadiate, diisopropyl
t etrahydropht hal ate, diethyl phthal ate, nonoethylphthal ate,

di propy! piMcialiafie &iaéewtpﬂmlfa@deat&;m&h_e,f%rtﬁrax'at@mm{u@keures
ethyllsobutyl phthalate -n-buty pht halate, di-n-heptyl phthal ate,

-n-oct yls R | 3812 1% s 2 8thyd Qﬁﬁy htsﬁ%ate di (2- net hyl pentyl)
_phthalate EK%%Egéqhéﬁpéhty CL a 5f£ 4- et hyl pentyl ) phthal at e,
~di (2, 3- dlneth ) _ph te 3- et hexy t hal at e,

di (4- et hyl he H%HT hzflptl{]cahaal “(eélr’r%’r gﬂﬁ Jd%’ﬂ“}'%qa
di (3-eth n yI) phthal di (3, 4 d| hylpentyl) phthalate
d.(24d¥a@%ﬁﬁ§n Rt ey P M ]

. (2-met hyl octyl) 25 24 Nhrch 2005 phthalate di decyl phthal ate,
d| pheny! SAtmeldidaded Abuings 3.0 feselismmpaxyd add d dietdtr s:  and
di et hyl napht hal enedi car boxyl ate, di butyl naphthalenedlcarboxylate
tr| et hyI addpaglel, i tdbat vilr idslitppite, dioctyl sebacate and dibutyl

sebacate.
Of these, phthalicaciddiesters are preferably employed.
Also employable as the électron donor is a compound having
two ormore ether bonds present through plural atoms (sometimes
referred to as a "polyether” hereinafter). The polyether is,
for example, a compound wherein the atoms present between fhe
ether bonds are carbon, silicon, oxygen, nitrogen, phosphorus,

boron and sulfur, or two or more atoms selected from ,th"ese

atoms. Such a compound is preferably a compound wherein

relatively bulky substituents are bonded tb the atoms between
the ether bonds and the atoms pfesent between two or more ether
bonds include plural carbon atoms, e.g., a polyether
represented by the following formula:

RA—CrmO— %_ ¢+ —C—0—C—R*

I

~whereinn is an integer of 2=n=10, R} to R?® are a substituent

having at least one element selected from carbon, hydrogen,



trimellitate, dibutyl 3,4-furandicarboxylate, diethyl adipate, dibutyl

adi pate, dioctyl sebacate and dibutyl sebacate. O these, phthalic acid

di esters are preferably enployed. Al so enployable as the electron donor is
~a conpound having two or nore ether q?ds present thdouddrgt &5 at ons
(sometines referred to as a "pol yethér" hereinafter) The pol yether is,

for exanple, a conpound wherein the atons present between the ether bonds
are carbon, silicon, oxygen, nitrogen, phosphorus, boron and sulfur, or
two or nore atons selected fromthese atons. Such a conpound is preferably

a_compoungiyien el fa 1bLAL T KekYoBuhky sGUPSL] | URBLSNBEESDOBRML! gnline at oms

between the ether bonds and thé atons prese tween two or nore ether

bonds i nc ur - t 26, et.her. repsesent by the

© Followi ng Tstaata: RS EEHT Bn R s PRI SR BTV Ho 1T,

- 125 wherein.n is.an _integer .of 2-n-10, R to R26 ar.e a sufstituent having
at |east one '8 8}}2‘%‘? géf"gc? EFEOT TAPBol? IPEEFGET o624 WAF 817218005

oxygen, hﬂ%ggen, nitrogen, sul fur, phosphorus, boron and silicon, .

ar bi t r ar yCRATR JURP6COPFRIBr 3B FERE PR 1thaRyCaBRAR-a ring other than a

benzene ring in cooperation, and the main chain nmay contain an atom ot her

t han carbon. Examples of such polyether compounds include

2—(2—ethylhekyl)—1,3~dimethoxypropane,
2-isopropyl-1, 3-dimethoxypropane,
2fbutyl—1,3—diﬁetﬁoxypropane,
2-s-butyl-1, 3~dimethoxypropane,
2—cyclohexyl;l,Bﬂdimethoxypropane,
2—phenyl—l,3~dimethoxypropane,
2—cumyl~1,3~dimethoxypropane,
2—-{2-phenylethyl) -1, 3-dimethoxypropane,
2—(2—cyclohexy;ethyl)~1,3—dimethoxypr0pane,
2—(p—chlorophenyl)—1,3~dimethoxypropane,
2-(diphénylmethyl)-1,3-dimethoxypropane,
2-(l-naphthyl) -1, 3-dimethoxypropane,
.2#(2—fluor0phenyl)—1,3—dimethoxypropane,
2-{1-decahydronaphthyl}-1, 3-dimethoxypropane,
' 2—(p—tmbutylphenyl}—1}3~dimethoxypropane,
'2,2—dicyclohexyl—1,3—diméthoxypropane,
2;2-diethyl-1, 3-dimethoxypropane,
2,2—dipropyl“1,3—dimetﬁoxypropane,

2,2-dibutyl~1, 3-dimethoxypropane,




Exanpl es of such pol yet her conpounds i ncl ude
2- (2-et hyl hexyl)-1, 3-di net hoxypropane, 2-isopropyl -1, 3-di net hoxypr opane,
2-butyl -1, 3-di net hoxypr opane, 2-s- butyI 1, 3- di met hoxypr opane, :
2- cyclohexyl-l 3- di net hoxypr opane, henyl -1, 3- di mgi deyprho [P,
2-cunyl -1, 3- dlnethoxypropane 2-(2- pﬁ&nylethyl)-l,S-dinethoxypropane,
2- (2 cycl ohexyl et hyl ) - 1, 3- di net hoxypr opane,
p- chl orophenyl ) - 1, 3- di met hoxypr opane,
- (di phenyl net hyl ) - 1, 3- di et hoxypr opane,

naphs Iyl dn ¢ 132dbf@ﬁ?PxYEﬁQ@fﬂ@thoxypropane,

fl uorophenyl) -1, 3-di net oxypropane

| -

2-

1- decahydr th an

p-t- bﬁ?ﬁ? ﬁ@ﬂyl%h%é% %l ggyd%é%ghgg péne’

-dicy he, oXypro di et hyl -1, 3-di net hoxypr opane,
-di pr Q? qg%ld%n%%%gﬁyg %‘§H8§€h3§¥9¥ﬁﬁﬁﬁiﬂ 1, 3- di met hoxypr opane, 27 24

Mar ch 2005 met hyl - 2- propyl - 1, 3- di met hoxypr opane,

2- et hyl 22%&)91—%—%5%91?@@% sypd MRt hoxypropane,

2-met hyl - 2- et hyl -1, 3- di net hoxypr opane, '

2-

met hy| -2-Tetdir opétehersy ki mwlwsmerppane,

2—methyl~2“cyclohexyl—1,3—dimethoxypropane;
é,Z—bis(p—chlorophenyl)—l,3—dimethoxypropane,
2f2~bis(2—cyclohexylethyl)~1,3—dimeth6xypropane,
2—methyl—2—isobutyl—l,3—dimethoxypropané, |
.2—methyl—2—(2fethylhexyl)—1,3~dimethoxypropane,
2,2—diis§butyl—1,3—dimethoxypropane,
2,2~diphenyl;1,3—dimethoxyprqpane,
2,2-dibenzyl-1, 3-dimethoxypropane,
2,2—bis(cyclohexylmethyl)—l,3—dimetho#ypropane,
2,2-diisobutyl-1, 3~diethoxypropane,
Z,Z—diiSObutyl—l,3—dibutoxypropane,
2-isobutyl-2-isopropyl~1, 3-dimethoxypropane,
2,2-di-s-butyl-1, 3-dimethoxypropane,
2,2—di~£—butyl—l,B—dimethoxypropane,

‘ 2,2-dineopentyl-1, 3-dimethoxypropane,
2= 1sopropyl 2-isopentyl- 1 3= dlmethoxypropane,

' 2~phenyl -2-benzyl-1, 3-dimethoxypropane,
2—cyclohexyl—2—cyclohexylmethyl—1,3fd1methoxypropane,

2,3~diphenyi-1,4-diethoxybutane,




t hyl - 2- phenyl - 1, 3- di met hoxypr opane,
hyl - 2- cycl ohexyl - 1, 3- di met hoxypr opane,
i s(p-chl orophenyl) -1, 3-di net hoxypr opane,
i s(2-cycl ohexyl et hyl)-1, 3-di met hoxypr opane, 24 March 2005
hyl - 2-i sobutyl - 1, 3- di et hoxypr op&fe, .

t
b
b
t
t hyl - 2- (2- et hyl hexyl ) -1, 3-di met hoxypr opane,
, 2-di i sobutyl -1, 3-di met hoxypropane, 2, 2-di phenyl -1, 3-di et hoxypr opane,
d
b
d

i.benzyl -1, 3'dinethoxypropane

is( he ane,
, ||sg%F% %y%fgﬁe %x%p%d%ﬁ%gho %g ?sobutyl 1, 3- di but oxypr opane,
i sobuty, ropyl -1, 3- di met hox ane,
2,2-di- 2-di -t-butyl -1, 3-di met hoxypr opane,
%ﬂ%j%%#%¥¥#%&ﬁ%d§yiqﬁﬁ%ﬁﬁ%g y ypr op

2, 2- dlneo en -1, 3- dlnethoxdgropane

2-isopro 4%ﬁﬂﬁﬁﬁ®ﬂ 11 3t
2- phenyl - 2 benzyl dlnethoxypropane

2-cycl oh&dyd -@%W@i‘é}o&ﬂlmrmyl)-—ll,%dim :

2, 3-di phenyl -1, 4- di et hoxybut ane, 28 2, 3-di cycl ohexyl -1, 4-di et hoxybut ane,
2, 2- di-bergzyd— uiﬂ(pd%cétﬂtmqﬁtﬁr@rﬁe) -1 24—33métsfmafmyﬂanh 4- di et hoxybut ane,

2, 2- bi s(p-net hyl phenyl) -1, 4-di met hoxybut ane,

2, 3- blS(mﬂﬂﬂbmsmﬁkﬁhddrdbHbdyIﬁﬁﬂK@%dEﬂéﬂﬁbxybutane, g

2-me
2-ne
2, 2-
2, 2-
2-me
2- e
2, 2-
2, 2-
2, 2-
2, 2-
2-

2,4—d1phenyl~1,S*dlmethoxypentane,
2f5—diphenyl—1,5—dimethoxyhexane,
2,4—diisopropyl—1,S—dimethoxypentane,
.2,4—diisobutyl—1,5—dimethoxypentane,
2, 4-diiscamyl-1, 5-dimethoxypentane,
3-methoxymethyltetrahydrofuran,
3-methoxymethyldioxane,
1,2-diisobutoxypropane,
I,2-diisobutoxyethane,
1,3-diisocamyloxyethane,
1,3~diisoamyioxypropane,

1, 3-diisoneopentyloxyethane,
i,3~dineopentyloxypropane,

' 2,2—tetramethylehe—1,3—dimethoxypropane,
2,2—?entamethylene—1,3—dimethoxypropane,'
2,2—hexamethylene~1,3—dimethoxypropane,
1,2fbis(methoxymethyl}Cyclohexane,

2,8-dioxaspiro[5, 5]undecane,




3-bi s(p-fluorophenyl)-1, 4-di net hoxybut ane, :
4-di phenyl - 1, 5- dlnethoxypentane 2, 5-di phenyl - 1, 5- di net hoxyhexane,
4-dii sopropyl -1, 5-di met hoxypent ane, 2, 4-diisobutyl -1, 5-di met hoxypent ane,
4-diisoanyl -1, 5-di met hoxypent ane,  3gymet hoxymet hyl t2t medwar afalsan,
- met hoxynet hyl di oxane, 1, 2-dii sobut Oxypropane; 1, 2-dii sobutoxyet hane,
3-di i soanyl oxyet hane, 1, 3-diisoanyl oxypropane,
, 3-di i soneopent yl oxyet hane, 1, 3-di neopent yl oxypr opane,
2-tetranet hyl ene- 1, 3-di net hoxypr opane,

2-p

2-h

8-d

7-d

3-di

1-di

ent agrexm&cgmnlgy%ldj rethoxyps.epane, _
exanet hyl ene- 1, 3- dlnethoxypropane 1, 2- bi s( et hoxynet hyl ) cycl ohexane,

I oxas pit B3R UNRECANE, 3 29 L4 Mat ch 2005

|oxab|cyclo[3 3, 1]nonane 3, 7- di‘oxabi cycl o[ 3, 3, O oct ane,

iis nane i sobut yl di oxyhept ane,
oxymejtjgh% % q a;-)n dxondnargé

i met ogent ane,

6,6—dllsobutyldloxyheptane,
1,1-dimetheoxymethyilcyclopentane,
1,1-bis(dimethoxymethyl) cyclohexane,
1,1—bis{methoxymethyl)bicyclo{2,2,l]heptane,
1,1—dimethoxymethylcyclopentane,
2;methyl—2—methoxymefhyl—l,3—dimeth0xypropane,
2—cyclohexyl—z—ethoxymethylH1,3—diethoxypropane,
2—cycloﬁekyl—2—methokymethyl—l,3—dimethoxypropane,
2,2—diisobutyl—i,3—dimethbxycyclohexane,
2-isopropyl-2-isocamyl-1, 3-dimethoxycyclohexane,
2-cyclohexyl-2-methoxymethyl-1,3-dimethoxycyclohexane,
2misopropyl~2wmethoxymethyl~1,3—dimethoxycyclohexane,
2—isobutyl—Z;methoxymethyl—l,3—dimethoxycyclohexane,
2"cyclohegyl—Zuethoxymethyl—1,3;diethoxycyclohexane,
2—cyclohexyl—Z—ethogymethyl—l,B—dimethoxycyclohexane,
2—isopropyl—2—ethoxymethyl—l,3—diethoxycyclohexane(

' 2—isopropyl—2—ethoxymethyl—l,3—dimethoxycyclohexane,
2—isobutyl—2~ethoxymethyl~113~diethoxycyclohéxane and
2~iSobutyl—zéeéhoxymethyl—1,3—dimethoxyc§clohexane.

Also available as the polyethers are

tris (p-methoxyphenyl)phosphine,




bi s(di net hoxymnet hyl ) cycl ohexane,

bi s( met hoxynet hyl ) bi cycl o 2, 2, 1] hept ane,

di met hoxymet hyl cycl opent ane,

thyI-2-nethoxynethy|-1,3rdinethox%gropane, 24 March 2005

cyQ ohexyl - 2- et hoxynet hyl -1, 3- di et hoXypr opane,

2- cycl ohexyl - 2- met hoxynet hyl - 1, 3- di et hoxypr opane,

2, 2-di i sobutyl -1, 3-di met hbxycycl ohexane,

2-i sopropyl - 2-i soanyl - 1, 3- di met hoxycycl ohexane,

2- cycl ohexyl,- 2- et hoxy.net hyl,- 1, 3- di, et yvcycl ohexane,

:2-isopro§$¥?ﬁﬂﬂﬁflgggﬁb r@i¥¥?§%§gﬁgﬁﬂg§§f§%?ohexane,

- 2-isobutyl - 2- et hox t hyl - 1, 3-di_net.hoxycycl ohexane,
2-cyc|ohéiﬁéh%ﬂﬁihﬁgggagR%ﬁ1@??&%#2% ycl ohexane,

2- cycl ohexyl - 2- et hoxynet_ hyl - 1, 3-di nmet hoxycycl ohexane,

2- i sopr opRA L letrdhafirety Lo retdiestmeislid] e,

2-isopropyl - 2- et hoxynet hyl - 1, 3- di met hoxycycl ohexane,

2- i sobut ydi-Z-driadyaiet (e thio i tdiHoicydicohexane and ,
2-1 sobutyl - 2- et hoxynet hyl - 1, 3-di net hoxycycl ohexane. Al so avail able as the

‘pol yet hercgycdrahe styrli-g(-+putet oy (edridypledsntli)eg, 186,24 March 2005
met hyl phenyl bi s( met hoxynet hyl ) sil ane, di phenyl bi s( et hoxynet hyl ) si | ane,
met hyl cy dl-ghexyiibitsbmehieasetdiosxsirdeans;1) silane or the like.

di -t - butyl bi s(net hoxynet hyl ). sil ane,

cycl ohexyl -t - byt yhhiss( met, boxynehylitlai-1anedimethoxypropane,

1, 1-
1, 1-
1,1-
2-nme
2

2fisopropyl—2wisobutyl—l,3—dimethoxypropane,
2-isopropyl-2-isopentyl-1, 3-dimethoxypropane,
2,2~dicyclohexyl—l,3—dimethoxypropane and
2,2-bis(cyclohexylmethyl) -1, 3-dimethoxypropane are
preferably employed.

As the electron donors (ii}), organic acid esters and
polyethers are preferable, and aromatic diesters, such as

phthalic acid diesters, and polyethers are more preferable.

The electron donors mentioned above can be used in combirn'at'ion

of two or more kinds. The electron donors exemplified above

-haveonlytotxafinallycontainedjjltheSolidtitaniumcatalyst
‘component (I). In the preparation of the solid titanium

cétalyst component (I), therefore, the above compounds are
'notalwaysusedassuch,andothercompoundscapéblgofproducing
the above compounds in the course of the preparation of the

solid titanium catalyst component (I} may be used. Alsc in




|-propyl-t butyIbls(nethoxynethyl)5|Iane or the Iike. O these,
2, 2-di i sobutyl -1, 3-di met hoxypr opane,

2-i sopropyl - 2- |sobutyI-I 3- di met hoxypr opane,

: 2-isopropy|-2-isopentyl-1,3-dinethoxyg opane, 24 March 2005

2, 2-di cycl ohexyl - 1, 3- di met hoxypr opane and
2,2-bis(cyc|ohexy|nethyl)-1,3-dinethoxypropane are preferably enpl oyed. As
the el ectron donors (ii), organic acid esters and polyethers are
preferable, and aromatic diesters, such as phthalic acid diesters, and

pol yet-herg, af & Jau e eferahl g%und-gh%aﬁl gat ﬁgﬁdd9€°£§ B oNRL ahpye can be

- used in conbi nation of two nore ki nd ectron onors exenplified
. above hayfiﬁg% %%P§§ gf“@hlyefe ?Pégegonn fl oI|d titani um catal yst

conponent e preparati on of the 50 tani um cat al yst. conponent
(1), theref the above col -%Pnds ar.e not alma S used as such, and ot her
e e of the

conpounds ¢ : ,
preparation of the SO|Id tltanlun1catal st conponent (1) may be used. Al so
in 31 24 MarcHIEOEFadqss efée“epr@cﬁ?éfrl%r%@ﬁ@éléiaﬁlﬁéndé@d%aéé’stto pr oduce
two or nore kinds of the electron donors (ii). Preparation of solid
titani umenmrdnatt ¢ dhdormanthe QL orpFa isk oemrpeuids Lgreplsipeg ittheaddlyi d
titanium catal yst conponent (I) fromthe aforesaid conpounds is not ]
speci fi catdgtrimsid, cret, fandAomp exanpie, fahieodiold oo jseocesses are
available. As the organometallic compound in the following
processes, the same compouﬁd as the later-described
organometallic compound (II) is used.
(1) A liquid magnesium compound consisting essentially ]

of the magnesium compound, the electron donor (i} and the

hydrocarbon solvent is contacted with a liquid titanium

compound, after or with precipitating a solid by contacting
the1iquidnmgnesiwncompoundwithancmganometalliccompdund

if necessary, and the resulting solid component is contacted

with an aromatic hydrocarbon, a liquid tiﬁaniuxlcompound.and
.an electron donor {(ii) at ieast‘once. It is preferable to
carry out the contact of the solid component with the aromatic
hydrocarbon and the liquid titanium compound plural times.
(2}Acontactproducﬁofaninorganiccarrieroranorganio
carrier with a liguid organomagﬁesium.compound ie contacted
with a liquid titanium compound, after or with precipitating
 aSolidbycon£actingthecontactproductwithanorganometallic

compound if necessary, and the resulting solid component is



avai l able. As the organonetallic conmpound in the follow ng processes, the
sane conpound as the | ater-described organonetal lic conpound (Il) is used.
(1) Aliquid magnesi um conpound consi sting essentially of the nagnesium
conpound, the electron donor (i) and 596 hydr ocar bon &blMeanth i2030nt act ed
with a liquid titanium conpound, afteér or with precipitating a solid by
contacting the Iiquid nmagnesi um conpound with an organonetal lic conpound
i f necessary, and the resulting solid conponent is contacted wth an
aromati c hydrocarbon, a liquid titanium conpound and an el ectron donor

(i) at |leqasta one® widh sy AELRIARL & JPro L bdn OW 1 1Gu Lot ACin it he solid
conponent with the aromatic hydrocarbon and the liquid titanium conpound

plural 110G, o(d) ML AGLALAUGEL 20§ NOT OADL G CRILL €T 19f (A3 Or gani ¢

carrier w a [1quid organomagnesi um conpound TS contacted with™a liquid
titani um conmpound, . after_or with precipitating. a solid by contacting the

Gontact HSHREE wiR it gansae B ey O bERBiaRat e e Y hna he
resulting soljid conponent is 32 24 March 2005 contacted with an aromatic

hydr ocar b%ﬁ}aijgrh‘ﬁca“iiaﬂ%%rﬁowwﬁ:[ﬁﬂf ftF &t RMYF C(ii) -at

| east once. In this process, the contact product may be previously

cont act eFRHNG hdlfogenPEBREERRLAGte oppRtnPWHhd/her comtacavdmEhal | i c

compound. It is preferable to carry out the contact. of the solid conponen

W t h t he saldivhiconphyenscel borttend rohe tliicgbydrocarbon and the liquid :

titanium compound plural times.

(IT} Organometallic compound catalyst component

The organometallic compound catalyst compoﬁent (IT) is
preferably one containing a metal selected from Group 13 of
the periodic table, and preferred examples thereof include
an drganoaluminum-compound, an organoboron compound and an
alkyl complex compound of a Group 1 element and aluminum or
boron. The organcaluminum compound is, for example, an
organoaluminumcompoundrepresenteﬂbythefollowingformula:

RAGALIX5., | |
wherein R? is a hydrocarbon group of 1 to 12 carbon atoms,
X ié a halogen or hydrogen, n is 1 to 3.

'R is a hydrocarbon group of 1 to 12 carbon atoms, such
asanalkylgroup,acycloalkylgrouporanarylgroup. Specific
‘examples of such groués-iﬁclude methyl, ethyl, n-propyl,
-isopropyl, isobutyl, pentyl, hexyl, octyl, cyclopentyl,
cyclohexyl, phenyl and tolyl. -

Examples of the organoaluminum Compounds include:




titanium conpound plural tinmes. (lIl1) Organonetallic conpound catal yst
conponent The organonetal | ic conmpound catal yst conponent (I1) is preferably
one containing a metal selected from Goup 13 of the periodic table, and
preferred exanpl es thereof include ag.,organoal um num4£aqmesind oEn

or ganoboron conpound and an al kyl cofipl ex conpound of a Group 1 el enent
and al um num or boron. The organoal um num conpound is, for exanple, an

or ganoal um num conpound represented by the following fornula: Ra"AlX3 n
wherein Ra is a hydrocarbon group of 1 to 12 carbon atonms, X is a hal ogen

or hydrogen, nis;ilicd 0 Bamfituds, SsMirAcarbo i PuP; @i dud 0 12 carbon
atons, such as an al kyl group, a cycloal kyl group or an aryl group.

Specific EHORLER, i Uil preugs.LasLurs Rl Lsot bt BBt B Ly

- phenyl and tolyl._ anpl es of the .organoal um.num conpounds include: 33 24
Nor b 2005t T I TR DS UK S O e
triethylal um numtriisopropylal um numtriisobutylal um num |
trioctylal uni fumaERYiabIEHRSe A @ funl I9nwgReRAM IS uns, such as
triisoprenylalum num dial kyl al um num hal i des, such as di net hyl al um num
: dialkylaluminum halides, such as dimethylaluminum

'chloride, diethylaluminum chloride, diisopropylaluminum
chloride, diisobutylaluminum chloride and dimethylaluminum
‘bromide;

alkylaluminum sesquihalides, such as methylaluminum -
sesquichloride, ethylaluminum sesquichloride,
isopropjlaluminum sesquichloride, butylaluminum
sesquichloride and ethylaluminum sesquibrémide;

alkylaluminum dihalides, such as methylaluminum
'dichloride, ethylaluminum dichloride, isopropylaluminum
dichlofide and ethylaluminum dibromide; and |

alkylaluminumhydrides,suchasdiethylaluminumhydride,
-diisobutyléluminum hydride and ethylaluminum dihydride.

Also employable as the organcaluminum compound is a
compound represented by the following'formula.

R%ALY3,

In the above formula} R* is the same as described above,

Y is -OR®, —0SiR%, -OAR%, -NR%, -SiR%; or —N(RY)AIR%, and n

is 1 to 2.




chl oride, diethylalum num chloride, diisopropylalumnum chloride,

di i sobutyl al um num chl ori de and di net hyl al umi num bromi de; al kyl al um num
sesqui hal i des, such as nethyl al umi num sesqui chl oride, ethylal um num

sesqui chl ori de, isopropylaluninun1se§_uichloride, bu? 41 ¥ Tt N2MG 5

- sesqui chloride and et hyl al um num sesquibrom de; al kyl al um num di hal i des,
such as nethyl al um num dichloride, ethylalum num dichloride,

i sopropyl al um num dichloride and et hyl al uni num di br onmi dé: and

al kyl al um num hydri des, such as di ethyl al um num hydri de, diisobutylal um num

hydri de and etpyl aFurfdnyny dichyds ide 1Al seneqpl 5\ noal um num
conpound is a conpound represented B&'the ?gFr%%ﬁ%gﬁP§§WEE§bgﬁgﬁ’A | y3_,

In the ab a, I,S S as.edescribed abaqv Yis, - b,

i R, - OB e g e S R Ry AR 2 e Moty 5TV a2
March 2005_Rb, Rc., Rd an are nethyl., .ethy|l, isopropyl, isobutyl,

cycl ohexytSOBRERYT 09%‘?1?9211 i éL,meﬁé‘-\*'ilsSde'r 8§eﬁ?en€’t 1 ,angt ﬁyl?ngi%opr opyl ,
phenyl, trimethyl sil or_the like, and Rf and RO are nethyl, ethyl or the

yl o .
li ke. Exafbf e8ebrYSuchtlbyyarbaiifi hiss compounds i nclude the fol | owi ng

conpounds:
Examples of such organcaluminum compounds include the

following compounds:

(i) compounds fepresented by R*A1(OR);.., such as
dimethylaluminum methoxide, diethylaluminum ethoxide and
diiscbutylaluminum methokide;

{ii) compounds represented by R*Al(0SiR®}3.,, such as
Et,Al (OSiMe;), (iso-Bu)Al(OSiMes;) and (iso—Bu),Al{OSiEts) ;

(iii) compounds represented by R%Al(OAlR%)gm, such as
Et,Al0A1EL; and {iso-Bu);A10Al (iso-Buls;

(iv} compqunds represented by. R%Al(NR®%)3.,, such as

Me,AINEt,, Et,Al1NHMe, Me,AINHEL, Et;AIN(MesSi), and
(1s0-Bu) ,ALN (Me3Si) | |

{v) compounds represented by R* Al (SiR%;).,,. such as
(iso-Bu),A1SiMes; and

| (vi) compounds represented by R*%AL[N(RY)~A1RM]3.h, such
as Et;AlN (Me)-AlEt; and (iso-Bu),ALN(Et)Al (iso-Bu),.

Also available are éompounds analogous to fhe above
-compounds, such és organoaluminum compounds wherein two or

more aluminum atoms are bonded through an oxygen atom or a |

nitrogen atom. Examples of such compounds include




(1) conpounds represented by RanAl (ORb) 3_1, such as dinethylal um num
nmet hoxi de, -di et hyl al um num et hoxi de and dii sobutyl al um num net hoxi de; (i)
conmpounds. represented by Ra"Al (OSIR )3 _,,, such as Et2A (OSi Me3),

(1 so-Bu)2Al (Osi Me3) and (iso-Bu)2Al (CSiEt3); (iii) cohpounds 20 esent ed
by Ra"Al (QAIRd2) 3_n, such as Et2AI &Rl Et2 and (i so-Bu) 2Al QAL(i so-Bu) 2;
- (iv) conpounds represented by Ra, Al (NRe2)3_n, such as Me2A1NEt 2,

- Bt 2A1INHMe, Me2AINHEt, Et 2AIN(Me3Si)2 and (iso-Bu) 2AIN(Me3Si) 2; (v)
conpounds represented by Ra"Al (Si Rf3)3_n; such as (iso-Bu)2Al Si M3; and

(vi) conpounds represented by " Al R9). -Al Rh2] 3_n, such as

Et 2A1N( I\/le&12 5%921%&(2?{%2—'8&)%% "*E&’-B@“ﬂ Al so avail able are
conpounds anal ogous to the above conpounds, such as organoal um num
‘conpounds!{Gelet 21 €wbs bt (Fadtsez al dliURCREERS dog JeavdddmityBugh an oxygen
atomor a nitrogen atom Exanples of such conpounds include 35 (C2H5)

2Al QAl ( C2HB)capquAtel), DTN MEChMI R 1Rmandx2ne Marele 2805vailable.

(C2H5) 2Al N( C2H5) Al (C2H5) 2. Al um noxanes (organoal um num oxy-conpounds) ,
such as net hylzal upyaoxaheniane cingewvdirkpbksenfad dgaheatobilowimgonpound
. represented by the followwing fornula is also enployable. RaAl XY

formula is also employable. :

RA°AIXY
wherein R?®, ¥ and Y are the same as described above.

Examples of the organoboron compounds include
triphenylboron, tris(4~fluorophenyl)boron,
tris(3,5-difluorophenyl)boron,
tris(4~-fluoromethylphenyl)boron,
tris(pentafluorophenyl)boron, tris(p—tolylfboron,
tris{o-tolyl)boron, tris(3,5-dimethylphenylj)boron,
hexylborane, dicyclohexylborane, diamylborane,
diisopinocamphenylborane, 9-borabicyclof3.3.1l]nonane,’
catechol borane, B-bromo-9-borabicyclo{3.3.1}nonane,
borane-triethylamine complex and borane-methyl sulfide
complexi

An ionic compound may be used as the organoboron compound.
Examples of such compounds include-
‘triethylammoniumtetra(phenyl)boron,
tripropylammoniumtetra (phenyl)boron,

trimethylammoniumtetra (p~tolyl}boron,

trimethylammoniumtetra(o—tolyl)boron,




wherein R a, X and Y are the sane as descri bed above. Exanples of the

or ganoboron conpounds include triphenyl boron, tris(4-fluorophenyl)boron,
tris(3,5-difluorophenyl)boron, tris(4-flu6ronethylphenyl)boron,
tris(pentaflu orophenyl)boron, tris(p-tolyl)boron, t24 faxch 2409 boron,
tris(3,5-dinethyl phenyl)boron, hexylg rane, dicycl ohexyl borane,

di anyl borane, dii sopi nocanphenyl borane, 9-b6rabi cycl o[ 3. 3. 1] nonane,

cat echol borane, B-bronp-9-borabi cycl o[ 3. 3. 1] nonane, borane-triethylamnm ne
corpl ex and borane-nethyl sulfide conplex. An ionic conmpound maybe used as

the or ganﬁ,bzﬁ?r(Qﬂbﬁﬁwp&ﬂ%niﬁ@@£§§p@$£§%§%ﬂﬂﬁ%$% ude

triethyl amoni unt et ra(phenyl ) boron,” tri propylamoni untetra( phenyl ) boron,

trimet hyl j et r - :
t;:ggthzlggggg#gg%etra ge%%%%%%Bo{éﬁﬁl?ﬁ$§§E3%ﬁQ%%ERRE???i(n-butyl)
i umt t h 1) b .
7 ropy) SHER G ERID Bl g enoneny boron
ri (n-bu anmonj untetra(p-trifl uoraone en or on,
N, N- di mtﬁy%a%-m?wmr&w%ﬁ%%%&?wy% Boron,

di cycl ohexyl anmoni unt et r a( phenyl ) bor on,

‘tri phenyl SbaFpeteheretammesy pert ara (drophdmandsor at e,

triphenylcarbeniumtetrakis(pentafluorophenyl)borate,

N,N-dimethylaniliniumtetrakis (pentafluorophenyl)borate,
bis[tri(n—butyl)ammonium]nonaborate and
bis{tri(n-butyl)ammonium]decaborate.

ThealkylcomplexcompoundofaGroup1elementandaluminum
is, for éxample, a compound represented by the following
formula:

M'AIRI,
wherein M' is Li, Na or K, and R} is a hydrocarbon group of
1 to 15 carbon atoms.

Examples of such compounds include LiAl (CyHs)s and
LiAl (CqH;s) 4.

Examples of the organoboron compounds and the alkyl
complex compounds of a Group 1 element and boron include
compounds having a structure wherein aluminum is replaced with
boron in the aforesaid oiganoaluminum compounds and in the
alkyl complex compounds'qf a Group 1 element and aluminum,

respectively.

(III) Electron donor




N, N-di met hyl ani | i ni unt et r aki s(pent af | uor ophenyl )borate, bis[tri(n-butyl)
ammoni unj nonaborate and bis[tri(n-butyl) anmoni un]decaborate. The al kyl
~conpl ex conpound of a Goup 1 element and alumnum is, for exanple, a
conpound represented by the follow ng 3,; ornul a: MLA R4 Manhet ed009ML i s Li,
Na or K, and RL is a hydrocarbon group of 1 to 15 carbon atons. Exanples
of such conpounds include Li Al (C2H5)4 and LiA (C7H15) 4. Exanples of the
or ganobor on conpounds and the al kyl conpl ex conpounds of a Group 1 el enent
and boron include conpounds having a structure wherein alumnumis

repl aced with nbofRa knethecaf abgsali @'1@!&9?”@%“&@#%88&%&‘@%@9 in the

al kyl conpl ex conpounds of a G oup 1 elenent and umn respettively.

UL T e e A L S R

~conpound previous exenpl i-fi _ rom _
o P R YR ST RIS, SRRP RS, LTS
enplqyablgﬁorgéggsggﬁéo%mih%@undrepresentedbythefbllowingformula
is also employable.
RnSi(dR’)&ﬂ
wherein R and R’ are hydrocarﬁon groups, and 0<n<4.
Examples of the organosilicon compounds represented.by
the above formula-include trimethylmethoxysilane,

- trimethylethoxysilane, dimethyldimethoxysilane,
dimethyldiethoxysilane, diisopropyldimethoxysilane,
tert-butylmethyldimethoxysilane,
t—butylmethyldiethoxysilane, tertnamylmethyldiethbxysilane;
diphenyldimethoxysilane, phenylmethyldimethoxysilane,

-diphenyldiethoxysilane, bis—o—tolyldimefhoxysilane,
bis—mmtolyldimethoxysilane,_bis—p—tolyldiﬁethoxysilane, —
bis-p-tolyldiethoxysilane, biSethylphenyldimethoxysilane,
dicyclohexyldimethbxysilane,
cyclohexylmethyldimethoxysiléne,
cyclohexylmethyldiethoxysilane, ethyltrimethoxysilane,
ethyltriethoxysilane, viﬁyltrimethoxysilane,
methyltrimethoxysilane, n-propyltriethoxysilane,
decyitrimethoxysilane, decyltriethoxysilane,.

phényltrimethoxysilane, y“chloropropyltrimethoxysilane,




wherein R and R -are hydrocarbon groups, and 0<n<4.

organosilicon conpounds represented by
tri met hyl met hoxysil ane, trinethyl ethoxysilane,
di met hyl di et hoxysi | ane, dii sopropyl di g hoxysi | ane,

Exanpl es of the

t he above formul a i ncl ude
di et hyl di net hoxysi | ane,

24 March 2005

tert-butyl net hyl di met hoxysi | ane,
~di phenyl di net hoxysi | ane,

t est - anyl net hyl di et hoxysi | ane,

t - but yl met hyl di et hoxysi | ane,

phenyl met hyl di net hoxysi | ane,

di phenyl di et hoxysi | ane,

bi s- o-tol yl di met hoxysil ane, bis-mtolyldi nethoxysil ane,

bi s- p- t ol pedhpethaxybibkane lanki sephiokylidirbRoxysishane,

bi set hyl phenyl di net hoxysi | ane, di cycl ohexyl di net hoxysi | ane,

cycl ohexykiayhykdermbhoxysiuhanere reyphobexyh st byl di ehhexysil ane,

vi nyl tri nmet hoxysi | ane,

et hyl tri met hoxysilane, ethyltriethoxysilane,

nethyltrlaegneyxﬁkhéeaoxgsﬂagaglt558L99§y;tkﬂgehexygfthéf'”Ethoxys"a“e,

decyl tri et hoxysil ane,

hi
Ly cr oERBMGARES

phenyl t ri net-hoxys

38 24 March 2005 |
anépgéég%;%ﬁgré¥H%&ﬁ&ﬁﬁééﬁ?f% gﬁ%ﬁ@%%%ﬁﬂﬁ?hoxy3|lane

triethoxysil ane,

bu y

ane, c‘ﬁf%-‘r'ﬁ:?%e( %%%@é]?eq( ﬁgf nyltriethoxysilane,
Vlnyltrlbutox¥s||ane

trlmethoxy51lane,

V- 2ﬁfﬁ£§ﬁ%§§$?f¥%%%§§ Serpid
ethyltriisp si | ane,
“cycl ohexyTLrY FREHBAyerYahbane, cyclohexy
- cyclohexyltriethoxysilane, 2-norbornanetrimethoxysilane,
2-norbornanetriethoxysilane,
2fnorbornaneﬁethyldimethoxy;ilane, ethyl silicate, butyl
‘silicate, trimethylpﬁenoxysilane, methyltriéllyloxysilane,
vinyltfis(B—methoxyethoxysilane), vinyltriacetoxysilane,
dimethyltetraethoxydisiloxane,cyClopentyltrimethoxysilang;
2—methylcyclopentyltrimethoxyéilane,
2,3-dimethylcyclopentyltrimethoxysilane,
cyclopentyltriethoxysilane,

dicyclopéntyldimethoxysilane,
bis(2-methylcyclopentyl)dimethoxysilane,
-bis{2,3-dimethylcy¢lopentyl)dimethoxysilane,
dicyclopentyldiethoxysilane,

tricyclopentylmethoxysilane,

‘tricyclopentylethoxysilane,
dicyclopentylmethylmethoxysilane,

dicyclopentylethylmethoxysilane,

hexenyltrimethoxysilane,




- cycl opent yl di net hy

cycl ohexyl tri et hoxysil ane, 2-norbornanetrinethoxysil ane,

2- norbor nanetri et hoxysi | ane, 2-norbor nanenet hyl di net hoxysi | ane, ethyl
silicate, butyl silicate, trinethylphenoxysilane, nmethyltriallyloxysilane,
vinyltris(f3-methoxyethoxysilane), vimgtriacetoxysilahdfarch 2005

-di met hyl t et r aet hoxydi si | oxane, cycl opentyl trinethoxysil anq,

2- et hyl cycl opentyl tri net hoxysi | ane, _

2, 3-di net hyl cycl opentyl tri met hoxysil ane, cycl opentyltriethoxysilane,

di cycl opent yl di et hoxysi | ane,. bi s(2-nethyl cycl opentyl)di net hoxysi | ane,

bi s( 2, 3- dilirevhybpgotppeatily) dihekhisxyshkane, di cycl opentyl di et hoxysi | ane,
tricycl opentyl met hoxysilane, tricyclopentylethoxysil ane,

di cycl opeayylapthyl beihexygikadeoxydi tystopent yl et hyl met hoxysi | ane,
~hexenyl tri met hoxysil ane, 39 24 March 2005 di cycl opent yl net hyl et hoxysi | ane,

cycl opent i apehi) 1l Boky sht 8R6xyo £y chopeayy! di et hyl met hoxysi | ane and
et hoxysi | ane. %I these, preferably used are
ethyltrieg§@%a§éAg@@aimé%ﬁ§fggﬂgﬁ§§£ﬂg&g§iIane, tert-butyltriethoxysilane,

Of these, preferably used are ethyltriethoxysilane,
n—propyltriethoxysilane, tert—butyltriethoxysilane,
vinyltriethoxysilane, phenyltriethoxysilane,
vinyltributoxysilane, diphenyldimethoxysilane,
'phenylmethyldimethoxysilane, bis—p—tolyldimethoxysilane,
p—tolylmethy}dimethoxysilane, dicyclohexyldimethoxysilane,
cyclohegylmethyldimethoxysilane,

-~ 2-norbornanetriethoxysilane,
2—norbornanemethyldimethoxysilane, phenyltriethoxysilane,
dicyclopentyldimethoxysilane, hexenyltrimefhoxysilane,
cyclOpentyltriethoxysilane,tricyclopentylmethoxysilaneand
cyclopentyldimethylmethoxysilane.

Also employable as the eleétron donors (III).are
nitrogen—containingelectrondonors,:nnﬂ1as2,6—substifuted
piperidines, 2,5—spbstituted piperidines, substituted

ﬂ.methylenediamines, specifically
N,N,N’,N’—tetramethylmethyleﬁediamine‘and
N,N,N',N’—tetraethylméthylenediamine, and substituted
imidazolidines, specifically 1,3—dibenzyliﬁidazolidine and

1,3-dibenzyl-2-phenylimidazolidine; phosphorus-containing




vinyl triethoxysilane, phenyltriethoxysilane, vinyltributoxysilane,

di phenyl di net hoxysi | ane, phenyl net hyl di met hoxysi | ane,

bi s-p-tolyldi met hoxysilane, p-tolylnethyldi nmethoxysil ane,

di cycl ohexyl di met hoxysi |l ane, cycl oheyyl met hyl di met hoxy siidadte, 2005

2- nor bor nanetri et hoxysi | ane, 2-norbornanenet hyl di net hoxysi | ane,

phenyl triethoxysilane, dicyclopentyldinethoxysil ane,
hexenyl t ri nmet hoxysi | ane,

cycl opentyl triethoxysil ane, trlcyclopentylnethoxyS|Ianeand

- cycl opentyl &t s hyddms hox yaidrang pNo%@)tﬁfﬂélsoy%bb@lgicbmgyekggggggldonors
(I'1'1) are nitrogen-containing electron donors, such as 2,6-substituted

pi peri di r@%s&tﬁtéuwyﬁﬂﬁtﬂpwo@ Ge S 4R & Eg%gxfkﬁxlssﬂt%?m nes,

speC|f|ca y N NN, N -tetraret hyl net hyl énedi

N, N t ﬁﬂ? bst.i tuted. i m dazoli dines,

speC|f|c f%IQﬁ1§¥%£Eéﬂ¥ q%gz&ﬁgd‘ne a phosth%e’

1, 3-di ben zoli.di ne; phosph s-con i 40 24 rch 2005

el ectron %%%%}%P %rﬁ's F%ﬁ’ St sn dsﬁié&t?’tyggpﬁr/‘yﬁ gpltﬁhog N‘ﬁi te,

tri-n-pro hos h|te triisopropyl phosphite tri-n- but hosphite,

triisobut y%éhxﬁé% 43 N iqi %t C§¥Oﬁupypoﬁﬁ@sﬁﬁFbea§n%r@T%@h?FbE

phosphite; and oxygen-containing el ectron donors, such as 2, 6- substituted
tetrahydropyrans and 2,5- substltuted.tetrahydropyrans The
elgctrondonors(III)mentionedabovecanbeusedincombination

Qf two or more kinds.

Metallocene catalyst

The metatlocené cétalyst is described..

Thére is no specific limitation on the metallocene
catalyétforuseinthepreparationoftheunmodifiedpolydlefin,
and a metallocene catalyst publicly knownris employable.
Examples of the publicly known metallocene catalysts inulude
compounds of fransition metals such as titanium, vénadium,
chromium,.zitcoﬁium and hafnium, and any of the compounds,
which are.liquid or solid under the use conditions, can be
employed. The transition metal compound does not need to be
at single compound, and the compoundmay be supported on another
compound or may bé a homogeneous mixture with another compound
or may be a complex compouhd or a double cumpound with another

compound.




tetrahydropyrans and 2, 5-substituted tetrahydropyrans. The electron donors
(') mentioned above can be used in conbination of two or. nore kinds.
Metal | ocene catal yst The netall ocene catalyst is described. There is no
specific limtation on the netall ocene,  catalyst for ausevirch heggs eparation
of the unnodified polyolefin, and a et al | ocene catal yst publicly known is
enpl oyabl e. Exanples of the publicly known netal |l ocene catal ysts include
conpounds of -transition nmetals such as titanium vanadium chrom um

zi rconium and hafnium and any of the conpounds, which are liquid or solid

under the use oendhti guB1i629 REowaMRLeY%E \Lkgn etal conpound
does not need to be g singlg coﬁgound, anacgﬁg %%ﬁ%%géggﬁa§ be supported
anot her conpound

_ th m_xt W t
or Ty Do CaRE o O SF % AUEY o ENRDUAD TR EH A HEME Capound.

or may be a conpl ex conpoun

41 24 Nar 0 he blicly known netall qcene catal ysts, a
netalloceﬁg %gn%8§%8£5¥ ggcﬁ#?§¥r§B$MCFﬂPEOH3§rng 2 syn%etry or C

symmetry is preferably enpl oyed. Exanples of the netall ocene conpounds of a
chiral structﬁ?%mﬁgﬁgn% CIEyhTE? H{OFRRE uBiemPounds of a chiral

rac- et hyl ene-bi s(i ndenyl ) zi rconi um di chl ori de,

rac- et hy| e brete ebd uhidr 6f neeryey 2y r toalude di chl or i de,

rac—ethylene—bis(indenyl)zirconium dichloride,
rac-ethylene-bis(tetrahydroindenyl)zirconium dichloride,
rac—dimethylsilyl—bis(2,3,5—trimethylcyclopentadienyl)
zirconium dichloride,
Vrac—dimethylsilyl—bis[l—(4-phenylindenyl)]zirconium
VQichloride,
rac—dimethylsilyl—bis[l-(2—methyl—4—phenylindenyl)]
zirconium dichloride,
rac—dimethylsilyl—bis{l—[2—methyl~4—(1—naphthyl)ihdenyl]}
zirconium dichloride,
rac—dimethylsilyl—bis{l—f2—methyl—4—(2~naphthyl)indenyl]}
zirconium,dichloride;
rac~dimethylsilyl—bis{l~{2—methyl—4—(l—anthryl)indenyl]}
zirconium diéhlbride,

‘:rac—dimethylsilyl—bis{l—[2—methyl—4~(9—anthryl)indenyl}}
zirconium dichloride,
ra0mdimethyl$ilyl—bis{1~[2—methyl~4—(9~phenanthryl)
indenyl]}zirconium dichloride,

:aCndimethylsilyl-bis{1~[2—methyl—4—(o—chlorophenyl)




rac-di met hyl silyl-bis(2,3,5-trinmethylcycl opentadi enyl) zirconium
di chl oride, rac-dinethylsilyl-bis[1l-(4-phenylindenyl)l zirconium
di chloride, rac-dinethylsilyl-bis[1l-(2-nethyl-4-phenylindenyl)l zirconium
~dichloride, rac-dimethylsilyl-bis{l-[Z;methyl-4-(1-naphtiytah neeoey! ]}
-zi rconi um di chl ori de, : o
rac-di met hyl silyl-bi s{1-[2-nethyl-4-(2-naphthyl)indenyl]} zirconium
di chl oride, rac-dinethylsilyl-bis{l1l-[2-nmethyl-4-(l-anthryl)indenyl]}
zi rconi um di chl ori de,
rac-di met byishyy|  bi sddni@mn@idyl cAid9- anthryl)indenyl ]}  zirconi um
di chl oride, rac-dinethylsilyl-bis{l1l-[2-nmethyl-4-(9-phenanthryl)

i ndenyl ]} zh&conharmei €Nl O Ligdes 11— 12— 4
rac-di met hyl si Iyl -bjids{l Yo met hyl -4 e or oA S F RS 2005

i nd I . . . e .
:gc?gynL%%@?sin%r?%?gfﬁgf@éﬁﬁ%ﬁ%&qaﬁ?%bntafIuorophenyl) i ndenyl ]} zirconium
di chl ori -.di hylsi,lyl-pis[1-(2- .- 4- ylind I [ [

R SR S s R

zirconiumdichl ori de, .
Zirconium éacblorlde,

rac—dimethylsilyl—bis{lm[2—ethyl~4—(1~naphthyl)indenyl]}
zircohium dichloride,
rac-dimethylsilyl-bis{1-[2-ethyl~4-(9-phenanthryl)
iﬁdenyl]}zirconium dichloride,
rac—dimethylsilyl—bis[1—(2~n—propyl44uphenylindenyi)]
ziréoniﬁm‘dichloride,
rac-dimethylsilyl-bis{1-[2-n-propyl-4-(1-naphthyl)
indenyl}}zirconium dichloride and
rac*dimethylsilylmbis{l—[2—n~propyl—4~(Q—phenanthrylj
indenyl]}zirconium dichloride.
Of the compounds, metallocene compounds having bulky
substituents, such as
raqwdimethylsilyl-bis{1—[2—ethyl—4—(1—naphthyl)indenyl}}
zirconium dichloride,

N rac-dimethylsilyl—bis{1—[2~ethyl—4~(9fphenanthryl)

_ indenylj}zirconium dicthride,,
rac-dimethylsilyl-bis{1l-(2-n-propyl-4-(1l-naphthyl)

indenyl] }zirconium dichloride and




‘rac- dlnethyI5|IyI bls{l-[2 ethyl 4- (9-phenanthryl) indenyl]}zirconium
dichloride, rac-dinethylsilyl-bis[l|-(2-n-propyl-4-phenylindenyl)]

zi rconi um di chl oride, rac-dinethylsilyl-bis{l-[2-n-propyl-4-(1-naphthyl)

i ndenyl ]} zirconium di chl oride and 24 March 2005
raC-dinethyIsiIyI-bis{l-[2-n-propy|-43%%-phenanthryl) i ndenyl ]} zirconium
dichloride. O the conpounds, netall ocene conpounds havi ng bul ky

substituents, such as

rac-di met hyl silyl-bis{l-[2-ethyl-4-(l-naphthyl)indenyl]} zirconium
di chl ori deacrdtmdihgl hylisikylishils{b~h2pebpyh-4=(9- phenanthtyh)

i ndenyl ]} zirconi umdichl ori de,

di met hid '
rac. di net eyaijéy%!é } gﬁﬁ{ﬁ/g?gﬁm;ﬁoﬁm]}l&e (brBaRtpl) ok OAFP I Al f &N um

rac. ol et byl stkvdni of 1ok 2 Ao phopul 1 d-L0s PhSRANLIRY ). Lndepyl] )21 rooni um

di chl ori de, are nor e prefera y enp oye ocene
oo enerstE ?E&?é ﬁ%@lﬁﬁéﬁgﬁ$%$@$ﬁv'“?aéiﬁé¥”“eﬁéyfi38l2ﬂ§|>zirconium
dlchlorld hyl - 4- henant hryl ) - 1-i ndenyl ]

(2,7- mlnﬁ %ﬁ??f 47 L3P ﬁ? E%?b%iﬁﬁ 1ndenyl]
(9-fluorenyl) zirconium dichloride,
ethylene[2-methyl-4-(9-phenanthryl)-1-indenyl]
(2,7-dimethyl-9-fluorenyl)zirconium dichloride,
dimethylsilyl(9—fluorenyl)(3—t—butylcyclopentadienyl)
zirconium'dichloride and
'diphenleilyl(9—fluorenyl)(3—t—butylcyclOpenta&ienyl)
AZirconium dichloride.

“The metallocene compounds mentioned above may be used
-singiy or in combination of two or more kinds, and may be uéed
in combination with the aforgsaid solid titanium catalyét

~ -component (I).

The metallocene compound is used in combination with the
aforesaid organometallic catalyst component (II}.

One exaﬁple of the metallocene catalyst is described

~ below.

The metallocene catalyst is formed from, for example,

(a) a transition metal compound of a Group 4 metal of
the periodic table, which contains a ligand having a

cyclopentadienyl skeleton, (sometimes referred to as




di ret hyl silyl (9-fluorenyl) (3-t-butylcycl opentadi enyl) zirconiumdichloride
and- di phenyl silyl (9-fluorenyl)(3-t-butyl cycl opentadienyl) zirconium

dichl oride. The netal |l ocene conpounds nentioned above may be used singly
or in conbination of two or nore kinds,,and may be used Mirciondgmnati on
with the aforesaid solid tltanlun1cata?y conponent (1). The netal |l ocene
conmpound is used in conbination with the aforesaid organonetallic catalyst
conponent (11). One exanple of the netall ocene catalyst is described

bel ow. The netal |l ocene catalyst is forned from for exanple, (a) a

transiti onnreiadll cemROWhISurRl @=0up ne fBLalr+afy the periodic table, which
contains a ligand having a cycl opent adi enyl skeleton (sonetines referred
to as 44 24 Margh 2003 A8 %hh%ﬁﬁﬁﬁ gggpgpﬁg %g herelnafter) (b) an

or ganoal um num oxy- conpoun opti ona “a particulate carrier. (a)
‘Met al | ocene cogpgu % Igﬁﬁqﬁ al | ocene conmpound (a) is represented by the
foll ow ng for ?

{c) a partlculate carrier.

(a) Metallocene compoundr
The metallocene compound {(a} is-repreéented by the
following formula (1). |
MLy (1)
in the above formula, M is a transition metal atom of
.Grouptioftheperiodictable,specificallyzirconium,titanium
or hafnium.
L is a ligand coordinated to the transition metal atom.
'Et least one of L is'a ligand containing a ligand having a
cyclopentadienyl skeleton, and L other than the ligénd
‘contaiﬁing a ligand having a cyclopentadiényl skeléton is a
- hydrocarbon group of 1 to 12 carbon atoms, an alkoxy group,
ah aryloxy group, a trialkylsilyl group, a SO3;R group (R is
a hydrocarbon group of_l to 8 carbon atoms which may have a
Substituent such as halogen), a halogenlor-hydrogen- X is
a number satisfying a valence of the transition metal atom.
Examples of the ligands containing a ligand having a
byclopentadienyl-skeleton include a cyclopentadienyl group;
'alle~substitutéd-cyclopentadienyl groups, such as

a methylcyclopentadienyl group,




In the above formula, Mis a transition metal atomof G oup 4 of the
periodic table, specifically zirconium titanium or hafnium L is a |ligand
coordinated to the transition nmetal atom At least one of L is a |ligand
containing a ligand having a cyclopentadienyl skel et%h Madrd 2%8her "t han
the ligand containing a |igand having™a cycl opent adi enyl skeleton is a
" hydrocarbon group of 1 to 12 carbon atons, an al koxy group, an aryl oxy
group, a trialkylsilyl group, a S8R group (Ris a hydrocarbon group of 1
to 8 carbon atons which may have a substituent such as hal ogen), a hal ogen

or -hydr oggndixetByladyBupBentgattafyi §goapval ence of the transition netal
atom Exanples of the |igands containing a |igand having a

cyel opent ack eyl el oL 9nobAcLudengr cyplgpent adi eyl group,

al kyl - substituted tyct opentadi eny ups,’such as a _
o oup, &t LT Reehy EAy b S P aa AT GBRoCa t ot r anet hyl cycl opent adi enyl
group, -a pentanet hyl cycl opent adi enyl group, an ethyl cycl opent adi enyl
group, ‘a %EQ%@W%$%€¥%§%Y% gﬁ?%ﬁ?_ YHrHEPEP- a propyl cycl opent adi enyl
group. & ot I P DY SYEn RIS S ¥ oudr OUP: |

a methylethylcyclopentadienyl group,

a propylcyclopentadienyl group,

a methylpropylcyclopentadienyl group,

a butylcyclopentadienyl group,

a methylbutylcyclopentadienyl group and

a hexylcyclopentadienyl group:

an indenyl group; a 4,5,6,7—te£rahydroindenyl group; and

a fluorenyl group. These groups may be substituted with a

halogen, a trialkylsilyl group or the.like;

When the compound of the formula (I} contains two or more
groups having a cyclopentadienyl skeleton; two of the groups
having a cyclopentadienyl skeleton may be bonded to each other
through an alkylene gfoup such as ethylene or propylene, a
substituted alkylene group such as isoproﬁylidene ox
diphenylmethylené,asilylenegroup,cn:asubstitutedsilylene
'group such as dimethYlsiiylene, diphenylsilylene or
methylphenylsilylene.

The ligand L other than the ligand having a

cyclopentadienyl skeleton is, for example, as follows.




a butyl cycl opent adi enyl group, a mnethyl butyl cycl opent adi enyl group and  a
hexyl cycl opent adi enyl group; an indenyl group; a 4,5,6,7-tetrahydroi ndenyl
group; -and a fluorenyl group. These groups may be substituted with a -
hal ogen, a trialkylsilyl group or the |ike. Wen the Zbonifpowid Z28f0% he
formula (1) contains two or nore grouﬁg havi ng a cycl opent adi enyl

skel eton, two of the groups 'having a cyclopentadi enyl skeleton may be
‘bonded to each other through an al kyl ene group such as ethyl ene or

propyl ene, a substituted al kyl ene group such as i sopropylidene or

di phenyl ngkhyl-eRe, & $hky uhstituted,si_lylene group such
as di net hyl si erng, di%hggeﬁgg%g gﬁeggPap%E?Eprﬁéng?s??§¥%%e§t e | i gand

L other th i d ing a cl.opent adi enyl skeleton is, for

exanpl e, age%gp%oﬁ%%§269%%ﬁb§fcﬁyfgéglggznﬁFggpéf Fﬁ@ﬁhQGPBeﬁrBBH groups of
1 to 12 car tons _include al kyl groups, cycloal kyl groups, aryl groups
and aral§§$?§V u8§9uﬁﬁre specifically, there can be nentioned: alkyl
groups, such as nethyl, ethyl progyl, i sopropyl and butyl; cycloal kyl
groups, such a@oEﬁcﬁﬁﬁéhfyFaé%Mrc PBResgN; beamghtgenads, such as phenyl

and tolyl; and _
alkyl groups, such as methyl, ethyl, propyl, isopropyl

and butyl;

cycloalkyl groups, such as cyclopentyl and cyclohexyl;

aryl groups, such as phenyl and tolyl; and

aralkyl groups, such as benzyl and neophyl.

Exambles of the alkoxy groups include methoxy, ethoxy
and‘butoky.

Examples of the aryloxy groups include phenoxy.

Examples of the halogens include fluorine, chlorine,
bromine and iodine.

Examples of the ligands represented by SOs;R include a
p-toluenesulfonato group, a methanésulfdnate group and a
trifluoromethanesulfonato group.

When the ﬁalence of the transition metal atom is 4, the
metallocene compound (a) containing a ligand having a -
cyclopentadienyl.skeleton is more specifically represented
by the following fOrmula (2): |

RY,R%R% R (2)
wherein M is the same transition metai atmﬁ as M in trhe fO.‘C.millér

(1},R1is¢agroup(ligand)havingéicyclopentadienylskeleton,




aral kyl groups, such as benzyl and neophyl. Exanples of the al koxy groups

i ncl ude net hoxy, ethoxy and butoxy. Exanples of the aryloxy groups include
phenoxy. Exanples of the hal ogens include fluorine, chlorine, bronmne and
i odi ne. Exanples of the ligands represented by SO3R idfc|Megdecta 2005

o p-tol uenesul fonato group, a net hanesul$bnat e group and a

trifluoromethanesul fonato group. Wen the val ence of the transition netal
atomis 4, the netallocene conpound (a) containing a |igand having a
cycl opent adi enyl skeleton is nore specifically represented by the

f ol | owi nggkor (9, R1 M(2) wherein Mi.s the sane transition

metal atom ?asfﬁnlil/lglﬂﬁ1 1'%hg F o?ﬁ’]b%?é %9('3(:‘%,)1,11(95%%1 RS 9%?%%%‘3??@)5ﬁd§k%§%% a
cycl opent adi | . skel eton, 47 24 ch 2005 R3 and R4 are a group having a
cyclopentg |%%¥Y1§¥%¥%?oﬁ,c%ﬁ#%ﬂ%%§{é?ﬁﬁﬁ? AN Al o SRR - gR B Lt a By lar y |
group, an aral kyl roup, an al koxy group, an aryloxy group, a
trial kyl sPFYHPgroup: O%&é%%??g?B@&Y%QQ%HQERHV@ﬁrhﬁék6§§ﬁimiqﬁpwgbinteger
of 1 or greater, and atb+c+d=4. A netall ocene conmpound wherein at | east
two of R12 FOR IWugndaraaiaceheot divAleodn) a3 ifomnexatpyer &E ard R2, are

groups
greater, and at+btct+d=4,
A metallocene compound wherein at leaét two of R*, Ra
33 and R* in the formula (2), for example, R and R?, are groups
(ligands).having a .cyclopentadienyl skeleton is preférabiy
employed.
Wbenthemetallocenecompoundhastwoormoregroupshaving
a cyclopentadienyl skeleton, two of fhe groups having a
.cyclopentadienyl skeleton may be bonded through an alkylene
_group'such as ethylene or propylene, a substituted élkylene'
group:mxﬂ1asisoprgpy}idéﬁé@n:diphenYlméthylené,51silyiene"
group,oraSubstitutedsilylepegroupsuchasdimethylsily1ene,'
dipheﬁylsilylene or methylphenYlsilylene; |
R® and R® are a group having a cyclopentadienyl skeleton,
an alkyl group, a cycloalkyl group, an aryl group, an aralkyl
group,analkoxygroup,anaryloxygroup,atrialkylsilylgroup,
a S03R group, a halogen or hydrogen.
| Examples of the metéliocene compounds wherein M is
zirconium include bis(indenyl)zirconium dichloride,
bis(indenyl)zirconium dibromide,

bis(indenyl)zirconiumbis(p—toluenesulfonato)bis(4,5,6,7—




('t gands) havi ng a cycl opent adi enyl skeleton is preferably enpl oyed. Wen
the netal |l ocene conpound has two or nore groups having a cycl opent adi enyl
skel eton, two of the groups having a cyclopentadienyl skeleton may be
bonded through an al kyl ene group such as ethyl ene oré%pl&pglerd 0%
substituted al kyl ene group such as i sHpropylidene or di phenyl nethyl ene, a
silylene group, or a substituted silylene group such as dinethylsilylene,
di phenyl silyl ene or net hyl phenylsilylene. R3 and R4 are a group having a
cyclopent adi enyl skel eton, an alkyl group, a cycloal kyl group, an aryl
group, an, aral kyl rou nal koxygr oup, . anaryl oxygroup, atrial kylsilyl -
group, at§E§§%ég583P8§%H§?565ﬁ08¥%WygﬁS&iﬁFl anpl es of the netallocene
conmpounds_ wherein Mis_  zirconium.include bis(indenyl)zirconiumdichloride,
bi s(i ndenPRFALLE8RPHAPBIERTAE™ BitshdPRdERYI ) zirconi unbis
(p-toluenesul fonato)bis (4,5, 6,7 48 24 March 2005
tetrahydr 6thdérpEP2E(ébArnmldizéhropnide, dishdprliderenyl ) zi rconi um
dichloride, ethylenebis(indenyl)zirconiumdichloride,
et hyl enebgshivhdenpliriindeniylmedrbrofmimedibromide,
et hyl enebi s(i ndenyl ) di net hyl zi r coni um
et hyl enebeshiyhdraph 3 di pienyizdinenhyiy i rebhyl@pebi s(i ndenyl ) met hyl zi rconi um -
monochl ori de, '

ethylenebis (indenyl)diphenylzirconium,

ethylenebis (indenyl)methylzirconium monochloride,
ethylenebis(indenyl)zirconiumbis(methanesulfonéto),
'ethylenebis(indenyl)zirconiumbis(pmtolueneéulfonato),
ethylenebis (indenyl) zirconiumbis (trifluorometharie-
sulfonaté),
ethylenebis(4,S,6,7—tetrahyd£oindenyl)zirconiumciichlbride,
isopropylidene (cyclopentadienyl-fluorenyl) zirconium
dichloride,

isopropylidene (cyclopentadienyl-methylcyclopentadienyl)

zirconium dichloride,

dimethylsilylenebis(cyclopentadienyl)zirconium dichloride,
dimethylsilylenebis(methylcyclopentadienyl)zirconium
dichloride,
dimethylsiiylenebis(dimethylcyclopentadienyl)zirconium
dichloride,’ |
dimethylsilylenebis(trimethylcyclopentadienyl)zirconium
dichloride, dimethylsilylenebis (indenyl)zirconium

 dich1oride, dimethylsilylenebis{indenyl)zirconiumbis




et hyl enebi s(i ndenyl) zirconiunbi s(met hanesul f onat o),

et hyl enebi s(i ndenyl ) zi r coni unbi s( p-t ol uenesul f onat o) ,

et hyl enebi s(i ndenyl ) zi rconi unbi s(trifl uoronmethane- sul fonato), ethylenebis
(4, 5, 6, 7-tetrahydroindenyl) zirconiumdichloride, 24 March 2005

i sopropylidene(cycl opent adi enyl -fl uorenyl)zirconium dichloride,

i sopropylidene(cycl opent adi enyl - et hyl cycl opent adi enyl ) zi rconi um
~dichloride, dinethylsilylenebis (cyclopentadienyl) zirconiumdichloride,

di met hyl si | yl enebi s(net hyl cycl opent adi enyl ) zi rconi um dichl ori de,

di met hyl sickyk engbi-shdi ABLRY:¢¥chapent adi enyl ) zi rconi um di chl ori de,
di met hyl si | yl enebi s(tri nethyi cycl opent adi enyl ) zi rconi um dichlorlde,

di et hvl Si C O R ! i chiorid . .
ai ot iyl oerErERERE Y RaERN Tt BeBhi ket s 5 Rprr bobgooniun
C(trifl t | f to), '
giL%th??gﬁggmgﬁgggg(4?g?6?;-tetrahydroindenyl)zirconiun1 di chl ori de,
dinethylsilyIenegcyclopentadienyl-flupren I%zirconiun1_dich[oride,
di pheny! sfH9¢eng ?%%Y%%%%&F¥%%?E%ﬂFﬁﬂ+e@Yih Hiewenyl) zirconium

met hyl phenyl si | yl enebi s(indenyl ) zirconium dichloride,
bi s(cycl optr bRt byl ) ¢ipleony L ty tenebigéindenyl) zirconium

dichloride, methylphenylsilylenebis (indenyl) zirconium
dichloride, bis(cyclopentédienyl)zirconipm-dichloride,
bis(cyclopeﬁtadienyi)zirconium dibromide,
bis(cyclopentadienyl)methylzirconium monochloride,
bis(cyclopentadienyl)ethylzirconium monochloride,
bis(cyclopentadienyl)cyclohexylzirconium monochloride,
bis(cyclopentadienyl)phenyliirconium moncchloride,
bis(cyclopentadienyl)benzylzirconium monochloride,
bis(cyclopentadienyl)ziréonigm monochloride monohydride,
<bis(cyclopenfadienyl)methyliirconium monchydride,
bis(cyclopentadienyl)dimethylzirconium,.
bis(cyclopentadienyl)diphenylzirconium,
bis(cyclopentadienyl)dibenzylzirconium,
Vbis(cyclopentadienyl)zirconium methoxychloride,
bis(cyclopentadienyl)zirconium ethoxychloride,
-pis(cyclopentadienyl)zirconiumbis(methanésulfonato),
fbis(cyclopentadienyl)zirconiumbis(p—toiuenesulfonato),
bis{cyclopentadienyl)zirconiumbis

{trifluoromethanesulfonato),




b
b
b
b
b
b
bi
bi
bi
bi
bi

. bi
b
b
b
b
b
bi
bi
bi
b

s(cycl opent adi enyl ) zi rconi um di br om de,

s(cycl opent adi enyl ) met hyl zi r coni um nonochl ori de,

s(cycl opent adi enyl ) et hyl zi r coni um nonochl ori de,

s(cycl opent adi enyl ) cycl ohexyl zi r coni_.um nonochl ori deZ4 March 2005
S(cyclopentadienyl)phenylzirconiun1ﬁ8noch|oride,

s(cycl opent adi enyl ) benzyl zi r coni um nonochl ori de,

s(cycl opent adi enyl ) zi r coni um nonochl ori de nonohydri de,

s(cycl opent adi enyl ) net hyl zi r coni um nonohydri de,

S(CYC|OQEQEﬂgﬁﬁﬂ%+%%%%§égy%éiééiﬁqiggconium dichloride,_

s(cycl opent adr € enyl zi r coni um

e SPET ety LA TS St R 2 oo

s(cycl o eni di enyl) zirconi unbj s(net hanesu] f onat o), .

s(cycl HT‘%%YJ;%Y%%%W%E(W% A SIS Gt gjychloride,
s(cyclopgntadienxkﬁ;irconiunbis (trifluoronethanesul fonato), 50

s( met hyPE£S cd oyt vee el P D o Eadim i Jod gt ariwdis

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

s( di met fiyd cflol opemt Gdiers ) teradoni,um et hoxychl ori de,

s(di et hyl cycl opent adi enyl ) zi rconiunbis . (trifl uoronmethanesul f onat o),
s( et hylzis i spentagd: lepyd ) tzd ¢ icani m idiad jam di,chloride,

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

s(Pr opy Ly Gleaneadi g o Tdger i B0 i df#un dichloride,
bis(propylcyclopentadienyl)zirconium dichloride,
bis(methylpropyléyclopentadienyl)zirconium dichloride,
bis(butylcyclopentadienyl)zirconium dichloride,
bis (methylbutyleyclopentadienyl)zirconium diéhloride,
bis(methylbutylcyclépentadienyl)zirconiumbis
{methanesulfonato},
bis(trimethylcyclopentadienyl)zirconium dichloride, -
bis(tetramethyléyclopéntadieﬁyl)zirconium dichloride,
bis(pentamethylcyclopehtadienyl)zirconiuﬁ dichlofide,
bis(hexylcyclopentadienyl)zirconium dichloride énd
'bis(trimethylsilylcyclopentadiényl)zirconium dichlo;ide.

In the above examples, the di-substitution products of

cYclopentadiehyl rings include 1,2- and 1,3~sdbstitution
products, and‘the trigsubstitution products of
byclopentadienylrihgéinclude1,2,3—andl,2,4—$ubstitution
products. The élkyl gréups such as propyl and butyl include.

isomers such as n~, iso~, sec- and tert-groups.




bi s(met hyl pr opyl cycl opent adi enyl ) zi rconi um di chl ori de,

bi s(butyl cycl opent adi enyl ) zi rconi um di chl ori de,

bi s( et hyl but yl cycl opent adi enyl ) zi rconi um di chl ori de,

bi s( met hyl but yl cycl opent adi enyl ) zi r coni_unbi s (nethaﬁb%dﬂ&mﬂhu2905

bi s(trimethyl cyci opent adi enyl ) zi r coni uth di chl ori de,

bi s(tetranet hyl cycl opent adi enyl ) zi rconi um di chl ori de,

bi s( pent anet hyl cycl opent adi enyl ) zi rconi um di chl ori de,

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

bls(trlnethyls p n [ |d the above

exanpl es, the EgﬁgF?tﬁg%ggigr%%%%%éfg %52?%% |€ﬁ% rkl?ﬁ% el ude

1,2- and bstltutlon roducts, . and -t he trl-substltutlon oduct s of

cyclopentga%énﬁfuy?ﬁﬂgq $k| ”qéﬁﬁﬁpn%%&lfch&%ﬂﬁﬁﬁ??Qﬂ?%ﬁrpﬁﬁﬁﬂ%ts The

al kyl groups_such._as B and,  butyl include. isoners such as n-, iso-,

sec- and £ P?ogﬁéﬁﬁsaSSE 94mﬁﬁ?éﬁ09668 EORBBUAES WAdrein zirconiumis

- replaced with titanium or hafniumin the above-nentioned zirconi um
conpounds " are als8e PRPVYEDI daysbehesedtindlicewe tonpounba dpn dhese
conpounds may be used singly or in conbination of tw or nore kinds. These

‘conpoundstwayhrousddindti | ufhrgewetpowndy dagclae edyr dal il ngeniitred

hydr ocarbon. As the netall ocene conpound (a), a zirconocene conpound

havi ng zi acopilbotasbbheoceat halogetat cat yriasdafayhng at | east

As the metallocene compound (a), a zirconocene compouﬁd
-h_avilng zirconiumras the central metal atom and having at least
two ligands containing a cyclopentadienyl skeleton is
preferably employed.

(b} Organcaluminum oxy-compound

The organoaluminum éxymcompoﬁnd.(b) is, for example, a
‘hitherto known aluminoxane or a benzene-insoluble alumiﬁum
dxy—compound-as disclbsed in Japanese Patent Laid—Opén _
-Publication No. 276807/1990..

The hitherto known aluminoxane can be prepared from the
iater—describedorganoaluminumcompound(b—2)by;forexample,
the followihg processes.

(1) An o_tganoaluminum compoﬁ-hd such as tfi_alkylaluminum
.iS'addgd'to a'hydrocarbon medium suspension of a compound
'containing adsdrption'waﬁer or a salt containing wéter of
cxystailization,'e.g., magnesium éhloride.hydrate, éopper
sulfate hydrate, éluminum sulféte“hydrate, nickel sulfate.

hydrate or cerous chloride hydrate, to perform reaction, and




two |igands containing a cycl opentadi enyl skeleton is preferably enpl oyed.
~(b) Organoal um num ox -conpound The or ganoal um num oxy-conpound (b) is, for
exanple, a hitherto known al um noxane or a benzene-insol ubl e al um num

oxy- conpound as disclosed in Japanese Patent Lai d- Opet? Mamth ct9n No.
276807/ 1990. .- The hitherto known al unitfoxane can be prepared fromthe late
r-descri.bedor ganoal um nunconmpound (b-2) by, for exanple, the follow ng
processes. . (1) An organoal um num conpound such as trial kyl al um num is
added to a hydrocarbon medi um suspensi on of a conpound containing

adsor pti oppwal Bim Qo akt f&g@éf@cﬁ‘ga}'\%ts%rluﬁg Ip;%%%th%: W@éégf'b?rsat .

magnesi um chl ori de hydrate, copper ate num su
hydrat e, nickel f.ate hydrate or_cerous_chloride drate, to perform
reaction, and é%§%%tﬁ§&ﬁl 51?%8r¥%5%ﬁﬁ%@ﬁﬁ9?@a}2§gﬁa&ﬁﬂ%ﬁﬁékg%lution
in the hydropcarbon. é%% Vfter éﬁ?ter, icg or water -vapor) is allowed to
directly 86t SR &R OF GaNOAMURT N COMPERd Stch a3 trial kAt UM in a
medi um su¢h as benzene, toluene, ethyl ether or tetrahydrofuran, and the
al uni noxahB PsMPEEBPePiaadsaPeBrERFontoilHenRe abbYe ﬁﬁépﬁnpr(B) An
organotin oxide such as dinethyltin oxide or dibutyltin oxide is allowed
to react Wethahndsepganeat arididmnm aluminoxane is recoveredas a solution

in the above medium.

{3) An organotin oxide such as dimethyltin oxide or
dibutyltin oxide is allowed to react with an organcaluminum
cémpound.such as trialkylaluminum in a medium such as decane,
rben2ene or-tolﬁene.

It is possible that the solvent or the unreacted
OrgahoaluminumcdmpoundisremoVedffomtherecoveredéolution
ofaluminoxanebydistillationandtheremainderisredissolved

in a solvent.

The organcaluminum oxy-compound (b) may contain a small
amount of a metallic component other than aluminum.

{c) Particulate carrier

Examples of the particulate carriefs ((_:) optionally used
include inorganic carriers, suchas Si0Oz, A1,03, B20s;, Mg0, Zr0y,
CaO, Tibg, Zno, Zn,0, Snoz, BaO and ThO; and resins (organic
carriers),suchaspolyetﬁylene,polypropylene,poly—l—butene,
poly—4—methy1—1—pentené and a styrene/divinylbenzene
copolymer. Of these, 5i0; is preferable. These carriers can

be used in combination of two or more kinds.



conpound such as trial kylalum numin a nmedium such as decane, benzene or

-~ toluene. It is possible that the solvent or the unreacted organoal um num
conpound is renoved fromthe recovered solution of alum noxane b
distillation and the renainder is redissolved in a ol w&afch B

or ganoal um num oxy- conpound (b) may cotain a small ampunt of a netallic
conponent other than alum num (c) Particulate carrier Exanples of the
particulate carriers (c) optionally used include inorganic carriers, such
as Si 2, A1203, B2031 MOl Zr021 CaO Ti 02, ZnO Zn20, Snot, BaO and ThGQ

and resins (organic peapLi-gLs), SYc e%%ﬁ%' %teh)éla%n ol ypr opyl ene,
pol y-1-butene, poly=4= hyt=t—= - i vi nyl benzene
copolymer. O these,, Si02 i referabl e, These carriers can__be used in
conbi nati on ofr’sl%% e rﬁ’ﬁfeai]r%%%r}e S%aJﬁﬁlK/ﬁFcﬁs 2808° bt parhel bACERe
nmet al | ocene catal yst Wien the netall gcene catalyst is a solid netall ocene
catal yst cOMTEET ifPeEsEniR RSy eot itHd ynefal e degiea Ebpgrim onround he

or ganoal um num oxy-conpound (b) and the particulate carrier (c), this
solid net &) oddfecEgpaPysunisungraedc@yrousd pdor ehdgt héeamtiatuledene
conpound (a) and the organoal um num oxy-conpound (b) on the particul ate
carrier (@riiemctordartes swlid andiia hbotenknosnahestolls formed by

supporting themetallocene compound (a) and the organoaluminum
oxy-compound (b} on.thEaparticulate cérrier'(c) in accordance
with a hitherto known method. | |

Thesolidmetallocenecatalystmaybeformedbysupporting
the later-described organoaluminum compound [b-2) together

. with the metallocene compound {a) and the organocaluminum
ony4compound_(b) on- the particulate cariier.

In the @reparation of the solid metallocene catalyst,
the metallocene compound (a) is used in an amount_in'térms
of a transition metal atom of usually 0.001 to 1.0 mmol,
preferably 0.01 to 0.5 mmol, based on 1 g.of the particulate
carrier (c), and the organocaluminum oxy-compound (b) is used
in an amount of usually 0.1 to 100 mmol, preferably 0.5 to
20 mmol.

The. solid metallocene catalyst has a particle diameter
'of-usually 1 to 300 um, breferably 10 to 100 um.

Thesblidmetallocenecatalystmaycontaiﬁ,ifneceSsaryf

other components useful for the olefin polymerization, such




The solid netall ocene catal yst maybe formed by supporting the

| at er - descri bed organoal um num conpound (b-2) together wth the

" netal |l ocene conmpound (a) and the organoal um num oxy-conpound (b) on-the
‘particulate carrier. In the preparati%% of the solid 4etHidgeetdat al yst,
the netal |l ocene conpound (a) is used i7If an amount in terns of a transition

nmetal atom of usually 0.001 to 1.0 mmol, preferably 0.01 to 0.5 mol,

based on 1 g of the particulate carrier (c), and the organoal um num

oxy-conpound (b) is used in an anmount of usually 0.1 to 100 mol,

pr ef e abl 450up 020, Wbk Thes S0kl gehallocone, catalystndips gparticl e

dianeter of usually 1 to 300 pm preferably

‘| ocene ¢ ﬁéyggoggymgggigﬁﬁﬂSégagfﬁggiﬁg%%ﬁ%ggggr conmponents useful for the

ol efin polynerization, suc S an el ectron donor and a
reaction assistant, t.ogether wth the above-nentioped catal yst conponents.
The solid neta ?%é%ﬂé‘gaFEF;%PCFBF ﬁ%%af'S?H%”1H§§n%?dﬂ“3ﬁﬁ?%ﬁ@lgn
prepol yneri zed catal yst obtai ned by prepolynmerizing an olefin onto the
sol i d rret‘&wg&ﬁ_&%%&%hg}%%lﬁlW%ﬁattﬁléfféltew%ab%w@f PEsPPréaMEF iZdngi ed out
~using the netallocene catalyst, the foll ow ng organoal um num conpound
(b-2) ca@BbeClBEH t oyt Here wiahid Heeret idovenateatwdtyst . (b-2)
Or ganoal um num conpound

When the olefin polymerization is carried out using the

metallocene catalyst, the following organcaluminum compound
(b—2) can be used together with the metallocene catalyst.

(b-2} Organoaluminum compdund

Examples of the organoaluminum compounds (b-2}, which:
_are‘used‘as the orgénoaluminUchompOUnds {b-2} for the olefin
polymerization and used for preparing the aforesaid solution
of the organocaluminum oxy-compound (b)), include:

trialkylaluminums, such as trimethylaluminum,
triethylaluminum, tripfopylaluminum, triisoprobyléluminum,
tri—n—butylaluminﬁm, triisobutylaluminum;
tri-sec-butylaluminum, tri-tert-butylaluminum,
tripentylaluminum, trihexylaluminum, trioctylaluminum,
tridecylaluminum, tricyclohexylaluminum and

tricyclooctylaluminum;

dialkyléluminum-haiides, such as dimethylaluminum
chloriae, diethylaluﬁinunichloride, diethfléluminuml:romide

and diisobutylaluminum chloride;




Exanpl es of the organoal um num conpounds (b-.2), which are used as the

or ganoal um num conpounds (b-2) for the olefin polynerization and used for
preparing the aforesaid solution of the organoal um num oxy-conpound (b),

i ncl ude: trial kyl al umi nuns, such as t[?i met hyl al umi nu4 Maiddt BACA umi num
tripropylalum num triisopropylalumn r?; tri-n-butylal um num
triisobutylalumnum - tri-sec-butylalumnum tri-tert-butylalum num
tripentylalum num trihexylalumnum trioctylalumnum tridecylal um num
tricycl ohexyl al umi numand tricyclooctyl al um nun dial kyl al um num hal i des,

such as_di et 2]l i ith Ok 8 1l et bl s v |

~di et hyl al um num br]gyn‘i de %ind di%/sojbut yT a%n?nﬁ C o*?ﬂd%f;‘h‘g@“ﬂ Mar ch 2005
di al kyl al ym i de i yl al. um, num hydri de and

di i sobut y@%%%%%y%lrlf%%gw %‘?ﬁ?ﬁ%’ﬁéﬁﬁnﬂ criﬁ:%ﬁ“ﬁbxi des, such as

di net hyl al um num t hoxi de and. di et hyl al um num et hoxi de; and,

di al kyl al uni nu %%‘ﬂ%{m%u%%k%l @ HS i mem% t hese,
trialkylal ur;%{}g)r are preferable, and triethylalum num and

“triisobutBF A ARyt Er . Bttt e 208 so enpl oyabl e as t he

or ganoal um num conpound i s ) _
: dialkylaluminum aryloxides,. such as diethylaluminum

phenoxide.

Of these, trialkylaluminums are preferable, and
triethylaluminum and triisobutylaluminum are particularly
preferable.

Also employablé as the organoaluminum compound is
isoprenylaluminum represeﬁted by the following formula:

{(1-CqHs} xAly (CsHyo) .
wherein X, y and z are positive integers, and z=2x.

Theseorganoaluminumcompoundsmaybeusedincombination
of two or more kinds. |

The'organéaluminum'éémpound (b-2) méy contain a small
amount of a metallic éomponent other than aluminum.

When the organoaluminum compound (b-2} is supported on
the parti;ulate carrier (c) together with the metallocene
Compound (a) and the organoaluminum oxy-cémpouﬁd {b),'the

‘ organoaluminuntéompbund (b*Z) is used.in.anﬁamount of usually
1 to 300 mol, preferably 2 to 200 mol, based on -'1_m§1 (in. ferms

of a trans-itio_n metal atom) of the solid metallocene catalyst..




i soprenyl alum numrepresented by the following formula: (1-COH9)Aly
(C5H10) z wherein x, y and z are positive integers, and z? 2x. These
or ganoal unm num conpounds may be used in conbination of two or nore kinds.
The organoal um num conpound (b-2) may contain a. smal44 Mawstht?WP a
met al | i ¢ conponent ot her than al uni nufm® Wien the organoal uni num conpound
(b-2) is supported on the particulate carrier (c) together wth the
nmetal | ocene conpound (a) and the organoal um num oxy-conpound (b), the
or ganoal um num conmpound (b-2)- is used in an anount of usually 1 to 300
mol, preferably 2 to,200 nol,. based on,1 yol (inh terpp of a transition
metal atom) of the s® S SRSTARVL e oatat st 2005 56 Preparation
of unnodified polyolefin In the present invention, an olefin of 2 to 20
carbon atoms % %%?y%@%%ﬁa YV etpEtymett 2lefim (e Drtes e eagbarhe
~ catal yst nentioned above to prepare an unnodified polyol efin. Exanples of
‘the ol ef i B§°BF 5 e LyDegdiassh ottt omso byred ek add yin Gbedpirastéunde @f lbpleene,
propyl ene, 1-butene, 3-nethyl-I|-butene, 3-taethyl-I-pentene and :
4- et hyl - Fapehyehaerthiesed@norets pneya be ansednsd hfjl ¢d go liyve ledrin.nat i on of
two or nore kinds, or may be copolynerized with polynerizabl e nononers
such as di eneBxahhbss bifarhobebithias Mherd he ERhomes Sols preFedapilngl v,
propyl ene is _ '
' used includeethylene, propylene, 1-butene, 3~-methyl-1-butene,

3—methyl—l—pentene.and 4-methyl-1-pentene. These monomers
nay be used singly or in combination of two or more kinds,
or may'be copolymerized with poiymerizable monomers such as
dienes other than olefins, |

Wheﬁ the monomers are used siﬁgly, bropylene is
particularly preferabie; When the monomers arelused'in
combiﬁation of two or more kinds, combinatioﬁs of ethylene
and propylene; ethylene and butene; ethylene and octane;
ethylene,'propylene'and butene;_and ethylene,rpropylene and
diene are-préferable:

The olefin pélymerization can be carried out by any of
liquhiphasepolymerization,snuﬂlassolution;m&ymerization
and sugpensioh-_p.o-lymerizat'ion, and gas phase pblymerization.
Asthepolymerizatichreactidntype,suspensionpolymerization
is preferably adbpfed.-.As the reaction sblvent for the -
-suépensioh polymeriéation, an inert hydrocarbon solvent.may
bgused,oranolefinthat;éiiquidgtthereactiontemperaturé

may be used.




particularly preferable. Wen the nononers are used in conbination of two
or nore kinds, conbinations of ethylene and propyl ene; ethylene and

but ene; et hyl ene and octane; ethylene, propylene and butene; and ethyl ene,
propyl ene and diene are preferable. §Qe ol efin pol yret iM¥EG O an be
carried out by any of |iquid phase pol'ynmerization, such as solution

pol yneri zati on and suspensi on pol yneri zation, and gas phase pol yneri zati on.
As the polymerizat -ion reaction type, suspension polynerization is
preferably adopted. As the reaction solvent for the suspension

polynﬁrizaiiC"Exéﬁbi@§r5fhﬂﬁgqgﬁﬁgp%jﬂydﬂﬁybo%aéedg% %ﬁﬁg?ygﬁlﬁgiﬁlefin

that is liquid at the reaction tenperature may be use rch 2005

Exanpl es i AN r . . ia enployable in, t.he suspension
poryner s 25 RSP EEEE b B R T B Y B e PP aREE Dt e,
pent ane, hexane, heptane, octane, decane, dodecane and kerosine; alicyclic
hydr ocar BoHs" %ﬁuﬁFJhﬂ??ﬂuﬁ%ﬁﬁﬂﬁ%uﬂ?“ﬁﬁﬂﬁfoH@%éﬁ@'aﬁﬁpﬁépﬁyl89EPBBentane;
aromatic _hydrocarbons, such as benzene, toluene and xyl ene; hal ogenat ed
hydr ocar E#ifs2n&udedssadthrenke R bR ¢ d & ity Tl o hyBeREagbonsanguch

conbi nations of these hydrocarbons. O these, aliphatic hydrocarbons are
parti cul &9 §Yptepenrbpny. exglopedanamad neich yivweldpant ot yarehahics
prepared by .the use of the magnesi um supported titanium catal yst system as
a hydrocarbons, such as benzene, toluene and xylene; halogenated

hydrocarbons, such as ethylene chloride and chlorobenzene;
and combinations of these hydrocarbons. Of these, aliphatic
hydrocarbons are particulafly preferably employed.

When the unmodified polyolefin is prepared by the use
of the magnesium-supported titanium catalyst system as a
‘catalyst, the solid titanium catalyst component (I) or its
prepolymerized catalyst is.used:hqan.amouht of usually about
0.001 to 100 mmol, preferably about 0.005 to 20 mmol, in terms
oftitaniumatom,basedonlliterofthepolymerizationvolume.
‘The organometallic compound catalyst component (II) is used
in an amount of the metal atom in the catalyst component (IT)
of usually about 1 to 2000 mol, preferably about 2 to 500 mol,
basedonlmol of thetitaniumatominthesolidtitaniumcatalyst
component(I}inthepolymerizationsystem, The electrondonor
(III) isused inan amount of usually 0.001 to 10 mol, preferably

0.01 to 5 mol, based on 1 mol of the metal atom in the

organometallic compound catalyst component (ITI).




catal yst, the solid titanium catal yst conponent (1) or its prepolynerized
catalyst is used in an anount of usually about 0.001 to 100 mol ,

~preferably about 0.005 to 20 mmmol, in terns of titaniumatom based on 1

“liter of the polynerization volume. The organonetal 4% YEsiifod¥@5cat al yst
conponent (11) is used in an anount ¥ the metal atomin the catal yst
conponent (I1) of usually about 1 to 2000 nol, preferably about 2 to 500
nol, based on 1 nol of the titaniumatomin the solid titanium catalyst
conponent. (1) in the polynerization system The electron donor (Ill) is

used in an amuynt of MSURLY A00h HoLESTD! cnDr henabl K by o ol ,

based on 1 nol atomin the ~ofganonetallic conpound cat al yst
conmponent, (L1)., 58 24 Mar.ch 2Qf ln_t I riz %%o r S e anount
of hydr ogéh il §"f FAHE PANyE"D ls%sou‘éi’l 0 1y BES F‘?b%fg)fcg?’a%l %@o to 0.20
mol, nore preferably O to_0.15 nol, based on 1 nol offt e nononer. \Wen the
magnesi uMSUPPRFE BaerraRiyf talaltydtolayRisst ongd MRk {emYorRbt i zat i on
tenperature is in the range of usually about 20 to 300C, preferably about
50 to 150C, afiden kdepolagresisatrisgRPpressuketpraipng @%al&ﬁgesmt@?o_l to 10
MPa, preferably 0.05 to 5 MPa. \Wen the unnodified polyolefin is prepared
by the usies wfed, hehmepalllyoeerigatiral yempasatucat abysn, thheransdan®t of t he
nmet al | ocene conpound (a) used in the polymerization system is in the range
of usual lysux1QG0abotua B0 lanBdlo®°qor phefabhply about 50 to 150°C, and

the polymérization pressure is in the range of 0.01 to 10 MPa,

preferably 0.05 to 5 MPa.

When the unmodified polyolefin is prepared by the use

of the metallocene catalyst as a catalyst, the amount of the

metallocene compound (a) used in the polymerization system

is in thezrangé of usually 0.00005 to 0.1 mmol, preferably

0.0001 to 0.05 mmol, based on 1 liter of the polymerization

volume. The organocaluminum oxy—-compound {(b) is used in such

an amount that the molar ratio (AL/M) of the aluminum atom

(Al)tothetransitionmetalatom(M)inthemetallocenecompound

{a) becomes 5 to 1000, preferably 10 to 400. If the

organoaluminum compound (b-2) is used, the'organoaluminum

compound (b-2) is used in an amount of usually about 1 to 300

mol, preferably about 2 to 200 mol, based on 1 mol of the

transition metal atom in the metallocene compound (a).

Whenthenetallocenecatalystisused,thepolymerization

temperature is in the range of usually -20 to 150°C, preferably

0 to 120°C, more preferably 0 to 100°C, and the polyme_ri zation




0.0001 to 0.05 mml, based on 1 liter of the polynerization volunme. The
or ganoal um num oxy- conpound (b) is used in such an anount that the nolar
ratio (Al/M of the alumnumatom (Al) to the transition nmetal atom (M in
“thenetal | ocene conpound (a) becones g to 1000, prefetaiarcto 2095400, |f

t he organoal um num conpound (b-2) is ged, t he organoal um num conpound
(b-2) is used in an anmount of usually about 1 to 300 nol, preferably about
2 to 200nmol, based on 1 nol of the transition nmetal atomin the
net al | ocene conpound (a). Wen the netall ocene catalyst is used, the

pol yner i é:s%h d 8 'a%ére dsar h ragdkg%&% SHA L Yo ka0 & Qpp0C,
preferabl%f}iI t'o %%%[l re pre[1‘ erably to 1t dJé and thhe pol yn€ri zation 59
24 March 200 ressyr.e is‘i\/g her :nﬁan 0 a .and Otrl\/g her, n 8 MPa,
pr ef er abIRF 'ed‘r%é)?")f thﬁgkbe atgaannd) ot Khdr°% ﬁ‘a]‘r?r}? e M1t i
pol yneri zation can be carried out bg an% of batchw se, sem -continuous and
continuous pr d€Es 84S IO LYBEYARAF2AR BARCAR TRF T i t 2P% Pho or nore
steps under different reaction conditions. :In the ol efin polynerization,
a honopolBpRshwfs ean SENEf GP I USE! S rEsh ran t gruolls aHRARSEsSol yRBPE  may be
prepared fromtwo or nmore kinds of olefins. For preparing a branched
pol yol ef ipolprerdiza ttiner ceonbestaivedfouthdnotebieor aigienstApsi sndde sane as
that of the olefin chain (B) , the unnodified polyolefin to be prepared
i n the oldffifie reoltyresdzadoh eonds tpoeker abh y hpal ptiopyb enecrandtion,
ahomopolymerbfanolefinmaybeprepared,orarandomcopolymer
may be prepared from two or more kinds of ‘olefins.
For preparing a branched polyolefin wherein the
composition of the olefin chain {(A) is the same as that of
the olefin chain (B}, the unmodified polyclefin to be prepared
‘intjmaolethpolymerizationij;preferablypolypropylene,and
this polypropylene desirably has a density of 0.880 to 0.960
g/cr®, particularly 0.890 to 0.950 g/cm®, and MFR of 0.05 to
1,000 g/10 min, particularly 0.1 to 500 g/10 min. When the
polypropylene is a copolymer, the amount of the copolymerized
component is desired to be usually not more than 10 % by mol,
particularly not more than 5 % by mol.
For preparing a branched polyolefin wherein the
composition of the olefin chain {(A) is different from_that
'oftheolefinchain(B),theunmodifiedpolyolefintobeprepared
in the olefin polymerization is preferably a copolymer of

ethyleneandanolefinof 3 to 20 carbonatoms, and this copolymer

has a density of 0.850 to 0.900 g/cm®, preferably 0.858 to




thi's pol ypropyl ene desirably has a density of 0.880 to 0.960 g/cn8B,
particularly 0.890 to 0.950 g/cnB8, and MFR of 0.05 to 1,000 g/10 m n,
particularly 0.1 to 500 g/10 min. Wen the polypropylene is a copol yner,
t he amount of the copolynerized conponent is desired4 d@EhudPPy y not
more than 10 % by nol, particularly #8t nore than 5 % by nol. For
preparing a branched polyolefin wherein the conposition of the olefin
chain (A) is different fromthat of the olefin chain (B) , the unnodified
pol yol efin to be prepared in the ol efin polynerization is preferably a
copol yrrer Lkene and an f| n.o to 2 arbons a this
copol yner® &*‘deﬁ%‘?ﬁ/p&e 6yt8 E gd’d’ Jr %r?% ZF@f eﬁ‘@%ﬁ .3158 to 60
24 March 2005 0 898 g/ enB, mor e preferably 0,855 to 0.895 /c ,. MFR of 0.1
to 50 g/ ¥® APrg/ ]p(?é‘flé’rraW?f%r?b%% %@ 5P AV AO w:emﬁFgf%lf%%éFsza ¥ 3to 30
g/10 mn, and-a crystallinity, as neasured by X-rays, of |less than 30 %
prefer abl0y~ 3 ees3C Bdh028.1 anBraecpyetet Abnjyty} ESTehARrSB by, X MERN F4 cati on of
unnodi fi ed pol yol efin The functional group-containing polyolefinis
obt ai ned ofbyegsat hanotli fyi pgefepaiply dredshéhwhol @ %of mbhe perapeli b ed
polyolefin with a.graft nononer selected fromunsaturated carboxylic acids
and t hei nedey intald 5.3 Exanpl es of the unsaturated carboxylic acids and
their derivatives enployable in the graft nodification include
Modification of unmodified polyolefin

The functional group-containing polyolefin is obtained
by graft modifying a part or the whole of the unmodified
polyoclefin with a graft monomer selected ffom unsaturated
éarboxylic acids and their derivatives.

Exam?les of the unsaturated carbo#ylic acids and their
derivatives employable in the graft modification inglude
uhsaturatéd carboxylic acids, such as acrylic acid, maleic
acid, fumaric acid, tetrahydrophthalic acid, itaconic acid,
citraconic acid, crotonic acid, isocrotonic acid and nadic
acid™ (éndocis—bicyclo[Z,Z,1]hept—5;ene—é,3~dicarboxylic
‘acid); and their derivatives, such as acid halides, amides,
imides, anhydridesandesters, specifically, malenylchloride,
maleimide,maleicanhydride,citracanicanhydride,monomethyl
maleate, dimethyl maleate and glycidyl maleate. 0f these,
:preferabie are unsaturatéd carboxylic aéids and anhydrides
of these acids, and particularly preferable are maleic acid,
nadic acid™, himic acid and anhydrides of these acids. In.

order to prepare the functional group-containing polyolefin




unsat urated carboxylic acids, such as acrylic acid, maleic acid, fumaric
acid, tetrahydrophthalic acid, itaconic acid, citraconic acid, crotonic
acid, isocrotonic acid and nadic acid'

(endoci s- bi cycl 0[ 2, 2, | Jhept - 5- ene- 2, 3-di carboxylic &4 darchadddheir
derivatives, such as acid halides, anfles, imdes, anhydrides and esters,
specif ically, malenyl chloride, naleimde, naleic anhydride, citraconic
anhydri de, nononethyl naleate, dinethyl maleate and glycidyl maleate. O
these, preferable are unsaturated carboxylic acids and anhydrides of

t hese ac%g§ and a&ticula | referabl e_are nal ei ¢ _acid nagi .acid"',
Chimic aci AR GEBOOYIERECEAET IS Tt VOGS TREpPabRP LA
-functional, group-containing po]yolefin 61 24 March 2005 through_graft
copol ynmeM F%ﬁF%ﬁtFﬁ@om%ﬁﬁﬁ¥¢%%ﬁ%éﬁ§%1%??Nn%ﬁqﬂ¥%¥%ﬂ§ﬁ¥bﬁﬁﬁﬁﬁ%r
-selected fromthe unsaturated carboxylic acids and their derivatives,
~various prockssed Higlredesikabimesarazdos abpeesFes haxdite kppeie are a
process conprising nelting the unnodified polyolefin and adding a graft
nononer taoreperdagrtablegraft copol ynerization, and a process conpri sing
di ssolving the unnodified polyolefin in a solvent and adding a graft
mononer to pedfroeRegpat] €lopod WrRS kzatdodss Idbngidikempnetessg thei s
‘preferable to carry out the reaction in the presence of a radical
initiatolnmddardeld pel1ebhiegianthy gaad g coRAlaenbaemchet8rgét fofmNoONer .

graft copolymerization, and a process'comprising dissolving
theunmodifiedpolyolefininasolvent andaddingagraftmonomer
to perform graft copolymerization. 1In eithe: process, it is
preferable tocarryout the reactioninthe presenceof aradical
initiator inorder toefficiently graft copolymerize the graft
_ﬁronomer.

The graft copelymerizationiscarriedout at a temperature
of usually 60 to 350°C. The radical initiator is used in an
amount of usually 0.001 to 1 part by weight based on 100 parts

" by weight of the unmodified polyolefin.

Examples of the radical initiators employable herein
include organic peroxides and organic peresters.
Specifically,'there can be mentioned benzoyl peroxide,
dichlorobenzoyl peroxide, dicumyl peroxide, di-tert-butyl
peroxide, 2,5—dimethyl—2,5—di(peroxybeniéate)hexyne—B,
1,4-bis{tert~butylperoxyisopropyl)benzene, lauroylperoxide,

tert-butyl peracetate,

2,S—dimethylFZ,54di(tert—butylperoxy)hexyne—B,




The graft copolynerization is carried out at a tenperature of usually 60
to 350C. The radical initiator is used in an amount of usually 0.001 to 1
part by weight based on 100 parts by weight of the unnodified polyolefin.
Exanpl es of the radical initiators enpl oyabl e herein 24 ieinghe 260Fani c
peroxi des and organi c peresters. Speékfically, there can be nmentioned
benzoyl peroxide, dichlorobenzoyl peroxide, dicunyl peroxide,
~di-tert-butyl peroxide, 2,5-dinethyl-2,5-di(peroxybenzoate)hexyne-3, 1,
4-bis (tert- butylperoxyisopropyl) benzene, | auroyl peroxide, tert-butyl

peracetate, 2,5-dineth 5-di(tert- butylperoxy)hexyne 3, 62 24 March
2005 2, 5-diomstimAthy 15 |%T@%& SRR e BGANeK e A e t L YPULPEr benzoat e,

tert- butylperphenyl acetate, tert-butyl perisobutyrate, tert-butyl

per - sec- GEEPANECAtENt surtyibu tashns Rt Sine, | aand toerid vattat ey Bnd
tert-butyl perdiethyl acetate. Al so enployable are azo conpounds, such as
azobi si s@leutipodnittyridte  ard di-fetthyll rezoisobuigtratte:, Gfert-Haseyl pref erabl e
are dial kyl peroxides, such as dicunyl peroxide, di-tert-butyl peroxide,

2, 5- di mepleyipi2,a8-adie( t erdmyiutpd perneXythexie-trt-butylperdiethyl

2,5-dimethyl-2,5-di(tert-butyl peroxy) hexane and

1, 4- bi s(bektakely! pesexuins08yapYE) Benzens. chapbiadbynsti-anak
-azobisisobutyronitrile and dimethyl azoisobutyrate. Of
these, preferable are dialkyl peroxides, such as dicumyl
pefoxide, di-tert-butyl peroxide,
2,5-dimethyl-2,5-di (tert-butylperoxy)hexyne-3,
2,5-dimethyl-2,5-di (tert-butylperoxy) hexane and
1,4-bis(tert-butylperoxyisopropyl)benzene.

In the functional group_containing polyoclefin (C)

obtained above, the graft quantity of the unsaturated

- carboxylic acid or its derivative is in the range of 0.05 to

15%byweight, preferably0.08 to 13 $byweight, morepreferably

0.1 to 10 % by weight, based on the amount of the unmodified

polyolefin.
When the functional group-~containing polyolefin (C} is
a polyolefin obtained by modifying aﬁ ethylene (co)polymer,
| this polyoclefin desirably has MFR of usually Q.OOl to 1,000
g/ld ﬁin, preferably 0.005 to 500 g/10 min, more preferably
1 0.01 ‘to 100 g/10 min, - and ardensity of usually 0.70 to 1.0
g/cm’, preferably 0.75 to 0.98 g/cm®, more preférably O.80'toi

0.96 g/cm3. This functional group~containing polyolefin (C)
- gp Y




group-cont ai ni ng pol yolefin (C) obtained above, the graft quantity of the
unsaturated carboxylic acid or its derivative is in the range of 0.05 to
15%ywei ght, preferably 0. 08 to 13 %bywei ght, nore preferably 0.1 to 10
by weight, based on the anpunt of the unnodified pol3flMEEdh 2#Rén t he
~functional group-containing polyolefi®3(C) is a polyolefin obtained by

nodi fyi ng an ethyl ene (co)polyner, this polyolefin desirably has MR of
usually 0.001 to 1,000 g/10 mn, preferably 0.005 to 500 g/10 mn, nore

"~ preferably 0.01 to 100 g/10 min, and a density of usually 0.70 to 1.0
g/cnB, preferably 0.75 to 0.98 g/cnB, nore preferably 0,80_.to .96 g/ cnB.
ThE s 1 unci OHar e L0 SR i mE e FUGIEFIr o 17 PN EhoobyS] 831h
preferably used for the preparation of a branched polyolefin wherein the
conposi t W IeEnt hBeotefpes ERbeh qiarhescdefiar@min fPomichdi£EETeRe ol ef in
-chain (B). Wen the functional group-containing.polyolef in (C is a

pol yol ef ifirogbttdiated thy hreodilfafiimg cigdmopylene (co) pol yner, this polyolefin
desirably has MFR of usually 0.05 to 1,000 g¢/10 min, preferably 0.1 to 500
g/ 10 m n, nor @hpnetheabhycHi@nal ayR300-gfd aniirni name 1y ocdertsin Cof isisual |y 0.
880 to 0. 960 g/cnB, preferably 0. 890 to 0. 950 g/cnB, nore preferably O.
900 to O0a P4QyootenB Jbisihenaty edali Mriolpacppbpiyheng pobypbeimar(C) is

. preferably used for the preparation of a branched pol yol efin

this polyolefin desirably has MFR of usually 0.05 to 1,000

g/10 min, preferably 0.1 to 500 g/10 min, more preferably 0.2
to 300 g/10 min, and a density of usually 0.880 to 0.960 g/cm’,
preferably 0. 890 to 0.950 g/cm3, more preferably 0.900 to 0.240
g/cm’. This functional group-containing polyolefin (C) is
preferably used for the preparation of a branched polyolefin
wherein the composition of the olefin chain (A) is the same

as that of the olefin chain (B).

(D) Terminal modified polyolefin

The terminal modified polyolefin (D) is a polyolefin .
having an olefin composi-tion which is thé same as oxr different
from that of the functional group-containing olefin polymer
{C) and containing at least one group capable of reacting with
a carbo%yl group or an acid anhydride group at only the position
of chain end. The terminal modified po.lyolefin is preferably
‘a pdlyolefin having a groué capéble of reacting with a carboxyl
group or an acid anhydride group at ohly one-side~end. The
_te}:minal modified polyolef.in (D) becomes the olefin chain (B),-

and the group capéble of reacting with a carboxyl group or-




wherein the .conposition of the olefin chain (A) is the sane as that of the
~olefin chain (B). (D) Terminal nodified polyolefin The term nal nodified
polyolefin (D) is a polyolefin having an olefin conposition which is the
same as or different fromthat of the functional grddhMeerthaiZfiodg ol efin
polymer (C) and containing at | east %hne group capable of reacting with a
car boxyl group or an acid anhydride group at only the position of chain
end. The termi nal nodified polyolef in is preferably a polyolefin having a
group capable of reacting with a carboxyl group or an acid anhydride group

at only Qﬁ%{éﬂfgg ROy 1 HC § 88 HeiRnclOl b BCh ROL YOI LLRRLGRY 1 RAGaPS the
olef .in Cchaln ?, ARd t e oup capable of reacting wth”a carboxyl group
or 64 24 _March 2005 acid_anh grLde o] o] b g-pa Ehg a
carbonylfﬁFogbn%%Bg ?Pﬁk?h&fﬁﬁex F%Piﬁgzhggnpﬁﬁ)gﬁgfﬁﬁegg & ix Ehain (B)
Exanpl es of the groups capable of rea H!ng mﬁthta carbqi I roup, or an
aci d anhydr i dexgRehpsiafct %Qré’uﬁ?d?%ﬁj:l G HEFAC AR kD é‘cgal']%ﬁ]d( n ani no
group, an imno group and a halogen. O these, a hydroxyl group and an
am no gr@UPUAr er pref ef aBl enhyABiderroi Hyhyded oYY Bl i) can be
prepared by, for exanple, a process conprising preparing a polyolefin
havi ng an@ldupkyl §reuprent coumcagnPng, GrolpinepresenEed py1alQRR2 at  an
end (said polyolefin being sonetinmes referred to as a "Goup 13 el enent
cont ai ni Og tgrene- @onydrokpd qguobywlaeld &l amino group are preferable.
The terminal modified polyolefiﬁ {D} can be prepared by,
for example, aprocess comprisingpreparingapolyolefinhaving
" a Group 13 element-containing group represented by -A1R'R? at
anend (said polyolefih being sometimes referred toas a "Gfoup
i3 elemen£ containing group—coﬁtaining polyolefin"
hereinafter), and then conducting substitution reaction of
the Groﬁp i3 elémentncontaining group of the Group 13 element
containinggroup—containingpolyolefinwitheacompoumdhaving

a functional group structure, or conducting reaction of the

Group 13 element-containing group of the Group 13 element

containing group-containing pelyolefin with a compound having
a structure that forms a functional group by solvolysis,
followed by conducting solvolysis. The resulting terminal
'functionalgroupmaybeconvertedintoanotherfunctionalgroup
‘through the later~describedrreacfion.
The terminal modified polyolefin (D) can be prepared by
polymerizing.or copolymerizing an olefin of 2 to 20 carbon

atoms using, for example, the abovewmentioned_




herei nafter), and then conducting substitution reaction of the Goup 13

el enment -contai ning group of the Goup 13 elenent containing

group-contai ning polyolefin with a conmpound having a functional group
structure, or conducting reaction of the Goup 13 elzmdatraboRt0i5ni ng gr oup
of the Group 13 el ement contai ni ng gfdup-containing polyolefin with a
conpound having a structure that fornms a functional group by solvolysis,

" foll owed by conducting. solvolysis. The resulting term nal functional

group maybe converted into another functional group through the

| at er - descri bed reaction., The. 1.na ifLe | vol ef | n be
prepar ed%ga nep%]u)}n nesﬁ%pzqonrgteoé]%%%gé%ﬁke%?g?gﬁg{éns%o%?%%ro{neEQ%‘%%Sﬁgar bon,
atons usi ng, for exanple, the above-nentioned 65 24 March 2005

[ f I h b [ d h
magnesi uriSippott-ed titani um catal yst systemor netal |l ocene catal yst.

Exanpl es of the olefins of 2 to_ 20 carbon atons preferably _used._ include
et hyl ene, profyiegmd es1oh el Bl hyd tP-PUFRRBON aRst REPLPrpRAYene and
4-met hyl -1 -pentene. O these, ethylene and/or propylene are nore preferably
enpl oyed,usasHinglkegy Eehelesenpserylener abtyu et oyedetiénlthetene,
magnesi um supported titanium catal yst system is used, the solid titanium
cat al yst Tomidndntl {(Hentemnd tegidhréepatyydr-lzedndara .ysOfi shased in the
pol ynmeri zati on system in an anmount of usually about 0.0001 to 50 nmol,
pref erablethylene and/or propylene are more preferably employed, and

'propylene is most preferably employed.

When the magnesium-supported titanium catalyst system

is used, the solid titanium catalyst component (I) or its

prepolymerized catalyst is used in the polymerization system

in an amount of usually about 0.0001 to 50 mmol, preferably

about 0.001 to 10 mmol, in terms of the titanium atom, based

on 1 liter of the polymerization volume. The organometallic

compound catalyst component (II) is used in an amount of the

metal atom in the catalyst component (II) of usually 1 to 2000

mol, preferably 2 to 1000 mel, based on 1 mol of the titanium

atom in the solid titanium catalyst component (I) in the:

polymerization system. If the electron donor (IIi)_is used,

this electron donor (III) is used in an amount of usually 0.001

to 10 mol, prefefably 0.01 to 5 mol, based on 1 mol of the

metal atom in the organometallic compound catalyst component

(IT).

When the metallocene catalyst is used as a catalyst for

polymerization, the amount of the metallocene_Compound {a)




about 0.001 to 10 mmol, in terns of the titaniumatom based on 1 liter of
the pol yneri zation volune. The organonetallic conpound catal yst conponent
(I'l) is used in an anobunt of the netal atomin the catal yst conponent (I1)
of usually 1 to 2000 nmol, preferably 2 to 1000 nol, Afadkdadn 2000l of the
titanium atomin the solid titaniun1§§talyst conponent (1) in the ‘

pol yneri zation system If the electron donor (IIl) is used, this electron
donor (II1) is used in an anmount of usually 0.001 to 10 nol, preferably
0.01 to 5 nol, based on 1 nol of the netal atomin the organonetallic

comound Gat ALYRl ONRONRNL, Y0e0. Lite Sphallopene catalyst |9 usedeas &

catal yst Tor riZation, anou tal oceneycorrpoun
24 March 20g5 in tfe ol yner.i zat | ystemis in _the range of .ysually
0. 00005 118 61 WGl Preferably 00601 Pe) of D&vol basSeanch 11 it er  of
the pol ynerization volunme. If the organoal um num oxy-conpound (b) is used,
this comsBurtdq LI RIARGIPTE N W% arfduter KA sia T atio (AI/M of
the al'um numatom (Al) to the transition netal atom(M in the neta |
| ocene cempodsiPquE)d dédoresusetlo 1008, coreerdblly) 105 tusADGEN Blichhe
or ganoal um num conpound (b-2) is used, this conpound (b-2) 1is used in an
anmount ofenusoaiunt dlbeut thet o366 maltiopri@fletablyf taboaflutinhon?2@@onml, based
on 1 nol of the transition netal atomin the netallocene conpound (a). The
ol ef i n palkynedd ziat teansan ibe nearal etbm k) iy aiymetallocene compound
(a) becomes 5 to 1000, preferably 10.to 400. If the
organocaluminum compound {b-2) is used, this compound {b-2)
- is used in an amount of usually about 1 to 300 mol, preferabl_y
.about 2_to 200 mol, based on 1 mol of the transition metal
atom in the'metallocene.compound (a).
The olefin poiymerization can be carried out by any of
ligquid phase polymerization, such as solution polymerization
and suspension p_olymeri zation, and gas phase polymer_ization.
As the reaction solvent for the suspension polymerization,
the aforesaid inert hydrocarbon solvent may be used, or an
olefin that is liguid at the reaction temperature may be used.
The reaction temperature is in the range of usually -50 to
200°C, preferably 0 to 150°C, and the polymerization pressure
is in the range of usually 0.01 to 10 MPa, preferably 0.1 to
5 MPa. The olefin polymerization can be carried out by any
of batchwise, semi-continuous and continuous processes. When -

the olefin polyméri_zation is conducted in two or more s'tepsr

the reaction conditions.may be the same or different.




i quid phase pol ynerization, such as solution polynerization and
suspensi on pol ymerization, and gas phase polynerization. As the reaction
sol vent for the suspension polynerization, the aforesaid inert hydrocarbon
solvent may be used, or an olefin tHat is liquid at 2hMaredcZi0&h
tenperature may be used The reaction tenperature is in the range of
usually -50 to 200C, preferably O to 150C, and the pol ynmerization pressure
is in the range of usually 0.01 to 10 MPa, preferably 0.1 to 5 MPa. The
ol efin polymerization_can arried o of batchw se
Sen - conti huodk BT BEREFRLGSL S bcaesbta T YWaRboeRe e T A U1 i zati on
is conducted in two or nore steps,  the reaction conditions. my be the sane
or diff eFeAECUdRI WeNhéhRdaipE 8 BPéfEF&E?@ttﬁéttﬁﬁl@éﬁﬁép hydr ogen
that is a general nolecular weight nmodifier is not present in the olefin
pol yreri petvosriand icegukati orgoflathennelfetbramoheryheri seightf épably
carried out by controlling one or nore conditions selected fromthe
- concent r ateérraebliyheaor gadenst alyl contatal ysg orcomponent qdridit itdres
pol yneri zati on tenperature and the. concentration (polynerization
pr essur epe0bcthe @i tRe cbheentebedvhart vee ghiyansmepeacificealdal yagul ated as
follows. For exanple, in the suspension polynerization wherein nolecul ar

hydr ogenchg Bﬁbnﬁrq&qmt sHbshantinakhvyatihe eengepLrat-kboAangf chéhe
organonetaIFlc catal yst conmponent (11) is increased, whereby the nol ecul ar

wer ght ofohBent st bhngoRPbNoL £LA 05 SR - Ak iR 835efle Slcfint harauspension

pol ymeri zat i on wher el

molecular weight is specifically regulated as follows. For
‘example, in the suspension polymerization wherein molecular
hydrogen is not present substantially, the concentration of
the orgénometallic catalyst component {(IT1) is increased,
whereby the molecular weight of the_resulting'polyoiefin can
be decreased, or in the suspension polymerization wherein
molecular hydrogen is.not present substantially, the
polymerizationtemperatureisincreased,wherebythembleqular

weight of the resulting polyolefin can be decreased.

The polyolefin obtained as above has a Group 13
element—containinggroupand/aranunsaturatedbondatemiend,
preferably at only one-side—end. Whether the end of the

- polyolefin is a Group 13 element-containing grouﬁ or an
unsaturated bond depends upon the polymerization conditions,

" such as'the type of the catalyst used, the type and/or the
amount of the organometallic catalyst component, and the

polymerization temperature.




nol ecul ar hydrogen is not present substantially, the polynerization
tenperature is increased, whereby the nolecular weight of the resulting
pol yol efin can be decreased. The pol yol efin obtai ned as above has a G oup
13 el enent-containing group and/ or a@8unsat urated barfdMarcin 2883,
preferably at only one-side-end. Wiether the end of the polyolefinis a

G oup 13 el enent-contai ning group or an unsaturated bond depends upon the
pol ymeri zation conditions, such as the type of the catal yst used, the type
and/ or the ampunt of the organonetalljc_ catalyst coggonent, and. t he

pol yneri zat i oftEEnbEEatlfeCt 681 PN Bigos swhBnUER_CBRAT B RHE pol yol efi n

is an unsaturated bond, the unsaturated bond can be converted into a G oup
13 el enmébie sowRdivAiatgdglens datolgh A ardget ilofoniet Free 1éonpound
containing the G oup 13 elenent. For preparing a polyolefin having the
unsat ur atedenieorc cantai ndmd;, grveipaftdresaind ther seass iosi mgthh&hget al | ocene
catalyst is preferable. Further, the polyolefin having the unsaturated

bond(s) abonprahs) ot aibe gy epar etoalssd by lthental | Fodegrosposimy a
pol yol efin having neither a Goup 13 el enent-containing group nor an

unsat ur ab%@yo@%&@n@ﬁa@ih@ﬂﬁettﬁﬁiaﬂ@éﬂ@@éﬁg alYarfef@N\ERLA Dt sPIDCESS,
and the resulting polyolefin can be preferably enployed. Al so when the

resul ting Rlexal &4l L fe et lleen@lc Q) 40} £hi-BrephBIEl N Arialip, 19

el ement s bonded to an end and a pol yol €fin
the polyolefin having the unsaturated bond(s) at end(s} can
be prepared also by thermally decomposing a polyolefin having
néithezwaGroupIﬂBelement—containinggroup;un:anunsaturated
bond at an end that is prepared by a conventional prbéess,
andthefeSultingpolyglefincanbeFmeferablyemployed. Also
.when the resulting polyoclefin is a mixture of a pblyolefin'
wherein a Group 13 element is bonded to an end and a polyolefin
havingananaturatedbondatenlend,theterminalunsatqrated
bond of the polyolefin may be converted into an end to which
a Group 13 eiement is bonded if necessary.

The compound containing a Gréup 13 element, which is used
for the reaction, is selected from the aforesaid compounds
exemplifiedastheorganometalliccompoundcatalystcomponent;
{II). Of such compounds, those exemplified as the

_otganoaluminum compounds or_the organoboron compounds are
preferably employed. Of these, trialkylaluminum, .

dialkylaluminmnhydrideorwaboroncompoundhavingonecn:moré

‘hydrogenvboron bonds is more preférable.




havi ng an unsaturated bond at an end, the term nal unsaturated bond of the
pol yolef in may be converted into an end to which a Goup 13 elenent is
bonded if. necessary. The conpound containing a Goup 13 elenment, which is
used for the reaction, is selected f6®mthe aforesaidd domyduFdd5
‘exenplified as the organonetal | i c conpound catal yst conponents (I1). O
such conmpounds, those exenplified as the organoal um num conpounds or the

or ganoboron compounds are preferably enployed. O these, trialkylalum num
di al kyl al um num hydri de or a boron conpound having one or nore

hydr ogen- bor o H50FRRC § o hB E & NErRA-Brakt el N B3V A9 MREER VOG5SR €Xct i on of

t he pol yol efin having unsaturated bond(s) at end(s) with the conpound

cont ai ni. i @nols) 13 ishetrbrt topoigdcarnietnbuy Byourl of3 edampiet (ghe

foll owi ng processes. (1) Pol ypropyl ene having a vinylidene group at an end,
in an anmiwntcaofri@dl o B ,g,foirs ewampdew the5fbalde0Agnprotesansoct ane
solution of diisobutylal um num hydride having a concentration of 0.01 to 5

mol /1; and thegiy pbupervpgleet | ixethg 0 iGyS ilen® Hevnp. af 2n Ralg,pr opyl ene
having a vinylidene group at an end, in an amobunt of 0.1 to 50 g, is m xed

- with 5 tqrlQR0 oudh ognbydreyssbeyr abydsofed ap@d Go hdop 50 Mt of a
tetrahydrofuran sol ution of 9-borab|cycLo [3. 3. 1] nonane having a

concent rali Q¢ 0k Qd%chBnlBsMRkALonARY1ENEThthUh§alfasthabedgah 20 to 65C

concentration éf 0.01 to 5mol/l, and the mixture was refluxed
for 0.5 to 6 hours.

(2) Polypropylene having a vinylidene group at an end,
in an ‘amount éf 0.1 to 50 g, is mixed with 5 to 1000 ml of
anhydroﬁs tetrahydrofuranand 0.1 to 50ml of a tetrahydrofuran
solutionof 9-borabicyclof3.3.1]lnonanehavinga concentration
of 0.05 to 10 mol/1l, and the mixture is stirred at 20 to 65_°C
for 0.5 to 24 hours. |

Through thé above processes, a terminal modified
polyolefinisprepared. To the'end of the resulting polyolefin, _
preferably to only one-side—end thereof, a Group 13 element
is bonded, and the Group 13 element is preferably aluminum.

The Group 13 elemént containing group-containing

- polyolefin prepared above is usually obtained as a slurry.

Subsequently, {1} a 'substiturtion reaction of the Group
13 element-containing group of the Group 13 element containing
group-containing polyolefin with a compound having a

functional group structure is carried out, or (2) a reaction




for 0.5 to 24 hours. Through the above processes, a termnal nodified
polyolef in is prepared. To the end of the resulting polyol efin,
preferably to only one-side-end thereof, a Goup 13 elenment is bonded, and
the Goup 13 elenent is preferably allhm num The G odd 1Breihe OO
contai ni ng group-containing polyolefin prepared above is usually obtained
as a slurry. Subsequently, (1) a substitution reaction of the Goup 13

el enent -containing group of the G oup 13 el enent contai ning
group-contai ning polyolefin with a conmpound having a functional group

st ruct ur ©fi Shearpied Joukengrt (IR Ind g5aur 0 L4 MaF eRP 26051 8P he Group
13 el enent-containing group of the Goup 13 elenent containing

gr oup- comaitriimg ngod y@hefdonivi i g podpodladinaithgr campoinet eelihat forns
a functional group by solvolysis is carried out,followed by sol vol ysis.
Thus, a wesmirtaturedihbédfopmnbyal Efihntisnpt epased. biThecleslysingiser nmi na
functional group may be converted into anot her functional group through

the | at erx@deseridad FepTévONbyEXaRRIesi6f. theuspapeudts Havbays sed unct i onal
group structure include a hal ogen, nethyl chloroformte and phthal oyl

chl ori de, fxaneles ok HhepseEROUNSSe NAYAND: S lidiclh £l thalc osn®l a
functlongl roup by sonoPyS|s i ncl ude oxygen, carbon nonoxi de and carbon
diOXide.QIQ%F§HQ§&k£%%hg%r%%%piﬁgg éﬁoéﬂﬁ%~@hﬂ%€i%ﬁa1 group through

the later-described reaction.

Examples of the cqmpounds having a functional group
sfructgre include é halogen, methyl chloroformate and
phthaloyl chloride.

Exémples of the compounds having a structure that forms
a functional group by solvolysis include oxygén, carbon
monoxide and carbon dioxide.

The substitution reaction ofrthe Group 13
element-containing group of the Group i3 element containihg
group—containing polyolefin Qith the compound having a
functiﬁnal group structure or the compound having a structure
that forms a functional group by solvolysis is carried out
at a temperature of uéually 0 to 300°C, preferably 10 to 200°C,
for 0 to 100 hours, preferably 0.5 to 50 hours.

The temperature for'the solvolysis is.in the range of
usually 0 to 100°C, preferabiy 10 to 80°C, and the solvolysis

time is in-the range of 0 to 100 hours, preferably 0.5 to 50

hours.




el enment - contai ning group of the G oup 13 el enment containing
group-contai ni ng polyolefin with the conpound having a functional group
structure or the conpound having a structure that forns a functional group
by solvolysis is carried out at a temperature of uswdl Mar@ht @0360C,
preferably 10 to 200C, for O to 100 hours, preferably 0.5 to 50 hours. The
tenperature for the solvolysis is in the range of wusually 0 to 100C,
preferably 10 to 80C, and the solvolysis tinme is in the range of 0 to 100
hours, preferably 0.5 to 50 hours. 71 24 March 2005 Exanpl es of solvents
‘used for the Sobvwolgsi ofi aollugatsneehdndpr thpapelvopyepansnclpdeanol and
water. The group with which the end is nodified is a group capable of
react i ng meitthanaicarchbxyblgr puppancan bhutdnahhyddi detgroup. Exanpl es of
such groups include a hydroxyl group, an al koxy group, an am no group, an
imno group andeayhalpgedh wBidhhelse endpal hbduf Bed Y spx gkenphiapdisiea hydr oxyl
group, an amno group or a hal ogen. Exanples of conversions of the end of

the G oupfl3.gleiEgtyiaPAt &k AbHGy DIQURLCORLA Bna Pohyatefié yhami ng - AIR R2
group at an end into a hydroxyl group, a hal ogen or an am no group are

given belidiimpill GRMYGLR! b O IMdiXH] 1 882YRy Al G LLuGONM AT LN | ed

air, a large éxcess o I ni unt of hydrochloric

containing a s
acid _I S aqq:%%%,té)n Amino group, an imino group and a halogen. Of these,

particularly preferable is a hydréxyl group, an amino group
or a hélogen.

Examples of conversions of the end of the Group 13 element
containing group~containing polyolefin having -A1RR?* group
at an eﬁd‘into a hydroxyl group, a halogen or an amino group
are given Below.

(1) Conversion into hydroxyl group .
After contact with dried air, a large excess of methanol
containing a small amount of hydrochloric acid is added to a
-A1R'R? group—containing polyolefin, followed by étirring for

5 minutes to 12 hours.

{2) Conversion into halogen
'fh)thepolymerobtéinedbyijmzaboveprocess (1),thionyl
chloride of 1 to 10-times mol as much és the hydroxyl group
is added, followed by the reaction at(jto 100°C for 5 minutes
;fo 24 hours. Instead of'thipnyl chloride, thionyi bromide
is employable.

(3) Conversion into amino group.




-AlR R2 group-containing polyolefin, followed by stirring for 5 mnutes to
12 hours. (2) Conversion into hal ogen To the pol yner obtained by the above
process (1) , thionyl <chloride of 1 to 10 tinmes nol as nmuch as the
hydroxyl group is added, followed by72he reaction at24 Mayrck0@00U%or 5

m nutes to 24 hours. Instead of thionyl chloride, thionyl bromde is
enpl oyable.. (3) Conversion into am no group. 72 24 March 2005 To the

pol ymer obtained by the above process (2), sodium azide of 1 to 10 tinmes

- mol as much as the hal ogen is added, followed by the reaction at 50 to
150C for 0.5 tl® bherppkguer potaiacddry|thingbpegacetore ps ddlot sodium

tri phenyl phosphine of 1 to 10 tinmes nol as nuch as the sodium azide is

added, fddigleedf BytbhéOr eames onohta muorhl GECther ha1ogeo 24 hdded,

~Simlarly to the polyolefin having a Goup 13 el enent-containing group at

an end, &qlaloraiebiynthaviagcaign ocup S50cant abofogran @) £rent4ohbarst han a

G oup 13 elenent at an end is also enployable. The polyolefin having a

group contAithdGesuan iglereattabheprbhantd S9pReAd18he8BALI At cgn1end is
prepared by living polynerization or chain transfer reaction hitherto

known. | B Pagt Gl Aino12 PaA| SEI thDAUAGP GEOUP. £ AR RYL1 B8] eTent of

3, 4, 5 o0or 10 Goup at an end, which is prepare ving polynerization,

or a pol ygj ef.n having a Qr ok, GoR-a B30 o2 sGQUR /1%, gment or silicon
(Si) at aﬁJ end, "J\%?m é:h
' - Similarly to the polyolefin having a Group 13
'element4containinggroupatenlend,eapolyolefinhavingeagroup
containing an element other than a Group 13 element at an end
is also employable. The polyolefin having a group dontaining.
an elemént other than a Group 13 element at an end is prepared
by .liviﬁg polymerization or chain transfer reaction hitherto
known. Inparticular, apolyolefin having a group containing
an element of 3, 4, 5 or 10 Group at an end, which is prepared
by living polyﬁerization, or a polyolefin having a group
containing.a Group 12 element or silicon (Si) at an end, which
is prepared by chain transfer reaction, is preferabie.
The terminal m&dified polyolefin (D) obtained as above
has MFR of usually 5.01 to 5,000 g/10 min; preferably 0.05
to 3,000 g/10 min, more preferably 0.1 to 1,500 g/10 min, and
a density'of'usually'd.7 to 1.0 g/cm’®, preferably 0.75 to 0.98
' g/émB, more preferably 0.80 to 0.96 g/cm’. The weight—-average

molecular weight (Mw) of the polyolefin is desired to be in




is prepared by chain transfer reaction, is preferable. The term nal
nodi fi ed polyolefin (D) obtained as above has MFR of usually 0.01 to 5,000 -
g/ 10 m.n, preferably 0.05 to 3,000 g/10 min, nore preferably 0.1 to 1,500
g/ 10 nin, and a density of usually 03 to 1.0 g/cn8,2hEhalip 0. 75 to
0.98 g/cnB, nore preferably 0.80 to 0.96 g/cn8. The wei ght-average

nol ecul ar weight (Mv) of the polyolefinis desired to be.in 73 24 March
2005 the range of usually not |less than 5,000, preferably 5,000 to

1, 000, 000, nore preferably 10,000 to 500, 000. When the branched pol yol efin
wher ei n tie conmpesidfii asuefllyt hetollebbsntbhai b, (@), | sréherslahe Gsodmat of the
olefin chain (B) is prepared, the term nal nodified polyolef in (D) :

desi rabl ytc haooFE R, usyal InrFhlg 30000009410 smion oopr.ef erably 0.05 to
1,000 g/10 min, nore preferably 0.1 to 500 g/10 mn, and a density of

usual Iy 0.88 QHed: thqpreﬂ'{cq{@cgpbl@"b@te%'iﬁbtjlﬁfepeﬁ?%het eoRpd20rgharas ~ nore
preferably 0.900 to 0.940 g/cm3 . Wen the branched poFyo | efin wherein the

conposi t ixgp. eﬁefahecﬁé%' faf N RpeMahs S fder polf ftpg%w%?q}%gﬂgrg'f efin

chain (B) IS prepare term na efIn

A R %e%ﬂ%'r@zbf"ﬂ‘sé?iﬁ%'is LRGP oot 0. ols
M VheRoendr gt Gegpand: f° 5%%%@?@‘@4’1,5) ?@3%#% iy &0 90
cgpolynerlz? 000 g/10 min, more preferably 0.1 to 500 g/10 min, and |
a density of usuwally 0.880 to 0.960 g/cm’, preferably 0.890
to 0.950 g/cm®, more preferably 0.900 to 0.940 g/cm®.

When the branched polyolefin wherein the composition of
the olefiri chain (A) is different from that of the olefin chain
(B) is prepared, the terminal modified polyolefin (D) is
preferablypolypropylene, and in this case, thispolypropylene
preferably has‘a density of usually 0.890 to 0.920 g/cm3,
particularly 0.900 to 0.915 g/cnf, and MFR:of 0.05 to 1,000
g/10 min, particularly 0.1 to 500 g/10 min. Whén thé'
polypropylene is a copolymer, the content of the copolymerized
component is desired to be usually not more than 10 % by mol,

particularly not more than 5 % by mol.

Preparation of branched polyolefin

The reaction of the‘functional group-containing
polyolefin {C) with the terminal modified polyolefin (D) is
carried out by, for example, contacting the functiocnal

group-containing polyolefin (C) with the terminal modified




conmponent .is desired to be usually not nore than 10 % by nol, particularly
not nore than 5 % by nol. Preparation of branched polyolefin The reaction
of the functional group-containing polyolefin ~C) with the term nal

nmodi fied polyolefin (D) is carried oyf by, for exanplde Maoht &lng the
functional group-containing polyolefin (C) with the term nal nodified 74
24 March 2005 pol yolefin (D) under stirring. In this case, it is preferable
that the contact is perforned in a state where the functional
group-contai ning polyolefin (C) and the term nal nodified polyolefin (D)
are nol teplgbliefia shatuadeheste mtideastinaipos basef, ithesfuncidaaie
group-contai ning polyolefin (C) and at least a part of the term nal

nodi fi edcpakyohefddhddr asepei ssahv@dn hns @ Ok@aCtBOIMBMciANd it s
nore preferable that the contact is perfornmed in a state where the

funct | Onakogggeeheamkg: Bo1yBeLYeherth bk 2Rd LheniRLT 8L, Fedy! ! ed

pol yol ef 'n are co y dissolved in an organic solvent. Exanples of

the or gapi¢.sqLyent soemployahle t ocliude aliphatl s, hydiagarbons,  such as

hexane, ptane and' decane; “aromatic hydrocarbons, sucC nzene,

t ol uene and_xylene; . hal ogen-containing h ocar pons.  suc met hyl ene
Chl Or 1 GeOLate GRERE b DR AT HeLeeo e STLEott ATAHIE Ae drBtE bone.
such as di net hyl sul f oxi de and dinelnyifornanide. This reaction is carried
out at aat%%iérodft Glhg B?rﬂéﬁ%}I“&Pdlfle polyolefin (D) are dissolved

inanorganic solvent, and it ismorepreferable that the contact
© i1s performed in a state where the functional grouﬁ—containing
polyolefin (C) and the terminal modified polyolefin (D) are
completely dissolved in an organic solvent.
Exémples of the organic solvents employable include
'aiiphatic hydrocarbons, such aé'hexane,‘heptane and decane;
aromatic hydrocarbons, such as benzené, toluene and xylene;
halogen-containing hydrocarbons, such as methylene chloride
'anddichlorobenzene;andheterqatomucontaininghydroéarbons,
‘such as dimethyl sulfoxide and dimethylformamide.
This reaction is carried.out.at a temperature of usually
20 to 250°C, preferablly 40 to 200°C, for 1 minute to 24 hours,
preferably 5 minutes to 12 hours.

Thermoplastic resin composition

The thermoplastic résin,COmposition of the invention
comprises the branched polyolefin and a thermoplastic resin

other than the branched polyolefin, and contains the branched




20 to 250C, preferably 40 to 200C, for 1 mnute to 24 hours, preferably 5
mnutes to 12 hours. Thernoplastic resin conposition The thernoplastic
resin conmposition of the invention conprises the branched polyolefin and a
thernmopl astic resin other than the bganched pol yol efd% Marmh ¢dHtai ns t he
-branched 75 24 March 2005 polyolefin in a content of 0.01 to 50 % by
wei ght, preferably 0.1 to 30 %by weight, nore preferably 1 to 25 % by
wei ght - Thernopl astic resin As the thernoplastic resin, at |east one
thernoplastic resin selected from pol yol efin, polyam de, polyester,
- pol yacet abo1 pol /sty rieng, cattaar ylromi 8 1ide/klbus ad) eBeLsiyr gRer «eapakyner
(ABS), polynethacrylate, polycarbonate, polyphenyl ene oxide, polyvinyl
chloride, o polyyiztylyi dongei GHE Ol Al yviyly acelabe, sapyefayhgne/ (meth)
acrylic ester copol yimer anda di ene rubber 1s preferabl yuSedi nthe

invention. Exanples of the pﬂ{é@lﬁfia@ti ECI‘Lt%dl ol ef i n homopol yners ot her
t han the branched pol yol efin; Hg}ene, pol ypropyl ene,
. pol y-1-but ene, Ly hyl pent ene and . pol ynet hyl but ene: and ol efin
opor yrers.seh HE ERPHPRIT EREr GiufT Rt drduin Soporyrepen fastis
ethylenelﬁggﬁ%lene/diene terpolyner, a propylene /ethylene random

“copol ymert e hrifpyidiis) d56Fe Pt Yedrdd: c S50 e Aeango lyester,

propyl ene/ et hyl ene/ a-ol efin terpolyner. O these,
‘polyacetal, polystyrene, an acrylonitrile/butadiene/styrene

copdlymer {ABS}, polymethacrylate, pocharbonate,
polyphenyleﬁe oxide, pquvinyl chloride, polyvinylidene
chloride,polyvinylacetate,en1ethylene/(meth)acrylic:ester
copolymerandadienerubberispreferablyusedintheinvention.
Exémples of the polyolefins include clefin homopolymers
othér than the branched polyolefin,‘such as polyethylene,
.polypropylene, poly-i-butene, polymethylpentene and
polymethylbutene; and olefin copolymers, such as an
ethylene/o-olefin random copolymer, an
ethylene/propylene/diene terpolyﬁer, a proéylene/ethylene
- random copolymer, a propylene/a—olefin-random.copolymer and
a propylene/ethylene/a-olefin terpolymer. Of these,
polyethylene, polypropylene, an ethylene/a-olefin random
'_c0polyﬁer, an ethylene/propylene/diene terpolymer, a |
'prqpylene/ethylenerandmﬁcopolymerandeapropylene/a—olefin
random copolymer are preferable. Wﬁen the.polyolefin is - a

polyolefin obtained from an olefin of 3 or more carbon atoms,




pol yet hyl ene, pol ypropyl ene, an ethylene /a-olefin random copolyner, an

et hyl ene/ propyl ene/ di ene terpolyner, a propyl ene/ethylene random copol yner
and a propyl ene/ a-ol efin random copol ynmer are preferable. Wen the
polyolefin is a polyolefin obtalned_f om an ol efin ¢4 axchot® Tar bon
-atons, 76 24 March 2005 this polyolefih.may be an isotactic polynmer or may
be a syndiotactic polyner. As the catalyst for the preparation of the

pol yol efin, any catalyst publicly known, such as a Ziegler-Natta catal yst
or a netallocene catal yst, may be used. Exanples of the polyam des incl ude

aliphati gyl %%"I‘ﬁq_%flns‘rh%@ 22 oy %%o@,ac@i'co W13l gylpon-12 and

nyl.on- 46, omati c polyam des prepar ed aromati c d| carboxylic

aci ds an i O these, nylon- 6 is preferable. Exanples of
t he poIyg?§%¥ggghgﬁ%d§@%ﬁ%ﬁﬂlc polyesters such as pol yet hyl ene

t er epht hal at th | at t ht hal at

vl seaprar s ek ot uireafal B KRELLES b SpRIRS =t

t erepht hal ate | s preferabl e anpl es of the yacet al s i ncl ude

pol yf or m&'dehy Y%béﬁ?ﬁ&%%ﬁﬁﬁ?@%ﬁefﬂnﬂbﬁﬁé%éﬂﬁgégﬁyﬂéttﬁoF?Eﬁé§F5naIdehyde

and pol ybutyl al dehyde. O these, polyformal dehyde is particularly
pr ef er ablog. aTﬁ@tQéllVSlleylﬁeﬁetﬁéySEe gayolepoisy¢er of styrene, or may

Examplesofthepolyammdesmncludeallphatlcpolyamides,
'such as nylon-6, nylon—66, nylon—-10, nylon-12 and nylon-46,
and aromatic polyamides prepared from aromatic dicarboxylic
acidsandaliphaticdiamines. Ofthese,nylbn46ispreferable.

Exemples of the polyesters include aromatic polyesters,
smﬂlaspolyethyleneterepﬁthalate,polyethylenenaphthalate
and peolybutylene terephthalate, pelycaprolactone, and
polyhydroxy butyrate. Of these, polyethylene terephthalate
is preferable.

Examples of the polyacetals include polyformaldehyde
{(polyoxymethylene), polyacetaldehyde, poiypropionaldehyde
and polybutylaldehyde. Of these, polyformaldehyde is
particularly preferable.

The polystyrene may be a homopolymer of styrene, or may

| be a bipolymer of styrene and acrylonitrile, methyl
' methacrylate, aumethylst?rene or the like, such as an
acrylonitrile/styrene copolymeér.

As the ABS, one containing constituent units derived from

acrylonitrile in a content of 20 to 35 2 by mol, constituent




- bi s(4- hydmixypheny)ret faove, butaltiking( 4nhydeoxyphenylr) echane3o 3 by

be a bi polymer of styrene and acrylonitrile, nmethyl nethacryl ate,
~a-met hyl styrene or the like, such as an acrylonitrile/styrene copol yner.
As the ABS, one containing constituent units derived from acrylonitrile in
‘a content of 20 to 35 % by nol, constifuent 77 24 Marzh MO8 wlids derived
from butadiene in a content of 20 to 30 % by nol and constituent units
derived fromstyrene in a content of 40 to 60 % by nol is preferably

enpl oyed. As the pol ynet hacryl ate, polynmethyl nmethacrylate (PMMVA) is

pref erabl e. Exanpl es of the polycarbonates include those obtained from

.2, 2-bi s(4-hydroxyphenyl ) propane and 2, 2-bi s (4-hydroxyphenyl) butane. O

these, peldycanbonahstiehbatngdifsam 2 Aadisddy @phenyl penhepane is
preferable. As the pol yphenyl ene oxi de, poly(2,6-dinethyl-I,4-phenyl ene

oxi de) iqﬁpnﬁqungp% I@gﬁgﬁéﬁ%g e Fggh?§$?§¥nggia homopol ymer of vi nyl

chloride, or nmaybe a co Vi ny e "and vinylidene chloride,

acrylic ester, rylonitrile, pr | ene, or the, like. As.the { nyl i dene
o ot e n cBpars ARtk bR A e Bt b b L e e o r Pl
acrylonitrile, negqéacrylic ester, allyl ester, unsaturated ether,

styrene orf FHH&EHSH

Examples of the polycarbonates inblude'those obtained
from bis(4-hydroxypheny)methane,
'i,l—bis(4—hydroxyphenyl)ethane,
2,2-bis(4-hydroxyphenyl)propane and
2,2—bisé4—hydroxyphenyl)butane.' Of these, ?olycarbonate
obtainedfrom2,2—bis{4thdroxyphenyl)propanejjspreferable.

As the polyphenylene oxide,
poly (2, 6~-dimethyl-1, 4-phenylene oxide) is preferable.

The polyvinyl chloride may be a homopolymer of vinyl

chloride, ormaybe a copolymer of vinyl chloride and vinylidene

chloride, acrylicester, acrylonitrile, propylene or the like.

Asthepolyvinylidenechloride,acopolymerofvinylidene

éhlpride and vinyl chloride, acrylonitrile, (meth)acrylic

ester, allyl ester, unsaturated ether, styrene or the like,

" which contains vinylidene chloride units in a content of not
less than 85 %, is usually employed.

The polyvinyl acetatemaybeahomopolymerof vinyl acetate,

or may be a copolymer of vinyl acetate and ethylene or vinyl




whi ch contains vinylidene chloride units in a content of not |ess than 85
% is usually enployed. The polyvinyl acetate maybe a honopol yner of vinyl

- acetate, or may be a copol yner of vinyl acetate and ethyl ene or V|nyI 78

24 March 2005 chloride. Of these, prefgrable is an etdyMawghvidifi> acetate
copol ymer As the ethylene/ (meth)acrylic ester copolymer, an

‘et hyl ene/ net hyl acryl ate copol yner, an ethyl ene/ethyl acrylate copol yner,
an et hyl ene/ net hyl - net hacryl ate copol yner or an et hyl ene/ et hyl

met hacryl ate copol yner is preferable. Exanples of the diene rubbers include

conj ugat edh1peliyidi enes, L), asecpekybutads encet ROl ¥heopiane andtacestyrene
/ but adi ene copol yner of elastoner type that is knowmn as SBR

(styrene- ifehe rubber) In these diene rubbers, a part of double bonds
in the nolecul'es may be hydrogenated. The thernoplastic resins nentioned

above can be ysedn SLAGLY oG /e AEE09LE Ane0l oLUBBOITRES. Kids, O the

above thernoplastic resrns, pre er used 1I's a pol yester,

I i - f bl d | yol efi
2o AT Ry %%?fﬁ%a?ﬁafoi’g’1¥m§rago§§)?r8F¥‘h’§\s‘??‘r‘?d'3 gy yoietin
conp05|t|ons iS used or when two_or Hﬁinds of 3§6¥olef|nf are used in

T
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or an ethylene/ethyl methacrylate Copolymer is preferable.

Examples of the diene rubbers include conjugated
polydienes, such as polybutadiene, polyisoprene and a

styrene/butadiene copolymer of elastomer type that is known

as SBR {styrene-butadiene rubber). In these diene rubbers,
a part of double bonds in the molecules may be hydrogenated.

The thermoplastic resins mentioned éboﬁe can be used
singly or iﬁ combination of two or more kinds.

0Of the above thermoplastic resins, preferably used is
a polyolefin, a polyester, a polyamide or a polystyrene, and
more preferably used is a polyolefin. Especially when é
polyolefin that is a copolymer having different compositions
is used or when two or more kinds of polyolefins are used in
combination, the branched polyolefin is most preferably used
as a compatibiliiing agent.

The thermoplastic résin composition of the invention is
prepared for the maiﬁ purpose of allowing fhe composition to
_funcfion as an improver of melt properties éf the branched

polyclefin and/or a compatibilizing agent for a copolymer




as a conpatibilizing agent. The thernoplastic resin conposition of the
invention is prepared for the nmain purpose of allow ng the conposition to
function as an inprover of nelt properties of the branched polyolefin
and/ or a conpatibilizing agent for a ggpolyner 79 24 MarNgrdod8¥ Havi ng

di fferent conpositions or two or nore kinds of polyolefins. Mre
specifically, effects of inprovenent in nmelt properties, such as increase
of nelt tension or swell ratio, and/or effects of conpatibilization such
that domain size is reduced in the phase structure can be expected.

Addi t i veshavlihey tdief e ras td gngesi vl oS it Ofnd e kwventdon. may
contain additives, such as inorganic filler, organic filler,

crystal - Qﬂgh@ﬂyﬁnguggent hest stabilizer, weathering stabilizer,
antistatic agent, colorant, lubricant, flanme retardant and anti-bloom ng

agent, wi Lhi nylg,f L.l gty gn%rftfeelcttsootthmgg:n%g@eﬁ igd pvent i on.

Preparation The thérmoplastic 'resin conpositi i'nvention can be

or ebar od g sndno L e Bt anghed polyolelEn L 0e, Lhokoalsstic rest

bl ender . -Ir-lr(]:le/otrhgrflqngl:aSt %orm%séltr}.b c_)LJ_za 1tolnogugI1 ér?aetlcﬁlgrge?}_rll %nizceags

" reduced in the phase structure can be expected.
Additives

The thermoplastic resin composition of the invention may
céntain additives, such as inorganic filler, organic filler,
.crystal—nucleating agent, hest stabilizer, weathering
stabiliéef, antistatic agent, colorant, lubricant, flame
retardant and anti-blooming égent, within limits not
detrimental to the cbijects of the invéntion;

.Preparation

The thermoplastic resin composition of the invention can
be prepared 5y blending the branched polyolefin with the
thermoplastic resinbymeans of, for example, a ribbon blender,
a tumbling blender or a Henschel blendér.

The thermoplastic resin composition of the invention can

- be prepared also by melt kneading the branched polyolefin with
the thermoplastic resin ﬁsing a kneading machine such as a
Ko-kneader, a Banbury mixer, a Brabender, a single-screw

_rextruder or a twin-screw extruder, a horizontal stirring

machine such as a twin-screw stirring machine with surface




be prepared also by nelt kneading the branched polyolefin with the

t hernopl astic resin using a kneadi ng machi ne such as a Ko-kneader, a
Banbury m xer, a Brabender, a single-screw extruder or a tw n-screw
extruder, a horizontal stirring rraché e such as a tvidh-Moradw X0 ring
machine with surface 80 24 March 2005°fenewal action or a tw n-screw
multi-disc agitator, or a vertical stirring machine such as a

doubl e-helical ribbon stirring machine. EXAMPLES The present invention is
further described with reference to the follow ng exanples, but it should
be construed.that, ke iventdQm Jssddl MhiaY-di 48 ted 0. 4:.n0se- exanpl es.
Exanple 1 Preparation of solid titanium catal yst conponent 7.14 g (75
mmol ) of _anhydrqu ' | ari 7.9 f decan . m (225
- mol ) of v%-r}él‘%%ﬁqhé?gﬁg gl% oﬁ“or%c(ﬁq\}\%r esq‘%ehac Se?? vﬁ%bqheeg}elc%gga;%%or 2
hours to %i.ve .a horTgi eneous solution. To the solution, 1.67 g (11.3 mmol)
of pht halfi*c¢ T&ifiYd Mt s added, and the solution was mixed with stirring.
at 130C for 1 hour to dissolve the phthalic anhydride in the honbgeneous
solution. The.resulting honpbgeneous solution was cooled to room
tenperature, and to 200m (1.8nobl) of titaniumtetrachl ori de maintained
at-20C, the whol e anount of the EWOUS sol uti on was dropw se added

The present invention is further describedwith reference
to the following examples, but it should be construed that

the invention is in no way limited to those examples.

Exémgle 1

Preparation of solid titanium catalyst.component
7.14 g (75 mmol) of anhydrous magnesium chloride, 37.5
ml of decane and 35.1 ml (225 mmol} of 2—ethylhexyl alcohol
were reacted with heating-at 130°C for 2 hours to give a
homogeneous solution. To the solution, 1.67 g (11.3 mmol)
of phthalic anhydride was added, and the solution was mixed
 with stirring at 130°C for 1 hour to dissolve the phthalic
anhydride in the homogeneous solution. The resulting
1homogeneous'solution was cooled to room temperature, and to
200ml (1.8 mol) of titaniumtetrachloridemaintainedat -20°C,
‘ thewholeamouﬁtofthehomogenebussolutionwasdropwiseadded
over a period of 1 hour.' After thé dropwise addition was
completed, the femperatﬁre of the mixed solution was raised
_tollO°Coveraperiodof4Immrs. When the temperature reached

110°C, 5.03 ml (18.8 mmol) of diisobutyl phthalate (referred




over a period of | hour. After the dropw se addition was conpleted, the
tenperature of the m xed solution was raised to 110 C over a period of 4
hours. \Wen the tenperature reached 110C, 5.03 m (18.8 mmol) of

dii sobutyl phthalate (referred 81 24 March 2005 to as2DiMBR)ciwed)idded,
followed by stirring at the sane tenperature for 2 hours. Subsequently,
the resulting solids were collected by hot filtration and resuspended in
275 ml  of titaniumtetrachloride, and the suspension was reacted with
heating at 1100C for 2 hours. After the reaction was conpleted, the solids

wer e col kected pagain Wik heladd,i Ifoinakicen mnddinarigieghly chwashigde Wi th decane
at 110C and hexane at roomtenperature until no titani um conpound

| i ber at eq dfd g MRSRLRY, ogisd  wassdghented, die rsabid st agh ygyscat al yst
conponent synthesized by the above process was stored as a hexane slurry,

and a patf,.Qf - hhe sald d.f 'o%”EH%EQE?EXSEnﬁogﬁgﬂggEn&@é dri 895t gy exam ne

t he catalyst conposition.” The conposifron o tarned solrd titani um
‘cat al yst- onent exhibited Ti, of 2 % by weight, C_of 58 % wei ght ,
VG of 18 % by el g ESid BIEE 6y 5! Bheo PRI “ROIHS SR LBl o
propyl ene A 500 m gl@ss aut ocl ave was pur%ed with nitrogen, and_ 250 m of
decane wRS3tArEGHULER s 4 helhdt oMdve: TREMEawEd OTHi~ ¢ epadPhgni t r ogen

with propyl ene. Successively, wth o
thesolidswerecollectedagainbyhot filtrationandthoroughly

washed with decane at 110°C and hexane at room temperature
"until no titanium compound liberated in the washing liguid
wés detected.

Thesolidtifanimncatalystcomponentsynthesizedknrthe
above pfoéess was stored as a hexane slurry, and a part of
the solid titanium catalyst component was dried to examine
the catalyst composition. The'composition of the obtained
solid titanium catalfst component exhibited Ti of 2.1 % by
weight, Cl of 58 % by weight,‘Mg of 18 % by weiéht and DIBP
of 10.9 % by‘weight.

Polymerization of propylene

A 500 ml glass éutoclave was purged with nitrogen, and
250 ml of decane was intréduced into the autoclgve, followed
by replacing nitrogen with propylene. Successively, with
passing propylene, the autoclave was heated to 100°C under
stirring, and 5 mmol of triethylaluminum; 0.5 mmol of
cyclbhexylmethyldimethoxysilane and 0.1 mmol-Ti in terms of_

titanium atom of the solid titanium catalyst component were




passi ng propyl ene, the autoclave was heated to 100C under stirring, and 5
ol of triethylalum num 0.5 mml of cycl ohexyl net hyl di met hoxysil ane and
0.1 mmol -Ti in terns of titaniumatomof the solid titanium catal yst
conmponent were 82 24 March 2005 added_in this order. ZheMgpotlyr@rizati on of
propyl ene was conducted at 100C for #2hour to obtain pol ypr opyl ene, while
the feed rate of propylene was controlled so that the unreacted gas did
not escape through the bubbl er tube equipped at the purge line and the
pressure in the reactor was not reduced. Subsequently, propylene was
repl aced gMddy i roged. o REEPar ahicon af ermnal, ?L%‘ii)aﬁ@rﬁéor I 'ene The
pol ymerization slurry was maintained at 100C, and passing air having been
dried by i r.O o | ar. . sjev t a flow rat.e of 0.1/ hr, the
reaction%ﬁﬁ?ﬁéﬁ%ug¥éggaagqbﬁ%qs§ﬁgrigﬁﬁ%&é J?}ql %?3&%%%?’%??&% t he
reaction was_. cqnpleted, the slurry -was introduced into a m xed |liquid of
T e s SR FRERARIE SheooH EaAovSr Rosr o it Shre ThplSa ol al | owed
to stand still for one night. The fibrous polynmer sticking to the stirring
bl ade wad3h §E& d0F €Ac8RE FhanpaRt Tl Pk behiohe SBiPrRss adddéd to the
slurry given after allowng to standstill, and the m xture was filtered
t o obt ai PUFdthili@epaingnehe ghespesal 11 fgh9olsaronaR waskedediuckdret hanol
and then dried under reéduced pressure at 80C for 10 hours to obtain
Subsequently, propylene was replaced with nitrogen.

Preparation of terminal modified polypropylene

The polymerization slurry was maintained at 1QO°C, and
passing air having been dried by passing through molecular
sieves at a flow rate of 200 1/hr, the reaction was conducted
at the same temperaturé for 5 hours. After the reaction was
completed, the slurry was introduced into a mixed Iiguid of
2 liters of methanol and 2 liters of acetone, and the mixture
was allowed to stand still for one night. The fibrous polymer
sticking to the stirring blade was discarded.

Asmallamountofhydrochloricacidwaéaddedtothesiufry
givenafterallb@ingtostandstill,andthemixturewasfiltered
to obtain a white polymer.

The resulting'polymér was washed with methanol and then
dried under reduced pressure at 80°C for 10 hours to obtain
2.5 g of terminal modifiéd polypropylene; It was confirmed
byL%FﬁMRthattheterminalmodifiedpolypropylenehadhydroxyl

groups at positions of 52 % by mol of one-side—ends. The Mw,




2.5 g of termnal nodified polypropylene. It was confirmed by 13C NWR that
- the termnal nodified pol ypropyl ene had hydroxyl groups at positions of 52
% by nol of one-side-ends. The Mv. 83 24 March 2005 of the term nal

nodi fied pol ypropyl ene, as neasured by,GPC, was 170, D00¥aREacii®n of
functional group-containing polyolefin"with termnal nodified polyolefin
In a 500 M glass reactor, 0.061 g (0.55 nol, maleic anhydride group: 3.1
nol ) of mal ei ¢ anhydri de-nodified honopol ypropylene (trade nanme: ADVER,
avail able fromMtsui Chemcals, Inc., Mwv 110,000, nodification fraction:
0.5 9%, dfGlg: (erhimell, mbydrexyl pgloypop31dndD!ds Aledhe-dEHY ke, modified
pol ypropyl ene and 250 ml of toluene were placed, followed by stirring at
70C for 3@ nus eso@nd then at 80C for 4.5 hours. Fromthe resulting
slurry, the solvent was renoved by an evaporator, and the residual polyner
was dried g OC,£,0L s 40, poyr 5. L o Eecover, 1.02 g of
t he pol ymer e Test LSEm® As—reasturea—by E-NMR—ahd was
found that all the term _nal .hydroxyl groups of the termnal nodified

pol ypropyl ene were convéﬁ%—&&é&éﬁn‘i’b@ﬁdﬁ—é&gﬁn © %2/d105 6 ol efin chains
derived fromthe term nal nodified polypropyl ene were |inked based on one
ol efin chain détidved? rlomlese repeteranRydeilde- iBdphi bdohenwpdkypr opyl ene.

anhydride group: 3.1 pmol) of maleic anhydfide—modified
homopeolypropylene (trade name: ADMER, available from Mitsui
Chemicéls, Inc., Mw: 110,000, modification fraction: 0.5 %),
1.0 g (5.9 pmol, hydroxyl group: 3.1 pmol) of the terﬁinal
modified polypropylene and 250 ml of toluene were placed,
followed by'stirring'at 70°C for 30 minutes and then at 80°C
for 4.5 hours.

From the resulting slurry, the solvent was removed by
anévaporatbr,athheresidualpolymerwasdriedunderreduced
pressure at 80°C for 10 hours to recover 1.02 g of the éolymer.

The resulting polymer was measured by >C-NMR, and it was
found thgt all the terminal hydroxyl groups bf the terminal
modified polypropylene were converted into ester bonds and
5.6 olefin chains derived from the terminal modified
polypropylene were linked based on one olefin chain derived

from the maleic anhydridéwmodified homopolypropylene.




. 84 24 March 2005 Exanple 2 Reaction of functional group-containing
polyolefin with terminal nodified polypropylene Ina 500 i glass reactor,
0.099 g (0.76 prol) of a nmalefic anhydride-nodified ethyl ene/propyl ene
copol ymer (trade nane: TAFMER I\/P-OGlg, avai |l abl e from Maxzh CHeni cal s,
Inc., obtained by nodification of an éthylene / propyl ene copol yner havi ng
“an ethylene content of 80 %by nol with mal eic anhydride, nelt flow rate:
0.4 g/10 mn, Mm 130,000, nodification fraction: 0.5 %, 1.0 g (5.9 nol,
hydroxyl group: 3.1 nol) of the term nal nodified pol ypropyl ene prepared

in Exanpu%E;é% ahd;, 250 M of toluene were placed, followed by stirring at

70C for and then at 80C for 4.5 hours. Fromthe resulting
slurry, ‘theg solvent reaned b an_evaoorator re5|o al pol yner
was dri ed g-a-L Dbt ehidTsh dnpt 2o, 07 g of

.
the polynmer. The quantity. of the 2 Mgeca e soluble conponent in the
recovered pol yner was Eﬁféé@&igﬂﬁﬂﬁi;ﬁi~liﬂglﬂé2%¥e_ﬂﬁsoIubIe conponent “at
23C was subjected to IR nmeasurenment, and as a result, a peak of an
et hyl ene chai fwas>Hernéctlesd neeh&owi cd PPy g 60 - 78Quur1ofThanaleic
decane-i nsol ubl e conponent at 23C was subjected to 13C-NVR nmeasur enent,

- and as a argwdnidernpahk icfd e biny bethers Pbopyl aas coplodotied. (8bade name:

TAFMER. MP-0610, available from Mitsui Chemicals, Inc.,
obtained.byinodification of an ethylene/propylene copolymer
'havinganethylenecontentofEM)%bymolwithn@leicanhydride,
ﬁelt flow rate: 0.4 g/10 min, Mw: 130,000, modification
fraction: 0.5 %), 1.0 g (5.9 pmol, hydroxyl group: 3.1 umol)
of the tefminal modified polypropylene prepared in Example
1 and,2507m1 of toluene were placed, followed by stirring at
70°C for 30 minutes and then at 80°C for 4.5 hours.

From the resulting slurry, the solvent was removed by
anevaporator,andtheresidualpolymerwasdriedunderredﬁced
pr‘essur'e at 80°C for 10 hours to recover 1.70-2 g of the polymer.
The quantity of the 23°C decane—soluble component in the

: recovered polymer was 8.06 % by weight. The -decane—insoluble
~component at 23°C was subjected to IR measurement, and as a
result,apeakofahethylenechainwasdetectedinthevicinity
of 720 cﬁ*. The decane—inseluble component at 23°C was
subjected to 13CmNMR,measuremeet, and as a result, a peak of

‘an ester bond was detected.




24 March 2005 Measurenent of nunber of side chains The quantities of the

. decane-sol ubl e conponent at 23C in the nal eic anhydri de-nodified

et hyl ene/ propyl ene copolyner and in the term nal nodified pol ypropyl ene
before the reaction were 97.01 % by melght and 6. 01 24 Mamwi gHi0S
respectively. If the maleic anhydrideBkodified ethyl ene/ propyl ene
copolyner and the term nal nodified pol ypropyl ene had not reacted at all,
the quantity of the decane-sol uble conponent at 23 C should be 14 % by
wei ght by calculation fromthe fol lowing fornula.

(1. 0x0.0601+0. 099x0M37g }+§1 Q+%f0%%%£ 100 | AAs. d%s%ﬁlg§g;above however, the
quantity of the reaction product of

the mal hyd d dified_eth
termnal  od @&hﬁgp%rts'ﬁtaﬁe T r&p%# T it i Coan be

seen fromthe followi ng formula that 0 065 g (0.50 nDI of PO-A was |inked
to decané¥tiorabracpaigdidderged Rf%%t%@b?&? @%?‘l‘?té‘@poéé'ﬁ@équent ly,

t he nunber of the olefin chains derived fromthe term nal nodified

pol ypr op@nehin basdd: B hlemePafilnd Ry mr ooy 1 sigtl bromet Hee Fglasitd on

anhydri de-nodi fi ed et hyl ene /propyl ene copol yner is calculated to be 5.8
from t hewefrel 19GwiCAg 3f bynukagh86and 6.01 % by weight, respectively.

If the maleic anhydride-modified ethylene/propylene
copolymer and the terminal meodified polypropylene had not
reacted at all, the quantity of the decane-soluble component
at 23°Cshouldbe 14 $byweight by calculation fromthe following
formulaf

(1.0x0.0601+0.099x0.9701)+(1.0+0.099) =100

As desciibed above, however, the quantity of the
decane—-soluble component at 23°C in the reaction product of
the maleic anhydride-modified ethylené/propylene copolymer
with the terminal modified polypropylene was 8.06 % by weight,
so that it can be seen from the following formula that 0.065
g {0.50 pumol) of PO-A was linked to decane—insoluble PO-B at
23°C.

{1.0+0.099)x(14-8.06) =100

Consequeﬁtly, the number of the olefin chains derived
from the terminal modified polypropylene based on one olefin
ehain derived from the maleic anhydride-modified
rethylene/probylene copolymer is calculated to be 5.8 from the

following formula.




. 3. 1x(100-6.01)=100=0. 50 24 March 2005 Exanple 3 Synthesis of term nal

i odi nat ed pol yethyl ene Ina 500 mMl gl ass container thoroughly purged with
nitrogen, 250 m of dehydrated tol uene was placed, and with stirring, an
et hyl ene gas (100 1/hr) was passed through for 20 m md ésarciTaGde
container, a toluene solution of 2.5 %ol in ternms of Al atom of

met hyl al um noxane (referredtoas "MAO'hereinafter), said solution being
obtained by vacuumdi'stillation of toluene froma toluene solution of MAO
avai l able from Al bemarl e Corporation at 40C and t hen addi ng dehydrat ed
toluene againg 1 7-{N-(2,4,6-trifluorophenyl)
|nlnonethyl}lndollnyﬁ]gltgﬁulhﬁlgﬁ I chl oride

([7-(2, 4, 6- F-Ph- N=CH) CBH5N] 2Ti C12) were successively added and were
stirred for 5 mnutes with maintaining the tenperature at 25C to perform
li-ving pol ynerization. The passing gas was changed to a nitrogen gas
(10017 hr EXfRlowed by stirring for 10 minutes. To the resulting pol ymer
solution, a toluene solution of iodine (iodine: 2.5 mmol) was added, and
stirring was ffrnheesgsnpiintednana2stofionatetoprl yEidyvieingner was
precipitated in 1. 5.liters of nethanol, filtered off and dried

- toobtainO. SOQmﬂSQ@mhgﬁabaanhﬂEmnmtpbbyen@ylgpaﬁgﬁuwfﬁhnﬂﬁ@ogeh%/Nh

1.15). 87 24 March 2005
250 ml of dehydrated toluene was placed, and with stirring,

an ethylene gas (100 1/hr) was passed through for 20 minutes.
To the container, a toluene scolution of 2.5 mmol in terms of
Al atomofmethylaluminoxane (referredtoas “MAO” hereinafter),
‘ saidsolutionbeingobtainajbyvacumndistillationoftoluene
from a toluene solution of MAO available from Albemarle
C'orporation-at 40°C and then adding dehydrat_ed toluene again,
and 0.01 mmol of bis[7-{N-(2,4,6-trifluorophenyl)
iminomethyl}indolinylititanium(IV} dichloride
({7*{2,&,6—F—Ph—N=CH)CﬁﬁN]2TiClg) were successively added
andwere stirred for Sminuteswithmaintaining the temperature
at 25°C to perform living polymerization. The passing gas
was changed to a nitrogen gas (100 1/hr), followed by stirring
for 101ninutes; To the resulting polymer solution, a toluene
solution of iodine (iodine: 2.5 mmol) was added, and stirring
- was further continued at-25°C for 1 hour. The polymer was
precipitated in 1.5 liters of methanol, filtered off and dried
toobtainO.SOgofterminaliodinatedpolyethylene(Mw:65,000,

Mw/Mn: 1.15).




Synt hesis of term nal am nated polyethylene In 50 ml of dehydrated tol uene,
0.5 g of-the. term nal iodinated polyethyl ene obtained above was slurried,
and to the slurry was added 27 ng (0.15 nmol) of potassi um phthalim de.
The mixture was stirred with heating gy 80C for 12 hot# MardloldMiked by
-addition of 10 m of hydrazi ne nonohydrate was added, and the m xture was
heat -refluxed for 2 hours. The reaction solution was cooled to room
tenperature and was added to 1.0 liter of nethanol. The precipitating
polynmer was filtered off and dried to obtain term nal am nated
pol yet hyl ene. |3ymasexionfef nedrnpyna H-ddvRained [ 1R bpatlyglsngé hat primary
am ne was present at positions of 60 % by nol of one-side-ends. Reaction
of functional 1gr eprmgontrabehRgrpekyokefiuany, tb. 5t gr siEnghemedichiigel
pol yol efin ADMER avail able from M tsui Chem cals, Inc.
(honopol ypiapwtere pdiiiedwidanabehs asby dbiode, My 140,900, apedihi cati-on
fraction: 0.5 % was used as a main chain. In a 500 m glass reactor, 0.061
g (0.55 |, i i I : I ] TRk A.chain,
0,54 o (oo TE Y aepllakil R dPR il fy BR ot et i PREHIR Bl L0y
250 m of, tol uene were placed, ,foll d stirripg~at 70 or._30 m nutes
ARt L e S i S AL A R

and t hen urs.” Fro S e°86rvent was

renoved n evaporatar., .and the 88.24 rch 2005 residual pol ymer was
3 ouitio By pradtard af SBCHope nydzazons mofoAydraBe Va3

dried un

added, and the mixture was heat-refluxed for 2 hours. The
reaction solution was cooled to room temperature and was added
to 1.0 liter of ﬁethanol. The precipitating polymer was

filteredoffanddriedtoobtainterminalaminatedpolYethylene.
It was éoﬁfirmed by 'H-NMR and IR analysis that primary amine

Q,

was present at positions of 60 % by mol of one-side—ends.

Reaction of functional group-containing polyolefin with

terminal modified polyolefin

ADMER available from Mitsui Chemicals, Inc.

(homopolypropylenemodifiedwithmaleicanhydride, Mw: 110,000,

modification fraction: 0.5 %) was used as a main chain.

In é 500 ml glass reactor, 0.06l g (0.55 pmol, maleic
anhydride group: 3.1 pmol)} of the abbve main chain, 0.34 g
(5.2 pmol, amino group: 3.1 pumol) of the above side chain and
250 ml of toluene were placéd, followed by stirring at 70°C
for30minutesandthenat80°Cfor4.5hours. Fromtheresulting

slufry, the solvent was removed by an evaporator, and the




10 hours to recover 0.36 g of the polyner. The resulting pol ynmer was
subj ectedto 13C- NWVR neasurenent, and it was found that all the term na
am no groups of the side chains were converted into am de bonds and 5. 6
side chains were |inked based on one_ mmin chain. 89 24 March 2005 What is
claimed is: 1. A branched polyolefin %%nprising an olefin chain (A
having, as main constituent units, recurring units obtained fromat |east
one olefin selected fromolefins of 2 to 20 carbon atons and ol efin
chain(s) (B) consisting of recurring units obtained fromat |east one
" olefin s C f fi - ghl%;int olefin
chain (B?E?ggﬁg%Q%%f}ﬁégéﬁ%%ggéﬁéﬁhg?%gf%%%§%£k§%%ggﬁas 0 %Phg g efin chain
(A through a_bond having a.carbonyl. group, .and at |east one olefin chain
(B) per gﬁeESP&Si Ocﬁé?f:ﬁ’v%ﬁ) Oy Gerégn%heQ.pOﬂ‘ﬁ’é“eﬁr'anched pol yol efin as
clainmed in claiml1, ~wherein the weight-aver agelgn)l ecul ar wei ght (My) of
the olefin CREFFSEBLLITY potYPes¥aeiP s gme t] " Gk reps ned™ o yol efi n as
claimed in claim1l, wherein the bond having a carbonyl group is an ester
bond and?Bf iltnwafi SeuBenthai. aThetbeahenednpsdl yoieri arasrel afnedein any
one of clains 1 to 3, wherein one of the olefin chain (A) and the olefin
chai n (Byifls chadmsvakkigmypoites] ehta aandia hendslkerd 5. 6 side chains

were linked based on one main chain.




is a non-crystalline polyolefin. 90 24 March 2005 5. The branched
polyolefin as clainmed in any one of <clains 1 to 3, wherein both the olefin
chain (A) and the olefin chain (B) are pol ypropylene. 6. The branched
pol yol efin as clained in any one of Ialns 1to 3, wherli¥clbot®ihe olefin:
chain (A) and the olefin chain (B) h&\ e stereoregularity. 7. A process for
preparing a branched polyolefin, conprising allow ng a functional
group-contai ning polyolefin (C having, as main constituent units,
" recurring units obtained fromat |east one olefin selected fron1o|efins of
2 to 20 cggben; satpgs,a8d; baving one or nore carboxyl groups and/or acid
anhydri de groups at positions other than both. ends to react wth at |east
one 't erm nal difi ol vol ef 0 S|st|n recur units. obt ai ned
fromat | east rTgne f% | ng%éé eﬁ@ﬁ r%lm of eFf ns Za?oog%f]car rir(1)n at ons,
having a efi.n co osition ich e the sane as qr differen from
t hat of tpfé) B¢t m@%%&ﬁ”éﬁ?&?ﬁﬁ:ﬁé“p%?yBFS’f‘Fﬁlfl%)u“l&ﬁo"th at | east
one group, capable of reacting with a carbox roup_or an aC|d anhydri de
roup. AL LB B RS pEBPT DT SERGECENE T SHeEIBPeT Ao DA
polyolefln of any one of clainms 1 to 6. 91 24 March 2005

atoms and olefin chain(s) (B) consisting of recurring units

obtained from at least one oiefin selected from olefins of 2
to 20 carbon atoms, wherein the olefin chain (B) is linked
to a position other than both ends o¢f the olefin chain (A)
.through a bond having a carbonyl greoup, and at least one

colefin chain (B) per one olefin chain (A) is present.

Z. The brénched polycliefin as claimed in claim 1,
wherein the weight-average molecular weight (Mw) of the olefin

chain (B) is not less than 5,000.

3. The branched polyolefin as claimed in claim 1,

wherein the bondhaving a carbonyl group is an ester bond and/or

an amide bond.

4. The branched polyolefin as claimed in any one of
‘claims 1 to 3, wherein one of the olefin chain (A) and the
olefin chain (B) is a crystalline polyolefin and the other

is a non-crystalline polyolefin.




8- The process for preparing a branched polyolefin as clainmed in claim?7,
wherein the functional group-containing polyolefin (C is a nmaleic
anhydri de- nodi fi ed honopol yner or copol yner of ethylene and/ or propyl ene.
9. The process for preparing a branched pol yol efin as24 dfaraed2®®5 cl ai m 7,
wherein the terninal nodified polyolePPn (D) is a one-side-end nodified
pol yol efin having a group capable of reacting with a carboxyl group or an
~acid anhydride group at only one-side-end. 10. A thernoplastic resin
conposition containing the branched polyolefin of claim1 in an anount of

'0.01 to 50 % .by weight. ABSTRA T resent_.invention is_intended to
provi de a br an%‘heﬁ&%l %&agﬁhﬁ%hgﬁ%éﬂ\?% ous eC ¢S tlnpra(%[ercinieeso‘,%na

process far . preparing .the branche ol.yolefip and a thernopl astic resin
conposi ticgr?lé‘gsnia'?ch' ng’}i%e’orﬁ gﬁ&E‘eﬁ“%& g FRALENS aBFlaW&QEé’c}%nyol efin
. conprises an olefin chain (A) and olefin chain (s) (B) which have

recur ri nghiint slFobtaish &P APt 9east  one ol efin as main constituent
units. In the branched polyolefin, the olefin chain (B) is linked to a
position other than both ends of the olefin chain (A) , and at l'east one
olef in chain (B) per one olefin chain (A)is present. The process for
prepari ng a branché&tiepbirpakcékidnpodypilicdes: ald ediarigea in any one of

claims 1 to 3, wherein both the<alefijlchain (A) and the olefin

chain (B) have stereoregularity.

7. A process for preparing a branched polyolefin,
comprisingallowingaafunctionalgroupwcontaiﬁingpolyolefin
(C)having,asmainconstituentunits,recurringunitsobtained
frmnatleastoneolefinSelectedfromolefinsof211320cmrbon

~atoms and having one or more carboxyl groups and/or acid
anhydride groups at positions other than both ends to react
with at least one terminal modified polyolefin (D)

consistihg -of recurring units obtained from at least one
olefin selected from olefins of 2 to 20 carbon atoms, having
an olefin composition which may be the same as or different
from that of the functional group-containing polyolefin (C)
and having at least one group, capable of reacting with a
"carboxyl group or an acid anhydride group, at only the
position of chain end to prepare the branched polyolefin of

any one of claims 1 to 6.




functional group-containing polyolefin (C having one or nore carboxyl
groups and/ or acid anhydride groups at positions other than both ends to
react with a termnal nodified polyolefin (D) having a group capabl e of
reacting with a carboxyl group or an acid anhydride 24 deprat 200% t he
position of chain end. 91

8. The process for preparing a branched polyoclefin as
claimed in claim 7, wherein the functional group-containing
polyolefin (C) is alnaleic‘anhyd:ide—modified.homopolymer or

copolymer of ethylene and/or propylene.

9. The process for'preparingaibranched.polyoiefin as
claimed in claim 7, wherein the terminal modified polyolefin
(D) isaone-side-endmodifiedpolyclefinhavingagroupcapable
of reacting with a carboxyl group or an acid anhydride group

~at only cone-side-end.

10. A thermoplastic resin composition containing the

Q

branched polyolefin of claim 1 in an amount of 0.01 to 50 %

by weight.






