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(57) Abstract: A branched polyolefin having various excellent properties; a process for producing the branched polyclefin; and a
I~ thermoplastic resin composition containing the branched polyolefin. The branched polyolefin is made up of olefin chains (A) and
e clefin chains (B) which each comprises repeating units derived from an olefin as the main structural units, the chains (B) being
€ bonded to the chains (A) at sites other than the ends of the chains (A) through bonds each having a carbonyl group and the number
e of the chains (B) being 1 or larger per chain (A). The process for producing a branched polyolefin comprises reacting a functional
& polyolefin {C) having a carboxyl and/or acid anhydride group bonded to each end thereof and further having one or more carboxyl
O and/or acid anhydride groups bonded to other sites with a terminal-modified polyolefin (1)) having only at an end thereof a group
a reactive with a carboxy! or acid anhydride group.
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t her nopl 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 from an glefln as he mai n
structural units, the chains (B) being bonded to the tha'REA} %? 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 polyol efin conprises reacting a
functional polyolefin (C having a carboxyl and/or acid anhydride group
-bonded to each end thereof and bmscrarTiawi ng one or nore carboxyl and/or
aci d anhydri de groups bonded to other sites with a term nal -nodified

pol yol ef i BGrRARHABVPOOYONEYIN] BROEHSKS t e ek F BARI QU PTHE @Gk yeanbt h a
carboxyl or acid anhydride group. 1 24 March 2005 DESCRI PTI ON BRANCHED

PCOLYOLEFI N, I SI'N
CovPosi Ti o EOTFRTIENG ‘SRARGEED. oL 0L BTN OF £ R TEE TVERTT O The

present invention relates to a b% @E@% Lyolefln wherein at |east one
olefin chainis linked to a position er than both ends of another
olefin chain having an olefin conposition which is the same as or
different fromthat of the previous olef in chain, and relates to a
process forpreparing the branched | yol efin_and a thernoplastic resin
conposi tion containing t HELHR rféﬁéﬁaﬁbo?wbéﬂw BACKGROUND OF THE

| N\VENTI'ON Si nce pol yol efi ns have excell ent processability, chenical

resi stance, elhetpiesgntprigpmntiies aedafeshhni @dpranched polyolefin

Wh'erein 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.

BACKGRO'UND 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,




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 polyol efins have
been diversified, and pol yol efins of farious properti%$ Magchy 2¢dt yol efi ns
of excellent heat resistance and pol yolefins 2 24 March 2005 havi ng soft
touch such as non-rigid polyvinyl chloride, are desired.. As nethods to
i.nmprove the properties of polyolef ins, there are a nethod of controlling
the type of a nmononer or the nolar ratjo between nononers, a nethod of
changi ng HoHdR St ERYEReRECH st My FighHdb modiy vBinodk chi pangenente et c.
and various nethods have been attenpted heretofore. It is generally known
that wit Iflesdspsabt to pol yol efins containing ethylene as a nmai n conponent,
the polyner of a branched structure exhibits specific nelt properties and
i's advant agedusné rhddet pdimprerentiep ngpe Oniéhios @Llo@IEind f Bhef€spect to
pol yol efins containing an olefin of 3 or nore carbon atonms as a main

_conponentareabh s ted pdl yort rol 1 andrianchede St UBbHReE S €Xpeck8dat0 have
specific melt properties. Wien the conposition of the olefin chain of the

mai n chaimatis plitdeine Honbh@Pst hat e o efia r?pfi%! Eloquom%@ si de chain,
the polyner is also expected to function as a corfpatibilizing agent.

arrangement, such as random or block arrangement, etc., and
various methods have been attempted heretofore.

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 froﬁ 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




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 position other thanibdriclendtdof anot her
~olefin chain having an olefin conposition which is the sanme as or.
different 3 24 March 2005 fromthat of the previous olefin chain has
various 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 oA roffotBrbve Hdhe Bravdived porfenethaindvdnyardoususxestékhent
properties and a process for preparing the sane. It is another object of

t he i nveptiopertdepr.ovBdeed ¢mdrmpliasiting, r else preoapodintviean iconkasni ng t he
branched pol yol efin. DI SCLOSURE OF THE | NVENTI ON The branched pol yol efin of

t he i nvebkieanacsoaphianeied polyolefin conprising an olefin chain (A)
having, as main constituent units, recurring units obtained fromat | east

one ol efin sehgeted dd amyol etins Hf oBibe 29 GHDRRALARE: APn eI &L i N

chain(s) (B) having, as main constituent units, recurringunits obtained

fromat teastodacouehilntleltd fiaidl ehiinglvard f 20eanhay atoms and

havi ng an ol efin conposition IS e sa as or erent fromthat
of the olebhl ERaLMLALL proddlE 8D JG0L5 Frsakl (Bhe'ss Lhoked to 2
posi ti on-otner .

 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 t§ 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




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

pol yol efi n wherein the wei ght - aver aged ol ecul ar wei gh24 4M2BCha¢ 8852005 (M)
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 is a non-crystalline polyolefin,
‘a pol yol e itfertdien Yt wdraginef (B difaine i Aesand-hawe 5,80 n chai n (B)
are pol ypropyl ene, or a polyolefin wherein both the olefin chain (A and

t he . ol ef i n chaipeliyB)l cidve wieareor &gel beindy haThegprocaskofipk preparing a
branched pol yolefin of the invention conprises allow ng a functional

gr oup- cortsaiam &gt eaolyeidefdml (o) dmvntgle aorgi n consti tuent units,
recurring units obtained fromat |east one olefin selected fromol efins of

2 to 20 carbor gboys1ansnhavd i roBee0b £ L caarhaxyha Ok OUPS slkdépe acid
anhydri de groups at positions other than both ends to react with a

term nal JRdiifi edAQ Y@ efiisna( PryBa%h Ngned8o1 YBI BrEANSALT LRBL HRALLS,

recurring units obtained fromat | east one olfefin selected fromol efins of

2 to 20 S%rﬁo%dﬁﬂﬁF§sé§¥ﬂﬂ%% polyolefin,
| 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 carbon atoms and having one or more carboxyl groups

and/or acid anhydride groups at positions other than both ends

to react with a terminal modified polyolefin (D) having, as

~mainconstituent units, recurringunits obtained fromat 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.



an olefin conposition which is the sanme as or different from that of the
functional group-containing polyolefin (C and having at | east one group
capabl e of reacting with a carboxyl group or an acid anhydri de group at
only the position of chain end to prgpare the above- ﬁénﬂﬁéﬁbd2%85nched

pol yol efin. 5 24 March 2005 The process for preparing a branched pol yol efin
of the invention is, for exanple, a process wherein the functional
group-containing polyolefin (C) is a maleic anhydride-nodified honopol yner
or copol yner of ethylene and/or propylene, a process wherein the term nal
-modi fi ed pol ydlitef inrodB)ss ifsrapoapasidg- andramchdd aeb Ipot hedliaf iaf hhei ng a
group capable of reacting with a carboxyl group or an acid anhydride group
at. only dmersitdiesrencs, ofor guaogelss, wherein the term nal nodified polyol efin
(D) is a maleic anhydride-nodified honopol ynmer or copolymer of ethyl ene

and/ or propyl engrothesd Refdmplrastis mesdti GRPesdipraitdhitidgqvention
contains the above-nentioned branched polyolefin in a content of 0.01 to

150 % by weigh1.. AREFERRED aﬁM@@Q&W}%&EJ@%&MEM& PNk BEANC Bed

polyolefln of the invention, the process for preparing the sanme and the

t her nopl gﬂﬂ&a}' gg %§Oé%cipletdeo%n&p&t %%Met&e branched pol yol efin are

descrlbe

a process wherein 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




herei nafter. The branched polyolefin of the invention conprises an olefin
chain (A) having, as main constituent units, recurring units obtained from
at least one olefin selected fromolefins 6 24 March 2005 of 2 to 20 carbon
atons and ol efin chain(s) (B) having,6as main constiféehereni 2605recurring
units obtained fromat |east one olefin selected fromolefins of 2 to 20
carbon atons and having an ol efin composition which is the sane as or
different fromthat of the olefin chain (A), and the olefin chain (B) is
linked to a position other than both ends of the olefin chain (A) through

"~ a bond h&fh g T8 <& BeRPrIgRSeRs *RE ResALRgCBRiRKE) eXBi eBSVHRTY c@®BpOSI ti on
is the sane” is as follows. Wien the olefin chain (A) is for exanple a
honopol yF&in ¢hes ol efent ahdits . (Bycisr inhomipel girterircohposedit beashe sanme
olefin as that of the olefin chain (A), and when the olefin chain (A) is
for exanpne aledpol yakectedet obrefdiefictrmiof EB)o X0 aachpol yiemscanposed of

t he sane conbination of olefins as that of the olefin chain (A) and having

al nost  t havisanen cuERFieNesmpopt enbnam idrat safhd kamel £§ ior ghataréM The
meani ng of the expression "conposition is different” is as follows. At

- least ongreandhhionrsehect rer {5 amd e MONomely +hwps1keknf eRgiAg(ENe ol efin
chai n, the conononer type and the conononer content is different. In the
present iaveRtian. tol b b3sRESLAT 8RhErt PALNt BE:fOORYSI LF ofhd SofLEfgrent.
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 éontent as.that of the clefin chain (A) . The
meaning of thé expression-“composition is different"™ is as
follows. At ieast 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).




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 |inking the
-olefin chain (A) to the olefin chain (B). 7 24 March 2005 The olefin of 2
to 20 carbon atonms is, for exanple, a straight-chai nZérMrancHEp a- ol efin
or a cyclool efin. Exanples of the straight-chain a-olef ins include those
of 2 to 20 carbon atons, preferably 2 to 10 carbon atons, 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 tHacbprdarchedod- 8l €bi B8 cacbadeatbmseisf #Aortexd@pteay bon at ons,
preferably 5 to 10 carbon atons, such as 3-nethyl-I-butene,

4- et hyl skrpegherenadnmithWraldpert enele f3ret la lyRaArREin.
4, 4-di net hyl -I'- pentene, 4-nethyl-1-hexene, 4, 4-dinethyl-I-hexene,

4-ethyl -1T- hex@@?rﬁgﬁi@g %Beﬁmlsﬂfﬁmhagﬁg@;bg%fgkg ?gc%%ﬁéoﬂﬁc%é ns

i ncl ude those o car bon car bon at ons,

h q t | : TG e,
ot acyclbodRhane G ey BT OREkaRG? Wieh 0178 H B e an 6 he

ngfLPefgg'Qtﬁéle%gq %Q%py %ﬁ%?sﬁtb%%e%%,tnggh%%hg,cqéhgxggé,are the same,

l—octene,l—decene,l—dodecene,1—tetradecené,l—hexadecene;
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~methylﬂ1;hexene, 4,4“dimethyl~1—hexene,rd—ethyl~1~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 aﬁoms as main

constituent units.




chain (A) and the olefin chain (B) preferably have recurring wunits
obtained froman olefin of 3 to 20 carbon atons 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 Mardior20Gd ons as
main constituent units, they may contaln recurring units obtained froma
pol yneri zabl e nononer other than the olefin of 2 to 20 carbon atons, such
as a diene. The olefin chain (A and the olefin chain (B) may be f or med
fromrecurring units obtained fromone olefin selected from the above

olefins of 2 tza 2w hore atlefsn Bhafmy (8F 404 Mt JIedNd @Gk ngyuni ts
obtained fromtwo or nore olef ins selected fromthe above olefins of 2 to

20 car bom AtOWBcuYREA Gt RS OF @t iGhA PréfarPBietFhg O Qfdfds' hakppeR) are

formed fromrecurring unlts obtained fromtwo or nore olefins se ected

fron]theeﬁ&ﬁ%?a%'ﬁg 88%5%1E8e§9 &ﬁfp n éﬁe lfyD%%P%flhh%?ﬁth%88 % by nol

desired to be contalne content of " usu €ss

and less than 1 0% rab to 99 % b referably
a0 o0 Hip KBitatngh Hrom B BOTVAEY 2ablel Randupkobehr; shRG: BRFrG of 2
to 20 car ato ot her than t he ol efin descri bed above and/or a

pol ymeri 2 iﬁr}&%&?@er Lotdferraingl e effUsor® & sligpcar bon  atoms. The

oIefln chain ﬁo and the olefin chain (B). may have
he clefin chain (A) and the o eflnchaun(B)maybefbrmaj

from fecurring units obtained from one olefin selected from
the above olefins of 2 to 20 carbon atoms, or may be formed
fromiecurringunitsobtainedfromtwoornwreolefinsselected
from the above olefins of 2 to 20 carbon atoms.

When the olefin chain (A) and the olefinichain {B) are
formed from recurring units obtained from two or more olefins
selected from the above olefins of 2 to 20 carbon atoms, one
oftheolefinsdjsdesiredtx)becontainedjllacontent;ﬁfusually
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 ﬁonomer other than the olefin of 2 to 20 carbon-
atoms. |

The clefin chain‘(A) and the olefin chain (B) may_have
stereoregularity,andinthiscase,theraybeanyofisotactic

and syndiotactic.




stereoreqgularity, and in this case, they may 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 polypbopylene, such a&4 aMayprlo@d@Ene

honopol ymer or a propyl ene copol yner conposed of propylene and an olefin
of 4 to 20 carbon atons, particularly preferably a propyl ene honopol yner.
The ol efin chain (A) and the olefin chain (B) preferably have
stereoregularity, and in this case, they may be any of isotactic and

syndi otacti c. ynMhernkheoRbesiPishanthd) o888 hheniefin) ¢hatrme (Bhhave

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

- Breterably. sghagk! e MR LOErORPOR 1AM O ddie shelin Bk (e 1S
and the i S nD: vt T o e et feP fadpofhoh i £y Y S

Gt byl ene BRI SO ORTE S 5 20 PEAPBTR GBS SOnEr Behfiane

[-propyl ene copol yner, or a non-cr%stalline copol ynmer of propyl ene and an

ol efi n ofPTPPHeE) aggl ¥ Etidms Cbt hére ERafR PP AtERsS , paakigsilarly

propyl ene/ et hyl ene copol yner, and that the olefin chain (B) is a -

cryst al | ipre fsalamiar asuedpials:renhenpppéaeonopoe yrlerf igy chaipr by lbade

homopol ymer . e
‘the olefin chain (B} preferably have sterecregularity, 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.




10 24 March 2005 Wen the ol efin conposition of the olefin chain (A) is
different fromthat of the olefin chain (B) in the branched polyolefin of
the invention, exanples of the olefin chains are as follows. \Wen the
~olefin chain (A) is for exanple a hopgpol ymer, the A%MaFrEnzdPyB) is a
- honopol yner or. copol ymer 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 ol efins
fromthat of the olefin chain (A) or a -copolyner having the sane
conbi nati on ofihelnetihescasfihatombos heiohedf ncichaile 1A chhun hayi ng a
different nononer ratio, or a honopolyner. The olef in chain (A has a

vei ght - avaraee Rl eedhathie ghtchd Mie ofn usdild y(r)0,:800htoL 8n8RB4000,
preferably 20,000 to 5,000,000, nore preferably 50,000 to 1,000,000. The

ol efin chaihn(B); 9{ %ffertﬁ@ xnt}@atlénor esz%slegr Benynat Bﬁfi‘ﬂdcﬂégng 00

wei ght - aver age nol ecul ar wei ght usually™ not l'ess than

preferabl)ée agogﬁﬁgo Sooq“gﬁgﬂﬁﬁ%&$3ﬂ¥(ﬁ ereﬁ@'oFgogofhagggpggo When t he

conp05|t|on 0 e olefi i's di fom he ol efin
Chal 1 (o G AU TBLSRULEY s ol e 1,21 gL el
10, 000, 000, myre preferably 15,000 to_ 1,000,000, still_more preferably
20. 000 pgn@ges&@@ a differént olefin from that of the olefin chain
A{A)}, and when the olefin chain (A) is a copolymer, the olefin
.cbain (B) is a cobolymer 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-average molécular 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 toe 10,000,000, more

preferably 15,000 to 1,000,000, still more preferably 20,0_00_;

to 500, 000.




11 24 March 2005 In the branched pol yolefin of the invention, the olefin
chain (B) is linked to a position other than both ends of the ol efin chain
(A) through a bond having a carbonyl group, and the nunber of the olefin
chains (B) linked to the olef in chainy (A) is not |e&% Mameh 200xeferably
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 im de bond, a urethane bond
and a urea bond. These bonds may be present singly or in conbination of

two or nore kindsheandaarhest polbondrandspreraniafedeibandths opseferabl e.
The branched polyolefin of the invention has a nelt flow rate (MR

measur ed @ha90@ )0k 52806 HAdEs Aplbeadieh 3rAbr ki BAGLRLARNGE Wdh ASTM D
1238, the same shaII apply hereinafter) of usually 0.001 to 3,000 g/10

mn. Preferaply ofli003ah0 ikrggghg 10008 hayi PEELERARLY G Poli (hd DO

g/lO m n, enS|ty nmeas In acco ce wt

same shaII her aft of usually .0.79. t preferably
0.75 to 0-43 %%f% #era%?alBSB )t818k§§1“b%3%80fgﬁeﬂ
conp05|t|P of the Iefln chagg s sanme _ as that of the olefin
chain (B) ylnot less than t.l, more

-preferably 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 ester 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/ef 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 apply

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.?th: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




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 min_ Wien the conposition of the olefin chain (A) is different from
“that of the olefin chain (B), MR of jbhe branched pot4odfiatén 3&0desired to
be in the range 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 m n. Exanples of preferred
conbi 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 efi n chas MlgB)red tthe bal éhi hhehakngéApfanshd hey ®) @ ito chaiov (@B)ioar e
preferably pol ypropylene, and in this case, the polypropyl ene preferably

has a density e 8804 @. 0% t96Q,0b0n§/10akih CUld Y1l £ 8L 1P 0.1 950
g/cnB8, and MFR of 0.05 to 1,000 g/10 mn, particularly 0.1 to 500 g/10

mi n. V%entotyﬁbpguy@qggyje@ﬁm§§t%ec%Bﬁk%%%&iohr%fcQ%Eﬁ%ﬁéﬁanag%

copo[yner!zed component is desired to be usually not nore, t _naifo % by
o1 et 1 chirh Ty S Re Pt e PR o 1 BB B MR 1 T
o1 of  n_of P SPEEnS0ER AT BIGHo Bl e ore P REMT s oFEpoyar opyl ene.
o B R T e PR oot Bt corbon

more preferably 0.01 to 100 g/iO min.
| Examples of preferred combinations 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
-_olef.in' chailn (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 o_f 3

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




13 24 March 2005 of 0. 850 to 0. 900 g/cnB, preferably 0.858 to 0.898

g/ cnB, nore 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
crystalllnlty, as neasured by X rays, gf | ess than 394 WapelefdEbly | ess
than 28 % nore preferably | ess than 5 % The polypropylene, 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 nin. Wen the polypropylene is a copolyner,
the cont eft 00k sbheo TOPA W R ER2 £ reGRRRNARt 0l §53065i0.8G st /68 Uadakl y not
nore than 10 @6by nmol, particularly not nore than 5 % by nol. Preparation

The branghed gln%f'arwftotf@eslg@v DN 1 c%)f‘l rf&g%@aﬁm figh, exanpl e,

allowing a functl group- cont ai |ng pol yol'efin ( ng, as main

const | UGN, dLLs, GeGuE S g@tgﬁgso%ﬁnc’%@re d.Joamal, heast, ofle ohgfin

sel ect ed ¥ om ot efd ns caf bon atoms an vi hg one nor e
carboxyl roups , and/ or: nhydrlde u 03|t|o ot h t han both
onds 10 TEHCEDG 1S s B MERAr PRI Y PedoRSr yor daG? EBRD havi ng.
as naln constituent units, recurring units obtained fromat |east one
olefin selbde®TetGmabier iMeSohan ¢826 cBPEENPr&E6HEL LNavPA§ BR2BI efi n
conposition which is the sane as or different fromthat of the olef in
chai n (O2%arfd h@Pengoadvprerstene, that is the olefin chain (B),

preferably has a density of 0.880 to 0.960 g/cm3, particularly
Of890 tol0.950 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 mol.

Preparation

The branchéd polyolefin of the invention can be 'prepared
by, for example, allowing a fgnctiohal group-containing
polyoclefin (C} having, als 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




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
i's a polyolefin having one or nore cagboxyl groups aft/MrradeiaPO%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 functional

gr oup- contre minegrpokyabkéiaf (Epctsngobttal nedatiyogy Aigtrompdo f yHrmgeadpart or
the whole of an unnodified polyolefin with an unsaturated carboxylic acid

or its defhyative. gdhep unnhosh Iy ethpabyol ©fon no£aghdier prrepar ed by
pol ymeri zing or copolynerizing the aforesaid olefin of 2 to 20 carbon

atons using a higdherg o oM icardlysiconesaml ofi vbhe it herto  known
~catal ysts incl udmw——mmﬁ% system and a
nmet al | ocene ¢ oth

Al VAIncdNGse AL gy &t%rl%lqgﬂs%al ked 4

MignESI um supporte tl tanl umTcat st syste e ITHgI’lESI um SUpp(SJ—:lI’tEd
titani um ca:{ ystemis Dprefer a}1bl Yo B cat | yst s ste r.i |ng a
solid ti tanl%?ne akll?/sjt %orrponent con rradfc%ul r%: i um and
“anhydride groups at positions other than both ends. The
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
obtéinédby 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 inciude 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




15 24 March 2005 hal ogen as essential ingredients, an organonetallic
conpound = catal yst conponent (l1), and if necessary, an electron donor
(rrr)y. (1) Solid titanium catal yst conmponent The solid titanium catal yst
conponent (1) can be prepared by contacting the bel o désr@riZdthmagnes ium
conpound, titanium conpound and el ectron donor with each other. Magnesium
conpound .. The magnesi um conpound i s a magnesi um conpound. havi ng reduci ng
ability or a magnesi um conpound having no reducing ability. The nagnesi um
conmpound having reducing ability is, for exanple, an organonmagnesi um
conpound hepbgsaM€dsbynthel foftaw ag:d ormubigaroidR21 N cVisiSbihd 1S a
nunber of 0:n<2, R is hydrogen, an alkyl group of 1 to 20 carbon atons, an
aryl groupaek1gseYEhRailt GTaYR, an¥WheR frded Gyt WAn0k 1 B FRYL thish e or
different, and” X is a hal ogen. Exanples of the~ organonagnesi um conpounds

- havi ng rergkpg ability include al kyl magnesi um conpounds, such as

di met hl | magnesi um di et hyl magnesi um di propyl magnesi um  di but yl magnesi um
01 amvl magnesium i 49YYLIR90°R} ¥iks ufl' 38X (RANESHEEheRE! V! PUtY! MRgnesT um

The solid titaniumcatalyst component (I) can be prepared
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




16 24 March 2005 et hyl 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

chl oride, hexyl magnesi um chl oride and anyl magnesi um chl ori de;

al kyl . magnesi um al koxi des, such as bdtyl et hoxymagnesidinMarch 2005

et hyl but oxymagnesi um and octyl but oxymagnesi umy but yl magnesi um hydri de; and
magnesi um hydride. Metallic magnesiumis al so enpl oyabl e. Exanpl es of the
nagnesiun1conpounds having no reducing ability include magnesi um hali des,
such as %£gn§§ chl ori de, ﬂg $5|un1bron1de magnesi um i odi de and
magnesi ufitFY B8P F 8RR ROV frag hBX; ﬂﬁgﬁﬁﬁﬁﬂ@sha%ﬁ@ﬁsasSHEPhéﬁynagneS|um

chl ori de, athoxynagne5|un1chlor|de i sopropoxymagnesi um chl ori de, :

Dut oxy me@RB¥EL DAY RS DR deh kAl 86t oRyABYHESPDAS tBorhderidsr vl oxymagnesi um
hal i des, such as phenoxymagnesi umchl oride and net hyl phenoxymagnesi um
'_chloridebuﬁYémaQ@&§h®@n@@l@nﬁde sehy imadnes hoxyoajoesdeanand

di i sopropoxymagnesi um | i but oxynmagnesi um di - n=oct oxynmagnesi um :

| i - 2- et hyhhexoxyesiuwe s¢he aide ned hoxVes doxy tagneskont dek| aspybaxysagnesi uns,
such as, di phenoxymagnesi um

-||nethyImmmymgwﬁﬁxymggmgggmmme@@mynmﬁf@kymﬁ@ﬁgyﬂ@@ng§aun1 tnd carboxylic
acid salts of magnesium such as magnesi um .aerate and nagne5|un1stearate.
17 24 Meg sty 20020 xymagnesium; butylmagnesium hydride; and magnesium

hydride.

Metallic magnesium is also employable.

Examples of the magnesium compounds having no reducing
'abilityincludemagnésiumhalides,suchasnwgnesiumchloride,
ﬁagnesium‘bromide, magnesium iodide and magnesium fluoride;
alkoxymagnesium.haliéeg,-such as'methoxymagnesiﬁm.chloride,
sthoxymagnesium ¢hloride{ isopropoxymagnesium chloride,
#utoxymagnesium"chloride andeCtoxymégnesium chloride;
arlexymagnesiunthalidés, such;as phenOXYmagnesium.chloxide
and,metﬁylphenoxymagnesium chiéride; dialgoxyﬁagnesiums,
such as diethoxymagngsium, diisopropoxymagnesium, |
iibutoxymagnesipm, di—n*octpxymégnesium,
ii-2~ethylhedeymagnésiﬁm and metﬁoxyethoxymagnesiUHu
1iaryloXymagneSiums,.such as diphenoxymagnesium,
iimethylphenoxymagnesiumaﬁdphenquméthylphenokymagnesium;
1nd'carbbxylic acid salts of magnesium, such as magnesium

.aurate and magnesium stearate.




The magnesi um conmpound having no reducing ability may be a conpound
derived fromthe nagnesi um conpound having reducing ability or a conpound
~derived during the preparation of the catalyst conmponent. In order to
derive the magnesium conpound having go reducing abid4 tMarfqlordQGse
magnesi um conpound havi ng reduci ng a%ility, t he magnesi um conpound havi ng
reducing ability has only to be contacted with, for exanple, apolysiloxane
conpound, a hal ogen-cont ai ni ng sil ane conpound, a hal ogen-contai ni ng

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

a compound haviing refridd 010 U msfurdl FAGHING AT DRPER A, nHie
magnesi um conpound having reducing ability and the naghesi um conpound

havi ng_ NG ediCldihafid | 49y d oF i, Qb e cOmRgHN g, sonpound
together with éﬂ%%her'neta suc ﬂa%s al um éﬁ; 2|ﬁg?9 %@%%?H %%??Iium
m e of , the. magnesi um conpqund and

sodi.um or SS| Um: 4 0 tur e

anot her ﬁ%%g%?ﬁgigg%%%ggﬁgsxﬁggﬁﬁgﬁﬁéé#ﬁﬂﬁ%%%ﬂBﬁhngﬂﬁipﬁgp&§ 8fngly or

-~ in conbi %’on og_%mo or nore kinds. O the above_nagggfiunrconpounds, a
solid naéﬁg %ﬁn?a.% PO RAN be oFfAgai B et e BRIRESéBct r on
donor = (i). Ex | es, of the electron donors (i) include alcohols, phenols,

ket ones, Wﬂﬂﬂﬁﬁiﬁv%ﬁ%ﬁp§ﬁQ¥ﬁﬁﬂ%ﬁb¥$¢¢ﬂfﬁ@@Q&%ﬂaQHﬁ%&$m§0@@p@ndsters.

Specifically, there can be nentioned: is
having reducing ability, the magnesium compound 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
és aluminum, zinc, boron, beryllium, sodium or potassium, or
may be amixture of the magnesium compound and another metallic
Compoundd 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:




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 al cohol, phenylethyl alcohol,
cunyl al cohol, isopropyl alcohol and jgsopropyl benzylZ24lMohd] ;2005

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

trichl oronmet hanol, trichloroethanol and trichl orohexanol; al koxy al cohol s,
such as 2-propoxyet hanol, 2-butoxyethanol, 2-ethoxypropanol,

3- et hoxypropanol , 1-nmethoxybutanol, 2-nethoxybutanol and 2-ethoxybutanol;
phenol s of 6 tad@hclardDh tatichearivdn ghomay shate sand tdveeto ) &yhagobdup, such
as phenol, cresol, xylenol, ethylphenol, propylphenol, nonyl phenol,

cuny! pheporb napht hebl, pkatanes, ofe 3inoa , 15-Qaipate 24 @56, osH&ho RS
acetone, nethyl ethyl ketone, nethyl isobutyl ketone, acetophenone,

' benzopher&%%cad}fbllzeaéeg%egmeal@éw&m@%y@fal?céﬁbllﬁ b%%&%”aﬁ&@ﬁ@l, such as
acet al dehyde, prop ional dehyde, octyl al dehyde, benzal dehyde, tol ual dehyde

thyl ot eE R SR Subd) AR s e BRI A U ey
ani sol e %EQEFE&R%E%J eiher; 19,24 March 2005 amines, such as
tri met hyl amtie % |é‘t2ﬁf)}1 aar%'i ne,
halogen—containingalcoholsof111)180arbdnatoms,such
astrichloromethanol,t?ichloroethanolandtrichlorohexanol;
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;




tributylam ne, tribenzylam ne and tetranethylethyl enedi am ne; and
pyridines, such as pyridine, nethyl pyridine, ethylpyridine and

di met hyl pyridine; and netallic acid esters, such as tetraethokytitanium
tetra-n-propoxytitanium tetra-i-proppgytitanium tel4diatadxy2ddani um
tetrahexoxytitanium tetrabutoxyzirconiumand 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 rmagnesi um
conpound by tihe relsgctauam denalriekhiyd agener, al-h stakfliagd neyt by contacting
the solid magnesi um conpound with the electron donor (i), followed by

heating ifrineeeaSAliNe,| tAieh SASHinkhangontact tenperature is in the
range of 0 to 200C, preferably 20 to 180C, nore preferably 50 to 150C. In

the sol ukidti Zal @R 183G i1 Y; 0GRboN sol vent. or the |ike may be
present. Exanpl es “of the hydrocarbon solvents include aliphatic

hydrocarbons,R&g&@i%%seegh%éeas gﬁéggﬁ$8heﬁg%gg%gg%éggﬁbadecane, dodecahe,

tetradecane a Kérosi'nég; iICy focar s cycl opentane, 20

24 Nhrche%%g pg%g%ﬁg%y%hp %ﬂ%%%%yl%¥%ggg%é?nghdnethyIcyclohexane,

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 sblid magnesium compound by
the electron donor {i) is generally'carried out by'coﬁtacting
the solid magnesium compound with the electron donor {1},
followed bf 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,




cycl ooct ane and cycl ohexene; aromatic hydrocarbons, such as benzene,

. toluene 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 magnesi um conpound used for prggaring the soliz¥ Nateaniifiixatal yst
.conponent (1), many magnesi um conpounds other than those descri bed above
are al so enployable. In the solid titanium catalyst conmponent (1) finally
obt ai ned, however, the magnesi um conpound is preferably present in the

- formof a hal ogen-containi ng magnesi um conpound. Therefore, if a nmagnesium
conpound recaival dyydigo pren il @ gefyy d Iohiseathe | tnd thy Jareflemadage,0 contact the
magnesi um conpound with a hal ogen-contai ni ng conpound during the course

of .the piepIAti e Hd Ehe1sheyensdnpesingdsi c MRENTaHBHPaURHsadavi ng no
reducing ability are preferably contained in the conponent (1), and of

these, h%%&pf&?ﬂd&{a@a%gmie&a@;cgmoyia@%géﬁsteaaﬁ afyLarby, o1 ef erably

contai ned. O tHese, magnesium chloride, al kxymagnesf um chlori de or
oL O TR RO 5 DAL RO PR Tl oo s
o) oved oS et aval ety U tanlumcomaind &1 24 Verch 2005 1. for”

As the magnesium compound used for preparing the solid
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




formula: Ti (OR) gX4-g wherein Ris a hydrocarbon group, X is a hal ogen,
and.0< g <4. Exanples of such cpnppunds include: titaniumtetrahalides,
such as TiCl4, TiBr4 and Ti14; al koxytitaniumtrihalides, such as
Ti(OCH3)d 3, Ti(0OC2H5)C13, Ti (O n-C4HQ)d 3, Ti (OC2H Bridaartd 2605

(O i SO- C4H9) Br 3; di al koxytitani um di hal'i des, such as Ti (OCH3) 2C12, - Ti
(OC2H5) 2C12, Ti (O n-C4H9) 2Cl12 and Ti (OC2H5) 2Br2; trial koxytitani um
nonohal i des, such as Ti (OCH3)3d, Ti (0OC2H5)3C1, Ti (O n-C4H9)3Cd and

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

Ti (O n- CAH) 450 Fi Qs De CHR) dupichd | £ Zedivddaxy e 11t titani um

tetrahalides are preferable, and titaniumtetrachloride is. particularly
preferabl g, dhese titanium conpounds may be used singly or in conbination
of two or nore kinds . The titani um conpound may be used together wth an

aromatic hydrC)lgl_]{igg)@)n,X or may be used, diluting with a hydrocarbon or a
hal ogenat ed hydrocarHdit. (ii) El ectron donor 22 24 March 2005 In the
preparation of the solid titanium catalyst conmponent (1), an etgctron_
donor (i i‘fh?%ejpl?egd‘%lb? W%Wn group, X 1s a halogen, _and 0=g

=4.
Examples of such cpmppunds'include:
~ titanium tetrahalides, such as TiCl,, TiBr, and Tily;
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




Exanpl es of the electron donors (ii) include the followng acid halides,
acid amdes, nitriles, acid anhydrides, organic .acid esters and

pol yethers. Specifically, there can be nentioned: acid halides of 2 to 15
carbon atons, such as acetyl chloridesy benzoyl chlorj4délandl BA0xhl oride
and ani soyl chloride; acid am des, such as N, N-di net hyl acet am de,

N, N-di et hyl benzam de and N, N-di net hyl toluam de; nitriles, such as
acetonitrile, benzonitrile and tolunitrile; acid anhydrides, such as .
acetic anhydride, phthalic anhydride and benzoic anhydride; and organic

~acid esters ofiR tige l@r@@éb@@i@ﬁm,tﬁ@Cébﬂﬁdnﬁiﬂé{ﬁiuﬁtOééTﬁéEYsﬂEt hyl
acetate, ethyl acetate, vinyl acetate, propyl acetate, octyl acetate,

cycl ohexydomsshahe, (18t hith IoRiRNAbENor B Y li DU YF &L 81 el HAILT at e,
met hyl chloroacetate et hyl dichl oroacetate, nethyl net hacryl at'e, et hyl

crot onat eg, et byl t hy QEﬂF te.r At enzoat e,

pr opyl ben§oa§ Sﬁﬁ?ﬁ#ﬁgenzoate octcﬁ;fﬁeﬁ;ﬁg’atél cyc exﬁ?ﬂ' enzghte :

phenyl be , enzyl benz nmet hyl toluy at et h tolu Iate anyl
e %‘eall 13 l%esﬁe%%ﬁﬁz%s BT SHAFNIE y)

t ol uyl at e, hyI enzoa
ani sat e, eth et hoxybenz gébutyrolactone S—valerolactone cunarin,

pht hal i de® TEHYFS o3t cﬁ'] 5ée

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




Preferred exanples of the organic esters include polycarboxylates having
skel etons represented by the followng fornulas: R3 COORZ H R3 R3 - \
COORS CO- G COOR2/ V0 - i C COORe HR4A COOR or HIn the above
formulas, Rl is a substituted or unsu%s}itut ed hydr acshmbarcigroay, and R2,
. 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 may be bonded to forma cyclic

structur eanIagtéul&tuytlugﬁsgéet@% éﬁﬁi%%ql%%@ S r%ﬁg;, rro4Rs, R Rl to R6

‘has a hetero atom such as N, a group
.gof)y(c::ar boxy| At es 1 n%_&dES i p"ﬁét poI yjc\u_g%o?&c?a %@?l g‘r:"i‘ S’?%“?Ee

pol ycar boxyl at t | at es_and het er oc

pol ycar boxy! at ggéf%&g% ‘%\Iga%xﬁ&i% (gf %e?‘?%%me%a%ﬁ%ﬁs o*X?Llége

pol ycar box%Jrat es hanC%%ﬁ%Fel etonjﬁe)}epresent ed by the above faormul as

i ncl ude: PAHErRYPORY 8vV1BPFiRe tsRscisRiERs Sied Iy Fhe following
formulas:
? R’ COOR? ?
R’ — C—COOR' \\ //{ R — C—COOR?
R* — C— COOR? : R* — c— cOOR?®
| / \ |
H s COOR! or . H

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




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

di i sopropyl J3-nethylglutarate, diisobutyl nethyl malonate, dibutyl

et hyl'mal onate, diethyl ethylmalonate, diethyl isopropyl nalonate, dibutyl
i sopropyl mal onate, dibutyl butylmlongge, dibutyl plenpamitorzas, diethyl
di et hyl mal onate, dibutyl dibutylmalonate, diethyl dibutylmalonate, n-butyl
mal eate, dibutyl nethyl nal eate, dibutyl butyl naleate, di-2-ethyl hexyl f
umar at e, di-n-hexyl cycl ohexenecaboxyl ate, diethyl nadiate, diisopropyl

- tetrahydropht hal ate, diethyl phthalate, nonoethylphthal ate, '

~di propyl pht hal @atese i d s Qbuingd 1Y hat alis p il J SRRy a 2 N Aty

et hyli sobutyl phthalate, di-n-butyl phthalate, di-n-heptyl phthal ate,

di - n-octy. t i 20 hﬁ]g?ll | (25 ] pentyl) .

pht hal at e%ké%%%%et yﬁ%een%ﬁ I‘%Sht a aattgi,yéc]iaé( n(rﬁrlelt%ﬂ][?oneérﬁ/ " pht hal at e,

di , 3-di hvl.b | ht hal , i - hvl h | h | ,
| -e n 1 a .y e . y
G5 o Hede e IR Slfe O S A A5 SR At o

di . (2-methyloctyl) 25 24 March 2005 phthal ate, didecyl phthal ate, _
di pheny| i et les Jarch 4A beturdbist saifr arhels 8 -pietthal icd vdeinh tdiest ers;  and
di et hyl napht hal enedi car boxyl ate, di butyl naphthal enedi car boxyl at e,
triethyl cijriis,@qq}tlam@tnyﬂjn@j{qnate, 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)‘




~trinellitate, dibutyl 3,4-furandicarboxylate, diethyl adipate, dibutyl

-adi pate, dioctyl sebacate and di butyl sebacate. O these, phthalic acid
diesters are preferably enployed. Al so enployable as the electron donor is
a conmpound having two or nore ether nds present tHoOuErgd BOQI> at ons
(sonetinmes referred to as a "polyethér" 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 conpounghishareid) af gkath velonhwdey, éw&éwygﬁttﬁa%%e@Mﬁ@xter&Be at ons

between "the ether bonds and the atons present between two or nore ether
Fol I ovi ng T reui g Hoh o e BV SO gP 1T 1. e
125, hereln g 30 R e Bl 2SR St L ens baving
oxygen, hal n,, nitrogen, sulfur, phosphqrus, baoron and silicon,
arbi t rar YR %@lﬁ@@, %%e?kﬁ)ﬁa%%l ]%}eléjﬁ o Mt e & g iter! than a
benzene ring i.n cooperation, and the main chain may contain an atom ot her
than car bgamellitate, dibutyl 3,4-furandicarboxylate, diethyl
. adipate, dibutyl adipate, dioctyl sebacate and dibutyl
sebacate.
Of these, phthalicaciddiesters are preferably employed.
Also employable as the électron donor is a compound having
two or more ether bonds present throurgh plural atoms (sometimes
referred to as a “polyethe.r” hereinafter}). The polyether is,
‘for example, a compound wherein the atoms present betweén fhe
ether bonds are carbon, silicon, oxygen, nitrogen, phosphorus,
boron and sulfu.r, or two or more atoms selected from ,th"ese
atoms. Such a compound 1s preferably a compound wherein
relatively bulky substituents are bonded tb the atoms between
the ether bonds and the atoms pfesent between two or more eth'er

bonds include plural carbon atoms, e.g., a polyether

represented by the following formula:

TZZ Tnﬂ R TZn R24
RGO C— o & & —C——Q——C—R
R23 lLl L an II{Z

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

having at least one element selected from carbon, hydrogen,




Exanpl es of such pol yet her conpounds incl ude

2- (2-ethyl hexyl) -1, 3-di met hoxypropane, 2-isopropyl -1, 3-di met hoxypropane,
2-butyl -1, 3-di net hoxypropane, 2-s-butyl-1, 3-di net hoxypr opane, '

- 2-cycl ohexyl -1, 3-di net hoxypropane, 2-phenyl -1, 3- di melsdkymprio g
2-cunyl - 1, 3-di net hoxypropane, 2-(2-p yl et hyl ) -1, 3-di net hoxypr opane, .
2- (2-cycl ohexyl et hyl ) -1, 3-di net hoxypr opane,

2- (p-chl orophenyl ) -1, 3-di net hoxypr opane, -

(di phenyl net hyl ) - 1, 3-di met hoxypr opane,

(I -naphplykenl, BadbrBhhOoXYRE e

(2-f|uoro% enyl)-l,g?dlnethogggﬁopgﬁéfur' phosphorus, boron and

(1-dec ph L) - - di net haxyp 1 2n

(p-t-bﬁ%g% gﬁylé%%ﬁfﬁe?h@yrﬁ ojoaéfg‘?@&eably R* to R™, may form

2

- 2,2-dicyc| ghexyl -1, 3-di net hoxypr opane 2, 2-di et hyl.-1,3-di met hoxypropane,
'2,2-diprd%fFff¥QFéfﬁégh8§Y%?ﬁ%§ﬁ@F 309 1R GRQRCIEHEOR nBPHoXY D Gidne, 27 24
Mar ch 2005 2;nethy|-2-gropy|-1,3-dinethoxgpropane, L _
2- met hy| -23pERZ1Y 1532 bR HBt ABx§hPBpakier than carbon.

2-met hyl - 2- et hyl - 1, 3- di net hoxypr opane, o
2-nethy|-2;isc@%%ﬁ@4e§,%fd$%%hﬁ@% Yt o ecompounds  include

2.
2.
2.
2.
2.
2

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,




t hyl - 2- phenyl - 1, 3- di net hoxypr opane,
hyl - 2- cycl ohexyl - 1, 3- di net hoxypr opane,
i s(p-chl orophenyl) -1, 3-di net hoxypr opane,
i's(2-cycl ohexyl ethyl)-1, 3- dlnethg ypropane, 24 March 2005
hyl - 2-i sobutyl -1, 3- dlnethoxyprop - '

e
met
,2-b
,2-b
met
met hyl - 2- ( 2- ethylhexyl) 1, 3- dlnethoxypropane

di i sobutyl -1, 3-di met hoxypr opane, , 2- di phenyl - 1, 3- di et hoxypr opane,
d

b

d

o]

3 i benzyl -1, 3- di net hoxypr opane,

:g :?gg%ﬁﬁgFﬁ%YLﬁgb %%ii%?%ﬁ%%@é@ﬂé%?ﬁ?&?&ﬁ%htyl 1, 3- dlbutoxypropane
,ES bUt%%I€e¢ﬁ§Pngg %%gxgégg%gﬁ%gﬁégggr%$a?ebutyI 1, 3-di met hoxypr opane,
|| <opr opy TR Eb2RE I L 5 i hEEH oy BYRERRne

phenyl - benzyl 1, 3-di met hoxypr opane,

cycl ohe&ﬂe élbé%rc%aw%%y - 3, BLIR HRARON R Ve,

3-di phenyl - 1, 4- di et hoxybut ane, 28 2, 3- dlcyclohexyl 1, 4- di et hoxybut ane,
2- dlbeﬁ%VmEthﬂTﬁTﬁhﬂﬁdﬁnﬂEﬁnﬁlmQ¢HPXH@EQRﬁHﬁnM- , 4- di et hoxybut ane,

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

3- blS(ﬂdﬂﬂﬁhlﬁﬁﬁﬁg&@i@hakxﬁ*ﬁﬂ3ﬁﬂqﬂﬁﬂhuxypropane,

2,2-bis{p-chlorophenyl) -1, 3-dimethoxypropane,

2-
2-
2
2
2-
2-
2
2
2
2
2-
2
2
2
2-
2-
2,
2,
2,
2,

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,




i s(p-fluorophenyl) -1, 4-di net hoxybut ane,

i phenyl -1, 5- dlnethoxypentane 2, 5-di phenyl - 1, 5- di net hoxyhexane,

di i sopropyl -1, 5-di met hoxypent ane, 2, 4-dii sobutyl -1, 5-di met hoxypent ane,
i i soanyl -1, 5-di net hoxypent ane, 3- nethoxynethyltzﬂruﬁndﬂ(ﬁaﬂiu1 :
hoxynet hyl di oxane, 1, 2- dllsobut8ﬁypropane , 2- di i sobut oxyet hane,

i i soanyl oxyet hane, 1, 3-dii soanyl oxypropane,

i i soneopent yl oxyet hane, 1, 3-di neopentyl oxypr opane,

etranethylene 1, 3- di met hoxypr opane,

ent | en t ho r

exanet % %%gE&§ dﬁ%gthX§%$%%§%£bﬂtiﬁi bi s( met hoxynet hyl ) cycl ohexane,
i oxasp 55 dec 9 24 NMarch 2005

i ox%ﬁcyfg}?ﬁ'g %‘n‘gjn% O’@’@“‘H@%@(abi cycl o[ 3, 3, d oct ane,

iisobutyl-1,5- oxononane 6- dllsobutyldloxyheptane

i mt%ﬂ@mw%p@rﬂ a#eet oxybutane,

0005 T T o000

HCDQJNPORJN!AFAwPQNJNFO
Fao>~Jaan3anzu>uag.h.b.bcu

A2,2—bis(pmmethylphenyl)—1,4—dimethoxybutane,
2,3-bis{p-chlorophenyl} -1, 4-dimethoxybutane,
'2,3—bis(p—f1uoropheny1)—1,4ndimethoxybutané,
'2,4—diphenyl;1,S*dimethoxypenfane,
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,




bi s(di met hoxynet hyl ) cycl ohexane,

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

di met hoxynet hyl cycl opent ane,

t hyl - 2- met hoxynet hyl - 1, 3- di met hoxygr opane, 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 met hoxypr opane,

2, 2-dii sobutyl -1, 3-di net hbxycycl ohexane,

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

2- cycl ohexyl -&-aeidiexdmes hy) 3,1, Z1shhdmt hoxycycl ohexane,

2-i sopropyl - 2- met hoxymet hyl - 1, 3- di met hoxycycl ohexane,

2-i sobut y -2-{Ri:hrthyiz 1 %Slq:;(g’r,pgl{@xycycl ohexane,

2- cycl ohexyl - 2- ethoxynethy 1 dlethoxycyclohexane

‘2-cycl oh t4h t hoxycycl ohexane,
%gng%' oxy Hy%i é%é%f

2- |sopropYI- decycIohexane

2-isopropyl - 2-et hox yI dlnethoxycyclohexane
2-isobut3ﬁ 6&9&%’ “oxycycl ohexane and

2-1 sobut -2 ethoxynethyl 1 3- dlnethoxycycrohexane. Al so avail able as the
polyetheﬁs SRbEHGAAHRRA DB Ifosphi ne, 30 24 March 2005
nethylphenylbls(nethoxynethyl)5|lane di phenyl bi s(net hoxynet hyl ) si | ane,
met hyl cydl ghdiy (SserborampretHy 9w Iohrsxane

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

cycl ohexyl lt-bhgt{yietihotyeeibynbtiingdlsi [2afe, 1 1 heptane,

1 1
1,1-
1, 1-
2-me
2-

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,




i -propyl -t-butyl bi s(net hoxynet hyl)silane or the like. O these,
2,2-diisobutyl -1, 3-di met hoxypr opane,

2-1sopropyl - 2-isobutyl -1, 3-di met hoxypr opane,

2-i sopropyl -2-isopentyl -1, 3- dinethoxygropane 24 March 2005

2, 2-di cycl ohexyl -1, 3- dlnethoxypropane :
2, 2- bls(cyclohexylnethyl) 1, 3- dlnethoxypropane 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

polyethers r r.ef er lectron donors nentioned above can be
r%})ﬁﬁqpenﬁdpoojfs ?neat%o;(yme-@'fﬁ(l% s?cl nﬁr}e S

used in co nor e el ectron donors exenplified

. above y.e onl i nal | tained in the solid titani um catal yst

conponent BGQﬁﬁ Qﬁﬁﬁ%ﬂ%&ﬂ§i%s%ﬁﬁ?§yﬂl d titanium catal yst conponent
(1), therefore, the above conpounds are not always used as such, and ot her
conpoundsRetdpalst e s i i tharemetdue ) onddifrds i n the course of the
preparation of the solid titanium catalyst conmponent (1) nay be used. Al so
in 31 24 dNartefP 005 itshims tdesemedittidy) sddmisunds can be used so as to produce
two or nore kinds of the electron donors (ii). Preparation of solid

ti t ani umaatlaihesty lcdmbartehth (d (me thoe ypreddess Sfidmarpr.epari ng the solid
titanium catal yst conponent (I) fromthe aforesaid conpounds is not
speci fi caldpropyasty-ieigd,b ianche o e, diledeoldowiheg Jpnecesses are

Of these, 2,2—diisobutyl—l,3—dimethoxypropane,
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 ﬁsed.in combination
of twé or more kindg.' 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




avai l able. As the organonetallic conmpound in the follow ng processes, the
sane -conpound as the | ater-described organonetallic conmpound (I1) is used.
(1) Aliquid magnesi um conpound consi sting essentially of the nagnesium

- conmpound, the electron donor (i) and é?e hydr ocar bon &&6|N£nth | 30@Hnt act ed
WwWth aliquid titanium conpound, aft or with precipitating a solid by
contacting the Iiquid magnesi um conpound wth an organonetallic conpound
if necessary, and the resulting solid conponent is contacted wth an
aromati ¢ hydrocarbon, a liquid titanium conpound and an el ectron donor

(ii) at lgast onge. JihdS RIIRhAR ah0neCaLEY QYtd NS, GoNARte afd he solid

conponent wth the aromatic "hydrocarbon and the |1 quid“titani um conpound

~plural tinmes, (2) ontact, product of an inorganjc carrier or an organic
carrier Wg‘r‘t‘ahm%é |}a1§|“%3 o?%a%%%a%ﬂ%%?ﬂ% c%%%rushd }Jsf tontacted with a liquid
i th D .

titani um conpound, after or h precipitating a solid by contacting the
contact pr o FEPARAE Oy O it AN g

. ca d S HBEd g 5 #- and the
resulting solid conponent is 32 24 March_ 2005 contacted with an aromatic
hydr ocar bon, &h9 AT &FUMRTEFHIG FPEn§odd deltddardimd Gada lMsh)  at

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

cont act edcemrdners hal dgamn tbhatdioriasg icoppappdnds d/isoroanpecddiomdtial | i c
conmpound. It is preferable to carry out the contact of the solid conponent
Wi t h t he mr=inmitdtedy dirat afdorexamp e thiquiallowing processes 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‘magnésium compound consisting essentially
of the magnesium compound, the electron donor (i} and the
hydrocarbon solvent is contacted with a liquid titanium
comPOQHd, after or with precipitating a solid by contacting
the 1iguid magnesium compound with an organometallic compound
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 is contacted
with a liquid titanium compound, after or with precipitating

 aSolidbycon£actingthecontactproductwithanorganometallic

compound if necessary, and the resulting solid component is




titanium conpound plural tines. (Il) Organonetal lic conpound catal yst
conponent. The organonetal i c conpound catal yst conponent (I11) is preferably
one containing a netal selected from Goup 13 of the periodic table, and
preferred exanpl es thereof include ag.,organoal um num4&ampatind,0En

or ganoboron conpound and an al kyl cofpl ex conpound of a Group 1 el enent
and al um num or boron. The organoal um num conpound is, for exanple, an
organoal um num conpound represented by the following formula: Ra"AlX3 n
wherein Ra is a hydrocarbon group of 1 to 12 carbon atons, X is a hal ogen

or hydrogeshtdvtsd kiith 3an Rordifa @ OV PSSE DR GF 04PL Pfu dld 101 dn £@F bon
atons, such as an al kyl group, a cycloal kyl group or an aryl group.

P o ooy THABE SRl SUER 0 APe ALRBEREs oL DY e £ Mo I REPRAL

.1 soprop pentyl’, hexy octy cycl open exyl

phenyl and tolyl. anpl es of the organoal umi num conpounds incl ude: 33 24
Rarch 2005 TR AT GRS PrOIER R T B E RY PP St actad Wit
triethylalumnumtriisopropylalum numtriisobutylal um num . ,
trioctyl & JHIRAREHPTrIEBUE HATRSY] ﬁnﬁ/rsﬂﬁnaq QR RANR A Ut huns, such as

triisoprenylalum num dial kyl al um num hal i des, such as di nmethyl al um num
compound. It is preferable to carry out the contact of the

solid component with the aromatic hydrocarbon 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:




chl oride, diethylalum numchloride, diisopropylalum num chloride,

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

sesqui chl ori de, isopropylaluninunlsegguichloride, but 4| 18d A MO0 5
sesqui chl ori de and et hyl al um num sesqti brom de; al kyl al um num di hal i des,
such as nethyl al um num dichloride, ethylalum num dichloride,

i sopropyl alum num dichloride and ethyl al um num di brom de; and

al kyl al um num hydri des, such as diethyl al um num hydride, diisobutylal um num

hydride and etdw] 2l jym o ohlydr iden Al so- g Ryahl & Afud he or ganoal um num

conpound is a conpound represented by the follow ng fornula. Ran Al y3_,

In . th - . i st i bed. is.-OR b,

i R, - Chred Y Rl By R Se PPy RSy AR ERb - SR T8 R v R s,

- March 2005 Rb Rd. and Rh . et hyl thyl, is; |, isobutyl,
_cy(r:?:ohexyt_r]f:L %Sﬁ%l%wﬁﬁ% ‘?I?cil(gt,rre % TEM ,ldr%?rﬁ%\??yet h;/IS,O ui gopropyl ,
phenyl, trimethylsilyl or the like, and Rf and RO are nmethyl, ethyl or the

li ke. Exanpl e Iofa St 6 g8 i iihte G Sirds IFauHE YW YR | owi ng

conpounds: :
: 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.




(i) 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; (ii)
conpounds represented by Ra"AI(GSiR )3 ,,, such as Et2A (OSi Me3),
(iso-Bu)2Al (OSi Me3) and (iso-Bu)2Al (CSiEt3); (iii) chirpeands 2@pFesent ed
by Ra"Al (QAIRd2) 3_n, such as Et2A Et 2 and (i so-Bu)2Al QAL(i so-Bu) 2;
- (iv) conpounds represented by Ra, Al (NRe2)3 n, such as M2A1NEt 2,

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

i d ¥ a p A 4 | 11
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conpoundscgﬁfggng?o\g&e% S‘P%‘ﬁ% 1£90Pqunds, ll‘:r%geglgnr%e aif‘ ?l‘&ﬁ?ﬁ”m

conpounds Wherein or * more al um nlm at’ons a &an oxygen

atomor a,_nitrogen atom anpl f .such coppounds include 35 (G2HS)
2A QAl (Cbi%&r‘if?gfcﬁbﬁn%a%ﬂ“t%}mg)s Y, 8%%?&%@2@6&“" S
(C2H5) 2Al N CZHS%AI C2H5) 2. Al um noxanes (organoal um num oxy-conpounds) ,-
such as nRthylaHart nokEme! aF et sbils&ail abi e. An or ganoal uni num conpound

represented by the followwng fornmula is also enployable. RaAl XY
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 (OSiMes), (iso-Bu),Al(OSiMe;) 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
moté aluminum atoms are bonded thrqugh an oxygen atdm or a

nitrogen atom. Examples of such compounds include




wherein Ra, 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 a{aaxxch 2045 bor on
‘tris(3,5-dinethyl phenyl)boron, hexylB®drane, dicyclohexyl borane,

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

- cat echol borane, B-bronp-9-borabicyclo[3.3.1] nonane, borane-triethylam ne
conpl ex and borane-nethyl sulfide conplex. An ionic conmpound nmaybe used as

t he organ&ﬁgg n .co und, §§gnpl f. such conpounds i ncl ude
triethyl a fﬂ¥¥¥¥$§%ﬁh€hyl) HPB§®1§¥H&ﬁH®byF§ﬁhnniuntetra(phenyl)boron,
trinethylamnnﬂuntetnﬂéﬁtol | ) boron, .
trinmet hyl Ereehiititt €h2Ha) f%ﬁ%l) 3 boPgMiZE X2 &9 r(efF 92008 L imwnh yt y| )
ammoni unt et r a( pent af | uor ophenyl ) boron, .
tri propylcssroranuetd<a (oS- ldh awehpyphénypinbsron, arealsoavailable.
tri(n-butyl)ammoniuntetra(p-trifluoronethyl phenyl)boron,
N, N- di et hy| aifid e agandel na{ ptve mdnjomeh represented by the following
. di cycl ohexyl anmoni unt et r a( phenyl ) bor on,
tri phenylfeamban us efllsakiesppetafilleuor ophenyl ) bor at e,

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,




N, N- di met hyl ani | i ni unt et raki s(pent af | uor ophenyl )borate, bis[tri(n-butyl)
amoni unj nonaborate and bis[tri(n-butyl) amoni un decaborate. The al kyl
conpl ex conpound of a Group 1 elenment and alum num is, for exanple, a
conpound represented by the foll ow ng for mul a: MLAl I@&l Mantvett 200ML i s Li,
Na or K, and RL is a hydrocarbon gr oua 1 to 15 carbon atons. Exanples
of such conpounds include LiA (C2H5) 4 and Li AI (C7H15) 4. Exanples of the
organoboron conpounds and the al kyl conplex conpounds of"a Goup 1 el enent
and boron include conpounds having a structure wherein alum numis

repl aced withn-BEE PN éﬁn&@fuﬁﬁé’fﬁé?ﬂi Jisormeunds and in the
al kyl conpl.ex conpounds of a G oup el enent and a um num  respectively.

((:LII) El egt.k Poggp%mggl @/?{ IQ gQC? )E%heéne 'Qron donor (I11), the
npound previ o exerrp Ie onor I(ll) that is
s on o Goef L, 1o, SR 4L e bty canpaners, () A erpl oy e,
enployablﬁ N- ggﬁlté§{gn£lﬁhfhmtetra(phenyl)boron,
dicyclohexylammoniumtetra (phenyl)boron,
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'AIRT,
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 (CqHjs) 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,
rrespectiVely.

(III) Electron donor




wherein R and R are hydrocarbon groups, and 0<n<4. Exanples of the
organosi l'i con conpounds represented by the above fornula include
~trinmethyl met hoxysil ane, trinmethylethoxysilane, dinethyldi nethoxysil ane,
di et hyl di et hoxysi | ane, diisopropyldiq¥;hoxysilane, 24 March 2005
tert-butyl net hyl di met hoxysi | ane, t-butyl nethyl di et hoxysi |l ane,
‘test-anyl net hyl di et hoxysi |l ane, di phenyl di net hoxysi | ane,
phenyl net 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-tol yl di nethexy¥sthaneronblisnpst i XY S . :
bisethylphenyldihethoxysiIang,ﬁéﬁggygFg%gks%gln%?%%ggg?lgﬁ%YlOUSly
~cycl ohexy [ _ ' xyl.net hyl di et hoxysi | ane,

e Py e e o B Y e P E e e,

et hyl tri met hoxysilane, e OXYSi €, Vihy

met hyl trij ysil.ane, .n-pro trjethoxysilane, . decy]trinethoxysilane,
-decyltriéﬁﬁ%ggéff%ﬁgF%hﬁﬁgﬁ§?E¥#ﬁ% H%%V%IFgﬁé?%) is employable, and

y-chl oropro iltrineéhox silane, 38 24 March 2005 nethyl tri et hoxysil ane,
ethyltri e"i“hg’ FEPPaMe L oW TRMR I heRyeF Fahed bydihe Egili@ww@tfmwéia ane,
n-butyl trjethoxysilane, iso-butyltriethoxysilane, phenyltriethoxysilane,
y- ani noprbpyiii? et okgsdPhe, chlorotri et hoxysil ane,
ethyltriisopropoxysilane, vinyltributoxysilane,

cycl ohexyl t ri reBidRRSiMane,

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,

dicyclohexyldimethoxysilane,

cyclohexylmethyldimethoxysiléne,
cyclohexylmethyldiethoxysilane, ethyltrimethoxysilane,
ethyltriethoxysilane, viﬁyltrimethoxysilane,
methyltrimethoxysilane, n-propyltriethoxysilane,
decyitrimethoxysilane, decyltriethoxysilane,.

phényltrimethoxysilane, y-chloropropyltrimethoxysilane,




cycl ohexyl tri et hoxysil ane, 2-norbornanetri nethoxysil ane,

2- nor bor nanetri et hoxysi | ane, 2-norbor nanenet hyl di net hoxysi | ane, et hyl
silicate, butyl silicate, trinethylphenoxysilane, nmethyltriallyloxysilane,
vinyl tris(f3-nethoxyethoxysilane), vimgtriacetoxysilaheMarch 2005

di met hyl t et r aet hoxydi si | oxane, cycl opentyltri nmethoxysilanq,

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

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

di cycl opentyl di met hoxysi |l ane, bi s(2-nethyl cycl opentyl)di net hoxysi | ane,

bi s( 2, 3- dngebhykecyelbpegtyl rdenethayysic-i anroxydityakppent yl di et hoxysi | ane,
tricycl opentyl net hoxysilane, tricyclopentyl ethoxysil ane, _

diCyC|0peﬁiﬁkﬂﬁkh&tﬁekbg&Y§hban€ertdbﬁigk99§@£M5§§QYl§§éhOXys'|ane
hexenyl tri met hoxysi | ane, 39 24 March 2005 dlcyclopentylnethylethoxy3|lane

gy0|OpentMLQtﬂ?§B¥£€%BBQ§¥§&Eﬁ@e,1s§¥6h9£fﬂ£¥é€h8£g¥if?ﬁ@oxys"a”e and
ycl opentyl di net hyl et hoxysi lane preferably used are
Sthyl tri efhoxy sl L 808noxD:R1 SRY] Y1 SN ANG: s S pUt LT T et hoxysi Tane,
chlorotriethoxysilane, ethyltriisopropoxysilane,
vinyltributoxysilane, cyclohexyltrimethoxyéilane,
- cyclohexyltriethoxysilane, 2-norbornanetrimethoxysilane,
2-norbornanetriethoxysilane,
2fnorbornaneﬁethyldimethoxy;ilane, ethyl silicate, butyl
‘silicate, trimethylpﬁenoxysilane, methyltriéllyloxysilane,
vinyltfis(B—methoxyethoxysilane), vinyltriacetoxysilane,
dimethyltetraethoxydisiloxane, cyclopentyltrimethoxysilane,
2—methylcyclopentyltrimethoxyéilane,
2,3-dimethylcyclopentyltrimethoxysilane,
cyclopentyltriethoxysilane,
dicyclopéntyldimethoxysilane,
bis(2-methylcyclopentyl)dimethoxysilane,
-bis{2,3-dimethylcy¢lopentyl)dimethoxysilane,
dicyclopentyldiethoxysilane,
tricyclopentylmethoxysilane,
‘tricyclopentylethoxysilane,
dicyclopentylmethylmethoxysilane,
dicyclopentylethylmethoxysilane,

hexenyltrimethoxysilane,




- specifically 1, 3-

vinyl triethoxysilane, phenyltriethoxysilane, vinyltributoxysilane,

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

bi s-p-tol yl dimet hoxysilane, p-tolylnethyldi nmethoxysil ane,

di cycl ohexyl di met hoxysi | ane, cycl ohexag net hyl di met hoX4 sifdegie, 2005

‘2-nor bor nanetri et hoxysi | ane, 2-norbor nanenet hyl di met hoxysi | ane,
phenyl triet hoxysil ane, dicyclopentyl di methoxysil ane,
hexenyl t ri met hoxysi | ane,

cycl opentyl triethoxysilane,tricycl opentyl net hoxysil aneand

cycl opent ¢idyabohghhelnerhgil bahexyALl saneppl oyabl e as the el ectron donors
(I'11) are nitrogen-containing el ectron donors, such as 2, 6-substituted

piperidinesclapénsybdihéuhgdm@tn@k%giﬂgﬁe,substituted met hyl enedi ani nes,
"specifically NN N ,N -tetranethyl net hyl enedi am ne and N,

N,N',N'-t@ﬁé@@@@ﬂ%?ﬁ%bg{gpgﬂé@ﬁ&gfsifggeS%@&tituted i m dazol i di nes,

nzyl1m dazolidi ne an

1, 3-di be = j M, Ldi he. . phorus-contai ning 40 24 March 2005
@Oyéxgpghgg%%i@%é@%tﬁéﬁmf%

~el ectron donor's ( nosphates,” specifically triethyl phosphite,
L1 i1 Sobutyl PSRRI A iSRS s e G rotigigeny
phOSphit%ﬂﬁ%%%yf%%%é%_é§§gfﬂ£gé¥3ég§¥§gé¥;f¥¥¥g€ho;¥g¥1éﬁi,2’6-SUbStitUted
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




tetrahydropyrans and 2, 5-substituted tetrahydropyrans. The electron donors
(I'11) mentioned above can be used in conbination of two or. nore kinds.

Met al | ocene catal yst The netall ocene catal yst is described. There is no
specific limtation on the netall ocen catal yst for sevarch heo@s eparation
of the unnodified polyolefin, and a netall ocene catalyst publicly know is
enpl oyabl e. Exanpl es of the publicly known netall 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 t hee Lser €ONAISAORNS, fiath e paER s, TRgebi2Ashl 1 gnt peLahygonpound
does not need to be a single conpound, and the conpound nmay be Supported
on anot hegh, SHMPO é',nQ:ij—r{U%Yrcﬁ?ylaﬂﬁ%'%e.&%qu%r%@%ﬁ\%ﬁp&‘lgﬁggﬁgyﬂgé conpound

or may be a conpl ex conmpound or a doubl e conpoun conmpound.

41 24 Margch. 20C t gﬂpl' |y know | l,ocene .catal ysts, a

net al | oce%il} (Z:rgg%%%]% 50}%) c]hﬁlef’altéssgr uc dﬁlal‘f)a}ﬁsﬁjgu&’symmt ry or d
symmetry s preferably enpl oyed. Exanples of _the tallocene co unds of a
hiral Y T RS R e AT iy phendT hosERlEe? 2R
rac-ethylene-biz%inden 1) zirconiumdjchl ori de, .

rac- et hy| BREIPI {3 G IRFERAY HoNegSi UG cAP of i Besubstituted

tetrahydropyrans and 2,5—substituted.tetrahydropyrans. The
elgctrondonors(III)mentionedabovecanbeusedincombination
Qf fwo 5r.more kinds.

Metallocene catalyst

The metaLlocené cétalyst is described.
There is no specific limitation on the metallocene

catalyst foruse inthepreparationof theunmodifiedpolyoclefin,

and a metallocene catalyst publicly known is employable.
Examples of the publicly known metallocene catalysts include
compounds of transition metals such as titanium, vanadium,

chromium, zirconium 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
é 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 cémpound with another

compound.



rac-dimet hyl silyl-bis(2,3,5-trinmethylcycl opentadi enyl) zirconium

di chl ori de, rac-di nmet hyl silyl-bis[1-(4-phenylindenyl)l zirconium

di chl oride, rac-dinethylsilyl-bis[1l-(2-nmethyl-4-phenylindenyl)l zirconium
di chl oride, rac- dlnethyIS|IyI bis{I-[zzfethyl-4-(1-na@thyfamngﬂmyl]}

zi rconi um di chl ori de,

rac-di nmet hyl silyl-bis{1-[2-nethyl-4-(2-naphthyl)indenyl]} zirconium
di chl oride, rac-dinethylsilyl-bis{l-[2-nmethyl-4-(l-anthryl)indenyl]}
zi rconi um di chl ori de,

-di met hy! si byl +hi ' t . i zi.rconi um
B?gh|gp?dey f;cfdfngf EFE?FW? EF?{% %%tgm&ga%hél?8?%%g%§ﬁfhryl)

ol et Ry STy o ST OREPAyT Shies oA BPSHRERYIA" s 57 SWEPREF 2005

rac-di net hyl si |l yl s{

d I hi
:gc?gynL%ﬁ§[§?P§?H% %X ?% ﬁﬁ?ﬁ?FaElngﬁPéPVﬁgrophenyl) i ndenyl ]} zi rconi um
di chl ori de, thyLsilyl-bis 1 (2-et hyl - 4-phenyl i ndenyl )] zirconi um
di chl ori de, ra BgE 5i F9f -Besg il pocee hgPrroyndnapht ayehindenyl ]}

Z|rcon|un1d|chlor|de
structure hav1ng C2 symmetry 1nclude

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{l-[2-ethyl-4-(9-phenanthryl) indenyl]}zirconium
dichloride, rac-dinethylsilyl-bis[l|-(2-n-propyl-4-phenylindenyl)]
zirconiumdichloride, rac-dinmethylsilyl-bis{l-[2-n-propyl-4-(1-naphthyl)
~i.ndenyl]}zirconiumdichloride and : 24 March 2005
-rac-dinethylsiIyI-bis{I-[2-n-propyI-4-69-phenanthry|) i ndenyl ]} zirconi um
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 dendeag: g} get byh sidh ydi &h B4+ 1§ et hyl - 4- (9- phenant hryl)

i ndenyl ] }zirconiumdichloride,

n - . -
rac- di met Ryé- il by st 1 =D P opyd =le iy PAPNIM da e d k7  coni um

rac- dlﬁEtﬂMééﬁyyjffaf%én# fgﬁ&g@ rfs (9-phenanthryl) indenyl] }zirconium

di chl oride, are nore preferably enp oYéd Exanpl es of the netall ocene
g?m/)?ggg[ﬁ&; ﬁm&%aj(%l% CI uﬁ?y{? W&Me%ﬁﬁenwlgw%hﬁﬁ; ) zi rconi um
TLHE T R R
rac—dlmethylsilyl~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




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

di chl oride. The netal |l ocene conpounds nenti oned above may be used singly
or in conbination of two or nore kinds,;and may be used Mifcleadngation
with the aforesaid solid tltanlun1caté?yst conponent (1). The netal |l ocene
conpound is used in conbination with the aforesaid organonetallic catalyst
conponent (11). One exanple of the nmetall ocene catalyst is described

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

tran5|t|onaﬂedametbymemmglebla{Gﬁqapn4pﬁab?h qt(gtpgegghkgq?q)table whi ch
contains a |ligand having a cycl opentadi enyl -skel eton, (sonetines referred

to as 44 J‘Zﬂdéhyﬁh}Qﬂﬁéoﬁﬁﬁﬁ%l&%@ld@m?%%ﬁ@%} cBELELIGIdEN)oyed P) an
or ganoal um num oxy- conpound and optionally ( parti Xatrier. (a)

‘Met al | ocene CQﬁR%H&ﬁeJhﬁinﬁ%%)&8959?088H8088Sp53ﬁd5 soEepresented by the

follow ng formula {
structure having Cl symmetry include

ethylene{2—methyl;4—{9—phenanthryl)"14ihdenyl]
(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




In the above formula, Mis a transition netal atomof Goup 4 of the
periodic table, specifically zirconium titanium or hafnium L is a |igand
coordinated to the transition metal atom At least one of L is a |ligand
containing a |igand having a cyclopen&gdienyl skel etofn, Mmaneh Loadder than
the ligand containing a |ligand having a cycl opent adi enyl skeleton is a
hydr ocarbon 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 nmay have a substituent such as hal ogen), a hal ogen
'or:hydrogemetéﬂrbcéhdﬂdﬁ%ﬁbéﬁﬁi@ﬁyi%%r%i%%%%@%?,Of the transition netal
atom Exanples of the Iigands containing a |igand having a

cycl opent adi en skel i-nGl L iLenyl group;
aIkyI-substitu¥E& %3cFgggﬁpggﬁggéﬁﬁg%%gpggﬁgégﬁaés a
'nethylcyclopengﬂgig@¥h gggg&, 45 24 March 2005 a di net hyl cycl opent adi enyl
group, a trinethylcyclopentadi enyl group, a tetranethylcyclopentadi enyl
group, .a pent t hyl cycl. opent adi enyl. group, an ethyl cycl opent adi enyl
group, a nethy?g?hﬁlgﬁ%ﬁbﬁgﬁﬁgﬁi8ﬁ§¥l§goup, a propyl cycl opent adi enyl

roup, a nethyl propyl cycl opent adi enyl. group,
g P yipropytey Pa) Metal océ&e égmpound

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,




‘a butyl cycl opent adi enyl group, a nethyl 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
halogen, a trialkylsilyl group or the |ike. When the Zoidifid 290 he
formula (1) contains two or nore grouﬁ% havi ng a cycl opent adi enyl

- skel eton, two of the groups having a cyclopentadi enyl skel eton 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 isopropylidene or

diphenylngtayﬁgﬂgylgyéib%ggegdgéggp,ggéuglsubstituted si lylene group such
as di net hyl silyl ene, di phenylsilylene or  nethyl phenylsilylene. The |igand

oxample, ae Tl ot he S NRR b BERE s o7 e hydr ocar bon groups. of
and aral iy anenyhere dpgafefiany] SPRepe Can be menti oned: al kyl
o oups, SR RC TS R EbaHE YEa RN hek TR0, bl y1 G oups, " such as. phemy!
and tolyl; and

an ethylcyclopentadienyl group,

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 liganq L other than the ligand having a

cyclopentadienyl skeleton is, for example, as follows.




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. - Exanpl es of the hal ogens include fluorine, chlorine, brom ne and
i odi ne. Exanpl es of the |igands represgnted by SO03R idfcMadea 2005

p-t ol uenesul f onat o 'group, a net hanesul Bnat e group and a
trifluoronmethanesul fonato group. When the val ence of the transition netal
atomis 4, the netallocene conpound (a) containing a |ligand having a

cycl opent adi enyl skeleton is nore specifically represented by the

fol | ow ngrkammlead 6%)%hglﬁ§§?§§%§%%ytgﬁ%uﬁgeg%iﬁ g@i 2t£§%§§$:%ﬁéggzition

metal atomas Min the for . a group(lrgan ,

cyel opent adranr SEE: Bovkh SEeTREGLdS Sa Ryt oar it Groas, SR aryl
DTkt orPoT 8 og5 e85 503R aroup, 4 hal ogen orhydtogen. & s an i nteger
of 1 or greater, and atb+c+d=4. A netall ocene conpound wherein at | east
two of Rl, R2,MOR8 &RACRAIFAliNe FBPHEI Gap2pe, mepEienadple, Rl and R2, are
groups alkyl groups, such as methyl, ethyl, propyil, isopiopyl
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,




" substituted al kyl ene group such as i§6bropylidene or di phenyl net hyl ene, a

(I'i gands) having a cycl opent adi enyl skeleton is preferably enpl oyed. Wen
t he netal | ocene conpound has two or nore groups having a cycl opent adi enyl
skel eton, two of the groups having a cycl opentadienyl skeleton may be
bonded t hrough an al kyl ene group such as ethyl ene orZ4igpdler?d 0%

silylene group, or a substituted silylene group such as dinethylsilylene,
di phenyl sil yl ene or net hyl phenylsilylene. R3 and R4 are a group having a
cycl opent adi enyl skel eton, an al kyl group, a cycl oal kyl group, an aryl

group, angar abk : , qgg! r-ou anaryl oxygroup, .atrial kyl silyl
group, aRStg% ébgugfggghgl géﬁgg%gﬁgﬁfgg%%?i%&%ﬂ%ggﬁegylt%ﬁ? Y1 ocene
conmpounds in Mis zircopi i hcl ude bi s(indenyl)zirconium di chl ori de,
bi s(i ndeny %E%grﬁruor%li’di Sr%ﬁﬂ%% Q T Han )22 &R bR aralkyl

(p-toluenesulfonahgabis (4,5, 6,7 48 24 March 2005 _
t et r ahydr SFREBMAD T FTERT Bt ERISGHIIEEY IHRUR £ & Goiedyv)lsidedrdnonp,

di chl ori de, ethyl enebi s(indenyl)zirconiumdichloride,
et hyl enebfsEPHUSHAUP2i PcBal aaedi bF dmidingen, a is an integer of 1 or
et hyl enebi s(i ndenyl ) di net hyl zi r coni um
et hyl enebfs¢rhtdenyehdi pheng+d+4coni um et hyl enebi s(i ndenyl ) net hyl zi r coni um
nonochl ori de, _ '
A metallccene compound wherein at least two of RY, Rz,
R® and R* in the formula (2), for example, R and R?, are groups
(ligands).having a .cyclopentadienyl skeleton is preférabiy
employed.
Wben themetallocene compound has two ormore groups having
a cyclopentadienyl skeleton, two of the groups having a
cyclopentadienyl skeleton may be bonded through an alkylene

‘group such as ethylene or propylene, a substituted é_lkylene '

group such as isopropylidene or diphenylmethylene, a si-lyiiené ‘

group, ora substituted _si-'lylene' group suchasdimethylsi 1y1ene:_, '
diphenlylsilylene or methylphen'ylsilylene..

R® and R® are a group having a cyclopentadienyl skeleton,
an alkyl group, a cycloalkyl group, an aryl group, an aralkyl
group, analkoxy group, anraryloxygroup, atrialkylsilyl group,

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-




et hyl enebi s(i ndenyl) zirconi unbi s(net hanesul fonat 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 uoronet hane- sul fonato), ethyl enebis
(4, 5, 6, 7-tetrahydroindenyl) zirconiumdichloride, 24 March 2005

i sopropyl i dene(cycl opent adi enyl -f1 uor el ) zi rconi um dichl ori de,

i sopropyl i dene(cycl opent adi enyl - et hyl cycl opent adi enyl ) zi rconi um

di chl oride, 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 si_l yl i s(di,nmet hyl I t adi 1 ). zi i di chl ori de,
di ot Pyl Sty ERaB B P Ay £ 8o BB A28 SHSHAE f coni um i chi or i de,
dinethylskh%lenebis(indenyl)erconiun1 di_chl ori de,

di met hyl sPEVI(EAEBFERYAASATFPI2PRc BACtidBIrdd29 24 March 2005
(trifluoronethanesul f onat o),

di et hyl seEprépesbie4indenyly giraaypdrsi ddehybyideconi um dichl ori de,
di met hyl si'l yl ene(cycl opent adi enyl - fl uorenyl ) zi rconi um dichloride,
di phenyl seEhivénebbsi(hddayl)ziziconhamn dibhboiidde,

‘et hyl phenyl si |l yl enebi s(i ndenyl ) zirconium dichloride,
bi s(cycl opehyadhenhyb) zhdeopiludidechiydei deonium,

ethylenebis (indenyl)diphenylzirconium,

ethylenebis (indenyl)methylzirconium monochloride,
ethylenebis(indenyl)zirconiumbis(methanesulfonéto),
'ethylenebis(indenyl)zirconiumbis(pmtolueneéulfonato),
ethylenebis (indenyl) zirconiumbis (trifluorometharne-
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




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

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

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

bi s(cycl opent adi enyl ) cycl ohexyl zi r coni ym monochl ori deg4 March 2005
bi s(cycl opent adi enyl ) phenyl zi r coni um nohochl ori de,

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

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

bi s(cycl opent adi enyl ) net hyl zi r coni um nonohydr i de,

bi s(cycl opept agdi:gP¥hy dhAREBYL 2HRGOR) UM
bi s(cycl opent adi enyl ) di phenyl zi rconi um _

bi s(cycl ogentadi e h% Lh | zi £coni,u bi s(cycl gpent adi en IézifConium

g Sedateialioi St el AT vt Sea b et A R |

~bis(cyclo entgdiea | ) zirconi unbi s( et hanesul f onat 0),
bis(cycloﬁ%ﬁ? af& %f)zirconiunbis(p-toluenesulfonato),

bi s(cycl opent adi enyl ) zi rconi unbis (trifl uoronethanesul fonato), 50

bi s( net hy*ﬁl:%}%?*&bjeﬁ%%M%%Jﬁ?l(wﬂeﬁﬁvﬁﬁiia%moﬂwenyl) zirconium
bi s(di net hyl cycl opent adi enyl ) zi rconi um di chl ori de,
bi s(di met®iFklierbpent dbpleeyy} 2itvbanelrd of hodgehl oziteonium
bi s(di met hyl cycl opent adi enyl ) zi rconiunbis . (trifluoronethanesul fonato),
bi s( et hyl @yeh bpeidadirayh Y zphennl sl dl edlor s dimdenyl) zirconium
bi s(met hyl et hyl cycl opent adi enyl ) zi r coni um di chl ori de,

- bi s(pr opydbyiel eipied adb ey Y1 geent add b gh) O dslhium dichloride,
bis(cyclopentadienyl) zirconium dibromide,
bis(cyclopentadienyl)methylzirconium monochloride,
bis(cyclopentadienyl)ethylzirconium monochloride,
bis (cyclopentadienyl)cyclohexylzirconium monochloride,
bis(cyclopentadienyl)phenyliirconium moncchloride,
bis(cyclopentadienyl)benzylzirconium monochloride,
bis (cyclopentadienyl) zirconium monochloride monohydride,
<bis(cyclopentadienyl)methyliirconium monohydride,
bis(cyclopentadienyl)dimethylzirconium,
bis(cyclopentadienyl)diphenylzirconium,
bis(cyclopentadienyl)dibenzylzirconium,
bis (cyclopentadienyl)zirconium methoxychloride,
bis(cyclopentadienyl)zirconium ethoxychloride,
-pis(cyclopentadienyl)zirconiumbis(methanésulfonato),
bis(cyclopentadienyl) zirconiumbis (p-toluenesulfonato),

bis(cyclopentadienyl)zirconiumbis

{trifluoromethanesulfonato),




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

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

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

bi s( et hyl but yl cycl opent adi enyl ) zi r coni unbi s . ( met han&s Mg mHatZ$)05
bi s(tri met hyl cyci opent adi enyl ) zi r coni @fh 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 rconi um di chl ori de and

bis(tri Lyl um di c rid In the above
exagpleSEED%Lﬁ%%ygf%g%Pgﬁ%%g%aﬁgﬁﬁ%%%%féﬁﬁ%$%V%he f %nyl rings include
1,2- and ubstﬂt tio rodu ts nd. the tri-su st i on products of
cyclopent%ﬁ?é% Sy %y?ﬂ%$ 21110 i oy B ?@n products. The
~al kyl groups guch as prqP and butyI i ncl ude. |soners such, as n-, iso-,
sec- and ¥ PR et LHHODS ‘CIbk R < Wb e L o o umis

repl aced mnth tltanlun1 or hafniumin the above-nentioned zirconium
conpoundsP elEmeiehy keipt byt tadie e Ftciogdnies conpounds (a). These
conpounds may be used singly or in conbination of tw or nore kinds. These

conpounds{tmayf beo uwed hahid¢aifugpadica)dh a hydrocarbon or a hal ogenat ed

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

havi ng z'ibimféﬂmhs)mh@emmmadnyﬂatzailrcairammmﬁdwl\dﬂgi@t | east
-big(methylethylcyclopentadienyl)zirconium 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.




two |igands containing a cycl opentadi enyl skeleton is preferably enpl oyed.
(b) Organoal um num ox -conpound The organoal 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 di scl osed in Japanese Patent Laid- Cpet? Maish ¢idoon No.
276807/ 1990.. The hitherto known al um-hoxane can be prepared fromthe |ate
r-describedorganoaluninunconpound (b-2) by, for exanple, the follow ng
processes. (1) An organoal um num conpound such as trial kylalum num is

. added to a hydrocarbon nedi um suspensi on of a conmpound cont ai ni ng

A Lo e ebnBopAq8alhe PORh 2L 1}0Gn VB o1 Ofcp EIUEA L LE AL O3 6 0.

nagne5|un1chlor copper te" hy um num su
hydrat e, ni %%Egulfat drate or._cerous chlorlde hydr at erform
actt on, SEA e e Sns T: ST Adtae e v ONeva Gha5e SLE0I ] on
in the hydroiarbon : % Water (water, ice or water vapor) is allowed to
directly S&P 8Ha§ﬁeoﬁﬁa 8%l BRFALAPEBRBOGABPSHRASad2t i al kyl al uninum in a
- medi um such as_benzene, toluene, ethyl ether or tetrahydrofuran, and the
al um noxane i sThegeverrrPEd S msol bejbved sinde abois eenh imat{eh o
organotin oxide such as dinethyltin oxide or dibutyltin oxide is allowed
to react w\rprpzamogeggjm unThgme compounds may be used, diluting with
a hydrocarbon or a halogenated hydrocarbon.
As the metallocene compound (a), a zirconocene compouﬁd
having zirconium as 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




conpound such as trial kylalumnumin a nmedium such as decane, benzene or
~toluene. It is possible that the solvent or the unreacted organoal um num
conmpound is renoved fromthe recovered solution of alunlnoxane b
distillation and the remainder is redissolved in a sofJ&nich B

~or ganoal um num oxy- conpound (b) may c ain a small anount of a netallic
conponent other than alum num (c) Particulate carrier Exanples of the
particul ate carriers (c) optionally used include inorganic carriers, such
as Si 2, A1203, B2031 MgOL Zr021 CaO Ti02 ZnO, Zn20, Snot, BaO and ThQ

and resi n%heogmr@oxeﬁ% b%é&ovéﬁl&ﬁ‘a@ &xlga%'ﬁ?%h}eg@%m %&LSHE

pol y-1-butene, poly- -nethy -I-pentene an styrene i nyl benzene
carriers be used in

copol yrer , preferab e. n
conblnatlon(ﬁR?gﬁggFr W%g it OgﬁaffﬁWﬁQﬁf%bﬁgléPgﬁgiﬁ e 28

met al | ocene, cat al yst \Wen he netallocene catalyst is a solid netall ocene
catal yst B6hsPBt PAgPEIRRAT W YUBf CPRROMRE P YGR e SobltintA L Ry IUR he

or ganoal um num oxy-conmpound (b) and the particulate «carrier (c), this
solid netéPI6c@ﬁ€168t§P9§tanbFBFﬁ€8 b¥olusngporthy ehbenepal | ocene
conpound: (a% and the organoal um num oxy-conpound (b) on the particul ate
carrier (E% Fﬁhﬁéééfééﬁ@eamﬁﬁhﬁ@lﬁmlhéxﬁoemﬁﬁmrqmﬁmmﬁasasolutlon

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 thén 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.




The solid nmetall ocene catal yst maybe forned by supporting the
-l ater-descri bed organoal um num conpound (b-2) together wth the

met al | ocene conpound (a) and the organoal umi num oxy-conpound (b) on-the
particulate carrier. In the preparation of the solid 4fett@1dcet at al yst,
the netal | ocene conmpound (a) is used iF® an anount in terns of a transition
nmetal atomof 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-conmpound (b) is used in an anmount of usually 0.1 to 100 mol,
preferably 0.5 to 2 , ~SOL] tall ocen atal yst has a particle
8i anmet er yof. usual | y‘gﬁfggg!r B8 oRohifa Svat celaidst m The solid netal

| ocene cataly may_.contain,.if necessary, other c onents_useful for the
ol efin pol yrrefb?%%ri‘i%kh‘? IE%%%“S%C@ZQL@ I\fﬁ?Eﬂig%Slﬁsaaﬁogggc‘[“?ﬁﬁl%ﬁ%?eand a
reaction assistant, together with the above-nentioned catal yst conponents.
The sol | FHER LYo iGhidlY §o5eot igdd v ATt BReimsient 1 openengPmround

prepol ymeri zed catal yst obtained by prepolynmerizing an olefin onto the
sol i d net &) oddfecEdapabysnnippe i freconedivnd pdlly apdi e irertiswatd ed out
using the netallocene catalyst, the follow ng organoal um num conpound
(b-2) carrdrerised(¢ogetiney svlid tthetabtadéneenatahyat yst. fofhed) by
Or ganoal um num conpound - :
_supportingthen@tallocenecompound{a)andtheorganoaluminum

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




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),
“include: trialkylalumnums, such as té net hyl al umi numM4 Maxadt A0 umi num
tripropylalum num triisopropylalumn tri-n-butylal um num
triisobutylalumnum tri-sec-butylalumnum tri-tert-butylal um num
tripentylalum num trihexylalumnum trioctylalumnum tridecylalum num
tricycl ohexyl alum numand tricyclooctylal um num dial kyl al um num hal i des,

h d n&hl Te !
such as_dhgelid il miolabachl 064 42 redl e ph ALUML O CU ARy yicn

di et hyl al um num brom de and dii sobutyl al um num

~di al kyl aI ngmbgd‘ﬁé‘g‘%ﬁ% &lcga,? l?éft@gln%almu?mnum hydri de and

dii sobuty um num oxi des, such as

di met hyl al um nd d| eth | um num et hOXI e; .and

di al kyl al umi nu sgnﬂﬁdﬂo alzﬁgﬁnﬁs‘:‘_ﬂ%’%f%% FritAGnt dRVEBLIOP t hese,
trial kylalum nums are referabl e, and triethylal um num and
triisobut$FRMHF fb%?%%%l%ﬂa}YSﬁr ebbrbprd bYAp§§p@ﬂfprm69€am1@gas t he

~ organoal um num corrpound IS
~an olefin onto the solid metallocene catalyst.

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;




i-soprenyl alum numrepresented by the followng formula: (1-COH9)Aly
(C5H10) z wherein x, y and z are positive integers, and z? 2x. These

or ganoal um num conpounds nay be used in conmbination of two or nore kinds.
The organoal uni num conpound (b-2) may.contain a. smal44 MarahtZ09P a
metal | i c conponent other than al umi num> Wien t he or ganoal um num conpound
(b-2) is supported on the particulate carrier (c) together with the

net al | ocene conpound (a) and the organoal um num oxy-conpound (b), the

or ganoal unm num conpound (b-2) is used in an anount of usually 1 to 300

nol, preferably; £ tP 2000 0hn - hP@SEGON %ﬁgplaé;ﬂiiiﬁgﬁaa@%g%ggransition

‘metal atom) of the solid netal | ocene catalyst. Preparation

of unnodi{i ed. pol efJ r - invention, an olefin of 2 to 20
car bon a%%%€1$§ %% j%%??é%%E ?ag%§%$®ﬁ9¢¥zﬁl Th the presence of the

catal yst nenti on bave to prepare. an unnodified, pol yol efjn. Exanples of
the ol efins of ™% Kot aaflb l‘%?%’f et abt S d%’é?:?e/m%“’e‘iml ene,

propyl ene, 1-butene, 3-nethyl-|-butene, 3-taethyl-I-pentene and _
~ 4- met hy| -t ete. 2nmh el Hvnbrbiei ni e HeXEdRY s3iyly or in conbination of
two or nore kinds, or may be copolynerized with polynerizabl e nononers
such as di enéstagthigm Tumimut ef 1< M - tshechrerro rebirest bt lea ugesichsi ng |y,
propyl ene is '

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_smali
amount of a metallic éomponent other than aluminum.

When the organocaluminum 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 an amount of usnally

1 to 300 mol, preferably 2 to 200 mol, based on 1 mol (in terms

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




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

but ene; ethylene and octane; ethylene, propyl ene and butene; and ethyl ene,
propyl ene and diene are preferable. The ol efin pol yret itGor En be
carried out by any of 1liquid phase p&%nerization, such as sol ution

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

pol yneri zation, an ipner ) be used, or an olefin
that is liquid at the-FRAT oAt Emdraitt et S PbeYUsedi B 57 24 March 2005
Exanpl es of the inert hydrocarbon nedia enployable in the suspension

pol yneri zat i ontPntP@dRr & ¢phat® eehytitbe stbohs i wdh Zadprdh&febsut ane,

~ pentane, hexane, heptane, octane, decane, dodecane and kerosine; alicyclic
“hydr ocar b8fsms sig o lygiegyidesh et emiee 1 wyer birs dme thrdpnesayte yef dpent ane;

aromati c hydrocarbons, such as benzene, toluene and xyl ene; hal ogenat ed
hydr ocar boatalgat mead istrind apeve tlogp reipa aa cnclrhnsdbehee pel yodrdin.

conbi nati ons of these hydrocarbons. O these, aliphatic hydrocarbons are
particul arly pEedms bt yrerpt oyedinWhen? the2 o rERdich £eome byelrefranliys
prepared by the use of the magnesi um supported titanium catal yst system as
a ' 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.




catalyst, the solid titanium catal yst conponent (1) or its prepolynerized
catalyst is used in an anount of usually about 0.001 to 100 mmol,
preferably about 0.005 to 20 nmol, in ternms of titaniumatom_ based on 1
liter of the polynerization volume. The or ganonet al 4% YoiPbwft cat al yst
conponent (11) is used in an amount Of the nmetal atomin the catalyst
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 (I) in the polynerization system The electron donor (Ill) is

used in an annE%Emﬁie@ﬁ&@“h%&Qr&Q&;%%dg%dgybonp&ghgkﬁgﬁﬁlo aflet 9,5 MOl

based on 1 nol of the netal atomin the organonetallic conpound catal yst

conmponent r l.n_the po ri.zatio roces t he anmount
of hydrogt:erlqﬂé ghép?%%é@%&% géa%g%%‘l%&éﬂ%dd“{%gﬁ%‘éaa%? EYFH)FSF%F%BP?'O to 0.20
nmol, nore referag%y 0 to,0.15 nol, Qgsed gn 1 nol of the nmononmer. Wen the
magnesi urit $UpPoT PR 1%mi U Ast-alBRit vt 8rrans yhertehfe BEFFRE8ri zati on
tenperature is in the range of wusually about 20 to 300C, preferably about
50 to 15GECHMy IR FRYRBA barPohnpr eskiwclic hydrwearhngs ofuoh 0l to 10
MPa, preferably 0.05 to 5 MPa. Wien the unnodified polyolefin is prepared
by the usi C¥flepenkenal Cycdnderanglarsingishyl eyt dnentandeanamahicof the
nmet al | ocene .conpound (a) used in the polynerization system is in the range
of usual Ihyd:@oOdB I Sehmsdigngrref etabligne 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).




0.0001 to 0.05 mml, based on 1 liter of the polynerization volume. The
or ganoal um num oxy- conpound (b) is used in such an amount that the nolar

ratio (AI/M of the alum numatom (Al) to the transition metal atom (M in

“thenetal | ocene compound (a) becones 5 to 1000, preferbabiareto 4085400, |f

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

el e e T ! |

Eiei’gre;hlzgoloé&tnott%%%,rc}ﬁ%l%%llﬁ)zﬁg‘lgfﬁgﬁggggtgg %g@“?ﬁéﬂ‘ﬁﬁo‘b%f?ﬁ%%u on 59
rch . ressure i s hi n a _and_not _hi gher a,

pref er ably® Afghat 1T ﬁ%l\#’%‘g%m r?o?ohé)‘gér:éeDF“o?Lhafﬁr#‘ﬁ/ﬁ%gﬁfherS?@T:l‘g%

pol yneri zation can be carried out By any,_ of batchw se, sem -continuous and
cont i nuol&‘?lpr%‘é’é%gé?fe?fﬁ@lyﬁb??ﬁer1' 7l ore et opée IE‘\é\i P%etdleo[ﬁ?n?rﬁe’fm or nore
steps under different reaction conditions. In the olefin polynerization,
a honopol yner Wfenafkhel élfﬁigﬁe@éy‘mbéuﬁpéﬁ§?éd’,ilBﬁnaumaﬁél*é@ﬂri%gﬂy%?m may be
prepared fromtwo or nore kinds of olefins. For preparing a branched
pol yol ef iirs wiserdsi nmtheheo lynwpdgiatiion ttmpheabbeti Aschai bh¢ Afanget®e sane as
that of the olefin chain (B) , the unnodified polyolefin to be prepared
in the ohefualipokyorrti 2atioersdes (qr ptefabhiplpolypriomd eénel5ahd, 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) inthemetallocene compound

{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




this 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,
~the ampunt of the copolynerized conpopent is desired4 dagehugd®I y not
nore than 10 % by nol, particularly 3t nmore 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
polyolefin to be prepared in the olefin polynerization is preferably a

copol ymer of. . gthylene qﬂ.é}gqj inp Of rg%t 172q]c Jbon.atoms.y@and this
copolyneg? Fas a33§n5| y of 0.850 to i dgb‘cﬁ§?{prg%efhblyzgg858 to 60
24 March 2005 O. 981g4 nB re %ﬁ%frab y.0.855 to q%895 / , MFR of 0.1
to 50 g/ BF -erﬁabﬁﬂef gjb?‘i/ ey (' § r}ﬁ%%ﬁ%}eerpheafner%%? 0. 3to 30
g/10 mn, and a cr starlini%é,.as measured by X-rays of less than 30 %
preferably | edd® RARIZE GPL¥BRELRREFERaBRY PFeRTTIRM 25 &Y RBYi Pfcation of
unnodi fi ed pol yol efin The functional group-containing polyolefinis
obt ai ned bahrhgtigfe, AR AT HUSAS B19 1908 MBI H P TIGE SHTodi Thed
pol yol efin with a.graft nmononer selected fromunsaturated carboxylic acids
and t hei pademerdtdatesn Beanbeesaofledheuindat tvat @d meenebexygbscurdéds and
their derivatives enployable in the graft nodification include
' different reactionconditions. Intheolefinpolymerization,
a homopolymer of anolefin may be prepared, or a randomcopolymer
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

in the olefin polymerization is preferably polypropylene, 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), the unmodified_polyolefin tobeprepared

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




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 o[ 2, 2, | Jhept - 5- ene- 2, 3-di carboxylic &4 dlarchadd ohei r
derivatives, such as acid halides, anf@es, imdes, anhydrides and esters,
specif ‘ically, malenyl chloride, naleimde, naleic anhydride, citraconic
-anhydri.de, nononethyl rmaleate, dinmethyl maleate and glycidyl maleate. O
t hese, preferable are unsaturated carboxylic aci ds and anhydrides of

t hese acid and artlcularl b acy d nadi cid",
hinic acid ﬁﬁdeWd§§p6@ &Yé@réSS {pgﬁgeg/?% pPgFan @h
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sel ected fromthe unsaturated carboxylic acids and their derivatives,
various pr-coeesdsghilfmem.o2kAcwAryakel hdbptablee. mepruesdipl e, fafere are a
process conprising nelting the unnodified polyolefin and adding a graft
nmononer. tof peskothan 3T &f t prepet sinky ilzsds chanat®l 2a procassetongrisi ng

di ssolving the unnodified polyolefin in a solvent and adding a graft
nmononer lteagparfor myraft copol yneri zation. In either process, it is
preferable to carry out the reaction in the presence of a radi cal

initiator in order goqeffdcd o loye dimddacopd WaEnizZedie graft nmononer.

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 carboﬁylic acids and their
derivatives employable in the graft modification inglude
uhsaturatad 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 unsaturatad carboxylic adids 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




The graft copolynerization is carried out at a tenperature of usually 60
to 350C. The radical initiator is used in an anount of usually 0.001 to 1
part by weight based on 100 parts by weight of the unnodified polyol efin.
Exanpl es of the radical initiators enpl oyabl e herein 24 dEnse 2% ani c

per oxi des and organic peresters. Spe€ifically, there can be mentioned
benzoyl peroxide, dichlorobenzoyl peroxide, dicunyl peroxide, _
di-tert-butyl peroxide, 2,5-dinethyl-2,5-di(peroxybenzoate)hexyne-3, 1,
4-bis (tert-butyl peroxyi sopropyl) benzene, |auroyl peroxide, tert-butyl

peracetate, 2,5-di h I--i 5-di%t r.t-bufyl peroxy)hexyne-3, 6 54 Mar ch
5005° 5, S-linrhlaty 2T HPppEYBEbuE T HERcts i HREC D e ERRo by S Lt Benoat e,
‘tert-butyl perphenyl acetate, tert-bu%yl gerisobutyrate tert-butyl
per - sec- aditdnpeITd B IOBARYE SHEPPE VA ITA08 Cheimps adeisites spebarylic
~tert-butyl perdiethyl acetate. Also enployable are azo conpounds, such as
~azobi si seitda andittidie dadidanévayl woissopryrasees Ol thardseknpraf er abl e
are dial kyl peroxides, such as dicunyl peroxide, di-tert-butyl peroxide,
2, 5- di metehnd -Rdptdi(teert - but yl per oxy) hexyne- 3,
2,5-dinmethyl-2,5-di(tert-butyl peroxy) hexane and
1, 4- bi s(tert - lmatry bpefnpXyi sops opndenzenee s redntper: ifdinef nenaling the
unmodified polyolefin and adding a graft monomer to perform
graft copolymerization, and a process'comprising dissolving
theunmodifiedpolyolefininasolvent andaddingagraftmonomer
to perform graft copolymerization. In either process, it is
preferable tocarryout the reactioninthe presenceof aradical
initiator inorder toefficiently graft copolymerize the graft
monomer.

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,




group-cont ai ning polyolefin (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 wei ght, based on the anount of the unnodified poladfolefiah 2@8en t he
functional group-containing polyolefif2(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 m.n, 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, preferabl 75 to 0 98 /an nore preferably 0.80 to O. 96 g/ cnB.
Thi s funé%loﬁgieéﬁﬁﬂp @é}[ﬁﬂ SOIRFTGRY IS Marehr ROOSE BB

preferably used for the preparatlon of a branched pol yol efin mhereln t he
conposi t PEFbemad9d-co| dfant dhdiReRPhienydi ffeaterite, firom thatybf the ol efin
chain (B). Wen the functional group-containing.polyolef in (C is a

pol yol ef iperédlstodivted die nodiftyinmg yva- preopydenedtet ol tymer-butiil s pol yol ef i n
desirably has MFR of usually 0.05 to 1,000 g/10 min, preferably 0.1 to 500
g/ 10 ni nperprierairmefeer any 10 52 rtiera300 /=t idnt-and va wensidtyhef usual |y 0.
880 to 0. 960 g/cnB, preferably 0. 890 to 0. 950 g/cnB, nore preferably O.
900 to 0ac@48teg/ cnﬁsghéﬁpigpam@nab:e%%pn@ﬁapbahabngsgglhyglsefI n (C is

preferably used for the preparation of a branched polyo efin
-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 polyolefin (C)
obtained above, the graft quantit? 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/cm®. This functional group-~containing polyolefin (C)




wherein the conposition of the olefin chain (A) is the sane as that of the
olefin chain (B). (D) Term nal 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 grdfplEswai?filig ol efin
~polyner (C) and containing at |east ®de group capable of reacting with a
carboxyl group or an acid anhydride group at only the position of chain
end. The term 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 ane-side-end. The _termnal nodified polyolefin (D) becopes the

ol ef i G (B aE LU HA SCHe o B TR e GrOT ST S PRLOSTboxyl or oup
or 64 24 March 2005 an aci d anhydri de group becones a bond_having a

car bony| WieaEEn £BE FORRPAHC e O EhienCERALA ¢ in dAdhd SoftéffATeRRI n (B).

- Exanpl es of the groups capable of reacting with a carboxyl group or an
aci d anhyihordéhgrtowd ithel wde fd nhydvedxy | (Bgr-oup, an al koxy group, an amino
group, an imno group and a hal ogen. O these, a hydroxyl group and an

‘am no group atkepr eher Gilnhet idhel teeraapratormtodirfired pedlydledfin AC{Discan be -
prepared by, for exanple, a process conprising preparing a polyolefin
having a Ecoup143ial eFeainc@NRIMidIE Wip peppesentedcdbype A R2 at . an

. end (said polyolefin being sonetinmes referred to as a "G oup 13 el enent
contai ni Re ;G PURYEABEANNHEE iRAbYY BRENMFR 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-




herei nafter)., and then conducting substitution reaction of the Goup 13
~element -contai ning group of the Group 13 el enent containing
group-contai ning polyolefin with a conpound having a functional group
structure, or conducting reaction of the Goup 13 elZhmdRradoR0fioni ng group
of the G oup 13 elenent containing &Fbup-containing pol yolefin 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

Tater- degﬁra{@i%f' F%ﬁg&&&%- gﬂ-&&%tbperc%%%' a TRdif hedi Ry BLehohP1(Poian be

prepared by ~ po ri'zing or ctopolymerizing an olefin of 2°to 20 carbon,
mmanesi uRPLUbBOFLEH FTEaRtirBataryat (oysram Be etk Fobbatn a8 al yst .
AL T AT R b G
4-met hyl -1 -pentene. O these, ethylene and/ or propyl ene are nore preferably
enpl oyedgrand oprapyhehe RBDHBELdQr BFAHRADINC Y S AR tHPUP, -
magnesi um supported titaniumcatal yst system is used, the solid titanium
cat al yst asarigonenyrolp, oan jamsi ey gpohy mevi zudneayBdyr @ndsa jsekPdan « he
pol ymeri zati on system in an anmount of usually about 0.0001 to 50 nmol,
pr ef erabby these, a hydroxyl group and an amino group are preferable.
The terminal moaified 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 funétional 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_




about 0.001 to 10 nmmol, in terns of the titaniumatom based on 1 liter of
t he 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 nol, preferably 2 to 1000 nol, Zadedan 20050l of the
titanium atomin the solid titanium&atalyst conponent (1) in the

pol yneri zation system |f the electron donor (Ill) is used, this electron

" donor (I11) is used in an anmount of usually 0.001 to 10 nol, preferably

0.01 to 5 nol, based'on 1 nDI of the netal atomin the organonetallic

compound rr?acénaéél yner | g M‘%Qn&ﬂ%ﬁ?{&#{zgﬁes’&ﬁsefeﬁ A yRLiL3 Usedeas a

- cat al yst |on the ano I"0cene conpound (a) 66

24 March 2005l]y he polynerlzatlon systemis in the range of usually
0. 00005 {60 preferably 0.0001 to 0.05 mmol, based on 1 liter of
t he polynerlzatlon vol ume. If the organoal um num oxy- conpound IS used,

this conpound HERRie QB I e ket s gh ahBuwht CﬁHQPntW%Pé‘Ff?EF}(DE)Y( A/M of

the alum numatom (Al) to the transition nmetal atom (M in the neta |
| ocene comgssuinclydg cbordmps . Propyicoe, brinfegndl y-rothplaboburenehe
or ganoal um num conpound (b-2) is used, this conpound (b-2) is used in an
anount of3-esudlvly- ladpeutt ehe @r@0E et hyvdrdf-@ralilene .ab6dt tBese, 200 nol, based
on 1 nol of the transition netal atomin the netallocene conpound (a). The
ol efi n pelghyEdrzatnar ocaprbpytane i ek autrebyprafyrably 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 polymeriéation system
in an amoﬁnt of usually about 0.0001 to 50 mmol, preferably
about 0.001 to 10 mmo‘l, in terms of the titanium atom, based
on 1 liter of the polymerization volume. The organometallic
compound catalyst c;)mponent (IT) is used in an amount of the
metal atom in the catalyst component (II) of usually 1 to 2000
moi, preferably 2 to 1000 mol, based on 1 rﬁol of the titanium
étom in the solid titanium catalyst component _(I) in the-
polymerization system. If the electron donor (I_II) is used,
this electron donor (III) is used in an amount of usually 0.001
to 10 mol, prefer.ablyl 0.01 to 5 mol, based on 1 mel of the
metal atom in the organ.ome-tallic compound catalyst component
(IT).

When the metallocene catalyst is used as a catalyst for

polymerization, the amount of the metallocene _Compound {a)




i qui d phase polynerization, such as solution polynerization and
suspensi on polynerization, 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 |iquid at 2h&ansictZiofy
tenperature may be used. The reactioﬁstenperature is in the range of
usually -50 to 200C, preferably O to 150C, and the polynerization pressure
is in the range of usually 0.01 to 10 MPa, preferably 0.1 to 5 MPa. The

ol efin polynerization can be carried out by any of batchw se,

serm - conty DR AYSONLLNANS, BT 8530081 en oL e ol et i Roloyipi Zat i on

i s conducte or nore s € reac conditions. ey D& t he sane
or differené. 67 24 March 2Q05 1t is pref r@?le t.hat nol ecul ar, .hydrogen
that is a&%&nérBFCiolRL %?al\%}e\f 8ht00§9&d|£f3i &1 85 cmeg E?F‘é?é‘n?“ilnlﬁﬁérm efin
pol ymeri zation, and regul ation of the nol ecular weight is preferably
carried Gt W SRR TIZRF dHe ‘Gl e ddndihs GOS8 e B r om t he
concentration of the organonetal lic catalyst conmponent (11), the_
pol yner i Zati-eemesriet dttlr ésangethethigopempevnadi On (oolugest ilzasiueh
pressure) of the olefin. The nolecular weight is specifically regulated as
fol | ows. aRormeexdmMilhet ithet helsuspentisico ApdMymerdi taki eduwhene atowl ecul ar
hydrogen is not present substantially, the concentration of the
or ganonet(@lll)ito thak akrpsksicamporal {1d) (M intaases] 1onbes ebypbhadnol ecul ar
wei ght of the resulting polyolefin can be decreased, or in the suspension
pol ymeri zalhi @R MRl 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.




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 efi n obtai ned as above has a G oup
13 elenent-containing group and/ or & unsaturated baifd Marcan 2688,
- 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 apount of _the organonetallic catal yst c onent, and the
pol yer i 2at i on LtEHPEF S rL® dh 24 kT hl D8 CHRERN (I ehd 261 THE ool yol ef i n
is an unsaturated bond, the unsaturated bond can _be converted into a G oup
13 el enBRECEYRRE MieAghyr BGFIERPEUSR PRE PE&EENSEN 1R £Ret RéeLdBnpound
containing the Goup 13 elenent. For preparing a polyolefin having the
unsat ur apedvendzatisn.endd reeudbbiesacd tpeomedscudphgvwehehietal | ocene
catalyst is preferable. Further, the polyolefin having the unsaturated
~ bond(s) pteérd&d) ycaarrbedpnepayedonat sol byng herarelr ywo deconpbidi ivgr=a
pol yol efin having neither a G oup 13 el enent-containing group nor an
unsat ur akedechedd @im 8Re end ckhat aits oprepared rhynameany @iticertal 1 yprtocess,
and the resulting polyolefin can be preferably enployed. Also when the
resul ti n_@oﬂ%b)ﬂ@h@“(@l‘)% andi ¥butR0% zatpehyebRbEparwher gha 8n& oup 13
el ement is bonded to an end and a pol yol efin

concentration {(polymerization pressure)} of the olefin. The

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,wherebythemblecular

weight of the resulting polydlefin can be decreased.
| The pélyolefin 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.




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 af oresaidf RG>
exenplified as the organonetal lic conpound catal yst conponents (11). O
such conpounds, those exenplified as the organoal um num conpounds or the

or ganoboron conpounds are preferably enployed. O these, trialkylal um num
di al kyl al um num hydri de aor a boron conpound havi ng one or re

hydr ogen-bor oW5&n &8¢ §nfore heRtam &gy l?4a%FEﬁa§BE%t€riiﬁeb9ré%'ct i on of
the pol yol efin having unsaturated bond(s) at end(s) wth the conpound

cont ai ni g eGuUEEHR 13 adleshirrds )can Yec Haivedtegt e PoFrexgnpPe, the
foll owi ng processes. (1) Polypropyl ene having a vinylidene group at an end,
i n an anelmsfresft-@ohtted rfB0gy gnosipmbherpugiit K treat@donrniwish tas oct ane

sol uti on of diisobutylal um num hydride having a concentration of 0.01 to 5

mol /1, argriphend Xomwte ivwdsg eHeuxedupf a3 @lemeatt hbor spré2)rRol ypr opyl ene
havi ng a vinylidene group at an end, in an amobunt of 0.1 to 50 g, is m xed

with 5 t@chQ0Q i nofav Ay deaus dteiralndih ohthankmeda 0 thk 4 o bdsaid of a
tetrahydrofuran solution of 9-borabicyclo [3. 3. 1] nonane having a.

concent r?)tl’.jo(&%SSQISjg'léjéhé Ret@1TRlehe ARG N8 & XLEEEChB18 I @kt 20 to 65C

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.




for 0.5 to 24 hours. Through the above processes, a termnal nodified
polyolef in is prepared. To the end of the resulting polyolefin,
preferablly to only one-side-end thereof, a Goup 13 element is bonded, and
the Goup 13 elenent is preferably al&@di num The G odd Mhzsihe S

‘contai ning group-containing polyolefin prepared above is usually obtained
as a slurry. Subsequently, (1) a substitution reaction of the C?oup 13

el enent -containing group of the Goup 13 el enent contai ni ng
group-containing polyolefin with a compound having a functional group
structure i s daeriRRTOAN CBLPEDOYS I AV ¥od paSRhrER 2005 (Rhe G?oup
13 el enent-containing group of the G oup 13 el enent containing

gr oup- comttaiemicdi@ )peliysl shiencainphuad conpbandi haGirgp al Stelamerte(that forns
a functional group by solvolysis is carried out,foll owed by sol vol ysi s.
Thus, a tier marali enbaiufti ég, ﬁ@hyekampﬂeustpeeﬁaﬂédw1ﬁbepresabseag term nal
functional group may be converted into anot her functional group through

t he | at er-desqnijbed1ypacpi,08ne Bxarpies afinthe jeaspguads Savimaral,f uncti onal
group structure include a hal ogen, nethyl chloroformate and phthal oyl

Ch'Or'delnEé%ﬁEh%%anth@ @OHBOQGd? hayi Rox&q StIuctng tio flr s a
functional group by sol vonS|s i ncl ude oxygen, carbon nonoxi de and carbon

di oxi de. j[he SubStishyilqR " 83Ckk 98080 cL g1 EoHAn 1Rydride having a
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




el ement - 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 teWperature of usédl Maxht @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 Exanp Ies of solvents
used for N SBFIBP s SLERRN N et HeHb I T OBP RaridhS Gﬁ%ﬁalr?ofF eBefanol and
water. The group with which the end is nodified is a group capable of

react i ng ominttle iz icar dhoxy - grropi inaproagp de dbhyditihde corpayind Exahpd es of

such groups include a hydroxyl group, an al koxy group, an am no group, an
i mno greuptandtarkakagénfothst heSenctpanti cgtranp yopredbvabyeissia hydroxyl
group, an am no group or a hal ogen. Exanpl es of conversions of the end of

the G oURaL3iRlH&IEN fo LDOWEd By RS 1§10QYR-16aNt Bhas Ng tRainiolAf hodhavéag - ALR R2
group at an end into a hydroxyl group, a halogen or an amino group are

gi ven beg o(l\L)flﬁo@\éeb%garbato mgrﬁé%ugirqypce%mapm@@uamw dri ed
air, excess of nethanol containing a small anmount of hydrochloric
acid is %QQEE>&Qy§xyconverted.1nto another functional group through
the later-described reaction.

Examples of the compounds having a functional group

structure include a 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 o 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.




-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 byri he reaction at240 MaochO@QOBor 5
mnutes 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 times
nmol as nmuch as the hal ogen is added, followed by the reaction at 50 to
150C for 0.5 ExapplRsurs. solgenhe resdl £pagtheageivalppdduenclude

tri phenyl phosphine of 1 to 10 times nol as nuch as the sodium azide is
added, f oldtowedl, bythheocleagtriopanat ,0btbatt00Cahdrw®t8rto 24 hours.
Simlarly to the polyolefin having a Goup 13 elenent-containing group at
an end, a pol yekefiduavt RgHa i P enddnd modi Nfe@n sed grenp eigwsld han a

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

group confrai-BhPPingan &l aMEMbOENELLIRNGA A QuRal3nelereat Gtowdh end is
prepared by living polynerization or chain transfer reaction hitherto

known. 1 0860 GULRT 20 AOLYQLE TR 1A B0nGaBboup %gglﬁgiv UG 1Ll ement. of

3, 4, 5 up at an end, I'S prepare i ng pol yrerization
or a polyol efin_havi.n oup  .cont al ni a3 QUR el egent, Q. silicon
(Si) at éﬁoélﬁd,ar\l/\ﬁfn&ﬁg garc%p, Bn ﬁrﬁr}loé J)Lri'}ga o%{%n. ese, ‘
particularly preferable is a hydroxyl group, an aminoc group
or a halogen.
Examples of conversions of the end of the Group 13 element
- s . : 12
containing group~containing polyolefin having —-AlR'R® 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.




is prepared by chain transfer reaction, is preferable. The term nal

nodi fied pol yolefin (D) obtained as above has MFR of usually 0.01 to 5,000
g/ 10 mn, preferably 0.05 to 3,000 g/10 min, nore preferably 0.1 to 1,500
g/10 min, and a density of usually 07Z to 1.0 g/ cnB,2%iefriallOP0. 75 to

0.98 g/cnB, nore preferably 0.80 to 0.96 g/cnB. The wei ght-average

mol ecul ar wei ght (Mwv) of the polyolefin is 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. Wen the branched pol yol efin
wherein the cifpBE R Ry T offve ialesl by tdfwaiﬂhocfﬁ)px@cw% @aAresadivmat of the

olefin chain (B) is prepared, the termnal nodified polyolef in (D)

desi r abl ypzinhs oNFR 60 @8ubliysOn@ll 4o 1dd0@sg/th@e madogenefier abtydp. 05 to

~ 1,000 ¢g/10 mn, nore preferably 0.1 to 500 g/10 min, and a density of

usual |y EB3 dvddoby. 868 géast Bot P &fterabl y00C8HOr G 6 &PBQ pbams3 ~ nore

preferably 0.900.to 0.940 g/cm 3 . \WWen the branched pol yol efin wherein the

conposi titen tafe rbhe1eliely Reshaiipn( Ay ot f £k BRENLN PRbERAL naf okhe ol ef i n
chain (B) is prepared, the term nal nodi f i ed polyolefin (D) is pref

erably p a y. ne ably has
o Gensi by PO o BE Tt 8000 e S5 e LS o bt 50, o1

o/em 3. 3 MERGL0.05 Lo 1 090, %of@r o RREL] ol 4lx 0. 1 to 500 g7 10

m n. en the pylene 'S copoly e Eontent S6f t he

copol ymarl ZedSlm_‘Llarly to the polyoclefin having a Group 13

'element'—containin_g group at anend, apolyolefinhaving agroup
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 prerpa'red
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 mo-dified polyolefin (D) obtained as above
has MFR of usually 5.01 to 5,000 g/10 min,l preferably 0.05
to 3,000 g/10 min, more preferably 0.1 to 1,500 g/10 min, and
a density of usually 0 7tol.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




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

nmodi fied polyolefin (D) is carried ops by, for exanpd®e MauHt &40ng the
functional group-containing polyolefin (C) with the termnal 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 t étheorranyea oft atseaillgr ecat 1ksasthanpay 000 pf pthde falvnty i HN@00
group-contai ning polyolefin (C) and at least a part of the termnal -

modi fi ed qaoliy,aoaf,iond,Dmctee piesealaad 1ion 0an ewganic; opel.vent, and it is
nore preferable that the contact is perfornmed in a state where the

functional gr guRYCOALE) M Hthe PRLY Yol bR (D AR thhe LERBLERL 1BRdLF i ed
polyolefin (D) are conpletely diSsolved in an organic solvent. Exanples of

the organic selyent égsmql pypbl e tmclsgﬂgy%sg'oegg;r\ggfc thgdsggﬁmoa%aiéuch as

hexane, heptane and decane;” aronmatic. ons, such as benzene,
Lol vene % 10he0gt o ROLAAILS OB DA scarbans, SHoh s5gEiY ene
such as duelil sullocide and,dl rethy)for yR de; TSl 85t o o cartied
to 1,000 g/10 min, more preferably 0.1 to 500 g/10 min, and |
a density of usuwally O.88b 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
compoﬁent 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




20 to 250C, preferably 40 to 200C, for 1 mnute to 24 hours, preferably 5
m nutes to 12 hours. Thernoplastic resin conposition The thernoplastic
resin composition of the invention conprises the branched polyolefin and a
thernopl astic resin other than the branched pol yol efd4d Maamh ¢&d¥t=i ns the
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 gblypakydtny (Bnendat sciyitiong t riThel i adisenei st graref exe0piod yer
(ABS), polynethacrylate, polycarbonate, polyphenylene oxide, polyvinyl
chlori degnpel ¥Né Mdrtdene i sohd ofd fsd RO ¥Vdthle agRlRt Ehe aiRididrene/ (et h)
acrylic ester copolyner anda di ene rubber is preferabl yusedi nt he

'”Ve”t'OBgrEEQEBBQE19&nb£?o@9b¥8k§ﬁ'Qé)'?ﬁh“gﬁeOESEhQnQQ”RBBH¥HEBS ot her

t han the ched pol yol such as polyethyl ene pol ypropy ene,

oLy - bES08e ROLY B} hlpantens apd, ROLYIPL WL bUL enes and glefin

copol yners suc as ' a "'ene/ a- o n-ran copo

R Lyl she. e
propy! eng/p%r%/l en%/h% glel?;nigaiengopdol! ied pogyolgfl?i (D) are dissolved
inanorganic solvent, and it ismorepreferable that the contact
© i1s performed in a state where the functional grouﬁ—containing
pélyolefin (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;andheteroatomucontaininghydrocarbons,

‘such as dimethyl sulfoxide and dimethylformamide.

This reaction is carried out at a temperature of usually
20 to 250°C, preferably 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




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 obtained fgom an ol efin &4 3aorchmt® Tar bon
-atoms, 76 24 March 2005 this polyolefin 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, nay be used. Exanples of the pol yam des include

~ali phati cpppyyred desin aSstsdt @ BY! ©N6 6.+ NBlo09-1HF wehyhen- pPe FBYLONy12 and
nyl on-46, and aronatic pol yam des prepared from aromatic di carboxylic

aci ds andg a i@halg @dLgn;B8§ht I md NESSre AV AP 1l $oPRET 6T BY e s ExaNDl es of
the polyesters includé aromatic polyesters, “such as pol yet hyl éne
t erepht hal ate, pol yet hyl ene | At - and. pol ybutyl ene terephthal ate,
pol ycaprol actone, and poly : t hese, polyethyl ene
. terephthalate ,is,preferable. anpl es of_.the polyacetals include
bl yor mal dengtt BB EREERIREe AF St ndSe R obRE deR e FB Y SR SbR6nal denyde
and polybutgjaldeh de. O these, polyformaldehyde is _particularly
“pr ef er abl €° Fhee PG RY rieind kEY Y6 &4 WondlsdipHeicof POLYEEHET or nay

‘polyacetal, polystyrene, an acrylonitrile/bufadiene/styrene
.copdlymer {ABS}, polymethacrylate, pocharbonate,
polyphenyleﬁe oxide, pquvinyl chloride, polyvinylidene
chloride,polyvinylacetate,en1ethylene/(meth)acrylic:ester
copolymerandadienerubberispreferablyusedintheinvention.
Exémples of the polyolefins include olefin homopolymeré
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,




be a bipolymer of styrene and acrylonitrile, nmethyl nethacryl ate,
a-net 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, const%%uent 77 24 Nardh Moogh wiiGs derived
‘frombutadiene in a content of 20 to % 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 methacrylate (PMMVA) is

pref erabl e. - Exanpl es of the polycarbonates include those obtained from

‘bi s(4-hy R ha , Labiss(4--hydr ?ﬁgxl) ;
2,2-bis(gﬁﬁ§%?%§§%ﬁgﬁ§F3g@gbg%e%ghé§éﬁfﬁﬁﬁép?ﬁﬁ'y roiﬁihe yﬁ?aﬁttane. o

t hese, p r t. ined from 2, 2-bi s(4-hydroxyphenyl ) propane is
preferab%%%QﬁﬁE%?%é%bgﬁgéﬁEEYIene oxi de, poly(2,6-dinethyl-I,4-phenyl ene

oxide) is preferable. Th ol yvinyl chloride . may he honppo r of vinyl
chl oride, or %ﬁyg ea?%%%ﬁY% Oﬁﬁpﬁﬁl%ﬁeﬂﬂﬂa FP&eogntsiﬂgﬁgai%gEnchloride,
acrylic ester, acrylonitrile, propylene or the |ike. As the Eolyvinylidene
chlori de2™ copdl e inlyykiaehe SUH 8Fidé15Ad ¥ AL tehraFRrdEst
acrylonitrile, (meth)acrylic ester, allyl ester, unsaturated ether,
styrene &% ghaeltipkd ocene catalyst, may be used.

Examplesofthepolyamidesincludealiphéticpolyamides,
'such as nylon-6, nylon—66, nylon—-10, nylon-12 and nylon-46,
and aromatic polyamides prepared from aromatic dicarboxylié
acidsandaliphaticdiamines. Ofthese,nylbn46ispreferable.

Examples of the polyesters include aromatic polyesters,
smﬂlaspolyethyleneterepﬁthalate,polyethylenenaphthalate
and peolybutylene terephthalat;, pélycaprolactone, 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 % by mol, constituent




whi ch contains vinylidene chloride units in a content of not |ess than 85
9% is usually enployed. The pol yvinyl acetate maybe a honopol yner of vinyl
acetate, or may be a copol yner of vinyl acetate and ethylene or vinyl 78
24 March 2005 chloride. O these, preferable is an etddyMardlvidfid> acetate
copol yner As the ethylene/(neth)acrylic ester copolyner, an

et hyl ene/ net hyl acryl ate copol yner, an ethylene/ethyl acrylate copol yner,
an et hyl ene/ net hyl nethacryl ate copol ynmer or an ethyl ene/ et hyl

met hacryl ate copol yner is preferable. Exanples of the diene rubbers include

~~ conj ugat ethipel ydirdres) fsuehbas spdlepkutadizerentpalkybsopoene andsabystyrene

./ but adi ene copol yner of elastoner type that is knowmn as SBR :

(styreneyfut adizepentebbgeht! Anl hese: fi @Ne fFuhbeSirer® RAML 8bndenbl e bonds
in the nol'ecul es may be hydrogenated. The thernopl astic resins nentioned

above can,heised 6oSisNghy nd 11 GO QiR more kinds. O the

above thernoplastic resins, preferably us I pol yol efin, a pol yester,

a pol yam de or, ol ystyrene, a nore, preferabl y, used.is a | ef i n.

Eohect ally whéi B o yBrEh e ohacer e 5 PRSory ety g ey « P

conpositi,ons is used or when two or nore kinds of polyolefins are used in
5P

conbi nat i‘éh P fiched polyolef in is nost preferably used

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




as a conpatibilizing agent. The thernoplastic resin conposition of the
dinvention is prepared for the main purpose of allowng the conposition to

- function as an inprover of melt properties of the branched polyolefin

and/or a compatibilizing agent for a-gopolymer 79 24 dhtMErdo@Gvavi ng
different conpositions or two or nore kinds of polyolefins. Mre
‘specifically, effects of inprovenent in nelt 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 ti vegn 1B deher pppliasdd CpieFeRabBpPPSidd e8holl ehbe viinyens tebatay
contain additives, such as inorganic filler, organic filler,
crystal - nuglAdkieRg agent, hest stabilizer, weathering stabilizer,

. antistatic agént, colorant, lubricant, flame retardant and anti-bl oom ng

agent. i thi nalkl WS Bk, el ihaeR akteshe ehieersoaimhe iventi on.

Pr eparation thernmoplastic resin conposition o invention can be
D ebar o YL SR SHeDed BLAGheLl nalt HpAsnc ASiupplest i restn
o ender . e 1 R Bt S LSSty TOMRISLLL YD et RS 801 G0,
or an ethylene/ethyl methacrylate COpolymerris 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

function as an improver of melt properties of the branched

polyclefin and/or a compatibilizing agent for a copolymer




be prepared al so 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 machige such as a tvéh-Merdwdilyring
machine with surface 80 24 March 2005 renewal action or a tw n-screw
mul ti-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 const rsd ridhati £ fiderdnventdan disorian 910 ey dd4 mded tonddose exanpl es.
Exanple 1 Preparation of solid titaniumcatalyst conponent 7.14 g (75
mol ) of @nhydraus, dregnesi um chloride, 37.5 m of decane and 35.1 m (225
mol ) of 2-ethyl hexyl alcohol were reacted with heating at 130C for 2
hours to givea hg%‘g&grﬁ% | wtdeane JTQ ¢ he sl ution -]ng\] (11.3 mmol)
of phthalic anh)}:éleri e was agdl?g, an tﬁe sol uti on was nj]ke ej{'\%\Azth stirring
at 1'3-QC fp%ﬂ?]ér}{%%rﬁ,t gughs glivnecEQaesé)%@ﬁ%!a;lE tea‘rrllsr,]' c(errlléje sé«rétltlh%ahgg?geneous
sol ution.” " The reésul'ting ormbgeneous sol Gt ron was™ cool € 0 room
tenperature,, and_to 28(%1%8 1)..of titaniumtetrachl orjde naintained
at 200 AR GnGFESGHB SR BuSUSHI thT brAYES Ut 48 added

" reduced in the phase structure can be expected.

Additives
The thermoplastic resin composition of the invention may

contain additives, such as inorganic filler, corganic filler,

crystal-nucleating agent, hest stabilizer, weathering

stabilizef, antistatic agent, colorant, lubricant, flame

retardant and anti-blooming agent, within limits not

detrimental to the cbijects of the invention.

.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




over a period of | hour. After the dropw se addition was conpleted, the
tenperature of the mxed 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 asZDIMBR)chwés)Hdded,
followed by stirring at the same te rature for 2 hours. Subsequently,
the resulting solids were collected by hot filtration and resuspended in
275 m of titaniumtetrachloride, and the suspension was reacted with
heating at 1100C for 2 hours. After the reaction was conpleted, the solids
vere col leeled 1290 Yy 0t frilit-dcatdPmAand tdiaroughl ya e sashed wi th decane
at 110C and hexane at roomtenperature until no titanium conpound

| i berated 9 the ?é’%ih'ﬂ%t AU AT, etaesCtae-%oumf’e—%% 4.4 tﬁfﬁ}%ﬁ catal yst
- conponent synfhe5|ze&'by he ~ above process was stored as a hexane slurry,
and a part .of . the sol.id titanium catal yst conponent was dried to exam ne
the cat alfyet *¢8Fp8GTHEST - The conposition of the obtained solid titanium .
catal yst conmponent exhibited Ti of 2.1 % by weight, O of 58 % by weight,
My of 18 % by.weight and DIBP of 10.9 % by wei ght. Polynerization of
propyl ene A 500 ml gl ass autoclave was purged with nitrogen, and 250 ml of
decane was introduced into the auEﬁéﬂB&Eﬁ foll owed by replacing nitrogen

wi th propyl ene. Successively, with :
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




passi ng propyl ene, the autoclave was heated to 100C under stirring, and 5
mml of triethylalumnum 0.5 nmol of cycl ohexyl net hyl di net hoxysi | ane and
0.1 mmol -Ti in terns of titaniumatomof the solid titanium catal yst
conponent were 82 24 March 2005 adde in this order. ZhedpnoilyrErdzation of
propyl ene was conducted at 100C for hour to obtain polypropylene, while
the feed rate of propylene was controlled so that the unreacted gas did
not escape through the bubbler tube equipped at the purge line and the
pressure in the reactor was not reduced. Subsequently, propylene was

repl aced W tly WIPEOges RRRA,atiN ofed yigdtalr vod fdied Heolygmopyl ene The
pol ynmeri zation slurry was mai ntained at 100C, and passing air having been

dried by jassing LA eugh, mRlecul asu,sbevestay, auflé QWhakg nof 5899qd/ hr, the
reaction was conducted at the same tenperatufe for 5 hours. After the

reacti on pgs COTHRLEAp B Skyi Ly pas | ghaogggggpﬁﬂhgdalm x99 hiauid of

2 liters met hanol i'ters of acetone e mxture was all owed
'to stand iJl for on The fi sticking t stirring
bl ade Wae%fﬁls%%wga% o P B b F SRR T PHE AT e SHUBR to ¢ he
slurry given after allowing to standstill, and the m xture &?s filtered
to obt ai Reatwmoad pbPyherT TheuFasulftl RF BBR Frertwes ¥ ReBPheEfdnet hanol

and then dried under reduced pressure at 80C for 10 hours to obtain
thesolidswerecollectedagainbyhot filtration andthoroughly

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




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 fi ed polypropyl ene, as neasured b 2GPC, was 170,D00aRdacii@n of
functional group-containing polyolefinwith termnal nodified polyolefin
In a 500 m glass reactor, 0.061 g (0.55 nol, maleic anhydride group: 3.1
nol ) of nmaleic anhydride-nodified honopolypropylene (trade nanme: ADVER
avail able fromMtsui Chemcals, Inc., Mv 110,000, nodification fraction:

0.5 %, d (- hiDlordwdr Xyl 0 %er?il'z]atq%ln) o}&ilp%rl?) 18148 Rl nmodified

pol ypropyl ene and 250 m of toluene were placed, owed by stirring at
70C for %’%o‘r{ﬂ &P a%nqobhénfc% 8glgurf Po ébéamllf)ro 'pr ooTr ter}lee r %mlteI ng
slurry, the sol vent was rermveciL y ~an evapor ator, and 4t he resi dual pol yrner

was dried. . under .reduce ressure at 80C faqr, 10 hours to recover 1.02 g of
the pol yridt® £org UK G RIS N aa e DS SRR ERAT S vas
found that all the term nal hydroxyl groups of the terminal_ nodified

pol ypr opyH¥h&ife e tc6AFePEetinFALEh ekl erP WomtR: ditbe sBiRRIY @ tcklens

derived fromthe term nal nodified polypropyl ene were |inked based on one
ol efi n chaingedddinfedndf Ebm PReSHAFei N alihy drd afd-qrodiafs 8@ theregskeypr opyl ene.

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.

A small amount of hydrochloricacid was. added to the _s.lul;ry
givenafter al.lbv&ing tostandstill, andthemixturewasfiltered
to obtain a white polymer.

The resulting polymér was washed with methanol and then
dri_ed under reduced pressure at 80°C for 10 hours to obtain
2.5 g of terminal modifiéci polypropylene‘. It was confirmed
by 13C—fIMR that the terminal modified polypropylene hadhydroxyl

groups at positions of 52 % by mol of one-side—ends. The Mw,




84 24 March 2005 Exanple 2 Reaction of functional group-containing
- polyolefin with termnal nodified polypropylene Ina 500 mM gl ass reactor,
0.099 g (0.76 pnol) of a nmalefic anhydride-nodified ethyl ene/propyl ene
copol yner (trade nanme: TAFMER MP-061Q, avail abl e froi Masth Lhem cal s,
Inc., obtained by nodification of an éthyl ene /propyl ene copol yner having
an ethylene content of 80 %by nol with maleic anhydride, nelt flow rate:
0.4 g/10 min, Mwv 130,000, nodification fraction: 0.5 %, 1.0 g (5.9 nol,
hydr oxyl group: 3.1 nol) of the term nal nodified pol ypropyl ene prepared
i n- Exanplef thané256an m@ﬁ:&ﬁ)bd%@l%_@f@pgléﬁgd:aé Qﬂé%cplbys@ﬁc” ng at
70C for 30 mnutes and then at 80C for 4 hours. Fromthe resul ting
slurry, thes splyendowas renoved by an evaporator, and the residual polyner
was dried under reduced pressure at 80C for 10 hours to recover 1.02 g of

t he polyne§e_cgbgnqg§n [ t he
recover ed o Wo ofponent at

a! = . ~ o' - l . .-.. i w
23C was subjected to IR measur nent“fand as .a result, a peak of an
et hyl ene chai n was detegﬁeﬂiEﬁieﬁggﬁkéiﬁiﬁ$ilﬁﬂ§f2& cm 1. The
decane-i nsol ubl e conponent _at 23C was subjected to 13C-NVR neasur enent,
and as a resulf? @ Plaploplags espetopond-Wed deflBebedumgl, maleic

anhydride group: 3.1 pmol) of maleic anhydride—modified
homopeolypropylene (trade name: ADMER, available from Mitsui
Chemicels, 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
anevaporater,aedtheresidualpolymerwasdriedunderreduced
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 thet all the terminal hydroxyl groups ef 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 anhydridewmodified homopolypropylene.




.24 March 2005 Measurenent of nunber of side chains The quantities of the
decane-sol ubl e conponent at 23C in the naleic anhydride-nodified

et hyl ene/ propyl ene copolyner and in the term nal nodified pol ypropyl ene
before the reaction were 97.01 % by mgnght and 6. 01 24 Maxwt gHt0S
respectively. If the maleic anhydrlde di fied ethyl ene/ propyl ene

“copol yner and-the term nal nodified polypropyl ene had not reacted at all,
the quantity of the decane-soluble conponent at 23 C should be 14 % by
wei'ght by calculation fromthe fol |lowi ng . fornula.

(1. 0x0. Oqgiﬁﬁ?ggggo 9701) +( 1. 0+0. 099) x100 As descri bed above, however, the

quantity ecane- sol ubl e conponent at 23C in the reaction product of
t he mal ei c,anh drlde difli ed et h Iene/ lene copol L. mnth t he

term nal Bar ¥ nP ..% ' { ners— 82 05204 By L e gRE- ? 2t Ha (—can be
seen fromthe follomnno_for . 0. 0. 50 nDI) of PC>A was |inked
t o decane-insol ubl e PGB-¢ ( 1007038 “.-6) =100 Consequently,

the nunber of the olefin chains derlved fron1the term nal nodified
pol ypr opyl ene Basedbnlanexst skirptoghald N0 ved’ f romlthefrmaleileic
anhydri de-nodi fied et hyl ene /propyl ene copolyner is calculated to be 5.8
- fromthe aﬁ@d@ﬂm@q@ﬁﬁgdaetlgjﬁlene/propylene copolymer {trade name:

TAFMER. MP-0610, available from Mitsui Chemicals, Inc.,
obtained by modification of an ethylene/propylene copolymer
'having an ethylene content of 80 2 bymol withmaleic anhydride,
‘Ihelt 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
an evaporator, and the residual polymer was driedunder reduced
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, apeakof ah ethylene chain was detected in the vicinity
of 720 cr'n’l. The decane—inseluble component at 23°C was
subjected to *C~NMR measuremeet, and as a result, a peak of

‘an ester bond was detected.




3. 1x(100-6.01) =100=0. 50 24 March 2005 Exanple 3 Synthesis of term nal

-1 odirnated pol yethyl ene Ina 500 ml glass contai ner thoroughly purged with
nitrogen, 250 m of dehydrated toluene was placed, and with stirring, an
et hyl ene gas (100.1/hr) was passed through for 20 m riid ésarciTalte
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
obtai ned by vacuumdistillation of toluene froma toluene solution of MAO
avail abl e from Al benmarl e Cbrporation at 40C and then addi ng dehydrat ed

t ol uene again, and,Q. %,QHBEtOf N (2,40 thifl yorophenyl)
i m nonet hyl }i ndolin f

7-(2, 4, 6- CBHS I.C | dd
g%lrged for STEInHP it ﬁﬁfﬁi% éﬁh%gﬁf%ﬁﬁtve %méh f%tggo per f orm

living pal ymerization. The pa55|cgég was_ changed to a nitrqgen gas
(1001/ hr pr tflb‘? TRWBYC Whéfﬂrrltdien&O 1erhe i ntrRe/ PPy hene ESEPLYRG “pol yner

solution, a toluene solution of iodine (iodine: 2.5 mmol) was added, and
stirring angakn £aetrrmidonk Madéd igd BB P YL $Rribe CPRE ot yrectves -
precipitated in 1. 5 liters of nethanol, filtered off and dried
toobtain®E8@996tGﬂe%nbmaweﬁgdtnandd6p@ﬂyéthylEﬁéngMﬁreSpeOOOyelNM/Nh:
. 1.15). 87 24 March 2005

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+0.099x0.8701)+(1.0+0.089) %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

ethylene/propylene copolymer is calculated to be 5.8 from the

following formula.




- and then at 866 F@0mi g3 alssurentdHront beoresuhl ypgroaddwiyh nibeogehyent was

. Synthesis of termnal am nated polyethylene In 50 mMl of dehydrated tol uene,
0.5 g of-the termnal iodinated pol yethyl ene obtai ned above was slurried,
and to the slurry was added 27 ng (0.15 mml) of potassium phthalim de.
The m xture was stirred with heating at 80C for 12 hoi4 Mardhold@ifed by
addition of 10 ml of hydrazi ne nonohy8fate was added, and the mixture 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. . | _confi,r.l by o HNWR and IR analysis that primary

am ne was prgéékéwgﬁ %g@ﬂfrgﬁnggf%b % by nol of one-side-ends. Reaction
of functional group-containing polyolefin with termnal nodified

pol yol efin ADMER avail able fromMtsui Chem cals, Inc.

(honDpoI¥Prop | enenodi fi edw t hmal ei canhydri de, Mwv 110,000, nodification
fraction: s used as a main chain. In a 500 m glass reactor, 0.061
g (0.55 nol, maleic anhydride group: 3.1 nol) of the above nmin chain,
0.34 g (5.2 nofynahenbsgpbuper@inglpipdinatetl phd yalsdwd esiede chain and
250 m of toluene were placed, followed by stirring at 70C for 30 m nutes

renoved by an evaporator, and the 88 24 March 2005 residual polynmer was
dried unden mnedofedbipfdssts® il He fWels 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), ‘
~ said solrution being obtained by vacuumdistillation of toluene
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 10 minutes.l 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
to obtain0.80gofterminal iodinatedpolyethylene (Mw: 65,000,

Mw/Mn: 1.15).




10 hours to recover 0.36 g of the polyner. The resulting pol ynmer was

subj ectedto 13C-NWMR neasurenent, and it was found that all the termna

am no groups of the side chains were converted into am de bonds and 5. 6
side chains were |inked based on onegymain chain. 89 24 Ma&rch 2005 What i s
-claimed is: 1. A branched polyolefin conprising an olefin chain (A

havi ng, as .main constituent units, recurring units obtained fromat |east
one ol efin selected fromolefins of 2 to 20 carbon atonms and ol efin
chain(s) (B) consisting of recurring units obtained fromat |east one

ol efin sel ect ed Symrhad & | S tofrn@irapl 20nicaatbon @ byt hwhenei n the ol efin
chain (B) is linked to a position other than both ends of the olefin chain
(A through anbewdmhavifngedydatbenykogueup, and gt okegrt esemiakeéfin chain
(B) per one olefin chain (A) is present. 2. The branched pol yol efin as

clai med iiRdhaidadgl olW&wl@nteh@bwla@d aw@%g%agvls%wr%dwelaaat toMy) of
the olefin chaln is not |ess than 5,000. 3. The branched pol yol efin as

ELﬁh”‘éﬁd} hea a%wae“%?eﬁimﬂiﬁﬁ ranc}!’ %%tﬁf%%‘%”%bggﬁ% B oy
one of

: lefin,gh d th | ef i
chai n (81T m&’%wst BT o posol S s freobr RErE RokM2t8akly ofetin

followed by addition of 10 ml of hydrazine monohydrate was

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
was present at positions'of 60 % by mbl of one-side—ends.

Reaction of functional group-containing polyolefin with

terminal modified polyolefin

ADMER available from Mitsﬁi Chemicals, Inc.
(homopolypropylenémodifiedwithmaleicanhydride,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




is a non-crystalline polyolefin. 90 24 March 2005 5. The branched
pol'yolefin 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
polyolefin as clainmed in any one of claims 1 to 3, whérdinchbolt®3he ol efin
chain (A) and the olefin chain (B) BRe stereoreqgularity. 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 fromol efins of

- 21to 20 ‘Eéé98Ba1%8ﬂ%m%%a®ﬁkﬁgﬁg§l’?ﬁ% r{:’é‘éi;ut%ﬁ%f;‘hggé%hrgr%%%ﬁ”%Pr aci d

anhydri de groups at” positions ot 0 react at | east
one term pal nodified polyolefi D) consisting of recurring units obtained
fron1atnhgab?USﬁegooFSFPH%§eﬁeége% f o%@@l@ﬁ%ﬁ%%ﬁ'Z to 20 carbon atons,
having - an ol efin gﬁgPosition which may. be the same as or different from
that of the FRRCESHHAITGRUBIRONYEPRUYTY Ssoisrbref it meapdr #8sthg at | east
one group, capable of reacting with a carboxyl group or an acid anhydride
group, a#ndniy vAe fpBaft tbATtoRrlEnbRa ’éﬁﬁmtﬁa}p{réﬁaﬁ@ Yheup? aft heke

pol yolefin of any one of claims 1 to 6. 91 24 March 2005
o side chains were converted into amide bonds and 5.6 side chains

were linked based on one main chain.




8- The process for preparing a branched polyolefin as clained in claim?7,
wherein the functional group-containing polyolefin (C is a nmaleic
anhydri de- nodi fi ed honopol yner or copol ymer of ethyl ene and/or propylene.
9. The process for preparing a branch % pol yol ef i n as24 Mageedk®s cl aim 7,
wherein the term nal nodified polyol ef (D) is a one-side-end nodified
pol yol efin having a group capable of reactl ng with a carboxyl group or an
acid anhydride group at only one-side-end. 10. A thernoplastic resin
- conposition containing the branched polyolefin of claiml in an anount of
0.01 to 5% p% wekght 4 ; cABSTRACT The present invention is intended to
provi de a branched polyole?ln havi ng various excell ent propertles a
process for epar th olefin.and a the
conposi tion cg%t ai I’l}:& %ra[”hgh% #Z %%lf%o T e n S ThY s br anc
conprises, an ol efin chain fin _ chain B have
ecur ri ngMhPEY B &b P 8#53&% BEctle bpertRiat dhatd & fr%w%em
units. In_ the branched polyolefin, the olefin chain (B) is linked to a
posi ti on BYPRAT Yt PEEH et sEleRé s BFPm oAt S(2 2, tand @rhdast one
olef in chain (B) per one olefin chain (A)is present. The process for
prepari ngtany sehedl dlyokbhin (edpnpB)sesoradioimy @f recurring units

tic resin
polryol efin

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.




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 g otgorett 200y t he
position of chain end. 90

5. The branched polyolefin as claimed in any one of
claime 1 to 3, wherein both the olefin chain (A) and the olefin

chain (B) are polypropylene.

6. The branched polyolefin.as claimed 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.
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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.
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ABSTRACT

The present invention is intended to provide a branched
polyolefin having various excellent properties, .a process for
preparing the branched polyoiefin and a thermoplastic resin
c_omﬁosition containiﬁg the branched polyolefin. This
branched polyolefin comprises an olefin chaiﬁ (A) and olefin
chain(s) (B) which have recurring units obtained from at least
one olefin as main constituent units. In the branched
polyoiefin, the olefin chain (B} is linked to a position other
than bot_h ends of the olefin ch_ain (A), and at least one olefin
chain (B) .per one colefin chain (A)is present. The process
for preparing a branched polyolefin comprises allow-ing a
functicnal group-containing polyclefin (C) having one or more
carboxyl groups and/or acid anhydride groups at pos i_t ionsother
than both ends to react with a terminal modified polyolefin
{D) having a group capable of reacting with a carboxyl group

or an acid anhydride group at only the position of chain end.




