'BRANCHED P

s uvwxyz{| } ~e3eOC>CL6T>@PSF- 781 DESCRI PTI ON  BRANCHED PQOLY SS
FOR PREPAREE?ngE'SANE AND THERMOPLASTI C RESI N CCWPGSITlamm mm@@
QBRI N 5 FI ELD OF THE | NVENTI ON The present |nvengbg rel ates
to a branched -pol yol efin wherein at |easit one olefin chain is I'Tnked to a
position other than both ends of another ol efin chain haV|ng an okefrn 10
conposi tion which is the sane as or dlfferent fromthat of the previo
olefin chain, and relates to a process for preparing the brar‘mmﬁmmmmmwmwm
pol yol efin and a thernoplastic resin conposition containing t
pol yol efin. 15 BACKGROUND OF THE | NMES@RIPFI@N nce pol yol ef i ns hawenn
excel l ent processability, chem cal resistance, electrical properties and
mechani cal pBRANCHE®S POLNOLEDIH , pPROCESSI FORt @REPARINGI THE iSAIME;, AND ection
nmol ded articles, blow nolded articles, filnms, sheets, 20 etc., and applied
to various usesyuERMGECESNT IYERESIN PCORROE ¥T I QU UEOIeTENY SNE OBRAREMRDES | NS
have been diversified, and polyoleflns of varlous properties, e.g.,
pol yol efins of excellent heat resist onoIefins __SF 781 . _
havi ng soft touch such as non-rigid po yV|ny chloride, are desired. As
met hods to inprove the properties of polyolefins, there are a nethod of
controlltng the type of a nononer or the nolar 5 ratio between nononers, a
met hod of changi ng nmonomer arrangement, such_as random or bl ock
arrangenment, etc., and vari oug &¥s %JW% enpted heretofore. It
is generally known that with respect to pol yol efins containin ethylene as
a main component T}}%@r}?@l%#nﬁﬁnélw behptRedtQta W%&ﬁ’i"& edfddcific
nel t properties and is advantageous in the polyner nolding. On this
account, wi twhemsipeet teagbnel @l¢fitn chatai s ddgnikedot @k positBonothsre
carbon atons as a main conponent, also the polyner of a branched structure
i s expected thahavecispatds | af nehdtipsoperéfas chaterhaving an olefin

10 composition which is the same as or different from that of
thepreviousolefinchain, andrelatestoaprocess forpreparing
the branched polyolefin and a vthermoplastic resin composition

containing the branched polyolefin.

15 BACKGROUND OF THE INVENTIONl«

Since polyolefins have excellent processability,
chemical resistance, electrical properties and mechanical
properties, they are processed iﬁto extruded articles,
iﬁjectionmoldedarticles,blowmoldedarticles,films,sheets,

20 etc., and applied to various uses.

In recent years, property requifeﬁents for polyolefins

have been diversified, and polyolefins of various properties,

e.g.,polyoiefinsofexcellentheatresistanceandpolyolefins



15 the conposition of the olefin chain of the main chain is different from.
that- of the glhefdn chain of the side chai-n, the polynmer is also expected to=—-
function as a conpatibilizing agent . Under such circunstances as described-
- above, the present 20 inventors have studied; and as a result the inventors
have found that a branched pol yol efin wherein at | east one ol efin chain '
obtained froman olefin of 2 to 20 carbon atons is linked to a position
ot her than both ends of another ol efin chain having an ol efin conposition
which is the same as or different SF-781 - fromthat of the previous
ol efi n chai hawkny &afduscaxdelsueht aproperrigsd Ralkyeedi oyl tdtel 61 ik NGird he
present invention has been acconplished. That is to say, it is an object of
t he present desdrgdon 5 to provide a branched pol yol efin havi ng vari ous ’
excel l ent properties and a process for preparing the sane. It is another

obj ect of the i ndébRods tRr M ey athl L‘?%%'r’%sﬂei Cof 881 DoERFRASI t
contai ning the branched pol yo:?fépfi n. 10 gs OSURE GZETHP:'OI l\l?/%ﬁ%l’(%ﬁ]ee

branched polyl af #@tRbaldi® coRtedaRd £n8 BrAnGled RAlHOLLLLN £Opr 5] ng an

ol efin chain (A having, as nain con uni'ts, recurrirng u

.obt ai nedgfr I olefin selected fromgolefins of 2 to 20 carbon
atonms an o%%ﬁol ¢ %%q‘%%r%‘or?%ssha%ilﬂﬁ&%é %ﬂ%’%ﬁ’s’f‘gtlﬁ%ﬁ?m%ﬁi ts,
recurring units obtained frqom at I%a%t one olefin selected fromol efi ns of
2 to 20 car BOTF R ARG ZANGCEY PH RbAPbAETDOSHERE i85 ¢ he e as
or different fromthan of the olefin chain (A) , wherein the olefin chain

(B) is |inketPEHPES gethodh katrrboen t abkempted dreseosfone. ol efin chain

(A) through a bond having a carbonyl group, and at |east one olefin chain
(B) per one ol ef iif difagrneAplily newsnthawwith respect to polyolefins

containing ethylene as a main component, the polymer of a
10 branched structure exhibits specific melt prope.rties and is
advantageous in the polymer molding. On this account, with
" respect to polyolefins containing an olefin of 3 or more carbon
' a.t'o‘ms' as a main component, aiso the‘polymer of a branched
structure is expected to have specific melt properties - When
15 the compositiQn of the olefin chain of the main chain is
different from that of the olefin chain ofnthe side chain,
‘ the polyrﬁer is also expected to function as a compatibilizing
-agent.
Under such circumstances as described above, the present
20 inventors have studied, and as avresult the inventors have
found that a branched polyolefin wherein at least one olefin
chain obtained from an olefin of 2 to 20 carbon atoms is linked
to a position other than both ends of another olefin chain

having an olefin composition which is the same as or different



The branched pol yolefin of the invention is, for exanple, a polyolefin

wher ei n thergi@_iBﬂ’i -average—mol ecul ar wei ght SF-781 _ _ (My) ©F-the -

ol efin chai ¥ s not |less than 5,000, a polyolefin wherein the bond

havi ng a carbonyl group is-an ester bondzand/or an am de bond, a pol yolefin
wherein one of the olefin chain (A) and the 5 olefin chain (B) isa =
crystalline polyolefin and the other is a non-crystalline polyolefin, a

pol yol efin wherein both the olefin chain (A and the olefin chain (B) are
pol ypropyl ene, or a polyolefin wherein both the olefin chain (A) and the 10
ol efin chai fY®) thareoft the@mgulars tojlefimechebndsss fvarr jpnepaxicrd l@nt
branched pol yolefin of the invention conprises allowi ng a functional

gr oup- cont aiproyepol ¢o) eBiasedChnhglvé MindATigyRReCPRStéhteivaitiion has
recurring units obtained fromat |east one olefin selected fromolefins 15

of 2 to 20 qdwaiiEl #dKkdavi ng one or nore carboxyl groups and/or acid
anhydri de groups at positions other than both ends to react wwth a term nal

modi £ ed pol yol ey, Dl PR, 535 ; EaA SONRIY LUEOLo Yld Sund Geddig, i t s

obtained from at | east one ol efin Selecte romo i'ns car bon
is the sane as

rom hat of 4 RESLHER (ol GroTh RORT AT EHY BOTYA cTaies SHEChAsThy at

| east one group capable qof reacting with a carboxyl group or an acid
anhydri de gr e\ Jo?‘ﬁ?ngt?epﬁﬁg?ﬁis OPTBRAF HN8 AdFet 3R eparlelEmother
above-nentioned branched pol yol efin. ._ SF-781 -. . The process for
preparing a WIhf pdgointent ionthe pProeide o thermeplasahpl sesanprocess
wherein the functional group-containing polyolefin (C) is a malefic

anhydr i de- noetnipest tiovmw podrytraetn g St ke pot ynelnedfpel wlefienand/ or propyl ene,

10 | DISCLOSURE OF THE INVENTION
The branched polyolefin of the invention is a branched
| polyolefin comprisling an olefin chain (A) having, as main
constituent units, recurfing units obtained from at least one
olefin selected fromolefins of.2 to 20 carbon atoms and oclefin
15 chain(s) (B) having, asmain consi';ituent units, recurringunits
obtained from at least one olefin selected from olefins of
2 td 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
20 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.

The branched polyolefin of the invention is, for example,

apolyolefin wherein the weight-average molecular weight



a process wherein the termnal nodified polyolefin (D) is a one-side-end
nodi fi ed polgtg"ﬁéﬂ n having a group capable of reactimg with a carboxyl
group or an ﬂ)e]anhydri de group at only one-side-end, or 10 ~ a process
wherein the termnal -nodified polyolefing(D) is a-malefic

anhydri de- nodi fi ed horopol ynmer or copol yner of et hyl ene and/ or- propyl ene.
The thernoplastic resin conposition of the invention contains the

above- nenti oned branched polyolefin in a content 15 of 0.01 to 50 % by
wei ght . PREFERRED EMBCDI MENTS OF THE | NVENTI ON The branched pol yol efin of
the inventiofMw} hef ptloceskefint qhienar (BY ivensanbesndelidre $ heooppl astic
resin conposition 20 containing the branched polyolefin are described in

detai | herei naf t 5 .pJdihgo s @inchek Roly Al igbrid r_{é’{ﬁﬂd"\éef@ajr%rﬁﬂmqfoi% an
nits

olefin chain (A having, as nmain constituent units, Trecurring u

obt ai ned frqgaénlgﬁ%r%glﬂa selectedfromglefins  SF-781 _ of 2 to

20 carbon atons and ol efin chains) ( aving, as’' main constituent units,
recurring units obtai.ned fr.om at |east on ef i el ected from ol efins of
2 to 20 carbon at%&?@lé/r?gelfd\?iﬁ SRR BIEtT r?efcghﬁo f?%orh C\%}i‘?‘il&h (15‘2 Hd Yl as

or different 5 fromthat Ff the olefin chm|1(/§; and the olefin chain (B)
Cis linked t PLEHHRi R otBlerl Kaf BEtIR ehidie GO kel & igy iand fdie qidyer

through a bond having a carbonyl group. The neaning of the expression

" "conpositiont§ s2thensarestaklire feplvobefiMen the olefin chain (A is for
exanpl e a 10 honopol yner, the olefin chain (B) is a honopol yner conposed of
the same ol efin a& RAOENOIHFL irhaevhsinsfiim bottdi theAplefandchhin {Ak ahafthe chain
(A) is for exanple a copolyner, the olefin chain (B) is a copol yner
conposed of ¢hefsmanehabnbiBptaoe pblobebppiens, tbat of the olefin chain (A
and having al nost the 15 sane conononer content as that of the olefin chain

(A) . The nmeani nga ol &l EKIH AR n GIMOEHe BNefSndbhieheh) A8dashe
follows. At |east one condition selected fromthe nononer type for formng

t he ol efign chaipint ) y apponer content is
differeEP. Iﬁﬁ%ﬁtnp§§ggﬁgv?ﬁcga¥%oﬁ?egggf%aﬁésg?g?érabIe t hat the

Compost {1 on of ¢ hE SIS Iha R PBEERg A & RERUGRCArRObIRRRADI N B

in—c i nc aving a

car bonyl r Oylg)vér%i(l)ril nclz(cimrllgr}.ggs Oallﬂcgv?ix(l:gaé nflgr@titoona;[lhegroclueg—icnor?thgirgling
polyolefin (C) having, as méin constituent units, recurring
units obtained from at least one olefin selected from olefins

15 of 2 to 20 carbon atoms and héving 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
main constituent units, recurringunits obtained fromat least

one olefin selected fromolefins of 2 to 20 carbon atoms, having

20 an olefin composition 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 acid anhydride group at only the position of chain

end to prepare the above-mentioned branched polyolefin.



(B . SF- 7SI . _._. The olefin of 2 to 20 carbon atons is, for

exampl e, a straight-chain or branched @oktefin or a cycloolefin. Exanples —=

- of the strai¥fin’®hain a-ol efins include those of 2 to 20 carbon atons,

preferably 2 to 10 carbon atons, such 5 gs ethylene, propylene, 1-butene,
1- pentene, 1-hexene, 1l-octene, 1l-decene, 1l-dodecene, 1-tetradecene; '
1- hexadecene, 1=octadecene and 1-eicosene. Exanples of the branched

a-ol efins include those of 4 to 20 carbon atoms, preferably 5 to 10 carbon
atons, such as 10 3-nethyl - 1- but ene, 4-nethyl - 1- pent ene,

3- et hyl - 1- pent erthe preideds FopepieparitgladbiBhbied lpPEyd B&Ein of the
4- met hyl - 1- hexene, 4, 4-di net hyl - 1- hexene, 4-ethyl-1-hexene and

3-et hyl - 1- hexgpent £xanpl essr9f dhensygl ool efins include those of 3 to 20 15
carbon atons, preferably 3 to 10 carbon atons, such as cycl opentene,

o nyb oy 6l hekan.” T Th LOEORt 16 BTt e b FROBRATR RS REREC e 2

vi nyl cycl ohexane. e conposition o charn the 20
conposition of . the olefjn chain (B), are the.sane, the alefin chain (A and
Che oreti n AErYeTRSiS: efdnt Pardis PERYRE: AR Thct St st BrhdasT o &
olefin of 3 to 20 carbon atons as nmain constituent units. SF-®81 8

Al t hough®t hee R YR ENSE netRy leng 2Re/ OF cPFAP¥HENA! (B) have recurring units
obtained froman olefin of 2 to 20 carbon atons as nain constituent units,

they may contain & €fFe3Ry Wisinss nolbhgi hedminam mogof yead rpeby ke fibm oy
other than the 5 olefin of 2 to 20 carbon atons, such as a diene. The
ol ef i n chai nig A) ocard stide-enef nodthaed g&) yobyf fxe Haorimer af gooup exapab g
units obtained fromone olefin selected fromthe above olefins of 2 to 20
carbon at onsof afed@yig wWiaihmadcarboxyl group or an acid anhydride group
at only one-side-end, or |
10 , ‘a process wherein the terminal modified polyolefin (D)
is a maleic énhydride—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

15 of 0.01 to 50 % by weight.

PREFERRED EM30DIMENTS OF THE INVENTION
The branched polyolefin of the invention, the process
forpreparingthesameandthethermoplasticresincbmesition
.20 containing the branched polyolefin are described in detail
| hereinafter.
The branched polyolefin of the invention comprises an
olefin chain (A) having, as main constituent ﬁnits, recurring

units obtained from at least one olefin selected from olefins



- olefin chai rF‘(

from recurrlng units obtained fromtwo or nore olefins selected 10 fromthe
above ol efins to 20 carbon atoms. Wen the olefin chain (A=and the
'g re formed fromrecurring units obtained fromtwo or nore
olefins selected fromthe above olefins g 2 to 20 carbon atons, -one of -the
olefins is desired to be contained in a content of usually 15 not |ess than
60. % by nol and |l ess than 100 % by nol, preferably 70 to 99 % by nol, nore
preferably 75 to 98 % by nol, and the other is an olefin selected from
olefins of 2 to 20 carbon atons other than the ol efin descri bed above
and/ or a poloyfig} itzali(e cerlmoreratodneraridaridhion adrefim(f @)t haAQegr kon 20
atons. The olefin chain (A) and the olefin chain (B) ma y have

st er eor egul-aid i1y coaBd iithiehiti $n LOS L relhey imyurbe: 28 tak nesoft st he 1Bkt
syndi otacti c. gF_781 Waen the conposition of the olefin chain (A} is

the same as 6rt@tol‘E(fltrh%eqle@de’H ?%&nnoigflpetgﬁ ?lt%f /Al EQ?an(aA‘%oﬁQ%r{&e

ol efin chain (B} are preferably polypropy such as a propyl ene

of ”‘ipftyg‘érc% St %Ooqﬁfﬁaﬁﬁ{lo%%?éﬁa 7502 BPARACRE Fhhsdriner

The ol efi a| n (A, an e al hal n ) fe abI

st er eor eé 1'HEK?‘-d C?rﬂ tlEnrﬁ 9(1@? ﬁé?'bgna 8f°¥%gi%ccfk?%l%n@
syndi ot acti c, V\hen the ol efin chain (A ‘and the ol efl n chain (B) have 10
st er eor egul a§ t3ANkeR B A iPPTHEI o (Ahendthar ket isndhah [IB ekefin
preferably isotactic. Wien the conposition of the olefin chain (A) is
different fr@mimatAbfthheugheti poodahaviey a terbenpiegecuble that one of
the olefin chain (A) and the olefin chain (B) is acrystalline 15

pol yol efin and tHEhetteemirsy @fnbheceysted $ iore "paimpal diftiion it the same”

particularly preferable that the olefin chain (A) is a non-crystalline

copol yner ofietdy|esblend. amidrefiie aflek {0 Ghigar o 4 oftr P BS &N
et hyl ene/ propyl ene copol yner, or a non-crystalline copolynmer of propyl ene

and an abef i Hodpdl dlet 0 Bi¥e IO RHATH QBYeL st Haroms 9Py, é‘ﬁco%h’g%bé’& a
propyl ene/ et hyl ene copofyrrer and that the olefin chain ( )

crystal line polofEers S1ER12% 130 a8t PYLENGr NHPRAIMTR Rk :d F?A?Pyi\ﬁ&%hen

hor nopol yrer.

the olefin chain (A) is fo; 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
15 same comonomer content as_that of the olefin chain (A). The
meaning of the expression "composition is‘différent" is as
- follows. At 1east one condition selected froﬁ the monomer
type for forming the olefin chain, the cbmonomer type and the
cémonomer content is different. In the present invention,
20 it is preferable that the composition is different.
| Thecompositionoftheolefinchain(A)andthecompositioﬁ_
oftheolefinchain(B)donotincludethebondhavimgacarbonyl
Qroup for linking the olefin chain (A) to the olefin chain

(B) .



SF-781 When the olefin conposition of the olefin chain (A) is different
fromthat of theolefin chain (B) in the branched polyol efin of the
invention, X mA%s of the olefin chains are as follows. Wien the ol efin
chain (A) is for exanple a 5 honopol ynery the olefin chain (B) is a

honopol ynmer or copol ymer conprising a different olefin fromthat of the
olefin chain (A , and when the olefin chain (A) is a copolyner, the olefin
chain (B) is a copolyner of a different conbination of olefins fromthat of
the olefin chain (A) or a copolyner having the 10 sane conbi nati on of

. olefins as that ofhd heleof ot iof chaid L) cdnborhamidigs aigli ffer entanminomey
-ratio, or a honopolyner. The olefin chain (A) has a wei ght-average

L, A g OB ottt 20 0 o

5, 000, 000, nore prefera Oto 1l in chain (B)
preferably has 1 r e carbon_atons, and, has a wei ght - aver | ecul ar
Rerght (M of USRI ST 608 PRER BPBOGNS e LBFYPE. HOBLE8® LRATE 000,
nor e preferapé 0,000 to 500,000. Wien the c osjtion,of the olefin chain
(% 5 TG 11 are i B0 RarRioran tORS, i oy AL arA t b At A b En S S isther nge
nmol ecul ar. wei ght (hmg of the olefin chain (B) is desired to be usually not
| ess thar 5, DDty EFRE abPHORYL 000, t 5-2BTBBS; 0bOPeRbEBSpr 41-BEEBNE: 15, 000
to 1, 000, 000, still nore preferably 20, 000 to 500, 000. SF=7-81 11 In
t he branchedl pefyenes lmdeenehel idndetenm, lrhetordeicenehal TheBdecene nked
to a position other than both ends of the olefin chain (A) through a bond
havi ng a carbovgtadeceme and l-eicosene.
Examples bf the branched a—olefins‘include those of 4
to 20 carbon atoms, preferably 5 to 10 carbon atoms, such as
10 3-methyl-l-butene, 4-methyl-l-pentene, 3-methyl-l-pentene,
3-ethyl-l1-pentene, 4,4-dimethyl~l-pentene,
4-methyl-1-hexene, 4,4-dimethyl-1l-hexene, 4-ethyl-l-hexene
and 3-ethyl-l-hexene.
Examples of the cycloolefins include those of 3 to 20
15 carbon atoms, preferably 3 to 10 carbon atoms, such as
cyclopentene, cycloheptene, norbornene,
5-methyl-2-norbornene, tetracyclododecene and
vinylecyclohexane.
When the composition of the olefin chain (A) and the
20 composition of the olefin chain (B) are the same, the olefin
chain (A) and the olefin chain (B) preferably have recurring

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

constituent units.



the nunber of the olefin chains (B) linked to the olefin chain 5 (A is not
| ess ttmam—1, preferably not less than 1.1, nore preferably 1.5 to 100,

still nore pFRAE8Rbly 2 to 50, based on one olefinchain (A . Exanples of

t he bonds having a carbonyl group includeg an ester bond, an am de bond, an
i m de bond, a Urethane bond 10 and a urea bond. ThesSe bonds may be present
singly or in conbination of two or nore kinds, and an ester bond and/or an
am de bond is preferable. The branched polyolefin of the invention has a
melt flow 15 rate (MFR, neasured at 190C or 230C under a load of 2.16 kg in

accordance wi th ASH ' | a8P el r usyal I'y
0.001 to 3,000 g/ 10%%??%?’5‘ S sp%h%ggl t‘é’f’l?bﬁo@% REELe dndn V)

pref erably . i nd ensity asur i n,accordance
Wi th. ASTM D%%é%%%fér&%%gggﬁgtglhﬁﬁaﬂ%%ﬁﬁﬁ&%? r?algetr%ﬂ °S$éj GQU%\&ICSF@OWQ to
1. 0 g/cn8, rcc)aferablg?/ 0. 75 t%% 98 g/cnB, nore preferably 0.80 to 0a96 g /
cnB . When the  tofbodlA b OO0 thEete P tomat ReY A2y CAHE Wnke B Ring  of
the olefin chajn (B) , MFR of the branched polyolefin SF-781 ~.2 is
desired to B3I tMREFARR fousuaqymenizabl 8 womnpr ®ttier, givar drtebl v
p.05 to 1,000 g/10 min, nore preferably 0.1 to 500 g/10 min. Wen the
conposi t Pon d¥eEhe of 2 i o chdi cax)ni atdinéf eseah &som dbeheof the ol efin
chain (B), MFR of 5 the branched polyolefin is desired to be in the range
of usually 0.001 Thee ble@Ong/HElinTiR) aercet ke ahleyr 10, O5ik @BHOEL Wha CFdlinibg NOr e

preferably 0.01 to 100 g/10 m n. Exanples of preferred conbi nations of the
olefin (A afwb heediefiny Bt ebdeseledgdoRebA¥.olefin selected from
the above olefins of 2 to 20 carbon atoms, or may be formed
from fecurring units obtained from two ormore olefins selected
10 "from the above olefins of 2 to 20 carbon atoms.

When the olefin chain (A) and the olefin chain (B) are
formed from recurring units obtained from two or more olefins
selected from the above olefins of 2 to 2l0 carbon atoms, one
oftheolefinsisdesiredtébecontainedinacontentofusually

15 - not less than 60 % by mbl 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 monomer other than the olefin of 2 to 20 carbon:

20 atoms.

The olefin chain (A) and the olefin‘chain (E) may_have
stereoreqularity, and in this case, theymaybe any of isotactic

and syndiotactic.



10 When t he

conposition of the olefin chain (A) is the same as that of

t he

olefin chain (B) , the olefin chain. (A) and the olefin chain (B) are—
preferably @BEymbpyl ene, and in this case, the pol ypropyl ene preferab
has a density of 0. 880 to 0. 960 g/cn8B, particularly 0. 890 to 0. 950
g/cnB8, and MFR of 0. 05 15 " to 1,000 gr10 mn, particularly 0.1 to 500
g/ 10 m n. Wen the pol ypropylene is a copolyner, the content of the
copol yrmeri zed conponent is desired to be usually not nore than 10 $ by
particularly not more than 5 ~ by nol. \Wen the conposition of the ol ef

chain (A) is diffiiento20cbag %Efe?[i{?oéf%ee ghelkiR Ghan <§Aﬁ)y s {he!

preferable t
olefin of 3

hat t In cnaln copol yner ene an

nthi's casets (PG aior g f%flrét e et LBt (8 8%%\8"%%2

is the olefin chain . has_a density SF- 781 of 0.850 to

at ons, that
0. 900 g/cnB,
0. 895 g/ cnB,

ohgkiRrahpino(Bbga¥re Br%%r@%}zfﬁpoﬂrﬁ%oﬁ%%?abﬁy_b 8553t o
MR of 0.1 to 50 g/10 min, preferably 0.2 to 40 g/ 10 m n,

y
nol ,
in

e.

nore

pref erabl y PBOPYLlSQe ghamopdhymemndon @rngQm’lémﬂ 1 §QP sy TR STATRRP $5d NS ays,
-of less than 5 30 ~, preferably less than 28 ~, nore preferably | ess than
25 ~. Thé pabyppphyghersnd bhadlefin kef dl €6i20 chabon(Bomp) efartahdyl dwaky a
density of 0. 880 to 0. 960 g/cnB, particularly 0.890 to 0.950 g/cnB, a

MFR of 0.05 peefeB0]19/al8rBhRicRaMHIIBST I P 1 e 6§08 oh Khaiim . (aYWera t he

polypropylene is 10 a copol yner,

is desired t
‘than 5 ~ by
be prepared
pol yol efin (

10

15

20

nd

the content of the copolynerized conponent

Qh@eoyéf'ﬁh|é’hé‘9ﬁ Kl‘jﬁﬁ)r idBd-dh v Yy tef@fféi&e‘iﬁiﬂ yNOAndor €

nol Preparatlon e branched polyo ef1n of

|nvent|on can

T A e i b S A ST

from at Ieasﬁhone glefin sele t ed

235 ERAEN QA?”lOleEhe olefin chain (B) have
stereoregularity, the olefin chain (A) and the olefin chain
(B) are preferably isotactic.

When thé composition of the olefin chain (A) is different
from that of the olefin chain (B), it is preferable that one
of theolefinchain (A) andthe olefinchain (B) isacrystalline
polyolefin and the other is a non-crystalline polyolefin. It
is particularly preferable that the olefin chéin (A) is a
non—cfystalline copolymer of ethylene and an olefin of 3 to
20 carbon atoms, such és an ethyleﬁe/propylene copolymer, or
a non-crystalline copolymer of\propylene and an olefin of 2
to 20 carbon atoms other than propylene, such as a
propylene/ethylene copolymer, and that the olefin chain (B)
is a crystalline polymer such as an ethylene homopolymer or

a propylene homopolymer.



of 2 to 20 carbon atons and havi ng one or nore carboxyl groups and/or acid
anhydri de groups at “positions other than both ends 20 to Teact wth at

| east one t&®\781 nodified polyolefin (D) having, as main constituent
units, recurring units obtained from at gﬁast one olefin selected from
olefins of 2 to 20 carbon atons; having ol efin conposition which is the
sane as or different fromthat of the olefin chain (C and having at |east
SF-781 14 one group capable of reacting with a carboxyl group or an acid
anhydride group at only the position of chain end. (C) Functional '

gr oup: cont ai ni ng ypaly Ahed id1 19, LUABEaRALrI6eURNE 0D &EDH el YaLelish (O)

is a 5 polyolefin having one or nore carboxyl groups and/or aci d anhydride

groups at p 2 t t h taj ni ng
pol yol efin (%%%e%%}rgsgf%e ‘{)haare)cf %%t QH gif’g)lx §lr"1%¥€h£é oxy tE’(Ej&r %‘(t?glegind/ or
the acid an rou cones bond havin c I for I|nk|ng
the 10 ol ef.%odlc@%gm)gfote*ﬁelrb‘feéﬁwwﬁm% %qﬁl% TSl <

gr oup- cont ai ni ng poI yol efin g}' i s obtained bg graft nodifying a part or

t he whol e ofa%f amrsdikeves: pdihesl EhenohpfhanaghanBalbit at 2 SarBHIRIL &ci d
or its derivative. 15 The unnodified polyolefin can be prepared by

pol yneri 2i niamopapphgneithei ele firechhdnedai ds 6l dmnopalymer or ZORAWAT at ons
using a hitherto known catal yst. Exanples of the hitherto known catal ysts

i ncl ude a megeest Lst S ppali ek tarttanilwfiicatfaloys thayso €nt lae b e firt adHanicene
catal yst. 20 These catal ysts are described bel ow. Magnesi um supported

titani um cat gdystarsy whem the JRIMESICHEHSURAPIied tobanhergatRé YSle SH5t €M
is preferably a catalyst systemconprising a solid titanium catalyst

conponent  ( léh&ﬂ‘?t &Nk 8% EbLARLHEY SRANGSEHELERE combination of olefins
from that of the olefin chain (A) or a copolymer having the

10 samée combination of olefins as that of the olefin chain (A)
but having a different monomer ratio, or a homopolymer.

'fhé olefinchain (A) ﬁas a weight-—avérage molecular 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,

15 The olefin chain (B) preferably has 15 or more carbon
atoms and has a weight-average molédular weight (Mw) of usually
not less than 5,000, preferably 5,000 to 1,000,000, more
preferably 10,000 t§ 500,000.

When the composition of the olefin chain (A) is different

20 fromthat of theolefinchain (B) , the weight-averagemolecular '
weight (Mw) of the olefin chain (B) is desired to be usually
not less than 5,000, preferably 10,000 to 10,000,000, more
preferabiy 15,000 té 1,000,000, still more preferably 20,000.

" to 500,000.



SF- 781 hal ogen as essential ingredients, an organonetallic conpound

cat al yst=-=<¢onponent (lh) , and if necessary,  an.el ectron donor (l1I11) . (1)
Solid titaniSKmt&k al yst conponent 5 The solid titanium catal yst conponent (
| ) can be prepared by contacting the bekew descri bedmagnesi um conpound
titani um conpound and el ectron donor w th each other. Magnesi um conpound |,
The magnesi um conpound i s a magnesi um conpound havi ng 10 reducing ability
or a nmagnesi um conpound having no reducing ability. The magnesi um conpound
having reducing ability is, for exanple, an organomagnesi um conpound

represented by then fold ewhRghbar Bul 961451 XOBRAL 1 WREREH BN e BIUsEr of

Gsn<2, R is hydrogen, an alkyl group of 1 to 20 carbon atons, an aryl group

or a cycl 06"59[&1%@&5% Eﬂk@gi?%ga’ gb\éﬁt%n%gﬁ&t&‘?ar?%r%nﬁ%fB?gﬁ{ﬁ’ and

X is a hal ogen. anples o rganomagnesi um conpounds havi n

reduci ng abil{ty.1nglude alkylmagnesi um c ounds,. such as

di net hyl magnJéjS%% VT |aeﬁxhy®aék‘§§i%gﬁ1 aﬂ?%ﬁ* g%vr‘f‘ﬁ%(?slcﬁ OBV%ugf/?lﬁ%gn%%? um
di anyl magnesj um di hexyl nesi um dj decyl magnesi um  octyl but yl magnesi um
and . SF 78It REENAR VETGghCetn GRRITIeUROSi ALY § dete, oLeEpndena in

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

chl ori de? hei¥yl nbgneet uhees| harel andrekgr Aabyicreund e$s orhake;1.1, more

al kyl magnesi um al koxi des, such as 5 butyl et hoxynagnesi um :

et hyl but oxynpgefsiabiland. Hct gl 4 ,0xmAdn esinenpredeykivdgn@stand by drasked and
magnesi um hydride. Metallic nmagnesiumis al so enpl oyabl e. Exanples of the
magnesi um coopovndsoba¥ingchainednasing 10 ability include nagnesium
hal i des, such as magnesi um chl ori de, nagnesi um brom de, magnesi um i odi de

and nmagnesi um f | upkhdg1 akkexysRENESHE RatvigSa SalEHoRs1 rt%fds\spg;ym@n@éé um
chl oride, ethoxymagnesi um chl oride, isopropoxymagnesi um chl ori de,

bt o, Y RTESUYELL e, SR ERANeR: SR Bt o1acaEHLRBORAES L
10 and a urea bond.

These bonds may be present singly or in combination of
two ér more kinds, and an ester bond and/pr an amidé bond is
preferable.

The branched polyolefin of the invention has a melt flow

15 rate (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, p;eferably
0.005 to 1,000 g/iO min, more preferably 0.01 to 1,000 g/10
‘min, and a density (measured in accordance with ASTM D 1505,

20 the same shall apply hereinafter) of usually 0.79to 1.0 g/cm?,
pfeferably 0.75 to 0.98 g/cm’®, more preferably 0.80 to 0.96
g/cmd.

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

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



and net hyl phenoxymagnesi um chl ori des di al koxymagnesi uns, such as
di et hoxymagnesi um di i sopropoxymagnesi um di but oxymagnesi um T

~di -n-oct oxyrsE#ESL um  di - 2- et hyl hexoxynmagnesi um and net hoxyet hoxymagnesi”ljm

20 di aryl oxymagnesi uns, such as di phenox ghesi um’

di met hyl phenoxymagnesi um and phenoxyneth henoxynmagnesi um~ and car boxylic
acid salts of magnesium such as magnesi um | aurate and nmagnesi um st earate.
SF-'781 The magnesi um conpound havi ng no reducing ability may be a
conpound derived fromthe magnesi um conpound having reducing ability or a

conpound derige@e#é’&gcé e, l%ﬁl&?%ﬁ%%ﬁ%goéft NEu5353 ¥Sbicegrs : ﬂ/#d"

order to derive t magnesi um aving no“reduci ng abi rom

t he magnesi um conpound [ uci.n bility, .the nmagnesi ym conpo

havi o r edudiiyy 0T Tomnis 0% 56 15080k AR bihw PRECrRre LRt L O ok

pol ysi | oxane conﬁoun{q a hal ogen-cont ai ni ngsi | ane conpound,_a_, .

hal ogen- cont 8 n? ¢ 2/ Lfi Rk cgrmﬁmﬁd}e Pusiticn of compiolabin chain

hal ogen- cont ai ni ng conmpound or a conpound havi ng an OH group or an active
car bon- oxygefRbohgl. dThée raghesrom thapovhdthavebgf trdekaty &bl iMER 2@ t he
magnesi um conpound havi ng no reducing ability may forma conpl ex conpound

or a douldl e thenpaamdhteaged hpolaf ih iam hiereditbdle $ndthelbange alfunswally zi nc,
boron, beryllium sodiumor potassium or nay be a m xture of the nmagnesi um

conpound andoanol hes Dedabl §£100aPeHNEre IELaPRYNESOOH €6NPOVINGILL Bike used
singly or in conbination of two or nore kinds. O the above magnesi um

conmpounds, angpki graREREEHYMH201CeBPEYEdg9a8 RenTRde |iquid by the use of
an electron donor” (i). Exanples of the electron donors (i) include

o oonol 21 Benol e KA 5% BLUBMIIER SAUEL S 00 00y BN IR T e
al cohol's of 1,L0,18¢8RBY 2L BeiscRYBRaAB TR @0l » ethanol,
10 When the composition of the olefin chain (A) is the same
as that of the olefin chain (B), the olefin chain (A) and the
‘olefin chéin (B) are preférably 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
15 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.
‘When the composition of the olefin chain (A) is different
20 from that of the olefin chain (B), it is preferable that the
olefin chain (A) is a copolymer of ethylene and an olefiﬁ of
3 to 20 carbon atoms and the olefin chain (B) is polypropylene.

In this case, the copolymer of ethylene and an olefin of 3

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



tetrahydr of dHdh, 286} 3oty akril Bt ph

pr opanol , but anol , pent anol , hexanol , 2- et hyl hexanol , oct anol , dodecanol
oct adecyl al cohol, oIyl al cohol, benzyl al cohol, phenyl éthyl al cohol,
cunyl al coh@F~7i8dopropyl al cohol and 5 isopropyl benzyl al cohol;

hal ogen-cont ai ning al cohols of 1 to 18 c 5bon atoms, such

. astrichloronethanol, trichloroethanol ant~trichl orohexanol ~ al koxy

al cohol s, such as 2-propoxyet hanol, 2-butoxyethanol, 2-ethoxypropanol,
3- et hoxypropanol , 10 1-met hoxybutanol, 2-nethoxybutanol and
2- et hoxybut anol ~ phenols of 6 to 20 carbon atons, which may have a | ower

al Kyl group,o$S8¢B58StPE0 g7ERSOlbratd &ialy 06k BY PheNGog greRy) miderol ,
nonyl phenol , cunyl phenol and napht hol ~ ket ones of to 15 carbon at ons,

3

such as acetqn I t.hyl ~TEL ' Y, : .
acet Opheno.nép?trégfeenrlz%&p en%'%%r@@e’?%%g‘?ﬁgné; a*d‘geﬁgdégs% kgf?gncﬁloEomcléllr’bon
atons, such as acet al dehyde, opj.qnal.dehyde, octyl al.dehyde, b al dehyde,
t ol ual dehydé ’?ﬁ;gh\f ﬁa&dﬁﬂygé;gp}fg) Bt RerBO%¢ qu’%/?rﬁ?%c%ﬁbgntaﬁg&rﬁ uch as
met hyl ether, ethyl ether, isopropyl ether, butyl ether, anyl_ ether,

’giﬁylaseﬂ‘ﬁélspredéw?@faé’rﬁrn@ ,LegR i hep
trinmethylamne, triethylamne, tributylamne, tribenzylam ne and
t et r anet hyl ety erasifanatel y akrbs pyitial ks 3 suacireapypfisndiy, less than
met hyl pyri di ne, 5 ethyl pyridine and di net hyl pyridine~ and netallic acid
esters, suchl@aski efhhaetphdydrdmliam, ttétata-irs pwhepoddf tranghegn (B),
tetra-i-propoxytitanium tetrabutoxytitanium tetrahexoxytitanium
t et r abut oxy zh recfun Al ARG st £1deaRIIROXYZi0.EBT U610 960 heea’ Maya e disled- 18t ngl y
or in conbination of two or nore kinds. O, these, alcohols, alkoxy
al cohol's andh reg@l ¢ C0 268@ g/cm®, and MFR of 0.05 to 1,000 g/10 min,

particularly 0.1 to 500 g/10 min. When the polypropylene 1s

10 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 éan be 'prepared

15 Dby, for example, allowing a fj.mctional group-containing
polyolefin (C) having, as main constituent unité, 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
20 to react with at least one terminal modified polyolefin (D)
having, as main constituent units, recurring units obtained
fromat least one olefin selected fromolefins 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



esters are particularly preferably enployed. The solubilization reaction of
t he sol id=magnesi um conpound by 15 the el ectromdonor (i) is generally
carried out sEy-78dnt acting the solid magnesi um conpound with the el ectron
donor (i), followed by heating if necesgfﬁ In this case, the contact
tenperature is in the range of Oto 200 preferably‘?O to 180C, nore
preferably 50 to 150C. 20 In the solubilization reaction, a hydrocarbon
solvent or the |like may be present. Exanpl es of the hydrocarbon sol vent s

i nclude aliphatic hydrocarbons such as pentane, hexane, heptane, octane,

decane. dodssangohBlrAdaeAns apd. ket gy 3l daneld ?ﬁ%ru%CQEbé}pﬁciEUCh as

cycl opent ane, 20 cyc ntane;

met hyl cycl ohexan cIoocta e and ¢ cIohex ne tic ocar bons, such
as benzene, ﬁﬁfgc (—ﬁqce ’Qﬁﬁ %}ﬁ QEJE(H‘ Fﬂffir aajrrﬂ)o CE such as

di chl or oet hane, dlchlorooropcne, trlchloroethylene 5 chlorobenzene and

2, 4-di chl or ot ol uene{Chs FURSTHoRAd< iGHAURTEORESE Nidaey BV Qh&fidy i ng t he sol i d
tltanlun1catalyst conmponent (1), many magnesi um conpounds ot her than those

~descri bed above dhe £u§@t@¢maiyagﬁ@p-lcrprttwelrym<g daiyereiin ctEhl ysta

conponent (1) finally obtained, 10 however, the magnesi um conpound is

- preferabby m@iyuﬂeﬁﬂntﬂ&yfng{nmﬁ ermbrgﬁnaxbnnyﬂr@r@ppmgmndimn1@©h@ound

Therefore, if a magnesi um conpound contai ning no hal ogen is used, it is

preferabl e tanipitiald dhiip@oNe Shown COFm Uthat tthan hedoigeangont aihe ng
conmpound during the course of the 15 preparation. O the above conpounds,

nmegnesi um C%’H}%&%ﬂagkaﬁpnt%h%%ﬁhﬁ% gl yd ek 8] ecPi@indd Yhedlledifed in
t he conponent (1) , t hese, hal 6gen-"cont ai ni ng nagne5|unlconpounds

are particul arly, pi ‘;,Ie(f?%%' ¥nSoRLaHRG én%l u%eéﬁ? /SBANES 40 ?ﬂ)ﬂ/&e

alkoxynagne5|un1chl e or aryloxy oride is prefe

cont ai ned. Tltanl '2&3& Qaungond having a carbonyl group for linking the

10 olefin chain (A) to the olefin chain (B).
The functional group-containing poiyolefin (C) is
obtéined by graft modifying a part or the whole of a‘n unmodified -
: polyolefin with an unsaturated carboxylic acid or its
derivative.

15 The unmodifiedpolyolefin canbeprepared by polymerizing
or copolymerizing the aforesaid olefin of 2 to 20 carbon atoms
using a hitherto known catalyst. Examples of the hitherto
known catalysts include a magnesium-supported titanium
catalyst system and a metallocene catalet;

20 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 component (I) containing titanium, magnesium and



As' the titanium conpound, a tetravalent titaniumconpound is preferably

— enpl oyed. The tetraval ent titani umTonpound SF-781 is, for exanple, a—-

conpound repseseeted by the following formula: Ti (OR) gX4 g wherein Ris a
hydr ocar bon group, X is a hal ogen,. and C? g 5 s4. Exanpl es of such
conpounds include: titaniumtetrahalides Ssuch as Ticdqg, TiBrd4 and Til4

al koxytitaniumtrihalides, such as T|(OCH3)C13 Ti (OC2H5) C13, Ti
(0-n-C9H9) C13, Ti (OC2H5) Bx3 and 10 Ti (O iso-C4H9) Br3; dial koxytitanium
di hal i des, such as Ti (OCH3)2C12, Ti (OC2H5) 2Cl12, Ti (O n-C9H9) 2Cl12 and Ti

(OC2H5) 2Br 2 3

(OC2H5) 3CL, h?é?%'&%&%@%ﬁ%&i’i‘%@ﬁﬁ@@%%ﬁs) %ngﬁ"‘gé&gﬁ% doinpding
tetraal koxyti such as_ Ti(

(01 sor Cory SAETNET o A iiiaey st £ HeCRRAREY e PRahEBHEFOR (SHRET des
are preferable,_and titaniumtetrachloride is partlcularly preferable.
These tltanlﬁ%i npounds may be used singly or in conbination of 20 two or
nore kinds . The titani um conpound may be used together with an aromatic
hydrocarbon, or may be(dsefoldid dgtiteg iwmt ltadalysitocaripoment a hal ogenat ed -
hydrocarbon. (ii) Electron donor SF-781 In the preparation of the solid
titani umscat al ystTieospddent i {4n i waratladcistotomiomoent i(iI) d¢&n pleahespdnted
enpl oyed. Exanples of the electron donors (ii) include the follow ng acid

hal i des, acigyashdastifgtiHd 1861 owcddsapiyed hdghesufiditimpourdt, € €sh s and
polyethers Specifically, there can be nentioned: acid halides of 2 to 15

carbon at 0Mseofbishndsaddetybeebar bdforPRERYakhl BERMR, ol uyl chloride
and ani soyl chloride: 10 acid am des, such as N N-di met hyl acet am de,

N, N- di et hyl benzam de and N, N—d|q@é&xégguﬂagaggougatrlIes such as
acetonitrile, benzonitrile and ‘ o

The magnesium compound is a magnesium compound having

10 reducing ability or a magnesium compound having no reducing
ability.

The magnesium compound having reducing ability is, for
example, an organomagnesium compound represented by the
following formula: |

15 XnMgRo-n
wherein n is a number of 0=n<2, R is hydrogen, an élkyl group
of 1 to 20 carbon atoms, an aryl group or a cycloalkyl group,
when n is O,Vtwo of R may the same or different, and X is a
halOgeﬁ.

_20 ' Examplesoftheorganomagnesiuméompqundshavingreducing
ability include alkylmagnesium compounds, such as
dimethylmagnesium, diethylmagnesium, dipropylmagnesium,
dibutylmagnesium, diamylmagnesium, dihexylmagnesium,

didecylmagnesium, octylbutylmagnesium and



tolunitrile; acid anhydrides, such as acetic anhydride, phthalic 15
anhydri de and benzoi ¢anhydri de; and organic acid esters of~™2 to 18 carbon
atonms, such 8E-@BLhyl formate, nethyl acetate, ethyl acetate, vinyl

acetate, propyl acetate, octyl acetate, | ohexyl acetate, ethyl ‘
propi onate, methyl butyrate, ethyl valerdte, nethyl chloroacetate, ethyl 20
di chl oroacetate, nethyl nethacrylate, ethyl crotonate, ethyl

‘cycl ohexanecar boxyl ate, nethyl benzoate, ethyl benzoate, propyl benzoate,
butyl benzoate, octyl benzoate, cycl ohexyl benzoate, phenyl benzoate,

benzyl benzoakenymshibyh habHxkate, b i 3e had ¥ st O! & ethyl
et hyl benzoat e, %ethy% gF-?Sl 23 a%?gg%g%%éfﬁy hg%ﬁ?gﬁé,éﬁ@had%

ethylethoxybgegggﬁggxégg %rgkggEggg, g%%gbﬁb%l%%%égﬁﬁéﬁtggggié pht hal i de

and et hyl carbonhate. erred exanmpl i ncl ude

pol ycar boxyl ingskel et onsrepresented bythe followng 5 forpmulas: H R3
- C COOR _th-@?’@g%&%%éuﬂ Ry  CORXVSRARNeRiRE chéoaddes e - ¢ cooRe
or Hin the aboye formylas, Rl is a substituted or unsubstituted 10

hydr ocar bon §W8¥B?gﬁﬁalﬁﬁ,ChéoéﬁéeRGaékdlm@@ﬂéééﬁmoﬁl&Qﬁyﬁﬁﬁdlﬁwﬂh(ﬁs
unsubstitut ed hydrocarbon group. R3 and R4 are hydrogen or a substituted or
unsubst i tut eBURY4EEBAKEBATHREHPM, and hyldlkoxympoaesieasanahe of themis a
substituted or unsubstituted hydrocarbon group.. R3 and R4 may be bonded to

forma cycliectglbutosymrgneshensubst ylneghe of uhheydnihid i budedagnesogar bon
groups R1L to R6 has a hetero atomsuch as N, 0 or S, and has, for exanple,
a group of (hQPd€ideOOK, COOH, OH, SO03H, -C-NC or NHz .

Metallic magnesium is also employable.
.Examples of the magnesium compounds having no reducing

10 abilityincludemagnesiumhalides, such asmagnesiumchloride,
magnesium bromide, magnesium iodide and magnesium fluoride;
alkoxymagnesium halides, such as méthoxymagnesium chloride,
ethoxymagnesium chloride, isopropoxymagnesium chloride,
butoxymagnesium chloride and octoxymagnesium chloride;

15 aryloxymagnesium halides, such as phenoxymagnesium chloride
and methylphenoxymagnesium chloride; dialkoxymagnesiums,
such as diethoxymagnesium, diisﬁpropoxymagnesium,
dibutoxymagnesium, di-n-octoxymagnesium,
di—2—ethYlhexoxymagnesium and methoxyethoxymagnesium;

20 diaryléxymagnesiums,‘such as diphenoxymagnesium,
diﬁethylphenoxymagnesiumandphenoxyméthylphenoxymagnesium;
and carboxylic acid salts of magnesium, such as magnesium

laurate and magnesium stearate.



Exanpl es of such pol ycarboxyl ates include aliphatic 20 pol ycar boxyl at es,
al i cycli c—pol ycarboxyl ates, aromatic pol ycarboXyl'ates and heterocyclic
pol ycar boxy|SH-e81 SF-781 Preferred exanpl es of the pol ycarboxyl at es
havi ng skel etons represented by the abov? formul as include: diethyl
succi nate, dibutyl succinate, diethyl ﬂylsuccinate, di aryl

nmet hyl succi nate, diisobutyl 5 a-inethylglutarate, diisopropyl

(3-nethyl glutarate, diisobutyl nethylmalonate, dibutyl ethyl nalonate,

di et hyl et hyl malonate, diethyl isopropyl nmal onate, dibutyl

i sopr opyl mal onat @h@'n‘&%ﬂésﬂﬂ& IR AR &a iy ing Wﬁlﬁ]@&rﬁ; et hyl

dlgthy:nalfnate di butyl 10 di butyl mal onate, dieth yl mal onat e, - I
fumarater dih hea ey Et SRR cE o P i atds ol af e Sondl pESERED,1

tetrahydrophth IaIe t.h ht hal at e
monoet hyl phOFEIST ETdI gﬁgﬂﬁ&pﬁg ﬁaFSTE‘BOHPP‘s%%‘E&‘Wd BHEAREaE RS PESRATAI Ay
. pht hal at e, ethyllsobut pht hal at e, n- but pht hal ate, di-n-heptyl
pht hal ate, f% Fﬁrtaémsrﬁa%monantz e:frh)ﬂll‘fé@‘yltop%?ﬁhvm@e magnesium
di (2- nethylpentyl) ht hal at e, di (3-net hyl pentyl) phthal ate,
di (4- met Ryl ROABPYN heWanamne, refiyi 3y dhidtibylinomthe paghasatm compound
di (3-net hyl hexyl) 20 phthal ate, di (4-nethyl hexyl) phthal ate,
di (5- net hyl Hexying phedad ate, aldi I Be et hyhpenayhé s plnh habapeund having
di (3, 4-di met hyl pentyl ) phthalate, di(2,4-dinethylpentyl) phthal ate,
di (2- met hyl hesdthg i mdptaiailates hdis(nptiy lRct¥htacted- w8th?5for example,

apolysiloxane compound, ahalogen-containingsilane compoﬁnd,
a halogen-containing aluminum compound, en ester, an alcohol,
10 ahalogen-containing compound or a compound having an OH group
or an active carbon-oxygen bond.
| The magnesium corﬁpound having redﬁcing ability and the
magnesiumcompoundhavingnoreducingabilitymayfonhacomplex
compound or a double compound together with another metal such
15 as algminum, zinc, boron, beryllium, sodium or potassium; or
may be amixture of the magnesium compound and another metallic
'compoﬁnd. The magnesium compounds may be used singly or in
combination_of two or more kinds. |
Of the above magnesium compounds, a solid magnesium
20 compound can be made liquid by the use of an elect;on donor
(i). Examples of the electron donors (i) include alcohols,
phenols, ketones, aldehydes, ethers, amines, pyridines and
metallic acid esters.

Specifically, there can be mentioned:



pht hal at e, di decyl pht hal ate, di phenyl phthalate and m xtures of these

—-phthalic acid diesters~ and di et hyF—hapht hal enedi car boxyl ate, dibutyl ——

napht hal ene@E-a8Joxyl ate, triethyl trinmellitate, tributyl 5 trinellitate
di butyl 3, 4-furandicarboxyl ate, diethyl i pate, dibutyl adipate, dioctyl
sebacat e and di butyl sebacate. O these, "phthalic acid diesters are
preferably enployed. Al so enployable as the electron donor is a conpound
having 10 two or nore ether bonds present through plural atonms ( sonetines
referred to as a "polyether” hereinafter) . The polyether is, for exanple,

a conpound wher eign ddito 1 OFF LRI BPEAELERRWRRR , IR HA RE L ROALS , FtdhaaRIINON,
silicon, oxygen nltrogen phosphorus, boron and sulfur; or {wo or nore

B P T ST e

conmpound wh reln r atlve are { he at ons

-bet ween the gt resent, bet t.wo_or et.her
bonds. | nol uAPBATL € 2RSS icéﬁaE et EFWBP (TR e
foll owi ng formla; R22Rn1R2n R24 21 ~ 26 --COCR 23
1 RR I n 1Rhsherethyh 35cehe} nt@gayr! o‘?l‘ZOhﬂlr msomfomsl R@Jacahelaagelbst
ituent having at |east one el enent sel ected from carbon, hydrogen, SF- 781

oxygen, Ral dgRIRroepytograyl sal¢erol phosphorus, boron and silicon, arbitrary
Rl to R26, preferably R1 to R2n, nmay forma ring other than a benzene ring

i n cooperation, atm[Ld:d;m-rmbmta:haimg mdyotoitsad fi laro A8 araniddreatoman swrtbon. 5
Exanpl es of such pol yet her conpounds i ncl ude

2- (2- et hyl hes kY4 Eh3odomethaxypr, opeiteh 1 @r o SEHRPY hnd, tHidHIR funespampbne,
2- butyl -1, 3-di net hoxypropane, 2-s-butyl-1, 3-di net hoxypr opane, 10

2- cyclohexyl 1, 3- 4l E% POXYRERPPHE, sdcRNERY =4 rSp&k PBERSNY D] Opane,
2-cunyl -1 dlnethoxypropane
2-butoxyethanol, 2—ethoxypropanol, 3-ethoxypropanol,
10 1l-methoxybutanol, 2-methoxybutanol and 2-ethoxybutanol;
phenols of 6 to 20 carbon atoms, which may have a lower
 alkyl group, such as phenol, cresol,lxylenol, ethylphenol,
propylphenol, nonylphenol, cumylphenol and naphthol;
ketones of 3 to 15 carBon atoms, such as acetone, methyl
15 ethyl ketone, methyl isobutyl ketone, acetophenone,
benzophenone and benzoquinone;
aldehydes of 2 to 15 carbon atoms, such as acetaldehyde,
propionaldehyde, octylaldehyde, benzaldehyde, tolualdehyde
and naphthaldehyde;
20 | ethers of 2 to 20 carbon atoms, such as methyl ether,

- ethyl ether, isopropyl ether, butyl ether, amyl ether,

tetrahydrofuran, anisole and diphenyl ether;



2- dlnethoxypropane ,

2- I -I;73-di met hoxypropane, 15 TTT—
p- chl or osiFemBll) - 1, 3- di met hoxypr opane,

di phenyl net hyl ) - 1, 3- di net hoxypr opane, . 2- (1- napht hyl ) - 1;

-(2-phenyl ethyl)-1, 3-

-( yl)

-

- di met hoxypr opane, 2. (2-f 1l uorophenyl) - 11 - di met hoxypr opane,
iy :
-(

2

2-

cycl ohexyl et h

1- decahydr onapht hyl ) - 1, 3-di net hoxypr opane, 20
p-t-butyl phenyl)-1', 3-di met hoxypropane,
-di cycl ohexyl -1, 3- dinethoxypropane 2, 2-di et hyl -1, 3-di net hoxypr opane,

di propy! -1, 3TN0 OPANG ol Bk 1 sV iRt oPane,

781  2- nethyl 2-propyl oxy ropane,
- nmet hyl - 2- 3-.di th ‘

ot hyl - 2. S T O zf%gn and -
- met hyl i.sopropyl -1, 3- di et hoxypr opane,
-rrethyl-z-ﬁ:r?é:prﬁﬁ“P, R R RGBSR
me
2
2
me
-me

-

t hyl - 2- cycl ohexyl - 1, 3- di met hoxypr opane, o
- bi s(p- chi or ophieiidines 3-Hh et B opamey, methylpyridine,
- bi s(2-cycl ohexyl et hyl ) -1, 3-di met hoxypr opane,

t hyl 52- iegdtyitopt = 1 Baeli amd hdkyprlopbperidine; and

t hyl - 2- (2- et hyl hexyl ) -1, 3-di net hoxypr opane,

di i sobut yl - 1,ngetH Itei & oy id opstieer s 2, éh&hrﬁﬁww@tﬂaékmbmythﬁaypnmpane
di benzyl - 1, 3- di met hoxypr opane,

2-

2-

2- bls(CyCLﬂéﬁﬁéd % xﬁt§tﬂmﬂ@ﬁPO%d@f@Pﬁngroééxytltanlum,
2- I et SO

-i

2-

dllsobutyl oxypropane, 2,2-dii utyl di but oxypr opane,

sobutyl t
- s- buty e d|%%%hoig%gﬁpgg%ypéﬁggggytl%anl?mi 3- di met hoxypr opane,

2, 2-di ne
2- |sopropqu%3|§§%én §¥95P§5Q|net @@3%?%5%ethoxyz1rconlum
2- phenyh 2- benzy an

1, 3-di
2-cycl oh8xyl - ch}F%?l% I n’é Hﬁ&g%gngﬁéfe?ﬁd)&ﬁpwéﬁgtlon of two or more

2, 3- Blphenyl 1 g di et hoxybut ane,

=N

Of these, alcohols, alkoxy alcohols and metallic acid
esters are»particularly preferably employed. The
solubilization reaction of the solid magnesium compound by

15 the electron donor (i) is generally carried out by contacting
the solid magnesium compound with the electron donor (i),
followed by heating if'necessary. In 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.

20 In the solubilization reaction, a hydrocarbon solvent
or the like may be present. Examples of the hydrocarbon
solvents include aliphatic hydrocarbons, such as pentane,
hexane, heptane, octane, decane, dodecane, tetradecane and

kerosine; alicyclic hydrocarbons, such as cyclopentane,



SF-781 2, 3-dicycl ohexyl -1, 4-di et hoxybut ane, 2, 2-di benzyl
-1, 4=di et héxybut ane, 2, 3-di i sopropyl -1, 4-di et hoxybut ane,
2, 2- bi s(p- m&EyAgihenyl ) - 1, 4- di net hoxybut ane, 5 N
2,3-bis(pechl:oroghenyl)-1,4-dinethoxybugﬁne,
2, 3-bi s(p-fluorophenyl)-1, 4-di net hoxybut ane,

, 4- di phenyl - 1, 5- di met hoxypent ane, 2, 5-di phenyl -1, 5-di met hoxyhexane, .
di i sopropyl -1, 5- di net hoxypent ane, 10
di i sobutyl -1, 5-di met hoxypent ane, 2, 4-diisoanyl -1, 5-di met hoxypent ane,
t hoxy metputH el & Pvsis O 115 2, é&é@%ﬁ@%&ﬂ@}hﬁéghﬁ%égélohexane

, 2-di i sobut oxypropane, 15 1, 2-di’l sobut oxyet hane, dilsoanyioxyethane,

2

2, 4-

2, 4-

3-ne

1, 2-

13 dii ‘ ’ e
T3 G neopert i adEaRale art Byl AR Y L RO apazbons  ush, a8
2, 2-

2, 2-

2, 8-

3,7-

6

, 2- pent amet hyl ene- 1, 3- di met hoxypr apane,
hexanet h%fsvl‘b?]eer}ﬁ-’, F U Wt r’%’éaerﬂe?,' 21 fadaaanabshtidRocAra Btfexane,

di oxaspi r o[ 5, 5] undecane, 8F-781 3, 7-di oxabi cycl o[ 3, 3, 1] nonane,
' 7- di oxabi SRIWVES, dieNberarthanes ¢ sRbpERRFORane odtghdnroethylene,

, 6-di i sobutyl di oxyheptane, 5 1, 1-di net hoxynet hyl cycl opent ane,
1, 1- bi s( 8i maoxseRenyteyandhexdndichlareoteiwenaoxymnmet hyl ) bi cycl of 2, 2
1] hept ane, 1, 1-di met hoxynet hyl cycl opent ane;
2- met hyl - 2- net hox@srettyy InabnZ-sdivre ctbayypnhapased f6r preparing the solid
2-cycl ohexyl - 2- et hoxymet hyl - 1, 3- di et hoxypr opane,
2- cycl ohexylt 2wt hoxyses hybt ledmgbRehHoXYpf ORaAG, magRefi ifObYpbuhds
3-di met hoxycycl ohexane, 2-isopropyl-2-isoanyl -1, 3-di net hoxycycl ohexane,

other than those described above are also employable. In the

solid titanium catalyst component (I) finally obtained,

10 however, the magnesium compound is preferably present in the
form of a halogen—containing magnesium compound. Therefore,
if a magnesium compound containing no halogen is used, it is
preferable to contact the magnesium éompound with a
halogen-containing compound during the course of the

15 preparation.

Of the above compounds, magnesium compounds having no
reducing ability are preferably contained in the component
(I), and of these, halogen-containing magnesium compounds are
particularly preferably contained. Of these, magnesium

20' chloride, alkoxymagnesium chloride or aryloxymagnesium

chloride is preferably contained.

Titanium compound
As the titaniumcompound, atetravalent titanium compound

is preferably employed. The tetravalent titanium compound




2- cycl ohexyl - 2- met hoxynet hyl - 1, 3- di met hoxycycl ohexane, 15 _
-~2 i sopropyl - 2- net hoxynet hyl - 1, 3- di methoxycycl ohexane, ‘ R

2-i sobut yl - ZFwgioxynet hyl - 1, 3- di met hoxycycl ohexane,
2- cycl ohexyl - 2- et hoxynet hyl - 1, 3- di et hoxygycl ohexane,
2-cy6TohexyI-2-ethoxynethy|-1,3-dinethox%%?blohexane,
2-i sopropyl - 2- et hoxynet hyl - 1, 3- di et hoxycycl ohexane, 20

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

- 2-1sobutyl - 2-echoxynet hyl - 1 3 diethoxycyclohexane and
21 sobuty! - £t heawy Bl d, S ALIRLOGY YO ALEXAREY B Sen8VELL B EngS the
pol yet hers are trls(p oxyphe phosp
nethylphenyhﬁ§§¥gfthoxynethyl)S|Iane di phenyl bi s( net hoxynet hy7, ) si | ane,
met hyl cycl ohe (nethoxynethyl)5|lane,
di-t- butylbls(netho net hyl).silane, 5
cycl ohexyl -t - but éﬁ h@xynethyl)silane
i -propyl-t- butyIbls(nethoxynethyl)5|lane or the like. O these,
2, 2-di i sobutwhere 3 R ks hoxlypdopeaehon group, X is a halogen, and 0=g
2-isopropyl -2-isobutyl -1, 3-di met hoxypr opane,
2-i sopropyl -24i.sopent yl - 1 3-di et hoxypr opane, 10
2, 2-di cycl ohexyl -1, 3-di methoxypr opane and
2, 2- bi s(cycl ohexykxahhyes - df35@¢M€¢6mpd@m@@aﬁ@c3m@epreferably enpl oyed. As
the el ectron donors (ii), organic acid esters and pol yethers are

preferable, and aﬁ%i&ndt§§£§tﬁ§l:t§él§h a8cHoaphthel | c P, dndsiang, and
pol yethers are nore preferable. The el ectron donors nentioned above can be

used in conblnat|£1%§§¥lna ﬁiuﬂvﬁflﬁéfﬁées,T cﬁ'%gtﬁQWOQRQRf exenplified

above have onIy t y confained in't rd tltanlunf%atalyst
conponent (| pre tio f ol anlun120 catal yst
conmponent (I é@%&%ﬁ&? @ §v§ 8@ &éeg%g ot 28 mays used as such,
and ot her, co nds ¢ Ie of prodUC|ng the above conpounds in the course
of the gpepéfgﬂgohsﬁt Qﬁg BI3fid titani umcatal yst conponent (1) may be

used. Also in
dialkoxytitanium dihalides, such as Tl(OCHﬂgClzp‘
Ti (OCHs)2Cla, Ti (O-n-CeHs)sCl, and Ti (OCsHs) sBrzs
trialkoxytitanium monohalides, such as Ti(OCHj)3Cl,
Ti(OCyH5)3Cl, Ti(0O-n-C4Hg)3Cl and Ti (OCyHs)3Br; and
15 tetraalkoxytitaniums, such as Ti(OCHj3)4, Ti(OCzHs)g4,
Ti(0O-n-C4Hg)4, Ti(O-iso-C4Hg)4 and Ti (O-2=-ethylhexyl),.

Of these, titahium tetrahalides are preferable, and
titanium tetrachloride is particularly preferable. These
titanium compounds may be uséd singly or in combination of

20 two or more kinds. The titanium compound may be used together
with an aromatic hydrocarbon, or may be used, diluting with
a hydrocarbon or a halogenated hydrocarbon.

({ii) Electron donor




SF-781 this case, other conpounds can be used so as to produce two or nore
kinds of the electrondonors (ii). Preparation of solid titari-um catal yst

component (1) fromthe-aforesaid conpounga is not specifically restricted,
and for exanple, the follow ng processes™are avail able. As the o
organonetal lic conpound in the foll ow ng processes, the sane conpound as
the | ater-described organonetallic conpound (I11) is used. 10 (1) Aliquid
magnesi um conpound consi sting essentially of the magnesi um conpound, the

electron donor (idn &Kk Idei/di0cah bON SR V80114 St £0ohREhedathihst |1 aui d

titani um conpound, after or with precipitating a solid by contacting the

| 1 TROTsh R ORpau) b A0 CroaoBetFLL) § COPROUDAES A Y

and the resulting donporient i's contac
hydr ocar bon, | iquid titani umconmpound and an, electro q}nor (j4) at least
once. It is %’?%?%f%%l%ét%q%aﬁrc%ﬁ%)nt %‘l%t&ﬂt) O‘fnq]ﬁb&éo S fr,cb]rjpfgﬁé'fﬂ with
the aromatic_ hydrocarbon and the |iquid titaniumconpound plural tines. 20
( 2) A cont3ctd prddGes orChe FHGIeFannet At 85 er@Gid ARLBAGARRE ) REFITEYC wi t h
a liquid organomagnesi um conpound is contacted with a liquid titanium
conpound? afaekd oesygx$ praécbpivathegsa solid by contacting the contact
product with an organonetallic conpound if necessary, and the resulting
sol id conponent iSpecSHEIS1132 thatactan wéthenatianeduti c hydrocarbon, a
liquid titanium
acid halides of 2 to 15 carbon atoms, such as acetyl
chioride, benzoyl chloride, toluyl chloride and anisoyl
chloridé;
10 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
15 anhydride and benzoic anhydride; and
organic acidesters of 2 to 18 carbon atoms, such as methyl
formate, methyl acetate, ethyl acetate, vinyl acetate, propyl
acetate, octyl acetate, cyclohexyl acetate, ethyl propionate,
‘methyl butyrate, ethyl valerate, methyl chloroacetate, ethyl
20 dichloroacetate, methyl methacrylate, ethyl crotonate, ethyl
cyclohexanecarboxylate, methyl benzoate, ethyl benzoate,
propyl benzoate, butyl benzoate, octyl benzoate, cyclohexyl

benzoate, phenyl benzoate, benzyl benzoate, methyl toluylate,

ethyl toluylate, amyl toluylate, ethyl ethylbenzoate, methyl



conpound and an el ectron-donor (ii) at least once. In this process, the
contact product may be previously contacted w th—a hal ogen-contai ni ng
conpound and$B+78&h organonetallic 5 conpound. It is preferable to carry out
t he contact of the solid conponent with the aromatic hydrocarbon and the
liquid titani um conpound plural times. (149 OrganonetalTic conpound
cat al yst conponent The organonetal | ic conpound catal yst conponent (IL) is

10 preferably one containing a netal selected from Goup 13 of the periodic

tabl e, and preferred exanpl es thereof include an organoal um num conpound,

an organobor on.’ o] nd an_al kyl . c l.ex conpound of a G o | el ement
and aIuninun?%%g%ggb%@%ﬁif%ﬁ%%%%a%aﬁyzgﬁﬁb 3 ,’YEP“¥#&§$%%§O%%'15
or ganoal um num conpound represented by the follow ng formula: RanAl X3_"
wher ei n Ra=EéY? RS Yot oFoRrHR, 1PRphadidarapd atbis, cxrbenathal ogen
or hydrogen, nis_ 1 to 3. Rais a hydrocarbon- group of 1 to 12 carbon-
atoms, such 20 asPERESrk§E g¥suplea efcrbal Rypagieupsteraniacydgroup .
Speci fic exanpl es of such groups include nethyl, ethyl, . n-propyl,

i sopropyl, iRebuEgroopEhayes hiaaviyig,skekationcyep vaeen yéd byyrHeofekydyimhenyl
and tolyl. Exanples of the organoal um num conpounds i ncl ude: SF-7$1 33
trial kyl & unfeomelasuch as trinmethylal un num

triethylalum numtriisopropylalumnumtriisobutylalum num trioctylalum num

and tri-2-ethyl hexylal um num- trial kenyl al um nuns, such as
triisoprenylalumnum 5 dialkylal um num halides, such as dinethylal um num
chl oride, diethylg um num chl ogj de, di'@@ﬁ;opylaluninunu@hloride,

di i sobutyl al um nufn chl oride an dinetﬁ; um num |

R’ — C—COOR' \ / R® — C—COOR®
C
R*— C— COOR? / \ R* — C— COOR®
H , R COOR'  or I|{

Inthe above formulas, R'is a substituted or unsubstituted
10 hydrocarbongroup,andRz,R5andRGarehydrogencn:asubstituted
or unsubstituted hydrocarbon group. R?® and R? are hydrogen
or a sﬁbstituted or unsubstituted hydrocarbon group, and
preferablyatleastoneofthemisasubstitutedorunsubstituted
hydrocarbon group. R® and R* may be bonded to form a cyclic
15 - structure. The substituent of the substituted hydrocarbon
-grogps R' to R® has a hetero atom such as N, Olor S, and has,
for example, a group of C-0-C, COOR, COOH,'OH, SO3H, —-C-N-C-
or -NHj,.
Examples of such polycarboxylates include aliphatic
20 polycarboxylates, aiicyclic polycarboxylates, aromatic

pblycarboxylates and heterocyclic polycarboxylates.




brom de; al kyl al um num sesqui hal i des, such as net hyl al um num 10
- —sesqui chl oride, ethylalum num sesqui ¢hl-oride, isopropylal um num
sesqui chl orisg=78wt yl al um num sesqui chl oride and et hyl al um num

sesqui brom de: al kyl al um num di hal i des, §3Ch as net hyl al um num di chl ori de,
m 15 di chl oride and et hyl al um num

et hyl al'um num di chl ori de, isopropyl al uni
di brom de; and al kyl al um num hydri des, such asdi et hyl al um num hydri de,

di i sobut yl al um num hydri de and et hyl al um num di hydri de. Al so enpl oyabl e as

t he organoal um num conpound is a conpound represented by the foll ow ng

e 70 "l s LMo S AR PRI
1 R _R R . i ,

S Rt R T R L el

ethyl or the

to 2. SF-7

phenyl , trinethyl§§I |- or the like, and Rf _and Rg are nethy],

like. 5 Exanpl es Gf€ %H%E&R%ﬁ%ni%H??Eb%p%%ﬁ%%n¢ﬁ%4u@beghﬁlfolIomﬁng
conpounds: (i) conpounds represented by RahAl (ORb) s-n, such as

di et hyl al uritelthy hee¢oitatee, dibahyl ahehhyhewceihake dedahdobutyl

di i sobut yl al um num net hoxi de~ 10 (ii) conpounds represented by RanAl (Csi R)

3_n, such asom@lyl§SidkBite, (H50sBpYrodpl pabedkPlgantatase; Bu) 2A1
(CSiEt3) ; (iii) conmpounds represented by RanAl (OAI Rd2) 3-n, such as

Et 2Al OAl Et 2 @nds ¢hsoy Bip@fd P41 60aBY) 2d{ bit ytosbryngs1 bapteseatiedhhy RanAl

(NREZ) s-n~ such as 15 NbZAlNEtZ, Et 2Al NHVe, MeZAI NHEt, Et 2AI N (Me3Si)
and (150 BU)o @A) thd MERSE 23 Evihy € OTBSYRISYLRRL 6AERLEIaBBUEIN (S RF3)

3-nr such as (iso-Bu)ZAIS|NES; an
- isopropylmalonate, dibutyl butylmalonate, dibutyl
. phenylmalonate, diethyl diethylmalonate, dibutyl
10 dibutylmalonate, diethyl dibutylmalonate, n-butyl maleate,
dibutylmethylmaleate,dibutylbutylmaleate,di—2—e£hylhexyl
fumarate,di—n—hexylcyclohexenecaboxylate,diethylnadiate,
diiéopropyl tetrahydrophthalate, diethyl phthalate,
monoethyl phthalate, dipropyl phthalate, diisobutyl phthalate,
15 diisopropyl phthalate, ethylisobutyl phthalate, di-n-butyl
phthalate, di-n-heptyl phthalate, di-n-octyl 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)
20 phthalate, di(4-methylhexyl) phthalate, di(5-methylhexyl)
phthalate, di(3-ethylpentyl) phthalate,
di(3,4-dimethylpentyl) phthalate, di(2,4—dime£hylpentyl)

phthalate, di(2-methylhexyl) phthalate, di(2-methyloctyl)

2



(vi ) conpounds represented by RanAl [N (Rg) -A Rh2l 3-nr such 20 as Et2AI N
(Me) -AlEt2 and (iso-Bu)y~2A1N (Et)Al (iso-Bu) 2. Al so avail able-are
conmpounds ars®-¥Bs to the above compounds, such as organoal um num
conpounds wherein two or nore gluninun1ahgns are bonded through an oxygen
atomor a nitrogen atom Exanples of sucficonpounds incl ude SF- 781

(C2H5) zAl QA (C2H5) 2, (C9H9) 2A1Q0A1 (CAH9) 2 and ( C2H5 ) 2AIN ( C2H5 )
Al ( C2H5 ) z . Al um noxanes ( organoal um num oxy-conpounds), such

asnet hyl al um noxane, are al so avail abl e. An organoal um num conpound

represented I | f - IS I e, ls ein
Ra, X and Yéﬁéﬁ%ﬁ%ﬁ%@ﬁg&gggé2%3?%%%%§%b§%§h8§¥§g&éﬁ?ﬁ%é%%gﬁgpééggﬁﬁon
conpounds include triphenyl boron, trjs(4-fluorophenyl)boron, 10
tris(3,5-dif9{iﬁhﬁﬁﬁﬂéh5 %ﬁna?%?s?%géF%B?bn%T y| phenyl ) bor on,
tris(pentafluorophenyl)boron, tris(p-tolyl)boron, trjs(o-tolyl)boron,
tris(3,5-di met hylBHERTY) SHRRIK HsSqs Seraieox i 28R4 dhexyt¥vbr ane

di anyl borane, 15 dii sopi nocanphenyl borane, 9-borabi cycl o[ 3. 3. 1] nonane,

cat echol bormamtimlereei Rerzplayel of Bigthyhobuirelbbkake, t Eradbuyyan ne
conpl ex and borane-net hyl sulfide conplex. An ionic conpound may be used as
t he or gabhobdrmmebhpoames, RbuiExahps pé-Hiirsudhcanbvpoybatse ] ndiatdbkyl
triethyl amoni unt etra( phenyl )boron, tripropyl ammoni untetra(phenyl)boron,

trimethyl anmeipat €f r@(iput ¢l VAdDeses, &ioeeylysapaeatdmagdraipatolly! ) boron,

sebacate.
" Of these, phthalicaciddiesters are preferably employed.
Also employable as the électron d>onor is a compound having
10 twoornmreetherbondspresentthroﬁghpluralatoms(sometimes
referred to as a “polyether” hereinaff.er) . The polyether is,
" for example, a compéund.wherein.the atoms present between.ﬁhe
ethérbondsarecarbon,silicon,oxygen,nitrogen,phosphorus,
boron and sulfur, or two or more atoms selected from these
15 atoms. Such a compound is preferably a compound wherein
relatively bulky substituents are bonded to the atoms between
the ether bonds and the atoms présent between twp or more eﬁher
bonds include plural carbon atoms, e.g., a polyether

represented by the following formula:

R22 Rn+1 e R2n R24 |
D P SN SV S
20 R23 I1 s ln R25

wherein n is an integer of 25n=10, R! to R*® are a substituent

having at least one element selected from carbon, hydrogen,



tri(n-butyl)ammoni untetra(pentafl uorophenyl ) boron,

tri propyl ammni unt etra( o, p-di net hyl phenyl ) boron, =™/
tri(ri-butylgpopgni untetra(p-trifluoronethyl phenyl)boron
N, N-di met hyl ani | i niunt et ra( phenyl! ) boron, 5

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

tri phenyl car beni unt et raki s( pent af | uor ophenyl ) bor at e,

N, N-di met hyl ani | i ni unt et r aki s( pent af | uor ophenyl ) bor at e,
bi s[tri(n-butyl)amoni un]j nonaborate and bis [tri (n-butyl) ammoniunj
decaborate. 10 The kyl conmpl ex conpound.of a Goup, 1 el engnt and_al um num
o Por exanPredoh, ChALBaRRr rabr 6SeRRedshy Sk PBRFBUPAGST oPRGPE: SREA R 4
wherein ML is Li, Na or K and R-is g hydrocarbon %épup of,, 15 1 to 15
carbon at onsSiEkGAPt e3TBETEREN Rosodnds PrefeBebly AR ( EPHRY Jral (Foum
(OH15) 4 Exanpl es of the organoboron conpounds and the al kyl conpl ex
conpounds ofa & iGoysherethapm bemdener onngnih o aguimpouads hhei maylm
structure wherein alum numis replaced with boron in the aforesaid

or ganoal um neivatonpayndsnaatini ant heoal kyheeorpkaxcaeppaunds of a Group 1
el ement and al um num respectively. (l111) Electron donor SF-7 81 37 As

the el ecron donogxéh iés_ébesﬁéﬂpﬁém9eﬂhé¥!@Bﬁ%%uﬁ&@”ﬂhhih@@ as the
el ectron donor (ii) that is used for preparing the solid titanium catal yst

conponent (1)-is-gppl PHaRl € -and-agn b conpound represented by
the foll ow ng ¥ornulg 5 Lg glso enp?§§g%?gﬁkéh%ﬁe(OR ) 9. n wherein R and
R are hydrosga ps, ;2 <n<4. Exanples of the organosilicon
conmpounds re%r%ggﬁfgéggyif%eag %5§0¥3P58P§9iclude tri met hyl met hoxysi | ane,
10 trinethyl gtho i | age,..di pet hyl di met hoxysi | ane, di net hyl di et hoxysi | ane,
diisopropykd?n@?ﬁ%iyi? éﬁé?eggPF¥BﬁP9PH§thyldinethoxysilane,
t - but yl met hy| di et hoxysi | ane, tart-anyl nmet hyl di et hoxysi |l ane,
di phenyl di me€R®XGYEYané; SpAERSFReEKpEaPABEMOXYSI | ane, 15
di phenyl di et hoxysi | ane, bi s-o-tolyldimethoxysilane,
bi s- m t 30| deneyadeyskyaneé, 3bdsmpthokypdicwenkexysi | ane,
bi s-p-tol yl di et hoxysil ane, bisethyl phenyl di net hoxysi | ane,

2-phenyl-1, 3-dimethoxypropane,

2fcumyl—l,3—dimethoxy§ropane,

2-(2-phenylethyl) -1, 3-dimethoxypropane,

2—(2—cyclohexylethyl)—1,3—dimethoxypropane,
15 2-(p-chlorophenyl) -1, 3-dimethoxypropane,

2- (diphenylmethyl) -1, 3-dimethoxypropane,

- 2= (l-naphthyl) -1, 3-dimethoxypropane,
2-(2-fluorophenyl) -1, 3-dimethoxypropane,
2-(1l-decahydronaphthyl)-1,3-dimethoxypropane,

20 2-(p-t-butylphenyl)-1, 3-dimethoxypropane,
2,2-dicyclohexyl-1, 3-dimethoxypropane,
2,2-diethyl-1, 3-dimethoxypropane,

‘2,2—dipropyl-1,3—dimethoxypropane,

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



di cycl ohexyl di net hoxysi | ane, cycl ohexyl net hyl di net hoxysi | ane, 20

“=eycl ohexyl net hyl di et hoxysi | ane, et hyl#Fi net hoxysi | ane,

‘ethyltrietho®<s¥8hne, vinyltrinethoxysilane,

-n-propyltriethoxysilane, decyltrimethoxysilane, decyltriethoxysilane,
phenyl tri nmet hoxysi | ane, y-chIoropropyrtr?ﬂbfﬁoxysiIane, :
met hyl tri et hoxysil ane, ethyltriethoxysilane, vinyltriethoxysilane,

tert-butylt'riethoxysilane, n-butyltriethoxysilane,
i so-butyltriethoxysilane, phenyltriethoxysilane,

L amem oogisiglertslongt SASERILRBAAET

ethyltriisopropoxy

Il an OXYSi

cyclohexyltr':et?ﬁgiéééggﬁgyfé£gé$§%$%gﬁtrinethoxysilane,

2- nor bor nanet ‘e

silicate,

EKHBXYEBEREBXYsSI | ane),

vinyl triacetoxysil ane, dinethyltetraethoxydi sil oxane,

cycl opent yl t#41TThethvkysriaapropy kel hytdymebpenypkopanes hoxysi | ane, 2;

3-di net hyl cycl opentyl tri nmet hoxysil ane, 15 cycl opentyltriethoxysil ane,
di cycl opent y2dheehhbxgsphang] -bj 3¢2imethykopebppaat yl ) di met hoxysi | ane,
bi s(2, 3-di et hyl cycl opent yl ) di met hoxysi | ane,

20 tricycl oppahet lhgxa§bmanexylnipycagﬂeehuk9FEeEMﬁELane,

di cycl opent yl net hyl net hoxysi | ane,' dicycl openty

hexenyl tri meg hpxy skl gnghior
cycl opent yl di net hyl net hoxys

10

15

20

et

2,2—bis(2—cyclohexylethyl)—1,3-diméthoxypropane,
2-methyl-2-isobutyl-1, 3-dimethoxypropane,
2-methyl-2-(2-ethylhexyl) -1, 3-dimethoxypropane,
2,2—diisobutyl—1,3—dimethoxypr6pane,
2,2—diphenyl;1,3—dimethoxypropane,
2,2-dibenzyl-1, 3-dimethoxypropane,
2,2-bis(cyclohexylmethyl)-1, 3-dimethoxypropane,
2,2-diisobutyl-1, 3~diethoxypropane,
2,é-diisobutyl—1,3—dibutoxypropaﬁe,
2-isobutyl-2-isopropyl-1, 3-dimethoxypropane,
2,2-di-s-butyl-1, 3-dimethoxypropane,
2,2—di—t—butyl—l,3—dimethoxypropane,
2,2-dineopentyl-1, 3-dimethoxypropane,
2-isopropyl-2-isopentyl-1, 3-dimethoxypropane,

2—phenyl¥2—benzyl—l,3—dimethoxypropane,

2-cyclohexyl—2—cyclohexylmethyl—1,3—dimethoxypro§ane,

2,3-diphenyl-1, 4-diethoxybutane,

met hyl tri net hoxysi | ane,

sF- (81

BrEPRYPEPRet hoxysi | ane, et hyl
butyl 10 silicate, trinethylphenoxysil ane,
met hyl tri al |45TB% er'a%é,etw%yh?rgwstge

di cycl opent yl di et hoxysi | ane,

yl met hoxysi | ane,

Sbndfit1 $21 J5CuehRRBLYLEBAKLST NOXYSI | ane,

¢l ohexyl tri met hoxysi | ane,




cycl opentyl di et hyl net hoxysi | ane and cycl opentyl di net hyl et hoxysilane. 5 O
these, preferably used are-ethyltriethoxysilane, n-propyltriethoxysil ane,
test-butyl trggihgxysilane, vinyltriethoxysilane, phenyltriethoxysilane,

vi nyl tribut oxysi | ane, di phenyl di met hoxysil ane, phenyl net hyl di met hoxysi | ane,
bi s- p-tol yl di met hoxysil ane, 10 p-tolyl me@8l di net hoxysil ane, T

di cycl ohexyl di net hoxysi | ane, cycl ohexyl net hyl di net hoxysi | ane,

2- nor bor nanetri et hoxysi | ane, 2-norbornanenet hyl di net hoxysi | ane,
phenyl tri et hoxysil ane, dicycl opentyl di net hoxysil ane,

hexenyl tri meg hoxysi | ane, 15 , '

cycl opent yl t 1gf%b?¥§£?§ﬁé¥%Fﬂc§6ﬁbBEHP§VPHFﬁB§ySiIane and

cycl opentyl di net hyl net hoxysi | ane. Al so enpl oyabl e as the el ectron donors
(111) are ni¢rdgdhbenayarhr Agdépeborphutianers, such as 2, 6-substituted

pi peri di nes, 2,5-substituted piperidines, substituted 20 net hyl enedi am nes,
speci fical | y2N3NINLsdpropyiabet kgl aehbylboedhapi ne and

N, N, N , N -tetraet hyl net hyl enedi am ne, and substituted i m dazolidines,

speci fi cal | y2 12-3pils bpraythyilgneayi gd-ng4agdmethoxybutane,

1, 3-di benzyl - 2- phenyl i m dazol i di ne: phosphor us-cont ai ni ng SF_781 el ectron
donors, suchp g’ﬁ-l@b@%ﬂ@h@h%roﬁﬁéﬁyﬂ cel hyqirkehBYyrakasehate, tri-n-propyl
phosphate, riisopropyl phosphate, tri-n-butyl phdosphate, triisobutyl

phosphat e, d e3byk 5 st ¥b-BBRSRDA] 21 ARdqdhEtRYLBRERKL DNOSPNI te: and S

oxygen-contal ni ng electron nors, ' suth as strtdatfed tetrahydropyrans

and 2,5-subsfijuted tetrahydr rans. The electron donors ( Il T)
‘nent i oned ab%V% %éﬁh%%y%sgdgiﬁg%SﬁgPﬁXPFBHaBF'tMD or more ki nds.
thallocened?a%alﬁat 10_The_netal | ocene catal yst is described. There is no
specific |inftatfoORPBAYERE, RECAIPERERENEERRRYSt for use in the preparation
of the unnodjfiedpolyolefin, and a netallocene catal yst publicly known is
enpl oyabl e. Ex&npl&8CBFOPHE-pubriempthasKrenteaklocene catal ysts include 15
conpounds of transition nmetals such as titanium vanadi um chrom um

zi rconi 4% and: haflhi sabubKd-anp-dimehbosyppotade, which are liquid or solid
under the use conditions, can be enployed. The transition netal conpound
does not need, {odbesaamyhgleSedimeuhdxypsdthhe,conpound nay be supported on
anot her 20 conpound or nay be a honbgeneous m xture wi th anot her conpound
or may be a onptrRyx¢mEPRYNEc@FaBydedblieaggnmpound with anot her conpound.

SF- 78l _
3-methoxymethyldioxane,
.1,2-diisobutoxypropane,

15 1,2¥diisobutoxyethané,
1,3-diisocamyloxyethane,
1,3—diisoamyioxypropane,
l,3—diisoneopentyloxyethane,
1,3-dineopentyloxypropane,

20 2,2—tetramethylene—1,3—dimethoxypropane,
2,2—pentamethylene—l,3—dimetﬁoxypropane,
2,2-hexamethylene-1, 3-dimethoxypropane,
1,2-bis (methoxymethyl)cyclohexane,

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



4] O the publicly known netall ocene catalysts, a netall ocene conpound of a
chiral structare having C2 symmetry or O symmetry-+s preferably enpl oyed.
Exanpl es of g@e7g®et al | ocene conpounds of a chiral 5 structure having C2
symmetry include rac-ethyl ene-bis(indenyl)zirconiumdichloride,

rac- et hyl ene- bi s(t efrahydr oi ndenyl ) zi r cofium di chl ori de,

rac-di nethyl silyl-bis(2,3,5-trinethylcycl opentadienyl) zirconium

di chl oride, 10 rac-di nethyl silyl-bis[1-(4-phenylindenyl)]zirconium

di chl oride, rac-dinethylsilyl-bis[1l-(2-methyl-4-phenylindenyl)] zirconium

di chl ori de, ﬁﬂf;&iﬁ;ég¥é§ghgk3bgsi%ﬁg%éggthyI-4-(1-naphthy|)indenyl]} 15

zirconiumdic

rac- di met hyl yl:bis 2- napht hyl )i ndenyl ]} zirconi um

di chl ori de, ??'alé & %F%Fig‘fgb%s?@%ﬁaﬁet hyl - 4- (1-ant hryl )i ndenyl ]}
zirconiumdichloride, 20

rac=di net hyl 3 $y#1bpalpytyd- ﬁe§h9ﬁoﬂopénanthryl)lndenyl]} zi rconi um

di chl oride, rac-dinmethylsilyl-bis{l1l-[2-nethyl-4-(9-phenanthryl)
indenyl]}zir6oﬁ+@hid@bhtglddexyheptane,

rac-di met hyl si |l yl -bi s{1-[ 2- et hyl - 4- (o-chl or ophenyl) SF-781 _. 5 10 15 20
i ndenyl ] Bzi rtphtdimethbkometdrylcyclopentane,

rac-di met hyl silyl -bi s{1-[2-nethyl-4-(pentafluorophenyl) indenyl]}zirconium
di chloride, 1par=gisesimbshbymbtall ’;(:gc%iﬂékané phenylindenyl)] zirconium
di chloride, rac-dinethylsilyl-bis ethyl 1- napht hyl )i ndenyl ] }

Z|rconlun1dlghiogig@meEHgXthgﬁpi Eékﬁélg' rhﬁhgpg%b_?Z(Q phenant hryl)

|ndenyl]}2|rcon|un1d|ch oride, fac

;gcpg?ﬁéihslgP n¥i% §§¥Pégﬁﬁgﬁgggpgﬁggﬁgﬁ;gﬁlﬁ§|) i ndenyl]}zirconium

oo s oo L P UL LA et )

| 10 2-cyclohexyl—2—ethoxymethyl—1,3—diethoxypropane,
2-cyclohexyl—2—methokymethyl—1,3—dimethoxypropane,
2,2—diisobutyl—1,3~dimeth6xycyclohexane,
2~-isopropyl-2-isoamyl-1, 3~dimethoxycyclohexane,
2-cyclohexyl-2-methoxymethyl-1, 3-dimethoxycyclohexane,

15 2-isopropyl-2-methoxymethyl-1, 3-dimethoxycyclohexane,
2—isobutyl—z—methoxymethyl—1,3—dimethoxycyclohexane,
2—cyclohexyl—2-ethoxymethyl—1,3—diethoxycy¢lohexane,
2—cyclohexyl—2—ethoxymethyl—1,3;dimethoxycyclohexane,
2-isopropyl-2-ethoxymethyl-1, 3-diethoxycyclohexane,

20 2-isbpropyl—2—ethoxymethyl—l,3-dimethoxycyclohexane,
2—isobutyl—2-ethoxymethyl—l,3—diethoxycyclohéxane and
2—isobutyl—2¥e£hoxymethyl—1,3—dimethoxycyclohexane.

Also available as the polyethers are

tris(p—methoxyphenyl)phosphiné,



O the conpounds, netall ocene conpounds having bul ky substituents, such as

~Fae-di et hyl silyl -bi s~1-[2-et hyl -4- (1I-mapht hyl )i ndenyl ]} zirconium T
di chl ori de, g@mcrgdi net hyl si |yl -bi s{1-[2-ethyl -4-(9-phenant hryl)

i ndenyl }}zirconiumdichloride, .

rac-di net hyl silyl - bi s{1-[ 2- n- propyl - 4- (13Rapht hyl ) i ndenyl]}zirconi um

di chl ori de and SF-781 43

rac-di met hyl silyl-bis~I-[2-n-propyl -4-(9-phenanthryi) indenyl] } zirconium
dichloride, are nore preferably enpl oyed. Exanples of the netall ocene
conpounds o |raI hav n metry include 5

et hyl ene[ 2- ﬁﬁ%ﬂﬁ'gpi%yﬁ% 9¥¥mﬁ ﬁ%hﬂ%—? ?9 fluorenyl)zirconium
dichloride et hyl ene[ 2- met hy I—4 - hepant hryl ) - 1-i ndenyl ]

(2,' 7-di met r@ﬂrp@ww%mw@r%ﬁmfh%h%@r de,

dlnethyIS|IyI(9 fluorenyl) (3-t-butyl cycl opentadi enyl) 10 zirconium

di chl ori de arRthl pteelokexyllpds {hebhenynstyl)sblagecycl opent adi enyl)
zirconiumdi chloride. The netal |l ocene conpounds nentioned above nmay be used
singly or i rdicombuaglilobs (hethwoxpnetioy k) &i hase, and may be used 15 in

conmbi nation wth the aforesaid solid titaniumcatal yst conponent ( | )

The met abl ocenel srapELAE-bet YBBds (e €RoRMEt heD) willnkhe aforesaid
organonetal | ic catalyst component (I1). One exanple of the netallocene

catal yst is fgscadped 40,061 9% ﬂ@@h&f&ﬁé%ﬁ§?ﬁ§1§§ﬁé'¥§tth§ i?kEEd from

for exanple, (a) a transition neta conpoun of G oup 4 netal of the
periodic table, t avi ng nyl skel eton,
(soneti nes referred 6&%% aési % %ﬁ f oge%gm%%ﬁgggﬁgaﬁg§8

herei nafter), (b) an o noal und, and optionally (c) a
particul ate %a}$%Q§OP¥LQ§Né§8$g%33HL 0 %ﬁ§°¥¥8r98F8Frocene conpound (a)
IS represent t he foé OW Nng fornula é In the above formul a,
Mis a tran T+% Tl it~ TbﬁPBPnEElcﬂoapdhm%FhPHE pePRB8rc tabl e,
specifically zirconium tltanrunror hafnium L is a ligand coordinated to
the tranditidn?-&e¢urlapenyl-1, 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 arometic diesters, such as
15 phthalic acid diesters, and polyethers are more preferable.
The electron donors mentioned above can be used in combination
of two or more kinds. The electren donors exemplified above
haveonlytobe finally contained inthe solidtitaniumcatalyst
component (I). In the preparation of the solid titanium
20 catalyst eomponent (I), therefore, the above compounds are
not alwaysusedas such, andother compounds capable of producing
the above compounds in the course of the preparation of the

solid titanium catalyst component (I) may be used. Also in



At least one of L is a ligand containing a |igand having a cycl opent adi enyl
skel eton, and L other than—the |igand 15 containing a |ligand having a

cycl opent adigewigiskel eton is a hydrocarbon group of 1 to |2 carbon atons,
an al koxy group, an aryloxy group, a tri;lkyIS|IyI group, a SO3R group (R
is a hydrocarbon group of I to 8 carbon fons whi ch may have a substituent
such as hal ogen), a hal ogen or hydrogen. x is 20 a nunber satisfying a

val ence of the transition netal atom Exanples of the |igands containing a
| i gand havi ng a cyclopentadienyl skel eton i nclude a cycl opent adi enyl group;

~alkyl - subst '%feq:acs}c% %Dchefﬂﬁt oy penrﬁiso‘é%% %“ﬁ@eéssé‘ SELoy! syshopentagli enyl

group, ad|eny gro

trlnethylcyclopenta ou a, tetrane cIo ntadlenyl group; a
pent anet hyl ¢l Bpent %R%%y$£gF§%p?l%°ﬁﬁ°8tﬁ9¥ I&b tadi enyl group, a

nethylethylcyclopentadlenyl a propylcyclopentadl eny

nmet hyl pr opyl cyclighsitddi B hye 2
met hyl butyl cycl opent adi enyl group and a hexylcyclopentadlenyl group; an

i ndenyl group; a hé mBracess rhhydvoepateiyd the wgrsl iahd it dniwon eratfa gy stup.
These groups may be substituted with a hal ogen, a trialkylsilyl group or
the |ike5 15ciMmendite (Tonpoomdhef a fdiee § ot dubapbuhds Lonbai ssed i cal hpr e
groups having a cycl opent adi enyl skeleton, two of the groups having a

cycl opent adi gawt r skeb @} oananyobechanged, tQhéaEBlQthhck; rodalsas alkkyl ene
group such as ethyl ene or propylene, a substituted al kyl ene group such as

i sopropyl i deggs o1 2180 di e B TRl lavl ’t%g.llll)él @Bﬁpgﬁﬁﬂplﬁrthe following
asubstitutedsi|ylene group such as dinethylsilylene, diphenylsilylene or

oty pheny| sl enes Thee! LOARYchagblish L030nEheatloand taviag L

cycl opent adi toniS, Tor e

f the hyd b f t b t | ud | kyl ,
Cycl oal kol GreERRonar o1 5P otipiehaat STky P ooRaBs. Nor e speci Tical Ly, there

can be nentioned: 5 aIkyI groups, such as nethyl, ethyl, propyl, 150fropyl
and but % cycl oaf k12 gricips H@@@ﬁ%mbyemaeéﬁflqu%aswwm y

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

hydrocarbon solvent is contacted with a liquid titanium
compound, after or with precipitating a solid by contacting
the liquid magnesium compound with an organémetallic c.ompound _
15 if necessary, and the resulting solid component is contacted
with an aromatic hydrocarbon, a liquid titanium compound and
an electron donor (ii) at least once. It is preferable to
carry out the contact of the solid component with the aromatic
hydrocarbon and the liquid titanium compound plural times.
20 (2) Acontact product of an inorganiccarrier or anorganic
carrier with a liquid organomagnesium compound is contacted
with a liquid titanium compound, after or with precipitating
asolidbycontacting the contact productwithanorganometallic

compound if necessary, and the resulting solid component is



aryl groups, such as phenyl and tolyl~ and aral kyl groups, such as benzyl
and neophyl . "t0 Exanpl es of the al koxy groups incltde nethoxy, ethoxy and'
but oxy. Exangkesgpf the aryl oxy groups include phenoxy. Exanples of the

hal ogens include fluorine, chlorine, brom ne and iodine. 15 Exanples of the
| i gands represented by SO8R incl ude a p- & uenesul fonato group, a

met hanesul fonate group and a trifl uoronet hanesul fonato group. \Wen the

val ence of the transition netal atomis 4, the netall ocene conpound (a)

containing a ligand having a 20 cycl opent adi enyl skeleton is nore
specifically_represented by the fol|ow fornmula (2):.R aRRbR3~R9dM ( 2 )
wherei nm i Lo PRERSERR FTuRLebi SroRet of BPGRPGELRERN Bhd ADARAUFACERLEN & | s
a group (ligand) having a cycl opentadi enyl skeleton, SF-781 R2, R3 and
RO are a gr ot P"RAVPALRS BRIt RN SN KEldt 8%, 1gashl Rprcegr olp, this

cycl oal kyl group, an aryl group, an aral kyl group, an al koxy group, an

aryl oxy groupro@essi ding/Fentartgeueguct mey3ipe grsuyd,ouws lakogeactedwitlvgen,
ais an integer of 1 or 5 greater, and atb+c+d=4. A netallocene conpound
wherein at |aasélogenofoRiaim®ngR3capduRd4 endybe &aardwbanom2thllikor
exanple, Rl and R2, are groups (ligands) having a cycl opentadi enyl skel eton

i s prefemabl ygorpphayed. 1t10 e AhQ PR ald eeere 6QRPEOHAACHASaEWOCPI tHON €
groups having a cycl opent adi enyl skeleton, two of the groups having a

cycl opent adi §8Yid%ﬂﬁx‘1§‘ér%h€%t@netﬂgngf&igfggghi@&aaﬂﬂﬁﬂ e Qﬁgufi%gf as

et hyl ene or propylene, a substituted a group such as 1sopropylidene

or di phenyl %€¥é??§i%§%§nghegfyﬁglg§ﬁﬁgs.or a substituted silylene group

such as dine I'phenyl'si'l yl'ené or nmet hyl phenyl silylene. R3 and

RO are a group. having.a cycl opentadi enyl ske] et an al kyl grqup, a -
cycl oal kyl group,?\f v% 113 &2 - BLYst QRANent, \n an

aryl oxy group, a trialkylsilyl }pup, 20 a SO3R rbup, a hal ogen_or
hydr ogen. The organometallic compound catalyst component (II) is

10 preferably one containing a metal selacted 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 organoaluminum compound is, for example, an

15 organoaluminumcompoundrepresentadbythefoliowingformﬁla:

R%A1X3-n
wherein R* is a hydrocarbon group:of 1 to 12 carbon atoms,
X is a halogen or hydrogén, n is 1 to 3.

R® is a hydrocarbon.group of 1 to 12 carbon atoms, such

20 asanalkylgroup, acycloalkylgrouporanarylgroup. Specific

| examples of such groups include methyl, ethyl, n-propyl,
-isopropyl, isobutyl, pentyl, hexyl, octyl, cyclopentyl,
cyclohexyl, phenyl and tolyl.

Examples of the organoaluminum compounds include:



Exanpl es of the netal |l ocene conpounds wherein Mis zirconiuminclude

“biIsti ndenyl ) zi rconi um di chl ori de, bi s(iFAdenyl ) zi rconi um di br om de,

bi s(i ndenyl )gg+7mni unbi s(p-tol uenesul fonat o) bi s(4,5,6,7 SF' -781

t et rahydroi ndenyl ) zi rconi um di chl ori de, bls(fluorenyl)2|rconlunldlchlorlde
ethylenéB"s(lndenyl)2|rcon|un1d|chlor|de 3et hyT enebi s(i ndenyl ) zi r coni um

di brom de, 5 ethyl enebi s(indenyl)di nethyl zi rconi um

et hyl enebi s(i ndenyl ) di phenyl zi rconi um et hyl enebi s(i ndenyl ) et hyl zi r coni um
nonochl ori de, ethyl enebi s(indenyl)zirconiunbi s(met hanesul fonato),

et hyl enebi s{i ndenyl. i unmbi s toI enesul f onat
ethylenebis(inde%ﬁ% %i&é%%ﬂﬁﬂ%&%%l?* r%ﬁmﬁ?ﬁﬁfkggﬁﬁiﬁﬂﬁ%ﬁm'

et hyl enebi s(4, 5, 6, 7-tetrahydroi ndenyl ) zi rconi um di chl ori de,

i sopropyl i de‘?%’(%wjoi‘)%‘m‘%&i‘%nwl#FGBF@HVIlF%PF‘éBHI“uﬁr&l&ﬂbd’r'qydél%num'
|sopropyl|dene(cyclopentad|enyl met hyl cycl opent adi enyl ) zirconi um

di chl ori de, ©fiethydatuyleerebingd cyelopeatanikeyy}alusbnumm di chl ori de,
di et hyl si | yl enebi s( et hyl cycl opent adi enyl ) zi rconi um di chl ori de, 20

di met hyl si | yl enebisiall et hlyd oyl roppen) asliehyd s zt r Chsopreny thl omidem;

di met hyl si |l yl-enebi s(tri nmet hyl cycl opent adi enyl ) zi rconi um di chl ori de,

di met hyl §i | yl enebd 54 1 ¥nghleamyihn 2n ire Ofth UDlds £hé@€h d€s dimethylaluminum

di met hyl si | yl enebi s(i ndenyl) zirconi unbi s SF- 781 |
chloride, diethylaluminum chloride, diisopropylaluminum
chloride, diisobutylaluminum chloride and dimethylaluminum
bromide; |
alkylaluminum sesquihalides, such as methylaluminum
10 sesquichloride, ethylaluminum sesquichloride,
isopropylaluminum sesquichloride, butylaluminum
sesquichloride and ethylaluminum sesquibrémide;
alkylaluminum‘dihalides, such as methylaluminum
dichloride, ethylaluminum dichloride, isopropylaluminum
15 dichlofide and ethylaluminum dibromide; and
alkylaluminumhydrides, suchasdiethylaluminumhydride,
diisobutylaluminum hydride and ethylaluminum dihydride.
Also employable as the organcaluminum compound is a
compound represented by the following'formula.
20 . R%AlYs,
In the above formula, R* is the same as described above,
Y is ~OR®, -0SiR%, -OBAR%, -NR%;, -SiRf; or -N(RY)AlR";, and n

is 1 to 2.



(trifluoronethanesul fonato), . ,

di net hyl si | yl enebi s(4, 5, 6, 7=tetrahydroi ndenyl-) zi r coni um di chl oride,
di met hyl si | ydggeureg£ycl opent adi enyl -fl uorenyl ) zirconium 5 dichl ori de,
di phenyl si |l yl enebi s(i ndenyl ) zi rconi um di chl ori de,

met hyl phenyl si | yl enebi s(i ndenyl ) zirconi uddi chl ori de,

bi s(cycl opent adi enyl ) zi rconi um di chl ori de, w bi s(cycl opent adi enyl ) zi rconi um
di brom de, bis(cycl opent adi enyl ) net hyl zi r coni um nonochl ori de, 10 :
bi s(cycl opent adi enyl ) et hyl zi r coni um nonochl ori de,

bi s(cycl opent adi | Leyclsohexyl.zi r coni.ym_nonochl or| de, , ‘
bis(cyclopentadiggil phg%y?ﬁ?%%d%??ﬁﬂ%ﬁﬁﬁ%yhﬁgﬁwhe,1s°pr°pyl' isobutyl,

bi s(cycl opent adi enyl ) benzyl zi rconi um nonoch| ori de,

bi s( cycl oper®%et @agxY:i RGHWNPAIACALER) R D hoidredere, meshyl, ethyl,

bi s(cycl opent adi enyl ) net hyl zi r coni um nonohydri de,
bis(cyclopeni%@@éﬂ&ygdi@hﬁﬁ@dzf&nﬂmﬁhhﬁlSilyl or the like, and R® and RY

bi s(cycl opent adi enyl ) di phenyl zi r coni um

bi s(cycl openamelireayhyd} betkzyl zor coneuinikbi.s(cycl opent adi enyl ) zi r coni um

met hoxychl ori de, 20 bi s(cycl opent adi enyl ) zi rconi um et hoxychl ori de,

bi s(cycl gpent adi emyn@1&s o l@%}‘ﬁ(d@%&%@%&hi%ﬁttéﬁm ounds include the
bi s(cycl opent adi enyl ) zi rconi unbi s(p-tol uenesul f onat 0) ,

bis(cyclopenf@giggyﬁgzggﬁﬁthgpgs (trifluoronethanesul fonato), SF- 781
bi s(met hyl' cycl opent adi enyt ) zi rconi um di chl ori de, '

bi s(di net hyl I t adj i i igh Lee,
0 St ety ovel obept adhenAg! SORLUM AL ENLAT 0% ()1, such o
o U ety S5yl eRehL s enil) £t £o0L Ul 5,2 (6L LA, L haNealf 1 )

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

bi s(propyl cyetbpeRvhdt8hYR RRRCBAEDARAAER] or i de,

bi s(met hyl propyl cycl opent adi enyl ) zi r coni um di chl ori de, 10

bi s(but i0cycl opent i eagrpoundsnrepreasented By, R%AL (OSiR%) 3-n, such as
bi s(met hyl butyl cycl opent adi enyl ) zi rconi um di chl ori de,

bi s( met hyl buE§ixy 6dDipided)adi (eeyd-Rzi)L2dR08HNes) and (iso-Bu)Al (OSiEts);

(1ii) compounds represented by RanAl(OAlez).:;-n, such as
"Et,A10AlEt, and (iso-Bu),Al0Al (iso-Bu)s;
(iv) compounds represented by R%Al (NR®2)3-n, such as
15  Me2AlNEt2, Et,A1NHMe, Mep,ALNHEt, Et,AlN(Me3Si), and
(iso~Bu),A1N (Me3Si),; |
(v) compounds represented by R%Al(SiR%)ym, such as
(iso-Bu),AlSiMes;; and
| (vi) compounds represented by R*AL[N(RY)~-A1R™;]3-n, such
20 as Et,AIN(Me)~-AlEt, and (iso-Bu),AIN(Et)Al (iso-Bu);,.
Also available are compounds analogous to ﬁhe above
compounds, such as organocaluminum compounds wherein two or

more aluminum atoms are bonded through an oxygen atom or a

nitrogen atom. Examples of such compounds include



(et hanesul fonat o), bis(trimethyl cycl opentadi enyl) zirconiumdichloride, 15
bi s(tetranmet hyFFeycl opent adi enyl ) zi rconi um di chl ori d&—

bi s( pent anetgB+T8x| opent adi enyl ) zi r coni um di chl ori de,

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

bi s(trimethylsilyl cyclopentadienyl)zircosPum dichl oride. In the above :
exanpl es, the di-substitution products of 20 cycl opentadi enyl rings include
1;2- and 1, 3-substitution products, and the tri-substitution products of

cycl opentadi enyl rings include 1,2,'3- and 1, 2, 4-substitution products. The

al kyl groups and | 4 isopgerns such as n-, iso-,
sec- and terg§§§26%§9219@¥¥%§1 éﬁﬂﬁ%ﬁ%%gﬁggeaﬁaﬁegﬁdzirconiunlis repl aced
with titaniu ni in.the above- penti oned zirconi um conpounds are
B 50 enpi oy alshet A BLGERNG ¢ chpBihBeRRasS 1RedaNERIPBOREE may be
used singly or in conbination of 5 two or nore kinds. These conpounds may
be used, di IWEYTHELIPLRNES hy §HEEATeRL by 21 pral peeaRe edrApdiseaidioa e t he
nmet al | ocene conpound (a) , a zirconocene conmpound having zirconiumas the
central netal atod @myaredlvgpiaun easpound téppaesisn tentai hhagfel lowing
cycl opent adi enyl skeleton is 10 preferably enpl oyed. (b) O ganoal um num
oxy- conpdbundfdireuba gasoal s amploxybtenpound (b) is, for exanple, a

hi t herto known al unmi noxane or a benzene-insol ubl e al um num oxy-conpound as

di scl osed i n Japagregeryat ent Lai d- Open 15 Publication No. 276807/1990. The
hit herto known al.um noxane can be prepared fromthe | ater-described

or ganoal um iR £OIRORNA(D-APYy fPre AP fne LhE 4OLLLYHEY DEGTESSES.

'Ex;ﬁplés of the organoboron compounds include
triphenylboron, tris(4-fluorophenyl)boron,

10 trisk3,5—difluorophenyl)bofon,
tris(4-fludoromethylphenyl)boron,
tris(pentafluorophenyl)boron, tris(p-tolyl)boron,
tris(o—tolyl)bbron, tris(3,5-dimethylphenyl)boron,
hexylborane, dipyclohexylborane, diamylborane, |

15 diisopinocamphenylborane, 9—b0rabicyclo[3.3.1]nonane,

»catéchol borane, B-bromo-9-borabicyclo[3.3.1l]lnonane,
borane-triethylamine complex and borane-methyl sulfide
complex.

An ionic compoundmay be used as the organoboron compound.

20 Examples of such compounds include
triethylammoniumtetra (phenyl)boron,
tripropylammoniumtetra (phenyl)boron,
trimethylammoniumtetra{p-tolyl)boron,

trimethylammoniumtetra (o-tolyl)boron,



(.1 ) An organoal um num conpound such as trial kyl al umi num 20 is added to a

hydroecar bon nedi um suspensi on of a conpaund contai ning adsorption water or

a salt cont a®B+r"mglwater of crystallization, e.g., magnesium chloride
hydrate, copper sulfate hydrate, aluninug*$ulfate hydrate, nickel sulfate
hydrate or. cerous chloride hydrate, to p ormreaction, and SF-781 52
the al um noxane is recovered as a solution in the hydrocarbon. ( 2) Water
(water, ice or water vapor) is allowed to directly act on an organoal um num
- conpound- such as trial kylalum numin a nedium such as benzene, tol uene,

ethyl ether of: ontleghydiabiigceatd (bR AINLIGKAG 1 posgater od as

solution in the above  nedi um ganot 1 n ox as dlnethyltln

oo mpound suﬁﬁﬂé&@?raﬁzﬂ?ahéﬁnum . % RoeeEhvikbAngd) Bo2BRe" 10 benzene or
t ol uene. i ple . that the solvent or the unreacted organoal um num
conpound |s #Ehg ﬁugygﬁFPW8nﬂB@595Fé psBF&?ﬁHﬁr8ﬂe§ u%Ph&%aaébeyon'

distillation and the remainder is redissolved in a solvent. 15 The

or ganoal umi niinYoRynebhibandlipy urigteakphienya) beabn, anount of a netallic
conponent other than alum num (c) Particulate carrier Exanples of the
particul & e @heycepBeky)anpphonmkteyrasptenydl) bdeonnor gani c carriers, such
as Si 02, A1203, B203, MO, Zr02, 20 CaO Ti 02, ZnO, Zn20, Sn02, BaO and
ThO and restntphenghnhrbeaiuhééskakmehpentafluorophenyl)borate,
aspol yet hyl ene, pol ' ypropyl ene, pol y-1- but ene, pol y-4-nethyl -1-pentene and a

' Styrene/dlVIMbe@ﬂﬂ@ﬂByméﬁthﬁﬁhthErhHQ%Qpe§tQ%lh§erﬁEﬁ&§@b%raE@ese
carriers can be used in conbination of two or nore

bis[tri (n-butyl)ammonium]nonaborate and

bis[tri (n-butyl)ammonium]decaborate.

10 Thealkylcomplexcompoundofaérouplelementandaluminﬁm
is, for example, a compound represented by the folldwing
formula: | |

MlAle;
wherein M} is Li, Na or K, and R} is a hydrocarbon group of

15 1 to 15 carbon atoms.

Examples of such compounds include LiAl (CzHs), and
LiAl (CyHis) 4

Exaﬁples of the organoboron compounds and the alkyl
complex compounds of a Group 1 element and boron include

20 compounds having a structure wherein aluminum is replaced with
boron in the aforesaid organoaluminum compounds and in the
alkyl complex compounds of a Group 1 eiement and aluminum,

respectively.

(iII) Electron donor




SF-781 Preparation of netallocene catal yst Wien the netall ocene catalyst is
a solid netall ocene catal yst—consisting essentially of the netaltocene
conpound (a)SEF-7B& or ganoal um num oxy-conpound (b) and the particulate 5
carrier (c), this solid netall ocene cataJiﬁﬁ is formed by supporting the
nmet al | ocene conpound (a) and the organoalum num oxy-conpound (b) on the
particulate carrier (c) in accordance with a hitherto known nethod. The
solidnetal | ocene catal yst' naybe formed by supporting 10 the | ater-descri bed
or ganoal um num conpound (b-2) together with the netall ocene conpound (a)

and the organoal URKNUALOXY < u ) he_particul ate carri.er. .In the
preparation of the soIidéﬁgﬁggpgcg%gg?aégﬁgéf,t %ecgaégangbgﬁ@vaéﬁﬁ%ﬁhd (a)
e a transjti net al ath1of usual ly

is used in a at-.in t 5 of ti.0

0.001 to 1_08;%%}3?69%%%@&361@{;% 3GErpRdgreT ) thakdg usecitor BrepaEing
particul ate rrier.(c),,,_and the qrganoal um num oxy-conpound (b) is used
in an anount Eﬁ? ?J%Ljacﬁl%quril% CRIG LR ?Oﬁpéﬂéﬂ‘éb@ya%eﬂ’@lz’@a ;. aRd The
solid netal | ocene catal yst has a particle dianmeter of usually 1 to 300 um
preferably 1873 IBOP U icreceBPPungwesreseatedday dhesto Iimyw icanfarmulaf
necessary, other conponents useful for the ol efin polynerization, such
SF-781 54 asianaébecemphogaebde.and a reaction assistant, together with the
above-nenti oned catal yst conponents. The solid netall ocene catal yst for use
in the invention Rggi p&R‘a) prepol yneri zed cat al yst obtai ned by

prepol ynerizing 5 an olefin onto the solid netall ocene catal yst. Wen the

ol efin pol ynhezeihOR kadCarr aed o Hr!é%ia%ohh%r%%g%',' AP LRl yst, the
fol | owi ng organoal um num conmpound (b-2) can bé used together with the

metal locene catal ¥abmpl 8520 XA HENYTN GNP unds represented by

the above formula include trimethylmethoxysilane,

10 trimethylethoxysilane, dimethyldimethoxysiiane,
dimethyldiethoxysilane, diisopropyldimethoxysilane,
tert—bﬁtylmethyldimethoxysilane,
t—butylmethyldiethoxysilane,tert—amylmethyldiethoxysilane,
diphenyldimethoxysilane, phenylmethyldimethoxysilane,

15 diphenyldiethoxysilane, bis—o—tolyldimeﬁhoxysilane,
bis-m~tolyldimethoxysilane, bis-p—tolyldimethoxysilane,
bis—p-tolyldiethoxysilane, bisethylphenyldimethoxysilane,
dicyclohexyldimethbxysilane,
cyclohexylmethyldimethoxysilane,

20 cyclohexylmethyldiethoxysilane, ethyltrimethoxysilane,
ethyltriethoxysilane, vinyltrimethoxysilane,
methyltrimethoxysilane, n-propyltriethoxysilane,
decyltrimethoxysilane, decyltriethoxysilane,

phenyltrimethoxysilane, y-chloropropyltrimethoxysilane,



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

or ganoal um num=tonpounds (b-2) for the ol efin polynerizati on and used for
preparing theFa¥8iesaid solution of the organoal um num oxy-conpound (b),

i nclude: trial kylal um nunms, such as trinethylal um num 15 triethylal um num
tripropylal um num triisopropylal um num §3i-n-butylaluninmﬁ' _
triisobutylalumnum tri-sec-butylalumnum tri-tert-butylalum num
tripentylalum num trihexylal um num trioctylalunm num tridecylal um num
tricycl ohexyl al um num and 20 tricycl ooctyl al um num di al kyl al um num

na,1ides, Syghngs di gehaylalumaum.chl el de. dLethylglum num chi or de,

di et hyl al um num Brom i1 sobuty m num-chlroride: SF-781 ,

i sobutyl ol UNKONT hORDHYSHLATEy! S bR IS Y S anens

di met hyl al unmi num net hoxi de and _di et hyl al um num et hoxi de; and 5

di al kyl al um ﬂﬁﬁ?’éﬁ%k?‘a@@?‘@&éﬁn&s disertyltFiethogysidangs. O these,
trial kylalum nuns are preferable, and triethylal um num and _

triisobutyl abbanplbraethpaysidahar,| y-pnethepabpeltiDethsrystphagabl e as the
or ganoal um num conpound i s isoprenylal um num represented by the follow ng
formul a: J ichDbl@o)rridbhokyEShlame) Zthydreiidsvpropoxiydidames positive

i ntegers, and zZ2x. These organoal um num conpounds nay be used in

conbi nation ¥bnof ttwbuebxiyere akiendeycibd ckiyaaraakimoxy®iagmound (b-2) may
contain a small anmount of a netallic conponent other than al um num Wen

the organoal uokNYALEYTRLYBENCRYR) 12565 UBRALBH rAR nkRe iR HISHY Al fAr T i er
(c) together mnth‘the net al | océne _
2-norbornanetriethoxysilane,
2-norbornanemethyldimethoxysilane, ethyl silicate, butyl
10 silicate, trimethylphenoxysilane, methyltriéllyloxysilane,
vinyltris (B-methoxyethoxysilane), vinyltriacetoxysilane,
dimethylteﬁraethoxydisiloxane,cyclopentyltrimethoxysilane?
- 2-methylcyclopentyltrimethoxysilane,
'2;3—dimethylcyclopentyltrimethoxysilane,
15-‘cyclopentyltriethoxysilane, |
-dicyclopéntyldimethoxysilane,
bis(2-methylcyclopentyl)dimethoxysilane,
bis(2,3—dimethylcyclopentyl)diméthoxysilane,
dicyclopentyldiethoxysilane,
20 tricyclopentylmethoxysilane,
tricyclopentylethoxysilane,
dicyclopentylmethylmethoxysilane,
dicyclopentylethylmethoxysilane,

hexenyltrimethoxysilane,



20 conpound (a) and the organoal um num oxy-conpound (b), the organoal um num
compound (b-2) is used in an anmount of USually 1 to 300 nol, preferably 2
to 200 nol; $&s@8lon 1 nol (in terns of a transition netal aton) of the
solid netallocene catal yst. SF-781 Pre %{ation'of unnodi fi ed pol yol efin

In the present invention, an olefin of 2<% 20 carbon 5 10 atons is

pol yneri zed or copol ynerized in the presence of the catalyst nentioned

above to prepare an unnodified polyolefin. Exanples of the olefins of 2 to
20 carbon atons preferably usedincl ude

ethylene,prq&yé§g§®§%ﬁgggﬂgtg%ggﬁggggéigghgne, 3- et hyl - 1- pent ene and

4- met hyl - 1- pentene. e non y uSed singly or in conbination of

two or nore %%99§%68£%F3¥mg9h§3ﬁ§kxgﬁégz d with polynerizabl e nononers such
r an Ol et ns.

as di enes ot ABfrers are used singly, propylene

is 15 particul arl eferabl e, When the_nononers are used in conbination of
two or nore %Y%%%gegéﬁ%ghﬁbe%@eBhoéﬁﬁyﬂéﬁé aRd propyl ene; ethyl ene and

but ene; et hyl ene and octane; ethylene, propylene and butene; and ethyl ene,
propyl ene aneYel fReREvlpineehubebhoxeioketin pol ynerizati on can be carried
out by any of 20 liquid phase pol ynerization, such as sol ution

pol ymeri 2ati on ar@if stispensipre petyhkyi aatdoareaathgasr phaEexpel yane, zat i on.
As the polynerization reaction type, suspension polynerization is

preferably aueptepylésitticoxeecians, sebyenbutoltthetfygpenshag, o
pol yneri zation, an inert hydrocarbon solvent may be used, or an ol efin that

I's liquid atviheltessth éﬁm@éﬁtﬁhenmr@ewéﬁgsua%f?m o7 - Exanpl es of
the 1 nert hydrocarbon nmedi a enpl oyabl e”i n thesuspension pol ynmeri zati on

include ali ppat{ £t PN OSRY PPDSne, diphenyldimethoxysilane,

pﬁenylmethyldimethoxysilane, bis-p-tolyldimethoxysilane,

10 'p—tolylmethy;dimethoxyéilane,dicyclohexyldimethoxysilane,
cyclohexylmethyldimethoxysilane,
2-norbornanetriethoxysilane,
2-norbornanemethyldimethoxysilane, phenyltriethoxysilane,
dicyclopentyldimethoxysilane, hexeﬁyltrimethoxysilane,

15 Cyclopentyltriethoxysilane,tricyclopéntylmethoxysilaneand
cyclopentyldimethylmethoxysilane.
| .Also employable as the electron donors (III) are
nitrogen-containing electron donors, such as 2, 6—Subs£ituted
piperidines, 2,5—substituted piperidines, substituted

20 methylenediamines, specifically
N,N,N’,N’-tetramethylmethylenediamine and
N,N,N’,N’-tetraethylmethylenediamine, and substituted
imidazolidines, specifically 1,3-dibenzylimidazolidine and

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




such as propane, butane, pentane, hexane, heptane, octane, decane, dodecane
and kerosine; alicyclic hydrecarbons; such 5 as cycl opent ane, cycl"ohexaneand
met hyl cycl op&ft &8®; ar omat i ¢ hydr ocar bons, suchasbenzene, t ol uene and xyl ene;

___hal ogenat ed hydrocarbons, such as ethyl epg chl oride and chl orobenzene; and

conbi nati ons of these hydrocarbons. O these, aliphatic hydrocarbons are
particularly preferably enployed. 10 When the. unnodified polyolefinis
prepared by the use of the magnesi um supported titani um catal yst system as
a catalyst, the solid titaniumcatal yst conmponent (1) or its prepolynerized

catal yst i s ¢bedtidnadoRdPYNts@Eh UssGhys ot s 0. Y101 dO0 iethyl
preferably about 0.005 to 20 mml, in terns 15 of titaniumatom based on 1

liter of the,pobyRerizatipo, Vol 0 ' 3&59? st
-conponent (Ie[IJ) ilbs! used %n an grr%%%% %&%ﬁ%gﬁgf a@%%‘%ﬁfﬁ&ﬁq ca éﬁg%y
conponent (lJl).of _ I to_200 I eferably about 2 to 500
nol, based d%gﬁ nn#ﬁg?htégggﬁﬁgE%Ungg 6ﬁgPﬁ%¥%eBé8FPél Ffaniun1catalyst 20
conponent ( L.).in the | ynerization system The electron donor (111 ) is
used in an dﬁb%ﬁ%y%TnD§E§Y¥yp%95abit?oa%é ﬁb??h¥%29%9¥ﬁﬂ8hQﬁEﬁF?%g53%%I,
based on_1 nol of the nmetal atomin the organonetallic conpound catal yst
conponen® (19¥ygenseonpBainigy| aleabrpdl $aRPE at $0fh D cbss Subgt bhwted of
hydrogen is in the range of usually 0 to 0.25 nol, preferably 0 to 0.20
mol , nore pre¢erabygropyvads.arki @pl5-shibsdad tortell tet rahytdhepyoanser . TMéen

t he magnesi um supported titanium catal yst system5 is used, the

pol ymer i zat i ehetenpridatndre K 1)méhei sasgabofreusiiibé Msabidul cdfbina 806E,
preferably about 50 to 150C, and the polynerization pressure is in the

" range of 0. &% twolBrMiarepkehasably 0.05 to 5 MPa. Wen the unnodified
polyolefin is prepared by the use 10 of the netall ocene catalyst as a

catal yst, the anmount of the net@gl{9cehe.coMpoLRd, {a) used in the
pol yneri zation systemis in the‘rangEfo—UsuaggyxﬁT00005 to 0.1 mol;
pr f er aly 0. 0001yf0 0% MURLyLaSEd 08 1Li bigL gt pblie pol yrreri zati on
vol ume. The organoal um num oXy- conpoun _be is used rn°such 15 an anount
that the mol ar ra‘&‘fn(e)réAlléN?Hoofs‘pterc]sf?!:ulpirqlf@a%g.gw on the metallocene
catalyst foruseinthepreparationof the unmodi.fied polyolefin,
and a metallocene catalyst publicly known is employable.
‘Examples of the publicly known metallocene catalysts include
15 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
a single compound, and the compound may be supported on another
20 compound or may be a homogeneous mixture with another compound

or may be a complex compound or a double compound with another

-compound.



(Al ) to the transition nmetal atom (M in thenetall ocene conpound (a)
beconmes 5 to 1000, preferably 10 to 400. If the organéal um num conpound
(b-2) is use8F-7B& organoal um num conpound (b-2 ) is used in an.anmount of
usual 'y about 1 to 300 20 nol; preferablﬁgfbout 2 to 200 nol, based on 1
mol of the transition nmetal atomin the al | ocene conpound (a). Wen the

met al | ocene catal yst is used, the polynerization tenperature is in the

‘range of usually -20 to 15.0 C, preferably O to 120C, nore preferably 0 to

100C, and the pol ynerization SF-781 59 pressure is higher than 0 MPa and
not hi gher than SOPPEhePbﬁgﬁﬁe?kykﬂggheﬁekgﬁgoge caand 9§%sh' her than 5
an 0 by an%

MPa. The ol efin polynerization e carrie u Bat'chw se,

sen -contin t i nuous pracesses. .The 5 pol ri zatign can be
carried out ul?%t??\%gggggrgh#%#%?%rb@ c%n%l iE éfg'ﬁﬁf:glléégfﬁ‘@rp%@%dﬂ%%%?ﬂ n

t he olefin;polyg?rizati%n, a honopol yner of an olefin nmay be prepared, or a
random copol §her - ndy"BetpYepsr BISELEAPL X0 eBPLRYEE ki nds of ol efi ns. - For
preparing a branched pol yol efin wherein the 10 conposition of the olefin
chain (A) is the $3aBPASSt At the mpkadleteneckampo(Bys, ofhe whiwdilf i ed

pol yolefin to be prepared in the olefin polynerization is preferably

pol ypr opy engtraaturhi bapohypf8pylmnetdgsinahlichas a density of 0 . 880 to
0. 960 g/cnB, particularly 0.890 to 0.950 g/cnB8, and MFR of 0.05 to 15
1,000 g/ 10 nrac-ethylenkabliy (Andeh9l150rgbh@uni Bicheribae pol ypropylene is
a copolyner, the anmount of the copolynerized conponent is desired to be

usually not raéeethaled-BibYtaRLanpaLblaULALLY 0boHILA HIRR1BY:RE MOI

For preparing a branched pol yol efi n"wherein conposition o

" olefin chai Ted &)t feHhASEE0L-bEOTY) 826 0L1hRengh 8LL2ERANR a6 kN A

unnodi fied pol yolefin
' zirconium dichloride,

10 = rac-dimethylsilyl-bis[1l-(4-phenylindenyl)]zirconium
dichloride,
rac—dimethylsilyl—bis[1—(2-methyl—4—phenyiindenyl)]
éirconium dichloride, |
rac-dimethylsilyl-bis{1-[2-methyl~4-(l-naphthyl)indenyl]}

15  zirconium dichloride,
:ac—dimethylsilyl—bis{l—[2—methyl-4-(2—naphthyl)indenyl]}
zirconium dichloride;
rac-dimethylsilyl-bis{1-[2-methyl-4-(l-anthryl)indenyl]}
.zirconium diéhlbride,-

20 rac*dimethylsilyl—bis{l-[2-methyl—4-(9-anthryl)indenyl]}
zlirconium dichloride,
rac—dimethylsilyl—bis{l—[2—methyl-4—(9—phenanthryl)
indenyl] }zirconium dichloride,

rac-dimethylsilyl-bis{1l~[2-methyl-4-(o-chlorophenyl)



in the olefin polymerization is preferably a copolyner of ethylene and an
olef—in of 3 to 20 carbon atons, and thistcopol yner has a density of 0.850
to 0.900 g/ cAB-7Bleferably 0.858 to SF-781 0.898 g/cnB, nore preferably
0.855 to 0:895 g/cnm3, MFR of 0.1 to 50 g/ mn, preferably 0.2 to 40 g/ 10
mn, nore preferably 0 . 3 to 30 g/10 m-n;*and a crystallinity, as nmeasured

by X-rays, of less than 30 ~, preferably less than 28 ~, nore preferably 5

| ess than 25 ~. Modification of unnodified polyolefin The functional

. group-containing polyolefin is obtained by graft nodifying a part or the

whol e of theitasndified reehyeheliipnMotl q@ graft nononer sel ected from
unsaturated 10 carboxylic acids and their ‘derivatives. Exanples of the

unsat urated garbgxMmbifvachdsiandtheik _derivatives enplgyable in the graft
modi fication include ugga%uiétggségrﬁgx&%Féy cﬁdé?%ﬁﬂ%ﬁi reahpnYd Jacid,
mal efic aci d; ) i .tetrahydrophthalic acid, itaconic acid, 15
citraconic a%?é?ﬁggggggggggépﬁ,d?§§2?5ﬂ firc aci d and nadic aci dTM

- (endoci s-bi cycl o[,2, 2 ept - 5-ene-2, 3-di carboxylic acid) and their
¥Siencngeuiathar-h

derivati ves, T8fc &8 [ladRaeshyilmddebenaitiydieindds Jand esters,
specifically, mal enyl chloride, nmaleimde, nmal ei c anhydride, citraconic
anhydri de, nohbhEPRYEM28irhilestde, di net hyl mal eate and gl ycidyl naleate. Of
these, preferable are unsaturated carboxylic acids and anhydrides of these
aci ds, and pé@@f@ymathylpiéyérhbbélaﬂé—aahgﬂ#a—aQL@aph@ﬁ&Q)a&ﬂ@ﬂyl]hinic
acid and anhydrides of these acids. In order to prepare the functional

~ group-cont ai pingopblyobéthhori8E; 78] through graft copol ynerization of the

unnodi fied polyolefin with a graft nonomer selected fromthe unsaturated
carboxylic rac—dimethylsilyl-bis{l-[2—ethyl-4-(9—phenanthryl)

indenyl] }zirconium dichloride,

10 réc—dimethyléilyl—bis[l—(2~n-propyl—4-phenyiindenyl)]
zirconium dichloride,
rac-dimethylsilyl-bis{1-[2-n-propyl-4- (1-naphthyl)
indenyl] }zirconium dibhloride and
rac-dimethylsilyl—bis{l—[2—n-propyl—4—(9—phenanthryl)

.15  indenyl]}zirconium dichloride. |
Of the compounds, metallocene compounds having bulky
substituents, such as
rag-dimethylsilyl—bis{l—[2-ethyl—4—(l—naphthyl)indenyli}
zirconium dichloride,

20 rac—dimethylsilyl—biS{1—{2—ethyl—4—(9—phenanthryl)
indenylj}zirconium dichloride,
rac-dimethylsilyl—bis{l—[2—n—propyl—4-(l—naphfhyl)

indenyl]}zirconium dichloride and



acids and their derivatives, various processes hitherto known are

adopt abl e. Sgﬁgyag?anple, thére are a process conprising nelting the

unnodi fied p yJI in and adding a graft nonomer to performgraft

copol ynmeri zation, and a process conprisingsdi ssolving the -
unnodi fi edpol yolefin in a solvent and adding a graft nonomer to perform
graft copolynerization. .In either process, it is 10 preferable to carry out"
-the reaction in the presence of a radical initiator in order to efficiently
graft copolynerize the graft nonomer. The graft copol ynerization is carried

out at a tenpecadime thfylLusilail-b 60 10 8506 rHiA TAdj | 144l rois used
in an 15 amount of usually 0. 001 to 1 part by meigﬁ%%%gggghgﬂk%do parts by

wei ght of t hendergdilfhizaddesl e &f A1 o EXAOP6% @érégb%ﬁedr;a@@s{e@ipék%gfs

enpl oyabl e herein include organi c peroxides and organi

Specifically,'theggganhe i.0 nzoyl peroxide, 20 dichl oraqbenzoyl
per oxi de, di cunyl pgrgXF%eF&§?&§%3%-§$;ﬂc &r Sompounds of a chiral

2, 5-di et hyl - -di.(peraxybenzgat e) hexyne- 3,

- 1,4-bis(tert§§E§§ﬁ3%§o%§W§@§fégyﬁﬁbﬂﬁféﬁéHQ%%qﬁﬂ pe roxide, tert-butyl
peracetate, 2,.5-dinethyl-2, 5-di(tert-butyl peroxy)hexyne-3, SF- 781

2, 5-di met%yl ?Egggaf‘&[gr@%‘m “HerSphearaidr wle rlHumdgnyidr benzoat ~,
tert-butyl perphenyl acetate, tert-butyl perisobutyrate, tert-butyl
per-sec-octoégéflPQF?nHGﬂ%ﬂrﬁémﬁmvaHAD@;omdmpb per pi val ate and
tert-butyl perdiethyl 5 acetate. Al so enployable are azo conmpounds, such as
azobi si sobut EBHenell @ -med hyilrdt-HPl-phzaanebutin atiei nderyngse, preferable
are dial kyl peroxides, such as dicunyl peroxide; di-tert-butyl peroxide,

2, 5- di met hyl {2, B-difiteny1bot-riperexyl hex¥een3url @ichlor
2,5-dinEthyI-2,5-di(tert-butylperof?}hexane ang tchloride,

1, 4- bi s(tertdbméyhpgéewhﬁfgprfq%'r)eh?ﬂ%qget-wtw?ﬁ’féﬁg% %h%%aﬁﬁ]tyi]t)y of the

group-contai ni ng pol yolefin (C) obtained above,

unsat ur ateed §8aF8OXY1InC d2ehe 0% it erivative is in the range of 0.05 to 15
15 ~. by weight, preferably 8.18§ ?8g13 ~ by weight, nore preferably 0.1 to

10~ by wel 6hipnbA5ed: 20118 A0RYAN, 91 (S0E-BATDILY SRS SR
'zirconium dichloride.
The metallocene compoundé mentioned above may be used
'singly or in combination of two ‘or more kinds, and may be used
15 in combination with the aforesaid solid titanium catalyst
component (I).
The metallocene compound is used in combination with the
aforesaid organometallic catalyst compbnent (II).
| One exahple of the metallocene catalyst is described
20 -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



When the functional group-containing polyolefin (C) is a polyolefin
obt ai ned by nodifyi-ng an ethyl ene (co) polyner, 20 this-polyolefin
desirably haSE##8lof usually 0.001 to 1,000 g/10 nin, preferably 0.05 to
500 g/10 mn, nore preferably 0.01 to 100 2/10 mn, and a density of
usual Iy 0.70 to 1.0 g/cnB, preferably 0.7%%t0 0.98 g/cnB8, nore preferably
0.80 to 0.96 g/cnB. This functional group-containing polyolefin (C

SF-781 63 is preferably used for the preparation of a branched pol yolefin
wherein the conposition of the olefin chain (A) is different fromthat of
t he ol efin chajgts1B)o ctiyn Qups.cont ai ni ng pol yolefin (C
is 5 a polyolefin obtczfﬂlgétrjbébﬂ}%n% I fé%)ngar{ae%lg’by teenrg ‘‘co) polyner, this
polyol efin desira S of usually 0.05 to 1,000 g/ 10 mn, preferably
0.1 to 500 g/10 mt{nw %glreo g'ger}oeérla%qu'ﬁ?/?xtyo'%@%%’% mn, and a density of
usually 0.880 to %960 %.}cnﬁ, preferably 0. 890 to 0. 950 g/cnB, nore
preferably 0. 900 8 aﬂddb/cnﬁ. Thi s functional group-containing
polyolefin (C) is preferably used for the preparation of a branched

pol yol efi n wherei dS¢hé EeH¥dSwiade slantiewl efin chain (A) is the same as
that -of the olefin chain (B). (D) Termnal nodified polyolefin 15 The
term nal $odified polyol efin ((B) Metaljokgakekbmpbavidng an ol efin
conposition which is the sane-as or different fromthat of the functional
gr oup- cont ai ni ng &hef metpdllpwene GompRtineoNtzai RisNG rés%qﬁ._tecpqﬁ, QP
capable of reacting wth a carboxyl group or an acid anhydride "group at
only the posifbilabwaBgoffoshaila end., The termi nal nodified polyolefinis
preferably a polyolefin having a group capable of reacting with a carboxyl
group or an acid mapydride group at only one-si ﬁf-end. The ~ term nal
nodi fi ed polyolefin (D) becones the ol efin chai )(B) , and the group
capabl e of reacti LEh r r oyp. or F 781 6~ an acid anhydride
group becones . a bgﬁdﬁh%vﬁﬁagg ?g?ﬁg%gr grbﬁpa tfamsition metal atom of

10 Group4oftheperiodictable,specificallyzirconium,titanium
or hafnium.
L is a ligand coordinated to the transition,metél atom.
At least one of L 'is a ligand containing a ligand having a
cyClopéntadienyl skeleton, and L other than the ligénd
15 contaiﬁihg a ligand having a cyclopentadiéﬁyl skeleton is a
hydrocarbon group of 1 to 12 carbon atoms, an alkoxy group,
,'an aryloxy group, a trialkylsilyl groﬁp, a SO3R group (R is
a hydrocarbon group of 1 to 8 carbon atoms which may have a
substituent such as halogen), a halogen or hydrogen. x is
20 a number satisfying_a valence of the transition metal atom.
Examples of the ligands containing a ligand having a
cyclopentadienyi skeleton include a cyclopentadienyl group;
alkyl-substituted cyclopentadienyl groups, such as

a methylcyclopentadienyl group,



for linking the olefin chain (A) to the olefin chain (& . Exanples of the
groups-capabl e of reacting with a carboxyl~—group or an acid anhydride group
i nclude a hy8FoX$RL group, 5 an al koxy group, an ani no group, an imno group
and a hal ogen. O these, a hydroxyl group ?ﬂd an -am no group are
preferable. The term nal nodified ponoIé?'n (D) can be prepared by, for:
exanpl e, a process conprising preparing a polyolefin having a Goup 13

el enent - cont ai ni ng group represented by -AlRIRZ at 10 an end ( said

pol yol efin being sonetines referred to ,as a "G oup 13 el enent cont ai ni ng

group-contaiaiagmgghygbgghgbeg%@@ﬂ@%flgﬁkmu%nd t hen conducting substitution

reaction of the Goup 13 el enent-containing dgroup of the Group 13 el ement

cont ai ni ng gLoWps h Dl lefin.with a conpound having 15 a
functi onal g?oggl§%?§?%§?§?°§%5§§n &&Mlngrfggﬁtion of the Goup 13

el ement - cont ai ni_n r of the Group | 3 _el ement containing
group-contai%i£8t88ﬁ§gH§#FHC@PPﬁnéaé&ﬁﬁﬁﬁn@rﬁéﬂ'ng a structure that forms a
functional group by solvolysis, followed by conducting. solvolysis: The
resul ting tePnPRAFDPELRYACYCERRENGRGIENYEY IF@UPonvert ed i nto anot her
functional group through the | ater-described reaction. The term nal

nodi fi ed ol bl ethvlcprleopsntediesydr gdowp,pol ymeri zi ng or copol yneri zi ng
an olefin of 2 to 20 carbon atons using, for exanple, the above-nentioned

SF-781 65 nagnmeibmlstipphryed obieharidimnsdt airysip,system or netal | ocene
catal yst. Exanples of the olefins of 2 to 20 carbon atons preferably used

i ncl ude ethyhepeop&@beeggehtadﬁ@@@13gqgkﬁyI-1-butene, 5 3-net hyl - 1- pent ene
and 4-net hyl - 1- pent ene. t hese, ethyl ene and/or propylene are nore

preferably eaphe£ﬁ9¢F969y9e9azb R tizS14 1 %?ghinably enpl oyed. Wien the
magnesi um supported titani um catal yst systemis used, the solid titanium

b e R e R R N - R
preferany 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.

15 Whe.n the compound of the formula (I) contains two or more
groupsvhaving a cycldpentadienyl skeleton, twd of the groups
having a cyclopentadienyl skeleton may be bonded to each other
through an alkylene gfoup such as éthyléne or propylene, a
substituted alkylene group such as isopropylidene or

20 diphenylmethylene, a silylene group, or a substituted silylene
group such as dimethylsilylene, diphenylsilylene‘or
methylphenylsilylene.

The ligand L other than the ligand having a

cyclopentadienyl skeleton is, for example, as follows.




about 0.001 to 10 nmmol, in ternms of the titaniumatom based on 1 liter of
~the polynerization volunme. The-erganonetallic conpound catal yst component (
I 1) is use®EW8&In amount of the 15 netal atomin the cat al yst conponent
_(I'l") of usually 1 to 2000 nol, preferably ? to 1000 nol, based on 1 nol of
the titaniumatomin the solid titanTUn1cﬁ al yst conponent (lI) in the o
pol yneri zation system |f the electron donor (lI1) is used, this electron
donor ( Ill ) is used in an anount of usually 0 . 001 20 to 10 nol,
preferably 0.01 to 5 nol, based on | nol of the nmetal atomin the

or ganonet al | Exaapieeudd €akahy sl ccRMRRRE | e netall ocene
catalyst is used as a cataly?? for poly rf%§$?8§,w?ﬁ§ g%nﬁﬁfb8p Fﬁgms

met al | ocene GoEIQWRI 3081 - [y, tne,spal yneri zati gn systemis in the
range of usually 0 . 00 OSg?%u 1 %S’D‘%l%aplp(é?lergd“élﬂps@.(?@d’ tHF VRS DI,

based on 1 | LtenR Qf | ymeri zation volune. If the organoal um num
oxy- conpound %%}k&% gggg%%fhis conpound (b) is used in such 5 an anount

that the nol ar rahio (AL/ M, of the alumnumatom (Al ) to the transition
metal atom (M in PHENEPEFLELERE L¥onibeF® Can becowns i®ned:1000, pref erably
|0 to 40 I f the organoal um num conpound (b-2) is used, this conpound

(b-2) isUsed in @hX¥ho8HeuBs, uswel |as asdutyll, £4h3A0 pebpypy, ef e6pbbipyio
about 2 to 200 nol, based on 1 nol of the transition netal atomin t%e
met al | ocene @BApbUANl¢a). The ol efin pol ynerization can be carried out by
any of liquid phase pol ynerization, such as solution polynerization and

suspensi on pol ynecyzabadkylamtogss, phase 20k bPéﬁEanané5c l%ﬂgngaction
sol vent for the suspension polynerization, the aforeSaid 1 netf hydrocarbon

sol vent may be usedylograipsl eti,pnt hat hgnghqghg @Bl§ﬁe rﬁ%ption
enp ih

tenperature may be used. The reaction rature IS € range of

usual ly -50 to 209 f 0 1 nd.t he pol rizati on pressure
20 i's in the rangeg%%gggugF?eb%f 8&8Pogggbﬁg§¥; BngEFégﬁy&o.l to 5 MrPa.

Th | efqi | ymeg| i i ed out by, f bat chw
e - cont) nuoud Ee EORe roBu B bLRREECS RS, ot ARy ok FheYon | s

‘conducted in pore steps, the reaction conditions nmay be the sane or
different. aé§?9§ﬁ°§¥’lt is preferable that nol ecul ar hydrogen that is a

general nol ecul ar meigft nodifier is not present in the olefin
S Examples of the aryloxy groups include phenoxy.

Examples of the halogens include fluorine,vchlorine,
bromine and iodiné.

15 Examples of the ligands represented by SO3R include a
p-toluenesulfonato group, a methanésuléénate group and a
trifluoromethanesulfonato group.

When the valence of the transition metal atom is 4, the
metallocene compound (a) containihg a ligand having a

20 cyclopentadienyl skeleton is more specifically represented

by the followihg formula (2): |
RYaR%R%RIM - (2)
wherein M is the same transition metal atom as M in the formula

(1) ' R'isa group (ligand) havinga cyclopentadienyl skeleton,



pol yneri zation, and regul ation of the nolecular weight is preferably
carried out b¥ controlling one or nore conditions 5 sélected fromthe
concent rati oR¥6f78he organonetal lic catal yst conponent (I11), the

pol ymeri zation tenperature and the concenazation (pol yneri zation pressure)
of the olefin. The nol ecular weight is specifically regulated as follows.
For exanple, in the suspension pol ynerization wherein nolecular 10 hydrogen
is not present substantially, the concentration of the organonetallic

catal yst conmponent (11) is increased, whereby the nol ecul ar wei ght of the

resul ting poRyplEY badcah e ge(g{.g@gq@lavﬂgg iapcg{agﬁ?igg{g?@igg&%pgkgEggo%l?t ion’

wher ei n nol ecul ar hydrogen is nhot present” sub

pol ymeri zati gp LeRPEr&tde .Sl d, wher eby the nol ecul ar _wei f the
resul ting pol yol eg?n ggén Eﬁ'e ad%%?%é%%%%@%’%’l é&l' 3?1"’5?)%%‘?%??'11@5‘ 3§gg§58 e has
a Goup 13 e t- Lphin roup and/or an unsaturated bond at an end,

pr ef er ably abggﬁ yagﬁgig{”ggggﬁgﬁ"\ﬁ%b?% OXWETEHA St H el Kol bl Yo oEPHR, i s a
Group 13 elenegéégontaining roup or an unsaturated-bond depends upon the
pol yneri zati 8n HETGws 2 KO85 PReh¥(pegen, t aelg@malipdtegesedf tthert ype
and/ or the anount of the or%?nonetallic catal yst conmponent, and the

pol yner i zat | GheBERper andr @+b+csE=%81 68 When the end of the polyolefin is

an unsaturated bond, the unsaturated bond can be converted into a Goup 13

el enent - cont ai ni n§ gedaploheoaghomheundavheesini &b 18&s€oMPOURE RONtRAI ni ng
the G oup 13 elenent. For preparing a 5 polyolefin having the unsaturated

bond at an eRdartcha®dfot Reaiakpiiecess , Usb PG i 1! At lLoteRe, %f?cﬁza%;)ééﬁpks
preferable. Further, the polyolefin having the unsaturated bonds) at" ends)
can be prepafzdgahse)byavhagnal bycdssenLagingy? BQE¥8£8ﬂifsh5¥éEgrably
employed. '
10 | Whenthemetallocenecompoundhastwoormoregroupshaving
a cyclopentadienyl skeleton, two of the groups having a
‘cyclopentadienyl skeleton may be boﬁded through an alkylene
group such as ethylene or propylene, a'substituted alkylene
group such as isopropylidene or diphenylmethylene, a silylene
- 15 group,orasubstitutedsilylenegroupsuchasdimethylsilylene,
diphenylsilylene or methylphenylsilylene.
R® and R? are a group having a cyclopentadienyl skeleton,
an alkyl group, a cycloalkyl group, an aryl group, an aralkyl
group,analkoxygroup,anarylongroﬁp,atrialkylsilylgroup,
20 a SO3R group, a halogen or hydrogen.
Examples of the metallocene compounds wherein M is
zirconium include bis(indenyl)zirconium dichloride,
bis(indenyl)zirconium dibfomide,

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



~(I'1).. O such“conp

neither a G oup 13 el ement-contai ning group nor an unsaturated 10 bond at

an end-that is prepared by a conventional process, and the resulting

pol yol efin cgp-he1preferably enployed. Al so when the resulting polyolefin
is a mxture of a polyolefin wherein a Goup 13 elenent is bonded to an end
and a polyolefin having an unsaturated bof® at an"end, the term nal .
unsaturated 15 bond of the polyolefin may be converted into an end to which
a Goup 13 elenent is bonded if necessary. The conpound containing a G oup
13 elenment, which is used for the reaction, is selected fromthe aforesaid

conpounds exggg&% gﬁg_ggm%%gggE agﬁgﬁﬁg{lﬂ%: %gﬁgynd catal yst conponents 20

r ganoal uni num conpounds

or the organghor conpounds, are preferably enployed. O these,
trialkyIaIungﬁﬁ%&i%QHQQﬁiﬂ%hﬁqﬁﬁﬁﬁy§HQQQQﬁlQ?dxwon conpound havi ng one or

mor e hydrogen-boron bonds is nore preferable. SF-781 6g The reaction of

t he pol yol ef Bhidemned ivrndaxdenatle ¢ iveen i) ditchdrmdsi)desi t h t he conpound
containing G oup 13 elenents) is carried out by, for exanple, the follow ng
processes. (erhpdleyyebdipyliecenydyizigcandiuny |didemenigiequp at an end, 5 in an
anount of 0.1 to 50 g, is mxed with 5 to 1000 mM of an octane sol ution of
di i sobut y3 al ethytemniepdrs (dedeawiln@ithet®ae/ildcdiam,of 0. Ol to 5 nol/1, and
the m xture was refluxed for 0.5 to 6 hours. (2) Polypropyl ene having a

vinyl i dene géQﬁQl@he@lse(ﬁ%déang'ai AU niQpd, to 50 g, is mixed with 5
to 1000 mM of anhydrous tetrahydrofuran and O . 1 to 50 nl of a

ety et AR e L oIBR8, | o
for 0.5 to 2%tﬁ9ﬁ%§e5¥%ﬂ%&ﬁﬁgﬁ&%ﬂ%é%%?ﬁ% Jg)£§¥ﬁ§%e§%féggg€gy,nDdified
| ‘ethylenebis(indenyl)zirconiumbis(p-toluenesulfohato),‘

10 ethylenebis(indenyl)zirconiumbis (trifluoromethane-
sulfonato), |
ethylenebis(4,5,6,7—tetrahyd£oindenyl)zirconixmtdichloride,
isopropylidene (cyclopentadienyl-fluorenyl)zirconium
dichloride,

15 isopropylidene(éyclopentadienyl—methylcyclopentadienyl)
zirconium dichloride, |
dimethylsilylenebis (cyclopentadienyl)zirconium dichloride,
‘dimethylsilylenebis(methylcyclopentadienyl)zirconium
dichloride,

20 dimethylsilylenebis(dimethylcyclopeﬁtadienyl)zirconium
dichloride,
dimethylsilylenebis (trimethylcyclopentadienyl)zirconium
dichloride, dimethylsilylenebis (indenyl)zirconium

dichloride, dimethylsilylenebis (indenyl)zirconiumbis



polyolefin is prepared. To the end of the resulting polyolefin, preferably

to only one-side-end thereof ;@ G oup 13 elenent is bonded, and the=Goup
13 el enent i 8FpWélerably alum num The Goup 13 el ement containing o

group-cont ai ning 20 pol yol efin prepared above is usually obtained as a
~slurry. Subsequently, (1) a substitution 42action of the G oup 13

el enment -contai ning group of the Group 13 el enent containing

group-contai ning polyolefin with a conpound having a functional group

structure is carried out, or (2) a reaction SF-781 7 0 of the Goup 13

e'enent-Cont@%9&@gua&gﬁgt%%ngg%ﬁ§§%§§ﬁ33 el enent contai ni ng

group-contai ni ng polyolefin wt dund having a structure that forns a

functional g LvQlysis i arri.e ut, followed hy sol vol ysis.

Thus, aterm ﬁ%ﬁ%&ﬁ?#?%‘@%&% (@B 6 d -gﬁigah@a%r%éewﬁm%rmw nal
functi onal grLoup, m be converted into another functional group through the
Iater-descrigéﬁ }8£ggﬁon. Exanpl es of the conpounds having a functional
group structure include a hal ogen, methyl chloroformate and 10 pht hal oyl

chl oride. Ex8iPrELYSsiiNe casrhsoedopenseidigny lstiluotnensy 1t) zdtr doorinen a
functional group by solvolysis include oxygen, carbon nonoxi de and carbon
di oxi de. SThed$gbipirt dei, onlipbacyilen 1ofl ehke 16 (dmalehy 1) % itlciElin coNt ai ni ng
group of the Group 13 el enent containing group-containing polyolefin with

the conpounddhalilogidef, umetihgnaheardh 151 ehelllsq 19ddnia ) GamRMIGhavi ng a
structure that fornms a functional group by solvolysis’is carried out at a

t enper at ur & afcHsyekby,0plie (%%@op%h%fa%&%?ﬂyi)quzfc%n?%%%hi%%lfo‘}riq% to 100

ours, preferably 0.5 to 50 hours. The tenperature for the solvolysis is in

the range ofpbis (cyclopentadienyl)zirconium dibromide, '
bis(cyclopentadienyl)methyléirconium monochloride,

10 bis(cyclopentadienyl)ethylzirconium monochloride,
bis(cyclopentadienyl)cyclohexylzirconium monochloride,
bis(cyclopentadienyl)phenyliirconium monochloride;
bis (cyclopentadienyl)benzylzirconium monochloride,

 bis(cyclopentadienyl)zirconium monochloride monohydride,

15 bis(cyclopenﬁadienyl)methylzirconium monohydride,
bis(cyclopentadienyl)dimethylzirconium,
bis(cyclopentadienyl)aiphenylzirconium,
bis (cyclopentadienyl)dibenzylzirconium,
bis(cyclopentadienyl)zirconium methoxychloride,

20 bis(cyclopentadienyl)zirconium ethoxychloride,
bis (cyclopentadienyl) zirconiumbis (methanesulfonato),
bis(cyclopentadienyl)zirconiumbis(p—toiuenesulfonato),
bis(cyclopentadienyl)zirconiﬁmbis |

(trifluoromethanesulfonato),



usually O to 100C, preferably 10 to 80C, and the solvolysis tine is in the
range of O to 1007heurs, preferably 0.5 to 50 hours. ~~SF-781 Exanpl es of
sol vents useBF+®1t he sol vol ysis include nethanol, ethanol, propanol,
but.anol and water. The group with which the end is nodified is a group
capabl e of reacting with -a carboxyl grou Oor an acid anhydride group. 5
Exanpl es of such groups include a hydroxyl group, an al koxy group, an am no
group, an imno group and a halogen . O these, particularly preferable is
a hydroxyl group, an anino group or a hal ogen. Exanples of conversions of

the end of thes Group, i DLNQ. group-cont ai.ni ng pol yol efin
havi ng - Al R R2 gﬁoup %€y§%8g§§£?%?%ﬁgftggggggfgérggﬁgggkﬁgﬁbgen or an am no
group are gi nversi,on into, hydroxyl gro A | arge excess of
net hanol coA%%?ﬁ?ﬁgggﬁ%%%%?Egﬁﬁﬁﬁ?db?nig}ﬁ&ﬁ¥8€ﬁ?%r?gcgggalﬁ§'added to a
-AlR1IR2 grouyp:containin 0 lefin, followed by stirring for 5 mnutes to
12 hour's. (ggl%ﬁga%ﬁgb%ﬂcgﬂkégﬁ%Fﬁﬁbﬁnﬁ%)%h§09%¥9ﬁeﬁtbﬁﬁaphé§r99€the above
process (1) ,,thionyl chloride of 1 to 10 times nol as nmuch as the hydroxyl
group 20 is RRIER MY boealeperhedienyrt ] phraonbunbis00C for 5 ninutes to
24 hours. Instead of thionyl chloride, thionyl brom de is enployable. (3)
Conver si €n i fit®l Ghiewomye dianesuBFoA8to) , To the pol yner obtained by the

above process (2) , sodiumazide of 1 to 10 times nol as nmuch as the

hal ogen is dadietetipldpubdpbytatiterngrtipBoriuR0dienis0Cabor 0.5 to 24
hours. To the resulting reaction product, triphenyl phosphine of 1 5 to 10

0 1o 100C for 0 8 1e 24 Moot L e S o o e R e R 2 roup

13 el enent - qond gb Al GYOVRpEht 201 8RPL ) 25 POLYOLAT D RRYERG. Oroup
bis (methylpropylcyclopentadienyl)zirconium dichloridé,

10 bis(butylcyclopentadienyl)zirconium dichloride,
bis(methylbutylcyclopentadienyl)zirconium diéhloride,
bis(methylbutylcyclbpéntadienyl)zirconiumbis
(methanesulfonato),
bis(trimethylcyclopentadienyl)zirconium dichloride,

15 Dbis(tetramethylcyclopentadienyl)zirconium dichloride,
bis(pentamethylcyclopentadienyl)zirconium dichloride,

“bis(hexylcyclopentadienyl)zirconium dichloride and
bis(trimethylsilylecyclopentadienyl)zirconium dichloride.
In the above examples, the di-substitution products of

20 cyclopentadienyl rings include 1,2- and 1,3-substitution
products, and the tri-substitution products of
cyclopentadienylriﬁgsinclude1,2,3—and142,4—Substitution
products. The alkyl groups such as propyl and butyl include

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



containing an el enment other than a G oup 13 elenent at an end 10 is al so
enpl oyabl e. The pol yol efin having a group centaining an el ement other than
a Group 13 eFE ﬁﬁgﬂ at an end is prepared by living polynerization or chain
transfer reaction hitherto known. In partigcular, a polyolefin having a
group containing an elenment of 3, 4, 5 or 710 (}oupgét an end; which is
prepared 15 by |iving polynerlzatlon or a polyolefin having'a group
containing a Goup 12 elenent or silicon (Si) at an end, which is prepared
by chain transfer reaction, is preferable. The term nal nodified polyolefin

(D) obtained as abempobﬁasNEReQE1HSBQEE%nQqulgorépQQQeﬁ/%Qtﬂlgltgﬁfﬁﬁrably
0.05 20 to 3, 000 g/10 mn, nore preferably O: t

d t f ! =
G SO S P T Lt R B

of the polyo esi_r SF-781 73 . the range of usually not
1 ess than 5, %@%EBB gr% %%g %@%a}&o§e€§0c68§ e {Gref erably 10, 000 to
500, 000. Wen the granched olefin wherein the conposition of the olefin
chain (A) is the & ﬁéea%om é? rﬂfﬁébcﬂ 8FPA ehRghY % B complagiien, ofhe
term nal gmdlfledpolyolefln (D) desirably has MFR of usually 0.01 to 3,000
g/ 10 ni n,> pr &PErADMPTE. bEnds. 1 BmEgyreoratindsmay beresed alil uking wi6B0
g/10 mn, and a density of usually 0.880 to 0.960 g/cnB, preferably 0.890
to 0.950 g/cﬁBhYﬁﬁﬂéapé@hepabhyh@l@@@nﬁﬁe@.ayﬁr@bambonlo Wien t he branched
pol yol efin wherein the conposition of the olefin chain (A) is different

fromthat of the Bbeflie meltaillidd@nd sompepateds) | ke zti eebnbalen@0bipednd
polyolefin (D) is preferably polypropylene,and in this case,this

pol ypr opyl enhaptagesabtonhas aa de8ddnt afl MéHQ!L'aVcch 880 E&:Pn?%% gkgsB. 15
particularly 0.900 to 0.915 g/cnB8, and MFR of O. 05 to 1,000 ¢g710 mn,

par ti cul ar | Q011892880 B6ARaHAnGVACR, LhE BALYAL ABY NS 13 R L0l VITer

the content of the copolynerized conpone e usua y not
nore tham 10,7:RY% OB larly not nore than 5 @6by mol .
Preparation 8 © rgncg d ng %%efln The reaction of the functlonal

group-contalnlng (b) Organoaluminum oxy-compound

The organoaluminum 6xy—compound (b) is, for example, a
hitherto known aluminoxane or a benzene-insoluble alumihum
oxy-compound as discloéed in Japanese Patent Laid-Open

15 Publication No. 276807/1990.

The hitherto known aluminoxane can be prepared from the
later—describedbrganoaluminumcompound(b-2)by,forexample,
the following processes.

(1) An organoaluminum compound such as trialkylaluminum

20 is added to a‘hydrocarbon medium suspension of a compound
containing adsorption water or a salt containing water of
crystallization, e.g., magnesium chloride hydrate, copper
sulfate hydrate, aluminum sulfate hydrate, nickel sulfate

hydrate or cerous chloride hydrate, to perform reaction, and



polyolefin (C) with the terminal nodified polyolefin (D) is carried out by,
for exanple, contacting the functional group-containing polyolefin (©-—wth
the term nal SFe@8Li ed SF-781 polyolefin (D under stirring. In this '
case, it is preferable that the contact is perfornmed in a state where the
functional group-containing polyolefiﬁ'(éF and the termnal nodified
polyolefin (D) are nolten or in a state where at |least a part 5 of the
functional .group-containing polyolefin (C) and at |east a part of the
term nal nodified polyolefin (D) are dissolved in an organic solvent, and

it is nore r @ d:hale § o ' : in wher e the
functi onal gﬁgég-l?glﬁ?lai ni ﬁgigﬁey%%%\d %%)éjgégaggggtler} %ﬁﬁ'ﬁfﬁ%‘f?&%‘q'

pol yol efin (D) ar onpl etely dissolved in an organic solvent. Exanples
of the organic sof%éﬁ?iegﬁﬁaﬂf | £°F REMFFETAARIAL aﬂ;ﬂWS@&Hﬂﬁ%ﬁc%ﬁﬁh as
hexane, heptane and decane~ arommati c hydrocarbons, such as benzene, tol uene
and xyl ene; RGF oTRreRoPEIRHPRGURLARB cEPRRARNd sTRIP &S fEtigd knkakwnbaume 15
and di chl or obenzene; and hetero atom contai ni ng hydrocarbons, such as

di met hyl sul #®x# dee@ndndswehhgbf benashde. tPhileneeaethyh ethear oired out at a
tenperature of usually 20 to 250C, preferably 40 to 200C, for 1 mnute to
24 hour s pre¢erabygréfurant endithd 2lhminsxad iEnssampd Bsd be  5iwtion
conposition The thernoplastic resin conposition of the invention conprises
t he branchedipotyel ebotie afiddauinher mopl astic resin other than the branched
pol yol efin, and contains the branched SF-781 75 polyolefin in a content

of 0.01 to 50 o by3ypeaghbrgRh6tera8kY48: dubR 30 JAR¥LKGLIDL: oMRER or
preferably 1 to 25 s by weight. Thernoplastic resin
' dibutyltin oxide is allowed to react with an organoaluminum
cémpound such as trialkylaluminum in a medium such as decane,
10 benzene or toluene.

It is possible that the solvent of the unreacted
organoaluminumcompoundisrémovedfiomtherecoveredsolution’
of aluminoxanebydistillationandthe remainder is redissolved
in a solvent.

15 The organocaluminum oxy-compound (b) may contain a small

amount of a metallic component other than aluminum.

(c) Particulate carrier

Examples of the particulate carriefs (.q) optionally used

include inorganic carriers, suchas 5i0;, Al,03, B2Os, MgO, Zx0,,

20 Ca0, TiOz, ZnO, Zny0, SnO,, BaO and ThO; and resins (organic

carriers), suchaspolyethylene, polypropylene, poly-l1-butene,
poly-4-methyl-l-pentene and a styrene/divinylbenzene

copolymer. Of these, Siozjispréferable. These carriers can

be used in combination of two or more kinds.



As the thernoplastic resin, at |east one thernoplastic 5 resin sel ected
from pol yol ef i n, pélyam de, pol yester, polyacetal, polystyrene, an
acrylonitril 8Fbd8adi ene/ styrene copol yner (ABS), pol ynethacrylate, -

pol ycar bonat e, pol yphenyl ene oxi de, polyvinyl chloride, polyvinylidene

.chloride, polyvinyl acetate, an ethyl ene/ th)yacrylic ester 10 copol yner

and a dine rubber is preferably used in the invention. Exanples of the
pol yol ef i ns include ol efi n honopol ynmers ot her than the branched pol yol efin,
such as pol yet hyl ene, pol ypropyl ene, poly-1-butene, pol ynethyl pentene and

pol ymet hyl but ene; - and_olselyeth COPOHY B Sre SHOl 5,21 A% G4yl enel a-ol efin

random copol yner, an et

propyl ene/ et hyl en n nmer. a propylene/a-olefin rand copol yner
and a propylene/e?ﬁ%ﬁeggg;ﬁ%Pg#gﬁCFQFp8g§ﬁ§§§%Oﬂstﬁe§8§1§0W§&d$£QQ%§e‘

pol ypropyl en aE e%hélene/a;olefin random 20_copol yner, an
ethylene/pro§9F8 &PGi ENBS B HBP yaeTental ptbpafekbechfypéheceandepmpopoty ner
and a propyl ene/a-ol efin random copol ymer are preferable. Wen the

pol yol efi n" i $24/ pelh§ QrsraNe agnmdimat okyoreapoohdf {In) end3the pareicalboe

- atons, SF-781 7 6 this polyolefin may be an isotactic polynmer or may be

a syndi othact Ferpdrynée) , Athikescatdl petaflaocehe paepayati A Tortfel by
pol yol efin, any catal yst publicly known, such as a Ziegler-Natta catal yst 5

or a netal | oseppocatabyste metyl beceasedompoanpl 65) ahdithe PRyYyRba desihig! ude
al i phatic pol yam des, such as nylon-6, nylon-66, nylon-10, nylon-12 and

nyl on- 46, andxgrebRbbanBo|yRdNIESe MARAIERHA fHLBLALOBRE | & QE§%%995%%£8e\

acids and aliphatic diamnes . O these, nylon-6 is prefera

Exanpl es of ghenpal weshersol Rabyde @LQEALI ¢ pol yesters, such as
pol yet hyl ene terephthal ate, polyetﬁylene napht hal ate and pol ybutyl ene

e renu oot RRNT AR A o PR XYL BB S ulEE
inClUdel%0|yERén?gggPYQgscribed organoaluminum compound (b-2) together
with the metallocene compound (a) and the organoaluminum
oxy?compound.(b) on the particulate carrier.
In'the preparation of the solid metallocene catalyst;
the metallocene compound (a) is used in an amount in terms
15 of a transition metal atom 6f 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 organoaluminum oxy-compound (b) is used
in an amount of usually 0.1 to 100 mmol, preferably 0.5 to
© 20 mmol.
20 - The solid metallocene catalyst has a particle diameter
of usually 1 to 300 um, preferably 10 to 100 pm.

The solidmetallocene catalyst may contain, if necessary,

other components useful for the olefin polymerization, such



(pol yoxynet hyl ene), pol yacet al dehyde, pol ypropi onal dehyde and

pol ybutyl-al dehyde. O these, polyfornal dehyde—is particularly preferable.
The pol ystyr 88e7®dy be a honopol yner of styrene, or may 20 be a bi pol yner
of styrene and acrylonitrile, nethyl neth grylate, a- nmet hyl styrene or the
| i ke, such as an acrylonitrile/styrene co% | ymer. AS the ABS, one

contai ning constituent units derived fromacrylonitrile in a content of 20
to 35 ~ by nol, constituent SF-78l 77 units derived frombutadiene in a
content of 20 to 30 ~ by nol and constituent units derived fromstyrene in

a content of 340 ' i r ef . JAs . the .
pol ymet hacr ylaﬁ‘t 2;10%%??/%%%@#& %g@rglv%%@%ﬁw&éy{%n&,eg glgglgpgr E%SHW es
of the polyc 0 _ingcl t hos bt ai ned from

D e 3B hge%etli%%,efl 5i ec(aj-y drc&?ﬁ,pr?ﬁ’eerﬂﬁ%'et hane,

bi s(4- hydr oxypheny) met hane, TS
2, 2- bi s(4- hydr ox nyl ). pr,opan nd 10 2, 2- bi s(4- hydroxyphenyl ) butane. O

t hese, éolygarb0¥§£§ golgd.ﬁgkgif%cene catalystgforyuse fg)theyi%vention

obt ai nedf ron2, 2- bi s(4- hydr.oxyphenyl ) propanei spreferable. As the

“pol yphenyl enB¥xP@& PFEPPLYTErdizeet gtaly at pHetradned byxpdepol ymerékéngbl e.
The polyvinyl chloride may be a honopol yner of vinyl 15 chloride, or may be
a copol yner 8R eilefinc iengio déease hiidnyletéddnie canleordata l yatryl i ¢ ester,
acrylonitrile, propylene or thelike. As the polyvinylidene chloride; a

copol yner of vi nyWhdenthehd s ide pangmeiriya tabroisdar ALE | Uil the
(meth)acrylic ester, allyl ester, unsaturated ether, styrene or the |ike,

20 whi ch conmakas lviceyle 8e081¢bt prixle fylilsildy 8rg8RbaRtmehufCtohfsinghan
85 ~, is usually enployed.

(b—2) can be used together with the metallocene catalyst.

(b-2) Organoaluminum compound

10 Examples of the organoaluminum compounds (b-2), which:
are'used'as the orgénoaluminum compounds (b-2) for the olefin
polymerization and uéed for preparing the aforesaid solutidn
of the organcaluminum oxy-compound (b), include:

trialkylaluminums, such as trimethylaluminum,

15 triethylaluminum, tripropylaluminum, triisoprobyléiuminum,
tri—n—butylaluminﬁm, triisobutylaluminum,
tri-sec-butylaluminum, tri-tert-butylaluminum,
tripentylaluminum, trihexylaluminum, trioctylaluminum,
tridecylaluminum, tricyclohexylaluminum and

20 tricyclooctylaluminum;

dialkyléluminum'halides, such as dimethylaluminum
chloride, diethylaluﬁinunlchloride, diethyléluminuml:romide

and diisobutylaluminum chloride;



The pol yvinyl acetate may be a honopol ynmer of vinyl acetate, or nmay be a
copol yner of vinyl acetate and erhyl ene or vinyl SF-781 chloride. G
t hese, - pref ePEb’8Lli s an ethyl ene/vinyl acetate copol ynmer As the

ethyl ene/ (neth)acrylic ester copolynmer, aggethylene/nethyl acrylate
copolynmer, an ethylene/ethyl 5 acrylate copol yner, an et hyl ene/ net hyl

net hacryl ate copol yner or an ethyl ene/ ethyl nethacryl ate copolyner is
pref erabl e. Exanpl es of the dinme rubbers include conjugated pol ydi enes,
such as pol ybut adi ene, pol yi soprene and a styrene/ butadi ene copol ynmer of

el astomer type thatalkykaowhitmsySBRdesSt WiRe-futad arl‘ff?rﬁ.‘?{bt)m' In
t hese di ne rubbers, a part of double bonds in the nolecul’es may be

hydrogenatedhyabgdghgggp@fyggﬁhﬂyfgqﬁgfg§ﬁi (ﬁypve can be used sing{y

or in conbination of two or nmore-kin € aboVe t hernopl astic resins,
preferably used ig; lefin,.a _polyester, a g{ am.d r a
pol ystyrene, and n%%gkgrlgﬁgﬁggl%y 3&&8’3@%@&%‘ @ﬁp .lmganglmn a
pol yol efin that,is.a copol ynmer having different conpositions is used or
when two or WS&BO%Fﬁﬁsagp S&Bﬁﬁﬁlql#%%%q@wﬁﬁﬁfﬁ%?Qﬁaﬁﬁﬁhation, t he branched
polyolefgg is nost preferably used 20 as a conpatibilizing agent. The
t her nopl astic resfhaékapadipisnmop ryRexiaesnt ismeh @ spdépdhad aflomitriven mai n
purpose of allow ng the conposition to function as an inprover of nelt
properties oPhehexbegnched pol yol efin and/or a conpatibilizing agent for a
copol yner- $F 781 having different conpositions or two or nore kinds of
pol yol ef i ns. Mor eO§pebibicaltini aléffleduminhinsmRirey @FRiFe rab 18! and
triethylaluminum and triisobutylaluminum are particularly
preferable.
10 Also employable as the organocaluminum compoﬁnd is
isoprenylaluminum represented by the following formula:
(1~C4Hg) ALy (CsHyg) 5
wherein x, y and z are positive integers, and z=22x.
These organocaluminum compounds may be used in combination
15 of two or more kinds.
The organoaluminum compound (b-2) may contain a small
amount of a metallic component other than aluminum.
When the organcaluminum compound (b-2) is supported on
the particulate carrier (c) together with the metallocene
20 compound (a) and the organoaluminum oxy-compound (b), the
organcaluminum compound {b-2) is used in an amount of usually

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

of a transitionmetal atom) of the solid metallocene catalyst.



a Banbury m Xer,

properties, such as increase of nelt tension or swell ratio, 5 and/or
effects of conpatibittizati on such that domain size is réduced in the phase
structure caRFb&8dxpected. additives The thernoplastic resin conposition of
the invention may contain additives, suchséls inorganic filler, organic
filler, 10 crystal-nucleating agent, hest”Stabilizer, weathering
stabilizer, antistatic agent, colorant, lubricant, flane retardant and
anti-bloom ng agent, within [imts not detrinmental to the objects of the
invention. Preparation 15 The thernoplastic resin conposition of the

i nvention can be preparpdeby Btendi By Liifofl 286RCHRGLYAlgHi n Wi th the
t hernopl astic resin by mea ; ; er, a tunbling
bl ender or a Hensghe l. TE .mopl astic resin.c osition of the
i nvention can 20 gg %ng ?gggnggggéggégB’kﬁgaaﬁﬁglph8fbggﬁ8hgg BFyeNefin
with the the lastic resin, using a kneadi ng nachi ne such as a Ko- kneader,
i gggﬁsal%rpa%]éﬁ%?l,z%ldsqq:n&PB-oiélF‘@ &£ LRerhe Presanae ofr khe
extruder, a horizontal stjrring nmachine such as a twin-screw stirring
machi ne wit hcéfif"szﬁéE mergEl gqd aboyenkd PEepade ar vamodifias pelyelefini sc
agitator, or a vertical stirring machi ne such as a doubl e-helical ribbon
stirring Frachi ne. EBaFRARPIESt Theo Jnfiseno fiznve R0 carben fatrdntseprefscabbed
with reference to the follow ng exanples, but it should be construed that

the inventionsed iinclndlemyhyieant pdropytbase lexargdes, 35x80RY E-1-Bltene,
Preparation of solid titanium catal yst conponent 7.14 g (75 mmol) of

anhydr ous nagAmsihpleh-pehdenc3znd @hmethgecangeardnddalrAbsé235nsmely of
2- et hyl hexyl al cohol were reacted with heating at 130C for 2 hours to give
a ‘ may be used singly or in combination of two or more kinds,
or may be copolymerized with polymerizable monomers such as
10 dienes other than olefins. |
When the monomers are used siﬁgly, propylene is
particularly preferable. When the monomérs are used in
combination of two or more kinds, combinatioﬁs of ethylene
and propylene; ethylene and butene; ethylene and octane;
15 ‘ethylene, propylene and butene; and ethylene,'propylene and
dieﬁé are préferable. |
The olefin polymerization can be carried out by any of
liquid phase polymerization, such as solution poly;nerization
and suspension polymerization, and gas phase polymerization.
20 Asthepolymerizatiqnreactiontype,suspensionpolymerization
is preferably adopted. As the reaction solvent for the
suspensioh polymerization, an inert hydrocarbon solvent may
beused,cn:anolefinthatisliquhiatthereactiontemperature

may be used.



honbgeneous solution. To the solution, 1.67 g (11.3 nmmol) 15 of phthalic
anhydride-was added, and the solution was mxed wth stirring at 130C for 1
hour to di ss8Fvé8khe phthalic anhydride in the honogeneous sol ution. The
resul ti ng honogeneous sol ution was cool e o roomtenperature, and to 200
m (1. 8 nol) of titaniumtetrachl oride maintained at -20C, 20 the whole
anount of the honbgeneous sol ution was dropw se added over a period of 1
hour. After the dropw se addition was conpl eted, the tenperature of the

m xed solution was raised to 110 C over a period of 4 hours . \Wen the

tenperature reachedahp0€s 5£08nal 1148t 8hyuPbEaphofli heQPY! ¥hpPBYEBL 8t &1
(referred SF-78] to as DI BP) was added, followed by stirring at the sane

by hot 11111 o0r on e LR P ERRG A bon TR Rl A Ao bBRR s Phe o

by hot filtration and resuspe In oride! and

t he suspensi r W fh, 5 heating at 110C for.2 hours. After the
reaction masgggﬁgggtgggbgﬁg’S%PFageMBpgngapFec?%ﬁaﬁﬁaiﬁeB§aﬂ8t PEFRRGtI on
and thoroughlé washe ith decane at 110C and hexane at room tenperature
until no tit8 FGHch%ﬁ%%ﬁﬂn

The soligstitaniun1catalyst conponent synt hesi zed by the above process was
stored as’ a A& RSIHARS aRYC hopaxangpngme duiliayqliarentaneaenpypatic
conponent was dried to exam ne the catal yst conposition. The conposition of
t he obt ai nedh¥8rpgarbeasi unadas abgsizenenporargneahibiyletheli haiogedatedy 15
wei ght, C of 58 ~ by weight, My of 18 ~ by weight and DI BP of 10.9 s by

wei ght. Pol yhydirzatirbnnef sprchpgkeaehpls08 chlgkbds andochayeopeszeneged
with nitrogen, and 250 ml of decane was introduced into the autocl ave,

fol | owed 20 hydreqhisii NgL o & IDER Wt Hy @F SBYHESEs , SUSCeRRiske! Y11 Bhabic
passi ng propyl ene, the autoclave was heated to 100C under stirrihg, and 5

gﬁg'nﬁglf%ze?gﬁ%g%ﬁgﬁggﬁ‘aQe5pg?QHc%ﬁa9¥§|3Q%¥%Eg%5®y%9kﬂﬁﬁﬂgﬁy5ilane and

10 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 in an amount of usually about

0.001 to 100 mmol, preferably about 0.005 to 20 mmol, in terms

15 oftitaniumatom, basedonl liter of thepolymerization volume.

The organometallic compound catalyst cbmponent (II) is used

in an amount of the metal atom in the catalyst component (II)

of\Jsuaily about 1 to 2000 mol, preferably about 2 to 500 mol,

basedonlmolofthetitaniumatominthesolidtitaniumcatalyst

20 _component(I)inthepolymerizationsystan, The electrondonor

(III)isusedinanamountofusually0.00lto10mol,preferably

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

organometallic compound catalyst component (II).

Fi Rt dteP I N a/hé LhayRilAG hydtPrgarkenget 8eed. 10



titaniumatomof the solid titaniumcatal yst conmponent were SF_781 added
in this order. The pol ynerizationof propyl ene was conducted at 100C for 1
hour to obt #8781 ypropyl ene, while the feed rate of propyl ene was
controlled so that the unreacted gas did rgot escape through the bubbl er

t ube equi pped at the 5 purge line and th pr essure in the reactor was not
reduced. Subsequently, propylene was replaced with nitrogen. Preparation of
term nal nodified polypropyl ene The pol ymerization slurry was maintained at
100C, and passing air having been dried by passing through nol ecul ar 10

sieves at a row tthleof o%%,{qe]{fﬁ tlt&? BACId ON MRS A %‘[jr@ ﬁtéafery was

terrperaturefor OUI’S ter the re ct|on Was corrpeed

acet one. and1 K8 HRCAS5 §Fﬁ%&ia¢ter?aﬁﬁ BEh 1 PR Ghe O T

fibrous pol yner 15 stic e&lﬁrgl he stirring bl ade was di scarded. A smal |
amount of hyocRPERPE §6’0‘%d1§’8°9~h?a§le@f9’§/ FoeP ZRESORATT N ng t o
~stand still, and the m xture vvas fi Itered to obtain a white polyner. The

‘resul ting poI ymerWherns S magng g Hinres drpor t ethd dtteenl o airtiaddy sinders rastluced
pressure at 80C for 10 hours to obtain 2.5 g of term nal nodified

pol ypr oppl enes Ugeadvast roeonda Iymesir xa 136G NMRpdred t e terim nale noxhdeé exf

pol ypropyl ene had hydroxyl groups at positions of 52 ~ by nol of

one- si de- endssudhey MboutSB078d 300°C, préfenfblhed®ivrsnatonDs?cednd

pol ypropyl ene, as neasured by GPC, was 170, 000. Reaction of functional
gr oup- cont ai th A HNYmeHiefaitn oM phek8uFeNDd iFDEhE IR ¥el®f oD to 10 MPa,
| preferably 0.05 to 5 MPa.
When the unmodified polyolefin is prepared by the use
10 bf the metallocene catalyst as a catalyst, the amount of the
| metallocene compound (a) used in the polymerization system
is in the‘range of usually 0.00005 to O.l mmol, preferably
0.0001 to 0.05 mmol, baséd on 1 liter of the polymerization
- volume. The organocaluminum oxy-compound (b) is used in such
15 an amount that the molar ratio (Al1/M) of the aluminum atom
(Al) tothetransitionmetal atom (M) inthemetallocene compound
(a) becomes 5 to 1000, preferably 10 to 400. If the
organocaluminum compound (b-2) is uséd, the organoaluminum
compound (b-2) is used in an amount of usually about 1 to 300
20 mol, preferably about 2 to 200 mol, based on 1 mol of the
transition metal atom in the metallocene compound (a).
When themetallocene catalyst isused, the polymerization

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

0 to 120°C, more preferably 0 to 100°C, and the polymerization



51In a 500 m glass reactor, 0:061 g (0.55 ~nol, nmal efic anhydride group:
3.1 ~.nol) of mal efit-anhydri de-nodified honopol ypropyl ene=(trade nane:
ADMER, avai Is#781f rom M tsui Chemicals, Inc., Mwv 110,000, nodification
fraction: 0.5 ~), 1.0 g (5.9 ~tnol, hydrgéyl group: 3.1 ~unol) of the
term nal 10 nodi fied pol ypropyl ene and 2 m of toluene were placed,
followed by stirring at 70C for 30 mnutes and then at 80C for 4 ..5 hours
. Fromthe resulting slurry, the solvent was renoved by an evaporator, and
the residual polynmer was dried under reduced 15 pressure at 80 C for 10

nouT S L Qi Maudre 0% hiGlnd el Wiie, e L ESUILI RLPOL IR g VBB, oas U ed

by 13C NWVR, It was fo that ail, e termna oxyl groups’ of the
term nal nodified | ypr.opyl e wer nverted into ester. bonds _and 5.6
ol efin chai r?sred"geﬁ%g‘d’y]ﬁ}]éﬂ?/eﬁe%}aé} n(fr@?a rﬁ)’b‘%f’?%‘ﬂr}ﬁlb%? ytpl?%rbygebﬂ Aer e

| i nked based on: | ef.in chain derived fromthe malefic

ne , ) A
‘anhydri de- nodi fi éd* 3y prépfesAeatiogrcanghe carLhad| @i BB ARY &f of

functional- group-containing polyolefin with term nal nodified ol ypropyl ene
In a 500 nl Rty issctnli-Cogoinpqes e, eenyimiors nere¢¢esgs. The
anhydri de-nodi fi ed et hyl ene/ propyl ene copol yner (trade nane: TAFMER

MP- 0610, 5 avaidlamex fzaomdv tcsum bEnhearcakd,olincln tebt ar neolrdystramk furchkty on of
an et hyl ene/ propyl ene copol ynmer having an et hyl ene content of 80 ~ by nol

wi th mal ef i Qigffeslntdecaselbnidopaindictis 0. 4nd/hiddoDé Ain Myl yindGiGLion,

nodi fication 10 fraction: 0. 5 ~) , 1. 0 g (5. 9 ~nmol, hydroxyl group: 3. 1

~. ol ) of thenbmepbighe fdi i 80 PO YRRARY HBBBA PEGP & r BAEXFTRY AL yhnedd 250
m of toluene mergbp aged, foII%med by stFrr?ﬁg a 70CFfor 3%Q§%n&%és and

then at "B0CyLay e S 0 fec FEIR LR, 155U 100BINE e fecsplyent vas

removed by 15 an e tor, and the residual polyner was dried under
reduced pressure 0 of. s t.0 recover. 1.02 of the | ymer. The
guantity of the 2%%e%%aénae]{lsntl)qouagﬁoeg%%%%%e%?lY%l?]Fllenr %Jf/%JF’edtlg%I yner was
8.06 ~ wei ght. The decane-insol ubl e conponent, at 23C was subj.ected_to IR
measur eﬁént CARP U B PT € tOsl P arf ety I Hife ARG 2 Het¥t ed

inthe vicinity of 720 cm 1. The decane-i nsol ubl e conponent at 23C was

“subj ect ed td:ll%elﬂl@ﬁnn%ka%m dRent theNamedif iedspplyohe pbafk ppe prepared

in the olefin polymerization is preferably polypropylene, and
this polypropylene desirably 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
15 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
20. composition of the olefin chain (A) is different from that
oftheolefinchain (B), the unmodif‘iedpolyolefin tobeprepared
in the olefin polymerization is preferably a copolymer of
ethyleneandanolefinof 3to20 carbonatoms, andthis copolymer

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



~atom of methyl al um noxane (referred to as "MAC'

an ester bond was detect ed. _ SF-781 Measurenent of nunber of side chains
The gquantities of the decane-sol ubl e conponent—at 23C in the malefic
anhydri de- n®H®-f181 et hyl ene/ propyl ene copolyner and in the termnal
nodi fi ed pol ypropyl ene before the reacthgp 5 were 97.01 ~ by weight and
6.01 ~ by weight, respectively. If the efic anhydri de-nodified

et hyl ene/ propyl ene copol yner and the term nal nodified polypropyl ene had
not reacted at all, the quantity of the decane-sol uble conponent at 23C
shoul d be 14 ~ by weight by calculation fromthe follow ng 10 fornmul a.

(1. O0. 06014, PO PO 5Ld - &@fé&%‘—ﬁf%o i) ggsﬁrégﬁ%WeMFﬁoa‘FV@rl the

quantity of the decane-sol ubl’"e conponent at 23C e reaction product of
th | ef d di I I
L ne LT PR L5 A b 8d LAY 30e) RLoRKL ST el EEL edife

seen fromt | | f or mul a t hat ~nDI of, PO- A was
Fhked to debanes Seerdn Bhosadd %éta(ﬁl%#%mg@m@ ag?egfﬁfcﬂwo
Consequent |y, the nunber_of the olefin chains derived fromthe term na
nodi fi ed polSprGHA ER8NLAC ST Bredraadiler iasendhan & fveroFe drhafrrakl fic
anhydri de-nodi fi ed et hyl ene/ propyl ene copolynmer is calculated to be 5. 8
from t he5f ol lewé nghdor 28l &, SF-781 86 3. 1x(100-6.01)=100=0.50 Exanple 3
Synthesis of term nal iodinated polyethylene 5 In-a 500 m gl ass contai ner

" thoroughly purged wi t hMpdtifagenioa50 fnnabddghedr abagolelfdane was pl aced;

and with stirring, an ethylene gas (100 1/hr) was passed through for 20

mnutes. To the cpié syt ichd10Guene-ednttign nef ﬁ31§om€?![1nl j)llstcﬁi%@lr@é%Al
erel narter , sal

sol ution be'%ﬁg@ 8t ”ﬁéd?f Yﬁﬁuém%gkétbl:' ghbofnBiet gkuene {ihRBHE rliglyuene
sol ution of avai | able rom Al'bermar| e Corporation at 40C and then addlng

oo SRRSO B B e b LBy
CSH5N %EiCj%Qrbo£$1§8C§8§85V3£¥ @gelr derivatives.

Examples of the unsaturated carbo#ylic acids and their-
derivatives employable in the graft modification include
unsaturatéd carboxylic acids, such as acrylic acid,‘maleic
acid, fumaric acid, tetfahydrophthalic acid, itaconic acid,

15 citraconic acid, crotonic acid, isocrotonic acid and nadic
acid™ (endocis—bicyclo[2,2,1]hept—5—ene—2,3—dicarboxylic
acid); and their derivatives, such as acid halides, amides,
imides,anhydridesandesters,specifically,malenylchloride,
maleimide, maleicanhydride, citraconicanhydride, monomethyl

20 maleate, dimethyl maleate and glycidyl maleate. Of these,
preferabie are unsaturated‘carboxylié aéids and anhydrides
of these acids, and particularly preferable are maleic acid,

nadic acid™, himic acid and anhydrides of these acids. In

order td prepare the functional group-containing polyolefin



and were stirred for 5 mnutes with maintaining the tenperature at 25C to
performliving polynerization. The passing gas was changed to a nitrogen-
gas (100 1/r8B-78%¥oll owed by stirring for 10 minutes . To the resulting

pol ymer solution, a toluene 20 solution gtl i odine (iodine: 2.5 nmol) was
added, and stirring was further continued™at 25C fort hour. The pol ynmer was

-precipitated in 1. 5 liters of nmethanol, filtered off and dried to obtain O

. 80 g of term nal iodinated pol yethylene (Mv 65, 000, Mw Wn: 1.15).
SF-781 Synthesis of termnal am nated polyethylene In 50 mM of dehydrated
tol uene, 0.5y &qh 48 Wopd1 Jrdisnakad Pley eh % i s
slurried, and to‘%h3ﬁ2|urr§ﬂﬁgéh§hég%&ég”ﬁgk(e%g:&§§??§§#é§Qﬁ%*g%%%?%?ﬁn1-
pht hal i mde, ...5. i xt U tirred wth heati at 80C for 12 hours,
fol | oned byq“’a%itc]? 7 3hes LR T o ﬂ%%ﬁgh%?s?ﬁraée SRIRE*HE t he
m xture was heat-refluxed for .2 hqurs. The reaction solufion was cooled to
room t enper a"’lcﬂ]r‘is ang %‘%“&(ﬁd@é&vﬁ&q‘{e@'l YREFOBF RAAGRATRAS PFRBepE R AL i ng
pol ymer was 10 filtered off and dried to obtain term nal am nated

pol yet hyl ene?Z® |13dQREaRbAf i rmed by 1H NMVR and IR analysis that primary

am ne was present at positions of 60 $ by nol of one-side-ends. Reaction of
functiond group-Tontexanmie peheskedra avptriedesrsnicoabrisdintirepbhgotied i n 15
ADMER avai |l able from M tsui Chem cals, Inc.

(honopol ypr opyhedifibeld fpetys I difbh efric aduidig degriit #d0om800t o st foxmt i on
fraction: 0.5 ~) was used as a main chain. In a 500 m glass reactor, 0:061

g (0:55 ~nolgramt efdgo Bphyel 2446 & OWhd 3. br5ctBBl dolbriHEnghoMds MBFthghai n,
0.34 g 20 (5.2 Eunol, am no group: 3.1 ~nol) of the above side chain and

1250 M of tOéh@ﬁﬁm%ﬁei@h%q%ﬂe@i'rpﬂ?gswv%ﬁtifarndé&gd@im}%xfa%r@&éﬂé‘f‘t es

and then at 80C for 4.5 hours. Fromthe resu

to perform graft copolymerization. 1In either process, it is

10 preferabletocarryoutthereactioninthepresenceofaradical
initiatdr5J1ordertoefficientlygraftcopolymerimathegraft
monomer..

Thegrgftcopolymerizationiscarriedoutatatemperature
of usually 60 to 350°C. The radical initiator is used in an

15 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 bénzoyl peroxide,

20 dichlorobenzoyl peroxide, dicumyl peroxide, di-tert-butyl
peroxide, 2,5—dimethyl-2,5—di(peréxybenzoate)hexyne—3,
1,4—bis(tert—butylperoxyisoprole)benzene,lauroylperoxide,
tert-butyl peracetate,

2,5-dimethyl-2,5-di (tert-butylperoxy)hexyne-3,



slurry, the solvent was renoved by an evaporator, and the _ . ..gF 781
resi dual pol ynmer was dried under reduced pressure at 80 Cfor 10 hours to
recover 0.365F"W1lthe polymer. The resulting polymer was subjected to
13C-NWR neasurenent, and it was found th all the term nal am no groups of
the 5 side chains were converted into am @e bonds and 5. 6 side chains were
| i nked based on one mai n chain. What .is clainmed is: 1. A branched

pol yol efin conprising an olefin chain (A) having, as nmain constituent

units, .recurring units obtained fromat |east one olefin selected from

ol efins of EQ}SLéEhé@KPPDZ?5389W§e§9gb8£g%%9r8933?e&aﬁe) e?tlbﬂﬁéhng‘; as

mai n constituent units, recurring units al ne romaf ['éast one ol efin

sel ected fr ] f _ at o erein_th | efin chain (B)
is |inked t?%%%i%ﬁ% o%ﬁ%? %ﬁ%ﬁ%ggﬁh%ﬁgﬁ %?g?ﬁ{éem EFFﬁ'gHthl (A ,
th h b havi b : d at | t 10 | ef i hai

(B) por one DY eI EeraCEn CPEtpPRlER: 85 s Siobt ahtRed BFyBREKn 2 |
clainmed in claiml, wherein the weight-average nol ecul ar wei ght (My) of the
ol efin chai PYEITRLHbR/ | e48YLnRArBIvabatesand rasthbuhyhpergorybyadiin as
claimed in claiml1, wherein the bond having a carbonyl group is an ester
bond andPor agrritle Bdid @@ loyathe mmamcawd @oipmirds n ssclelas med in any
one of clains T to 3, wherein one of the olefin chain (A and the olefin
ch?i nI (fB_) i amkoéﬁ;g%?bmtggeogﬁtyglef aﬂdgam]éhle}/p;@ebi%blatpeagé_tyscwl l'ine f
pol yol efi n. - . 5. e branched polyolefin as claimed in any one o
cl ai s 1.t()ﬁheymﬁrﬁiéﬁéﬁﬁbléhgr@|@iéDk?Da%@réfidégg shenohsf hacehghn (B)
a[e_polip{Oﬁélene. 5_6.9;2; ELancge?_po ﬁo_efk25as gI?Lnedllp_anyhone ?E)
cl ai s 0 FerdWRI&) Ny rtbguel ef h8r&Ra4s, an e ol efin chain

have stereoregularity. 7: A pro%ess #o? preparing a branched pol yol efin, 10

conpri si ng | vy Chi en - i Lyoletin (C) having, as

mai n consti?&gﬁw{ﬁﬁﬁégﬂr%bgrg#&gégﬁg?ggg%ﬁgl%gg)$§§§$gtgreast one ol efin

sel ectednfr | ef i ns,_ 0 0,20 carbon_atons and having one or nore

carboxyﬁogr3§&%€%ﬁﬁ§hygifdgéﬂhgﬁ?FégbﬁF% %r%¥ygB§F?P82§nather than both

ends to reaci %{h#§}h at | east one termnal nodified polyolefin (D) having,
f

‘as main cons RT tSPUL BERPFPRYL SPPF QP bt BPREANEF om at | east one
olefin selected fromolefins of 2 to 20 carbon atons, having an olefin
conposi tion whi chtheidefnet sepel agronpuiditrbmingrpedybaefon (Ge
functional group-containing 20 polyolefin (C) and having at |east one group
capabl e of reRicainedwibdve, cahbogyafyrouanvitpnofictleanhydtidetgroup at
only the position of chain end to prepare the branched pol yol efin of any

one of clai neadbdxyBic adSkd Bl its8deFheapivsess frorhy epagkngrao boanehed
polyolefin as clainmed in claim7, wherein the functional group-containing

pol yol efibn (13 % b@v&aif?l@,f peecdrbydl ydeomnd {3 b NOIPPRL Y AR eYrLabodyipr of

et hyl ene and/ or propyl ene. 5 ‘ .
0.1 to 10 % by weight, based on the amount of the unmodified

polyolefin.
When the functional group-containing polyolefin (C) is
a polyolefin obta;ned by'modifying an ethylene (co)polymer,
20 this polyolefin desirably has MFR of usually 0.001 to 1,000
g/10 min, preferably‘0.0S to 500 g/10 min, more preferably
0.01 to 100 g/10 min, and a density of usually 0.70 to 1.0
g/cm?, preferably 0.75 to 0.98 g/cm®, more preférably_O.BO.to

0.96 g/cm’. This functional group-containing polyolefin (C)



9. The process for preparing a branched polyolefin as clainmed in claim?7,
wherein the terninal nodified polyolefin (D) iS-a one-side-end nodified

pol yol efin IeR478L a group capabl e of reacti ng wi th a carboxyl group or an
aci d anhydride group 10 at only one-si deﬁs 10. The process for preparing
a branched polyolefin as clainmed in claifr7, wherein ‘the' terminal nodified
polyolefin (D) is a malefic anhydri de-nodi f| ed honopol yner or copol yner 15
of ethylene and/or propylene. 11: A thernoplastic resin conposition _
cont ai ni ng the branched pol yolefin of claiml in an amount of 0.01 to 50 ~

by wei ght. 9%
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is used, the solid titanium catalyst component (I) or its
10 prepolymerized catalyst is used in the polymerization system
in an amount of usually about 0.0001 to 50 mmol, preferably
a.bout 0.001 to 10 mmol, in terms of the titanium atom, based
on 1l liter of the polymerization volume. The organometallic
compound catalyst c.omponent (II) is used in an amount of the
15 metal atom in the catavlyst component (II) of usually 1 to 2000
moi, preferably 2 té 1000 mol, based on 1 mol of the titanium4
atom in the solid titanium catalyst component (I) in the
polymerization system. If the electron doﬁor (ITI) is used,
this electron donor (III) is used in an amount of uéually 0.001
20 to 10 mol, preferably 0.01 fo 5 mol, based on 1 mol of the
| metal atom in the organometallic compound catalyst component
(II). |
When, the metallocene catalyst is used as a catalyst for

polymerization, the amount of the metallocene compound (a)
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The olefin polymerization can be carried out by any of
liquid phase polymerization, such as solution polymerization
and suspension polymerization, and gas phase polymerization.

15 As the reaction solvent for the suspension polymerization,
the aforesaid inert hydrocarbon solvent may be used, or an
olefin that is liquid at the reaction temperature may be used.
The reaction temperature is in the range of usually -50 to

1 200°C, preferably 0 to 150°C, and thé\polymerizatior.m pressure

20 is in the range of usually 0.01 to 10 MPa, preferably 0.1 to
5 MPa. The olefin polymerizatioﬁ can be carried out by any
of batchwise, semi-continuous and continuous processes. When
the olefin polymérization is conducted in two or more steps,

the reaction conditions may be the same or different.



%A AAABOB<BAEDLC! (" MLOYVE ()-yy 109%v&' ()-yL 109& ()-3"1000& ()-f

= 10%& ()-yGLO%E ()- <BuBBB*C CCABOTH(!/f#10999& ()-- 109%E& ()-* 109 F=(
109VE () - & EPAI8Y ) - @10%VE () - CC#DIDDDDDDIYNC! (! 10M 10M 10MD 1094VE () - 7
1090v& ()-f5 109%VE ()-L3
109V () - &31" 1090’ () - DDD_EEEEaBYNC! (° 3" $dvze: () - 100z& ()- 109%z& ()- @y
1092& ()-9 109@2& ()-!109%& ()- E3FqFFFG GIEYNC (, 109@2& ()-| mL0%&Z& () -f Sz
109@& ()-S9y 109@& ()-f f 109&& ()- SMLOYZ& () - | GBEGHHHHIEYNC! (y +
1092& ()-y) 109@& ()- &' 109@& ()-y$109@& ()-f"109@& ()-y 109&Z& ()- HHH

100 () 1m0vzel () OF Tose ) B IRRE D A TSR e 15 AR
06 (LY, PG R ARSI (IR L 2
10% () TOROTE IS 100 B0 ERIRATRERD oy KBRS {594 boHa 92t 18855 () -
10 10 107S10%&' ()-510%&' ()-310%&' ()- ONOOCQUO-OOQJEDLC! (f, 10%K () -
S 10%4& () - Ay Lly PSS OVt 1awaeYHLo W@ND TR P OFIXIRBRARIEROY &32
1094 () - FF110%4& () - (10%4& () - Y&H#10%&' () - = 10%4& () - F3"10%4& () -
~RRRRRRRRSh @ c1toed &x opn-the0osRe¢n t Si1bon &f(Hhe 60ga0006TADYRE (CptES yst
10%4&' () - SSSSTUBUcUaBbC! (ys10% & ()-F#10% & ()-Sy 10% & ()-F! ""10%\ & ()-f
component (II), the polymerization temperature and the
concentration (polymerization pressure) of the olefin. The
molecular weight is specifically regulated as follows. For
example, in the suspension polymerization wherein molecular
10 hydrogen is not present substantially, the concentration of
the organometallic catalyst component (II) is increased,
whereby the molecular weight of the résulting polyoiefin can
be decreased, or in the suspension polymerization wherein
molecular hydrogen is not present substantially, the
15 polymerizationtemperatureisincreased, wherebythemolecular
weight of the resulting polyolefin can be decreased.

'The polyolefin obtained as above has a Group 13
element-containing group and/or éﬁ unsaturated bond at an end,
preferably at only one-side-end. Whether the end of the

20 polyolefin is a Group 13 element-containing group 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.
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10% & ()-- &Séll‘él'l'(x)e/% \agG:.(gup 13 element~-containing group nor an unsaturated

10 bond at an end that is prepared by a conventional process,
and the resulting polyélefin can be prleferabiy employed. Also
when the res.ulting polyolefin is a mixture of a pblyolefin
wherein a Group 13 element is bonded to an end and a polyolefin
having an unsaturated bond at an end, the terminal unsaturated

15 bond of the polyolefin may be converted into an end to which
a Gfoup 13 element is bonded if necessary.

The compound containing a Group 13 element, which is used
for the reaction, is selected from the aforesaid compounds
exemplifiedastheorganometalliccompoundcatalyst components

20  (II). Of such compounds, those exemplified as the
organoaluminum compounds or the organoboron compounds are
preferably employed. Of these, trialkylaluminum,
dialkylaluminum hydride or a boron compound having one or more

hydrogen-boron bonds is more preférable.
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(1) Polypropylene having a vinylidene group at an end,
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(2) Polypropylene having a vinylidene group at an énd,
in an amount éf 0.1 to 50 g, is mixed with 5 to 1000 ml of
anhydroustetrahydrofurapando.ltoSOndcﬁfatetrahydrofuran
SOIutionof9-borabicyclo[3,3.1]nonanehavingaconcentration
of 0.05 to 10 mol/1l, and the mixture is stirred at 20 to 65°C
for 0.5 to 24 hours.

Through the above processes, a terminal modified

polyolefin isprepared. Totheendoftheresultingpolyolefin,_

preferably to only one-side-end thereof, a Group 13 element

is bonded, and the Group 13 elemeﬁt is preferably aluminum.
The Group 13 element containing group-containing

polyolefin prepared above is usually obtained as a slurry.
Subsequently, (1) a substitﬁtion 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
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10 phthaloyl chloride.
Examples of the compounds having a structure that forms
a functional group by solvolysis ihclﬁde oxygéﬁ, carbon
monoxide and carbon dioxide.
The substitution reaction of.the Group 13
15 element-containing group of the Group i3 element containing
group-containing polyolefin with the compound having a
| functional group structure or the compound having a structure
that forms a functional group by solvolysis is carried out
at a temperature of usually 0 to 300°C, preferably 10 to 200°C,
20 for 0 to 100 hours, preferably 0.5 to 50 hours.
The temperature for the solvolysis is in the range of
usually 0 to 100°C, preferably 10 to 80°C, and the Solvolysis
time is in the range of 0 to 100 hours, preferably 0.5 to 50

hours.



10" 10" 10"&z10% & ()-7 10% & ()-5 10% & ()-3 10% & ()-1#10% & ()-% -i dE\ OF
10\, 10%H& ()- 109%H& ()==F10%& ()-f & 109%& ()-310%& ()-S, ! 10%& ()- @HIE\ QF
10\ #109%& ( SESYRWE ()- y 10%4& ()-y3

1094& () -y, 109%4& () -s"10%4& () - HAt dE\ QF 10\,) 109%4& () - '#10%1&() $

109 ()-"110%4& ()- GLO%HE ()-@ 10%4& (J¥*edE\ QF 10\5 10%4& ()-3

109448 () - &1#10944& () - Yy/ "109%& ()- - 109%4& ()-F+ 109%4& ()-']> 10\y@

109& ()-! 10% & ()- 110%& ()- 10H 10H 10HO 109%4& ()- 7 10%4& ()-\ -aB]>
10\ FT109%& ()-, 10%& ()-"10%& ()-10%& ()-Zy 109 ()-!yz#10%& ()--]1dE]>

10\"y 10%& ()- %fé‘%:é@(])@s o%o"fgso}ge(\féso"{fse@ TR, Qo AP )1 B >

10\f{10@&:£) S- ( .

109 () - 51098 (A ST00E R EAr0Re T LB L AR (TE 0% & ()-f
10% & ()-,GL0% & ()-!x0Yl 10%&' ()-3SL 10% & ()-) 2f aBYNC

10\ 10% & () - @ 1L0FHE §5QuP wisdswizi ¢y the enshgd §MOpl fiesh h3pgTur cepabde() -
' _aBYNC 10\f@10% & ()-& 10% & ()-$410% & ()-!":1109& () -

910% & ()-1 BepFLipgByith a carboxyl group or an acid anhydride group.

5 Examples of such groups include a hydroxyl group, an alkoxy
group, an amino group, an imino group and a halogen. Of these,
particularly preferable is a hydroxyl group, an amino group
or a halogen.

Examples of conversions of the end of the Group 13 element
10 containing group-containing polyolefin having —AlRH@ group
at an end into a hydroxyl group, a halogen or an amino group
are given below.
(1) Conversion into hydroxyl group
A lafge excess of methanol containing a small amount of
15 hydrochloric acid is added to a -AlR'R?® group-containing
polyolefin, followed by stirring for 5 minutes to 12 hours.
(2) Conversion into halogen
To the polymer obtained by the above process (1), thionyl
. chloride of 1 to 10 times mol as much és the hydroxyl group
20 is added, folléwed.by the reaction at 0 to 100°C for 5 minutes
to 24 hours. Instead of thionyl chloride, thionyl bromide

is employable.

(3) Conversion into amino group.
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element-containing group at anend, apolyolefin having a group
containing an element other than a Group 13 element at an end
10 is also employable. The polj;olefin having a group containing
an element other than a Group 13 element at an end is prepared
by livihg polymerization or chain transfer reaction hitherto
known. In particular, a polyolefin having a group containing
an element of 3, 4, 5 or 10 Group at an end, which is prepared
15 by living polymerization, or a polyolefin having a gAroup
containing a Group 12 element or silicon (Si) at an end, which
is prepared by chain transfer reaction, is preferable.
The terminal modified polyolefin (D) obtained as above
has MFR of usually 0.01 to 5,000 g/10 min, preferably 0.05
20 to 3,000 g/10 min, more preferably 0.1 to 1,500 g/10 min, and
a density of usually 0.7 to 1.0 g/cm®, preferably 0.75 to 0.98

g/cm®, more preferably 0.80 to 0.96 g/cm®. The weight-average

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

10°
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5 (B) isprepared, theterminalmodifiedpolyolefin (D) desirably
has MFR of usually 0.01 to 3,000 g/10 min, preferably 0.05
to 1,000 g/10 min, more preferably 0.1 to 500 g/10 min, and
a density of dsually 0.880 to 0.960 g/cm®, preferably 0.890
to 0.950 g/cm®, more preferably 0.900 to 0.940 g/cm’.

10 When the branched polyolefin wherein the composition of
the olefin chain (A) is different from that of the olefin chain
(B) is prepared, the terminal modified polyolefin (D) is
preferablypolypropylene,andiﬁthiscase,thispolyprOpylene
preferably has‘a density of usually 0.890 to 0.920 g/cmﬂ

15 particularly 0.900 to 0.915 g/¢m3, and MFR-of 0.05 to 1,000
g/10 min, particularly 0.1 to 500 g/10 min. When the
polypropyleneiseacopolymer,thecontentofthecwpolymerized
compoﬁent is desired to be usually not more than 10 % by mol,
particularly not m&re than 5 % by mol.

20 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 functional

group-containing polyolefin (C) with the terminal modified
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10 completely dissolved in an organic solvent.

Examples of the organic solvents employable include
aiiphatic hydrocarbons, such aé heXane,‘heptane and decane;
aromatic hydrocarbons, such as benzene, toluené and xylene;
halogen-containing hydrocarbons, such as methylene chloride

15 anddichlorobenzene; andheteroatom-containinghydrocarbons,
such as dimethyl sulfoxide and dimethylformamide.

This reaction is car‘ried out at a temperature of usually
20 to 250°C, preferab‘ly 40 to 200°C, for 1 minute to 24 hours,
preferablyVS minutes to 12 hours.

20 Thermoplastic resin composition

The thermoplastic resin composition of the invention
comprises the branched polyolefin and a thermoplastic resin

other than the branched polyolefin, and contains the branched
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10% & ()- ,y 10%2As (QheAft&EOMMPl@stic resin, at least one thermoplastic
5 resin selected from polyolefin, pquamide, polyester,
polyacetal, polystyrene, an acrylonitrile/butadiene/styrene
copdlymer (ABS), polymethacrylate, polycarbonate,
polyphenyleﬁe oxide, polyvinyl chloride, polyvinylidene
chloride,polyvinylacetate,zm1ethylene/(meth)acrylb:ester
10- copolymerandadienerubberispreferablyusedihtheinvention.
Examples of the polyolefins include olefin homopolymers
other than the branched polyolefin,'such as polyethylene,
.polypropylene, poly—lFbutene, polymethylpentene and
polymethylbuténe; and olefin copolymers, such as an
15 ethylene/a-olefin random copolymer, an
ethylene/propylene/diene terpolymer, é propylene/ethylene
réndom copolymer, a propylene/a-olefin random copolymer and
a propylene/ethylene/a-olefin terpolymer. Of these,
polyethylene, polypropylene, an ethylene/a-olefin random
20 copolymer, an ethylene/propylene/diene terpolymer, a
prppylene/ethylenerandmncopolymerandeapropylene/a—olefin

random copolymer are preferable. When the polyolefin is a

polyolefin obtained from an olefin of 3 or more carbon atoms,
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5 or a metallocene catalyst, may be used.

Examples of the polyamides include aliphatic polyamides,
such as nylon-6, nylon—66, nylon-10, nylon-12 and nylon-46,
and aromatic polyamides prepared from aromatic dicarboxylic
acidsandaliphaticdiamines. Ofthese, nylon-6ispreferable.

10 Examples of the polyesters include aromatic leyesters,
&mﬂ1aspolyethyieneterephthalate,polyethylenenaphthalate

- and polybutylene terephthalate, polycaprolactone, and
polyhydroxy butYrate. ' Of these, polyethylene terephthalate
is preferable?

15 Examples of the polyacetals include polyformaldehyde
(polyoxymethylene), polyacetaldehyde, polypropionaldehyde
and polybutylaldehyde. Of these, polyformaldehyde is
particularly preferable.

The polystyrene may be a homopolymer of styrene, or may

20 be a bipolymer of styrene and acrylonitrile, methyl
methacrylate, a-methylstyrene or the like, sﬁch as an
acrylonitrile/styrene copolymer.

As the ABS, one containing constituent units derived from

acrylonitrile in a content of 20 to 35 % by mol, constituent
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5 ié preferable.

Examples of the polycarbonates include those obtained
from bis(4-hydroxypheny)methane,
1,1-bis(4-hydroxyphenyl)ethane,
2,2-bis(4-hydroxyphenyl)propane and

10 2,2-bis(4-hydroxyphenyl)butane. Of these, polycarbonate
obtainedfrom2,2—bis(4—hYdroxyphenyl)propaneispreferable.
| As the polyphenylene oxide, |
poly(2,6—dimethyl-1,4—phenylene oxide) 1is preferable.

The polyvinyl chloride may be a homopolymer of vinyl

15 chloride, ormaybe a copolymer of vinyl chloride and vinylidene
chloride, acrylicester, acrylonitrile, propyleneor the like.

Aéthepolyvinylidenechloride,acopolymerofvinylidene
chloride and vinyl chloride, acrylonitrile, (meth)acrylic
ester, allyl ester, unsaturated ether, styréne or the like,

20 which contains vinylidene chloride units in a content of not
less than 85 %, is usually employed.

Thepolyvinyl acetatemaybe a homopolymer of vinyl acetate,

or may be a'copolymer of vinyl acetate and ethylene or vinyl
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: ethylene/methyl acrylate copolymer, an ethylene/ethyl
5 racrylatecopolymer, anethylene/methylmethacrylate copolymer
or an ethylene/ethyl methacrylate copolymer is preferable.
Examples of the diene rubbers include conjugated
polydienes, such as polybutadiene, polyisoprene and a
styrene/butadiene copolymer of elastomer type that is known
.10 as SBR (styrene-butadiene rubber). In thesé diene rubbers,
a part of double bonds in the molecules may be hydrogenated.
The thermoplastic resins mentioned above can be used
singly or in combination of two or more kinds.
Of the above thermoplastic resins, preferably used is
15 a polyolefin, a polyester, a polyamide or a polystyrene, and
more preferably used is a polyolefin. Especially when a
polyolefin that is a copolymer having different compositions
is used or wﬁen two or more kinds of polyolefins are used in
combination, the branched polyolefin is most preferably used
20 as a compatibilizing agent.
The thefmoplastic resin composition of the invention is
prepared for the main purpose of allowing the composition to

function as an improver of melt properties of the branched

polyolefin and/or a compatibilizing agent for a copolymer
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5 and/or effects of compatibilization such that domain size is
reduced iﬁ the phase structure can be expected.
Additives.
The thermoplastic resin composition of the invention may
céntain additives, such as inorgahic filler, organic filler,
10 crystal-nucleating agent, hest stabilizer, weathering
stabilizer, antistatic agent, colorant, lubricant, flame
retardant and anti-blooming égent, within limits not
detrimental to the objects of the invention;

Preparation

15 The thermoplastic resin composition of the invention can
be prepared by blending the branched polyolefin with the
thermoplastic resinbymeans of, for example, a ribbonblender,
a tumbling blender or a Henschel blender.

The thermoplastic resin composition of the invention can

20 be prepared also by melt kneading the branched polyolefin with
the thermoplastic resin using a kneading machine such as a
Ko-kneader, a Banbury mixer, a Brabender, a single-screw
extruder or a twin-screw extruder, a horizontal stirring

machine such as a twin-screw stirring machine with surface
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to the following examples, but it should be construed that
the invention is in no way limited to those examples.

Example 1

10 Preparation of solid titanium catalyst component

7.14 g (75 mmol) of anhydrous magnesium chloride, 37.5

ml of decahe 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)

15 of phthalic anhydride was added, and the solution was mixed

- with stirring at 130°C for 1 hour to dissolvé the phthalic

anhydride in the homogeneous solution. The resulting

homogeneous solution was cooled to room temperature, and to

200ml (1.8mol) of titaniumtetrachloridemaintainedat -20°C,

20 thewhole amount of the homogenebus solutionwas dropwise added
over a period of 1 hour. After thé dropwise addition was

completed, the temperatﬁre of the mixed solution was raised

to110°Cover a period of 4 hours. Whenthetemperaturereéched

110°C, 5.03 ml (18.8 mmol) of diisobutyl phthalate (referred
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until no titanium compound liberated in the washing liquid
was detected.
10 The solid titaﬁium catalyst component synthesized by the
| above process was stofed 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 catalyst component exhibited Ti of 2.1 % by
15 weight, Cl of 58 % by weight, Mg of 18 % by welght and DIBP'.
of 10.9 % by weight.

Polymerization of propylene

A 500 ml glass autoclave was purged with nitrogen, and

250 ml of decane was introduced into the autoclave, followed

20 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

cyclohexylmethyldimethoxysilane and 0.1 mmol-Ti in terms of

titanium atom of the solid titanium catalyst component were
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Preparation of terminal modified polypropylene

- The polymerization slurry was maintained at 100°cC, and
passing air having been dried by passing through molecular
1’0 s‘ieves 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 wés introduced into a mixed liquid of
2 litefs of methanol and 2 liters of acetone, and the mixture
was allowed to stand still for one night. The fibrous polymer

15 sticking to the stirring blade was discarded.
Asmallamountofhydrochloricacidwasaddedtotheslurry
givenafterallowingtostandstill, andthemixturewas filtered

to obtain a white polymer.

The resulting polymer was washed with methanol and then
20 dried under reduced pressure at 80°C for 10 hours to obtain
2.5 g of terminal modified polypropylene. It was confirmed
by '*C-NMR that the terminal modified polypropylenehadhydroxyl

groups at vpositions of 52 % by rhol of one-side-ends. The Mw
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anhydride group: 3.1 umol) of maleic anhydride-modified
homopolypropylene (trade name: ADMER, available from Mitsui
Chemicals, Inc., Mw: 110,000, modification fraction: 0.5 $),
1.0 g (5.9 pmol, hydroxyl group: 3.1 pmol) of the terminél
modified polyproleene 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

anevaporator,andtheresidualpolymerwasdriedunderreduced

pressure at 80°C for 10 hours to recover 1.02 g of the polymerT

The resulting polymer was measured by ’C-NMR, and it was
found that all the terminal hydroxyl groups of 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 anhydride-modified homopolypropylene.
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having an ethylene content of 80 % bymol withmaleic anhydride,

melt flow rate: 0.4 g/10 min, Mw: 130,000, modification
10 fraétion: 0.5%), 1.0 g (5.9 pmol, hydroxyl group: 3.1 umol)
of the terminal modified polypropylene prepared in Example
-1 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 reﬁoved by
.15 anevaporator,andtheresidualpolymerwasdriedunderredﬁced
pressure at 80°C for 10 hours to recover 1 .02 g of the polymer;
The quantity of the 23°C decane-soluble component in the
" recovered polyiner was 8.06 % by weight. The vdecane—insoluble
component at 23°C was subjected to IR measurement, and as a_
20 - result, apeakof anethylene chainwas detected in the vicinity
of 720 cﬁ*. The decane-insoluble compohent at 23°C was
subjected to *C-NMR measuremeﬁt, and as a result, a peak of

an ester bond was detected.



10\ 10\ 10\9 10% & ()-7 10% & ()-5 10% & ()-# dB A0 !!| &10%\& ()-f
T0%& ()- ~"10% & ()- f 10% & ()-FS ! 10%& ()-S 10% & () - WA\ dE" A0
11y)10% & ()SKR#H&DA & ()-Fy$ 10% & ()-y" 10% & ()-y 10% & ()-y

10% & ()-\y)ddE A0 !!510% & ()-y3 10% & gk-1"10% & ()-f/

10% & ()-@-10% & ()-3+10% & ()- V A0 !0y- 10% & ()-LF 10% & ()- 10%.
L& ()- 10\ 10\ 10\9 10% & ()-7 10% & ()-VM~ ? A0 ! ‘
S10% & ()-S10% & ()-10% & ()-!"10% & ()-'! ! 10%AAL ()- Fyf 10% & () -
cXaB A0 1&10% & ()-y$ 10% & ()-y" 10% & ()- vy 10% & ()- ys

109% & ()-!6p, YHO%& () M ANl Df number of side chains

10% & ()-Y1@10% & ()-@ IO & () - Y& 10% & () -y +F

10111 74 100 () Gl RO (0 s et 7O P PAe 100 A 7 Sridfiar (42 3% oo,

¢ 150 O gl AT S RS Ll BRI Ul € 0
10" SUS10WE ()3 4N ANAON. (LA () SIS0 (- GLIDNKE, ()5, 10088 -
| 5 wére 97.01 % by weight and 6.01 % by weight, respect-ively.

If the maleic -ahhydride—modified ethylene/propylene
copolymer and the terminal modified polypropylene had not
reacted at all, the quantity of the‘decan‘e-—soluble component
at 23°Cshouldbe 14 $byweight by calcu‘lation fromthe following

10 formula.

(1.0x0.0601+0.099%x0.9701)+(1.0+0.099) =100

As described above, however, the quantity of the
decane-soluble component at 23°C iﬁ the reaction product of
the maleic anhydride-mbdified ethylene/propylene copolymer

15 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 umol) of PO-A was linked to décane—insoluble PO-B at
23°C.

(1.040.099) x(14-8.06)+100

20 | - Consequently, the numbef of the olefin chains derived
from the terminal modified pol’ypropylene based on one olefin
chain derived from the maleic anhydride-modified

ethylene/propylene copolymer is calculated to be 5.8 from the

following formula.
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Example 3

- Synthesis of terminal iodinated polyethylene

5 Ina500miglasscontainerthoroughlypurgedwithnitrogen,
250 ml of dehydrated toluene was piaced, and with stirring,
an ethylene gas (100 1/hr) was passed through for 20 minutes.
To the container, a toluene solution of 2.5 mmol in terms of
Alatomofn@thylaluminoxane(referredtoas“MAO”hereinafter)(

10 saidsolutionbeingobtainedbyvacuumdistillationoftoluene
from a toluene solution of MAO available from Albemarle
Corporation;at 40°C:and'then.addingkdehydrated'toluene again,

- and 0.01 mmol of bis[7-{N—(2,4,6¥trifluorophenyl)
| iminomethyl}indeolinyl]titanium(IV) dichloride

15 ([7-(2,4,6-F-Ph-N=CH) CgHsN],TiCls) were successively‘added
andwerestirredfor5ndnuteswithnmintainingthetehperature
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. To the resulting polymer solution, a toluene

20 solution of iodine (iodine: 2.5 mmol) was added, and stirring
was further continued at 25°C for 1 hour. The polymer was

‘precipitatedin 1.5 liters of ﬁethanol, filtered off and dried
toobtain0.80gofterminal iodinatedpolyethylene (Mw: 65,000,

Mw/Mn: 1.15).
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Synthesis of terminal aminated polyethylene

In 50 ml of dehydrated tolﬁene, 0.5 g of -the terminal
iodinated bolyethylene obtained above Qas slurried, and to
theslufrywasaddad27mg(0.15mmol)ofpotassiumphthalimide.

5 . The mixture was étirred with heating at 80°C for 12 hours,
followed by addition of 10 ml of hydrazine monohydrate was
added, and fhe mixture was heat-refluxed for 2 hours. The
reaction solution was cooled to room temperature and was added
to 1.0 liter of methanol. The precipitating polymer was

10 filteredoffanddriedtoobtainterminalaminatedpdlYethylene.
It was confirmed by 'H-NMR and IR analysis that primary amine
was present at positionslof 60 % by ﬁol of one-side—ends.

Reaction of functional group-containing polyolefin with

terminal modified polyolefin

15 ADMER available from Mitsﬁi Chemicals, Inc.
(homopolypropylenemodifiedwithmaleicanhydride, Mw: 110,000,
modification fraction: 0.5 %) was uéed as a main chain.

In é 500 ml glass reactor, 0.061 g (0.55 pmol, maleic
anhydride group: 3.1 pmol) of the above main chain, 0.34 g

20 (5.2 pmol, amino gioup: 3.1 pmol)lof the above side chain and
250 ﬁl of toluene were placéd, followed by stirring at 70°C
for 30minutesandthenat 80°Cfor4.5hours. Fromtheresulting

slurry, the solvent was removed by an evaporator, and the
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were linked based on one main chain.
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<= >°@\B®EF%MWM§Q§AQQ AhGlef g d I iMmaRArlefin selected
from olefins of 2 to 20 carbon atoms, 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

10 one olefin chain (B) per one olefin chain (A) is present.

2. The branched polyolefin as claimed in claim 1,
wherein the weight-average molecular weight (Mw) of the olefin

chain (B) is not less than 5,000.

15
3. The branched polyolefin as claimed in claim 1,
wherein the bond having a carbonyl grdup is an ester bond and/or
an amide bond.
20 - 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.
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5. The branched polyolefin:as claimed in any one of
claims 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 olefin chain (A) and the olefin

chain (B) have stereoregularity.

7. A process for preparing a branched polyolefin,
comprising allowing a functional group-containing polyolefin
(C) having, asmainconstituentunits, recurringunitsobtained
fromat 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 at least one terminal modified polyolefin (D) having,
as main constituent units, recurring units obtained from at

least one olefin selected fromolefins 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) andhavingat least one group capable of reacting

with a carboxyl group or an acid anhydride group at only the

-position of chain end fo 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 a maleic anhydride-modified homopolymer or

copolymer of ethylene and/or propylene.

9. The process for preparing a branched polyolefin as
claimed in claim 7, wherein the terminal modified polyolefin
(D) isaone-side-endmodifiedpolyolefinhavingagroupcapable
of reacting with a carboxyl group or an acid anhydride group

at only one-side-end.

10. The process for preparing a branched polyolefin as
claimed in claim 7, wherein the terminal modified polyolefin
(D) is a maleic anhydride¥modified homopolymer or copolymer

of ethylene and/or propylene.

11. A thermoplastic resin composition containing the
branched polyolefin of claim 1 in an amount of 0.01 to 50 %

by weight.



