;e3e-F!-, 6 TFID E1 26 April 2002 SPECI FI CATI ON *166166* PROPYLENE
COPOLYMER AND THERMOPLASTI C RESI N COWPCSI TION  FI ELD OF THE | NVENTI ON
¥Q00002* 5 The present invention relates to a propyl ene copol yner and a

t hernopl astic resin conposition. In particular, the present invention

rel ates to a novel propylene copol yner, Wwhich is nmixed w2thAarit R&OZopl asti c
resin such as pol ypropylene to provide a thernoplastic resin conposition
havi ng excellent flexibility, 10 transparency, resistance i i on
bendi ng, scratch resistance and heat resistance, and to a ym@mmu@mﬁwmmﬁ
resin conposition conprising such SPHSIIGEYIAGI®ON opol ynmer an stic
resin. BACKGROUND ART 15 Ethyl ene-propyl ene-non-conj ugat ed di ef¥!®bpol yners
(EPDM have @RRQPGENE GEIIsRERC ANIWTHERMO ALASTIICa mdes, L M €MPAGI IITG ON

resi stance, chemcal resistance, etc., since they have no doubl e bon

din
thei r backbones, and thus they are widely used in crosslinﬁMMmm“mmmmﬂmu
applications or resin nodifier applications. 20 In parti culiet esin
modi fi er &FPLlc&E FHE, INVENSIRNown to produce a thernopl astic rm@edz havi ng
good tensile properties, conpression set and inpact resistance by finely
di sper&i ng EPDMThe Breeenh inientd sy rglafrante & psoplvilerengopet werr and
conpri sing bIendin% EPDM in the resin matrix,_and kneading themw th a 25
crossl i nken§hagerplastéfosSFilRkCEPPRE I REERNt |47 RIE ek ftdre thesesé of
polyolefin materials increases also_in the fields where soft vinyl chloride
resins havB8VE8&AoHsEALaFeS SRR PPERUL LI $1 Yy IKOPOPeFESr ntiRéel & @ixedui red
wth regard to flexibility, heat & 2 26 Agril iOOZ resi stance, scratch
resistanc@léﬁdatFQﬁ§H§Péﬁ€§?Ckﬁﬁé%Er?uFHe POPGLYRFPRY KBRS FAI B @BHRR i&i ng
EPDM may not al s _reach the required | evels of suc roperties,. To deal
W (he SREFRGRTEREAE SOPLT FRREPSLEean HREtatnercest Por Chpatvitiey.

wher el@ho LEBREBAFROFVCNFBF T PES hE HATEEBERR S8 cht i bR cotract O
back d, th i | ; : it havi
G000 1| exPBRTPES R BRBn AP e hoy o ShebRANT ara: Fang: hoe FRRPETSHEE hein 1

. Whi t eni |.d. j ' b di
Speci 11 o FoAPBgEaD B SRy fganaas i b BFopLEeRE SR eyl ¢
thernnplagkgg h§§ggt?cheg§npo!ypropylene_(JP—A—§-57087, JP-A-6-271717,

etc.), and a £ rmoplastic resin conposition having good flexibility,

transparegg&ﬁﬁﬁgﬁﬂgnhﬁg! strength, resistance to whitening and 15 cold
resi st ance, ch contains a crystalline polypropylene resin and an

R e
have good ozone resistance, weather resistance, heat-aging
resistance, chemical resistance, etc., since they have no double
bond in their backbones, and thus they are widely used in
crosslinking rubber applications or resin modifier applications.

20 In particular, in the resin modifier applications, it is known
to produce a thermoplastic resin having good tensile properties,
compression set and impact resistance by finely dispersing EPDM
in a resin matrix by a dynamic crosslinking method comprising
blending EPDM in the resin matrix, and kneading them with a

25 crosslinking agent to crosslink EPDM. Recently, the demand for
the use of polyolefin materials increases also in the fields where

soft vinyl chloride resins have been used. In such fields, the

higher performances are required with regard to flexibility, heat



The latter conposition may be a material having the properties relatively
close to the required levels as a substitute 20 material for the soft vinyl
thloride resins anong olefinic materials containing neither chlorine nor
aromatic vinyl conpounds. However, this conposition has a problem that is,
the surface tackiness due to the ethyl ene-a-olefin copol i scri bed
in JP-A-8-301927, and has not been pracgically used. 25 ¥g%§mﬂ?29§§such

t acki ness, JP-A-8-301927 and JP-A-9-104720 proposed a net hod for
crosslinking an ethyl ene-a-olefin copolynmer with el ectron beans or peroxide
conpounds ver, such

2005 UndeF S hahSbTF b REFAREReFe PR  BIEReth Y| AR ST ERate prbsdeda gne
o1 opyl enceSLBP e PRD FREPERS S0 ERRBT AT Botk B il Fham dnaiaia y
ropl i cat i BRiRbEeet B o 8 810 S8tk B buever , ol ded product & of a
{acki ness i n tHES SEAT A ThEHAD oA ORYA ERR IR Ths UBKE S h8KEna

hi gh- GeMErALUES atreeehatef JPALRr 0ge [ty INYS- SUGLA ILhBreases

conposi ti on does not have uf ficient properties

appl i cati Jgp§h|éeg¢1¢11 1 89 NSRS WJhRIeSEROGR £ tf 1 n SX 51 RUEQEPHL |h%¢.§8k§%$ r -

applications which may encounter high-tenperature environnents.

THE | NVENIAN | 11 ¥hed,0h SuaBKBEbARAMISrd BRPEESEIN od BV ERL B 1S, dTade

15 extensive study on propyl ené copofyners, and found that a nateria

conpri si NG <A AP Y IAPE A ARPIJEBRY  fA%.a bIdithi, ek Adsphekher,
flexibility, transparency, resistance to whitening on bending and scratch

resi st angdHa dd1e seadmytn, onals itstaneRepkasivhe t ERSHY, COIDASH&d Ditsance,
conprising EPDM as a nodifier, and that the tackiness, 20 which is the

probhem wider, the @$pes fdrepapeld eat barneiandi ki epsciifithayArbgenatéd can be
i nproved by the use of a novel propyl ene copol yner. One object of the
present icovnenigadted oilenepisrvirdea copovdlympropyitine chpehypthaswhichessnm xed
with a thernoplastic resin such 25 as pol ypropyl ene to provide a

t her nopl asicihc arse poi yoeopgsiehieori JRakt+ Ag5eR8e) | EntAfEeXTDT17T 1 yetd N)gngpar ency,
resi stance to whitening on bending, scratch resistance and heat resistance.
Anot her abjtbetrmop lelsé ior essin icovpntsithonshavipgogode &lepvleilitp6 April
2002 propyl ene copol yner, which can inprove the tackiness that is the

probl em Grdasperensyeciecbaapphilcatrengtbndres basanee tte wiriteniag andhen it
is used as a nodifier of a thernoplastic resin. According to the first
aspebi ofolHer 97 ESEANCE NYEACRIINN B iTHe A Ch ¥ Hridviinferio Aypropyl eme respsl yner
conprising propylene, at |east one qlefin selected fromthe group .

consi st i A§dcn 6¥EY?ﬁ§eﬁ§vPﬁ§fént®%Y@§rrb%%aast%frﬁerb%é’é%l%% &pyséséingnd a

CYOL1 OLg! Lo e Bt hota) jgurver of gor on afore of Lhe monorers
The latter composition may be a material having the

properties relatively close to the required levels as a substitute

20 material for the soft vinyl chloride resins among olefinic
materials containing neither chlorine nor aromatic vinyl
compounds. However, this composition has a problem, that is, the
surface tackiness due to the ethylene-a-olefin copolymer, as
described in JP-A-8-301927, and has not been practically used.

25 To improve such tackiness, JP-A-8-301927 and JP-A-9-104720
proposed a method for crosslinking an ethylene-a-olefin copolymer
with electron beams or peroxide compounds. However, such amethod

is not still satisfactory.



10 first invention). According to the second aspect of the present
invention, there is provide an additive for a thernoplastic resin
conposition, conprising the propyl ene copolynmer of the first invention.
According to the third aspect of the present invention, 15 there is
provided a thernoplastic resin conposition conprising the propyl ene

copol ymer of the firs invention and a tBernopl astic resiZ2f ApElAQGD
DESCRI PTI ON OF THE | NVENTI ON The propyl ene copol yner of the present

i nvention conprises 20 propylene, at |east one olefin selected fromthe
group consisting of olefins having 2 to 20 carbon atons except propyl ene,
and a cyclic oll@tder sieh i slrRdarFsTedian RIS heln R BOTRIMRSIE Of
carbon atons of the nononers except the cyclic olefin is at least 7. 2.5
Exanpl es RICRIREDRSPFPRY NG F¢PR LyFeX0CeBP boh1 BE GO RUAAIR - mdmfiianeor
include an olefin of the formula [IV]: CH2=CH ] [IV] Rl 26 April 2002
wher ei n MRERY LeNgrrsgef - Ghiorl &9 iafed Ve ddfed &l Mgy ddp having 2
to 18 carbon atons. Specific, exanpl es of such ol efins include ethylene;

li near olavanfadaapsly ¥sBd: bnd: e PReAtEhd 010 hekidhiel N 4C sedteRat el Ta kbt ene,
1- nonene, 1-decene,_1-undecene, 1-dodecene, 1-trijidecene, 1-tetradecene,

1- pen?ade@éﬁ’énef-ehgﬁéﬁé’éeﬁ@,qu- 0d&08ne 2 "Pdd i e Gtk 1 OT198%28é cene,
1-eicoceng, etc.; aqg aéancged ol efins such as S-WEthﬁl-l-butene,

3- met hy| FPYSHTanBOI2eRePhYFYThET bife T8 FPFPPSHEXGReCOMPriSing such
2,2,4-trimethyl -1-pentene, etc, 10 Exanpl es of .t.he conbinations of olefins
in mhichatﬁéoﬁggﬁPenﬁﬁggﬁyEFriHgvgafﬁgﬁg Eom@CEAIETE tBnd r?réﬁgéﬁ? t he

bR Ret Bk EPTLRES P PR Bl MO LR e
1 1 - - 1; 1
Pr oYl enel.Lautengl 1y agtener, pr obylane] 1-but enelds hexenel 1198l Sli%: rbve

propyl en né/ ethyl ene, " pr opyl ene/ exe

DT DY) SnSLFrREHERE SEONL PRC. s HIAPYENGEd - DLERYLARIENS/ PLAYL £y heat

propyl ené ene/ et

pr opy| en%%i@‘d%ﬁg@/, lfaﬁ% pl;ﬁj,Cta%%%%tb:lﬁlee'ﬂﬁgf?‘ggrt%gpiig&igﬁe WA Ghi €

olefin to be used in the pr ene copol yner present 1nvention is

a cyclic [ Al +Leaska0itel LR WhhReALs| east 4 carbon atons,
and at |$§ggggﬁgg8g§%|§g%on5 igétﬁe n%lecu%g? mﬁi%ﬁ may optionally be

substi t uggghr Y horatpusNGERSEbftuents. A specific exanple of such a cyclic
olefin is a conpound of the formula [V] or (VI]: 26 April 2002 R R ~C6
R~Cg ~Ry ~9 ~CT) view ofC3@ch pRldr arR§]l the present inventors have made
15 extensive study on propylene copolymers, and found that a material
comprising a novel propylene copolymer as a modifier has better
flexibility, transparency, resistance to whitening on bending and
scratch resistance than the conventional thermoplastic resin
compositions comprising EPDM as amodifier, and that the tackiness,
20 which is the problem under the specific application conditions
in the prior art, can be improved by the use of a novel propylene
copolymer.
One object of the present invention is to provide a novel
propylene copolymer which is mixed with a thermoplastic resin such
25 as polypropylene to provide a thermoplastic resin composition
having excellent flexibility, transparency, resistance to

whitening on bending, scratch resistance and heat resistance.

Another object of the present invention is to provide a novel



C2~~, C1'~~Cl0RZ 3 ~~C1nRZR~Rgl4~16 13 d4-~13 Rm~R 1
[V|] ] &G jJR3 ( VI] CZ wherein n, mand 1 are each an integer of 0 or
[arger; C, to Cl5 are carbon atons, and Cl and C2 forns a pol ynerizabl e
double bond; R to Rl= and R12 to Rl, represent independently each other a
hydrogen atom a hal ogen atom a hydroxyl group, an am no rqug Qr_an
organic 5 group having 1 to 20 carbon adoms; C, and C6, 28h8P0628R4 Cl11 in
the formula [V] may be bonded through (C,) ~ and (Cl2) ~, respectively; R9
and R1,;, and R10 and Rl= may forma ring through a residue of the formula
[MII]; the conmpound of the formula [VI] has a cyclic structure with R 3
bei ng t heorasylkre abpoigmes,; nwhach\wadrl improviedetdelfathimess achtlisnthde
formula [VII] are selected fromintegers of O or larger so that the nunber
of car borpriolen iundere theclspecdlfélt arps igatiieascondipensf in exarmptisr of
the organic group having 1 to 20 carbon atons, which is one of the

substi t uanlts, Whedl dde 1@ gedgasupgs odéfies of a merpordestpc sasénhyl
group, a propyl group, a butyl %[oup, a hexyl group, an octyl group, a
dodecyl group, f&Ger ter diigs ISyt asrecphedylthgr sygseatt ényEngionp, a
napht hyl group, etc.; aralkyl groups such as a benzyl group, a phenethyl
group? etthierealRyPrfekiedPobpel ¥ LigRe ZORP Bty IGoaEFd SgReUPL ORIl & ew laitdene
group, 26 April 2002 etc . ; alkenyl groups such as a vinyl_ group, an
allyl grd@istec@e olgfiaxyeyretpd SHeR E € I FREP OSSR G DENT R @tlwéiyngr oup,

etc.; aryl ox rou such as a phenox roup, .etc.; acyl groups _such as an
acetyl g 6%92%&0!03%‘3&)&&&%%8&@e’&?%{fggré’géfﬂre&?aa %e?%%%&gé’rlﬁgﬁw
group, an_ethgxycarbonyl groyp, etc.; acyl ox roups, such as an acetyl oxy
Or oup, ePBEICdH FBRaF? y=b dBIMAT O CEFPYP G B8RSO S LI FONPN STERAFPS | vl
roup, etc. ; and th bove al kyl, aryl and ara | groups art t he
gydrggenE§F05¥cg%cmﬁf% ks Ay %aﬁﬁtéd( Fﬁlﬁah§¥5gg%g%$8ﬂ$ ﬁ?dggﬁyl
group, a%.lo am no grouF, an acyl groups, a carboxyl group, an al koxy
groug, a 15PE0§9¥8P 839 ‘group, an acyl oxy group, an optionally substituted

i‘yLY!h Clgi,f’:?; [“RBDENIAT O CROReCUnd LIS MO e PREHC S AXRAELSR O 1
5- ; . - dj . I

et byl SRERE 1o P1Re BHUNAKIADEGE A nOuiaft 41 1 L BOL RIS L son,
sphenyl ng%gmﬁ%g t?ﬁ%egf%w%x?@r%yééﬁtw'ﬂﬁ%“ﬁ%@of io

5-vinyln r nene; di met hano- 1, 2, 3, 4, 4a, 5, 8, 8aoct ahy roﬁéphthalene,

2-methyl -1, 4, 5p8-gLaehHaps 2 1sri A dadifeds & Barethysinnanhidaliens.
2-ethyl-1,4,5,8 dinethano-1, 2, 3,4, 4a, 5, 8, 8a- oct ahydr onapht hal ene,

2, 3djgret Bpérd, i 4, povddh retdhitnobladt i3 résifdcohpo8ition comprising
8aoct ahydr onapht hal ene,

2- hexyl - thd . gr.opydidirt bapolyRe 8.0 #ae5t By Sdnoehaiydr omapht hetedelastic
2-etylidene-1,4,5,8 25 dinethano-1, 2, 3, 4, 4a, 5, 8, 8a- oct ahydr onapht hal ene,
2-fl uorotedid, 8-di net hano- 1, 2, 3, 4, 4a, 5, 8, 8a- oct ahydr onapht hal ene, 1,
5-dinmethyl -1, 4, 5, 8-dinethano-1, 2, 3, 4, 4a, 5, 8,
8aoct ahylf DRERHER hREICR] PDIQY 1B HEE | INVENTH,C8F di net hano
The propylene copolymer of the present invention comprises
20 propylene, at least one olefin selected from the group consisting
of olefins having 2 to 20 carbon atoms except propylene, and a
cyclic olefin, and is characterized in that the total number of
carbon atoms of the monomers except the cyclic olefin is at least
7.

25 Examples of the olefins having 2 to 20 carben atoms except

propylene include an olefin of the formula ([IV]:

CH,=CH
| [IV]
Ry



8 26 April 2002 1, 2, 3, 4, 4a, 5, 8, 8a-octahydronaphthal ene, 2,

3-dichloro-1, 4, 5, 8dinethano-1, 2, 3,4, 4a,5, 8, 8a-octahydronapht hal ene,

2-isobutyll, 4, 5, 8-dinethano-1, 2, 3, 4, 4a, 5, 8,

8a- oct ahydr onapht hal ene, 1, 2-di hydrodi cycl opent adi ene, 5-chl oronor bor nene,

5,5 5 dichl oronorbornene, 5-fl uoronorbornene, .

5,5,6-trifluoro-6trifluoronethyl norborriene, 5-chl oromet A ABFibéPREne,

5nmet hoxynor bor nene, 5, 6-di carboxynor bornene anhydr at e,

5di net hyl am nonor bor nene, 5-cyanonorbornene, etc. Specific exanples of the

cyclic olefin of the formula [VI] 10 include cycl openetene,

3- net hy| eydmepenReniss adhpetbygenatapent enejind&z d-ali methyheyic bbpebterep

3, 5di net hyl cycl opent ene, 3-chl orocycl opent ene, cycl ohexene,

3net hyl cyalvimexeneo 4-8nmetahnpogy eltohsxene, 3, 4di net hyl cycl ohexene,

3-chl orocycl ohexene, cycl oheptene, etc. 1.5 Specific exanples of the cyclic

pol yene havi ng &pmiéardoenamagb@mfdgubheob@ﬁbrss ilmcalivglecgthiytenkefliimear

nol ecul e, which is represented by the formula [V] include

5- et hyl | dérdinsoskehnase 1 -burenhy| éneeptabebotnbAsene, l-heptene, 1-

5-i sopropyl i dene-2nor bor nene, 3-vinyl cycl ohexene, 4-vinylcycl ohexene, 5 20

vi nyl hor b6tRaRke, 1 2eNeRA ndro6EREARe, l BiBlafanchy L rdedecener Hortrisecene,

di cycl openadi ene, di et hyl cycl gpent adi ene, 2, 5nor bor nadi ene, etc. Specific

exanpl es lofetradegenee 66P§€ﬁéd@6%6un%l'%?x@ﬁ%c?’é?nulahfl‘?/\:ildeqﬁ@m%def'

|, 3-cycl opent adi ene, 1, 3-cycl ohexadi ene, 25 1, 4-cycl ohexadi ene, ,

5- et hy| - PCE2ERERBRexaTUIRIC Loy LT BhEBEGDF erREC 1/ 8PEyRI e edicdRELNGT c.

When no cyclic olefin i ont ai ned, _the therpopl astic resin conposition has
ethyy-3 %

| ow heat SPER| 8FaAcE BPRPFRE/ 29TBE GG Pt TpSit &9Re c op IS HRY L UF~ t he

D1 of or abPSTES0S: ¢ 6-3805 by - daPES S Bar 1 tul T YA BT H NG FE 7 - by
amout Tof 5 ¢ nEVETRE B P e PR A PR oE A R TR0 ST (U8 FORELt he
arount | oRUERE® ot ST T e oo e S St e F AP g7 BLRE ™t he
torper ot 1 & Cor 6785, TR EIS el TR R S S e e e

Phe: contont Bre SE s Rne e BTty il a0y ol & o s STR e 8 AL b

70 ~ by \yol &, 0f11&SSen HANS I SM) A&y 1R I - 1RO, B Rl r@f, | ess, nost
preferably 50 o by nole or l'ess, fromthe viewpoint of the Inprovenent of

f1 exisbi 14t of eddier thief srd sl 1 s S igk opRiTRe M1i-Olex WROR thiya e8khy| ene.
content 1s outside the above range, the propyl ene copol yner may contain

cryst al soxhe, 1ehetmdEishe Astth Ik reyr priche lieher/meplashiey 1-esi n conposi tion
may have low flexibility, transparency, resisting to whitening on bending

or scr attgdk gresi sttanicme Waenodieng/dpyplueeaegdpolcyrre /et ht/lenpr esent
i nvention conprises ethylene, it preferably satisfies the foll ow ng
rel at i onstugyldnd /X butdre /1 -hekxen2? lrocs epedechableye] yanfx theylike> 0. 3,
particularly preferably
The cyclic olefin to be used in the propylene copolymer of
20 the present invention is a cyclic compound having at least one
ring with at least 4 carbon atoms, and at least one double bond
in the molecule, which may optionally be substituted with various
substituents. A specific example of such a cyclic olefin is a

compound of the formula [V] or [VI]:



[y/(x +y)] ? 0.4, |0 26 April 2002 nost preferably [y/(x + Y)] ? 0.5
wherein x is the nolar content of ethylene in the copolyner, and y is the
mol ar content of olefins having 4 to 20 carbon atons in 5 the copol yner.
When the propyl ene copol ynmer does not satisfy the above relationship, the

t hernopl astic resin conposition may havg low flexibility, trans%ar ency,

resi stance to whitening on bending or ratch resi stancé26 Agrij g le’tl cul ar,
when the | ow tenperature resistance is required, the propyl ene content in

t he propyl ene copol yner of the present invention is generally 90 % by nol e
or |ess, preferably 80 0 by nole or less, nore preferably 70 % by nol e or

| ess, particular ’y_pr rably 60 % by nole or |less, nost preferably 50 % 15
by nol e or Iess/ \When /t he propyl ene content is outside the above range, the
t her nopl astinJ(r,(ésl }cg osiRvon may have Iow i npact resistance at | ow

t enperat ur & The cﬁ:‘e‘f/ €et~|rpr t han propyl ef contained in the propyl ene
20 copol ymer“ dCrime [ Sven{ M ﬁ has 2 darBon atlov§ or 4 to 20 carbon
at oms, andCus\pr9$(éw,’\abl Cat hyI ene, 1- buteneCz 1- hexene, 1-octene or
1-decene. ARi Grli Re1G1Vi sc8sity (ri] of the propyl ene copol yner of the
present inventibr—ts Perably from0.3 to 10, nore preferably Z5 fromO0.5
to 7, nost pref®ably Rgom 0.7 to 5, when neasured in Tetralin
(tetrahydronapht hal ene) at 135C. Wen the intrinsic viscosity is too |ow,

t he t her nopl n corposi tion may have | ow scratch resistance. \Wen

the intrinsijc itV is tloo high,
C14=Cis [Vi]

wherein n, m and 1 are each an integer of 0 or larger; C, to C
are carbon atoms, and C, and C, forms a polymerizable double bond;
R, to R;, and Ry, to R;- represent independently each other a hydrogen
atom, a halogen atom, a hydroxyl group, an amino group or an organic
5 group having 1 to 20 carbon atoms; C; and C;, and C; and C;; in the
formula [V] may be bonded through (C.), and (C,,),, respectively;
R, and R,;, and R;; and R;, may form a ring through a residue of the
formula [VII]; the compound of the formula [VI] has a cyclic
structure with R,; being the residue of the formula (VII], provided
10 that m and 1 in the formula [VII] are selected from integers of
0 or larger so that the number of carbon atoms in the cyclic olefin
is at least 4.
Specific examples of the organic group having 1 to 20 carbon
atoms, which is one of the substituents, include alkyl groups such
15 as a methyl group, an ethyl group, a propyl group, a butyl group,
a hexyl group, an octyl group, a dodecyl group, etc; aryl groups
such as a phenyl group, a tolyl group, a naphthyl group, etc.;
aralkyl groups such as a benzyl group, a phenethyl group, etc.;

alkylidene groups such as amethylidene group, an ethylidene group,



11 26 April 2002 the thernoplastic resin conposition may have | ow
flexibil=ty. The intrinsic viscosity [t~] is nmeasured using a Ubbel | ohde
visconmeter in Tetralin at 135C. Three hundred granms of a copol yner sanple
is dissolved in 100 mM of Tetralin to obtain a 5 solution having a
concentration of 3 ng/m . Then, this solution is diluted to decrease the
concentration to 1/2, 1/3 or 1/5, and ayviscosity of eaddf 46ri2082 i s
measured in a constant tenperature vessel kept at 135C O IC At each
concentration, the viscosity is neasured three tines, and the averaged
value is used as an 10 intrinsic viscosity. The propyl ene copol yner of the
present igheent horepkef grabby diah asmlwecilagraapghin dilstyl lgub'an dtftd W M)
of 5 or less, nore preferably 4 or less, nost preferably 3 or |[ess, when

measur ed dhkogel greuPRAtsuah el amaleagoaghy roGEC) an Whew <yherabecukar ; wei ght
15 distribution is too broad, the thernoplastic resin conposition may have
| ow scr atacly loayi strampes, swhénasuehphenopyl yneupj setised asyh dmoaigs esuchA

nol ecul ar wei ght distribution is neasured by a gel perneation

chr omat ogisaphy aceéR@)L mevhpd esicng, afldoxgxampbaylag20upS0€0ERCaappar at us of
Waters, Inc. An elution tenperature is 140C, a used colum is, for exanple,
Sodex5 PacketoRylamboAy80 gmenpf aetuesdobycBHOWAY DENKOuUKabeatshi. ki kay sbay and
standard sanpl es for nol ecul ar wei ghts are pol ystyrenes, for exanple,

pol yst yr gmesplasuay a®|at dcat Weixghusoob, 668tco; Spadona DY srmifidetteded by
TOSCOH 25 CORPOR ATIOD1. About 5 ng of a polymer is dissolved in 5 nml of o
di chl or obéhzéngreeprsbiiin a8 ot uinehh hbsl hyl @rsivesttcati andothalsbgrel

ng/ mL. The obtai ned sanple solution (400 ~I) is injected 12 26 April 2002
in the coalkith, Ar¥loandagtadkyhndePurs iy BT veni the hywinagen mtomgna Lt he

eluted fractions are detected with a refractive index detector. Then, a
ratio of whhehnahe us'des Wwef gFrd didrade PABPEETI AFOB/ v RIFAr YY) Fr@UPhean
neasuredaggggeérgdgf%g$Em%h?%%bﬁ%éweggggrggg;l,group, an alkoxy group,
an alkoxycarbonyl group, an acyloxy group, an optionally
substituted silyl group, an alkylamino group or a cyano group.
Specific examples of the cyclic'olefin of the formula [V]
include norbornene, 5-methylnorbornene, 5-ethylnorbornene, 5-

15 propylnorbornene, 5,6-dimethylnorbornene, l-methylnorbcrnene,
7-methylnorbornene, 5,5,6-trimethylnorbornene, 5-
phenylnorbornene, 5-benzylnorbornene, 5-ethylidenenorbornene,
5-vinylnorbornene, 1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-
octahydronaphthalene, 2-methyl-1,4,5,8-dimethano-

20 1,2,3,4,4a,5,8,8a-octahydronaphthalene, 2-ethyl-1,4,5, 8~
dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene, 2,3-
dimethyl-1,4,5,8-dimethano~-1,2, 3,4, 4a,5,8,8a-
octahydronaphthalene, 2-hexyl-1,4,5,8-dimethano-
1,2,3,4,4a,5,8,8a-octahydronaphthalene, 2-etylidene-1,4,5,8-

25 dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalense, 2-fluoro-
1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene,
1,5-dimethyl-1, 4,5, 8~dimethano-1, 2, 3, 4, 4a, 5, 8, 8a-

octahydronaphthalene, 2-cyclohexyl-1,4,5,8-dimethano-



whi ch are both pol ystyrene-converted nol ecul ar wei ghts, is cal cul ated, and
used as a nol ecul ar wei ght distribution of the propyl ene copol yner of the
present invention. Preferably, the propyl ene copol yner of the present 10
invention has neither a peak of 1 J/g or nore due to the nelting of
crystals nor a peak of 1 J/g or nore due to crystallizatjon, | e

A ”|20§5propylene

measurenent with a differential scannimsg cal orineter (D
copol ymer has such a peak, the thernoplastic resin conposition nay have | ow
flexibility, transparency, resistance 15 to whitening on bending or scratch
resi stance. Herein, DSC 220C of Sei ko Electronic Industries, Ltd. is used
as a diffeRedt hakasbaBnBagochbbyinenaphtianbende 2rdsdienkentots, £a7,r8ed out
at a tenperature raising or decreasing rate of 10C mn. ~nlhen the
propyl endivepbbypaet, 8f 3t hedpr estniatovanydronapizthabeate a2 al swditfyler of a
thernoplastic resin in an amount of 70 ~ by weight or less of the
t her nopl as#i &, Bedime tbaposi i 2 o0, 4 et d 1 oxdn - ydrquphotha bene,
thernopl astic resin conposition preferably satisfies the follow ng
rel ati onsh? pdiydradscxc orenqadome, ' 3 ~du g ghrainarsbl YpA9S 1.4 x S X
(T/100) 3", particularly preferably U<- 1.3 x S x (T/100) 3.', 13 26
Apri 15 200Pchbl¥opp Ep@FRENS, P=fhuargnayBonnengy0)s S afirditdi i U 4os 63 f | exur al
nodul us (kgf/cm ) of the thernoplasti¢ resin, and T is a content (s by
wei ght) BFLEHECTIRS MBI RRTRTI¥G n T G A e HermofiRedied svesin
conposi tion. \Wen the flexqg%%ﬁypdulus i S outside the apbove range, the
t her nopl BREFX YRRTEP s 14 Bir HRaF APRVE TSR TS BNHividy 2 ter anspar ency,
resistaqge t itenin%:on bendiqg or_scratch

imethylaminoncorbornene, S=cyanonorbornene, etc.

Specific examples of the cyclic olefin of the formula [VI]

10 include cyclopenetene, 3-methylcyclopentene, 4-
methylcyclopentene, 3,4-dimethylcyclopentene, 3,5-
dimethylcyclopentene, 3-chlorocyclopentene, cyclohexene, 3-
methylcyclohexene, 4-methylcyclohexene, 3,4-
dimethylcyclohexene, 3-chlorocyclohexene, cycloheptene, etc.

15 Specific examples of the cyclic polyene having two
carbon-carbon double bonds in the cyclic olefin molecule, which
is represented by the formula [V] include 5-ethylidene-2-
norbornene, 5S5-methylene-2-norbornene, 5-isopropylidene-2-
norbornene, 3-vinylcyclohexene, 4-vinylcyclohexene, 5-

20 vinylnorbornene, 5-allylnorbornene, 5,6-diethylidene-2-
norbornene, dicyclopenadiene, dimethylcyclopentadiene, 2,5-

norbornadiene, etc.
Specific examples of the cyclic polyene compound of the
formula [VI] include 1,3-cyclopentadiene, 1,3-cyclohexadiene,
25 1,4-cyclohexadiene, 5-ethyl-1,3-cyclohexadiene, 1,3~
cycloheptadiene, 1,3-cyclooctadiene, etc.
When no cyclic olefin is contained, the thermoplastic resin

composition has low heat resistance.



resi stance. 10 When the propyl ene copol yner of the present invention is
used as a nodifier of a thernoplastic resin, preferably the surface
tondition of the thernoplastic resin conposition is not deteriorated in a
heat test carried out at a tenperature |lower than the nelting point of the
thernoplastic resin. Herein. the 15 deterioration of the surface condition
nmeans t he genera=i on of gloss on @ matted surface of a @ﬁbﬂ@ﬁ'%gﬂgle, and

SO on. V%en.f RE Y 18Re-59p0! r nbhe sent. i nv i ES-used as a
modi fi er of lnfﬁ" %JpFéétfﬁrgé |%Ffﬁpg%égﬁgﬁ%§§e Eg%- QQ§IQPe o

a t her t of S By wei ght or’ | ess of

the ! RINNASId O f A BEMASId 05l R N8 20 Aol 07 B! hen: L opd o l"’:!}}

tenperature (O of the thernoplastic resin conposition” preferab

tistjaes the. i L onshinp: J?K
S0, st B oMY £ 2 AL ERSINP B dla kP o I BRs TR D,

2002, 3k, 0 208 QUK L gat delergmon 9RLS s LamgraLy ¢ (O
PRSI B al a5 A o o bdrlded phegl TR, | enolh o
IPpet cRdg B 28 AU L IR & B i ol o olg sl 5 o
19, TRt B8RSR, N AD Syt L e SIS AR SOMSL
ol X59.085 14903 chscahogtls CSehednien e b, o sauasl o "o
eyt ool BE 21T RS LSRRG U e AR LS T8 L

[ b d i t ed heat def ti istant _t, t . Th
0B 2i T od pr BEEBUFBE BFOPHA SHB0p0oreAc 68 R e S| OB hed by

TOKYO- TO ACT No. 1027 t that t heet_ thi ck is 0.5 mnin th
AbovEFTRRFL39D SHBYSEORy I CRE UBOLmER “Of G e pr ot (AAREiRl o ean be.

d.usi k Zi |, er - Nat.t t al tall tslyts. A
bt hor SN FRRER &I FOLBhE Eatal PEESarBYoPl) dord T Thay SoanTBr6duCe

el GIRERFSERD DN 1% BinHOd S8 nh T bow KA poar 19 2k 128 FS AL L0 Bpl o6 of

the netal |l ocene catal ysts are those described in JP-A-9-1263S and
JP- At 161865 1less, most preferably 50 % by mole or less, from

the viewpoint of the improvement of flexibility of the
thermoplastic resin composition. When the ethylene content
is outside the above range, the propylene copolymer may
contain crystals due to ethylene, and in turn the
thermoplastic resin composition may have low flexibility,
transparency, resisting to whitening on bending or scratch
resistance.

When the propylene copolymer of the present invention
comprises ethylene, it preferably satisfies the following
relationship:

ly/(x +y)] 2 0.2,

25 more preferably

(y/(x + y)] 2 0.3,

particularly preferably

(y/(x + y}] 2 0.4,



In particular, propylene copolyners prepared by copol yneri zi ng propyl ene,
at |l east one olefin selected fromthe 15 26 April 2002 group consisting
of olefins having 2 to 20 carbon atons except propylene, and a cyclic

olefin in the presence of an ol efinpolynerization catal yst conprising the

follow ng component (A), and one or both of the follomng g nggaﬁgts (B)
and (C): 5 (A) at leas t one transitiohOnetal conplex s PH m t he
group consisting of the conpounds represented by the follow ng fornmnul as
[1], [11] and [II1): s C~- RSJ~ P~M-XZ RRA Al ~CAR ~R R R

i J/ CP~M ~X~ X~M-~CP~J~Rs R5 ~\X3/ ~ RS R4 ~AA/ RACB~1 ~~ R3~R
R ~R RpPoRE §r@fﬂr3b€Y~ s R/ P~-ML~X M~i P~J~-R R5 / \ X3~ ~R5 R4 ~ A A/
RA CRs/ R- R~ m@ereln rhis a transition netal elenment of the 4
group of the PéﬁVddlé YaB! € OA% s an el ement of the 16 group of the

Periodic 10 Tabl e, s an.el enent of t rou of the Perlodlc Tabl e;
Cpis a Eé@FSb@nféﬁ?éﬁﬁ m&ﬁ?Sn?%“F%?%ﬁV?eﬁ% ke capolymer,rangdng

16 26 Apri] 2 epresen den eac othe a hydro en atom a
hal ogen Attt %ﬁViCQPiGBE Hﬁg ah© a?élciﬁ Qms in

substltuted S|I5E¥$roup, an alkoxy group, an aralkyloxy group, an aryl oxy
group or “€ dF R Ftuted amino group, provided that 5 R-, R-, , R~, R

d |1y, be_bonded f X f h
16 g?oﬂﬁyo?p%@ﬂa Fos ePSRbrene et et s A e tds B G v
X rﬁelageéng@ip,5%§£ Eﬁ%fﬁbﬁ é%éfgwgéé%n Ekm%%s&k&%n m%ybﬁaggelgﬁne or

dlffere
flexibility, transparency, resistance to whitening on bending or

scratch resistance.

10 In particular, when the low temperature resistance is
required, the propylene content in the propylene copolymer of the
present invention is generally 90 % by mole or less, preferably
80 % by mole or less, more preferably 70 % by mole or less,
particularly preferably 60 % by mole or less, most preferably 50 %

15 by mole or less.

When the propylene content is outside the above range, the
thermoplastic resin composition may have low impact resistance
at low temperature.

The olefin (other thanpropylene) contained in the propylene

20 copolymer of the present invention has 2 carbon atoms or 4 to 20
carbon atoms, and is preferably ethylene, l-butene, l-hexene,

l-octene or l-decene.

An intrinsic viscosity [n] of the propylene copolymer of

the present invention is preferably from 0.3 to 10, more preferably
25 from 0.5 to 7, most preferably from 0.7 to 5, when measured in
Tetralin (tetrahydronaphthalene) at 135°C. When the intrinsic
viscosity is too low, the thermoplastic resin composition may have

low scratch resistance. When the intrinsic viscosity is too high,



(B) at |east one al um num conpound sel ected fromthe group 10 consi sting of
the foll owi ng conmpounds (H1), (B2) and (B3): (Bl) an organic al um num
conpound of the formula: E ,Al1Z ~ ,, (B2) a cyclic alum noxane of the
formula: [ -AL ( E ) -0- ] ~, 15 and (B3) a linear alum noxane of the

formula: E [-Al (E) -0-] ~P.IE ~ wherein E1, E and Eg_repr.
i ndependent|ly each other a hydrocarbonigroup. provided lzﬁagBHﬁSﬁ% s, all
E's and a'1l E3's 20 may be the sanme or different; Z is a hydrogen atom or
a hal ogen atom provided that all Z's may be the same or different; a is a
nunber which satisfies the fornula: 0 <a < 3, bis an integer of 2 or
nore; andhe iheamophtefec ovésinocompoeit{Qr mbyl kaseé doe bberib Cbippund
selected fromthe group 25 consisting of the follow ng conmpounds (Cl), (C2)
and (C3): (C) The hiottomi resdimp otirsetoafi tiyh € nf of sneas IB@dLQing(£2bba 1hekas
conpound of the formula: G (BQ Q@ @BQ-, and 26 April 2002 (C3) a baron
conmpoundvoscometépriml Betral Hy a2 BB CBQIhngreheind®d syrants iofakent bor on
atom Q, Q, Q and Q4 represent independently each other a hal ogen atom
a hydr ocappohyme bupanral ¢al D Ifidisedaiaso i ngd 6Aprl a0 EUbst 14 Liredsicbykhigraup, an
al koxy group 5 or a di-substituted am no_group, and they may be the sanme or
di f f ér en$ol @ 19w ravigryanreneent pek §ani of camwdnl - L Ther rddits ablueiws base,
(L-H~ is a Bronsted acid. Hereinafter, the conponents (A) , (B) and (O
are expl b ribld YtiedHELafpCr e SeAFh TrGaNG A Bk et toc ripl ekésd or 1/5, and

a viscosity of each solution is measured in a constant temperature

vessel kept at 135°C £ 0.1°C. At each concentration, the viscosity

is measured three times, and the averaged value is used as an
10 intrinsic viscosity.

The propylene copolymer of the present invention preferably
has a molecular weight distribution (Mw/Mn) of 5 or less, more
preferably 4 or less, most preferably 3 or less, when measured
by gel permeation chromatography (GPC). When themolecularweight

15 distribution is too broad, the thermoplastic resin composition
may have low scratch resistance, when such a copolymer is used
as a modifier.

A molecular weight distribution is measured by a gel
permeation chromatography (GPC) method using, for example, a

20 150C/GPC apparatus of Waters, Inc. An elution temperature is
140°C, a used column is, for example, Sodex Packed Column A-80
manufactured by SHOWA DENKO Kabushikikaisha, and standard samples
for molecular weights are polystyrenes, for example, polystyrenes
having molecular weights of 68 to 8,400,000 manufactured by TOSOH

25 CORPORATION.

BAbout 5 mg of a polymer is dissolved in 5 ml of o-

dichlorobenzene to obtain a solution having a concentration of

about 1 mg/ml. The obtained sample solution (400 pul) is injected



The transition netal conmplex (A) is represented by the above formula [1],
(rr] or [111]~ Inthe formula [ I' ], [ ' I'] or [ I' I I j , the trans
ition netal atom M neans a transition netal element of the 4 group of the
Periodic 1.5 Table (I UPAC, Nonencl ature of inorganic Chem stry, Revised
Edition, 1989) . Exanples of the transition netal elenent of the 4 group
include a titaniumatom a zirconiumagem a haf ni um at 88 AREL20@%ong t hem
a titaniumatomand a zirconiumatom are preferable. 20 Exanpl es of the

el ement of the 16 group of the Periodic Table, which is represented by the
synmbol Ain the formula [ I ] , [ I I '] or [IlI], include an oxygen atom a
sul fur atigntha &el@m UMAEeBW eite oATaAdel heihgalbloxtgen sal oM S/min. ,
preferable. Exanples of the elenent of the 14 group of the Periodic Table,
25 whi chaingl tépr edeneed fiycthensyabel ddteatebewl el aeffbhetfiib] igaek! 1],
include a carbon atom a silicon atom a germaniumatom etc. Anong them a
carbon ademeandra silicon atomare preferable. Exanples of the

cycl opent adi enyl ani oni ¢ noi ety 18 26 April 2002 represented by the
substituent CpThen¢l adeatib- 6Subkei habedyedywkodpghtt adeeaye godeEslar) 5-
(substituted) indenyl group, r~5(substituted)fluorenyl group, etc. Specific
exanpd eswefighho8év grtoupse arem s dcohlmbsr drer agdbmoyelcopeant aell gty | (Mgn pup, a
ri s-nmet hyl cycl opent adi enyl group, a n5-di nmet hyl cycl opent adi enyl group, a
r~5tri mewhytbyskepeathdpehystyreuprcanvyysted rambe byl gy cvepentadienyi group,
a rl5-ethyl cycl opentadi enyl group, a r~5-n-proypl cycl opentadi enyl group, a
r~5 10 i sapeaybtyd} opedt asie@nys Jmrcwl ar-Saididt Wisfalidperitcadoényhegr oup,
a r)5-sec . -butylcyclopentadi enyl group, a r)5-tert .

but y| cycPbpRyit aa¢ epgPo §ymep, 0 fir jime P prRseyt cieYeperadi enyl group, a

r 15- neopent yl cycl opent adi enyl group, a ri5-nhexyl cycl opent adi enyl group,

ar ~5-n-oct yl cy%F%B%@%HYenWe o SRR L ane L£oral Breihye kyidlogeirsgiitenyl group,
a r)5-napht hyl cycl opent adi enyl group, a B)S-trinethylsiIyIc%cIopentadienyI
grodi®  alRueRtieR RASINQHTEFE gpeRtAd? krlyIT/gr 84pnoge due to the melting

Lo et R O bR b it SBsd Gttt Ui rmony i
L bt FRaduAA s Wt SbBee fodi a1 3RO W peti o meter Posd)

25 neopthByFrPPaeR Shstimek PrbPilel A PRRRH, 1 2iRsnop st 16887 ihdeny)
01 QUD. 34 LGS LAFRAe 5,0, 0U0p 18, L5 ORRNC L LRAETY) 1l

r15-5ri neyt byl isd nx'régngﬁn%s%?gmapor adraxdd ireetsg%lt%linldél.i ggﬁexhé%gyl@zm

i
r~5-tert. butyl di metyl si Irdenyl group, a ~5-tetrahydrol ndenyl group. a

19 26 Ayt lsA0Q2Electronic Industries, Ltd. is used as a differential
scanning calorimeter, and the measurement is carried out at a
temperature raising or decreasing rate of 10°C/min.

When the propylene copolymer of the present invention is
20 used as a modifier of a thermoplastic resin in an amount of 70 %
by weight or less of the thermoplastic resin composition, a
flexural modulus (U) of the thermoplastic resin composition
preferably satisfies the following relationship:
U<1.5x S x (T/100)°7,
25 more preferably
U< 1.4x 8 x (T/100)°7,
particularly preferably

U< 1.3x S x (T/100)%3,



r~5-fluorenyl group, a n5-neLhylfluorenyl group, a n'dinethylfiuorenyl

group, a ri '-ethylfluorer_yl group, a diethylfluorenyl group, a
r~ -n-propyl fl uorenyl group, a r~5-din-propylfluorenyl group, a
ri'-isopropylfluorenyl group, a r~5 5 diisopropylfluorenyl group, a

~5-n-butyl fl uorenyl group, a ~5 sec.-butylfluorenyl group, a
r~"-tert.-butyl fluorenyl group, a r~5-diyn-butylfluoreny36 gpoiliz002

ri '-di-sec.-butylfluorenyl group, a ri5-di-tert . -butylf 1 uorenyl group,
ari'-n-pentyl fluorenyl group, a ~5-neopentylfluorenyl group, a
r~5-n- hexyl fl uorenyl group, a 10 r~5-n-octyl fluorenyl group, a
r)5-decylfdsorgnytc wup, a ~ '-n dodecyl fluorenyl group, a

r ~~- phenyl f | uorenyl group, a r~5di phenyl fluorenyl group, a

r~""-met hyl pheryld luor enyd gr cp0® °r~5- napht hyl fi uorenyl group, a
r~s-trinmethylsilylfluorenyl group, a r~5-bis-trinmethylsilylfluorenyl group,
a r)5 15 dndedihyIsiiyld Ifuenemdl glcilusa (KgF/lc@ff . of the thermoplastic

but yl di net hyl silyl fluorenyl group, etc. Antng them a riscycl opentadi enyl
group, adedirethyl Ty apenttaditenglbgneupghta ob-tiey thekhbyhaxel opantiadi enyl
group, a r~stetranethyl cycl opent adi enyl group, a r~s-indenyl group and a 20
~5-f | gor dnylthgy ae raiop Larsefier alelsen Exappkésioh.t he hal ogen atom for X1, Xz,
Rl, R, R3, R-, RS and R6 are a fluorine atom a chlorine atom a brom ne
atom and an i odihee dhentlérongl tiedgles cld oitsd dat aheoabaver g ahem ir_
particular, a chlorine atomis preferable. 25 Exanplss of the al kyl group
for X1, XherRoplRstiR reRin RSmpndiRionrmagl kylregiowp§lbavbnyidyto 20
carbon atons. Specific exanples of the al kyl groups include a methyl group,
an et hyl tgaosparanaypr opglsgeoop, tanwhsbepndyy gnooppdang- bnt yéraraup, a
sec. - butyl ~ '"dnozb TAaapopowozqgzad 2 'dno.zb TF~aoou~o.zg~ad ~e 'dno. zb
Tf xauouzoegigdancednozb TTi ~uadonozgzad ~ ' dnozb Tf~ngowozg.zad ~ ' dnozb

Tr ~do. zdowozqzad E ' dno. zb Tfsoai aozoTUa. zad ~ 'dno.zb TFaape~uado. zoTUazad
s ' dHd. zb | ~aapBpbzbireaRaEPELENY CopREBNT -&bd o Ryesadts Ingeozibon is

Tf xauo. zoTUazad ~ 'dnozb Tl ~uado. zoTUazad ~ 'dnozb T~C~ngozoTUazad ~ 'dnozb
T~dozdozBTe@.&%d MogHdZS FTAE SaTRFHIPR2 SAdd Les #fo B effes: Uk sushFee zad ~e
"dnozb T~aapogozonT~.zad ~ 'dnozb Tr~~aoo.zonT~.zad ~ 'dno.zb

T~ xauo. $BRAFLL280 Q' BR®. FREFRARLYDTHH e Ty COMRRbybl o dsidetonT~. zad ~
"dnozb T~dozdo. zonT-. zad ' dnozb T~L~aqu~0.zq~~uad ~ 'dnozb

Tr ~u~aowde r§EREA e bl 1?2 MR G dT & gAET 1gd @H&zﬁ‘tTPUt&B‘BFSEEuTB Lowgio~b
T~u~aowo, zg ~ ., dnozh .T~l U~aoxoTUa~~uad ~ 'dnpzb_ T~I U~ao0zoTUa~. z~a~ ~

Tdno- 2. AR A FEISNE B 95 TOt FAErOTUAT pia TRAS: 2 b FBLR0. HTUa -
"dnozb Tfu-~ T~ ~ Ir~u~aq.zonZ~E. z~a-, a 51 'dno. zb
TI~uéﬁoz%%%§§§§P :“3ﬁ§g% ﬁqéﬂgﬁﬁg%gh 5?6%gta§%o%§a$§u£gg.%SH?Eablo%ﬁ%gb

T~ U~awoppi J. Z~ -'é%gg%?'r ' ~a u=e 'dnozb
TAU~awoW§%%%%zqn~a"noz fégﬁégﬁggﬂigga&%iggpéﬁggg%’T%@@gé@oﬁgfzq ' dno. zb
Tr | u~awozoTUazgy; : Trdie : - B£S+hrAN = TUa :a. ' dnozb
Tf u~auzo. zonT~r§g§~rp~tf?é;%oﬁ%yzlfédli\gg?g%zrpgg gllg' g%g;%ﬁ\#}:%%\gli%n ~ ~
apnTaui Sy a4abRIAUTFi &0 IO tthRbabRY aStizl MepanniE SRS ceER0ZE Jols-T~

~' ~~-~~ ~0 saTdw-exa a-r~zaads ~ su~0~~ aui poi .z0 su~0~2 auTwo.zqg ' swops
au-rzoTUsy 'wairht 8k TZE¥d o S theatBe SMOpTEs tia® el rA c2Qbosa@1i8H) &l trda¥

pa~n~i ~sqns aq ~I ~u~ sdnozb T~C~T~ ~anS aTg~za~a.zd a.z~ dnozb |~w~ u~ pug
dnozb | faetp riyatziion Z e ssazin tTitdopdest ute 'Jdnzh dfutdeUshedRopbadf licaw s
"wau~ buourd w-a 'dno.zb Tzsoai a-a ~ 'dnozb Tl aap~~uad-a a 'dnozb
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J 2 K - 50,
more preferably
25 J 2 K - 40,
particularly preferably
J 2 K - 30,

most preferably



21 26 April 2002 perbronopentadecyl group, a bronoeicosyl group, etc. The
above al kyl groups nmay be substituted with one or nore al koxy groups such
as net hoxy groups, ethoxy groups, etc.; one or nore aryl oxy groups such as
phenoxy groups or one or nore 5 aral kyl oxy groups such as benzyl oxy groups.
Exanpl es of the aral kyl group for X1, Xz, Rl, R, R, R4, RS and R6 are
preferably aral kyl groups having 7 to 2Q carbon atons. EB&Awrég2082 such
aral kyl groups include a benzyl group, a (2 nethyl phenyl)nmethyl group, a

( 3- net hyl phenyl ) net hyl group, a 10 (4-nethyl phenyl)nethyl group, a

(2, 3-di net hyl phenyl ) net hyl group, a (2, 4-dinethyl phenyl)nethyl group, a
(2, 5di et hyl pheny Juret Ind group, a (2, 6-di net hyl phenyl ) net hyl group, a

(3, 4-di rnet hyl phenyl ) met hyl group, a (4, 6di et hyl phenyl ) nmethyl group, a
(2, 3, 4- t wheetehiyl Khieyl heethyd fdfnagriom reaic2adtScémpars byt ehemyl ¢ redHy |
group, a (2,3,6 trinethyl phenyl)nethyl group, a

(3,4, 5-t theetiopllplseiy yestimyel group, a (2, 4, 6-trinethyl phenyl ) nethyl
group, a ( 2, 3, 4, 5 tetranethyl phenyl)nmethyl group, a (2,3,4,6

t et r anet hyl pheiplr) erthpl egr aupata deZod3 et o20 reet. saant hyémbery t ) e tdayl
group, a (pentanethyl phenyl)nethyl group, an (ethyl phenyl)nethyl group, a
(n- propybpheegklmethgks deddppsa (i sopropyl phenyl) met hyl group, a

(n-butyl phenyl ) met hyl group, a (sec.-butyl phenyl)nethyl group, a

(tert. butyl pheAyhy hdedysheeodpE viaq & pengyhphinid ) mat,hyal widobpe £ &R 5m
(neopen tyl ph enyl ) nmethyl group, a ( n-hexylpher~yl ) nethyl group, a
(n-octylQh@nQI§h@¢h@¢5§r@gpQ'QaHFhi@eéyPBhéﬁgv)ﬁﬁﬂh?tsgmmEqm eglge of 25
(n-dodecylpheng!)nethyl group, a (n-tetradecyl phenyl)nethyl group, a

napht hy| Bt h§| Tfefipto ah Hrit-hraddsy st hplegr edpe ef 25 mmp2A g iRgdi £02002
Anmong them a benzyl group is preferable. Those aral kyl groups may be
subst i t URRAERRE N Hh&odr LRedNHad dyekPtHt @fs 18ug IPmadhel Gbeshe Jthems, tBAI orine
atons, brom ne atons or iodine atons: one or nore al kox %&roups such as

met Hdxy Befboubd, SUERRRAGEGriduFS, C¥ER. WhoRB bF Tkt aima gr 66pstagkh as
phenoxy grouRsie Ofe "% e RESE ALY PXLuY, OURS 188N a2 RPN L QXY 91 OUPS:
of the unfixed part (90 mm) of the sheet is checked. When neither '
elongation nor breakage is observed in the sheet sample after 1
hour heating, the temperature cf the oven was raised by 5°C, and

15 the above test is repeated. The highest temperature at which
neither elongation nor breakage is observed is adopted as a heat
deformation resistant temperature. The detailed procedures of
the above test are the same as those defined by TOKYO-TO ACT No.
1027, except that the sheet thickness is 0.5 mm in the above test.

20 The propylene copolymer of the present invention can be
prepared using known Ziegler-Natta catalysts or metallocene
catslyts. Among others, themetallocene catalysts are preferable
since they can produce propylene copolymers having a high
molecular weight, a narrow molecular weight distribution, and a

25 narrow composition distribution. Examples of the metallocene
catalysts are those described in JP-A-9-12635 and JP-A-9-151205.

In particular, propylene copolymers prepared by

copolymerizing propylene, at least one olefin selected from the



Exanpl es of the aryl group for X1, XZ, Rl, R-, R3, R, R5 and R6 are
preferably aryl groups having 6 to 20 carbon atons. Specific 10 exanpl es of
such aryl groups include a phenyl group, a 2-tolyl group, a 3-tolyl group,
a 4-tolyl group, a 2,3-xylyl group, a 2,4-xylyl group, a 2,5-xylyl group, a
2, 6-xylyl group, a 3,4xylyl group, a 3,5-xylyl group, a _

2,3, 4-trimethyl phenyl group, a 2, 3, 5t3rinethyl phenyl d&aprilg092 3,
6-tri net hyl phenyl group, a 15 2,4, 6-trimethyl phenyl group, a
3,4,5-trimethyl phenyl group, a 2,3, 4,5-tetranet hyl phenyl group, a
2,3,4,6-tetranet hyl phenyl group, a 2,3,5, 6-tetranet hyl phenyl group, a

pent anet hiybpbenyhs s oipg ah @tdfdphérmitingr dugo & narhon phemsl egcepp, an

i sopropyl phenyl group, a n-butyl phenyl group, a sec.-butyl phenyl 20 group,
a tert.-pooyypéeayl agd capsyal e peie §iphienythegrmugseracenpeart yd jptfamAd  gr oup,
a n- hexyl phenyl group, a n-octyl phenyl group, a n-decyl phenyl group, a

n- dodecypphengtizaolp) cetaletstagewprphényl tiye ofigl Lawitap mompongnsupl) an

ant hracenyl group, etc. Anong them a phenyl group is preferable. 25 Those
aryl groupd omg de epstef dikal f6klowine cromaaterts ogdn atdnt)such as
fluorine atoms, chlorine atons, brom ne atons or iodine atons one or nore
al koRy groups Hiclktateast ke)e/ tL5pBEPEIORBMIRIGL rBApSX ekectemhdrom the e

aryl oxy groups such as phenoxy 26 April 2002 groups; or one or nore

ar al ky| SO G Kildh & $ héhgy CompoyrespserErarples by the Sebkwing ed
silyl group for X, X Rl, R, R, R, R5 and R6 are preferably silyl
groups siygtykag el Wi t H Ionénet drid ‘hydr ocar bon groups. Here, exanples of

t he hydrocagbon 8 groups, i ncl ude al kyl groups having 1 to 10 carbon atons
such as a Reghw Bgoqpﬁ(an et hyl group, a n-propyl group, an isopropyl
group, a n-butyl gr -X®a sec.-butyl group, a tent.-butyl group, an

i sobutyl grioup, a nfpentyl group, a n-hexyl group, a cyclohexyl group, etc.
. and arfyl_groups ch as a phenyl group, etc. Specific | U exanples of the
silyl grou tituted with the hydrocarbon. grou;ﬁsI havi ng 1 to 20 carbon
atons incl yde nppo-substituted silyl groups having 1 to 20 carbon atons
(e.g. apgEtyhs Rdroup, an ethylsilyl group, a phenylsilyl group, etc.),
di -substituted_silyl groups having-2 to 20 carbon atons (e. g. a
dinethylsinIR?~ group, a diethylsilyl group, a diphenylsilyl group, etc.),
and tri-substituted silyl groups having 3 to 20 carbon atons (e. g. a
trimethylsidyl p, a riethyl sklvl oup, a tri-npropylsilyl group, a
trii soproy‘?ési\l yfgé"g: {ar,x1a tX?\I\ /bsdlaéyl &géyl group, a tri-sec.-butylsilyl
group, atrésf nt.-b ‘y+skﬁy%’ oup, ﬂ>g§triisobutylsilyl group, a

tent. - bysyl di fret hyl/si | yl group,, a tr -n-pﬁmtylsilyl[gqpup, a

tri-n-h f oup, a tricychkoEXW . 8fTyl group, a triphenylsilyl group,
etc.). Anp p m a trimethylsil jup, a tent.-butylsilyl group and a
triphenyl_si oup are preferapks &.Jhe hydrocarbon groups of these
substit ®Red 3 yl "Bfoups may b& subsfitut®d with one or nore hal ogen atons
such as fluoriyne atons, chlorine at brom ne atons or iodine atons; one
or nore aIko%@ groups such as netho groups, ethoxy groups, etc.; one
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wherein M' is a transition metal element of the 4 group of the
Periodic Table, A is an element of the 16 group of the Periodic
10 Table, J is an element of the 14 group of the Periodic Table; Cp’

is a cyclopentadienyl anionic moiety; X', X*, R', R’, R’, R', R’ and
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20 may be the same or different; Z is a hydrogen atom or a halogen
atom, provided that all Z's may be the same or different; a is
a number which satisfies the formula: 0 < a £ 3, b is an integer
of 2 or more; and ¢ is an integer of 1 or more.
(C) at least one boron compound selected from the group
25 consisting of the following compounds {(Cl), (C2) and (C3):
(Cl) a boron compound of the formula: BQ'Q°Q’,
(C2) a boron compound of the formula: G’ (BQ'Q°Q'QY)",

and



oM~ u~TM pa~n~z~sqns sdno. zb ouzu~p eons ~o saTdunxa oT~zoads SZ w-a
"SVI0~2 LI Qg. ~L~ pT O~ L bLIThPt~ sdno.zb T~IxT~.z~ : dnoab T~uaud s~ cans
suzo~~e uog. zpo pZ 0~ g buzneu sdno. zb Tr~.z~ : w-a 'dno.zb TAxauoToAo a
‘dno. zb T~Lxau-a ~ 'dno.zb |~~uad-a ~ 'dno~b TA~nqgos-r u~ "dno. zb
T~Cang-y. za~ a 'dno. zb Tl ~ng-~oas ~ 'dno.zb Trl~ng-a ~ a ' dno. zb

T~I do. zdosz u~ 'dno.zb Tfdo.zd-a P 'dno7zb TrCU~a uP ' dﬂ@AﬁB”Wzégzau~ ~ SS
eons suzo~~ uog.z~o0 p T o~ T buTn~u sdno~b TI xTe apnZou-r sdno. zb

uog~soo. zpRU auk 30 saTduz~xa 'a.zaH ~ sdnoab uoq. z~oozpl CU oM~ u~zM

pa~n~i ~sqns a.z~ uozuM sdno. zb ouiu~~ a.z~ 99 pug ~~ 'r 't X ao~ dno. zb
ou~u~s pa~n~T~s@s- Ep baon-cosaddndex€ strofzbnglaAxdTARNAMRG S F’DbS sdnozb
f xoTr~xTs. za a.zou~ .zo auo xo : sdno.zb fxouaud s~ |ions sdno.zb AxoTrC. ze
a.zou~ . Mheaedn Bwia astnovbléxbubaromsdnmorzb Bxo0-a-af andl Dbnersdsentb
Axo~l ~ a.zour .zo auo : SnD~~ auzpoz .zO SU~O0~~ auzu-~o.zq 'su~o~~ auT.zoTUo

' su~0~2 andepentiensPyl poad sthera laloTeq atrouza.kxpdawoa ubd gaupst asqns
aq ~C-u~ sdno.zb fxoT~l~p asous O w-a 'dno.zb rl xouaa~~u~up u~ 'dno. zb
Axou~ud~baiohdd@ozbrb@nomadef@a@ubSE%EU%ﬁésﬂdwd‘ZMDmgouwdek¢mﬁgxaup
"dno. zb ~xouaudTf~o00 -a a 'dno.zb TxouaudT~xau-a ~ 'dno.zb | xouaudT~~ng-
y.za5 ~ ogné. db- subénanutednqmmg grogpo. Q@dA&mmm the sahmw. b
I~xouaudT~CUo zdosr ua 'dno.zb AxouaudT~Cdo~d-a p 'dno.zb Ti xouaudT~LU~a ua
*dno. zb ﬁ%éﬁaﬁé¢tu~ﬁuﬂék@@dOégaéhé 2b 4&%@%@@H¢uxﬁwéﬂb A~ds agngutrad
'dno. zb ~xouaudZ~u~ au~~ zga~-g9' ~' ~'z ' dno~b AxouaudT~CU~ aur2.z~ a ~-S''
~ ' ~ ' kewis Bagerp! %x%haddT@C@mgﬁsﬁPdZESB ~ a ' dno.zb
IxouaudT~CU~auzz.z,~-g " dno. zb ~xouaudT~u~ uzT.z~-S ' ~'
ZOOZ | Ndd 9z 9figreing tié\‘ff’ﬂfi It%GQmPQP?ntﬁu@ arﬁmoaﬁﬂoﬁﬁo aé%ﬁ?‘ﬁé%ﬂ?‘liam no
group, a,tert, buiyllsopropylanlno group, a di-n-hexylam no group, a
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bi s- trlnethylshé nlno roup gls t t 5 butyl di met hyl silyl am no group,
et c.'%Rmong the Vi et §?%ﬂﬁ?ﬁ? r?ﬁﬁ? fHtF S dlethylanlno group are

preferable. Thgse . di stltute r gups be s ed with one
or nore hal oge %FgﬁgségéﬁﬂaeE%usghﬁgeg @ﬁs 5ﬁﬁ%§%ﬁ%ﬁ¥%ﬂ§?ﬁﬁW% at ons
or iodin at oB; e xy gr oups such as 10 met hoxy groups,

et hoxy gﬁ%ﬂﬁ%,aengﬁ n%ﬁgéfngi aryl oxy groups such as phenoxy groups; or
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M’ means a transition metal element of the 4 group of the Periodic

15 Table (IUPAC, Nomenclature of Inorganic Chemistry, Revised
Edition, 1989). Examples of the transition metal element of the
4 group include a titanium atom, a zirconium atom, a hafnium atom,
etc. Among them, a titanium atom and a zirconium atom are
preferable.

20 Examples of theelement of the 16 group of the Periodic Table,
which is represented by the symbol A in the formula [I], [(II] or
[III], include an oxygen atom, a sulfur atom, a selenium atom,
etc. Among them, an oxygen atom is preferable.

Examples of the element of the 14 group of the Periodic Table,

25 which is represented by the symbol J in the formula (I], [II] or
[III}, include a carbon atom, a silicon atom, a germanium atom,
etc. Among them, a carbon atom and a silicon atom are preferable.

Examples of the cyclopentadienyl anionic moiety



15 Preferable groups for Rl include al kyl groups, aral kyl groups, aryl
groups and substituted silyl groups. Preferable groups for XL and X
i ncl ude i ndependently each ot her hal ogen atons, al kyl group, aral kyl group,
al koxy groups aryl oxy groups and di-substituted am no groups, and hal ogen
atons 20 and al koxy groups are nore preferable. Exanplei q% Lrg l.enment s of
the 16 groups of the Periodic Table repgesented by X i 6 Arrit PHAI a [11]
or [I1l] include an oxygen atom a sulfur atom a seleniumatom etc. Anobng
them an oxygen atomis preferable. ~5 Preferable exanples of the
transition netal conplex of the forrmula [I] are as follows: -Transition

met al corgpesdntdie dioriAd asdddt iitent o JihsladeaRbak Maituted)y 26
April 2002 net hyl ene(cycl opent adi enyl ) (3, 5-di net hyl - 2- phenoxy) titani um
gi cm ori gﬁﬁclwéwda@i%(rqmclqmeipisadirﬁﬂyéawtiemted)byzwénﬁph@ﬂmy) ti*tani um

i chloride,

met hyl ene(seypsltdderitestd i fdmd De3tle mroubut pitcs- ng éyl £ Pe pdresrapxig 4 i d Artihome

di chl oride, 5 nethyl ene(cycl opentadi enyl) (3-pheyl -2-phenoxy)titani um

di chl ori depoups are as follows:

met hyl ene(cycl opent adi enyl ) (3-tert. butyl di net hyl silyl-5-nethyl -2-phenoxy)ti
t ani ubn diachf-ecyabopentadienyl group, a n’-methylcyclopentadienyl group,

met hyl ene(cycl opent adi enyl ) (3-trinet hyl silyl-5-nmethyl-2phenoxy)titanium

di chl ori den’retmytenkt rytoppemaidiranly | gy@in0 a n’-
tert.-butyl -5-met hoxy-2-phenoxy)titani umdichl ori de,

net hyl ensgéperbpénvadosrptpddengit groupy| asathl or o- 2phenoxy) titani um

di chl ori de,

met hy| ensehsenpkbyétypéarantasdyeny B, Groupret ayn —2sheioyolopeatiadienyl

di chloride, 15 nethyl ene(nethylcycl opentadienyl)(3-tert.-butyl-2

phenoxy) gFe¥RA; ufh BiTHRFQWRLCYyclopentadienyl group, a n’-
nethflene(nethylcycIopentadienyl)(3-tert.-Quty[-5-nethyI-2pheany)§itanium
di chl®ri §aoraeyhglehePRBERGL @KL opeditRdi 2y M RUSHERYICL2RSREREK YLt ani um
20 dichloride, nethylene(nethylc clopentadien%/lg)(S-tert.5 '
but yl di n8¥RYPsi fyN- 59t TRH L GheRBePAAL fRYEnIdPERY o0fi e tert. -
Hﬁf QYLﬁrﬁﬁﬁL&éfgﬁler?QgQES‘gﬁ'/fn lollg? a:[rr]i—r;lqp%tsylll y!cl%p@tggizen%rl]egnrooxl.}g,t L tani
met hyl ene( net hyl cycl gpent,adi enyl).(3-tert.-butyl -5-nmet hoxy-225
Phendxy) & 1§ aREARCRt g e o tack 631 ChkouB ) X! 7P
et hyl enel et 0L LYSLOPSAL 88 PRELLES 4 At R ol RN AR f ant um

di chl ori

et ;%é'riepaeg,ggéﬁe}zyig_l,eysgagﬁeyaégﬁywr)o(@,5aQfsﬂﬁgsxkﬁgzepsﬂgm&é&féﬂﬁm 2 9
group, a n’-trimethylsilylcyclopentadienyl group, a n’-
triethylsilylcyclopentadienyl group, a n’-tert.-
butyldimethylsilylcyclopentadienyl group, a n’-indenyl group, a
n°-methylindenyl group, a n’-dimethylindenyl group, a n’-

20 ethylindenyl group, a n’-n-propylindenyl group, a n'-
isopropylindenyl group, a n’-n-butylindenyl group, a mM-sec.-
butylindenyl group, a n’-tert.-butylindenyl group, a n’-
pentylindenyl group, a n’-neopentylindenyl group, a n’~n-
hexylindenyl group, a n’-octylindenyl group, a n’-n-decylindenyl

25 group, a 1°-phenylindenyl group, a ns—methylphenylindenyl group,
a n’-naphthylindenyl group, a ns—trimethylsilylindenyl group, a
n°-triethylsilylindenyl group, a n’-tert.-

butyldimetylsilylindenyl group, a ns—tetrahydroindenyl group, a



di chl ori de,
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phenoxy) titani'um di chl ori

g:sf: Eﬂﬂlg&iﬁ&@pﬁﬁéf&g}pwﬁl M) { Sob86by 1 PLhYLaRPREPXY) L 14 afrum

et hYBenQ{ﬂi%tcfE%B%i‘ 1eHRANt@dR)Y ) (3=A sl yPEL b e hyl s xy)tita
ni um di chl ori de, Z%Mnet hyl éne???tﬁnet (ﬁil cycl o%ent adi %%II)({%?%%E%I[}?Z
phenoxy) tgdanigipdifallodtdndd, group, a n’-tert.-butylfluorenyl group, a

met hyl ene(tetranet hyl cycl opentadi enyl ) (3-tert. butyl di nethy si?yI-S-nethyI-Z
- phenoxy )+ arhupudiythl asteeyl group, a n'-di-sec.-butylfluorenyl group,

met hyl ene(t etramet hyl cycl opentadi enyl ) (3-trimethylsilyl-5 ~5

met hyl - 2 apiyeribat)tritt. abiutyldilcblrenydegroup, a n’-n-pentylfluorenyl group,

met hyl ene(tetranet hyl cycl opentadi enyl ) (3-tert.-butyl-5nmethoxy-2-phenoxy)tit
ani um di ahnd+helepemey hfl emedrt e} rameidy | x ywhopbakgdifénpkr08it gebuppubyl - 5

3 0 26 April 2002 chl oro-2-phenoxy)titanium dichloride,

net hid engftntoet Wi sidydrykl| opsm.ad enyHdpeg]l5idomenkyl g2phppoay)t-nt-ani um
dichloride, nmethylene(trimethylsilylcyclopentadienyl)(3-tert.-butyl-25
phenoxy) tbdenivdMmldpchhuli depup, a n'-phenylfluorenyl group, a n’-

met hyl ene(trimethyl silylcycl opentadienyl)(3-tert.-butyl-5mnmethyl-2-phenoxy)t
i tani um dilphsgyiléiporenyl group, a n -methylphenylfluorenyl group, a

met hyl ene(trinmet hyl silyl cycl opent adi enyl ) (3-phenyl - 2phenoxy)ti tani um

di chi ori Be;naeh st WA WHERRY B8O s Bl T dydimsiténtladiledyi e angrlt group,

but yl di met hyl sj Iyl - 5- et hyl - 2- phenoxy) ti tani um di chl ori de,

met hyl en@(ﬂr?%?ﬁﬁ%‘iqr@lyz‘ft}ilé’ URFEDHYH PESYPr i Rellhyl si |yl - Smet hyl - 2- phenox
y)titaniumdjchlorid . s

ret A onbrEFFREERG S F YRS RPEheTRUR o1 Y C5SEEFT. - butyl - 5 15

AR iy 4 508,880 152 pneno
oo L 8l LSl 4 P SIA, S ey an
di chl orlﬂ%téﬁt_h))ﬁug:%%y&g %Rlé'ah(iéh&@hr?mﬂ yh-eﬁsmt hyl - 2- phenoxy) ti t ani um

di chl ori nmet h uorenyl) (3- phenyl-2-p oxy) titani um dichl ori de,
met hyl engéf L 4ps € ié&@réﬁéﬁta&@%ﬁ%@dﬁ’,' ¢ hlinasRyhyhr2pbenoxyati tani um

di chl oride, nethyl ene(fluorenyl)

tri ppt hyhsidlvoraniat Bybud- pBRengxyrbikBnEUm di chl ori de,

met hyl ene(fl uorenyl ) (3-tert.-butyl-5-nmethoxy-2phenoxy)titani um dichloride,
met hyl ene( f | ud:eayd ) €8-d Britheb intallogenc Altomo £2rpKenaKy) Ri t i, urd diréhl RY i de,
31 2fi April 2002

i sopr opydidicifeécgchopbm nithemio,3 a5 clileetingl a2phenaxyyontaaiammiatd ori de,
i sopropylidene(cycl opentadi enyl)(3-tert.-butyl-2phenoxy)titani um

di chl or iate,i®lirsogrtopy| | HeeRY ciitopentcidicariyle) a3omept. a borghiss redtomyl - 2
phenoxy) titani umdichl oride, _

i sopr opyiin dweistlaspet &diloming 3tpReAy| PZeFREABXS)ti t ani um di chl ori de,

i sopropylidene(cycl opentadi enyl ) (3-tert.butyldi methylsilyl-5-methyl-2-pheno
xy) Bt ani um difstamsrliage 0 f1phe alkyl group for X', X%, R%, R, 'R, R, R’ and
isopropyuidenegcyclopentadienyl)(3-trinethylsinI-S-nEthyI72

phenoxy )R idEha KYdi 9 WS Béylng 1'to 20 carbdon atoms. Speclific examples

| sopropyL] dsne(ayelionent adl envh b3 Lepbenbyt ¥ha S MeLhoKY; Zpnenoyy) t tani um

n-propyl group, an isoproyl group, a n-butyl group, a sec.-butyl



i sopropylidene(cycl opentadi enyl)(3-tert.-butyl-5-chloro-215

phenoxy)titani um di chl ori de,

i sopropyl i dene( et hyl cycl opent adi enyl ) (3, 5-di net hyl - 2phenoxy) titani um

di chl ori de,

[sopropylidene(nethylcyclopentadienyl)(3-tert.-butyl-ZpB%ggxx?ghb ni um

di chl oride, 20 isopropylidene(nethyl cycbopentadi enyl) (34PrPIN ?I-S

met hyl - 2- phenoxy) titani um di chl ori de,

i sopropyl i dene( et hyl cycl opent adi enyl ) ( 3- phenyl - 2phenoxy) titani um

di chl oride, isopropylidene(nethylcyclopentadienyl)(3-tert. 25

but yl di mefdoyylsi bytebt nmebhiyl Zrphgnory) tpémabny Ungmbwdhl ar hdepentyl group,

i sopropyl i dene( et hyl cycl opent adi enyl ) (3-trimethyl silyl-5methyl -2- phenoxy)t

i tani um dirchingdi gheoup s @ nopygkivdeqeiuret Ryhcgct phegntat emyhyf8cybrgroupyt yl - 5

32 26 April 2002 net hoxy-2-phenoxy)titani umdichloride,

i sopr opyla dede@revhydceged opentRENEAJETFY 3-TRIUR - BuhykiBoklidrorQuphetoxy)tit a

ni um di chl ori de,

i sopr opy Brdawge themy . Bungt eyt | B adine #ERY L 3950dP nedhyi s@e pamno gy puet ani um

5 dichloride, isopropylidene(tert.-butylcyclopentadienyl) (3

tert.5buﬁy¢eziphéﬁﬁy9)ﬁﬁpéﬁiéﬁﬁdﬁéhP@Y¥d§F0up are preferable.

i sopropylidene tert.-butylcycIopentadien¥L)(3-ter;.-butyI-5nethy|-2-phenoxy

)titani um dich gehdel kyl groups may be substituted with one’or more halogen

i sopropylidene(tert. butyl cycl opent adi enyl ) (3-phenyl - 2- phenoxy) titani um

di chl ori é§9m§05P§Bpﬁép§¥Paéh%%t%wmi'buﬁl'yh%ﬁﬂd}%p?é%ﬁnb?di aRAming. gépps or

but yl di net hyl si |l yl -5-net hyl - 2- phenoxy) titani um di chl ori de, .

i sopr opyLPEERE @RS - b§P§F&§&Fm§&ise%§/Fﬂ%» Livet F59Ep§ HBSFREWYRD 2- phen

oxy)titanium djchl oride, .

i sopr opyWF'Hg]r?e%‘tang.eBlﬁ%ﬁr?:?EIW%FEHVP)K@%%% a_HiHSA e thsf hgkQuRr 15
umdichloride, iso i dene(t.er

h ti j ) .
P b ERl ST S8 e S BOF P LLGERSH, ieronn ) &1 ERRPERREREW or | de,
i lid t hyl | t adi | 5-di t.hyl - 2ph titani
i Pl oPYgkSSBs (h Sl Py PRI, ROV et i, ok Lo U
] 820 fsopropyT Fiiehs . i
e oxy bEAREM AL SR, @ pronemethyl qraup, 2 frifronamethyl group, o
sopr opyPFACAETL el T d i
) Sopr opy Tt AP I ErRYP e fofthberonerhyl roupga tnt iodemsthed goun,.
di chlorigde;yoroethyl group, a difluoroethyll%roup, a trifluoroethxl group,

i sopropylidene(tetianmethylcycl opentadienyl’)(3-tert. butyldinethylsilyl-5-net

hyl -13- phgrexyhirl LaRbeEhgh cht Qid d8 pentafluoroethyl group, a chloroethyl _
i sopropylidene(tetranethyl cyclopentadienyl)(3-trinethylsilyl 33 2{6 Apri |

2002 5- ngidwd - 25 phientondd eyl WaddicGhlaotirdehloroethyl group, a

i sopropylidene(tetranethyl cycl opentadi enyl)(3-tert.-butyl-5methoxy-2-phenox
y) titanitenictlardatenyl group, a pentachloroethyl group, a bromoethyl

i sopropylidene(tetranethyl cycl opentadi enyl)(3-tert.-butyl-515

chl or 0- 2gphenoxy )didmmiaghidilc hronipde 2 tribromoethyl group, a

i sopropylidene(trinethylsilylcyclopentadienyl)(3,5-dinethyl 2-phenoxy)titan
um di chltetimpdromoethyl group, a pentabromoetyl group, a perfluoropropyl

i sopropylidene(trimethylsilylcyclopentadienyl)(3-tert.-butyl2-phenoxy)titan
i um28i chdrsrurde @ perfluorobutyl group, a perfluoropentyl group, a

i sopropylidene(trinethylsilylcyclopentadienyl)(3-tert.-butyl

5- met hy IReLPIROTODERYiLt RO YR EﬂFSEP‘EPé?OCtY group, a perfluocrododecyl

i sopropylidene(trimethylsilylcyclopentadienyl) (3-phenyl-2phenoxy)titani um
di chl or i‘-’d-’é’,uﬂfsé‘pP%BWPHEﬂB%%‘F?%%‘fﬂﬁﬁlgsﬁq‘ﬂﬂ'cﬁcP%‘ﬁgHt‘%ﬂ?%hﬁ?ﬁT(JS-QrQrutp.'1'3

b | di hyl si | yl - 5- hyl - 2- ph i i dichlorid

sonr OpE AR RBU Iy T LTI BT DRIl By e SEEr rRERFEEiPyPPERRE hyl - 2- p

henoxy)tipaniunldi%gkﬂrgds, 1 ar

i sopr opyATiCeEret P QIrSPEFYy EF3PRNt AdPBRFM 252! - BIRYR 5-4ret hoxy- 2- phe
titani di chl,ori 20

con op L GLECRCRarHgI SrPPey 21 BRERT AT RSRITS T4 (TR 12

5-Ch|Or%é%b%&%@%éXE%%&%nbygﬁg}%Pb%&bggmopropyl group, a perbromobutyl

group, a perbromopentyl group, a perbromohexyl group, a

perbromooctyl group, a perbromododecyl group, a



i sopropylidene (fluorenyl) (3, 5-dinethyl-2-phenoxy) titaniumdichloride,
i_sopropylidene(fluorenyl)(3-tert.-butyl-2phenoxy)titaniumdichloride,

i sopropylidene(fluorenyl)(3 25 tart.-butyl-5-nethyl-2-phenoxy)titani um

di chl ori de, isopropylidene(fluorenyl)(3-phenyl-2-phenoxy)titanium

di chl ori de, _

i sopropylidene(fluorenyl)(3-tert.butyl diimet hyl silyl - 5- nE6hhprip20REnoxy)tita
ni um di chl ori de, 34 26 April 2002

i sopropylidene(fluorenyl)(3-trinethylsilyl-5-nmethyl-2phenoxy)titanium

di chl ori de,

i sopr opy |pedéneffdpeortamdJy(13teertip, bat Yrohoretbexyl- Zrplenoxyt)t.i t ani um

di chl oride, isopropylidene(fluorenyl)(3-tert.-butyl-5-chloro-25
phenoxy) tit ani thediabbker atleyl groups may be substituted with one or more

di phenyl net hyl ene( cycl opent adi enyl ) (3, 5-di et hyl - 2phenoxy) titani um

di chl ori ddkoxy groups such as methoxy groups, ethoxy groups, etc.; one

di phenyl net hyl ene(cycl opent adi enyl ) (3-tert.-butyl-2phenoxy)titanium

di chl ori de, mbFediaplydoylymatrioybeneichickoppheadkgngkdBst eot. ohat yt - et hyl - 2
phenoxy)titani um di chl ori de,

di phehy| aeeikvénaicgchupensagheay| PeBzphenyl gephpaoxy)titani um di chl ori de,
di phenyl net hyl ene(cycl opent adi enyl ) (3-tert. 15 ,

but yI di net hyl sEkgmp3egephythe-raiitosdy )aiaemitem 8 chf’er Rte R, R, R, R’

di phenyl et hyl ene(cycl opent adi enyl ) (3-trinethylsilyl-5nmethyl -2-phenoxy)tita
ni um di cRrérikdare preferably aralkyl groups having 7 to 20 carbon atoms.
diphenylnethylene(cyclogentadienyl)(3-tert.-butyl-5-nethoxy2-pheno§¥)titan
un1dich|5¥ﬁ@@}e20°f such aralkyl’groups include’a benzyl group, a (Z-

di phenyl net hyl ene(cycl opent adi enyl ) (3-tert.-butyl-5-chl oro-2
phgnoxg)W?Fﬁéiaﬁ?éyihT% hy ,groug,)é (3-methylphenyl)methyl group, a

di ph | met hyl| t h I t adi 1 )3, 5-di net hyl -2 titani
i CHitY | G- B BACROPIEL Ky EPGE Bt TR cyb| Wt e SR e) ey | (225
phenoxy)titani um '

di phenyl #E? Y1 eﬁe?%é?%%fhgﬁ%]p%ﬁ%)é?ﬁﬁl')ﬁ(%-g(ré%‘{l?f- Bt Sﬁ’_—%‘rret hyl - 2- phenoxy) t
oo el phetl e B cne ek 2 ghent 9L AL 30080)
ot 1 AL P S 4, 13

di |ohenylcgrf,{%gtyﬂ1 %pmmfm@igwz),(33,-4U€:fI%e|BHyi&Jrﬁérfy51>§1ethy1

met hyl - 2-pheno titaniurn

?! ltofl%_nyl g@;édyh: een_egm,fad Y G SRBAAERNY IndtBriegrouplt Wl -(ZEL Baxy - 2- phenoxy)
i tani um di chl ori de,

di phenyl et et ) et vap ey, e ay | )3( 3-, tseittr- i ity pPieRl a1 Rz 2nphenoxy) t
i tani um di chl ori de, 10

di phenylgmidpy, ene(d,er,te—thrind ttyydperentiadieenyll) g2oopdi aetzy3, 4, 5-

2- phenoxy) titanium di chl ori de,

di pheny|tet tanetref iperdn sy tmd ttydl aprentoadiaerel, B¢ 3-tert . - but yl - 2- phenoxy) titan
i um di chl ori de,

di pheny|testtanedtig(lipdren y1H meydheplc loopapt adi dByB) 63ert . - but yl - 5- met hyl - 2- phen

oxy)titaniumdichloride, L5

di pBeny|tedtiapedie(licdreny-1h mephtilc Kspent adi daghFasephgaphenyphoabikyl titani um

di chl ori de,

di phenylarstupy| afe (tedhy iphepydy Bespeht g4PeRy| §( 3nrerepybahendl e by ki | yl - 5-
met hyl - 2phenoxy) titani um di chl ori de,

di pheny I9FSMEy| 8nél$PRTORYARARIE Tt Eld IERYPY ( B- (Y1 HARGNYY) msthydhy| - 2
20 phenoxy)titani um dic¢chl ori de, gi h% ¥ met hyl ene(tert,

but yl cy SIEEH@nt &di (EF§- - ePRenY 95?-3 gRBRY: 2PhERBRY) Ti t ani um

di chl ori de,

di pheny PREYHPRERYEY BRENY Gt FFOYRr opeAPaBrBRYIHRSRY B PetBYE yILRIRNI%r 0- 2pheno

xy)%'ta iumdi chl.oride, 25 _ h

di p %nylﬁﬁ?ﬁ?P H&F&&P?&%@Fﬁ?V&j%T%%%hf%éPeﬂ?FY%g,%gﬁ%h@?ﬁgyﬁfﬁﬁ%ﬁbx9)titan

umdi chlorid

diphenyﬁﬁﬁpﬁspéﬁgfpggpgﬁ%PH&Ig§8P8be%téﬁf%%§¥%?%@?%%{m@EE¥§l%Hﬁﬂ%n&&y)titan

iun]diCQEQEEg%bylpﬁegy%§méQﬁbh 8993p, a {(n-tetradecylphenyl)methyl

group, a naphthylmethyl group, an anthracenylmethyl group, etc.



di phenyl net hyl er. e(tetranet hyl cycl opent adi enyl ) (3-tert.-butyl 5-net hyl - 2- phe
noxy)titani um di chl ori de,

di phenyl net hyl ene(t et r anet hyl cycl opent adi enyl ) ( 3- phenyl - 2phenoxy) titani um
di chl oride, 5 di phenyl net hyl ene(tetranethyl cycl opentadi enyl) (3-tert.

but yl di met hyl si | yl -5- et hyl - 2- phenoxy) titani um di chl ori de, )

di phenyl net hyl ene(t et ranet hyl cycl opent agli enyl ) (3t ri net hyl&sApyill 280%et hyl - 2-p
henoxy) titani um di chl ori de,

di phenyl net hyl ene(t etranet hyl cycl opent adi enyl ) (3-tert.-butyl 10

5- met hoxy- 2- phenoxy) titani um di chl ori de,

di phenyl| prbhyl enefit ekr sarthy| gyelippest pdé eaysp(8:tert. - butyl 5-chl or o- 2- phen
oxy)titani um di chl ori de,

di phenyl met hyl eheber bpel Ryl sytylsy chopard aditestyl DS bdiinet e drphepexy)tit
ani um di chl ori de, 15

di phenyl helbgeepnetomsnetbll ss| Jloycl npent @ds enyth)¢Bite@rdtoms, bromine

but yl - 2- phenoxy) titani um di chl ori de,

di phenyl abthy | @nd@dime titphsi;| ghe yet opert adkeryl ytSuperdudtutad mbehekhyl - 2- p
henoxy) ti tani um di chl ori de,

di phényl gedihys erethoxyatdoulssd,/| Wtoyel opent adieny | 31 Bphermyrow@@0such as
phenoxy)titani um di chl ori de,

di pheny| pieemhyk e geEtuismred hyns oyimoys apebk atidb enydood s enchias pedi byl si |yl
- 5- et hyl - 2- phenoxy) ti tani um di chl ori de,

di phenyl e ene(tri net hyl silyl cycl opent adi enyl) (3tri net hyl silyl-5-nethyl -
2- phenoxy) titani um di chl ori de, 25 s 1 2 s S

di phenyl met hyl Eera@¥esnatthybe pyvEyeropeficadienyf’)y (B-41 &'t . But {i - B raret hoxy- 2
-phenox%%%;taniun1dich|oride, , .

di phenylFrea T/ PERERE AP ABtIH ST T YRS ERFPEAtGEP @/ F3 r3oR etemsut yFRS idHI%r 0- 2- p
henoxy) titani um di chl ori de,
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di pAEny ISTEIRASh AT 1 e RAYY @,rg-ua'ﬁrréflﬁilldé- BhBRBRY}t FERWP und R lord de,
di phenyl net hyl ene(f | uyor.enyl ) (3-tert.-hutyl - 2phenoxy)titani umdichl oride,
di phenyIH& W1 én@ﬁthjé’rler‘fi}lcg"%%t ért“.‘-tﬁﬁty;Hﬂ SEONBY hi ﬁz?’ﬁﬁ@ﬁéf yFEPERINi &im
dichl or i eGP ISR UY, SngUhlhoLeryL) (3 Bhenyli21Phengxy) Li fapi um

di phenyl, gt iyl eneef | yonenyl ) 3; gEL.RUtY! 4 5Lyl SHL MLy BB 5 2 Rhenoxy) ¢

G Ry ety LoDt bhuay PRKLYCR: 441 os ¥ RBLIYAs7BRGEOR0, 4 o

tertz-buytyl 5 0 it ani dic ' .
dip%%ny%ﬁéfﬁngﬁg%??égégﬁeg?(§¥%3Ff.?bgggf?5?%%%%?§¥%%%%%6§y?€?%%ﬁﬂ1un

di chl orixds, 4§t5c-té_t‘i:'aﬁe%hg\lﬁh%ﬁwogﬂgﬁp', Nawhi §Na! L apE piméen v eManed W th
zirconiumor hafnium 1. he above conpounds i n which dIChYOFIde IS
repl acegraiubh di by apbde-tdii-afkdrylpheh gl ngESYbANE gpémtéihéﬁrd*]ﬁﬁﬁbﬂﬁm de),

di - n-but oxi de or diisopropoxide; the above conpounds in whic

(cycl opgttbagi, eayl pthylpaphgtegroiph & dhretdyyLycéopend estienydn .
(trimethyl cycl opentadi enyl), (n20 butyl cycl opentadi enyl), (tert.

but yl di drebpybpilpheyegl apsnimdaemybyt wipemdegybhip, tdaeabebeatgdphenpdds i n
whi ch (3, 5-di net hyl - 2- phenoxy) isreplaced with (2-phenoxy),

( 3-2fet hgkkoBpphenbry), -P8Lgidhehet t group y| 2-pHeeroky)phenyl group, a

(3- phenyl - 5- et hyl - 2- phenoxy), (3-tert. 25 butyl dinmethylsilyl-2-phenoxy) ar
(3-tri neehpestyyphenpheaboyly; a Thamexyirremet o roumplax wicttehkoydul a (1]
in which J is an elenent of the 14 group of the Periodic Table other than a
carbon grewp, asngdeeyhphenpypogpoup, a n-dodecylphenyl group, a n-

di met hyl si l yl (cycl open~adi enyl ) (2- phenoxy)titani um di chl ori de,

di met hyESEFreeyEPopRyl AU P B2RBERYL - PLPHRN Gy PRILRARCERVE] SRR de,

di met hyl si Iyl (cycl opent adi enyl ) (3, 5-di net hyl - 2phenoxy) titani um di chl ori de,
5 di met BFFsi AN dh6Fent® RHEAVY) @FOP8r £5- BERYRI2PhRenoxy) tit ani um di chl o

i de , .
25 Those aryl groups may be substituted with one or more halogen
atoms such as fluorine atoms, chlorine atoms, bromine atoms or
iodine atoms; one or more alkoxy groups such as methoxy groups,

ethoxy groups, etc.; one or more aryloxy groups such as phenoxy



di met hyl silyl (cycl opent dienyl)(3-tert.-butyl-5-nethyl-2phenoxy)titani um
dichlo ids, dinethylsilyl(cyclopent dienyl)(3,5-di-tert.-butyl-210
phenoxy)titani um di chlo ide, dinethylsilyl(cyclopent
di enyl ) (5- net hyl - 3- phenyl - 2phenoxy) ti tani um di chl o i de,
di met hyl si |yl I t .
d:gﬁyly(gltgrg?YEU?EFSinethylsiIyI-5ne?%y|-2-phenoxy)tit%gﬁqaﬂ“ﬁ1%%ide, 15
di met hyl si lyl (cycl opent dienyl) (5-nethyl-3-trinmethylsilyl-2phenoxy)titani um
di chl o ide, dinethylsilyl(cyclopent
dienyl)(3-tert.-butyl -5-nmethox -gghgnoxy titaniunhdic | ori de,
di mot hyl SERYPEE,RT G5EnT5 ToeR £ ¢ 5LV EY B> BUCRIT BEB38LBHEMRART 4 ani um
di chl or' de, digeth ilyl(cycl ta i 1) (;3,,5-di |- 2- phegexy)tifani
i ohl or i do, i REERUIERI §7( FE TRt B SHraiy BT P OB ERSyt feararkcr
di chl or' de, i hyl.sid vyl hyl . t adi 1).(3- hyl - 225
ey of T2 Bol) YL DAL eyl R e L e 229, IR
t adi 1) (3, 5;di - ti [ i chl

Gi et hyt SH PE el oot DBane Car BRIt el iRR F T8 GYS5ORBFPPR2002

h : : . . ‘
gi re}ggxhgl) é}:{hgp%lrjrg% %/‘?é;%/gﬁublg@ntgar |ué3nsylh)a(vé-ntgerlt 1.:9 bbg ycfa-l%k??r%t%tﬁ% psﬁlecrkfm%)?) titan
| um di chl,Og ) By 1 dpPRLEY! 2| A PR CILRIBRYANY b, 5l 158bLophYt Y! - 25

phenoxy) titani um

dimethyl bbb kB! gP6abAH G Moyt Brbug; PR e 2RHAAXLbLEAN! um

di chl ori

di et hyl §1i1|i3é|o,(brfﬁ%tyf1>’&9?!ﬁﬂnP%gﬂf—%gﬁﬂ?l/|g)r(c%fpt,e£tni?1l§)éﬂ}ld598ﬁﬁyla%bﬂbﬁéﬂ?i hyl - 2-

phenoxy)titani um-di chl ori de,

di met hyl ?}:J_)&’}B,( RNy Lvg erand eyt h B IHWEmA group, etc. Specific
trimethylsilyl-2-phenoxy)titar.iumdichloride,

di rrqtogyl e%’l{éryéidé@t&ﬁ" e | Spefl aghams )dubdtartu byl - e oxprddahesexy) tit a
ni um di chl ori de,

di met hyl gidyd< mathnkcy dopentatdianykpbnd- 1wt ludduorlo-Suelarated silyl

2- phenoxy) titanium di chl ori de, _

di net hylgtdypd metshiylcyiclop2nt agltlesry | 9By H- (@ .any la- Rphenexyyli §acipMman

di chl oride, dinmethylsilyl(nbutylcycl opentadi enyl) (2-phenoxy)titanium

di chl or iekeyy I inet hyd ridpyl (en-dineryl leyidlydp erroagh, e eylc). ( 3- agt-lsybs2120ted
phenoxy)titani umdichl oride, dinethylsilyl(n

but yl cycd opeintaativgsy havd g & et RYl carphpnakyysi {ang una dit e ey ol L y1

di met hyl silyl (n-butyl cycl opent adi enyl ) (3-tert. butyl-2-phenoxy)titani um

di cAPor imurdi mediplteilplilyBueyPrpel apeaphanehyi}¥B-geewr - rE! -/5-anst hyl - 2
25 phenoxy)ti tani um di chl ori_de, )

di net hy &1 AYRSSIHEATEFC I3t JPERY| Re¥1B9dP- Fert0 -RERIn AtHehober)2-i t ani um
di chl ori de,

di met hy13 95 ydSH e c 9EP8RY adi SRy PTEBLARLKYI STBHBNYR- SYbRBROXY) ti t ani um
di chl ori de, di met hyi silyl 4 0 26 April 2002 . .
DUt y1 oy BRI A GES e (b AT R SEPYP: 52 i -DAAbA M | tani u

m di chl or.i de, . _ . . _ .
di met hy SGWPY (hEaEyPEG T BRENL S Shyr U8 iR FBIT F55Fr TRBENGPEFY L1959 Renoxy) ti
tanp,ym di ¢hl.qQri [ hyLskl,%l ( - . .
bt 51 oyl GheneRaCsHErTRYR BEPUBLLR, Pert sbusyldbmsthLeidvt g upy 2
di chlorige. ,_ 1sil .. a tri-n-hexylsilyl
di et hyltgiql RSy Peyeropentaai anyl S (A rery by 9E2%R4 & o- 2phenoxy) ti t an
I um di cRl Q@8 onexylsilyl ., a triphenylsilyl , etc.). Am
di et hy!tEsr?Fﬁé_( Rbat 1 Cycl opant adi enyl) (3. bdi amyl- 3- phehoxy] ti tani antl U
g! Cm or !tgz‘ém, diamethybshlykii it grouby! £yesopent@e 2oyl H{ 2o phenand td t ani um

I cnlori de,
g! nﬁlt hy!tgiib}ileﬁy%ﬁ.lput ykeup! @penpaglf €ryk )4 3- met hyl - 2- phenoxy) ti tani um

I C oril de,
di ngg hyl si | yl ther hydbutytisye! opendad £ ryHase’ sapditetftys 2phenoyydtibs ani um
dichloride, dinmethylsilyl(tert.

may be substituted with one or more halogen atoms such as fluorine

atoms, chlorine atoms, bromine atoms or iodine atoms; one or more

alkoxy groups such as methoxy groups, ethoxy groups, etc.; one



15 butyl cycl opentadi enyl ) (3-tert.-butyl-2-phenoxy)titani umdichloride,
dimethylsilyl (tert.-butyl cycl opentadi enyl) (3tert.-butyl-5-nethyl-2-phenoxy)
titaniumdichloride,
dimethyl silyl (tert.-butyl cycl opentadienyl)(3,5-di-tert.butyl-2-phenoxy)tita
niumdichloride, dinmethylsilyl(tert. 2g4 26 April 2002
but yl cycl opent adi enyl ) ( 5- net hyl - 3- phenyl - 2- phenoxy) ti tani um di chl ori de,
dimethylsilyl (tert.-butyl cycl opentadi enyl) (3tert.-butyldi methylsilyl-5-neth
yl - 2- phenoxy) titani um di chl ori de,
dlneﬁhyl@kimb&%eb&yieuyyg@mabepga&adagnyhéﬁéﬁyt@ybu§s§rbﬁﬁénalétlﬁ&rg-pheno
xy)titaniumdichloride, 25
di met hyl sirby kit ekt geelipscy¥abapest Behenybx(3gtenps: but yl - Snet hoxy- 2- phenoxy
)titaniumdichloride,
di met hyl silyl (Egehphubyb€y€ehepenkady eqydyrt 3tders’, - ot yi'; SRENI @ orZphenoxy) t
itaniumdichloride, dinethylsilyl(tert. 41 26 April 2002
but yl cychagert adicepybfé3abi di @l x 2-qremex yhetviihanil utd di € aobcdeatoms.
di met hyl si lyl (tetranet hyl cycl opent adi enyl ) (2phenoxy)titani um dichl ori de,
gl rrﬁlt.‘ihy! gkhmp(LéstdﬁaathyalldgmdpgeGUpdiierqﬂ]@déanmﬁndxizﬁrphpncmyéthbaplum

i chl oride,
di net hyl gtbyp( t ®tor-gretgos ¢ yoloope nbads epydpd 8y Sy uret hy h~Bpliergxyydup ani um
di chl ori de,
di met hyl si $§¢ (ttt@mptdndupsclopentadbehgky (Fcowwt .a hutpErt2piye gogyps i 4 ani um
dichloride, 10 dinethylsilyl(tetranethylcycl opentadienyl)(3-tart.-butyl-5
met hyl - 2npbeenkyy Y igtranpuna di-tlgkoKyderoup, a n-octoxy group, a n-dodecoxy
di met hyl silyl (tetranet hyl cycl opentadi enyl)(3,5-di-tert.butyl-2-phenoxy)tita
ni um di chitoup de,n-pentadecoxy group, a n-elcosoxy group, etc. Among them,
di met hyl si |yl (tetranet hyl cycl opent adi enyl ) (5- net hyl - 3- phenyl 15

2- phiénoxd ) 1e EReF VIrg TR e @l dithoxy group and a tert.-butoxy group are
di met hyl silyl (tetranethyl cycl opentadi enyl) (3-tert. butyldimethylsilyl-5-nmeth
yl - 2- phePo5&B %32 6hi um di chi ori de,
VYTl t ot o s e Shg srotee WAy BY Wb TRL MG S EhTEheY o8 ndra® PNON

it 1) 41 (1 et arecovel agentadt eny ) (3-LASE, UL, broine
di met hyl <Lyl (telr auethyl ove! apentadl eyl M b Atk YhaRofd Ltidsghenomy)

di met.hyl silyl(tetr thyl cyglo t adi enyl - di -22 henoxy) ti_t ani um
digﬁPoriqﬁgGé#ﬁﬁéFﬁéggip%P?¥PTn§€§y1§#F€¥%§%ﬁg%e%fgg¥%¥y?§?@%%éﬁ%%&f§itanium
di chl ori I JTEL Ll [ j 1yl I i o 42
26 Apr | IEE0S R REnee) (1 Sy o o 21 i oo SPL a6 Qe & IRl

di met hyl sidpd{trinet hyl silyl cycl opent adi enyl ) (3, 5-di net hyl - 2phenoxy)titaniu
m di chl oride, dinmethylsilyl(trinmethylsilylcyclopentadienyl)(3-tert.-butyl5
2- phenoxy) ti t afdasp1discBIFOFh86esralkyloxy group for X', x°, R', R?, R}, RY,
dinethylsiIyI(trinethylsiIyIcycIopentadienyFB(S-tert.-butyI5-nethy|-2-pheno
xy) . tit @i amat i°chkerpeeferably aralkyloxy groups having 7 to 20 carbon

di met hyl silyl (trinmethylsilylcycl opentadienyl)(3,5-di-tert.butyl-2-phenoxy)t
i t anoumadiopdsl.or §plecifidc examples of such aralkyloxy groups include a

di methyl silyl (trinmethylsilylcyclopentadi enyl)(5-nmethyl-3

phenyl - Deplrgrioxy) pirbapi, um d2ehkbhydphenyl)methoxy group, a (3~

dinmethyl silyl (trinmethylsilylcyclopentadi enyl)(3-tert. butyldi methylsilyl-5-m
et hyl - 2meltdiydehpnylanethodyctitoubdea (4-methylphenyl)methoxy group, a

di methyl silyl (trinmethylsilylcycl opentadi enyl)(5-methyl-3 15

t ri met hylRsBHyliimgLplién gyyﬁ/ma hoxy dgepiDr i &le(2, 4~

dimethylsilyi(trinmeth IsiIyIcyclopentadieq¥lg(3-tert.-butyl5-nethoxy-2-phen
oxy) ti tglmngﬁhaﬂ@hp@yﬂ.%@?thoxy group, a (2,5-dimethylphenyl)methoxy
dinethylsiIyI(trinethylsilecycIopentadienyI)(S-tert.-butyI5-ch|oro-2-pheno
xy) 2% t afEQRPdi ehl(dr Podimephylphenyl)methoxy group, a (3,4~

dimethyl silyl (trinmethylsi]ylcyclopentadjenyl)(3,5-dianyl-2 phenoxy)titanium
G Chi o FaB=tayhERRDY 5] RS FPEHELAA TR Drhehord 1 A RSH AR A B Ea Y

di net hyl si |yl (i |} (3- et hyl 2- ph titani di chl orli de,

i ot Py BEPHDY (Frdgngt §{SF CRE R BEROTSD SRS R dPeit 571 de, 2. 5

di net hyl si, | i nd 1) (3- t.-butyl-5- hyl - 2ph titan dichlorid
ai ot Py FEETEECY ROBRSY | (5o EG Y aPP b P 3¢ BRERORoToF 0T i TEHIBHY do.
di met hyl si |l yl (i ndenyl ) (5- net hyl - 3- phenyl - 2- phenoxy) titani um



26 April 2002 dichloride,

di met hyl silyl (i ndenyl)t3-tert. butyl di methylsilyl-5-nmethyl-2-phenoxy)titaniu
m di chl ori de, dinmethylsilyl(indenyl)(5-nmethyl-3-trinethylsilyl-2phenoxy)
titaniumdichloride, dinmethylsilyl (indenyi) (3-tert. 5

but yl - 5- met hoxy- - 2- phenoxy) ti tani um di chl ori de,

di met hyl si Iyl (i ndenyl ) (3-tert.-butyl -5%hl or o- 2phenoxy) t4& Aprib@0@2chl or i de,
di met hyl si |l yl (i ndenyl) (3, 5di anyl - 2- phenoxy) titani urn dichloride,

di mret hyi silyl (fluorenyl) (2-phenoxy)titaniurn dichloride, LO dinethylsilyl
(fluorenyl) (3-nethyl-2-pheroxy) titaniumdichloride, dinethylsily.L
(fluorenybdup, aS1di apbhytiRpbhepDpeng ] fmet b6y dyehh®y i de(2,di peet hyl si iyl
(fluorenyi) (3tert.-blityl-~-phenoxL!) titaniumdichloride,

di met hyl spiykehluphenyl) ndthexy groupyla G3mat Byitrzméihmm@n%)m b 8AbYN

di chloride, dinethylsilyi(fluorenyl)(3,5-di tert.-butyl-2-phenoxy)titanium
di chl ori gleougdj n®t hy) 3 & yb £ £ & tivaeayht y \Fraret Hylethqbe ol phenoxy) ti t ani um
dichloride, dinethylsi 1yl ( fluorenyl ) ( 3-tort .

but ydi me(2 hy) &) 6yt e Srarms tiyy I 2h@hehmeidtargnonmi ehl @,i3e, 620

di ret hyl silyl (fluorenyl) (5-nmethyl-3-trinmethylsilyl-2 phenoxy) titanium

di chbor i tet ratheet hiypisehyl ) méfharor emmdyip, a (pentamethylphenyl)methoxy
(3tert.-butyl-5-net hoxy-2-phenoxy)titani um dichl oride,

di met hylstrdwyb [ fArudeehyllph8nyél e thoyy \JrdBurhbof n-2pbenbryetyl ame timoxy
dichloride, dimethylsilyl(fluorenyl) (3,5 25 di anyl -2-phenoxy)titani um

di chl origiqup, an (isopropylphenyl)methoxy group, a (n-

di met hyl silyl (tetranet hyl cycl opent adi enyl ) (1- napht hoxy-2yi )titani um

di chl or ikdi v kpheny ke Hisoie JE0RrP o uh dss S Whiter phepsild peithadivedydiipi &
replaced with 44 26 April 2002 (dinethyl cycl opentadi enyl),

(tri met hijtested dpeiitladianiid )me thexyy 9eptiPe pént(Bdhenyll phenyl) methoxy
(n-propyl cycl opent adi enyl ), (isopropyl cycl opentadi enyl),

( sed0- bisdusyc Popen?@eyY ERYEYY L {MRBHUtY (98 PEPe pd nt itk ghenyl)methoxy
(tert.-butyl cycl opentadi enyl), 5 (phenylcycl opent adi enyl (et hyl i ndenyl)
or (pheﬁVF%ﬁHeﬁyl@Q‘QQR¥%Qﬁﬁgép@8 é&ﬁ&ghpﬁymﬁ EHP(Zapﬁéﬁg§9¥lmgt?%%Yaced
wi th (3phenyl - 2- phenoxy), (3-trinmethylsilyl-2-phenoxy) or

(3-tert QYR dPREr @y%%ﬂélﬁe&ﬁ‘é’ﬁax% OUR 1 &5hove™eD s Bengyitery
dimethylsilyl s re%laggg with 10 diethylsilyl, diphenylsilyl or

di met ho SR/ 15 P& -&56Ve Sconpounds in which titaniumis replaced with

o rcom um o baCILutk 800 ARGKR SEPRRATRLONOLEN, Rl arL R e
di - iz bug ¥ %n;?t%hsdkh%ﬂp%gp?FP?ﬁingr§£8§§blghfé?f@ée§t5ﬁs}rﬁ%&ﬁﬁﬂ?'t'On
of theé a of | S

met a? COI'Tp| X or mu are as 0O~~~S!:

u- oxobi 5%5&%%9%})&%@@%(%;0%@@pin%wé B4oRICOXUDE! S @0 WY £BLAGLIE] . 20
S e ( 0X

u- oxobi s[1sopropyl i dene(cycl opent adi enyl ) (2- phenoxy)titani um net de],

u- oxobi a[r'bagla_r,gg]zhbswngf@uﬁépr@dﬁ.a,dio%ybk(ﬁoﬁsrarym&ylg@wmhc%j phenoxy)t

i tani umchl ori

~- oXxobi ghéﬁgawéﬁﬁn@&m opeft valaeayky( dxteftougiEMbhS LBenzyloxy
met hyl - 2- phenoxy) titani um net hoxi dej,

u- oxobi girbagpr.opyl i dene( et hyl cycl opent adi enyl ) (2phenoxy) titani um

chl oride], u-oxobis[isopropylidene(nethylcycl opentadienyl) (2 45 26 Apri

2002 Examples of the aryloxy group for X', ¥, R!, R, R’ RY, RS
and R® are preferably aryloxy groups having 6 to 20 carbon atoms.
Specific examples of such aryloxy groups include a phenoxy group,
a 2-methylphenoxy group, a 3-methylphenoxy group, a 4-
methylphenoxy group, a 2,3-dimethylphenoxy group, a 2,4-

25 dimethylphenoxy group, a 2,5-dimethylpheroxy group, a 2, 6-

dimethylphenoxy group, a 3,4-dimethylphenoxy group, a 3,5-
dimethylphenoxy group, a 2,3,4-trimethylphenoxy group, a

2,3, 5-trimethylphenoxy group, a 2,3, 6-trimethylphenoxy group, a



phenoxy)titani um et hoxi dej,

~- oxobi s[i sopropyl i dene( net hyl cycl opent adi enyl ) (3-tert. butyl-5-nethyl -2-phe
noxy)titani um chl ori dej,

~- oxobi s[ i sopropyl i dene( et hyl cycl opent adi enyl ) (3-tert. 5

but yl - 5- et hyl - 2- phenoxy) ti t ani um nmet hoxi de] , .

u- oxobi s[i sopropyl i dene(tetranethyl cychgpent adi enyl )(Zp%ﬁk’\?’j £00#ni um

chl ori de],

u- oxobi s[i sopropyl i dene(tetranet hyl cycl opent adi enyl ) (2phenoxy)titani um

met hoxi de], 10 u-oxobi s[isopropylidene(tetranethylcycl opentadienyl)(3-tert.
butyl - 5-ppt hylt 2i phenpxyhehdbani o) er bde} s-trimethylphenoxy group, a

u- oxobi s[i sopropyl i dene(tet~ramet hyl cycl opent adi enyl ) (3-tert. butyl-5-nethyl
- 2- phenoxyl f b+ aniwethel bbandey, group, a 2,3,4,5~-tetramethylphenoxy

~- oxobi s[ di net hyl si |yl ene(cycl opentadi enyl ) (2 15 phenoxy)titani um

chl ori dedyouwp pxab2 s3 04 nét byt sathgtepkgoycd opent@ads eny | J (2phedroxy) ti t ani um
met hoxi de]j,

u- oxobi st el matdtyt w1 plyd ey cycd apend aokrerag {8y ierdnchptytoldmetaryl - 2- phenoxy
)titaniumchloride], 20

u- ox6bi s§ thydsttsiex ¥ glreng(, cy cl-gpemyddirempXy 8roept .atbuspbrbpylphenoxy

met hyl - 2- phenoxy) tit ani um net hoxi de]j,

p. - oxobisfalipretayi<iu Y erteg it thyd s o e rit el enytl Y (e nerkix yraupaniaum
chloride], u-oxobis[dinethylsilylene(nethylcyclopentadienyl)(2 25
phenoxy)téttamh yiaenade]group, a n-hexylphenoxy group, a n-

) Z- oxobi s[ di net hyl si | yl ene( et hyl cycl opent adi enyl ) (3-tert.

but y| - 5-QETRINENGBHEEERYP i %mqlwimem%hép,roup, an-tetradecylphenoxy

u- oxobi s[ di met hyl si | yl ene( et hyl cycl opent adi enyl ) (3-tert. 4 6 26 April
2002 butgAQURnet RMARTENYSh SEPHRt & FRTPERTSRCHy] group, etc.

u- oxobi s[ di et hyl si |l yl ene(tetranet hyl cycl opent adi enyl )éZ henoxy)titani um
chl 8Pi de], u- OXE5Ss PN I9EOPSe HgYt BEr éﬁ@?ﬁﬂ:%@fﬂoﬁ ana@i‘%n% PR
phenoxyé{i t ani um_ et hoxi

TSI DY (35 MBI F5PBFenChiPEApE) psons, bromine

u- oxobi
tert.-butyl -5-nethyl -2-ph titani h id L
L oot S e 5 e e bRV AL R FHChr 25 RS- et hy

transiti% x-of “the mula

di - u- oxghi sl S0 [ y. t.adj I VAR i ,

i - u- o ShrerrdoRralT | SEnEe e SRER AR IR HARPERRY i, ROy 1ony

met hyl -é—rg ? oxy)titaniuni,

di - ~. - oxXobi Fi sopropyl i dene( net hyl cycl opent adi enyl ) (2phenoxy)titaniunm,

di - ~- oxobi s[ i gQRRERYLI denefaed hydeyst opendadingy Leduekbrbyt y ke 5-gret hyl - 2-
phenoxy)titanium, 20

di - p- oxebj siii, sppr @ybhdere et cagebhykeyskoppntach enydudXituted with
phenoxy)titani um,

di - u- oxehbshySaprfydnt depapiset riaees hylxeyellegent atieehyd y¢SiMdn ghutypk- 5- net h
yl - 2-phenoxy) titaniun], di-u-oxobis[dinethylsilylene(cyclopentadienyl) (225
phenoxy)itnttladeuamlkyl groups having 1 to 10 carbon atoms such as a methyl

di - ~- oxobi s[ di net hyl si | yl ene(cycl opent adi enyl ) (3-tert.-butyl 5-net hyl - 2- phen
oxy3a i t gnbup}, adi ethpkobrefidi netinryhsdp ¥l enefuret yl dysclropeytladirenyl ) 2

a n-butyl group, a sec.-butyl group, a tert.-butyl group, an

-2 phenou | UMM TR, del ol o dQuPLEL 8l 2o Rogpl s e

isobutyl group, a n-pentyl group, a n-hexyl group, a cyclohexyl
group, etc.; aryl groups having 6 to 10 carbon atoms such as a
phenyl group; aralkyl groups having 7 to 10 carbon atoms, etc.
25 Specific examples of such amino groups substituted with two
hydrocarbon groups include a dimethylamino group, a diethylamino
group, a di-n-propylamino group, a diisopropylamino group, a

di-n-butylamino group, a di-sec.-butylamino group, a di-



47 26 April 2002 phenoxy)titaniuni,

di - u- oxobi s[ di net hyl si | yl ene(net hyl cycl opent adi enyl ) (3-tert. butyl -5-nethyl -
2- phenoxy) titani um,

di - u- oxobi s[ di net hyl sil yl ene(tetranet hyl cycl opentadi enyl) (2 5
phenoxy)titanium,

di - ~- oxobi s[ di met hyl si | yl ene(t et ranet hylicycl opent adi enyl2§ 8pril 2002
tent.-butyl-5-methyl -2-phenoxy)titanium, etc. Atransition nmetal conplex
of the formula [ | ] may be prepared by the nmethod di sclosed in, for
exanple, W97/03992 . A transition 10 nmetal conplex of the formula [II1] or
[111] maytéet priepay bamino reaoip g alitirsoisittyilemimet ajrcagnplaexeaft .+he fornul a
[I] with one or two equivalents of water. (B) Al um num conpounds The

al um num lwrpbiswp (@) y i sniato |gasip orke ddl-uimhexmleoipaund olip,sal ddt-ad from

the group consisting of the follow ng conpounds (Bl ) , (B2) and (B3) (B1)
an or ganiectlamimmyconpeoundiofi-daeyi anhud arobipash 44 phenyB2niacoymdure,
al um noxane of the formula: 20 [ -AZ ( E ) -0- ] b, and (B3) a linear
al um noxanebiof- thienetdryvhd gy IBminoAY reEp) a0bis-AeEt~-wherein E1, EZ and E
represent independently each other a 25 hydrocarbon group, provided that
al | EP' s butilEnedhaid dyilaming gagube etite sAnengrtivh f erdime th liasiamo
hydrogen. atom or a hal ogen atom provided that all Z's may be the sane or
di f f er entgroad ang rf’r’ur@é@rtiW’@H@aﬁ@ﬂpeér?hérﬁéﬁﬁabée-0 <a<- 3 bis an
i nt eger 4 8 26 April 2002 of 2 or nore: and c is an integer of 1 or norn.
A hydrocarbon Jhress férsgbstiEtutgd aming guoemsy BBYyba Fiylss bkt trsh wgtdup
having 1 to 8 carbon atons, nore preferably an al kyl groui).
one or more halogen atoms such as fluorine atoms, chlorine atoms,
bromine atoms or iodine atoms; one or more alkoxy groups such as
10 methoxy groups, ethoxy groups, etc.; one or more aryloxy groups
such as phenoxy groups; or oﬁe or more aralkyloxy groups such as
benzyloxy groups.

The substituents R', R*, R’, R', R’ and R® may optionally be
bonded to form a ring.

15 Preferable groups for R' include alkyl groups, aralkyl
groups, aryl groups and substituted silyl groups.

Preferable groups for X' and X* include independently each
other halogen atoms, alkyl group, aralkyl group, alkoxy groups
aryloxy groups and di-substituted amino groups, and halogen atoms

20 and alkoxy groups are more preferable.

Examples of the elements of the 16 groups of the Periodic
Table represented by X’ in the formula [II] or [III] include an
oxygen atom, a sulfur atom, a selenium atom, etc. Among them,
an oxygen atom is preferable.

25 Preferable examples of the transition metal ccmplex of the

formula [I] are as follows:

-Transition metal complex of the formula [I] in which J is a carbon

atom:



S Specific exanples of the organic alum num conpound (B1) of the fornula:
E1~Al1Z, | are as follows: trial kylalum nuns such as trinethyl al um num
trlethylalunlnun1 tripropylalum num triisobutylalumnum trihexylal um num
etc.; dial kylalum num chlorides such as d|nethylalun1nun1ch|or|de 10
diethylaluninun1ch|oride, di propyl al umi num chl oride, dii I o, |um num
chloride, dihexylalunm numchloride, et&8 alkylal uni nungfg‘ﬁl Jp)%log)gs such as
met hyl al um num di chl ori de, ethyl al um num di chl oride, propylal um num

di chl ori de, isobutylalum num dichloride, hexylalum numdichloride, etc.;
and 15 di al kyl al um num hydri des such as di net hyl al um num hydri de,

di et hyl a|ru¢rtwh¢mﬂ¢y%op@m@a@whl ud rﬁnﬁmﬁmﬂeﬂmhwmma{mumm

hydri de, dihexyl al um num hydride, etc. Anpng the trial kyl al um nuns are

pr ef er abl &L Chker +4¢ etWﬁﬂF%Yﬁ%‘i‘?ana]rﬁp%WtiQ@cﬁm{lyl (I.':a‘lﬁﬁrrﬁ)mbalrté/lﬁé’r'e
preferable. 20 EanPIes of the su%;tutuents E~ and E in the cyclic

al uni noxZPRETEY) ¥ ’F]’em?d?]rﬁﬂ]d’r{ lex) MeShyg-ens é—'ri’d:]{c’r?@qtiaﬁé&rfwél dRirnoxane

of the fornmul a: ;4~ A E , are alkyl groups such as a net hyl

group, arF %Iquy‘lb‘&rﬁb]u'pémae dtlé%‘i“ Bh L ogieep, a n- butyl
a5 e el e %@at e (Sl u?a@@ﬁ%&%”%&ﬁ%@%@h?g'rg'ﬁ)f’;,
ot oger E&f 2 Z‘% "ithiEne X Oﬁ@@%@%l&fwi )(g-362trha bove alumi
"t od, Diry TR e ] ”'%Y&"?gP@SW&?{C%%EP@E?&P”&FE%@ for
cxaml e, g %f'&&{ﬁe%%%@?e?‘%t@t s O Y SRS EERV 2ol vent (e
g. benze?)%engl)gygf&qtt ﬁl%drd‘l%ﬁrl%%ﬁgée}a‘rég%g 888 @?{;B%%gdg@ﬁ{?[)(%

Al t er nat P hoxane may
tria | al n G r tLhylahuni | salt 10
cont g‘ﬂl ?lzgelf\r/?/at gﬁ'tézg %r f/ﬂtgtta%?/zgt? H%gy%}ggcgﬁ&%\;\ﬁgg??%??&%ydr ate, etc. )

(O Bor%e% gﬁ%@%yélegre%ae@gnw?gf«@éri;.s @ay%w@-eﬂl pa boron

conpound of e formula: boron Tonmpound o the forml a: 15

& BQ Q Q&hoxy@'ﬂqté@)mad@eﬁQBr&'Qgpound of the fornula: (L-H .
(BQ @eQ boron conmpound (Cl1 ) of the fornula : BQLQ Q, Blsa

trival enheEﬁwenat(ﬁ@thgicy@zogaﬁlté:alé@pxyeis@m anfepepdent |y each other a
hal ogen atom a hydrocarbon group, a hal ohydrocarbon group, 20 a

substi t upadnsklkytiganiipm abchlsexyegroup or a di-substituted ami no group,
and they may be the same or different. Preferably, Q, @ and Q are each a
hal otfen atonylanbydebhgal bpol gpenpadbenng (34toe20, -darthan-2at ons, a

hal ohydr ocarbon group having 1 to 20 carbon atons, a substituted silyl
group haphagofyi bi2&ntambdinchtonsdean 25 al koxy group having 1 to 20 carbon
atons or a di-substituted am no group having 2 to 20 carbon atons. Mre

pr ef er abhgthpllen@imebiy {ryat @b ealedd temhial Jogert ettombut Hy droedihlydn 2gr oup
having 1 to 20 carbon atons or a hal ohydrocarbon group having 1 to 20
carbon apbasoxy) tEoanbupndi¢hbopXabst preferably, Q, Q and Q are each a
f | uor ohydr ocar bon group having at |east one fluorine atomand 1 to 20

carbon aReRRYLeREl %??Y%W%Op%ntchﬁcﬁriﬂdt@T%%ﬂylgr%ﬁﬁeﬁ%ﬁ’rhélﬁﬁn%@cst one

fluorine ato 6 to 20 carbon atons.. 5 Sp i C exarrpl es of the conpound
(Cl )20 mcqi&a%{%ﬂ (%?%#%?%MSW eély(lé (3gtegt.-

R L et A e AR AT S

methylene (methylcyclopentadienyl) (3-trimethylsilyl-5-methyl-

2-phenoxy) titanium dichloride,

methylene (methylcyclopentadienyl) (3-tert.-butyl-5-methoxy-2-
25 phenoxy)titanium dichloride,

methylene (methylcyclopentadienyl) (3-tert.-butyl-5-chloro-2-

phenoxy) titanium dichloride, methylene(tert.-

butylcyclopentadienyl) (3, 5~dimethyl-2-phenoxy) titanium



10 phenyl bi s(pent af | uor ophenyl ) borane, etc. Anong them
tris(pentafluorophenyl)borane is nost preferable. In the boron conpound
(C2) of the formula: G-(BQLQ Q Q-)-, G is an organic or inorganic ration
Bis atrivalent boron atom and Q to Q- are the sane as Q to @B in the
above conpound (Cl1 ) . 15 Specific exanples of the inorganic ration G in
the conmpound of the fornula : G (BQLQ2@ Q) - include 26 Apcikd002 ration,
al kyl -substituted ferroceniumration, silver ration, etc., and specific
exanples of the organic ration G include triphenylnethyl ration, etc.
Preferably, the ration & is carbeniumration, in 20 particular,

tri phenyldieshiydr irdat,i aretHsdiand (e raf. -bioe vlg@cQoRBQrpdinakldes~tert . -

t et raki s(pent af | uor ophenyl ) bor at e,

t et r aki sty 15 26étenaidy) dridpmdnyl Hhiaohdbeide, methylene (tert.-
tetrakis(2,3,4,5-tetrafl uorophenyl) borate,

t et r aki s34 lsviclicbendraoileayl) )(Botatre,. -batyakbsmethyl-2~ .
(2,3,4-trifluorophenyl)borate, phenyltris (pentafluorophenyl) 25 borate,

t et r aki spBebobivstiitahdomodachybphdny| hbohaleneétert Typi cal exanpl es of the
conbi nation of the ration G- and the anion (BQLQ @BQa) - include

f er r dcenbutvilevcakpesedighydor Sphbaplk) badrahenoty it i dambtuhyifchloaddei um
51 26 April 2002 tetrakis(pentafl uorophenyl)borate, silver

t et r aki sppehrarhadEephenPlfBdEHEEOPERT pREAYY it Brytert .-

tetraki s(pentafl uorophenyl)borate, triphenylnethyl

t et raki sPBtBlEiBeEhy ] adt AP npephehy? TDeRRRY) i taningo i ¢helmr isle,

tri phenyl methyl tetrakis(pentafluorophenyl)borate is nost preferable. In
the bo rBateyhpBanBerte3bRtpleveherentedignyl) (31tHnethylBAddrd&Qa ) L is
a neutral Lewis_acid is a Brransted acid, Bis a trivalent boron

at om an‘He’élY%bz@h%’,f“é’g{;%g?%%%ﬁ%sd%ﬁh]t%r@e'i MY HY B8/ & ednpound 10 (CL)
Por il & 0EEL IpYCTBRFRFER BT L] ol HRleE 171 1S SRR, ammoni um

the an GTiRLY & 89 B TR R e RS RSRsl 1 11 ed above.  Typi cal
(10 0S5 L TR TR LTyt Ao Lo a1 G CEaRerlor opheny! ) bor at o

20 Lot r AT AN At o tr1 nobutyl ) ammonium

t et r aki -l i %%r%!t)ﬁg‘qr 2 (N, INdi niLLi ni um
t et r aki zé%ekafla%rf%{)ﬂr%épﬁy blg%’;}ao;l& ) |§ml)é§i’:§gﬁg§%ﬁ@%bﬁ 2

t et Rgki {aaf) Uar2phend )doratige N N2, 4, 6- pent anet hyl ani | i ni um

t et raki s(pent af | uorophenyl )borate, 25 N, N-di net hyl ani | i ni um

tetraki s{edmpiatd itfd thamard ehepsnhern ahe. ) 4z sept opyLaoaL um

t etraki s(pent af |l uorophenyl )borate, dicycl ohexyl anmoni um

t et r aki greerdh:af) tiarehenyd)diicatiele, t ri phenyl phosphoni um 52 26 April 2002
t et raki s(pent af | uorophenyl )borate, tri (nethyl phenyl)phosphoni um

t et raki slgrentlamaidetptemthy)lbycdbeentadidnye) hgpbenytdpboespheni um

tet-raki s(pentafl uorophenyl )borate, etc. Among them tri(n5 butyl)amoni um
t et r aki sgdnptlaid-pheapxenditeoiame dacd 1Nridepet hyl ani | i ni um

t et raki s(pent af | uorophenyl )borate are nost preferable. In the

cop® ynmethytlienre (tederinethyd cyatlabgstafioenyl ef Brppehyhe2+ zati on conpri si ng
the transition netal conplex (A) and 10 one or both of the conpound (B) and
t he conpbenexyCfitenigaddighéaradeat al yst for ol efin pol ynerization

consi sting of the conpounds _(A) _and éB).is used, the conmpound (B) is
prefera@?%hWHén@%EPFéa&?@ﬁﬁﬁé%ﬁhQPFB fAaARY bt (3heeFtmear al umi noxane (B3).
Anot her preferabl e exa st for olefinég

I f th tal
consist?uéﬁlQH@eégﬁﬁé&Egég?%¥?tbgiggﬁgh%@$¥yhBi¥%ﬁ%w% echkda deanpound ( B)
is preferably the co oung ﬁBl% The uaed afnuggs of the conponent .
conpounf@&tiy eBPéF@Fggﬂﬁt ¥LE¥tLaPeRtEAbenEl hbf Zrr ¥maty i) o (A) is
f 0. 1 1Q, 000, f bly f 5 10 2,000, d I ti f (C
to By Fechilresnranatt & E600 At SFLer o rom 0. 5 to 10 When each

t.J i th | Wt i i i I t,
T o corBEREyAE BnCF B AP BrEY T 1T 5o ReR Bt B RLC Y ah S T3 Lo ons such a8
th f f i ' h tt
pol yer e B e BT 2are ek T L e e et on of “the compound (A)

o e Oh@e0FLL0e PO SHAPhY B fSPONEN dat AL S A 0 L0 100 T

nore prefeér rom e concentratiadn of the conpound
(B) is usually from0.01 to 10,000 unol/g, preferably

ol ymerjzation 15



53 26 April 2002 fromO. 1 to 5, 000 unol/g, nore preferably fromO0.1 to 2,
000 unol/g in terns of alum num atons, and the concentration of the
‘conpound (C) is usually fromO0.0l to 500 unol/g, preferably fromO0.05 to
200 unol /g, nore preferably from0.05 to 100 ~.tnmol/g. 5 For the
preparation of the propyl ene copol yner, solution polynerjzati_ ing a

sol vent such as an aliphatic hydrocarbdh (e. g. butane,%ﬁéﬁpﬁﬂgpgﬁexane,
hept ane, octane, etc. ) , an aromatic hydrocarbon (e. g. benzene, tol uene,
etc.) or a hal ohydrocarbon (e. g. nethylene dichloride, etc.), slurry

pol ynmeri zation, 10 gas-phase polynerization in a gas state nononers, etc.
The pol yokeibzat?ophenosgstinaypibe dichheiideus process or a batch process.
. A polynerization tenperature is usually from-50 to 200C, preferably from
-20 to Imethylepelyrninezhyishl plesclorentadteny kf 63 abtgine tny lat2rospheri c
pressure to 60 kg/cm G A polynerization tine depends on the kind of the
catalystEth@KYybbt%ﬂl@%ed¥@%i@€#@eetc., and may be sel ected froma range
between 1 m nute and 20 hours. A chain transfer agent such as hydrogen may
be addedieiehal ety bre Byt ekt Y0 deh QrantaE eny Dol drendei dmt v26-20f t he
copolynmer. The propyl ene copol yner of the present invention is suitably
usedBas RhERE e figi difekdmifsstic resin. Exanpl es of the

t her nopl asti c. resins, i ncl ude, pol yet hyl ene resins %g. hi gh density

g.

pol yet hyhedrsy/ 1 Rl iy 1 54 ot Gt inRanfed esw ld esitief t-79ussilyéry| ene,

| i near | ow densjt ol yet hyl ene (LLDPE), .etc.), polypropylene resins,

pol y- 4- RATY 5erit -%?y)ﬂ%%@,c%%'er, pol yani de, pol yphenyl ene

ether, and.the like. Preferahle thernmoplastic resins are _palyolefin resins,

nor e @Eﬂééﬁﬁ&%4%Qﬁﬂﬁgaﬁiﬁi;i;ﬂ%;iﬂ%ﬁﬂﬁ%qﬁeﬁglgd@y&@@PWﬁ§260nprising an

olefin h%ﬁ%ﬁggﬁt.least Séfar on .atonms as a main conponent, in particular,
bXe

crystalﬁ ;ﬁﬁﬁﬁ?ﬂgh 97, eTypical exanpl es of the polyolefin resins
i ncl yude higp densi.t m ddl.e 5 den Lyolefin, |ow density

L pQl hyl i
ool Y01 GFISE B A By e W3S e Sy AL e FoF pent ene. 1, etc.
Pol I L esi ) LLi . opy| ins, d
e T ene anc
s 8 cOBDI I ot O ae G eV 8IS BB Kol - o SFPn~Y BT hE Cbpol yrer
is 10 oy hﬁﬁLghthhok?§%itEB€hﬁré@EKlBE?H&O-5 to 7 $ by weight in the case

of a random copofyner, ~or the content of other a-olefinis from1l to 40 ~
by wei ghlernpieher@blneth9msi1Lecye18pbyt ¥l gAY 1) (9L e PE LBl ¥515 from 2
to 20 s by weight, in particular from3 to 15 ~ by weight in the case of a
bl ogk cppehyRer2-pwenekyMeieapelinpapilenedegsi ns my be used in

conbi nation. As an index of the crystallinity of polypropylene, a nelting
poi nt, heahydknenysimkkhpesiellinglopestadtenube3-txef ermbdyl-20 a mel ting
poi nt of the crystalline polypropylene is in the range between 120C and
176C, anHlbeat2ephenyzyptlitapinel diogloside, t he range between 60 J/ g and
120 J/g. When the nelting point of the crystal is too |ow, or the heat of
cryst al nehbylrehei Agudsenpd) $Anbtdindeh nht erpldndras) tiovariest resi stance. ?5
To prepare the pol ypropyl ene resin, proF | ene i s honopol yerized to obtain a
propyledéchbﬂﬁbdeyn%¢thble@¢bﬁ%m@ﬁﬁﬁzﬁki%;ﬁQFQHTﬁuﬁVﬂnﬁﬁ ng 2 or 4 to 12

car bon at ons, Ereferably ethYIene are copol ynerized to obtain a

pr A% | epleenowy et i harbpdi GHeRlyide urhstipol §iferf eyl g@sbeis e

pol ymeri zati on, 55 26 April 2002 bu] k pol ynerization or solution
poIynerP&EY?bﬁ‘%?t@%%T?'EQﬁEﬁ¥¥&?%FPW%P%i@ﬁ%&ﬂQ¥%ﬂQﬂo or nulti-step process

L anci (ROHTALTRR | SHHOETH WRCP SR ey (AU CosBnHE 6 TeSa
motal | GFOTRE e | R oL bt PRI O R B e RO R dalr one
Commor ATy R b 6 SO b T T H G Sy o eed 3 O
25 trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,
methylene (fluorenyl) (3-tert.-butyl-5-methoxy-2-
phenoxy) titanium dichloride, methylene(fluorenyl) (3-tert.-

butyl-5-chloro-2-phenoxy) titanium dichloride,



10 The thernoplastic resin conposition of the present invention conprises
t he propyl ene copol yner of the present invention and the thernoplastic
resin. The thernoplastic resin conposition of the present invention
preferably contains 3 to 95 % by wei ght of the propyl ene copolyner (a) and
97 to 5 % by weight 15 of the thernopl (afltic resin (b) ( 2&appt! @EP2= 100 o
by weight) , nore preferably 10 to 90 %by wei ght of the propyl ene
copolymer and 90 to 10 % by wei ght of the thernoplastic resin, in
particular 15 to 85 % by wei ght of the propyl ene copolyner and 85 to Z5 %

by wei ght, of 1he [,C Si.n. n t.he unt_ of the propyl ene
copol yrrerl?%p%%poy#{;(?égﬁgp‘%ﬁ%#daesr,{teat%eenéﬁlgu(\r%%otdgﬂ?et%ty e:}m)pl astic resinis
too smal | ! | wve | ow nol di ng processability or
insuffici%ﬁéiéﬁf@ng%ﬁbimﬁgﬁ' %ég%éﬁkn of the propyl ene copol yner is too
smal |, t i ! Qﬂp her. l-astic resin.,is too |arge, the 25
conposit{gﬁgéégfﬁégﬁa cﬁ?ﬁﬁéﬁﬁ%ﬁﬁ%ﬁﬁgﬁggqgérZ%é%'r§§F§9a%ce, Preferably, the
surface §9ﬂ%{ i : he t .astic resin conposition is not

deteriorate %%gh %&ﬂgéﬁlfgg%ﬁggﬁg?%d out at a tenperature |ower than the
mel ti gg Fﬁgdﬁrﬁg&ﬂﬂﬁéneéé f@@eﬁﬁ%ﬁﬁeggQ?(@h%ég?PLEEEgﬁ—Sgﬁéghyi: rein, the

deterioration the surface condition nmeans the generation of gloss on a

mat t ed sWifAGk Ok id amRhdedisaTBkedeand so on. LVith the thernoplastic resin
conposition of 'the present 5 invention, the change of the gloss value on a

surf ace QEO%r6%QQQ@e%EQ%yFQ@b@h3ﬁ§@€ngi§?B—bﬁ@n?%aﬁﬁﬁﬁéﬁoﬁé)éi?ghfﬁﬁ 1 00

hours is preferably 1 or |ess. en the change of the gloss value Is nore

than 1, Tdfi%h_gb(ﬁ&e(;lu@sb@rbb?l@ﬁ@ﬁé'(@9@16§@§’c¥dﬂ3énﬁppgﬁl§e9ﬂ-f[h_e surface of
a nolded article made fromthe thernoplastic resin 10 conposition of the

present iRvgndigBLheNdil hussthetAppeargnetoRy) t heanDhred: atd el &,
deteriorates. In addition to the essential conponents, that is, the

propyd eneseppopylttdeandciybiopbrt anpéagl) €3+ esine th ks 1 herroplaagtyc- a-esin
conposition of the present invention may 15 contain other rubber conponent,
i f necespaeyoxgxanphesunfdibelonbder conponents include the follow ng
rubbers: ethyl ene-propyl ene copol yner rubber, ethylene-a-olefin copolyner
rubbers c¢eoprosihjdehercegbopértadi dyyienes-arek -Hut tgrie; S -etduyosye 2and

1- hexene, or ethylene and 1l-octene, ethylene 20 propyl ene-non-conj ugated

di me copphgnexyl tbbariunt @djtkheridal ef i n- non- conj ugat ed di me copol yner
rubber, pol ybutadi ene, styrene-butadi ene bl ock copol yner rubber,

st yr ene- bePREPRYibEEg§Re hey Bl e tahio R ( FUitshdr . ~sttypilerfe-dulioadi-@me r andom
copol ymer rubber, partially hydrogenated styrene-butadi ene 25 styrene bl ock
copoliy mePhendhel C1pantwal dic H%%nated st yr ene- but adi ene random copol yner

St yr one- § ST neL SO PRt S A ok PGB 2 acr y o {111 o
acr yl oni BETREABUT S EHE CORel A Subber - but y1 " ubber . chi of opr ener bber
rubber . bty R e R T o SRR S RPHE YL et oxi de or
suIfurnggg??ﬁgﬁqgﬁgh%#?ﬁt&iéﬂygyyag astic resin conposition to cross link

the co ernmore, the thernoplastic resin conposition of the

PrOSRN! | SHENLL,ON B GRINLR) I RN, 1 )0aLELbl Lbgelg. oLV ray

ricants, antistaticagents, 10 pi ers, flane

ret ar dantsyh @-0 - RA1dx ) taPaniene 88 @Rt bk gl opyl ene copol yner and
pol yol efin resin, the thernoplastic resin conposition of the present

i nvent i ofsogPip yadedid | meithe cheSobet@HBOBAM ) (8-PheAPBLP-T €SI NS,
pol yt erpene resin, synthetic petrol eumresins, coumarone resins,
phenoxy) titanium dichloride,
isopropylidene (methylcyclopentadienyl) (3~tert.-
25 butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,
isopropylidene (methylcyclopentadienyl) (3-trimethylsilyl-5-
methyl-2-phenoxy) titanium dichloride,

isopropylidene (methylcyclopentadienyl) (3-tert.-butyl-5-



15 phenol resins, xylene resins, styrene resins, isoprene resin, cyclic
olefin resins, etc.), if necessary. The thernoplastic resin conposition of
the present invention can be prepared by nelting and kneadi ng the
conponents with, for exanple, a tw n-screw extruder, a Banbury m xer, etc.
20 The thernopl astic resin conposition of the present inyenti be
nol ded by any known nol di ng net hod suclg2as extrusion nnﬁgf%@fﬁﬁﬁﬁggtion
nol di ng, conpression nol di ng, bl ow nol di ng, vacuum nol di ng, powder nol di ng,
cal ender nol ding, etc. Exanples of the powder nol ding include slush

nol ding, flowdip ~5 nolding, electrostatic coating, powler spraying,

powder rahathoxgt? robehorgy) et tanihe didrlnopldesti ¢ resin conposition of the
present invention is preferably used to produce donestic electric 58 26
April 200L2seppdpahiodsne que tmphid & qrerttad igenydn a3 terthaibditsds-5-et c. by
maki ng use of its excellent properties. As autonobile parts, interior
surface neitericdtZ-@iengwy riiteniyandlahlodddles, ipoblrapyligene (drdtatr - back
covers are exenplified. 5 EXAl~I PLES The present invention wll be

i |1 ust r atlaet Wic telapgrdladvinig. ) ebéafpiddaie thvilcB -whkehomgt thitant umhe scope of
the present invention. [1] Measurenent of properties of propyl ene

copol pnerdiqionige.i dsiapraryddsieng (texk - touhlcweclprsncadienysdi (- was
measured using a L' bbellohde visconeter in Tetralin at 135C. Three hundred
grans of Elopdlyire Sahsirexms idpsdemvedchhordodeni of Tetralin to obtain a
solution having a concentration of 3 ng/m . Then, this solution was dil uted
to decr edSORNMP Y3 HEER (tettoTPLSYiFYClepgngadienyl hfhd-8r - vPeEBET Ry of
each solution was neasured in a constant tenperature vessel kept at 135C

0. 1C. AMETAIH "CoREERORR iIChantHB G SRLST LYe nadSpRERRY bHIERE kXt es, and
'St 1 DUET Y 159 AOROT Eeth &7 AR R AL T DR O e st dd o ger O
Vit o1, FACE RAVGGBroN EelpePiE AL/ pha T4 0E 8 o f COTiimn vas. Sodex

St andar dCS TR POl Ay ot AP Il Ght NHL S bRy S g1 SHLL O B exarp e
TSt COBRATT R ABBFEBt oo B ShSH hattaa ey Ok TP ™ ™
Apr 11 2002 S600E 1 RO ArY ThE OB e e % SOTTLIOn (0 ") e
inj eCteQPE?é%9§lSQEHHQdiéh§iFW@IEQE%Fﬁb&ﬁy‘ﬂ%f#é§ﬁ§§g¥§2ti“ﬁs 1.0 m/mn.

and the e ractior_s were detected wt ndex detector. 5

Thenys a pAEHExOf t 1 PEn IBASHL SR YR Gl AMAIAGE, IMRIBU - el ght (Mw) to the
nmeasur ed nunber average nol ecul ar wei gzt (WVn) , which are both

pol yst yrgiieyLepyespett aal syl ar3-wehght-utwas- wayt-ed, and used as a
nol ecul ar wei ght distribution of the propyl ene copol yner of the present
i nvent i ophed®x B} i dMerabun ettt lefidegat of melting and heat of
crystallization with differential scanning calorinmeter (DSC).'
isopropylidene (tetramethylcyclopentadienyl) (3, 5-dimethyl-2-
phenoxy) titanium dichloride,
20 isopropylidene(tetramethylcyclopentadienyl) (3-tert.-butyl-2-
phenoxy) titanium dichloride,
isopropylidene (tetramethylcyclopentadienyl) (3-tert.-butyl-5-
methyl-2-phenoxy) titanium dichloride,
isopropylidene (tetramethylcyclopentadienyl) (3-phenyl-2-
25 phenoxy) titanium dichloride,
isopropylidene (tetramethylcyclopentadienyl) (3-tert.-
butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,

isopropylidene (tetramethylcyclopentadienyl) (3-trimethylsilyl-



DSC 220C of Sei ko Electronic Industries, Ltd. was used as a differential
scanning cal orineter, and the nmeasurenent was 1:~ carried out at a
tenperature raising or decreasing rate of 10C mn. (4) Contents of nonomner
units in copol ~-ner Calibration curve: Each of m xtures containing a

propyl ene honopol ymer and an 20 et hyl ene-1-butene copol ynmer at vari ous

rati os was heat pressed to nold a filmhaving a thickneg§ 8prib2082nm Usi ng
an IR spectroneter, an absorbance at a peak due to the propylene units (at
a wave nunber of 1,150 cm 1) and that at a peak due to the 1-butene units
(at a wave nunmber of 770 cm) 25 were neasured. Then, the contents of the

propyl ene_paiths 1and phebbi@ne ivRhtism AiERecFiYEUres were plotted against the
absor bances, reéspectively. A regression curve was obtained fromthe plots

and usediaspopdlliibiedli (@@ teainéehy1c§0188eABEEEeROD? (TheepE xtynes) 05—t he
propyl ene honopol yner and the et hyl ene-1-butene copol ynmer were prepared by

dissolviﬂgthbgybgpbh@gbyggtatbnihmlugaglogggéng net hanol to the solutions
to precipitate the polynmer mxtures, and drying the precipitated 5 pol ynmer

m xtures is&@@&ﬁﬁz@ﬂﬂ@h& (ekteantenyscotlppopyienenand(d-baktenspuh-od-efin
copol ymer was heat pressed to nold a filmhaving a thickness of 0.05 mm

and apsochaoeeszaphpaeky) dueahoupr opyhboeidwj ts and 1-butene units,
respectively were neasured with an IR 10 spectroneter. Then, the contents

of the pispytepeglidehs (andmehkyls bliy bowc Lopdst adieny Ea fF-ambdthdbove
calibration curve using the neasured absorbances.
2-phenoxy) titanium dichloride,
isopropylidene (trimethylsilylcyclopentadienyl) (3-tert.-butyl-
2-phenoxy) titanium dichloride,

10 isopropylidene(trimethylsilylcyclopentadienyl) (3-tert.-butyl-
5-methyl-2-phenoxy) titanium dichloride,
isopropylidene(trimethylsiiylcyclopentadienyl)(3—phenyl—2—
phenoxy) titanium dichloride,
isopropylidene(trimethylsilylcyclopentadienyl) (3-tert.-

15 butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,
isopropylidene (trimethylsilylcyclopentadienyl) (3~
trimethylsilyl-5-methyl-2-phenoxy) titanium dichloride,
isopropylidene (trimethylsilylcyclopentadienyl) (3-tert.-butyl-
5-methoxy-2-phenoxy) titanium dichloride,

20 isopropylidene(trimethylsilylcyclopentadienyl) (3-tert.-butyl-
5-chloro-2-phenoxy) titanium dichloride,
isopropylidene (fluorenyl) (3, 5-dimethyl-2~phenoxy) titanium
dichloride, isopropylidene(fluorenyl) (3-tert.-butyl-2-
phenoxy) titanium dichloride, isopropylidene(fluorenyl) (3-

25 tert.-butyl-5-methyl-2-phenoxy)titanium dichloride,
isopropylidene (fluorenyl) (3-phenyl-2-phenoxy) titanium
dichloride, isopropylidene(fluorenyl) (3-tert.-

butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,



Measur enent of content of dicycl opentadi ene (DCPD): An ol efin copol yner was
heat pressed to nmold a filmhaving 15 a thickness of 0.5 nm and a peak
transmttance due to dicycl opentadiene (at a wave nunber or 1,6l1 cnl) was
measured using an IR spectroneter. Then, the content of dicyclopentadiene
in the olefin copolyner was cal cul ated. Measurenent of %@g enL ﬁb

5-et hyl i dene-2-norbornene (ENB): 20 An3al efin copol yner PH g aressed to
nold a filmhaving a thickness of 0.5 mm and a peak transmittance due to
5et hyl i dene- 2- nor bornene (at a wave nunber or 1,650 cm) was neasured using
an | R spectroneter. Then, the content of 5ethylidene-2-norbornene in the

ol ef i n caojsdyyrvesy Waderoa| £lubat ety 1 1263t inSytiiiedils, 1645 meapyilere copol yner s
Exanpl e 1 Et hyl ene, propylene, 1-butene and dicycl opent adi ene were

cont i nuoysienaopd Mreeriwedliahlo iR, | iitsep rSPYS 1pdeyrd filzatreary 1) (62 26 April
2002 vessel equipped with agitation blades. That is, hexane as a

pol yner i et ton- b lurh-wees lsuqapl dgdheato kg ) tattenduim8 dlikchilerikle, from the | ower
part of the vessel, while the polynerization liquid was renoved fromthe
upper paritsogframhd iviense|f latoranydt) d 3stielr tt. kbatityhe S5chdount-2ef t he
polynerization liquid ir_ the vessel was naintained at 100 liters. As a
cata|§stphenoxy)tltanium dichloride,

di met hyl silyl (tetranet hyl cycl opentadi enyl ) (3-tert.-butyl-5-nethyl - 2phenoxy)
ti t ani umddiptiginarlimed hydignesercdereytedéenyl miPaSdessetbyd-Bel ow,
triphenyl net hyl tetrakis(pentafluorophenyl) borate, and 10 isobutyial um num
(her ei nafPhencxyt shitegivy sdchipBAYe, were continuously supplied fromthe

| ower part of the vessel at rates of 0.068 g/hr., 2.067 ?/hr.. and~3. 960

g/ hr ., rééﬁé@PN&@Pﬁhyiﬁ@eﬁ6V€éGPSPtﬁéi@%Yl 3-eoht roPWeBI Wt h hydrogen. The
copol yneri zati on was carried gut,at 50C whil e circul atingcooling 15 water
in a jacRBENRAYERLIMARLEP: 4ERBAOFb98he exterior of the vessel. To the

pol yrmerizatjon |Liqujd.rempved.fromthe vessel, a small anmount of ethanol
as” MieatbbeRut AR Ea Lo R RACHGH ORER FSOT AL o1 FSren By LS THARREA- 20T ¢ he
nmonomner s_and maipigg w th ma%fr..;hen, t he solvent was renoved with steam
in a | ar GESBABUNE L HF 0HRe1SDIPE I PRcover the copol yner, which was dri ed
under reduced pressure at 80C for one. day., By the abayve procedures, the-
ethylene8b9§59?é% -E%g?%%é9%§%§%?%kﬁ§1-%ﬁﬁbﬁ%fégﬁaﬁyﬁ%r was obtained at a
rate of : . . :

Di nethyIéF%@#%%gﬁ%%ne%%ﬁl%§% %%%ﬂ?%hienyl)(3-tert.-butyl-5nethy|-2-phenoxy)

1t an U g b o108k 1 62 2P A 2% M) M Ve New SO Me~SI /I O

15 butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,
diphenylmethylene (cyclopentadienyl) (3-trimethylsilyl-5-
methyl-2-phenoxy) titanium dichloride,
diphenylmethylene (cyclopentadienyl) (3-tert.-butyl-5-methoxy-
2-phenoxy) titanium dichloride,

20 diphenylmethylene (cyclopentadienyl) (3-tert.-butyl-5-chloro~-2-
phenoxy) titanium dichloride,
diphenylmethylene (methylcyclopentadienyl) (3, 5-dimethyl-2-
phenoxy) titanium dichloride,
diphenylmethylene (methylcyclopentadienyl) (3-tert.-butyl-2-

25 phenoxy) titanium dichloride,
diphenylmethylene (methylcyclopentadienyl) (3-tert.-butyl-5-
methyl-2-phenoxy) titanium dichloride,

diphenylmethylene (methylcyclopentadienyl) (3-phenyl-2-



Exanpl es 2-4 and Conparative Exanples 1-3 A copol yner was prepared in the
sanme manner as in Exanple 1 except that the polynerization tenperature, the
feeding rates of the catal yst conponents, and the feeding rates or the
nononers 5 were changed as shown in Tables 1 and 2. Table 1 UnitEx. | EX.
2Ex. 3Ex. 4A-1A-2A-3A-4Pol yneri zati on 3 26 April 2002
tenperatureC50504545EthyIenekg/h222.31.§PropyIenekg/h8.38.32.42.41-Butenekg
/h12.712.715. 219. ODCPD ' kg/ hl. 41. 040. 750Ei dB"' kg / h&Q .

6 a) ~' g/ h3.9602. 3762. 6251. 315(b) "' g/ h2. 0670. 9641. 3780. 689(c) 5' g/ hG 0680. G58

0. 0460. 023Et , t ent ol; ~a19195047Pr opyl ene cont ent nol
~3733161ﬁ%§%§’4€\ﬁ£&ct8an a1 r%‘[u}]%}z?%sgmm content mol ~r 1110ENB cont ent nol
~0001Crys i t i t .of _.crystalline

S001G vt B 1o R0 S ARk

tenper at %ﬂ?ﬁlﬁl}}}%ﬁ‘h‘gﬁsﬁﬁ%& 1-2-phenoxy) titaniun dichloride,

crystallizat’ionr neNoneNone Vi scosity

dl / g0. . A : P 2D i ~5-
R i e ol e e b e R
triisgb | 4m i i umt B et hyl tetraki

(pent 311 G oot ST barAra o Y EAE L) 002 &) (o)

di met hyl $§;lu¢ [ b - SpeLwd = 2- ph

i o) un O R o Fay Rk £ Bty (L R P (324 PodByINg- 2 phenoxy

3A‘5A‘6Am@E%bkgEQLéﬁbh@Ry)titanium dichloride,
t enper at ur eC5050- - - Et hyl enekg/ h22. 0- - - Propyl enekg/ h8. 38. 3- - - 1- But enekg/ h12.

712.7--- B@Bﬂeh'yhﬁélﬂﬁgienEr(fﬁBth]?Qé:b@Dope)ﬁ@éc'ii By 850de B8A-pufP)-a5-9/ h2. 0670.
276---(c)"g/ h0.0680.018---Et hyl ene contentnol ~S191159Pr opyl ene cont ent ndl

~3640391cBabese2cphtrokypt i 4L A0 - OCERL eondent nol ~00- - ENB cont ent nol
~002Crystalline nelting poi nt CNoneNoneNoneHeat of crystalline

el t igmilippbingehebkMXbar€r ystal +haay 1l oncl ergerad LsrefNofeNoneiNaejaat  of
crystallizationml/ ngNoneNoneNonelntrinsic viscosity [r(]dl/gl.01.01.4GC
Mv Vh2. 52-gBefokigl el tédn 7um ESREREr 0 B &0-d 1 i 8 estriuf lamtauftest thy- S~, . @ miteno
Chem cal Co., Ltd. [3] Evaluation of thernoplastic resin conpositions 10
Exanpl esbBtflcuntioGenpad denyk) Exalgt tes-bltgy ICdhpdreent gy )shidvam iium Tabl es 3, 4
and 5 of the indicated anounts were kneaded with a tw n-screw batch type
kneader @LABCPENSTOM iphemyiliteidhwkene Hiemovd Ui Iy RainestiakdiileaivdhdB-at 200C
at a screw revolution rate of 100 rpmfor 3 mnutes. The 15 obtai ned

conposi t teAt walsu by bsaeie bty b rbrene 10t te rslhie d ligdadiorg gt hi ckness of 2 nm
unl ess otherw se indicated. Test specinens for property neasurenents were
st anbed SUPRERBHRE Hay 1RRR Sledfr SHiddttylcvsd ong Lenydd A 3rpherydplss 5-11 and

COnparat£K§n§¥$) iggnﬁ&g’dgggaoride, diphenylmethylene (tert.-

butylcyclopentadienyl) (3-tert.-butyldimethylsilyl-5-methyl=-2-
phenoxy) titanium dichloride, diphenylmethylene (tert.-
butylcyclopentadienyl) (3-trimethylsilyl-5-methyl-2-

20 phenoxy)titanium dichloride, diphenylmethylene(tert.-
butylcyclopentadienyl) (3-tert.-butyl-5-methoxy-2-
phenoxy) titanium dichloride, diphenylmethylene(tert.-
butylcyclopentadienyl) (3-tert.-butyl-5-chloro-2-
phenoxy) titanium dichloride,

25 diphenylmethylene (tetramethylcyclopentadienyl) (3, 5~dimethyl-
2-phenoxy) titanium dichloride,
diphenylmethylene (tetramethylcyclopentadienyl) (3-tert.-butyl-

2-phenoxy) titanium dichloride,



properties of the thernoplastic resin conpositions were neasured as
follows: ( 1) Bending test 5 The bending test was carried out according to
JI'S K7203. (2) Heat resistance test A press nol ded sheet having a Gain C
skin grain design and a thickness of 1 mm (15 cm square) was produced W th
a press nolding machine so that a surface gl oss val ue ogg§ EE ce haV|ng
the 10 Grain C skin grain design was 23@r |ess. The pre<® figri

carried out by nelting the thernoplastic resin conposition for 5 nlnutes

wi th upper and | ower press plates at 200C under a pressure of 5 kg/cm G
and then cooling it with the same press nold machine ( 50 kg/cneG whil e
cool i ng tdephgpekmeahy ) @viett el mamnst s adaliepratedi enyiid 3steett .naatglt to a
size of 5 cmx 3 cm and placed in a gear oven (PHH type; manufactured by
TABAI) , ¥tieeflink 3 RGOV tehpariaudd bl omideh was mai ntained at 110C, for
100 hours w th the surface having the skin grain design facing upwards. 20
Bef or e arfii Rffensyliefd ylissiael tteéé%ameéhé’dﬂfféé@pgpéégl\?@lyég (8nphRaYSuéface

havi ng the skin grain design of the press nol ded sheet was neasured with a
varyi ng aaneRyipe drgivmaldi@hdogieieer (UGY- 5DP Type manuf actured by SUGA
SH KEVKI) with setti both an incident angle and a |ight-receiving angle
at 609 ded%%&ﬁ?nX&EFQHéi%ﬂad§§bra@eﬁéﬁéﬁVéﬁ@ﬁ?§tﬁéién¥é???éaeéﬁt af ter

Co 09 LIS SRS T SRR Sy, SeLALEN Lo s nor, oSt Usina
(ot e hntE B e L Bl Fctshee a0
e S
S IS i 0P o PP PP b
tensyje %Qﬁl’éetﬁ%%%r—bhsgo%St%&aﬂl&&{'éiéﬁléé‘f&,"f 200 mmimin. 10 (5' rat e
diphenylmethylene (tetramethylcyclopentadienyl) (3-tert.-butyl-
5-chloro-2-phenoxy) titanium dichloride,
diphenylmethylene (trimethylsilylcyclopentadienyl) (3, 5-
dimethyl-2-phenoxy) titanium dichloride,

15 diphenylmethylene (trimethylsilylcyclopentadienyl) (3-tert.-
butyl-2-phenoxy) titanium dichloride,
diphenylmethylene(tr;methylsilylcyclopentadienyl)(3-tert.-
butyl-5-methyl-2-phenoxy) titanium dichloride,
diphenylmethylene (trimethylsilylcyclopentadienyl) (3-phenyl-2-

20 phenoxy)titanium dichloride,
diphenylmethylene (trimethylsilylcyclopentadienyl) (3-tert.-
butyldimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,
diphenylmethylene (trimethylsilylcyclopentadienyl) (3-
trimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,

25 diphenylmethylene(trimethylsilylcyclopentadienyl) (3-tert.-
butyl-5-methoxy-2-phenoxy) titanium dichloride,
diphenylmethylene (trimethylsilylcyclopentadienyl) (3-tert.-

butyl-5-chloro-2-phenoxy) titanium dichloride,



A haze was nmeasured with a pressed sheet having a thickness of 2 mm
according to JIS K7105. (6) Resistance to whitening on bendi ng A nol ded
article having a thickness of 1 nmwas cut to a 15 size of 1 cmx 5 cm
ar~d the degree of whitening was observed with an eye when the test piece
was bent at an angle of 180 degrees, and eval uated according to the
followng criteria: 1. Witened: Ranke®7X 2: No whiteni R&AR&h@QQZO 20 The

results are summari zed in Tables 3, 4 and 5. The thernoplastic resin
conpositions conprising the propyl ene copol yners of Exanples which satisfy
the requirenments of the present invention had a |ow flexural nodul us,
suf f er ed dipmemelmierh whenenf g wen phiendd ry-disre thar k2 -gfhetesqy )stirtatrdhym and
had 25 high transparency. Furthernore, they had hi gh heat resistance so
t hat no dei@riorixe orfligharnelmeiidan pridpenanes Werd effsetordgd/ lakt-er t he
heat test. 66 26 April 2002 Table 3 Copol ynmerUnit Ex. 5Ex. 6Ex. 7Ex.
8A- 1wt . Hmrpxy)titaniamgichfarigisssshimienygethylene (fluogenyl) (3-
a---203550Dwt . a0. 10. 10. 10. 1Ewt. O1111Fl exural nodul uskgf/cm (MPa) 3644
(357) 31 (a7 qud)lsdryedd)BeptPhemoser dldandsoo dd dhdedides3- - - - - - 53d oss
-0 hour -100 hours gl gss
5 diphenylmethylene (fluorenyl) (3-phenyl-2-phenoxy) titanium
dichloride, diphenylmethylene(fluorenyl) (3~tert.-
butyldimethylsilyl~-5-methyl-2-phenoxy) titanium dichloride,
diphenylmethylene (fluorenyl) (3-trimethylsilyl-5-methyl-2-
phenoxy) titanium dichloride, diphenylmethylene(fluorenyl) (3-

10 tert.-butyl-5-methoxy-2-phenoxy)titanium dichloride,
diphenylmethylene (fluorenyl) (3-tert.-butyl-5-chloro-2-
phenoxy) titanium dichloride, etc.;
the above compounds in which titanium is replaced with zirconium
or hafnium;

15 the above compounds inwhichdichloride is replacedwithdibromide,
diiodide, bis(dimethylamide), bis{(diethylamide), di-n-butoxide
or diisopropoxide;
the above compounds in which (cyclopentadienyl) is replaced with
(dimethylcyclopentadienyl), (trimethylcyclopentadienyl), (n-

20 butylcyclopentadienyl), (tert.-
butyldimethylsilylcyclopentadienyl) or (indenyl):
the above compounds in which (3, 5-dimethyl-2-phenoxy) is replaced
with (2-phenoxy), (3-methyl-2-phenoxy), (3,5-di-tert.-butyl-
2-phenoxy), (3-phenyl-5-methyl-2-phenoxy), (3-tert.-

25 butyldimethylsilyl-2-phenoxy) or (3-trimethylsilyl-2-phenoxy)

-Transition metal complex of the formula [I] in which J is an

element of the 14 group of the Periodic Table other than a carbon

atom:



0.6 0.3 0.31.01.00.01.00.90.10.7 0.4 0.3Tensile

st rengt hivPal 9. 40. 94. 49. 8Tensi | € el ongati on%890200011301Il 40Resi st ance

t owhi t eni ng on bendi ng0000Haze'| ) ( 2nmmthickness ) ~S------------ Not es:
B: Propyl ene homopol yner having M of 14 (g/10 min.) at 230C under a | oad
of 2.16 kg. C. An ethyl ene-propyl ene ra dom copol yner (e pmbeingoBacont ent
of 5w. ~) having M of 228 (g/10 mn. ? at 230C under a load of 2.16 kg.
D: 1 RGANOX i 010 (manufactured by Ci ba-CGeigy). E: DRY COLOR PV-801

(manuf actured by SUM KA COLOR Co., Ltd. ) . 10 1) The haze was neasured

Wi th Sama'lﬁ%tﬁ?@fsallQure&y@qo@maa@% 65’(‘ hERLER) E)nggﬂlm a&c@ﬁo%qdép“'

2002 Tabl e 4 Copol yirer Uni t Ex A-me ------

"'“‘50“"% é% 1913viv @ Hadienyl) (
QL11Fl exur al n%’duﬁugng?cm%?f\I/FZ) 1113 (109) ks (49 %fﬁ?oﬁ%ﬁ scrat ch

(500 g | gaghtoide/681ifk08§1591D0UEyc 108 ROME Benyl) (3, 5-dimethyl-2~

phenoxy) titanium dichlofride,
5 dimethylsilyl (cyclopentpdienyl) (3-tert.-butyl-2-
phenoxy) titanium dichloride,
dimethylsilyl (cyclopentadienyl) (3-tert.-butyl-5-methyl-2-
phenoxy) titanium dichloride,
dimethylsilyl (cyclopentadienyl) (3,5-di-tert.~butyl-2-

10 phenoxy)titanium dichloride,
dimethylsilyl (cyclopentadienyl) (5-methyl-3-phenyl-2-
phenoxy) titanium dichloride,
dimethylsilyl (cyclopentadienyl) (3-tert.-butyldimethylsilyl-5-
methyl-2-phenoxy) titanium dichloride,

15 dimethylsilyl (cyclopentadienyl) (5-methyl-3-trimethylsilyl-2-
phenoxy) titanium dichloride,
dimethylsilyl(cyclopeptadienyl)(3—tert.-butyl—5—methoxy—2—
phenoxy) titanium dichlorfide,
dimethylsilyl (cyclopentadienyl) (3-tert.-butyl-5-chloro-2-

20 phenoxy)titanium dichloride,
dimethylsilyl (cyclopentadienyl) (3, 5-diamyl-2-phenoxy) titanium
dichloride, dimethylsilyl (methylcyclopentadienyl) (2-
phenoxy) titanium dichloride,
dimethylsilyl (methylcyclopentadienyl) (3-methyl-2-

25 phenoxy)titanium dichloride,
dimethylsilyl (methylcyclopentadienyl) (3, 5-dimethyl-2-
phenoxy)titanium dichloride,

dimethylsilyl (methylcyclopentadienyl) (3-tert.-butyl-2-




gloss 1.0 0.4 0.6 0.8 0.9 0.1 0.8 0.9 0.1Tensile
strengt hivPal 2. 88. 28. 1Tensi | e el ongati onsl 0208S0890Resi st ance to whiteni ng

on bendi ngQ00Haze-) (2mmt hickness) ~o ~---7060 Note: 1) The haze was
nmeasured wi th sanples containing no conponent E (DRY COLOR PV-801). Table 5
Copol ymerUni t C. Ex. 4C. Ex. 5C. Ex. 6C. Ex. 7C. Ex. 8A-5wm.
035.3------------ A-6wW. ~; - -50_ 39 A- 7w, 3 -- 26 dril 200
~64.7------ 100---Cwt. o0---5050---100Dwt. 00.10.10.1------ Ewt .

0111------ Fl exural nodul uskgf/cm- (MPa) 3378 (331)557 (55)602 (59)13340
(1307) 6827 (669)Depth of scratch (500 g | oadju, n6266189------ G oss -0 hour

-1 00 hourgh€Bg:08st i 6118 B.chldr8 de,

10

15

20

25

dimethylsilyl (methylcyclopentadienyl) (3-tert.-butyl-5-methyl-

2-phenoxy) titanium dichloride,

dimethylsilyl (methylcyclopentadienyl) (3,5-di~tert.-butyl-2-
phenoxy) titanium dichloride,

dimethylsilyl (methylcyclopentadienyl) (5-methyl-3-phenyl-2-
phenoxy) titanium dichloride,

dimethylsilyl (methylcyclopentadienyl) (3-tert.-
butyldimethylsilyl-5-methyl-2-phenoxy) titanium dichloride,
dimethylsilyl (methylcyclopentadienyl) (5-methyl-3-
trimethylsilyl-2-phenoxy) titanium dichloride,
dimethylsilyl(methylcyclopehtadienyl)(3—tert.—butyl—5—

methoxy-2-phenoxy) titanium dichloride,

dimethylsilyl (methylcyclopentadienyl) {(3-tert.-butyl-5-chloro-

2-phenoxy) titanium dichloride,

dimethylsilyl (methylcyclopentadienyl) (3, 5~diamyl-2-

phenoxy) titanium dichloride, dimethylsilyl (n-
butylcyclopentadienyl) (2-phenoxy) titanium dichloride,
dimethylsilyl (n—-butylcyclopentadienyl) (3-methyl-2-

phenoxy) titanium dichloride, dimethylsilyl(n-
butylcyclopentadienyl) (3, 5-dimethyl-2-phenoxy) titanium
dichloride, dimethylsilyl (n-butylcyclopentadienyl) (3-tert.-
butyl-2-phenoxy) titanium dichloride, dimethylsilyl (n-
butylcyclopentadienyl) (3-tert.-butyl-5-methyl-2-

phenoxy) titanium dichloride, dimethylsilyl (n-
butylcyclopentadienyl) (3, 5-di-tert.-butyl-2-phenoxy)titanium
dichloride, dimethylsilyl (n-butylcyclopentadienyl) (5-methyl-

3-phenyl-2-phenoxy) titanium dichloride, dimethylsilyl (n-



4.33.50.50.50.0 --- --- --- - Tensil e
strengt hMPal5. 67. 14. 04U. 116. 9Tensi | e el ongati on~6107202510340Resi stance to

whi t eni ng on bendi ngQOXXXHaze ) (2mmthi ckness)~;------ 938787 6g 26 Apri
2002 Note: 1) The haze was neasured wi th sanples containing ro conponent E
(DRY COLOR PV-801). EFFECTS OF THE INvgﬁTICN S As expl abgedpabgue2 t he
propyl ene copol yner of the present invéntion is mxed with a resin such as
pol ypropyl ene to provide a thernoplastic resin conposition having excell ent
flexibility, transparency, resistance to whitening on bending, scratch

| st ISt . o =l A e hL . 2] =~ |
copol y o e T (o PR AR e PR L LT 2P ERPT AR o oup

consi stir; f, . Ql.efi avi:r : 2Q. except propylene, and a
?@%F%fg%ﬁgfgﬁﬁu?hgifgggﬁlﬁgﬁbg%ﬁgﬁgggﬁﬁ%gﬂg?ons of the nononers

cyclic o

except. B cehica opleatnuled A (sefsknlT-30d;9ak DL PYL 08 cOPOl yrer

cont ai ns e or | eSs of ethytfene. ene copol yner

ggcggdlngggggggaqu&niwﬁea@kﬁlergee;ea&me£h§9é919Y@Alc olefin is fromo0.01
5 Dbutylcyclopentadienyl) (3-tert.-butyl-5-methoxy-2-
phenoxy) titanium dichloride, dimethylsilyl (n-
butylcyclopentadienyl) (3-tert.-butyl-5-chloro-2-
phenoxy) titanium dichioride, dimethylsilyl (n-
butylcyclopentadienyl) (3, 5-diamyl-2-phenoxy) titanium

10 dichloride, dimethylsilyl(tert.-butylcyclopentadienyl) (2-
phenoxy) titanium dichloride, dimethylsilyl(tert.-
butylcyclopentadienyl) (3-methyl-2-phenoxy) titanium dichloride,
dimethylsilyl (tert.-butylcyclopentadienyl) (3, 5-dimethyl-2-
phenoxy) titanium dichloride, dimethylsilyl(tert.-

15 Dbutylcyclopentadienyl) (3-tert.-butyl-2-phenoxy)titanium
dichloride, dimethylsilyl (tert.-butylcyclopentadienyl) (3-
tert.-butyl-5-methyl-2-phenoxy) titanium dichloride,
dimethylsilyl(tert.-butylcyclopentadienyl) (3, 5~di-tert.-
butyl-2-phenoxy) titanium dichloride, dimethylsilyl (tert.-

20 Dbutylcyclopentadienyl) (5-methyl-3-phenyl-2~phenoxy) titanium
dichloride, dimethylsilyl (tert.-butylcyclopentadienyl) (3~
tert.-butyldimethylsilyl-5-methyl-2-phenoxy) titanium
dichloride, dimethylsilyl (tert.-butylcyclopentadienyl) (5~
methyl-3-trimethylsilyl-2-phenoxy) titanium dichloride,

25 dimethylsilyl (tert.-butylcyclopentadienyl) (3-tert.-butyl-5-
methoxy-2-phenoxy) titanium dichloride, dimethylsilyl (tert.-
butylcyclopentadienyl) (3-tert.-butyl-5-chloro-2-

phenoxy) titanium dichloride, dimethylsilyl(tert.-



3. The propyl ene copol yner according to claiml, wherein said cyclic olefin
is a cyclic nonoolefin. 4. The propyl ene copol yner according to claiml,
wherein said cyclic olefin is a cyclic polyene. 5. A propyl ene copol yner
conprising propylene, at |east one olefin selected fromthe group

consisting of olefins having 2 to 20 carbon atons excep%ﬁ?ropylene and a
cyclic olefin, wherein the total nunbedlof carbon atons Apiié 200 ner s
except the cyclic olefin. is at least i, and a content of an ol efin having
2 carbon atons is 800 by nole or less. 6. The propyl ene copol yner accordi ng
to claiml, which satisfies the following relationship: fy~(x +y)] > 0.2
wher ei n YUty ls yedionernd@stiany 19f( 3ad -slianiva -Raphegox ye Adsen iamoms in t he
copolymer, and y is the nolar content of olefins_having 4 to 20 carbon

at ons |r1QHﬁbkﬁﬁkﬂ%nnﬁimeﬁh!ﬁﬁélﬁﬂdﬁ@ﬁéﬁ@eébﬁéFyﬁéppééééddﬁﬁglﬁé2c aim 1,
which has an intrinsic viscosity [rj] ef fromO0.3 to 10 when neasured in

t et r ahy dPORISHIN 1S58 1ap FGS@lOrl¢§ 126 April 2002 8. The propyl ene

copol ymer_ according to claiml1, whic as a nolecular wei ght distribution
(g )t i rad L (R sy A a BRCGERAPaR Hbht SORSERKGNT ogr aphy

(G 9. The propyl ene copoh mer. according to claim1, which has neither a
peak %f PhFP@xéﬁtﬁ%?QIHﬁed%S iﬁélﬂﬁrtlng of crystals nor a peak of 1 J/g or

Ccanni ng LRGPV TEE b { BeepBnethviSTofagrF Fdigouth b, Srdlpe iyl

copol Jmer , aceor it 08ah5us! L ihtorYhe! Ch | 5

dimethylsilyl (tetramethylcyclopentadienyl) (3-tert.-butyl-2-
phenoxy)titanium dichloride,

10 dimethylsilyl (tetramethylcyclopentadienyl) (3-tert.-butyl-5-
methyl-2-phenoxy) titanium dichloride,
dimethylsilyl (tetramethylcyclopentadienyl) (3, 5~-di-tert.-
butyl-2-phenoxy)titanium dichloride,
dimethylsilyl (tetramethylcyclopentadienyl) (S-methyl-3-phenyl-

15 2-phenoxy) titanium dichloride,
dimethylsilyl (tetramethylcyclopentadienyl) (3-tert.-
butyldimethylsilyl-5-methyl-2-phenoxy) titanium dichloride,
dimethylsilyl (tetramethylcyclopentadienyl) (S~methyl-3~
trimethylsilyl-2-phenoxy) titanium dichloride,

20 dimethylsilyl(tetramethylcyclopentadienyl) (3-tert.-butyl-5-
methoxy-2-phenoxy) titanium dichloride,
dimethylsilyl (tetramethylcyclopentadienyl) (3-tert.-butyl-5-
chloro-2-phenoxy) titanium dichloride,
dimethylsilyl (tetramethylcyclopentadienyl) (3, 5-diamyl-2-

25 phenoxy)titanium dichloride,
dimethylsilyl (trimethylsilylcyclopentadienyl) (2~
phenoxy) titanium dichloride,

dimethylsilyl(trimethylsilylcyclopentadienyl) (3-methyl-2-



5 obtained by copol ynmeri zing propyl ene, at |east one o~.efin selected from
the group consisting of olefins having 2 to 2~ carbon. atons except

propyl ene, and a cyclic clefin in the presence of an ol efin-polynerization
catal yst conprising the foll ow ng conponent (A) , and one or both of the
follow ng corlponents (B) 10 and (C) (A) at |least one transition netal
conpl ex sel ected fromthe group consis#izng of the conpodBIARTBRE®Ent ed by
the following fornulas [I], [II] and[I11):6 C1 R~ p5 .1 ~M-X2RR4~ A J
ClIJR3~ R~-Rz Rv / p. ,~X1 xv,6 ,~Cpw iR JRS~J M X3/ M\ Rs AR4AR4 Cl 1IR3/ R~-R~

\ RBRzRzC1 RiJ/ PPM' X~C~ M-~ PA\J R3'i s\~ $ RARX ~ A~-R4 C11J
Al / R3/ REhgpRyy) titanium dichloride,

dimethylsilyl (trimethylsilylcyclopentadienyl) (3, 5-dimethyl-2-
phenoxy) titanium dichloride,
dimethylsilyl (trimethylsilylcyclopentadienyl) (3-tert.-butyl-

5 2-phenoxy)titanium dichloride,
dimethylsilyl (trimethylsilylcyclopentadienyl) (3-tert.-butyl-
5-methyl-2-phenoxy) titanium dichloride,
dimethylsilyl (trimethylsilylcyclopentadienyl) (3, 5-di-tert.-
butyl-2-phenoxy) titanium dichloride,

10 dimethylsilyl (trimethylsilylcyclopentadienyl) (5-methyl-3-
phenyl-2-phenoxy) titanium dichloride,
dimethylsilyl (trimethylsilylcyclopentadienyl) (3-tert.-
butyldimethylsilyl-5-methyl-2-phenoxy) titanium dichloride,
dimethylsilyl (trimethylsilylcyclopentadienyl) (S-methyl-3-

15 trimethylsilyl-2-phenoxy)titanium dichloride,
dimethylsilyl(trimethylsilylcyclopentadienyl) (3-tert.-butyl-
S-methoxy-2-phenoxy) titanium dichloride,
dimethylsilyl (trimethylsilylcyclopentadienyl) (3-tert.-butyl-
5-chloro-2-phenoxy) titanium dichloride,

20 dimethylsilyl(trimethylsilylcyclopentadienyl) (3,5~diamyl-2-

phenoxy) titanium dichloride, dimethylsilyl (indenyl) (2-

phenoxy) titanium dichloride, dimethylsilyl (indenyl) (3-methyl
2-phenoxy) titanium dichloride, dimethylsilyl (indenyl) (3-
tert.-butyl-2-phenoxy) titanium dichloride,

25 dimethylsilyl (indenyl) (3-tert.-butyl-5-methyl-2-
phenoxy) titanium dichloride, dimethylsilyl (indenyl) (3, 5-di-
tert.-butyl-2-phenoxy) titanium dichloride,

dimethylsilyl (indenyl) (5-methyl-3-phenyl-2-phenoxy) titanium



72 26 April 2002 wherein M is a transition netal element of the 4 group cf
t"e Periodic Table, Ais an elenent of the 16 group of the Periodic Table,
J is an elenent cf the 14 group of the Periodic Table; Cp is a
cycl opent adi enyl anionic noiety; X, X~, R, R, R, R, R5 and R6
represent independently of each other a hydrogen atom a halogen atom an
al kyl group, an aral kyl group, an aryl 4foup, a subst i t A& APE |2§]O roup, an
al koxy group, an aral kyl oxy group, an aryloxy group or a di-substituted
am no group, provided that RI, R, R, R4, R5 and R may optionally be
bonded to forma ring; 10 and X' s an elqnent of the 16 group of the
Peri odi ¢ FaBFEOT Hiovi He et Mindsavly (ghertd- x, X, R, R, R, R
R or R-inthe fornula [I] or [l1] nmay be the sane or different., (B) at
[east ond® & (H LR EORPOUT SRISAT o RARAY ) ir G (B HSTTHog 168t he
fol I owi ng, conpound, B1),, (H2) and 3).: 1~ (.B1) an organic al um num
conpound Qﬁméghy %ﬁiéﬂé&nqéQQiN(?me%gﬁh(§Zfr &S IdiYdmZioxane of the
formula: [-Al (E'). -0-] ~, . .and 2Q (B3)..a |l inear _alum noxane of the fornula:
E | -/u_éhq§0593ﬁ§ﬁanb%&lQ%QELHRaiéfndé@ﬁt@yﬁéﬁ&véélpeﬁpégédﬁ-ﬁﬁaépéndent|y
of each qt her. a hydrocarhbon group,  provided that all El's, all E~'s and all
E's ﬁay%ﬁghﬁhé O&#’%iPP%P@%F?titﬁg—gth&Fﬁggﬁl omor a hal ogen. W
atom progri t hat .al’ ' S,:/Aa t me_qr.difFerent; a is a nunber
whi ch safﬁgFﬁgilfﬁgaégﬁﬁﬁﬁéyﬁé(g ée2§.3586§§g§a B%ﬁf@ggr of 2 or nore; and
c is an it r.\Qf. 0 Lesq (C)y at .l ne r d.sel ected

B B L e o e PR VS S AERPBT 1 3P Rg o mhounds

fromthe“group ons

(C1)  (Bar@Ado(GRLAESY) k 1RaRANGERAPEYRd0f the formula @ BQEQ=Q-,

dimethylsilyl (fluorenyl) (2-phenoxy)titanium dichloride,

10 dimethylsilyl(fluorenyl) (3-methyl-2-phenoxy)titanium
dichloride, dimethylsilyl (fluorenyl) (3, 5~-dimethyl-2-
phenoxy) titanium dichloride, dimethylsilyl (fluorenyl) (3-
tert.-butyl-2-phenoxy) titanium dichloride,
dimethylsilyl (fluorenyl) (3-tert.-butyl-5-methyl-2-

15 phenoxy)titanium dichloride, dimethylsilyl (fluorenyl) (3,5~di-
tert.-butyl-2-ghenoxy) titanium dichloride,
dimethylsilyl (fluorenyl) (5-methyl-3-phenyl-2-phenoxy) titanium
dichloride, dimethylsilyi (flucrenyl) (3-tert.- |
butydimethylsilyl-5-methyl-2-phenoxy)titanium dichloride,

20 dimethylsilyl(flucrenyl) (5-methyl-3-trimethylsilyl-2~
phenoxy) titanium dichloride, dimethylsilyl (fluorenyl) (3~
tert.-butyl-5-methoxy-2-phenoxy)titanium dichloride,
dimethylsilyl (fluorenyl) (3-tert.-butyl-5-chloro-2-
phenoxy) titanium dichloride, dimethylsilyl{(fluorenyl) (3,5-

25 diamyl-2-phenoxy)titanium dichloride,
dimethylsilyl (tetramethylcyclopentadienyl) (1-naphthoxy-2-
yl)titanium dichloride, etc.;

the above compounds in which (cyclopentadienyl) is replaced with



(C2) a baron conmpound of the formula: G(BEQQQ)', and 5 ( C3 ) a bo ion
conmpound o f the fermul a: ( L-H) ' ( H-QQ Q@ ) wherein His a
trivalent boron atom Q, Q, Q@ and @ represent independently of each
other a hal ogen atom a hydrocarbon group, a ha to hydrocarbon group, a

substituted silyl group, an al koxy groyp or a di - substi tag q) Bge» gr oup,
G is an organic or inorganic 10 cation, L is a neutral LGMAS base, (L-h)"

is a BrO~sted acid. 11. The propyl ene copol ynmer according to claim 10,
wherein Ain the formula [IJ, [Il] or [IIl] is an oxygen atom 12. The

pr opy! e”‘?d‘?cﬂ@?h¥%§/o§8§@h@hﬁ@eh?lf' aj E‘]:%Igetl\é‘gf{:géfo diQr‘?}/IPr mila [11]

[ 1] I'S an oxygen atom opo ~rnet "accordir_g to

Cla'”‘lo eﬁﬁ?i@y815¥ehﬂaahén§9§”Ulﬁ—ﬁr&pilcy&lépén&a@feﬁ is an a
kyl group, ah arai kyi group, an aryl group or substltu¥ed S|Iyl group.

14. The rp&Qeﬁék@ﬁﬁléga@pbpaﬁta@@@@f(m ng( é@cCllﬁhE@/ cYbeERt Mven@nd X in the
formul a represent 1n ependently of ‘edch other a

hal ogen at 88buePlay&ybpEhesRieRPl By al kytt Hokdy1 Y2 B SHUPL) ,ar ~
aryl oxy group or a di-substituted am no grcup. 1 The propyl ene copolyrrer

accorgli ngphen gl @y e rodéh t xhiesey 1) Sai e roPich (15) 4 (BH & iy uUm

triiscbutylaium numor nethVlalum noxar.e. '"Z5 |o'. Th2 propyle: "copo’

Viler aCekdiboge tombauimiidQn Wieleh n( Sateraaipouny Apldded with (3~
dimethylanilir.iumtetrakis(pentafl uorophenyl)borate or triphe;~yl nethyi

t et r aki sipemny b2 -usitapirepy) ) bd+ ot e t Ay 1A IA{I-2A%enoxy) or (3-tert.-
CAAA9IA2A A CA%AS.A LA LCA%ASHA AA A LA ASS AR AL. A A% Aa9. A" . A9%

A, A Adtdimethylsilyl-2-phenoxy) ;

CACA9 A AL, . A As@AuUL. AL. ANr. A" (S. A(L. Ar. Asr. Ar. Ahr. AhL. Ar. AAL. Ar. Ah. A A{L
. A{ @ A Ayhedsalote Asmidus{ds Aln AVVAQPAImARIhA IR 11AR 1A ARplaceld* with

W] wx~ytoje [V]ca]ca] ca]ca]ca]ca]ca]cal]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca

] ca]lfa] ol ez losl] loal ¢ <l ida)ic ] cipedhdx4padjyl;

the above compounds in which titanium is replaced with zirconium

or hafnium; and

the above compounds in whichdichloride is replaced with dibromide,

diiodide, bis{(dimethylamide), bis{(diethylamide), di-n-butoxide
15 or diisopropoxide.

Preferable examples of the transition metal complex of the
formula [II] are as follows:
p-oxobis[isopropylidene(cyclopentadienyl) (2-phenoxy) titanium
chloridel,

20 p-oxobis[isopropylidene(cyclopentadienyl) (2-phenoxy)titanium
methoxide],
p-oxobis[isopropylidene (cyclopentadienyl) (3-tert.-butyl-5-
methyl—-2-phenoxy) titanium chloride],
p-oxobis{isopropylidene(cyclopentadienyl) (3-tert.-butyl-5-
25 methyl-2-phenoxy)titanium methoxide],
p-oxobis[isopropylidene (methylcyclopentadienyl) (2~
phenoxy) titanium chloride],

p-oxobis[isopropylidene (methylcyclopentadienyl) (2~
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1109& () -G 109%& () -G 1090& () - MIEME 1! p&$10$s$109d&' () - #MLOYT &' () - L&
10004 () -OR e R RO UL} ChelGRR BT Lo AERLDP DA SbarY L) (1o
10978 ()51 . s$109A& () -, 109& ()- ?* 1090& ()-L(109%F& ()-L&

phenoxy) titahium chloride],

n-oxobis[dimethylsilylene (tetramethylcyclopentadienyl) (2-

5 phenoxy)titanium methoxidel],
p-oxobis([dimethylsilylene (tetramethylcyclopentadienyl) (3-
tert.-butyl-5-methyl-2-phenoxy) titanium chloride],
p-oxobis[dimethylsilylene (tetramethylcyclopentadienyl) (3-
tert.-butyl-5-methyl-2-phenoxy) titanium methoxide], etc.

10 Preferable examples of the transition metal complex of the
formula [III] are as follows:
di-p-oxobis[isopropylidene (cyclopentadienyl) (2-
phenoxy) titanium],
di-u-oxobis[isopropylidene (cyclopentadienyl) (3-tert.-butyl-5-

15 methyl-2-phenoxy) titanium],
di-n-oxobis[isopropylidene (methylcyclopentadienyl) (2~
phenoxy) titanium],
di—u—oxobis[isopropylidene(methylcyclopentadienyl)(3—tert.-
butyl-5-methyl-2-phenoxy) titanium],

20 | di-p-oxobis[isopropylidene (tetramethylcyclopentadienyl) (2~
phenoxy) titanium],
di-p-oxobis[isopropylidene (tetramethylcyclopentadienyl) (3~
tert.-butyl-5-methyl-2-phenoxy) titanium],
di-p-oxobis([dimethylsilylene (cyclopentadienyl) (2~

25 phenoxy)titanium],
di-p-oxobis{dimethylsilylene (cyclopentadienyl) (3-tert.-butyl-
5-methyl-2-phenoxy) titaniumj,

di-p-oxobis[dimethylsilylene (methylcyclopentadienyl) (2~
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10GN10%)E§r£Z bt 9% 086 Ehyk-2-phenoxy) titanium], etc.

Atransitionmetal complex of the formula [I] may be prepared
by the method disclosed in, for example, WO97/03992. A transition
10 metal complex of the formula [II] or [III] may be prepared by
reacting a transition metal éomplex of the formula [I] with one
or two equivalents of water.
(B) Aluminum compounds
The aluminum compound (B) is at least one aluminum compound
15 selected fromthe group consisting of the following compounds (B1l),
(B2) and (B3):
(Bl) an organic aluminum compound of the formula:
E'.A1Z, .,
(B2) a cyclic aluminoxane of the formula:
20 [-AL(E®) ~0-1,,
and
(B3) a linear aluminoxane of the formula:
E’[-Al(E’) ~0-],AlE’,
wherein E!, E? and E® represent independently each other a
25 hydrocarbon group, provided that all E''s, all E''s and all E''s
may be the same or different; Z is a hydrogen atom or a halogen
atom, provided that all Z's may be the same or different; a is

a number which satisfies the formula: 0 < a £ 3, b is an integer
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the formula: E',AlZ,, are as follows:
trialkylaluminums such as trimethylaluminum, triethylaluminum,
tripropylaluminum, triisobutylaluminum, trihexylaluminum, etc.;
dialkylaluminum chlorides such as dimethylaluminum chloride,
10 diethylaluminum chloride, dipropylaluminum chloride,
diisopropylaluminum chloride, dihexylaluminum chloride, etc.:
alkylaluminum dichlorides such as methylaluminum dichloride,
ethylaluminum dichloride, propylaluminum dichloride,
isobutylaluminum dichloride, hexylaluminumdichloride, etc.; and
15 dialkylaluminum hydrides such as dimethylaluminum hydride,
diethylaluminum hydride, dipropylaluminum hydride,
diisobutylaluminum nydride, dihexylaluminum hydride, etc.
Among them, trialkylaluminums are preferable, and
triethylaluminum and triisobutylaluminum are more preferable.
20 Examples of the substutuents E° and E’ in the cyclic
aluminoxane (B2) of the formula: [-Al(E°)-0-], and the linear
aluminoxane of the formula: E’[-Al (E®)-0-]AlE’, are alkyl groups
such as a methyl group, an ethyl group, a n-propyl group, an
isopropyl group, a n-butyl group, an isobutyl group, a n-pentyl
25 group, a neopentyl group, etc.

"b" is an integer of 2 or more, and "c" is an integer of

1 or more.

Preferably, E’ and E® are both methyl or isobutyl groups,
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The above aluminoxanes may be prepared by various methods,
which are not particularly limited, and can be prepared according
to conventional methods. For example, an alumioxane may be

5 prepared by allowing a solution of a trialkylaluminum (e.g.
trimethylaluminum etc.) in an organic solvent (e.g. benzene,
aliphatic hydrocarbons, etc.) in contact with water.
Alternatively, an aluminoxane may be prepared by allowing a
trialkylaluminum (e.g. trimethylaluminum, etc.) with a metal salt

10 containingwater of crystallization (e.g. copper sulfate hydrate,
etc.).

(C) Boron compounds -

A boron compound (C) is any one of (Cl) a boron compound
of the formula: BQ'Q°Q’, (C2) a boron compound of the formula:

15 G (BQ'Q°Q’°Q*)", and (C3) a boron compound of the formula:
(L-H) " (BQ'Q’Q'Q") ".

In the boron compound (Cl) of the formula: BQ'QQ', B is a
trivalent boron atom, Q', Q° and Q’ represent independently each
other a halogen atom, a hydrocarbon group, a halohydrocarbon group,

20 a substituted silyl group, an alkoxy group or a di-substituted
amino group, and they may be the same or different. Preferably,
Q', Q° and Q° are each a halogen atom, a hydrocarbon group having
1 to 20 carbon atoms, a halohydrocarbon group having 1 to 20 carbon
atoms, a substituted silyl group having 1 to 20 carbon atoms, an
25 alkoxy group having 1 to 20 carbon atoms or a di-substituted amino
group having 2 to 20 carbon atoms. More preferably, Q', Q and

Q' are each a halogen atom, a hydrocarbon group having 1 to 20

carbon atoms or a halohydrocarbon group having 1 to 20 carbon atoms.
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having at least one fluorine atom and 1 to 20 carbon atoms, in
particular, a fluorinated aryl group having at least one fluorine
atom and 6 to 20 carbon atoms.
5 Specific examples of the compound (Cl) include
tris (pentafluorophenyl)borane, tris(2,3,5,6-
tetrafluorophenyl)borane, tris(2,3,4, 5-
tetrafluorophenyl)borane, tris(3,4,5-trifluorophenyl)borane,
tris(2,3,4-trifluorophenyl)borane,
10 phenylbis (pentafluorophenyl)borane, etc. Among them,
tris(pentafluorophenyl)borane is most preferable.

In the boron compound (C2) of the formula: G (BQ'Q*Q'QY), G’
is an organic or inorganic cation, B is a trivalent boron atom,
and Q' to Q' are the same as Q' to Q’ in the above compound (Cl1).

15 Specific examples of the inorganic cation G" in the compound
of the formula: G (BQ'Q°Q’Q')" include ferrocenium cation,
alkyl-substituted ferrocenium cation, silver cation, etc., and
specific examples of the organic cation G' include triphenylmethyl
cation, etc. Preferably, the cation G" is carbenium cation, in

20 particular, triphenylmethyl cation. Examples of the (BQ'Q°Q°Q‘)"
include tetrakis (pentafluorophenyl)borate, tetrakis(2,3,5,6-
tetrafluorophenyl)borate, tetrakis(2,3,4,5~tetrafluocrophenyl)
borate, tetrakis(3,4,5-trifluorophenyl)borate, tetrakis
(2,3,4-trifluorophenyl)borate, phenyltris (pentafluorophenyl)

25 borate, tetrakis(3,5-bistrifluoromethylphenyl)borate, etc.

Typical examples of the combination of the cation G' and

the anion (BQ'Q°0°Q')” include ferrocenium

tetrakis(pentafluorophenyl)borate, 1,1'-dimethylferrocenium



f109%& ()-! @O%ME ()- 10B 10B 10B=109%B& ()- ;s109B& ()-  aFaaaadE~_ @

1010%& ()-L10%&' ()- 3" 109%& () - SH109%& ()-s3" 10%& ()- s

F'10%&' () - aabTbgbbbdE~ @

10" F" 109&' () - & 10%&' ()-93109%& ()- @O0%&' () - GLO%& ()- Ll g10%& () - b<cdHdddddE~
_@ 10 410% ()- &@! 10% () - LO

109 ()- 1. $109& () - &G' 10% ()-$" 10%&YY) - d<eeef 2f 3f 4 sP@vReril 28020 10

109=109& ()-;!10%&' ()-9! 109%& ()-s7$10%&' ()-L610%& ()-5f Ffg[ g hahRi z[ 9YNC

| NS$L10%-BHB&! () - $109%& () - | X$109%RBRBE' () -~ 9$1098& () - !

9$109®BB&’ () - ! 10%<BKB&'1§2 3R ~jjklI] levpl 10RBRB 10RBRB

10RBRB! XSGF J@r% $LIVRY() - | a&$10% B[ B&' () - S$10%3&

L ﬁﬁ‘&%ﬁf»ﬁ' g )ciabtes.( viows' 0
tetrakis (pentafluorophenyl)borate, triphenylmethyl
tetrakis(3,5-bistrifluocromethylphenyl)borate, etc. Among them,

5 triphenylmethyl tetrakis(pentafluorophenyl)borate is most
preferable.

In the boron compound (C3) of the formula: (L-H)*'(BQ'Q*Q’Q') ",
L is a neutral Lewis acid, (L-H) " is aBreonsted acid, Bis a trivalent
boron atom, and Q' to Q' are the same as Q' to Q' in the above compound

10 (Cl).

Specific examples of the Bronsted acid (L-H) ™ in the compound
of the formula: (L-H)'(BQ'Q’Q’Q')" include trialkyl-substituted
ammonium, N,N-dialkylanilinium, dialkylammonium,
triarylphosphonium, etc. Examples of the anion (BQ'Q°Q’Q*) are the

15 same as those exemplified above.

Typical examples of the combination of the Brensted acid
(L-H) " and the anion (BQ'Q°Q°Q')" include triethylammonium
tetrakis(pentafluorophenyl)borate, tripropylammonium
tetrakis(pentafluorophenyl)borate, tri(n-butyl)ammonium

20 tetrakis(pentafluorophenyl)borate, tri(n-butyl)ammonium
tetrakis(3,5-bistrifluoromethylphenyl)borate, N,N-
dimethylanilinium tetrakis(pentafluorophenyl)borate, N,N-
diethylanilinium tetrakis(pentafluorophenyl)borate, N,N-
2,4,6-pentamethylanilinium tetrakis(pentafluorophenyl)borate,

25 N,N-dimethylanilinium tetrakis(3,5-
bistrifluoromethylphenyl)borate, diisopropylammonium
tetrakis (pentafluorophenyl)borate, dicyclohexylammonium

tetrakis (pentafluorophenyl)borate, triphenylphosphonium
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dimethylanilinium tetrakis(pentafluorophenyl)borate are most
preferable.
In the copolymerization reaction, a catalyst for olefin
polymerization comprising the transition metal complex (A) and
10 one or both of the compound (B) and the compound (C) is used. When
a catalyst for olefin polymerization consisting of the compounds
(A) and (B) 1is used, the compound (B) is preferably the cyclic
aluminoxane (B2) and/or the linear aluminoxane (B3). Another
preferable example of the catalyst for olefin polymerization
15 consists of the compounds (A), (B) and (C). In this case, the
compound (B) is preferably the compound (Bl).
The used amounts of the component compounds are preferably
selected so that axnolér ratio of (B) to (A) is from 0.1 to 10,000,
preferably from 5 to 2,000, and a molar ratio of (C) to (A) is
20 from 0.0l to 100, preferably from 0.5 to 10.
When each component is used in the form of a solution or
a suspension in a solvent, its concentration is arbitrarily
selected according to conditions such as the performance of
equipment for supplying each component to a polymerization reactor.
25 Desirably, the concentration of the compound (A) is from 0.01 to
500 umol/g (solvent), preferably from 0.05 to 100 pumol/g, more
preferably from 0.05 to 50 pmol/g, the concentration of the

compound (B) is usually from 0.0l to 10,000 pmol/g, preferably
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(C) is usually from 0.01 to 500 pmol/g, preferably from 0.05 to
200 pmol/g, more preferably from 0.05 to 100 umol/g.

) For the preparation of the propylene copolymer, solution
polymerization using a solvent such as an aliphatic hydrocarbon
(e.g. butane, pentane, hexane, heptane, octane, etc.), an aromatic
hydrocarbon (e.g. benzene, toluene, etc.) or a halohydrocarbon
(e.g. methylene dichloride, etc.), slurry polymerization,

10 gas-phase polymerization in a gas state monomers, etc. The
polymerization process may be a continuous process or a batch
process.

A polymerization temperature is usually from -50 to 200°C,
preferably from -20 to 100°C. A polymerization pressure is

15 preferably from atmospheric pressure to 60 kg/cm’G. A
polymerization time depends on the kind of the catalyst, the type
of the reactor, etc., and may be selected from a range between
1 minute and 20 hours. A chain transfer agent such as hydrogen
may be added to a reaction system to adjust the molecular weight

20 of the copolymer.

The propylene copolymer of the present invention is suitably
used as an additive for a thermoplastic resin. Examples of the
thermoplastic resins include polyethylene resins (e.g. high
density polyethylene, medium density polyethylene, low density

25 polyetylene, linear low density polyethylene (LLDPE), etc.),
polypropylene resins, poly-4-methylpentene-1, polystyrene,
polyester, polyamide, polyphenylene ether, and the like.

Preferable thermoplastic resins are polyolefin resins, more
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crystalline polypropylene resins. Typical examples of the
polyolefin resins include high density polyethylene, middle

5 density polyolefin, low density polyolefin, LLDPE, polypropylene
resins, poly-4-methylpentene-l, etc. Polypropylene resins are
usually crystalline polypropylene resins, and may be a propylene
homopolymer or a random or block copolymer of propylene and a small
amount of ethylene or an a-olefin.

10 When the polypropylene resin is a copolymer, the content
of ethylene or other a-olefin in the copolymer is 10 % by weight
or less, preferably from 0.5 to 7 % by weight in the case of a
random copolymer, or the content of other o~-olefin is from 1 to
40 % by weight, preferably from 1 to 25 % by weight, more preferably

15 from 2 to 20 % by weight, in particular from 3 to 15 % by weight
in the case of a block copolymer. Two or more polypropylene resins
may be used in combination.

As an index of the crystallinity of polypropylene, amelting
point, heat of crystalline melting, etc. are used. Preferably,

20 a melting point of the crystalline polypropylene is in the range
between 120°C and 176°C, and heat of crystalline melting is in
the range between 60 J/g and 120 J/g. When the melting point of
the crystal is too low, or the heat of crystalline melting is too
small, the material has low heat resistance.

25 To prepare the polypropylene resin, propylene is
homopolyerized to obtain a propylene homopolymer, or propylene
and an a-olefin having 2 or 4 to 12 carbon atoms, preferably
ethylene are copolymerized to obtain a propylene-a-olefin

copolymer by slurry polymerization, gas-phase polymerization,
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component. In addition, commercially available polypropylene
resins may be used.
10 The thermoplastic resin composition of the present
invention comprises the propylene copolymer of the present
invention and the thermoplastic resin. The thermoplastic resin
composition of the present invention preferably contains 3 to 95 %
by weight of the propylene copolymer (a) and 97 to 5 % by weight
15 of the thermoplastic resin (b) ((a) + (b) = 100 % by weight), more
preferably 10 to 90 % by weight of the propylene copolymer and
90 to 10 % by weight of the thermoplastic resin, in particular

Q

15 to 85 & by weight of the propylene copolymer and 85 to 15 %

<

'l

by weight of the thermoplastic resin.

20 When the amount of the propylene copolymer is too large,
that is, the amount of the thermoplastic resin is too small, the
composition may have low molding processability or insufficient
strength. When the amount of the propylene copolymer is too small,
that is, the amount of the thermoplastic resin is too large, the

25 composition may have low flexibility or scratch resistance.

Preferably, the surface condition of the thermoplastic
resin composition is not deteriorated in the heat test carried

out at a temperature lower than the melting point of the
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than 1, the gloss due to the propylene copolymer appears on the
surface of a molded article made from the thermoplastic resin

10 composition of the present invention, and thus the appearance of
the molded article deteriorates.

In addition to the essential components, that is, the
propylene copolymer and the thermoplastic resin, the
thermoplastic resin composition of the present invention may

15 contain other rubber component, if necessary. Examples of the
rubber components include the following rubbers:
ethylene-propylene copolymer rubber, ethylene-a-olefin
copolymer rubbers compfising, for example, ethylene and 1-butene,
ethylene and l-hexene, or ethylene and l-octene, ethylene-

20 propylene-non-conjugated diene copolymer rubber, ethylene-o-
olefin-non-conjugated diene copolymer rubber, polybutadiene,
styrene-butadiene block copolymer rubber, styrene-butadiene-
styrene block copolymer rubber, styrene-butadiene random
copolymer rubber, partially hydrogenated styrene-butadiene-

25 styrene block copolymer rubber, partially hydrogenated
styrene-butadiene random copolymer rubber, styrene-isoprene
block copolymer rubber, partially hydrogenated styrene-isoprene

copolymer rubber, polyacrylonitrile rubber, acrylonitrile-
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heat stabilizers, UVray absorbers, lubricants, antistatic agents,

10 pigments, fillers, flame retardants, etc.

Apart from the essential propylene copolymer and polyolefin
resin, the thermoplastic resin composition of the present
invention may contain other resin component (e.g. rosin resins,
polyterpene resin, synthetic petroleum resins, coumarone resins,

15 phenol resins, xylene resins, styrene resins, isoprene resin,
cyclic olefin resins, etc.), 1f necessary.

The thermoplastic resin composition of the present
invention can be prepared by melting and kneading the components
with, for example, a twin-screw extruder, a Banbury mixer, etc.

20 The thermoplastic resin composition of the present
invention can be molded by any known molding method such as
extrusion molding, injection molding, compression molding, blow
molding, vacuum molding, powder molding, calender molding, etc.
Examples of the powder molding include slush molding, flow-dip

25 molding, electrostatic coating, powder spraying, powder
rotational molding, etc.

The thermoplastic resin composition of the present

invention is preferably used to produce domestic electric
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[1] Measurement of properties of propylene copolymers
(1) Intrinsic viscosity [n]

10 An intrinsic viscosity was measured using a Ubbellohde
viscometer in Tetralin at 135°C. Three hundred grams of a
copolymer sample was dissolved in 100 ml of Tetralin to obtain
a solution having a concentration of 3 mg/ml. Then, this solution
was diluted to decrease the concentration to 1/2, 1/3 or 1/5, and

15 aviscosityof each solutionwas measured in a constant temperature
vessel kept at 135°C+ 0.1°C. At each concentration, the viscosity
was measured three times, and the averaged value was used as an
intrinsic viscosity.

(2) Molecular weight distribution

20 A molecular weight distribution was measured by a gel
permeation chromatography (GPC) method using a 150C/GPC apparatus
of Waters, Inc. An elution temperature was 140°C, a used column
was Sodex Packed Column A-80M manufactured by SHOWA DENKO
Kabushikikaisha, and a standard sample for a molecular weight was

25 polystyvrenes, for example, polystyrenes having molecular weights
of 68 to 8,400,000 manufactured by TOSOH CORPORATION.

About 5 mg of a polymer was dissolved in 5 ml of o-

dichlorobenzene to obtain a solution having a concentration of
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about 1 mg/ml. The obtained sample solution (400 ul) was injected
in the column. A flow rate of an eluting solvent was 1.0 ml/min.,
and the eluted fractions were detected with a refractive index
detector.

5 Then, a ratio of the measured weight average molecular
weight (Mw) to the measured number average molecular weight (Mn),
which are both polystyrene-converted molecular weights, was
calculated, and used as a molecular weight distribution of the
propylene copolymer of the present invention.

10 (3) Measurement of heat of melting and heat of
crystallization with differential scanning
calorimeter (DSC)-

DSC 220C of Seiko Electronic Industries, Ltd. was used as
a differential scanning calorimeter, and the measurement was
15 carried out at a temperature raising or decreasing rate of
10°C/min.
(4) Contents of monomer units in copolymer
Calibration curve:
Each of mixtures containing a propylene homopolymer and an
20 ethylene-l-butene copolymer at various ratios was heat pressed
to mold a film having a thickness of 0.05 mm.
Using an IR spectrometer, an absorbance at a peak due to
the propylene units (at a wave number of 1,150 cm™') and that at
a peak due to the l-butene units (at a wave number of 770 cm™)
25 were measured. Then, the contents of the propylene units and
l1-butene units in the mixtures were plotted against the
absorbances, respectively. A regression curve was obtained from

the plots and used as a calibration curve.
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An olefin copolymer was heat pressed to mold a £ilm having
a thickness of 0.05 mm, and absorbances at peaks due to propylene
units and l-butene units, respectively were measured with an IR
10 spectrometer. Then, the contents of the propylene units and the
l-butene units were read from the above calibration curve using
the measured absorbances.
Measurement of content of dicyclopentadiene (DCPD):
An olefin copolymer was heat pressed to mold a film having
15 a thickness of 0.5 mm, and a peak transmittance due to
dicyclopentadiene (at a wave number or 1,611 cm™') was measured
using an IR spectrometer. Then, the content of dicyclopentadiene
in the olefin copolymér was calculated.
Measurement of content of 5-ethylidene-2-norbornene (ENB) :
20 An olefin copolymer was heat pressed to mold a film having
a thickness of 0.5 mm, and a peak transmittance due to 5-
ethylidene-2-norbornene (at a wave number or 1,650 cm™) was
measured using an IR spectrometer. Then, the content of 5-
ethylidene-2-norbornene in the olefin copolymer was calculated.

25 [2] Synthesis of propylene copolymers

Example 1

Ethylene, propylene, l-butene and dicyclopentadiene were

continuously copolymerized in a 100 liter SUS polymerization
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Examples 2-4 and Comparative Examples 1-3
A copolymer was prepared in the same manner as in Example
1 except that the polymerization temperature, the feeding rates

of the catalyst components, and the feeding rates of the monomers

5 were changed as shown in Tables 1 and 2.
Table 1
Unit Ex. 1 | Ex. 2 | Ex. 3 | Ex. 4
A-1 A-2 A-3 A-4
Polymerization temperature °C 50 50 45 45
Ethylene kg/h 2 2 2.3 1.8
Propylene kg/h 8.3 8.3 2.4 2.4
1-Butene kg/h 12.7 12.7 15.2 19.0
pDCPD” kg/n | 1.04 1.04 0.75 0
ENB™ kg/h | © 0 0 0.60
(a)” g/h 3.960 | 2.376] 2.625| 1.315
(b) g/h 2.067| 0.964| 1.378| 0.689
(c)® g/h 0.068| 0.068 | 0.046| 0.023
Ethylene content mol % |19 19 50 47
Propylene content mol % | 37 33 16 13
1-Butene content mol % |43 47 33 39
DCPD content mol % 1 1 1 0
ENB content mol % 0 0 C 1
Crystalline melting point °c None None None None
Heat of crystalline melting | mJ/mg { None None None None
Crystallization temperature °c None None None None
Heat of crystallization mJ/mg | None None None None
Intrinsic viscosity [n] dl/g 0.9 0.9 0.8 0.8
GPC Mw/Mn 2.7 3.1 2.7 2.2
Notes: 1) DCPD: dicyclopentadiene.
2) EMB: 5-ethylidene-2-~norbornene.
3) (a): triisobutylaluminum.
10 4) (b): triphenylmethyl tetrakis(pentafluorophenyl)-

borate.
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5) (c): dimethylsilyl(tetramethylcyclopentadienyl)-
(3-tert.-butyl-5-methyl-2-phenoxy) titanium
dichloride.
Table 2
Unit [C.Ex.1l|C.EX.2|C.Ex.3

A-5 RA-6 A-7
Polymerization temperature °C 50 50 -
Ethylene kg/h 2 2.0 -
Propylene kg/h 8.3 8.3 -——
1-Butene kg/h 12.7 12.7 -——
DCeDY kg/h | © 0 -
ENB” kg/h | 0 0 -
(a)” g/h | 3.960 | 1.584 -
(b)™ g/h 2.067 0.276 -——-
(c)” g/h 0.068 | 0.018 -—-
Ethylene content mol % |19 11 59
Propylene content mcl % | 36 40 39
1-Butene content mol % { 45 49 -
DCPD content mol 5| O 0 -
ENB content mol 3% 0 0 2
Crystalline melting point °C None None None
Heat of crystalline melting{ mJ/mg | None None None
Crystallization temperature °C None None None
Heat of crystallization mJ/mg | None None None
Intrinsic viscosity [n] dl/g 1.0 1.0 1.4
GPC Mw/Mn 2.5 2.2 3.9
Note: A-7: ESPRENE EPDM E501A manufactured by Sumitcmo Chemical

Co., Ltd.

[3] Evaluation of thermoplastic resin compositions

Examples 5-11 and Comparative Examples 4-8

Components shown in Tables 3, 4 and 5 of the indicated
amounts were kneaded with a twin-screw batch type kneader
(LABOPLASTOMILL manufactured by TOYO SEIKI Kabushikikaisha) at

200°C at a screw revolution rate of 100 rpm for 3 minutes. The
obtained composition was pressed at 200 °C to form a sheet having
a thickness of 2 mm unless otherwise indicated.

Test specimens for property measurements were stamped out

from the pressed sheet.
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In Examples 5-11 and Comparative Examples 4-8, the
properties of the thermoplastic resin compositions were measured
as follows:
(1) Bending test
5 The bending test was carried out according to JIS K7203.

(2) Heat resistance test

A press molded sheet having a Grain C skin grain design and
a thickness of 1mm (15 cm square) was produced with a pressmolding
machine so that a surface gloss value on the surface having the

10 Grain C skin grain design was 2 or less. The press molding was
carried ocut by melting the thermoplastic resin composition for
5 minutes with upper and lower press plates at 200°C under a
pressure of 5 xg/cm’G, and then cooling it with the same press
mold machine (50 kg/cm’G while cooling the upper and lower plates

15 with water).

The sheet was cut to a size of 5 cm x 3 cm, and placed in
a gear oven (PHH type; manufactured by TABAI), the tank interior
temperature of which was maintained at 110°C, for 100 hours with
the surface having the skin grain design facing upwards.

20 Before and after the above test, a surface gloss value on
the surface having the skin grain design of the press molded sheet
was measured with a varying angle type digital glossmeter (UGV-5DP
Type manufactured by SUGA SHIKENKI) with setting both an incident
angle and a light-receiving angle at 60 degrees. All the gloss

25 measurements were carried out after cooling the samples to room
temperature.

(3) Scratch resistance test

Using a surface-property measuring apparatus TRIBOGEAR
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(manufactured by SHINTO SCIENCE), the surface of a pressed sheet
having a thickness of 2 mm was scratched at a constant speed with
a scratching needle to which a load of 500 g was applied. Then,
the depth of the scratch was measured with a contact-type surface

5 roughness meter SURFCOM (manufactured by Tokyo Seimitsu) in the
order of micrometers.

(4) Tensile test

Using a No. 1 dumbbell shape test piece defined in JISK6301,
the tensile test was carried out at a pulling rate of 200 mm/min.

10 (5) Haze

A haze was measured with a pressed sheet having a thickness
of 2 mm according to JIS K7105.

(6) Resistance to whitening on bending

A molded article having a thickness of 1 mm was cut to a

15 size of 1 cm x 5 cm, and the degree of whitening was observed with
an eye when the test piece was bent at an angle of 180 degrees,
and evaluated according to the following criteria:

1: Whitened: Ranked X

2: No whitening: Ranked O

20 The results are summarized in Tables 3, 4 and 5.

The thermoplastic resin compositions comprising the
propylene copolymers of Examples which satisfy the requirements
of the present invention had a low flexural modulus, suffered from
nether whitening on bending nor marks of deep scratch, and had

25 high transparency. Furthermore, they had high heat resistance

so that no deterioration of the surface properties were observed

after the heat test.



8" 10%88& () -
8" 10988 () -

8" 100&& ()-{F a|

1 -4108$ OL! $109%8$& () -

KOL! $109%8& ()-"

{/KT 6" 8"10%&& ()-{ 8"10%&& ()-{ 8" 10%&& ()-{O4+4
{/KT 6" 8"10%&& ()-{ 8"10%&& ()-{ 8"10%&& ()-{
{F all

@L! $10% & ()-°

cOL! $109D&&" ()-"{ | 'L'$10% CSi & ()-  HL!'$10% D&, & ()- " abct| dD410&$ 0O
910%D&&" () - 910%D&&' ()- 910%D&&' () - ~1Q9 () - :
f@OOAD&&'(%)- 10&$10&$§/%/9D410&$ 91(()2’@&&' %@&g‘l(()%@&& ()- 9120%&65"(2)0-% ?2A 7
9109D&&' () - 910%D&& () -yYID410&$ 9109D&& () - 910%D&& () - 9109D&&' ()-9% ?A 7
910%D&&' () - 910%D&&' () -yYOD410&$ 910%D&&' () - 9109D&&' () - 9109D&& () - %9 ?A
Table 3
Copolymer Unit Ex. 5| Ex. 6 | Ex. 7 | Ex. 8
A-1 wt. % | 35.3 -—- -—= —-=-
A-2 wt., % | -—-- 80 65 50
B wt. & [64.7 - -—— -—-
C wt., & | --- 20 35 50
D wt., % 0.1 0.1 0.1 0.1
E wt., % 1 1 1 1
Flexural modulus kgf/cm® | 3644 31 147 541
(MPa) (357) (3) (14) (53)
Depth of scratch um 53 - - 53
(500 g load)
Gloss
-0 hour 0.6 1.0 1.0 0.7
-100 hours 0.3 1.0 0.9 0.4
Agloss 0.3 0.0 0.1 0.3
Tensile strength MP 19.4 0.9 4.4 9.8
Tensile elongation 3 890 2080 1130 1140
Resistance to whitening o) 0 0 0
on bending
Haze') (2mm thickness) 3 -—- -—- -—— _——
Notes: B: Propylene homopolymer having MI of 14 (g/10 min.) at
230°C under a load of 2.16 kg.
C: An ethylene-propylene random copolymer (ethylene
5 content of 5 wt. having MI of 228 (g/10 min.) at
230°C under a load of 2.16 kg.
D: IRGANOX 1010 (manufactured by Ciba-Geigy).
E: DRY COLOR PV-801 (manufactured by SUMIKA COLCR Co.,
Ltd.) .
10 1) The haze was measured with samples containing no

component E

(DRY COLOR PV-801).
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Table 4

Copolymer Unit Ex. 9 |Ex. 10|Ex. 11

A-2 wt. % |40 -— -

A-3 wt., & | -—- 50 -

A-4 wt., & | -——- -—- 50

B wt. & [--- -—- -—-

C wt. & |60 50 50

D wt. % 0.1 0.1 0.1

E wt. % 1 1 1

Flexural modulus kgf/cm” {1113 496 483
(MPa) (109) (49) (47)

Depth of scratch pm -——- 76 81

(500 g load)

Gloss

-0 hour 1.0 0.8 0.8

-100 hours 0.4 0.9 0.9

Agloss 0.6 0.1 0.1

Tensile strength MPa 12.8 8.2 8.1

Tensile elongation % 1020 850 8390

Resistance towhitening 0 0 0

on bending

Haze") (2mm thickness) % —-—— 70 60

Note: 1) The haze was measured with samples containing no

component E (DRY COLOR PV-801).

Table 5
Copolymer Unit [C.Ex.4]C.Ex.5|C.ExXx.6{C.Ex.7]|C.Ex.8
A-5 wt. 5 |35.3 S ——- — —
A-6 wt. % | --- 50 - - -—
A-7 wt. % - -—= 50 —— ——
B wt. % 64.7 -—— - 100 -
C wt. % ——- 50 50 - 100
D wt. % 0.1 0.1 0.1 - -—=
E wt. % 1 1 1 - -——
Flexural modulus kgf/cm’ | 3378 557 602 13340 6827
{MPa) (331) (55) (59) (1307) (669)
Depth of scratch um 62 66 189 ——— —
(500 g load)
Gloss
-0 hour 0.6 0.8 0.5 - -—=
-100 hours 9.3 4.3 0.5 —-—— -
Agloss 8.7 3.5 0.0 —-—- -
Tensile strength MPa 15.6 7.1 4.0 40.1 16.9
Tensile elongation % 610 720 25 10 340
Resistance to 0 0 X X X
whitening on
bending
Haze®) 5 - - 93 87 87
(2mm thickness)
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Note: 1) The haze was measured with samples containing no

component E (DRY COLOR PV-801).

EFFECTS OF THE INVENTION

H As explained above, the propylene copolymer of the present
invention is mixed with a resin such as polypropylene to provide
a thermoplastic resin composition having excellent flexibility,
transparency, resistance to whitening on bending, scratch

resistance and heat resistance.
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1. A propylene copolymer comprising propylene, at least one
olefin selected from the group consisting of olefins havirng 2 to
20 carbon atoms except propylene, and a cyclic olefin, wherein
the total number of carbon atoms of the monomers except the cyclic
olefin is at least 7, and said propylene copolymer contains
50 2 by mole or less of ethylene.
2. The propylene copolymer according to claim 1, wherein
a content of said cyclic olefin is from 0.01 to 20 % by mole.
3. The propylene copolymer according to claim 1, wherein

sald cyclic olefin is a cyclic monoolefin.

4. The propylene copolymer according to claim 1, wherein

said cyclic olefin is a cyclic polyene.

5. A propylene copolymer comprising propylene, at
least one olefin selected from the group consisting of
olefins having 2 to 20 carbon atoms except propylene, and
a cyclic olefin, wherein the total number of carbon atoms
of the monomers except the cyclic olefin is at least 7,
and a content of an olefin having 2 carbon atoms is 80% by

mole or less.

6. The propylene copolymer according to claim 1, which
satisfies the following relationship:

(v/(x +y)] 2 0.2
wherein x is a molar content of an olefin having 2 carbon atoms
in the copolymer, and y is the molar content of olefins having
4 to 20 carbon atoms in the copolymer.

7. The propylene copolymer according to claim 1, which has
an intrinsic viscosity [n] of from 0.3 to 10 when measured in

tetrahydronaphthalene at 135°C.
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10. The propylene copolymer according tc claim 1, which is
obtaired by copolymerizing propylene, at least one olefin
selected from the group consisting of oclefins having 2 to 29 carbon
atoms except propylene, and a cyclic clefin in the presence of
an olefin-polymerization catalyst comprising the following
component (A), and one or both of the following components (B)
and (C):

(A) at least one transition metal complex selected from the
group consisting of the compounds represented by the following

formulas [I], [II] and [III}:
R® Cp! x!

.:U// M2
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I
R R!
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formula [I] or [II] may be the same or different.,
(B) at least one aluminum compound selected from the group
consisting of the following compounds (B1), (B2) and (B3):
15 (Bl) an organic aluminum compound of the formula:
E'ALZ, ,,
(B2) a cyclic aluminoxane of the formula:
[-AL(E*) -0-1.,
and
20 (B3) a linear aluminoxane of the formula:
E’[-Al (E’) -0-] ALE’,
wherein E', E’ and E® represent independently of each other a
hydrocarbon group, provided that all E''s, all E*'s and all E’'s
may be the same or different; Z is a hydrogen atom or a halogen

atom, provided that all Z's may be the same or different; a is

o
(%]

a number which satisfies the formula: 0 < a £ 3, b is an integer
of 2 or more; and c 1is an integer of 1 or more.,

(C) at least cne boron compound selected from the group
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or a di-substituted amino group, G is an organic or inorganic

10 cation, L is a neutral Lewis base, (L-H)  is a Brensted acid.

11. The propylene copolymer according to claim 10, wherein
A in the formula (I], [II] or [III] is an oxygen atom.

12. The propylene copolymer according to claiml), wherein
X' in the formula [II] or [III] is an oxygen atom.

15 - 13. The propylene copolvmer according to claiml0, wherein
R' in the formula [I], [II] or [III] is an alkyl group, an aralkyl
group, an aryl group or a substituted silyl group.

14. The propylene copolymer according to claim 10, wherein
X' and X* in the formula (I], [II] or [III] represent independently
of each other a halogen atom, an alkyl group, an aralkyl group, an
alkoxy group, an aryloxy group or a di-substituted amino group.

15. The propylene copolymer according to claim 10,wherein
said compound (B) is triethvlaluminum, triiscbutylaluminum or
methylaluminoxare.

25 16. The propylene copolymer according to claim 10, wherein
said compound (C) is dimethylanilinium
tetrakis(pentafluorophenyl)borate or triphenylmethyl

tetrakis (pentafluorophenyl)borate.



