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FPELD OF THE | NVENTI ON 5 The present invention relates to a flexible resin

conposi ti on whi ch can provide nol ded products mell-balance@ éndbﬁL %POZ
fhexibility, heat resistance and conpression set and having I nprove

scratch resi st sparency and Nhich exhi bits such high
flowability asBﬂ@@ﬁEﬂ@ﬁMﬁﬂEellent 10 nol'dability. The present '
also relates t flexible resin conposition. BAWMWIW@W@WL
| NVENTI ON Because 8%%%s excel |l ent scratch resistance, 15 transparen

heat resistance, a polypropylene resimIimm dely enpl oyed for fi| Ti§s1e6*
sheets, tubes and packi ng. The pol ypropyl ene resin now enpl oyed are

excel lent in 20 scrp@gghnf@SREEANC EOMEGHISPRIE QYD e dephicresrSt ance but
are not satisfactory in flexibility and conpression set (CS), so that

vari ous nethods to inprove these properties have been studi ed. For exanple,
bl endi ng of the pol ypropylene resin w various elastoners (e.g., an

et hyl ene/ propyl ene cor rubber I 7 ene copol yner rubber 2 5

J UL 2002 25 flexibility to osed V 25J UL

2002 25 The present invention relates to a flexible resin
composition which can provide molded products well~-balanced
among flexibility, heat resistance and compression set and
having improved scratch resistance and transparency and which
exhibits such high flowability as to cause excellent

10 moldability. The present invention also relates to uses of

the flexible resin composition.

BACKGROUND OF THE INVENTION

Because of its excellent scratch resistance,

15 transparency and heat resistance, a polypropylene resin is
widely employed for films, sheets, tubes and packing.

The polypropylene resin now employed are excellent in
scratch resistance, transparency and heat resistance but are
not satisfactory in flexibility and compression set (CS), so

20 that various methods to improve these properties have been
studied.

For example, blending of the polypropylene resin w’
various elastomers (e.g., an ethylene/propylene cor
rubber and an ethylene/l-butene copolymer rubber

25 flexibility to the resin has been proposed



Bl endi ng of the pol ypropylene resin with the conventional ethylene
ekastoners, however, has a problemin that the heat resistance and
conpression set are markedly | owered though the flexibility i 52 6np}UkeQQUZS
Accordi ngly, there has been heretofore desired devel opnent of a

pol ypr opyl ene resin conposition which c provi de nol ded products

wel | - bal anced anong flexibility, heat reSistance and conpression set and
havi ng i nproved scratch resi stance and transparency and which exhi bits high
10 flowability favorable for various nolding. OBJECT OF THE | NVENTI ON The

present inventi @lérsdimgesdedhtopsdlypaopitlierse prOHl grvasaoehat ed with prior
art as described above, and it is an 15 object of the invention to provide

a pol ypr opHARR A €5bRa £ 0t By NeAE éigéteher@esww%%aosh%lsoa ?@bﬁll‘_eﬁlaﬁln
provi de nol ded products well-bal anced anong erX|b|I|ty, eat resistance

and conpr esgjn j=i 8 %@exﬁeglaeghw Ry cﬁﬂaﬁf H LEsi a&én&%ﬁ%ly

t ransparency an Its such 20 hi |I|ty as to caus

excel | ent Idgygd ﬁﬁb¥ghetﬂéefigk3b ﬁ§e}(¥¥¢¥ﬁ%{é€gaaccordlng to the

invention i's aco on conprirsin 002 3, (A 100 parts
corpr Eé‘ﬁg"fet ﬁyb%ﬂ% acﬂfé‘r'\é‘#;aﬁﬁ%??nﬁt PE Bt arone  fahd (B 2 to
Fandom cop8t Yeﬁp%%"%aoi‘ffé'gﬁfﬁééﬁg %%S'r%slﬁloic%%@?oghy' o g S e,
(it) an intrinsic viscosity $ as nmeasured in declaim at 135C of in the
range of OPZOoVdds Podfied PRyt s waldsdalanisd peendehperibitétyrd)eat not
i gher 10 than -50C, (iv) a crystalllnlténas neasured by X-ra

‘di ff r act omEEFY SERNGE 21t HPHRIRSSEOR gehppBAUNAViRG dRPIavad issira teh

(MV M) as determ ned by GPC of not nore than 3.0,
resistance and transparency and which 'exhibits high

10 flowability favorable for various molding.

OBJECT OF THE INVENTION
The present invention is intended to solve such a problem
associated with prior art as described above, and it is an
15 object of the invention to provide a polypropylene resin-
containing flexible resin composition which can provide
molded products well-balanced among flexibility, heat
resistance and compression set (CS) and having improved
scratch resistance and transparency and which exhibits such

20 high flowability as to cause excellent moldability.

SUMMARY OF THE INVENTION

The flexible resin composition according to the

invention is a composition comprising:



15 (vi) a B value as determ ned by the 13C NWR spectrum and the foll ow ng
formula of in the range of 0.9 to 1.4, B = POE/ (2P0 PE) wherein PE and PO

are a nolar fraction of an ethyl ene conponent and a nol ar f ti f.an
a-ol efin conmponent, respectively, 20 contained in the ethyl2§£h$&11&ﬂd§

random copol ymer (A) and PCE is a proportion of the nunber of

ethyl ene/a-ol efin alternating sequences Xo the nunber of all dyad
sequences, and (vii) aratio (gr~* value, (r~) / (')blank) of the intrinsic
25 viscosity (~) that is neasured as the property (ii) to the 25J UL

Z002 4 intrinsigAgiagﬁzh%%a%%p%gggﬁggg£ fl%nﬁ%ﬁﬁfhi Ienﬁéé%gggégne

copol yner havin ecular “wei | i ght
scattering thod) jdentical with that of the copol ynmer (A) and having an
oty ene. CBRRUIENEYo7S K 5 H OB CoROL KBS aRGBOSE Sars. C5HIS51E AR he
pol ypropyl ene resin (B) having: (i) an MFR (ASTM D 123B, 230C, |oad: 2.16
kg) of in 2Re%rgAgsids of t3 fi%OZé;/%rﬁpﬁ, agRras(i idhn initial flexural
nodul us (ASTM D 790) of not nmore IO than 1500 MPa. It is nost preferable
that the pol ypréByl éntor8PnpaBfsi byceatahteafi A pAlapyopy lene nesi8s part s
by wei ght based on 100 parts by weight of the ethylene/a-olefin random
copol yider (A). tBeTkéhatleylerive/alef Bf i nandadoropopeimgrer(A)Ahgvriaigrably
is an ethyl ene/ a-ol efin random copol ynmer obtai ned by random copol yneri zi ng
et hyl ene and an(&)ohetiemsdfty3 dfo 26t cacbenthaons .00t ke guresence of a
nmet al | ocene catal yst containing a netall ocene conpound represented by the
follow ng formukaiPOafl jntrinsic viscosity (1) as measured in decalin
at 135°C of in the range of 0.3 to 3.0 dl/g,
(iii) a glass transition temperature (Tg) of not higher

10 than -50°C,
(iv) a crystallinity as measured by X~ray diffractomctry
of less than 40 %,
(v) a molecular weight distribution (Mw/Mn) as
determined by Géc of not more than 3.0,
15 (vi) a B value as determined by the 13c-NMR spectrum and
the following formula of in the range of 0.9 to 1.4,
B = PoE/(2P0"PE)
wherein Pg, and Pg are amolar fraction of an ethylene component
and a molar fraction of an a-olefin component, respectively,
20 contained in the ethylene/a-olefin random copolymer (A) and
Por is a proportion of the number of ethylene/a-olefin
alternating sequences to the number of all dyad sequences,
and

(vii) a ratio (gn* value, (1)/(M)blank) of the intrinsic

25 viscosity (1) that is measured as the property (ii) to the



- 25JUL2002s R RBRX x2 RhRR RY R6R4ARs (I) wherein Mis a
tyansition netal of Goup I'VB of the periodic s table, RL is a hydrocarbon
group of 1 to 6 carbon atonms, R2, R4, R5 and R6 are the s?@i 9 guaﬁ ent
and are each a hydrogen atom a hal ogen atom or a hydrocaf 54 lto
6- carbon atons, 10 R3 is an aryl group of 6 to 16 carbon atons, which may
be substituted with a hal ogen atom a hYHrocarbon group of 1 to 20 carbon
atons or an organosilyl group, X1 and X2 are each a hydrogen atom a

hal ogen atom a hydrocarbon group of 1 to 20 carbon atons, a hal ogenated is

hydr ocar bon of 1 to 20 ¢ Tgon atons en taln roup or a
sulfur-conﬁglﬁﬁd%ﬁﬁ'%h?c%ﬂﬁfyjk blank 9% % chﬁg lﬂfhéy%.ﬁ%
carbon atons, a dival ent hal ogenat ed hydrocarbon group of 1 to 20 carbon
atons, a diogmodnymes; hiaydmacari el ah b (poage meldcaal antweights (memgured 2002
ger mani um cont ai ni ng group, -0, -CO, -S, -SO, -S02-, -NR~-, -P(R~)-,
-P(0) (R~) - by- BRA-igirt sxia%te(u\m@rmeﬁaqodé; adl&yndtll@gieln valttdmtlaaahad:ﬁgeneat om a
hydrocarbon group of 1 to 20 carbon atons or a hal ogenated hydrocarbon
group of lcbpddy2@rcafomnt drs)ingllaen ietjhadidron cmitkmg oS1 £apesdt i on,
t he extrusion nolding resin conposition and the conpression nolding resin
5 of in the range of 0.2 to 0.95; and
the polypropylene resin (B) having:
(i) an MFR (ASTM D 1238, 230°C, load: 2.16 kg) of in the
range of 1 to 150 g/10 min, and
(ii) an initial flexural modulus (ASTM D 790) of not more
10 than 1500 MPa.
It is most preferable that the polypropylene resin (B)
is contained in an amount of 2 to 65 parts by weight based
on 100 parts by weight of the ethylene/a-olefin random
copolymer (A).
15 The ethylene/a-olefin random copolymer (A) preferably
is an ethylene/a-olefin random copolymer obtained by random
copolymerizing ethylene and an a-olefin of 3 to 20 carbon atoms
in the presence of a metallocene catalyst containing a

metallocene compound represented by the following formula

20 (I):



conposition according to the invention conprise the above-descri bed
flexible resin conposition of the invention. 10 The flexi ble resin nol ded
product according to the invention conprises the above-described flexible
resin conposition of the invention. This nolded product may, ?nguflibﬁﬂca
resin sheet. 15 DETAILED DESCRI PTI ON OF THE | NVENTI ON The 2I j ie i n
conposition according to the invention &nd uses thereof are described in
detail hereinafter. The flexible resin conposition of the invention 20
conprises a |long-chain branched ethyl ene/ a-ol efin random copol ymer (A) and
a polypropylene resin (B) in a specific ratio. The ethylene/a-ol efin random
copol ymer (A) for use in 25 the invghtion ¥ a | ong-chain branched

et hyl ene/ a-ol efin - {32 5 J U L 20Q2 ré€ndom copol yger conprising ethyl ene
and an a-olefin of 3 tq 20 carb&n atong. BExggnpl es off'the a-olefins of 3 to
20 carbon atonqwincIUo; d 1- hgxene,

1-heptene, 1 5 °0C 2 ] e decene, 1
tridecene, 1-tetragleg€ e hept adecene,

1- oct adecene, 1-no ae R uf ene,

3- et hyl - 1- pent enel_3>ethy . R ' ;
4- met hyl - 1- hexeng, 4, i y ;
4- et hyl - 1- hexer®, 3 , ¢thyl-1- e, . 9-1et hyl - 1- deg¢ene,
11- et hyl - 1- dodecene, Q-ethyl-l-tetrgdecene and m rfures thereof. The
et hyl ene/ a- ol efi n random copol yner (A) for use in the invention has a
density of not nore than 0.900 g/cnB, 15 preferably not nore than 0.895
g/ cnmB, nore preferably 0.840

(I)

wherein M is a transition metal of Group IVB of the periodic
5 table,
Rl is a hydrocarbon group of 1 to 6 carbon atoms,
RZ2, R4, RS and R6 are the same or different and are each
a hydrogen atom, a halogen atom or a hydrocarbon group of 1
to 6 carbon atoms,
10 R3 is an aryl group of 6 to 16 carbon atoms, which may
be substituted with a halogen atom, a hydrocarbon group of
1 to 20 carbon atoms or an organosilyl group,
X1l and X2 are each a hydrogen atom, a halogen atom, a
hydrocarbon group of 1 to 20 carbon atoms, a halogenated
15 hydrocarbon group of 1 to 20 carbon atoms, an oxygen-
containing group or a sulfur-containing group, and
Y is a divalent hydrocarbon group of 1 to 20 carbon atoms,
a divalent halogenated hydrocarbon group of 1 to 20 carbon

atoms, a divalent silicon-containing group, a divalent



to 0.890 g/cnB. The ethyl ene/ a-ol efin random copol ymer (A) has an intrinsic
viscosity (r~) , as neasured in decalin at 135C, of 0.3 to 3.0 dl/g,
preferably 0.5 to 2.0 dl/g. The 20 ethyl ene/ a-ol efi n random copol yner (A)
having an intrinsic viscosity in the above range has good blendability with

the pol ypropylene resin (B). Wen this ethylene/a-olefin rﬁ%@%guggg?bﬁ?ﬁr

(A) is used, a polypropyl ene resin-contéining flexible res
having high flowability and 25 excellent noldability can be obtai ned. 25
J ~! L 2002 The ethyl ene/ a-ol efin random copol ymer (A) has a gl ass

transition {e?ﬁgﬁﬁﬁ}n‘ﬂcﬁn i éile&%g,rgn@d bycBSC (differgnti al%é anni ng

calorinete? not hi gher than -$S préferabl'y not’ hi'gher thah 55 C,
nore preferabky not 5+hi gher_ than—+57C, ticula pr ef er abl 59C to
-80C. The 'e'f’ﬁ?/rené)?éf"gl)e"f'i rTPr(éﬂd&Z)c’dpoT ay? ?H) ‘%ié% é?’?@t‘fﬁ ﬁﬁnlﬁy,a as
measured by X-ray diffractometry, of less r~ - than 40 ~, preferably |ess
than 30 ~, hy@redprepéranl ¢ hedoaammtamosa dardrechabr) greter 88 Y Itess
than 10 % When the 10 et hyl ene/ a-ol efi n random copol yner (A) having a
crystal | i nR2@ycatbpasstomgn 020 a~hiad aggadited gurgpeepybenegrevbnodoit &ioni ng
flexible resin-conposition having excellent flexibility can be obtai ned.
The et Byl en@/ @aaobehi atoasdom copol ymer (A) has a 15 nol ecul ar wei ght
distribution (MvV M) , as determ ned by GPC, of not nore than 3.0,
preferably not Theeithaot2ord, mobdéngreéeinbtymposinioa,t bar @xtrhsion
particularly preferably not nore than 2.3. The ethylene/ a-olefin random

copol ymer d)dbag fe20npesmapesetioB saduehe ofofipPeksibndmoptiehgr 28kyn0. 95
o 1.4, nore preferably 1.0 to 1.4, said parameter indicating randomess of

~copol yner i ZefpdBNeNBh seguerda ity riluitimverbohetBapaeiser iieed by a
13C-NWR et hod. The B value of the ethylene/a-olefin random copol ymer 25
(A) is an ipeheaikBrobed £PEROBLEI 08 Th YondBE i ®ToRfof the invention.
10 The flexible resin molded product according to the
invention comprises the above-described flexible resin

composition of the invention. This molded product may be a

flexible resin sheet.

15 DETAILED DESCRIPTION OF THE INVENTION
The flexible resin composition according to the
invention and uses thereof are described in detail
hereinafter.
The flexible resin composition of the invention
20 comprises a long-chain branched ethylene/a-olefin random
copolymer (A) and a polypropylene resin (B) in a specific
ratio.
Ethylene/oa-olefin random copolymer (A)
The ethylene/a-~olefin random copolymer (A) for use in

25 the invention is a long-chain branched ethylene/a-~olefin



25 J UL 2002 constituent units derived fromnononers in the

copol yneri zati on sequences, and can be cal culated fromthe foll ow ng
formula: POE/ (2P0 PE) 5 wherein PE and PO are a nolar fraction of an

et hyl ene conponent and a nolar fraction of an a-ol efin conponent,
respectively, contained in the ethyl enel,a-olefin randon1co§b5nggL(290?nd
POE is a proportion of the nunber of ethylene/a-olefin alternating
sequences to the nunber of all dyad sequences. 10 The PE, PO and PCE val ues
are specifically obtained in the following manner. In a test tube having a

0 ameter oFl8goBbauho200R: 0L 3 SLRISHY ardl elie:szodom sepplyrer 1o

homogeneously di sso utadi ene to prepare a s

15 and a - ect.r of the sanple is nmeasured under the follow ng
SRCGLHT
[ y

measuring con ons.” "Measuring tenperature: 120C Measuring frequency:
ime: 42 soc POFQEPYPRCRE h,GaB RFISLT 0513 (1R S0 TIoRD FErE® 15605 5000
| 025~ UL 2002 The PE, Pp and PpE val ues can be obtained fromthe thus
measur ed 1R%2 BfectrbmtieRneac dotRrNER S t h-hREChEpolrieRfFene). Ra
(thrognlegules, 10, 773 (1977%2, 1iC. Rangall (thgonnlecules, 15, 353 (
1982 )°) ,o®enrenuianprpokyndrdemene13-8ndegeny)  legdogiecenige H-val ue
obtai ned fromthe above fornula becones 2 in case of an ethylene/a-olefin
copol yner hdetengot h-tetradecene, l-pentadecene, l-hexadecene, 1-
heptadecene, l-octadecene, l-nonadecene, l-eicosene, 3-
methyl-l-butene, 3-methyl-l-pentene, 3-ethyl-l-pentene,
4-methyl-l-pentene, 4-methyl-l-hexene, 4,4-dimethyl-1-

10 hexene, 4,4-dimethyl-l-pentene, 4-ethyl-l-hexene, 3-
ethyl-l-hexene, 9-methyl-l-decene, J]l-methyl-l-dodecene,
12-ethyl-l-tetradecene and mixtures thereof.

The ethylene/a-olefin random copolymer (A) for use in
the invention has a density of not more than 0.900 g/cm3,

15 preferably not more than 0.895 g/cm3, more preferably 0.840
to 0.890 g/cm3.

The ethylene/a-olefin random copolymer (A) has an
intrinsic viscosity (1), as measured in decalin at 135°C, of
0.3 to 3.0 dl/g, preferably 0.5 to 2.0 dl/g. The

20 ethylene/oa-olefin random copolymer (A) having an intrinsic
viscosity in the above range has good blendability with the
polypropylene resin (B). When this ethylene/a-olefin random
copolymer (A) is used, a polypropylene resin-containing

flexible resin composition having high flowability and

25 excellent moldability can be obtained.




|

, mononers are alternatingly distributed, and it becones 0 in case of a
conpl ete bl ock copol yner wherein those nononers are 10 copol yneri zed

conpl etely separately fromeach other. hll~Fn the ethyl ene/a-ol efin random
copolymer (A) having a B value in the above range is used, a pol ypropyl ene

resin-containing flexible resin conposiﬁion capabl e of pro Lji g Ifed
products having excellent flexibility and 15 heat resist%ﬂ% &ﬂn iﬁb
obt ai ned. The et hyl ene/ a-ol efin random copol yner (A) for use in the
invention has a gtl* value of 0.2 to 0.95, preferably 0.4 to 0.9, nore

preferably 0.5 4@ 0¢ 12*?1%,%{-01&@1&%@&1@%5&1 ef Ol A PYRas 2P

*
S_
(t~) / (r~) blank mhergﬁ (r~) Is an intrinsic V|sc05|ty neasureéﬁas he

f d ~) b f
o oresal PLEREHN ) oAU 1 O R0K ! 8- BELIRE 1) Sp0T 1Y o

| i near ethylenée propylen

wei ght (ne d b nz»5s.J 20 tterin nethod
i denti cal &E %Ft’fé:“%‘tdfa]t ?ﬁac ?/n%‘?l?ﬁ}m‘ﬁﬁargavpﬁa"éﬁ: etidRt ent of
70 % by nol _ _That the ~* val ue of the ethyhﬁgﬁla ol efin randon1copo|yner

i s not nor&°Phkm Bre§§rﬁ€éﬁsn95a‘?1% FEigIEhai Ty BraMar S PREE gl ¥ @ated i n
the nol ecul e. \Wen the gr~* value is in the above range, a conposition
havi ng JexcBLEBRE FbiRdabid’i Gy aed tdaptin el B iPFR EeraPhY noPdEdter 089CCs of
| ow conpression set and small heat deformation can be obtained. 10
Prex~ar ati on of Thehgltéyyd/ienenfoefa ke fidhdorndopoForphrmerA)(Afhddory- chai n
branched ethyl ene/ a-ol efin random copol ymer (A) having the above properties
can be prepayetaby indidqomasopekbygreeidzbgXerayl dhéfandtamedryl efifnlefss3 to
20 carbon atons in the presence of a netall ocene catal yst
. than 40 %, preferably less than 30 %, more preferably less
than 20 %, particularly preferably less than 10 %. When the
10 ethylene/a-olefin random copolymer (A) having a
crystallinity of less than 40 % is used, =2 polypropylene
resin-containing flexible resin composition having excellent
flexibility can be obtained.
The ethylene/a-olefin random copolymer (A) has a
15 molecular weight distribution (Mw/Mn), as determined by GPC,
of not more than 3.0, preferably not more than 2.7, more
preferably not more than 2.5, particularly preferably not more
than 2.3.
The ethylene/a-olefin random copolymer (A) has a
20 parameter (B value) of 0.9 to 1.4, preferably 0.95 to 1.4,
more preferably 1.0 to 1.4, said parameter indicating
randomness of copolymerized monomer sequence distribution and
being determined by a 13c-NMR method.

The B value of the ethylene/a-olefin random copolymer

25 (A) is an indication of a composition distribution of



15 containing a specific netall ocene conpound. There is no specific
limtation on the netall ocene catal yst used herein, except that the
catal yst contains a netall ocene conpound (a). For exanple, the netall ocene
catal yst may be forned fromthe netall ocene conpound (a) and 20 an
or ganoal um num oxy- conpound (b) and/or ) conpound (c) which reacts with the

net al | ocene conpound (a) to forman ion“pair, or may be f ,QFQnggzng?e
nmet al | ocene conpound (a), an organoal um num oxy-conpound (b) an

conmpound (c) which reacts with the netall ocene conpound (a) to forman ion

pair, 25 agenafi@iu@atoalnid e conpouidondhonomérsd id Yhle 2002 The
net al | ocene conpound (a) used for preparing the | ong-chain branched

et hyl ene/ 0&095@%@ﬂi&%‘i‘1@r§%@:{1¥é¥%e£ ANah@rcaseoé Ncd Nul AVeRt keBm $hd OF
exanpl e, a conmpound 5 represented by the following fornula (1). ,t RBRR2 R

R R6 Xl hgzR4gl, I). 10 I'n the above formula, Mis a transition
FFLR Dy Mo

nmet al at om of the periodic table, specifically titanium
zi rconi um or haﬁnLU@bEQQQ@kpq%grly preferably zirconium Substituent Rl 15
R1 is a hydrocarbon group of to 6 carbon atons, and exanpl es thereof

i ncl udg al hﬂa‘ergaﬁ;‘[ff ag‘%i?l?@&?% H‘?ﬁ(ﬁ’ér f?‘%@f:li’onnb9ra3f¥£ﬁy-%§)%§{8§r}{n%on@htgm yh

i sobutyl, sec- n-pentyl, neopent

cycl ohexyl, and al keny roqups, .such as_vinyl and propenyl. O these, alkyl
POl and"S gl rgte UaBD 5 P B SR BT oE R RaE h i SRARIAE bV he

. I .

| ndeny grgggtgined in the ethylene/a-olefin random copolymer (A) and

POE is a proportion of the number of ethylene/a-olefin

alternating sequences to the number of all dyad sequences.
10 The Pg, Ppo and Pogr values are specifically obtained in
the following manner.

In a test tube having a diameter of 10 mm, about 200 mg
of an ethylene/a-olefin random copolymer is homogeneously
dissolved in 1 ml of hexachlorobutadiene to prepare a sample,

15 and a 13c-NMR spectrum of the sample is measured under the
following measuring conditions.
Measuring conditions
Measuring temperature: 120°C
Measuring frequency: 20.05 MHz
20 Spectral width: 1500 Hz
Filter width: 1500 Hz
Pulse repetition time: 4.2 sec
‘Pulse width: 7 psec

Number of integration times: 2000 - 5000



primary carbon are preferred, alkyl groups of 1 to 4 carbon atons are nore
preferred, and nethyl and ethyl are particularly preferred. 5 Substituents
R2,~Q-5,~,6_ R2, R4, R5 and R6 are the sanme or different and are each a
hydrogen atom a hal ogen atom or the sane hydrocarbon group of 1 to 6
carbon atons as indicated by RL. The hal ogen atomis fluor] ne, chlorlne
brom ne or 10 iodine . Substitue~t R3_ M8 is an aryl groupé%fJiULo

carbon atons, and this aryl group nay be substituted with a halogen aton1 a
hydr ocarbon group of 1 to 20 carbon atons or an organosilyl 15 group .

Exanpl es of therfi‘éy%q:' ashd "EP' ”%l%heéq a{rh% é&iﬁ’ ¥h?‘\7l enyl,

ant hr acenyl, phenan acenap
tetrahydronaphthy %ndané and bi phenylyl. O these phenyl, naphthyl
ant hr acenyeasared prendM hspﬁc5rempft@f é?fs@adammléél shet KepRy&sobar bon
groups of 1 to 20 carbon atons as the substituents of the aryl groups
i nclude: @&#«Jl Bapupdacsovielasudetshy|10 et hyB, (pPEPYD, Bulyl Ramebadll,
cycl ohexyl, octyl, nonyl, dodecyl, eicosyl, norbornyl and 25 adamantyl, I
a. 2 5J UMacbOGRodkkahglk,gtdups3 sue82ps, W nKimumeopeoayymand 26y,ct ohexenyl ,
aryl al kyl groups, such as benzyl, phenylethyl and phenyl propyl, 5 the aryl
groups5exefidg4) pd aboge,. and ot her aryl groups, such as tolyl,
di met hyl phenyl, trinmethyl phenyl, ethylphenyl, propylphenyl, nethylnaphthyl
and benzyl phenythe Exafplee obthhaear gadasidhd aBOPSEdthldebecomes 2
in case of an ethylene/a-olefin copolymer wherein both
monomers are alternatingly distributed, and it becomes 0 in
case of a complete block copolymer wherein those monomers are
10 copolymerized completely separately from each other.
When the ethylene/a~olefin random copolymer (A) having
a B value in the above range is used, a polypropylene
resin-containing flexible resin composition capable of
providing molded products having excellent flexibility and
15 heat resistance can be obtained.
The ethylene/a-olefin random copolymer (A) for use in
the invention has a gn* value of 0.2 to 0.95, preferably 0.4
to 0.9, more preferably 0.5 to 0.85.
The gn* value is defined as follows:
20 gn* = (m)/(M)blank
wherein (m) is an intrinsic viscosity measured as the
aforesaid property (ii), and (n)blank is an intrinsic

viscosity of a linear ethylene/propylene copolymer having a

weight average molecular weight (measured by a light



10 trinmethylsilyl, triethylsilyl and triphenylsilyl. yl and X2 X1 and X2
are each a hydrogen atom a hal ogen atom a hydrocarbon group of 1 to 20
carbon atons which may be substituted with a hal ogen, an oxygen-cont ai ni ng
group or a 15 sulfur-containing group. Exanples of the hal ogen atons and
t-he hydrocarbon groups are the sane as descri bed above. Exanples of the
oxygen-cont ai ni ng groups include an hyd“oxyl group; al kon 5rdth|>§2@@2h as
met hoxy, ethoxy, propoxy and butoxy; aryloxy groups, such as phenoxy, 20
met hyl phenoxy, di net hyl phenoxy and napht hoxy; and aryl al koxy groups, such

as pheny! rethoxyy ad ROERRHS! DEXKe 1BSAMBiER ShakNBrSEhbUECGBRLALD 18 O OUpS

i ncl ude substituent ereln oxygen is replaced with sul above
oxygen- cont ak ni ng. 9r.ouns; f gnat S, ¢ SHghe as,,2 t hyl sul f onat o,
trifluoro%% g%%gﬁ éo%gtgFﬁghf%% i&gﬂ%ﬂfnggog bh%ﬁy SgFfonato, N
benzyl sul f onat -t ol uenesul fgnat o, t.r.i met hyl benzenesul f.onat o,
triisobutylbenggﬁgguFPﬁngpg,v 3&ﬁﬁ6¥%ﬁaﬁie Q@%f?%%g?aogﬁéln random

pent af | uor obenzenesul f onat o; agﬁ}sulfi ato groups, such as_net hyl sul finat o,
5 phenyl s AIRNNBET PehBPFSUPFE ! Op- rolfid @s‘ib}f?t? ﬁafe{lg-cham branch
trinmethyl benzenesul fi nato and pentaf| uorobenzenesul finato. X1 and X2 are
each p?ef &¥bIBeen hbreged ahofhsr M LechhRir ocar bon group of 1 to 20 carbon
atons. 10 Y is a dival ent hydrocarbon group of 1 to 20 carbon atons, a

di val ent hal ogéHtmredhy drdcaedsre dgiscioptbe abeve2parge boh campesibidnval ent
silicon-containing group, a dival ent germani umcontaining group, -0, -CO,
-S-, -SO haviiy exddR-lent PERGahil i VaR-rapabBRAcf provi@ing (nbdedR~ i s
-2 15 hydrogen atom a hal ogen atom a hydrocarbon group of 1 to 20 carbon
ratons or @rvalwgenab£dléwy deompreesignogetofint tsmalld deraiomefiamed tidor
exanpl e, there can be specifically nentioned: dival ent hydrocarbon groups

of 1 to 2@azatmroltahsede. g. , 20 al kyl ene groups, such as nethyl ene,
di met hyl net hyl ene, 1, 2-ethylene, dinethyl-1,2-ethylene, 1,3-trinethylene,

10 Preparation of ethylene/a-olefin random copolymer (A)
The long-chain branched ethyvlene/a-olefin random
copolymer (A) having the above properties can be prepared by
random copolymerizing ethylene and an a-olefin of 3 to 20
carbon atoms in the presence of a metallocene catalyst
15 containing a specific metallocene compound.
There is no specific limitation on the metalloceﬁé
catalyst used herein, except that the catalyst contains a
metallocene compound (a). For example, the metallocene
catalyst may be formed from the metallocene compound (a) and
20 an organoaluminum oxy-compound (b) and/or a compound (c) which
reacts with the metallocene compound (a) to form an ion pair,
or may be formed from the metallocene compound (a), an
organoaluminum oxy-compound (b) and/or a compound (c) which

reacts with the metallocene compound (a) to form an ion pair,

25 and an organoaluminum compound (d).



1, 4-tetranet hyl ene, 1, 2-cycl ohexyl ene andl, 4-cycl ohexyl ene, and
aryl al kyl ene groups, such as di phenyl net hyl ene and di phenyl -1, 2- et hyl ene;
16 2 5 J IJ L 2002 hal ogenat ed hydrocarbon groups wherein the above

hydr ocar bon groups of 1 to 20 carbon atons are hal ogenated, such as

chl oronet hyl ene; dival ent silicon-containing groups, e.dg., 5

al kyl silylene, alkylarylsilylene and ar¥2silyl ene groups, nghbuiL 2002
met hyl silyl ene, dinethylsilylene, diethylsilylene, di(n-propyl)silylene,
di (i -propyl)silylene, di(cyclohexyl)silylene, nethylphenylsilylene,

di phenyl silyl ene, di(p-tolyl I £ne and di 0 chl orophenyl ) silyl ene,
and al kyl di silyl, alkyl aryl dtst34tard= ST gr oups, such as
tetramethyl -1, 2-di silyl and tetraphenyl 1,2-disilyl; and dival ent

ger mani um cont afRENGEGRIHRCS R r@PPPRRH ¢ b |§SP€p¢§€é@3ﬂH4FkﬂSrﬁ#ﬁun1|n
the above divalent silicon 15 containing groups. R- is the sanme hal ogen
atom hydr eagbehagihobpy agrched @t;fwleﬁmgh atefinorandragerrrdymeyrdr(@oar bon
group of 1 to 20 carbon atons as described above. Y is preferably a

di val ent sifbircosecam d&ihd rggouponrigp fodi exbeptl egemmamimpnugoht ai ni ng
group, nore preferably a divalent silicon-containing group, particularly
pr ef er &l yraprakkylteid Wyerntheriohl owinal Rgrmanyksi(lIlyl.ene group or an

aryl silyl ene group. Exanples of the netall ocene conpounds represented by
the 25 formula (1) include: 25 J UL 2002

rac-di met hyl si |l yl ene-bi s(4-phenyl -1 indenyl)zirconiumdichloride,

rac-di net hyl sil yl ene-bi s(1-(2-nethyl -

;-

(I)

10
In the above formula, M is a transition metal atom of
Group IVB of the periodic table, specifically titanium,
zirconium or hafnium, particularly preferably zirconium.
Substituent R1_
15 Rl is a hydrocarbon group of 1 to 6 carbon atoms, and

examples thereof include alkyl groups, such as methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-
butyl, n-pentyl, neopentyl, n-hexyl and cyclohexyl, and

alkenyl groups, such as vinyl and propenyl. Of these, alkyl



phenyl i ndenyl )) zirconiumdi chloride, 5

r.ac-di net hyl sil yl ene- bi s(2-net hyl -4-(oc-naphthyl)-1 indenyl)zirconium

di chl ori de, rac-dinethylsilylene-bis(2-nmethyl-4-((3-naphthyl)-1

i ndenyl ) zi rconi um di chl ori de,

r-ac- di met hyl si | yl ene-bi s(2-net hyl -4-(1-anthracenyl) 10 1-pngenyl) z4 ni um
di chl ori de, rac-dinethylsiIyIene-bis(2-§9thy|-4-(2-anthra2eﬁ QXJR 206?

1-i ndenyl ) zi rconi um di chl ori de,

rac-di nmet hyl sil yl ene-bi s(2-net hyl -4-(9-ant hracenyl) 1-indenyl)zirconium

dichl ori deyrddps AGndLEThNthel o2 mﬂ{ﬁ%@yéhél éﬁgeﬁgmagf;%&yh)yjﬁ 4 (p

1-i ndenyl) |rcon|un1d|ch oride, rac

fluor ophe # %y?nggp E%Z§£%E$%8?Egk§glogig§l groups of 1 to 4 carbon

rac-di net ene-brs(

t af h d di
ﬁggnd?negorqugggﬁ% mB#E(grﬁgFﬁk]c n|u H$%¢B%Léﬂ9?)eihyﬁdgﬁ§l)Z|rconlum
di chl oride, rac-djnethylsilylene- bIS(2 met hyl - 4-(m
chl or opher@‘?’5tllc‘|1#a§ﬂ1yl Pfr“—;f@éﬁie&m dichloride, 18 Z5 ~J UL Z002

rac-di net hyl si |l yl'ene bISéZ thyl. 9- chl orophenyl ) - 1-i ndenyl ) zi r coni um
dichlo?ide{u%@@m%' ené» j net hyl - 4- (o, p

di chl or ophenyl ) pheny ndenyl)2|rconlun1d|chlor|de 5

rac-di met hyl si | erFe-,blé( angeRfRyare-the M@opﬁeﬁylffexemﬁdéﬁyll jzereaahum
di chl oride, rac-dinethylsilylene-bis(2-nethyl-4-(p-tolyl)-1

i ndenyl) zia ydinggedi eftloor,i dehalogen atom or the same hydrocarbon group
,rac-di met hyl silyl ene-bis(2-nethyl-4-(mtolyl)-1 10 indenyl)zirconium
~di chl ori degf rlactali 6etaybshl gktems- biss (2dimtatdd by Rl ol yl ) -

The halogen atom is fluorine, chlorine, bromine or

10 iodine.
Substituent R3_

R3 is an aryl group of 6 to 16 carbon atoms, and this
aryl group may be substituted with a halogen atom, a
hydrocarbon group of 1 to 20 carbon atoms or an organosilyl

15 group.

Examples of the aryl groups include phenyl, a—naphthyl,
B-naphthyl, anthracenyl, phenanthryl, pyrenyl, acenaphthyl,
phenalenyl, aceanthrylenyl, tetrahydronaphthyl, indanyl and
biphenylyl. Of these, phenyl, naphthyl, anthracenyl and

20 phenanthryl are preferred.

Examples of the hydrocarbon groups of 1 to 20 carbon atoms
as the substituents of the aryl groups include:

alkyl groups, such asmethyl, ethyl, propyl, butyl, hexyl,

cyclohexyl, octyl, nonyl, dodecyl, eicosyl, norbornyl and

25 adamantyl,



i ndenyl ) zi rconi um di chl ori de, rac-dinethylsilylene-bis(2-nmethyl-4-(0,0
di net hyl phenyl ) - 1-i ndenyl ) zi rconi um di chl ori de, 15

rac-di met hyl si |l yl ene-bi s(2-net hyl -4-(p-ethyl phenyl) 1-indenyl)zirconium
di chl oride, rac-dinethyl silyl ene-bis(2-nethyl-4-(p-i

pr opyl phenyl ) - 1-i ndenyl ) zi r coni um di chl ori de,
rac-di net hyl silyl ene-bi s(2-nethyl-4-(p 26 benzylphenyl)-12£%déu¢+2902conium

di chl ori de, rac-di nmethyl silyl ene-bis(2-nmethyl-4-(p-biphenyl)-1
i ndenyl ) zi rconi um di chl ori de,

rac-di met hyl si | yhenrenhl s hysaén( gsbiRheny! Jsrbddifgnydngi rconi um
di chl ori de, 19 2 5-%1 Sﬂ L '%%2 r%c?digknet hy?sqiyl g/plrtjaorge- bi S(AZI%%ret hyl -4-(p

trimethyl si.lyl %ggqﬂwl)-l-indenyl)zirconiun1dich|oride,
rac-dineth?&gﬁﬁylene-bﬂs(2-nethy|-4-(m
hl or.i de

trinethylsilyle epﬁé | ) 1-i ndeny! ) zi.r coni um di
r ac- di net hyl si | ;%ré’ 5‘%3)3]( SGHERA - l-l%he%?l Behizy énﬁ*beﬂyrjc%rﬂi(ﬂm%‘?%m ori de,
rac-diethyléiI&Iene-bis(2-nethy|-4-pheny|-1 i ndenyl ) zi rconi um di chl ori de,
rac-di (i - pPBEYMETRYEe- bi s( 2- met hyl - 4-phenyl -1 10 i ndenyl ) zi r coni um
di chl orj de, rac-di (n-butyl siIglene-bisgz-nethyl-4-phenyl-1
i ndenylP) zi r coni GRtdPEM oG piipPs exemplified above, and
rac-di cycl ohexyl sil yl ene-bi s(2-net hyl - 4-phenyl -1 i ndenyl ) zi r coni um
di chloride, 15 PhbereWipEiRuRg 4 yiemk- Bpstolydy hgimethydphenyl,
i ndenyl ) zi rconi um di chl oride, rac-diphenylsilylene-bis(2-nethyl-4-phenyl-1
i ndenyl ) zi Exdnetydipdieingili,dethylphenyl, propylphenyl, methylnaphthyl
rac-di (p-tolyl)silyl ene-bis(2-nethyl-4-phenyl -1
b and benzylphenyl.
Examples of the organosilyl groups include
10 trimethylsilyl, triethylsilyl and triphenylsilyl.
X1_and x2
x1 and X2 are each a hydrogen atom, a halogen atom, a
hydrocarbon group of 1 to 20 carbon atoms which may be
substituted with a halogen, an oxygen-—-containing group or a
15 sulfur-containing group. Examples of the halogen atoms and
the hydrocarbon groups are the same as described abovéi
Examples of the oxygen—-containing groups include an
hydroxyl group; alkoxy groups, such as methoxy, ethoxy,
propoxy and butoxy; aryloxy groups, such as phenoxy,
20 methylphenoxy, dimethylphenoxy and naphthoxy; and arylalkoxy
groups, such as phenylmethoxy and phenylethoxy.
Examples of the sulfur-containing groups include
substituents wherein oxygen is replaced with sulfur in the

above oxygen-containing groups; sulfonato groups, such as

25 methylsulfonato, trifluoromethanesulfonato,



20 i ndenyl ) zirconium di chl ori de,

rac-di (p-chl orophenyl)silyl ene-bi s(2-nethyl -4 phenyl -1-indenyl ) zirconi um
di chl ori de, rac-nethyl ene-bis(2-nethyl-4-phenyl-1 indenyl)zirconium

di chl ori de, 20 2 5 J UL 2002 rac-ethyl ene-bi s(2-nethyl -4-phenyl -1
i-ndenyl ) zi rconi um di chl ori de, rac-dinethyl gernyl ene-bi s@2gmethyl sdzphenyl -1
i ndenyl ) zirconiumdi chl oride, 5 15 225 JUK 260?

rac- di met hyl st annyl ene- bi s( 2- net hyl - 4- phenyl -1 i ndenyl ) zi r coni um

di chl ori de, rac-dinethylsilylene-bis(2-nethyl-4-phenyl-1 indenyl)zirconium
di brom de, rac-dinmethylsilylene-bjs(2-nmethyl-4-phenyl-1 10

i ndenyl ) ziRRSRY LFRdLRBEAP!, br%ﬂ?%?@’l‘%?’gyl @ﬁEQEP§(‘2-Sh’é{ﬁf%ﬂaQP'phPrj -1

i ndenyl ) zi rconi um net hyl chl ori de, o

rac- di met ¥ Eneyhphbepizenzsydifipnata phiehii sabuhdéhgngenesedifianatt ori de
S02Me, 15 rac-di nethyl silyl ene-bi s(2-nethyl -4-phenyl -1 indenyl)zirconium
chl ori de Q@EO2NMeorohendemetstlfKinatermndipéitdLleohpbedzenesul fonato;
phenyl i ndenyl )) zi rconi um di chl ori de,

rac-di net midi syl ehrabbs gtopsst e -4 ROthppbahyli handenyl )) zi r coni um

di chloride, rac-dinethylsilylene-bis(1l-(2-ethyl-4-(~3

napht hygl ) igideaiyl 3h 2 aafoyMbdinedigildeinato, p-toluenesulfinato,

rac-di met hyl silyl ene-bis(1-(2-ethyl-4-(2-methyl-1

napht hyl ) itdignest By ZbeA2BhemudifaNadd ded pedtaZlBotdBdn 2 sulfinato.

X1l and X2 are each preferably a halogen atom or a
hydrocarbon group of 1 to 20 carbon atoms.
Y
10 Y is a divalent hydrocarbon group of 1 to 20 carbon atoms,
a divalent halogenated hydrocarbon greup of 1 to 20 carbon
atoms, a divalent silicon-containing group, a divalent
germanium-containing group, -0-, -CO-, -S-, -SO-, -SO2-,
-NR7-, -P(R7)~-, -P(0) (R7)-, -BR7- or -AlR7- (where R7 is a
15 hydrogen atom, a halogen atom, a hydrocarbon group of } to
20 carbon atoms or a halogenated hydrocarbon group of 1 to
20 carbon atoms).
For example, there can be specifically mentioned:
divalent hydrocarbon groups of 1 to 20 carbon atoms, e.g.,
20 alkylene groups, such as methylene, dimethylmethylene,
1,2-ethylene, dimethyl-1,2-ethylene, 1,3-trimethylene,
1,4-tetramethylene, 1,2-cyclohexylene and 1, 4-cyclohexylene,

and arylalkylene groups, such as diphenylmethylene and

diphenyl-1,2-~ethylene;



rac-di nmet hyl silyl ene-bi s(1-(2-ethyl-4-(5 acenaphthyl)indenyl))zirconium
di chl oride, rac-dinethylsilylene-bis(l-(2-ethyl-4-(9

ant hracenyl )i ndenyl)) zi rconium di chl oride, 5

rac-di nmet hyl sil yl ene-bi s(1-(2-ethyl-4-(9 phenanthryl)indenyl))zirconium
di chl ori de, rac-dinethylsilylene-bis(1l-(2-ethyl-4-(0  ~
nethylphenyl)indenyl))zirconiun1dich|or% 2 5 u“JL 2002

rac-di met hyl silyl ene-bi s(1-(2-ethyl-4- (n110 nethylphenyl)indenyl))zirconium
di chl oride, rac-dinethylsilylene-bis(1-(2-ethyl-4-(p

met hyl phenyl )i I rlﬂg5

r ac- di et hyl si [}gar en%e);ﬁb%{:s%ﬁ féga %a(}:% Qm( ups wherein the above

di met hyl p zi rconj OH

r ac- di met R’W%ﬁ‘% Xbc%%?li %20 ?ﬂ]y dn atoms are halogenated,
dlneghylgheqé})lnden %%%%ééggnégg;ﬁlzhkgrgde

rac-di me éﬁék -
dlnethylphenyl%&rdenyl))2|rconlun1gkchlor|de

rac- di met hyl si |94kt sgil{gorrRpntaining grgips, e.g9.,
tr|nethylphenyl)lndenyl))2|rconlun1d|chlor|de

r ac- di fret Imliksilsd lareene s (al kplarkisidylenshiand phenys ) I wiieng! Yypipsoni um
di chl oride, rac-dinethylsilylene-bis(1-(2-ethyl-4-(m
chlorophemykyimdemﬂqmyﬁskiyiemedidhmethyésilyZEnz,SdieWhyLaﬂmylene,
rac-di net hyl silyl ene-bi s(1-(2-ethyl-4-(p chl orophenyl)indenyl))zirconium

di chl ori deli (repmbipyel hyi byl ghepedhi(dCbriopyat) e kvl 3
.dichl orophenyl)indenyl))zirconiumdichloride, 5

rac-di met il (@yioll el s il Y Perehymed4hyd phenylsilylene,

di chl orophenyl )i ndenyl )) zi rconi um di chl ori de,

rac- di met aypsidnylieieriend, (i ephybidif3iiylene and di (p-
di chl orophenyl )i ndenyl )) zi rconi um di chl ori de,

10 chlorophenyl)silylene, and alkyldisilyl, alkylaryldisilyl
and aryldisilyl groups, such as tetramethyl-1,2-disilyl and
tetraphenyl-1,2-disilyl; and

divalent germanium-containing groups wherein silicon is
replaced with germanium in the above divalent silicon-

15 containing groups.

R7 is the same halogen atom, hydrocarbon group of i to
20 carbon atoms or halogenated hydrocarbon group of 1 to 20
carbon atoms as described above.

Y is preferably a divalent silicon-containing group or

20 a divalent germanium~containing group, more preferably a
divalent silicon-containing group, particularly preferably
an alkylsilylene group, an alkylarylsilylene group or an
arylsilylene group.

Examples of the metallocene compounds represented by the

25 formula (I) include:



rac-di met hyl silyl ene-bis(1-(2-ethyl-4-(2 10 bronophenyl)indenyl))zirconi um
di chloride, rac:-dinethylsilylene-bis(1l-(2-ethyl-4-(3

br onophenyl )i ndenyl )) zi rconi um di chl ori de,

rac-di nmet hyl sil yl ene-bi s(1-(2-ethyl-4-(4 bronophenyl)indenyl))zirconium
di chl oride, 15 rac-dinethylsilylene-bis (2-ethyl-4-(4
b|phennyI)|ndenyl))2|rconlun1d|chlor|dgi 2'5,JLJL 2002
rac-di met hyl silyl ene-bis(1-(2-ethyl-4-(4

trinmethyl silyl phenyl)indenyl))zirconiumdichloride,

rac-di net hyl si | yaenetimet(ly X 2t Inl eneppi s 44 2phphgdylli-ndenyl ) ) zi r coni um

di chl oride, rac-dinethylsilylene-bis(l-(2-n-propyl-4-(a

napht hyl ) i deeleyly)l))z irreeom iumm d:iibdiihbds'rﬂde,

rac-di nmet hyl sil yl ene-bi s(1-(2-n-propyl-4-((3 naphthyl)indenyl))zirconium
dichloride,  23a¢-2ihdth 2002 ene-bis (1-(2-methyl-4-
rac-di net hyl sil yl ene-bi s(1-(2-n-propyl-4-(2-nethyl

1-napht hyl ), haq?mln)d)&imqrul%&sf&moaiéﬁl?rlde

rac-di met hyl si 'yl ene-bi s('1- (2-n-propyl -4-(5 acénapht hyl )i ndenyl )) zi r coni um

di chlorg de, 5 ragy g;osm £2 Alh@r@ﬁ'ﬂsld%n@mww' & dphthyl) -1-

anthracenyl)lndeny

di met h 4-(9 phenanthryl )i ndenyl i
i on ori dePPand ?%&r@ﬂ%]ﬁ““delﬁce YA (2! Brapyl -4 qo) | reenam

phenyllndenyl))2|rcgnlugldlchlorlde

rac-di net hyl sil §F8n ! %ylqubépﬁlsél(%afn?\té%%h@ )‘Pn&@%%yz]l) Coni um

(dichlorid hy : 2-i - |-4-((3
apht hyl )1 HRORGHY) Freh Mcﬂ% e 15 oy

rac-di met hyl sil yl ene-bi s (2-1-prop
9-naph;hy|)inde%9Ff?iWF& lﬁﬁ%?%ﬂﬂ%ﬁ%%ﬁ# ethyf— 4~ (l-anthracenyl) -

10 1-indenyl)zirconium dichloride,
rac-dimethylsilylene-bis(2-methyl-4-(2-anthracenyl) -
l-indenyl) zirconium dichloride,
rac-dimethylsilylene-bis (2-methyl-4-(9-anthracenyl) -
l1-indenyl) zirconium dichloride,
15 rac-dimethylsilylene-bis(2-methyl—-4-(9-phenanthryl)-
l-indenyl)zirconium dichloride,
rac~-dimethylsilylene-bis(2-methyl—-4- (p-
fluorophenyl) -1-indenyl) zirconium dichloride,
rac—-dimethylsilylene-bis(2-methyl-4-
20 (pentafluorophenyl)-1-indenyl) zirconium dichloride,
rac-dimethylsilylene-bis (2-methyl-4-(p-
chlorophenyl)-1-indenyl)zirconium dichloride,
rac-dimethylsilylene-bis (2-methyl-4- (m-

chlorophenyl)-1-indenyl) zirconium dichloride,



rac-di met hyl silyl ene-bi s(1-(2-i-propyl-4-(5 acenaphthyl)indenyl))zirconi um
di chl oride, rac-dinethylsilylene-bis(l-(2-i-propyl-4-(9 20

ant hracenyl )i ndenyl )) zi rconi um di chl ori de,

rac-di nmet hyl silyl ene-bis(1-(2-i-propyl-4-(9 phenanthryl)indenyl))zirconium
di chl oride, rac-dinethylsilylene-bis(1-¢g-s-butyl-4

phenyl i ndenyl )) zi rconi um di chl ori de, gg 25J UL 2002 25JUL 2002
rac-di met hyl silyl ene-bi s(1-(2-s-butyl-4-(a naphthyl)indenyl))zirconium

di chl oride, rac-dinmethylsilylene-bis(1-(2-s-butyl-4-((

napht hyl ) i ndenyle)zidicmtihyi sli tpl enedbist2-methyl-4~ (o-

rac-di net hyl silyl ene-bi s(1-(2-s-butyl-4-(2-nmethyl-1

napht hyl ) i edeophd ﬂgmm:@a@ﬁ%Mhﬂ@conium dichloride, _ _
rac-di nmet hyl sil yl ene-bi s(1-(2-s-butyl-4-(5 acenaphthyl)indenyl))zirconium

di chl ori de, racr@dngﬂﬂggﬂ§3§fiV&é%?Léiggzsmgﬁh¥h=ﬂ=Q%,BQ

e vty rispdad oo
i oni o de i FLACERRRH PRI hadni?) RIZERRRGY iicRIBIIA,
Sl i Mo —
ng?é!ngﬁﬁyiy??rzggfgﬁﬁiﬂ%%ﬁEﬁaf%iff;?e, 20 Z ht hyl )i ndenyl )) zi rconi um
dichlorideY rac¥8FﬁgﬂWﬁQ§ﬁﬁﬁ¥%ﬁi%ﬂ IQ%fggﬁmﬁﬁgyﬁfﬂf%?étogylx'AL

.hapht hyl )i ndenyl )) zi.rconi um di chl ori de,
Pgﬁﬁyﬁi

rac- di met hy gersesdtmy Aiehryide. (2- met hyl - 1

napht hyl )i ndenyl )) zi rconi um di chl ori de

rac-dimethylsilylene-bis (2-methyl-4- (m-tolyl)-1-
10 indenyl)zirconium dichloride,
rac-dimethylsilylene-bis(2-methyl-4-(o-tolyl)-1-
indenyl) zirconium dichloride,
rac~dimethylsilylene~-bis(2-methyl-4-(o0,0"'~-
dimethylphenyl)-1-indenyl) zirconium dichloride,
15 rac-dimethylsilylene-bis(2-methyl-4-(p-ethylphenyl) -
l-indenyl) zirconium dichloride,
rac-dimethylsilylene-bis(2-methyl-4- (p-i-
propylphenyl)-l1-indenyl) zirconium dichloride,
rac-dimethylsilylene-bis(2-methyl-4-(p-
20 benzylphenyl)-1l-indenyl)zirconium dichloride,
rac~dimethylsilylene-bis(2-methyl-4- (p-biphenyl)-1-
indenyl) zirconium dichloride,
rac-dimethylsilylene-bis(2-methyl-4- (m-biphenyl)-1-

indenyl) zirconium dichloride,



25J U~ 2002 25 rac-dinethylsilylene-bis(1-(2-n-butyl-4-(5

acenapht hyl )i ndenyl )) zi rconi um di chl ori de,

rac-di met hyl silyl ene-bi s(1-(2-n-butyl-4-(9 anthracenyl )i ndenyl)) zirconium
dichloride, 5 rac-dinethylsilylene-bis(l-(2-n-butyl-4-(9

phenant hryl )i ndenyl )) zi rconi um di chl ori ge,
rac-dinethylsiIerne-bis(l-(2-i-buty|-4ﬂ%henylindenyl))ziégantu%L 2002
di chl oride, rac-dinmethylsilylene-bis(1-(2-i-butyl-4-(a 10

napht hyl )i ndenyl )) zi rconi um di chl ori de, rac-dinethylsilylene-bis (1-

(2-i-buty' L-4- gh3-aaphitny)d idenyhe Bl ¢ ¢RAmEEhgiLchl-qg-de,
rac-di net hyl silyl ene-bis(1-(2-i-butyl-4-(2-nmethyl-1

naphthyl)iﬂggﬂgkhblgwyyﬁéﬂﬂﬁﬂ_ Pfiﬂeinaéhyl)zirconium dichloride,
rac-di methyl silyl éne-bi's(1-(2-i-butyl-4-(5 acenaphthyl)indenyl))zirconium

dichloride, * r gg_cdjb)mer%bﬁligu%%% {)@rjlg%gi:%ﬁgtnyixl4:‘{mL9

ant hracenyl )i ndenyl ) zirc

rac-di met h #?ﬁ%éh@??i@j%ékéﬁkééﬁ%ﬁﬁiﬁf%%?n??)zirconium dichloride,

phenant hry JZzrrconium
rac-di net hyl si |yl eng- bi i&- 2-neopent .yl - 4 ph@n I'Q?gn IQ i rrconi um
di chl ori de, racgﬁfnéfﬂﬁﬁ'ﬂ%ﬁ%ﬁé@%ﬁ%ﬂ%&?ﬁgﬁ% %éﬁ#y -E¥€ bﬁ-1~
naphthyl)indénﬁliiztrconhun1dﬂc | oride, 26 2 5 J UL 2002
rac- di net hYPSFRYeAEIHPEEET 24 2% phenyl i ndenyl )) zi rconi um
di chl ori de, rac-dinethglsiIylene-bis(l-{z-n-hex¥l-4-ga
napht hyl ) i ndenyF§§zfieshvdmidivdiangiRie (4 methyl-4-phenyl-1-
,rac-met hyl phenyl si |l yl ene-bi s(1-(2-ethyl-4
indenyl) zirconium dichloride,
rac-di (i-propyl)silylene-bis (2-methyl-4~-phenyl-1-
10 indenyl)zirconium dichloride,
rac-di (n-butyl)silylene-bis(2-methyl~4-phenyl-1-
indenyl) zirconium dichloride,
rac-dicyclohexylsilylene-bis (2-methyl-4-phenyl-1-
indenyl) zirconium dichloride,
15 rac-methylphenylsilylene-bis (2-methyl-4-phenyl-1-
indenyl) zirconium dichloride,
rac—diphenylsilylene—bis(2—methyl—4—phenyl;l—
indenyl) zirconium dichloride,
rac-di (p-tolyl)silylene-bis(2-methyl-4-phenyl-1-
20 indenyl)zirconium dichloride,
rac-di (p-chlorophenyl)silylene-bis (2-methyl-4-
phenyl-l-indenyl) zirconium dichloride,

rac-methylene-bis (2-methyl-4-phenyl-1-

indenyl)zirconium dichloride,



-~

phenyl i ndenyl )) zi rconi um di chl ori de,

r.ac- met hyl phenyl si | yl ehe-bi s(1-(2-ethyl-4-(a naphthyl)indenyl))zirconium

di chl ori de, rac-nethyl phenyl silyl ene-bis(1-(2-ethyl-4-(9 10

ant hracenyl )i ndenyl )) zi rconi um di chl ori de,

r-ac- met hyl phenyl si | yl ene-bi s(1-(2-ethyl-4-(9 phenant hr I%igiﬁgyﬁddiirconiun1
di chl ori de, rac-di phenyl silyl ene-bis(1-202-ethyl -4 phenél n I rconi um
di chl oride, 15 rac-di phenylsilylene-bis(1l-(2-ethyl-4-(a

napht hyl )i ndenyl )) zi rconi um di chl ori de,

rac-di phenyl si | ne:- b -(Z-ethyl -4-(9 anthracenyl)indenyl))zirconium
di chl ori de, raé¥%$p§%ﬁ¥$§%Fyﬁéﬁégbﬁ§%¥5%2%£ﬂﬂ®$@%f(g 20
phenant hryl )i ndenyl ))zirconi um di.chl.ori de,
rac- di pheﬂﬁi%wfiﬁﬁwgwm( g‘-l r-lzi{e(r4 bi phenyl yl )i ndenyl )) zi rconi um
di chl ori de, rac-nethyl ene-bis(1-(2-ethyl-4 phenylindenyl))zirconium
dichloride,  ZXarjdimgthypgerpydepsriiiscidetntdinl(s-rhagylalca
napht hyl )i ndenyl ) ) zirconi umdichloride, rac-ethylene-bis(1-(2-ethyl-9
phenyl i ndémdAenyz ¥ zbr¢eniuncAlehle&id® r ac- et hyl ene- bi s(1- (2-et hyl -4-(a
napht hyl )i ndenyl )) zi rconi um di chl ori de, rac-ethyl ene-bis(1-(2-n-propyl-4-(a
napht hyl ) i ndenylgg-=i i vihs iaohiydenge b isd@-diatdtyhi+ 4epngh v bi- 3¢ 1- ( 2- et hyl - 4
10 phenylindenyl)) zirconi um di chl ori de,
rac- di met hyldgeryiy) z brsdrii - i biill o4ide ,napht hyl ) i ndenyl ) ) zi r coni um
di chl oride, and rac-di nmet hyl gernyl -bi s(1-(2-n-propyl -4
rac-dimethylsilylene~bis (2-methyl-4-phenyl-1-
indenyl) zirconium dibromide,
rac-dimethylsilylene-bis(2-methyl-4~-phenyl-1-
10 indenyl)zirconium dimethyl,
rac—-dimethylsilylene-bis (2-methyl-4-phenyl-1-
indenyl) zirconium methylchloride,
rac—-dimethylsilylene-bis(2-methyl-4-phenyl-1-~
indenyl) zirconium chloride SO2Me,
15 rac-dimethylsilylene-bis(2-methyl-4-phenyl-1-
indenyl) zirconium chloride 0SO2Me,
rac-dimethylsilylene~-bis(1-(2-ethyl-4-
phenylindenyl) ) zirconium dichloride,
rac-dimethylsilylene-bis(1-(2-ethyl-4- (o~
20 naphthyl)indenyl))zirconium dichloride,
rac-dimethylsilylene-bis(1-(2-ethyl—-4- (-
naphthyl)indenyl) ) zirconium dichloride,

rac-dimethylsilylene-bis (1~ (2~-ethyl-4-(2-methyl-1-

naphthyl) indenyl) ) zirconium dichloride,



phenyl i ndenyl )) zi rconi um di chl ori de. 15 Conpounds wherein zirconiumis
replaced with titaniumor hafniumin the above conpounds are al so

enpl oyable. In the present invention, a racem c nodification of the

ne conpound is usually used as the catal yst conponent, but R-form

of S-formmy be used. 20 In the present invention, the nﬁoallo%ﬁﬂiz
2 Ki nds.

net al | oce

conpounds

ment i oned above may be used i2l conbi nation of

Such netal | ocene conpounds can be prepared in accordance with European

Pat ent No.
pp. 63-67.
by the fo
formula (
met al of

is a deri
geonetric

0, 320, 762A and Journal of 25 Crganonetallic Chem 288 (1985),

il a B gamﬁéﬁgﬁls%gﬁlee% %E stazﬁt GA ”?EE”?'O[ Toving
5 M
crbpaph: B9 RBeBbaad v tah b ?ﬂacniBaﬁ %1 T ant hani o cerfes. La

vative of a'delocalyzed ~-bong|g? roup and inparts a restraint
shaper#e-gheesbyiled lyilenefbis aethylada (Bo each X is

i ndependently a hydrogen atom a hal ogen atom a hydrocarbon group having

20 or les
a gernyl

sagbhbanenay b ndenyill)y|z igrespi travilhgh 20rédel,ess silicon atons,
group having 20 or |ess germanium atons. O the conpounds

or

represént ed by the-fbmethglelilylemetdbicohpo(detibplederited by the fol |l owi ng

f ormul a~(

=~

10

15

20

[11) is preferable. ZY Co M\ ~2 (Il1l) 20
phenanthryl)indenyl))zirconium dichloride,

rac-dimethylsilylene-bis(1-(2-ethyl-4-(o-
methylphenyl)indenyl) ) zirconium dichloride,
rac-dimethylsilylene-bis(1l-(2-ethyl-4~ (m-
methylphenyl) indenyl) ) zirconium dichloride,
rac~-dimethylsilylene-bis(1-(2-ethyl-4-(p-
methylphenyl) indenyl) ) zirconium dichloride,
rac-dimethylsilylene-bis(1l-(2~-ethyl-4-(2,3-
dimethylphenyl)indenyl) ) zirconium dichloride,
rac-dimethylsilylene-bis(1-(2-ethyl-4-(2,4~
dimethylphenyl)indenyl) ) zirconium dichloride,
rac-dimethylsilylene-bis(1-(2-ethyl-4-(2,5-
dimethylphenyl)indenyl))zirconium dichloride,
rac-dimethylsilylene-bis(1l-(2-ethyl-4-(2,4,6-
trimethylphenyl)indenyl))zirconium dichloride,
rac-dimethylsilylene-bis(1-(2-ethyl-4-(o-
chlorophenyl) indenyl) ) zirconium dichloride,
rac~dimethylsilylene~-bis (1-(2-ethyl-4-(m-

chlorophenyl)indenyl) ) zirconium dichloride,



29 25 J UL 2002 In the above forrmula, Mis titanium zirconium or
hafnium and X is the sane as above. Cp is ~-bonded to Mand is a
substituted cycl opentadi enyl group having a substituent Z or its
derivative. 5 Z is oxygen, sulfur, boron or an elenent of G oup |IVA of the
periodic table. Y is a |igand containing nitrogen, phosEﬁgrus, oxygen or

sulfur. Z and Y nmay together forma comgpensed ring. 10 mHSHgZUOZhe
net al | ocene conpounds represented by the formula (111) i nclude:

(di nmet hyl (t-butyl am do) (tetranet hyl -~5 cycl opent adi enyl)silane)titanium
dichloride, ((t-butylam do)(tetramethy]-~5-cyclopentadi enyl) 15

2, 2- et hanedi yl ) FREaRLBREAYAR gy Irne (i Hekiz (- e tDylir§rdrido)
(tetramethyl -r~5 cycl opent adi enyl )sil ane)titanium dichloride, (dinethyl
(t-butyl antldbyrepbenydetimdenydd it epeiumdi eyl psitane) di benzyl titani um
20 (dinmethyl (t-butylam do) (tetranethyl-t15

cycl opent adi enytast+Hanerdiytetilyitarterbiiafl~ (2-ethyl-4- (2, 3-

((t-butylam do) (tetranethyl -r~5-cycl opent adi enyl)

1, 2- et hanedli gt ) d-bphzyikili)iavdietinl) ) zirconium dichloride,

((methyl am do) (tetranet hyl -r) 5-cycl opent adi enyl )-1,2 25

et hanedi yl ) di nepperE YhkkthglisuMyl end-bd H(1)- (B Le OPR-4- (2, 6-
((phenyl phosphi do) (tetranmet hyl -r)5

cycl opent aﬂi@@y&wﬁheﬁ@%@iemnwztiixt@mium dichloride,
(di benzyl (t-butyl am do)(tetranmethyl-r)5
cycl opent adi eny}3 Ly anetAlR8RA Y bnle@biWP1- (2-ethyl-4-(3, 5-
dichlorophenyl)indenyl))zirconium dichloride,
rac-dimethylsilylene-bis(1l-(2-ethyl-4-(2-
10 bromophenyl)indenyl))zirconium dichloride,
rac—dimethylsilylene-bis(1-(2-ethyl-4-(3-
bromophenyl) indenyl))zirconium dichloride,
rac—-dimethylsilylene-bis (1-(2-ethyl-4-(4-
bromophenyl)indenyl))zirconium dichloride,
15 rac~dimethylsilylene-bis (1~ (2-ethyl-4-(4-
biphenylyl)indenyl))zirconium dichloride,
rac-dimethylsilylene-bis (1-(2-ethyl-4-(4-
trimethylsilylphenyl)indenyl))zirconium dichloride,
rac~dimethylsilylene-bis (1l-(2-n-propyl-4-
20 phenylindenyl))zirconium dichloride,
rac-dimethylsilylene-bis(1-(2-n-propyl-4-(a-
naphthyl)indenyl))zirconium dichloride,
rac-dimethylsilylene-bis(1-(2-n-propyl-4-(p-

naphthyl) indenyl) ) zirconium dichloride,



5 (dinmethyl (benzylam do) (r-~5

cycl opent adi enyl )silane)di (trimethylsilyl)titani um

(di met hyl (phenyl phosphi do) (tetranet hyl -t 15

cycl opent adi enyl ) si | ane) di benzyl titani um

({tetranet hyl -r~5-cycl opentadi enyl )-1,2 10 et hanedi yl)di benzy
(2-~5-(tetranet hyl -cycl opent adi enyl ) - 1- @8t hyl 2 J
et hanol at e(2-)) di benzyl titani um
(2-t15-(tetramet hyl - cycl opent adi enyl ) - 1- net hyl

et hanol ate(2-))dinethyltjtaniu 15 (2-. (,(4a, 4b, 8a,.9 -t

Coh T uor one. b eyt nhbhahst Tvathe Fset i v Trda - dnbe-methy1 -
(2-((4a,4b,8a,9,9a-~i-9k+f|uorene-9 ) . )

yl) cycl ohexXatARREL YL ) JRf8RK ) ilrsandi™ (hi¢heebid/ent invention, the

met al | ocene conpounds, 20 represented by the fornmula (11) nmay be used in
conbi nati on OftR@FTﬁlm@ﬁ@YEﬁhéylenﬁrﬁ@@dHTG&?ﬂﬂRFﬁRxhp%Uhﬁs are given
above as exanples of the netall ocene conpounds, conpounds wherein titanium
i s repl acedaginaplxihybhindeoylhakiireonivn kst looniptainds are al so 25

enpl oyabl e. 25 J UL 2002 The conpounds nentioned above may be used
singly br in comzaratimetioflsibydenaebea skilrdL~-rGp ndpey Ivet-a{9-ocene conpounds
menti oned above, the netall ocene conpound represented by the fornula (1) is
5 pref er ablan itk ény I hengeepay aki eaodfi vidhelilag it N br anched

et hyl ene/ a- ol efin random copol ymer (A). r °~ The organoal um num oxy- conpound
(b) for use in the-diwdth Phs TBY1 88eabliBi(neX2Re -pirddpst-a kpwn or such a 10
,benzene-insol ubl e organoal um num oxy-conpound as exenplified in Japanese

‘Patent Lai gh@@rmdPub}l Caid&my D) zirconium dichloride,

I taMfm

JL'%0

rac~dimethylsilylene-bis(l-(2-i-propyl-4-
10 phenylindenyl))zirconium dichloride,
rac-dimethylsilylene-bis (1-(2-i-propyl-4- (a-
naphthyl)indenyl) ) zirconium dichloride,
rac~dimethylsilylene-bis (1-(2-i-propyl-4-(fi—-
naphthyl)indenyl))zirconium dichloride,
15 rac-dimethylsilylene-bis(1-(2-i-propyl-4-(8-methyl-
9-naphthyl)indenyl))zirconium dichloride,
rac-dimethylsilylene-bis (1~ (2-i-propyl-4-(5-
acenaphthyl) indenyl) ) zirconium dichloride,
rac-dimethylsilylene-bis(1-(2-i-propyl-4-(9-
20 anthracenyl)indenyl))zirconium dichloride,
rac-dimethylsilylene-bis(1-(2-i-propyl-4-(9-
phenanthryl)indenyl)) zirconium dichloride,
rac-dimethylsilylene-bis(1l-(2-s-butyl-4-

phenylindenyl)) zirconium dichloride,



78687/ 1990. The hitherto known al urni noxane can be prepared by, for

exanpl e, the foll ow ng processes. 15 (1) An organoal um num conpound such as
trialkylalumnumis added to a hydrocarbon nedi um suspensi on of a conpound
cont ai ni ng adsorption water or a salt containing water of crystalllzatlon
e. g., mgnesium chloride hydrate, coppeg sul fate hydratedz fate
hydrate, nickel 20 sulfate hydrate or ?ous chl oride hydrate, to allom/the
or ganoal um num conpound to react with the adsorption water or the water of
crystallization, and the al um noxane is recovered as a hydrocarbon

solution. (2) WQ%%“dlﬁ?ﬁﬁk&§f4§ieﬂép qblgmegu§9_2 58gtly 25 act on an

or ganoal um num conpoun trial a um num UL .2002 in a
medi um suc ene h etrahydrofuran and the
aluninoxang %%tgegé é?%ﬁp Zh§ﬁ?8&é@b§%cgépﬁﬁl (3) An organotin oxide
such as dinethyltin gxi dj butyltin.o de s allowed to react with an
or ganoal um num &6fp (ﬁiﬂéﬁh&iﬁ%&yi?n%T?§Fgﬂ i Ya 1fediRim such as
decane, benzene or. tol uene, .- Iunlnoxane may contain a snmall anount
of an orgaﬁéﬁ@FQM%R}QQﬁﬁﬁﬂk%ﬁlr??n%gmagéﬁ 40&iP8hl e to distill 10 off the
sol vent_or the unreacted organoal um num conpound fromthe recovered

sol utioh of al uNPRoLHME YIS ohiekensy b8l 53 6F vAngutd en@-metrhy b b

solvent. Exanples of the organpalun]nun1eongoupds used for preparing the
al umi noxaneaphthyde ingenylJal ki eoniimudtchéachdas tri met hyl al umi num
triethylalum num tripropylalumnum triisopropylalum num
tri-n-butyl al unraomd imetihgdisut hy Jsdner sy 1+ (2 ~sebubytlyldal (5" num
Jtri-tert-butylalum num tripentylalumnum trihexylal um num
vtrioctyl al agenaphahg 1t) incogt 1) Jund reon 1 @0 dichyokdadkkyl al um nunms, such as
tricycl ohexyl al um num and tricycl ooctyl al um num-
rac—dimethylsilylene-bis (1-(2-s-butyl-4-(9-
10 anthracenyl)indenyl))zirconium dichloride,
rac-dimethylsilylene-bis(1-(2-s-butyl-4-(9-
phenanthryl)indenyl))zirconium dichloride,
rac—-dimethylsilylene-bis(1-(2-n-pentyl-~4-
phenylindenyl) ) zirconium dichloride,
15 rac—-dimethylsilylene~-bis(1l-(2-n-pentyl-4- (a-
naphthyl)indenyl) ) zirconium dichloride,
rac—-dimethylsilylene-bis (1-(2-n-butyl-4-
phenylindenyl))zirconium dichloride,
rac—-dimethylsilylene-bis(1-(2-n-butyl-4- (a~
20 naphthyl)indenyl))zirconium dichloride,
rac-dimethylsilylene-bis (1-(2-n~butyl-4- (-
naphthyl)indenyl))zirconium dichloride,

rac—-dimethylsilylene-bis(1-(2-n-butyl-4-(2-methyl-1-

naphthyl)indenyl)) zirconium dichloride,



di al kyl al um num hal i des, such as di net hyl al um num chl ori de, diethyl al um num
chl oride, diethylalum num brom de and dii sobutyl al um num chl ori de; 251
U L 2002 di al kyl al um num hydri des, such as diethyl al um num hydri de and

di i sobutyl al um num hydri de di al kyl al um num al koxi des, suczégiéut_zoﬂz

di met hyl al um num net hoxi de and diethylgiininun1ethoxide;

di al kyl al um num aryl oxi des, such as di yl al um num phenoxi de.. O these,
trial kylalum nuns and tricycl oal kyl al um nuns are particularly preferable.

As t he organoal um num conpound used for preparing~the 10 al um noxane,

i soprenyl al uni nggr-LapfresaRed 18y drie-ik o8 (ul aoCh-6alEgh A 5 (CSHI p) z
(wherein x, y and z are each a“positive nunber, and“zz2x) iIs also

enpl oyabl e_ . PgPﬁggg?Q%%gEEQ?Qaggﬂ%%gﬁgém QE%gpqu%pove may be used in

conbi nation o anpl'es of "the 'sol vents used for B
preparing the alum noxane in l#ﬁﬁ: aronmatic gydg c rgq S,,Such as benzene,
t ol uene, xylenengUQéNSQEH&sg} %ﬂeeﬁ$%h%tf ﬂnggg r%oﬁ?, such aspent ane,
hexane, hegtgﬂe, 20 ﬁgtage, qggane, dodeca e,hEexa ecane and oct adecane;
alicyclic AYyarbeafB8ns 1PSGEN ‘dd DY T UpLIt afid S e Yl Gexane, cycl ooct ane and
met hyl cycl opent ane; petrol eum fractions, such as gasoline, kerosine and gas
oil; and ~ ~ &g dingbbyhsidydeiesd it bbuétsnobutHé -4nd¥e aromati c,
aliphatic and alicyclic hydrocarbons, particularly chlorinated or
phenanthryl)indenyl)) zirconium dichloride,
rac-dimethylsilylene-bis(1-(2-i-butyl-4-
phenylindenyl) ) zirconium dichloride,
rac-dimethylsilylene-bis (1-(2-i-butyl-4- (o-
10 naphthyl)indenyl))zirconium dichloride,
rac-dimethylsilylene-bis (1~ (2-i-butyl-4-(f-
naphthyl) indenyl)) zirconium dichloride,
rac—-dimethylsilylene-bis (1-(2~-i-butyl-4-(2-methyl-1-
naphthyl)indenyl) ) zirconium dichloride,
15 rac~dimethylsilylene-bis(1-(2-i-butyl-4-(5-
acenaphthyl)indenyl) ) zirconium dichloride,
rac-dimethylsilylene-bis (1-(2-i-butyl-4-(9-
anthracenyl)indenyl) ) zirconium dichloride,
rac~-dimethylsilylene-bis(1-(2-i-butyl-4-(9-
20 phenanthryl)indenyl))zirconium dichloride,
rac-dimethylsilylene~bis(1-(2-neopentyl-4-
phenylindenyl))zirconium dichloride,
rac-dimethylsilylene-bis (1-(2-neopentyl-4- (a-

naphthyl)indenyl))zirconium dichloride,



brom nated products thereof. Ethers such as ethyl ether and tetrahydrofuran
are also 5 enployable. O the solvents, aromatic hydrocarbons are
particularly preferable. Sonpound |Ic) which reacts with the netall ocene
conpound (a) Exanples of the compounds (c) which react with the 10

nmet al | ocene conpound (a) to forman ion pair include Leyi iy d ionic
conpound, a borane conpound and a car bdt’ane conpound dgzngE@&'ZHﬂzationa
Publ i cations of International Patent No. 501950/1989 and No. S02036/ 1989,
Japanese Patent Lai d-Open Publications No. 179005/1991, No. 179006/ 1991,

No. 15 207703/ 199d-anfleNay12Q1 74k @0 ALy SheR@ient No. 547, 718. The

Lew s acid includes My-containing Lewis acid, Al-containing Lewis acid and

B'Contm'“ﬁﬁkéffiﬁd@ﬁk?%égﬁrE%%ﬁ%mn%f%ﬁﬂ&?#ﬁ@g Lewis acid is preferable.

The Lew_s "aci d contal a boron atom s, Tor’ exanple, 20 a conpound
represented by the follow ng.fornul a: .BRLR?R3 wherein Rl, R2 and R3 are
each independen%?% %9$ﬁ§ﬁ§ﬁgé%§&%%ﬁh$h 3#Hyéﬁébe %ﬁ%ﬁbg?#?uent group such
as fluorine t hy| .or, trifluqronethyl, or a fluorine atom 3s 25J UL
2002 ExanplaR? y¥LénQSHﬁg&ﬁ&&ﬁqa&%gémﬂ¥ﬁP%ﬂf% & above formul a include
triflugroboron, triphenylboron, tris(4 flyorophenyl)boron, )
tris( 3,g 5-di fl uo%‘bﬁg‘ﬁyhﬁehsmlﬁﬁly(i ner et @%ﬂep‘%{é!ﬁhﬂbor on, 5
tri s(pentafl uorophenyl)boron, tris(p-tolyl)boron, tris(o tolyl)boron and
tris(3,5- dhnIpfenyl) beisgondury Kdsd larddgpent af | uor ophenyl ) boron is
particularly preferable. The ionic conpound for use in the invention is a
sal t conprisi ngracovaetbyiipheompeidylene -fd sddiold w Bardotmée-The 10 ani on
eacts with the netall ocene conpound (a) to render the netall ocene conpound
‘(a) cati omapldrtyl bifidenyah) zéncpainmsdighliogisteabi | i ze the transition
metal cationic species. Exanples of such anions include organoboron
conpound ani on,rag-gesiolay sphenytoeipylrdeabiod lan@ -atdanosd ut®Aum conpound 15
anion. An anion which is relatively bulky and stabilizes the transition
met al 1@ at ieortihr sspecy Esindepydf drabkeonibBradilobd cafideat i ons i nclude netal lic
rati on, organonetallic ration,
rac-methylphenylsilylene-bis(1-(2-ethyl-4- (9~
phenanthryl)indenyl) ) zirconium dichloride,
rac-diphenylsilylene-bis(1-(2-ethyl-4-
phenylindenyl) ) zirconium dichloride,
15 rac-diphenylsilylene-bis(l-(2-ethyl-4- (o~
naphthyl) indenyl))zirconium dichloride,
rac-diphenylsilylene-bis(1-(2-ethyl-4-(9-
anthracenyl)indenyl) ) zirconium dichloride,
rac-diphenylsilylene-bis (1~ (2-ethyl-4-(9-
20 phenanthryl)indenyl))zirconium dichloride,
rac-diphenylsilylene-bis (1-(2-ethyl-4-(4-
biphenylyl)indenyl))zirconium dichloride,

rac-methylene-bis(1-(2-ethyl-4-

phenylindenyl) )zirconium dichloride,



carboniumration, tropyliumration, oxoniumration, sulfoniumration,
phosphoni um ration and ammoni umration. 20 Specifically, there can be

menti oned, for exanple, triphenylcarbeniumration, tributylamoniumration,
N, N di met hyl am”moni um ration and ferroceniumration. In the present

i.nvention, an ionic conpound containing organoboron coppou ani IS
preferabl e. Exanples of such 25 conpound% incl ude: i?% 1FQL,@bBﬁoz

trial kyl-substituted ammoni umsalts, such as

triethyl ammoni unt etra( phenyl )boron, tripropyl ammoni untetra(phenyl)boron,
tri(n butyl) amoniuntetra (phenyl% bgron 3

trimet hyl ammoni &GRSR ENSTH b F bn reEhy r¢rdfToni unt et ra( o- t ol yl ) bor on,
tributyl amoni unt et r a( pent af | uor ophenyl ) bor on,

tri propyl apabhitivtlatimdenpl i zex egnpuendiyrbdeside,

tributyl ammoni unt etra(m m di net hyl phenyl ) boron, 10

t ri but yl ammoni umeet-redytaridthios bhef{ byéphghylyboron, tri (n-butyl)

anmoni untetra (o-tolyl) boron and tri (n

but yI ) ammophentyatimaledryfl Juad iopdendng bat ohloMide; di al kyl ani |'i ni um salts, such
as N, N di met hyl ani I'i ni unt etra(phenyl)boron, N N 15

di et hylsani | i ni ubet-eahpnend e on- ande fh i 244 (6-

pent anet hyl ani | i ni um et ra( phenyl ) boron; dial kyl ammoni um salts, such as di(n

propyl ) anmRapbHIheLNaMRRH AN U aRhenyth ) 80ERNo2Rde ,

di cycl ohexyl ammoni unt et r a( phenyl ) boron; and 20 triaryl phosphonium salts,

such as triphenybphasphaRiwrstd (JKFﬂHl POb P-4~ (0-
,tri(nethylphenyl)phospggnfhntetrgkp enyl Bgégn anéa

‘tri(dinpthﬂggﬁgﬂ h) ReRRRAN WAL R egyLh POE PBe, AS the ionic conpounds
contal ning a boron atom

rac-dimethylgermyl-bis (1-(2-ethyl-4-

10 phenylindenyl))zirconium dichloride,

rac~dimethylgermyl-bis(1-(2-ethyl-4- (o~
naphthyl)indenyl) ) zirconium dichloride, and

rac-dimethylgermyl-bis(1l-(2-n-propyl-4-
phenylindenyl))zirconium dichloride.

15 Compounds wherein zirconium is replaced with titanium
or hafnium in the above compounds are alsoc employable.

In the present invention, a racemic modification of the
metallocene compound is usually used as the catalyst component,
but R-form or S-form may be used.

20 In the present invention, the metallocene compounds
mentioned above may be used in combination of two or more
kinds.

Such metallocene compounds can be prepared in accordance

with European Patent No. 0,320,7622A and Journal of

25 Organometallic Chem. 288 (1985), pp. 63-67.



-

25 triphenyl carbeni unt et r aki s( pent afl uorophenyl )borate, NNN 3~ 2 5 J UL
2002 di net hyl ani | i ni unt etraki s(pent af | uor ophenyl ) borate and

ferroceni unt etraki s(pent afl uorophenyl )borate are al so enpl oyable in the
invention. The follow ng ionic conpounds containing a boron atomb5 are al so
enpl oyable. (In the ionic conpounds enugerated bel ow, tzeﬁcam? 0 nis
tri(n-butyl)amonium but the counter i is not limte h .q That
is, there can be nentioned salts of anions, such as

bi s(tri (n-butyl)amoni um nonaborate, bis(tri(n 10

but yl') ammoni um @egaRoEakey tRleShbthilokiend L3MPUNHNEMRLARN & By the

bi s(tri (nbutyl)anmoni un) dodecabor at e,

bis(tri(nbg%%h%ggﬂQQBUW%QQ§§€§i %%?@%ggg@g%ﬁnd repreiﬁ$gﬁg by the

bis(tri(nb amoni’'dm dodecac orate, "tr

DUy ST ke BRGSER A L Apebuublagaam 1 oarbaundecaborate,

tri(n-butyl)anneak&g;l-trinethylsilyl 1-carbadecab$ﬁﬁfp and
tri(n-butyl)amdniufbrono-1 car badodecaborate. 20 e Tpllow ng borane
conpounds and car borane conpounds are al so enpl oyabl e. These_conpounds are
each usked as Lewsthei @bevearf QrImi@ c dhpotirdl. Mk ahpPEsCEPUPhd Vhefakbe
conpounds, carborane conpl ex conpounds and salts of carborane anions

i ncl ude 25PeEiadérateble) o7 B-Feat bafinteebkbapade( sgries,7 3 g 25 J UL
2002 r di carbaundecaborane(13), undecahydrido-7,8-dinethyl-7,8
di car baundecabokinks alstuciargive il s detegall zag @ab@@@é@@cﬂ@@ﬂl@népd

~tri(n-butyl)amoni um 6car badecaborate(14), tri(n-butyl)anmonium6 5
- car badecabbmpaef £23 ,regt fani hutgdoratmid whalrativathdezrebbyats(I8)of the

tri(n-butyl)ammoni um 7, 8di car baundecabor at e(12),
tri (n-but ying aoMi, uand, 9di car baundecaborate(12), tri(n
but yl ) anmoni undodecahydri do- 8- et hyl - 7, 910 di car baundecabor at e,
tri (n-lout yl ) ammeachiundedabggeindend: gt Byt ydr &g dn car drew ed bed bageat etom,
tri (nbutyl)amoni unundecahydri do- 8- butyl -7, 9di car baundecabor at e,
tri (n-but yh)eyaibocapnodegabygdr hdoiBgl P9l o¥, Dedscaabbhandetahsy, abesilyil( n
group having 20 or less silicon atoms, or a germyl group having
20 or less germanium atoms.
Of the compounds represented by the formula (II), a
15 compound represented by the following formula-. (III) is

preferable.

(ITL)

20



15 butyl ) ammoni unundecahydri do-9-tri nmet hyl silyl -7, 8di car baundecabor ate and
tri (nbutyl)ammoni unundecahydri do-4, 6-di bronp-7 car baundecaborate. Exanpl es
of the carborane conpounds and salts of 20 carboranes include

4- car banonabor ane(14), 1, 3di carbanonaborane(13), 6, 9-di carbadecaborane(14),
dodecahydri do- 1- phenyl - 1, 3- di car banonabgg ane, 2.5 JlJL 2002
dodecahydri do- 1- net hyl - 1, 3- di car banonab®0f ane and -

undecahydri do- 1, 3-di net hyl - 1, 3- di car banonabor ane. 2 5J UL 2002 The
foll ow ng conpounds are al so enployable. (In the ionic conpounds enunerated

bel ow, the count@rth@®abovel £fbihuy} ¥ I 8HMHUEAEm PUl Al iGRHEE ¢lafirPiNurh s NOt
limted thereto.) 5 Exanples of salts of netallic carboranes and netallic

borane ani gpg kNQlsudg d rd (e bt yip@amnoni unbi s (nonahydrido-1, 3
di car banona oratgfkobaltate(lll), ?ri(n but yl ) anmoni unbi s(undecahydri do-7, 8

10 di car baundecgaho e)fer I i ; .
butyl)annnniunb?§65%§€%§ﬁ§%%%gé}%%édH%%§§%38%&%&5&5%5?% %888PF39&FH$5,
tri(n butyl)anmoni_umbi s(undecahydrido-7,8_ . . .
i o baundEEaB8: BegHo kb S (e F f (fir st derivative.
butyl)innnniunbis%undecah drigﬁE? 8 §$carbaundecabgrate§cu rgte&lll%, tri(n
but yl ) @mmoni unbfs ¢ SnAE¥IRNdr iSH-FHs R H N dRR aBOPAERT aBF aPECHPI YVA ri (n
but yl ) anmoni_unbi s( nonahydri do-7, 8-di net hyl -7, 8 20
dicarbaund%@aEB?aP@Fﬁ&di&eﬁﬁqhﬁy tri(n
but yl ) anmoni unbi s( nonahydri do-7, 8-di net hyl -7, 8
di car baundecabo¥ ai &) 8htdgang( FPRLaifyng, nitrogen, phosphorus, oxygen
+but yl ) ammoni unbi s(tri bronooct ahydri do-7, 8
di car baundexapatfing)cobal tate(l11), tri(n 25
but yl ) anmoni unbi s(dodecahydri dodi car badodecabor at e) 40 2 5 J U L 2002
cobaltate(l11),Z2bap@t ¥i lay together form a condensed ring.
10 Examples of the metallocene compounds represented by the
formula (III) include:
(dimethyl (t-butylamido) (tetramethyl-n2-
cyclopentadienyl)silane)titanium dichloride,
( (t-butylamido) (tetramethyl-n®-cyclopentadienyl) -
15 1,2-ethanediyl)titanium dichloride,
(dibenzyl(t—butylamido)(tetramethy1~n5—
cyclopentadienyl)silane)titanium dichloride,
(dimethyl(t—butylamido)(tetramethyl~n5—
cyclopentadienyl)silane)dibenzyltitanium,
20 (dimethyl(t—butylamido)(tetramethyl—n5-
cyclopentadienyl)silane)dimethyltitanium,
((t~butylamido)(tetramethyl—n5—cyclopentadienyl)—
1,2-ethanediyl)dibenzyltitanium,
((methylamido)(tetramethyl—n5-cyclopentadienyl)—1,2—

25 ethanediyl)dineopentyltitanium,



but yl ) anmoni um bi s(dodecahydri dododecaborate) ni ckelate(l11), tris(tri(n

but yl ) anmmoni un) bi s(undecahydri do-7 5 carbaundecaborate)chromate(lll),
bis(tri(n butyl)amoni um bi s(undecahydri do-7

car baundecabor at e) manganat e(1V), bis(tri(n

but yl ) anmoni um bi s(undecahydri do- 7 carbaundecaborate)co??;RTUTSQ and
bis(tri(n 10 butyl ) ammoniun) bis (und®ahydrido-7 -

car baundecabor at e) ni ckel ate(1V). The conpounds (c) nentioned above nay be
used in combination of two or nore kinds. O gan~l um num conpound (d) 15 The
or ganoal um num conpound (d) for use in the jnyention can be represented by,
for exanpl e, thé(ggﬁqﬁkaﬁg%Rﬂ%ﬁﬁ%Ftﬁﬁﬁﬁﬂﬁgbﬁlﬂﬁérein R5 is a hydrocarbon
group of 1 to 12 carbon atons, X is a hal ogen_atom or a hydrogen atom and
nis 1 to gyciopentadd eanthangthydene) REphgnyljdesdarbon group of 1 to 12
carbon atons, e.g., an al kyl group, a cycloal kyl group or an aryl group.
Exanpl es of sucldgbemzyli(tcihviey yanigs) (eetyamenhylopyl-, i sopropyl ,

i sobutyl, pentyl, hexyl, octyl, cyclopentyl, cyclohexyl, phenyl and tolyl.
25 Exanpl esyofl opka taxdamgdl Junt Inme ootipenndst i tehider, a.l 25 J UL 2002
trial kyl al um nuns, such as trinethylalum num triethylal um num

triiso opyl al ugdament hiyi (bsekuildmildey (s trioctyl al umi numand tri-2
et hyl hexyl al umi num 5 al kenyl al um nuns, such as isoprenyl al um num

di al kyl al uai;auBpbakadaenyAYE 12 &l dEt hylmé thy DY ¢hl) @riitdeyi i et hyl al um num
chloride, diisopropylalumnum', chloride, diisobutylalumnumchloride and

di et hyl al um nuryRREEhYE; (pHR rdl1H R gHE vy sesAamBahiydegs-such as
et hyl al um num sesqui chl ori de,” et hylal um num sesqui chl ori de,
' sopropyl abygh BHEh 889 en!) ¥l 1%he R R YT DEER fum,
((tetramethyl—n5—cyclopentadienyl)—1,2—
10 ethanediyl)dibenzyltitanium,
(2—n5—(tetramethyl—cyclopentadienyl)—l—methyl—
ethanoclate (2-))dibenzyltitanium,
(2—n5—(tetramethyl—cyclopentadienyl)—l—methyl—
ethanolate (2-))dimethyltitanium,
15 (2-((4a,4b,8a,9,9%9a-1)-9H-fluorene-9-
yl)cyclohexanolate (2-) )dimethyltitanium, and
(2-((4a,4b,8a,9,9a-1n) -9H-fluorene-9-
yl)cyclohexanolate (2-))dibenzyltitanium.
In the present invention, the metallocene compounds
20 represented by the formula (II) may be used in combinafion
of two or more kinds.
Although titanium compounds are given above as examples
of the metallocene compounds, compounds wherein titanium is

replaced with zirconium or hafnium in those compounds are also

25 employable.



sesqui chl ori de and et hyl al um num sesqui brom de; al kyl al um num di hal i des,
such as net hyl al um num 15 di chl ori de, ethylal um num di chl ori de,

i sopropyl al um num di chl ori de and et hyl al um num di brom de: and al kyl al um num
hydri des, such as diethyl al um num hydride and dii sobutyl al um num hydri de.

Al so enpl oyabl e as the organoal um num c ound (d) is a

represented by the follow ng formula: R%HRIY3 n mhere|§P55kﬂiEPzdﬁgane as
R5 in the fornmula: Y is -OR6 group, -0OSi R~-3 group, -QA1R82 group, -NR92
group, -SiR ~3 group or -N(R11) AlR122 group; nis 1 to 2: R6, R-, R8 and

R12 are each 25Tmiet @&ngo‘%ltrmél drXORI Y labd SO Y Ibe QELLRINY LY pheny| or
t he a.2 25J UL 2002 like; Rg is hydrogen, nethyl, ethyl, |sopropyl

phenyl , trbgﬁbgﬁl%ldﬂ Edﬁiefhﬁorénﬁlﬁﬁs and R11 are each nethyl, ethy
suc

or the like. _Exanpl es of or ganoal um num conpounds i ncl ude: 5 (|)

conpounds repreaenke%_%g 9§%§|so%%?@? ﬁHSQ ﬁgnglgﬁggylgg nln q%nethOX|de

di et hyl al um num~ét hoXi al'um num et hoxi ||) ‘%npounds

represent ed 5nAl (OSi R~ .. such as ( CH3).3) ,

(1 56 Car) SRS AACLERS gowa)f(ﬁ? Fenetanbss Bt %‘es (rezl.le) 13 pann
conpounds re rese ed b R5nA OALR82)3....nNn, _s

( C2H5) rg2) BhELeras- é r?PE%aé&H&)Oﬁ)#ﬁ %?“86ﬁﬁeeﬂd’§rﬁ8[§h§§ented
by R5nA1(N g2)3 n. such as (CH3) 2A1 (N {CQFE 2} . (C2H5) 2A1 (NH (CH3) )
., (cH3) 2sathi epez‘ﬂspl)eflmsré(m)cem YRErSiA{eH3) 3) 2) and (|so C4Hg)
2A1 (N (S (CH3) 3) 2) and (v) conpounds represented by R5nA1(Si Rl ~3) 3-n.
such as (i so-CgHg) 2A1( SiY1IZH)A3 , eQEY—ERFRRFAILMLIUM conpounds
rrepresented by R53A1, 20 R5nA1(CR6)3 n and R5nA1 OA1R82) 3-n are preferred,
‘and conpounds mﬁeEepngsqaduminummnxxdcgmmmmm@n h Eer2ugee iparthiecul arly
preferred. The organoal um num conpounds nenti oned above may be used in
conbi nat i ochnvéntwonomaypbe lglnwdsinoxane hitherto known or such a

10 benzene-insoluble organoaluminum oxy-compound as
exemplified in Japanese Patent Laid-Open Publication No.
78687/1990.

The hitherto known aluminoxane can be prepared by, for
example, the following processes.

15 (1) An organocaluminum compound such as
trialkylaluminum is added to a hydrocarbon medium suspension
of a compound containing adsorption water or a salt containing
water of crystallization, e.g., magnesium chloride hydrate,
copper sulfate hydrate, aluminum sulfate hydrate, nickel

20 sulfate hydrate or cerous chloride hydrate, to allow the
organoaluminum compound to react with the adsorption water
or the water of crystallization, and the aluminoxane is
recovered as a hydrocarbon solution.

(2) Water, ice or water vapor is allowed to directly

25 act on an organoaluminum compound such as trialkylaluminum



25 J UL ZOZ The specific nmetall ocene catalyst for use in the invention
contains the netal |l ocene conpound (a), and the catal yst can be prepared
from for exanple, the netallocene conpound (a) and the organoal um num
oxy-conpound (b). The 5 netall ocene catalyst nay be fornmed fromthe

net al | ocene conpound (a) and the conpou g (c) whichr tsyt e

net al | ocene conpound (a) to form an ion9 air, or may ggsfdAde§G¢2n1the
nmet al | ocene conpound (a), the organoal um num oxy-conpound (b) and the
conmpound (c) which reacts with the 10 netal | ocene conpound (a) to form an

fon pair. Lm thegeiaoshERNLS, behzkhePakldivdd | Yot @f ex@ble &p use the
or ganoal um num conpound (d) in conbination. In the present invention, the

tall i dy§ ; t.0.00005 t
met a ocen%e%gfrsgggkgﬁ@gaﬁs H3gdchl ABuRIRNLRS usualddyaboytaf. 9 °

0.1 mol, 15 y about 0 0.05 mml’, in terns of

transition I 0 .on 1 liter of the polynerization v volune. The
organoalunP§§%?6¥§&¥%Lﬁ%§§§9{§?’can be used in such an anount that the

amount of the alum nym atom beconmes usual | y, 20 agput t.q9 .10, 000, nol
preferably 10 tdggto 93 RSHY oft enﬁPXBfaﬁh HE |#ﬁ%ﬂlqﬁ&4ﬂ % om
The conpound. (c¢) which reacts w_.th the netall ocene conpound (aa to forman
i on pairgrp i S1R8EY Litd rs @t Sgh Tdmedrewatht o kgt WAt Mo Nt AEIBBPEA UBLEWM
becomes usual |y about 0.5 44 7 5 J_ U L 2002 to 20 nol, preferably 1 to 10
mol , basedCERPPURS SBEDt&@ bkl Yl HhURERER B GnReFhEToF Y@l drcata
conmpound (d) is used, if necessary, in an anount of usually about 0 to 1,
000 nol, pbkenéeals praetkuen®. to 500 nol, based on 1 nol of the al um num
satomin the organoal um num oxy-conpound (b) or the boron atomin the
*conpound (c) whiTble Bdumsrarkdroh RRY reoNkehnethgmadd ampuat folagfin of 3 to
20 carbon atons

organometallic component. It is also available to distill

10 off the solvent or the unreacted organoaluminum compound from
the recovered solution of aluminoxane, followed by
redissolving the remainder in a solvent.

Examples of the organocaluminum compounds used for
preparing the aluminoxane include:

15 trialkylaluminums, such as trimethylaluminum,
triethylaluminum, tripropylaluminum, triisopropylaluminum,
tri-n-butylaluminum, triisobutylaluminum, tri-sec-
butylaluminum, tri-tert-butylaluminum, tripentylaluminum,
trihexylaluminum, trioctylaluminum and tridecylaluminum;

20 tricycloalkylaluminums, such as tricyclohexylaluminum
and tricyclooctylaluminum;

dialkylaluminum halides, such as dimethylaluminum

chloride, diethylaluminum chloride, diethylaluminum bromide

and diisobutylaluminum chloride;



.

are copol yneri zed using the above-descri bed netal |l ocene 10 catal yst, the

| ong- chai n branched et hyl ene/ a-ol efin random copol ymer (A) can be obt ai ned
with a high polynerization activity. Further, the | ong-chain branched

et hyl ene/ a-ol efin random copol ymer (A) can be obtained with a high 15

pol ymeri zation activity al so by copol yneri zi ng et hyl ene Z dEQé? in of
3 to 20 carbon atoms using a Group VB t3&nsition metal c ﬁg 2@*&?

catal yst such as a vanadium catalyst. In the copolynerization of ethylene
and the a-olefin of 3 to 20 carbon atons, the netall ocene conpound (a), the
20 organoal um n - ' ( . C u ). of f ] an ion
pair and the orégkga%ﬂ%ﬁﬁgﬁﬁggﬁﬂg%%ﬁlé§§f %Hpghggrgiﬁﬁﬁy%%#ﬁégﬁ

nmet al | ocen atal yst, y. be indjvjduall ed _t.o a polynerization reactor,
or a previ8M§F§%ﬁréﬁﬁ*gﬁﬂﬁ§%HF¥$%LgmﬁﬁPélb¥%r&9ﬁVaining the metal | ocene
conpound (a) 25 may be used for the copol ynerization reaction.  4s 2 5 J U
L 2002 In the pﬁéﬁﬁkdﬁadﬁmb‘f“%ea%?% %Eenéuegt gy simed B man
solvent that is inert to the catalyst conponents can be used. Exanples of
the inert W§Ehegdfomnshldiatihy i qbimbeun| ephaKieeriyd@nscar bons, such as
propane, butane, 5 pentane, hexane, heptane, octane, decane, dodecane and
kerosi me; alicy@lipd kinlddoHrunarslehl des cyghepeatadd e tdydladhedamen and

met hyl cycl opent ane; aromati c hydrocarbons, ° such as benzene, tol uene and
xyl ene; anphaabageerat ed hydrocarbons, such as ethyl ene chlori de,

chl orobenzene and 10 di chl oronet hane. These hydrocarbon sol vents can be
used singly or Of tcloabé patit el kyfhel aei abinecane taoigpeihela {ky)lalbminums

~0r ganoal um num oxy- conpound (b), the conmpound (c) which fornms an ion pair,

and t he orgasophuiiduMacAPPPErdrrhban be contacted and mixed 15 with each
other at a tenperature of usually -100 to 200C, preferably -70 to 100C. In

the present invgsttha, oegpabyTRizAiN @orpforidyiese tod pheparohgf theof 3
to 20 carbon atons can be carried out

10 aluminoxane, isoprenylaluminum represented by the formula
(1-C4H9) xAly (C5H10) 2 (wherein x, y and z are each a positive
number, and z22x) is also employable.

The organoaluminum compounds mentioned above may be used
in combination of two or more kinds.

15 Examples of the solvents used for preparing the
aluminoxane include:

aromatic hydrocarbons, such as benzene, toluene, xylene,
cumene and cymene;
aliphatic hydrocarbons, such as pentane, hexane, heptane,
20 octane, decane, dodecane, hexadecane and octadecane;
alicyclic hydrocarbons, such as cyclopentane,
cyclohexane, cyclooctane and methylcyclopentane;
petroleum fractions, such as gasoline, kerosine and gas

oil; and



under the conditions of a tenperature of usually 40 to 200C, 20 preferably
50 to 150C, particularly preferably 60 to 120C, and a pressure of

at nospheric pressure to 100 kg/cn2, preferably atnospheric pressure to 50
kg/cn2, particularly preferably atnospheric pressure to 30 kg/cnR2. Although
the copol yneri zation reaction can be co%guct ed 25 by V&FZ@JS_?U@ 2682. zation
processes, it is preferable to 251 L 2002 conduct the -

copol yrmeri zation by a solution polynerization process. In the solution

pol ymeri zation, the aforesaid hydrocarbon solvents are enpl oyable as the
pol ymeri zati on $alverdrmatdd AtddugbstbE cthpodpoeei aabmant iean adid ptondikct ed
by any of batchw se, sem -continuous and conti nuous processes, it is

preferabl e ah@d GANEYE] tdeh FPROEYABOHE AL paftGentliatuopusdylodga Ol yser i zati on
may be carried out in two or nore steps under different reaction

condi ti onsp hohi & d LS ad s bEaebsd , et hyl ene/ a- ol efin random copol yner
(A) for use in the invention is obtained by the aforesaid process, and the

mol ecul ar wei ghlg Qfe 1Ne ,EAPOLYLBL y Atk ey M ASA YA LOANI G JdG 150
pol ymeri zati on conditions such as” polynerization temperature or controlling
t he anmoynt f rog I I i kL The
polyprggylgﬁgl% g?ﬁ%TB)SEO%%%Eg&ﬁh nggi%S%% |g%£h§&hﬁé%%%%ﬁq§ Sw rate,
ASTM D 1238 %SOC, | qad: 2.16 Kgﬂ of 20 1 to 150 g/10 mn, preferably 5 to
100 g/ 10 r RPAELAE e PRt 57 %0 50 g/ 10 nin, and an initial flexural
nmodul us (ASTM D 790), of pot. nore 0 ferably
1300 NPa., -:!IQ...'PM afed Wil LE NN LS d ] s 2 L L ], bR
,propyl ene honopol yner, 25 a propyl ene random copol ynmer or a propyl ene bl ock
copol yner, 2 5J UL 2002 andﬁé&ﬁ&ﬁ%&#%ntg%ﬁgis a propyl ene random
copol ynmer or a propylene bl ock copol yner. Such copol yners are prepared by,
for exanple, pr&&aspdesgedcihseFIRPdAhete) PihéRrh LERFtOYEFPUIS cati ons
No. 84404/1990 _and No. 229807/1990. 5 In the present invention, the
pol ypridby| BREaddeceneBrompowl () &P dprmtanfiontparpoipaludepfewdisght
preferably 2 to 65 parts by weight, nore preferably 2 to 55 parts by
wei ght, paf€idul anl yopief eoaPIoNslt @ 4D ERNe CHYPAenghandpasedrbaradS part s
by wei ght of the ethylene/a-olefin random copolynmer (A . 10 Wen the
et hyl ene/ acompphndrdgsioni-eegoly Mat ionalaRybdieatsiopr oyl ehernasipangs) are
used in the abotre proportion, a polypropylene resin-containing flexible
resin coanetehbnNth&%lﬁéﬂ/bBBQid@dn®©deé0%9@ﬁéé9§9weUBP§aE§ﬁcBét§ﬁﬁng
flexibility, heat resistance and conpression set (CS) and 15 having
i nproved sbaadelpeasPshbhicatandstNansyatHcil 29U, W c B 780106719 Isublle -hi gh
flowability as to cause excellent noldability can be obtained. 20 To the
flexi diSe r287ViR034APOII andMNaf 20Ad 0idM&R1i ,oandadddst iRaentsbioh 847, 718.
antioxidant, ultraviolet |ight absorber, |ight protective agent, phosphite
type heat stabi TheeLewper edide idedonos dfg-dastaindngt demwiiszerciducl eati ng
‘agent, plasticizer, lubricant, antistatic agent, flame retardant,
Al-containing Lewis acid and B-containing Lewis acid. Of

not nore

3 LTI C
oY

these, B-containing Lewis acid is preferable.
The Lewis acid containing a boron atom is, for example,
20 a compound represented by the following formula:
BR1RZR3
wherein Rl, RZ and R3 are each independently a phenyl group
which may have a substituent group such as fluorine, methyl

or trifluoromethyl, or a fluorine atom.



25 pignent, dye and filler, can be optionally added in anounts - 4 257
UL 260~ not detrinental to the object of the invention, in addition to the
et hyl ene/ a- ol efin random copol yner (A) and the pol ypropyl ene resin (B).
Exanpl es of the fillers include carbon black, asbestos, S talc, silica and

silica alumna. To the flexible resin conposition of t i nygnt i
further, other polynmers may be added i n3gnounts not det ﬁhnl@ilZﬁ@?the

obj ect of the invention. Exanples of such polyners include EPT,

pol ypropyl ene, 10 and vari ous engi neering plastic resins such as pol yam des
and pol yesters. The flexible resin conposition of the invention is 15
prepared by nel tExaRphgst pE EhgycoORPRAISIfiePresrRBEedobYl Fher aboXe t he
pol ypropyl ene resin (B), and optionally, the aforE: said additives by

vari ous metfodsubat heclodenswd f1Tiegobaron t Her ipkanyleoresi n tedmpdki ti on of
the invention is obtained by sinultaneously or successively feeding the 20
above conpafibndsopleenyHebsebeal, tirier(3,d-ditfeobdehery]l)botronbhl i ng m xer, a
ri bbon bl ender or the like, mxing themtherein and nmelt kneading the

m xture in torkepdf Dgodenettyiptilenid )daiorgl e- screw extruder, a multi-screw
extruder, a kneader or a Banbury m xer. 25~ UL 2002 By the use of a

kneadi ng devi £e(pewt a818%¥e6phenly 1KBRAGN)J Bhid (d¥soByYEhbagoal @xiluder, a
kneader or a Banbury m xer, a pol ypropylene resin-containing flexible resin

conposi ti on Hf 1Y abhhy r&i, % Rl tHRMMEN1 ) SoREADY 5
dispersed:ES?%%?%ﬁggﬁnéga %ﬁggégd?tgées such as an’a%??oxiggﬁfyggﬁebe

e et S Chs 8-S e, (Ui Tl bl goprepuranayf o o
various nel t The ionic compound for use in the invention is a salt
comprising a cationic compound and an anionic compound. The

10 anion reacts with the metallocene compound (a) to render the
metallocene compound (a) cationic and to form an ion pair so
as to stabilize the transition metal cationic species.
Examples of such anions include organoboron compound anion,
organoarsenic compound anion and organoaluminum compound

15 anion. An anion which is relatively bulky and stabilizes the
transition metal cationic species is preferable. Examples
of cations include metallic cation, organometallic cation,
carbonium cation, tropylium cation, oxonium cation, sulfonium
cation, phosphonium cation and ammonium cation.

20 Specifically, there can be mentioned, for example,
triphenylcarbenium cation, tributylammonium cation, N,N-
dimethylammonium cation and ferrocenium cation.

In the present invention, an ionic compound containing

organoboron compound anion is preferable. Examples of such

25 compounds include:



10 nol di ng net hods hitherto known, such as injection nolding, extrusio~~
nol di ng and conpression nolding. The resin conpositions for injection
nol di ng, extrusion nol ding and conpressi on nol ding according to the

i nvention conprise the above-described flexible resin conposition of 15 the

invention. The flexible resin nolded product accordi ng {0t in ion
conpri ses the above=descri bed fl exible Sgsin conpositio 5fDiﬁE ﬁﬁﬂgntion
Thi s nol ded product may be a flexible resin sheet. 20 The present invention

is further described with reference to the foll ow ng exanples, but it

shoul d be CO”Strtti‘}da}tﬂﬁ—\]é{Ei%gt‘z’ﬁgéﬁognﬂnﬁniiﬁm”%a‘éﬁ% I is@é}g%sto t hose 25

exanpl es. - SO reparation o t Yyl énefl 1-oct ene random

copol "yme_r__PRreparation of catalyst so ion 5 1n a glass flask thoroughly
purged wi t Iy it gle&W,‘m?)I?Jé‘l%e%fayﬁégﬂ?’%ﬁ”ﬁ’ﬁf@i’l yl ene-bi s( 1- ( 2- et hyl - 4

phenyl i ndenyl,)) zi rconi um di chl ori de. was aced. Then, 1.57 ml of a toluene
sol ution 0F¥ﬁéﬁﬂﬂy %ﬁﬁ?ﬂﬁ&ﬂﬁﬁ%%@?pﬁ?ﬂyﬁngfP“an&r?JTG m of tol uene were

added to obtain a catalyst i0 solution., In a 2-liter stainless steel
aut ocl ave PHEMIUGHBPHHRHRL ¢ {PheRYEOBRRON600 m of hexane and 300 m  of
1-octene were placed, and the tenperature of the systemwas raisedto 60 C
15 Thery, 1tx#Be toy kammaipigiiearaPniad #hdPOrsnm (0.001 mol in terns of
Zr) of the catal yst solution prepared above were forced into the autoclave
Wit h et hyl Endmed hiydiannarel yot ez (oatebrl) Phspaafter, only ethyl ene was
continuously fed to maintain the total pressure at 3.0 kg/cn2-G and 20
pol yneri zatirdkuhyd agomouictrere tid (POt & Hiuéfophanyés bosoapal |
tripropylammoniumtetra (o, p-dimethylphenyl)boron,
tributylammoniumtetra (m,m-dimethylphenyl)boron,
10 tributylammoniumtetra (p-trifluoromethylphenyl)boron,
tri(n-butyl)ammoniumtetra (o-tolyl)boron and tri(n-
butyl) ammoniumtetra(4-fluorophenyl)boron;
N,N,-dialkylanilinium salts, such as N,N-
dimethylaniliniumtetra (phenyl)boron, N,N-
15 diethylaniliniumtetra(phenyl)boron and N,N-2,4,6-
pentamethylaniliniumtetra (phenyl)boron;
dialkylammonium salts, such as di(n-
propyl) ammoniumtetra (pentafluorophenyl)boron and
dicyclohexylammoniumtetra (phenyl)boron; and
20 triarylphosphonium salts, such as
triphenylphosphoniumtetra (phenyl)boron,
tri (methylphenyl)phosphoniumtetra (phenyl)boron and
tri(dimethylphenyl)phosphoniumtetra (phenyl)boron.

As the ionic compounds containing a boron atom,

25 triphenylcarbeniumtetrakis(pentafluorophenyl)borate, N,N-



-

amount of ethanol was added to the systemto term nate the polynerization
and the system was purged of the unreacted ethylene. The resulting polyner
solution was introduced into a | arge excess of nethanol to precipitate a
pol yner. The 25 pol ynmer was recovered by filtration and dried one night

under - s1~~J UL Z002 reduced pressure to obtain I Chvad
branched et hyl ene/ 1- oct ene randonlcopoﬁyner. The copolyggs Sﬂgg Z@mgjned
had a 1-octene content of 14 o by nol, a density of 0. 870 g/cnB, an
intrinsic viscosity 5 (r~), as neasured in decalin at 135C, of 1.5 dl/g, a

gl ass tran&iﬁ%eﬁ&isﬂ@%g&g&n&é J]cgf (Cpuﬁqq%ffu&%aﬁxgléémhwatés sured by

X-ray diffrac ar wel ght ution M) , as
deternlned 0 a_gr~* val ye of 0.880.
10 a o o i %rw%hwmtegaa%érs ytaam%iﬁlg%{ o a8 ke arbnadictopol yirer
(avail abl e frf G% nd,PoI¥ MFR (230C, |load of 2. 16 15 kg) : 7.0
g/ 10 mi n, TRPt?YY sﬁlﬁP ¢ ﬁ)lnYﬁﬁﬁioq nitial flexural nodulus (ASTM D 790)

: 940 NPa) and 50 parts by weight of pellets of the above obtalned
et hyl ene/ 1- octéﬁ%eréﬁh%ﬁWéBEoP9ﬁéF FOFBOMRESY AR R IBHRG 1fe | DoF iz ra Eom
prepare a dry blend. Then, the drg bl end was fed to a single-screw extruder
20 (L/ B e cabeet erplagakie -pr ésat the 180&c SopRepHIds pEyee sabeda
fl exible resin conposition. The pellets of the flexible resin conposition
t hus obt aibetower eheotdedterddon He ftc;m (mmmgtscb)rmmm;qsmt obptepaee a
property test specinen. 25 c¢c_'.n_n_d,"’ '_ons to prepare pressed sheet
52 2 5 ~ soumripe? ion is not limited thereto.)

That is, there can be mentioned salts of anions, such

as bis(tri(n~-butyl)ammonium)nonaborate, bis(tri(n-

10 butyl)ammonium)decaborate, bis(tri(n-
butyl)ammonium)undecaborate, bis(tri(n-
butyl)ammonium) dodecaborate, bis(tri (n-
butyl)ammonium)decachlorodecaborate, bis(tri(n-
butyl) ammonium) dodecachlorododecaborate, tri(n-

15 butyl)ammonium-l-carbadecaborate, tri(n-butyl)ammonium-1-
carbaundecaborate, tri(n-butyl)ammonium-1-
carbadodecaborate, tri(n-butyl)ammonium-l-trimethylsilyl-
l-carbadecaborate and tri(n-butyl)ammoniumbromo-1-
carbadodecaborate.

20 The following borane compounds and carborane compounds
are also employable. These compounds are each used as Lewis
acid or an ionic compound.

Examples of the borane compounds, carborane complex

compounds and salts of carborane anions include

25 decaborane(14), 7,8-dicarbaundecaborane(13), 2,7-



Si ze of pressed sheet: 200 nmx 200 nm x 2 mm (thickness) Ml d tenperature:
200C Pressure: 160 kg/cnm2 _ ~ Pressing tinme: 10 mnutes 5 Cooling tine
under pressure: 5 minutes Cooling tenperature: 20C Injection noldincr
conditions Cylinder tenperature: 180C Injection pressure EP t? ﬁ§ 10
Mol d tenperature: 30C Subsequently, propgrties of the fI U é
conposition were evaluated by the foll ow ng nethods. (1) Surface har dness
The surface hardness was neasured in accordance with JI'S 15 K 6301 using

t he pressed, sheet obtai ned above, Torsiqnal rigidity The torsional
rigidity mﬁécﬁ§9§HP§§9%?Q£ﬁﬂﬁQk%ke %é?%cﬁéYﬁFB ﬂTZxéﬂE&m@ R%e~prBssed
sheet obtai ned above. (3) Heat deformation 20 The pressed sheet obtalned

above was @iifarbagngecabsiuans ofdgdecahydrggomhl-medHe StTip was fixed to
a cantilever beam (span: 50 my to neasure deformation of a tip of the
strip causeiichybgradietopbardere t Her tomdbut phs apfosd@mx-6L. 5 hr and 70C x 0.5
hr. 25 (4) Conpression set (CS) s3 25 J.UL 2002 The conpressi on set was
neasur ed | caabadedaboeawiet (il 4),S ¢ H26Zouiht) emsohtisarée- set forth in Table
1. 5 examlp a 2 Aflexible resin conposition containing a propylene random

copol yiser gasbhdepabedaitie (1129 ,SaEl (wmribet ydfammobiampl7e- 1, except that the
bl ending ratio of the propyl ene random copol yner to the ethyl ene/ 1-octene

random copgi¥PEinWRSabo reftanaed t a S0(RaAst sy by amRbahim G marts by wei ght.
Then, properties:, of the resin conposition were measured in the same

manner as afcgfeaaheeéabm%tree@tﬂ s &F e(8ebut 918 BriBniakl-2 b- 15
conparative Exanple 1 A catal yst sol ution was prepared in t'he same manner

as dicarbaundecaborate (12), tri(n-
butyl) ammoniumdodecahydrido-8-methyl-7, 9-

10 dicarbaundecaborate, tri(n-butyl)ammoniumundecahydrido-8-
ethyl-7, 9-dicarbaundecaborate, tri(n-
butyl)ammoniumundecahydrido-8-butyl-7, 9-
dicarbaundecaborate, tri(n-butyl)ammoniumundecahydrido-8-
allyl-7,9-dicarbaundecaborate, tri(n-

15 butyl)ammoniumundecahydrido-9-trimethylsilyl-7,8-
dicarbaundecaborate and tri(n-
butyl)ammoniumundecahydrido-4, 6-dibromo-7-
carbaundecaborate.

Examples of the carborane compounds and salts of

20 carboranes include 4-carbanonaborane(14), 1,3-
dicarbanonaborane (13), 6,9-dicarbadecaborane(14),
dodecahydrido-1-phenyl-1, 3-dicarbanonaborane,
dodecahydrido-l-methyl-1, 3-dicarbanonaborane and

undecahydrido-1, 3-dimethyl-1, 3-dicarbanonaborane.



in Exanple 1, except that bis(1.3-dinethylcycl opentadienyl) zirconium
di chl oride was used instead of rac dinethylsilylene-bis(1l-(2-nethyl-4 20
phenyl i ndenyl )) zi rconi um di chl oride. Using the catal yst solution, a |linear
et hyl ene/ 1- oct ene random copol ymer was prepared in the same nanner as in
Exanpl e 1. The copol yner thus obtained d a 1-octene coptent, Qf A $ by
nol, a density of 0.872 g/cnB, an intriggic Vi scosity § JLﬁ.éﬁﬁHLz
(t~), as neasured in decalin at 135C, of 1.5 dl/g, a glass transition
tenperature (Tg) of -62C, a crystallinity, as neasured by X-ray
d'ffraPtO”Etry’Tﬁe(%61l@wﬂﬁbeEHhPBuW%%g@féhéﬂgdt%ﬁéf%?éﬁ@éwh)(Inaﬁhe
determ ned by GPC, of 2.2, a B value 5 of 1.03 and a gt1l* value of 1.00.
Using the effyd n@é%&gﬁ%eeﬁaﬁ%m&p%ﬁw, tﬁxé'@%ﬁkérr%h”i‘é‘)mos' tion
cont ai ni ng "a’ pol ypropyl ene resin was - prepdred 1n the sang nanner as in
Exampl e 1. . Then, .surface hardness orsional rigidity,.heat, deformatjon and
10 conpresgﬁanagg?l? 5a9ﬂ?81H@asBPédti AT h%%n%? ngti l@%&ﬁd e 1.
The results are set forth in Table 1. Conparative Exanple 2 15 A flexible
resin conpdi®4irP cont ai ni ng a pol ypropyl ene resin was prepared in the sane
manner as in Conparatjive Exanple 1, except that the ethyl ene/l-octene
random 2opol yneE3y et sTbhparht pokabkafrprerhoranassenhmetaklic
bl ending ratio of the propyl ene random copol yner to the 20
et hyl ene/ 1 hssadgife amieip topbhgfetrhd8—changed to 30 parts by wei ght/70
parts by weight. Then, surface hardness, torsional rigidity, heat
def or mat i otpudnd )eomeswhlohs §eenglogiridee Indasured in the same manner as in
Lonpar ative Exanple 1. 25 The results are set forth in Table 1. ss 25
‘U L 2002 Tablcarbaumindbordts) celbabpateX IIIComeriBbn-2Et hyl ene a- ol ef i nrandom
copol yner Cont ent of nol ~14141-oct eneDensitykg/ 871872l ntrinsic
vi scosi t ydbugd 15 br@raasnth i sitngndeocahgarido-7, 8-
erature L-64-62Crystallizationdegree~56Mv Mn-2.22. 2B val ue-1. 001. 03g
, ~- 0. 8B1. OdGenpiadide-aidtexe bferrasena@positriioamEt hyl ene a- ol ef i nPar t
by50705070r andom co of erwt. Pol ypropyl ene resinPart
by(*1)wt . 563@3Q3Rnepeniness phhdexahldrids-nC8- | pOSl ti OnSur f ace
har dnessJI S- A95839583Tor si onal rigidity(239C) MPa6596810Heat def ormati on(50
" ~XI. Shr) mal RIS ddleat a tef oobal tane{QII), tri(n-
gCX0. 5hr) mmi. 015. 81. 518. 4Conpr essi on set (CS)~70827790 *1: Propyl ene random
pol ymer hawpug 1YeRmbda’s QgndOcahpdrsdanrd igri tial flexural nodul us of
940 MPa - s6 2 5 J ~J L 2002 (EFFECT OF THE I NVENTI ON The flexible resin
conposi ti oaieh dfRGiddecdé e sonpeksestehe et hylkenema- ol ef in random
copol ynmer (A), which

15 butyl)ammoniumbis (undecahydrido-7, 8-

dicarbaundecaborate)cuprate(III), tri(n-

butyl) ammoniumbis (undecahydrido-7, 8-

dicarbaundecaborate)aurate(III), tri(n-

butyl) ammoniumbis (nonahydrido-7, 8-dimethyl-7, 8-
20 dicarbaundecaborate) ferrate(III), tri(n-

butyl)ammoniumbis (nonahydrido-7,8-dimethyl-7, 8-

dicarbaundecaborate)chromate(III), tri(n-

butyl)ammoniumbis (tribromooctahydrido-7, 8-

dicarbaundecaborate)cobaltate (III), tri(n-

25 butyl)ammoniumbis (dodecahydridodicarbadodecaborate) -



conprises ethylene and an a-olefin of 3 to 20 carbon atons, 5 and a

pol ypropyl ene resin (B) in a specific ratio. The copolyner (A) has a

density, an intrinsic viscosity, a glass transition tenperature, a

crystallinity, a nolecular weight distribution, a B value and a gr~* val ue
I

in the specific ranges, and the pol ypro%l ene resin (B) ha% ?I/FBUEEICQ%‘Q
i the flexible

initial flexural 10 nodulus in the speci'tic ranges. Hence,
resin composition can provide nol ded products which are well bal anced anong
flexibility, heat resistance and conpression set (CS) and which have

i nproved sdgiL£icd€stiancepanqetigpsparency. Mreover, the flexible resin
conposition is 15 excellent in various noldability such as injection

ol dabi | €y, & yaihahs 1) 820 hbLY ARG LATULRR AT dapi |1y, The

flexible resﬁﬁ%conp05|t|on 0 e invéntion ent noldability, and
hence it c e favo fP u g a resin conposition for injection
nol di ng, e%ﬁéﬁﬁ%ﬁ%%& d#%g gﬁ S?%ﬁ%&@ssion nol ding. The flexible resin
nol ded progy t of the invention i,s ogpggp fromthe flexible resin
conpositio 4§Yﬁﬂﬁ@m?&tﬂwf8h??aﬂéeﬁgﬁg L% d el | bal anced among
flexibility, heat 5 25 J UL 2002 resistipce and conpression set and
has excel | &rRayndespbesatehrbeoBadelfdddpaPeiidyfri (- 5 3 U-L 2002 Wat is
clainmed is;: - 1. A flexible resin conposition conprising: (A) 100 parts by
wei ght of ®UtoHg-ameemi wrbptpéanderph¥fErisdool’sfi n r andom copol ymer
conprising ethylene and 5 an a-olefin of 3 to 20 carbon atons, and (B) 2 to
200 parts prkEWHesibarpoelpropgnate (F¥3inbisH&rdt(mA ene/ a- ol ef i n random
.copol ymer (A) having: (i) a density of not nore than 0.900 g/cnB, (ii) an
intrinsic Wbutedsianmgniympsi sburdeedhiydrddealli-n
carbaundecaborate)cobaltate(III) and bis(tri(n-
10 butyl)ammonium)bis (undecahydrido-7-
carbaundecaborate)nickelate(IV).
The compounds (c) mentioned above may be used in
combination of two or more kinds.
Organocaluminum compound (d)
15 The organoaluminum compound (d) for use in the invention
can be represented by, for example, the following formula:
ROpA1X3-n
wherein RJ is a hydrocarbon group of 1 to 12 carbon atoms,
X is a halogen atom or a hydrogen atom, and n is 1 to 3.
20 In the above formula, RJ is a hydrocarbon group of 1 to
12 carbon atoms, e.g., an alkyl group, a cycloalkyl group or
an aryl group. Examples of such groups include methyl, ethyl,
n-propyl, isopropyl, isobutyl, pentyl, hexyl, octyl,
cyclopentyl, cyclohexyl, phenyl and tolyl.

25 Examples of the organoaluminum compounds include:



10 at 135C in the range of 0.3 to 3.0 dl/g, (iii) a glass transition
t~~rnperature (Tg) of not higher than -50C, (iv) a crystallinity as
nmeasured by X-ray diffractonetry of less than 40 s, 15 (v) a nol ecul ar

wei ght distribution (MvV Mh) as determ ned by GPC of not nore than 3.0, (vi)
a. B value as determ ned by the 13C NWR gpectrum and t he | oMilhg mul a
of in the range of 0.9 to 1.4, B = PCE/?%PO'PE) 20 mhereﬁgﬁPE“gEdzgg?are a
nol ar fraction of an ethylene conponent and a nolar traction of an a-olefin
conponent, respectively, contained in the ethylene/a-olefin random

copol yner (A) aroriROKkykabupioposti smchf atsheé mimmedsry d 1 @thhyhmepe/ a- ol ef i n
alternating sequences to the nunber of all dyad sequences, 25 and z5~a
~ Z002 (Vi iQricetmi®l intimyatpeisobropyl@lvmidank) of the intrinsic
viscosity (r)) that is measured as the property (ii) to the intrinsic

viscosity (£r4)iddmnky 0d1@mi hoRar et brkene/ipmamde it eope] yper having a
wei ght average nol ecul ar wei ght (neasured 5 by a |light scattering nethod)

identical\@gﬂyﬂﬂggyfglﬁﬁghgﬁ?olyner (A) and having an ethyl ene content of
70 a by nol of in tthe range of 0.2 to 0.95; and the pol ypropyl ene resin (B)

h2ving. (1) o MRATTM Buadae 2806 kacdactabuba il ne 10 range of
rove Chan 1500 Mg STB AR PASGER,<POTRER WA AR FLAEG D o7
05 parts bpuel e Dt i 400 PRALKS RY MR LA il JAiS SV £RL B! oF 1
chloride, diisobutylaluminum chloride and dimethylaluminum
bromide;
10 alkylaluminum sesquihalides, such as methylaluminum
sesquichloride, ethylaluminum sesquichloride,
isopropylaluminum sesquichloride, butylaluminum
sesquichloride and ethylaluminum sesquibromide;
alkylaluminum dihalides, such as methylaluminum
15 dichloride, ethylaluminum dichloride, isopropylaluminum
dichloride and ethylaluminum dibromide; and
alkylaluminum hydrides, such as diethylaluminum hydride
and diisobutylaluminum hydride.
Also employable as the organoaluminum compound (d) is
20 a compound represented by the following formula:
ROnAlY3-n
wherein RY is the same as R2 in the formula; Y is -OR® group,
—OSiR73 group, —OA1R82 group, —NR92 group, —SiR103 group or

—N(Rll)AlR122 group; n is 1 to 2; R6, R7, R8 and R12 are each

25 nmethyl, ethyl, isopropyl, isobutyl, cyclohexyl, phenyl or the



3. The flexible resin conposition as clainmed~in claim?20 1 or 2, wherein

t he -et hyl ene/ a-ol efi n random copol yner (A) is an ethylene/a-olefin random
copol ymer obt ai ned by random copol yneri zi ng et hyl ene and an a-olefin of 3
to 20 carbon atonms in the presence of a netallocene catal yst containing a
nmet al | ocene conpound represented by the foll ow ng fornul 5.(1) 60 2 5
JI~L2002R R RBRERY RA Rs Rs (1425 wherein MisiﬁeraULrZUB met al
of Goup 1'VB of the periodic table, Rl is a hydrocarbon group of 1 to 6
carbon atonms, R2, R4, R5 and R6 are the same or different and are each a
hydr ogen at om agEaLogen atom or a hydrocarbon group of 1 10 to 6 carbon

atons, R3 1ikan Bryhsghydyegens tetlsytar BERYAr oS OPRSRIA medhayl,
substituted with a hal ogen atom a hydrocarﬁ&n gr%ép of 1 to 20 carbon
atons or abrbrghhwdsiylylgesupheXiilkng ad R’ exdrh R hpdeogeshamethyd _
hal ogen atom a 15 hydrocarbon group of 1 to 20 carbon atons, a hal ogenated
hydr ocar boatlgybuprothe fla k&) carbon atons, an oxygencontai ning group or a
sul fur-containing group, and Y is a dival ent hydrocarbon group of 1 to 20
carbon atons, aEdamplest ofalsagénatmrhiyalacanencgmpupnal infcd w2 .car bon x2
RZ\"/ h " 61 25~ UL. 2002 atons, a divalent silicon-containing
group, Sa di val eft) geompounaisc aretpaias et apt dop, R2QAL (080) 3-1$S- suchOas - S02-,
dimethylaluminum methoxide, diethylaluminum ethoxide and
diisobutylaluminum methoxide;
(ii) compounds represented by R5nAl (OSiR73) 3-n, such as
(C2Hg5) 2A1 (0OS1i(CH3)3), (iso-C4H9)2Al(0Si(CH3)3) and (iso-
10 C4H9)2A1 (0Si(C2HSs) 3);
(iii) compounds represented by R5nAl(OAlR82)3mn, such
as (C2Hs) 2Al1 (OALl (C2Hs)2) and (iso-C4Hg) 2A1 (OAl (iso-C4H9)2);
(iv) compounds represented by R5nAl(NR92)3_n, such as
(CH3) 2A1(N(C2Hs)2), (C2H5)2A1 (NH(CH3)), (CH3)2Al(NH(C2Hs)),
15 (C2H5)2A1(N(Si(CH3)3)2) and (iso-C4Hg9)2Al (N(Si(CH3)3)2):
and
(v) compounds represented by RSnAl(SiR103)3_n, such as
(iso-CqHog) 2A1 (Si (CH3) 3) .

Of these, organocaluminum compounds represented by R53Al,
20 RSLHAL(OR®)3-p and RS5nAl(0A1R82)3-n are preferred, and
compounds wherein RS is an isoalkyl group and n is 2 are
particularly preferred. The organoaluminum compounds

mentioned above may be used in combination of two or more

kinds.



-NR~-, -P(R~)-, -P(0)(R~)-, -BRA- or -AlR~- (where R~ is a hydrogen atom a
hal ogen atom a hydrocarbon group of 1 to 5 20 carbon atons or a

hal ogenat ed hydrocarbon group of 1 to 20 carbon atons). 4. An injection
mol di ng resin conposition conprising the flexible resin conposition of any
one of clains 1 to 3. 10 5. An extrusiog mol ding resin cpipesifli (2
conprising the flexible resin conpositi % of any one of clains 1 to 3.
conpression nolding resin conposition conprising 15 the flexible resin
conposition of any one of clains 1 to 3. 7. A flexible resin nolded product
conprising the med rsédéam théta Pl odsieora tafl ydtaifr ludd Hn €Re8. The
flexible resin nolded product as clainmed in claim7, which is a flexible
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can be used. Examples of the inert hydrocarbon solvents
include aliphatic hydrocarbons, such as propane, butane,

5 pentane, hexane, heptane, octane, decane, dodecane and
kerosine; alicyclic hydrocarbons, such as cyclopentane,
cyclohexane and methylcyclopentane; aromatic hydrocarbons,
such as benzene, toluene and xylene; and halogenated
hydrocarbons, such as ethylene chloride, chlorobenzene and

10 dichloromethane. These hydrocarbon solvents can be used
singly or in combination.

The metallocene compound (a), the organoaluminum
oxy-compound (b), the compound (c) which forms an ion pair,
and the organoaluminum compound (d) can be contacted and mixed

15 with each other at a temperature of usually -100 to 200°C,
preferably -70 to 100°C.

In the present invention, copolymerization of ethylene
and the a-olefin of 3 to 20 carbon atoms can be carried out
under the conditions of a temperature of usually 40 to 200°C,

20 preferably 50 to 150°C, barticularly’preferably 60 to 120°C,
and a pressure of atmospheric pressure to 100 kg/cmz,
preferably atmospheric pressure to 50 kg/cm2, particularly
preferably atmospheric pressure to 30 kg/cm2.

Although the copolymerization reaction can be conducted

25 Dby various polymerization processes, it is preferable to
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process. In the solution polymerization, the aforesaid
hydrocarbon solvents are employable as the polymerization
solvents.

5 Although the copolymerization can Se conducted by any
of batchwise, semi-continuous and continuous processes, it
is preferable to conduct the copolymerization continuously.
The polymerization may be carried out in two or more steps
under different reaction conditions.

10 The long-chain branched ethylene/o-olefin random
copolymer (A) for use in the invention is obtained by the
aforesaid process, and the molecular weight of the copolymer
can be regulated by changing the polymerization conditions
such as polymerization temperature or controlling the amount

15 of hydrogen (molecular weight modifier) used.

Polypropylene resin (B)
The polypropylene resin (B) for use in the invention has
MFR (melt flow rate, ASTM D 1238, 230°C, load: 2.16 kg) of
20 1to1l50g/10min, preferably 5to 100 g/10min, more preferably
7 to 50 g/10 min, and an initial flexural modulus (ASTM D 790)
of not more than 1500 MPa, preferably not more than 1300 MPa,
more preferably 500 to 1000 MPa.
The polypropylene resin (B) is a propylene homopolymer,

25 a propylene random copolymer or a propylene block copolymer,
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_ 5 In the present invention, the polypropylene resin (B)
is used in an amount of 2 to 200 parts by weight, preferably
2 to 65 parts by weight, more preferably 2 to 55 parts by weight,
particularly preferably 5 to 45 parts by weight, based on 100
parts by weight of the ethylene/a-olefin random copolymer (A).

10 When the ethylene/a-olefin random copolymer (A) and the
polypropylene resin (B) are used in the above proportion, a
polypropylene resin-containing flexible resin composition .
which can provide molded products well-balanced among
flexibility, heat resistance and compression set (CS) and

15 having improved scratch resistance and transparency and which
exhibits such high flowability as to cause excellent

moldability can be obtained.

Other components

20 To the flexible resin composition of the invention,
additives, such as antioxidant, ultraviolet light absorber,
light protective agent, phosphite type heat stabilizer,
peroxide decomposer, basic co-stabilizer, nucleating agent,
plasticizer, lubricant, antistatic agent, flame retardant,

25 pigment, dye and filler, can be optionally added in amounts
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Examples of the fillers include carbon black, asbestos,
5 talc, silica and silica alumina.

To the flexible resin composition of the invention,
further, other polymers may be added in amounts not
detrimental to the object of the invention.

Examples of such polymers include EPT, polypropylene,

10 and various engineering plastic resins such as polyamides and

polyesters.

, f flexib] . I

The flexible resin composition of the invention is
15 prepared by melt mixing the ethylene/a-olefin random
copolymer (A), the polypropylene resin (B), and optionally,
the aforesaid additives by various methods hitherto known.
That is, the flexible resin composition of the invention
is obtained by simultaneously or successively feeding the
20 above components to a Henschel mixer, a V-type blender, a
tumbling mixer, a ribbon blender or the like, mixing them
therein and melt kneading the mixture in a kneading device
such as a single-screw extruder, a multi-screw extruder, a

kneader or a Banbury mixer.
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5 dispersed can be obtained.

The additives such as an antioxidant can be added in any
stage of the above process.

The flexible resin composition of the invention obtained
as above can be molded into various shapes by various melt

10 molding methods hitherto known, such as injection molding,
extrusior molding and compression molding.

The resin compositions for injection molding, extrusion
molding and compression molding according to the invention
comprise the above-described flexible resin composition of

15 the invention.

The flexible resin molded product according to the
invention comprises the above-described flexible resin
composition of the invention. This molded product may be a
flexible resin sheet.

20
EXAMPLE

The present invention is further described with

reference to the following examples, but it should be

construed that the invention is in no way limited to those

25 examples.
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Example 1

Preparation of ethyvlene/l-octene random copolvmer

Preparatio f 1 soluti
5 In a glass flask thoroughly purged with nitrogen, 0.5
mg of rac-dimethylsilylene-bis (1-(2-methyl-4-
phenylindenyl)) zirconium dichloride was placed. Then, 1.57
ml of a toluene solution of methylaluminoxane (Al: 1.1 mol/1l)
and 2.76 ml of toluene were added to obtain a catalyst
10 solution.
Polymerization
Ina2-liter stainless steel autoclave thoroughly purged
with nitrogen, 600 ml of hexane and 300 ml of l-octene were
placed, and the temperature of the system was raised to 60°C.
15 Then, 1 mmol of triisobutylaluminum and 0.5 ml (0.001 mmol
in terms of Zr) of the catalyst solution prepared above were
forced into the autoclave with ethyiene to initiate
polymerization. Thereafter, only ethylene was continuously
fed to maintain the total pressure at 3.0 kg/cmz—G, and
20 polymerization was conducted at 70°C for 60 minutes. A small
amount of ethanol was added to the system to terminate the
polymerization, and the system was purged of the unreacted
ethylene. The resultingpolymer solution was introduced into
a large excess of methanol to precipitate a polymer. The

25 polymer was recovered by filtration and dried one night under
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of 1.00 and a gn* value of 0.880.

10

50 Parts by weight of a propylene random copolymer

(available from Grand Polymer K.K., MFR (230°C, load of 2.16
15 kg): 7.0 g/10 min, melting point (Tm): 142°C, initial flexural
modulus (ASTM D 790) : 940 MPa) and 50 parts by weight of pellets
of the above obtained ethylene/l-octene random copolymer were
mixed by a Henschel mixer to prepare a dry blend.
Then, the dry blend was fed to a single-screw extruder
20 (L/D: 27, diameter: 30 mm) preset at 180°C to prepare pellets
of a flexible resin composition.
The pellets of the flexible resin composition thus
obtained were molded under the following conditions to prepare
a property test specimen.

25 Conditions to prepare pressed sheet
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Cooling temperature: 20°C

Iniectio 1di it
Cylinder temperature: 180°C
Injection pressure: 500 kg/cm2
10 Mold temperature: 30°C

Subsequently, properties of the flexible resin
composition were evaluated by the following methods.
(1) Surface hardness
The surface hardness was measured in accordance with JIS
15 K 6301 using the pressed sheet obtained above.
(2) Torsional rigidity
The torsional rigidity was measured in accordance with
ASTM D 1043 using the pressed sheet obtained above.
(3) Heat deformation
20 The pressed sheet obtained above was cut to give a strip
of 7.0 mm x 80 mm, and the strip was fixed to a cantilever
beam (span: 50 mm) to measure deformation of a tip of the strip
caused by gravity under the conditions of 50°C x 1.5 hr and
70°C x 0.5 hr.

25 (4) Compression set (CS)
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properties of the resin comp051tlon.werelneasured.in the same

manner as in Example 1.

The results are set forth in Table 1.

15 Comparative Example 1

A catalyst solution was prepared in the same manner as

in Example 1, except that bis(1l.3-dimethylcyclopentadienyl)

zirconium dichloride was used instead of rac-

dimethylsilylene-bis(l-(2~methyl-4-

20 phenylindenyl))zirconium dichloride.

Using the catalyst solution, a linear ethylene/l-octene

random copolymer was prepared in the same manner as in Example

1.

The copolymer thus obtained had a l-octene content of

25 14 % by mol, a density of 0.872 g/cm3, an intrinsic viscosity
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compression set (CS) were measured in the same manner as in
Example 1.

The results are set forth in Table 1.

Comparative Example 2

A flexible resin composition containing a polypropylene
resin was prepared in the same manner as in Comparative Example
1, except that the ethylene/l-octene random copolymer
prepared in Comparative Example 1 was used and the blending
ratio of the propylene random copolymer to the
ethylene/l-octene random copolymer was changed to 30 parts
by weight/70 parts by weight. Then, surface hardness,
torsional rigidity, heat deformation and compression set (CS)
were measured in the same manner as in Comparative Example
1.

The results are set forth in Table 1.
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gn* 0.88 1.00
Compounding of
flexible resin
composition
Ethylene a-olefin | Part by 50 70 50 70
random copolymer | wt.
Polypropylene resin | Part by
(*1) wt. 50 30 50 30
Properties of
flexible resin
composition
Surface hardness | JIS-A 95 83 95 83
Torsional rigidity
(23C) MPa 65 9 68 10
Heat deformation
(50 CX1.5hr) mm 0.8 3.8 1.4 5.7
Heat deformation
(70 CX0.5hr) mm 1.0 | 15.8 1.5 18.4
Compression set
(Cs) $ 70 82 77 90

*]:

5

Propylene random polymer having MFR (230°C)=7.0g/10 min.
and initial flexural modulus of 940 MPa
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set (CS) and which have improved scratch resistance and
transparency. Moreover, the flexible resin composition is
15 excellent in various moldability such as injection
moldability, extrusion moldability and compression
moldability.
The flexible resin composition of the invention has
excellent moldability, and hence it can be favorably used as
20 a resin composition for injection molding, extrusion molding
and compression molding.
The flexible resin molded product of the invention is
produced from the flexible resin composition of the invention,

and hence it is well balanced among flexibility, heat
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B = Por/(2P0" PE)

20 vwherein Pg and Pg are a molar fraction of an ethylene component
and a molar fraction of an a-olefin component, respectively,
contained in the ethylene/a-olefin random copolymer (A) and
POE is a proportion of the number of ethylene/a-olefin
alternating sequences to the number of all dyad sequences,
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table,
Rl is a hydrocarbon group of 1 to 6 carbon atoms,
Rz, R4, RS and R6 are the same or different and are each
a hydrogen atom, a halogen atom or a hydrocarbon group of 1
10 to 6 carbon atoms,
R3 is an aryl group of 6 to 16 carbon atoms, which may
be substituted with a halogen atom, a hydrocarbon group of
1 to 20 carbon atoms or an organosilyl group,
Xl and X2 are each a hydrogen atom, a halogen atom, a
15 hydrocarbon group of 1 to 20 carbon atoms, a halogenated
hydrocarbon group of 1 to 20 carbon atoms, an oxygen-
containing group or a sulfur-containing group, and
Y is a divalent hydrocarbon group of 1 to 20 carbon atoms,

a divalent halogenated hydrocarbon group of 1 to 20 carbon
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5 20 carbon atoms or a halogenated hydrocarbon group of 1 to

20 carbon atoms).

4. An injection molding resin composition comprising
the flexible resin composition of any one of claims 1 to 3.

10
5. An.extrusion molding resin composition comprising

the flexible resin composition of any one of claims 1 to 3.

6. A compression molding resin composition comprising

15 the flexible resin composition of any one of claims 1 to 3.

1. A flexible resin molded product comprising the

resin composition of any one of claims 1 to 6.

20 8. The flexible resin molded product as claimed in

claim 7, which is a flexible resin sheet.



