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COPOLYMER SHRI NK FI LM FIELD OF THE I NVENTION 5
The present invention relates to a polyolefin filmfor use i-n shrink
wr appi ng. More particularly, the present i nvention is concerned with
a filmfor WQ9832786hrink wr appi ng, which is forned f PEROBISPA2Mri al of
specified [err]- ol efin/aromatic vinyl conmpound random copol yner and
which 10 has excellent |owtenperature shrinkability.
BACKGROUND OF THE | NVENTI ON W appi ng, in seal ed fashion,
I ndustrial goods, daily
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needs, provisions and other itens with the use of the 15 property of

shrinki ng, when heated, of a biaxially oriented filmof thernoplastic
resin, generally known as shrink wrapping, is now w dely perforned.
For exanple, |ow density pol yet hyl ene, pol ypropyl ene, polyvinyl
chloride, WO9RBAS\inylidene chloride and pol yesters are ROIIPBIIBIdusSed as
20 materials of the above filmfor shrink awappi ng. However, al |
the filnms prepared fromthese materials do not necessarily exhibit

hi ghly satisfactory performance as shrink wapping fil ns.
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2 than that of a soft vinyl chloride film (hereinafter referred
to as "PVC filnl). Further, the surface hardness thereof is so | ow

t hat, when goods are piled one upon anot her, the | ow density

pol yethylene filmis likely to 5 have flaw and t he appearance of w apped
goods is | i Ke0W98s/32786 be deteriorated. Therefore, the | owCEIPIBNH214
pol-yet hyl ene filmis not suitable for gommercial wapping. On the

ot her hand, the PVC filmhas such an excellent transparency that

t he beauty of wapped goods is enhanced to thereby increase 10 the value
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i n industrial wapping because its inpact strength, 15 especially, inpact

strength at | ow tenperature i s poor. Moreover, this film

i nvol ves various problens such as a problem of food hygi ene attri buted
to a plasticizer contained in the film a mgration of the plasticizer
to t heWQWHFAWE goods, a tendency for film bl ocking and®CI/JrPsEmo214
difficulty in disposal of the filmafter use. Thus, substituting.
polyolefin filns therefor is now being studi ed. Al though the
polyolefin filns are characterized by havi ng high transparency and
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3 proposed. However, when the ethylene content is increased,

t he propyl ene/ et hyl ene copolyner filnms tend to stick to each other to
t hereby suffer from bl ocking. Further, et hyl ene i s heterogeneously

i ncorporated in the polyner, so 5 that there occur problens such that

t he transpdY@MA278 t he filmis deteriorated. Ther efRIEPI§MRI4t hy| ene
content of t he propyl ene/ et hyl ene caol yner which can be used in
shrink wapping is generally limted to a maxi mum of 10 nmol %

Al t hough significantly |lower than that of a 10 polypropylene film the
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15 OBJECT OF THE | NVENTI ON The present

I nvention has been made in view of the above prior art and it is an
obj ect of the present i nvention to provide a shrink filmwhich can
sui tably be used in not only comercial wapping but also industrial
20 wr appi ngWO388e786i cal |y, the first object of the present PCI/IP8/0PH¢ent i on
is to provide an ol efin copolynmer shrink fglm which is excellent in

| ow t enperature heat shrinkability, has hi gh transparency and is free
from bl ocki ng problem - The second object of the present invention is
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4 SUWMMARY OF THE | NVENTI ON The ol efin
copol ynmer shrink filmof the present I nvention conprises an

a-ol efin/aromatic vinyl conpound random copol yner, the

a-ol efin/aromatic vinyl conpound 5 random copol ynmer conpri si ng:

99.9 to 58 Wi@P8323%6 structural units derived from et RGTARAs/00214

0O to 30 nol % of structural units derived froman a- ol efin having 3
to 20 carbon atons provided that the total 10 of the structural units
derived from et hyl ene and the structural units derived from an
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15

the a-olefin/aromatic vinyl conpound random copol yner
an intrinsic viscosity [[err]], as nmeasured in decalin at 135[err]C,

of 0.1 to 10 dl/g and having a nelting point, as nmeasured by a

differenti al

scanning cal orineter, of 60 to 125[err]C, 20

ol efin copMOA¥BR™88hrink fil mbeing oriented in at | ®ETUPW/0214

di recti on.
i nventi on,

In the ol efin copolwrer shrink filmof the present
a tackifier nmay be blended in an anDunt of 1to

wei ght per 100 parts by weight of the a- ol efin/aromatic vinyl

conpound randc
t he present
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copolymer shrink filmpreferably has a thermal shrinkage factor of at

| east 20% at 100[err]C. DETAI LED DESCRI PTI ON OF THE
I NVENTION 5 The ol efin copol yner shrink film of the present

i nvention will be described in detail bel ow The ol efin

copol ymer ¥@9842786 | m of the present i nventi on conprPGEFogp214
a-ol efin/aromatic vinyl conpound r asddom copol yner obtai ned from-
et hyl ene and an aromatic 10 vinyl conpound optionally together with an
a-ol efin having 3 to 20 carbon atons. This ol efin copol ynmer shrink
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et hyl ene and an aromatic vinyl conmpound (ethyl ene/aromatic vi nyl
conpound random copol yner) or a random copol ynmer of et hyl ene, an
a-olefin having 3 to 20 carbon atons and an aromatic vinyl conpound
(et hyl ene/a-ol efin/aromatic vinyl 20 conpound random copol yner). .

The et hyl avessa2assat i ¢ vi nyl conpound random copol yner PCT/P8%MR14Ses 99. 9
to 88 nol % preferably, 99 to 90 nol % of , structural units derived
fromethylene and 0.1 to 12 nol % preferably, 1 to 10 nol % of
structural units derived from 25 an aromatic vinyl conpound.

Exanpl es of suitable aronatic vinyl conpounds include styrene; nono
or polyal kyl ﬁyr‘%mﬁ%ﬁ% ‘0- met hyl styrene, m et hyl styr ene,

p- met hyl styrene, o, p-dinethyl styrene, o-

(cr®R%)
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6 et hyl styrene, methyl styrene and p-ethyl styrene; functi onal

group containing styrene derivatives such as nmet hoxyst yr ene,

et hoxystyrene, vinyl benzoic acid, nethyl vi nyl benzoat e, vinyl benzyl
acet ate, hydroxystyrene, o- 5 chl orostyrene, p-chlorostyrene and

di vi nyl benz ewe 98/%786 phenyl propyl ene, 4-phenyl but ene anBCT/JPI8/00214

a- net hyl styrene. O t hese, styrene mgnd 4-net hoxystyrene are
preferred. - In the copol ynerization of the ethylene/aronatlc

vi nyl conpound random copol ynmer, an a-olefin may be used in

Sl tablo hol ohiEE Lrbrbgeed BET nubi HNRIC ISR S omiif‘ffngf
T pentens: Y hexgrieR b”%?ﬁ;rPR W, ORISR Wt ¢
It sggecénge&%%ﬁl-};x Fhi B %‘%alﬂold%‘ﬁ%ula:tf idgCene e rk. %
F L RETH 6 ~ 1 087 LS 6~8 DT ) —NETH 5o
R*% L URBHIKREFTHS = EREFE LI
RS XORBENKAUTORA->THTH . FELIBRALTS

b, REBIUVRBKAREFTHENWELIRBEOD L TR EIURYUD

~ WCERRLABRERT 3. RSICRYE. B3 L ADF U EhT
WTHEIWREEFE 1L ~4 07 NVFNVE, BEOICi, AR, 2FIVE
IFINE. ForiEk AVTOENE, TFNE A UTFILEERIZRY
ZIFda X FNRERENRET SN, AFNVENREFE L,
R'Z. TR :
?1 1 . }111 1R1 1 ,B.l 1
|
| I
o pl2 rl2 ;12 pl2
gll rll gll
| | |
-0-M2-0- -7— \ _0_?2_ .
R12 pl2 pl2

=BR', =AIR!', -Ge-, =Sn—-, =0—-, -S—, =80, =8
O:. =NR!!, =CO., =PR!"'"##{&=P (0) R"'"THhH, TOER'',
RUIEXTRVPIEWICRIL TSR >TWT D KK kFKEF, ~oFYy



pent adecene, 1-hexadecene, 1-heptadecene, |-octadecene, 1- nonadecene
and | -ei codecene. O these, 1-butene, 1- pent ene, 1-hexene and
1l-octene are preferred. The above a- ol efins can be used either

i ndividually or in conbination. 20 The et hyl ene/ a-ol efin/aromatic
vi nyl conWsu9RB278ndom copol ymer conprises 99.9 to RETHBIIRIZH
structural units derived fromethykene, 0 to 30 nol % of structural
units derived froman a-olefin having 3 to 20 carbon atons

(provided that the total of the structural units derived 25 from
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R:BLUVRMEEWVWIKRALTH>THRE>THTH X, RMNZDNT
o RBLI- LR UESRERT S,

mEIFNBEVCR L THE>TORE->THTH L, 04 1 Ffid 2.
FELAE0E/E1THD, m+nid0, 1F7203 2, BFELOZ0 /L
1 TH 5,

LRRGETRTHFIFE LW AT 2TRE (1) ~ ({ii) ZRT



7 It is preferred that the ethyl ene/a-olefin/aromatic

vi nyl conpound random copol yner conprise 99.85 to 80 nol % of
structural units derived fromethylene, 0.05 to 10 nol % of structural
units derived froman a-olefin having 3 to 20 5 carbon atons (provided
that the t Y@PY/P86& he structural units derived fromREAPEMRI4Nd t he
structural units derived froman [erg]-olefin having 3 to 20 car-bon
at ons ranges from99 to 90 mol %, and 1 to 10 nol % of structural
units derived froman aromatic vinyl compound. 10 When t he
structural units derived fromethylene, the structural units derived
froman [err]-olefin having 3 to 20 . carbon atons and the structural

e within the above
d random
esi st ance,

units derived from an
ranges, the et hyl%
copolymer 15 has an exce
rigidity, lowtenperature Vg
' r®rS%c

aromatic vinyl conpound

[ERERX (D) . GDECUIDP. MBZr /I3HITHO, R'BE
UR*EAFNVEXIREBERRFTHD, R°BIUVR W AFNVE, =FN
EER M INA O AFVETHD, R:, R RVUBIURVARLERD
BHERT 5, ]

ZOXS5BK (1) . (D) AU (iil) TRIZ{LELAHONTH,. TR

DIEEWHFHTIFE L,

Tac-IXAFNAFUVIVER (A UF=N) IhamoLdrza) R,
rac-IAFNAFVIYER (2-2FN-1-4VF=N) Ynazy

LI 7Y K

rac-P7x=NWAFVLVER (2-XAFN-1-4F=N) Vinaz
TALDay R

rac-ZFUVYEXR (2-AFN-1-4VTF=N) PNaz=L-Dy
=R N

rac-IAFNYYLUVER (2-XFN-1-4VF=N) Ohazy
L-DraS4 K,

rac-AFINVYVYER (2-AFN-1-4VF=N) INaz=y



resi st ance. It is preferred that the total of the structural
units derived froman [err]-olefin having 3 to 20 carbon atons and

20 the structural units derived froman aromatic vinyl - conpound
range fromQ.1 to 30 nol % especially, 0.1 to 20 nol % and, still
especi al |y, ¥PP8233860 npl % from t he vi ewpoi nt that t hBCT/JP9S/0214
ethylene/[err]-olefin/aromatic vinyl 1 conpound random copol yner havi ng
an excell ent balance of 25 transparency, heat resistance, rigidity,

| owt enper at ur e flexibility and inpact resistance can be obtai ned and

grom the;\V-iﬁ‘QP?-i)Df of safety and hygi ene.

rac-TFVYVER (2-AFN-1-4UFoN) INa=yn-I2
-'_f-)l/,

rac-Zxz=V (AFN) YYLVER (2-AFN-1-4 VF=))
Ihnazon-vrus4F,

rac-V7x=N-YYUVIVER (2-2FN-1-4VF=N) VN2
=9 L-Y7u51F, |

rac-XFNIFVYER (2-XFN-1-4VF=)) Yhaz=i
=Orusq K,

rac-IAFNYYLVYER (2-ZFN-1-4VF=N) Dha=r
L-D7054 K, COX5B 250t OBELRIZ>WTIE, fEkX A

 ROHFERITTHETZENTES (Bl - %BIF4-268 30 TSAHS

D IS
EREFTR, TV o254 T7DA 5o tathE LT, TRk [B] ©f .
ShEBBEREILEY (X FntLet) 2HV3 LT3,

-+« .+ [B]
K [B] &, MiZEMEE A EOBBLRETER L, BENICIE. 54—
VA, DNIZYL NTZSLTH B,



In the a-olefin/aromatic vinyl conpound random copol ynmer, anot her

nononer, for exanple, a nonconjugated di ene may be copol yneri zed.
Exanpl es of suitable nonconj ugat ed di.enes include 1, 4-pent adi ene,

1, 4- hexadi ene, 5 4-net hyl -1, 5- hept adi ene, 5- et hyl ene- 2- nor bor nene, . 5-

et hyl i deneWo98/87B®r nene, 5-i sopropenyl - 2- nor bor nene, 2, 5- PCT/IP98/00214

nor bor nadi ene, 1, 6-cycl ooct adi ene, 2-ethyd ene-2, 5- nor bor nadi ene,

2-i sopropenyl - 2 5 nor bor nadi ene, di cycl opent adi ene, 1, 6-oct adi ene, 1,
7-oct adi ene, trlcyclopentadlene and esters of

aci s such as %ﬁﬂﬁ @fy%ﬂéﬁﬁw AR NG R Y e
coni pati on. & @%ﬂs%ﬁ% REBRD 0 T SRR iy e 1
moneurod | n BEBA P T e MR TG Al e U Bk
yﬁ\ﬁﬁ\%ﬁ\aﬁimennf/E¥;
x%»‘:%»\jmew‘ﬁf»\«#v»\yan«#y»‘tafw\
=N, FFVN, T4V, JIVELZN, TYRVFNIEEOTAFN
E. Bz, Forkzi, Y7anF B EOT N r=NVE RV,
T 2ZNZFN, 722N T0ENREDT Y —=NTLFNE, T2, b
YW, DAFNT =, DY RAFNTz2ZN, TFANT ==k, TN
Tz=, E7z=l, FIFN, AFNFITFN, TYVEFE=ZN, T2F
VMYNZEDT Y —NEI EORER L 1S 2 0 OBLKEE ;

BRRILKFEICN 5 VETFRER U oo U (REKEE ;

AFNIY N, 22NV NIEEDE I BALKEBBRV YN, IAFNY
YN, V722N VY VIZEDIBEKREBBR YL, FPYAFAIYIL, b
JZFNYN, PITaELYY, DUV IZaAFIALIYN, PY T
SN, DAFNI7 22NV YN, AFAD T2 Y, PY MYN
VYN, FYFTFAVYNRED b Y RIKRER ) U,

MY AFANY NI =T INIELOREKRER Y VDOV ) V2 —Fi,

MIAFNIYNRFNIZEDTARBRT VFNVE, PYXFATYN
T2 NEEDT L REBRT Y - NEBLEDT I EEFE;

b FotxdvE 2 hpU, bRy, TORFY, TrFVREOT LD
FUE T2 )FY AFNT 2 ) RY, DAFNT )RV, ;FTFUR
EDTVO-FVE, TxoNA MRV, T2V b FUREDTYV AT
NaF R EOBERESEE



especially, 0.5 to 8 dl/g and, still especially, 1to 5 dl/g fromthe
vi ewpoint of noldability, rigidity and inpact 20 resistance. Moreover,

it is preferred that the tenperature (Tm at the position of maximum
peak of the endothermc curve as neasured by a differential scanning
cal ori met eWVO98/32786_ r ange from 60 to 125[err] C, especi al | y PCTOPH0H0[ err] C
fromthe vi ewpoi nt that a film haui ag an excel |l ent bal ance of 25
rigidity, toughness, transparency, heat resistance, etc. can be

obt ai ned. In the

9
Lo e b RO AT mua VB 5 g s ' the

TIE AFANTI), VAFATI), DIZFATI). IFOELT
2V DTFNT I, DYIOAFUNT I I BEDTLENLT L JE,
F2ZANT I VI22NTI), YMIANT I, DFIFATI). 2
FNI72=NTI)BEDTI—=NTIIEEFRETVFEANTY—NATI )R
BEOEBRKRESHE ;

DAFNI 2 RT 47 V722N T 2 RT 4] BEDT + 274 ) B E

~ - DY VEEETH 3,

CNODSBR! REMLKRETHSZ EAFE L, BIZAFN, TF N,
TOENORFRE 1~ 3 ORILKRETHZ Z ERFE LV, £72R? 13k3E., -
BALARERTE LS. BKES B, AFh. TFN. 7o ELOHE
B 1 ~ 3 DRALKRETSH S T EHIFE Ui,

R® . R*. R® HXUR® 2. ThENMILIZ, KBETF. /0¥ VEF.
BRM 1 ~ 2 0 DRAUKRE. BERE 1 ~2 0 O D F UEBEARERR L.
O3 BKE, BUKFEE 23 0P AR E TS B - EHUPE L,
R® ER*., R* &R°, R® XR*® 0354l &b 1 i3, Thorss
LTWBRERETFL—RITE-> T, BROFEFRBEBRLTHTH XU,

EEFERBERT SELULORR, BIOKEE S /21305 Bk
REXF 28 EHBHAITE. ChOoREWITRALTERRIIE-TWTh X
Vo AXR® FHFEHRELUNOBRETH5HBE. KRRFTHS Z LbiFE
L NOFVEF, REM1~2 0 ORLKEE. BRE1~2 00/ D
TRIEAREL LT, BEIiE, MER! $LUR? LRBOENAFR
TE 5,

R® ZR*, R* ER®, R® &R' O3BAML &b 1 HAFEVIRES L



that the ratio of structural units constituting a chain structure in
which at |east two structural units derived 5 froman aromatic vinyl
conpound are arranged i n sequence be 1% or |less, especially, 0.1% or
| ess based on the structural units derived fromthe aromatic vinyl
compound. WO9BIME content of the chain structure in whi cRCIOPISOMS ¢ \\p
structural units derived froman aromaticy wi nyl. conpound 1 0 are arranged
i n sequence can be determ ned by 13C NVR A process for

produci ng the a-ol efin/aromatic vinyl conmpound random copol ynmer w ||

now be describ r,.- gl eid £ .Vvi .
random copol yn%ﬁvéﬁﬁpﬁé%%%épm#%gm%# L%é%%g?‘%ggdfgd by
15 copol yneri zi t ne d an aromatic vinyl conpound optionally
together with Qﬁ%éﬁ#&‘?\ﬁﬂg 3 to 20 carbon atons, for exanple,
in the presence of a netall ocene catal yst (a). Any of

net al | ocene catal ysts having been conmmonly used

SN
Q@ X%
Y .

o
(8)
Choo55ERER (1) TRENS BOVEFE L,
HRFEERII Y VRF. BRE1~2 0 OR{LKEE, BkM1~2
0 DONOF ALRILARETERENTHTH XV,
O MRESEERICERT 5/ of VRT. BRI ~2 0 ORILKRE, BE

B1l~2 00 oF eRkFEE LT, §iER' 3XUR? LtRAKOE
PR TE %,

X! BXUX? & £hLhMirnic, kFFRF. ~Nof VEF RER1~
2 0 ORAKFERE, HFEM1~2 0 O 0y ULRILKEE, BReTEx:
RATOFIFELTRL. BEOCIE,

WER! BXUR? LREON DY VREF. RER1~2 0 ODR{LKFER,
BRE 1 ~2 0 OO F ALURKRE, BREFEVHTRTE %,

AFTUEFEL LTI, WRER! . R? CRAROE, BXUAFNRINFK



20 as a single site catalyst and netal |l ocene catal yst simlar thereto

can be used as the above netall ocene catal yst (a) W t hout any
restriction. In particular, a catalyst -conposed of a netal |l ocene
conmpound of transition netal (transition nmetal compound) (b), an
or ganoal uMOP8RBRY 25 conpound (c) and/or an ionizing i 8CTIPVHH4und (d)
is preferably used. 18 10
Exanpl es of suitable netall ocene conpounds (b) include net al | ocene
conmpounds of transition netals selected from anong the el enents of

Group 4 of the RETONS RN S #0095 » xS 9L LYPR T, Y patRL, by
DWANT # R—=PF, p~MNLZVANT +RX—F, PYAFARVYEYRN
TaR—b, MIAIVTFARVEZZANT 2=, p-20MRVEVRN
TxR—b RUFTNFORVEYVANT = MIEDRNT + x— b,
AFNWANT 4 R—F. Z2ZNANT 4 R— b RUDNRANT 4 R—},
PRIV RANT 4 R—=F, PUAFIRVEVRNT 4 R—F, RUFTN
FaRVEVANT 4 R— MEEDANT 4 — VEWRFIRTE 3,
~ Yid. BRE1~2 00 2 flOBRKERE, REM1~2 00 2FO v
VEBRALKRE, 20T 1 REFE. 2WOT V=Y LEFE. 2HOX
XgHE. -0-,. - CO-, -S—, -S0O0—-, -S0: -, =NR"” —, .
—P (R") —. =P (0) (R") —~. —BR" —%#&i3-AIR" - [
ZUs R IKEREF. NOF VEF. BEH 1 ~2 0 DRKRE, BRl
1~2 00 oF LR{bKEFEE] 2R 0. BB,

AFVY, DAFNMAFLY, L2-ZF LY, IAFN-1,2- ZFL U,
L3-bPIUAXFLU LATFIIAFVY, L2V 70AF VY, 1,4~V 00
NFVVIBEDTINFVVE, D722V AFVYy, VT7220-1,2- 25
LYREDTY—ATAFL VL LORER LS 2 0D 2 fHOBRIKE
% ;

200XF U /R EOLRERE1NS 2 00 2HDRILKEEEZ N Oy
fEUferna b (e ke ;
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5 revised issue (1989) of the I UPAC I norganic Chem stry Nonencl at ur e,

in particular, netall ocene conpounds represented by the follow ng
general formula (1). (1)

In the fornula (1), Mis a transition netal selected 10 from el enents of
G oup 4 owddsez2rséri odic table, e.g. zirconi um ti PEATEMA4haf ni um
and x is a valence of the tranS|tfgn net al . Lis aligand
coordinated to the transition netal. At | east one ligand L is a

| i gand having a cyclopentadlenyl 15 skel eton mhlch may have a
substituent. | es_of _the |igand V|ng a cycl opent adi enyl
skel et on i ncud®@ ‘él—kiﬂ/d’r l/c—y odr RyF )éfa"b?gt'?t%t d’ l’/~ gy brogeht=tidny|

groups, such as cycl opent adi enyl ,

et hyl cycl opelt SATEhY v 7R E ST ¥ o ¥/ 3k Bp»\ﬁ %é?%&h%ﬁga%?ﬁ*,/i T sec-
ot U—»VVUDV%&E®2MO&4§€ﬁE;

IR 2B A REFEDF AR ESN = LIER LI 2O V<=
YLASHE

LR2EOr A RAFEDr A FERXICER U 2 ORXXSHERRE
RETHY.

R7 i, BWER' . R? LABO OF VET. BEH1~2 0 ORILAE
% BEH1~20D0NOF L {LR{UKEETH 3,

SO5H 2O A EEHE. 2MOF NI LEFE. 2HORXER
ETHALHFELL, IS 2D M KEFETHB Z eFE L,
COSBBICTNELYY LY, TAVELTY =YY LY, TU—IT¥Y L
VTHBIZ EHEFE LI

PTFick@®eX [B] TREZhI3BBELEILEDOREKNEIHNZRT,



but yl cycl opent adi enyl , hexyl cycl opent adi enyl octyl cycl opent adi enyl ,

di met hyl cycl opent adi enyl trimet hyl cycl opent adi enyl
t et ramet hyl cycl opent adi enyl pent anet hyl cycl opent adi enyl ,
met hyl et hyl cycl opent adi enyl, 25 net hyl propyl cycl opent adi enyl ,
met hyl but y| WpeBBE86t adi enyl , met hyl hexyl cycl opent adi e RgE/IPI8/00214
nmet hyl benzyl cycl opent adi enyl 2 0 et hyl but yl cycl opent adi enyl ,
et hyl hexyl cycl opent adi enyl and met hyl cycl ohexyl cycl opent adi enyl .
Further, an indenyl group, a 4,5,6,7-tetrahydroi ndenyl group and a
fluorenyl group can be al so nentioned. ﬁ? Thoseggr oups nmay be
substituted with hal ogen atons g@r \i a}‘ﬁyl silgd gl oupsie

RY M

le v RS

Rl R2 RS R6 R8 RY R10 Rl1 Y x1 x2 M

H H H H H H H H SiMe; €1 €1 zr

o CH: H H H H H H H SiMe; Cl1 C1 - zr
N ciy H H H H H H H SiMePh Cl €1  2r
CHy H H H H H H H SiFhy €1 C1  zr

CH3 H H H HE H H H Si(p-tolyl)aCl Cl1  Zr

CH; H H H H H H H Si{pClPh)2Cl €l 32r

CHy H H HE H H H H CzHs cl ¢l zr

CHy H H H H H E H GeMe; Cl ClL 2r

CH3 H H H H H H H SnMe; Cl Cl1  2Zr

CH; H H H H H H H SiMe; Br Br Zr

"CH3; H H E H H H H SiMe;  Cl 0SO,CH3 Zr

CH; E H H H H H H SiMe; Cl SO;CH3 2Zr

CH3 H H H H H H H SiMe; Cl c Ti

CH; H H H H H H H SiMe, Cl1 €1  Hf

C2Hs H H HEH H H H H SiMe; €1 C1 zr

nC:H; H H H H H H H SiMe; €l Cl1  zZr

Ph H H H H H H H SiMes; Cl1L Cl1 Zr

CHy CH3 H H E H H H SiMes, Cl1L Cl1  2r

~ CHy CHy H E H H H H SiPh; €l Cl . zr
CH3 CH; CHa H H H H H SiMes . C1 Cl Zr

CHy H €1 H®H H H H H SiMe; €L C1  2Zr

CHy H CHy H H H H H SiMe; ClL ClL  2r

CHy H CyHs H H H H H SiMe; ClL ClL  2r-

CB3y H ©Ph H H H H H SiMes Cl1 Cl 2Zr

CHy H H CH; H H H H SiMe; ClL Cl1 2r

CH;. H CHy CHy H H H H SiMe; ClL Cl1 2r

CHy H CH;"' CH3 H H H CHp*l SiMe; C1 C1  2Zr

CH: H H H H H H Fh SiMe; ClL €L Zr

#1 : REERILL EWREALTIARZEERKL T 3

Me : £ F I, Et: =5 . Ph: 7 ==/



O the above ligands, particularly preferred are al kyl substituted
cycl opent adi enyl groups. When the netal | ocene conpound (b)
represented by the 10 formula (1) has two or nore ligands L having a
cycl opent adi enyl skeleton, two of the |igands having a

cycl opent W@ 9834786 skel et on may be bonded to each ot her PCT/AIPS8/08214h an

al kyl ene group such as ethylene or propgytene, a - substituted al kyl ene
group such as-isopropylidene and 15 diphenyl nethylene, a silylene group,
or a substituted silylene group such as dinethylsilylene,

di phenyl silyl ene or met hyl phenyl silyl ene. Exanmples of L
other than the ligand having a qyclgpentadlenyl skel eton include a
hydr ocarbon group of 1 20 to 12 cafbonXatons, an al koxyl group, an

aryl oxy group, a sul foni ¢ aci d- cqptalnlqg g&gupE@zSC{err]R[err]) a
hal ogen at om or hyﬁrngﬁm agem e s an alkyl ggoup, an aIkyI

gr oup

1
CC

R14

RS RS Y
Rl R2 Rr3 R6 R12. R13 Rl4 Ri1S Y xtx2 M
: H H H H H H H H SiMe; C1 Cl1 Zr
“ CH3 H H H H H H H SiMe; C1 Cl zr .
CHy H H - H H H H H SiPh; C1 Cl Zr .
CH; CH3 H H H H E H SiMe;'Cl Cl 2r
CH; H CHz H H. H H H SiMe; C1 C1 2zr
CHy H CH CHy H_ H H H SiMe; C1 C1 2Zr .
CHy H CH;"? CH2*2 CH"2 H H CHz"2 SiMey Cl Cl1 2r .
CH; H CHs CH; CH3 H E CH3; SiMey; C1 Cl Zr

#2 :R3IERZ, LR L RIS L2, EvicE4aLlT
SEBERRLTV 3,

Me : V7N Ph: 7 =M,

%
\‘\



substituted with a hal ogen atom an aryl group, or an aryl gr oup

substituted with a hal ogen atom or an al kyl group. 25 Exanpl es of
t he hydrocarbon groups of 1 to 12 carbon atons include al kyl groups,
cycl oal kyl groups, aryl groups and aral kyl groups, nore specifically,
there can bWO98RB278¢ent i oned: PCTAPISIO02L4 |5
al kyl groups, such as nethyl, ethyl, n-propyl, | sopropyl, n-butyl,

i sobutyl, sec-butyl, t-butyl, pentyl, hexyl, octyl, decyl and
dodecyl ; cycl oal kyl groups, such as cycl opentyl and cycl ohexyl ;
5 aryl groups, such as phenyl an&;tgﬁyl; and ar al kyl
group, such as benzyl and neophyl.

R3

H H H H SiMe; Cl C1 Zr
. H CH; H H SiMe; Cl1 C1 2Zr
ol - H CHy H CHy SiMe; Cl Cl 2zr
H CH3; CH; CH3 SiMe; Cl1 C1 2Zr
CH; CH; H H SiMes Cl Cl Zr
CHy CHy H CHy SiMe; Cl Cl zr
CH3; CHj - CHy CHj SiMe; Cl Cl Zr

Me : £ 5‘_1’/.:

ARETIR, LRO LS ZEABITBNTIONI=Y LERE, FF=Y L
E. N7 LSRBICEXRI - BRLREAWER VI LHTE S,
RSB ERILAMI. BRS L IKELTIL 7« VESRBERS L L
THVOHZY, REFHISEBEANWIZLLTES,

D XS BBBERILANDA VT VBBURNTIE, HEARTRORIE
M= T, BROFBARTLREAVTART B LMNTES,



Exanpl es of the al koxy groups include nethoxy, ethoxy, n- pr opoxy,

i sopropoxy, n-butoxy, isobutoxy, sec-butoxy, t- but oxy, pentoxy,
hexoxy and octoxy. 10 The aryloxy group is, for exanple, phenoxy.
Exanpl es of the sul fonic acid-containing group (- SHerr]Rerr])
i ncl ude et h¥E¥EBBnat o, p-tol uenesul fonat o, PCT/IP98/00214
trifluoromet hansul fonate and p-chl or obenzepgsul f onat o. Exanpl es
of the hal ogen atons include fluorine, 15 chlorine, brom ne and i odine.
The netal | ocene conpound (b) of the above formula (1) wherein the
val ence of the transition netal is 4 is nore specifically represented
by the followi ng formula, (2): Rerr]Rerr]Rerr]nRerr]M
(2) 20 wherein Mis tihé above-mentioned trapsition metal Bf t
formula (1), and pfgpfe aQbl'y be zirconium and af ni um %I a group
(l'igand) having a y taqlLeri.‘yJ C?ﬁg;léthn_,_dﬁ R4 R
R? .
=it
" il oo
R* CH=CR! COCCR'® =CHR?
T
(l.?
_‘\-/ BR? CH-CH. R' =CA
R® R? R* R?
R¢ ) R* '
— v — -
R* . R®
R* OH R*¢
~-7FIVYF I L
ot R! R? R? R®
I
Cc-y-C R R*
—— R! R!
R°® R?®
| I
- R*® Y R®

(7=2Z2L. A. B. CRNOFUVREFTHS)

K%%?muenacoﬁﬁﬁﬁmé%u\:ne4>¥y§$
EOOBEADOFE., HEAIEEHFL4-268307T85 Ao
ENTWEBHFRERICEIDAEKTEENTE %,



and R[err] are each independently a group having a cycl opent adi enyl
skel eton or the sane as L other than the 25 | i gand having a

cycl opent adi enyl skel.eton in the above formula (1), k is an integer
of not less than 1, and K+l +mtn = 4,

13 wo9sBemssher, a brige type netall ocene conpound ®CT{IRS00214
followng formula (A) is al so enpl oyablsey [err]

EZBBHIcEVWTR, TV V947025 ut s {bale LTELTER
[C] TRINZBBELELAYH (Aot /e ZRAVWIIELTES,

£ [C] #. M. R'. R% R® R* R°BIUTR°:ULTH. B
= [B] OML LRBE &OXEF 53,

R“R“R5$I0R3555\R’%@UZ@@Eﬁ\T»#wET
B EHFE LS. R? ER® . ¥7:idR® LR®* BT NFNETHEZIE
ﬁﬂibﬁ°:®7»$»£w\zmitm3m7w#»ﬁfﬁac&#ﬂi
LY iz, SOTNFNVER, NOF VEF, YMRIFETERShTH
Th & NaFUREF, FAREHELLTIE, R' | R* THRLAER
ENRETFoh3,

R® . R*. R® $XUR® TREINBZEDS> B, TIFNELSNDOEIL,
KEBRFTHZ I ENFEL LN,
| BEEE 1 ~2 0 ORILKFEL LTI, AFN, F N, n-Fo N, i-7
g ¥, n=-TFN., i-TFN, sec-TFN, tert- TFN, XRVFIL, A$Y
Mo YTBANEYN, NPFN, FI7FN, 2N, REVN, TV,
INVRNV=N, T/ FNILEOERTNVFNESIURRTVFIE ;



... (A 5 In the formula (A), Merr] is a netal of Goup 4 of the
periodic table, e.g., titanium zirconium or hafnium Rl and R2
may be the sane or different, and are each hydr ogen, an al kyl group of
1 to 10, preferably 1 to 3 carbon atons, an al koxy group of 1 to 10,
preferably wa/3378610 carbon atons, an aryl group of 6 to POFIPPRIGRHr ably 6
to 8 carbon atons, an aryloxy group pfy 6 to 10, preferably 6 to 8
carbon atons, an al kenyl group of 2 to 10, preferably 2 to 4 carbon
atons, an arylal kyl group of 7 to 40, preferably 7 to 10 carbon atons,
an al kylaryl group of 7 to 15 40, preferably 7 to 12 carbon atons, an
aryl al kenyl grodd~ WV, 7 s8I 0N prafer-dbP I & e 1) 8k Folh8ERT, Yor a
hal ogen ‘atom preferably chlorine. R3 and R4 may be the sane
or different, &7/ ébﬁ:@ﬂfﬁéb"éns 2ERKA. SEBEESATNTH XU, '

£/:R* . R* | R® BIUR® HORIINZ 2HOEFENTHEEASLTH .
FHERUNOERH SV IZBSREEBHRLTHT D LU,
NoFYREFELT, BANIZI, BRCR $XUR? LRFOENFIRT

&5,
X' . X*. YEXOR'L LT, WEX [B] OBA ZFAKO b oM
~ ZEiFohs,
LTFickRER [C] TREhBZ A 7ot {tat) GEBLEE/LEY) OHKk
B HERT.
rac-V 2AF NV L V-ERUT-IAFN-1- A o F=ID a1
Dray k|
rac-U A F NV LV -ERQ4LT-FY AFN-1- £ Y Fo)VNaz
LI 7u) R
rac-I AF NV L V-ERQ,4,6-bU AFN-1- £ VFoN)VNa
o oLY2ay F,

rac-OxXF Ny L v-ER(2,56-MN) AFN-1- £ VF=N) Vo=
Loy K,

rac-P AF NV YL V-ER@Z 4,5 6FT FSAFN-1- £ v FZMIN
az=vLYZO) R,

rac-VAF NV YL V-ERQ@ 456, TRV I AFN-1- L VFZN)Y
Naz=uLor2ol K,

rac-Y XF WYY Ly-ER@- 2 F h-4-n- FOEN-T- AFN-1- £ ¥
FZONaZv LYY K,



hydr ogen, a hal ogen atom preferably fluorine, chlorine or 20 brom ne, an

al kyl group of 1 to 10, preferably 1 to 4 carbon atons which nmay be
hal ogenat ed, an aryl group of 6 to 10, preferably 6 to 8 carbon atons,
or a group of -NR[err], 14 .
-SRlerr], -WOMWRY6)3, -SiRerr] or -PRerr], where R err] ROIIRISM2Egen
atom preferably chlorine, an alkyl group ¢f 1 to 10, preferably 1 to
3 carbon atons, or an aryl group of 6 to 10, preferably 6 to 8 carbon
at ons. 5 Rlerr] and Rlerr] are each particularly preferably

D ef erabi y t he Tac-Y A&k Ua tebek i SR At Mg ASlaetor Fhedi) B Ro
and R4 naz=raorza) K,

rac-AF N L -ERQ@- A F N-4-i- Tabl-T- 2FN-1- £ .
FZDhaz=onLdray F,

rac-J AFNIVY L -ER@-AFI-4-i- TobBi-6- AFN-1- £
FIra=oLIr7aly R

rac-V AF IV Y L U-ER(2-AF -4~ AFN-6-i- o VEI-1- £V
FoAPpazo Lol R

rac-2 2 F VYL U-ER@2-AFN-4-i- T BEN-5- AFNH-1- £
FoVhazZvaorzol K,

rac-IAF NI L U-ER@-AFN-4,6- O3~ Tab)-1-4 v F=
MDhaz=ondrzoy K,

rac-VAFNVY UV -EX@2-AFI-4,6- D>(- Tob)-T-XF -
1- 4 YF=W)VNa=Bavray K,

rac-I X FNIY U s-ER@2-XAFN-4-i- TFN-T- 2FN-1- £ VF
=N InaZvaIral R

rac-J A F NV Y L r-ER(2- X F N-4-sec- TFN-T- AFN-1- 4
F=WDNa=Y LI o) K,

rac-IAF NI Y L /-ER@-AF N-4,6- V(sec- TFM)-1-14 v F=
WMVnaz=wLrzoy R,

rac-ﬁ‘?i%)lx-‘/ YU -ER@-AF N-4-tert-TFN-7- AFI-1- 4
FZINaAZYLI sl R

Fac~IXAF NI YV /-ER@-AFN-4- V7anF I N-T- AFIN-]1-
AVFINIDNa=TLY2ay R,



with the proviso that each of R5 and R6 is not hydfogen. R err] and
R6 are each preferably an al kyl group of 1 to 4 carbon 10 atons which nmay

be hal ogenat ed, for exanple, nethyl, ethyl, propyl, isopropyl, butyl,
i sobutyl or trifluoromethyl, preferably nethyl. err] is
[err] 20WO98/32786 =BR[err], =AlR[err], -Ge-, -Sn-, -O ,PCHIPISOEY
=Sgerr], =NRerr], =CO 25 =PRerr] op wFP(O R err], where Rerr], R-err]
and R[err] may be the same or different, and are each hydrogen, a

hal ogen atom an al kyl group of 1 to 10, preferably 1 to 4 carbon

avoms, more e BIENTY U PR @R A FRILAY Y P P[0 49 garPon

=) Inaz=yndrzay k| '

rac-PAF NV YV -ER@-AF N4 T2 = NVZFN-T- AF-1-
AL yFNINa=sndral R

rac-OAF NIV UL U-ERQ@C-AFN-4- 222NV 7alNAFN-T- 2
FN-1- A VFZIIINA=D LI 70l F

rac-AFNIY VL U/-ER@-AFN-4- 200 XFN-T- 2FI-1- 4
vFoIWIONaAs LAY 7aY R

rac-IAFNIY VUV /-ERQ@-AFN-4- PYAFAIYNAFI-T- A
F-1- A FININA= LD 70l F,

rac-AF NIV UV V-ER@-AFN-4- PURAFNOFT AFN-T-
AFN-1- 4 YF=INA=T LI Iy K,

rac-VTF NV Y L -ER@-AFN-4-i- T EN-T- A FN-1- 4V
FoWDNa=mLI7ay K

rac-V(i- 7o) YV LV U-ER@-AFN-4-i- o bil-T- 2FN
- A vFZAINa=B LI 7aY F,

rac-2(n- FFN) VUL Y-BR(@-AF A-d-i- FTDEN-T- AF -
- A YF= I na=ynvrul K,

rac-O( Y 2anFIN) YV VL -BR@-AFN-4-i- TaN-T- *
F-1- £ vF=NI)PNazw LY ral R,

rac-AFN7 2= WYYV -BRQ-AFN-4-i- TOEN-T- X FIN-
I- A vF=Yiaz=snvszal K,

rac-J 7 x =WV Y L -ERQ@Q- A FN-A-i- o bl-T- 2FI-1- 4
VFIANDNazZg LY rul K,



atons, preferably CF[err], an aryl group of 6 to 10, preferably 30 6 to

8 carbon atons, a fluoroaryl group of 6 to 10 carbon at ons,

pref erably pentafl uorophenyl, an al koxy group of 1

15 to 10, preferably 1to4carbon atons, particularly

pr ef er abl nystﬁé‘i@f an al kenyl group of 2 to 10, pr ef er ab|RETAIPIS00214 to 4
carbon atons, an arylalkyl group of 7 t,0g40, preferably 7 to 10
carbon atons, an aryl al kenyl group of 8 5 to 40, preferably 8 to 12
carbon atons, or an al kyI aryl group of 7 to 40, pref erably 7 to 12

fogether wi thramo s sy ) L S hAGH ARy &S bikiaed @ Siagl Ty
WY vazmmaIdrsoy R

rac-V(p~ PUN) YY L U-EXQ@-AFN-4-i- TaN-T- 2 FN-
1- A VFIna=sLdroy K,

rac-V(p- Zuuz =) YYLU-EX@-AFN-4-i- TaEN-T-
AFN-1- A Y FoIIINA=T LI 70y F

rac-IAF N VY L -EXR@-AFN-4-i- FaBEN-T- AFN-1- 4~
FoIINA=ZILITRI R,

rac-AF NIV -ER(@2-XAFN-4-i- T bl-T- 2FI-1- £/
FZIIINTZI LD AF N, |

rac-JAFNVY VUV -ER(@-AFN-4-i- ToBN-T- AFI-1- £
FoIINAZTAAFNIOY Ry

rac-JAFN VY Vv -ER@2-AFN-4-i- 7o BN-T- AFI-1- 4.
FININAZYL-ERX (AFVANTF D),

Tac-VAF NIV LV V-ERQ@-XFIN-4~i- Taib-T- AFN-1- £~
FoIINAZYL-ERX (p-F7 2= NANT 4 F )

rac~-JAFNVY L U-ER@-XF -8 AFN-4-i- T EN-6- A F
M-1- £ Y F=INa= L)k,

rac-IXFNI YV -ER@-F -4-i- TOEN~6- XFN-1- 4
FoYhazyadray R,

rac-IAF NN L /-ER(2-T7 2 =N-4-i- T Bi-6- 2AFN-1- A
VFIVINaAZTLY 7Y K,

ARWTIE. LREOXSHAMIcETINIZY LeBE, FI=DL
&R, NIV LERITEZRA - BBERMTAVERAVI L TES,



Merr] is silicon, germaniumor tin, preferably silicon or 10 gernmani um
R7 is preferably =CRlerr]Rerr], =SiRerr]Rerr], =CeR[rer]Rerr], -0,
-S-, =SO =PRerr] or =P(ORerr]. R8 and R9 may be the same or
different, and have the sanme neani ng as described for Rerr]. 15

m and n nmawoseB21se sane or different, and are each O, PCTARIS/I09214
preferably 0 or 1, and mn is 0, 1 or 3,gpreferably 0 or 1.
Particularly preferred netall ocene conpounds satisfying the above
conditions are conpounds represented 20 by the following fornmulas (i) to

D e e mmemmamz, A5 € s UTAV 5K, REE/ I SH
BEBE EBTEBo
C Ot 5HBESRLANDA VT REREL T, o LR LR
ORIEN— FT. BEOHBARERERCART 52 LHTE B,
F7- LEOX [C] CTRENIZIBBELENAY (A7t {L48) X, =
N4 V7B SERIONE, 7L IIHHT 4268 8 0 7 HAH
SRROFEI X D AT BT EIRTE B
~  KREITI. £7:7) v UYL TD R 5 0k AW E LTFROR [D]

TREINIBEESELAH (A7t /{Let) ZRAVWEILHTES,

. v+ [D]

# [D] s, M. R', X!, X3bxUWYZLTH, WX [B] 55
I3HiEek [C] OBA LRAROLONEBITFoh D,

ZD5b, R*'EUTIE. BRILKRETHS Z EHFELL, FiAF N,
TFN, Foi, TFVORRE 1 ~4 DRAKRETHS JELFE LI,

e, XA XELTR, NaXFvEF RERE 1 ~2 0 DRILKFEET
HBHIETFE LU,

R? 2. BEH6~1 607 J—NEEZRL, BEMTIE,

Tx2l. a-FIFN. B-FIFN, TYRSEZL, T2ty R,
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Hf, Rlerr]

In the above fornmulas (i), (ii) and (iii), Merr] is Zr or

and Rl err] are each nethyl or chlorine, R5 and R6 are

met hyl, ethyl or trifluoromethyl, and Rlerr], Rerr], Rerr] and

Rl err] have the sane neani ngs as descri bed above. 5 O the
conmpounds We98B28kt ed by the formulas (i), (ii) and PCTATPIS/00214
particularly preferred are the foll ow ng g conpounds:

rac- di met hyl met hyl enebi s(i ndenyl ) zi rconi um di chl ori de,

rac-di met hyl met hyl enebi s(2-nmethyl -1-indenyl)zirconium 1 0 dichloride,

rac- di phenyl net hyl enebi s( 2

-nmethyl-1-ind L)zl ' di ch I de,
rac- et hyl enefi & deihia V%ﬁhﬁ@lﬁﬁ&ﬁ?ﬂ?@%ﬂ g'cgr%l'%'l'rp@]homﬁé’l,’-‘c/ ng L

rac-di met hyl sil yl enebi s(2-neth I;I-inde%I)zirconium

SN ETCHP, chhbD5bHT72=

KEE, BEEH1~2 0D uF MERMEKFEETERINTWLWTH L4,
BT LER [D] TRENZBBEELAY (45 nt LAt Ok
BB
rac-AFNIVY UV U-ER U=-T 2= N-l—AAF=IW) Ia=y Ly
2o Y Fy

rac=-AFNVY VLV U-ER (- AFN-A4—D 2= N-1-4 VF=N). DN .

2= LI7aY R

rac=-AF NV YL V-ER (2-2F N4 (a-FT7FNV) -I-4 v F=
N Ina=miaoray K,

rac-IXFNVY L Y-ER (-2 FN-4- (B-FTFN) -1-4 v F=
W) Dnva=unarsal) R, |

rac-OAFNYY L V-ER @-AFN-4-(1-T Y FSEZN)-1-4 U F=
WMVna=oLoral K|

rac-VAF VY Y LU-ER (2-AFN-4-(2-T ¥V FFRZA)1-4 U F=
Jwﬁm::bAﬁﬁnUF\

rac-UAFNVY L U-ER @-AFN-4-(-T /P SEZM)-1-A VF=
MInaz=noray K,

rac-UAFNVY L U-ER Q- AF U487 =+ MY A)-1-4 VF=
MINa=BLI7ay R,

rac-OAF NIV /-ER @-AFN-4-(p-7NF a7 22 N)-1-4 /F
SV azmynavray R,

FIFNTHBEERFE LY, &
NoO7 Y —NER. WER! LRABO vy VEF, BEN1~2 0 DRt

each



di chl ori de, rac-di met hyl si |l yl enebi s(2-nethyl -1 -indenyl)zirconium

di net hyl , rac- et hyl enebi s(2- net hyl -1 -i ndenyl ) zi rconi um di net hyl ,
20 rac- phenyl (net hyl )sil yl enebi s(2-net hyl -1 - i ndenyl ) zi rconi um
di chl ori de, rac-di phenyl si |l yl enebi s(2-nmet hyl -1 -i nden IQZZi rconi um
di chl ori de,wo 98/32786 rac- met hyl et hyl enebi s(2-net hyl -1 -i rR@W’Pg Honi um

2 5 dichloride, and 31

rac-di met hyl silyl enebi s(2-ethyl-1-indenyl)zirconium di chl ori de.

Crac-UAFNYY VLV Y-ER (2-AFN-4-(RVFTNF a7 == N)-1-4
VFE WM VNaZmLI oY K
rac-Y AF VYL Y-ER (- AFN-4-(-20u T 2=))-1-4 V7=
WM VNaz=wavral K,
rac-P2AF NI YV U-ER (2-FAFN-4-@-7007 2=2)-1-(1 VY F=
S WYNazZv LYY R
rac-IAFNVYI VL V-ER @-AFN-4-(0-7 00T 2= W)-1-4 Y T=

~ MVNa=LY7al] F
rac-UAFNVYLY-ER @-AFN-4-(0,p-V 70T z=)b) T2
-l A VFPNA=T LYY R
rac-UAFNYY L V-ER (2= AFN-4-(p-TOET 2 =N)-1-4 U FT=
WDnazmwrayzaly K
rac-IAFINY YU -ER (2-AF V-4~V W) -1- AV F=IN)D
az=wnLoray
rac-OAF NV L Y-ER @ 2AF 4@ bYW -1- L VF=ZN)D
_ naz=wayrzol R
U

rac-I A FINVY L Y-ER (2-2FN-4-(o-b U N) -1- 4 U F=W) Y
Vaz=nyzaly K

rac-J AFIUIY U V-ER (-2 F V40,0 -V RAFNT = =)-1-4
VFEZN) Dnaz=onLdroy R,

rac-IAFNVY U U-ER (A FN-4-(p-ZF N7 = =) 1-4 VT=
MIDNaz=uLor7oy k|

rac-YAF NV L V-ERX @-AFN-4-Q@-i-Fol7 z=)-1-4
FzA)VNazm Az R



17 These netal | ocene conpounds can be prepared by

conventional ly known processes (see, for exanple, Japanese Pat ent

Lai d- Open Publication No. 268307/1992). In the present invention,
as a bridge type netall ocene 5 canpound, a transition netal conpound -
(et al | ocendv09%8/32786onpound) represented by the fol |l owi ng f AGEIPESA02L4 | S

al so enpl oyabl e. [err] 3 2 ... (B In the
formula (B), Mis a transition netal atomof 10 G oup 4 of the periodic
table, specifically, titanium zi rconi um or hafni um Rl err]

and err] are each independentl hydr ogen, a hal oge
A ! rac-J X %JDQ‘/ YL -EX y{iz- a'-)b-4-£—&9 ~‘}JL7 z=I)-1-4 VF

LN WIS B=E-A  FNIL/2 =R I N

rac-2AF NV L U-ER (- AFN-4-(p-ET7 2 =iV)-1-4 T =)
Ina=yrvrzay F,

rac-VAF N VY L U-ER -2 FN-4-(-ET == W)-1-4 Y F=I))
Vhaz=nvrza) K

rac-VAFNVY VL U-ERX (2-2FN-4-(p-F Y AFNNTY )L? r=J)-
-4 yFIWIna=snLor2oy F,

rac-AF NPV /-ER @Q-AF N4 bY AFNINT =2 =N)-
A A VFIIIN2ZS LI 7 a Y F

rac-IAF N VYV L V-ER@-ZF N —4-T == N-1- A VTV N

Ca=vaYzoy R,

18-V 72 =NV Y L Y-ERQ-ZFN-4-T = =N-1-4 VY T=I) D
nNaz=wLosoy k|

rac-PAFNVYV L V/-ER@2~Z 2= N-4-T 2= N-1- A1 TF=)D
Naz=unavrzoy R

rac-IAF NV YL V-ER@p-7u EN-4- Txz=i-1- £ VF=N)
Inaz=ygLadrzay F,

rac-xFNVY UV U-ER (=2 FN-4- 722N~ 1- 41V TF=V)TN
=R, WAL/ 8 =0) 1 N

rac-J-(i-Fo i) VYV /-ER Q-2F N4~ Tx=N-1- 4 VT=
MVnaz=mavsral R,

rac-V- (n-FTFN) YV VP w-ER (2-AFN-4- Dx=~1- £ v F=
WMINna=mavsay K,



atom a hydrocarbon group of 1 to 20 carbon atons, a hal ogenat ed

hydr ocarbon group of 1 to 20 carbon atons, a 15 silicon-containing group,
an oxygen-containing group, a sul fur-containing group, a

ni trogen-containing group or a phosphor us- cont ai ni ng group.

Exanpl es of woi98/32786 ogen at ons i ncl ude fl uori ne, chIor?ﬁEﬂPﬂmﬂﬂﬂne and

I odi ne. 20 Exanpl es of the hydrOﬁaTbon groups of 1 to 20 carbon-
atons include al kyl groups, such as nethy et hyl, propyl, butyl,
hexyl , cycl ohexyl, octyl, nonyl, dodecyl ei cosyl, nor bor nyl and

adamantyl ; al ken | groups, such as vi

18 Y racx/gﬁ \:rp/\#/}b/') v gi 2-AFN-A4- Tz=N-1- A VF=

Wvnaz=mavray K

rac-AF NI 2= WYY U -ER (2-AFN-4- Zz=N-1- A V5T
MVnazuyLYray R

rac-2 7 2= VN LV-ER (2-AFN-4- Tx=-1- A VTN
nvaz=wavrzal k|

rac-Y (p-FUN) YV U V-ER @-AFN-4- T2=N-1- A VT=

~ WMTnazynrray k|
rac-Y (p-7voo7z=N) YYL/-ER (2-AFN-4- Tx=0-1- A
VFIWVhaZg LI 7ay K
rac-AF LU V-ER (2-AF N4 T2=N-1- A VF=I)VNa=o L
/8 =R N
rac-LF U V-ER (2-AF N4 2 2=N-1- 4 VFZWINIAZT L
7oy R
rac-UVAFNENIVV-ER Q- A FN-4- Z2=N-1- A VTZM)D
9 az=buvrzoy K|

rac-VRAFWRZ-ER (2-AF -4~ Zx=N-1- A VF=WIINa=
PN =R R

rac-IAFNYY U U-ER (-2 F N4~ 72201 A YFZIDIIN
A=Y LYTB I F,

rac-OAFNNYYVY-ER (-2F N4 2x=0-1- A Y TF=IDDN
A= LI AFI,

rac-JAFNVYV UV Y-ER (22 FN-4- TxN-1- A vTZN)IN
AZDLAFNITY K,



propenyl and cycl ohexenyl; arylal kyl groups, such as benzyl ,
phenyl et hyl and phenyl propyl; and aryl groups, such as phenyl, tolyl,
di met hyl phenyl, trinmethyl phenyl, et hyl phenyl , propyl phenyl, biphenyl,
napht hyl , 5 met hyl napht hyl , ant hracenyl and phenant hryl. _
Exanpl es ofWOI98/3278 ogenat ed hydr ocar bon groups i ncl ude PCT/01F98/00214
above-exenplified hydrocarbon groups which are substituted with
hal ogen at ons. Exanpl es of the silicon-containing groups include
10 nonohydrocarbon-substituted silyls, such as nmethylsilyl and
phenyl silyl; dihydrocarbon-substituted silyls, such as di et hyl si | yl
and di phenyl sitad=> rf by bdatbdhZs (BsRiTF deedt 7 = = Asil-yHsy Bgeih)adv
trimethylsilyl, triethylsilyl, - tripropylsilyl, tricyclohexylsilyl,
triphenyl si | =267 @it O MNenyl sil yl, nethyl di phenyl silyl,
tritolylsilyl and trinaphthylsilyl; silyl ethers of
hydr ocar bon- suteg-isf tedl > J L sif R/ £2- el o O waetlnll-siql YIFet L2 L
silicon-substituted

J=9L7aY FOSO:Meld &,

_il:’;%ﬂﬂ'cci\ ERO LS LABTHTNTIN =D LEEBA, FI=Y A
EB. NTYLAERICESBRI-EBEEMLAMERE I LI TE S,

C0L5UK [D] TREhIBBELEAS®IE. Journal of
Organometallic Chem. 288(1985)\. BE3~6TH, I —0 v NGHFHEANSE
0,320, 762 SHIMIE L KUKMHAICEL T, 7 EAETROISICLTRET
B LTE S, |



al kyl groups, such as trinethylsilylnmethyl; and silicon- substituted

aryl groups, such as trinethylsililphenyl. 20 Exanpl es of the
oxygen-cont ai ni ng groups i ncl ude hydr oxy groups; al koxy groups, such
as net hoxy, ethoxy, propoxy and butoxy; aryloxy groups, such as -

phenoxy, WO98M78y| phenoxy, di nmethyl phenoxy and napht hoxPCT&R28/00214
aryl al koxy groups, such as phenyl net hoxy and phenyl et hoxy. 25

Exanpl es of the sul fur-containing grogps include those wher ei n oxygen
is replaced with sulfur in the above- exenplified o§%gen-containing
~Y £%npl es of

. ' - . 1 9_
?Lgugi trogen- c'&]&sriana- ar%jf)éi’-i;lcll gae— ZHR* L] —

2 TFN-L i
HR2-Y—-R2H .
MC1,
LiR2~Y—-R2L i .
- R2 Cl R3 t
/ N\ / X' Li /7 '\ /X
NN M
AN
~ Rz C1 R{-\Cj
. Ra Xl
X*Li /S N\ /S
Y M
AN AN
Ra. Xz
#e#2U. ZEC 1. Br. 1. o-bUAZEERL,
Rz
H. R2 iz RV
9 H H

DX S5 UBBERMAY (D] i3, XS € IKELTHAVSNEAR, R
It SKERSZ & bTE B,
SIARIATIE. X 50tV LA (b) ELTFRE—BR (3) TRaA
BAIUt ALAMER BT EHTES, |
L' M? Z%, e (8)
(e, M AR AEERIES Y 5= FRADSETH Y.
L} i HRECTSLEOBBETHD. SBM? BHY A Mol

=2 R (HRl26)



am no group; al kylam no groups, such as nethyl am no, di et hyl am no,

di et hyl am no, di propyl am no, dibutyl am no and di cycl ohexyl am no; and
arylam no or al kyl aryl am no 5 groups, such as phenyl am no,

di phenyl am no, ditolylam no, di napht hyl am no and net hyl phenyl am no.
Exanpl es of WOHRE®6sphor us- cont ai ni ng groups i ncl ude P

groups, such as dinet hyl phosphino and 3 g di phenyl phosphino. 10

O these, Rerr] is preferably a hydrocarbon group, particularly
preferably a hydrocarbon group of 1 to 3 carbon atons (nethyl, ethyl

par Ui oot at | IR BB B0 Y ar ogen oF a hydr ocarbon oroup of 5 to's
re each | ndep@ickint B TR S TVChA S0 BT & FAIPOBF BT or oup
o Lo B o B, 2L AL LTS YL SRR B0 Ot 1 70
{EARE, YINESLLRFNVINETHS, )
ZDX57K (8) TRENZ Aot /tEY (b) oFTit, To—i
® (4) TRINBZ AT o ALE8HHFE LI,

/ /
(Zl)z
c e (4)
R (4) B, M BFF Y. INTZSLEREATZYLTED, Z it
LRERRTH 3.
CoRM® (on® HAMRKTIRE LY I ORY Y IT=NE, BRYY
Y ORI VT NEZHEZINSOFERERTH S,
W' BEER. 4T, RoKS U REAMED | 4KOTE. 43 ohs
ORFETLETHD,

V' RER. )Y, BRERRATYESURETFCH S,

W &V LTRAREBRLT L. £4:Cp EW! L THARERR
LTh i

—X (1) OCPTRINBEDHE L SOELTI, YRy sy
TVE, A UFINE TNF LS KON S ORRERAR S5
Fon, ThORSRRT (M) EREBRT 5, v/ oRySVT=NE



O these, preferred is hydrogen, the hydrocarbon group or

20 the

hal ogenat ed hydrocarbon group. At |east one conbi nation of Rlerr] .

and Rlerr], Rerr] and Rerr], or Rerr] and R err] may f

orm t oget her

with the carbon atons to which they are bonded a nonocyclic aroratic
ring. WO 9832788hen there are two or nore hydrocarbon gRSEIEN021425

hal ogenat ed hydr ocarbon groups, excludith@ the groups for

formng the

aromatic ring, they may be bonded to each ot her to forma ring. Wen

R6 is a substituent other than the aromati c group,
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hyd : N N . . I f
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groups
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f or med

Rl err]

can be
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(3)
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of 1 to 20 carbon atons are those described for Rerr] an
As the ligand which contains a nonocyclic aromatic ring
by at | east one conbination of R3 and R4, R4 and Rerr],
and Rlerr], as nentioned above, and is coordinated to M
ment iVWR&A#e f ol | owi ng ones. [ erPGT/IP98/00214
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formula (1). The aromatic ring nmentioned above may be

substituted with a hal ogen atom a hydrocarbon group of 1 to 20 carbon
atons or a hal ogenat ed hydrocarbon group of 1 to 20 carbon 20 atons.

Exanpl es of the hal ogen atons, the hydrocarbon groups of 1 to 20

car bon at oNwO 283878 he hal ogenat ed hydr ocar bon PCT/IP98/00214

21 groups of 1 to 20 carbon atonss fagor substituting the aromatic
ring are those described for R err] and R err]. X err] and

X[ err] are each independently hydrogen, a hal ogen atom a hydrocarbon
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oxygen-contai ni ng group or a sul fur-containing group. Exanpl es
of the hal ogen atons, the hydrocarbon groups of 1 to 20 carbon atons,
t he hal ogenat ed hydrocarbon groups of 1 to 20 carbon atons and the
oxygen-contai ning groups 10 are those described for R err] and Rerr].
Exanpl es ofWDI98/32286 f ur - cont ai ni ng groups i ncl ude those PCT/FR980031bed f or
Rlerr] and .Rlerr]; and further sulfonatq groups, such as

met hyl sul fonat o, trifluoronethanesul fonato, phenyl sul f onat o,
benzyl sul fonato, p-toluenesulfonato, 15 trinethylbenzenesulfonato
triisobutyl benzenesul f onat
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carbon atons, a divalent silicon-containing group, a di val ent

ger mani um cont ai ni ng group, a divalent tin- contai ni ng group, -0,
-CO, -S, -SO, -s(Jerr]-, -NRerr]-, 25 -P(Rerr])-, -P(O (Rerr])-,
-BRlerr]- or -AIRerr]-, where R err] is hydrogen, a hal ogen atom a
hydr ocar bonWg988%8&f 1 to 20 carbon atomns or a hal ogRP@EIRI§00214 -
hydr ocarbon group of 1 to 20 carbon atonsl
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Exanpl es of the dival ent hal ogenated hydrocarbon groups include the

above- nenti oned di val ent hydrocarbon . groups of 1 to 20 carbon atons,
whi ch are hal ogenated, such 10 as chl oronet hyl ene. Exanpl es of
t he dival ent silicon-containing groups i ncl ude al kyl si |yl ene,

al kyl aryl sWoa®6and aryl si’lyl ene groups, such as METAPISAN02L ene,

di nmet hyl si l yl ene, di et hyl silyl end, 2di (n-propyl)silylene, di(i-propyl)

15 silylene, di(cyclohexyl)silylene, methylphenylsilylene,
di phenyl silylene, di(p-tolyl)silylene and di(p-

chl or ophenyl ‘%M @m%égwm al kyl di si |l yl ene, al kyl aryl di si |l yl ene and
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Exanpl es of the divalent tin-containing groups include t hose wherein
silicon is replaced with tin in the above- 25 nentioned dival ent
silicon-containing groups. R7 is a hal ogen atom a hydrocarbon
group of 1 to 20 carbon atons or a hal ogenated hydrocarbon group of 1
to 20 WO 98/32786 23 car [PeR/TRIMATI4
exanpl es of which are those described foiB R err] and R2. o
t he above groups, preferred are divalent silicon- cont ai ni ng groups,

di val ent germani um cont ai ni ng groups and 5 divalent tin-containing
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aryl silyl ene. Li sted bel ow are exanples of the transition netal
10 conpounds represented by the fornmula (B).
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forma five-nenebered ring, respectively. |ve met hyl ; Ph:  phenyl
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0°CT 2HFMEEEEL,. 2 FLUER93. bENYS, RFLUUEES.
5%»%@%0?-(#§%¢(a))ZOg%ﬁto:@%E%ﬁ(a)é
O 1 35°CFHY R TMELBRISE [n] 31, 4d1/2ThH0. 72

EEVHEFTHMELUBE (Tm) E83CTH-7

SLEM 2

C[ZFLY 1 ITFY P RF LU S VY LREAKRORIE]

29y MO — h 7 L—TEEETHMERL, FLIV430ml.
RAFV1863ml. 1-F 7570 Tml 2HAAR, ®RANT, BELINRSR
PRZ9 O CITFRULAENS, ZFLy216kg/cm? KRB X5CHAL
Tzo Wi, BIORIGBISAFATNI ) AFY Y (BT UHS, 38
B MV UER) 5. 0mM. 20FEKIZXDER L (I-TFIU7 3



CHerr] CHerr] H H Si Me[err] d d Zr

CHerr] CHerr] H CHerr] SiMe[err] d d Zr

CH err] CHerr] CHerr] CHerr] SiMef[err] d d Zr

Me: nmet hyl . 5 Al so enployable in the invention are transition
nmet al WOW3Bes wherein zirconiumis replaced wth tiPEHIRIRORI4
hafniumin the above-nenti oned conpoundsy g The transition netal
conpounds nentioned above are 10 wused generally in the formof racenmc
nodi fication as the ol efin polynerization catal yst conmponent, but
they can be used also in the formof R type or S type.

The i ndene derFYaPiAE Vi GakiF X 1lrha "t ravd Bide Ftm=N) ¥ IcefpBunths can
For " exampl e, G ¥ 48001 OnDromMAIIX. GHEA R MM Lrege, A= b
JU—TICHALESZME L COBSHPIFLUIZ1I6kg/cm? &
BokS ittt L, 3 00MEA L, BRI, Sm1DXY ) —IER
M3 ik DT SR |
EAKRTH. 1Yy PO XY ) —NTEAERMORY v —2TH 87,
FHUAER)e—%235I1 )y PVOXY )~V T2EEEL, 130CT
1 QEERRIERIR U, BohicRY v — (REAHK (b)) X 352TH
D, TFLVEEI4. 6ENY, I-TIFTV/EE0. TENS. AFLVE
- B4, TENUTHoTo CORESHK (b)) O135CTFAY UHFTHIEL
7BRRESEE [2] 131, 8d1./gTHO, REEEZEBRER THME L /-
(Tm) {29 3°CTH 7z,
BLESI 3
[ZFLY 1-F 757V RF LY S ¥ LERELSRORE]
2V y MVOF— I V-TE2ERTRSICERL, ML 400ml
Y ZFLv1T7T0ml, 1-4 7503 0ml 2HAAT, RWT, BEBLERS
FZRHZ 9 0 CICREBLANS, FLY(216kg/cm? KB X5iCHBA
Utzo RIZ, BIORIEBICTAFATNI ) AFHy (RI—-T7 7 JHE, 3E
B MZUVER 5. 0mM. 2A0HFEICLbAKkL: G-TFAT 3
BY DAFN (FrIAFN—0% =2 2urRFD2=N) VS 0F50D
7oV F0. 00 5mMEmMA. CORAEKE2 0 pMBHLE, -
JUV—TicHBALEA#BRE U, COESRIFL V31 6keg/cm? %
Bok S CHEEMR L. 3 0AMES L, BAR, Sm1OX5 ) —ILER
MyaZtickhrRTE®,



27 [err]

WO 98/32786 _ _ PCT/IP98/00214
49

EAERTHR, 1Yy PODAY ) —VTEABFRNSRY v — 2T 87,
LR =251zl MVOXAF ) —VT2H%EL. 1830°CT
1 QEEBEER L, SohicRY<— (KESK (c)) i3 308TH .
Hh, TFLVVER92. 8ENYS. 1-F 7T EE2. 6ENY, RFVV/E
B4, 6ENNTHoTo ZOFKESEEK (c) D135 CFHY YPTHEL
1-BIRESE (2] 131, 2d1./gTHh, REEEDAEI THE LB
(Tm) 138 2°CTH-7o
HER4
C[ZFLY - RF VY S VY LRBEAKRORE]
BHELS ICEREELRATS AR 1Y v PVRERELERTES
TEBRL, MLz 4T76ml, RFL V2 4m ] #HAS |BELERST
FU Y TCREMXET, RWT, ZRES S5 CITHBL. AFATLI ) FFY
v (EV—-T72UHS, 1 0ERY% MU VEK) 4. 5mM. (¢-TFLT
IR) UAFN (FRSAFN=0° = o2urRVITT=N) YSUFF
7o) Fo, 045mM (0. 0 IlmMML VR 28BNl =5V
w ©10 0NV v bJb/hriSEicftid Lish5 4 0°CT6 0 SMES L,

FAKTH. AVTFATN2—=250ml, HEK] 0m1EMATS
0°CT3 0RREMBIBHEL. A VTFANTNI—-NEEOCRIEEESKD— b
2B L. k25 0m1 T2HE¥EREL, kML, KNTHEREZ3 Y v b
NDRAF ) —=NZEMUTRY = —Zfliagdi, HfriiL/ieRY=—-%13
0°CT1 2BFMEEE®/RL,. =FL/EB86. SENS. XFLVUVIE] 3.
5ENNKDEYT— (RESK (d)) 20g%xB/, CORESK (d) ©
135CFAY VyHRTHEUBREE (7] X1, 1d1/8ThHD, &



4

wher ei n A, B, C are each hal ogen. The transition neta
conpounds used in the invention 5 can be synthesized fromthese indene
derivatives in accordance with conventionally known processes, for
exanpl e, described in Japanese Patent Laid-Open Publication No. :
268307/ 1992WO 98/32786 In the present invention, as anot hECTAPI8804t ype

10 netall ocene conpound, a transition gepal conpound

EERHBEH THELUA#K (Tm) X5 3°CThH-7,

&GS

[TF VY » RF LU T VY LHREShORIE]

BEM 1 ICEWT, (-TFATIR) IAFNV (FRSAFN—7° -
7arRVIIIoN) VSUFFUII0Y FERARMOBETER LA I
OPYFy—ER (£ UFoL) YAa=gaYro) FicEE LS Es
EH 1 LR, ZTFVUEEI L EA%. ATV UERIELKDIT
Ly - RFLYS VU LRESK (e) 23 g%5B7, COREAK (e) @
1 35°CTFAY /R THELUBRISE [7] K1, 1d1/g2TH0, R"E-
EERBEHTHMEL/MS (Tm) 38 1 CTH-1.

KA 1 .

SLER | TELEL/-REAKE (a) 9 b EERIICHERIE (ZXaL v o™,
h—k v 7 238 SERS. TEMELTRAFTY VEALYYLD, 1K
B, AVH /w2101 0™ (FRATAF-HED) 0. 1EETLITA
WHI) w216 8™ (FANAF—HE) 0. 1EBPEMX. 5KFS5X
W, FINVT60rpm, 200°C, S57RESMLI.

Wi, Boh/-HBHE1 90 CTHLVARKEL, EX0. ImmOER
T ANLEBRT, ThhSES1 0 0mm, B2 0mmORABRAF 280 Utz
CORMBRFEREMEBET 0°C. EMERLETIHENL 1 HMERF LR,
BHI U CORFERVWTUTO XS icmBui#EERE XUANS XOflE%E L
7o BREE1IZFRT.

WIELE 2

X4 0mm. E6mmORBRK % 8 0°COBKIZEBHAREEOES (
L) 2MELKRRIC L HKRD1,



28 (et al | ocene conpound) represented by the followi ng fornula
(O is also enployable. [err]

... (O In the formula (C, M Rerr], Rerr], Rerr], Rerr],
Rlerr] and R err] have 5 the same neani ngs described for those in the
aforesaid wo098/32786 nul a (B). O R3, R4, R5 and RETIRMBIOMI4st two
groups including R3 are preferably al kyl groups, and it is nore -
preferred that Rlerr] and Rlerr], or Rerr] and R err] are al kyl
groups. These alkyl 10 groups are preferably secondary or tertiary alkyl

roups, and may be substjtuted wth hal ogen atons or silicon-
Iroup TR (%) = (1= (L/40)5 X066 =

A1 X]

ASTM D1008-52iMal T, BABATE (B HOFIIN
BEESFNDH— 2 0 DAV THIE L.

KB 2

SR 1 1BV THESH (a) ISR TRIEH 2 TRE LHEAHK (
b) ERVVeC EPSHISHS | LRBCT > BRER 1 ICRT
il 3.

SEHEG] 1 KBV TRESHE (a) CRITREN 3 THRELLKESK (.
) RV T ELISHIIEN 1 ERBICTT - 7o RRER 1ITRT.
Kl 4

S 1 oSV TRERIIEE AV TICREAK (2) %1 0 0 EBEE 2
Z LD | R > 1o BREE 1 ITRT.

SEHEHI 5

SR 1 icbWT, HEAHK (a) CRITEEH S TR FL Y -

U ZFVYS Y FLEEAK (e) ZHWLSMNIEZRM 1| LRHCT -7 &

RBEE1ITRT, :
B 1

S 1 ICBWTHESK (a) ITRATEERN 4 TRELHESHE (
d) BT EDSHISHA] | LRBNCT > 7o BRER LISRT,



cont ai ni ng groups.

Of the groups Rerr],
al kyl

groups,

Rlerr] and Rlerr]. 15
Rlerr], other groups than the
hydrogen. WO 98/32786

As the hal ogen atons and the silicon-
there can be nentioned those

Rerr],

cont ai ni ng
substituents as descri bed for
Rlerr] and

groups are each preferably

atons -i ncl ude straight chain and branch%p chai n al kyl

Exanpl es of the hydrocarbon groups of PCIBIS2Har bon
groups and-

cyclic al kyl groups, such as nmethyl, ethyl, n- 20 propyl, i-propyl,
n-butyl, i-butyl, sec-butyl, tert-butyl, pentyl, hexyl, cycl ohexyl,
heptyl, octyl, nonyl, dodecyl, ei cosyl, norbornyl and adamantyl ;
aryl al kyl groups, such as benzyl, phenylethyl, phenyl propyl and
t ol yl met hyl . These groups may contain a double bond or a triple bond.
£ 1
SERfR 1 | SERGY 2 | STHEGY 3 | SEHER 4 | MG 5 | Hol 1
HEAEK (a) 95 - - 100 - -
, £EAK (b) - 95 ~ - - -
[
*ESHE (c) - - 95 - - -
KEAH (D) | - - - - - 95
KEAHE (e) | - - - - 95 | -
RERiE 5 5 5 - 5 5
mAREEE (%) | 28 29 28 32 29 3
NX (%) | L8 1.8 1.4 1.5 1.9 1.2




29 Two grou R3, R4, R5 and R6 may be
bonded to each other t ﬂl gl H ﬂlll c or poI ycycl I C hydr ocar bon
g

ring other than the arofateC Ui mg. s npl es of the hal ogen atons
are those described for 5 R[err] and R[err] Xerr], Xerr],
Y and R] err WOR83276he sane neani ngs descri bed for t h@CE/IPIB00TId
aforesaid fornula (B). Liste ?el ow are exanpl es of the

nmet al | ocene conpounds (transition®netal conpounds) represented by the
formula 10 (O . rac- D|n'ethyIS|Ierne bis(4, 7-di met hyl -1 -

I ndenyl ) zi rconi um di chl ori de,

rac- Di net hyl si |yl ene-bi s(2, 4, 7-tri metaHROEEHE I ndenyl ) zi rconi um

di chloride, 15 rac- Di met hyl silyl ene-bis(2,4,6-trinmethyl-I-

1. ZIFLUDSEINIMIRBAI0 8, 9~5 8ENK L,
RREFEN3~200a—F VL T4 v SBINIHMKBEML0~3 0F .
W% (BL, MEOAHRIZ08. 9~8 8ELK) &,
HERE A SEMN MR 0. 1~1 2ELBENSRD,
185°C, ¥ Y VHCHE LB (2] 10, 1~10d1/g0l
Hich D, TEETDHREHTHEL MBS 6 0~1 2 5 COMMIcH3 a
—F VT4 EBRESMEANS v Y LRESEN SR, DL EL L
FRICERINTWE I 2L T IV 74 VREESHRBNET 4 Vi
2. HEMASHRa-—tVT 1Y FERE=IMEEHS v ¥ LEESE
10 0EBEMcH LT, 1 ~5 0 EENORHOBTRAINTWAHRIEL
CRBOA VT 4 VREESEBDHET « VLo
3. 2BHCEMINTVWAERE] £/32ICBBROA LV 74 Y REESK
SRR T 4 VLo
4. TANLDE 0°CIET BIMEEN 2 0 %6BLETHSHRE 1 ~ 3 DL
o THINCEROT U 7 4 YREAHBIET 4 VLo



i ndenyl )zir%/rt-oni um di chl ori de,

rac- Di net | ﬁéiIerne-bis(2,5,6-trinethyl-l- I ndenyl ) zi rconi um

di chl ori de, rac- Di met hyl silyl ene-bis(2,4,5,6-tetranmethyl-1- 20
i ndenyl ) zi rconi um di chl ori de, ' '

rac-Di met hyl silyl ene-bis(2,4,5,6,7-peqtanethyl-1- I ndenyl ) zi rconi um
di chl ori de, '

rac- Di met hyl si |l yl ene- bi s(2-nmet hyl -4-n Tq&yl-?-nethyl-
1-indenyl)zirconiumdichloride, 25 ik
rac-pi met hyl si |yl ene- bi s( 4o prRP¥OPALRERYérRINKE FTIM | NDENyl) zi rconi um
di chl ori de, _ :

rac- Di met hyl si |l yl ene-bi s(2-nmet hyl -4-i-propyl - 7- et hyl -
1-indenyl ) zirconiumdichl oride,

' FIELD OF THE INVENTION.

5 The present_invention relates to a polyolefin film for
use in shrink wrapping._ More particularly, the present
invention is concerned with a film for use in shrink
wrapping, which is formed from a material of specified o~
elefin/aromatic vinyl compound random copolymer and which

10 has excellent low-temperature shrinkability.

BACKGR THE I
ﬁrapping, in sealed fashion, industrial goods, daily
needs, previsions.and other items with the use of the
15 property of shrinking, when heated, of a biaxially oriented
film of thermoplastic resin, generally known as'shrink
wrapping, is now Widely performed. For example,.low
density polyethylene, polypropylene, polyvinyl chloride,
polyvinylidene chloride and polyesters are commonly used as
20 materials of the above film for shrink wrapping. However,
all the films prepared from these materials do not
necessarily exhibit highly satisfactory performance as
. shrink wrapping films.
For example,-a film of low density polyethylene is
25 available at low cost and has high impact strength, so that
it is suitable for ipdustrial‘wrapping. However, the
transparency and gloss thereof are not so good and the film

has an optimum shrink temperature being 20 to 50°C higher



30 . rac- Di methyl silyl ene-bi s(2-nethyl -4-i-propyl-6-nethyl -
1-i-ndenyl ) zi rconi um di chl ori de,

rac- Di met hyl silyl ene-bi s(2-nmethyl - 4- et hyI -6-1i-propyl -

1-indenyl ) zirconiumdichl oride, 5

rac- Di met hyl silyl ene-bj s(2-net hyl - 4- |2propyl 5- et hyl -

1-indenyl ) zirconiumdichl oride,

rac- Di met hylg g}IYLﬁ%@ c# s Zscfi@ P EndbliaRr epYh) tHereinaster

i ndenyl ) zi r CONI UM

rac-,Di met hy éfé £8%ed! £ 2rpRe @ilnf‘&fs dElrtREPPY Ehe surfdbe hardness

rrethyl-l-l n eny zirconiumdichlori

rac- Di net hybpbkubengs bis (Powraitad,- dhlenbybblis7a#Bt Pyied one upon
1-indenyl ) zirconi umdichl ori de,

rac- D met hyhfibthéenerhe siov f&éﬂ‘sﬂty‘lpaﬂyebhyléné film is likely to
nmet hyl -1 -i ndenyl ) zi rconium di chloride, 1 _
rac- Di mé hyha'tréyflaaiml and;(tﬂ&enmpnelarén&edbdfswrappew Jodds is likely to
be deteriorated. Therefore, the low density polyethylene
film is not suitable for commercial wrapping. On the other
hand, the PVC f£ilm has such an excelient transparency thét
the beauty of wrapéed gbods is enhanced to thereby increase
10 the ﬁalue thereof. Further, the PVC film has an optimum
| shrink temperature which is low and broad. Therefore, the
performance of the PVC film is one most suited for
commercial wrapping. However, the PVC film cannot be used
in industrial wrapping because its impact strength,
15 especially, impact .strength at low temperature is poor.
Moreover, this film involves various pfobiems such as
a problem of food hygiene attributed to a plasticizer
confained in the film, a migration of the plasticizer to
the wrapped goods, a tendency for film blécking and a
20 Adifficulty in disposal of the film after use. "I‘hus,
| substituting polyolefin f£ilms therefor is now being
studied. Although the polyolefin films are characterized
_by having high transparency and glo'ss_, _possessing nerve and
_ exhibiting high sﬁrinkage stress, they _]:iave drawbacks in
25 that their impact strength is low .and their optimum shrink
temperature is high and narrow. Therefore, a method of .
lowering | the optimum shrink temperature by copolymerizing

propylene with a small amount of ethylene has been



I ndenyl ) zi rconi um di chl ori de,
rac- Di net hyl sil yl ene-bi s(2-nethyl-4-tert-butyl -

met hyl -1 -i ndenyl ) zi rconi um di chl ori de,
rac- Di met hyl sil yl ene-bi s(2-net hyl - 4-cycl ohexyl -7- 20
met hyl -1 -i ndenyl ) zi rconi um di chl ori de,

rac- Di nethylsilylene bis(2 met hyl - 4- behzyl - 7- et hyl - 1-

indenyl)zir . s
rac- Di met hyl'S éﬁgene bits q%el;{ hyPeﬁ t e e Ié}(]herfe _/content is increased,

”Ethy|'|"nQﬂﬂ¥&hitﬁﬁﬁﬁb EhﬂyiaherbgﬁolyﬁgE films tend to stick to
rac- D met hyl si |l yl ené-bi s(2-neth
phenyl di chl @amtdﬁier?tesemékeﬁyl Qdﬁf{af)zféxﬁ%mwnmg. guekhati de,
ethylene is heterogeneously incorporated in. the polymer, so
5 that there occur problems such that thé transparéncy of the
film is deteriorated. Therefore, the ethylene content of
the propylene/ethylene copolymer which can be uséd in
shrink wrapping is generally limited to a maximum of 10
mol$. Although significantly lower than that of a
10 polypropylene film, the optimum shrink temperature of the
propylene/ethyleﬁe copolymer film with the above ethylene
content is still about 20 to 50°C higher than that of a

polyethylene f£ilm.

15 OBJECT QOF THE T ION
The presenﬁ invention has been made in view of the

above prior art and it is an objedt of the present
invention to provide a shrink film which can suitably be
used in not only commercial wrapping but also induétrial

20 wrapping. Specifically, the first object of the present
invention is to provide an olefin copolymer shrink film
which is excellent in low temperature heat shrinkability,
has high_transparency_and is free from blocking problem.
The second object ‘of the present invention is to provide an

25 olefin copolymer shrink film which is excellent in tensile
strength, tear strength, impact strength and 1ow

temperature impact strength.



31 rac- Di methyl sil yl ene-bi s(2-net hyl - 4-chl or onet hyl -
nethyl-l-indenyl)zirconiunydichloride,

rac- Di met hyl si |l yl ene- bi s(2- et hyl -

trinmethylsilylnmethyl-7-methyl-1- |ndenyl)2|rcon|un1 5 dichl ori de,
rac- Di net hyl si |l yl ene- bj s(2- net’hyl -
trimet hyl sil oxynet hyl - 7- net hyl - |ndeﬁbl)2|rcon|un1 di chl ori de,
rac- Di et hyl si |l yl ene-bi s(2-ne - ?I- r li - - 10

1-indenyl ) zirconi um dichl ori

rac-pi (i-propyl) gl yl)fgf 112 %é%%%ﬁ&y ls'h%iinkprﬂmﬁl b%' the present

met hyl - 1-i ndenyl ZFr donr um

rac-Di (n- buiﬁbbﬁti&heﬂémﬁwféé%fEﬂ*dﬂoT%ﬂonh&%mhtic vinyl compound
met hyl - 1-i ndenyl ) zi rconi um di chl ori de, 15

rac- Di (cyclQaﬁayh)eobglgmerblﬁﬁébanﬁﬂeﬁxnyamoﬁhmﬁ¢lvinyl compound
nmet hyl -1 -i ndenyl ) zi rconi um di chl ori de,
5 random copolymer comprising:
' 99.9 to 58 mol% of structural units derived from
ethylene,
0 to 30 mol% of structural units dérived from an o-
olefin having 3.to 20 carbon afoms provided fhat the total
10 of the structural units derived from ethylene and the
structural units derived from an o-olefin having 3 to 20
carbon_atams ranges from 99.9 to 88 mol%, and |

0.1 to 12 mol% of structural units derived from an

aromatic vinyl compound;

15 the o-olefin/aromatic vinyl coﬁpound random copolymer
having an intrinsic viscosity [1], as measured in decalin
at 135°C, of 0.1 to 10 dl/g and having a mélting'point, as
measured by a differentiql scanning calorimeter, of 60 to
125ec,

20 fhe olefin copolymer shrink film being oriented in at
least one direction.

In the olefin copolymer shrink film of the present
_invention, a tackifier may be blended in an amount of 1 to
50 parts by weight per 100 parts by weight of the o~
25 olefin/aromatic vinyl compound random copolymer.
The olefin copolymer shrink film of the present

invention is preferably oriented biaxially. This olefin



rac- Met hyl phenyl si |l yl ene-bi s(2- et hyl - 4-i - propyl -

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

rac- Di phenyl si |l yl ene-bi s(2-nmethyl -4-i-propyl-7-methyl- 20

1-i ndenyl ) zi r coni um di chl ori de, _ _ _ _
rac- D phenyl silyl ene-bi.s(2-nmethyl -4-digi-propyl)-1- _|ndenyl)2|rcon|um
di chl ori de, rac D (p-tolyl)Silyl ene- bIS(2 nmet hyl - 4- |-propyl

e ik s AR

propy! - 7- met fydechs Idaadwllkagc:cga%ugkdwa&@“ de,
rac- Di net hyl si | yl'ene-bi s(2- net hyl - 4-i ~pr opyl - 7- net hyl -

1-indenyl) zi rconi um di brom de,
DETAILED DESCRIPTION OF THE. INVENTTION
5 The olefin copolymer shrink film of the present
invention wiil be described in detail below.

The olefin copolymer shrink film of the present
invention comprises an o-olefin/aromatic vinyl compound
random-copolymer obtained.from efhylene and an aromatic-

10 vinyl compound optionally together with an o-olefin having
3 to 20 carbon atoms. This olefin éopolymer shrink film is

one oriented in at least one direction.

~Olefin/aromatic vinvl compound random copolymer
The 0O-olefin/aromatic vinyl compound randbm copolymef
15 for use in the present invention is a random copolymer of
ethylene and an aromatic vinyl compound (ethylene/aromatic

vinyl compound random copolymer) or a random copolymer of

ethylene, an a—olefin having 3 to 20 carbon atoms and an
aromatic vinyl compound (ethylene/a-olefin/aromatic vinyl
20 compound random copolymer) .
The ethylene/aromatic vinyl compound random copolymer
‘comprises 99.9 to 88 moi%, preferably, 99 to 90_mol% of
Structural units derived from ethylene and 0.1 to 12 mols,
preferably, 1 to iO mol% of structural units derived from
25 an aromatic vinyl compound.
Examples of suitable aromatic vinyl compounds ihclude
styrene; mono or polyalkylstyrenes such as o-methylstyrene,

m-methylstyrene, p-methylstyrene, o,p—dimethylstyrene, o-



32 rac- Di met hyl si |l yl ene-bi s(2-net hyl -4-i-propyl -7-net hyl -
1-i ndenyl) zirconi um di net hyl , :

rac- Di met hyl si |l yl ene-bi s(2-net hyl -4-i-propyl -7-net hyl -

1-i ndenyl ) zi rconi um net hyl chl ori de, 5 '

rac- Di net hyl si l'yl ene-bi s(2-nmet hyl - 4-i -goropyl - 7- et hyl -

1-i ndenyl) zi rconi um bi s( net hanesul f onat o) ,

: - Di et hyl_ gk | ! -hLS(R: =4z - = [ Rk - :
rl?icnd_eggl ) }Z’Ierig%,%isg%%?é? E)@B%%%tmﬁé%eg{ag@/ lp—;t@@tlgg(rene; functional
rac-Di met hylgidy eBReRES{kg @Eﬁéﬁé'&?ﬂi@éﬁﬁés‘ RueRYhs 10

6- et hyl - 1-i"ndenyl ) zi rconi um di chl or i1 de,

rac- Di net hyh@%@geﬂéﬁé?-QEMyA:B}réHé),pX}irﬁrllﬂéhbﬁEc acid,. methyl
n

1-indenyl)zirconiumdichloride, a

rac- Di met hykdinklbengolta( 2vhigltyénzsl -aietite, 6 hydr by styrene, o-
1-indenyl)zirconiumdichloride. 15 Al so enpl oyable. in the invention
are trarbitichloresérene, pednjporosiynene and divdogilbenzeneecm@-aced with

titani um netal
phenylpropylene, 4-phenylbutene and o-methylstyrene. Of

these, styrene and 4-methoxystyrene are preferred.
In the copolymerization of the ethylene/aromatic vinyl

compound random copolymer, an O-olefin may be used in

10 addition to the ethylene and aromatic vinyl compound.
Examples of sﬁitable 0-olefins include o-olefins having 3
to 20 carbon atoms, such as propylene, l-butene, 3-methyl-
1-butepe,_4—methyl—i—butene, l-pentene, l-hexene, 4-methyl-
l-pentene, l-heptene, l-octene, l-nonene, l-decene, 1-

15 undecene, 1l-dodecene, l-tridecene, l-tetradecene, 1-
pentadecene, l-hexadecene, l-heptadecene, l-octadecene, 1-
nonadecene and l-eicodecene. Of these, l-butene, 1-

pentene, l-hexene and l-octene are preferred. The above O-

olefins can be used either individually or in combination.
20 The ethylene/arolefin/aromatic vinyl compound random

copolymer comprises 99.9 to 58 mol% of structural units

derived from ethylene, 0 to 30 mol% of structural units

~derived from an a-olefin having 3 to 20 carbon atoms

(provided that thé.total of the structural units derived
25 from ethylene and the structural units derived from an o-

olefin having 3 to 20 carbon atoms ranges from 99.9 to 88

mol%), and 0.1 to 12 mol% of structural units derived from

an aromatic vinyl compound.



or hafniumnetal in the above-nmentioned conpounds. The

transition netal conpounds nentioned above are used generally in the
formof racem c nodification, but 20 they can be used also in the form of
R type or S type. . The indene derivative ligands for the -
transition netal conpounds can be, synt hesi zed in accordance with

ordi nary organic synthesis through for exanple, the aforenentioned
reaction route. he_transition netal conpounds %netallocene
conpounds) F@piés@ﬁ?gﬁrﬁﬁdt$kﬁq(ﬁhﬁﬂ%¥ﬂ¥§FQEdﬁ’8ée§9ﬁf €QW§EHCfron1

t hese indene derivatives_in accordance with conventlonallg -

33 vinyl compound random copolymer comprise 99.85 €o 80 mol$

of structural units derived from ethylene, 0.05 to 10 mol$%
of structural units derived from an a-olefin having 3 to 20

5 carbon atoms (provided that the total of the structural
units derived from ethylene and the structural units
derived from an O—olefin having 3 to 20 carbon atoms ranges
from 99 to 90 mol%), and 1 to 10 mol% of structural units
derived from an aromatic vinyl compound.

10 When the structural units deriﬁed from ethylene, the
structural units derived from an a-olefin having 3 to 20
carbon atoms and the structural units derived from an
aromatic vinyl compound‘are within the above ranges; the
ethylene/o-olefin/aromatic vinyl compound random copolymer

15 has an excellent balance of transparency, heat resistance,
rigidity, lowFtemperature flexibility and impact |
resistance.

It is'preferred that the total of the structural units
derived from an O-olefin having 3 to 20 carbon atoms and

20 the structural units derived from an aromatic vinyl
compound ﬁange from 0.1 to 30 mol%, especially, 0.1 to 20
mol% and, still especially, ‘0.1 to 10 mol% from the

-viewpoint that the ethylene/0-olefin/aromatic vinyl
compound random copolymer having aﬁ excellent balance of

25 transparency, heat resistance, rigidity, low-temperature
flexibility and impact resistance can be obtained and from

the viewpoint of safety and hygiene.



known processes, for exanple, described in Japanese Patent Lai d- Open

Publ i cati on No. 268307/1992. In the present invention, as a
further bridge type net al | ocene conpound, a transition netal conpound
5 (netal | ocene conpound) represented by the follow ng fornula (D) is
al so enpl oyabl e. lerr] ° (D) '

In the formula (D), M Rerr], X[err],8X[err] and Y havé'ihe sane
meani ngs as described for those in the aforesaid fornmula 10 (B) or (O.

Rlerr] is preferaftyche oplafdndarogpsds, visye gpupeunrg|yandom 5
hydr gcarbon group of 1 to 4 carbon atons, e.g., nethyl, et hyl , propyl
and butyl. copolymer, another monomer, for example, a nonconjugated _
diene may be copolymerized. Examples of suitable |
- nonconjugated dienes include 1,4-pentadiene, 1,4-hexadiene,

5 4-methyl-1,5-heptadiene, 5—methylene—2~norbornene, 5-
ethylidene—Z—norbornene, 5-isopropenyl-2-norbornene, 2,5-
norbornadiene, 1,6—cyclooctadiene, 2~-ethylene-2,5-
norbornadiene, 2-isopropenyl-2,5-norbornadiene,
dicyclopentadiene, 1, 6-octadiene, 1;7~octadiene,

10 tricyclopentadiene and esters of
dihydrodicyclopentadienyloxyethylene with unsaturated
carboxylic acids such as acrylic acid, methacrylic acid,

itaconic acid, maleic acid and fumaric acid. These may be

used either individually or in combination.

15 It is preferred that the G-olefin/aromatic vinyl
compound random copolymer have an intrinsic wviscosity [n].
as measured in decalin at 135°C, of 0.1 to 10 dl/g,
"especially, 0.5 to 8 dl/g and, still especially, 1 to 5
dl/g from the viewpoint of moldability, rigidity and impact
20 resistance. Moreover, it is preferred that the temperature
(Tm) at the position of maximum peak of the endothermic
curve as measured by a differential scanning calorimeter
~range from 60 to 125°C, especially, 70 .to 110°C from. the
viewpoint that a film having an excellent balance of
25 rigidity, toughness, transbarency, heat resistance, etc.

can be obtained.



X[err] and X err] are each preferably a hal ogen atomor a 15 hydrocarbon

group of 1 to 20 carbon at ons. Rlerr] is an aryl group of 6 to 16
carbon atons, for exanpl e, phenyl, [err]-naphthyl, [err]-naphthyl,

ant hracenyl , phenant hryl, pyrenyl, acenaphthyl, phenal enyl N
(perinapht henyl) or aceanthryl enyl . Cfgthese, phenyl or 20 naphthyl is
preferred. These aryl groups may be substituted with hal ogen at ons,
hydr ocar bon groups of 1 to . 20 carhon atons or hal ogenated hydrocarbon
groups of 1 to IR B Grtipfin/srematdr Ninydsepmpewnd gramian ] |

34 Li sted bel ow are exanples of the transition neta

conpounds ( ERRAIBH £ MFSUASs Fheepresent etnysntinn, it is preferred

that the ratio of structural units constituting a chain
structure in which at least two structural units derived
5 from an aromatic vinyl compound are arranged in sequence be

1% or less, especially, 0.1% or less based on the
structural units derived from the aromatic vinyl compound.
The content of the chain structure in which at least two
structural units derived from an aromatic-vinyl compound-

10 are arranged in sequence can be determined by 13C-NMR.

A process for producing the a-olefin/aromatic wvinyl

compound random copolymer will now be described.
The O~olefin/aromatic vinyi compound random copolymer
for use in the present invention can be produced by
15 copolymerizing ethylene and an aromatic vinyl compound
-optionally together with an'a-olefin having 3 to 20 carbon
atoms, for example, in the presence of a metallocene
catalyst (a). |
Any of metallocene catalysts.having been commonly used
20 as a single site catalyst and metallocene catalyst similar
thereto can be used as the above metallocene catalyst (a)
without any restriction. In particnlar, a catalyst
~composed of a metallocene compound of transition metal
(transition metal compound) (b), an organocaluminum oxy
25 compound (c) and/or an ionizing ionic compound (d) is

preferably used.



formula (D). ' _
rac- Di net hyl si |-yl ene- bi s(4 phenyl - 1-i ndenyl )zi rconium 5 dichloride,
rac- Di met hyl si |l yl ene- bi s(2- et hyl - 4- phenyl - i ndenyl ) zi rconi um
di chl ori de, : rac- Di met hyl si |yl ene- bIS(2 met hyl - 4- (a- napht hyl ) - 1-
i ndenyl ) zi rconi um di chl ori de, 10
rac- Di net hyl sil yl ene- b| s(2 nmet hyl - 4- (‘l[%rr] napht hyl ) - 1-
i ndenyl ) zi rconi u dic
rac- Di met hyl si | yI | s( Qné%‘ﬁ%f“bhe Ife%l%Jf:H? nyqo)mpfunds (b) include
I ndepyl) zi r%%}]i
rac-Di net hyl'siTy ene f’iﬂsﬁ‘é‘t‘ﬂﬁﬁﬁ tzaa%sn;[%:?o&:énﬁﬁa)lsl sengted from
i ndenyl ) zi r%ﬂ&“tﬁ'ecah.%éﬂés of Groy % 4 of the periodic table (long
rac- Di net hyl si |yl ene- bi s(2-net hyl - ant hracenyl ) - 1-
i ndenyl) zi r geyida dypal Oé’sdﬁndlcated by % numbers 1 to 18 of
rac- Di net hyl si |l yl ene- bIS(2 met hyl -4-(9-p enanthryl)

5 revised issue (1989) of the IUPAC Inorgan:Lc Chemistry

Nomenclature, in particular, metallocene compounds

represented by the following general formula (1).

MLy, ' ' (1)
In the formula (1), M is a tranéition metal selected
10 from elements of Group 4 of the per.iodic table, e.g.,
zirconium, titanium or hafnium, and x is a valence of the
transition metal. |

L is a ligand cpordiriated to the transition metal. At

least one ligand L is a ligand having a cyclopentadienyl
15 skeleton which may have a substituent.

Examples of the ligands having a cyclopentadienyl
skeleton include alkyl or cycloalkyl substituted
cyclopentadienyl groups, such as cyclopentadienyl,
methylcyclopentadienyl, ethylcyclopentadienyl, n- or i-

20 propylcyclopentadienyl, n-, i-, sec- or t-
- butylcyclopentadienyl, hexyl(:ycldpentadienyl,
octylcyclopentadienyl, dimethylcyclopentadienyl,
" -trimethylcyclopentadi'e_nyl . tetraxnethYldyclopentadienyi ,
pentamethyicyclopentadienyl , methylethyicyclopentadi enyl,
25 methylpropylcyclopentadienyl, methylbutylcyclopentadienyl,

methylhexylcycldpentadienyl , methylbenzylcyclopentadienyl,



i ndenyl ) zirconiumdichloride, 20

rac- Di net hyl
1-i ndenyl) zi

silyl ene-bi s(2-net hyl -4-(p-fluorophenyl) -
rconi um di chl ori de, .

rac- Di met hyl si |l yl ene- bi s(2- et hyl'-4- _
(pent af | uor ophenyl ) -1 -i ndenyl ) zi rconi q1dich|or|de,

rac- Di net hyl

si |yl ene-bi s(2-methyl - 4-(p-chl or ophenyl) - 25
SRR AR St Ergienyy 1, e IBRAIGiopentadieny] and
éﬁ#ﬁ%%gggagﬁg%gﬁﬁg?%gP?ﬂF?%%%ﬁY%?ophenyl)-

r conipyiptdieah! %hiQQdeny% ?goup, a 4,5,6,7-tetrahydroindenyl
- 1p_

sil yl ene-bi s(2-net hyl -
group and a fluorenyl group can be also mentioned.

Those groups may be substituted with halogen atoms or

trialkylsilyl groups.

Of the above ligands, particularly preferred are alkyl

subsfituted cyclopentadienyl groups.

When the metallocene compéund (b) represented by thé
formula (1) has two or more ligands L having a
cyclopentadiényl skeleton, two of the ligands having a
cyclopentadienyl skeleton may be bonded to each other
through an alkylene group such as ethylene or propylene, a

substituted alkylene group such as isopropylidene and

‘diphenylmethylene, a silylene group, or a substituted

silylene group such as dimethylsilylene, diphenylsilylene
or methylphenylsilylene.

| Examples of L other than the ligand having a
cyclopentadienyl skeleton include a hydrocarbon group of 1
ﬁo 12 carbon atoms, an alkoxyl group, an aryloxy group, a
sulfonic acid-containing group (-SOs;R!), a halogen atom or

hydrogen atom, where R! is an alkyl group, an alkyl group

..substituted with a halogen atom, an aryl group, or an aryl

1-i ndenyl) zi
rac- Di net hyl
1-i ndenyl) zi
rac- Di net hyl
1-i ndenyl) zi
rac- Di net hyl

5

10

15

20

25

group substituted‘with a halogen atom or an alkyl group.

Examples of the hydrocarbon groups of 1 to 12 carbon
atoms include alkyl groups, cycloalkyl groups, aryl groups
and aralkyl groups, more specifically, there can be

mentioned:

35



di chl or ophenyl ) phenyl -1 -i ndenyl ) zi rconi um di chl ori de, 5

rac- Di net hyl si |l yl ene- bi s(2-net hyl -4- (p- bronophenyl ) - 1-

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

rac- Di net hyl silyl ene-bi s(2-met hyl -4-(p-tolyl)-1- i ndenyl ) zi rconi um

di chl ori de, rac-Di nethylshbylene bis(2-methyl-4-(mtolyl)-1- 10
|ndenyl)2|rconlun1d|chlor|de

ionoride, - YABRFL ok ol el e, D abingl  prppddRy! V7L T oom U
di net hyl phe d h 15, _
ac-Di et hyTAPPS PRI E’Pﬁ“‘%%*lhét‘i@;%%?p%hﬁﬁtﬁnit butyl, pentyl,

i ndenyl ) zi rgeRyUM Sk Olde#®s1 and dodecyl;
rac- Di nmet hyl si yiene- i s(2-nethyl-4-(p-1-

propyl phenyl ) - 1- ¢peboyl Ryl raips) Guehl asi é9clopentyl and cyclohexyl;
rac- Di nethyIS|Ierne bis (2-nethyl-4- (p-benzyl phenyl) -
5 aryl groups, such as phenyl and tolyl; and

aralkyl group, such as benzyl and neophyl.

Examples of the alkoxy groups include methoxy, ethoxy,
N-propoxy., isopropoxy, n-butoxy,_isobu;oxy, sec-butoxy, t-
butoxy; pentoxy, hexoxy and octoxy.

10 The aryloxy group.is, for example, phenoxy.

Examples of the sulfonic acid—contéining group (-
SOsR!) include methanesulfonato, p-toluenesulfonato,
trifluoromethansulfonate and p-chlorobenzenesulfonato.

| Examples of the halogén atoms include fluorine,
15 chlorine, bromine and iodine.

The metallocene compound (b) of the above formula (1)
wherein the valence of the transition metal is 4 is more
specifically represented by the following formula (2):
 RARRIRALRSM | (2)

20 wherein M is the above-mentioned transition metal of the
formula (1), and preferably be zirconium and hafnium, R? is
a group (ligand) having a cyclopentadienyl skeleton, R3, R4
_and RS are each indepgndently a group_having a
cyclopentadienyl ékeleton or the same as L other than the
25 1ligand having a cyclopentadienyl skeleton in the above
formula (1), k is an integer of not less than 1, and

k+l+m+n = 4.



20 1-indenyl)zirconiumdichloride, : '
‘rac-Di net hyl si |l yl ene-bi s(2-mnet hyl - 4- (p-bi phenyl)-1- I ndenyl ) zi rconi um
di chl ori de, - rac-Di met hyl si | yl ene-bi s(2-net hyl -4-(m bi phenyl ) - 1-

i ndenyl ) zirconiumdichloride, 25 '

rac- Di net hyl'si | yl ene- bi s(2- et hyl
tr|nethyIS|IyIphenyl)-l-|ndenyl)2|rcoﬁlun1d|chlor|de

rac- Di nethyISIlyl Qf;ﬁ% (:%'B§ %”heta ﬁFne.%ompound of the

trlnethyIS|IyIphen denf1 2| onlum

36 . @%ﬁéﬁﬁu}"%h‘?“%sbhiég @ﬁxﬁ!&yéb?@e”y' 1-

|ndenyl)2|rcon|um
rac- Di phenyl si | yl ene-bi s(2- et hyl - 4- phenyl -1 -

(CR8R?)

‘ (a)
5 In the formula (A), M! is a metal of Group 4 of the
periodic tablé, e.g., titanium, zirconium or hafnium. |
R_1 and R2 may be the same or different, and are each
hydrogen, an alkyl group of 1 to 10, preferably 1 to 3
carbon atoms, an alkoxy group of 1 to 10, preferably 1 to 3
10 carbon atoms,- an aryl group of 6 to 10, preferably 6 to 8
carbon atoms, én arylox& group of 6 to 10, preferably 6 to
8 carbon atoms, an alkenyl group of 2 to 10, preferably 2
'to 4 carbon atoms, an arylalkyl group of 7 to 40,
preferably 7 to 10 carbon atoms, an alkylaryl group of 7 to
15 40, preferably 7 to 12 éarbbn atoms, an arylalkenyl group
of 8 to 40, preferably 8 to 12 carbon atoms, or a halogen
Natom, preferably chlorlne
R3 and R%? may be the same or dlfferent and are each
hydrogen, a halogen atom, preferably fluorine, chlorine or
'2(i bromine, an alkyl group of 1 to 10, preferably 1 to 4
carbon atoms which may be halogenated, an aryl group of 6

to 10, preferably 6 to 8 carbon atoms, or a group of -NR10,,



I ndenyl ) zi rconi um di chl ori de, 5 ~ rac-Di net hyl silyl ene-bis(2

- phenyl - 4- phenyl - I ndenyl ) zi rconi um di chl ori de,

rac-Di nethyIS|Ierne bIS(2 n- propyl - 4- phenyl - | - i ndenyl ) zi rconi um

di chl ori de, ‘rac-Di ethyIS|Ierne bi s(2- et hyl - 4- phenyl -1- 10
|ndenyl)2|rconlun1d|chlor|de 4 . _ _
rac-Di - (i-propyl)silylene-bis(2- nethy? 4- phenyl -1 - Lndenyl%2|rfon|um
di chl ori de, but yl yl et eny
|ndenyl)2|chnluﬁ1d|§ﬁ$oP|dgglﬁﬂ% or laﬁidr'ze'tc E?cﬁi% P}Pg B-bi s

) di chl
gzzacrrel\/te%lyl pheny srl‘?r;lﬁ engbg'ysfgqggty"hyﬂ ; yﬁ’a !{xgoulg)rége"i r\-'(?er]ryl') zirconi um
di Ch_l oride, preferably 1 3% B EQ@B)ShSé.{:&InQn 6P éﬁzaﬂﬁf @ﬂ:lou% REeRY kol

10, preferably 6 to 8 carbon atoms.
5 R3 and R* are each particularly preferably hydrogen.
R5. and R® may b.e the same or different, preferably the
same, and have the same meanings as described for R? and R4
with the proviso that each of R® and R® is not hydrogen. RS
- and R6 aré each préferably an alkyl grc;up of 1 to 4 carbon
10 atoms which may be halogenated, for example, methyl, ethyl,
propvl, isopropyl,. butyl, isobutyl or trifluoromethyl, |

preferably methyl.

R7 is
ril rR11g1l1l r11l
15 | ||
—M2— , a2-m2- -M2—(CR13;)—
| ||
rl2 | r12gr12 r12
r11l r11 r11
20 | : | | _
—0—_n|42—o— . —cl:— . +1|42— ,
Rlz R12 R12

=BR!!, =AIR!l, -Ge-, -Sn-, -O-, -S-, =S0O, =SO;, =NR!1, =CO,
25 =PR!! or =P(0O)R!!, where R!!, R!2 and R!3 may be the same or
different, and are each hydrogén, a halogen atom, an alkyl
"group of 1 to 10, _preférably 1 to 4 carbon atoms, more
preferably methyl, a fluoroalkyl group of 1 to 10 carbon
atoms, preferably CF3, an aryl groui) of_6 to 10, preferably
30 6 to 8 carbon atoms, a fluoroaryl group of 6 to 10 carbon

‘atoms, preferably pe‘ritafluorophenyl, an alkoxy group of 1



20 indenyl)zirconiumdichloride,

rac-Di (p-tolyl)silylene-bis(2-nethyl-4-phenyl-1- I ndenyl ) zi rconi um

di chl ori de, _ .

rac-Di (p-chl orophenyl)silyl ene-bi s(2-methyl -4-phenyl -
1-indenyl)zirconiumdichloride, 25 4g

rac- Met hyl ene- bi s(2- net hyl - 4- phenyl - |- I ndenyl ) zi rconi um di chl ori de,

26111 SnEP i 5Bty P LS R 1) 1
a0 ot hy PACRAERLE Ethoy, on ATRYL G, OF 2 o 10, proferably
2 to 4 carbon atoms, an arylalkyl group of 7 to 40,
pr'eferably 7 to 10 carbon atoms, an arylalkenyl groﬁp of 8
5 lto 40, preferably 8 to 12 carbon .a'toms, or an alkylaryl
group of 7 to 40, preferably 7 to 12 carbon atoms, or R1l
and R12. or R!! and R13 may form together with the atoms to
which they are bonded a ring. |
M2 is silicon, germaﬁium or tin, preferably silicon or
10 germanium. |
R7 is preferably =CR11R12, =gjR!1R12, =GeR!1R12, -O-,
-S-, =S50, =PR!! or =P(O)RIl. |
'R® and R? may be the same or different, and have the
same meaning as described for RI1,
15 m and n may be the same or different, and are each 0,
1l or 2, preferably 0 or 1, and m+n is 0, 1 or 2, preferably
0 or 1. |
Particularly preferred metallocene compounds
satisfying the above conditions are compounds represented

‘20 by the following formulas (i) to (iii).




I ndenyl ) zi rconi um di chl ori de, 5

rac- Di net hyl si |l yl ene- bi s(2- net hyl - 4- phenyl -1 - I ndenyl ) zi rconi um

di brom de, , rac- Di met hyl si |l yl ene- bi s(2- et hyl - 4- phenyl -1 -

i ndenyl ) zi rconi um di net hyl , _ _

rac- Di met hyl si |l yl ene-bi s(2-net hyl - 4- nyl-1- 10 indenyl)zirconium

met hyl chl ori de, rac- Di net hyI'si | yl ene-bi s (2-nethyl - 4-phenyl - 1-

e eyl ) 7i ! - _ c - .
Mroenyt el con oy e SCEBECLIRS 108111 wna iy 4 e e
chloride OSHsr RiMend RD are each ngen§APbeyahiSrifle! & LAWCRE QP are

transition netal conmpounds” wherein zirconiumis replaced Wth
titani um meledlch methy®!, 86hY1 UG NEEEF1UdkdnR IR0V anAERS | Gfed .Ow?ﬁyndS-
The transition netal conpounds represented by the . formula (D) can be

prepared i nRA8cheviantise Wane méanings 8 described above.

5 Of the compounds repfesented by the formulas (i), (ii)
and (iii), particularly preferred are the following
compounds :

rac -_dim_ethylmethyl enebis (indenyl) zirconium | dichloride,
rac -dhnethylmethyleﬁebis (2 —I.nethyl—l—indenyll). zirconium
10 dichloride, |
. rac -diphenylmethylenebis (2-methyl-1-indenyl) zirconium
dichlozide, | |
rac-ethylenebis (2-methyl-1-indenyl) zirconium
dichloride,
15 rac-dimethylsilylenebis (2-methyl-1-indenyl) zirconium
- dichloride, |
raq-dimgthylsilylenebis (2-methyl-1-indenyl) zirconium
dimethyl, ' |
rac-ethylenebis (2 —methyl—l—indényl) zirconium dimethyl,
20 rac-phenyl (methyl) silylenebis (2-methyl-1-
indenyl) zirconium dichloride, |
rac-diphenylsilylenebis (2-methyl-1-indenyl) zirconium
..dichloride, _ o
rac—methyletilyl enebis (2-methyl-1- i_ndenyi Yzirconium
25 dichloride, and |
rac—dimethylsilYlenébis (2-ethyl-l-indenyl)zirconium

dichloride.



20 Organonetallic Chem™, 288(1985), pp.. 63-67, and European Pat ent

Publ ircati on No. 0, 320,762 (specification and - exanples), for exanple,
in the foll owi ng manner. 2H err] Rl err]+ 2-butyl-Li -> 2HR err]Li
[err] _ HR[err]-Y-Rerr]H [err] 25 LiRerr]-Y-Rerr]L
[err] 17 38 [err]

These metallocene compounds can be-prepared by
» ' conventionallylknown processes (see, for example, Japanese
Patent Laid-Open Publication No. 268307/1992). |
In the present invention, as a bridge type metallocene
5 compound, a transition metal compoﬁnd'(metallocene.
compound) represented by the following formula (B) is also

- employable.

%1 x2

In the formula (B), M is a transition metal atom of
10 Group 4 of the periodic table, specifically, titanium,
zirconium or hafnium. '
R! and R? are each independently hydrogen, a halogen
atom, a hydrocarbon group of 1 to 20 carbon atoms, ‘a
halogenated hydrocarbon group of 1 to 20 carbon atoms, a
15 silicon-containing group, an oxygen-containing group, a
sulfur—coﬁtaining group, a nitrogen-containing group or a
phosphorus-containing group.
Examples of the halogen atoms include fluorine,
“"chlorine, bromine. and iodine.
20 Examples of the hydrocarbon groﬁpé of 1 to 20 carbon
atoms include alkyl groups, such as methyl, ethyl, propyl,
_butyi,_hexyl, cyclohexyl, octyl, nonyl, dodecyl, eicosyl,

norbornyl and adamantyl; alkenyl groups, such as vinyl,



wherein Zis G, Br, | or o-tosyl, and H2Ra is = 2

[err] The transition metal conpounds (D) are used generally

in the formof racem c nodification, but they can be used also in the

formof R type or S type. In the present invention, as a

net al | ocene conpound 10 (b) a corrponllgd represented by the foll ow ng

formula (3) can be al so enpl oyed as the netal | ocene conpound.M:_ |
err] is

lf;l[ rean{ L:V[ 31[ r ]Cg%%é%y]bfa:ﬁecyféﬁh&}ﬁegytl ébﬁgy(]i?lkyl 5123%? fal® v&elra%:]? hani de
ser ies; 15 penzyll | SHinyletify1d8ha Bhit§18koffl P Clhd 20 yrARls|, Baad 9T oup
as phenyl, tolyl, dimethylphenyl, triméthylphenyl, |
ethylphenyl, propylphenyl, biphenyl, naphthyl, .
5 methylnaphthyl, anthracenyl and phenanthryi.- |
Examples of the halogenated hydrocarbon groups include
the above-exemplified hydrocarbon groups which are
substituted with halogen atoms.
Examples of the silicon—containing_groﬁps include
10 monochydrocarbon-substituted silyls, such as methylsilyl and
phenylsilyl; dihydrocarbon-substituted silyls, such as '
dimethylsilyl and diphenylsilyl; trihydrocarbon-substituted
silyls, such as trimethylsilyl, triethylsilyl,
tripropylsilyl, tricyclohexylsilyl, triphenylsilyl,
15 dimethylphenylsilyl, methyldiphenylsilyl, tritolylsilyl and
trinaphthylsilyl; silyl ethers of hydrocarbon-substituted
silyls, such as trimethylsilyl ether; silicon-substituted
alkyl groups, such as trimethylsilylmethyl; and silicon-
substituted aryl groups, such as trimethylsililphenyi;
20 Examples of the oxygen-containing groups include
hydroxy groups; alkbxy groups, such as methoxy, ethoxy,
propoxy and butoxy; aryloxy groups, such as phenoxy;
__methylphenoxy, dimethylphenoxy-and naphthoxy; and
arylalkoxy groups; such as phenylmethoxy'and phenylethoxy.
25 Examples of the sulfur-containing groups inélude those
wherein oxygen is replaced with sulfur in the above-

exemplified oxygen-containing group.



“inparts restraint geonetrical shape to the netal M active -site; and

the Z[err]'s are each i ndependently hydrogen, hal ogen or a hydr ocar bon
group, a silyl group or a gernyl group 20 respectively containing 20 or

| ess carbon, silicon or ger mani um at ons.

39 O the netall ocene conp gnds (b) of the fornmula (3),
preferred are conpounds represented b@ the foll ow ng formula (4).

[err] '

Examples of the nitrogen—cbntainiﬁé)groups include

» amino group; alkylamino groups, such as methylamino,
dimethylamino, diethylamino, dipropylamino, dibutylamino
and dicyclohexylamino; and arylamino or alkylarylamino

5 groups, such as phenylaminb, diphenylamino, ditolylémino,
dinaphthylamino and methylphenylamino.

Examples of the phosphorus—containing groups include
phosphino groups, such as dimethylphosphino and
diphenylphosphino.

10 Of these, R! is preferably a hydrocarbon group,
particularly preferably a hydrocarbon group of 1 to 3
carbon atoms (methyl, ethyl or propyl). R? is preferably
‘hydrogen or a hydrocarbon group, particularly preferably
hydrogen or a hydrocarbon group of 1 to 3 carbon atoms

15 (methyl, ethyl or propyl).

R3, R4, R5 and R® are each independently hydrogen, a
halogen atom, a hydrocarbpn group of 1 to 20 carbon atoms
or a halogenated hydrocarbon group of 1 to 20 carbon atoms.
Of these, preferred is hydrogen, the hydrocarbon group or

20 the halogenated hydrocarbon gfoup. At least one
combination 6f R3 and R4, R? and R5; or RS and R® may form
together with the carbon atoms to which they are bonded a

) monocyclic-aromatic ring.

When there ére two or more hydrocarbon groups or

25 halogenated hydrocarbon groups, excluding the groﬁps for
forming the aromatic rihg, they may be bonded to each other
to form a ring. When Ré is a substituent other than the

aromatic group, it is preférably hydrogen.



5 ' In the fornula (4), Merr] represents titanium zirconium or

hafnium and Z[err] is as defined above. Cp represents an
unsubstituted or a substituted cycl opent adi enyl group or a derivative
thereof, which is [err]- bonded in [err] bonding formto M3. 10
Werr] represents oxygen, sulfur,txwéﬁ, an el enent of G oup 14 of the
periodic table or a group containing any of t hese el enents.

V[err] represent SE%F[!“ n aj, 0 [LEQgen. S,ﬁj} gen or
sul fur. y gﬁgggF }ngﬁ %rnra‘ggﬁalnse |n%, angé%p and
Wer,r] may of 17y @oaca%eﬁnaegmyaﬂa the halogerﬁrt@derl o8X2HBhes of

gr oups represented by Cp of the general fornmula (4) include a

- cycl opent adigstpsdiofIR, taN20 carbsfleaydms Oy, thbdd wsem'rbear egp ”Rhd
saturated derivatives 20 thereof. These formrings in cooperation wth
metal atom and R2. C
5 . As the ligand which contains a monocyclic aromatic
ring formed by at least one combination of R3 and R4, R4 and

R5, or R° and R6, as mentioned above, and is coordinated to

M, there can be mentioned the following ones.

G, oon

10 (1) (2)

o,
on

(3)

15 Of these, preferred is the ligand represented by the

formula (1).
The aromatic ring mentioned ebove’may be substituted
with a halogeh atom, a hydrocarbon group of 1 to 20 carbon
" atoms or a halogenated hydrocarbon group of 1 to 20 carbon

20 atoms.

| Examples of the halogen atoms, the hydrocarbon groups

of 1 to 20 carbon atoms and the halogenated hydrocarbon



(MB). Each carbon atomin the cycl opentadi enyl radical may be

substituted or unsubstituted with the sanme or a di fferent radical

sel ected fromthe group consisting of hydr ocar byl radical s,

substi tuted-hydrocarbyl radicals 25 wherein one or nore hydrogen atons is
repl aced by a hal ogen : 40

atom hydrocar byl - substi t uted netaIIO|d radi cal s wherein t he

netal | 0l d i S oelacheds! Lam 6 Quibdd Mol Reldidid curing TADI € Of the

El ement s, ogen ra |cals nore such

subgti t ent %Mt&egeaﬂsraferem@sé Whssbribed 1£¢ RYShEIIRRUI tabl e
hydrocarbyl and substit uted- hydr ocar byl radicals, which may be

substituted for a41 kAdsx? are emﬁlhnépegaanalprmy@ré&@m C)C egeadi enyl
radical, wll
atom, a hydrocarbon group of 1 to 20 carbon atoms, a

5 halogenated hydrocarbon group of 1 to 20 carbon atoms, an
oxygen-containing group or a sulfur- contalnlng group.
Examples of the halogen atoms, the hydrocarbon groups
of 1 to 20 carbon atoms, the halogenated hydrocarbqn groups
of 1 to 20 carbon.atoms énd the oxygen-containing groups

10 are those described for R! and R2.

| Examples of the sulfur-containing groups inélude those
described for R! and R2; and further sulfonato groups, such
as methylsulfonato, trifluoromethanesulfonato,
phenylsulfonato, benzylsulfonato, p-toluenesulfonato,

15 trimethylbenzenesulfonato, triisobutylbenzenesulfonato, p-
chlorobenzenesulfonato and pentafluorcbenzenesulfonato; and
sulfinato groups, such as methylsulfinato, phenylsulfinato,
benzylsulfinato, p—toluenesulfinato,
trimethylbeﬁzenesulfinato and pentafluorobenzenesulfinato.

20 Y‘is a divalent hydrocarbon Qroup of 1 to 20 carbon
atoms, a divalent halogenated hydrocarbon group of 1 to 20
carbon atoms, a divalent silicon-containing group, a

__divalent germanium—cqntaining group,_a.divalent tin-
containing group, -O-, -CO-, -S-, -SO-, -SOz~, -NR7-,

25 -P(R7)-, -P(0)(R7)-, -BR’- or -AlR7-, where R? is hydrogen,
a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms

or a halogenated hydrocarbon group of 1 to 20 carbon atoms.



contain from1l to 20 carbon atons and include straight and br anched
al kyl radicals, cyclic hydrocarbon radicals, 10 alkyl-substituted cyclic
hydr ocar bon radi cals, aromatic radi cal s and al kyl -substituted
aromatic radicals. Suitable organonetal | oi d radi cal s include nono-,
di - and trisubstituted organo IIoid radi cal s of C?oup 14

el enments wherein each of the hydrocar groups contain froml to 20

Corbon 1o T seeach B s S0 Srogared 9%@9@%%#%6%%'5

nEthy|d'3thE5§bbﬁ|atoms inPhey | L 1éﬂé Fs nEhEMl?é2ﬁ§a¥hel*lke

tri phenylsilyl, trlphenylgernyl t ri net hyl germy
z[err]s of Hﬁeﬁﬁ?%éth{rﬂéﬁ@) ag_(z%tngfénreepagﬁ@ehylin?rz ethylén&npl e, a
hydride, a halo, an alkyl, a silyl, a gernyl, an aryl, an ‘ani de, " an

aryl oxy, anlaBkarymeahph@ﬁ@hlIk4—ﬁbtrameth§ubhbdel,ancyﬁMﬂanﬂﬂﬁﬁydﬁﬂﬁ|lde
such as a cyanide or an
5 1,4-cyclohexyiene, and arylalkylene groups, such as
diphenylmethylene and diphen&l-l,z—ethylene.

Examples of the divalent halogenated hydrocarbon
groups include the above-mentioned diﬁalent hydrocarbon
groups of 1 to 20 carbon atoms, which are halogénated; such

10 as chloromethylene.

Examples of the divalent silicon-containing groups
include alkylsilylene, alkylarylsilvlene and arylsilylene
groups, such as methylsilylene, dimethylsilylene,
diethylsilylene, di(n-propyl)silylene, di(i-propyl)

15 silylene, di(cyclohexyl)silylene, methylphenylsilylene,
diphenylsilylene, di(p—tqul)silylene and di(pj
chlorophenyl)silylene; and alkyldisilylene,
alkylaryldisilylene and aryldisilylené groups, such as
tetramethyl-1,2-disilylene and tetraphenyl-1,2-disilylene.

20 Examples of the divalent germanium-containing groups
include those wherein silicon is replaced with germanium in
the above-mentioned divalent silicon-containing groups.

Examples of the divalent tiﬁ-containing groups includé
those wherein silicon is replaced with tin in the above-

'25_ mentioned divalent silicon-containing groups.

R? is a halogen atom, a hydrocarbon group .of 1 to 20

carbon atoms or a halogenated hydrocarbon group of 1 to 20



- azide, an acetyl acetonate or a mxture thereof, which may 25 be either
identical with or different fromeach other. Anmong the various
nmet al | ocene conpounds (b), the nmet al | ocene conpound represented by the
general formnmula (3) is especially preferred fromthe viewpoi nt of

41 pol ynmeri zation activity amjé e transparency, rigidity, heat
resi stance and i npact resistance of nblfded item The above descri bed
nmet al | ocene u b) ' : ' R Yo (YA I i N
conbinationF%&%gg QQ%nga%%B%?P%%§§§E1§fﬁb€gﬁ%ﬁggﬁ§bg%%ékgggéf%?Pd%e in the
pregent invepld @a nay be diluted with a hydrocarbon or a hal ogenat ed
hydr ocarbon prior to use..

Of the above groups, preferred are divalent silicon-
containing groups; divalent germanium-containing groups and
5 divalent tin—containing group, and more preferred are
divalent silicon-containing groups. Of these, particularly
preferred are alkylsilylene, alkylarylsilylene and
arylsilylene. |
' Lis#ed below are exémples of the.transition metal

10 compounds represented by the formula (B).



The organoal um num oxy conpound (c) and ionizing ionic " conpound (d)
for use in the formation of the netall ocene 10 catalyst (a) wll be
descri bed bel ow. The organoal um num oxy conpound (c) for use in
the - .present invention may be conventional alum noxane (c) or .
benzene-i nsol ubl e organoal um num oxy c%gpounds (¢c) exenplified in
Japanese Patent ‘Lai d-open Publication .15 2(1990)-78687.

The al um noxane (c) is produced, for exanple, by the _, fol |l owi ng

met hods and is generally recgyered as ®'sok&tion _g Rin A hydrocar bon

sol vent : net hog, () i ng Whi chhaw or gan conmpound such as
20 a trialkylaluninun1i% aeith @t i sol vent
suspended wi th an adsor bed r crystal water
containing salt such as nm A g , Rcopper sul fate
hydrate, al um num sul fat 8%

RS b
RL R2 R5 R6 R8 R9 RIO Ril Y xl x2 M
H H H H H H H H SiMe; €1 €1 zZr
CHi H H H H- H H H "SiMe; €1 €1 zZr
CH3 H H H H H H H SiMePh Cl1 Cl1 2zr
CH3 H H H H H H H Sich, €1 €1 2zr
CHy; H H H H H H H Si(p-tolyl)2Cl Cl1 Zr
CH3 H H H H H H H Si(pclph) Ccl Cl1 2r
CH3; H H H H H H H C2Hs ¢l ¢ zZr
CHi H H H H H H H GeMe; €1 €1 2r
CH3 H H H H H H H SnMej Cl Cl Zr
CH3 H H H H H H H SiMes Br Br 2r
CH3 H H H H H H H SiMe,p Cl OSO2CH3 Zr
CH3; H H H H H H H SiMe; Cl SO0,CH3 Zr
CH3 H H H H H H H SiMe; €1 €1 Ti
CH3 H H H H H H H SiMe; €1 €1 Hf
CoHs H H H H H H H SiMe; €1 €1 2Zr
nC3H7; H H H H H H H SiMe; C1 Cl1 2r
- Ph H H H H H H H SiMe, €1 Ccl1  zZr
CH3 CH3 H H H HE H H SiMe;, Cl1 €1 2Zr
CH3 CHj H H H H H H SiPhjy Cl Ccl Zx
CH3 CH3 CH3: H H H H H SiMe; €1 cCl1 2Zr
CHs H €1 H H H H H SiMe; Cl1 €1 2r
CH3y H CH3 H H H H H SiMe;, €1 Cl1 zr
CH3 H CHs H H H H H SiMe; €1 €1 2Zr
CH3y H Ph H H H H H SiMe; €1 €1 .Zr
CH3; H H CH3; H H H H SiMe; €1 Cl1 Zr
CH3 H CHs CH;y H H H H SiMe, C1 cCl1 zZr
CH3 H CH*l1 CH3 H H H CHy*l .= SiMej cl cC1l zZr
CH3 H H H H H H Ph SiMej Ccl cl Zr

*1: R5 and Rl are bonded to each other to form a five-
membered ring.
5 Me: methyl; Et: ethyl; Ph: phenyl.



hydrate, nickel sulfate hydrate or cerium(l) chloride 25 hydrate -and

reacted, and the product is recovered as a solution in an aromatic
hydr ocar bon sol vent; met hod (2) in which water (liquid water, ice
or stean directly acts on an organoal um num conpound such as a
42 trialkylalumnumin a solveq% such as benzene, tol uene,
ethyl ether or tetrahydrofuran, and t g product IS recovered as a
solution in an aromati c hydrocarbon %glvia and 5 nmet hod (3)
i n which an organotin oxtde such as dlnethyltln oxi de or dibutyltin
oxide reacts with an organoalun1qpn1conqgundR$uc§1as a
trialkylalumnumin a gl2 g3 (;;////

_ R13

Rl R2 R3 R6 ng R13 ri4 Ri15 Y x1 x2 M

H H H H H H H H SiMe; Cl Cl 2Zr
CH3 H H H "H H H H SiMep; C1 Cl1l Zr
CHs H H H H H H H SiPhy C1 Cl1 Zr
CH; CH3 H H H H H H SiMe; Cl1 Cl1 2Zr
CH3; H CHs H H H H H SiMey C1 Cl Zr
CH; H CH3 CH3 H H H H SiMey C1 Cl Zr
CH3 H CHy*2 CHy"2 CH2*2 H H CHy"2 SiMe; C1 Cl 2Zr
CH; H CH3 CH; CH3 H H CHz SiMe; Cl Cl Zr

*2: R3 and R12, and RS and R!5 are bonded to each other to
form a five-memebered ring, respectively.
5 Me: methyl; Ph: phenyl



hydr ocar bon sol vent such as decane, benzene or tol uene. Exanpl es
of suitable ionizing ionic conpounds (d) 10 include Lewis acids, ionic
conpounds, borane conpounds and . carborane compounds. These ionizing
i oni ¢ compounds (d) are described in Published Japanese Transl ation
of PCT I nt er nati onal publicatiogdﬂw Patent Application, Nos.
1(1989)-501950 and 1(1989)-502036, Japanese Patent Laid- 15 open
Publ i cati on Nos. 3(1991)-179005, 3(1991)-179006, 3(1991)-207703 and
3(1991)-207704 and U.S. Patent No. 1 95,321, 106. The Lew s
aci d used as ionizing ionic conpound (§% L§, for exanple, any of
conpounds represented by the formula 20m BR3 (whergg@in Rs may be identical
with or different from - serijt f%?orine atons or
phenyl groups unsubstg4 utjed oy TRy A5l uorine atom a
met hyl group, a trifl usgons t D¢ de) .

Rl R2 R3 R4 Y xlx2 M
H H H H SiMe; Cl Cl Zr
H CH3 H H SiMe; Cl Cl Zr
H CH3 H CH3 SiMe; Cl Cl Zr
H CH3 CH3; CH3 SiMe; Cl Cl Zr
CH; CH3 H H SiMe; Cl Cl Zr
CH3 CH3 H CH3 SiMe; Cl Cl zr
CH3; CH3 CH3 CH3 SiMey; Cl Cl Zr

Me: methyl.

Also employable in the invention are transitién metal
compounds wherein zirconium is replaced with titanium or
hafnium in the above—mentioned compounds .

fhe transition metél compounds mentioned above are

10 used generally in the form of racemic modification as the
olefin polymerization catalyst component, but they can be
used also in the form of R type or S type.

The indene derivative ligands for the transition metal
compounds can be synthesized in accordaﬁce with ordinary

15 organic synthesis through, for example, the reaction route

described below.



Exanpl es of suitable Lewis acids include 25 trifluoroboron,

tri phenyl boron, tris(4-fluorophenyl)boron,

tris(3,5-difluorophenyl)boron, tris(4- - fluoronet hyl phenyl ) boron and
tris(pentafluorophenyl)boron. 43
The ionic conpound used as ionizing igpic conpound (d) Is a salt
conposed of a cationic conpound and an anionic conpound. The anionic
conpound reacts with khe above met al | ocene conpound (b) to thereby
cationi ze the ﬁwget | | ocene conpoundd(b) and_thqﬁ fBrmBh ion pair to
stabilize transittopAmstal cation spedles. Exanpl®: sui tabl e

ani ons i ncl ude orga r on *c HpBTAR arntdnsT emilc compound
ani ons and or gangg

R6 00 6 0
I i R
R2CH =CR! COCCR! = CHR?
or
0
I
BR2CH-CHR!-CA
R3 o2 R 2
R R
RY ' R4
— Rl I OQ Rl
R5 R5
RG OH RG
R3 RZ
R4
n-butyllithium O@ Rl
R Li*
RS
4 R3 Rz RZ ’ 4
c-y-¢ R O R
D w
RS” R®
6 6
R Y R wherei

n Al, ' B, C are each halogen.

The transition metal cbmpounds used in the invention
5 can be synthesized from these indene der:_i.vatives in
_accordance with conventionally known processes, for
example, described in Japanese Patent Laid-Open Publication
No. 268307/1992. |
In the present invention, as anothef bridge type

10 metallocene compound, a transition metal compound



anions. O these, relatively bulky anions capable of 10 stabilizing
transition netal cation species are preferred. Exanpl es of suitable
cations include netal cations, organonet al cations, carbonium
cations, tritiumcations, oxoni um cations, sul-fonium cations,
phosphoni um cati ons and anmmoni u ations. Specifically, suitable
cations include 15 triphenyl carbeni cation, tributylamonium cation,

the above corBBiAISEoRBR SOmBABNE A oReh B, To e Towing FommP o e
preferably uiﬁgugg gﬁgoaﬁ#éﬁéﬁfgﬂgpound, whi ch include, for exanple,

trial kyl subs ed anmo - salts, N N-dialkylaniliniumsalts,

di al kyl ammoni um sal ts d trigsyl phosphoni um sal ts.

Exanpl es of the above trialgekégybstituted anmoni um salts include
triethylannDniun1tetr?gph%%yl) ron,, ®r3 tripropylanmmmonium
tetra('phenyl)boror}14 tini (n*dutyl) '

B> ge ¥ RS (o))
In the formulé (c), M, R}, R2, R3, R4, RS and RS have
5 the”same meanings described for those in the aforesaid
formulé (B). |
of R3, R%, R5 and RS, at least two groups including R3
are preferably alkyl groups, and it is more preferred that
R3 and R5, or R3 and R® are alkyl groups. These alkyl
10_ groups are preferably secondary or fertiary alkyl groups,
and may be substituted with halogen atoms or silicon-
containing groups. As the halogen atoms and the silicon-
containing groups, thefe-can be mentioned those
substituents as described for R! and RZ.
15 ~ Of the groups R3, R4, R5 and R®, other groups than the
alkyl groups are each preferably hydrogen.
Examples of the hydrocarbon groups of 1 to 20 carbon
atomé include straight chain and branched chain alkyl
. _ groups and cyclic alkyl groups, sﬁch as methyl, ethyl, n-
20 propyl, i-propvl, n—ﬁutyl, i-butyl, se?—butyl, tert-butyl,
pentyl, hexyl, cyclohexyl, heptyl, octyl, nonyl, dodecyl,
eicosyl, norbornyl and adamantyl; and arylalkyl gfoups,
such as benzyl,'phenylethyl, phenylpropyl and tolylmethyl.

These groups may contain a double bond or a triple bond.'



25 tetra(phenyl)boron and trinethylannnhiun1tetra(p- tdlyl)boron.

Exanpl es of the above N, N-di al kylaniliniumsalts I ncl ude

N, N-di met hyl ani | i ni um t et ra( phenyl ) bor on.

44 _ Exanpl es of the above dial kyl anmoni um salts i ncl ude

di (n-propyl)amoni um tetra(pentaf | uog gphenyl ) boron and

di cycl ohexyl ammoni um t et r a( phenyl ) bor on. Exanpl es of the above

triarylphosphonings§§3&bg @gl%e%eﬁyﬁgﬁ&rhph%ﬁ¥lﬂEQ%ﬁgqﬂjg%#é?Shenyl)boron

tetra(phenyl ) boron, tri(met enyly phosphoni um't

and B IEARI Wafihe Bithph 88 PROHh UAN hEh s AN Y BRYRyelic

Mor eover, triphenyl carbeni um _ ,
hydrocarbon ring other than the aromatic ring.

Examples of the halogen atoms are those described for
5 Rl and R2. |
X!, X2, ¥ and R7 have the same meanings described for
those in the aforesaid-formula (B).
Listed below are examples oflthe metallocene compounds
(transition metal compoﬁnds) represeﬁted by the formula
10 (o). |
rac-Dimethylsilylene-bis (4, 7-dimethyl-1-
indenyl) zirconium dichioride,
rac-Dimethylsilylene-bis(2,4,7-trimethyl-1-
indenyl) zirconium dichloride,
156 ~ rac-Dimethylsilylene-bis (2,4, 6~trimethyl-1-
indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis (2,5, 6-trimethyl-1-
indenyl) zirconium dichloride,
rac—Dimethylsil?lene—bis(2,4,5,6—tetramethyl—l—
20 indenyl)zirconium dichloride,
rac—Dimethylsilylene—bis(2,4,5;6,7—pentémethy1—1—
indényl)zircénium dichloride, -
rac—Dimethylsilylene—bis(2-methyl—4-n—propyl-7-methyl-
1-indenyl)zirconium dichloride,
25 rac-Dimethylsilylene-bis(4-i—propy1—7-metﬁy1—1—
indenYl)zirconium dichloride,
rac—Dimethylsilylene-bis(2-methy1—4—i—propyl—7-methyl—

1-indenyl) zirconium dichloride,



t et raki s(pentafl uorophenyl) borate, N, N-di nethylanilinium 10
t et raki s(pent af | uorophenyl ) borate, ferrocenium

tetra(pentafl uorophenyl) borate and the |like can be mentioned as the
above ionic conpounds. Exanpl es of the borane conpounds used as
ionizing - Il onic compound (d) in de: 15 decaborane (14);
anion salts such as bis[tri(n- butyl)annnlun] nonabor at e and

b but yl
R i e e e e peip e o o

cobal t acid fﬂiﬁdédﬁ))zﬁ%m%ﬁ ahihl bt 48+ but Y1 ) amoni un]

bi s(dodecahydri dedodecaborate) - ni ckel acid salt (I111).
Exanpl es of the Cﬁaéunfﬁéthymgmmyr@ﬁeuﬁeg(QSmeeﬁyz¢4mmethy1 g-G! ogganound
(d) include: anion salts such as carbanonaboranen?% and 1, 3-

l-indenyl)zirconium dichloride,
5 | rac—Dimethylsiiylene-bis(2-methyl—4-i—propyl—S-meﬁhyl-
1-indenyl)zirconium dichloride,
rac—Dimetﬁylsilyleqe~bis(2-methyl-4,6—di(i—propyl)~1—
indenyl)zirconium dichlofide, |
rac-Dimethylsilylene-bis (2-methyl-4, 6-di (i-propyl)-7-
10 methyl-l-indenyl)zirconium dichloride,
rac-Dimethylsilylene—bis(2—methyl—4-i—buty1—7-methyl—
1-indenyl) zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-~4-sec-butyl-7-
methyl-1-indenyl)zirconium dichloride,
-15 rac-Dimethylsilylene-bis(2-methyl-4, 6-di (sec~butyl) -1~
indenyl)zirconium dichloride,
rac—Dimethylsilylene—bis(2—methyl—4—tert4butyl—7—
methyl-1-indenyl) zirconium dichloride,
rac-DimethylsilYlene-bisf2-methyl—4-cyclohexyl-7-
20 nethyl -1-indenyl) zirconium dlchlorlde,
‘rac- D1methy1s1lylene—bls(2-methy1 4—benzyl 7-methyl-1-
indenyl)zirconium dichloride,
rag—Dimethylsilylené-bis(2—methy;-4—phenylethy1—7—
methyl-l—indenylfzirconium dichlorideh
25 rac-Dimethylsilylene—bis(2—methyl—4— |
phenyldichloromethyl-7-methyl-1-indenyl) zirconium

dichloride,_



25 di car banonaborane (13); and | met al carborane anion salts such

as tri(n- . but yl ) anmoni um bi s( nonahydri de- 1, 3-di car banonabor at e)
cobalt acid salt (111) and tri(n-butyl)amoni um

45 : bi s(undecahydri de- 7, 8- di carbaundecaborate) iron acid salt

(rrry. ' The above ioni zing 'qnic-conpounds (d) may be used in
conbi nat i on. 5 The netal | ocené catal yst (a) for use in the present

- invention may co &&{&&ﬂ&ﬁg&q_gl%eggg%{zggh\ggi’_&fglg&ﬁgég%%%w]_q_( e) in

addition to the above conp accor
- methyl—l—indenyl)zirconium dichloride,

rac-Dimethylsilylene-bis (2-methyl-4-~
trimethylsilylmethyl-7-methyl-1-indenyl)zirconium
5 dichloride,
rac-Dimethylsilylene-bis(2-methyl-4-
tfimethylsiloxymethyl—?—methyl—l—indenyl)zirconium
dichloride,
rac—DiéthYlsilylené—bis(2-methy1—4-i—propy1—7—methy1-
10 1-indenyl)zirconium dichloride,
rac-Di(i-propyl)silylene-bis (2-methyl-4-i-propyl-7-
methyl—l—indenyl)zirconium dichloride,
rac-Di (n-butyl)silylene-bis (2-methyl-4-i-propyl-7-
methyl-l-indenyl)zirconium dichloride, |
15 rac—Di(cyclohexyl)silylene—bis(24methyl—4—i—propyl—7-
methyl-l—indenyl)zirconium dichloride,
rac—Methylphenylsilylene-bis(2—methyl¥4—i—propyl—7- |
methyl-l-indenyl)zirconium dichloride,
rac—Diphenylsilylene—bis(2—methy1;4—i—propyl-7-methyl-
20 1-indenyl)zirconium dichloride,
'rac-Diphenylsilylene—bis(2—methy1—4—di(i—propyl)—1—
indenyl)zirconium dichloride, |
rac—Di(p—tolyl)silylene—bis(2-methy1-4—i—propyl—7—
methyl-l—indenyl)éirconium dichloride,
25 rac-Di (p-chlorophenyl) silylene-bis (2-methyl-4-i-
propyl-7-methyl-1-indenyl)zirconium dichloride,
rac—Dimethylsilylene—bis(2-methyl—4fi—propy1-7—methyl-

l-indenyl) zirconium dibromide,



The organoal um num conpound (e) enployed according to 10 necessity is, for
exanpl e, the organoalunlnunlconpound represented by the general

formul a: (Rlerr])[err]A X err] (5)

In the formula (5), R6 represents a hydrocarbon group having 1 to 15,
preferably, 1 to 4 carbon atons; X g@remwesents a hal ogen atomor a
hydrogen atom and nis 1 to Exanpl es of suitable

hydrocarbon group ceﬁ&ﬂeﬁﬁyié@hﬁie%F—bl%(QJH% b%pec%?gg%%ly, us ¥

groups, cycl oal kyl" "groups group I's made
of ,, for 201e&ﬁagh91)§1f@$ﬁwﬁm ayhégﬂyn , an- propyl an isopropyl or an

I sobutyl group. Exanpl es of suitable organoalun1nun1conpounds
i ncl ude: _ trrabkphméumnsm{%ﬁ% (2-mE i -al 4 0HPEPY 1 - 7-methyl -
triethylalum num triisopropylalumnum tri-n-

l-indenyl) zirconium methquhlorlde,
5 rac—Dimethylsilylene-bis(2—methyl-4-i-propyl—7—methyl-
l1-indenyl) zirconium-~bis (methanesul fonato), -
rac—DimeEhylsilylene-bis(2—methy1—4—i—prqpyl-7-methy1f
1—indenyl)zirconium—bis(p-phenylsulfinato){
rac-Dimethylsilyleﬁe—bis(2-methyl—3—methy1—4-i-propyl—
10 6-methyl-l-indenyl)zirconium dichloride,
rac—Dimethylsilylene-bis(2—ethyl-4—i—propyl—6-methyl—
l-indenyl)zirconium dichloride, and
rac-Dimethylsilylene-bis (2-phenyl-4-i-propyl-6-methyl-~
1-indenyl)zirconium dichloride. |
15 Also employable in the invention are transition metal
compounds wherein zirconium is replaced with titanium metal
or hafnium metal in the above-mentioned compounds.
The transition metal compounds mentioned above are
used generally in the form of racemic mpdification, but
20 they can be used also in the form of R type or S type.
The indene derivative ligands for the transition metal
compounds can be synthesized in accordance with ordinary
__organic synthesis th;ough, for example, the aforementioned
reaction route.
25 The transition metal compounds (metallocene compounds)
represented by the formula (C) can be synthesized from

these indene derivatives in accordance with conventionally



25 butyl al um num triisobutylalumnumand tri-sec- but yl al um num

al kenyl al um nuns such as i soprenyl al um num represented by the general
formul a: ' 46
(i-Cerr]Herr])[err]Aly(Cferr]Herr])[err]: wherein x, y and z
are positive nunbers, and z and x 33 satisfy the relationship z [err]
2X; di al kyl al um num hal i des such as di nethyl alum num 5

chl ori de a“@kﬁ%:hs Qggggéégm é‘;@n&héjedehs;grilbgg_ in Ghgbkylal puR QUM

hydri des suc | I sobutf 'yl al um num _
di al kyl al umraya-apkax pEBE] sateiom NS IR 7199NUM

In the present invention, as a further bridge type
metallocene compound,' a transition metal compound.
5 (metallocene compound) represented by the foliowing formula
(D) is also employable.

x1 x?2

In the formula (D), M, Rl, X!, X2 and Y have the same

meanings as described for those in the aforesaid formula
10 (B) or (C). |

Rl is preferably a hydrocarbon group, .more preferably
a hydrocarbon group of 1 to 4 carbon atoms, e.g., methyl,
ethyl, propyl and butyl. |

X! and X2 are each preferably a halogen atom or a

15 hydrocarbon group of 1 to 20 carbon atoms.

R? is an aryl groﬁp of 6 to.16 carbon atoms, for
example,. phenyl, o-naphthyl, B—haphthyl, anthracenyl,
phenanthryi, pyrenyl, acenaphthyl, phenalenyl
(perinaphthenyl) or aceanthrylenyl. Of these, phenyl or

20.- naphthyl is preferred. These aryl Qréups may be
substituted with halogen atoms, hydfoéarbon groups of 1 to
20 carbon atoms or halogenated hydrocarbon groups of 1 to

20 carbon atoms such as described for RI.



met hoxi de; and 10° di al kyl al um num aryl oxi des such as

di et hyl al um num phenoxi de. The copol yneri zati on of
et hyl ene and the aromatic vinyl conpound optionally together with the
a-ol efin having 3 to 20 carbon atonms nmay be conducted by either the

batch 15 process or the continuous g ocess When t he
copol yneri zation is conducted by the éntlnuous process t he

net al | ocene cat al ) used in_the fol .. concentration.
That is, the conc%ﬁ%?%é}b ot 3ﬁ8 8 I ??ﬁlt¥8? metal he

bretorabl y, SOBSHEED %@%I%Pﬁ?ggﬁﬁ&ﬁg%%& é’ﬁS%mm%ﬁ% 0 o111

The or ganoal ggRug oppy conpound (c) is fed in an anount of 0.1 to
10, 000, preferably, 1 to 5000 in terns of
rac-Dimethylsilylene-bis (4-phenyl-1- 1ndenyl)21rcon1um

5 dichloride,
rac-Dimethylsilylene-bis (2-methyl-4-phenyl-1-
indenyl)zirconium dichloride,
rac—Dimethylsilylene-bis(2—methyl—4—(a—naphthyl)—l—
indenyl) zirconium dichlsride,
10 - rac-Dimethylsilylene-bis (2-methyl-4- (B-naphthyl)-1-
indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis(2-methyl—4-(l—anthracenyi)—l—
indenyl)zirconium dichloride, |
rac-Dimethylsilylene-bis (2-methyl-4- (2-anthracenyl)-1-
15 indenyl)zirconium dichloride, |
rac-Dimethylsilylene-bis (2-methyl-4- (9-anthracényl)-1-
indenyl) zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4- (9-phenanthryl) -1-
indenyl)zirconium dichloride, |
20 rac-Dimethylsilylene-bis (2-methyl-4- (p~fluorophenyl) -~
l1-indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4-
N (pentaflﬁorophenyl)—;-indenyl)zirconium dichloride,
rac—Dimethyisilylene—bis(2—methyl—4—(p—chlorophenyl)—'
25 1-indenyl)zirconium dichloride,
rac-Dimethylsilylene—bis(2—methyl—4—(m—chlorophenyl)-

1—indenyl)zirconium dichloride,



25 the ratio of alum num atons to netall ocene-conpound (b)

(Al/transition nmetal) in the polynerization system The ionizing
i oni c compound (d) is fed in an anount of 0.1 to 20, preferably, 1 to
10 in ternms of the nolar ratio - 47
of ionizing ionic compound (d) to netgpgl ocene conpound (h) in the

pol ynmeri zati on system (i onizing ionic conpound (d)/ netall ocene
conmpound (b)). -4 ; L altipn! ' sed, it
B e i - e e i e e
preferably, jalioidend1)2iZcBHRlh! dichif@igeeri zation vol une). The
copol yneri zation reaction for producing the a- ol efin/aromatic vinyl

- conpound random geReDifethy3silylene-bis (2-methyl-4-(o,p-
dichlorophenyl)phenyl-1-indenyl) zirconium dichlofide,
5 . rac-Dimethylsilylene-bis (2-methyl-4- (p—brdmophenyl) -1-
indenyl) zirconium dichloride,
rac-Dimethylsilylene~bis{2-methyl-4~(p-tolyl)-1-
indényl)zirconium dichloride,
rac-Dimethylsilyleﬁe-bis(2—methy154-(m—tolyl)-1-
10 indenyl)ziréonium dichloride, | -
rac-Dimethylsilylene-bis (2-methyl-4-(o-tolyl)-1-
indenyl) zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4-(o,0'-
dimethylphenyl) -1-indenyl) zirconium dichloride,
15 rac-Dimethylsilylene-bis (2-methyl-4- (p-ethylphenyl)-1-
indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis( 2—methy1—4— (p-i-
propylphenyl)-1-indenyl) zirconium dichloride,
rac—Dimethylsilylene-bis(2—methyl—4-(p—benzflphenyl)-
20 1-indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4- (p~-biphenyl) -1~
indenyl)zirconium dichloride,
rac-Dimethylsilylene-bis(2—méthylf4—(mrbiphenyl)—l—
indenyl)zirconiuﬁ dichloride,
25 rac-Dimethylsilylene-bis (2-methyl-4- (p-
- trimethylsilylphenyl) —1—indény1) zirconium dichloride,
rac-Dimethylsilylene-bis (2-methyl-4- (m-

trimethylsilylphenyl)~1-indenyl)zirconium dichloride,



generally conducted at a tenperature of -30 to 250[err]C, 10 preferably,
O to 200[err] C under a pressure of nore than 0 and up to 80 kg/cn2,
preferably, nore than O and up to 50 kg/ cn2 (gauge pressure).

Al t hough dependi ng on the catal yst concentrati on, pol ymeri zati on
tenperature and other conditions, th 15 reaction time (average residence
ti me when the copol ynerizationis carried out by the continuous

process) ggg@Lﬁkkgtﬂfigiikg%#%ﬁﬁ}g@jléf _Qgpgg%§£${gbly, from 10

mnto 1.5 hr. ction of the i n/-aromatic vinyl
20 . conpoungniaRgeyy: SPRGh IR a1 @livpiere and the aromatic vinyl

conmpound optionally together with the a-olefin having 3 to 20 carbon
atons are fed torhbeppEh¥iPlsZE)]die-DiY (@Wethyl-4-phédgh-piounts that the
copolynmer with the above specified conpositions can be obtai ned.
Further, a dandeaulpzivedmwidm dichloride, :

5 rac-Dimethylsilylene-bis (2-phenyl-4-~phenyl-1-
indenyl)zirconium dichloride,
rac—Dimethylsilylene—bis(2-n-propyl—4—phenyl—l—
indenyl)zirconium dichloride,
rac—Diethylsilyiené—bis(2—methy1—4¥phenyl—1—
10 indenyl)zirconium dichloride,
rac-Di-(i-propyl)silylene-bis (2-methyl-4-phenyl-1-
indenyl)zirconium dichloride,
rac-Di- (n-butyl)silylene-bis (2-methyl-4-phenyl-1-
indenyl) zirconium dichloride,
15 rac—Dicyclohexylsilylene-bis(2—ﬁethyi—4—phenyl-1f
indenyl)zirconium dichloride,
rac-Methylphenylsilylene-bis (2~-methyl-4-phenyl-1-
indenyl) zirconium dichloride,
rac—Diphenylsilylene—bié(2-methyl—4—pheny1-1?
20 indenyl)zirconium dichloride,
rac-Di (p-tolyl)silylene-bis (2-methyl-4-phenyl-1-
indenyl) zirconium dichloride,
rac—Di(p-chlorophenyl)silylenejbis(2-methy1-44pheny1—
1-indeny1)zircénium dichloride,
25 rac-Methylene-bis (2~-methyl-4-phenyl-1-
indenyl)zirconium dichloride,
rac-Ethylene-bis(2-methyl-4-phenyl-1l-indenyl)zirconium

dichloride,



25 regulator such as hydrogen can be enployed in the

copol yneri zati on. When et hyl ene and the aromatic vinyl conpound
optionally together with the a-olefin having 3 to 20 carbon

48 atons are copol ynmerized in the above nanner, the a- :

ol efin/aromatic vinyl conmpound randogzcopol yner is obtained as a

pol ymer sol ution containing the sane. The pol yner solution is treated
according to th éyﬁyj T _ i .5 ght ai ned t he
a-olefin/aronatsggeﬁayi By 1 con%%ﬁh lfg%dﬁeyg%%d?éﬁg?ﬁa'q

Al though t hen@dfi Yz Gl e Gishn brkaki | m of the - present invention can
be formed fromthe above [err]- ol efin/aromatic vi.nyl conpound random

copol ymer, it meyac-Dimethylstannylene-bis (2-methyl-4-phenyl-1-
indenyl) zirconium dichloride,
5 - rac-Dimethylsilylene-bis(2-methyl-4-phenyl-1-
indenyl)zirconium dibromide,
rac-Dimethylsilylene-bis (2-methyl-4-phenyl-1-
indenyl) zirconium dimethyl; .
rac—DimethylSilyleﬁe—bis(2—methjl—4—phenyl-i-
10  indenyl)zirconium methylchloride,
| rac-Dimethylsilylene-bis (2-methyl-4-phenyl-1-
indenyl)zirconium chloride SO;Me, énd
rac-Dimethylsilylene-bis (2-methyl-4-phenyl-1-
indenyl)zirconium chloride 0OSO;Me.

15 Also employable in the invention are transition metal
compounds wherein zirconium is replaced with titanium metal .
or hafnium metal in the above-mentioned compounds.

The transition metal compounds representéd by the
‘formula (D) can be prepared in accordance with "Journal of

20 Organometallic Chem.", 288(1985), pp. 63-67, and European

Patent Publication No. 0,320,762 (specification and

examples), for example, in the following manner.

Z—Y~7

" 2H;R® + 2-butyl-Li 2HRALi

2-butyl—L£

HRa-Y—RaH

25 LiRa-Y-RaLi MC1,




10 contain an adhesive resin (tackifier) in addition to the random
copol yner. Exanpl es of the adhesive resins for use in the

pr esent i nvention include rosin, nodified rosin, counarone-indene
resin, hydrocarbon resins, terpene resins and polyester 15 resins.
Exanples of  the hydrocarbon resins for3 se in the present invention
I ncl ude: resi ns obtai ned by golynerizing In the presence of
Friedel -Crafts catalﬁ% % arbltrary fyraction formed by 20 thernal
cracki ng of petrol ed LY WG a hei ‘\ng450|nt of -10 to 280[err]C
at at nospheric prégsureM YresiMs obtained by copolynerizing in

. the sanme manner {%e apove fraé}l &h up -to 50% by wei ght of a
cationically polynerlzable pure nononer for exanple, an 25 unsaturated
al i phati c conpound such as k;obu5¥lene

X2Li

NN,
rE X

wherein Z is Cl, Br, I or o-tosyl, and’

HaR2 is
~2
5 H H

The transition metal compounds (D) are used generally
in the form of racemic modification, but they can be used
also in the form of R type or S type.

In the present invention, as a metallocene compound

10 (b) a compound represented by the following formula (3) can
be also employved as the metallocene compound. |

LiM271, | (3)
wherein, M2 is a metal of Group 4 of the periodic table or

.a metal of lanthanide series;

15 Ll is & derivative of delocalization ® bond group and
impa:ts restraint geometrical shape to the metal M2 active
site; and

the Zl's afe each independently hydrogen, halogen or a
hydrocarbon Qroup, a silyl group or a germyl group

20 respectively containing 20 or less carbon, silicon or

germanium atoms.



but adi ene, isoprene or piperylene, an unsaturated alicyclic = conpound
such as dicycl opent adi ene, or an unsaturated

49 aromati ¢ conmpound such as styrene, vinyltoluene,

i sopropenyl t ol uene, a-nethyl styrene or indene, resi ns obtai ned
by a cationic polynerization or adi cal polynerization of only the
above unsat urated 5 aromati ¢ conpound; and resi ns obtai ned by

hydr ogenating th ' e S Kk I phatic
p>e1t r olgeum regi n %?@ﬁg%&@ﬁﬁceﬁ con?(?uﬁl?gﬁﬁ?me?l {z:fllﬁgﬂ?%lf%g gjr)égence of
Friedel - b h ckin of

petr ol eum éfgﬁﬁe avl ng %&1‘ | ng g%%{aﬁg%@e%s ghéGﬁi(;Trgrv]’l at at ?mspherl C

formula (4).

‘Zl’z . (M)

5 In the formula (4), M3 represents titanium, zirconium
or hafnium, and Z! is as defined above.

Cp represents an unsubstituted or a substituted

cyclopentadienyl group or a derivative thereof, which is =-

bonded in M5 bonding form to M3.

10 Wl represents oxygen, sulfur, boron, an element of
Group 14 of the periodic table or a group containing any of
these elements.

V1 represents a ligand containing nitrogen,

"phosphorus, oxygen or sulfur.

15 wl and V! may fofm a condensed ring, and Cp and Wl may
form a.éondensed ring.

Preferred examples of groups represented by Cp of the
general formula (4) include a cyclopentadienyl group, an
indenyl group, a fluorenyl group and saturated derivatives

20 thereof. These form rings in cooperation with metal atom
(M3). Each carbon atom in the cyclopentadienyl radical may
be substituted or unsubstituted with the same or a
different radical selected from the group ¢onsisting of
hydrocarbyl radicals, substituted-hydrocarbyl radicals

25 wherein one or more hydrogen atoms is replaced by a halogen



pressure is preferred fromthe viewpoint that excellent heat
resi stance and hue can be att ai ned. The hydrocar bon resins
obt ai ned by the above nethods are solid at roomtenperature; have a
nunber average 15 nolecular weight of 500 to 3000, preferably, 700 to

2000;

preferably 70 to 120[err]C  and exhi
qy#yaq%fﬁygosﬂﬁ Le8] egrmeta 1oid lfhdi lgr%ﬁggglhnventlon

I'n an anount

of 10 or

it is preferred t

have Ri ng and Bal | softenagg point of 60 to 150[err]C,
its a hue (Gardner, resin

ove ocarpbon resin be use

of .1 to 50 the mé¥HMIDiRY 1weeamecteaeéeeﬁbéy@ 10 O iR Parihd ge' ght

100 part's by wei-ght of the [err]-olefin/aromatic vinyl conpoun

copol yner.

Ta151 | s diheg ek s, NHEHA0BAL regditals. imPEAMesibhe

| owt enperature shrinkability. Fbmever en 25 the anount thereof
| ar ge, det etworat more euchheubstituenbanmayl tegetdrgt [foand af Fasegar ency of -
the filmmy be

10

15

20

25

ring system. Suitable hydrocarbyl and substituted-

hydrocarbyl radicals, which may be substituted for at least

‘one hydrogen atom in the cyclopentadienyl radical, will

contain from 1 to 20 carbon atoms and include straight and

branched alkyl radicals, cyclic hydrocarbon radicals,
alle—substituted cyclic hydrocarbon radicals, aromatic
radicals and alkyl—substituted aromatic radicals. Suitable
organometalloid radicals include mono-, di- and
trisubstitutedlorganometalloid radicals of Group 14
elements wherein each of the hydrocarbyl groups contain
from 1 to 20 carbon atoms. More particularly, suitable
organometalloid radicals include trimethylsilyl,
triethylsilyl, ethyldimethylsilyl, methyldiethylsilyl,
phenyldimethylsilyl, methyldiphenylsilyl, triphenylsilyl,
triphenylgermyl,Itrimethylgermyl and the like.

Zls of the general formula (4) each represeht, for
example, a hydride, a halo, an alkyl, a silyl, a germyl, an

aryl, an amide, an aryloxy, an alkoxy, a phosphide, a

_sulfide, an acyl, a_péeudohalide such as a cyanide or an

azide, an acetyléeetenate or a mixture thereof, which may

be either identieal with or dAifferent from each other.
Among the various metallocene compounds (b), the

metallocene compound represented by the general formula (3)

is especially preferred from the viewpoint of

100%

per
random

is too



encount er ed. 50 Fillers
can be blended into the [err]-olefin/aromatic vi nyl conpound random
copolymer in order to inprove the appear ance and slippi-ng and
~anti bl ocking properties thereof . Exanples of the fillers for use in

t he present 5 invention include pregiqitated calciumcarbonate Iight,

cal ci um car bonat e heavy, basic cal cium carbonate, alum num hydr oxi de,

| cl um car e he . ! ! , Yo
magnesi um y?é?%%f%f%ﬁ%ﬂ‘?%ﬁ%d?% Rrans areﬁég%n%ﬁ{m, ite

sericite, ta _ | "'astonite, tTite or petal ous
cal i um si | i pahe) resiftaktatHa Siddbt HedTisRuAsl bECAbBded 1¢&h C My dri de,

hydr ous silicic acid, magnesiumsilicate, silica, alumna, barium
' above described metallocene compounds (b) may be used
either individually or in combination.

5 Each of the metallocene compounds (b) for use in the
present invention may be diluted with a hydrocarbon or a
halogenated hydrocarbon prior to use.

The organocaluminum oxy compound (c) and ionizing ionic
compdund'(d) for use in-the formation of the metallocene

10 catalyst (a) will be described below.

The organoaluminum'oxy compound (c¢) for use in the
present invention may be qonventional aluminoxane (c) or
benzene-insoluble organoaluminum oxy compounds (é)
exemplified in Japanese Patent Laid-open Publication No.

15 2(1990)-78687.

The aluminoxane (c) is producéd, for example, by the
following methods and is generally recovered as a solution
in a hydrocarbon.solvent:

method (1) in which an organoaluminum compound such as

20 a trialkylaluminum is added to an aromatic hydrocarbon
solvent suspended with an adsorbed water containing
compound or crystal water containing salt such as magnesium

N chloride hydrate, copper sulfate hy@rate, aluminum sulfate
hydrate, nickel sulfate hydrate or cerium (I) chloride

25 Zhydrate and reacted, and the product is recovered as a
solution in an aromatic hydrocarbon solvent;

method (2) in which water (liquid water, ice or steam)

directly acts on an organocaluminum compound such as a



sul fate, alum num sul fate, calciumsul fate, magnesi um sul fat e,
nol'ybdenum di sul fi de and graphite. These fillers * can be used in
appropriate amounts. 15 Mor eover, according to.necessity, the a-
ol efin/aromatic vinyl conpound random copol ynmer may be bl ended with
anot her thernoplastic resin, a thernab stabilizer, a weather
a softening agent, a pi gnent, a plasticizer, a flanme

stabilizer,

retarder, ag}yDiioAMumAlm 4% AHhTeal! %uéﬂeﬁg B@Hzé’ﬁb?'tﬁﬁ&{ér{eﬁ'e property

| mprover

- copol yner. ethyl ether &€ i

in

nounts not detrinental to the properties o

be obtained fromthe above [err[-ol efin/faronmatic vinyl conpound 25

copol ymer bye8Bléré@rds g ddlaitivndam eapakymatit hpdrocarkor idoMvang ;
uniaxially or biaxially orienting the film The filmformation can be

conduct ed bgndny of the common

5

10

15

20

25

method (3) in which an organotin oxide such as
dimethyltin oxide or dibutyitin oxide reacts with an
organoaluminum compound such as a trialkylaluminum in a
hydrocarbon golvent such as decané, beniene or toluene.

Examples of suitable ionizing ionic compounds (4)
include Lewis acids, ionic compounds, borane compounds and
carborane compounds. These ionizing ionic.compounds (d)

are described in Published Japanese Translation of PCT

~international publication for Patent Application, Nos.

1(1989)-501950 and 1(1989)-502036, Japanese Patent Laid-
open Publication Nos. 3(1991)-179005, 3(1991)-1790086,

'3(19°21)-207703 and 3(1991)—207704 and U.S. Patent No.

5,321,106.

The Lewis acid used as ionizing ionic compound (d) is,
for eXample, any of compounds represented by the formula
BR3 (wherein Rs may be identical with or different from
each other and represent fluorine atoms or phenyl groups

unsubstituted or substituted with a fluorine atom, a methyl

_group, a trifluorome;hyl group or -the like).

Examples of suitable Lewis acids include
trifluoroboron, triphenylboron, tris(4-fluorophenyl)boron,
tris(3,5-difluorophenyl)boron, tris(4-

fluoromethylphenyl)bqron and tris(pentafluorophenyl)boron.

_ _ _ random
MoFRREAY EhlMeE HASqEEsENt i nvention can

random



51 met hods such as the inflation nmethod, the T-di e nethod and

t he cal ender nethod. For exanple, the orientation of the ~ filmcan be
conducted by the inflating sinultaneous biaxially orienting nethod,
the flat serial biaxially 5 orienting nethod based on a conbi nati on of,
for exanple, a roll orienting nagpine and a tenter orienting nmachine
or the flat simultaneous biaxi-ally orienting nmethod. It is

preferred that thg,Lesin:te g i is a

290[err] C, especi g?%f&%s% %b)_‘l{e?‘}%@ %r ﬁtr?%lgﬁggf #.?1%11’?‘91(60@%1%1{%,[@3”_ _
The sel ectiopgof ohi enddiddded YFPY 2aidnis compouhdPAd Al afrﬁ.rorfib:ﬁ shrink
wrapping filmof the present I nvent1 on. Tﬁat I's, the Iower the
orientation &6#peaAdlr 6rhe anionic compound reacts with the above

metallocene compound (b) to thereby cationize the
5 metallbcene compound (b) and thus form an ion pair to

stabilize transition metal cation species. Examples of
suitable anions include organoboron compound anions,
organocarsenic compound anions and organoaluminﬁm compound
anions. Of these, feiaﬁively bulky anioﬁs‘capable of

10 stabilizing transition metal cation species are preferred.
Examples of suitable cations include metal éations,
organometal cations, carbonium cations, tritium cations,
oxoniﬁm.cations, sulfonium cations, phosphonium cations and
ammonium cations. ‘Specifically, suitable cations include

15 triphenylcarbenium cation, tributylammonium cation, N,N-
dimethylammonium cation and ferrocenium cation.

Of the above compounds, ionic compounds containing a
boron compound are preferably used as the-anionic compouﬁd,
which include, for example, trialkylsubstituted ammonium

20 salts, N,N-dialkylanilinium salts, dialkylammonium-salts.
and triarylphosphonium salts.

Examples of the above trialkyl—substituted ammonium

~ salts include triéthylammonium tetra (phenyl)boron,
tripropylammoniuﬁ tetra(phenyl)boron, tri (n-butyl)ammonium
25 tetré(phenyl)boron and trimethylammonium tetra (p-
tblyl)boron.
Examples of the above N,N-dialkylanilinium salts

include N,N-dimethylanilinium tetra (phenyl)boron.



the nore desirable the | owtenperature shrinkability of resul t ant
film However, enploying too |ow orientation 15 tenperatures would invite
breakage at the filmorientation and deterioration of the film
transparency. On the other - hand, orienting at tenperatures close to
the nelting point . of the a-ol ejyn/aromatic vinyl conpound random
copol yner is al so unfavorabl e because of deteriorations of the film

20 transpar enCarfh (5$ &Eﬁctﬂeom%pa&a&u&@aﬂa&ﬂ&mﬂéy include ThUS,

preferred orientation tenperature depends on the type 0 orlentlng

met,hod, andgi [A-piupy19RintionS uil kb@RE PPN taf luorbphdrd}l ) bddne Bhigng et hod,
it is in the range of the nelting point of the a-olefin/aromatic

vi nyl conpaditelyc Béhextyazatond amo kyees (Bhewgl ibdedri] C to the nel ting point
m nus 3[err]C, preferably, the nelting point mnus 30[err]Cto the
mel ting poi Examples i dire Gbove théarylphdsplgorsiumiidadtesodaciude al | y
orienting nethod, it is preferred that the orientation be

5 triphenylphosphonium tetra(phenyl)boron,

tri (methylphenyl)phosphonium tetra (phenyl)boron, and
tri (dimethylphenyl)phosphonium tetra(phenyl)ﬁoron.l
Mbreover,_trlphenylcarbenlum ‘
tetrakis (pentafluorophenyl) borate, N,N- dlmethylanlllnlum
10 tetrakis(pentafluorophenyl) borate, ferrocenium
tetra(pentafluorophenyl).borate and the like can be
mentioned as the above ionic compounds.
Examples of the borane compounds used as ionizing
ionic compound (d) include:
15 decaborane (14);
anion salts such as bis[tri(n-butyl)ammonium]
nonaborate and bis[tri(n-butyl)ammonium] decaborate; and
metal borane anion salts such as tri(n-butyl)ammonium
bis(dodécahydridedodecabdfate) cobait acid salt (III) and
20 bis[tri(n-butyl)ammonium] bis(dodecahydridedodecaborate)
nickel acid salt (III).
Examples of the carborane compounds used as ionizing
_ionic compound (d) include:
anion salts such as 4-carbanonaborane (14) and 1,3-
25 dicarbanonabofane (13); and |
metal carborane anion salts such as tri(n-
butyl)ammonium bis(nonahyd;ide-l,3—dicarbanonaborate)

cobalt acid salt (III) and tri(n-butyl)ammonium .



52 conducted at tenperatures which are 5 to 10[err]C | ower than

t he above tenperature. Draw ratio al so depends on the type of
orienting met hod, and it preferably ranges fromabout 1.5 to 4 in the
5 inflating biaxially orienting nethod and preferably ranges from
about 3 to 10 in the flat biaxially orggnting nethod. In the

simul taneous biaxially orienting nmethod, it is preferred that the

draw ratios glj %\Qbrfdé%ahQBQhHHdﬁ n?.l(_)r i ﬁbamkdecéif‘oxiaq:régt ;¢ah %%5' ggfg ot her

fromthe viewpoi nt that uni properties can al hed.
EFFECT OF THEZmMyENTI ON

The above ionizing ionic compounds (d) may be used in

combination. _ |

5 The metallocene catalyst (a) for use in the present
invention may contain the following organcaluminum compound
(e) in addition to the above components, acéording to
necess1ty

The organoalumlnum compound (e) employed accordlng to

10 necessity is, for example, the organoaluminum compound
represented by the general formula:
| (R) nAlX3.n (5)

In the formula (5),_R6 represents a hydrocafbon group

having 1 to 15, preferably, 1 to 4 carbon atoms; X |
15 represents a halogen atom or a hydrogen atom; and n is. 1 to
3. |

Examples of suitable hydrocarbon groups each having 1
to 15 carbon atoms include alkyl groups, cycloalkyl groups
and aryl groups. Spec1f1ca11y, use is made of, for

20 example, a methyl, an ethyl, a n-propyl, an isopropyl or an
isobutyl group.

Examples of suitable organcaluminum compounds include:
trialkylalqminums such as trimethylaluminum,
triethylaluminum, triisopropylaluminum, tri-n-

25 butylaluminum, triisobutylaluminum aﬁd tri—éec—
butylaluminum;

alkenylaluminums such as isoprenylaluminum,

represented by the general formula:



The olefin copol ynmer shrink filmof the present i nvention has
excel [ ent transparency and | ow tenperature 15 shrinkability.

EXAMPLE The present invention will now be further illustrated
‘With reference to the fol low ng Exanples, which in no way. 20 |limt the
scope of the invention. Produggi on Exanple 1 Producti on of

et hyl ene/ styrene random copol yner Al lit glass reactor equipped

with a condenser and 25 an agistat i-sfactorily purged with
ni trogen, charged with 483Hn?4%§)%%¥§d§%e1 Lﬁ 13 m of styrene and

nterior was hosl ol 361 ¥ Pe's, dhe PYRECRYE inkbedd® ana 2 S R
satisfy the relationship z 2 2x;
dialkylaluminum halides such as dimethylaluminum
5 chloride and diisobutylaluminum chloride;
dialkylaluminum hydrides such as diiscbutylaluminum
hydride;
_ dialkylaluminum alkoxides such as dimethylaluminum
methoxide; and
10 dialkylaluminum aryloxides such as diethylaluminum
phenoxide. | |
The copolymerization of ethylene and the aromatic
vinyl compound optionally together with the 0-olefin having
| 3 to 20 carbon atoms may be conducted by either the batch
15 process or the continuous process. When the
copolymerization is conducted by the continuous process,
the metallocene catalyst (a) is used in the following
concentration. | |
That is, the concentration.of metallocene éompound (b)
20 in the polymerization system generally ranges from 0.00005
to 1.0 mmol/lit., preferably, 0.0001 to 0.5 mmol/lit.
(polymerization volume). |
The organoalumipum oxy compound (c) is fed in an
amount of 0.1 to 10,000, preferably, 1 to 5000 in terms of
25 the ratio of aluminum atoms to metallocene -compound (b)
(Al/transition metal) in the polymerization system.
The ionizing ionic compound (d) is fed in an amount of

0.1 to 20, preferably, 1 to 10 in terms of the molar ratio



53 met hyl al uni noxane (produced by Tosoh Akzo, 10% by wei ght

tol uene solution) and 0.045 mM of (t-

but yl ani do) di net hyl (tetramet hyl -[err]-cycl opent adi enyl ) si | ane

titaniumdichloride (0.01 mM tol uene sol ution) were added 5 to the

m xture. A polynerization was conducged at 40[err]C for 60 mn while
continuously feeding ethylene at a rate of 100 Nit./hr.

After the coppi&liOnhfidiie RopBRAEZE) O Bethiiodd LBAPYhY!

al cohol and 10 ﬁ 2g?igfa)lqlueous h{‘/‘ér ocﬁl g?'!}c. acid 100 mrﬁgogxggggx tg ?he

m xture andjhese baatyntHiatlion! 8¢s88mM fonizing Uifilc *&mpduhan. The
obt ai ned reaction m xture contai ning | sobutyl al cohol was transferred

to a separ atdyndtdlli’icene compound (b)) .

When the organocaluminum compound. (e) is used, it is

5 generally fed in an amount of about 0 to 5 mmol/iit.,

preferably, about 0 to 2 mmol/lit; (polymerization volume).

The copolymerization reaction for producing the o-

olefin/aromatic vinyl compound random copolymer is

generally conducted at a temperature of -30 to 250°C,

10 preferably, 0 to 200°C under a pressure of more than 0 and

up to 80 kg/cm?, preferably, more than 0 and up to 50

kg/cm? (gauge pressure).

Although depending on the catalyst concentration,

polymerization temperature and other conditions,

15 reaction time (average residence time when the

the

copolymerization is carried out by the continuous process)

generally ranges from 5 min to 3 hr, preferably,

min to 1.5 hr.

from 10

In the production of the a-olefin/aromatic vinyl

20 compound random copolymer, ethylene and the aromatic wvinyl

compound optionally together with the ¢-olefin having 3 to

20 carbon atoms are fed to the polymerization system in

. such amounts that the copolymer with the above specified

compositions can be obtained. Further, a molecular weight

25 regulator such as hydrogen can be employed in the

copolymerization.

When ethylene and the aromatic vinyl compound

optionally together with the o-olefin having 3 to 20 carbon



washed with 250 m of water tw ce and separated into an oil phase and

a wat er phase. The oil phase was poured into 3 15 [|it. of methanol to
thereby precipitate a polyner. The precipitated and separated
pol ymer was dried in vacuum at 130[err] C for 12 hr, thereby obtaining
20 g of a polynmer having an et hylgene content of 93.5 nol % and a
styrene content of 6.5 nol % (copol yner (a)). Thiglfopakynﬁr (a)

exhi bited an__20 intrinsic vi,scasity er of 1.4 g i ch was

measur ed in 2tOMS 3§58 ¢gnq l&n&‘% ﬁgH’? PerReht ¥%)%of 83[err]C
whi ch was peasured by g differential scanning calorineter.

Product i on EXLfbt @r"“ﬁt# Fdetdi GATBPUBELTRRARN 1SR LML ther obtadiasdom

A2 lit. .autoclave was s tisfactorilg/p%urged W th

I .
ﬁ???oégﬁranaa%h%r%%]dmﬁﬁ PR SPnERfning, thgSame of Th ene and 7
m  of 1'0Cteéﬁiué%%&?gﬂ?ﬁﬂ&é&ﬁe&?%ﬁ%b@ﬁ?n&aéo the c¢ustomary procedure.

5 Thus, there is obtained the o-olefin/aromatic vinyl

compound random copolymer.
Although the olefin copolymer shrink film of the
. present invention can be formed from the above o-
olefin/aromatic wvinyl compound random copolymer, i; may
10 contain an adhesive resin (tackifier) in addition to the
random copolymer.

Examples of the adhesive'fesins for use in the present
Ainvention include rosin, modified rosin, coumarone-indene
resin, hydrocarbon resins, terpene resins and polyester

15 resins.

Examples of the hydrocarbon resins for use in the
present invention include: |

resins obtained by polymerizing in thé presence of
Friedel-Crafts catalyst any arbitrary fraction formed by

20 thermal cracking of petroléum and having a boiling point of
-10 to 280°C at atmospheric pressure;
.resins obtained by copolymerizing in the same manner
-~ the above fraction with up to 50% by weight of a
cationically polymerizable pure monomer, for example, an
25 unsaturated aliphatic compound such as isobutylene,
butadiéne, isoprene or piperylene, an unsaturated alicyclic

compound such as dicyclopentadiene, or an unsaturated



54 I ntroduced to to be a pressure of 16 kg/cnferr] while heating
the systeminterior to 90[err]C under agitation. Thereafter, 5.0 nM
of net hyl al um noxane (produced by Tosoh Akzo, 3% by wei ght tol uene
solution) and 0.005 nM of (t-

but yl am do) di net hyl (tetranet hyl - [errhéfyclopentadienyl)siIane

titani umdichloride syntheS|zed by t conventional process wer e

I d t f Th 1 Xt
o 202 |1 PuSBRALELoobRaal AN 50 LSl B0 Mltycng, T L vas
The pol ym?riéébr@ﬁeﬂ@ﬁtoﬁfen@eroi-ﬁéﬂﬂrlfs@_&réﬁe”bﬂ Whgbse cONt i nuousl y feeding

ethylene SO that the ethyl ene pressure was mai nt al ned at 16 kg/ch
during the pol ynpeszasi Sraitldd N4} WRGEARL I @NpYAmerization or

radical polymerization of only the above unsaturated
5 aromatic compound; and
resins obtained by hydrogenating the above resins. Of
these, resin known as aliphatic petroleum resin which is
obtained by_polymerizing in the,presence of Friedel-Crafts
catalyst a fraction forﬁed by thermal eracking of petroleum
10 and having a boiling point of -10 to 60°C at atmospheric
pressure is preferred from the viewpoiﬁt that excellent
heat resistance and hue can be attained.
The hydrocarbon resins obtained by the above methods
are solid at room temperature; have a number average
15 molecular weight of 500 to 3000, preferably, 700 to 2006;
have Ring and Ball softening point of 60 to 150°C,
preferably, 70 to 120°C; and exhibits a hue (Gardner, resin
100%) of 10 or less, preferably, 8 or less.
In the present invention, it is preferred that the
20 above hydrocarbon resin be used in an amount of 1 to 50
parts by weight, preferabl&, 3 to 20 parts by weight per
100 parts by weight of the o-~olefin/aromatic vinyl compound
_random copolymer. The;blending of ehis hydrocarbon resin
improves the low-temperature shrinkability. However, when
25 the amount thereof is too large, deteriorations of the
mechanical strength and transparency of the film may be

encountered.



terminated by adding 5 ml of nethanol . Aftér t he conpl etion of
the polynerization, a polyner 15 was precipitated by pouring the

pol ymeri zati on sol ution into 1 lit. of methanol. The precipitated
pol ynmer was washed with 1 lit. of nethanol tw ce and dried in vacuum
at 130[err] C for 12 hr, therebyggbtaining 35 g of a polynmer having

an ethylene content of 94.6 nol % a 1-octene content of 0.7 20 nol%and a
xbi bi ted an' 1 nt PACPESFEBORF (BLFIeRS |10 ‘the a-pigeip7aBapdlEe i)
o el L hSoS8 A e S, ekl e e e 1 ©
Product | on BXBARLEnfe ana sTYASHE} 1 YheitiYoR18L pRGhERE 8 yr ene random

thereof. Examples of the fillers for use in the present

5 invention include precipitated calcium carbdﬁate light,

calcium carbonate heavy, basic calcium carbonate, aluminum

hydroxide, magnesium hydroxide, magneéium oxide, kaolin,

clay, py;ophillite, sericite, talc, calcium silicate

(Wollastoﬁite, xonotlite or petalous calcium siiicate),

10 diatom earth, aluminum silicate, silicic anhydride, hydrous
siliéic acid, magnesium silicate, silica, alumina, barium
sulfate, aluminum sulfate, calcium sulfate, magnesium
éulfate, molybdenum disulfide and graphite. These fillers
can be uéed in appropriate amounts.

15 Moreover, éccording to necessity, the o-
olefin/aromatic vinyl compound random copolymer may be
blended with another thermoplastic resin, a thermal
stabilizer, a weather stabilizer, a softening agent, a
pigment, a plasticizer, a flame retarder, a lubricant, an

20 antistatic agent and an electrical property improver in
amounts not detrimental to the properties of the random
copolymer.

The shrink wrapping film of the present invention can
be obtained from-the above 0O-olefin/aromatic vinyl compound

25 raﬁdom copolymer by melt forming the random copolymer into
a film and uniaxially or biaxially orienting the film. The

film formation can be conducted by any of the commoﬁ



55 A2 1lit. autoclave was satisfactorily purged with

nitrogen and charged with 400 m of toluene, 170 m of styrene and 30
m of 1-octene. Subsequently, ethylene was introduced to to be a
pressure of 16 kg/cn2 while heating 5 the systeminterior to 90[err]C -
under agitation. Thereafter, 5. g4 of net hyl al um noxane (produced by
Tosoh Akzo, 3@6by . melght toluen solution) and 0.005 nM of (t-

i d I t t si |
L tant um ol cHPoRea! stdf e EHIMpeBEibatHELABEP | G Hale Hedga gan,
placed in a greacai&nddaGidihad @Q&I@kﬁﬂpigr gﬂe”&f&entatloﬁrg% ture vas

I ntroduced into the autoclave, and pol ymeri zati on was I nitlated.
The pol ymeri gdlmofandse condudieid wre_ﬂef oht Bl fhd yﬂd&aﬁ@wsﬂuousl y

‘feeding ethylene so
biaxially orienting method, the flat serial biaxially
5 orienting method based on a combination of, for example, a
roll orienting machine and a tenter orienting machine or
the flat simultaneous biaxially orienting method. It is
preferfed that the resin temperature be maintéined at 130
to 290°C, especially, 150 to 260°C during the film
10 formation. The selection of orientation temperature is
important for the shrink wrapping film of the present
invention. That is, the lower the orientation temperature,
the more desirable the low-temperature shrinkability of
resultant film. However, employing too low orientation
15 temperatures would invite breakage at the film orientation
and deterioration of the film transparency. On the other
hand, orienting at temperatures close to the meltihg point
of the o-olefin/aromatic vinyl compound random copolymer is
also unfavorable because of deteriorations of the film
20 transparency, gloss and low-temperature shrinkability.
Thus, preferred orientation temperature depends on the type
of orienting method, and/ in the tenter simultaneous
__biaxially orienting method, it is in the range of the
melting point of the a—olefin/aromatic_vinyl compound
25 random copolymer minus 40°C to the melting point minus 3°C,
preferably, the melting point minus 30°C to the melting
point minus 5°C. In the inflating simultaneous biaxially

orienting method, it is preferred that the orientation be



that the ethylene pressure was maintained at 16 kg/cn2 15 during the

pol ynmeri zation. The polynerization was termnated by adding 5 m of
nmet hanol . After the conpletion of the polynerization, a polyner
was precipitated by pouring the polynerization solution into 1 lit. of

met hanol . The precipitated pol yner ma% 20 washed with 1 [it. of nethanol
tw ce and dried in vacuum at Ferr]C for 12 hr, thereby obtaining

30 f e a
con?e(r)lt gf pzé%ﬁﬁﬂc@é‘d’r#&anﬁ& yr enié&con %Eggﬁt’ gi%o%ﬁ&%&g% éi"%ﬁy octene
(93, ) RS MBIl b e € scon fy er) o

Eg: gﬁ . (ng {T)e rof 82[ﬁfad,<‘rémi&fa1w dRRAMECEnbY¥ha SihbéeseiRlnting SCanni ng
method, and it preferably ranges from about 1.5 to 4 in the
5 inflating biaxially orienting method and preferably ranges
from about 3 to 10 in the flat biaxially orienting method.
In the simultaneous biaxially orienting method, it is
preferred that the draw ratios along.the longitudinal axis

be identical with each other from the viewpoint that

10 uniform shrink properties can be attained.

EFFECT OF THE 1 iy
The olefin copolymer shrink film of the present
invention has excellent transparency and low temperature

15 shrinkability.

EXAMPL.E
The present invention will now be further illustrated
with reference to the following Examples, which in no way

20 1limit the scope of the invention.

tion le 1
~ Production hylene/styren randqm copolymer
A1l lit. gléss reactor equipped wiﬁh a condenser and
25 an agitator was satisfactotily purged with nitrogen,
charged with 487 ml of toluene and 13 ml of styrene and
filled with ethylene under agitation. Subsequently, the

system interior was heated to 35°C, and 4.5 mM of



56 Producti on Exanple 4 Production of ethyl ene/styrene random

copol yner Al lit. glass reactor equipped with
an agitator was satisfactorily purged with nitrogen, 5
m of toluene and 24 m of styrene and filled with e

a condenser and
charged with 476
t hyl ene under

agi tation. Subsequently, the’ sygigminterior was heated to 35[err]C,
and 4.5 nM of nmet hyl al um noxane (produced by Tosoh Akzo, 10% by

ﬁﬁl?f‘ém do) d?“te%ﬁ?‘??t Apnealy fﬁ’[%‘pﬁ w Gt enyl }O% Fhereianc

titani um di chlbatiedle £810¢isM t&h&@&)@)'uﬁ 'dE”) twer e added
m xture. A polynerization was conducted at 40[err]C for

to the
60 mn while

cont i nuous| ybutgdamjdel Aimetlay hf tet remerhyfl -136cyclopemtadienyl) silane

titanium dichloride (0.01 mM toluene .solution) were added

5 to the mixture. A polymerization was conducted
60 min while continuously feeding ethylene at a

Nlit./hr.

at 40°C for

rate of 100

: After the completlon of the polymerlzatlon, 250 ml of

isobutyl alcohol and 10 ml of aqueous hydrochloric ac1d '

10 were added to the mixture and heated at 80°C for 30 min

under agitation. The obtained reaction mixture

containing

isobutyl alcohol was transferred to a separating funnel,

washed with 250 ml of water twice and separated

into an oil

phase and a water phase. The oil phase was poured into 3

15 1lit. of methanol to théreby precipitate a polymer. The

precipitated and separated polymer was dried in

vacuum at

130°C for 12 hr, thereby obtaining 20 g of a polymer having

an ethylene content of 93.5 mol% and a styrene content of

6.5 mol% (copolymer (a)). This copolymer (a) exhibited an

20 intrinsic viscosity [n] of 1.4 dl/g which was measured in

1359C decalin and a melting point (Tm) of 83°C which was

measured by a differential scanning calorimeter.

Production Example 2
25 roduction of eth: ene -octene/st ne r om_copol

A 2 lit. autoclave was satisfactorily purged with

nitrogen and charged with 430 ml of toluene, 163 ml of

styrene and 7 ml of l-octene. Subsequently, ethylene was



15 After the conpletion of the polynerization, 250 m of

| sobutyl al cohol and 10 nl of aqueous hydrochloric acid were added to
the m xture and heated at 80[err]C for 30 mn under agitation. The
obt ai ned reaction m xture containing i sobutyl al cohol was transferred
to a separating funnel, 20 washed vmé 250 m of water tw ce and

~ separated into an oil phase and a water phase The oil phase was

poured into 3.'Lnt odudely +8f BB Qag%régs'%lbg rcg_fb 18 Kt et & h18 ﬂgﬁ%ﬁf‘% rThe

precipitated and ‘separ ated po yner was cuum

for 12 hr, the[ehy plhaliRicagi 2 900§0ﬁ399&%§?%d§%5ﬂ¥3n 25Th@9e%%@¥ ene

cont’ent of 86.5 ndl % and a styrene content of 5 mol % ( copol ymer

'( d)) This capql WiPlof tettyhbimefoRdne (produtidd ny @o\ebhcmzby Byepyl] of
dI/g whi ch was neasured in

weight toluene solution) and 0.005 mM of (t-

5 butylamido)dimethyl(tetramethyl4n5—cyclopentadienyl)silane
titanium dichloride synthesized by the conventional process
were placed in a separate reactor and agitated for 20 min.
The mixture was introduced into the autoclave, and a |
polymerization was 1n1t1ated The polymerizatlon was

10 performed for 30 min while continuously feeding ethylene so
that the ethylene pressure was maintained at 16 kg/cm?
- during the polymerization. The polymerization was
terminated by adding 5 ml of methanol.
After the completion of the polymerization, a polymer
15 was precipitated by pouring the polymerization solution
into 1 1lit. of methanol. The precipitated polymer was
washed with 1 1it. of methanol twice and dried in vacuum at
130°C for 12 hr, thefeby obtaining 35 g of a'polymer having
an ethylene content of 94.6 ﬁol%, a l-octene content of 0.7
20 mol% and a styrene content of 4.7 mol% (copolymer (b)).
This copolymer (b) ekhibited an intrinsic viscosity [N] of
1.8 dl/g which was measured in 135°C decalin and a melting
) point (Tm) of 93°C which was measured by a differential
scanning calorimeter.
25 _
Production Example 3
Production of'ethxlegez1—octene[sty;ene random copolymer



57 135[err] C decalin and a nelting point (Tm) of 53[err]C which was

neasured by a differential scanning cal orineter. Producti on Exanpl e
5 5 Production of ethyl ene/styrene random copol yner 23 g of an
et hyl ene/ styrene random copol yner havi ng an et hyl ene content of 91
mol % and a styrene content of 9 nDI%)5 (e) was obtained in the sane
manner as in Production Exanpl e Pexcept t hat

i sopropyl i denebi sgi pdeqy! &%&é)ﬂwvlvénso Fﬁa;lfggﬁggti&glwsapséazxs&ﬁy the

conventional process was use

(t-butyl ani da) diBRERYAEE CEEABIOW W00 m) of teYGbaREN Pelignydg Sil ane

titaniumdichloride. This copolyner (e) exhibited an intrinsic .
viscosity [[stykénefadd130 ml oflli-Hatine) Wasbaeatshtly| NedBflaid Maglecal in

and a nelting 15 point  (Tm) of 81[err]C which was neasured by a
~differential introduced to to be a pressure of 16 kg/cm? while heating
5 the system interior to 90°C under agitation. Thereafter,

5.0 mM of methylaluminoxane (produced by Tosoh Akzo, 3% by
weight toluene solution) and 0.005 mM of (t-
butylamido)dimethyl(tetfamethyl—n5—cyclopentadienyl)silane
titanium dichloride synfhesized by the conventional process

10 were piaced in a separate reactor and agitated for 20 min.
The mixture was introduced into.the-autoclave, and a
polymefization was initiated. The polymerization was
performed for 30 min while continuocusly feeding ethylene so
that the ethyléne pressure was maintained at 16 kg/cm?

15 during the polymerization. The polymerizétion was
terminated by adding 5 ml of methanol..

After the completion of the polymerization, a polymer
was precipitated by pouring the polymerization solution
into 1 lit. of methanol. The precipitated polymer was

20 washed with 1 lit. of methanol twice and dried in vacuum at
130°C for 12 hr, theréby obtaining 30 g of a polymer having
an ethylene content of 92.8 mol%, a l-octene content of 2.6
mol% and a styrene content of 4.6 mol% (copolymer (c)).
This copolymér (c) exhibited an intrinsic viscosity [n] of

25 1.2 dl/g which was measured in 135°C decalin and a melting
point (Tm) of 82°C which was measured by a differential

scanning calorimeter.



scanhing cal orimeter. Exampl e 1 5 parts by weight of

adhesive resin (trade nane: 20 Escorez, produced by Tonex), 0.1 part by

“wei ght of calcium stearate as a stabilizer, 0.1 part by weight of

| r ganox

wei ght of "Irganox 168 (trade nane, prqg ced by C ba- Geigy)

1010 (trade nane, produced by Ci ba-Geigy) and 0.1 part by

to 95 parts by weight of the copolyner (a) 25 produced in Production

Exanmple 1 ancb glﬁpﬂ%’nbé IEans af a | abopl astom || at 60 rpm at
: - The thus obtained conposition was press

200[err]C fo

mol ded at

of

10

15

20

25

Prod¥iQhy b bbh91antAutdi-dia ofaflidm MBddIvaRESS. A test piece

A1l lit. Qlass reactor equipped with a condenser and
an'égitator was satisfactofily purged.with nitrogen,
charged with 476 ml of toluene and 24 ml of styrene and
filled with ethylene under agitation. Subsequently, the
system interior was heated to-35°C, and 4.5 mM of
methylaluminoxane (produced by Tosoh Akzo, 10% by weight
tolueﬁé.solution) and 0;045 mM of (t-
butylamido)dimethyl (tetramethyl-n’-cyclopentadienyl)silane
titanium dichloride (0.01 mM toluene solution) were added
to the mixture. A pblymerization was conducted at 40°C for
60 min while continuously feeding ethylene at a rate of 100
Nlit./hr.

After the Eompletion of the polymerization, 250 ml of
isobutyl alcohol and 10 ml of agueous hydrochloric acid
were added to the mixture and heated at 80°C for 30 min
under agitation. The obtained reaction mixture containing
isobutyl alcohol was transfefred tola separating funnel,
washed with 250 ml of water twice and separated into an oil
phase and a water phase. .The oil phase was poured into 3
lit. of methanol to theréby precipitate a polymer. The
précipitated and separated polymer was dried in vacuum at
130°C for 12 hr,‘thereby obtaining 20 Q of a polymer having
an ethylene content of 86.5 mol% and a.styrene content of

13.5 mol% (copolymer (d)). This copolymer (d) exhibited an

intrinsic viscosity [n] of 1.1 dl/g which was measured in

wer e added



58 100 mm | ength and 20 nm w dth was cut out therefrom The t est
pi ece was uniaxially oriented at an orientation t enper at ure of
70[err]C and a draw rati o of 4, maintained at that state for 1 mn and
cool ed. The thermal shrinkage 5 factor and haze of obtained speci nen were
measured in the foll owi ng manner g7 The results are given in Table 1.
Thermal shrinkage factor Speci men of 40 mmlength and 6 nm w dth
was i mrersed ' . 80] err er f _Af t Lmersion, the
°(f: #%c%&r? a[nd 4 %e\ﬁtrgr.gl S ?ug% zﬁ‘l&) tﬂé %%‘56(% rspaﬁch was

10 length (E?so e 'speci men wWas e shri nkage

factor was ¢ t a . hri nkage factor
(% ﬁgggh?%a?b?{74%§§fé¥%ﬁﬁf%l scannlﬁg cﬁgggiﬁ€ééf' Tge haze of.

t he speci men was measured by the use of :

Production le B

5 Production of ethylene/styrene random copolvmer

23 g of an ethylene/étyrene random copolymer having an
ethylene content of 91 mol% and a styrene cohtent of 9 mol$%
(e) was obtained in the same manner as in Production |
_ Example 1 except that isopropylidenebis(indenyl)zirconium
10 dichloride synthesized by the conventional process was used
in place of (t-butylamido)dimethyl (tetramethyl-n5-
cyclopentadienyl)silane titanium'dichloride. This
copolymer (e) exhibited an intrinsic viscosity [n] of 1.1
- dl/g which was measured in 135°C decalin and a melting
15 point (Tm) of 81°C which was measured by a differential

scanning calorimeter.

Example 1
5 parts by weight of adhesive résin (trade name:
20 Escorez, produced by Tonex), 0.1 part by weight of calcium
stearate as a stabilizer, 0.1 part by weiéht of Irganox
1010 (trade name, produced by Cibé—Geigy) and 0.1 part by
. weight of Irganox 168 (trade naﬁe, produced by Ciba-Geigy)
were added to 95.parts by weight of the copolymer (a)
25  produced in Production Example 1 and blended by means of a
laboplastomill at 60 rbm at 200°C for 5 min.
The thus_obtained composition was.press molded at

190°C into a raw film of 0.1 mm thickness. A test piece of



digital haze meter NDH 20D nanufactured by Ni ppon Denshoku Kogyo Co.,

Ltd. in accordance with ASTM D1003-52. Exanple 2 20 The sane
procedure as in Exanple 1 was repeated except that the copol yner (b)
produced in Production Exanple 2 was used in place of the copol yner
(a). The results are given in Takle 1. 25 Example 3
The sane procedure as in Exanple 1 was Tepeated except that the
copol ymer (C)lo%r (I)I\(Ijnuc:l.%glglt?i gg‘ladﬂﬁtfmgnwfé@tg%§s 3cx¥i@sout therefrom. The

n test piece was uniaxially oriented at an orientaﬁion

temperature of 70°C and a draw ratio of 4, maintained at
that state for 1 min and cooled. The thermal shrinkage
5§ factor and haze of obtained specimen were measured in the
following manneré. The results are given in Table 1.
inermal shrinkage factor
Specimen of 40 mm length and 6 mm width was immersed
in an 80°C water for 5 éec. After the immeréion, the
10 length (L) of the specimen was measured, and the thermal
shrinkage faétor was calculated by the formula:
thermal shrinkage factor (%)
= (1 - (L/40)) x 100.
Haze
15 The haze of the specimen was measured by the use of
digital haze meter NDH-20D manufactured by Nippon Denshoku

Kogyo Co., Ltd. in accordance with ASTM D1003-52.

Example 2

20 The same procedure as in Example 1 was repeated except
that the copolymer (b) produced in Production Example 2 was
used in place of the copolymer (a). The results are given

in Table 1.

25 Example 3
The same procedure as in Example 1 was repeated except

that the copolymer (c) produced in Production Example 3 was



59 used in place of the copolyner (a). The results are given I n
Tabl e 1. Exanple 4 5 The sanme procedure as in Exanple 1 was
repeated except that 100 parts by weight of the copolynmer (a) was used
wi t hout the use of the adhesive resin.: The results are. . given in Table

1. 10 Exanple 5 The sameggrocedure as in Exanple 1 was
repeat ed except that the ethylene?styrene random copol yner (e) .

d d i i :
produced 1 jiged FEBIIL R L8001 Yy RS | il Asfild BeeCgRORKTEN

are-given 1n ~Conparative Exa
n in Table 1.

Example 4

5 The same procedure as in Example 1 was repeated except
that 100 parts by weight of the copolymer (a) was used
without the use of the adhesive resin. The results are

given in Table 1.

10 Example 5
The same pro;edure as in Example 1 was repeated except
" that the ethylene/styrene random copolymer (e) pfoduced in
Production Example 5 was used in place of the copolymer
(a). The results are given in Table 1.
15
omparati ple
The same procedure as in Example 1 was repeated except
that the copolymer (d) prodﬁced in Pfoduction Example 4 was
used in place of the copolyﬁér (a). The results are given

20 in Table 1.



The sane procedure as in Exanple 1 was 'repeat ed except

copol ynmer (d) produced in Production Exanple 4 was
20 in Table 1.

‘the copolynmer (a). The results are given
_ Table 1

Conp. o Ex. 1 Ex. 2 g 3 Ex. 4 Ex. 5 Ex. 1
Copol ynmer (b)
- 95

(a) 95 - - 100

Copol ynmer (d) -

EA

- Copol yrmer (c)

that the
used in place of

Copol yner

- - 95
Table 1
) Comp.
Ex.]l | Ex. Ex.3 | Ex. 4] Ex. Ex. 1
Copolymer (a) 95 . - ~ 100 - -
Copolymer (b) - 95 - - - -
Copolymer (c) - - 95 - - -
Copolymer (d) - - - - - 95
.Copolymer (e) - - - - 95 -
| Adhesive resin 5 5 5 - 5 5
Thermal shrinkage _
factor (%) 28 29 28 32 29 3
Haze (%) 1.6 1.8 1.4 1.5 1.9 1.2




Copol yrer (e) - - - . 95 - Adhesi ve resin
5 5 5

_ - 5 - 5 Thermal shrinkage factor (% 28
29 28 32 29 3 Haze (% 1.6 1.8 1.4 1.5
1.9 1.2 VWhat is clainmed is: Ik N
copol ynmer shrink film conprising an a- 1 ol efin/ a“m"llmnmumﬁmpound
random copol yner, said a- olefinparonatic vi nyl torfpoknd*r ahdom :
copol ymer co Isi ng: 5 ... 99.9 to 58 nol % of structural units
derived fronra&a% l%tﬁ%?%$ﬁ§ 183 0 to 30 nol % of structural units

f'ﬁ;' ;/gfla}‘ roman a-i.  anObebfin hAdpdlmbs er&qrﬂ@n:laqm ebfpE1 BIAY! At hat
olefin/aromatic vinyl compound random copolymer, said o-
olefin/aromatic vinyl compound random copolymer comprising:

5 99.9 to 58 mol% of structural units derived from
ethylene,

0 to 30 mol% of structural units derived from an o-
olefin having 3 to 20 carbon atoms provided that the total
of said structural unité derived from ethylene and said

10 structural units derived from an O-olefin having 3 to 20
carbon atoms ranges from 99.9 to 88 mol%, and

0.1 to 12 mol% of structural units derived from an

aromatic vinyl compound;

said o-~olefin/aromatic vinyl compound random copolymer
15 having an intrinsic Viscosity [n], as measured in decalin
at 135°C, of 0.1 té iO dl/g and having a melting point, as
measured by a differential scanning calorimeter, of 60 to
125¢<C, |
said olefin copolymer shrink film being oiiented in at

20 1least one direction.

2. The olefin copolymer shrink film as claimed in

_claim 1, wherein a tackifier is blended in an amount of 1

to 50 parts by weight per 100 parts by weight of the o-

25 olefin/aromatic vinyl cbmpound random copolymer.

3. The olefin copolymér shrink film as c;aimed in

claim 1 or 2, which is oriented biaxially.



of said structural units derived fromethylene and said 10 structural

units.derived froman a-olefin having 3 to 20 ————c—&r—ben —atons--ranges

from99.9 to 88 mol % and ' 0. ilii structural units
il

derived from an aromatic vinyl corrpound ”"‘ m ﬂnl\u] Il
ntrinsic

a-olefin/aromatic vinyl conpound randop12:opol ynme
viscosity [[err]], as neasured in deca at 135[err]C of ‘0.1 to 10

dl /g and having a nelting point, as nmeasured by a differential
scanning calorineter, of 60 to 125[err] C, said olefin

copol ynmer shrink fh'"1b@h890£%ffﬂnéﬁﬁdﬂ}mﬂf éﬂ@1nk¢§§§m°£§ éiéfﬁ%dcﬁh

2. The oI efln copol ymer shrink filmas clainmed claim1, wherein a

tackifier gndedcifime BRI, @hikh has taOtﬁerﬁalt W%Q@adt@r 100
parts by vvel ght of the a- 25 ol'efin/aromatic vi nyl conmpound random

copol yner. of at least 20% at 80°C.



3. The ol efin copolyner shrink filmas claimed in claim1l1 or 2,
which is oriented biaxially. . 62 4.

The ol efin copolyner shrink film as clalned in any of claims 1 to 3, which
has a thermal shrinkage factor of at |east 20% at 80[err]C.

63
ABSTRACT

Disclosed herein is an olefin copolymer shrink film

comprising an O-olefin/aromatic vinyl compound random

copolymer. This ¢-olefin/aromatic vinyl compound random

5 copolymer comprises 99.9 to 58 mol% of structural units
derived from ethylene, 0 to 30 mol% of structural units
derived from an O-olefin having 3 to 20 carbon atoms
(provided that the total of the structural units derived
from ethylene and the structural un1ts derived from an oO-

10 .olefin having 3 to 20 carbon atoms ranges from 99.9 to 88

mol%), and 0.1 to 12 mol% of structural units derived from

an aromatic vinyl compound. 'The o-olefin/aromatic vinyl
compound random copolymer has an intrinsic viscosity nl,
as measured in decalin at 135°C, of 0.1 to 10 dl/g and has
15 a melting point, as measured by a differential scanning
calorimeter, of.GO to 125°C. The olefin copolymer shrink
film is oriented in at least one direction. The olefin
copolymer shrink film has excellent low-temperature

shrinkability and transparency.
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(57) Abstract

A shrinkable film characterized by being made from an a-olefin/vinyl aromatic random copolymer which comprises 99.9 to 58
mole % of structural units derived from ethylene and 0 to 30 mole % of structural units derived from a C,-C,, a-olefin (with the sum total
of both being 99.9 to 88 mole %) and 0.1 to 12 mole % of structural units derived from an aromatic vinyl compound and which exhibits an
intrinsic viscosity [n] of 0.1 to 10 dVg as determined at 135 °C in decalin and a melting point of 60 to 125 °C as determined with a
differential scanning colorimeter, and by being oriented in at least one direction, The film is excellent in low-temperature shrinkage and
transparency.
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