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Fl EL#-OF THE INVENTION -5 . The. present invention rel ates. to aﬂWﬁs ﬁ{y
.p0|Ypropy|ene “7;conp03|te fllntmhlch i's excellent not only in -

-heat - seallng “: properties, such’as- IOMFtenperature ‘heat-sealing ;%_-
properties -~ " and heat-sealing strength and- hot tack propertles but atso A
i'n slip properties and bl ocki.ng- reS|stance 0. S
BACKGROUND OF THE | NVENTI'ON Lo Qry || i'ne polypropylene fllns are
excellent in - mechani cal propertles 1S tensile strength rigidity,
surface hardness, inpact stren resi stance, -
optical properties such as glggéﬁgﬁ@QYighg #Qﬁgggiéﬁ § nd'food,hygienic_
properties such as non- toxicity and non- odorous operty, and, :
t herefore, they have been widely used for packaglng of foods.

However, the crystalline polypro : WrOEkH I n" heat - sealable :
tenperatures and. t hey shrink when heated =  to. the eat seallng -

tenperatures. Ther@h@ﬁre&@ﬁt lnv&thyﬁsﬁll}élrﬁeg{ be{ (gogoq%rfo%,@nér e

general |l y prOV|ded Wt eat-sealing |ayers.

heat - seal i ng '@¥ﬁ%ogitéeﬁﬂlﬁeﬂh1@hhfyeeidélléﬁt do¥! lpviynd rphepersieasing
(1) The layer c e. heat-sealed at a tenperature consi derably | ower

than that of tB§09é§€1e3ye§uéhla§1L6w~tempéHaﬁﬁﬁﬁ|hdatﬂ$ﬂa¢ﬁmgppkepe¥tles

_and heat seallng strength and hot - tack propertles, but also

in slip propertles-and block1ng-resrstance.
10 | s
L | n iy
Crystallrne polypropylene fllms are excellent in
mechanlcal propertles such as ten31le strength, rlgldlty,
f surface hardness, 1mpact strength-and cold temperature
15 resistance,:optical properties such as'gloss.and
o transparency, ‘and food hyglenlc propertles such as non-
toxicity and non-odorous property, and, therefore, they
have been wldely_used_for packaglng of foods. |
_ﬁowever, the crystalline'polypropylene films are high
:20 in“heat—sealable temperatureS'andfthey shrink_when'heated
, 1to the heat seallng temperatures - TherefOre, the |
crystalllne plypropylene films are generally prov1ded with .
' heat seallng layers . _y_
‘The heat seallng layer is’ requlred to have the
: 25' 'follow1ng propertles | ) '.
o (1) The layer can be heat sealed at a temperature"

zﬁ.con51derably lower than that of the base layer (fllm Of

'zﬁ.crystalllne polypropylene),-



2f -"aﬁ (2) The layer is excellent in heat-sealing strength and

i sgaknost free fromchange of heat-sealing tenperature wth tine;
'_(3) ‘The layer is excellent in high bond strength to 5 the substrate;

(4) The layer has transparency al nost equal or higher than that of the

base | ayer; (5) The Il ayer cig%be stored w t hout bl ocking; .

(6). The layer does not adhere to bag- i ng machines 10 or fil

packagi ng machi nes; and (7) The layer has high scratch

resi st ance. O (2) F@ﬁefpgybﬂglgugﬁcégaénﬁeahlngata;eallm@rsumength

pol ymer s have been proposed. However, the conventional heat-sealing

materials do n@hdahsaa&m&atlf&ﬁeaﬁkomfchhege pifo heati-eealiry tempasainpte,

hi gh- or | owdensity pol yethyl enes are poor. in t ranspar ency, and

et hyl ene-vi nyl watht atmegopol yners or ethylene-[err]-olefin copolyners

are poor in blocking rTesi stance and scratch resistance

et hyl ene-[err]-ol ef {B) coPoeykpyreri iprovealiantnén Eeghbbse% ﬁ&rFQ§F§t§ﬁbe

and the scratch resistance, ethyl ene- propyl ene copol yners have been

proposed i ® JaphfieSubphrate; Publ i cations No. 31478/1971 and No.
ok g st ance A BERSHBRERLLAR s ERSRHFShR B Beby Wl sl
Fandom copor y rERas BT PALFER B R Tont 0 the't ransparency and.
shows relatively 9°?§) The layer can be stored without blocking;

(6) - The layer does not adhere to bag-making machines

10 or fill packaging machines; and

(7) The layer has high scratch resistance.

' For forming such heat-sealing layer, various polymers
have been pfoposed; Howevef, the conventional heat-sealing
materials do not always satisfy all of these properties.

15 For example, high- or low-density polyethylenes are poor in
transparency, and ethylene-vinyl acetate copolymers or
ethylene-a-olefin copolymers are poor in blocking
resistance and scratch resistance.

As ethylene-a-olefin copolymers improved in the
20 Dblocking registance and the scratch resistance, ethylene-
¢ Propylene copolymers have been propoéed in Japanese Patent
Publications No. 31478/1971 and No. 14343/1974. The
ethylene-propylene copolymers have certainly excellent
blocking resistance and scratch resistance and relatively

25 good heat-sealing properties. Of such copolymers, an
ethylene-propylene random copolymer is particularly
excellent in the transparency and shows relatively good

heat-sealing properties. However, the suitable heat-



heat-ééaling properties. However, the suitable heat-

39 seal ing tenperature of the ethyl ene-propyl ene random

copol ymer proposed in the above Japanese Patent Publication : No.

31478/ 1971 is higher than that of nedium or high- density

pol yet hyl enes by not |lower than 10 [err] C. Therefore, 5 lowering of the
sui tabl e heat-sealing tenperature of th copol yner has been desired.
As the ethylene conmponent content in the copol yner becones hi gher, the

heat - seal i ng tRIQIETRF W EnpdrLeurdedt i ige ethyp@hétﬂ);r@{) 18h& random _

et hyl ene- propyl ene random copol yner | owers. 10 ere?ore, by increasing

t he et hyl ene ewpuinar oordedded Nin the tCoCOPOLYyaREset DOt EADI DUBNEBELEDN

| owt enper at ure heat - sealing properties are realized. However, when

t he et hy Nene IIohPRNEST] costleighex cerals 10a€o bf mediumheorahdghn-
copolynerizability of ethylene is reduced, leading to 15 deterioration of
the transpar ef@nsitRegpeiescthinkengddhy neet lowersthaante ¥hd tHeerefareh
resi stance.are nmarkedly | owered. | ace of the

. In plé
et hyl ene- p? opyHOMRF ¥0h Rfim i T yHeable heatzsealing ckpmPoRatuse pfopPrene
and an [err]-ol efin of or b $Drﬁ carbon atons has been al so proposed
as a material SSPHYREF P T TSYer.  For instance, Japanese Patent
Lai d- OQpen Publi cati on ... 128781/ 1975 has_pr.oposed copol r of
propyl ene and an [ &% ]%Eho etll}l{r)?'loq‘ne4 TR BH arg?*rsl,nvﬂi’%h&pgf?@er
prepared in the R iy 2 did &E‘légé' r'%ﬁp atGREaLYSE anfley e
contains 80 to &? 0 by s%lg't 1%4'4&5'[0 %gﬂ‘%}% %fx no Wr(1eh fhe o --ng
[err]-olefin ipikduteanf &N Sopylend FRAIGHT cobOYPNEE 1608rs .
sui tabl e heat-sealing tenperature
10 Therefore, by increasing the ethylene component content in
the copolymer, the improvement of low-temperature heat-
sealing properties are realized. However, when the
ethylene component content exceeds 10 % by mol, the random
copolymerizability of ethylene is reduced, leading to
15 deterioration of the transparency. Besides, the blocking
resistance and the scratch resistance are markedly lowered.
In place of the ethylene-propylene random copolymer,
use of a copolymer of propylene and an a-olefin of 4 or
more carbon atoms has been also proposed as a material of a
20 heat-sealing layer. For instance, Japanese Patent Laid-
¢Open Publication No. 128781/1975 has proposed a copolymer
of propylene and an o-olefin of 4 to 10 carbon atoms, which
is prepared in the presence of a titanium trichloride
catalyst and contains 80 to 95 % by weight (84.2 to 96.2 %
25 by mol when the a-olefin is l-butene) of a propylene

component. However, the suitable heat-sealing temperature

of the propylene-l-butene copolyner described in this



of thes®propyl ene-1-butene copol yner described in this
puplication is still high, i.e., 130 [err]C or higher. Thus, It cannot
be said that the | owtenperature heat-sealing properties are inproved
as conpared with those of the above- nenti oned et hyl ene- propyl ene
random copol yner and 5 that the change of the heat-sealing properties
with tinme caused by storage or the4ike is small. By

i ncreasing the content. of the 1-butene conponent, t he heat-seal i ng

tenperature (fRigIaPMt)s Aeitine nigh, Br.epyl ese/ dc st emiggleapol yrmis,can be
| owered as described 10 in, for exanple, Japanese Patent Publications

Nos. 25546 108 (bl 1331 /tHaE8 thien 1okesemPabhtoaei beat-sealing
conposite fil musing a propyl ene/ 1- but ene copol ynmer havi ng good
heat - seal i ng progpEett ss cawk dngprawiedd lag compared Wit thoseygfnghe
propyl ene/ 1- but ene copol yner having i nproved heat- 15 sealing properties
are di scl osed.above-mentiorkt st hwlepe-Brepyleaeenandepor9Ret¥nareaddl e to
show i mproved | owtenperature heat-sealing properties by virtuye

of increas® tHdatorkksichanghof tha SeetcsRgdieat Propertr-e%%?f} TRt | s
made fromthe copok%ners conme to exhibit ness and are

.. 2Q '
?eteriorated | FARTS Rﬁ(ﬁﬁﬁf43%59£u§he llﬁﬁo&ﬁi%ggﬁésistance at high
enper at ur es. . Ther.ef h I [1sb
v k15 SIS e, UGS YO DR BB,

desired to be inpr 0 reover,

oD T S AR e NG (2yhRo, E3sok ot oRErR e
hi gh- speed packagiylene/1-butene copolymer can be lowered as described
10 in, for example, Japanese Patent Publications Nos.
25546/1986 and 114887/1978. 1In these Publications, a
composite film using a propylene/l-butene copolymer having
good heat-sealing properties and a biaxially oriented film
using a propylene/l-butene copolymer having improved heat-
15 sealing properties are disclosed.

These propylene/l-butene copolymers are able to show
improved low-temperature heat-sealing properties by virtue
of increase the content of the l-butene component.
However, the films made from the copolymers come to exhibit

20 tackiness and are deteriorated in slip properties and
gblocking resistance at high temperatures.

Therefore, the propylene/l-butene copolymers are
desired to be improved in hot tack properties. Moreover,
these copolymers are also desired to be improved in the

25 1ow—temperatufe heat-sealing prqperties to such degrees
that they are suitable for high-speed packaging.

Accordingly, it has been desired to develop a

polypropylene composite film which is excellent not only in



Accordi®*ngly, it has been desired to develop a pol ypr opyl ene conposite
fikmwhich is excellent not only in

5- - heat sealing properties, such as | owtenperature heat- seal i ng
properties and heat-sealing strength, and hot tack properties, but

al so in transparency, scratch resistanc%%BJ bl ocki ng resistance and slip
properties. 5 ' ECT OF THE | NVENTI ON

The present invention has been made under such ci rcunst ances as

ment 1 oned abovigeatinsealing promdyteids,ofsuch as New-tempeirabure heatide a

pol ypropyl ene conposite film 10 which is excellent in heat-sealing
properties andsémtingchropertijmopnd iataseasdlingastirengthnspadehoy, tackat ch
resi st ance, bl ocki ng resistance ‘and slip properties.

SUMVARY OF THEPTORENTIER HBt also ifhdnagIspRtERFvenSCEaREBsKEE1FLRALSF t he
pr esent I nvention conpri ses: (A) a crystalline

pol ypr opyl ene PIg@ingngesistance and plip @r&@ﬁréﬁ@/sl but ene random

copol yrer gayer | am nated on at | east one surface of the crystalline
20 polyprdpyl ene | ayer (A); sai d propyl ene/ 1- but ene random

copol yner having the f°"O%ﬁQEFEQﬁﬁﬁfﬂgﬁimyzyzggu (1) the
copol yner contains 50 to 95 % by nol o0 constirtuent units derived from

propyl ene and 50 t opme B h¥sertt idRintYor WY et aldld! LhcdE" sked from

1- but ene,
circumstances as mentioned above, and it is an object of

the invention to provide a polypropylene composite film
10 which is excellent in heat-sealing properties and hot tack
properties as well as in transparency, scratch resistance,

blocking resistance and slip properties.

SUMMARY OF THE INVENTION
15 The polypropylene composite film of the present
invention comprises:
(A) a crystalline polypropylene layer, and
(B) a propyléne/l—butene random copqumer layer
laminated on at least one surface of the crystalline
20 polypropylene layer (A);
2 said propylene/l-butene random copolymer having the
following properties:
(1) the copolymer contains 50 to 95 % by mol of
‘constituent units derived from propylene and 50 to 5 % by
25 mol of constituent units derived from l-butene,
(2) the intrinsic viscosity, as measured in decalin at

135 °C, is in the range of 0.1 to 5 dl/g,



(2) the® intrinsic viscosity, as neasured in decalin at 135 [err]C, is
insthe range of 0.1 to 5 dl/g, 6
(3) the nol ecul ar weight distribution (Mv M), as determ ned by gel
permeation chromatography (GPC), is not nore than 3, and

(4) the parameter B val ue, which indicates randomess 5 of the

copol yneri zed nononer sequence distribu@on, isin the range of 1.0 to
1.5. It is preferred that the paraneter B value of the

propyl ene/ 1- but ene rHNdae eRNAURr WBlight umst;bebﬁameﬁ Qfw/Mn) , 1ad to 1.3
and the copolymer (B) further has, in agdltlon to the above properties

(1) to (4), thedatidddy gel @@Qﬁ&hthe&.chromatographﬁ)(Gh@)nﬁisimgtpoint
Tm as neasured by a differential scanning calorinmeter, is in the
range of 60 tanore tHatD J,erarddC, and the nmelting point Tm and the 1-butene
15 constituent unit content M (% by nol) satlsfy the follow ng

rel ation: (4) the phmiveter3B valnes whigl indigates randomnesgg

(6) the crystallinity C, as neasured by X-ray 20 diffractopetry, and the
1- but ene cgnstQELRhﬂ Qﬂ?qlxﬂﬁﬁkﬂﬁﬁ m0n°meE%§§9uﬁBF? dastEHutHenf of F o ng
rel ation: -1.5M_+ 75 The propyl ene/ 1-but ene
randon1copo|yﬁ%ﬁe(¥5ng%;°f 1 qaﬁéb&réd by copolyner|2|ng propyl ene and

tomr oy n 1M e PSS e d Uil kil BAUHBELEh! 08168" Bt Vehe
propylene/l-butene random copolymer (B) is in the range of
1.0 to 1.3 and the copolymer (B) further has, in addition
10 to the above properties (1) to (4), the following
properties:
(5) the melting point Tm, as measured by a
differential scanning calorimeter, is in the range of 60 to
140 °C, and the melting point Tm and the l-butene
15 constituent unit content M (% by mol) satisfy the following
relation:
~2.6M + 130 £ Tm € -2.3M + 155
and
(6) the crystallinity C, as measured by X-ray
20 daiffractometry, and the l-butene constituent unit content M
g (% by mol) satisfy the following relation:
C 2 -1.5M + 75
The.propylene/l;butene random copolymer (B) is
prepared by copolymerizing propylene and l-butene in the
25 presence of_én olefin polymerization catalyst comprising:

(a) a transition metal compound represented by the

‘following formula (I):



(a) a transition nmetal conpound represented by the follow ng formul a

(13 [err] 7

wherein Mis a transition netal of Goup IVb, Vb or VIb of t he
periodic table, 5 Rlerr] and Rlerr] are each a hydrogen atom a
hal ogen atom a hydr ocar bon group 1 to 20 carbon atons, a

hal ogenat ed "~ hydrocarbon group of 1 %0 20 carbon atons, a silicon-
cont ai ni ng group, an oxygen-contai ning group, a sulfur- cont ai ni ng
group, a nitrogen-containing gr p or 32 10 phosphorus-contai ning group,
R3 is a secondary or tertiary al %youp of 3 to 20 carbon atons or
an aromatic group, R3  RZ2 R4 q¥ ydr ogeyp or BB al kyl group of 1 to 20
car bon at ons, X ] err] are each a hydrogen atom
a hal ogen atom a on gr o : 20 carbon atons, a

hal ogenat ed hy OR ] R nun atonms, an oxygen-
contai ni ng group or ' I n 3 , Yis a

di val ent hydrocarbon _ to 20 carbe 8~at ons, a dival ent

hal ogenat ed hydr ocarboin group o

R (1)

wherein M is a transition metal of Group IVb, Vb or VIb of
the periodic table,

5 R! and R2? are each a hydrogén atom, a halogen atom, a
hydrocarbon group of 1 to 20 carbon atoms, a halogenated
hydrocarbon group of 1 to 20 carbon atoms, a silicon-
containing.group, an oxygen-containing group, a sulfur-
containing group, a nitrogen-containing group or a

10 phosphorus-containing gréup,
R3 is a secondary or tertiary alkyl group of 3 to 20
carbon atoms or an aromatic group,
R4 is hydrogen or an alkyl group of 1 to 20 carbon
atomns,
15 _ X! and X2 are each a hydrogen atom, a halogen atom, a
hydrocarbon group of 1 to 20 carbon atoms, a halogenated
*hydrocarbon group of 1 to 20 carbon atoms, an oxygen-
containing group or a sulfur-containing group, and
Y is a divalent Hydrocarbon group of 1 to 20 carbon
20 atoms, a divalent halogenéted hydrocarbon group of 1 to 20
' carboh atoms, a divalent silicon-containing group, a
divalent germanium-containing group, a divalent tin-

containing group, -0-, -CO-, -S-, =S0-, -SOz-, .-NRS-,



carbon®*atons, a divalent silicon-containing group, a di val ent

gef mani um cont ai ni ng group, a divalent tin- contai ni ng group, -0,
-CO, -S, -SO, -S(Jerr]-, -NRerr]-,

8 -P(Rerr])-, -P(O (Rlerr])-, -BRlerr]- or -AIR[err]- (Rerr] is
hydr ogen, a hal ogen atom a hydrocarbon group of 1 to 20 carbon atons
or a.hal ogenat ed hydrocarbon group of 180 20 carbon at ons) ; 5

(b) (b-1) an organoal um num oxy-conpound and/ or (b-2) a conpound

which reacts wiphg$he trpns) (Hs9n, MeERS- COMPOUS- (RS iéaydfoddi man ion
pair; and, optionally, (c) an organoal um num

conpound. 10 halogen! 8téMg & diyaitéeddbord RpouePregelos 20heakbansat bMs
nmetal compound (a), Rl is preferably nethyl. The crystalline
pol ypropyl ene bayarhéPpgehatéde hydroqedbom epdupnefcdnmesi20e chirbomof t he

I nvention may be - unstretched, nonoaxially or biaxially stretched. 15
DETAI LED DESCRa®dh&N: OF THE | NVENTI ON The pol ypropyl ene
conposite filmaccording to the present invention is fornmed from

(A) a crys®alline p&byp?bpyleﬂﬁ 9rganoalawd nupp oxy-compepndg aggéert i(e-2)
propyl ene/ 1- but ene randon1cggolyner ,.layer which is | am pated on at

| east one surf@cgoBPoyRd which 3e3chs Withe the HHASsHteREe Fefel faypound

The conponents(g; %Qefég%egg fg§35§¥¥?w bed bel ow.

and, optionally,
(c) an organoaluminum compound.
10 In the formula (I) that represents the transition
metal compound (a), R! is preferably methyl.
The crystalline polypropylene layer (A) of the
polypropylene composite film of the invention may be

unstretched, monoaxially or biaxially stretched.

15
DETAILED DESCRIPTION OF THE INVENTION
The polyproéylene composiﬁe film according to the
present invention is formed from:
(A) a crystalline polypropylene layer, and
20 (B) a specific propylene/l-butene random copolymer
g layer which is laminated on at least one surface of the

crystalline polypropylene layer (A).

The components of the layers are described below.

25 M@L@Mmmw
The crystalline polypropylene layer (A) is a base

layer of the polypropylene composite film of the invention,



e

25 * (A) Crystalline polypropyl ene |ayer The

crystalline pol ypropyl ene layer (A) is a base | ayer of the
polypropylene conposite filmof the invention,

and this layer (A) may be an unstretched nonoaxi al |y stretched
or biaxially oriented | ayer. In the present invention, any
pol ypropyl enes .conventlonally knowyg f or producing filnms can be used as
the 5 pol ypropyl ene, but is preferred to use polypropylene havi ng
an isotactic index | b0|I|n n- hept ane-i nso LLompanel t) of not
| ess than 75 %% r%$§$ab§ye#5(% Bgyope an unStre?ﬁgegr ) o N 11y

el L ndo (2o verered 8F Bakialifforpnt8y Tahdst o nough o o0

horopol ypr opyl ene 'fn nééégeﬂéegn 88nt P6n,. aﬁEC?XEEE Pgﬁfﬂgkypr0py|ene

a propyl ene randon1cop con arning , not nore

than 5 % by ml),y nt1BBaF995EPBUE”EOH”bE%dQ@Eh&e@1ﬁh%”b%hh@b‘ﬁs@H'&§|ﬁﬁé
15 propylene 1s so enpl oyable with limts not prejudicial to the

obj ect of ghe p@Ygﬁibﬁgleﬁé?”BheslﬁflﬁuﬁbeﬁbetbﬂSto usel pollygaropylene
[err]-ol efins of to 20 carbon atoms, such as et hyl ene, 1-butene,

1-pentene, 1-hexeprRg dnhgpbeaerit- index dcendboildegemeheptdodedars®luble
1- hexadecene and 4-nethyl-1- 20 pentene. The crystalline
pol ypr opyl ene cseponentheofnnent less thaovadShé,ppegfesadtdy & Sc&ov & itonal
process using a known solid tltanlun1catalyst or .a known netal | ocene
catal yst. The crystalline polypropylene desirably has a density
of 0.89 to 0.92 g/cm3 and a melt index (230 °C) of 0.1 to
10 10. _

Although homopolypropylene is generally used as the
crystalliné.polypropylene, a propylene random copolymer
containing small amounts (e.g., not more than 5 % by mol).
of constiﬁuent units_derived from other olefin than

15 propylene is also employable within limits not'prejudicial
to the object of the invention. ‘Examples of such olefins
include a-olefins of 2 to 20 carbon atoms, such as
ethylene, l-butene, l-pentene, l-hexene, l-heptene, 1-
octene, l-decene, l-dodecene, l-hexadecene and 4—methyl—1-

20 pentene.

| The Crystalline polypropylene used in the invention
can be prepared by a conventional process using a known
solid titanium catalyst or a known metallocene catalyst.

. The crystalline polypropylene used in the invention

25 desirably has a melting point higher than that of the
below-described propylene/l-butene random copolymer.

To the crystalline polypropylene, various additives

such as heat stabilizers, ultraviolet light absorbers,



The cr{stalline pol ypropylene used in the invention 25 desirably has a
mekting point higher than that of the bel ow descri bed
propyl ene/ 1- but ene random copol yrer. To the crystalline

pol ypropyl ene, various additives such as heat stabilizers,
ultraviolet |ight absorbers, 10
anti-bl ocking agents, slip agents and aftistatic agents may be added.
(B) Propyl ene/ 1- but ene randon1copo|yner | ayer The

01 The pol yr IO SRt Sohpnd T4¥FF T, 5 raé@%ﬁ??ﬁeeﬁ FSRCaEAS APRYs BKF

s fornmed frcngéiéﬁﬁgulenell- but ene random copol yner havi ng the
foll ow ng properties. (1) The propyl ene/ 1- but ene random

copol yner contains: 10 constituent units derived from propyl ene in
anount s of 50 to 95 % by nol, preferably 55 to 93 Wbby nol, nore
preferably 60 to 90 %Hy B 1353 (0 A C ;- a-rrved from
1- butene in anounts of 5to 50 @6by nol , preferably 7 to 45 % by nol,
more 15 Pref er ablThd Qprtapylesé bl-butene random cq@mbymenpyaﬁﬁéliBbuten@
random copol yner may further contain constituent units derived from
ol efi ns ot her n¢gnrseallpgop§y§neoénUhq polepropylengl Fomppaits, fidm of

exanpl e, not nore than 10 % % preferably not nore than 5 @62¥
mol . 20 the Jdnyemtieg; capdse s$t§a¥fér+f) formed fromTRePrAPYIRBPEL
x;zgﬁfggyig[gr ¢$ga%9§§8508¥ gfmégbﬁ%gggg the %ofg Q}ﬁ8p8LXpert1e%

(1) The propylene/l-butene random copolymer contains:
10 constituent units derived from propylene in amounts of
50 to 95 % by mol, preferably 55 to 93 % by mol, more
preferably 60 to 90 % by mol, and

COnstituenﬁ units derived from l-butene in amounts of

5 to 50 % by mol, preferably f to 45 % by mol, more
15 preferably 10 to 40 % by mol.

This prépylene/l—butene random copolymer may further
contain constituent units derived from olefins other than
propylene and l-butene in small amounts, for example, not
more than 10 % by mol, preferably not more than 5 % by mol.

20 . (2) Intrinsic viscosity (W)

L The intrinsic viscosity (1) of the propylene-l-butene
random copolymer, as measured in decalin at 135 °C, is in
the range of 0.1 to 5 dl/g, preferably 0.5 to 4 dl/g, more
preferably 1 to 3 dl/g.

25 (3) Molecular weight distribution
The.moiecular weight distribution (Mw/Mn) of the

propylene-l-butene random copolymer, as determined by gel



the rafge of 0.1 to 5 dl/g, preferanyMO.S to 4 dl/g, nore preferably

1 ¢#0 3 dl/g. 25 (3) Mol ecular weight distribution The

nol ecul ar wei ght distribution (Mv M) of the propyl ene-1 - but ene random
copol ymer, as determ ned by gel per neati on chr omat ogr aphy
(GPC), is not nore than 3, preferably not nore than 2.5.

(4) Randommess The paraneter;B val ue of the propyl ene/ 1-butene
random 5 copol yner, mhich i ndi cat es randommess of t he copolynerized
nmonomer sequence disirtib s in_the range of 0to 5
preferably 1. dp?ﬁmﬁaEloﬂDF rBW@F@FﬁBPéyl(GPFg 118 fot hore tha?h par anet er

B val ue was pro and T.G Fox (J. Polym Sci.,
Al , 3183 (196 € 38¥¥|§°t BOrﬁaggﬁEt%r i's defined as foll ows:
B-HeH]MZHeH] wherein Plerr] is a first nonomer content
fraction and P2 is ggyeﬁéﬁao%%%%snnnoner content fraction, and P[err] is a

proportion of PR ﬁéfé&e@@@0§96a§@@08§ 69805?6p§§8H€?QeﬁuEQnéh%ahﬁbﬂ

15 di ad sequences. In the case of 1, Bernoulli"s statistics

apply to 5 ¢&SoLPROLYRhichNih8EcEEES eénaoﬁnésst Be eapokwpen h%&qszeho
be bl ock; and in the case of B > 1, the copolyner tends to

alternatlng ménomer se@ﬁeﬂdélﬁigﬂributhenabmselpropertaage(bf uoo(&b, t he
propyl ene/ 1- but ene random copol ynmer preferably further has
1.5, preferably 1.0 to 1.3, more preferably 1.0 to 1.2.
The parameter E value was proposed by B.D. Cole-man
and T.G. Fox (J. Polym. Sci., Al, 3183 (1963)), and this
10 parameter is defined as follows:
B = Py3/(2P;-P3)
wherein P; is a first monomer éontent fraction and P; is a
second monomer content.fraction, and Pj2 is a proportion of
the first monomer-second monomer sequences to the total
15 diad sequences.

In the case of B = 1, Bernoulli's statistics apﬁly to
the copolymer; in the case of B < 1, the copolymer tends to
be block; and in the case of B > 1, the copolymer tends to
be alternating.

20 In addition to the above properties (1) to (4), the
f.propylene/l-butene random copolymer preferably further has
the following properties (5) and (6).

(5) The melting point Tm, as measured by a

differential scanning calorimeter, is in the range of 60 to

25 140 °C, preferably 80 to 130 °C, and besides the melting
point Tm and the 1l-butene constituént unit content M (% by
mol) satisfy the following relation:

-2.6M + 130 £ TM £ -2.3M + 155



the fol'low ng properties (5) and (6). (5) The nelting point Tm

assheasured by a differential scanning calorineter, is in the range of

60 to 25 140 [err]C preferably 80 to 130 [err]C, and besides the nelting

poi nt Tm and the 1-butene constituent unit content M (% by nmol )

~satisfy the follow ng relation: -2.6M+ 130 < TM< -2.3M + 155
12 - (6) The crystallinity C 1@ neasured by X-ray

diffractonetry, and the 1-butene constituent unit content M (% by nol)

satisfy the follow #éyktalllnlty c,Cag méagﬁ@éd7 kaay Wen the
base | ayer of the po yprop ne conposite Il mof the present

| nvention is o #ed fdtad Clatd alhlel ﬂebutenep@bﬁﬁtQ@Nél@lﬂ&lﬂiﬂy&fonuénﬂ M
desired that the crystalllnlty - of the propyl ene/ 1- but ene random

copol yner is i the heigesatisfyofthkd foa16@idy pekédetabty 30 to 60 % 10
When the base |ayer of the pol ypropyl ene conposite filmis a biaxially
oriented crystalline potlyfirpyl7éne | ayer, it is desired that the
crystallinity of the propyl ene/ 1- but ene random copol ynmer is in the
range of 15 t JNIEN hepragfas difyer1 9t 6he0r9d YREPRY @‘Pe‘?%fﬁﬂ’%ﬁ%to 60
% The propyl ene/ 1-but ene randon1copo| nmer ntain

regi o-irregul afilmies e KFHPL, LnvesEiorohs 8R ﬁgtret %r?ﬁﬁﬁ?ﬁﬁ}lne

d I b
(or] G AR speRe TRy Iehe o a“r'y?%t Tendesired FERE LR RISy based
on the 2. 1-inseltl o0 Ofodlihe ALodted/ L 2AROHCEBEBI yhIr LS 1A% 0L SRl GNe

constituent un?
of 15 to 65 %, preferably 30 to 60 %.

10 When'the base layer of the polypropylene composite
film is a biaxially orienﬁed crystalline polypropylene
layer, it is desired that the crystallinity of the
propylene/l-butene random copolymer is in the range of 15
to 65 %, preferably 15 to 60 %, more preferably 20 to 60 %.

15 - The propylene/l-butene random copolymer may contain
regio-irregular units based on 2,l-insertions of the
probylene ﬁonomer, said regio-irregular units being
determined from a 13C-NMR spectrum of the copolymer. The
regio-irregular units based on the 2,1l-insertions of the

20 propylene monomer in all the propylene constituent units

;may be not less than 0.05 %.

In thé polymerization, the propylene monomer is
generally 1,2-inserted (methylene side is bonded to
catalyst), but in rare cases it is 2,l-inserted. The 2,1-

. 25 inserted propylene monomer forms regio-irregular units in.
the resulting.polymer.

The proportion o6f the 2,1—ihsertions to all the

propylene constituent units in the polymer can be



may be*not less than 0.05 % In the polynerization, the

prepyl ene nononer is generally 1,2-inserted (nethylene side is bonded
to catalyst), but inrare cases it is 2,1-inserted. The 2,1- 25

i nserted propyl ene nononer fornms regio-irregular units in t he

resul ting polyner. The proportion of the 2,1-insertions to al

t he propyl ene constituent units iI8the pol yner can be

13 deternmned fromthe foll owi ng equation utilizing 13CG NWR W th

reference to §8%¥?1§§n%d3 ot Bk (£638wing %quatlBBOBQEMQEn@f 13c-nMr (0.5

[err] (structur regi o-1rregular 5 [err]
(structure(iVv)yitn red8téfSe bosedlymer”, 30, 1350 (1989). X
100 2,1-insertions [err]+[err](structure (iii),(v) 10

+ 0.5([err]+[err](structure(iv)) + [err]) ) The peaks are naned

i n accordagce with a nethod by Carman, et al. (Rubber Chem Tachnol.

44, 781 (1971)propaetidb of synbol [ler$]10'§|(sttmlet11¥d<dlv~w A above equatlon
means a peak regio-areeguddrthe [err*]of?éakaﬁ)(rs‘itfh‘éiulrleké")” When it
is difficult tenidieseasef etermme the area of [err] or 1t h® 3%0ke from

t he spect r,um backniseesiions or exanﬂP§+Iaﬂ‘Str£ﬁV ?I%ﬁg peaks,
correctioﬂkﬂgn be made using the S LhoT é < aV|n8 Ed&@éspondlng
ar eas. In the propyl ene/ 1- but ene randon1copo|yner used in the

i nvention, the regio-irregular units based on 1, 3- insertions of the
propyl ene nononer MpjebgefRE FPE GndR in accdkd¥nc® with a method by

Carman, et al. (Rubber Chem. Tachnol., 44, 781 (1971). The
15 symbol Iof or the like in the above equation means a peak
area of the of peak or the like.

when it is difficult to directly determine the area of
I0f or the like from the spectrum because of, for example,
overlapping of the peaks, correction can be made using the

20 cérbon peaks having corresponding areas.

In the propylene/l-butene random copolymer used in the
invention, the regio-irregular units based on 1,3~
insertions of the propylene monomer may be not more than
0.05'%. |

25 The quantities of the triad sequences based on the
kpropyléne 1,3 insertions can be determined from the By peak
(resonance at 27.4 ppm or thereabout).

The prdpylene/l-butene random copolymer layer (B) for

forming the polypropylene composite film of ;he present
30 invention has the above-mentioned features, so that it
exhibits excellgnt.heat—sealing properties.

When the intrinsic viscosity (n) (property (2)) of the

propylene/l-butene random copolymer exceeds 5 dl/g, the



25 v The quanfities of the triad sequences based on the propyl ene
1,8 insertions can be determned fromthe [err] peak (resonance at
27.-4 ppm or thereabout). The propyl ene/ 1- but ene random copol yner
| ayer (B) for form ng the pol ypropyl ene conposite fil mof the present
30 invention has the above-nentioned features, so that it exhibits
excel |l ent heat-sealing properties. 14 When the intrinsic viscosity
([err]) (property (2)) of the propyl ene/ 1- but ene random copol yner
exceeds 5 dl /g, t C s forma thi

copol yner sh_ov%o%%%merr%lsc}%ooﬁi °y°rarlflglr?§}oéll§t?o?rrhdah?ﬁ?%\y °or I%yeruhavi ng a
desired thi ck 182 -RRALIRY hA¥Rhess forSRERbALCALAYIAPLLARES, t han
10 [err]m Onnf%ge%t ae‘?”ﬁi?l&d en t >ét ﬁgsisnt (rjfnsi c Vi scosit@@( [ie%]') i's

less than 0.1 gldgridery %w%%ha%hqwsrﬁQﬁebhr@ﬁep@@ﬁeMéi@J lWken and
heat - seal i ng strengt%L VWhen the nelting point (property (5))

of the prichpy | Emtert ilndidt enissaosidlyy e déscéeds than[@ri]dl/ghethaii t abl e
heat - seal i ng tenperature of the film becomes as high as 130 10 J[err]C or
hi gher. OB t heops hetie hasitbwavsomethimese pbomrgmpddabil sty and| et -sémihigD
[err]C, the |lowtenperature heat-sealing properties are inproved, but
scrat ch resi stsimoengtsh | ower ed, and besides film bl ocking takes pl ace
when the filmis stored, resulting in difficultg of practical use. 15
The crystal linity dfhemehs agAtdng PoHRte{@TPRREEM (2)) Egp"oql?mar isin the

0 ! L
LZQ? ?Sg; ilﬁgt &WGS /iq?rgé ];—I?Reytlrér@?xcrgp%lty?ner exc%ggg !L%V_ gé,m%{eats%ri%able

heat-sealing temperature of the film becomes as high as 130

10 °C or higher. On the other hand, when the melting point is
lower than 60 °C, the low-temperature heat-sealing
properties are improved, but scratch resistance is lowered,
and besides film blocking takes place when the film is
stored, resulting in difficulty of practical use.

15 The crystallinity of the propylene/l-butene random
copolymer is in the range of 15 to 65 % because it exhibits
good low-temperature heat-sealing properties and high
blocking resistance. When the crystallinity of the
copolymer is less than 15 %, the copolymer comes short of

20 scratch resistance, easily suffer blocking and becomes

gtacky. When the crystallinity exceeds 65 %, the low-
temperature heat-sealing properties caﬁnot be sufficiently
improved.
| The propylene/l-butene random copolymer used in the

25 present invention can be prepared by copolymerizing

propylene and l-butene in the presence of an olefin

polymerization catalyst comprising:



bl ocki fig resi stance. Wien the crystallinity of the copolynmer is |less
than 15 % the copol yner cones short of 20 scratch resistance, easily

suffer bl ocking and becones tacky. When the crystallinity exceeds 65 %
t he | ow tenperature heat-sealing properties cannot be sufficiently

i nproved. The propyl ene/ 1- but ene random copol yner used in the

25 present invention can be prepared b§ copol ynerizi ng pr opyl ene and
1-butene in the presence of an olefin pol ymeri zati on cat al yst

conpri si ng: C s . 1 i¥ed
specific transiti on(ar?etaalSpceocr%pfolucncfrc?élssclrﬁ °e’h metat ﬁ:a?%pr?und ded @e(b

(b-1) an organqgldym num oxy- conpound and/or (b-2) a conpound whi ch

reacts with the transition netal conpound 5 (a) to forman ion pair;
and, optionally, (p) (b-1) Gn BrgHrglaaindmureargmpohd and/or (bJhe

ol efin polynerization catalyst used in the invention is described
bel ow i n det aid .comidbund whildle teass twirh netel t campbuicn (m¢téhecempabngdr
sonetinmes referred to as "conponent (a)") for formng the ol efin

pol ynmeri zafi on(apattad yBdrmisad ion tp@ifnvention is represented by the
following formula (I): [err

and, optionally,
(c) an organoaluminum compound.
The olefin polymerization catalyst used in the
invention is described below in detail.
10 The transition metal compound (a) (hereinafter
sometimes referred to as "component (a)") for forming the
olefin polymerization catalyst used in the invention is

represented by the following formula (I):

. | Xl x?
N 7/ 3
R3 R? M R2 R
| I ):Rl Rl—-/< ] l
Y
15 R R (I)
Y In the formula (I), M is a transition metal atom of

Group IVb, Group Vb and Group VIb of the periodic table,
specifically titanium, zirconium, hafnium, wvanadium,

20 niobium, tantalum, chromium, molybdenum and tungsten,
preferably titanium, zirconium and hafnium, particularly

preferably zirconium.

Substituents R! and R?



In the*formula (1), Mis a transition netal atom of G oup | Vb, G oup

Vb. and Group VIb of the periodic table, specifically titanium
zirconium hafnium vanadium 20 niobium tantalum chrom um nolybdenum
and tungsten, preferably titanium zirconiumand hafnium particularly
preferably zirconium Substituents R err] and R err]

16 : Rl and R2 are each independgently hydrogen, a hal ogen

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

hydr ocar bon group of 1 to 20 carbon, atons, on- contalnln roup,
an oxygen-cont ai ni g gt 6§ éreSea§BlF&anﬁﬂﬂﬁqﬁ¥%JQ¥ H1bgen

ni t r ogen- cont ai ni ng ou osphor us- cgRpt

Exanpl es of tH%t%%ﬁo%eﬁygfgﬁ%gPﬂﬁlﬁﬁgu?lggr?ngo 2 gaghpgrg%gmgbron1ne and
i odi ne. S r o0gs0fopRs,8f <158 2thﬁgbog 10
at ons |nclude1%?k ggg%gshyéﬁégsrﬁxﬂ ?ﬁBPB 4 h% gepro y%r " but yI,

hexyl, CyC|0h%§¥i*cgﬁl¥bnt99ﬂ¥ﬁg QPQ@ﬁY'aneb§9§¥hrcontalﬁQhBOQBﬁhﬁgnQ

adanantyl al ken groups, such”as vinyl, propenyl and cycl ohexenyl ;

arylal kyl gr 0U§l§lf§f‘£50ﬁ§a1n1ngbgﬂéﬂb; ahaiykegbyl-candaphenyl proppl nraad
aryl groups, such 15 as phenyl, tolyl, dinethylphenyl, trinethyl phenyl,

et hyl phenyl , rpmw&bnbeas#coht@hamyg gnappthyl nethylnaphthyl
ant hracenyl and phenant hryl .
Examples of the halogen atoms include fluorine,
chlorine, bromine and iodine.
Examples of the hydrocarbon groups of 1 to 20 carbon
10 atoms include alkyl groups, such as methyl, ethyl, propyl,
butyl, hexyl, cyclohexyl, octyl, nonyl, dodecyl, eicosyl,
norbornyl and adamantyl; alkenyl groups, such as vinyl,
propehyl and cyclohexenyl; arylalkyl groups, such as
benzyl, phenylethyl and phenylpropyl; and aryl groups, such
15 as phenyl, tolyl, dimethylphenyl, trimethylphenyl,
ethylphenyl, propylphenyl, biphenyl, naphthyl,
methylnaphthyl, anthracenyl and phenanthryl.
| Examples of the halogenated hydrocarbon groups include
those wherein halogens are substituted in the above-
20 exemplified hydrocarbon groups.
£ : Exampleé of the silicon-containing groups include
monohydrpcarbon-substituted siiyls, such as methylsilyl and
phenylsilyl; dihydrocarbon-substituted silyls, such as
dimethylsilyl and diphenylsilyl; trihydrocarbon-substituted
25 silyls; such as trimethylsilyl, triethylsilyl,
triprOpylsilyl, tficyclohexylislyl, triphenylsilyl,
dimethylphenylsilyl, methyldiphenylsilyl, tritolylsilyl and

trinaphthylsilyl; silyl ethers of hydrocarbon-substituted



EXaanéé of the hal ogenated hydrocarbon groups include t hose wherein
hal*ogens are substituted in the above- 20 exenplified hydrocarbon groups.
Exanpl es of the silicon-containing groups include
nmonohydr ocar bon-substituted silyls, such as nethylsilyl and

phenyl silyl; di hydrocarbon-substituted silyls, such as di et hyl si | yl
and di phenyl silyl; trihydrocarbon-substiZuted 25 silyls, such as
trimethylsilyl, triethylsilyl, tripropylsilyl, tricyclohexylislyl,

) Eary ! s, RN RTHEER T PR ST S s scaces
_s?lyls, such agf%¥?né?§VP§r|?PCBtﬁSrFr%PFFga%fé&K%FFF&F%d and é%éﬁﬁﬁn-

o oups, such s PEFEERRY[SReky O otbs, A8HeR sl SR inecpyaphldhg. LUt ed ary!
sy et oy ERMLLICEE e Expucenhl ity sectessdcauag, sueh
phenoxy, S nedbykphegesvpsdi aekbylyphenapy,asdchaplst hexhoxgndethoxy,

aryl al koxy groups, such as phenyl net hoxy and phenyl et hoxy.
Exanpl es of therspbkur andnbatnkgg gryplipgyi gchugs,t sosd as0phehexgi,n oxygen

is replaced with sulfur in the above- exenplified oxygen-containing
gr oups. methgkphphesyef dinethvipbgaaxyoandi ARRGLHOHIPs andel ude
am no groups; al kylam no groups, such as nethyl am no, di et hyl am no,

di et hyl ani no, ¥FHBIYPEKT HEOURShUEYFRNPAOPNESY LBRENGKYY @PGhBREPYARKBOXINd

arylam no or alkquégégglgg of the sulfur-containing groups include those

10 wherein oxygen is replaced with sulfur in the above~
exemplified oxygen—containing groups.

Examples of the nitrogen-containing groups include
amino groups; alkylamino groups, such as methylamino,
dimethylamino, diethylamino, dipropylamino, dibutylamino

15 and dicyclohexylamino; and arylamino or alkylarylamino
groups} such as phenylamino, diphenylamino, ditolylamino,
dinaphthylamino and methylphenylamino.

Examples of the phosphorus-containing groups include
dimethylphosphind and diphenylphosphino.

20 Of these, preferred as R! is hydrogen, methyl, a
Lhydrocarbon groﬁp of 2 to 6 carbon atoms or an aromatic
group, and particularly preferred is methyl or a
hydrdcarbon.group of 2 to 6 carbon atoms.
Preferred as R? is hydrogen or a hydrocarbon group;
25 and particularly preferred is hydrogen.
Substituent R3
| R3 is a hydrocarbon group of 1 to 20 carbon atoms or

said group substituted with a halogen atom or a silicon-



groups? such as phenyl am no, diphenyl am no, ditolylam no,

di napht hyl am no and net hyl phenyl am no. Exanpl es of the
phosphor us- cont ai ni ng groups i ncl ude di et hyl phosphi no and

di phenyl phosphi no.- 20 O these, preferred as Rl is hydrogen, nethyl,
a hydr ocarbon group of 2 to 6 carbon atons or an aromatic group,
and particularly preferred is nmethyl ong hydr ocarbon group of 2 to 6
carbon atons. Preferred as R2 is hydrogen or a hydrocarbon group,

25 and particul arl referred i s hydrogen. .. Substituen err]

R3is a hydroc%?%%ﬂzﬁgﬁﬁprPuE'tGngoaéﬁgﬁoﬁl&téﬁslérprefer éﬁg[ﬁroup
substituted with a hal ogen ataom. a_sil,kcqn-

18 contaiﬂ?%%ng?ﬁﬁp?raﬁarg%g% gﬁkbétgggusrgFePagfyzg carbogeggﬁggry

or tertiary alkyl_ groupmof ; _carbon atons or an aromatic group.
Exanpl es of tﬁéys%%o%dg?y£é§ %g?ggary al kyl groups 5 include i-propyl,

i -butyl, Sec'bUtyl1E§£ﬁ§l@§t¥k1tﬁeZsecondaganEhiéﬁtQﬁ¥b,alkyl groups
2, 3-di met hyl butyl, 1so-pentyl, tert-pentyl, neopentyl, cyclopentyl,

cycl ohexyl 5 4-peéfyheyglpbepyl, i-butysp- Bexybutpay,beery-bangladana yl .
Exanpl es of the aromatic groups include aryl groups, 10 such as phenyl,

tolyl, dinmehyl@heayhylpropelhyRpBedyhethylbueyhyl pserpentylopyleptiempentyl,
bi phenyl, [err]- or [err]-naphthyl, met hyl napht hyl , ant hracenyl
phenant hryl , bmaqyéphghyl¢YClopepyyénybycé@bﬁ§yﬁbhﬁrmeﬁhgﬁgygﬁ@mpxyl,
aceant hryl enyl, - tetrahydronaghthél,dgggggya.and bi phenyl yl ; and
aryl al kyl iso~hexyl, norbornyl and a
Examples of the aromatic qroups include aryl groups,
10 such as phenyl, tolyl, dimehylphenyl, trimethylphenyl,
ethylphenyl, propylphenyl, biphenyl, oO- or B-naphthyl,
methylnaphthyl, anthracenyl, phenanthryl, benzylphenyl,
pyrenyl, acenaphthyl, phenalenyl, aceanthrylenyl,
tetrahydronaphthyl, indanyl and biphenylyl; and arylalkyl
15 groups, such as benzyl, phenylethyl, phenylpropyl and
tolylmethyl.

These groups may contain a double bond or a triple
bond. Further, these groups may be substituted with
halogen atoms or silicgn—containing groups as described for

20 R
s.Substituent R*

R4 is hydrogen or an alkyl group of 1 to 20 carbon
atoms.

Examples of the alkyl groups include chain and cyclic

25 alkyl groups, such as methyl, ethyl, n-propyl, i-propyl, n-
butyl, i-butyl, sec-butyl, tert-butyl, pentyl, hexyl,
cyclohexyl, heptyi, octyl, nonyl, dodecyl, eicosyl,

norbornyl and adamantyl.



15 grdups, such as benzyf, phenyl et hyl , phenyl propyl and tol yl met hyl .

These groups may contain a double bond or a triple bond. Further,

t hese groups may be substituted with hal ogen at ons or
silicon-containing groups as described for 20 RI1. Substituent R err]
Rlerr] is hydrogen or an al kyl group of 1 to 20 carbon at ons.
Exanpl es of the al kyl groups include ch® n and cyclic 25 al kyl groups,
such as nethyl, ethyl, n-propyl, i-propyl, n- butyl, i-butyl,

-butyl, _buty] | |, hexyl L ohexyl .~ hepty! |
oyl - Hodecyl . ef b8 Srdubs o e U LEARER, yitn SHEK' natbbkh

19 Th b b L.L.h ls
or il con- coftGPRFrgr oF BhhECaREerphay PopURs oS BB EABER ox KT DT

Xerr] and X egr] &¢2ach hydrogen, a halogen atom a 5 hydrocarbon group
of 1 to 20 carbon atons, a hal ogenat ed hydr ocarbon group of 1 to 20

carbon atonms, an oxyO&kd x2 arePHRAMNINH YR A Haldgddiiratemt a ni ng
group. Exanpl es of such atons and groups include the sane

hal ogen at gns, h{yH6e82HEANGEHAPPELOL Eot 2028azbohoatatensa halogealatgenat ed
hydr ocar bon groups of 1 to 20 carbon atons, - oxygen-cont ai ni ng groups
and sul fur comipdpbsgrpgonugsoap of 1 des2fi bedbaboesofis, RD. oxygen-
containing group or a sulfur-containing group.
Examples.of such atoms and groups include the same
halogen atoms, hydrocarbon grodps of 1 to 20 carbon atoms,

10 halogenated hYdrocarbon groups of 1 to 20 carbon atoms,
oxygen—éontaining groups and sulfur containing groups as
described above for Rl.

Also employable as the sulfur-containing groups are
sulfonato groups, sugh as methylsulfonato,

15 trifluoromethanesulfonato, phenylsulfonato,
benzylsulfonato, p-toluenesulfonato,
trimethylbenzenesulfonato, triisobutylbenzenesulfonato, p-
chlorobenzenesulfonato and pentafluorobenzenesulfonato; and
sulfinato groups, such as methylsulfinato, phenylsulfinato,

20 benzenesulfiﬁato, p-toluenesulfinato,

L trimethylbenzenesulfinato, pentafluorobenzenesulfinato and
trifluoromethanesulfinato.
X
Y is a divalent hydrocarbon group of 1 to 20 carbon

25 atoms, a divalent halogenated hydrocarbon group of 1 to 20
carbon atoms, a divalent silicon-containing group, a
divalent germanium-containing group, a divalent tin-

containing group, -0-, -CO-, -S-, =-SO-, -SO-, -NR®-,



Arso ehlpl oyabl e as the sul fur-containing groups are sul f onat o groups,
such as nethyl sul fonato, 15 trifluoronethanesul fonato, phenyl sul fonato,
benzyl sul f onat o, p-tol uenesul f onat o, trimet hyl benzenesul f onat o,
triisobutyl benzenesul fonato, p- chl or obenzenesul f onat o and

pent af | uor obenzenesul fonat o; and sul finato groups, such as

nmet hyl sul fi nato, phenylsul finato, 20 2lGenzenesul fi nat o,

p-t ol uenesul fi nato, trimet hyl benzenesul fi nat o,

pent af | uor obenzenesul fi nat o i fluo th sul fy

Yis a divaleﬁﬂ?ﬁ§§FUcéﬁ%6H é%ﬁdb 6F&f_t8rzégggfbg§§ 23 $£§%8 ®y 3ival ent
hal ogenat ed hydrocarbon,_ group of cakbon, at LV
silicon-contaﬁﬁ? %gﬁﬁoﬁ ?ma 8 hyd%%%%g gﬁtgagPﬁaﬁﬁu%}Egn?gfﬁfggggrghggga

di val ent tin- h o QHBcarbbn gEbhp o8- 1 t8020 caebeqr] -,
NRLerr] -, or a h&POLELRLEE BYQFBcarbbn gkblp A O eRFoPr )
-P(O (Rerr])gspomPR err]- or AR err]- (Rlerr] is hydrogen, a hal ogen
atom a hydrocarbon group of 1 to 20 carbon atons or a hal ogenat ed

hydrocarbog group aixdmpDe2Oofath®ndivalent onpdrocadrbon grémpepbéslotot 26
di val ent hydrocarbon groups of 1 to 20 carbon atons include al kyl ene
groups, such asaridhyseoes includenelkylemehgkenps,l1skcht bgl mpshylene,

di mret hyl - 1, 2- et hyl ene, 1, 3-trimethyl ene, 1,4-tetranethyl ene,
1,2-cyc|ohexyl@imeGMﬂlmethyl¢necy&b%h@&gYéﬁé?raﬁém§F9VérRy?éﬁ§h§ﬂG@ﬁs, such
as 10 diphenyl net hyl ene and di henzl-l,Z-ethxlene. Ex§nples of
t he di val ent A%Q%ﬁhm@ghﬁygpgca pfptetramethylene, 1,2-cyclohexylene and

1,4-cyclohexylene; and'arylalleene groups, such as
10 diphenylmethylene and diphenyl-1,2-ethylene.

Examples of the divalent halogenated hydrocarbon
groups of 1 to 20 carbon atoms include those wherein
halogens aré éubstituted in the above-exemplified divalent
hydrocarbon groups of 1 to 20 carbon atoms, such as

15 chloromethylene.

Examples of the divaleht silicon-containing groups
include alkylsilylene, alkylarylsilylene and arylsilyiene
groups, such as methylsilylene, dimethylsilylene,
diethylsilylene, di(n-propyl)silylene, di(i-

20 propyl)silylene, di(cyclohexyl)silylene,
g methylphenylsilylene, diphenylsilylene, di(p-tolyl)silylene
. and di(p-chlorophenyl)silylene); and alkyldisilyl,
alkylaryldisilyl and arylsilyl groups, such as tetramethyl-
1,2-disilyl and tetraphenyl-1,2-disilyl.
25 ~ Examples of the divalent germanium-containing groups
include those wherein silicon is replaced with germanium in

the above-exemplified divalent silicon-containing groups.



groups of 1 to 20 carbon atons include those wherein hal ogens are

substituted in the above-exenplified dival ent hydr ocar bon groups of 1
to 20 carbon atoms, such as 15 chl oronet hyl ene. Exanpl es of the
di val ent silicon-containing groups i ncl ude al kyl silyl ene,

al kyl aryl silylene and aryl silyl ene groups, such as nethyl silyl ene,

di nmet hyl'si |l yl ene, di et hyl silyl ene21di (n-propyl)silylene, di i- 20
propyl)silylene, di(cyclohexyl)silylene, met hyl phenyl si | yl ene,

di phenyl si l yl ene, cg,éaqu}lqsll&fs ithil 80621 ent 2BEndEORE & 1h AGPHLENDS SidalRRe) ;
and al kyl di silyl, al kylaryldisilyl and arylsilyl groups, such as

tetramethyl - ¢pnoge hierdisl ol 1208 §8t Faphasgl- #iehdisnl it . th@%above-
Exanpl es of the dival ent gernmani um contal ni ng groups i ncl ude those
wherein silicqkdniplienler e vailehtgeimiobrrcbntainingt geoapove- exenpl i fi ed
di val ent silicon-containing groups. :

21 ExanplrSs isf thkesdingahehogen nacami diydracaprbarpgriows wfel to

t hose wherein silicon is replaced with tin in the above- exenplified
di val ent sBl i @h-crorcai mitepsgosupelogenated hygsocarbee IuewP Hf ohdie 2bm
hydrocarbon group of 1 to 5 20 carbon atoms_or hal ogenated hydrocarbon
group of 1 to Garbon atams@s SeseEikeddabevenéaraBove for Rerr].

O the above group preferred are dival en contajni ng

S silicon- ..
groups, dival ent g e RS z?irr‘?luﬁﬁ'gpaﬁf%?rﬁﬁﬂ are dyyRieRntstiic
L1 COMt L 1 . LB TSI RRLE BLERSHBl-cbficafhfng! JRUGHE ano
divalent tin-containing groups. = Among them, more preferred
10 are divalent silicon-containing groups, and of these,
particularly.preferred are alkylsilylene, alkylarylsilylene
and arylsilylene.
Listed below are examples of the transition metal
compounds represented by the formula (I).
15 rac-Dimethylsilylene-bis{1-(2,7-dimethyl-4-
ethylindenYl)}zirconium dichloride,
rac-Dimethylsilylene-bis{1-(2,7-dimethyl-4-n-
propylindenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1-(2, 7-dimethyl-4-i-
20 propylindenyl)}zirconium dichloride,
£ rac—Dimethylsilylene-bis{1—(2,7—dimethyl—4-n-
butylindenyl) }zirconium dichloride,
rac-Dimethylsilylene—bis{1—(2,7-dimethyl-4—sec—
butylindenyl) }zirconium dichloride,
25 rac-Dimethylsilylene-bis{1-(2, 7-dimethyl-4-t-
butylindenyl)}zirconium dichloride,
rac-Dimethylsilylene-bis{1-(2, 7-dimethyl-4-n-

pentylindenyl) }zirconium dichloride,



particularly preferred are alkylsilylene, al kyl aryl silyl ene . and

aryl silyl ene. Li sted bel ow are exanples of the transition neta
conpounds represented by the fornula (1). 15

rac- Di net hyl sil yl ené-bi s{l-(2, 7-di net hyl - 4- et hyl i ndenyl )} zi r coni um

di chl ori de, rac- Di net hyl sil yl ene-bi s{1-2, 7-di net hyl - 4- n-

propyl i ndenyl )} zirconium dichloride, 22

rac- Di met hyl silyl ene-bis{1-(2,7-dinmethyl-4-i- 20 propylindenyl)}zirconium
di chl ori de, _ =D | Lyl L$$19(4;dafhorllyh=4- n-
butyIindenyl)}zircxﬁﬁ?n#%ﬁ%##iﬁ%ggxféﬁg BD§{9_§§,7 difedhRtavh

rac- Di nethylsiﬂg&ﬁ{@ﬁé@ﬁ&iyL%iZcQﬁﬂththﬂiéﬁide,

but yl i ndenyl )} zirconiumdi chl oride, 25
rac- Di met hyl si |l yl engzdip{def Ry Vsl yeéhy+biisti- (2, 7-dbmeyhiyhdanyl ) } zi r coni um

di chl ori de, . rac- Di net hyl sil yl ene-bi s{1-(2, 7-di net hyl - 4-n-
pentyl i ndenyl )¢¢d¢lshekwbindehy dy } dérconium dichloride,
22 rac- Di met hyl si |l yl ene-bi s{1-(2, 7-di met hyl - 4-n-

hexyl i nden§l )} zi r camacd thethpl $ dkylene-bis{1~- (2, 7-dimethyl-4-
rac- Di net hyl si |l yl ene-bi s{1-(2, 7-di nmet hyl - 4- .
cycl ohexyl i ndemsthykcycboheny diefpayiyézircgnium dichloride,
et iyl Oycl Shexyl | nGGHGTD 87 FEbLF kY LRRRTBLF 6 (2, T-dimethyl-a-
pheny| ot hy! | naERY LS FPELPARPAI EAFSF FiiCR dichloride,
rac-Di methyl silyl eng; bis{d=i &1 {1 8 1BLOYL1411- (2, 7-dimethyl-4-
10 phenyldichloromethylindenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1-(2,7-dimethyl-4-
chloromethylindenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1-(2,7-dimethyl-4-
trimethylsilylenemethylindenyl) }zirconium dichloride,
15 rac-Dimethylsilylene-bis{1-(2,7-dimethyl-4-
trimethylsiloxymethylindenyl)}zirconium dichloride,
rac-Diethylsilylene-bis{1-(2,7-dimethyl-4-i-
propylindenyl) }zirconium dichloride,
_ rac-Di (i-propyl)silylene-bis{1-(2,7-dimethyl-4-i-
20 propylindenyl)}zirconium dichloride,
g ‘rac-Di (n-butyl)silylene-bis{1-(2,7-dimethyl-4-i-
propylindenyl) }zirconium dichloride,
rac-Di (cyclohexyl)silylene-bis{1-(2,7-dimethyl-4-i-
propylindenyl) }zirconium dichloride,
25 rac-Methylphenylsilylene-bis{1-(2,7-dimethyl-4-i-
propylindenyl) }zirconium dichloride,

rac-Methylphenylsilylene-bis{1-(2,7-dimethyl-4-t-

butylindenyl) }zirconium dichloride,



10 phenyl di chl oronet hyl i ndenyl )} zi rconi um di chl ori de,
rac- Di net hyl sil yl ene-bi s{1-(2, 7-di net hyl - 4-

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

rac- Di met hyl si | yl ene- bi s{1- (2, 7-di net hyl - 4-

trinmethyl silyl enenet hylindenyl)}zirconiumdichloride, 15
rac- Di net hyl si | yl ene-bi s{1- (2, 7-di met hy23 4-

trimet hyl sil oxynethylindenyl)}zirconiumdichloride,

rac-Di et hyl sil yl ene-hi.sfl: LR “h=iarq - %) Zi rconi um
dichloride, rghrgépégfg}%?g§3g¥éiﬁ;ﬁé%e}gfg?%@?¥#$?gﬁﬁ§#hil-4-i- 20

propylindenyl) paj . hGBli Mlo@8um dichloride
r ac- Di (n-buty|%§FP§F2E§5§?§ %}?%P7-dinethy|-4-i-'
propylindenyl)}zircepcumighefl26id9lene-bis{1-(2, 7-dimethyl-4-i-
rac- Di (cycl ohexyl)silyl ene-bis{1-(2,7-dinethyl-4-i-

propyl i ndenyl ) pzbpgaind@ngilghlzaricdaiusichloride,

rac- Met hyl phenyl si |yl ene-bi s{1-(2, 7-di met hyl -4-1i -

propyl i ndedyl )} zi r ceacebigheblydsidglene-bis{1-(2, 7-dimethyl-4-
rac- Met hyl phenyl si |l yl ene-bi s{1-(2, 7-dinet hyl -4-t-

but yl i ndenyl ) } ethyddindengildlzdricg@ium dichloride,

2

butyl i ndeny! );gic;(?ogggrl {aﬁlelﬁ g.elgﬁé?'ii{y]lé%%’—gi%i{qe-t(%f—%fitn{ethyl—z;-i—
o oo = LB R ALk S IR ol P OB eyl ) < oo o
O T FoPaAIo B Fibtorhensny gty iene-bie 1- 2, T-aimethy=i-
10 i-propylindenyl)}zirconium dichloride,
rac-Dimethylsilylene-bis{1-(2-methyl-4-i-propyl-7-
ethylindenyl) }zirconium-dibromide,
rac-Dimethylsilylene-bis{1-(2,7-dimethyl-4-i-
propylindenyl) }zirconium dimethyl,
15 rac-Dimethylsilylene-bis{1~-(2, 7-dimethyl-4-i-
propylindenyl) }zirconium methylchloridé,
rac-Dimethylsilylene-bis{1-(2,7-dimethyl-4-i-
propylindenyl) }zirconium bis(trifluoromethanesulfonato),
rac-Dimethylsilylene-bis{1-(2,7-dimethyl-4-i-
20 propylindenyl) }zirconium bis(p—phenylsulfinato); and
L 4 rac-Dimethylsilylene-bis{1l-{(2-phenyl-4-i-propyl-7-
methylindenyl) }zirconium dichloride.
Of the transition metal compounds represented by the

formula (I), particularly preferably used are compounds

25 represented by the following formula (I-a):



propylt ndenyl )} zirconi um di chl ori de,

rac- Di (p-chl orophenyl)silylene-bis{l-(2,7-dinethyl-4- 10
i -propyl i ndenyl)}zirconiumdichloride, '
rac- Di met hyl si |yl ene- bi s{1-(2-net hyl - 4-i -propyl -7-

et hyl i ndenyl )} zi r coni um di br om de,

rac- Di met hyl silyl ene-bi s{1-(2, 7-di mrethy4 4-i - propyl i ndenyl )} zi rconi um
di mrethyl, 15 rac- Di met hyl silyl ene-bi s{l-(2,7-di methyl -4-i -
propylindenyl)}zirconiunlnethylchiorid?

rac- Di nethylsiIerne-bis(l-(Z,?Jﬁlnegﬁ@ -4-1 - propyl i ndenyl )} zi rconi um

bis(trifluoronethanesuléonato),

rac- Di met hyl sil yl ene- R3${1-(2, 7-di Mt hyl - 4-i -
bi s(p- phenyl sul fi nat o)}, and
rac- Di net hyl si |l yl ene-f <
met hyl i ndenyl ) } zi rc (g1
conmpounds represent sgd-By e

propyl i ndenyl)}zirconi um

he transition netal
s~fpafticularly preferably

used are conpounds 2 e following formula (1-a):

24 [err] : Y (I-a) (l-a)

wherein M X err], Xerr], Rerr], Rerr] and Y are identical with those in

the formula (1), and R1L is preferably hydrogen, nethyl or

wherein M, X1, x2; R!, R3 and Y are identical with those in
the formula (I), and R! is preferably hydrogen, methyl or
5 an aromatic group. |
Listed below are examples of the transition metal
compounds represented by the formula (I-a).
rac-Dimethylsilylene-bis{1-(4-phenylindenyl) }zirconium
dichloride,
10 rac-Dimethylsilylene-bis{1l~-(2-methyl-4-
phenylindenyl)};irconium dichloride,
rac-Dimethylsilylene-bis{1l-(2-methyl-4-(a-
naphthyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1l-(2-methyl-4-(B-
15 naphthyl)indenyl) }zirconium dichloride}
rac—Dimethyléilylene-bis{l—(2—methyl—4-(1—
;‘anthracenyl)indenyl)}zirconium dichloride,
rac—Dimethylsilylene—bis{1;(2—methyl—4—(2—
anthracenyl) indenyl) }zirconium dichloride,
20 rac-Dimethylsilylene-bis{1l-(2-methyl-4-(9-
anthracenyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1-(2-methyl-4-(9-

phenaﬁthryl)indenyl)}zirconium dichloride,



5 an aromatic group. | Li sted bel ow are exénples of the transition

met al conpounds represented by the fornula (I-a).

rac- Di met hyl si |l yl ene-bi s{1-(4-phenylindenyl)}zirconium di chl ori de,
rac- Di met hyl si |l yl ene-bi s{1-(2-net hyl - 4- phenyl i ndenyl )} zi r coni um
di chl ori de, rac- D met hyl silyl ene-bis{1-(2-nmethyl-4-([err]-

napht hyl )i ndenyl )} zi rconi um di chl ori de,
rac- Di met hyl silyl ene-bis{1-(2-methyl-4-([err]- 15

napht hyl )i ndenyl)}Zfa@o@w@tﬁywmﬂéﬁe blS{l-(Z-methyl 4-(p-
rac- Di net hyl si |l yl ene-bi s{1-(2-net hyl - 4-(1-

ant hracenyl ) i ngleaytpprengonigediythl airdenium dichloride,

rac- Di met hyl si |l yl ene-bi s{1-(2- et hyl - 4- ( 2-

ant hracenyl )i ndenyl y3e+bivetbpldithlenedeis{26 (2-methyl-4-

rac- D met hyl si |l yl ene-bi s{1-(2-nmet hyl -4-(9-

ant hr acenyl ) i nteeytafiiopcophenvd) éhfeny é}erconlum dichloride,
rac- Di met hyl sil yl ene-bi s{1-(2-nethyl -4-(9- -
phenant hry )|ndenyl5??T?é@ﬁ?ﬁﬁ¥§%éhi%??a€ls{1”(z"methyl 4-(p-

thyl sil vyl b
fIuoropheﬂy:)[?ﬁ%&%S;PEPYigh g%ﬂﬁ}&k?érp%elum HenotRe,

D net | b
EggntaPFuoyo;Le%yF?Eﬂﬁéﬁ£??§§¥?ebg¥&ﬁ?8r EEStr g metpyl-4- (m-
rac- D nEthylS'é%i&??y?éﬁ&%)&ﬁdgﬁgEYH %rE nlum dichloride,

Adenyr) } Zi

chlorophenyl)l conium |ch on
rac-Di WEthyls'|y|enP??LﬁiﬂeéﬁyﬂgiDYieﬂe@Bhs{1 (2-methyl-4-(o-

chl or ophenyl )i ndenyl )} zi rconi um di chl ori de
10 chlorophenyl)indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1l-(2-methyl-4-(o,p-
dichlorophenyl)phenyl-l1-indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1-(2-methyl-4- (p~-
bromophenylfindenyl)}iirconium dichloride,
15 rac-Dimethylsilylene-bis{1-(2~-methyl-4- (p-
tolyl) indenyl) }zirconium diéhloride,
rac-Dimethylsilylene-bis{1l-(2-methyl-4- (m-
tolyl)indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1l-(2-methyl-4-(o-
20 tolyl)indenyl)}zirconium dichloride,
2 rac-Dimethylsilylene-bis{1-(2-methyl-4-(o,0"'~
dimethylphenyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1-(2-methyl-4-(p-
ethylphenyl) indenyl) }zirconium dichloride,
25 rac-Dimethylsilylene-bis{1-(2-methyl-4- (p-i-
propylphenyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene4bis{l-{2-methyl;4-(p-

benzylphenyl)indenyl) }zirconium dichloride,

10



rac- DiTret hyl si |l yl ene-bi s{1-(2-met hyl -4-(o- 10

chd or ophenyl )i ndenyl )} zi rconi um di chl ori de,

rac- D nmet hyl silyl ene-bi s{1-(2-nethyl-4-(o, p-

di chl or ophenyl ) phenyl - 1-i ndenyl ) } zi r coni um di chl ori de,

rac-Di nethylsiIyIene-bis{l-(2-nethy|-4-ép-

br omophenyl )i ndenyl )} zi rconi um di chl or2@de, 15 -
rac- Di met hyl si |l yl ene-bi s{1-(2- et hyl - 4- (p- tolyl)indenyl)}zirconium

d. hl d y _| _Di | H _hi _ t |
tol yl )1 ndenyl )} zi r &85 PR My Lt 8% (3l Sl uletral-ma oo (m

rac- Di met hyl sid;\Wrangr i iHderyd) nelibd ordurd-dicloddey) ) i ndenyl ) } zi r coni um
di chl ori de, rac- Dinmet hyl si |l yl ene-bi s{1-(2-nmethyl -4-(o0, 0" -

di net hyl phenyl ) i ndegy-phiziettgnisdmydietle-triisda,- (2-methyl-4- (m-

rac- Di met hyl silyl ene-bi s{1-(2-nmethyl-4-(p-

et hyl phenyl ) i bdenenyi2iirekeriyin Jdiiotdogriiuke digdbloride,

rac- Di met hyl silyl ene-bi s{1-(2-nethyl-4-(p-i-
propylphedgl)indenyhpkﬂhNQMMMLﬂiﬁwﬂﬁﬂﬂﬁ {1-(2-methyl-4-(p-

rac- Di met hyl si |yl ene-bi s{1-(2-net hyl -4-(p- , , , )

benzyl phenyl ) itFd@eunyls iledmhanyd didsnge, } zirconium dichloride,

giephenyl )i ndeL?fi }P' ﬁ%%“%’wl !lezﬁrﬁéﬂeg%l‘b(i%{@ (ridedfi-a- (n-
e e S N A AT ) g AT b8 ) 1 roontum
trimethylsilyl phenyl ) e inGARN I GN-0fd Gheny1 -4~
10 phenylindenyl) }zirconium dichloride,
rac—Diethylsilyiene—bis{l—(2—methy1—4-
phenylindenyl) }zirconium dichloride,
rac-Di (i-propyl)silylene-bis{1l-(2-methyl-4-
phenylindenyl) }zirconium dichloride,
15 rac-Di (n-butyl)silylene-bis{1l-(2-methyl-4-
bhenylindenyl)}zirconium dichloride,
rac—Dicyélohexylsilylene—bis{1-(2—methyl—4-
phenylindenyl) }zirconium dichloride,
rac-Methylphenylsilylene-bis{1—(2—methyl—4—
20 phenylindenyl) }zirconium dichloride,
L rac-Diphenylsilylene-bis{1l-(2-methyl-4-
phenylindenyl) }zirconium dichloride,
rac—Di(ﬁ—tolyl)silylene—bis{l—(2—methy1—4—
phenylindenyl) }zirconium dichloride,
25 rac-Di (p-chlorophenyl) silylene-bis{1-(2-methyl-4-
phenylindenyl) }zirconium dichloride,
rac-Methylene-bis{1-(2-methyl-4-

phenylindenyl) }zirconium dichloride,



rac- DiTret hyl si | yl ene- bi s{1- (2- net hyl - 4- (m
trd met hyl si |l yl phenyl )i ndenyl)}zirconiumdichl ori de,
rac- Di met hyl sil yl ene-bi s{1-(2-phenyl-4- 10 phenylindenyl)}zirconium

di chl ori de, rac- Di et hyl si |l yl ene- bi s{1- (2-nethyl -

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

rac-Di (i -propyl)silyl ene-bis{1-(2-nmethA7%4- phenyl i ndenyl )} zi rconi um
di chloride, 15 rac- D (n- butyl)siIerne-bis{l-(Z-nethyI-

phenyllndenyl)}2|rqp ene %kf§%8r%gg{ methyl— -

rac- Di cycl ohexyl sily phenyl i ndenyl )} zi rconi um

di chl ori de, ylin&éfiy ?]?ykeaﬁwdnsawh@eheé{l (2-methyl-4- 20
phenyllndenyl)%2|r onlun1 orid

rac-Di phe”y|3'|y|enﬁaéiﬁiﬂeﬁﬁyﬂgéhmy1éne—b1s{mheayheadgmyn}}Z|rconlum
di chl ori de, rac-Di (p-tolyl)silylene-bis(1-(2-nethyl-

phenyl i ndenyl )jréfgonhdehdlEhkorcdaium2B8ichloride,

rac- Di (p-chl orophenyl)silylene-bis {1-(2-nmethyl-4-

phenyl i ndeByl )} zi r coactiméchybstaenylene-bis{1-(2-methyl-4-

rac- Met hyl ene- bi s{1- ( 2- net hyl - 4- phenyl.i ndenyl )} zi rconi um di chl ori de,
27 rmheEYhynéﬁé¥b¥$%1r92nhﬁﬁh9ﬂcﬁ1°rl de€sphenyl i ndenyl )} zi rconi um

O e 1)y ot r oL LPLIY £05 P80 LRt -+
rac-D WEthylStg“”%;fggdghﬁi}}&1rcon1¥m élbromlde,
rac-Dimethylsilylene-bis{1l-(2-methyl-4-
10 phenylindenyl) }zirconium dimethyl,
rac—Dimethylsilylene—bis{1—(2?methyl—4—
phenylindenyl) }zirconium methylchioride,
rac-Dimethylsilylene-bis{1-(2-methyl-4-
phenylindenyl) }zirconium chloride SO;Me,
15 rac-Dimethylsilylene-bis{1l-(2-methyl-4-
phenylindenyl)}zirconium chloride 0SO,;Me,
rac-Dimethylsilylene-bis{1l-(2-methyl-4-
phenylindenyl) }zirconium monochloride
mono (trifluoromethanesulfonato),
20 rac-Dimethylsilylene-bis{1-(2-methyl-4-
g phenylindenyl) }zirconium di (trifluoromethanesulfonato),
rac-Dimethylsilylene-bis{1-(2-methyl-4-
phenylindehyl)}zirconium di(p—toluenesulfonato),
rac-Dimethylsilylene-bis{1-(2-methyl-4-
25 phenylindenyl) }zirconium di (methylsulfonato),
rac-Dimethylsilylene-bis{1-(2-methyl-4-

phenylindenyl) }zirconium di (trifluoromethanesulfinato),



phenyl¥ ndenyl )} zi rconi um di chl ori de,

rac- D met hyl sil yl ene-bi s{1-(2-net hyl - 4- phenyl i ndenyl )} zi rconi um
di‘br om de, rac- Di met hyl silyl ene-bi s{1- (2-nethyl-4- 10
phenyl i ndenyl )} zi rconi um di et hyl ,

rac- Di met hyl si |l yl ene-bi s{1-(2-net hyl - 4- phenyl i ndenyl )} zi rconi um
met hyl chl ori de, rac- Di met hyl 28 yl ene- bi s{1 - (2- net hyl - 4-

phenyl i ndenyl )} zirconiumchloride SJerr]M, 15

rac- Di met hyl sil yl eng- bi s{ 1-.(.2- et Ty s4s 1 i Phenydlingdenyl) } zi rconi um
chloride OSgerr] I\/Er}?acp ﬁl&eé&@a&ﬁ%t%ﬁ {s]f I k; en%%lg?s{l -(2-nmet hyl - 4-
phenyl i ndenyl )4z ' sl Oshfen di (t FRROGEELELEOREEER] hanesul fonat o),
20 - rac- gﬁésﬁgﬁgﬁ%ﬂgﬁs{ 1-(2- rrlet hyl - 4- -

phenyli ndenyl )} zi r coqu LA wh i ¥ 141 LT riepithion B4l 2 onetioy1-4-

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

di (p-t ol uenesyyHargl Didenyl) }zircontwe-mMbmechybsidgl(enbuboside] 2- met hyl - 4-
25 phenylindenyl)}zirconiun1di(nethy|su|fonatgé,

rac- Di met h§l si | yl ensadiBidet(lyhetIgdene-bis {1l phenypethnbngt)} zi r coni um

di (trifluoronethanesul finato), _ _ , 28
rac- Di net hyl siphernbindefvl) bz hpeorium-di (n-bphekifthdedPs) } zi r coni um

di (trifluoroacetate), . rac-Dimeth IsiI%Iene-bisil-(Z-nethyl-4-
phenyl i ndenyl )} zi r CeAF TRAMIHBCH bHY bRAG-Dit bkt fgymethyl-a-

phenylindenyl) }zirconium monochloride (phenoxide) .
Of the above compounds, particularly preferred are
10 those wherein R! is methyl.
Also preferred are transition metal compound of the
formula (I-a) wherein R! is a hydrocarbon group of 2 to 6
carbon atoms and R3 is an aryl group of 6 to 16 carbon
atoms. Listed below are examples of such préferred
15 compounds.
rac-Dimethylsilylene-bis{l-(2-ethyl-4-
phenylindenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1l-(2-ethyl-4- (0~
- naphthyl) indenyl) }zirconium dichloride,
20 rac-Dimethylsilylene-bis{1-(2-ethyl-4-(B-
g naphthyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(2-methyl-1-
naphthyl) indenyl) }zirconium dichloride,
rac—Dimethylsilyiene—bis{1-(2—ethyl—4—(5—
25 acenaphthyl)indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1l-(2-ethyl-4-(9-

anthracenyl) indenyl) }zirconium dichloride,



5 * rac-D nethyl silyl ene-bi s{1-(2-nethyl -

phenyl i ndenyl )} zi rconi um di ( n- but oxi de), and

réc- Di met hyl si | yl ene-bi s{1-(2- net hyl - 4- phenyl i ndenyl )} zirconi um
nmonochl ori de( phenoxi de) . O the above conpounds, particularly
preferred are 10 those wherein R err] is nethyl. Al so preferred
are transition nmetal conmpound of the 29 formula (I-a) wherein Rl is a
hydr ocarbon group of 2 to 6 car bon atons and R3 is an aryl group of 6

to 16 carbon aEQQSDl@%%%fﬂ ?f#PngLgl |s{ begtH?%§ Z?preferred 15

conmpounds. rac ene-
phenyllndenyl)%ﬁ%ﬁgﬁghy giﬁ@éﬁ?l¢F21rconlum dichloride,

rac- Di met hyl si ene-b 1-(2-e [err]

napht hyl ) i ndenyl )}Zfé@olﬂixuérmypgipyldﬂe-bze{ 1-(2-ethyl-4- (o~
rac- D met hyl silyl ene-bis(1-(2-ethyl-4-([err]-

napht hyl ) i ndenyéghgiprenyuyidéiehiydd i dérconium dichloride,
rac- Di met hyl si |l yl ene-bi s{1-(2-ethyl-4-(2-methyl-1-
naphthyl)iSdenyl)}zracﬁmimetUthibyldee~bis{l (2-ethyl-4- (m-
rac-Di met hyl silyl ene-bi s{1-(2-ethyl-4-(5-

acenapht hyl )i nmehgxy}pbemzbhmﬁeayim}ér—reenlum dichloride,

rac- Di met hyl silyl ene-bis{1-(2-eth X
anthracenyl)lndenyl§?§|Pé@ﬂ?%ﬁ%ﬁ%iﬁiﬁ?éaB}S{l‘(z"ethY1'4‘(P‘

Sgenanthryl)in%§ﬁ9§§g§ %giﬁﬂﬁgayihﬁgﬁﬁéég%h%t%XEhibQ%ae,
rac-Dimethylsilyleng; Dis{da{RseL0Y}14nE%is(1- (2-ethyl-4-(2, 3-
10 dimethylphenyl) indenyl) }zirconium dichloride,
" rac-Dimethylsilylene-bis{1-(2-ethyl-4-(2,4-
dimethylphenyl) indenyl) }zirconium dichloride,
rac-Diﬁethylsilylene-bis{1—(2-ethyl—4—(2,5—
dimethylphenyl) indenyl) }zirconium dichloride,
15 rac-Dimethylsilylene-bis{1l- (2-ethyl-4-(2,4, 6~
trimethylphenyl) indenyl) }zirconium dichlofide,
rac-Dimethylsilylene-bis{1l-(2-ethyl-4-(o-
chlorophenyl)indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1l-(2-ethyl-4-(m-
20 chlorophenyl)indenyl)}ziréonium diéhloride,
3 rac-Dimethylsilylene-bis{1-(2-ethyl-4-(p-
chlorophenyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1l-(2-ethyl-4-(2,3~-
dichlorophenyl) indenyl) }zirconium dichloride,
25 rac-Dimethylsilylene-bis{1-(2-ethyl-4-(2,6-
dichlorophenyl)indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1l-(2-ethyl-4-(3,5-

dichlorophenyl) indenyl) }zirconium dichloride,



met hyl phenyl )i ndenyl )} zirconiumdichloride, 5
rac- Di net hyl silyl ene-bis{1-(2-ethyl-4-(m

met hyl phenyl )i ndenyl )} zi rconi um di chl ori de,
rac- Di met hyl silyl ene-bi s{1-(2-ethyl -4-(p-

met hyl-phenyl )i ndenyl )} zi rconi um di chl ori de,
rac- Di net hyl silyl ene-bis (-(2-ethyl-4-88 3- 10
di met hyl phenyl )i ndenyl )} zi rconi um di chl ori de,

rac- Di met hyl si |yl engs bl s{o2 L rdudofls (1- (2-ethyi-4- (2-
di et hy!| pheny|)ind%‘?)'&“ﬂ?%@%m%icm oft . éTethy

rac- Di met hyl sig ydeoendhsilihde®f Y} z fr€@nbum dichloride,
dinethylpheny”#%%deny???zgrcoﬁ?%nyg?chlo?idg, liS oriee

rac- Di met hyl si | yl eneadipi{det(rdy eé i tefnd 2 8s - (2~ethyl-4- (3~
tri met hyl phenyl )i ndenyl)}zirconiumdichl oride,
rac- Di met hyl sibydmmehéng] lifderyhy}zilr¢onium dichloride,
chl orophenyl )i ndenyl)}zirconi umdichloride,
rac- Di net h§l si | yl ensedtBidetly ks hlylengnipis ph- (2-ethyl-4-(4-
chl orophenyl )i ndenyl )} zirconi um di chl ori de, , ,
rac- Di met hyl sibsonephengliingenyhy}zyr¢poium dichloride,
chl orophenyl )indenyl)}zirconiumgdjchloride, .. . _ AL
rac- Di net hyl si | yl enfe? T%J{nl%f(fzilﬁﬁjyirf%@?'z‘?%%{l (2-ethyl-4-(4
di chl or ophenyl) j nden I I coni i o [P )
rac- Di net hyl si §§§ﬁ@§i%ig{ﬁ£?%¥§fk§f§§@§§?@_dlcﬁ§0rlde,
di chl or opheny| ) | ndepyL) ghsepi 4m 01 € 061 0F1- (2-echyl-a- (4~
rac- Di met hyl si | yl eﬁ%&%%ﬁé@eﬁi Lo st Y
di chl or opgny!y  ndemil s 71 &M i £8EAYL f®zirconium dichloride
30 rac-Exne%hyls?%e?eng}gis{l- 2-ethyl -4-(2- ’
br omophenyl ) i ndenyl}3 @i Laet g si Tyl efédeis {1- (2-n-propyl-4-
phenylindenyl) }zirconium dichloride,
rac;Dimethylsilylene—bis{1—(2—n—propyl—4—(a—
naphthyl) indenyl) }zirconium dichloride,
15 rac-Dimethylsilylene-bis{1-(2-n-propyl-4-(B-
naphthyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1-(2-n-propyl-4-(2-methyl-1-
2;naphthyl)indenyl)}zircbnium dichloride,
| rac-Dimethylsilylene-bis{1-(2-n-propyl-4-(5-
20 acenaphthyl)indenyl) }zirconium dichloride,
L rac-Dimethylsilylene-bis{1l-(2-n-propyl-4-(9-
anthracenyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1-(2-n-propyl-4-(9-
phenanthryl) indenyl) }zirconium dichloride,
25 rac-Dimethylsilylene-bis{1l-(2-i-propyl-4-
phenylindenyl) }zirconium dichloride,

rac-Dimethylsilylene-bis{1-(2-i-propyl-4-(0-

naphthyl) indenyl) }zirconium dichloride,



rac-EjhetHyIsiIerne-bis(l-(2-ethy|-4-(3-

br.omophenyl )i ndenyl )} zi rconi um di chl ori de, 5

rdac- D met hyl silyl ene-bi s{1-(2-ethyl-4-(4-

br omophenyl )i ndenyl )} zirconi um di chl ori de,

‘rac-Di met hyl silyl ene-bi s{1-(2-ethyl-4-(4-

bi phenyl yl )i ndenyl )} zi r coni um di chl ori &l

rac- Di net hyl sil yl ene-bi s{1-(2-ethyl-4-(4- 10

trinmethyl silyl phenyl)indenyl Lreoni um di chl oride, A (R

rac-Di nethylsiIyIenE%%TE{ﬁg%%%ﬁ§b?%g?#?4glg{5 (%hénngﬁﬁénélf?zirconium
di chl ori de, rac- D met hyl. si |yl ene-his{1-(2-n-propyl-4-([err]-
naphthyl)inden????EhY&thGﬁFgféE%bFFB }umlglC%ﬁorg%e’

rac- Di met hyl silyl ene-bi s{1-(2-n-propyl -4: Frlim s A (D= —1-
naphthy|)indeny|)}z¥?%aﬁiﬁ%§%¥gﬁg% ?%é?4b£g?& (2-i-propyl-4-(2-methyl-1
rac- Di met hyl si - bi = )t oRYh3 A d1eRE B ad,
naphthyl)indené%#?gﬁygg%%éﬁég}gaP%r?ée} e resy

rac- Di met hyl si | yl en '9!—1§méﬁﬁyﬂsmgwhe4bi§1 1-28-i-propyl-4- (5~
acenapht hyl’) i ndenyl ?Z|rcon|un1d|c | ori de,

rac- Di met hyl si LybgBgnEhG{{ihdeAyR) PRYkcédni8m dichloride,

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

rac- Di net hyl si |l yl engabip{detBybsplppghe4b(8{1~-(2-i-propyl-4-(9-

phenant hryl )i ndenyl)}zirconi umdichloride, 25 _

rac- Di net hyl si agtbrneckngllipgdenyp) dpprconium dighdgyidfdenyl )} zi rconi um

di chl ori de, rac- Di neth IsiIylene-bis%l:(Z-i-gropyl-4-([err]-
napht hyl )i ndenyl ) } ztaeoRingt By Rl d¥igae-bis{1-(2-i=propyl-4=(9-
31

10 phenanthryl)indenyl) }zirconium dichloride,
‘rac-Dimethylsilylene-bis{1l-(2-s-butyl-4-
phenylindenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{l-(2-s-butyl-4-(a-
naphthyl) indenyl) }zirconium dichloride,
15 rac-Dimethylsilylene-bis{1-(2-s-butyl-4-(B-
naphthyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1-(2-s~butyl-4-(8-methyl-9-
naphthyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1l-(2-s-butyl-4-(5-
20 acehaphthyl)indenyl)}zirconium dichloride,
S rac-Dimethylsilylene-bis{1l-(2-s-butyl-4-(9-
anthracenyl) indenyl) }zirconium dichloride,
rac—Dimethylsilylene-bis{1—(2—s—butyl—4—(9-
phenanthryl) indenyl) }zirconium dichloride,
25 rac-Dimethylsilylene-bis{1l-(2-n-pentyl-4-

phenylindenyl) }zirconium dichloride,



rac- Di et hyl si | yl ene-bi s{1-(2-i-propyl-4-([err]-
napht hyl )i ndenyl )} zi rconi um di chl ori de,

rac- Di met hyl sil yl ene-bi s{1-(2-i-propyl -4-(2-methyl -1-
napht hyl )i ndenyl )} zi rconium di chl oride, 5

rac- Di net hyl sil yl ene-bi s{1-(2-i-propyl -4-(5-
acenaphthyl)lndenyl)}z!rconlun}dlchlorliﬁn

raEhD nethrgslLylerfib!s{l-(2-|éprﬁfyljg-(9-

ant hr aceny! ) i ndenyl }}21¢00L i di ¢OLOREIB s & (1- (2 -n-penty1-4- (a-

rac-Di nethyI5|Ierne-%|sz-% ¥|-pr3pyP-4-%§- 16 p Y

phenant hryl )i nden LrcqQniu ichlori.de, .. .

rac-Di nethylsi??P%#%§é>%?a??¥gggﬁﬁf§99&9m dlCh&ﬁ§ﬁ€FVndenyl)}zirconium
di chl ori de, rac- Di i epne=bhs{d-(2:s:hutyl-4-([err]-
napht hyl ) i ndeny! )}zllr?%oﬁf%ﬂ%g?iéfgﬂd??%é% BesRhd-h2phe Pty |

rac-Di methyl sibybepei Rhdny1§ 72z3xBBhYhmdaibBibkide,
napht hyl )i ndenyl ) }zi rconi um di chl ori de,

rac- Di met h§l si |l yl encabiB{detRysblyyeénd-bBshethgtnObutyl-4- (o~
napht hyl )i ndenyl )} zi rconi um di chl ori de,
rac- D met hyl sihypietryb) $hden215}blitgbndufiSdicBQoride,
acenapht hyl )i ndenyl )} zi rconi um di chl ori de,
rac- Di met hyl si | yl ene@erRimetbyLsplyieng-pys{1-(2-n-butyl-4-(p-
anthracenyl)indej%%%}zirconiun1digh|or[de, . .
rac- Di net hyl singpiay b} spdeppl il pirgpniupodichloride,
phenanthryl)indenyL%gzirponiun1dich|oride, 25 :
rac- Di met hyl si | yl enePBTR{RSRBY hepbrtrezo1s {1~ (PRRRYrErYehy(§ TReERBAT UM
dIChlorldiO naphthyl) indenyl) }zirconium dichloride?2
rac-Dimethylsilylene-bis{1l-(2-n-butyl-4-(5-
acenaphthyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1-(2-n-butyl-4-(9-
anthracenyl)indenyl) }zirconium dichloride,
15 rac-Dimethylsilylene-bis{1-(2-n-butyl-4-(9-
phenanthryl)indenyl)}zirconium dichloride,
rac-Dimethylsilylene-bis{l-(2-i-butyl-4-
phenylindenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1-(2-i-butyl-4-(0-
20 naphthyl)indenyl) }zirconium dichloride,
s rac-Dimethylsilylene-bis{1-(2-i-butyl-4- (B~
naphthyl) indenyl) }zirconium dichloride,
rac-Dimethylsilylene-bis{1-(2-i-butyl-4-(2-methyl-1-
naphthyl) indenyl) }zirconium dichloride,
25 rac-Dimethylsilylene-bis{1-(2-i-butyl-4-(5-

acenaphthyl) indenyl) }zirconium dichloride,



rac- Di*met hyl si |l yl ene-bi s(1-(2-n-pentyl-4-([err]-
ngpht hyl )i ndenyl )} zi rconi um di chl ori de,
rac- Di met hyl sil yl ene-bi s{1-(2-n-butyl -4- phenyl i ndenyl )} zirconi um
di chl ori de, 5 rac- Di met hyl si |l yl ene-bi s{1-(2-n-butyl-4-([err]-
napht hyl )i ndenyl )} zi rconi um di chl ori de
rac- Di nethylsiIyIene-bis{l-(z-n-butyl-ka[err]-
napht hyl )i ndenyl )} zi rconi um di chl ori de,
rac- Di net hyl si |yl e%@iﬁﬂéérﬁzﬁﬁwén&ﬂzs et ylt out $0-4- (-
|

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

rac- Di net hyl sid iergcoh o1 Lt ddefly DU ¥1 rdofibum dichloride,
acenapht hyl )i ndenyl )} zirconi um di chl ori de,

rac- Di met hyl si | yl encadims{det(idy s iy hdne=$Ds {1~ (2-i-butyl-4-(9-

ant hracenyl )i ndenyl )} zirconiumdichloride, 15

rac- Di met hy| siphy rearet bor g Mig@emy but yirqopbum dichloride,

phenant hryl )i ndenyl )} zirconi um di chl ori de,

rac- Di net h§l si | yl eneadiBimeyiznisblilene-bis{1- (AeRePPAAEYYTIT zi r coni um

di chl ori de, . rac-Dineth IsiIyIene-bisél-(z-i-butyl-4-([err]- 20
napht hyl )i ndersheny}irdenyh bF thFor+yR, dichloride,

- Di net hyl si |yl - bi 1o s &= - -4- (O
S ) SR P11 et -a-

rac- Di met hyl S'ré)%’;'i}?e%? Pl fadagr] 1 Put¥bafuhoateh¥E1de,

napht hyl )i nde coni am

rac- Di nethylsiIerF§§$¢§g£égg§i§p ?gﬁé;$§s{1;(2_n_hexyl_4_

acenapht hyl )i ndeny zi rconi um di chl ori de,
33 10 ritehd TBAGYh91] Vi eP€oRi 6 1df @ni obutiy) - 4- (9-

rac-Dimethylsilylene-bis{1l-(2-n-hexyl-4- (0~
naphthyl) indenyl) }zirconium dichloride,
rac-Methylphenylsilylene-bis{1l-(2-ethyl-4-
phenylindenyl) }zirconium dichloride,
15 rac-Methylphenylsilylene-bis{1-(2-ethyl-4-(a-
naphthyl) indenyl) }zirconium dichloride,
rac-Methylphenylsilylene-bis{1l-(2-ethyl-4-(9-
anthracenyl) indenyl) }zirconium dichloride,
rac-Methylphenylsilylene-bis{1l-(2-ethyl-4-(9~
20 phenanthryl)indenyl) }zirconium dichloride,
X rac-Diphenylsilylene-bis{1l~(2-ethyl-4-
phenylindenyl) }zirconium dichloride,
rac-Diphenylsilylene-bis{1l-(2-ethyl-4- (o~
naphthyl) indenyl) }zirconium dichloride,
25 rac-Diphenylsilylene-bis{1-(2-ethyl-4-(9-
anthracenyl)indenyl)}zirconium dichloride,
rac-Diphenylsilylene-bis{1-(2-ethyl-4-(9-

phenanthryl) indenyl) }zirconium dichloride,



ant hr acenyl )i ndenyl )} zi rconi um di chl ori de,
rac- Di net hyl sil yl ene-bi s{1-(2-i-butyl-4-(9-

phenant hryl )i ndenyl )} zi rconi um di chl ori de, 5
rac- Di met hyl si |l yl ene-bi §{1-(2- neopentyl - 4- " phenyl i ndenyl )} zi rconi um
di chl ori de, rac- Di met hyl sil yl ene-bi s{1-(2-neopentyl-4-([err]-

napht hyl )i ndenyl )} zi rconi um di chl ori de 34
rac- Di met hyl sil yl ene-bi s{1-(2-n-hexyl-4- 10 phenylindenyl)}zirconium

di chl ori de, c _&cﬁtgrggﬁ%%ﬁ%%éggfé bis{b-Lenpibgxyh=4-([err]-

. acs
napht hyl )i ndenyl ) } Zirconi‘um

- Met hyl ph | i 3 i i nd I ' '
L Pkt 08 B )£ o cicy ety et )24 o um

napht hyl )i ndenyl) ) zigcomeHy bl vis der (2-ethyl-4-

rac- Met hyl phenyl si |l yl ene-bi's{1-(2-ethyl-4-(9-

ant hracenyl ) i nslesny ) 3décpl) Pl deohioni dechloride,

rac- Met hyl phenyl si |l yl ene-bi s{1-(2-ethyl-4-(9- _20

phenant hr yg)i ndeny|)3GiMetd enetRis bt T @ ethyl-4- (o

rac- Di phenyl si |yl ene-bi s{1-(2-ethyl-4- _phenyl i ndenyl )} zi rconi um
dichl ori de, naphthyl) iedemyphbayreonipendighsprigde ethyl-4-([err]-

napht hyl )i ndenyl )} zi rconi um di chl ori de, 25 , X ,

r ac- Di pheny|si|y|Ewﬁgqﬁggq¥¥gp%ﬁpﬁ§{h:(%:ethyl—4—phenyllndenyl)}21rcon1um

ant hracenyl )i nde zi.rconi um di chl ori de,
rac- Di phenylsi#%égiégiﬁ%(l-(z-ethyl-4-(9-
phenant hr yl ) i ndeny! )i qap e b &bl o5 (seethyl -4- (- |
10 naphthyl)indenyl) }zirconium dichloride,
rac-Ethylene-bis{1-(2-n-propyl-4- (0-
naphthyl) indenyl) }zirconium dichloride,
rac-Dimethylgermylene-bis{l-(2-ethyl-4-
phenylindenyl) }zirconium dichloride(
15 rac-Dimethylgermylene-bis{1-(2-ethyl-4- (0~
naphthyl) indenyl) }zirconium dichloride, |
rac-Dimethylgermylene-bis{1l-(2-n-propyl-4-
phenylindenyl) }zirconium dichloride,
rac-Dimethylstannylene-bis{1-(2-ethyl-4-
20 phenylindenyl) }zirconium dichloride,
L N rac-Dimethylstannylene-bis{1l-(2-ethyl-4- (0o~
naphthyl) indenyl) }zirconium dichloride,
rac-Dimethylstannylene-bis{1l-(2-n-ethyl-4-(9-
phenanthryl) indenyl) }zirconium dichloride, and
25 rac-Dimethylstannylene-bis{1l-(2-n-propyl-4-
phenylindenyl)}iirconium dichloride.
Also employable are transition metal compounds wherein

zirconium is replaced with titanium, hafnium, vanadium,



34 v rac- Di phenyl sil yl ene-bi s{1-(2-ethyl -4-(4-

bisphenyl yl )i ndenyl )} zi rconi um di chl ori de,

rac- Met hyl ene- bi s{ 1- ( 2- et hyl - 4- phenyl i ndenyl )} zi rconi um di chl ori de,
5 rac- Met hyl ene-bi s{1-(2-ethyl-4-([err]-

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

rac- Et hyl ene- bi s{1- (2- et hyl - 4- phenyl i ndényl )} zi r coni um di chl ori de,
rac- Et hyl ene-bi s{1-(2-ethyl -4-(a- 10 napht hyl)indenyl))zirconi um

di chl d
n;ghtﬁ;:)?ndeﬂﬁg %H%Qxﬁ%u dych|€b£%ﬁi&m(ZmQIPEQQXLm o£[€ﬁﬁ§sten in the

rac-Di net hyl g £06s phenyllndenyl)}2|rcon|um
di cht ori de, Ll ¢%£§%§ éﬁ gernylene bi s{1-(2-ethyl-4- ([err]-

napht hyl )i ndenyl) } i o éEéHHCHﬂéghtlon, a racemic modlflcation of
rac- Di met hyl ger nyl ene-bi s{1- (2- n- propyl - 4- phenyl i ndenyl )} zi rconi um
dichloride, the trand@Cidh muddel s¢ampyhedeidi gé¢detleyhybed- as2fhe
phenyl i ndenyl ) }zi rconi um di chl ori de,

rac- Di met hy! stodrenfyilre nee himddi {8k somytaaly st rgomponent, but R type or S
napht hyl )i ndenyl )} zi rconi um di chl ori de,

rac- Di net hyl sttampey lishea s {emgloyakiey| - 4- (9-
phenanthryl)indeny%%%élrconlun1d|chlor|de and 25

rac- Di met hyl st anny| Qﬁ%ﬂﬁ}R¥Pﬂ1Tﬁ?ﬁﬁﬂcqﬂp°undsﬁﬁ%ﬂ%?Y%B%ﬁy}?}Eh?conlum

di chl ori de. . . Also e able re transition net o
wherein ﬂQ¥ﬁﬂﬁ%ﬂﬁ|%?Qe§§2R%éP@$? 11t aRFeRTERGF N’ vgﬁgﬁpﬁﬂlof
Organometallic Chem." 288(1985), pp. 63-67 and European
10 pPatent Publication No. 0,320,762 (Specification and
Examples) .

The organcaluminum oxy-compound (b-1) (hereinafter
sometimes referred to as "component (b-1)" ) for forming
the olefin polymerization catalyst used in the invention

15 may be aluminoxane conventionally knéwn or a benzene-
insoluble organoaluminum oxy-compound exemplified in
Japanese Patent Laid-Open Publication No. 78687/1990.

The conventionally known aluminoxane can be prepared

by, for example, the following procedures.
20 (1) An organoaluminum compound such as
ttrialkylaluminum is added to a hydrocarbon medium
suspension of compounds containing adsorbed water or salts
containing water of crystallization, e.g., magnesium
chloride hydrate, copper sulfate hydrate, aluminum sulfate
25  hydrate, nickel sulfate hydrate or cerous chloride hydrate,
so as to allow the organoaluminum compound to react with

the adsorbed water or the water of crystallization.



35 * niobium tantalum chronium nolybdenum or tungsten in the

ahove-nmenti oned conpounds. In the present invention, a racemc
nodi fication of the transition netal conpound is generally used as the
5 olefin polynerization catal yst conponent, but R type or S type is
al so enpl oyabl e. The transition netal .conpounds enpl oyable in the

i nvention can be prepared in accordancggw th "Journal of
Organonetal lic Chem ™ 288(1985), pp. 63-67 and European 10 Patent

Publ i cati on No. 0, 320,762 (Specification and ,Exa Ie%%% , The
or ganoal uni num oxy-@dmp¥akarebief PReM@tRET (V@POTr 1S ?gﬁﬁﬁ £9 st o
as "conponent (b-1)" ) for formn the ol efin .polyneri i st
used in the i AF&nO AR ﬁ?gQHQ#ﬂﬁﬁiﬂqﬂﬁQRﬂgﬁﬂ§ cﬁﬁ%ﬁtﬁ%H%f*%f&%g€%8@%§%¥
benzene- .insol ubl.e or 04} }QHE - d gﬁﬁgpl' | |
Japanese Pat edt® Ba"FO5¢h Sg’%!\ iaacs;trq on r@()’%%%. dehét él'ﬁe
conventionall)ée @Qﬂgéyéﬂygggpne can be prepared by, for exanple, the
es.

fol |l ow ng procedur (1) An organoal um num conpound such as

trialkylalgimi num i §33ddgd beganBYdnoexiken skt WH dimeHIgAanisi wkide or
conpounds cont ai ni ng adsor bed water or salts cont ai ni ng water of
crystallizati @ipu@yd.tidRHIRR UB allohddriderdyck arith cappergandd huminum

hydrate, alum numsulfate 25 hydrate, nickel sulfate hydrate or cerous
chl ori de hydr @iofpound ssiwhasad o mldIduy Tl mam okt uani medd wonpetihdaso react
wth t he adsorbed water or the water of crystallization.
decane, -benzene or toluene.
The aluminoxane may contain a small amount of an
10 orgahometallic component . Fﬁrther, it is also possible
that the solvent or the unreacted organoaluminum compound
is distilled off from the recovered solution of aluminoxane
and the remainder is redissolved or suspended in a poor
solvent for aluminoxane.
15 Examples of the organcaluminum compounds used for
preparing the aluminoxane include:
trialkylaluminums, such as trimethylaluminum,
triethylaluminum, triprqpylaluminum, triisopropylaluminum,
tri-n-butylaluminum, triisobutylaluminum, tri-sec-
20 Dbutylaluminum, tri-tert-butylaluminum, tripentylaluminun,
frrihexylaluminum, trioctylaluminum and tridecylaluminum;
tricycloalkylaluminums, such as tricyclohexylaluminum
and tricyclooctylaluminum;
dialkylaluminum halides, such as dimethylaluminum
25 chloride, diethylaluminum chloride, diethylaluminum bromide
and diisobutylaluminum chloride;

dialkylaluminum hydrides, such as diethylaluminum

hydride and diisobutylaluminum hydride;



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

on an organoal um num conpound such as trial kyl al um num in a medium
such as benzene, toluene, ethyl ether or tetrahydrofuran. 5 (3)
An organotin oxi-de such as dinmethyltin oxide or di butyltin oxide is
allowed to react with an organoaluninugl conmpound such as

trial kylalum numin a nmedi um such as 7 decane, benzene or tol uene.

The al um noxane may contain a small anount of an 10 organonetallic

conponent. FurthergidixytaBidn@Rssibbeides, theh hbedsmebyRpladumihem

unr eact ed or ganoal um num conpound is distilled off fromthe recovered
sol ution of almednextde and diethybalueimiumdethbgidedi asdl ved or suspended
in a poor sol vent for alum noxane. 15 Exanpl es of the |

or ganoal um num conpbiaidey islaanimem arylexb@asi ngucheadl difthBYAAGUMAEMTde:
trial kyl al um nuns, such as trinethylal um num triethylal um num

tri propyl al umiphenoxide sopr opyl al um num . tri-n-butylal um num

triisobutylLalum num tri-sec- 20 butylalum nu ri-tert-butylal um num
tri pentyl aPuni num Of tﬁ@$%@%®¥%ﬁ%ﬁ¥%@ﬁ?r?rFB&?gkﬁiﬁhfﬂbﬂPgﬁdaXd

tridecyl al um num ricycl oal kyl.al um nu uch_a .
tricyclohexyHﬂﬁ&ﬁYﬁ%?alkylﬁﬁﬂmng@ﬁcI6§8t§ngﬁﬁ§§aﬁﬁy préferred is
di al kyl al um num hal i de Suc s dinethyl al um num 25 chloride,
diethylalquﬁﬁﬁ%WﬁEﬁYgi%u fe?ﬁylaluninun1bronide and

R e
for preparing the aluminoxane is isoprenylaluminum

10 represented by the following formula (II):

(i-CqHo) xAly (CsHio) - | (11)
wherein %, y, z are each a positive number, and z 2 2x.
The organocaluminum compounds mentioned above are used
singly or in combination of two or more kinds.

15 Examples of the solvents used for preparing the
aluminoxane include aromatic hydrocarbons, such as benzene,
toluene, xylene, cumene and cymene; aliphatic hydrocarbons,
such as pentane, hexane, heptane, octane, decane, dodecane,
hexadecane and octadecane; alicyclic hydrocarbons, such as

20 cyclopentane, cyclohexane, cyclooctane and

&methylcyclopentane;.petroleum fractions, such as gasoline,
kerosine énd gas o0il; and halides of these aromatic,
aliphatic and alicyclic hydrocarbons, particularly
chlorides and bromides thereof. Also employvable are ethers

25 such as ethyl ether and tetrahydrofuran. Of the solvents,

particularly preferred are aromatic hydrocarbons and

aliphatic hydrocarbons.



-

37 di al kyl al um num al koxi des, such as di net hyl al um num

met hoxi de and di et hyl al um num et hoxi de; and di al kyl al um num
aryl oxi des, such as diethyl al um num phenoxi de. 5 O these,
preferred are trial kyl al um nuns and tricycl oal kyl al um nuns, and
particularly preferred is trimethyl al um num Al so enpl oyabl e
as the organoal um num conpound used 38for preparing the al um noxane is

i soprenyl al umi num 10 represented by the following formula (I1):

[err] wher ei n %heYCoﬁgéﬁﬁdeQEhZ? RASEH! ¥eaRYEbG, c haRBeZ tFadsition

The organoal um num conpounds nentioned above are used singly or in
conbi nati on of nt¥a10ECHBLANKI NEF- tolForm an B R8T Qhelrd ns@oeant s used
for preparing the al um noxane i nclude aronmati c hydrocarbons, such as
benzene, sohgenmesxykfae reduenasandomponme (@-2phat,i & Hardriaeardesansin
such as pentane, hexane, heptane, octane, decane, dodecane, hexadecane
and oct adecanethel ioyehtdohydiocdpdess Lesnish agsd, 20 onic! apewoamels and

cycl ohexane, cycl ooct ane and Tret hyl cycl opent ane; petrol eum fractions,
such as gasol i parborangerompaandaddgasrébed dnd Japangse BrtendsdaddnAnar,
aliphatic and alicyclic hydrocarbons, particularly chl ori des and

br oni des thereBPblAF§§1@ﬁﬁlH?abﬁ@lgﬁg/g@ﬁérsN°255§@@ﬁ54§9§@hyﬂkbther and

t et rahydrof uran th ol vent rticul arl referred e aronmatic
hydr ocar bons aﬁ&gS%S/lgpipthrC§H98P86&5§8n3%0' 20770371991" and Wo.

207704/1991, and U.S. Patent No. 547,718.

Examples of the Lewis acid include triphenylboron,

10 tris(4-fluorophenyl)boron, tris(p-tolyl)boron, tris(o-
tolyl)boron, tris(3,S-dimethylpheﬁyl)boron,
tris(pentafluorophenyl)boron, MgCl,, Aly0; and Si0;-Al,03.

Examples of the ionic compounds include
triphenylcarbeniumtetrakis (pentafluorophenyl)borate, tri-n-

15 butylammoniumtetrakis (pentafluorophenyl)borate, N,N-
dimethylanilihiumtetrakis(pentafluorophenyl)borate and
ferroceniumtetra(pentafluorophenyl)borate.

Examples of the carborane compounds include
dodecaborane, l-carbaundecaborane, bis-n-butylammonium{l-

20 carbedodeca)borate, tri-n-butylammonium(7, 8-

g dicarbaundeca)borate and tri-n--
butylammonium(tridecahydride-7-carbaundeca)borate.
The compounds (b-2) which react with the transition
metal compound (a) to form an ion pair can be used in

25 combination of two or more kinds.

The organcaluminum compound (c¢) (hereinafter sometimes
referred to as "component (c)"), that is used to form the

olefin polymerization catalyst employable in the invention,



38 v The conpound (b-2) which reacts with the transition nmet a
conmpound (a) to forman ion pair (hereinafter sonetines referred to as
"conpound (b-2)"), that is used in the invention, includes Lewi s acid,
i oni ¢ conpounds and 5 carborane conpounds described in Japanese Patent

Lai d- Open Publ i cati ons No. 501950/.1989, No. .502036/1989, No.

179005/ 1991, No. 179006/1991, No. 2077838 1991 and No. 207704/ 1991, and
U S. Patent No. 547, 718. Exanpl es of the Lewis acid include

triphenyl borong, 1, teishdrd] upk opheanba PeROAumt EbabBuhal ¥bpRakRAL ekl b3l O-
tol yl)boron, tris(3,5-dinethyl phenyl)boron,

tris(pentafl uarephesyldbpiensoMaélderxi) kerr] and [err] Exanpl es
of the ionic conmpounds include

tri phenyl car beni unmR®,A3Ks-s( pent af | uor ophenyl.) borate, €ELIh- 15

but yl ammoni unt et r aki s( pent af | uor ophenyl ) borate, N, N

di met hyl ani | i nthenesin B3 s(spenthafduatoiieny gy A% hige 12 carbon atoms,
ferroceniugtetrq(pentafluorophenyl)borate. Exanpl es_of the

car bor ane @onpouris® iMElQgRN atom JoF R¥BEPERR, 30€aRbifindeElbdrane,

bi s-n-butyl anmoni um(1- 20 carbedodeca)boy at e, tri-n-btuIannnniun(?,B-
diCarbaundeca)boraﬁg‘émftqQEWFla (ITI), R? 1s a hydrocarbon group of 1

but yl ammoni un(t ridecah dride-?-carbaupdegg)b at e, Ihel oppounds
(b-2) Wt ch 1 b LA RS S5 (Fo - SR RBERL EERMBUNA FESIPELREIM an
The or ganoal uRSTE ConpRur ) ChS of ot o hmaly PRERBLEL hersof 1 (o as
“component (C)ing1ddiindthySetkdwyl Orinphepy1, 19b8EbPyRP! YEBHLERL] ON
catal yst enployable in the invention,
10 pentyl, hexyl, octyl, cyclopentyl, cyclohexyl, phenyl and
tolyl.
Examples of such organocaluminum compounds (c) include:
trialkylaluminums, such as trimethylaluminum,
triethylalqminum; triisopropylaluminum,
15 triisobutylaluminum, trioctylaluminum, tri(2-
ethylhexyl)aluminum tridecylaluminum;
alkenylaluminums, such as isoprenylaluminum;
dialkylaluminum halides, such as dimethylaluminum
chloride, diethylaluminum chloride, diisopropylaluminum
20 chloride, diisobutylaluminum chloride and dimethylaluminum-
gbromide;
alkylaluminum sesquihalides} such as methylaluminum
sesquichloride, ethylaluminum sesquichloride,
isopropylaluminum sesquichloride, butylaluminum
25 sesquichloride and ethylaluminum sesquibromide;
alkylaluminum dihalides, such as methylaluminum
dichloride, ethylaluminum dichloride, isopropylaluminum

dichloride and ethylaluminum dibromide;.and



39 > is, for exanple, an organoal um num conpound represented by t he
following formula (I111): [err] wherein RO is a hydrocarbon
group of 1 to 12 carbon atons, 5 X is a hal ogen atom or hydrogen, and n
is 1to 3. In the formula (111), RO is a hydrocarbon group of 1
to 12 carbon atons, e.g., an al kyl group, a cycl oal kyl group or an
aryl group. Particul ar exanpl es thereoffO I ncl ude nethyl, ethyl,

n- propyl, isopropyl, isobutyl, 10 pentyl, hexyl, octyl, cyclopentyl,

cycl ohexyl, phenyl %iﬁk&e %Sfﬁuﬁqﬁ%ﬁrides, sug%aﬁ@!EfiQEyfyfﬂminum

or ganoal um num conp I ncl ude: trial kylal um nuns, such as

trimethyl al uniydiide and’4£iubatyi Mook hegpreey| alum num = 15
triisobutylalumnum trioctylalumnum tri(2- et hyl hexyl ) al um num

tridecylal umi num also empld &SIy |2 Whe UdBgassehuabnis opsepytad ufthuls
di al kyl al um num hal i des, such as di net hyl al um num chl ori de,

di et hyl al um nun ehhpsite, represenoed| by ubhaufiol 20wicyl Gordela (IV):

di i sobutyl al um num chl ori de and di net hyl al um num brom de;

al kyl al uni Bum sesquR%dliLdes, such as nethyl al um num (IV) sesqui chl ori de,

et hyl al um num sesqui chl ori de, | sopr | al um pum qui chl ori dg,.
but yl al uni numvwieres’qif chi dheisS iR %{)rﬁa&g‘f%«n Dbt s€ e%i Br&iPde: %%1R113

alkylalun]nwﬂé&éﬁ%:dSSAlﬁﬂghg%gug?th&k@%?@ﬁgﬂgf -SiRl4; group or

-N (R15)A1R18, group; n is 1 or.2; R10, R11, R12 and R!¢ are
each methyl, ethyl, isopropyl, isobutyl, cyclohexyl, phenyl

10 or the like; R13 is hydrogen, methyl, ethyl, isopropyl,
phenyl, trimethylsilyl or the like; and R4 and R!5 are each
methyl, ethyl or the like.

Of the organoaluminum compounds represented by the
above formula, preferred are compounds of the formula

15 R7,A1(OAlR%,);,, for example, Et,AlOAlEt; and (iso-
Bu)zAloAl(iso—Bu)z.

Among the organoaluminum compounds represented by the
formulas (III) and (IV), preferred are compounds of the
formula R73Al, and particularly preferred are compounds of

20 said formula wherein R is an isoalkyl group.
£, The olefin polymerization catalyst used in the
invention is formed from the component (a), the component
(b-1) and/or the component (b-2) (i.e., component (b)),
and, if desired, the component (c). The olefin
25 polymerization. catalyst can be prepared by mixing the
components (a) and (b) and, if desired, the component ()

in an inert hydrocarbon solvent or an olefin solvent.



di chl oride, ethylal um num dichl ori de, isopropylaluhinun1 di chl ori de and

et.hyl al um num di brom de; and 40

al kyl al um num hydri des, such as diethyl al um num hydri de and

di i sobut yl al um num hydri de. Al so enpl oyabl e as the organoal um num
conmpound (c) is a conpound represented by the following fornula (1V):

5 [err] wherein RO is the sa as above; L is -ORerr] group,
-CSiRerr]3 group, [err] group, [err] group, -SiR err]3 group or

[err] group; n is komAedlEf idhe Rigssd hyiescdrias &evedt aised foreach
met hyl , ethyl, isopropyl, 1sobutyl, cyclohexyl, phenyl 10 or the like;
R13 is hydroggsvepmting . t16s hylefisopobpyérizatiopheayblysti imchytsi |yl or
the like; and R14 and R15 are each met hyl , ethyl or the like.

Of t he or ganoa Liphati € dnpdemcisrbeps essntkdapypropane, bubane,f BERtiRAE,
preferred are conpounds of the formula 15 [err] for example, Et2A OAl Et2

and (i so- hdxand, heptane, oghHdng, t ReCaRgandafamrABnPrREnpBLAGINE/
represented by the =~ formulas (111) and élvz, greferred are io ounds of
t he fOr makiraliic hyrF PR ¥Peus ar FYChr 8P eFYELUORPRL 2BRpohX s C8F¥228

ol yner | 2t | ornh Ayl GeeloReRRRY: FEOPRGLG, PeAEpSaFRPREaSPrBnRe
pol yneri zati o t i ar t FORT d nthe

t . th t - d [
Comone o oL iy A OBl s

p0|yneriZatic"hé*géﬂQf@nga@h?@rpagpaéﬁgoPMbgﬁééﬂg 5h8 dichloromethane;

and mixtures of these hydrocarbons.

10 ' The combonents for preparing the olefin polymerization
catalyst may be mixed in any order, but it is preferred
that:

the component (a) is mixed with the component (b);
the component (b) is mixed with the component (c),
15 then with the component (a);
the component (a) is mixed with the component (b),
then with the component (c); or
the component (a) is mixed with the component ({(c),
then with the component (b).
20 In the mixing of those components in a solvent, the
g.concentration of the component (a) is desirably in the
range of about 10-8 to 107! mol/liter, preferably 10-7 to 5
X 10-2 mol/liter.
When thé'component (b-1) is used as the component (b),

25 the component (b-1) is used in such an amount that the
atomic ratio of the aluminum in the component (b-1) to the
transition metal in the component (a), Al/transition metal,

becomes usually 10 to 10,000, preferably 20 to 5,000. When



conponents (a) and (b) and, if desi'red, the conmponent (c) in an inert
hydr ocar bon sol vent or an ol efin solvent.

41 Exanpl es of the inert hydrocarbon sol vent used for

preparing the ol efin polynerization catal yst include al i phatic

hydr ocar bons, such as propane, butane, pentane, hexane, hept ane,

oct ane, decane, dodecane and kerosine; 4% alicyclic hydrocarbons, such as
cycl opent ane, cyclohexane and nethylcyclopentane aromatic

hydr ocar bons su nze .t ol uene and_xyl ene; halog nat

hydr ocar bons, ﬁghcomponggt ﬂﬁy| ndS cHF&% ths GoRpEeRs ( The

di chl or onet hane xtures of these h drocarbons The

conponent s for© BWBBQ?P%ng oﬁngﬁegol Faffofmoun 5&? }&?lﬂﬂ}qﬁa
m xed in any OEggEo Q%tthg c%m r?g?Er§g) to. t%%anq?onent (P %Ee component

(a) is mxed w the conp I's m xed

with the conpoRephpbhbnt, J(é)/EB%BoWe‘hlﬂ tmez(scyrm%%&ne@ahsuauy .01 he
conponent (a) is mxed with the Conponent (b), then with the conmponent

(c); or 5 10, bhgfggaggpeotl(ab is5 m xed with the conponent (c),

then with the conponent (b). 20 In the m xing of those conponents in
a solvent, the Thaceohpahent dt)t bencbeposed;, (&) nesedearyabliy Bﬂchhe
range of about 10-8 to 10[err] nol/liter, preferably 10[err] to 5

10[ err] nol/|i@gramount that V\henattﬁeleoﬂfeéﬂenpf( Bhe) alymisum aé;omhe(Alc)

conponent (b),, 25 the conponent (b- 1% I's used in such an_ampunt that the
in the component (c¢) to the aluminum atom (Alg_;) in the

component (b-1), (Alc/Alg_;), becomes usually 0.02 to 20,
10 preferably 0.2 to 10.

The above components may be mixed in a polymerization
reactor, or a mixture preliminarily prepared may be added
to the polymerization reactor.

When the components are preliminarily mixed, the

15 mixing temperature is in the range of usually -50 to 150
°c, preferably -20 to 120 °C, and the contact time is in
the range of usually 1 to 1,000 minutes, preferably 5 to
600 minutes. The mixing temperature may be varied during
the mixing procedure.

20 The olefin polymerization catalyst used in the

f.invention may be a solid olefin polymerization catalyst
wherein at least one of the components (a), (b) and (c) is
supported on an inorganic or organic, granular or
particulate solid carrier.

25 The inorganic carrier preferably is porous oxide, for
example, SiQO; or Al,0s;.

The granular or particulate solid organic compound is,

for example, a polymer or a copolymer prepared by the use



atomc*ratio of the aluminumin the conponent (b-1) to the * transition
metal in the conponent (a), Al/transition netal, becones usually 10
to 10,000, preferably 20 to 5,000. Wen

42 t he conponent (b-2) is-used as the conponent (b), the

conponent (b-2) is used in such an anount that the nol ar rati o of the
conponent (a) to the conponent (b-2), 43 (conmponent (a)/conponent

(b-2)), becones usually 0.01 to 5 10, preferably 0.1 to 5. The
conponent (c) can be used, if necessary, in such an anmount that the
atomc ratio obPft ke a—wheafiim atcord -((Alephylene, iprafyd esenpondntbygnelo ehe
al um numatom (Al [err]) in the conponent (b-1), (Al[err]/Aferr]),
becones usual | gt@rénet @s2@he 1@ jore fcomplonen®. .2 to 10. The above
conponents nmay be mixed in a polynerization reactor, or a mxture
prelinmnarily prepaf8dthgyPbesgaednventiong @ﬁeOQéﬁyﬁemﬁiabﬁon react or.
When the conponents _are prelimmnarily m xed, the 15 m xing tenperature S
in the range oPTBBRAMPPTiZEd; yitfpthe COPPANERES st ECFMIPT she olefpin
[err] C, angsthe Eontact ti,me is g the range of usually 1 to 1,000

m nut es, prefeP8 V?e5158tl°n °§6@ #Stut es. The nixi ng tenperature may be

vari ed QUrlpg #HS gy xkQg BrgﬁegHr%h é@epolxmeIE QE%B qllg eferably

pol yneri zation catalyst “USé a so

pol ymeri zati on 9%9&&&% etn%%@ B2t hRRSheONSyef th\qx%mows&s(t%)ng(m

and (c) is supporte on an inorganic or organlc granul ar or
of any of these olefins and other olefin is also available.

The olefin polymerization éatalyst used in the present
10 invention may further contain other components useful for
the olefin polymerization, such as water as a catalyst
component, in addition to the above-mentioned components.

The propylene/l-butene random copolymer used in the
invention can be prepared by copolymeriéing propylene and

15 1-butene in the presence of the above-described olefin
polymerization catalyst in such a manner that the aforesaid
monomer ratio is finally obtained.

The polymerization can be carried out by any of a
liquid phase polymerization process (e.g., a suspension

20 polymerization process or a solution polymerization
&process) and a gas phase polymerization process.

In the solution polymerization process, the same inert
hydrocarbon solvent as used for preparing the catalyst can
be used, or propylene per se can be used as a solvent.

25 In the suspension polymerization process, the
polymerization temperature is desirably in the range of
usually -50 to 100 °C, preferably 0 to 90 °C, while in the

solution polymerization process, the polymerization



particul ate solid carrier. 25 . The inorganic carrier preferably is

por ous oxi de, for exanple, SiJerr] or [err]. The granul ar
or particulate solid organic compound is, for exanple, a polyner or a
copol yner prepared by the use : 43

of an a-olefin (e.g., ethylene, propylene or 1-butene) or styrene as
the maj or conponent. In the $4esent invention, an olefin may be

prepol ynerized with the conponents for form ng the olefin
pol ymeri zation_cata e aolefin used.in_.the %P3p9¢yner|zat|on

i's preferably tempe5¥g%§peﬁ§ l@tﬁ?ﬁeﬁ@“@? ffbﬁﬁgﬁ 1vp0; t8
consi sting r8§e99¥ gfzbhggengettns #pd ﬁéh res%ﬁ%gg %31?%391 yailabl e.

The ol efin poI nerrza n~catral yst used in ven I on nmay

further contaiprglgs CPABOBBAYRE¥IELYL ohOt emperatliecOksl iR RALY PRGN,

such as water as a cataly conponent, 1n addition to

above- nEnthﬂedsﬁQMD?”@”ﬁ@ 120 °c, preﬂ@ﬁa@lppxbeﬂe/ie@uﬂﬁne random

copol ynmer used in the i nvention can be prepared by copol yneri zi ng
propyl ene §nd 15 dhdupebgménitheipnepesseust tbeiabeke- daagei bedushallily
pol yneri zation catalyst in such a manner that the aforesaid nmonomer
ratio is final aymosphenid. pressure toThQOphgyanjzpréﬁarahhybetmasphediout
by any of a l'i qui d phase pol ynerization process (e.g., a suspension

20 pol yneri zapreaspreckesS58r ka/sof ut | Bae ppPyvmeriaetdan can beocassiednd a

gas phase pol ynerization process. _ , _
out by any of batchwise, semi-continuous and continuous

processes.
10 The polymerization can be carried out in two or more
étages under different reaction conditions.

The molecular weight of the resulting propylene/1l-
butene random copolymer can be controlled by allowing
hydrogen to be present in the polymerization system or by

15 varying thelpolymerization temperature or the
polymerization pressure.

In the present invention, the propylene/l-butene
random copolymer may be a product having been partially or

- fully modified with unsaturated carboxylic acids or |
20 anhydrides thereof. The modified product of the
f.propylene/l-butene random copolymer has good overlap
packaging properties and high bond strength to metals.

To the propylene/l-butene random copolymer, various

additives such as heat stabilizers, ultraviolet light
25 absorbers, anti—blocking agents, slip agents and antistatic

agents may be added.

Pol lene composite fil



In the solution polynmerization process, the sare inert hydr ocar bon
sol vent as used for preparing the catal yst can be used, or propyl ene
per se can be used as a solvent. 25 In the suspensi on polynerization

process, the

pol ymeri zation tenperature is desirably in the range of

usually -50 to 100 [err]C, preferably O to 90 [err]C, while in the
sol ution pol ynerization process, the paAgnerization

44 tenperature is in the range of usually 0 to 250 [err]C,
preferably 20 to 20 err]C.__ In.the gas_phase pal.yneri zati.on

process, the poIyne?P%aPPgprgﬁﬁéfgfugnggSﬁ et%él LRGECEFINY tO TR 1y o
to 120 [err]C,pB%gE%Eaghxe%Qi%% %%%p&%@%EQ' 5 The pol yneri zation
pressure is in"the range of Udsually at nospheric pressure to 100

kg/cnferr], preferalhy @hgnggpgggqligﬁtp83&5§%5&qegg §%ygg4cg$@{r]. The

pol ynmeri zation can be carrie

any Of batchw se,

sem - conti nuous and (gPNthBUB¥Spylene/R-BGESHRS rand®m copolli@r layer.

pol ymeri zation can be carried out in tw or nore st ages under

di fferent reacti on thedprbpgiene/l-butene Thadonl eopbaymeei ghyeef (BYeis a
resul ting propyl ene/ 1- but ene random copol yner can be controll ed by

al | owi ng

hgdrogenliioghdageesend iis phrovidegnon zae or dpdthemunfdnes 15

varying the polynerization tenperature or the pol ymeri zation pressure.
In the presentofnthat comstehd ipeopplensrpydenendayer (Ransemvdaoldasm® my

be -a product

havi ng_been partially or fully nodified with unsaturated

carboxylic aciB@S8r1a¥68¥-anhydrides thereof. The nodified product of the

10

15

20

25

In the polypropylene composite film of the present
invention, the crystalline polypropylene layer (A) as the
base layer may be unstretched, monoaxially stretched or
biaxially oriented as described above. One or both
surfaces of the base layer may be subjected to a corona
discharge treatment by a known method.

The composite film can be prepared from the
crystalline polypropylehe and the propylene/l-butene random
copolymer by various processes. For example, the
polypropylene composite film comprising the unstretched
polypropylene layer (A) and the propylene/l-butene random
copolymer layer (B) can be obtained by thé following

~.processes.

(1) The crystalline polypropylene and the
propylene/l-butene random copolymer are co-extruded to form
a laminate.

(2) On a film of the crystalline polypropylene, the
propylene/l-butene random copolymer is melt-extruded to

form a laminate.



pr opyl’ene/ 1- but ene random copol ynmer has good overl ap packagi ng

prsoperti.es and high bond strength to netals. To the
propyl ene/ 1- but ene random copol yner, vari ous addi tives such as heat
stabilizers, ultraviolet light - 25 absorbers, anti-blocking agents, slip
agents and antistatic agents may be added.

Pol ypropyl ene conposite film 46 45

The pol ypropyl ene conposite filmaccording to the present invention
conpri ses: crystalline prop ne | a and

(B) the propylene/l(B&te% % %1&§ﬁoF§¥§ alﬁﬁ@? gOEgpr°p¥?e?ﬁeand a
propyl ene/ 1- bu ¢ ndom cQ ng | ayer
and is prOV|de% OW 8%e%§r rp éESute ﬁaq (ﬁ%ﬁ§¥§ er §¥e

pol ypropyl ene |.aygh o(4) tgsfe\eh@g 3R an &??essq\)eayer In the
pol ypr opyl ene conposite t he resent I nvention, the crystalline
pol ypr opyl ene | ayer oeALnasabBee proc@%%%sl axw g%cl@%su@st(rl@t ehed. (2) are
nonoaxi ally stretched o bi axially oriented as described above. One or
bot h Sur f 9eé$e9freahge@a%@el aard iRy cta@l Pjreaidad yt tade A&

di scharge treatnment by a known net hod. The conposite filmcan be
prepared from thapositecEydimalolfi rsaamleyp;uamﬂt@ne:amn@et e tariod .ene/ 1- but ene
random copol ymer by various processes. For exanple, the

pol ypropyl ene conpofheepblynropupensi cgmpos iestfidmckedprising the
biaxially oriented polypropylene layer (A) and the
propylene/l-butene random copolymer layer (B) can be
10 obtained by, for example, the following processes.

(1) The crystalline polypropylene and the
propylene/l-butene random copolymer are co-extruded to form
a laminated sheet, and the laminated sheet is then
stretched in the lengthwise and crosswise directions

15 separately or simultaneously.

(2) The crystalline polypropylene is melt-extruded
and stretched in the lengthwise or crosswise direction to
form a monoaxially stretched base layer. On the
monoaxially stretched base layer, the propylene/l-butene

20 random copolymer is melt-extruded or a propylene/l-butene
*.random copolymer film preliminarily prepared is laminated,
to form a laminated sheet. The laminated sheet is then
stretched in the unstretched direction.

(3) The cryétalline polypropylene is melt-extruded

25 and stretched in the lengthwise and crosswise directions
éeparately or simultaneously to form a biaxially oriented
base layer. On the biaxially oriented base layer, the

propylene/l-butene random copolymer is melt-extruded or a



pol ypropyl ene | ayer (A) and the propyl en&/|-butene random 20 copol yner

| ayer (B).can be obtained by the follow ng processes. (D
The crystalline polypropyl ene and the propyl ene/ 1- but ene random

copol ymer are co-extruded to form a lamnate. 25 (2) On a
filmof the crystalline polypropyl ene, the propyl ene/ 1- but ene random
copolyner is nelt-extruded to fore7a | am nate.

46 (3) Afilmof the crystalline polypropyl ene and a film
of the propyl ene/ 1-butene random copolyner are  _..conpi . er with
an adhesive. PTOPY ene%i'??&F%%oﬁ%gg?%c%%EE%Ym?hefb%%cégéggﬂtéggg%g (2)
are 5 preferred becaus | an be readily nade and a conposite
film of staNe?%ﬁﬁ%% @I%gnﬂ%gg%%€%§hed. The pol ypropyl ene

conposite filmconprj)sing dilsially MAdldy PIifN Lm0l ypjapyl eige | ayer
(A) and the propyl ene/ 1- but erie random copol yner | ayer (B) can be 10

obt ai ned by, f41 RS8P Fend NendiOh! P MJo P €RESEEEPY lene/1-butehid) rdhdom
crystal line pol ypropyl'ene and the propyl ene/ 1- but ene random copol yner
are co- ext udesbg@) ys M are combanédatedesheet wiendahhadhasinat ed sheet is
t hen stretched in the | engthwi se and crosswi se directions 15
separately or sinulagfingosisdlyove processes( 2dhgherecsss ak2] nes pprgpeovpgiene
is melt-extruded and stretched in the | engthwi se or crossw se
direction to becadse maldbr@aksaregdilycnafiedandse rayepsitp fhem of

stable quality can be obtained.
In the present invention, it is desired that stretch

10 ratio of the biaxially oriented crystalline polypropylené
laﬁer () serving as a base layer is in the range of 3 to 7
times, preferably 4 to 6 times, in the lengthwise
direction, and it is in the range of 3 to 12 times,
preferably 6 to 10 times, in the crosswise direction.

15 In the polypropylene composite-film of the present
invention, the crystalline polypropylene layer (A)
desirably has a thickness of 5 to 200 um, preferably 10 to
60 um, and the propylene/l-butene random copolymer layer
(B) desirably has a thickness of 0.1 to 50 um, preferably

20 0.5 to 20 pm.

EFFECT OF THE INVENTION
The polypropylene composite film according to the
present invention is excellent in heat-sealing properties.
25 Particularly, the film can be heat-sealed even at low
temperatures, and it can be heat-sealed within a wide
temperature range. Moreover, the film has high heat-

sealing strength. Further, even when the polypropylene



nonoaki al.ly stretched base | ayer, the propyl ene/1l-butene 20 random

copolynmer is nelt-extruded or a propyl ene/ 1-but ene random copol yner
filmprelimparily prepared is |aninated, to forma | am nat ed sheet.
The | am nated sheet is then stretched in the unstretched direction.
(3) The crystalline polypropylene is nelt-extruded 25 and stretched in
the | engt hwi se and crosswi se directiond8 separately or sinultaneously
to forma biaxially oriented base layer. On the biaxially oriented
pase layer, t“ceompm@é%ﬂn?“fé TsbEE8°r5ENIQTLAGPRLYTE b2 EFhL, CXEEuded

random copol yaer, f1dm pf el f{%r%?%if'éﬁ'%re do@k€ gfeéhmgéam?ﬁt egme and

(4) A btaxial y oriented e crysta ypropy ene and a

filmof the propylenglid- Q@é@ﬂ@ ﬁ@é‘@ﬂﬂéalf)néoaﬁéi‘g\?ioﬁr@aﬁoﬁél agdukeaet her
w th an adhesi ve. t he above processes, the process (2) is

preferred becapie Mﬁf@y.ﬁerﬁ@&ﬁbd@bﬁﬁﬂ@ Bl a0 £ o spt€sént m of
stable quality can be obtal ned. In the present invention, it is
desi red thﬁt:ﬂﬂmﬁﬁﬁuoﬁahavﬁmgoamfumHEretauedlImonoasnabﬂycsyseabhedeor

pol ypr opyl ene | ayer (A) serving as a base layer is in the range of 3
to 7 ti mesiaxpial by abtiented eryswetlineg phdybeopyheneelayer gisr&beion,
and it is in the range of 3 to 12 tines, preferably 6 to 10 tinmes, in
the crosswi se kigectayser Shews excelhe@hetﬁéP?B?Bﬁ?F%neSEBﬁﬁﬁglFésﬁﬁFﬁPSP

he pr nt- . _invention, the cr Ilin r |
the present and hot éagk p%osggt gia IneagglggogPy A0S ERYR" 16 h1most

free from surface tackiness and has excellent slip
10 properties and blocking resistance at high temperatures, so
that it is suitable for high-speed packaging.
The polypropylene composite film of the present
invention having the above-mentioned excellent properties
can be favorably used for packaging of foods, fill

15 packaging and fiber packaging.

EXAMPLE
The present invention will be further described with
reference to the following examples, but it should be

20 construed that the invention is in no way limited to those

t.examples.
Measurement of properties of propylene/l-butene random
copolymer

(1) Propylene content, 1-Butene content
25 The propylene content and the l-butene content were

determined using 13C-NMR.

(2) Intrinsic viscosity (1)



desirably has a thickness of 5 to 200 [err]m preferably 10 to 60
[err]m and the propyl ene/ 1- but ene random copol yner | ayer (B)
desirably has a thickness of 0.1 to 50 [err]m preferably 20 0.5 to 20
[err]m EFFECT OF THE | NVENTI ON The

pol ypr opyl ene conposite filmaccording to the present invention is
excellent in heat-sealing properties. 4 Particularly, the filmcan be
heat - seal ed even at | ow tenperaturés, and it can be heat-sealed within
a wde tenperature range. Mreover, the filmhas high heat-

seal ing strength. Fd hiait r@veit wWiescédiet polyprogpy Imewsured in decalin at
48 conposite filmis stored for a long period of tine, its

heat - seal i ng teperatane e sd diarge/gd th tine, and therefore
stabl e heat-sealing operation can be assured. The pol ypr opyl ene

conposite filmof ti(8 Massnilar Sveéighntdost hilvaniomn (MwiMnkt ched,
nonoaxi al |y stretched or biaxially oriented crystalline polypropyl ene
| ayer as the Belee nalesulktioviie Ekte| dbst ribuhkpar @eiMnk c¥a$ cheasured
resi stance and hot tack properties. In addition, this filmis al nost
free from 8ur firethaicke heewing apReEXEeLNenEPST1 pOC 1B OPrEREr PYes and

bl ocki ng resi stance at high tenperatures, so that it is suitable for
hi gh- speed padfdabtirere Co. The pol ypropyl ene conposite filmof the

e o o PR O S R TR R RIS of
packagi ng. 27 mm and a length of 600 mm was used. The column
temperature was set to 140 °C. -A sample (concentration:

10 0.1 % by weight, amount: 500 pl) was moved in the column at
a réte of 1.0 ml/min using o-dichlorobenzene (available
from Wako Junyaku Kogyo K.K.) as a mobile phase énd 0.025 %
by weight of BHT (available from Takeda Chemical
Industries, Ltd.) as an antioxidant. A differential

15 refractometer was used as a detector.

Standard polystyrenes available from Toso Co., Ltd.

were used as those of Mw < 1,000 and Mw > 4 X 105, and

standard polystyrenes available from Pressure Chemical Co.

were used as those of 1,000 < Mw < 4 x 108,

20 (4) B value (monomer distribution)

e

The monomer distribution B value was determined in the
following manner. A 13C—NMR spectrum of a sample obtained
by homogeneously dissolving about 200 mg of a copolymer in
1 ml of hexachlorobutadiene in a sample tube having a

25 diameter of 10 mm was measured under the measuring
conditions of usually a temperature of 120 °C, a frequency

of 25.05 MHz, a spectral width of 1,500 Hz, a filter width



EXAMPLE The present invention will be further described with
reference to the foll owi ng exanples, but it should be 20 construed that

the invention is in no way limted to those exanpl es. Measur enent
of properties of propyl ene/l-butene random copol yner (1)
Propyl ene content, 1-Butene content 25 The propyl ene content and the
1- butene content were det er m ned ugbng 13C NWR (2)
Intrinsic viscosity ([err]) 49

The intrinsic viscosity ([err]) was nmeasured in decalin at 135 [err]C

and expressed Bf 3,590 Hz, pulse yepetNgliultimewdfht-iseeiandi on (Mv M)
The nol ecul ar wei ght dLstribution:éNleﬂz was_measur ed 5in the follow ng
manner using GPBLegFEtinGuFddieDHyPt 2,000 149 pin®0 Q. From the spegleraRatory

T o ok SRR Bh2 B hBh S il or AL BT E u80 ™
(concentrationbal£glage#.%E%Xﬁxﬁﬁggbasgggugg: 500 [err]) was noved in the

col um at arate o I'ng 0%i chl or obenzene (avai l abl e

LTS BT (SO kR AN Phese e 0,025 % by velon
antioxidant. A diffephgnhkdking point (Tm) was measured in the following
manner using a DSC-7 type measuring device (differential
scanning calorimeter, DSC) produced by Perkin Elmer Co.
About 5 mg of a sample charged in an aluminum pan was
10 heated up to 200 °C, kept at 200 °C for 5 minutes, then
cooled tb -40 °C at a rate of 10 °C/min, kept at -40 °C for
5 minutes and finally heated at a rate of 10 °C/min, to
obtain an endothermic¢ curve of the sample. From the
endothermic curve, the melting point (Tm) was determined.
15 (6) Crystallinity
The crystallinity was determined by subjecting a
pressed sheet having a thickness of 1.0 mm to X-ray

diffractometry after at least 24 hours had passed since the

sheet was formed.

20 Measurement of properties of composite film
e (1) Haze

The haze was measured in accordance with ASTM D1003.
(2) Change of haze with time
The composite film was maintained at 80 °C for 3 days
25  and allowed to stand for cooling. Then, the haze was
measured in the same manner as in the measurement (1).

(3) Glossiness



15 réfractoneter was used as a detector. St andard pol ystyrenes

avai l able from Toso Co., Ltd. were used as those of Mv < 1,000 and Mw
> 4 x 106, and standard pol ystyrenes avail able from Pressure Chem cal
Co. were used as those of 1,000 < Mv< 4 x 10[err]. 20 (4) B

val ue (nononer distribution) . The mononer distribution B val ue

was determined in the foll ow ng mapper. A 13C- NWR spectrum of a sanple

obt ai ned by honpgeneously dissol ving about 200 ng of a copolymer in

1 m of hexachl orobutadi ene in a sanple tube having a 25 dianeter of 10

nm was nmeasured undeéfet H&OREABESSNY2S meaé&ﬁ&dtﬂénécGPrﬂ§@§ﬁlW%& ASTM

t enperat ure ofD%§3 [err]C, a frequency of 25.05 MHz, a spectral width
t

of 1,500 Hz, er width 50

of 1,500 Hz, pulse gge&%ﬁlogtglggt%f(él%e%gg¥§pqe . treﬁ rating tines

of 2,000 to 5, 000. € Spéc [err] and

Plerr] were SOUght’Tﬁgdtégg gt%%&ﬁgh s measu?@ CHBaE%QOQ%h%% ¥ﬁ'ﬂ ﬁSTM

t1ng

Plerr] and P[err] ting point
poi nt (Tm swasppgasured in the foll ow ng nanner using a DSC- 7 type
measuring device (differential scanning cal orineter, DSC) produced
Perkin El mer Co. (5) sboptpboperefies sanpl e charged in an al um num pan
was 10 heated up to 200 [err]C, kept at 200 [err]C for 5 mnutes, then
cooled to -40 [err]Thatsaipapeopért@epewelk€ measukept iat acé0 ridenceCwidh
5 mnutes and finally heated at a rate of 10 [err]C/mn, to obtain
endot her ni ¢ cub§8MoP1l8A4.sanple. Fromthe endot hermi ¢ curve, the

melting point (Tm was determi ned.
_ (6) Change of slip properties with time

10 The composite film was kept at 40 °C for one week and

allowed to stand for cooling. Then, the slip properties

were measured in the same manner as in the measurement (5).

(7) Blocking resistance
The blocking resistance was measured in accordance
15 with ASTM D1893.
(8) Change of blocking resistance with time
The composite film was kept ét 50 °C for one week and
ailowed to stand for cooling. Then, the blocking
resistance was measured in the same manner as in the
20 nmeasurement (7).
b4

™~ (9) Heat-sealing strength

Two of the composite films were superposed one upon

by

an

another in such a manner that the propylene/l-butene random

copolymer layers (B) faced each other, and they were heat-
25 sealed at each temperature of 80 °C, 90 °C, 100 °C, 110 °C,
120 °c, 130 °C, 140 °C and 150 °C for 1 second under a

pressure of 2 kg/cm? by means of a seal bar having a width



15 -~ (6) Crystallinity The crystallinity was determ ned by
subj ecting a pressed sheet having a thickness of 1.0 nmto X-ray
diffractometry after at |east 24 hours had passed since the sheet was
formed. 20 Measurenent of properties of conposite film (1)
Haze The haze was neasured in accordance with ASTM D1003.

(2) Change of haze with tine S5Zrhe conposite fil mwas nmaintai ned
at 80 [err]C for 3 days 25 and allowed to stand for cooling. Then, the
?g)z ®doasi nessor?qosunrm?_d ' fhdd® IR 'frlﬂngewre@ésg&?gﬁg& £ stand

gl ossi ness was_neasured in accordance with ASTM D523. (4)
Tear strength %%5rﬁﬁ1 w19 t ear strength) The tear strength was
nmeasured in accord ' 1922, BbeShtRrlr QR§rties
The slip properti ezﬂ\?/\%r%&rﬁrélaésb\u%}gd irnéagccorégr?cgtwetaﬁh te i)eASTM E)18g§1.

(6) Change of shd PPrORES td espadintert iIMByink0 a width bHe160MROSi TRefhéat was
kept at 40 [err]C for” one week and al lowed to stand for cooling.
Then, the §lipsddDRErFéESion of tMY spwAMerctraisnpebdedast anonessakead t he
measur enent (5). (7) Blocking resistance

speed of 300 mm/min to measure the peel strength.
(10) Hot tack properties
(a) Hot tack properties in Examples 1 to 4 and
Comparative Example 1
10 Two of the composite films were superposed one upon
another in such a manner that the propylene-l-butene random
copolymer layers (B) faced each other, and they were heat-
sealed at each temperature of 70 °C, 80 °C, 90 °C, 100 °C,
110 °C, 120 °C and 130 °C for 1 second under a pressure of
15 2 kg/cm?2. Then, the heat-sealed portion of the specimen
was peeled at a cross head speed of 500 mm/min to measure
the peel strength.
(b) Hot tack properties in Examples 5 ﬁo 8 and
Comparative Example 2
20 Two of the composite films were superposed one upon
f*.another in such a manner that the propylene-l-butene random
copolymer layers (B) faced each other, and they were heat-
sealed at each temperature of 90 °C, 100 °C, 110 °C, 120
°c, 130 °C, 140 °C and 150 °C for 1 second under a pressure
25 of 2 kg/cm?. Then, a peeled distance of the heat-sealed

portion was measured under a load of 45 g.



The bt ocking resistance was neasured in accordance 15 wth ASTM D1893.

(8) Change of bl ocking resistance with tine The conposite film

was kept at 50 [err]C for one week and al l owed to stand for cooling.

Then, the bl ocking resi stance was neasured in the sane manner as in

the 20 neasurenment (7). (9) Heat-sealing strength

Two of the conposite filnms were superpgged one upon another in such a

manner that the propyl ene/ 1-butene ran copol ymer | ayers (B) faced

each other, and they were heat- 25 sealed at each te

[err]C, 90 [err]C, ExEpdmtrla] 1C 3l 6T) 1€ eIpE ¢

140 [err]C and 150 [err]C for 1 second under a pressure of 2

kg/cn{err] by nean§Qﬁae??#&ﬂequUQQﬁAQKFei@ﬁ%ﬂ?ghly purged with nitrogen
of 5 mm Then, the heat-sealed filns we g@ g {o st and

for cool ing. were introdyged 00 & ek Wﬁ%ﬁn%e%T d°%t 9 3t h! TRALEPGL ure was

Eﬁ; ion ol ﬁefsoﬁlé%rhﬁfﬂrﬁ‘x?&é"%w oh itof of ot haghse Ve mindnCrASpr
mn to ag::i-t?gé:hrﬁae% rg u%{(ref'géﬁe systegm was éi‘g'}allc_%& tt.gCJfOp“(?Pert | €5

(a) Hot ta arrples 1 arative Exanmple 1
10 -nM)(goéJf§ﬁ§”W§§'féﬁféd I¥§r@héU@@E§9559e9§§r§p9@came 7 anot her

in such a manner he propyl ene- ut ene random copol yner | ayers

(B) faced eacfkggo/t G,anGhd Y3 0V N methylaliadliskaie eatd 0 SOPEIahoL €
of 70 [err]C, [err]C 90 [err]C, 100 [err]C,
: (in terms of Zr atom) of rac-dimethylsilylene-bis{1l-(2-

per at ur e of 80

methyl—4—phenylindenyl)}zirconiﬁm dichloride were_further
10 added. The po;ymerization was performed for 30 minutes

while propylene was eontinuously fed to keep the total

pressure at 7 kg/cm2-G. After the polymerization, the

autoclave was releasedr and a polymer was recovered in a

large amount of metﬂanol and dried id vacqum'dried at 110
15 °Cc for 12 hours. -

Thus, the amount ef the polyﬁer (propylene/l-butene
random copolymer) obtained was 39.7 g; and the
polymerization activity was 79 kg—pdlymer/mmol—ir-hr. This
polymer contained constituent units derived from l-butene

20 in amounts of 24 % by mol, add had an intrinsic viscosity

M) of 1.63 dl/g and a melting point of 92 °C. The

properties of the polymer are set forth in Tables 1 and 2.

Preparation Examples 2 - 4

25 Propylene/l-butene random copolymers were obtained in
the same manner as in Preparation Example ‘1 except that the
amounts of hexane, l-butene and propylene were used as

shown in Tables 1 and 2.



110 [®err]C, 120 [err]C and 130 C for 1 second under a pressure of 15 2
kg/cmerr]. Then, the heat-seal ed portion of the specinen was peel ed
at a cross head speed of 500 nminmin to neasure t he peel strength.

(b) Hot tack properties in Exanples 5 to 8 and Conpar ati ve Exanmple 2
20 Two of the conposite filns were superposed one upon anot her
in such a manner that the propyl ene-1-®ftene random copol yner | ayers
(B) faced each other, and they were heat- seal ed at each tenperature
of 90 [err]C, 100 [g4&] ﬂé{{[ r [ ] 1 r

[err]C and 150 [err] Céf%i;o selc%\ddfﬁie?%glgrmgggu?gé ggt §Qr£§ chrn%.fgs
Then, a peel eth disd ance of the heat-seal ed portion was neasured under
a load of 45 g. Preparation Exanple 1

53 Preparati on of propyl ene/ 1-butene random copol yner

To a 2-liter autoclave thoroughly purged with nitrogen wer e introduced
900 M of hexEreraxatsion FEanpletene, foll owed by adding 1 mmol of
triisobutylal um num After 5 the tenperature of the system was el evat ed
to 70 [errPC, TR ob\a dhik e autas laye rhoronehiyt pprgedsyith bitnogen
kg/cnferr] - G, and 0.30 mol of nethyl al um noxane and 0. 001 nmpl (in
terns of Zr at'iipe O‘fn‘?%‘?fi‘%ﬁer%tarﬂﬂ I )ﬂfelli’@xﬁif@{ gn(izloo g of 1-butene,

net hyl - 4- phen zi reconi um di chl orj de mer 10 added. The
polyﬁerizgtioxé%ékpﬂég) q% 8F2§r115° ﬁ@TBWbB9?eneA _r

continuously féﬁitC)ﬁg§¥%€J¥%té¥i%he system was elevated to 70 °C,

propylene was fed so that the total pressure became 7
10 kg/cm2-G, and 1 mmol of triethylaluminum and 0.005 mmol (in
terms of Ti atom) of a titanium catalyst supported on
magnesium chloride were further added. The polymerization
was performed for 30 minutes while propylene was
continuously fed to keep the total pressure at 7 kg/cmz—G;
15 After the polymerization, the éutoclave was released and a
polymer was recovered in a large amount of methanol and
dried in vacuum at 110 °C for 12 hours.
Thﬁs, the amount of the polymer obtained was 33.7 g,
and the polymerization activity was 14 kg-polymer/mmol-
20 Zr-nr. This polymer contained constituent units derived
v«.from l-butene in amounts of 23 % by'mol, and had an
intrinsic viscosity (1) of 1.91 dl/g and a melting point of
110 °C.
The properties of the polymer are set forth in Tables

25 1 and 2.

Examples 1 - 4



pressure at 7 kg/cnferr]-G After the polynerization, the aut ocl ave
was rel eased, and a pol yner was recovered in a | ar ge anmount of

nmet hanol and dried in vacuumdried at 110 15 [err]C for 12 hours.

Thus, the anmount of the pol yner (propyl ene/l-butene random copol ymer)
obtained was 39.7 g, and the pol ymeri zation activity was 79

kg- pol ynmer/ mol - Zr. hr. Thi S pol ym&S cont ai ned constituent units
derived from 1-but ene i n amounts of 24 % by nol, and had an intrinsic

viscosity [er %‘ O];Pé”rlc’PS( dl / ug,eﬁe Erdgﬂegggg lgéEQ@Péﬁ)r r3fepardlf

properties of the ort

Preparation B%%ee azst meélLte%i'5 in an eRt2BULENSHE- PULEPS 58&&9@%' ymers

wer e obt ai ned manner as- 1 n Preparation Exanpl e 1 except

that the o}-xﬁfngf‘@(-@l% at- Aut-erenapdmpeopyheacoper o erd as
shown in Tables 1 an 54

The properties of t@%wwsmwa@pfr@pwena rabirg an isotlaamnik 2.
Preparation Exanpl e To a 2-liter autoclave thoroughly purged

with nitro§en index (EIR)i nif Aducednd3@ melaf ihdeanefabdS 1Wds gfed tio bihene,
foll owed by adding 1 nmmol of triisobutylalum num After ’ t he

t enper at ur e ofalidwes-ayexttaroness Teiddeatesd at wepdn] semperature ofr Y| Ehd¥nas
fed so that the total pressure became 7 10 kg/cnferr]-G and 1 nmol of
triethyl al uni may ofl QIR IMARtUdeT .

Both of the above resins were co-extruded to obtain a
composite film consisting of a homopolypropylene layer (A)
10 (base layer) having a thickness of 45 um and a propylene-1-
butene random copolymer layer (B) (heat-sealing layer)
having a thickness of 5 um.

The results are set forth in Table 1.

15 Comparative Example 1

A corﬁposite film was obtained in the same manner as in
Example 1 except that the heat-sealing layer was formed
from the propylene/ l-butene random copolymer prepared in
Preparation Example 5.

20 The results are set forth in Table 1.



terns” of Ti

chloride were further added. The pol ynerization
m nut es whil e propyl ene was

pressure at 7 kg/cnferr]-G
was rel eased and a

and

anount of the polymer obtained was 33.7 g,

atonm) of a titanium catal yst supported on

15 After the polynerization,
pol ymer was recovered in a | arge anmount of nethano
Thus,

dried in vacuumat 110 [err] C3@r 12 hours.
and the pol ynerization

magnesi um
was perfornmed for 30
continuously fed to keep the total

t he aut ocl ave

t he

activity was 14 kg-pol yner/nmol - 20 ﬁﬁbﬁé;ﬁ_This pol ymer cont ai ned
constituent units derived from 1-bufeéne Th anmounts of 23 Wbby nol , and
had an It T TTISTTVisScostty et i e afi | Aot .“t of
110 [err] C The propertle%*o 1hé§§§l neF are s Xtort EF 4
Tables 25 T - exarn
propyl ene/ 1- b tg%)g randlorx copol yngr 'izrf%) ;?Eg‘;r)%red PEr:p abok, greq%ec in
an extruder angh f qdrélg)ypergé)rrpom tg 76 fllmyhorninggy-dile adig™a resiy E
tenperature of 200 d&k¥dde mol%) Separ at el y,f honppollypropyl ene “haviing
an isotactic 5 1iuiederdd é @it {96 da and aygel t] i ndex of §.&5 was fed tlo
t he above-nentioned'T(hda%ﬁ a resin|tenpergture of {220 [ery] C by
way of anot hejr (BXtIntieinsic Bpiés of theiabove §§Sins Verel 1 g9
co-extruded tjo, Q@A (m) (a1YPgsite fi|lmconsilsting of a
horropol'y pr opyIEgTE ) teT h 2.05 | 452 | 2.10 | 2.18 | 2.19
(4) B value 1.00 0.92 1.02 1.03 1.03
(5) Tm (°C) 92 110 103 110 129
(6)Crystallinity (%) 40 48 49 53 62
Thickness
(A) Base layer (um) 45 45 45 45 45
(B) PBR layer (um) 5 5 5 5 5
(1) Haze (%) 2.1 1.8 2.5 2.1 2.0
(2) Change of ha:ze 2.4 4.6 2.3 2.2 2.4
with time (%)
(3) Glossiness (%) 110 120 110 110 110
(4) Tearing
strength {(kg/cm)
lengthwise 11 12 13 13 12
crosswise 53 80 64 66 73
(5) Slip properties
/static friction 0.2 0.2 0.2 0.1 0.2
/dynamic friction 0.1 0.1 0.1 0.1 0.2
(6) blocking 1.1 5.2 0.2 0.2 0.2
resistance (g/cm)
(7) Heat-sealing
strength (g/15mm)
80°C 320 10 210 10
90°C 1680 40 1510 130
100°C 1730 300 1620 1590
110°¢C 1830 1620 1870 1920 40
9 120°C 2040 1620 1870 1760 530
130°C 1910 1820 1930 2060 2000
140°C 2460
150°C 2080
(8) Hot tack
properties (N/20mm)
70°C 3.9 3.5 4.5 2.5
80°C 5.7 3.8 9.1 6.5 0.6
90°C 6.4 3.8 7.1 8.4 3.6
100°C 6.0 3.9 5.8 7.2 4.3
110°C 6.4 3.9 5.4 5.9 6.1
120°C 5.7 4.6 5.4 5.0 4.8
_130°C 6.7 4.2 4.6 5.2 3.6



10 . .*( base | ayer) having a thickness of 45 [err] and a propyl ene-1I -

hut ene random.copol yner | ayer (B) (heat-sealing |ayer) havi ng a

t hi ckness of 5 [err]. The results are set forth in Table 1

15 Conparative Exanple 1 A conposite filmwas obtained in the
same manner as in Exanpl e 1 except that the heat-sealing |ayer was
f or med fromthe propyl ene/ 1- but en&#* andom copol yner prepared in
Preparati on Exanple 5. 20 The results are set forth in Table 1.

56 _ Table 1 Ex. 1 Com
Ex.2  Ex. 3 Gxqgples.3 -8 Ex.1 (B) PBR |ayer
Pr ep. Pr ep. Pr R

Ex > Ex Tﬁg&%%ﬂ}%ﬂyléﬁajhav1ng an ésotact§$ index f% t.) oﬁé

91 contengg (Mn@ meltl-idBNSCANEERL s moiéed 1nt33a sheetlgt 240 15
9 (mol % (2) Intrinsic 1. 1. 67
1. 69 viscosityd e kxedkctkd( 3k hhb“ﬂc 1n a stretch %a@io of455%1me521$0
2.18 2.17 (4) B val ue 0.92 .02 1.03
(5) Tm( C» the lengthwike dlrébﬂlon. 103 110 129
(6)Crystallinity(% 40 48 49 53 62 Thi ckness (A)
Base | ayer ([err]mThe stiget thUSHthained5was usedSas a baSe(Bay®BR |Qyer
([err]m 5 5 5 (1) Haze (%

21 1.8 one;gq;face;pﬁLthe baseg @gyeehaﬁgéaggrhggethe pyopylene/l-¢

2.3 2.2 with time d ossi ness 120
110 110 butﬂtﬁ (Qﬁ)n%‘hrqulym(e t(&} t REERGFEM in e/g‘:hlgﬁgt hwi se

11 12 Cr OSSW, se ,

64 66 PreR%F?%%°%§E%?ﬂﬂ¥%%5tF@b4 WF?tiFW&“PFFEt%Bnthe f°b?%Wl“g 0.2
0.2 /[dynami c friction 0.1 0.1 0.1 0.1

0.2 (6) b?‘@cklnrllagnngr 1.1 5.2 0.2 0.2 0.2

100 Parts by weight of the propylene/l-butene random
copolymer was mixed with 0.1 part by weight of an anti-
blocking agent and 0.16 part by weight of a slip agent.

The resulting mixture was melted in an extruder and then
15 extruded on the base layer at 200 °C to form a laminated
sheet.

The laminated sheet was stretched at 170 °C in a
stretch ratio of 10 times in the crosswise direction. Then
the sheet was cooled, while being substantially maintained

20 in the stretched state.
-~ Thus, a biaxially oriented composite film consisting
of a homopolypropylene layer (A) (base layer) having a
thickness of 22 um and a propylene/l-butene random
copolymer layer (B) (heat-sealing layer) having a thickness
25 of 3 um was obtained.

The results are set forth in Table 2.

Comparative Example 2



resi stance (g/cm (7) Heat-sealing strength (g/15m) 80[err]

320 10 210 10 90 C 1680 40 1510
130 100[ err] 1730 300 1620 1590 110[err]C
1830 1620 1870 1920 40 120[err] C 2040
1620 1870 1760 530 130[err] C 1910 1820
1930 2060 2000 140[err]C 58

2460 150[err] C 2080 (8) Hot
;agk prOpeggigfrfgﬁzggH¥051te fzgﬁeﬁéicbbtalned 1n thé3§%me mé%ﬁér as it O
90[err] C Exam@lé 5 exéeét that7tﬂe hea@Léba11n§3ﬁ§yer W%QDE©&MEQ

6.0 3.9 110[err]C 3.9
5.4 5.9 froﬁ-%he pr&%%ﬁéhéPQPbutene réndom copbﬂymer pﬂépéred im0
4.8 130[err]C 4.2 4.6 5.

S7 Exanplpegparat8on Example 5Honopol ypropyl ene haV|ng an |sotact|c

i ndex (I.1.) of 96 % and a nelt index of 1.5 was nolded into a sheet
at 240 5 [err] Chandesuiltschrd aet 18orferin Faklea &tretch ratio of 5
times in 5 the | engthw se direction. The sheet thus obtained

was used as a base | ayer.
t he propyl ene/ 1-

Preparation

100 Parts by
m xed with O.
by wei ght of
extruder and
| am nat ed

On

one surface of the base |ayer,
but ene random co

a | ayer

(PBR) prepared in each of

of

art

anples 1 to 4 was laminated in the followng 10 n
wei ght of the propylGnéﬁi5buteﬁémﬁandoﬁ¥ 6 yreEXnds
1 DHI’T hV Weli ﬂhT of an anti- 2hl cki Rg- dnnnf and-0-16 1
a (B pBRgdAyer T1eP¥%BLHt|3ﬁFRﬁ>ﬂlﬁﬁ?Rma ﬁEPPed i B SRy
then 15 extruded on &¥ lbdse Kg?er aFX% 0 gg Eﬁgﬁm
(L) sRaopPylene 76 9
content (mol%)
1-butene content 24 23 19 15 9
{mol%) i

(2) Intrinsic 1.63 1.91 1.65 1.67 1.69
viscosity (M) (dl/g) :
(3) Mw/Mn 2.05 4.52 2.10 2.18 2.17
(4) B value 1.00 0.92 1.02 1.03 1.03
(5) Tm (°C) 92 110 103 110 129
(6)Crystallinity (%) 40 48 49 53 62
Thickness :

(A) Base layer (uUm) 22 22 22 22 22
(B) PBR laver (um) 3 3 3 3 3
(1) Haze (%) 0.3 1.9 0.6 0.5 0.5
(2) Change of haze 0.3 2.5 0.7 0.5 0.5

with time (%)
(3) Glossiness (%) 140 130 130 130 130
(4) Slip properties
/static friction 3.3 non slip 0.3 . 0.3 0.4
/dynamic friction 3.3 non slip| ~ 0.3 0.3 0.4
| (5) Change of slip
- properties
with time
/static friction 2.3 non slipf 0.3 0.4 0.5
/dvnamic friction| 2.4 non slip| 0.3 0.3 0.3




The l-am nated sheet was stretched at 170 [err]C in a stretch ratio of

10 tines in the crosswi se direction. Then t he sheet was cool ed, while
bei ng substantially naintained 20 in the stretched state.

Thus, a biaxially oriented conmposite film consisting of a

honopol ypropyl ene | ayer (A) (base |layer) having a t hi ckness of 22

[err]m and a propyl ene/ 1-but ene random59 copol yner |ayer (B)
(heat-sealing |layer) having a thickness 25 of 3 [err]mwas obtained.

The results are set forth in Table 2. Conpar ati ve Exanple. 2
58 A conposite filmwas #B%%; %di&t g !EQS sgrre manner as in
Exanpl e 5 except that the heat-se med fromthe
propyl ene/ 1- but ene random copol ynmer prepared in Preparati on Exanpl e 5.
The peswts—are—set—Forth—+p—tabire—2
Tabl e 2 -5 qgﬂa\ EEXG Exsd 7| Exgd d
Ex. 2 (B) g “é“i Pr P2 lPr.pEf' cpo T Tt
Ex.1 Ex.5 Exb§ ckipg 3 441 () H)opyl é’rre 1 7d- 77
81 85 (7) g;;i;:ngg THC \||u= n/ .I. UUL CIjic bUIItC IL j M
23 19 1 1199 2) Al ntrin
1.63 191 | PIoBking Yegjstans: 95963 |scé§?ty && 1) (8o Sd?3)
~pime qlgm o en P e
Mn Vh 8 2. 95 a 210 2718 217 %)
1.00 0.92 | 8} g?en g 03 5) Tm([err]Q 92
gt /15m % )
110 103 11 %‘ )Crygtallinity (% 40 18 49
53 62 Thi cknes§0 c (A Baseggdepyer (Jerrlmzo 22 P2 22
22 22 100°C 900 260 700 10
110°C 750 450 700 510
120°C 750 540 430 10
130°C 540 410 460
140°C 450
150°C 460
(9) Hot tack
properties (mm)
90°C 120 300 300
100°C 20 250 130 300
110°C 15 40 18 150 300
120°C 7 20 10 20 120
130°C 6 18 6 11 25
140°C 6 17 7 7 . 5
150°C 7 20 7 S 5




(B), PBR | ayer ([err]n) 3 3 3 3 — 3 (1) Haze
BA% ) 5 .3 1.9 0.6 0.5 0.5 (2) Change of haze—
) 0.7 0.5 0.5 with time (

G ossiness (% 140 130 130 130 130 Of?"l,lwu”"”mm”[!”
properties [static friction 3.3 non sl i
/dynanic friction 3.3 nonslip ®®& 0.3 ~ (5) Change
gf slip properties with time . /stat|c friction

.3 non sli B lé&ﬁbd ig: 0.5 /dynamic friction 2.4 non
slip 0.3 _p%l.“%@ ¢ *e 59
Table 2 (Continued);, a polypropylene com osik¥. BilmCebiprifing: Ex. 7
Ex. 8 Ex.2 (6) bl ocking 4.1
>10 0.4 0.1 a &ké@tallﬁﬁﬁ:ﬁomyp&o©QAen§ LZzyethaagé of bl ocki ng
resi stance 6.3 >10 - 0.3 with time (g/cm
(8) Heat sealing (eranmmdpxx#nﬂﬁﬁﬁbutene rando@Ocdpolymer laydn
90 C 700 50 20 100[err] C 900 260
700 50 laminatad(ojrerafj Geast ongsgurfacgs5gf the7gpystalLjne
120[err] C 750 540 430 10 130[err]C
540 polymropylenggipyer (A); 140[err]C
450 150[ err Hot
tack properties (%ﬁﬁd propylengylsbutene randop,gopolyngh (B)4€%6£§g
100[err]C 300 110[err]C 15
40 18 tl?[% Pollow;L%é)roper]t eleO[ err] C 7 20 10
20 120 r 8 25
140[ err] C (fﬁqgﬁg %ﬁﬁolymer?cé%talns 588¢t0 95 %6by mOllé%[err]C
7 ZQO congiltuent ¢hits derived from propylene and 50 to 5 % by

mol of constituent units derived from l-butene,
(2) the intrinsic viscosity, as measured in decalin at
135 °C, is in the range of 0.1 to 5 dl/g,
(3) the molecular weight distribution (Mw/Mn), as
15 determined by gel permeation chromatography (GPC), is not
" more than 3, and
(4) the parameter B value, which indicates randomness
of the copolymerized monomer sequence distribution, is in

the range of 1.0 to 1.5.

20
{ 2. The polypropylene composite film as claimed in
claim 1, wherein the crystalline polypropylene layer (A) is
an unstretched, monocaxially stretched or biaxially oriented
crystalline polypropylene layer.
25

3. The polypropylene composite film as claimed in
claim 1 or claim 2, wherein the parameter B value, which

indicates randomness of the copolymerized monomer sequence



60  ~» What is clained is: 1. A polyproﬁyleﬁe-cenposite f%lnq__

conpr|5|ng (A) a crystalline polypropyl ene

(B) a propyl ene/ 1- but ene random copol ymer |ayer 5 | ani natl“mi)mllﬁllu 'ﬂﬂs'”"l
one surface of the crystalline pol ypropyl ene | ayer (A

sai d propyl ene/ 1- but ene random copol yner (B) having t he follomnng
properties: (1) the copol ym&l contains 50 to 95 @6by nDI of 10

constituent units derived from propylene and 50 to 5 % by

constituent uni %&ﬁf%'Vegnfr8?1éﬁgu%?9§ylenié% ?u T%?}aBBSm'Ebgbﬂghgr

viscosity, as tlecal I'n I'nth nge of

0.1 to 5 dl/g, 3 | gcyl yesghindi 6hei BBpb2PmeMV (i), as
15 deternlned(%b b%llneF%éa%loﬁgcﬂ?ona?ogéaphyg(G%C3 is n% o ég?e

than 3, and  gyrther héé)thbBerpaLaweher pBopaktgeswhi ch indicates
randommess of the copol ynerized nononer sequence distribution, is in

the range of 1.0 to(4) Sthe Xelting point 2Tm, dbempatypedpyyeae conposite
filmas clainmed in claim1l1, wherein the crystalline polypropyl ene

| ayer (A) Bs dlffeaenuhalrecahadngnoabaxuaetyrstLetcheuhgrranqguaflﬁo to
oriented crystalline polypropylene |ayer. The
pol ypropyl ene To0p¥si tand i4he ave ki Hgrerpint Tm anQH?ﬁ?nﬁfQﬂt%m%ln12
wherein the paraneter B val ue, which i ndi cat es rand% ﬁs % & e,
copol yneri zed g@m@ﬁ%tuggaugﬂég content M (% by mol) satis llowing

relation:
-2.6M + 130 £ Tm < -2.3M + 155
10 and
(6) the crystallinity C, as measured by X-ray
diffractometry, and the l-butene constituent unit content M
(% by mol) satisfy the following relation:
C=2-1.5M + 75
15
4, The polypropyléne cdmpoSite film as claimed in
claim 1 or claim 2, wherein the propylene/l-butene random
copolymer (B) is prepared by copolymerizing propylene and
1-butene in the presence of an oiefin polymerization
20 catalyst comprising:
~ (a) a transition metal compound represented by the

following formula (I):



61 . » distribution, of the propyl ene/ 1- but ene randon1cobdlynEF o “(B)

is 1n the range of 1.0 to 1.3, and the copol yner (B)
foll ow ng properties: (5) the nelting point Tm g ' ’""

5 differential scanning calorinmeter, is in the range of 60 tb c L

[err]C, and the nelting point Tn1and the 1-butene constituent unit
content M (% by mpl) satisfy the foll ofiZzng rel ati on:
-2.6M+ 130 < Tm< -2.3M + 155 10 and (6) the

constituent unit content M % by satisfy the follow ng rel ation:
C>-1.5M+ 75 15 3 Eﬂé’pol ﬁﬁopy%gpe conposite film as
claimed in cl ai mkd orEEIalm ropyl ene/ 1- but ene random
copolyner (B) is prep red Hy cop®l ynen Inu_prOe | ene and 1-butene in
t he presence of an mer i zati.on yst conpri sing:

(a) atransition ne RéprB& follow ng formula

(r):

crystallinity C, as measured by ggrays2 diffractometry, and the 1-butene
% by 2ol )

4
R ()

wherein M is a transition metal of Group IVvb, Vb or VIb of
the periodic table, .

5 R! and R2 are each a hydrogen atom, a halogen atom, a
hydrocarbon'group of 1 to 20 carbon atoms, a halogenated
hydrocarbon group of 1 to 20 carbon atoms, a silicon-
containing éroup, an oxygen-containing group, a sulfur-
containing group, a nitrogen-containing group or a

10 phosphorus—containing group, .
R3 is a secondary or tertiary alkyl group of 3 to 20
carbon atoms or an aromatic group,
R4 is hydrogen or an alkyl group of 1 to 20 carbon
atoms,
15 X1 and X2 are each a hydrogen atom, a halogen atom, a
hydrocarbon'group of 1 to 20 carbon atoms, a halogenated
&hydrocarbon group of 1 to 20 carbon atoms, an oxygen-
containing group or a sulfur-containing group, and
Y is a divalent hydrocarbon group of 1 to 20 carbon
20 atoms, a divalent halogenated hydrocarbon group of 1 to 20
carbon atoms, a divalent silicon-containing group, a
divalent germanium-containing group, a divalent tin-

containing group, -0-, -CO-, =-S=-, =-80-, -SOz-, -NR3-,



[erg ]™ wherein Mis a transition netal of G oup IVb Vb or VibTof
tshe periodic table, 5 R1 and R2 are each a hydrogen a ﬂ
atom a hydr ocarbon group of 1 to 20 carbon atons, a ha u"m' 'mmﬂ”m

hydr ocar bon group of 1 to 20 carbon atons, a silicon- cofit af ning
group, an oxygen-contai ning group, a sulfur- cont ai ni ng group, a
nitrogen-containing group or a 10 ph@8phorus-containi ng group,

R3 is a secondary or tertiary aIkyI group of 3 to 20 carbon atons or

an aromatic gr 5 _ i's gro of 1 to 20

car bon n@l,) 15 7P (0) (PX er’r] § 8<fer ][L are g"‘@%’r Stom a

‘hal ogen aton1 r t
?%lﬁ%/ed}% jon group o 35% car gﬁtg nZ@ gngOf? atoms

hal ogenat ed an oxy

contai ni ng gr 4P PhA Ydddies &MM%&EQ}JP@ nge 1 ¢ 20 IrbS
di val ent hydrocar bon 5$§tp 5? ?ﬂgo 20 car bon 'ﬂ% atonﬁ? a d?vglé%t

hal ogenat ed hydiea@dr;bon group of 1 to 20 carbon atons, a dival ent
silicon-containing group, a di val ent germani um contai ni ng group, a
di val ent t9n- (®nt @—1)NGgrg rontmnodumi-ri ,oxyS-comptind -£Hd A5 | (b-2)
-NR[err] -, . 63 -P (Rerr])-
-P (O (R errp) comBrRirngl mhichy re®ervith (Rjertjansithiel ogetrgl acompound
(a) to form an ion pair;
and, optionally,
(c) an organocaluminum compbund.
10
5. The polypropylene composite film as claimed in

claim 4, wherein R! in the formula (I) representing the

transition metal compound (a) is methyl.



halg@den atom a hydrocarbon group of 1 to 20 carbon atoms or a

hal ogenat ed. hydrocarbon group of 1 to 20 carbon at ons) ; 5

(b) (b-1) an organoal um num oxy-conpound and/ or (b-2) a conpound
which reacts with the transition netal conpound (a) to forman ion
pair; : and, optionally, ' (c) an organoal um num
conpound. - 10 5. TheABSIRHGE opy| ene conposite filmas clained
in claim4, wherein RL in the formula (1) representing the

transition ”EFQETﬁE%”pﬁbﬂygkéfQLEkﬁ CObb¥iTE FIim

The polypropylene composite film of the present

invention comprises (A) a crystalline polypropylene layer
and (B) a propylene-l-butene random copolymer layer which
S is laminated on at least one surface of the crystalline
polypropylene layer (A). The propylene/l-butene random
copolymer (B) has the following properties: (1) the
copolymer comprises 50 to 95 % by mol of constituent units
derived from propylene and 50 to 5 % by mol of constituent
10 units derived from l-butene, (2) the intrinsic viscosity is
0.1 to 5 dl/g, (3) the molecular weight distribution
(Mw/Mn) is not less than 3, and.(4) the parameter B value
is 1.0 to 1.5. The crystalline polypropylene layer (A) of
this composite film may be unstretched, monoaxially
15 stretched or biaxially oriented. The polypropylene
composite film has excellent heat-sealing properties, such
as low-temperature heat-sealing properties and.heat—seaiing
strength, and hot tack properties. The polypropylene
composite film is almost free from surface tackiness and
20 shows good slip properties and high blocking resistance at
fhigh temperatures, so that it is suitable for high-speed
packaging. 1In addition, this composite film also has good
transparency and scratch fesiseance. The polypropylene
composite film of the invention having the above-mentioned
2S5 excellent properties can be favorably used for packaging of

foods, fill packaging and fiber packaging.



