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présent invention relates to a pol ypropyl ene | ani n e »ﬁfLu{Fﬁ
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POLYPROPYLENE LAMINATE

The present invention relates to a polypropylene
laminate film which has excellent low-temperature heat-
sealing and hot tack properties, good transparency. énd

'blocking'and solvent resistance.

Biéxially oriented crystalline polypropylene film
(BOPP) -has been widely used as packaging £ilm because of
its excellent rigidity} transpafency and moisture-proof
properties, etc. However, since BOPP is not readily heat-
sealable, lBOPP. has hitherto been widely used in the form

T of ~a laminate fill-ll:l-' obtained by laminating a resin having
exééllent heat-;ealiﬂg prdpertiés on one or both surfaces
thereof, or by co—extruding BOPP together with the resin
having excellent heat-sealiﬁg properties.

ﬁitherto, the over-riding property demanded of phe
heat-sealing resin has. been the extent by which it could
decrease the_:neat—sealing temperaﬁure. In other words,
the low-temperature heat-sealing properﬁy has hitherto

 been considered ﬁo be the most important. This is because,
if the heat-sealing temperature of the heat-sééling resin
could be decreased, the speed :of making bags from the
‘laminate. film will be increased and productivity improved.
On the other hand, such properties of the resin as its
transparency and blocking resistance are also important.

However, . more recently, the diversification of
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fil mwhi chi*has excell ent | owtenperature heat sealing prop- erty and hot
tack property and al so has a good transparency, a good bl ocking resistance,
and a good sol vent resistance. BACKGROUND OF THE I NVENTION A
biaxially oriented crystalline polypropylene film (BOPP) has been w dely
~used as packaging filns by utiliz- ing idts excellent rigidity,

transparency, noisture proof prop- erty, etc. However, since BOPP has a
difficulty in the heat sealing property, BOPP has hitherto been w dely used
as a | anPagkagingnteshaiieaesoy thah nkd | HRe adiesraifacnsdomn ofx matiasmikakreat

sealing'groperty on one or both surfaces ] .
o be packaged and the diversification of packaging machines

due to the diversification of the materials to be packaged
are rapidly increasing, _aﬁd the hot tack _property which
has not hitherto been regarded as so important for BOPP
has become as important as tﬁe 1ow—temperaturé heat—sealing
property. |

Hitherto, various proposals have been made as to
the nature of the heat-sealing résiﬁs to be used in cohjuﬁc—
tion with BOPP. For example, a propylene-ethylene copolymer
obtained by copolymerizing propylene and about 5% by weight
of ethylene is well known as a propylene-based heat-sealing
resin; however, although the copolymer has excellent trans-
parency and blocking resistance it has very poor low-
tempéraﬁure heat-sealing properties. | When the content of
ethylene in the copolymer is increased to improve the low-
temperature heat-sealing properties, the 1ow-temperéture
heat-sealing property is improved to some extent, but the
transparency and blocking resistancé greatly deteriorate.

A propylene-butene-1 copolymer obtained by copoly-
merizing propylene and buténe—l is. also well knownf For -
example, propylene—butene—l coéolymers obtained Ew' polymer-~
izing in an inert solvent (so-called slurry polymerization,
from which cémponents dissolving in ‘the ipert solvent are
‘removed, are disclosed in JP-A~50-~128781 and JPA-A-55-17542

(the term "JP-A" as used herein means an "unexamined published

Japanese patent application") and these copolymers have
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t her €of* of co-extrudi ng BOPP together with the resin having an excell ent
heat sealing property. Hitherto, the property required for the

heat - seal i ng resin has been to what extent the heat-sealing tenperature can
be decreased. That is, the |owtenperatgre heat sealing prop- erty has
~hitherto been considered to be nost inportant. This is because if the

heat - seal i ng tenperature of the heat-sealing resin can be decreased, a

bag- maki gg éBS&d Hﬁéﬁgpab@nl:?m Rage Al lﬁ@,san DR CES 2SR £ 4 S PV @ idve
producti vity. e matter of course, however, the properties such as the

_tranSItoartsﬁsw t&tﬂ@i&&&ﬂﬂyre&@m etl@w,-t%fmgéﬁﬂlﬁ%n Akl tAlsEx 1ing
| nportant . :

- properties.

Further, JP-A-56-22307 discloses a propylene-butene-1
copolymer copolymerized using a catalyst sYstem comprising a
solid compound comprisiﬁg titanium - trichioride and an
organometal compound in the absence of a liquid diluent and
having a specific sequence <distribution, but the low-
temperature heat sealing property of the copolymer is
insufficient, and also there are problems in that the
blocking resistance is poor and the transparency deteriorates
with the passage of time.

Furthermore, JP-A-60-16645 discloses a propylene~
butene-1 copolymer obtained in a vapor phase in substantially
the absence of a liquid ﬁedium, the copolymer showing good.
results in the low-temperature heat sealing property, the
transparency, and the blocking resistance. However, according
to the present inventofs’ duplication of the JP-A, the hot tack
property was insufficient.

A propylene-ethylene-butene-1 terpolymer obtained by
copolymerizing propylene, ethylene, and butene-1 is further

well known as a heat sealing resin.
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JOMEVeﬁ, tecently, the diversification of packaging forns, that is, the
iVersification of materials to be packaged and the diversification of
ackagi ng machi nes due to the diver- sification of the materials are

api dly advancing, and a hot tack property which has not hitherto been
egarded so inportant for BOPP has been-rdgarded as inportant as the
owtenperature heat sealing property.. Htherto, various proposals have
een made as the heat- sealing resins for BOPP. That is, a

ropyl ene- et hyl ene Fmpolestentip Db} alJle-ehbsthDﬁaByrredesbmgbmsop)aj e peroaiut talwnt
% by weight of ethylene is well known as a propyl ene- based heat-sealing
esi n. Al t meidiod hef capobyefinhaopdomer by supplying from 0.1 to 4% by
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weight of ethylene and from 1 to 30% weight of an o-olefin
having from 4 to 8 carbon atoms to propylene in a
polymerization system. JP-A-53-26882 also describes a
propylene'terpolymer containing from 0.5 to 1.9% by weight of
ethylene and from 0.5 to 4.9% by weight of butene—i and having
a substantially statistic comonomer distribution, and a
production method of the propylene terpolymer. Further, JP-A-
55-115416 describes that a low-crystalline soft or semi-soft
_copoiymer can be‘obtained by copolymerizing propylene with from
0.2 to 9 mol% of ethyléne and from 0.2 to 9 mol% of a straight
chain a-olefin having at least 4 carbon atoms.

However, the copolymers  and terpolymers described
.above do not simultaneously satisfy the low-temperature
heat sealing and hot tack requirements, and also do not

exhibit excellent transparency, block resistance, and solvent

: resistance.

Accoidingly, an object of the present invention is to
provide a polypropylene laminate film having an excellent low-
temperature heat sealing property and an excellent hot tack
property together with  good transparency, good blocking
resistance and good solvent resistance.

As a result of various investigations to attain the

object described above, it has been found that a polypropylene
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ent 'transparency, blocking resistance, etc., the copolyner is very
nsufficient in the | owtenperature heat seallng prop- erty. Wen the
content of ethylene in the copolynmer is increased to inprove the
owtenperature heat sealing prop- erty of the propyl ene-ethyl ene
copol yner,
bxtent but there is a problemthat the transparency and t he bl ocki ng
fesistance greatly deteriorate.

the | owtenpera- ture heat seabirg property is inproved to sone

laminate film- lamlnated with a random copolymer of propylene,
ethylene, and an a-olefin having at least 4 carbon atoms, the
random copolymer being obtained by a specific polymerization
method using a specific cétalyst system and having a specific
comonomer component, a specific molecular weight, a specific
molecular weight distribution, a specific melting point, and
specific n-hexane-soluble conponents, as a heat-sealing resin

can provide all the required properties.

According to the present invention, there is provided
a pelypropylene laminate film comprising a crystalline poly-
propylene layer having laminated on at least one surface
thereef a copolymer which is a random copolymer of propylene,
ethylene, and an oa-olefin having at 1least 4 carbon atoms,
obtained by a vapor-phase polymerization using a catalyst

system comprising a solid catalyst component containing

© magnesium, titanium, and a halogen as the essential components,

an organoaluminum compound, and an electron donative compound,
in substantially the absence of a liquid medium, the copolymer
satisfying the following requirements (1) to (7); |

(1) the ethylene content in the copolymer is from 3.0

to 7.0% by weight,

(2) the content of the a-olefin having at least 4

carbon atoms in the copolymer is from 2.0 to 6.0% by weight,
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-2- A propyl ene-butene-1 copol yner obtai ned by copol yner- izing

pf 6pyl ene and butene-1 is also well known. For exanple, propyl ene-butene-1
coppol ymers obtained by poly- nerizing in an inert solvent (so-called slurry
pol ynmeri za- tion), from which conponents dissolving in the inert solvent
..6..

§ (3) the ratio of the ethylene content to the content of
the a-olefin having at least 4 carbon atoms in the copolymer is
at leést 1.0, |

(4) the melt flow rate of the copolymer is 10 g/10
minutes or less,

(5) the ratio of the weight average molecular weight to
the number average molecular weight of the copolymer is 4.5 or
less, |

(6) the melting point_of the copolymer is 135°C or
less, and |

(7) the content of n-hexane-insoluble components in the
copolymer is less than 5.5% by weight.

The present invention is described in detail below.

The first characteristic of the polypropylene lamin-
ate film of the present invention is that the laminate
£film has both eXcellent low-temperature heat-sealing proper-
ties and hot tack properties. The second characteristic
of the polypropylene laminate film of <the invention is
‘that the laminate £ilm has go&d' transparency, blocking
resistance, and solvent resistance, in addition to the
excellent low-temperature heat-sealing and hot tack proper-
ties. |

The random copolymer of propylene, ethylene, and
the oa-olefin having at 1least 4 carbon atdms used as the
heat-sealing resin in the present invention is produced

by a so-called vapor-phase polymerization method.

This Sheet Has Been Re;

(T lill




Q

e refroved, are disclosed in JP-A-50-128781 and JP-A- 55-17542 (the term
JP- A" as used herein neans an "unex- am ned published Japanese patent

bpl i cation”) and these copol ymers have a good transparency and a good
ocki ng resistance and shows a consi der gbly good result on the

oWt enperature heat sealing property. Further, JP-A-56-22307 discloses a
t opyl ene- but ene-1 copol yner copol yneri zed using a catal yst system conpris-
g a solid compourdl gdUPEYSIgWlméBizabidn| Cchibdoilei andemererldanonetealy
bmpound i n the absence of a liquid diluent and having a specific sequence
st ri but iused bahdt hénl ovaiei sy apdlyreaizsebdn Nngspr ppefiornmedd t Ha an
bpol yner is insuffi-

inert hydrocarbon solvent, a 1large amount of the polymer

L. 000 TT oW

formed is dissolved in the inert hydrocarbon solvent, whereby
the polymerization becomes very difficult and not only
is a polymer satisfying the object of the present invention
not obtained, but also the yield of the polymer is greatly
reduced, which makes this type of polyme:ization economically
disadvantageous. |

In the present in#ention vapor-phase polYmerization
can be practised using, for example, a conventional fluidized
bed-type reactor or a fluidized bed-type reactor equipped
with a stirrer. Further, it 1s necessary to conduct the
polymerization under conditions of temperature and pressure
at which the gases are not liquefied, and thé polymer parti-
cles formed do not coalesce to form masses. Partiéularly
preferred polymerization conditions are that the temperature
is from 50°C to 95°C, and the pressure is from 2 to 30
kg/cm2 (gauge pressure, hereinafter referred to as "G").
It is also preferred to add a nmleculér weight regulator,
such as hydrogen, for _£he purpose of controlling a melt
flowability of the polymer obtained.

The polymerization can be practised as a batch-
type polymerization,.a continuous polymerization or a méthod

combining both the polymerizations. The monomers and the
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ient” and'al so there are problens that the bl ocking resistance is poor and
the’ transparency deteriorates with the passage of tine. . Furthernore,

JP- A- 60- 16645 di scl oses a propyl ene- butene-1 copol yner obtained in a vapor
phase in substan- tially the absence of a |liquid nedium the copolyner
ghow ing good results in the |lowtenpera8ure heat sealing prop- erty, the
transparency, and the bl ocking resistance. However, according to the
present inventors' duplication of the JP-A the hot tack property was

Ensuf fi ci emplecudagr opyéightet mddinkidm; embilh er pokymerondumeded dry  the
(opolyner|2|ng propyl ene, ethylene, and butene-1 is further
polymerization, can be supplied to the reactor continuously or

intermittently. The copolymer used in the present invention
can be washed with an alcohol or a hydfocarbon solvent to
§ remove the cataiyst residue or low molecular weight_polymers
g , | after the vapor-phase polymerization.
The catalyst systém for the production of the copolymexr
used as the heat-sealing resin in the present invention is a
conventional stereoregular polymerization catalyst for an o-
olefin, and is a catalyst system comprising a solid catalyst
component (A) containing magnesium, titanium, and a halogen as
- the essential coﬁponents, an organocaluminum compound (B), and
g- an electron donative compound (C). |

The solid catalyst component (A) contains magnesium,
titanium, and a halogen as the essential components, and is
generally obtained by reducing a titanium compound with an
organomagnesium compound to obtain a solid product, tréating
! the solid product with anlester compound, and tﬁeating the
product obtained-with titanium tetrachloride.

The titanium compound used to produce the_solid product
is represented by the formula Ti(OR)bXLb wherein R.rebresents
a hydrocarbon group having from 1 to 20 carbon atoms, X
represents a halogen atom, énd'b repreéents a number defined
by 0 < b £ 4. |

Examples of R are an alkyl group such as methyl, ethyi,

propyl, iso-propyl, butyl, iso-butyl, amyl, iso-amyl, hexyl,
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Il *known as a heat sealing resin. For exanple, JP-A-54-26891 descri bes
sproducti on net hod of an ol efin copol yner by supplying fromO.1 to 4% by
ight of ethylene and from1l to 30% weight of an [err]-olefin having from
e to 8 carbon atons to propylene in a polynerization system JP-A-53-26882
so describes a propyl ene terpol yner contaihing fromO0.5 to 1.9% by wei ght
.ethylene and fromO0.5 to 4.9% by wei ght of butene-1 and having a
ubstantially statistic conmonomer distribution, and a production nmethod of
he propyl emeptel pol yeEyl, Fudébel, JP- AlbGBedib4lbadesarybesgida@d asuch as
Ow- crystalline soft or sem -soft copol yner can be obtai ned by

ppol yner i zplignyl, cresyl, xylyl or naphthyl; a.cycloalkyl group such

Q U

as cyclohexyl or cyclopentyl; an allyl group such as pro-
penyl; and an aralkyl group such as benzyl;

The magnesium component which can be used is an
optional type organomagnes1um compound hav1ng a magnesium-
carbon bond. In partlcular, a Grignard compound represented by
the formula RMgX wherein' R represents a hydrocarbon group
having from 1 to 20 carbon atoms and X represents a halogen
atom, and a magnesium compound represented by the formula RR'Mg
wherein R and R’, which may be the same or different, each
represents a hydfocarbon group having from 1 to 20 carbon
atoms, are suitably used.. |

Examples of the Grignard compound are methylmagnesium
chloride, ethylmagnesium chloride, ethylmagnesium bromide,
ethylmagnesium iodide, propylmagnesium chloride, propyl-
magnesium bromide, butylmagnesium chloride, butylmagnesium
bromide, seé—butylmagneisum chloride, sec-butylmagnesium
bromide, tert-butylmagnesium chloride, tert—butylmagnesipm
bromide, amylmagnesium chloride, iso-amylmagnesium chloride,
phenylmagnesium chloride. and phenylmagnesium bromide.

Exampleé of the magnesium coméound represented by the
formula RR’Mg are diethylmagnesium, dipropylmagneisum, di-iso-
propylmagnesium, dibutylmagnesium, di-sec-butylmagnesium, di-
tert-butylmagnesium, butyl-sec-butylmagnesium, diamylmagnesium,

and diphenylmagnesium.
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opylene ' with from0.2 to 9 nol % of ethylene and fromO0.2 to 9 nol % of a
t r'ai ght chain [err]-olefin having at |east 4 carbon atons. However, the
ppol ymers and terpol yners descri bed above do not sinultaneously satisfy
he | owtenperature heat sealing property and the hot tack property, and
so do not show an excel |l ent transparendp, —an excel | ent bl ocking
psi stance, and an excellent sol vent resistance.

The organoaluminum compound (B) used in combination
with the solid catalyst component (A) has at least one Al-
carbon bond in the molecule. |

Examples of the organoaluminum cbmpound-are a tri-

'alkylaluminum such as triethylaluminum, triisobutylaluminum,

or trihéxylaluminum; . a dialkylaluminum halide such as

diethylaluminum halide or diisobutylaluminum halide; a

mixture of the trialkylaluminum and the dialkylaluminum halide;

LY

and an alkylaluminoxarie such as tetraethyldialuminoxane

or tetrabutyldialuminoxane.

B e R

Of those organcaluminum compounds, the trialkyl-
aluminum, a mixture of the trialkylaluminum and dialkylaluminum
¥ | halide, and the alkylaluminoxane are preferred, and triethyl-
. aluminum, triisobutylaluminum, a mixture of triethylaluminum
and triisobutylaluminum, and tetraethyldialuminoxane are moxe
preferred.

The amount of the érganoaluminum compound used can be
selected in the wide range of from 1 to ltOOO. mols, and
preferably in the range of from 5 to 600 mols, per mole of
titanium atom in the solid catalyst.

The electron donative compound (C) which is éreferably
used is a silicon compound represented by the formula
R!R?Si(OR*), wherein R! and R? each represents a hydrocarbon
group having from 1 to 20 carbon atoms or hydrogen atom, and R?

represents a hydrocarbon group having from 1 to 20 carbon
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SUMMARY CF THE | NVENTI ON  Accordingly, an object of the

I nvention is to provide a polypropylene lam nate filmhaving an

| owt enperature heat sealing property and an excellent hot tack

property together with a good transparency, a good

=
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represents a hydrocarbon group having from 1 to 20 carbon
atoms, and examples of the Silicon compound having an

alicyclic hydrocarbon group are as follows:

o C sH, -
Q‘SI—COCH;;)J\ O’Sl‘(OCHa)')\
. C,:z:['ls .. iso C3H7
. anl.
QSI—(062H5>2~ \__'/)—Si~(OCHg)2\
,C4Hg iso C3H7
l
Q'SI—COCH3)2‘ Sl" (OCZH5>2\
isoC,Hg tert C ;Hy

l f

CSHll

C,H, -
| |
O‘Sl_(OCZHﬁ)Z‘ QSI—(OCI‘I;QZ\

C «Hg

CeHys . |
O— Si— (OCH,) ,. Q—sl-—coc Hy),.
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ocki mg resi stance and a good sol vent resistance. As a result of various
vestigations to attain the object described above, it has been found that
pol ypropyl ene lam nate filmlamnated with a random copol yner of pro-
| ene, ethylene, and an [err]-olefin having at |east 4 carbon atons, the
ndom copol yner bei ng obt ai ned by a speci¥fd ¢ pol yneri zati on nethod using a
ecific catalyst system and having a specific conononer conponent, a
ecific nolecu- lar weight, a specific nolecular weight distribution, a
e- cific melting Ehentpolymespestion nshexandustiedblestwgpeactentstadysa
at sealing resin can satisfy all the required propertles and have
conpllsheduchetbaESEhe maﬁamtramlo of the Al atoms in the component (B)
to the Ti atoms in the component (A) becomes from 1 to 1,000
and the molar ratio of the component (C) to the Al atoms in the
component (B) becomes from 0.02. to 500, and preferably from
0.05 to 10, at a polymerization temperature of from 20°C to
150°C, and preferably from 50°C to 95°C, at a polymerization
pressure of from atmospheric pressure to 40 kg/cm’G, preferably

from 2 to 30 kg/cm%} and in substantially the absence of a
solvent while supplying hydrbgen to the system to control the
molecular weight of the copolymer of polypropylene, ethylene,
and the a-olefin. o

The random copolymer of propylene, ethylene, énd the a-
olefin having at least 4 carbon atoms, used as the heat-sealing
resin in the present inventioa contains specific amounts of
ethylene and the a-olefin having at least 4 carbon atoms. The
ethylene content of the copolymer is from 3.0 to 7.0% by
weight, and preferably from 4.0 to 6.0% by weight. If the
ethylene content of the copolymer is less than 3.0% by weight,
the effect of improving the low-temperature heat sealing
property and the hot tack property of the laminate film becomeé
insufficient, while if the ethylené content .of the copolymer is
over 7.0% by weight, the powdering property is poor when

subjecting the copolymer to the vapor-phase polymerization,

whereby it becomes difficult to produce the copolymer in a

stable manner.
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sed on this findi ng. According to the present invention, there is
Ovi ded a pol ypropyl ene lamnate filmconprising a crystalline

polypropyl ene | ayer having | anmi nated.on at |east one surface thereof a
copol ymer which is a random copol yner of propyl ene, ethylene, and an

[ ¢

-olefin having -at | east 4 carbon atowns, -obtai ned by a vapor-phase
peLyneri zation using a catal yst systemconprising a solid catal yst

cénponent con- taining magnesium titanium and a hal ogen as the essenti al

cénponent s,
cénmpound,

an or gafbel ocontemtc afpdihal, candiefinnehecring ont dbeasitved carbon

I n substantially the absence of a liquid nmedium the copol yner

satlsfylngatmm$ounmmhg copolymer is from 2.0 to 6.0% by weight, and

o SRR Y

preferably from 3.0 to 5.0% by weight. If the content of the
a~olefin having at least 4 carbon atoms in the copolymer is
less than 2.0% by weight, the effect of improving the low-~
temperature heat sealing property and the hot tack property of
the laminate film becomes insufficient, while if.the content of
the a-olefin having at least 4 carbon atoms is over 6.0% by
weight, the powdering property is poor when subjecting the
copolymer to the vapor-phase;polymerization, whereby it becomes
difficult to produce.the copolymer in a stable manner, and
further as the case may be, the hot tack property becomes poor.

Examples of the a-olefin are butene-1, pentene-1,
hexene~1, 4-methylpentene-1l, and the like. Of these, butene-l
is preferred.

The ratio of the ethylene content of the copolymer to

the content of the a-olefin having at least 4 carbon atoms of

the copolymer is at least 1.0. If the ratio of the ethylene

content of the copolymer to the content of the a-olefin having
at least 4 carbon atoms in the copolymer is less than 1.0, the
hot tack property of the laminate film becomes insufficient.

| The melt flow rate (MFR) at 230°C of fhe random
copolymer of éropylene, ethylene, and the a-olefin having at
least 4 carbon atoms used as the heat-sealing resin of the
present invention isl10 g/10 minutes or less, and preferably '

from 3 to 8 g/10 minutes. MFR is a parameter showing an

This Sheet Has Been Replaced
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reqU|renents (1) to (7); (1) the ethylene content in the copolyner is from
3{0' to 7.0% by weight, (2) the content of the [err]-olefin having at

| gast 4 carbon atonms in the copolyner is from2.0 to 6.0% by weight, (3)
the ratio of the ethylene content to the content of the [err]-olefin
having at | east 4 carbon atons in the cepaldy— ner is at least 1.0, (4)
the nelt flowrate of the copolyner is 10 g/1 0 m nutes or less, (5) the
rgtio of the wei ght average nolecul ar weight to the nunber aver age

myl ecul ar wavgbhgelf mdtecapakymesigist of a polymer, and a larger MFR

shows that the average molecular weight of the polymer
has become smaller. |

If MFR of the copolymer is over the upper limit, the
effect of improving the hot tack property becomes insufficient
and if MFR of the copolymer is extremely small, the effect of
improving the low-temperature heat sealing property becomes

insufficient and problems occur to cause, as the case may be,

g poor flowability, etc., at film-formation of the laminate film,
which is undesirable in the present invention.

The ratio of the weight average molecular weight to the
number average molecular weight (Mw/Mn) by a gel permeation
i ' chromatography (GPC) of fﬁe random copolymer of propylene,
ethylene, and the a-olefin having at least 4 carbon atoms used
as the heat-sealing resin in the present invention is 4.5 or
less, and preferably 4.0 or less. Mw/Mn of a polymer is the

value showing the molecular weight distribution of the polymer

and a small vélue of Mw/Mn of a polymer means that the
molecular weight distribution of the polymer is narrow.

The influence of the molecular weight distribution
of the copolymer or 'heat-séaling performances, such as
the low-temperature heat-sealing and the hot tack proéerfies,
has not yet been clarified, but it is expected that -low
molecular weight components contained in large amount in the
copolymer having a wide molecular weight distribution may

have an influence on the heat-sealing performance in some

manner.
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45 or.

| ess, (6) the nelting point of the copolymer is 135 err] C or |ess,

and (7) the content of n-hexane-insol uble conponent s in the copol yner is
Iess t han 5. 5% by melght

e
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The random copolymer of propylene, ethylene, and the a-
olefin having at least 4_cérbon-atoms uséd as the heat-sealing
resin in the present invention has a melting point of 135°C or
less. If the melting point of the copolymer is higher than
135°C, the effect of improving,_in particular, the hot tack
property bf fhe laminate film becomes insufficiént,and if the
melting point of the copolymer is too low, problems occur which
the workability and the blockihg property of the laminate film.

Thus, the melting point of the copolymer is preférably from

110°C to 135°C, and more preferably from 120°C to 135°C.

The amount of the n-hexane-soluble éomponents at 50°C
of the random copolymer of propylene, ethylene, and the a-
olefin having at least 4 carbon atoms used as the heat-sealing

resin in the present invention is less than 5.5% by weight. 1If

the amount of the n-hexane-soluble components of the copolymer

is over 5.5% by weight, the éolvent resistance of the laminate
film becomes insufficient. |
The copolymer used as the heat-sealing resin in the

present invention is obtained by a vapor-phase poljmerization
and the copolymer obtained may not be subjected to post-
treatment such as washing, or may be subjected to a suitable
washing step. |

_ The copolymer used as the heat-sealing resin in the

present invention can be blended with ﬁp to about 20% by weight

of a rubbery ethylene-a-olefin copolymer, polybutene-1

(including a copolymer type), a propylene-butene-1 copolymer,
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DETAI LED DESCRI PTI ON OF THE
" The present invention is described in detail bel ow The

i rst characteristic of the polypropylene laninate film of the present

nvention is that the lamnate filmis excellent 1in both the
owtenperature heat sealing property andighe hot tack property. The
econd characteristic of the polypro-

etc., and also can be blended with a small amount 6f other
polymeric material. | |

The copolymer can further contain additiveslsuch as an
antistatic agenf, an anti-blocking agent, a lubricant and a
stabilizer. _

The polypfopylene laminate film of the present
invention can be obtained by laminating the heat-sealing
resin on one surface or both the surfaces ofla crystalline
polypropylene film, as a substrate, by a conventional method.
That is, the laminate filﬁ of the present dinvention is
obtained by separétely forming the substrate 1layer and
the heat-sealing layer in sheet form and passing the sheets
between press rollers héing an adhesive; a method of lamin-
ating the heat-sealing resin on the substrate layer by
coating a solution of dispersion of the heat-sealing resin
in a solvent, such as toluene, on the substrate layer:
a method laminating the heat-sealing resin on the substrate
layer by melt-extruding the heat-sealing resin and coating
it on the-substrate layer; and a method of extruding separ-
ately the heat-sealing resin and the substrate polymer
from separate extruding machines and Jjoining both the ex-
truded sheets 1n a common die or the outlet of a common

die in molten states thereof.

The laminate film of the present invention is
preferably uniaxially or biaxially oriented after laminating

the heat-sealing layer. Such an oriented polypropylene

This. Sheet Has Been Replaced
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éylene | am nate filmof the invention is that the lamnate film is good in
the transparency, the blocking resistance, and the solvent resistance in
addition to the excellent lowtenpera- ture heat sealing property and hot
tieick property. The random copol yner of propyl ene, ethylene, and the
a-olefin having at |east 4 carbon atons ysed as the ‘heat sealing resin in
@he present invention is produced by a so-called vapor-phase pol ynerization
rfet hod. In a slurry polynerization which is generally w dely used and

derforns t re 7134 | @8n| LB edy BLOGAE0R0SbWERY, conwegeienauNt
af the poleﬁg?9%3g§é5%$i g?gsgfegg}in t%e iggrt hyd?ocarbo? sol.vent,l

vher eby t hgepRbUERT (28 a method of preparing a raw laminate sheet by a

¢ so-called co-extrusion or compositing both the crystalline

i

polyprbpylene'resin layer and heat-sealing resin layer in an

extruding die or near the outlet of the extruding die for

forming sheet in the molten states thereof and then biaxially

L e SR G

orienting the laminate sheet; (2) a method of extrﬁsion
% laminating the heat-sealing resin on a polypropylene sheet as
the substrate and then biaxially orienting the laminate sheet;.
(3) a method of previously uniaxially orienting a polypropylene
sheet as the substrate in a machine direcfion (MD) in a heated
state by rolls including metal rolls, extrusion lamiqating

thereon the heat-sealing resin, and then orienting the laminate

SoAmATES Saby

sheet in a transverse direction (TD); etc.

é o - The polypropylene laminate film prdduced as above has
an excellent low-temperature heat-sealing property together
with an excellent hot tack property, excellentf transparency.,

| blocking resistance, and solvent resistance,
and also has a very large practical value as the laminate
film can be produced at low cost.

The present invention will be described in more detail
by reference to the following Examples, but the invention is
not construed as being limited thereto.

Each measurement item in_ the Examples and the

Comparative Examples was measured according to the following

method.

This Sheet Has Been Reﬁlaced
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on ‘becofres very difficult and not only the polyner satis- fying the
) ect of the present invention is.not obtained but also the yield for the

|Lyner

is greatly reduced, which nakes the polynerization economcally
- sadvant ageous. The vapor - phase polynerization in the present invention

n be practiced using a conventional fluixhzed bed-type reactor, a
ui di zed bed-type reactor equi pped with a stirrer, etc. Further, it is
cessary to conduct the polynerization under the condition of a

nper at ur e (and ghpnensl@mienthifiy tdeopases abateeal |(wteyf i ed and pol yner
rticles forned are not nolten to form masses. Particularly preferred

lymer- ization cordhyilens eontichal: t Thd e laing ecdntdivomed|@etérRihed

by an IR spectral method according to the methbd described in
Koobunshi Bunseki (High Molecular Material Analysis) Handbook,
page 256 "(i) Random Copolymer", (published by Asakura Shoten
K.K., 1985).

Butene-1 content: The butene-1 content was determined

by the IR spectral method from the following equétion.
Butene-1 content (wt%) = 1.208K’
K’ is the absorbance at 767 cm’!
(2) Weight'average molecular weight/number averagé molecular
weight (Mw/Mn)

The ratio was measured by a gel pérmeation chromato-
graphy . (GPC) under the following conditions. A calibration
curve was prepaied using standard polystyrene.

Apparatus: Type 150 CV, manufactured by Millipore

Watérs Co. ' '

Column: Shodex M/S 80

Measurement temperature: 145°C

Solvent: Orthodiéhlorobenzene

Sample cohcentration: 5 mg/8 ml. .

When Standard Reference Material 706 (polystyrene of
Mw/Mn = 2.1) of!NBS (National Bureau of Standards) was measured
undexr the above conditions, the molecular weight distribution
(Mw/Mn) of 2.1 was obtained.

(3) Melt flow rate (MFR) (g/10 minutes)

heet Has Been Re(laced
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[err]

i ght

C and the pressure is from2 to 30 kg/cnferr] (gauge pressure,
ereinafter referred to as "G'). It is also preferred to add a nol ecul ar
regul at or such as hydrogen, etc., for the purpose of controlling a
elt flowability of the pol ynmer obtained. The pol yneri zati on can be
racti ced by a batch-type polynerizatian,1@ continuous pol ynerization, or
t hod of conbining both the polynerizations. The nononers and the

ol ecul ar wei ght nodi fier which are consuned in the polynerization can be
upplied to the I eMEFOI waBt infeEsisted Or biynt ehi t tieitHod o cOpndytdonsddd

ifn the present inven- tion can be washed with an al cohol or a hydrocarbon

ol vent

according to JIS K 7210.

(4) Melting point (Tm) (°C)

After previously melting 10 mg of a sample piece at

220°C for 5 minutes, the temperature was decreased to 40°C at

a temperature-decreasing rate of 5°C/minute using a

- differential scanning calorimeter (DSC, trade name,

manufactured by Perkin-Elmer Co.). The peak temperature of the
maximum peak in a crystallization exothermic curve obtained was
defined as a crystallization temperature (Tc).

The temperatﬁre was then raised'at 5°C/minute and the
peak temperature of the maximum peak in the fusion enqothermic
curve obﬁained was defined as a melting point (Tm).

In addition, the melting point of indium (In) measured
using the measu:ement apparatus at a temperature-raising rate
of 5°C/minute was 156.6°C

(5) Solvent resistance (n-hexane extracted amount)

a

The solvent resistance was measured according to FDA

177 1520.

(6) Low-temperature heat sealing property (heat sealing
temperature) (°C) |
Films were superposed each other and they were heat-
sealed by press-adhering them using a heat sealer (manufactured
by Toyo Seiki K.K.) heated to a definite temperature'under_a
load of 2 kg/cm?’G (gauge pressure) for 2 seconds. After

allowing the heat-sealed sample to stand overnight, the heat-

Sheet Has Been Replaced
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o remove the catalyst residue or |ow nolecular wei ght polymers after the
apor - phase polynerization. . The catal yst systemfor the production of the
;qpolyner used as the heat-sealing resin in the present inventionis a

- 20 -

films were peeied from each other at 23°C, at a peeling speed
of 200 mm/minuté, and at a peeliﬁg angle 6f_180°. The sealing
temperature'when the peel-resistant force became 300 g/25 mm at
peeling the films under the conditions described above was
measured and defined as a heat sealing temperature.

(7) Hot tack property (g/25 mm)

Films were superposed each other and they were heat-
sealed.by press-adhering them using a heat sealer (Tester
Sangyo K.K.) heated to a definite temperatufe'under a load of
2 kg/cm’G (gauge pressure) for 2 seconds. Immediately after
removing the load, a peeling force was applied to the sealed
portion by a tabular spring, and the peeling force that the
peeling length showed 1/8 inches (3.2 mm) was measured..

REFERENCE EXAMPLE

(a) Synthesis of Organomagnesium Compound :
After replacing the inside atmosphere of a 1 liter
flask equipped with a stirrer, a reflux condenser, a dropping

funnel, and a thermometer with argon gas, 32.0 g of chip-form

magnesium for Grignard was placéd in the flask. 120 g of butyl
chloride and 500 ml of dibutyl ether were Chafged in the
dropping funnel and about 30 ml of the resulting mixture was
added dropwise to magnesium in the flask to initiate the
reaction. After initiation of the reaction, the dropwise
addition was continued at 50°C over 4 hours. After completion

of the dropwise addition, the reaction was further continued at

e
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onventional stereoregular polynerization catalyst for an [err]-oletin
nd is a catal yst systemconprising a solid catal yst conponent (A

:qntaining magnesium titanium and a hal o- gen as the essenti al
ignponents, an organoul um num com pound (B), and an el ectron donativc
.onpound (C). The solid catal yst coapamert (A) contains magnesi um

i tanium and a hal ogen as the essential conponents and are generally
bt ai ned by reducing a titani um conpound with an
0 obtain gEatidopr qdugbur. trekéi rgddteial ndxpueduclasi docdredester room
onpound, and treating the product obtained with titaniumtetrachl oride.

or ganomagnesi um conpound

temperature and solid components were filtered off.

Butylmagnesium chloride in dibutyl ether was hydrolyzed
with 1 N sulfuric acid aqueous solution and when the
concentration' was determined using phenolphthalein as an
indicator by back titration with a 1N sodium hydroxide ;queous
solution, the concentration was 2.1 mol/liter.
(b) Synthesis of Solid Productﬁ

After replacing the inside atmosphere of a 5b0 ml flask
equipped with a stirrer and a dropping funnel with argon gas,
240 ml of hexane, 5.4 g (15;8 mmols) of tetrabutoxytitanium,
and 61.4 g (295 mmols) of tetraethoxysilane were placed in the
flask to form a uniform solution. 150 ml of the organo-
magnesium compound Synthesized in the synthesis (a) above was
gradually added dropwise inte the flask from the dropping

funnel over 4 hours while keeping the inside temperature of the

flask at 5°C. After completion of the dropwise addition, the

resulting mixture was further stirred at room temperature for

1 hour. Solid components were separated from a liquid

‘component at room temperature, washed 3 times with 240 ml of

hexane, and dfied under a reduced pressure to obtain 45.0 g of
a light-brown solid product.

The solid product obtained contained 1.7% by weight of

a titanium atom, 33.8% by weight of an ethoxy group, and 2.9%

by weight of a butoxy group.

T



‘The_tLtaniunmconpdund used'to produce the solid product is represented by
the formula Ti(OR)[err]X[err] wherein Rrep- resents a hydrocarbon group
having from1 to 20 carbon atons, X represents a hal ogen atom and b

‘irépresents a figure of 0 <b <4. Exanpl es of R are an al kyl group such
as nethyl, ethyl, propyl, iso-propyl, buyl+s iso-butyl, anyl, iso-any,
hexyl, heptyl, octyl, decyl, dodecyl, etc.: an aryl group such as phenyl,

cresyl, xylyl, naphthyl, etc.; a cycloal kyl group such as cyclohexyl,
cycl opentyl, etc. c1aazaldﬂffzgé@ypoﬁu%a&% Wé 0P e hioy] olﬁerveﬂndmraawaﬁleyl

group such as benzyl etc. The magnesi um conponent which can be used is
an angle X-ray diffraction diagram of the solid product with the
- Cu-Ka line, which sho&ed that the solid product was an
amorphous structure.
(c) Synthesis of Ester Treated Solid: _

After réplacing the inside atmosphere of a 100 ml flask
with argon gas, 6.5 g of the solid product synthesized in the
synthesis (b) above, 16.2 ml of toluene, and 4.3 ml (16 mmo;s)
of diisobutyl phthalate were placed in the flask and the
reaction was conducted at 95°C for 1 hour. |
(d) Synthesis of Solid Catalyst (Activation Tieatﬁent):

After completion of washing of the reaction product in
the synthesis (c) above, 16.2 ml of toluene, 0.36 ml (1.3
mmols) of diisobutyl phthalate, 2.2 ml (13 mmols) of butyl
ether, and 38.0 ml (346 mmols)-of titanium tetrachloride were
added to the product in the flask and the reaction was
conducted at 95°C for 3 hours. After completion of the
reaction, solid coﬁponents formed were separated from a liquid
phase at 95°C and washed twice with 33 ml of toluene at the
same temperature. The treatment with a mixture of diisobutyl
phthalate, butyl ether, and titanium tetrachloride described
above was further repeated once again and the solid components

separated were washed 3 times with 33 ml of hexane to obtain

5.0 g of a yellow ocher-color solid catalyst.
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bhl ori de,
odi de, pr

par ticul ar,
Fepresents a hydrocarbon group having from1 to 20 carbon atons and X

F épresents a hal ogen atom and a magnesi um conpound represented by the
ormula RR My wherein Rand R, which +Bg3be the sane or different, each
epresents a hydrocarbon group having from1l to 20 carbon atons, are

sui tabl y used. Exanpl es of the Gignard conpound are nethyl nmagne- sium

ype organonagnesi um conpound having a nmag- nesiuncarbon bond.
a Gignard conpound represented by the formula RWVWgX wherein

In
R

et hyl magres ugodildor cdealgisity| ceghesned Brdfi dby ewédyghtigneSi um

opyl magnesi um chl o- ride, propyl magnesi um br om de,

but yl magnedittaminingy i de, 19.9% by weight of magnesium, - énd 12.7%

by weight of a phthalic acid ester.
EXAMPLE 1
(a) Catalyst Component _ .
After adding 150 liters of hexane sufficiently purified
into a 250 liter reactor equipped with a stirrer and
sufficiently replacing the-inside atmosphere of the reactor
with nitrogen gas, 3.2 mols of triethylaluminum (TEA)} 0.32 mol
of cyclohexylethyldimethoxysilane (CHEDMS), and the solid
catalyst obtalned in the Reference Example above in an amount

of 51.8 g calculated as Ti atom were added thereto. While

maintaining temperature of the mixture at 25°C, 2.8 kg of pro-

pylene was continuously added thereto over 2 hours.
(b) Polymerization

The catalyst component prepared in the above step (a)
was supplied to a 1,000 liter polymerization bath, - while
simultaﬁeously supplying 52 mmols/hour of TEA and 5 mmols of
CHEDMS (Al/CHEDMS = 10/1 by molar ratio), propylene and butene-
1 were continuously supplied thereto at a H, concentration in
the polymerization bath of 0.22%, and the vapor-phase
polymerization was conducted at a polymerization temperature of
80°C, a polfmerization pressure of 18 kg/cm’G, and an average

residence time of 6 hours.
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ut yl magnesi um brom de, sec-butyl magnei sum chl oride, sec-butyl magnesi um

rom de,

tert-bucyl magnesi um chlo- ride, tert-butyl magnesi um brom de,

nyl magnesi um chlo- ride, iso-anyl magnesium chloride, phenyl magnesium

hl o-

ri de, phenyl magnesi um brom de, etc. Exanpl es of the nagneSIum

onpound represented by the formula RR-Mg4are di et hyl magncsi um

i propyl mag- nei sum  di-iso-propyl magnesi um di butyl magnesi um

| -sec-butyl magnesium di-tert-butyl nagnesi um butyl-sec- butyl magnesi um
i anyl magnesi um dimhleeretliplpses | oontene. andTheher hateakwli montemtpoofdthB)

@sed i n conbi nati on

copolymer obtained were 4.7% by weight and 3.9% by weight,l
respectively (see Table 1 below).

To 100 parts by weight of the copolymer were added 0.15
part by weight of caicium stearate, 0.1 part by weight of
Sumilizer BHT (trade name, made by Sumitomo Chemical Co.), and
0.05 part by weight of Irganox 1010 (trade name, made by Ciba
Geigy), and after mixing them by a Henschel mixer, the mixture
was melt extruded to form pellets.

(c)_Laminate Layer Formation and Orientation Treatment
The copolymer pellets obtained were formed into a sheet

having a thickness of 100 pum by a press method and the sheet

was melt press-adhered to a homopolypropylene sheet (MFR = 2.5)

having a thickness of 500 pm previously ﬁormed by a press
method to obtain a laminate sheetw A sample of 90 mm x 90 mm
was cut from the laminate sheet thus obtained and a biaxially
oriented film was obtained by the following conditions.
Stretching machine: Desk biaxially stretching
machine, manufactured by Toyo
Seiki K.K.
Temperature: 150°C
Pre-heating time: 3 minutgs
Orientation magnification: 5 x 5 times

- Orientation speed: 5 m/minute

_
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wi th the ‘solid catal yst conponent (A) has at |east one Al -carbon bond I n
the nol ecul e. Exanpl es of the organoal um num conpound are a tri-

al kyl al um num such as trlethylalunlnun1 triisobutylalum- num
trihexylalum num etc.; a dialkylalum num halide such as diethyl al um num
haIide,-diisobutylaluninun1halide, etc-; 25 -

The propérties of the oriented laminate film having a
thickness of 24 um obtained described above are shown in Table
2 below. |

The oriented laminate film had excellent low-
temperature heat-sealing and hot tack properties and showed
good transparencye.

EXAMPLE 2

By following the same vapor-phase polymerization as in
Example 1 except that the amount of CHEDMS supplied was changed
to 7 mmols/hour (Al/CHEDMS = 10/1.4 by molar ratio) and the
amounts of ethylene and butene-1 supplied were changed, a
copolymer was obtained. The ethylene content and the butene-1.
content of the copolymer ogtained were 4.4% by weight and 4.1%
by weighﬁ, - respectively. The formation of pellets, the
laminate formation, and the orientation treatment were
conducted under the same conditions as in Example 1 to obtain
an oriepted laminate film and fhe properties of the oriented
laminate film are shown in Tabie 2 below.

The oriented laminate film also had excellent low-
temperatufe heat sealing and hot tack properties, and showed

the same good transparency as the product of Example 1.

EXAMPLE 3
A vapor-phase polymerization was conducted by
continuously supplying propylene, ethylene, and butene-1 in the

same manner as in Example 1 except that two polymerization
[
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-6- “+a mxture of the trialkylal uninumand the dial kyl al umi num hal i de;

and at al kyl al um noxane such as tetraethyl dial um - noxane,

t et rabut yl di al um noxane, etc. O those organoal unm num conmpounds, the
trial kyl al um - num a mxture of the trialkylalum num and dial kyl al um -
num hal i de, and the aIkyIaIun1noxane aoregpr<ferred, and triethylalum num
triisobutylalumnum a mxturc of triethy- | al um num and
triisobutylalum num and tetraethyl dial um - noxane are nore preferred.

baths having an inside volume of from 20 to 45 m® were used,
the " polymerization temperature was lchanged to .70°C, the
polymerization pressure was changed to from 15 to 19 kg/cm’G
(A1/CHEDMS = 10/3 by molar ratio), and the H, concentration was
changed to 0.35%. Thé ethylene content and the butene-1
content of the copolymer obtained were 4.4% by weight and 4.1%
by weight, respectively.

The pelletization, the laminate formation, and the
orientation treatment were conducted under the same conditions
as in Example 1 to obtain an oriented laminate film and the

properties thereof are shown in Table 2 below.

The oriented laminate film also had excellent iow—

temperature heat sealing and hot tack properties.

EXAMPLE 4
A vapor-phase polymerization was conducted under the
same conditions as in Example 3 except that the H,

concentration was changed to 0.45% to obtain a copolymer.

The pelletization, the laminate formation, and the
orientation treatment were conduéted unaer the same conditions
as.in Example 1 to obtain an oriented laminété film and the
properties thereof are shown in Table 2 below.

The oriented laminate film also had excellent low-

temperature heat‘sealing and hot tack-properties.
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"The anmount of the or ganoal um num conpound used can be selected in the
wide range of from1 to 1,000 nols, and preferably in the range of from5
to 600 nols, per nole of titaniumatomin the solid catal yst. The
el’ectron donative conpound (C) which is preferably used is a silicon
conpound represented by the formula Rfe2?]Rerr]Si(ORerr]) wherein Rerr]
and R err] each represents a hydro- carbon group having from1l to 20
carbon atons or hydrogen atom and R represents a hydrocarbon group haV|ng
froml to 20 carbon representGOMPARATOVE Il having froml to 20
carbon atons, and exanples of the si i con corrpound are.as follows. Silicon
conpound having afi FARA-phaise- polymerization was conducted under the

same conditions as in Example '3 except that the H,

concentration was changed to 0.6% to obtain a copolymer.

The pelletization, the laminate formation, and the
orientation treatment were conducted under the-same conditioné
as in Example 1 to obtain an oriented laminate film and the
properties thereof are shown in Table 2 below.
| The oriented iaminafe film showed an excellent low-
temperature heat sealing property but the hot tack property

thereof was insufficient.

COMPARATIVE EXAMPLE 2

A vapor-phase polymerization was conducted by
continubusly supplying propylene, ethylene, and butene-1 in the
same manner as in Example 1 except that 3 polymerization baths
having an inside volume of.from 20 to 45 m® were uéed, the
polymerization temperature = was changed to 80°cC, the
polymerization pressure was changed to from 7 to 15 kg/cm’G
(AL/CHEDMS = 10/1.7 by molar ratio), and the H, concentration
was changed to 0.4% to obtain a copolymer. The ethylene
content and the bﬁtene-l content of the copolymer obtained were
2.5% by weight and 5.1% by weight, respectively.

The pelletization, the laminate formation, and the
orientation treatment were conducted under the samelconditions_
as in Example 1 to obtain an oriented laminate film and the

properties thereof are shown in Table 2 below.
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The oriented laminate film was insufficient in both
low-temperature heat sealing property and " hot tack
property.

COMPARATIVE EXAMPLE 3_

A vapor-phase polymerization was conduéted under the
same conditions as in Comparative Example 2 except that the
amounts of propylene, ethylene, and butene—l-supplied'were
changed to obtain é copolymer. The ethylene content and the
butene-1 content of the copolymer obtained were 1.2% by weight
and 10.2% by weight, respectively.

The pelietization, the laminate formation, and the
orientation treatment were conducted under the same conditions
as in Example 1 to obtain an oriented laminate film and'ﬁhe
properties thereof are shown in Table 2 below.

The oriented laminate film was insufficient in both
low-temperature heat sealing property and hot tack
property. |

COMPARATIVE EXAMPLE 4

A copolymer was obtained by a slurry polymerization
method using n—heptane as the solvent. .The ethylene content
and the butene-1 content of the copolymer were 2.1% by weight
and 5.6% by Weight; respectively.

The pelletization, the laminate formation, and the.
oiientation treatment were conducted under the saﬁe conditions
as in Example 1 to obtain an oriented laminate film and the

properties thereof are shown in Table 2 below.
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COMPARATIVE EXAMPLE 5

‘A vapor-phase polymerization was conducted by

continuously supplying propylene, eihylene, and butene-1 under
‘'the same conditioﬁs as in Comparative Example 1 except that the
polymerization temperature was changed to 75°C and the H,
concentration was changed to 0.35% to obtain a copolymer. The
copolymer having the ethylene content of 2.0% by weight and the
butene-1 content of 13.1% by weight was obtained. However, the
operation load of the polymerization baths was increased and
the operation was in an unstable operation state. Further, the
copolymer obtained had a-n;héxane extracted amount of 12.9% by

weight, which showed a very poor solvent resistance.

- TABLE 1
n-Hexane
Ethylene Butene-1 Extracted
'_Content Content -Mw/Mn MFR Tm Amount
(wtZ) (wtZ) ' (g/10 min) (°C). (wtZ)
Example 1 4.7 3.9 3.2 5.4 127 3.7
Example 2- 4.4 4.1 2.8 5.8 129 3.3
Example 3 4.4 4.1 2.9 3.1 129 2.6
Example 4 4.4 4.0 2.7 7.2 129 3.3
i Comparative 4.4 4.1 2.5 13.3 129 3.5
o Example 1 '
Comparative 2.5 5.1 3.1 8.6 139 2.5
Example 2
Comparative 1.2 10.2° 3.2 8.3 138 2.3
Example 3
Comparative 2.1 5.6 5.2 8.6 . 139 2.0
Example & '
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lrhc polymeri zation is conducted using each catal yst such that the nolar
atio of the Al atons in the conponent (B) to the Ti atonms in the conponent
A) beconmes froml to 1.000 -and the nolar ratio of the conponent (C) to the
\|* atonms in the conponent (B) becones from3%. 02 to 500, and prefer-

~

Comparative 2.0 13.1 . 3.0 4.6 127 12.9
Example 5. '
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to 150 [err]C and preferably from50[err] C

C1
preferably from2 to 30 kg/gnierr] G and

at a polynerization pressure of from at nospheric pres--

G

afbl y frrom 0.05 to 10. at a polynerization tenperature of
from20[err]

40 kg/cnferr]C,
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tin subétanially the absence of a sol vent while suppl'ying hydrogen to the
systemto control the nolecul ar weight of the copowimeaﬁugghk%@wl ene,

ethylene. and the [err]-ol efin. The random copol ne,
ethylene, and the [err]-olefin having g.t | east 4 caﬂmllu HHHH!H d as the
heat- scaling resin is the present in «gntion cont ai mount s
of ethylene and the [err]-olefin having at |east 4 carbon atons. The
et hyl ene caatiast: of the copolyner is from 3.0 to 7.0% by wei ght, and
preferably from4.0 to 6.0%by--weight. If the ethylene content of the
copol ymer is |esslt.ha® pele¥ropylenghilamimatef fadm coppsiisiqa Recrystal-
| ow-tenperature heat sealing property and the hot tack property of the
line polypropylene layer having laminated on at least one
' surface thereof a copolymer which is a random copolymer of
propylene, ethylene, and an a-olefin having at least 4 carbon
atoms, the copolymer being obtained by -‘a vapor-phase
polymerization using a catalyst system comprising a solid
catalyst component containing magnesium, titanium, and a
halogen, an organoaluminum compound, and an electron donative
compound, in substantially the absence of a liquid medium, and
satisfying the following requirements'(l)'to (7):
(1) the ethylene content of the copolymer is from 3.0
to 7.0% by weight,
(2) the content of the «a-olefin having at least 4
carbon atoms of the copolymer is from 2.0 to 6.0% by weight,
(3) the ratio of the ethylene content to the content of
the a-olefin having at least 4 carbon atoms in the cbpolymer is
at least 1.0)
(4) the melt flow rate of the copolymer is 10 g/10
minutes or less,
(5) the ratio of the weight average molecular weight to

" the number average molecular weight of the copolymer is 4.5 or

less,

(6) the melting point of the copolymer is 135°C or
less, and

(7) the amount of the n-hexane-soluble components in

the copolymer is less than 5.5% by weight.
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I%niﬁate filmbecones insufficient, while if the ethyl ene content of the
pgpolyner | S OVeThisSheaikyBeaeR@hated the pol ymer powder property becomes poor
in subjecting the u mwmm t he vapor-phase pol yneri zation, whereby it

bécomes difficult copol ymgr; in a stable nanner. The
content of the [e ng at least 4 carbon atons in the
gqpolyner Is from 2. 0 to 6.0% by weight, and preferably from3.0 to 5. 0%
Y, weight. If the gont nt - ol ef i ' argrg)ﬂ]
at:ons in the copol r?eri i%sgg fgéﬁ%ékfﬁ @1@?@{@ ?ﬁ%éggiéc?q% d

Proving Lga:l Ry ESRESRLHLS 1920552480 w3 OPERLYAART 4 he1bghibACHeon-

pound with an organomagne51um compound, treating the reduced

solid product with an ester compound, and treatlng the
treated product with titanium tetrachloride.

3. A film as claimed in claim 1 .br 2, wherein
the organcaluminum compound has at 1least one “aluminum-
carbon bond in the molecule. |

4. A film as claimed in claim 1, 2 or 3, wherein
the electron donative compound is a silicon compound.

5. A polypropylene laminate film as claimed in
any preceding claim, wherein the vapor-phase polymerization
was conducted at a temperature of from 20 to- 150°¢ under -
a pressure of from atmospheric pressure to 40 kg/cm2G.

6. A film as claimed in any preceding claim, wherein
the ethylene content of the copolymer is from 4.0 to 6.0%
by weight.

7. A film as claimed in any preceding claim, wherein

the a-olefin content of the copolymer is from 3.0 to 5.0%

e S oy, w S w el e st

by weight.
8. A film as claimed in any preceding claim, wherein

the melt flow rate of the copolymer is from 3 to 8 g/10

A AP ATIT NG R

minutes.

9., A film as claimed in any preceding claim, wherein
the ratio of the weight average molecular weight to 'the
' number averagelmolecular weight of the copolymer is 4.0 or

less.
R
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)r opetty of t he | ami nate filmbeconmes insufficient, while if the éontent

f. the [err]-olefin having at | east 4 carbon atons is OWBﬁSﬁwﬂm&
he powdering property beccnes poor in subjecting the cop
&por - phase pol yneriza- tion, whereby it becones dlffICU| he

opolymer in a stable manner, and furthé? as the case may

ack property becones poor. Exanpl es of the [err]-olefin are butene |,
entene-1, hexene- 1 4- et hyl pentene-1, and the like. O those, butene-1
s preferred. ThéOratPo &flhe as hyd Ehbmednt At BRYt h@TESSSAter GlRime

ont ent of the errL ol efin having at Ieast 4 carbon atons of the
wherein he melting 801nt of the copolymer is from 110

to 135°C.
11. A f£film as claimed in any preceding claim,
wherein the a-olefin having at least 4 carbon atoms is

butene-1.
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Eopolyner"ﬂﬁ'at least 1.0. If the ratio of the ethylene content of the
“fopolyner to the content of the [err]-olefin haV|ngm§§w&qg§§%ﬁ -hpn atons
n the copolyneris less than 1.0 the hot tack proper H!ll wljﬁnate film

pbeconmes i nsufficient. The el t flom1race (MFR) at t he
andom copol ymer of propyl ene, et hyl eng, 3and the [er ng at
east 4 carbon atons used as the heat-scaling resin of the present

nvention is 10 g/[err] mnutes or less, and preferably from3 to 8 g/[err]
&inutes. MFR i s a paraneter shomnn anFavera Dl ecul.ar wei ght of a

olymer, and | arger MFR showg=% r wei ght of the

ol ynmer becones snall er.

POLYPROPYLENE LAMINATE FILM

A polypropylene laminate film comprises a crystglline
polypropylene layer héving laminatéd oh at least onelsurface
thereof a copolymer which is a random copolymer of propylene,

-eﬁhylene, and an a;olefin having at 1least 4 carbon atoms.
The copolymer is obtained by vapor—phaée pelymerization
using a catalyst system comprising' (A) a so0lid catalyst
component containing magnesium, titanium and a halogen,
' (B) an organoaluminum compound, and (C) an electron donative
compound in substantially the absence.of a ligquid medium.
The copolymer satisfiés_the following requirements:

(1} ethylene éontent of 3.0 - 7.0 wtsg,

(2) o-olefin conient of 2.0 - 6.0 wtg,

(3) ethylene o-olefin ratio.of at least 1.0,

(4) melt flow rate of 10 g/10 minutes or less,

(5) ratio of weight average molecular weight:

number average molecular weight ratio of 4.5 or less,

(6) mp of 135°C or less, and

(7) n-hexane-soluble components lesg than 5.5 wt$

The film has excellent low—tempéfature'heat-sealing
and hot tack properties, good transparency, and gobd“bldcking

and solvent resistance.
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The present invention relates
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and hot tack properties,

blocking and solvent resistance.

Biaxially oriented

(BOPP)

its excellent rigidity,

properties, etc.

sealable,

However,

transparency

POLYPROPYLENE LAMINATE FILM -

excellent

good transparency,

crystalline

to a polypropylene
low-temperature héat—'
and

polypropylene £film

has been widely used as packaging film because of

and moisture-proof

since BOPP is not readily heat-

BOPP has hitherto been widely used in the form

of a laminate £film obtained by laminating a resin having

excellent heat-sealing properties on one or both surfaces

thereof,

or by co-extruding BOPP together with the resin

having excellent heat-sealing properties.

Hitherto,

the over-riding property demanded of the

heat-sealing resin has been the extent by which it could

decrease

the low-temperature

been considered to be the most important.

heat-sealing

the heat-sealing temperature.

property

In other words,
has hitherto

This is because,

if the heat-sealing temperature of the heat-sealing resin

"could be decreased,

the

speed_  of making bags

from the

laminate £ilm will be increased and productivity iﬁproved.

On the other hand,

transparency and blocking resisﬁahcé are also important.

However, more
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becones insufficient and as the case may be probl ens occur to cause poor

flowability, etc., at filmformation of the | am nace film which is
uhdesirable in the present invention. ° The ratio of the weight average
nol ecul ar weight to the number average. mplecul ar weight. (Mv M) by a gel
per - meat i on chromat ography (GPC) of the random copol yner of propyl ene,

ethylene, and the [err]-olefin having at least 4 carbon atons used as the

heat - seal i S RRRSENthat NHENERENALTedsT FAbAath dNdater
pref er abl yagcwagllalgleslis lIQ#\/h Foa BJ:!) lymer 1Is the val ue show ng herials

ol ecul ar ygi gy paék&?é&blétddontl?é 819 eRYFIRa tKh tHe §aakhgﬁt;uqn£nwé\m
of a polyner neans th t he nol ecul ar wei ght distribution of ™
due to the diversification of the materials to be packaged
are rapidly' increasing, and the hot tack property which
has not hitherto been regarded .as.._ 8o important for BOPP
has become as important as the low-temperature heat-sealing
property.

Hithei:to, various proposals have been made as to
the nature of the heat-sealing resins to be used in conjunc-
tion with BOPP. For example, a propylene-ethylene copolymer
obtained by copolymerizing pfopylene and about 5%. by weight
.of ethylene is well known as a propylene-based heat-sealing
resih; however, although the copolymer has excellent trans-
parency and blocking resistance it has very poor low-
température heat-sealing pr'operties. When the content of
ethylene .in the copolymer is increased to improve the low-
temperature heat-sealing propefties, the low-temperature
heat-sealing property is improved to some extent, but the
tfansparency and blocking resistance greatly deteriorate.

A propylene-butene-l copolymer obtained by copoly-
merizing. propylene and butene-1 is also well known. .For
example, propylene-butene-1l copolymers obtained by polymer-
izing in an inert solvent (so-called slurry polymerjzation,
"from which components dissolving in the inert solvent are’
removed, are disclosed in JP-A-50-128781 ahd JPA-A-55-17542

(the term "JP-A" as used herein means.mr“unéxagined published

Japanese patent application"”) and these copolymers have
“liiiﬁﬁii‘llaﬁleln }ITﬁird This is the repiacement sheet
Dai: 31 AUG 96



a

the pol yner is narrow. The influence of the nol ecul ar wei ght
di_stribution of the copol yner giving the heat sealing performances such
as the | owt enperature heat sealing property, the hot tack property,
etc., has not yet been clarified, but it is expected that |low nol ecul ar
wei ght conponents contained in |arge anoynt in the copol yner having a
w de nol ecul ar wei ght distribution may” gi ve an influence onto the heat
seal i ng perfornmances for some form The random copol yner of

AL T RE AT R RN S N
point of show considerably improvéd low-temperature heat-sealing
properties. |
Further, JP-A-56-22307 discloses a propylene-butene-1
copolymer copolymerized using a catalyst system cémprising a
solid compound comprising titanium trichloride and an
organometal compound in the absence of a liquid diiuent and
having a specific sequence distribution, but the low-
temperature heat sealing property of the copolymer is
insufficient, and also there are problems in <that the
blocking resistance is poor and the transparency deteriorates
with the passage of time. |
| Furthermore, JP~A-60-16645 discloses a . propylene-~
butene-1 copolymer obtained in a vapor phase in substantially
the absence of a liquid medium, the copolymer showing good
results in the low-temperature heat sealing property, the
transparency, and the blocking resistance. However, according
to the present inventors’ duplication of the JP-A, the hot tack
pfbperty was insufficient.
A propylene-ethylene-butene-1 terpolymer obtained by
copolymerizing propylene, ethylene, and butene-1 is further

. well known as a heat sealing resin.’

This Sheet Has Been Replaced

[
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135[err] C. or less. If the nelting point of the copolyner is higher than
135[err] C, the effect of inproving, in particular, the hot tack property
of the lam nate filmbecones insuffi- cient and if the nelting point of

t he copolynmer is too low, problens occur on the workability and the

bl ocki ng property of the lamnate film 4lhus, the nelting point of the
copoly- ner is preferably from 110[err] C to 135[err] C, and nore
preferably from 120[err] C. to 135[err] C. . The anount of the

n-hexane-sol ubl e cpgponeRifpdE ,SO0FBLAL5%-26@0 1t hagdsutibesopp! Wsdwdtion
propyl ene, ethyl ene, and the ferr]-olefin havi ng .at | east 4 carbon atons

gsed as t hRe R4 - ofSaal IJ1R i85 dbpdll yTHEr PH9S &fipp IMiaiY | PHoms 0l.@std i By 5%
’ #eight of ethylene and from 1 to 30% weight of an a-olefin
having from 4 to 8 carbbn atoms to propylene in a
polymeriiation system. JP-A-53-26882 - also describes a
propylene terpolymer containing from 0.5 to 1.9% by weight of
ethylene and from 0.5 to 4.9% by weight of butene-l and having
a substantially  statistic comonomer distribution, and a
‘production method of the proleene terpolymer. Further, JP-A-
55-115416 describes that a low-crystalline soft or semi-soft
copdlymer can be obtained by copolymerizing propylene with from
0.2 to 9 mol% of ethylene and from b.2 to 9 mol% of a straight
chain «¢-olefin having at least 4 carbon atoms.

However, the copolymeré and terpolymers described
above do not- simultaneously satisfy the low-temperature

heat sealing and hot tack requirements, and also do not

exhibit excellent transparency, block resistance, and solvent

resistance.

Accordingly, an object of the present invention is to
provide a polypropylene laminate film having an excellent ldw—
temperature heat sealing property and an excellent hot tack
property together with good éransparency, good blocking

resistance and good solvent resistance.

As a result of various investigations to attain the

object described above, it has been found that‘a polypropylene

This Sheet Has Been Reilaced This is the replacement sheet
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wei ght. If the anmount of the n-hexanc-sol ubl e conponents of the copolyner
I's over 5.5% by weight, the solvent resistance of the lamnate film
becones insufficient. The copolynmer used as the heat-sealing resin-in the
present invention is obtained by a vapor-phase polyneriza- tion and the
copol yner obtai ned nmay not be subjected-t®§ =-post-treatnent such as a
washi ng step, etc., or .may be subjected to a proper washing step. The
copol ymer used as the heat-sealing resin in the present invention can be
bl ended W Qlanimdte aidh LA hytedewgbh. af randérbeiopcelyéenet [ probydleal,n

copol ynmer, poly- butene-1 (including a copolyner type), a propyl ene-
ethylene, and an c-olefin having at least 4 carbon atoms, the
random copolymer being obtained by a specific polymerization
method_using a specific catalyst system and having a specific
comonomer component, a specific molecular wgight, a specific
moleéular weight distribution, a specific meltihg peint, and

specific n-hexane-soluble components, as a heat-sealing resin

can provide all the required properties.

According to the present invention, there is provided
a polypropylene laminate film comprising a crystalline poly-
propylene layer having laminated on at least one surface
thereof a copolymer which is a randdm copolymer of propylene,
ethylene, and an co-olefin having at least 4 carbon atoms,
obtained by"a 'vapor-phase polymerization using a catalyst
system comprising -a solid catalyst component containing
magnesium, titanium, and a halogen as the essential components,
an organoaluminum compound, and an electron donative compound,
in substantially the absence of a liquid medium, the copolymer
satisfying the following requirements (1) to (7);

(1) the ethylene content in the copolymer is from 3.0
to 7.0% by weight, . _

(2) the content of the a-olefin having at least 4

carbon atoms in the copolymer is from 2.0 to 6.0% by weight,

This Sheet Has Been Replaced This is the repiscement sheet
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but ene-1 copolyner, etc., and also can be blended wwth a small anount of
ot her polyneric material. The copolynmer can further contain additives such
as an antistatic agent, an anti-blocking agent, a lubricant, a stabi-
l'izer, etc.

(3) the ratio of tﬂé ethylene content to the content of
the a-olefin having at least 4 carbon atoms in ﬁhe copolymer is
at least 1.0, )

(4) the melt flow rate of the copolymer is 10 g/10
minutes or less,

(5) the ratio of the weight average molecular weight to
the number average molecular weight of the copolymer is 4.5 or
less, |

(6) the melting point of the copolymer is 135°C or
less, and

(7) the content of n-hexane-insoluble componenté in the
copolymer is less than 5.5% by weight.

The present invention is described in detail below.

The first characteristic of the polypropylene lamin-
ate film of the  present invention is that the laminate
film has both excellent low~temperature heat-sealing proper-
ties and hot tack properties. The second characteristic
of the polypropylene laminate film of the invention is
that the laminate £ilm has good transparency, blocking
resistance, and solvent resistance, in addition to the
excellent low-temperature heét-sealing and hot tack proper-
ties.

The rahdom copolymer of propylene, ethylene, and
the a-olefin héving at leasﬁ 4 carbon atoms used as the
heat~sealing resin in the- present_ invention is produced

by a so-called vapor-phase polymerization metHod.

Sheet Has Been Reﬂlaced This is the replacement sheet
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-9- The pol ypropyl ene lam nate filmof the present invention can be
obt ai ned by lam nating the heat-sealing resin on one surface or both the
surfaces of a crystalline polypropylene filmas a substrate by a
conventional nethod. That is, the lamnate filmof the present invention is
obtained by a method of previously forning the substrate |ayer in a sheet
formand the heat-sealing |layer in a sheet form and passing the sheets

bet ween press rollers using art adhesive, a nethod '

In slurry polymerization, which is generally widely
used and in which the polymerization is .performed in an
inert hydrocarbon solvent, a large amount of the polymer
formed is dissolved in the inert hydrocarbon solvent, whereby
the polymerization becomes very difficult and not only
is a polymer satisfying the object of the present invention
not obtained, but also the yield of the polymer is greatly
feduced, which makes this type of polymerization economically
disadvantageous. |

In the present invention vapor-phase polymerizationg
can be practised using, for example, a conventional fluidized
bed-type reactor or a fluidized bed-type reactor equipped
with a stirrer. Further, it is necessary to conduct the
-polymerization under conditions of temperature and pressure
at which the gases are not liquefied, and the polymer parti-
cles formed do not coalesce to form masses. Particularly
preferred polymerization conditions are that the temperature
is from 50°C to‘ 95°Cc, and the pressure is from 2 to 30
kg/cm2 (gauge pressure, hereinafter referred to as "G").
It is also preferred to add a molecular weight regulator,
such as hydrogen, for the purpose of controlling a melt

flowability of the polymer obtained.

The polymerization can *be practised as a batch-
type polymerization, a continuous polymerization or a method

combining. both . the polymerizations. The monomers and the

This Sheet Has Been Re'[ilaced _ Ttis is the replacement sheet

W oue: 31 05 8




of lam nating the heat-sealing resin on the substrate |ayer by coating a
sol ution or dispersion of the heat-sealing resin in a solvent such as

tol uene, etc., on the substrate |ayer, a nethod of |am nating the

heat - seal i ng reS|n on the substrate layer by nelt-extruding the
heat-sealing resin and coating the same on the substrate |ayer, a nethod of
extrudi ng separately the heat-sealing resgn-and the substrate pol ynmer by
separat e extrudi ng machi nes and joining both the extuded sheets in a common
die or the outlet of a common die in nolten states thereof, etc. The

| 'ami nate fpoDedfulldie PwesgRt | MRl f Do | S whiiefter akg undeméameéyd orin  the
biaxially oriented after [am nating the heat-
polymerlzatlon,can be supplied to the reactor continuously or
intermittently. The copolymer used in the present invention
can be washed with an alcohol or a hydrocarbon solvent to
remove the catalyst residue or low molecular weight polymers
after the vapor-phase polymerization.

The catalyst system for the production of the copolymer
used as the heat-sealing resin in the present invention is a

. conventional stereoregu;ar polymerization catalyst for an a;
olefin, and is a.catalyst system comprising a solid catalyst
éomponént (A) containing magnesium, titanium, and a halogen as.
the essential components, an organoaluminum compound (B), and
an electron donative compound (C).

The solid catalyst component (A) contains magnesium;
titanium, and a halogen as the essential components, and is
generally obtained by reducing a titanium compound with an
organbmagnesium compound to obtain a solid préduct, treating
the solid product with an ester compound, and treating the
product obtained with titanium tetrachloride.

The titanium compound used to produce the solid product
is represented by the formula Ti(OR).X.., wherein R represents
a hydrocarbon group having from 1 to 20 carbon atoms, X
represents a halogen atom, and 5 represents a_number'defined-
by 0 < b £ 4.

Examples of R are an alkyl group such as methyl, ethyl,

propyl, iso—propyi, butyl, iso-butyl, amyl, ifo-amyl, hexyl,

Thig is the replecement sheet
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sealing layer. Such an oriented pol ypropylene |Iamnate filmcan be produced
by the follow ng conventional nethods: (1) a nethod of preparing a raw

I-am nat e sheet by a so-called co-extrusion of conpositing both the
crystalline polypropy- lene resin |ayer and heat-sealing resin |ayer in an
extruding die or near the outlet of the §x§ryding'die for formng sheet in
the nolten states thereof and then biaxialTy orienting the | am nate sheet;
(2) a method of extrusion lam nating the heat-sealing resin on a

PO DY SREREUSE! B8yl SHERL B o Ao UEn, D e LTl SILAEE L0 e

pol ypr opyl engeghet Fedff, SWRAYR!S: ' RaBHBYY M UGt MY blp? such
as cyclohexyl or cyclopentyl; an allyl group such as pro-
penyl; and an aralkyl group such as benzyl.

The magnesium component which can be used is an
optional type organomagnesium compound having a magnesium-
carbon bond. 1In particuiar, a Grignard eompound represented by
the formula RMgX wherein R represents a hydrocarbon group
having from 1 to 20 carbon atoms and X represents a halogen
atom, and a megnesium compound represented by the formula RR’Mg
wherein R and R’, which mey be the same or different, each
represents a hydfocarbon grou? having from 1 to 20 carbon
atoms, are suitably used.

Examples of the Grignard compound are methylmagnesium
chloride, ethylmagnesium chloride, ethylmagnesium bromide,
ethylmagnesium iodide, propylmagnesium chloride, ' propyl-
magnesium bromide, butylmagnesium chloride, butylmagnesium
bromide, sec-butylmagneisum chloride, sec-butylmagnesium
‘bromide, tert-butylmagnesium chloride, tert-butylmagnesium
bromide, amylmagnesium chloride, iso-amylmagnesium chloride,
phenylmagnesium chloride. and phenylmagnesium bromide.

Examples of the magnesium compound represented by the
formula RR'Mg are diethylmagnesi;m, dipropylmagneisum, di-iso-
propylmagnesium, dibutylmagnesium, di-sec-butylmagnesium, di-
tert-butylmagnesium, butyl-sec-butylmagnesium, diamylmagnesium,

and diphenylmagnesium.

This. Sheet Has Been Reﬁlaced This is the replacement sheet
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by rolls including netal rolls, extrusion |am nating thereon the
heat -sealing resin, and then orienting the |lam nate sheet in a transverse
direction (TD); etc. The pol ypropyl ene | am nate fil m produced as above
has an excellent | owtenperature heat sealing property together with an
excel | ent hot tack property, is excell enttQ imthe transparency, the bl ocking
resi stance, and the solvent resis- tance, and also has a very |large
practical value that the lam nate filmcan be produced at a |ow cost. The
present invention Whe degareslipéiumn ¢RRROWBHA| (B byupeferimceompination
foll owi ng Exanples, but the invention is not construed as being |imted
thereto. with the solid catalyst component (A) has at least one Al-
carbon bond in the molecule.

Examples of the organocaluminum compound are a tri-
alkylaluminum such as triethylaluminum, triisobutylaluminum,
or trihexylaluminum; . " a dialkylaluminum halide such as
diethylaluminum halide or diisobutylaluminum halide; a
mixture of the trialkylaluminum and the dialkylaluminum halide;
and an alkylaluminoxane such as tetraethyldialuminoxane
or tetrabutyldialuminoxane.

Of those organoaluminum compounds, the trialkyl-
aluminum, a mixture of the trialkylaluminum and dialkylaluminum
halide, and the alkylaluminoxane are preferred, and triethyl-
aluminum, triisobutylaluminum, a mixture of triethylaluminum
and triisobutylaluminum, and tetraethyldialuminoxane are more
preferred.

The amount of the organocaluminum compound used can be
selected in the wide range of from 1 to 1,000 mols, and
preferably in the range of from 5 to 600 mols, per mole of
titanium atom in the solid catalyst.

The electron donative compound (C) which is preferably
used is a silicon compound represented by the formula
R!R?Si(OR*), wherein R!' and R? eéch represents a hydrocarbon

group having from 1 to 20 carbon atoms or hydrogen atom, and R?

represents a hydrocarbon group having from 1 to 20 carbon

‘This Sheet Has Been Replaced
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Each neasurenent itemin the exanples and the com parative exanpl es was
nmeasured according to the follow ng nethod. (1) Ethylene content and
[Ferr]-olefin content (W% Et hyl ene content: The ethyl ene content was
determned by an IR spectral nethod according to the nethod descri bed

_ll_

represents a hydrocarbon group having from 1 to 20 carbon

atoms, and examples of the silicon compound having an

alicyclic hyatocarbon group are as follows:

Cs:H;

T o
O—Si—(OCH;;)g\ { Si—(OCH,) ,.

CzI'I ' lbOC HT
O—S1—(OC2H )2 \_/\—sl— (OCHS) ,.
C4H9 | ' iSOC H7

- o B
O—Sl—(OCHg})g‘ \_/—‘Sl— (OCzys)gs

iSOCéHg ' tertC Hg
1 |
O‘S]'—(OCH3) 2~ D Si— (OCH;) 2~
CsH; C,:sHu
]
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i n Koobunshi Bunseki (Flight/ Ml ecular Miterial Analysis)

Handbook, page 256 "(i) Random Copol ymer", (published by Asakura Shoten

1985) But ene-1 content: The butene-1 content was dct erni ned by
the (R spectral nmethod fromthe follomdng equati on. But ene- 1
gorbance at 767 cnferr]

content (w % =1. 208K K is the a

The polymerization is conducted using each catalyst
such that the molar ratio of the Al atoms in the component (B)
to the Ti atoms in the component (A) becomes from 1 to 1,000
and the molér ratio of the component (C) to the Al atoms in the
component (B) becomes from.0.02 to 500, .and preferably ffom
0.05 to 10, at a polymerizétion temperature of from 20°C to
150°C, and preferably from 50°C to 395°C, at a polymerization
pressure of from atmospheric pressure to 40 kg/cm’G, preferably
from 2 to 30 kg/cm’G and in substantially the absence of a
solvent while supplying hydrogen to the system to control the
molecular weight of the copolymer of polypropylene, ethylene,
énd the a-olefin.

The random copolymer of propylene, ethyléne, and the a-
olefin having at least 4 carbon atoms, used as the heat-sealing
resin in the present inventiomn contains specific amounts of
eth&lene and the a-olefin having at least 4 carbon atoms. The
ethylene content of the copqumer is from 3.0 to 7.0% by
weight, and preferably from 4.0 to 6.0% by weight. If the
ethylene content of the copolymer is less than 3.0% by weight,
the effect of improving the low-temperature heat sealing
property and the hot tack property of the laminate film becomes
insufficient, while if the ethylepe content of the copol&mer is
over 7.0% by weight, the powdering property is poor when
subjecting the copolymer to the vapor-phase polymerization,
whereby it becomes difficult to produce the copolymer.in a

stable manner.
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(2) Weight average nol ecul ar wei ght/ nunber average nol ecul ar wei ght

(Mn/ M) The rati o was nmeasured by a gel perneation chromatog- raphy
(GPCO) under the following conditions. A calibration curve was prepared
usi ng standard pol ystyrene. Appar atus: Type 150 CV, manufactured by
M lipore Wat er s Cb. Col um: Shodé® M S 80 Measur enment
tenperature: 145[err]- Sol vent: O thodi chl orobenzene Sanmpl e
concentration: 5 ng/8 n1 When Standard Reference Material 706

(pol yst yrene of The content of the a-~olefin having at least 4 carbon
atoms in the copolymer is from 2.0 to 6.0% by weight, and
preferably from 3.0 to 5.0% by weight. If the content of the
a-olefin having at least 4 carbon atoms in the copolymer is
less than 2.0% by weight, the effect of improving the low-
temperature heat sealing property and the hot tack property of
the laminate film becomes insufficient, while if the content of
the a-olefin having at least 4 carbon atoms is over 6.0% by
weight, the powdering property is poor when subjecting the
copolymer to the vapor-phase polymerization, whereby it becomes
difficu;t to produce the éopolymer in a stable manner, and.
further as the case may be, the hot tack property becomes poor.

Examples of the «a-olefin are butene-1, pentene-1,
'hexene—i, 4-methylpentene-1, and the like. Of these, butene-1
is preferred.

The ratio of the ethylene content of the copolymer to
the content of the a—dlefin having at least 4 carbon atoms of
the copolymer is at least 1.0. If the ratio of the ethylene
content of the copolymer to the content of the c-olefin having
at least é carbon atoms in the copolymer is less than 1.0, the
hot tack property of the laminate film becomes insufficient.

| The melt flow rate (MFR) at 230°C of the random

- copolymer of propylene, ethylené, and the a-olefin having at
least 4 carbon atoms used.as the heat-sealing resin of the
present invention is 10 g/10 minutes or less, and preferably

from 3 to 8 g/10 minutes. MFR is a paraméter showing an
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MV Mn=2.1) of NBS (National Bureau of Standards) was neasured under the
above conditions, the nolecular weight distribution (Mv M) of 2.1 was
obtained. (3) Melt flowrate (MFR) (g/10 m nutes) MFR was neasured by
the nethod of Condition-14 according to JIS K 7210. (4) Melting point (Tm)
([err] © After previously nelting 10 of a sanple piece at 220 C for
5 mnutes, the tenperature was decreaséd b 40 C. at a '
tenperature-decreasing rate of 5 Cmnute using a dif- ferential scanning

calorinmeter (DSC, trade nane, manufac- tured Qy Per ki n- El mer Cb.%. ThelPeak
t enper at ur @VeEadte molecular weight of a polymer, and a larger MFR

shows that the average molecular weight of the polymer
has become smaller.

If MFR of the copolymer is over the upper limit, the
effect of improving the hot tack property becomes insufficient
and if MFR'of the copolymer is extremely small, the effect of
improving the low-temperature heat sealing property becomes
insufficient and problems occur to cause, as the case may be,
poor flowability, etc., at film-formation of the laminate film,
which is undesirable in the present invention.

The ratio of the weight average molecular weight to the
number average molecular weight (Mw/Mn) by a gel permeation
chromatography (GPC) of the random copolymer of propylene,
ethylene, and the a-olefin having at least 4 carbon atoms used
as the heat-sealing resin in the present invention is 4.5 or
less, and preferably 4.0 or less. Mw/Mn of a polymer is the
value showing the molecular weight distribution of the polymer
and a small value of Mw/Mn of a polymer means that the
molecular weight distribution of the polymer is narrow.

The influence of the molecular weight distribution
of the copolymer or heat-sealing performances, éuch as
the low-temperature heat-sealinq and the hot tack properties,
has not yet been clarified, but it is expected that low
molecular weight components contained in large amount in the
copolymer havinga a wide molecular weight distribution may

have an influence on the heat-sealing performance in some

manner.
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maxi mum peak in a crystallization exothermc curve obtai ned was defined as

a crystallization tenperature (Tc). The tenperature was then raised at
5Terr] Cmnute and the peak tenperature of the maxi mum peak in the fusion
endot- herm c curve obtained was defined as a nelting point (Tn). In

addition, the nmelting point of indium ¢ln)s reasured using the neasurenent
apparatus at a tenperature-raising rate of 5[err] Cmnute was 156.6 C. (5)
Sol vent resistance (n-hexane extracted anount) The sol vent resistance was

measured accordi ngThe FRAdém/cdpdlymé) oEoprbpyRenat, Uéehm@heseahanahe Q-

property (heat sealing
olefin having at least 4 carbon atoms used as the heat-sealing
resin in the present invention has a melting point of 135°C or
less. If the melting point of the copolymer is higher than
135°C, the effect of improving, in particular, thé hot tack
property of the laminate film becomes insufficient,ahd if the
melting point of the copolymer is too low, problems occur which
the workability and the blocking property of the laminate film.
Thus, the melting point of the copolymer is preferably from
110°C to 135°C, and more preferably from 120°C to 135°C.

The amount of the n-hexane-soluble components at 50°C
of the random copolymer of propylene, ethylene, and the a-
olefin having at least 4 carbon atoms used as the heat-sealing
resin in the_present invention is less than 5.5% by weight. If
the émount of the n-hexane-soluble components of the copolymer
is over 5.5% by weight, the solvent resistance of the laminate
film becomes insufficient.

The copolymer used as the heat~sealing resin in the
present invention is obtained by a vapor-phase polymerization
and the copolymer obtained may not be subjectéd to post-
treatment such as washing, or may be subjected to a suitable
washing step. |

The copolymer used as the heat-sealing resin in the
present invention can be blended with up to about 20% by weight
of a rubbery ethylene-a-olefin copolymer, polybutene-1

(including a copol&mer type), a propylene-butehe-1 copolymer,
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tenperature) ([err] C.) Fil ms were superposed each other and they were
heat - scal ed by press-adhering themusing a heat scaler (manu- factured by
Toyo Sei ki K K ) heated to a definite tenpera- ture under a | oad of 2
kg/cnferr] G (gauge pressure) for 2 seconds. After allowng to stand the
heat - seal ed sanpl e overnight, the heat-scpéed filnms were peel ed each other
at 23[err] C at a peeling speed of 200 nmim nute, and at a peeling angle
oe 180[err]. The sealing tenperature when the peel-resistant force becane
300 g/ 25 meatat. ,peshd nglibe dar nise ubdenddt: wboHi ta assa s amdwrt abf)vﬁt‘h%%
measured and defined as a heat sealing tenocrature.

polymeric material.

The copolymer can further contain additives such as an
antistatic agent, an anti-blocking agent, a lubricant and a
stabilizer.

The polypropylene laminate film of the present
invention can be obtaiged by laminating the heat-sealing
resin on one surface or both the surfaces of a crystalline
polypropylené film, as a substrate, by a conventional method.
That is, the laminate £film of the present invention is
obtained by separately forming the substrate layer and
the heat-sealing layer in sheet form and passing the sheets
between press rollers using an adhesive; a method of lamin-
ating the heat-sealing resin on the substrate layer by
coating a solution of dispersion of the heat-sealing resin
in a solvent, such as toluene, on the substrate layer:
a method laminating the heat-sealing resin on the substrate
layer by me;t-extruding the heat-sealing resin and coating
it on the substrate layer; and a method of extruding separ-
ately the heat-sealing resin and the substrate polymer
from separate extruding machines and joining both the ex-

truded sheets "in a common die_ or the outlet of a common

die in molten states thereof.

The laminate film of the present invention is
preferably uniaxialiy or biaxially oriented after laminating

the heat-sealing layer. Such an oriented polypropylene
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- 1l - (7) Hot tack property (g/25 mm Fil ms were superposed each ot her
and they were heat- seal ed by press-adhering themusing a heat sealer

(Tester
_;7_

laﬁinate film can be produced by the following conventional
methods: (1) a method of preparing a raw laminate sheet by a
so-called co-extrusion or compositing both the crystalline
polypropyleﬁé resin layer and heat-sealing resin layer in an
.extruding die or near the outlet of the egtruding die for
forming sheet in the molten states thereof and then biaxially
orienting the laminate sheet; (2) a method of extrﬁsion
laminating the heat-sealing resin on a polypropylene sheet.as
the substrate and then biaxially orienting the laminate sheet;
(3) a method of previously uniaxially orienting a polypropylene
sheet as the sﬁbstrate in a machine direction (MD) in a heated
state by rolls including metal rolls, extrusion laminating
thereon the heat-sealing resin, and then orienting the laminate
sheet in a transverse direction (TD); etc.

The polypropylene lamimate. film produced as above has
an excellent low-temperature heat-sealing property together

with an excellent hot tack property, excellent transparency.

blocking resistance, and solvent resistance,
and also has a very large practical value as the laminate

film can be produced at low cost.

The present invention will be described in more detail
by reference to the following Examples, but the invention is

not construed as being limited thereto.

Each measurement item in the Examples and the

. Comparative'Exampleé was measured according to the following

method.
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Sangyo K K') heated to a definite tenperature under a load of 2 kg/cnferr]G
(gauge pressure) for 2 seconds. Immediately after renoving the |oad, a

peal ing force was applied to the sealed portion by a tabular spring, and
the peeling force that the peeling |l ength showed [err] inches (3.2 nm was
measur ed. REFERENCE EXANPIE () Synthesis of

- Organomagnesi um Conpound: After replacing the inside atnosphere of a |

liter flask equipped with a stirrer, a reflux condenser, a dropping funnel,
- and a t her bkt BEhyl eheacgotegas amgh cg-qlefinhtpntesim(wadnesi um f or

~Gignard was placed in the flask. 120
: Ethylene content: The ethylene content was determined

by an IR spectral method according to the method described in
Koobunshi Bunseki (High Molecular ﬁaterial Analvsis) Handbook,
page 256 " (i) Random Copolymer”, (published by Asakura Shoten
K.K., 1985).

Butene-1 content: The butene-1 content was determined

by the IR spectral method from the following equation.'
Butene-1 content (wﬁ%) = 1.208K’
K’ is the absorbance at 767 cm™
(2) Weight average molecular weight/number average molecular
weight (Mw/Mn)

The ratio was measured by a gel permeation chromato-
graphy (GPC) under the following conditions. A calibration
curve was prepared using standard polystyrene.

Apparatus: Type 150 CV, manufactured by Millipore

Waters Co.

Column: Shodex M/S 80

Measurement temperature: 145°C

Solvgnt:- Orthodichlorobenzene

Sample concentration: 5 mg/8 ml. |

When Standard Reférence'Material 706 (polystyrene of
Mw/Mn = 2.1) of NBS (National Bureau of Standards) was measured
under the above conditions, the molecular weight distribution
(Mw/Mn) of 2.1 was_ébtained.' |

(3) Melt flow rate (MFR) (g/10 minutes)

This is the repiacement sheet

This Sheet Has Been Relilaced
q 1 “' ”
Date: @ ! AUG 1986




g of butyl chloride and 500 m of dibutyl ether were charged in the
droppi ng funnel and about 30 mM of the resulting m xture was added dropw se
to magnesiumin the flask to initiate the reaction. After initiation of the
reaction, the dropw se addition was continued at 50 C. over 4 hours. After
conpl etion of the dropw se addition, the reaction was further continued at
60[err] C for 1 hour. The reaction m xtdra9was cooled to roomtenperature
and solid conponents were filtered off. But yl magnesium chloride in |
di butyl ether was hydrolyzed with 1 N sulfuric acid aqueous solution and
when the concentratMBR s demeasumed udyng BPrenconethad| epd afomgition-14
according to JIS K 7210.
(4) Melting point (Tm) (°C)

After previously melting 10 mg of a sample piece at
220°C for 5 minutes, the temperature was decreased to 40°C at
a temperature-decreasing rate of 5°C/minute using a
differential scanning calorimeter (DSC, trade nanme,
manufactured by Perkin-Elmer Co.). The peak temperature of the
maximum peak in a crystallization exothermic curve obtained was
defined as a crystallization temperature (Tc).

The temperature was then raised at 5°C/minute and the
peak temperature of the maximum peak in the fusion endothermic
curve obtained was defined as a melting point (Tm).

In addition, the melting point of indium (In) measured
using the measurement apparatus at a temperature-raising rate
of 5°C/minute was 156.6°C.

(5) Solvent resistance (n-hexane extracted amount)

The solvent resistance was measured according to FDA
177 1520.

(6) Low-temperature heat sealing property (heat sealing
temperature) (°C)

Films were superposed each other and they were heat-
sealed by press-adhering them uéing a heat sealer (manufactured
by Toyo Seiki K.K.) heated to a definite temperature under a

load of 2 kg/cm’G (gauge pressure) for 2 seconds. After

allowing the heat-sealed sample to stand overnight, the heat-
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I ndi cator by back titration with a 1N sodi um hydroxi de aqueous sol uti on,
the concentration was 2.1 nol/liter. (b) Synthesis of Solid: Product:

After replacing the inside atnosphere of a 500 m flask equipped with a
stirrer and a dropping funnel with argon gas, 240 ml of hexane, 5.4 g (15.8

mrol s) of tetrabutoxytita- nium and 61-42@ €295 mmols) of
tetraet hoxysilane were placed in the flask to forma uniformsolution. 150

m of the organonagnesi um conpound synt hesi zed in the synthesis (a) above
was gradualdiy mded-drgyui & £760 tkadH adhdd @t Ri3eqr aRpiangekunn ¥ey 4

hours whil e keeping the inside tenperature of the flask at 5[err] fter
CO”D|et|0nd¥:meemm/mlnute, and at a peeling angle of 180°. The seallng
temperature when the peel-resistant force became 300 g/25 mm at
peeling the:films under the conditions described above was
measured and defined as a heat séaling temperature.
(7) Hot tack property (g/25 mm)

Films were superposed each other and they were heat-
sealed by pféss—adhering them using a heat sealer (Tester
Sangyo K.K.) heated to a definite temperature under a load of
2 kg/cm?G (gauge pressure) for 2 seconds. Immediately after
removing the load, a peeling force was applied to the sealed
portion by a tabular spring, and the peeling force that the

. peeling length showed 1/8 inches (3.2 mm) was measured.
REFERENCE EXAMPLE
(a) Synthesis of Organomagnesium Compound :

After replécing the inside atmosphere of a 1 liter
flask equipped with a stirrer, a reflux condenser, a dropping
funnel, and a thermometer with argon gas, 32.0 g of chip-form
magnesium for Grignard was placed in the flask. 120 g of butyl
chloride and 500 ml of dibutyl ether were charged in the
dropping funnel and about 30 ml of the resulting mixture was
added dropwise to magnesium in the flask to initiate the
reaction. After initiation of the reaction, the dropwise
addition was continued at 50°C over 4 hours. After completion

of the dropwise addition, the reaction was further continued at

o
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dropwi se addition, the resulting mxture was further stirred at room
tenperature for 1 hour. Solid conponents were separated froma liquid
conponent at roomtenperature, washed 3 tinmes with 240 ml of hexane, and
dried under a reduced pressure to obtain 45.0 g of a light-brown solid
product . The solid product obtained centai red 1. 7% by wei ght of a
titanium atom  33.8% by wei ght of an ethoxy group, and 2. 9% by wei ght . of a
but oxy group. Clear diffraction peaks were not observed in a w de angle

X ray diffreged ofiot agrasuel theheolddhdyshichivitiire hﬁa@d&bied\etommcfdm
showed that the solid product was an
temperature and solid components were filtered off.

Butylmagnesium chloride in dibutyl ether was hfdrolyzed
with 1 N sulfuric ‘acid aqueous solution and when the
concentration was determined using phenolphthalein as an
indicator by back titration with a 1N sodium hydroxide Aqueous
solution, the concentration was 2.1 mol/liter.

(b) Synﬁhesis of Solid Product:

After replécing the inside atmosphere of a 500 ml flask
equipped with a stirrer and a dropping funnel with argon gas,
240 ml of hexane, 5.4 g (15.8 mmols) of tetrabutoxytitanium,
and 61.4 g (295 mmols) of tetraethoxysilane were placed in the
flask to form a uniform solution. 150 ml1 of the organo-
magnesium compound synthesized in the synthesis (a) above was

.g:adually added dropwise inte the flask from the droﬁping
funnel over 4 hours while keeping the inside temperature of the
flask at 5°C. After completion of the dropwise addition, the
resulting mixture was further stirred at room temperature for
1. hour. Solid components were separated from a liquid
component at room temperature, washed 3 times with 240 ml of
hexane, and dried.under a reduced;pressure to obtain 45.0 g of
a light-brown solid product. |

The sélid product obtained contained 1.7% by weight of
a titanium atom, 33.8% by wéight of an ethoxy group, and 2.9%

by weight of a butoxy group.-
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anor phous structure. -12-

- 22 -

Clear diffraction peaké were not observed in a wide
angle X-ray diffraction diagram of the soiid prqduct with the
Cu-Ka line, which showed that the solid product was an
amorphous structure.

(c) Synthesis of Ester Treated Solid:

'After replacing the inside atmosphere of a 100 ml flask
with argon gas, 6.5 g of the solid product synthesized in the
synthesis (b) above, 16.2 ml of toluene, and 4.3 ml (16 mmols)
of diisobutyl phthalate were placed in the flask and the
reaction was conducted at 95°C for 1 hour.

(d) Synthesis of Solid Catalyst (Activation Treatment):

After completion of washing of the reaction product in
the synthesis (c) above, 16.2 ml of toluene, 0.36 ml (1.3
mmols) of diisobutyl phthalate, 2.2 ml (13 mmols) of butyl
ether, and 38.0 ml (346 mmols)-of titanium tetrachloride were
added to the product in the flask and the reaction was
conducted at 95°C for 3 hours. After completion of the
reaction, solid components formed were separated from a ligquid

'phase at 95°C and washed twice with 33 ml of toluene at the
saﬁe temperature. The treatment with a mixture of diisobutyl
phthalate, butyl ether, and titanium tetrachloride des;ribed
above was further repeated once again and the solid compbnehts
separated were washed 3 times with 33 ml of hexane to obtain

5.0 g of a yellow ocher-color solid catalyst.
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(c) Synthesis of Ester Treated Solid: After replacing the inside
at nosphere of a 100 mMl flask wth argon gas, 6.5 g of the solid product
synthesized in the synthesis (b) above, 16.2 m of toluene, and 4.3 m (16

mrol s) of diisobutyl phthalate were plac in the flask and the reaction
was conducted at 95[err] C. for 1 hour.:  (d) Synthesis of Solid Catalyst
(Activation Treatnent): After conpl eti on of washing of the reaction

mols)  of é.“.esobu g A s G R A A SR

38.0 m (3t1t ani S of t'E%“@%“Bi“&éE&EQrbﬁe “ﬁé@n@gqﬁﬂlto and 12.7%
by weight of a phthalic acid ester.

EXAMPLE 1
(a) Catalyst Component |
After adding 150 liters of hexane sufficiently purified
into a 250 liter reactor equipped with a stirrer and
sufficiently replacing the inside atmosphere of the reactor
with nitrogen gas, 3.2 mols of triethylaluminum (TEA), 0.32 mol
of cyclohexylethyldimethoxysilane (CHEDMS), and the solid
catalyst obtained in the Reference Example above in an amount
of 51.8 g calculated as Ti atom were added thereto. While
maintaining temperature of the mixture at 25°C, 2.8 kg of pro-
pylene was continuously added thereto over 2 hours.
(b) Polymerization
The catalyst component prepared in the above step (a)

was supplied to a 1,000 liter polymerization bath, _while
simultaneously supplying 52 mmols/hour of TEA and 5 mmols of
CHEDMS (Al/CHEDMS = 10/1 by molar ratio), propylene and butene-
1 were continuously supplied thereto at a‘H, concentration in
the polymerization bath of 0.22%, and the vapor-phase
polymerization was conducted at a polymerization temperature of

80°C, a polymerization pressure of 18 kg/cnﬁG,_and an average

residence time of 6 hours.
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the product in the flask and the reaction was conducted at 95[err] C for
3 hours. After conpletion of the reaction, solid conponents forned were
separated froma liquid phase at 95 [err] C and washed twice with 33 m

of toluene at the same tenperature. The treatnment with a m xture of

dii sobutyl phthalate, butyl ether, and tjjaniumtetrachl oride descri bed
above was further repeated once again anf4he solid com ponents separ ated
were washed 3 times with 33 nl of hexane to obtain 5.0 g of a yellow

ocher-col or solid catalyst. The solid catalyst contained 2.1 @6?¥ mehght
of a titanium atorffhel@thrlgnecrgntedt anmhghesi BHEensml SRNEENopHyT

wei ght of a phthalic acid ester. )
: J cJ%olymer obtained were 4.7% by weight and 3.9% by weight,

respectiveiy (see Table 1 below).

To 100 parts by Weight of the copolymer were added 0.15
part by weight of calcium stearate, 0.1 part by weight of
Sumilizer BHT (trade name, made by Sumitomo Chemical Co.), and
0.05 part by weight of Iiganox 1010 (trade name, made by Ciba
Geigyj, and after mixing them by a Henschel mixer, the mixture
was melt extruded to form pelléts.

(c) Laminate Layer Formation and Orientation Treatment

The copolymer pellets obtained were formed into a sheet:
having a thickness of 100 pm by a press method and the sheet
was melt press-adhered to a homopolypropylene sheet (MFR = 2.5)
having a thickness of 500 pm previously formed by a press
method to obtain a laminate sheet. A sample of 90 mm x 90 mm
was cut from the laminate sheet thus obtained and a biaxially
oriented film was obtained by the following conditions.

Stretching machine: Desk - biaxially stretching

machine, manufactured by Toyo
Seiki K.K.

Temperature: 150°C

Pre-heating time: 3 minutes

Orientation magnificatibh: 5 x 5 times

Orientation speed: 5 m/minute

[ ——————
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EXAMPLE 1 (a) Catal yst Conponent After adding 150 liters of hexane
sufficiently purified into a 250 liter reactor equipped with a stirrer and
sufficiently replacing the inside atnosphere of the reactor with nitrogen
gas, 3.2 nols of triethylalumnum (TEA), 0.32 nol of

cycl ohexyl et hyl di met hoxysilane (CHEDVS), and the solid catalyst obtained
in the Reference Exanple above in an amo@® —of 51.8 g cal cul ated as Ti
atom were added thereto. While nmaintaining tenperature of the m xture at

25[err] C., 2.8 kg of propylene was continuously added thereto over 2
hours. The properties of the oriented laminate film having a

thickness of 24 um obtained described above are shown in Table
2 below.

The oriented laminate film had excellent low-
temperature.heat-sealing and hot tack properties and showed

~ good transparency.
EXAMPLE 2

By following_thé_same vapor-phase polymerization as in
Example 1 except that the amount of CHEDMS supplied was changed
to 7 mmols/hour (Al/CHEDMS = 10/1.4 by molar ratio) and the
amounts of ethylene and butene-1 supplied were changed,-a
copolymer was obtained. The ethylene content and the butene-1
content of the copolymer obtained were 4.4% by weight and 4.1%
by weight, respectivély. The formation of pellets, the
.laminate formation, and the orientation treatment were
conducted under the same conditions as in Example 1 to obtain
an oriented laminate film and the properties of the oriented

laminate film are shown in Table 2 below.

The oriented laminate film also had excellent low-
temperature heat sealing and hot tack properties, and showed

the same good transparency as the product of Example 1.

EXAMPLE 3
A vapor-phase polymerization was conducted by
continuously supplying propylene, ethylene, and butene-1 in the

same manner as in Example 1 except that two polymerization
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“(b) Polynerization In a 1,000 liter polymerization bath was supplied the
catal yst conponent prepared in the above step (a), while sinultaneously
suppl yi ng 52 mmol s/ hour of TEA and 5 mmols of CHEDMS (Al CHEDMS=10/1 by
nmol ar ratio), propylene and butene-l were continuously supplied thereto at
a Herr] concentration in the pol ymeri zatdorr bath of 0.22% and the
vapor - phase pol yneri zati on was conducted at a pol ynerization tenperature of
80 [err] C., a polynerization pressure of 18 kg/cnferr] G and_.an average
resi dence PafdSofhaviegran inside volume of from 20 to 45 m® were used,
the polymerization temperature was changed to 70°C, the
polymerization pressure was changed to from 15 to 19 kg/cm?G
(A1/CHEDMS = 10/3 by molar ratio), and the H, concentration was
changed to 0.35%. The ethylene content and the butene-1
content of the copolymer obtained were 4.4% by weight and 4.1%
by weight, respectively.

The pelletization, the laminate formation, and the
orientation treatment were conducted under the same conditions
as in Example 1 to obtain an oriented laminate film and the
properties thereof are shown in Table 2 below.

The oriented laminate film also had excellent low-

temperature heat sealing and hot tack properties.’

EXAMPLE 4

A vapor-phase polymerization was conducted under the
same conditions as in Example 3 except that the H;
concentration was changed to 0.45% to obtain a copolymer.

The pelletization, the laminate formation, and the
orientetion treatment were conducted under the same conditions
as in Example 1 to obtain an oriented laminate film and the
properties thereof are shown in Table 2 below.

The oriented laminate film also had excelleht low-

temperature heat sealing and hot tack properties.
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3

baths having an inside volume of from 20 to 45 m’ were used,

the polymerization temperature was changed to 70°C, the
polymerization pressure was changed to from 15 to 19 kg/cm?G
(AL/CHEDMS = 10/3 by molar ratio), and the H, concentration was
changed to 0.35%. The ethylene content and the butene-1
content of the copolymer obtained were 4.4% by weight and 4.1%
by weight, respectively. | |

The pelletization, the laminate formation, and the
orientation treatment were conducted under the same conditions
as in Example 1 to obtain an oriented laminate film and the

properties thereof are shown in Table 2 below.

The oriented laminate £film also had excellent low-

temperature heat sealing'and hot tack'prdperties.

EXAMPLE 4
A vapor-phase polymerization was conducted under the
same conditions as in Example 3 except that the H;
concentration was changed to 0.45% to obtain a copolymer.
The pelletization, the laminate formation, and the
orientation treatment were conducted under the same conditions
as in Example 1 to obtain an oriented laminate film and the

properties thereof are shown in Table 2 below.

The oriented laminate film also had excelleht low-

temperature heat sealing and hot tack properties.
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The et hyl ene content and the butene-1 content of the copol ynmer obtained
were 4.7% by wei ght and 3. 9% by wei ght, respectively (see Table 1 bel ow).
To 100 parts by wei ght of the copol yner were added 0.15 part by wei ght of
calciumstearate, 0.1 part by weight of Sumilizer BHT (trade nane, nade by
Sum tono Chem cal- Co.), and 0.05 part by ﬁéight of Irganox 1010 (trade
nanme, nade by C ba CGeigy), and after mxing them by a Henschel m xer, the

m xture was nelt extruded to formpellets. (¢ Il nate Layer Formation and -
Orientation Treat ment The copSQ¥E§BA§&4§ﬁ§gﬁﬂé£&ﬂ%d were fornmed into a
sheet having a thi Qoo Rl phasel polyhar: FaflSa Swis Wohdictéd®under the
same conditions as in Example 3 except that the H,
concentratién was changed to 0.6% to obtain a copolymer.

The pelletization, the laminate formation, and the
orientation treatment were conducted under the.same condition§
as in Example 1 to obtain an oriented laminate film and the
properties thereof are shown in Table 2 below.

The oriented laminate film showed an excellent low-
temperature heat sealing property but the hot tack property
thereof was insufficient.

QQMBABAELYE_EKAMELE_Z

A vapor-phase polymerization was conducted by
continuously supplying propylene, ethylene, and butene-1l in the
same manner as in Example 1 except that 3 polymerization baths
having an inside volume of from 20 tb 45 m® were used, the
polymerization temperature was changed to go0°cC, the
polymerization pressure was changed to from 7 to 15 kg/cm’G
(Al/CHEDMS = 10/1.7 by molar ratio), and the H; concentration
was changed to 0.4% to optain. a copolymer. The ethylene

content and the butene-l content of the copolymer obtained were

2.5% by weight and 5.1% by weight, respectively.

The pelletization, the léminate formation, and the
orientation treatment were conducted under the same conditions
as in Example 1 to obtain an -oriented laminate film and the
prbperties thereof ére shbwn in Table 2 below. .

-
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sheet was nelt press-adhered to a honopol ypropyl ene sheet (MFR=2.5) having
a_thickness of 500 [err]m previously formed by a press nethod to obtain a
| am nate sheet. A sanple of 90 mnx90 mm was cut fromthe | am nate sheet
t hus obtained and a biaxially oriented fil mwas obtained by the foll ow ng
condi ti ons. Stretching machi ne: Desk bia&ially stretching nmachine,
manuf actured by Toyo Sei ki KK  Tenperature: 150 C. Pre-heating tinme: 3
m nut es Orientation magnification: 5x5 tines Orientation speed: 5
m m nut e The oriented laminate f£ilm was insufficient in both
low-temperature heat seaiing property and hot tack
property.
COMPARATIVE EXAMPLE 3

A vapor-phase polymerization was conducted under the
séme conditions as in Comparative Example 2 except that_the
amounts of propylene, ethylene, and butene-1 supplied were
changed to obtain a copolymer. The ethylene content and the
buténe—l content.of the copolymer obtained were 1.2% by weight
and 10.2% by weight, respectively.

The pelletization, the laminate formation, and the
orientation treatment were conducted under the same conditions
as in Example 1 to obtain an oriented laminate film and the
properties thereof are shown in Table 2 below.

The orienﬁed laminate film was insufficient in both
low~-temperature heat sealing property and _ hot tack
property. |

COMPARATIVE EXAMPLE 4

A copolymer was obtained by a slurry pdlymerization
method using n-heptane as the solvent. The ethylene content
and the butene-l content of the copolymer were 2.1% by weight
and 5.6% by weight, respectively.

The pelletization, the iaminate formation; and the
orientation treatment were conducted under the same conditions

as in Example 1 to Obtain an oriented laminate film and the

properties thereof'are shown in Table 2 below.

R
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The properties of the oriented |lam nate film having a thickness of 24

[err] m obt ai ned descri bed above are shown in Table 2 bel ow. The oriented
Iram nate fil mwas excellent in the | ow tenperature heat sealing property
and the hot tack property and showed a good transparency.

EXAMPLE 2 By following the same vapor-@fase pol ymerization as in Exanple
1 except that the anmbunt of CHEDMS supplied was changed to 7 mol s/ hour (Al

CEEDMS=| 0/ 1.4 by nol ar rati o) ﬁmyl ene and butene-1
suppl i ed were changed, a copol ,

A vapor-phase polymerization was “conducted Dby

continuously supplying propylene, ethylene, and butene-1 under
the same conditions as in Comparative Example. 1 except that the
polymerization temperature was changed to 75°C and the H_z
concentration was changed to 0.35% to obtain a copolymer. The
copolymer having the ethylene content of 2.0% by weight and the
butene-1 content of 13.1% by weight was obtained. However, the
operation load' of the polymerization baths was increased and
the operation was in an unstable operation state. Further, the
copolymer obtained had a n-hexane extracted amount of 12.9% by

weight, which showed a very poor solvent resistance.

TABLE 1
: n-Hexane
Ethylene  Butene-1 Extracted
Content Content -Mw/Mn MFR Tm _ _Amount
(wtZ) (wt2) (g/10 min) (°C) (wt2) -
Example 1 4.7 3.9 3.2 5.4 127 3.7
Example 2 5.4 4.1 2.8 5.8 129 3.3
Example 3 4.4 4.1 2.9 3.1 129 2.6
Example 4 4.4 4.0 2.7 7.2 129 3.3
Comparative 4.4 4.1 2.5 13.3 129 3.5
Example 1
Comparative 2.5 5.1 3.1 8.6 139 2.5
Example 2
Comparative 1.2 10.2 . 3.2 8.3 138 2.3
Example 3
Comparative 2.1 ° 5.6 - 5.2 8.6 139 2.0
Example 4
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et hyl ene content and the butene-1 content of the copol ynmer obtained were

4. 4% by wei ght and 4. 1% by wei ght, respec- tively. The formation of
pellets, the lam nate formati on, and the orientation treatnent were
conducted under the same conditions as in Exanple | to obtain an oriented
lam nate filmand the properties of the or|3ed1ted | aminate filmare shown in
Tabl e+2 bel ow.

Comparative 2.0 13.1 3.0 4.6 127 12.9
Example 5
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EXAMPLE 3 A vapor - phase pol yneri zati on was conduct ed by conti nu-
ously supplying propyl ene, ethylene, and butene-1 in-t he’I‘hiséi@&ﬁaJ@é@ﬁ'ﬁépla@&i

i*'n Exanpl e 1 except that two pol yneriza- tion baths havi N |
volunme of from20 to 45 nferr] were used, the pol yneri zéﬂl!&l’l”’%ﬂﬂljﬂe
was changed to 70 C., the polynerizati & pressure was c ; 15
to 9 kg/cmerr]G (Al CHEDMS=10/3 by nolar ratio), and the Herr]

concentratkg%.wgﬁ changed to 0.35% The ethyl ene content and the butene-1
content of & opol yner obtai ned were 4. 4% by wei ght and 4. 1% by wei ght,

respectively. The pellgtizaidAtnd RediHd ot 1hPEBRPraBinmNd Ebgsenlen-
" ‘line polyproéylene iayer having laminated on at least one
surface thereof a copolymer which is a random copolymer of
propylene, ethylene, and an a-olefin having at least 4 carbon
atoms, the copolymer being obtained by -a vapor-phase
polymerization using a catalyst system .comprising a solid
catalyst component containing magnesium, titanium, and a
halogen, an organoaluminum'compound, and an electron donative
: compound, in substantially the absence of a liquid medium, and
sﬁtisfying the following requirements (1) to (7):
(1) the ethylene content of the copolymer is from 3.0
to 7.0% by weight,
(2) the content of the c-olefin having at least 4
carbon atoms of the copolymer is from 2.0 to 6.0% by weight,
(3) the ratio of the ethylene cohtent to the content of
the a-olefin having at least 4 carbon atoms in the copolymer is
at least 1.0,
(4) the meli flow rate of the copolymer is 10 g/10

minutes or less,

(5) the ratio of the weight average molecular weight to
the number average molecular weight of the copolymer is 4.5 or

less,

(6) the melting point of the copolymer is 135°C or

less, and

(7) the amount of the n-hexane-soluble components in

the copolymer is less than 5.5% by weight.
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tatlon treat ment were conducted under the same conditions —as in Exanple 1

to obtain an oriented lamnate filmand the properties thereof are shomn
i h Table 2 bel ow. The oriented lam nate filmwas al so é%@émkéﬁBBp
| owt enperature heat sealing property and the hot tack pro
EXAMPLE 4 A vapor - phase pol yneri zation3das conduct ed unde
conditions as in Exanple 3 except that the H2 con- centration was c ange
to 0.45%to obtain a copol yner. The pelletization, the |am nate
formation, and the Pti en- fidin oast cdatimext iver elednduct echemrelin the saildd
condi‘'ti ons :

catalyst component is obtained by reducing a titanium com-

pound with an organomagnesium compound, treating the reduced
solid proddct with an ester lqompound, and treating the
treated product with titanium tetrachloride.

3. A film as claimed in claim 1 or 2, wherein
the orgénoaluminum compound has at least ~one aluminum-
carbon bond in the molecule.

4. A film as claimed ih claim 1, 2 or 3, wherein
the electron donative compoﬁnd is a silicon compound.

5. A polypropylene laminate £film as glaimed in

- any preceding claim, wherein the éapor-phase polymerization
was conducted at a temperature of from 20 to 150°é under
a pressure of from atmospheric pressure to 40 kg/cm23G.

6. A film as claimed in any preceding claim, wherein
the ethylene content of the éopolymer is-from.4.0 to 6.0%
by weight.

7. A film as giaimed in any preceding claim, wherein
the «-olefin content of the copolymer is from 3.0 to 5.0%
by weight.

8. A film as claimed in any preceding élaim, wherein
the melt flow rate of the copolymer is from 3 to 8 g/10
minutes. |

9. A film as claimed in any'preceding claim, wherein
the rétio of the .weight average molecular weight to the
number average mdlecular wéight_of the EOPOEYmer is 4.0 or

less.
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as in Exanple 1 to obtain an oriented lamnate filmand the properties
t hereof are shown in Table 2 bel ow. The oriented fanrﬂate—frfﬁrwas~a+so

excellent in the | owtenperature heat sealing property ot _tack
property. COVPARATI VE EXAMPLE 1 A vapol ee“Re 1a°°d
pol ymgri zation was conducted under the sanme conditions

except that the Herr] con- centration waggqchanged to O

copolyner The pelletization, the l'am nate formation, and the or|en-

tation treatnment were conducted under the same condltlons
10. A f£film as claimed in any preceding claim,

wherein the melting point of the copolymer is from 110
to 135°C.

11. A f£ilm as ,claimed in any precéding claim,
wherein the c«=-olefin .having at least 4 carbon atoms is

butene-1.

e
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as in Exaane—;~LD_QDL§Lﬂ_§Q_%Ljented | aminate filmand the properties
thereof are shown in Table 2 below. . The:oriented |lam nate filmshowed an
excel | ent IoW%wBbﬂnEﬁakunji &gt sealing property but the hot tack property

e

- 35 =

ABSTRACT OF THE DISCLOSURE

POLYPROPYLENE LAMINATE FILM

A polypropylene laminate film comprises a crystalline
polypropylene layer having laminated on at least'one.surface
thereof a copolymer which is a random copolymer of propylene,
ethylene, and an a-olefin having at least 4 carbon atoms.
The copolymer is obtained by vapor-phase polymerization
using a catalyst system éomprising (A) a solid catalyst
component containing_ magnesium, titanium ‘and a halogen,
(B) an organoaluminum compound, and (C) an electron donative
compound in substantially the absence of a 1liquid medium.
The copolymer satisfies the following requirements:

(1) ethylene content of 3.0 - 7.0 wtg,

(2) «-olefin content of 2.0 - 6.0 wt%,

(3) ethylene as-olefin ratio of at least 1.0,

(4) melt flow rate qf 10 g/10 minutes or less,

(5) ratio of weight average molecular weight:
number average molecular weight ratio of 4.5 or léss,

(6) mp of 135°C or less, and .
(7) n-hexane-soluble components less than 5.5 wt$
The f£ilm has excellent low—temperatﬁre heat—-sealing

and hot tack properties, good transparency, and good blocking

and solvent resistance. Do §§ s 2 53 £3 ;% i} ;}
Do gooowE €§ IE ED 4
%? ;? ?’.r:?' "—L-.-":
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-5 - . COMPARATI VE EXANPLE 2 ~A™Y
pol yneri zati on was conducted by continu- ously suppkyi.
ethyl ene, and butene-l in the same nmanner as in Exa
pol yneri zati on baths having an inside volume of from.2
used, the polynerization tenperature was clhanged té) 80"

o
POLYPROPYLENE LAMINATE FILM

Demmattareas 1L e e o

FIELD OF THE INVENTION

The present invention relates to a polypropylene laminate
film which has exccllent low-temperature heat scaling prop-
erty and hot tack property and also has a good transparency,
a good blocking resistance, and a good solvent resistance.

BACKGROUND OF THE INVENTION

A biaxially orented crystalline polypropylene film
(BOPP) has been widely used as packaging films by utiliz-
ing its excellent rigidity, transparency, moisture proof prop-
erty, etc. However, since BOPP has a difficulty in the heat -
sealing property, BOPP has hitherto been widely used as a
laminate film obtained by laminating a resin having an
excellent heat sealing property on one or both surfaces
thereof or co-extruding BOPP together with the resin having
an excellent heat sealing property.

Hitherto, the property required for the heat-sealing resin
has been to what extent the heat-sealing temperature can be
decreased. That is, the low-temperature heat sealing prop-
erty has hitherto been considered to be most important. This
is because if the heat-sealing temperature of the heat-sealing
resin can be decreased, 2 bag-making speed using the
laminate film can be increased to improve the productivity.
As the matter of course, however, the properties such as the
transparency, the blocking resistance, etc., of the resin are
also important. '

However, recently, the diversification of packaging forms,
that is, the diversification of materials to be packaged and

_ the diversification of packaging machines due to the diver-
sification of the materials are rapidly advancing, and a hot

~tack property which has not hitherto been regarded so
important for BOPP has been regarded as important as the
low-temperature heat sealing property.

Hitherto, various proposals have been made as the heat-
scaling resins for BOPP. That is, a propylene-cthylene
copolymer obtained by copolymerizing propylene and about
5% by weight of ethylene is well known as a propylene-
based heat-sealing resin. Although the copolymer has excel-
lent transparency, blocking resistance, etc., the copolymer is
very insufficient in the low-temperature heat sealing prop-
erty. When the content of ethylene in the copolymer is
increased to improve the low-temperature heat sealing prop-
erty of the propylene-ethylene copolymer, the low-tempera-
ture heat sealing property is improved to some extent but
there is a problem that the transparency and the blocking
resistance greatly deteriorate.

“This is the replacement sheet
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C’, the polynerization pressure was changed to from7 to 15 .kg/"cn{ err]G
(Al CHEDVMB=10/1.7 by nolar ratio), and the H2 concentrati on was changed to

0.4%to obtain a copolyner. The ethylene content and the butene- | content
of the copoly- ner obtained were 2.5% by weight and 5.1% by wei ght,
respectively. The pelletization, the lam nate formation, and the ori en-

tation treatnment were conducted under -tpe- sane conditions as in Exanple 1
to obtain an oriented lamnate filmand the properties thereof are shown
in Table 2 below.  AHi6pydédectikad-1 copblyiies obialnedbgopoigmef-i ci ent in both
the |ow tenperat uifnfqibpyiedl ity tRteRAr iy alodwel ckdtoin, tRork

example, propylene-butene-1 copolymers obtained by poly-

merizing in an inert solvent (so-called slurry polymeriza-

tion), from which components dissolving in the inert solvent

are removed, are disclosed in JP-A-50-128781 and JP-A-

55-17542 (the term “JP-A" as used herein means an “unex- -

amined published Japanese patent application”} and these

copolymers have a good transparency and a good blocking

resistance and shows a considerably good result on the

low-temperature heat sealing property.

Further, JP-A-56-22307 discloses a propylene-butene-1

copolymer copolymerized using a catalyst system compris-

ing a solid compound comprising titanium trichloride and an

organometal compound in the absence of a liquid diluent and

having a specific sequence distribution, but the low-tem-

perature heat scaling property of the copolymer is insuffi-
cient and also there are problems that the blocking resistance
is poor and the transparency deteriorates with the passage of
time.

Furthermore, JP-A-60-16645 discloses a propylene-
butene-1 copolymer obtained in a vapor phase in substan- -
tially the absence of a liquid medium, the copolymer show-
ing good results in the low-temperature heat sealing prop-
erty, the transparcncy, and the blocking resistance. However,
according to the present inventors’ duplication of the JP-A,
the hot tack property was insufficient.

A propylene-ethylene-butene-1 terpolymer obtained by
copolymerizing propylene, ethylene, and butene-1 is further
well known as a heat sealing resin.

For example, JP-A-54-26891 describes a production
method of an olefin copolymer by supplying from 0.1 104% .
by weight of ethylene and from 1 to 30% weight of an
o-olefin having from 4 to 8 carbon atoms to propylene in a
polymerization system. JP-A-33-26882 also describes a
propylene terpolymer containing from 0.5 to 1.9% by weight
of ethylene and from 0.5 to 4.9% by weight of butene-1 and
having a substaatially statistic comonomer distribution, and .
a production method of the propylene terpolymer. Further,
JP-A-55-115416 describes that a low-crystalline soft or
semi-soft copolymer can be obtained by copolymerizing
propylene with from 0.2 to 9 mol% of ethylene and from 0.2
to 9 mol% of a straight chain c-olefin having at least 4
carbon atoms. o

However, the copolymers and terpolymers described
above do not simultaneously satisfy the low-temperature
heat sealing property and the hot tack property, and also do
not show an excellent transparency, an excellent blocking
resistance, and an excellent solvent resistance.
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property. COMPARATI VE EXAMPLE 3 A vapor - phase

pol yneri zati on was conducted under the same conditions as in Conparative
Exanpl e 2 except that - the anmobunts of propyl ene, ethylene, and butene-1
supplied were changed to obtain a copolyner. The ethylene content and the
but ene-1 content of the copolyner obtained_were 1.2% by weight and 10.2%
by wei ght, respectively. The pelletization, the | am nate formation, and

the orien-
SUMMARY OF THE INVENTION

~Accordingly, an object of the present invention is to
provide a polypropylene laminate film having an excellent
low-temperature heat sealing property and an excellent hot
tack property together with a good transparency, a good
blocking resistance and a good solvent resistance.

As a result of various investigations to attain the Object
described above, it has been found that a polypropylene
laminate fitm laminated with a random copolymer of pro-
pylene, ethylene, and an «-olefin having at least 4 carbon
atoms, the random copolymer being obtained by a specific
polymerization method using a specific catalyst system and
having a specific comonomer component, a specific molecu-
lar weight, a specific molecular weight distribution, a spe-
cific melting point, and specific n-hexane-soluble compo-
nents, as a heat-sealing resin can satisfy all the required
properties, and have accomplished the present invention
based on this finding.

According to the present invention, there is provided a
polypropylene laminate film comprising a crystalline
polypropylene layer having laminated on at least one surface
thereof a copolymer which is a random copolymer of
propylene, ethylene, and an c-olefin having at least 4 carbon
atoms, obtained by a vapor-phase polymerization using a
catalyst system comprising a solid catalyst component con-
taining magnesium, titanium, and a halogen as the essential
components, an organoaluminum compound, and an elec-
tron donative compound, in substantially the absence of a
liquid medium, the copolymer satisfying the following
requirements (1) to (7); , '

(1) the ethylene content in the copolymer is from 3.0 to
7.0% by weight, -

(2) the content of the c-olefin having at least 4 carbon
atoms in the copolymer is from 2.0 to 6.0% by weight,

(3) the ratio of the cthylcne content to the content of the
o-olefin having at least 4 carbon atoms in the copoly-
mer is at least 1.0, :

(4) the melt flow rate of the copolymer is 10 g/10 minutes
or less,

(5) the ratio of the weight average molecular weight 1o the
number average molecular weight of the copolymer is
4.5 or less, :

(6) the melting point of the copolymer is 135° C. or less,
and '

(7) the content of n-hexane-insoluble components in th@:
copolymer is less than 5.5% by weight.
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tation treatnent were conducted under the same conditions as in Exanpl e |
to obtain an oriented lamnate filmand the properties thereof are shown,
in Table 2 below. The oriented lamnate filmwas insufficient in both the
| ow-t enperature heat sealing property and the hot tack property.

_4_

DETAILED DESCRIPTION OF THE
INVENTION :

The present invention is described in detail below.

The first characteristic of the polyproﬁylene laminate film
of the present invention is that the laminate film is excellent
in both the low-temperature heat sealing property and the
hot tack property. The second characteristic of the polypro-
pylene laminate film of the inveation is that the laminate film
is good in the transparency, the blocking resistance, and the
solvent resistance in addition to the excellent low-tempera-

" ture heat sealing property and hot tack property. '

The random copolymer of propylene, ethylene, and the
«-olefin having at least 4 carbon atoms used as the heat
scaling resin in the present invention is produced by a
so-called vapor-phase polymerization method.

In a slurry polymerization which is generally widely used
-and performs the polymerization in an inert hydrocarbon
solvent, a large amount of the polymer formed is dissolved
‘in the inert hydrocarbon solvent, whereby the polymeriza-
tion becomes very difficult and not only the polymer satis-
fying the object of the present invention is not obtained but
-also the yield for the polymer is greatly reduced, which
makes the polymerization economically disadvantageous.

The vapor-phase polymerization in the present invention
can be practiced using a conventionat fluidized bed-type
reactor, a fluidized bed-type reactor equipped with a stirrer,
etc. Further, it is necessary to conduct the polymerization
under the condition of a temperature and a pressure at which
the gases are not liquefied and polymer particles formed are
not molten to form masses. Particularly preferred polymer-
ization conditions are that the temperature is from 50° C. to
95° C. and the pressure is from 2 to 30 kg/cm? (gauge
pressure, hereinafter referred ta as “G”). It is also preferred
to add a molecular weight regulator such as hydrogen, etc.,

" for the purpose of controlling a2 melt fowability of the
polyroer obtained.

The polymerization can be practiced by a batch-type
polymerization, a continuous polymerization, or a method of
combining both the polymerizations. The monomers and the
molecular weight modifier which are consumed in the
polymerization can be supplied to the reactor continuously
or intermittently. The copolymer used in the present inven-
tion can be washed with an alcohol or a hydrocarbon solvent

"to remove the catalyst residue or low molecular weight
polymers after the vapor-phase polymerization.

The catalyst system for the production of the copolymer
used as the heat-sealing resin in the present invention is a
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COMPARATI VE EXAMPLE 4

was obtained by a slurry pol ynerization . nmet hod using n
t he sol vent. The et hyl ene content and the butene-|I con
copol ymer were 2.1% by -5-

conventional stereoregular polymedzation catalyst tour an
«-olctin and is a catalyst sysitem comprising a solid catalyst
component (A) containing magnesivm, titanium. and 1 halo-
gen as the esseatial components, an organoaluminum coms-
pound (B), and an clecteon donative cumgauad (C).

The solid catalyst compoaeat (A) contains magaesium,
titanium, and 1 halogen as the esseatial componeats and are
geacrally obtained by reducing a tivanivm compound with an
organomagnesiurm compound to obtain a solid product,
treating the solid product with an ester compound, and
treating the product obtained with titanium cctrachloride.

The titanium compaouad used to producs the soiid product
is represeated by tre formula TOR) X, wherein R cep-
reseats 2 hydrocarbon group having from L to 20 carbon
atoms, X represcats a palogen atom, and o represeats a
figure of 0 <b <4.

Examples of R are an alkyl group such as methyl, ethyl,
propyl, iso-propyl, butyl, iso-butyl, amyl, iso-amyl, hexyl,
heptyl, octyl, decyl, dodecyl, etc.; an aryl group such as
phenyl, cresyl, xylyl, naphehyl, etc.; 2 cycloalkyl group such
as cyclohexyl, cyclopentyl, etc.,; an allyl group such as
propenyl, etc.: and an aralkyl group such as beazyl, etc.

The magnesiura component which can be used is an
optional type organornagnesium compound having a mag-
nesiumcarbon bond. In particular, 2 Grignard compound
represented by the formula RMgX wherein R represents a
hydrocazton group having from 1 to 20 carbon atoms and X
represents a halogen atom, and a magnesium compound
represeated by the formula RR'Mg wherein R and R’, which’
may be the same or different, each represents a hydrocarbon
group .having from 1 to 20 carbon atoms, are suitably used.

Examples of the Grignard compouad are methylmagne-
sium chloride, ethylmagnesium chioride, ethylmagnesium

. bromide, ethylmagnesium iodide, propylmagnesium chio-

ride, propylmagnesium bromide, butylmagaesium chloride,
butylmagnesium bromide, sec-butylmagneisum chloride,
scc-butylmagnesium bromide, tert-butylmagnesium chlo-
ride, tert-butylmagnesium bromide, amylmagnesium chlo-

ride, iso-amylmagnesium chlocide, phenylmagnesium chlo-

ride, phenylmagnesium bromide, etc.

Examples of the magnesium compound represented by
the formula RR'Mg are diechylmagnesium, dipropylmag-
neisum,  di-iso-propylmagnesium, dibutylmagnesium,
di-sec-butylmagnesium, di-tert-butylmagnesium, butyl-sec-
butylmagnesium, diamylmagnesium, diphenylmagnesium,
etc.

The organoaluminum compouad (B) used in combination
with the solid catalyst componeat (A) has ac lecast one
Al-carbon bond in the molccule. '

Examples of the organoaluminum compound are a tri-
alkylaluminum such as tricthylafuminum, trisobutylalumi-
num, trihexylaluminum, etc.; a dialkylaluminum halide such
as diethylaluminum halide, diisobutylaluminum halide, etc.;

A copol yner
- hept ane as
tent of the

i

© This is the replacement sheet

Date:

2 2 OCT 997



wei ght and 5.6% by wei ght, respectively.
| am nate fornmation,
under the same conditions
| am nate filmand the

bel ow.

et hyl ene,
Exanpl e |
75 [err]

and but ene-
except* t hat
C. and

and the orien-

The pelletization, the
tation treatnment were conducted
as in Exanple 1 to obtain an oriented

properties ghereof are shown in Table 2

. _CEJVPA Tl VE . EXAMPLE 5. ., . . A vapor - phase
pol yneri zati on was conEﬁBﬁf‘i‘ég;“P &pﬁ}éﬂﬁ!—“mmum a“‘lrg'ﬁ'g:ﬁ: ll'}lléﬁ]yf‘ﬂg propyl ene,
d

3 élt(/ ummo’é%{'ﬁewb_‘bﬂﬂﬁti

i
SnE HAIR Conpar at i ve

Aosane, teyrpputyGiayminos i 8if t enperature was changed to

Of those orgaroaliminum compounds, the tnalkylalumuy-
aum, a mixture of the tialkylaluminum aad dialkylalumi-
aum halide, and the alkylaluminoxane are preferced, and
triethylaluminum, tdisobutylaluminum, a mixture of tricthy-
laluminum ard tdisobutylaluminum, and tetracthyldialumi-
noxane are more preferred.

The amount of the organoaluminum compound used can
be selected in the wide range of from 1 to 1,000 mols, and
preferably ia the range of from 3 to 600 mols, per mole of
titanium atom in the solid cacaiyst

Tae electron donative compound (C) which is prefecably
used is a silicon compound represented by the formula
R'R?Si(OR?), wherein R' and R? each represents a hydro-
carboa group having from 1 to 20 carbon atoms or hydrogen
atom, and R” represents a hydrocarbon group having from 1
to 20 carbon represents a hydrocarbon group having from 1
to 20 carbon atams, and examples of the silicon compound.
are as follows. Silicon compound having alicyclic hydro-~
carboa group:

(Il'zﬁs (l:u'-b
Si—(0CHj3)a, Si—(QCH4),,
CaFs isaCyisy

Si—(QCzHs)>, Si—(OCH;z)1,

.

Catly

Q '
€ i(SOC]H?
Si—(0CH3)s, O—Si—(OCzHﬂz.
] 'ImcCaHQ tfrtCaHg

O-'Si-mcxm. O—Si—-cocmh.
(l'-'zﬁv ("-'sHu
St—(0C;Hs)a, Si—(QCHj)a,

' IC«sHu ?—sHo

Si—(CCH7), Si—(0C;Hs)a,

The polymerization is conducted using each catalyst such
that the molar ratio of the Al atoms in the componeat (B) to
the Ti atoms in the component (A) becomes from | to 1,000
and the molar ratio of the component (C) to the Al atoms in
the cormponent (B) becomes from 0.02 to 500, and prefer-
ably from 0.05 to (0, at a polymerization temperature of
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the Herr] concentration was changed to 0.35%to obtain a copol yner.

The copol ynmer havi ng the ethyl ene content of 2.0% by wei ght and the
but ene-|1 content of 13.1% by wei ght was obt ai ned. However, the
operation | oad of the pol yneri zatiod baths was increased and the
operation was in teom0 20NEL &Pl #rapeial pRtccsilatimm Bt €her?3% he copol yner
obt ai ned had a IC.hexagdyxtittieh @dca0RWIrar ado @ty pmed ght, whi ch
showed a very poor sol gedtorEskFtmiG.eectecably trom 2 ta 30 kg/cm™G and

TABLE 1 ia substagually the absence of a solveat while supplying

n- Hexane hy&ialgyh e ere Faetmnee-chatrol the maleculur weighe of

Extract ed the €agoteric of c@lgpiogniene, ethylene, and the avBiRfin. Tm

Anmount The cacdom cagalymer aof propylene, ethyleae, and the

c-olefia haviag at least 4 carboa atams, used as the hext-
scaliag cosin ic the preseac iavendoa coatains sgesific
amounts of sthylene aad the «-olefin having ac least 4
carboan atoas. The echylene coaczac of the cogalymeris fom
3.0 to 7.0% by weight, and prefesably from 4.0 w0 6.0% by
weighe, If che sthyleae coatzat of the cagolymer is less thar
3.0% by weight, the efect of improving the low-temperature
heat sealing propecty and the kot tack progerty of the
laminate film becomes imsufficieac, while if the ethyleae
coateat of the cogolymer is over 7.0% by weight, the
polymer powder progerty becdmss paor in subjecting the
copolymer to the vagor-ghase polymerization, whersby it
becomes diffcult to produce the capolymer in a stable
manner.
The content of the x-alefin having ac [east 4 cargoa atoms
in the copolymer is from 2.0 to 6.0% by weight, and
preferably fram 3.0 0 5.0% by weighe. If the coatenc of the
a-olcfin having at least 4 carbon atoms in the copolymer is -
less than 2.0% by weight, the effsct of improving the
low-temperature neat scaling property and the hot tack
property of the laminate film becomes fasufiicient, while if
the conteat of the a-olefin having at least 4 carbon atoms is
over 6.096 by weight, the powdering propenty becomes poor
in subjecting the copolymer to the vapor-phase polymeriza-
tion, whereby it becomes difficult to producc the cogalymer
- in 2 stable manaer, and further as the case may be, ke hot
tack property becomes pooc

Examples of the -olefin are butene-1, pentene-1, hexene-
1, 4-methylpencenc-1, and the like. Of those, butene-l is
preferred. '

The ratio of the ethylene content of the copalymer ta the

- content of the x-olefin having at least 4 carbon atoms of the
copolymer is at [cast 1.0. If the catio of the ethylene coatent
of chc copalymer to the content of the «-olefin having at
least 4 carbon atoms in che copolymeris less than (.0, the hot
tack propecty of the laminate Glm becomes insuffcient.

"The melc flow rate (MFR) at 230° C. of the random
copolymer of propylene, ethylene, and the c-olcfia haviang at
least 4 cacbon atoms used as the heat-scaliag resin of the
preseat invention is 10 g/'°.minutes or less, and preferably
from 3 o 8 g/*° minutes. MFR is a parameter showing an
average molccular weighe of a polymer, and largee MIFR
shows thac the average molecular weight of the polymer
becomes smaller.

If MFR of the copolymer is aver the ugpec timit, the effect
of improving the hot tack property becomes insutlicicnt aad
if MFR of the copolymer is extremely small, the etfect of _ .
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w9 (Wt % MV M (g/10 min) ([err]CO (wt % Exanple 1 4.7
é. 9 & 3.2 5.4 127 3.7 Exanple 2 4.4 4.1
2.8 5.8 129 3.3 Exanple 3 4.4 4.1 2.9
3.1 129 2.6 Exanple 4 4-48 - 4.0 2.7 ; 1'23
129 3.3 Conpar at iiMBroving 448 low-temperans 2.9 oper:

3.5 Exampl & | COMDar At i e ot Sl i 53 13
2.3 Exanpie 2 Conparal Wuse pogr flowability, ‘ale.2 at film-fognigion of the 5 139
gg Exanpl e 3 Conpar aljhifrae film? which is undesirable in the préseat invendon.

The ratio of the weight average molecular weight to the
number average molecular weight. (Mw/Mn) by a gel per-
meation chromatography (GPC) of the cazdom copolymer of
propylene, ethylene, and the «-olefin having at least 4
carbon atoms used as the hear-sealing resin in the present
invention is 4.5 or less, and preferably 4.0 or less. Mw/Mn
of a polymer is the value showing the molecular weight

 distribution of the polymer and the small value of Mw/Mn
of a polymer means that the molecular weight distribution of
{the polymer is narrow.

The influence of the molecular weight distribution of the
copolymer giving the heat sealing performances such as the
low-temperature heat sealing property, the hot tack property,
etc., has not yet been clarified, but it is expected that low
molecular weight components contained in large amount in
the copolymer having a wide molecular weight distdbution
may give an influence onto the heat sealing performances for
some form.

The random copolymer of propyleae, ethylene, and the
a-olefin having at least 4 carbon atoms used as the heat-
sealing resin in the present invention has a melting point of
135° C. or less. If the melting point of the copolymer is
higher than 135° C., the effect of improving, in particular,
the hot tack property of the laminate film becomes insuffi-
cient and if the melting point of the copolymer is too low,
problems occur on the workability and the blocking property
of the laminate film. Thus, the melting point of the copoly-
mer is preferably from 110° C. to 135° C., and more

" preferably from 120° C. to 135° C.

The amount of the n-hexane-soluble components at 50° C.
of the random copolymer of propylene, ethylene, and the
a-olefin having at least 4 carbon atoms used as the heat-
sealing resin in the present invention is less than 5.5% by
weight. If the amount of the n-hexanc-soluble components
of the copolymer is over 5.5% by weight, the solvent
resistance of the laminate film becomes insufficient.

The copolymer used as the heat-sealing resin in the
present invention is obtained by a vapor-phasc polymeriza-
tion and the copolymer obtained may not be subjccted to
post-treatment such as a washing step, ctc., or may be
subjected to a proper washing step.

The copolymer used as the heat-scaling resin in the
present inveation can be blended with up to about 20% by
weight of a rubbery ecthylene-x-olefin copolymer, poly-
butene-1 (including a copolymer type), a propylenc-
butcne-1 copolymer, etc., and also can be blended with a
small amount of other polymeric material.

The copolymer can further contain additives such as an
antistatic agent, an anti-blocking agent, a lubricant, a stabi-

lizer, etc. : . o
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Exanpl e 4 Conparative 2.0 13.1 3.0 4.6 127
12.9 Exanple 5 _

-0 -

The polypropylenc laminate film of thc present invention
can be obtained by laminating the heat-sealing resin on one
surface or both the surfaces of a crystalline polypropylene
film as a substrate by a conventional method. That is, the
Iaminate film of the present invention is obtained by a
method of previously forming the substrate layer in a sheet
form and the heat-sealing layer in a sheet form and passing
the sheets between press rollers using an adhesive, 2 method
of laminating the heat-sealing resin on the substrate layer by
coating a solution or dispersion of the heat-sealing resin in
a solvent such as toluene, etc., on the substrate layer, a
method of laminating the heat-sealing resin on the substrate
layer by melt-extruding the heat-sealing resin and coating
the same on the substrate layer, a method of extruding
scparately the heat-sealing resin and the substrate polymer
by separate extruding machines and joining both the
extruded sheets in a common die or the outlet of a common
die in molten states thereof, etc.

The laminate flm of the present invention is preferably
uniaxially or biaxially oriented after laminating the heat-
sealing layer. Such an oriented polypropylene laminate ilm
can be produced by the following conventional methods: (1)
a method of preparing a raw laminate sheet by a so-called
co-extrusion of compositing both the crystalline polypropy-
lene resin layer and heat-sealing resin layer in an extruding
die or near the outlet of the extruding die for forming sheet
in the molten states thereof and then biaxially orienting the
[aminate sheet; (2) a method of extrusion laminating the
beat-sealing resin on a polypropylene sheet as the substrate
‘and then biaxially orienting the laminate sheet; (3) a method
of previously uniaxially orienting a polypropylene sheet as
the substrate in a machine direction (MD) in a heated state
by rolls including metal rolls, extrusion laminating thereon
the heat-sealing resin, and then orienting the laminate sheet
in a transverse direction (TD); etc.

The polypropylene laminate film produced as above has
an excellent low-temperature heat sealing property together
with an excellent hot tack property, is excellent in the
transparency, the blocking resistance, and the solvent resis-
tance, and also has a very large practical value that the
laminate film can be produced at a low cost.

The present invention will be described in more detail by
reference to the following Examples, but the invention is not
construed as being limited thereto.

Each measurement item in the examples and the com-
parative examples was measured according to the following
method. -

(1) Ethylene content and o-olefin content (wt%)

Ethylene content: The cthylene content was determined

by an IR spectral method according to the method described

Ttis is the repiacement sheat
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=717 - _ TABLE 2
Heat - seal i ng _ Tenper ature

Hot Tack Property (g/ 75 nm S&err]c) 90[err] C
100[err]C 110[err]C 120}err]C 130[err]C 1241 err] C 15(’)}[e r]C 160[err]
5

C Exanple 1 117 in KoobunshiBuseki (High gtylecular Mgteral Anal 5 168
| 33 112 Hgndizodnpags 356 “(0) Rapglom Copolymergglgublished ™ g5 203
295< 165 byb.‘\zigkul‘n Stiotendg K., 1985). _ .

utenc-1 content: The butcne-| conteat was determined

by the [R spectral methad from the following equation.
Butene- | conteat (wid%)=1.204K’
K is the absarbancs at 767 cm™

(2) Weight average molecular weight/aumber average
molecular weight (Mw/Mn)

The rado was measured by a gel permeation chromatog-
raphy (GPC) under the following conditions. A calibration
curve was prepared using standard polystyrene.

Apparatus: Type 150 CV, manufactured by Millipore

Waters Co.

Cotumn: Shaodex M/S 80

Measursment temperature: 145° C.

Solvent: Orthodichiorobenzene

Sample concentration: 5 mg/8 ml.

When Standard Reference Material 706 (polystyrene of
Mw/Nn=2.1) of NBS (National Bureau of Standards) was
measured under the above conditions, the molecular weight
distribution (Mw/Mn) of 2.1 was obtained.

(3) Melt flow rate (MFR) (2/10 minutes)

MFR was measured by the method of Coaditon-14
according to JIS K 7210.

(4) Meling point (Tm) (¢ C.) _

After previously melting 10 mg of a sample piece at 220°
C. for 5 minutes, the temperature was decreased to 40° C. at
a temperature-decreasing rate of 5° C/minute using a dif-
ferential scanning calorimeter (DSC, trade name, manufac-
tured by Perkin-Elmer Co.). The peak temperature of the ’
maximum peak in a crystallization exothermic curve -
obtained was defined as a crystallization temperature (Ic).

The temperature was then raised at 5° C/minute and the
peak temperamure of the maximum peak in the fusioa endot-
hermic curve obtained was defined as a melting point (Tm).

In addition, the melting point of indium (In) measured
using the measurement apparatus at a temperaturc-raising
rate of 5° C/minute was 156.6° C.

(5) Solvent resistance (n-hexane extracted amount)

The solvent resistance was measured according to FDA
177 1520. -

(6) Low-temperature heat sealing property (heat sealing
temperature) (° C.) - N

Films were superposed each other and they were heat-
scaled by press-adhering them using a heat sealer (manu-
factured by Toyo Seiki K.K.) heated to a definite tempera-
ture under a load of 2 kg/cm®G (gauge pressurc) for 2
seconds. . After allowing to stand the heat-sealed sample
overnight, the heat-scaled films were peeled each other at
23° C., at a peeling speed of 200 mn/minute, and at a
peeling angle of 180° The scaling tcmperature when the
peel-resistant force became 300 g/25 mm at pecling the flms
under the conditions described above was measured and
defined as a heat sealing temperature. '
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ExXanpl e 3 118 53> 53> 238 295< 262

165 124 98 Exanple 4 118 53> 53> 223
295< 156 - 115 93 72 Conparative 118

53> 53> 210 295< 137 . 98 78

68 Exanple | Conparative 123 _- 163> 53> 53> 295<
295< 114 é7)8Hot tack propefiy (&28mnp 2 Corparative 124

53>. 53> 3Films wergr %rposcd eacQb®r and theyl®@ére heat- 87

71 Exanpl e 3 Conpar alskyi&d by Jpé&s-adhering them3using a heat r (TesterS3> 53>
295< 117 Safigyo K.K.) hcat&ﬁto'—% it8 témperawre underaload = According

to the present invenigfalig/dnRy (ke piesit® fof T scconds. Immediatcly
after removing the load, a pecling force was applied to the
sealed portion by a tabular spring, and the peeling force that
the peeling length showed Y3 inches (3.2 mm) was measured.

REFERENCE EXAMPLE
(a) Synthesis of Organomagresium Compound:

After replacing the inside atmosphere of a 1 liter flask
equipped with a stirrer, a reflux condenser, a dropping
funnel, and a thermometer with argon gas, 32.0 g of chip-
form magnesium for Grignard was placed in the flask. 120
g of butyl chloride and 500 m! of dibutyl ether were charged
in the dropping funnel and about 30 ml of the resulting
mixture was added dropwise to magnesium in the flask to
initiate the reaction. After initiation of the reaction, the
dropwise addition was continued at 50° C. over 4 hours.
After completion of the dropwise addition, the reaction was
further continued at 60° C. for 1 hour. The reaction mixture
was cooled to room temperature and solid components were
filtered off.

Butylmagnesium chloride in dibutyl ether was hydrolyzed
with 1 N sulfuric acid aqueous solution and when the
concentration was determined using phenoiphthalein as an
indicator by back titration with a 1N sodium hydroxide
aqueous solution, the concentration was 2.1 mol/liter.

(b) Synthesis of Solid Product:
After replacing the inside atmosphere of a 500 ml flask
-equipped with a stirrer and a dropping funnel with argon gas, -
240 ml of hexane, 5.4 g (15.8 mmols) of tetrabutoxytita-
nium, and 61.4 g (295 mmols) of tetraethoxysilane were
placed in the flask to form a uniform solution. 150 ml of the
organomaguesium compound synthesized in the synthesis.
(a) above was gradually added dropwise into the flask from
the dropping funnel over 4 hours while keeping the inside
temperature of the flask at 5° C. After completion of the
dropwise addition, the resulting mixture was further stirred
at room temperature for 1 hour. Solid components were
separated from a liquid component at room temperature,
washed 3 times with 240 ml of hexane, and dried under a
reduced pressure tg obtain 45.0 g of a light-brown solid
product. '

The solid product obtained contained 1.7% by weight of
a titanium atom, 33.8% by weight of an ethoxy group, and
2.9% by weight of a butoxy group.

Clear diffraction peaks were not observed in a wide angle
X-ray diffraction diagram of the solid product with the
Cu-Ka line, which showed that the solid product was an
amorphous structure.
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nate filmcan be produced, which is excellent in both the
| ow-t enperature heat sealing property and the hot tack

property and has a good transparency, a good bl ocking e

resi stance, and a good sol vent resistance. Wil e the

i nvention has been described in detail and with reference to
speci fic enbodinents thereof, it wll be~apar- ent to one
skilled in the art that various changes and nodi fi cati ons
can be made therein w thout departing from the spirit and
scope t hereof. (c) Synthesis of Ester Trcated Solid: ;

After replacing the inside atmosphere of a 100 ml flask
with argon gas, 6.5 g of the solid product synthesized in the
synthesis (b) above, 16.2 ml of toluene, and 4.3 ml (16
mmols) of diisobutyl phthalate were placed in the flask and
the reaction was conducted at 95° C. for 1 hour.

(d) Synthesis of Solid Catalyst (Activation Treatment):

After completion of washing of the reaction product in the
synthesis (c) above, 16.2 ml of toluene, 0.36 ml (1.3 mmols)
of diisobutyl phthalate, 2.2 ml (13 mmols) of buty! ether, and
38.0 ml (346 mmaols) of titanium tetrachloride were added to-
the product in the flask and the reaction was conducted at .
95° C. for 3 hours. After completion of the reaction, solid
components formed were separated from a liquid phase at 95
° C. and washed twice with 33 ml of toluene at the same
temperature. The treatment with a mixture of diisobutyl
phthalate, butyl ether, and titanium tetrachloride described
above was further repeated once again and the ‘solid com-
ponents separated were washed 3 times with 33 ml of hexane-
to obtain 5.0 g of a yellow ocher-color solid catalyst.

The solid catalyst contained 2.1% by weight of a titanium
atom, 19.9% by weight of 2 magnesium atom, and 12.7% by
weight of a phthalic acid ester.

EXAMPLE 1

(a) Catalyst Component - )

After adding 150 liters of hexane sufficiently purified into
a 250 liter reactor equipped with a stirrer and sufficiently
replacing the inside atmosphere of the reactor with nitrogen
gas, 3.2 mols of triethylaluminum (TEA), 0.32 mol of
cyclohexylethyldimethoxysilane (CHEDMS), and the solid
catalyst obtained in the Refercnce Example above in an
amount of 51.8 g calculated as Ti atom were added thereto.
While maintaining temperature of the mixture at 25°C., 2.8
kg of propylenc was continuously added thereto over 2
bours.

(b) Polymerization _

In a 1,000 Liter polymerization bath was supplied the
catalyst component prepared in the above step (a), while
simultaneously supplying 52 mmols/hour of TEA and §
mmols of CHEDMS (Al CHEDMS=1(/1 by molar ratio),
propylene and butene-1 were continuously supplied thereto
at a H, concentration in the polymerization bath of 0.22%,
and the vapor-phase polymerdization was conducted at a
‘polymerization temperature of 80 ° C., a polymerization

" pressure of 18 kg/cm?G, and an average residence time of 6
- hours. :
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- 18 - VWhat is clainmed is: A pol ypropylene lam nate fil mconprising a

crystalline pol ypropyl ene | ayer having | am nated on at | east one surface

t hereof a copolymer which is a random copol ymer of propyl ene, ethylene, and

an-[err]-olefin having at |east 4 carbon atons, the copol ymer being

obt ai ned by a vapor - phase
. ’ - 13 -

The ethylene content and the butene-l content of the
copolymer obtained were 4.7% by weight and 3.9% by
weight, respectively (sec Table 1 below).

To 100 parts by weight of the copolymer were added 0.15
part by weight of calcium stearate, 0.1 part by weight of
Sumilizer BHT (irade name, made by Sumitomo Chemical
Co.), and 0.05 part by weight of Irganox 1010 (trade name,
made by Ciba Geigy), and after mixing them by a Henschel
mixer, the mixmure was melt extruded to form peilets.

(c) Laminate Layer Formation and Orieatation 'Lreatment

The copolymer pellets obtained were formed into a sheet
having a thickness of 100 pm by 2 press method and the
sheet was melt press-adhered to 2 homopolypropylene sheet
(MFR=2.5) having a thickness of 500 ym previously formed
by a press method to obtain 2 laminate sheet. A sample of 90
mm>x90 mm was cut from the laminate sheet thus obtained
and a biaxially oriented film was obtained by the following
conditions.

Stretching machine: Desk biaxially stretching machine,

manufactured by Toyo Seiki KK

Temperature: 150 ° C.

Pre-heating time: 3 minutes

Orientation magnification: 5x5 times

Orientation speed: 5 m/minute

The properties of the orented laminate film baving a
thickness of 24 um obtained described above are shown in
Table 2 below. .

*  The oriented laminate film was excellent in the low-
temperature heat sealing property and the hot tack property
and showed a good transparency. -

' EXAMPLE 2

By following the same vapor-phase polymerization as in
Example 1 except that the amount of CHEDMS supplied
was changed to 7 mmols/hour (Al CHEDMS=10/1.4 by
molar ratio) and the amounts of ethylene and butene-1
supplied were changed, a copolymer was obtained. The
ethylene content and the butere-1 content of the copolymer
obtained were 4.4% by weight and 4.1% by weight, respec-
tively. The formation of pellets, the laminate formation, and
the orientation treatment were conducted under the same
conditions as in Example 1 to obtain an oriented laminate
film and the properties of the oriented laminate film are
shown in Table 2 below. :
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pol ymeri zation using a catal yst systemconprising a solid catalysy _
conmponent containing magnesium titanium and a hal ogen, an organoal um num
conmpound, and an el ectron donative conpound in substantially the absence of
a liquid medium and satisfying the follow ng requirenents (1) to (7):

(1) the ethylene content of the copolyner, is from3.0 to 7. 0% by

wei ght, . (2) the content of the [errT-0lé&fin having at |east 4 carbon
atons of the copolyner is from2.0 to 6.0% by wei ght, (3) the ratio of
the ethyl ene content to the content of the . [err]-olefin having at

| east 4 carbon atons in the copoly-

The oriented laminate film was also excellent in the.
low-temperature heat sealing property and the hot tack
property and showed a good transparency as same as the
product in Example 1 '

EXAMPLE 3

A vapor-phase polymerization was conducted by continu-
ously supplying propylene, cthylene, and butene-1 in the:
" same manner as in Example 1 except that two polymeriza--
tion baths having an inside volume of from 20 to 45 m> were
used, the polymerization temperature was changed to 70 °
C., the polymerization pressure was changed to from 15 to
19 kg/cm’G (Al CHEDMS=10/3 by molar ratio), and the H,
concentration was changed to 0.35%. The ethylene content
and the butene-1 content of the copolymer obtained were
4.4% by weight and 4.1% by weight, respectively. '
The pelletization, the laminate formation, and the orien-
tation treatment were conducted under the same conditions
. as in Example 1 to obtain an oriented laminate film and the
properties thereof are shown in Table 2 below.

The oriented laminate film was also excellent in the
‘low-temperature heat sealing property and the hot tack
property.

EXAMPLE 4

A vapor-phase polymerization was conducted under the
same conditions as in Example 3 except that the H, con-
centration wWas changed to 0.45% to obtain a copolymer.

The pelletization, the laminate formation, and the orien-
tation treatment were conducted under the same conditions
as in Example 1 to obtain an oriented laminate film and the,'
properties thereof are shown in Table 2 below.

The oriented laminate film was also excellent in the
low-temperature heat sealing property and the hot tack!
propexty.

COMPARATIVE EXAMPLE 1

A vapor-phase polymerization was conducted under the
same conditions as in Example 3 except that the H, con-
centration was changed to 0.6% to obtain a copolymer.

The pelletization, the laminate formation, and the orien-
tation treatment were conducted under the same coaditions
as in Example 1 to obtain an oriented laminate film and the
properties thereof are shown in Table 2 below..

-The oriented laminate film showed an excellent low-
temperature heat sealing property but the hot tack property

thereof was insufficient. H
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mer is at least 1.0. (4) the nelt flowrate of the copolymer is 10 g/10
m nut es: or less, (5) the ratio of the weight average nol ecul ar wei ght
to the nunber average nol ecul ar wei ght of the copolyner is 4.5 or
less. (6)the nelting point of the copolymer is 135 C or |ess, and (7)
t he amount of the n-hexane-sol uble compgsents in the copolynmer is |less
than 5.5% by wei ght. 2. A polypropylene lamnate filmas clained in
claim1l1, wherein the solid catal yst conponent is obtained by reduc-

COMPARATIVE EXAMPLE 2

A vapor-phase polymerization was conducted by continu-
ously supplying propylene, ethylene, and butene-1 in the
same manner as in Example 1 except that 3 polymerization
baths having an inside volume of from 20 to 45 m® were
used, the polymerization temperature was changed to 80 °
C., the polymerization pressure was changed to from 7 to 15

kg/cm?G (Al CHEDMS=10/1.7 by molar ratio), and the H,
concentration was changed to 0.4% to obtain a copolymer,
The ethylenc content and the butcne-1 content of the copoly-
mer obtained were 2.5% by weight and 5.1% by weight,
respectively.

The pelletization, the laminate formation, and the orien-
tation treatment were conducted under the same conditions
as in Example 1 to obtain an oricnted laminate film and the
propertics thereof are shown in Table 2 below.

The oriented laminate Glm was insufficient in bath the
low-temperature heat sealing property and the hot tack
property.

COMPARATIVE EXAMPLE 3

A vapor-phase polymerization was conducted under the
same conditions as in Comparative Example 2 except that
the amounts of propylene, ethylene, and butene-1 supplied-
were changed to obtain a copolymer. The ethylene content
and the butene-1 content of the copolymer obtained were
1.2% by weight and 10.2% by weight, respectively.

The pelletization, the laminate formation, and the oren-
tation treatment were conducted under the same conditions
as in E{tample 1 to obtain an oriented laminate film and the
properties thereof are shown in Table 2 below. ’

The oriented laminate film was insufficient in both the
low-temperature heat sealing property and the hot tack
property.
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[ Hg a titanium conpound with an organonmagnesi um com pound, treating the
reduced solid product with an ester conpound, and treating the treated

product with titaniumtetrachl oride. 3. A polypropylene lam nate film as
claimed in claim1l1, wherein the organoal um num conpound has at | east one
al um num car bon bond in the nol ecul e. 4. A polypropylene lamnate film as
claimed in claiml, wherein the electron donative conpound is silicon com
pound. 5. A polypropylene lamnate filmas ggainmed in claim1, wherein
t he vapor-phase pol ynerizati on was conducted at a '

COMPARATIVE EXAMPLE 4

A copolymer was obtained by a slurry polymerization
method using n-heptane as the solvent. The ethylene content
and the butene-1 content of the copolymer were 2.1% by
weight and 5.6% by weight, respectively.

. The pelletization, the laminate formation, and the orien-
tation treatment were conducted under the same conditions
as in Example 1 to obtain an oriented laminate film and the
properties thereof are shown in Table 2 below.

COMPARATIVE EXAMPLE 5

A vapor-phase polymerization was conducted by continu-
cusly supplying propylene, ethylene, and butene-1 under the
same conditions as in Comparative Example 1 except that
the polymerization temperature was changed to 75 ° C. and
the H, concentration was changed to 0.35% to obtain a
copolymer. The copolymer having the ethylene content of
2.0% by weight and the butene-1 content of 13.1% by
weight was obtained. However, the operation load of the
polymerization baths was increased and the operation wasin -
an unstable operation state. Further, the copolymer obtained
had a n-hexane extracted amount of 12.9% by weight, which
showed a very pnor solvent resistance.

TABLE 1
) n-Hexane
Ethylcne  Butene-1 Extracted
Content Content MFR Tm Amount
(wt %) (wt®) MwMn (gl0min) (C) (W%
Exammle 1 4.7 .39 3.2 54 127 37
Example 2 44 4.1 28 58 129 3.3
Example 3 44 4.1 2.9 3.1 129 2.6
Example 4 44 4.0 27 12 129 33
Coowparative 4.4 4.1 25 133 129 3.5
Example 1 .
Comparative 2.5 5.1 3.1 8.6 139 25
Example 2
Comparative 1.2 10.2 3.2 8.3 138 23
Example 3 N
Comparative 2.1 5.6 52 8.6 139 20
Example ¢ K
Comparative 2.0 13.1 30 4.6 127 129
Example 5
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tenperature of from20 to 150 C under a pressure of fror?h%tsggisl%g%ri

pressure to 40 kg/cnferr] G IIII I"",T‘T“Tiliced

-17 - :
TABLE 2 R S S ST

Heat.

sealing :

Temperaturs Hot Tack Property (/25 aum)

(°Cy 90°C. 100°C. 110°C. [20°C. 130°C. 140°C. 150°C. 160°C.
Example 1 17 3> 53> 236 295< 168 133 112 81
Example 2 19 53> 53> 203 295¢ 165 126 93 72
Example 3 L8 53> . 53> 233 295¢ 262 165 124 93
Example 4 18 53> 53> 228 295« 156 L1s 93 72
Comparative (13 53> 53> 20 | 295¢ 137 98 78 68
Example ! .
Comparative 123 53> 53> 53> 295¢ 295« l14 8t 62
Example 2 = :
Comparative 124 $3> 5 3> 295¢ 295« 104 87 n
Example 3
Coroparative 129 53> 53> 53> 53> 295¢ 117 93 63
Example 4 '

- According to the present invention, a polypropylene lami-
nate film can be produced, which is excelient in both the
low-temperature beat sealing property and the hot tack
property and has a good transparency, a good blocking
resistance, and a good solvent resistance. _ '

While the invention has been described in detail and with
reference to specific embodiments thereof; it will be appar-
ent to one skilled in the art that various changes and
modifications can be made therein without departing from
the spirit and scope thereof.

What is claimed is:- -

1. A polypropylene laminate film comprising a crystalline
polypropylene layer having laminated on at least one surface
thereof a copolymer which is 2 random copolymer of
propylene, ethylene, and an «t-olefin having at least 4 carbon
atoms, the copolymer being obtained by a vapor-phase
polymerization using a catalyst system comprising a solid
catalyst component containing magnesium, titanium, and a
halogen, an organocaluminum compound, and an electron
donative compound in substantially the absence of a liquid
medium, and satisfying the following requirements (1) to

- (@ ' '
" (1) the ethylene content of the copolymer is from 3.0 to
7.0% by weight, . S

(2) the content of the «-olefin having at least 4 carbon

atoms of the copolymer is from 2.0 to 6.0% by weight,

(3) the ratio of the ethylene content to the content of the

o-olefin having at least 4 carbon atoms in the copoly-
mer is at least 1.0, ' '

(4) the melt flow rate of the copolymer is 10 g/10 minutes

or less, - '

(5) the ratio of the weight average molecular weight to the

number average molecular weight of the copolymer is
4.5 or less, S _

(6) the melting point of the copolymer is 135° C. or less,

and

(7) the amount of the n-hexane-soluble components ia the

copolymer is less than 5.5% by weight. _
Tris & the raciscemend.sheet
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6. A pol ypr opyl en

as clained in claiml1l, wherein the

et hyl ene cont ent o actds £ om 4.0 to 6.0% by wei ght 7.
pol ypropyl ene | ami n | med in claim1, wh§ PEIdT! Llu:: Lcﬂi‘ f—oA
content of the copo 0 to 504 hy weight. kel HAS BEEN
M)
TABLE2 HL. LAL D
Heat.
sealing '
Temperaturs Hot Tack Property (g/25 mm)
(°C) 90°C. 100°C. 110°C. 120°C. 130°C. [40°C. 150°C. 160°C.
Example 1 117 s3> 53> 86 295¢< 168 133 12 8t
Example 2 e §3> 53> 203 295¢ 165 126 93 72
Example 3 118 3> 53> 238 295¢ 262 165 124 93
Example 4 118 53> 53> 228 295¢ 156 {15 93 72
Comparative  [18 53> 3> 210 295¢ 137 93 78 68
Example ! .
Comparative 128 53> 53> 53> 295¢  295< 114 8l 62
Example 2 _
Comparative 124 53> > 3> 295¢ 295« 104 &7 4!
Example 3 '
Cormparative 129 53> 53> 53> 53> 295¢< 117 93 63
Example 4

[

- According to the present invention, 2 polypropylenc lami-
nate film can be produced, which is excellent in both the
low-temperature heat sealing property and the hot tack
property and has a good transparency, a good blocking
resistance, and a good solvent resistance.

While the invention has been described in detail and with

_reference to specific embodiments thereof; it will be appar-
“ent to one skilled in the art that various changes and

modifications can be made therein without departing from
the spirit and scope thereof.

What is claimed is:

1. A polypropylene laminate film comprising a crystalline
polypropylene layer having laminated on at least one surface
thereof a copolymer which is 2 random copolymer of
propylene, ethylene, and an c-olefin baving at least 4 carbon
atoms, the copolymer being obtained by a vapor-phase
polymerization using a catalyst system comprising a solid
catalyst component containing magnesium, titaninm, and a
halogen, an organoalumnum compound, and an electron
donative compound in substantially the absence of a liquid
medium, and satisfying the following requirements (1) to
@

(1) the ethylene content of the copolymer is from 3.0 to

7.0% by weight,

(2) the content of the ct-olefin having at least 4 carbon

atoms of the copolymer is from 2.0 to 6.0% by weight,

(3) the ratio of the ethylene content to the content of the

c-olefin having at least 4 carbon atoms in the copoly-

mer is at least 1.0,
(4) the melt flow rate of the copolymcr is 10 g/10 minutes :

or less,

(5) the ratio of the weight average molecular weight to the
number average molecular weight of the copolymer is
4.5 or less,

(6) ﬂ:ic melting point of thc copolymer is135°C.or less.
an _

(7) the amount of the n-hexane-soluble components in the
copolymer is less than 5.5% by weight. -

Date:
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8" A pol ypropyl ene am nate filmas clained in claim1, wherei n the nelt
flowrate of the copolyner is from3 to 8 g/10 m nutes. 9. A
pol ypropyl ene | anmi ngf huthgg@egnﬁmwd in claiml, wherein the ratio of the

wei ght average nol ec t he nunber average nol ecul ar wei ght of
the copolyner is 4.0 wﬂ I| A pol ypr opy-ene-- l««aﬂq'»ﬂat-emﬁmk-
clainmed in claima1,

i ting point GfiHHEHEPIARBEEN
. 110[err] to 35[err] C. 11. A pol yprqopygene | gm nat @EPiAdFDas cl
- claim1l, wherein the [err]-olefin having at |east—a Tar

as

from

imed in
S

2. A polypropylene laminate film as claimed in claim 1,
wherein the solid catalyst component is obtained by reduc-
ing a titanium compound with an organomaganesium com-
pound, treating the reduced solid product with an ester
compound, and treating the treated product with titanium
tetrachloride.

3. A polypropylene laminate film as claimed in claim 1,
wherein the organoaluminum compound has at least one

~ aluminum-carbon bond in the molecule.

4. A polypropylene laminate film as claimed in claim 1,
wherein the electron donative compound is silicon com-
pound.

5A polypropylene laminate film as claimed in claim 1,

* wherein the vapor-phase polymerization was conducted at a
temperature of from 20° to 150° C. under a pressure of from
atmospheric pressure to 40 kg/cm?G.

6. A polypropylene laminate film as claimed in claim 1,
wherein the ethylene content of the copolymer is from 4.0 to
6.0% by weight.

7. A polypropylene laminate film as claimed in claim 1,
wherein the ct-olefin content of the copolymer is from 3.0t
5.0% by weight. '

8. A polypropylene laminate film as claimed in claim 1, -

- wherein the melt flow rate of the copolymer is from 3 to 8
g/10 mianutes.
9. A polypropylene laminate film as claimed in claim 1,
. wherein the ratio of the weight average molecular weight to
the number average molecular weight of the copolymer is
4.0 or less.

10. A polypropylene laminate film as claimed in claim 1,
wherein the melting poxnt of the copolymer is from 110° to
35°C.

11. A polypropylene [aminate film as claimed in claim 1,
wherein the o-olefin having at least 4 carbon atoms is
butene-1.

| O - . Thi s he replacement S1E%
Cw [+ L M S * . :
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TABLE 2 '

Heat.

taaling

Temperaturs : Hat Tack Praperty (/15 oun)

(*C) 90°C. 100°C. 10°C. 120°C. 130°C. 140°C. 150°C. 160°C.
Example { 17 B 5 ) > pal) 295< 163 133 112 81
Example 2 9 5> 3> 203 295¢< 165 126 93 72
Example 3 8¢} 3> §> 8 295¢ 262 163 124 98 .
Example 4 £13 53> 3 123 295< 156 s 9 72
Comparative 1$%] -5 > 3> 210 295« 137 98 78 68
Example! .
Comparadve 128 3> > 53> 295¢ 295< li4 8t 62
Example 2 '
Comparative  [2¢ 53> s> 53> 293¢ 295< 104 87 )
Example 3 _ : :
Comparative (29 53> 53> 3> 53> 205< L7 93 &3
Exampgle 4

- According to the present invention, a polypropylcnc lami-
nate film can be produced, which is excellent in both the
low-temperature hm: sealing property and the hot tack
property and has a good transparency, 2 good blocking
resistance, and a good solvent resistance.

While the inveation has beea described in detail and with

_reference to specific embodiments thereof; it will be appar-
ent to one skilled in the art that various changes and
modifications can be made therzin without departing from
the spirit and scope thereof.




- 18 - REPLACEMENT SHEET

What is cliimed is: :

1 A polypropylene laminate film comprising a crystalline
polypropylene layer having laminated on at least one surface
thereof a copolymer which is a random copolymer of
propylene, ethylene, and an c-olefin baving at least 4 carbon
atoms, the copolymer being obtained by a vapor-phase
polymerization using 2 catalyst system comprising 2 solid -
catalyst componeat containing magnesium, titanium, and a
halogen, an organocaluminum compound, and an electron
donative compound in substantially the absence of a liquid
t(glt)sdium, and satisfying the following requirements (1) to
(1) the ethylene content of the copolymer is from 3.0 to

7.0% by weight,

(2) the comtent of the c-olefin having at least 4 carbon
atoms of the copolymer is from 2.0 to 6.0% by weight,

(3) the ratio of the ethylene content to the content of the
a-olefin having at least 4 carbon atoms in the copoly-
mer is at least 1.0,

(4) the melt fow rate of the copolymer is 10 g/10 minutes :
or less, -

(5) the ratio of the weight average molecular weight to the
number average molecular weight of the copolymer is
4.5 or less, _

(6)}!!; melting point of the copolymer is 135° C. or less,
an .

(7) the amount of the n-hexane-soluble components in the
copolymer is less than 5.5% by weight.

2. A polypropylenc laminate film as claimed in claim 1,
jwhcrein the solid catalyst compoueat is obtained by reduc-
ing a ttanium compound with an organomagnesium com-
pound, treating the ceduced solid product with an ester
compound, and treating the treated product with titanium
tetrachloride.

3. A polypropylene laminate film as claimed in claim 1,
wherein the Organoaluminum compound has at least one
aluminum-carbon bond in the molecule.

4. A polypropylene laminate flm as claimed in claim 1,
- wherein- the electron donative compound is silicon com-

;. pound.

5. A polypropylene laminate film as claimed in claim 1,

wherein the vapor-phase polymerization was conducted at 2
temperature of from 20° to 150° C. under a pressure of from
. atmaespheric pressure to 40 kg/cm?G.

A
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6. A polypropyleae laminate film as claimed in claim 1,
wherein the ethylene content of the copoiymeris from4.0to
6.0% by weight.

7. A polypropylcnc laminate film as claimed in claim 1,
whercin the x-olefin content of the copolymer is from 3.0 to
5.0% by weight.

8. A polypropylene laminate film as claimed in claim 1, -
- wherein the melt ow rate of the copolymer is from 3 to 8

g/10 miqutes.
9. A polypropylene laminate film as claimed in claim 1,
. wherein the ratio of the weight average molecular weight to
the number average molecular weight of the copolymer is
4.0 or less.

10. A polypropylene laminate film as claimed in claim 1,
wherein the melting point of the copolymer is from 110° to
35°C.

11. A polypropylene laminate film as claimed in claim 1,
wherein the «-olefin having at least 4 carbon” atoms is
butene-1.
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ABSTRACT

POLYPROPYLENE LAMINATE FILM

A polypropylene laminate film comprising a crystalline
polypropylene layer having laminated on at least one surface
thereof a copolymer which is a random copolymer of
propylene, ethylene, and an a-olefin having at least 4 carbon
atoms, the copolymer being obtained by a vapor-phase
polymerization using a catalyst system comprising a solid
catalyst component containing magnesium, titanium, and a
halogen, an organoaluminum compound, and an electron
donative compound in substantiaily the absence of a liquid
medium, and satisfying the following requirements (1) to
-
(1) the ethylene content of the copolymer is from 3.0 o
7.0% by weight,
(2) the content of the a-olefin having at least 4 carbon
atoms of the copolymer is from 2.0 to 6.0% by weight,

(3) the ratio of the ethylene content to the content of the
a-olefin having at least 4 carbon atorms in the copoly-
mer is at least 1.0,

(4) the melt flow rate of the copolymer is 10 g/10 minutes
or less,

- 2 APR 1998

(5) the ratio of the weight average molecular weight to the

number average molecular weight of the copolymer is
4.5 or less,

(6) the melting point of the copolymer is 135°C. or less,
and

(7) the amount of the n-hexane-soluble components in the
copolymer is less than 5.5% by weight.

REPLACEMENT SHEET



