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LAYER POLYPROPYLENE FILM The present invention relates to a
mh
I

i/l ayer pol ypropylene film A biaxially stretched filmof highly _

al l'ine pol ypropylene.is a packing material superior in trans-- parency
and stiffness, but it cannot be used, as it is, in.atuomatic packing
machi nes because of its poor heat seallng properties. In general, the zﬁéﬁ
seéling tenp. erature of a stretched polypropylene filmis hlghe umam
stretching tenperature so that filmcontraction takes place on heat seallng
and the filmreturns to the unstretched state. As a result, film appearance
becones poor and sealing strength 1owers. I'n order to overcome these
drawbacks, multilayer filhs are widely used which are produced by coating

or |am inatlng aresin: ha%hn ood heat sealing properties on a
pol ypropyl ene film Ml t " pPOLYPROPYLENS RLLMMat ed with
pol yet hyl ene or ethyl ene/vinyl acetate copol yner have 2 | ow heat sealing

t enperatures, but when they are used for packing rice crackers and the |ike

for which a biaxial ﬁes%eetﬂﬁd ﬁ%é@{f&ﬁl EQiaUe's af %&%q_rl I}yerused t hey

show a
polypropylene film,

A biaxially stretched film of highly crystalline
polypropylene is a packing material superior in trans-
parency and-stiffness, but it cannot be used, as it is,
in atuomatic packing machines because of its poor heat
sealing properties, In general, the heat sealing tempe~
erature of a stretched polypropylene film is higher than
its stretching temperature so that film contraction
takes place on heat sealing and the film returns to the
unstretched state, As a result, film appearance becomes
poor and sealing strength lowers,

In order to overcome these drawbacks, multilayer
films are widely used which are produced by coating or lam-
inating a resin having good heat sealing properties on a
polypropylene film, Multilayer polypropylene films laminated
with polyethylene or ethylene/vinyl acetate copolymer have



-

poor Qnti-scratching property, that is, they are easily scratched and | ose
theit transparency. Further, they have a poor anti-blocking property, that
i's, they adhere to t herrsel ves so easily that pouches made of them are
d}fflcult t-o open. Wil e propyl ene copolyners containing a small amount of
comononer such as ethylene or butene-1 are not scratched easily and have
reLatlver good anti-bl ocking properties and are w dely used,
propyl ene/ et hyl ene copol yners, which have frequently been used have the
drawbacks that their heat sealing tenperature is nmore than [err] higher
than that of polyethylene. A low heat se@ling tenperature is clearly -
advant a- geous from an econom cal point of-view because it increases the
rate of maki ng pouches of nultilayer filnms. Consequently, the resins

| am nat ed ‘'on pol ypropyl ene fil mshould have a | ow heat sealing. tenperature
and good anti-scratching properties anti-blocking properties and .
transparency. léw kyadeseahmgomdrlaeum,t bseaﬂrhelg theypareaused fiofr propyl ene

copol yners havi ant - scratchi roperties. it . i.s pecessary (as is
gaf¥ing 3066 acke ke

wel | known) t t9fac %?Foﬁ&f’rel" "c nfOMhEfR & 818KAEYs thereby to
lower the cryshAldddl! YoRprbbf1eid ¥ITE 1D treRiHity SRS SORRY Bhick baving an

I ncreased
poor anti-scratching property, that is, they are easily
scratched and lose their transparency. Furtﬁer, they have a
poor anti-blocking property, that is, they adhere to themselves
so easily that pouches made of them are difficult to open.
While propylene copolymers containing a small amount of
.comonomer such as ethylene or butene-1 are not scratched
easily and have relatively good anti-blocking properties and are
widely used, pfopylene/ethylene copolymers, which have

| frequently been used have the drawbacks that their heat

sealing temperature is more than 20°C higher than that of
polyethylene. '

A low heat sealing température is clearly advanta-
geous from an economical point of view because it increases
the rate of making pouches.of.ﬁultilayer films. Consequently,
the resins 1éminated on'polypropylene £ilm should have a:;cw

.heat sealing temperature and good anti-scratching properties
anti-blocking propexiesand transparenéy.

In order to lower the heat sealing temperature of
propylene copolymers having '_good anti-scratching properties
it is necessary (as is well knowﬁ) to increase the comonomer
content of the copolymers théreby to lower the crystallinity

of the polymer, but propylene copolymers having an increased



.3 cprpnoner content are difficult to produce on a commercial scale and

cost becones high. Mreover, the slipperiness and anti-bl ocki ng *

ty of nultilayer filnms made of such copolyners tend to be poor due to #
pcrease in the anobunt of anor phous pol yner contained in them
Cons€quently, it has been difficult to use propyl ene copolyners in :
practice. Propyl ene/ethyl ene copolyners containing a.small anpunt of oY
et iyl ene have so far been produced, but when the amount of ethylene

copol ynmeri zed i.s increased to inprove the heat sealing properties of the
copol ynmers, |arge amounts of | ow nol eculzar anorphous polynmers soluble in
t he pol ymerization medi um are obtai ned as by-products. These anor phous

pol ymers are so poor in comerci al value that the by-production of them
causes econom cal. di sadvant ages such as a | oss in nononers. Besides, they
| ower the flowability of the polynmer slurry in solution in the -

pol yneri zati on solvent causi ng various problens in production such as a
Viscosity [ NCI eatfonBpdLonYSh L BrANd1 AedchItCE] Yhofficd ! bper2eg{er
coefficient of t pol'ynmeri zation reactor n Ity of the
slurry is ext rerm:lay.epand theiencositt hecamdsnyighe mumelomad phéysﬂppérhtastshe
react or becomes | Npos S|ng conventlonal technlgﬁes

sjhle
gas- phase pol ymﬁ‘ﬁdz&ﬁ"oﬁ’“& 1Rg, ATEREELY 9L mEltidginT 1“3@?%(955 ’BBPy?ﬁ,ﬁ"&ym""

mekes the producgiaPoygieley pBot Vit t80¢e 3BFSde 1&“&@%@&@5&# lambfhous
powdery polyner has

polymer contained in them. Consequently, it has been difficult

to use prbpylene copolymers in practice.

Proﬁylene/ethylene copolymers containing a small
amount of ethylene have so far been produced, but when the
amount of ethylene copolymerized is increased to impr;ve the
heat sealing propertiesaf the copolymers, large amounts of low-
molecular amorphous polymers soluble in the polymerization
medium are obtained as by-products. Thgse amorphqus polymers
are so poor in commercial value that the b?-pro&UCticn of
them causes economical disadvantages such as a loss in

~ monomers. Besides, the? lower the flowability of the poiymer
slurry in solution in the polymerization solvent causing
various problems.in'production such as a viscosity increase in
the system and a reduction of the heat tramsfer coefficiént of
the polymerization reactor . When the flowability of the
slurry is extremely poor, even withdrawing the produced
polymer from the reactor becomes impossible usiﬁg conventional
techniques. Also in gas-phase polymerization, an increase
in the amount of amorphous polymers makes the produced powdery
polymer more adhesive and as a result the powdery polymer has

the
poor flowability -and adheres of/aolymerzzatxon reactor and



the poor flowability and adheres of/pol ynerization_reactor and 4 pipesaizg>
%heréby.nakjng normal operation difficult. Further, the cold xyl ene-sol uble
portion of the copolyner increases and filns nade of the copol ynmer show a -
rapid reduection in slipperi- ness and anti-blocking [err] .Attenpts to
overconme such reduction by adding | arge anounts of well-known | ubricating
agents and anti-bl ocking agents result only in a reduction in transparency
or insufficient inprovenent of anti-blocking properties. Consequently, the
copol yner cannot be used as a film Copol rization of propylene, ethylene
and [err]-olefin is disclosed in Japanese Patent Application (OPl) Nos.
35487/ 1974 (the term"OPl" as used herein refers to a "published

unexam ned Japanese patent application"), 79195/1976 and 16588/ 1977. These
references, however, do not disclose a process for producing copol yners
havi ng satisfactory | ow tenperature heat sealing properties wthout the
f or egoi ng probpiares,i therebynsailsing abtyaladpenstigaodifficowids , Eurthehe

copol ynmers di scl osed_have a heat sealing te rature equal to _or at best
about [err] |oths %Héﬁ%&ﬁy*ﬁ%ﬂ&hﬁ‘éﬁé ngtgﬂeyﬁ@élyﬂ'gﬁ HYF 25 8% ifi%ne
content of 4 tg; 55ualy LB copYilrhéd? 3ROk a rapid reduction in slipperi-
ness and anti-blocking.properties-Attémpts to overcome suéh
reduction by adding large amounts of well-known lubricating
agents and anti-blocking agents result only in a reduction in
transparency or insufficient improvement-of_anti4blocking
properties.Consequently, the copolymer cannot be used‘as a film.
Copolymerization of propylene, ethylene and a-olefin
is disclosed in Japanese ?atenf Application (CPI] Nos. 35487/
1974 (the term "OPI"™ as used herein refers to a "published '
unexamined Japanese patent application"l,_79195/1976 and
16588/1977. These references, however, do not disclose a
process for producing copolymers having . satisf;ctory low-
temperature heat sealing propertiewithout the foregoing
problems in an industrially advantageous manner, and the
copolymers disclosed have a heat sealing temperature equal to
or at best about 5°C lower than propylene/ethylene copolymers
having an ethylene content of 4 to 5.5% by weight. Multilayer
-film;-pfoduced_by laminating copolymers prepared in accordance
with these references, as a heat sealing layer, on biaxially
stretched polypropylene film are well known. Japanese Patent
Application (OPI) No. 11281/1977 discloses.stre;ched composite
films comprising a crystalline polypropylene layer and a

crystalline propylene random copolymer layér containing 1 to



fi produced by | am nating copol yners prepared in accordance with t hese

r nces, as a heat sealing layer, on biaxially stretched pol ypropyl ene»
fi are well known. Japanese Patent Application (OPl) No. 11281/1977

di sCl oses stretched conposite filnms conprising a crystalline polypropyl ene
| ayer and a crystalline propyl ene random copolyner |ayer containing 1 to

5 10% by wei ght of a straight chain [err]-olefin other than propyl ene and
0.1 fo 4.0% by weight of ethylene. Wth these conposite filns a sufficient
reduction in heat sealing tenperature is not obtained and the heat sealing
temperature is at best about [err] |ower 2han that of a stretched conposite
fil mhaving a propyl ene/ et hyl ene copol yner | ayer containing 4.0% by wei ght
of ethyl ene. A propyl ene/ butene-1 copol yner having good, heat -sealing
‘[err] is proposed in Japanese Patent Publication No. 19437/ 1966 wherein the.
propyl ene/ but ene-1 copol yner having a butene-1 content of 25 to 80% by
weight is obtained in the presence of a m xture conprising a halide of a
transition netal, an organoal um num conpound or-its halide and an ester,

am de or ester alitddyoveighdspfiod istTatght chain Briolefin Rthenmt thani propplene

proposes. | am naping propy 89} Heiknl' f By A0 with these composite
films a sufficient reduction in heat sealing temperature is
not obtained and the heat sealing temﬁerature is at bést about
5°C lower than that of a stretched composite }ilm having a
propylene/ethylene copolymer layer containing 4.0% by weight
of ethylene.

A propylene/butene-1 copolymzr'having good.heat
sealing properfieﬁs proposed in Japanese Patent Publication No.
19437/1966 wherein the propylene/butene-1 copolymer having a
butene-1 content of 25 to 80% by weight is obtained in the
presence of a mixture comprising 2 haliée of a transition
metal, an organoaluminum compound or its halide and an ester,
amide or esteramide of phosphoric acid, and British Patent
1,452,424 proposes laminating propyTene/a-oiéfin random

. Copolymer containing § to 20% by weight of a Cs4-Cyg a-olefin.

It has been found that because both these copolymers contain a
lérge amount of polymer soluble in 20°C xylene (referred:to as
"cold xylene-soluble pottion" herein), stretched composite
films containing such copolymefs alone are poor in'slipperiness
and anti-blocking properies,and when a large amount of a slip-

. ping agent is added to improve their properties the agent
migrates to the surface of the films‘ thereby markedly damaging
their high transparency, which is a superior characteristic of |
biaxially stretched polypropylene film used as a base film of

the composite films.

—t



copol yner containing S to 20% by wei ght of6a [err]-olefin. It has been ;(E@
tbund t hat because both these copol yners contain a | arge anount of polyner
soluble in [err] xylene (referred to as “cold xyl ene-sol ubl e portion"

her ei n), istramheﬁjeartpoofte:ﬁe':pvsﬁeemtaimvngnsﬂch dmp%qnebwidmeoare _
poatr in slipperdness ang,anti cki ng .proper i es ' a_l e _anount
e slip- P aukaee] End ahSy8° PRt 0ro iS50 008 FREE PenblpEapesd
m grates to timwe thefprionfathe fil ns thereby markedly damagi ng their high
‘transparency, which is a superior characteristic of biaxially stretched

pol ypropyl ene filmused as a base film of the conposite films. ~ An object
of the preseric¢omdingoboi theopobseate imvesitiian atthetre Hoprovidedoaed

di sadveyﬂ age%@(@ﬁéf&egﬁgg{?ﬁ;@ﬁé& 25t m A_g‘g@%i'iggn%o al F@:j‘r’é@éfi}ine
PYn

i nvention, there 1s provi . multilaye ol ypropy| ene film __ . _

conprising a RALEREPPYHenBOKPSr SRl inerd (Rerad viedr &t 3 (GEYSEAYline

crystalline gy pawéd] e ]-oDéfini N oPr cEyycaBlinge pPspplérag/lerr]
e

-ol ef in/ethyl copol r layer containing 8 to 30% by welght: t, | east
one [err]-ol €19 %Hafe Xﬁgg% Wpfglyme%;léﬁptofc%qw%%%g ahdn:éﬁ 2'{30‘2 by |
cont ai ni ng 1Gleightesfhatolebsssonk £4200Cpyapgretahinbimd pod yter 5% by
10 weight of ethylene and also containing 10% by weight or
less of a 20°C xylene-soluble polymer.

In the accompanying drawings,

Figure 1 is a flow sheetiillustrating one example of a .
process fb; producing a copolymer for a multilayer
15 polypropylene film of the present invention, and

'Figure 2 shows the relation between the content (weight
%) of the cold xylene-soluble portion in a.cryptallihe
. propylene[buieng-l'éopolymer and the blocking (g/100 cm2)
of a monolayer film made of the c0polymer,'the symbols O,
20 {3, . and A indicating the values for the copolymers
containing different contents of butenme-1: 12%£0.5% by
weight'forcj,'IStI% by weight forQ , 2021% by weight for
¢ and 25*1% by weight for4d . '

The crystalline polypropyiene is preferably one which is

25 produced by conventional process and generally used as a
non-stretched film or stretched film itself or a base
film of a conventional multilayer polypropylene film. By
"crystalline polypropylene” 1is meant a crystalline
propylene homopolymer, a propylene random copolymer

30 having an ethylene content of up to 2% By wéight or a
crystalline propylene-ethylene block copolymer having an
ethylene content of up to 12% by weight. The
crystallinity of the crystalline polypropylene is higher



In tﬂé{Lcconpanying drawi ngs, Figure 1 is a flow sheet illustrating one
exakplé of a process for producing a copolyner for a nultilayer 15 ke
pol ypropyl ene filmof the present invention, and Figure 2 shows the _
rel ati on between the content (weight % of the cold xylene-soluble pdrtio
in & crystalline propylene/butene-1 copolyner and the bl ocking (g/100
[err]) of a nonolayer film mde of the copolyner, the synbols 0, 20

[err] and [err] indicating the values for the copol yners containing
different contents of butene-1: 120.5% by weight for [err] , [err] by
weight [err] , [err] by weight for * and 25+ by weight for [err]. The
crystalline polypropylene is preferably one which is 25 produced by
conventional process and generally used as a non-stretched filmor
stretched filmitself or a base filmof a conventional multilayer .

Doyl ene. horopol yrertam, WS F rassEhiae, BRemishe ooy g 0
et hyl ene content of eAVatel2igepreeviene Goralymers papfenablyr epntadns- et hyl ene
bl ock copol yner havi ng tan 25% My aredghtndthe Qi 4lelfin latih pyefddaplly. The :
crystallinity of thegCfySigabli iR ¥PIARALERS, | i’rbi‘&twly._ the propylene
: copolymer has a cold xylene~soluble portion of 5% by
' weight or less, When the (X ~olefin content is less than
10% by weight, the heat sealing temperature cammot be
lowered sufficiently, While when the O\ =olefin content
is more than 30% by weight, the crystallinity of the
copolymers becomes too poor. The ‘content is more preferably
25% by weight or less. ' ' '

The éopglynor ﬁay or may not contain ethyleme, It
is necessary to limit the ethylene content to 5% by weight
or less, preferably 3% by weight or less, because too
large an ethylene content makes the anti-scratching
properties poor.

The content of the cold xylene-soluble portion in
the copolymers should be limited to10% by weight or less,
The reason for this will be shown with reference to the
following example, The monolayer film (30 p thick) of a
propylene/butene~1 copolymer' was prepared by blending the
copolymer, 0.2% of di-tert-butyl p-cresol as a stabilizer,
0.5% of a silica type anti-blocking agent and 0.2% of a
fatty acid amide (slipping agent) and passing the blend
through a T-die extruder, Figure 2 shows the relation
between the blocking properties and butene-1 content ( and
the content of cold xylene-soluble portion) of the film,
It is a.ppé.rent from Fig, 2 that the blocking propefties
are somewhat affected by the butene-t1 content, but that
they are largely affected by the content of cold xylene=
soluble portion.



7'thap that of crystalline propyl ene copolyner. The crystalline propylene* (gg)
copolyner preferably contains 10 to 25% by weight of the [err] -olefin and :
preferably 0 to 3% by weight of ethylene. Preferably, the propyl ene

copolyner has a cold xyl ene-soluble portion of 5% by weight or |ess. Wen
Rbe\ [err] -olefin content is |less than.10% by wei ght, the heat sealing '
t'eperature cannot be |owered sufficiently. \Wile when the [err] -olefin
content is nmore than 30% by melght t he crysgﬁlllnlty of the copol yners
beconmes too poor. The content is nore prefera Iy 25% by wei ght or less. The
copol yner may or may not contain ethyl ene. IS necessary to limt the

et hyl ene content to 5% by wei ght or Iless, preferably 3% by wei ght or |ess,
because too |arge an ethyl ene content nakes the anti-scratching properties
poor. The content of thenéhkHe Xancane- 60|dibbfitpetildcking ragett adgual LoEr S

shoul d be linited & 938 e&ﬁei-iEﬂH igrtﬁee%gmwﬁgngaggfhﬁqr pbPtsoavsk| be
showmn with reference to't ng The 4aéeghfll (30
[err] thick) of a iﬁ‘l“b'ﬁ?f%dﬂe/tb'ﬁ?@fé'ef Eo{;‘b%?m%;s =8 %8R di ng the
copol ymer, 0.2% ofcapielywex dsungt switpbley|as g padting Fi of a silica
type anti - bl acki ngmagethe &dlda0xylendlsalitille Yontich awi dﬂav(es |a| pprfagnagent )
and passing the blfﬁr@l, desirable anti-blocking properties camnot be

obtained if a well known type of anti-blocking agent is

added in large amoimts. Slipj:eriness is largely affected,

like the blocking properties by the cold xylene=soluble

portion.

High quality packing films therefore cannot be
obtained by a mere increase in the comonomer content of
copolymer layer, and a decrease in the content of cold
xylene=soluble portion is further required for the
copolymer,

The multilayer polypropylene film of the present
invention can be obtained by laminating the crystalline
propylene/AA =olefin or crystalline propylene/X -olefin/
ethylene copolymer on one side or both sides of the
.crystalline polypropylene film, For example, the multi-
layer film can be obtained as follows: (1) a method
comprising placing a film made of the copolymer on the base
film, with an adhesive between them, and passing them
through a pressure rollj; (2)_ a method comprising coating
a copolymer solution or dispersion in a solvent (eege
toluene) .on the base film; (3) a method comprising
eitrusion-ccating the copolymér on the base film; and
(4) a method comprising extruding the copolymer and base
copolymer through ‘separate extruders and laminating them
into a film, while molten, in the same die or at the
outlet thereof, ‘



pough a T-die extruder. Figure 2 shows the rel ati on between the bl ocking
ﬁgi erties and butane-1 content ( and the content of cold xyl ene-soluble»
tion)~of the film It is apparent fromFig. 2 that the bl ocking
properties are somewhat affected by the butene-1 content, but that they are
| argely affected by the content of cold xylene- soluble portlon - When
t he apount of an anti-bl ocking agent added to the copolyner rich in the

col d” xyl ene-sol ubl e portion is increased, transparency is extrenely reduced™*

so that the copolyner is not suitable as a pacglng film Further, when the
col d xyl ene-sol uble portion is above a certain”level, desirable
anti - bl ocki ng properties cannot be obtained if a mell known type of
anti-bl ocking agent is added in |arge anounts. Slipperiness is largely
affected |ike the bl'ocking properties by the cold xylene-sol uble portion.
H gh quality packing filnms therefore cannot be obtained by a nere increase
in the cononomer content ofTheopBtiikareraftin ofnthe presestisaviention, @¥nt ent
of cold xyl ene-sol ubl aepettthen polyprtpylene rixgwrr 6f ther file, cappryH@iably
' stretched uniaxially or biaxially., This stretched

multilayer polypropylemne film is produced in a conventional

manner., The crystalline propylene/AA -olefin or crystalline

propylene/ p\-ole_fin/ethylene copolymer is laminated on

the crystalline polypropylene sheet, a base sheet,

followed by stretching, This lamination is carried out

as follows?

(1) Co=extrusion, i.e.,, a method comprising laminating

both polymei's into a film, while molten, in a sheet=

forming die or at the outlet thereof.

(2) A method comprising forming both polymers into solid

sheets, followed by laminating.

(3) A method comprising stretching the polypropylene base

sheet uniaxially, while hot, in the direction of extrusion

through a group of metallic rolls, and then laminating the

molten or solid propylene copolymer sheeton the base

sheet, ' '

The crystalline propylene/ci~olefin or crystalline
propylene/c =olefin/ethylene copolymer used in the multi-
layer polypropyleme film according to the present invention
is preferably produced by copolymerizing propylene, an
 =olefin having 4 to 18 carbon atoms and 0 to 5% by
weight of ethylene :Ln the presence of a catalyst system
comprising (:I.) titanium tz'f:l.chloride produced by a method
comprising reducing titanium tetrachloride with an

. organo-aluminum compound, and reactlng the reduced product
with a complexing agent, e.g., an ether, and a halogen
compound, and (ii) an organo-aluminum compound., Examples
of such a production process are described and claimed in
our copending British Patent Application No. 7920608
(2027720A) from which the present Application is divided.



The rruI tilayer polypropylene filmof the present invention can be obt aj ne@
by | i nating the crystalline propylene/[err] -olefin or crystalline

propylene/[err] ol efin/ ethylene copol yner on one side or both sides of the
crystalline polypropylene film For exanpl e, the multi- layer filmcan be
ohtained as follows: (1) a nmethod conprising placing a filmnade of the
cool ymer on the base film wi th an adhesive bgtween them and passing them
t hrough a pressure roll; (2) a nmethod conpri si coating a copol yner
sol ution or dispersion in a solvent (e.g. toluene) on the base filns (3) a .
met hod conpri sing extrusion-coating the copolynmer on the base film and (4)
a met hod conprising extruding the copolynmer and base copol yner through
separate extruders and Reperphig rigwt BeBigt 0 &f fthlemiravwingas, Ntd tr@vdued t he
oventi on, a1 eackor Be et o peizaeTiastiobecsBY e dupflia ML CSCT
stret ched uni axi ai‘?"‘g‘s % gi'g fL” %ﬁ?e?tﬁea ﬁ'lgﬁ rqﬂ %eﬁ ?opyl ene
filmis produced iagrhowAtrmat KMI- habene=1) THrouehsiing |3ne°'p‘F‘b‘;9yFl'-‘2ﬁ7é/ [err]
-olefin or crystalWeigit regulating agent (e.g., hydrogen) through line 4 -

and a catalyst through line 5. '

Polymerization is carried out under a presuré
sufficient to maintain the monomer mixture in a liquid state.
The produced polymer slurry is withdrawn batchwise,
preferably cont:l.nudusly,' from reactor 1 through valve 6 and
introduced into an upper part 8 of a counter=current washing
tower 7 (referred to as “top feed" hereinafter), To the
lower portion of the tower 7 is supplied a liquid propylene
(preferably fresh propylene) containing no slurry-soluble
polymer (mainly amorphous polymer) or a liquid monomer
mixture (referred to as "bottom feed" hereinafter) via
line 9, In supplying the liquid monomer mixture to the
bottom of the tower, the mixing ratio of the monomers can
be properly selected independenfly of the mixture supplied
to the reactor, taking into account the properties of the
copolymexr and the features of the process,

An alcohol or a mixture of an alcohol and an epoxide
is supplied, directly or after dilution with liquid
propylene or a 11quid monomer mixture through line 9,

16 or 17, In order to bring the polymer into intimate
contact with the alcohol or the mixture thereby enhancing
the washing effect, supplying the alcohol or the

mixture through line 17 is most desirable,



ene/[err]-olefin/ethylen copolymer is |am nated on the crystalline
opyl'ene sheet, a base sheet, followed by stretching. This |am nation
is~arried out as follows (1) Co-extrusion, i.e., a nethod conprising

| am nat'i ng both polymers into a film whi | e nmolten, in a sheet- fornng die’
or at the outlet thereof. (2) A nethod conprising forn1ng bot h polyners

into Solid sheets, followed by lam nating. (3) A method conprising C
stretching the polypropylene base sheet unigxially, while hot, in the ~
di rection of extrusion through a group of allic rolls, and then

| ami nating the nblten or solid propyl ene copol yner sheeton the base sheet.
The crystalline propylene/[err]-olefin or crystalline propylene/[err]

-ol efin/ethyl ene copol ynmer used in the nulti- |ayer polypropylene film
according to the present .invention is preferably produced by copol yrmerizing -
propyl ene, an [err]-olefin having 4 to 18 carbon atonms and 0 to 5% by

wei ght of ethyl ene $lurtrpesqiubdenpelymiera anid eustimy preductsrbeteeary the)

titaniumtrichloride rod ced a Jret risjn red |ng i tani um
tetrachl oride with 8}‘@ %?ﬁ it Brﬁfgﬂﬁg %JH’&Q‘V the e ‘é°‘1"3dﬁ€%d
product with a conmmuew%%ug@ dh o¥r B ind b an&aim%auemwd and
(i1) an organo-al um num conpound. Exanpl e

recovery equipment for amorphous polymers. In the washing

tower 7, the polymer_slurry'is'Brought into counter-current
contact with liquid propylene or liquid monomer mixture of the
“bottom feed, and the slurry-insoluble polymer is withdrawn

from the bottom through a line 11 and introduced into a flash
tank 13, wztn/pressure applied thereto being: reduced to nearly:
atmospheric pressure by the action of a valve 12 which is
1nterlocked with a level (or concentration) controller (LC]

for the deposited slurry at the bottom. -

The monomers volatile undor atmospheric pressure are

vaporized in the flash tank 13 and sent to a purification

stage through line 14. The polymer separated in the flash

tank 13 is sent directly or, if neceséary, via after-treatments
ouch as catalyst decomposition, to a hopper.or granulator '
through a valve is. . _ ;

The function of the counter-current washing tower is

firstly to separate liquid monomer mixture from the top feed
and withdraw it together wifh the bottom feed ascending from
the lower part through.the'overflow line at the top of the
tower, and secondly to wash the slurry-insoluble polymer in
the top feed with the bottom feed and to disoharge it together

with a part of the bottom feed from the bottom of the tower.



of such a production process are descrlbed and clained in our copending -(ggy.
Briti'sh Patent Application No. 7920608 (2027720A) from which the present
Appllcatlon i s divided. 10 Referring nowto Fig. 1 of the drawings, to
pr-oduce the copol yners, a polymerization reactor is supplied with Iiquid

praopyl ene through line 2,[err]-olefin having 4 to 18 carbon atons (e.qg.,
UGLgne-l)-through line 3, a nolecular weight regulating agent (e.g.,

hydrogen) through line 4 and a catalyst throg |ine 5. Polynerization is
carried out under a pressure sufficient to maintain the nonomer mxture in

a liquid state. The produced polynmer slurry is wthdrawn batchw se,

preferably continuously, fromreactor 1 through valve 6 and |ntroduced into

an upper part 8 of a CONPlfifer 6¥icUreV\e6 HnaTc biieiir—duiFaiteiaaslidgd as "top

feed" hereinafter the Iy [ f t 7 ed a
| i quid propyl ene i&y@?ér%ﬁﬁ 9¥ L%‘o%l‘% %,QE, yathe Aﬂp&iﬁ&lﬁmd -sol ubl e

cont al ni
polyner (mainly a otie 37 A8 aPT9E5TRR W@ﬁe?"‘%%gﬁrﬁa‘t &i8Pred to
as "bottom feed" HﬁuenﬁerQaaiﬂ vequilriemen®s. | n suppl ying the |iquid nononer
m xture to the bottomof the tower, the mxing ratio of the nononers can

The present invention will be illustrated more
clearly with reference to the following examples and
reference examples, which are not, however, to be
interpreted as 1imiting.

The film properties reported in the examples were
measured as follows:

(1) Cold xylene=soluble portion

' 5 g of the polymer was dissolved in 500 m/?. of
boiling xylene, and the soclution was gradually cooled to
room temperature and allowed to stand at 20°C for 4 hours.
After filtering the depos:l.fed polymer, xylene was evaporated
from the filtrate and the residue was dried at 60°C under
reduced pressure to recover a cold xylene=soluble polymer.
The content of the cold xylene-=soluble polymer was expressed
‘'as a percentage of the polymer' sample,

(2) Heat sealing temperature

Using a heat sealer, a test sample (25 mm in
width) was prepared by pressing a layer of pieces of the
same film under a weight of 2 kg/cm> at a given temperature
for 2 seconds, A peeling test was carried out under a
peeling rate of 200 mm/min and a peeling angle of 180° and
the temperature at which peeling ;-asistance was 300 g/25 mm

" was taken as the heat sealing tpera.tnreQ

(3) Transparency (ha.ze)
A test was carried out in aecordance with
ASTM D 1003,



-
sel ected i ndependently of the m xture supplied to the reactor;
account the properties of the copolyner and the features of thg
al cohol or a mxture of an al cohol and an epoxide is supplied,
directly.or after dilution with liquid propylene or a'liquid nononer

m xture through line 9, 16 or-17. In order to bring the polynmer into

| At iopate contact with the al cohol or the m xture thereby enhancing the _
washi ng effect, supplying the alcohol or the ture through line 17 is nost ‘e
desirabl e. Sl urry-sol ubl e pol yners and reagtion products between the
residual catalyst in the polyner slurry and t al cohol are w t hdrawn

t hrough an overflow |line 10 and introduced into recovery equi pnent for

anor phous polyners. In the washing tower 7, the polyner slurry is brought

into counter-current -ontgitck ith liquid propylene-or-liquid nononer

m xture of the bottof’# eel, *&HTSt he sl urry-insol ubl e polyner 4s wthdrawn
fromthe bottom through a |ine Piogied 'i%ﬂd%ﬂ%‘& PERK G feriRink 13,

wi t h/ pressure appl i ciibursensde bewelghtcdfchd gfouTeontd masasphdy blesidogur e

by the action of a va&wbizem!)ygchesw p@b iR dit by bl ihadzh C¥61salQbho Co.).

concentration) controller (LC
(3) Antiescratching property _

A laminated film test sample was placed with its:
laminated side turned up on the bottom of a polymethyl
methacrylate box (13 cm x 11 em x 5 cm (deep)), and 100 cc
of 15 to 25-mesh sea sand was placed thereon, The box was
fixed to a vibrator and vibrated horizontally foxr 15
seconds at a rate of 300 times/min, After vibration, the

' laminated film was washed with water, dried and tested for
haze according to ASTM D 1003, The difference in haze i
before and after the anti-scratching test was taken as 5
the measure of the anti-scratching property.

Examples of the preparation of the propylene/ di-olefin
and propylene/c -olefin/ethylens copolymers will now be

~ deseribed,
PREPARATION EXAMPLE 1
l1s Preparatio Catalyst

(1) Preparation I

After replacing the atmosphere in a 200~liter
reactor with argon, dry hexane (40 liters) and titanium
tetrachloride (10 1iters).were added theretec and the
mixed solution was kept



for the deposited slurry at the bottom The nononers vol atile under
at no¥pheric pressure are vaporized in the flash tank 13 and sent to a
ﬁurlflcatlon stage through line 14. The pol ynmer separated in the flash ta
13 is sent directly or, if necessary, via after-treatnments such as catal yst
deconposition, to a hopper or ‘granul ator through a valve 15. The function

fr t.he counter-current washing tower is firstly'to separate |iquid nonomer
n1xture fromthe top feed and withdraw it together with the bottom feed
ascending fromthe |ower part through thqﬁoverfIOM/Ilne at the top of the
t over, and ‘'secondly to wash the slurry-insoluble polyner in the top feed
with the bottomfeed and to discharge it together with a part of the bottom
feed fromthe bottomof the tomer. 12 As the structure of the
counter-current washing tower, the tower shown in Japanese
Patent Application (OPlI') No. 79589/1975 is preferably used since it

satisfies theaf-gresainl sotationcremisisiipednyr desate | (30chitanslwand be
illustrated nore clearly wt

ref erence exadfdal “%ﬁ"%sﬁfr‘ﬁlﬁ?g%g’t’ref{}agat@?z ter]% B WY dieeci(%rlr_g!l,@isseand

thereto so that the reactlon system was kept at -3°C or less.

Thereafter, stirring was continued at thls temperature for 2
hours. " After the reaction was finished, the ‘reaction system
was allowed to stand, and the reduction product was separated
at 0°C from the liquid portion and waeﬁed,ﬁwice with hexane
(40 liters). Thus, 16 kg of the reduction product was obtained.
(2) Preparation II

The reduction product obtained in Preparation I was
slurried in n-decalin, and the slurry concentration was adjust-
ed to 0.2 g/cc, followed by heat treatment at 140°C for 2 hours.
After the reaction was finished, the supernatant liquid was
discharged and the product was washed twice with hexane (40
liters) to obtain a titanium trichloride composition (A).
(3) Preparation III

11 kg of the titanium trichloride composition (A)
prepared in Preparation II was-siurried in toluene (S5 litere),
and iodine and diisoamyl ether were added thereto so that the
molar ratio of titanium trichloride-composition (A) to I2 to
diisoamyl ether was 1:0.1:1.0. The reaction was carried out
af 80°C for 1 hour to obtain a titanium trichloride solid
catalyst (B). -

2. Pre-Treatment of Catalyst System

After the atmosphere'in a S-liter reactor equipped

with a stirrer was replaced with argon, dry n-heptane (; liter),



| mi-@f preted as limting. The film properties reported in the exanples were
ured Tas follows: (1) Col d xyl ene-sol uble portion 5 g of the pol yner®
was dissolved in 500 nt of boiling xylene, and the sol ution was gradually
cooled to roomtenperature and allowed to stand at 200C for 4 hours. After
filtering the deposited polyners xylene was evaporated fromthe filtrate
and the residue was dried at [err] under reduced pressure to recover a coIQ>
xyl ene-sol ubl e pol ynmer. The content of the cold xyl ene-sol ubl e pol ymer was
expressed-as a percentage of the polynmer sample. (2) Heat sealing
tenperature Using a heat sealer, a test sanple (25 mmin w dth) was
prepared by pressing a |ayer of pi eces of the same filmunder a weight of 2
kg/[err] at a given tenperature for 2 seconds. A peeling test was carried
out under a peeling rate of 200 nmimin and a peeling angle of 1800 and the
tenperature at which peel i ng resistance was 300 g/ 25 nm was taken as the
heat sealing tenpei@tforegoimy titapnapareekloridazeylill tasilpas (B)arusegyout

i n-accordance with ASTM D 1003.
and diethylaluminum chloride (70 g) were added thereto. After

the atmosphere in the reactor was replaced with propylene, the
contents were heated to 50°C and reaction was carried out with
the addition of propylene (300 g) while st1rr1ng. A catalyst
system (C) was thus obtained. .

" 3. Propylene/x-Olefin Copolymerization

The atmosphere in a 200-liter polymerization rea'ctor
equipped with a stirrer was sufficiently replaced with
propylene, and”technical-grade heptane (68 liters) wae added
thereto. The whole eatalyst system (C) was added and washed
into the reactor with technical-grade heﬁtane so that the
total amount of the heptane in the reactor was 70 liters.
Thereafter, propylene (6.5 kg) and Butene-l (7 kg) were aéded,
and the contehts of the reactor were raised to 50°C, when
gauge preesure was 4 kg/cmz. While strictly regulating the

. compos1t10n of butene-1/propylene in the gaseous.phase under
a proper hvdrogen partial pressure, butene-1 (7.0 kg) and
propylene (22.5 kg) were continuously supplied.

After polymerization, the catalyst in the copolymer
slurry was removed by decomposition with isobutaﬁol, and the
polymer was then purified to obtain 31 kg of a powdery copolymex

The properties of the copolymer were as followss
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13 (4 Bl ocki ng A bl ocked sanple was prepared at 60C for 3 hours under

M@igﬁ of 40 g/[err], and neasured by bl ocking on a bl ocking tester :
(produced by Shinmadzu Sei sakusho Co.). (5) Anti-scratching property A

| am nated filmtest sanple was placed with its_lLam nated side turned up on
t he_bottom of a polymethyl nethacrylate box (1§500 x 11 cmx 5 cm (deep)),

- and_100 cc of 15 to 25-nesh sea sand was placed thereon. The box was fi xed
toa vibrator and vibrated horizontally for 15 seconds at a rate of 300
times/m-n. After vibration, the lamnated filmwas washed with water, dried

and tested for _haze accordjng to AS »1003. The difference in haze before
and after the é&{qﬁs‘lﬁjﬁ c‘fﬂ'?fg"?je@f @éﬁékeﬁna °?ﬁ§iﬁﬁasﬁr eqo?*gt he -
anti - scrat chi n@utierjss 1 \coxitantp| EER ofpédtr@nYpar ati on of =t ha6pBomplLle e/
[err]-olefin a ropyd ene/ 1< I n/ et hyl ene copol ynersgyi Il _now.be
descri bed. pmﬁﬁﬁﬁ-ﬁ)d@ 1°%'%?)§r ation of Catal ysts?nl):" we \%
Preparation | Auld densdty ng the atnosphere in a 200-| i er Okl3ctor with
argon, dry hexangad 41ddélsd1diie (hoAPL4H content - 8,5 wt %

Melt index - 11,0 g/10 min
Stiffness (Young's modulus) ' - 4500 IKg'/cm2
Transparency (haze) - 5.7 %

2

Blocking ' _ ‘- 32 g/100 cm

PREPARATION EXAMPLE 2

The atmosphere in a 200=liter polymerization reactor
equipped with a sbirre_r was replaced with propylené, and
liquid propylene (32.3 kg) and liquid butene-=1 (19.1 kg)
were added thereto, Thereafter, diethylaluminum chloride |

- (50 g), the titanium trichloride solid catalyst (B)
prepared in Preparation Example 1 (li- g) and methyl metha-
crylate (8g) were added to the reactor and the contents
of the reactor were heated to 60°C.

During polymerization, propylene was added so that
the butene=1 concentration of the liquid phase was constant,
The total amount of propylene added was 13 kg,

After 4 hours' polymerization, the polymer slurry was
poured into a mixture of isobutanol and n-heptane (60°C)
and treated for 30 minutes, The solvent containing
ambrphous polymers was then separated from the slurry,

_ After drying, 23.'3 kg of a powdery polymer was
obtained, and 0.8 kg of ameorphous polymer was obtained
from the separated solvent, The butene-=1 content of the
powdery polymer was 15,2% by weight, The bulk demsity
and conten‘l_: of cold xylene=soluble portion of the copolygmr
and the characteristics of a film thereof (30 n thick,
produced by a T=die - extruder) are shown in Table 1.



chloride (10 liters) were added thereto and the m xed sol ution was ’
14 "at [err]. A solution conprising dry hexane (30 liters) and s
al um num sesqui chloride (23.2 liters) was added dropw se thereto so o,
thé reaction systemwas kept at -3C or |ess.lTrhereafter, stirring was
continued at this tenperature for 2 hours.” After the keaction was
finished,the reaction systemwas allowed to stand, and the reduction -
product was separated at [err] fromthe |iquid portion and washed.tw ce N
wi th hexane (40 liters). Thus, 16 kg of the reduction product was obtai ned.
(2) Preparation Il The reduction product obtained in Preparation | was
slurried in n-decalin, and the slurry concentration was adjust- ed to 0.2
g/cc, followed by heat treatnment at [err] for 2 hours. After the reaction

was finished, the supernatant |iquid waspepoherted sxaMbhe Broduct was
washed twice with hexane (40 liters) to7ﬂﬁ1ﬁTT?TTTT3ﬁTﬁﬁTT??chIoride

conposition (A). (3) Preparation IIl 11 kg of the titaniumtrichloride
conposition CA) prepared in Preparation Il was slurried in toluene (55

liters), and iodine and di iQammtlye St 0Es JE 6089088 108" 550 £8 403" obllS marmer
) as in Preparation Example 2 except that the butene-1

content of the copolymer was changed to 20,5% by weight,
The results are shown in Table 1,

PREPARATION EXAMPLE 4

Copolymerization was carried out in the same mamner
as in Preparation Example 2 except that the butene~1 and
ethylene contents of the copolymer were changed to 10%
by weight and 3% by weight, respectively., The results
are shown in Table 1, '



nDIar ratro of titaniumtrichloride conposition (A) to [err] to di i soanyl
ether"was 1 :0.1: 1.0. The reaction was carried out at [err] for | hour to
obtain a trtanrunrtrrchlorrde solid catalyst CB). 2. Pre-Treatnent of
Cdt al yst. System After the atnosphere in a8S-liter reactor equipped with a
stirrer was replaced with argon, dry n-heptane C liter), 15 t he
fo{egorng titaniumtrichloride solid catalyst (B) (16 g) and

di et hyl al um hum chloride (7@ag) were added thereto. After the atnosphere in
the reactor was replaced wi¥ B propylene, the contents were heated to 50C
and reaction was carried ogisw t @t hi] adgliti on of propyl ene (300 g) while
stirring. A catalyst syste@®C was thus obtained. 3.

Propylene/[err]-Aefin Copﬂ\wrerr zation The atnosphere in a 200-liter

pol ymeri zation reactor equi ped with a stirrer was sufficiently repl aced

wi th propyl ene, and tec nrc I-grade heptane (68 liters) was added thereto.
The whol e cat al yst syst was, added and washed into the reactor with

t echni cal - grade hept anen :Ijat t e taE anount of the heptane in the-
reactor was 70 liters. after propylene (6.5 kg) and butene-1 (7 kg)
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aﬁé})he contents of the reactor were raised to [err] mhen 2 gauge pressure -
4 kgl'cm. Wile strictly regulating the. conposition of 2

but ene- 1/ propylene in the gaseous phase under a proper hydrogen parti al ¢ .
pressure, butene-1 (7.0 kg) and propyl ene (22.5 kg) were continuously
supplied. After polynerization, the catalyst in the copolyner slurry was
renoved by deconposition with isobutanol, and the polyner was then purified-

to obtain 31 kg of a powdery copol yner The properties of the copol yner were"

as follows: 16 Intrinsic viscosity (1353 in tetralin - 1.49 Butene-1

content (IR spectrum - 16.6 mol % Yield of powdery copol yner
.- 84.5w %Bulk density - 0.43 Cold

xyl ene-sol ubl e portion content - . 8.5w %Mt index

- 11.0 g/10 mn Stiffness (Young's nodul us) -4500 Kg/[err]
~Transpar ency (haze) FREPARATIGN RKAMPURELS ng

- 32 g/100 [err] PREPARATI ON EXAVPLE 2 The atnnsphere in a 200-liter
pol yneri zati on reactor

Liquid propylene (900 kg/hr), liquid butene-1 (650
kg/hr), the solid catalyst (B) prepared i:;E:::;%:ni (50 g/hr),
diethylaluminum chloride (600 g/hr) and methyl methacrylate
(60 Q/hr) were_continuouély supplied to a 30 ‘cubic meter
polymerization reactor in the presence of hydrogen, and
prop&lene was polymerized at 60°C according to the flow method.
During that time, the pressure in the reactor was 18 to 18.8
kSIszG. and the produced polymer slurry was withdrawﬁ from
the bottom of the reactor so thaf the level in the reactor
was kept constant. ' ]

The polymer slurry withdrawn under this condition
comprised a propylene/butene-1 solid co;olymer (450 kg/hr), a
so-called atactic polymer (12 kg/ﬁr) by-pfoduct soluble in
liquid propylene, and unreacted liquid propylene and butene-1
(1,100 kg/hr) containing most of the aluminum compound supplied.
This polymer slurry was continuéusly withdrawn from the Eottom
of the reactor and supplied to the top 8 of a countef-cuirent
multi-stage washing tower 7 (Figure 1).

Isobutanol (370 g/hr), a deﬁctivator, was supplied
under pressure to the middle part 17 of the washing tower.

On the other hand, purified liquid propylene (50 to
52°C) was continuously supplied at a rate of 1,100 kg/hr to
the bottom 9 of the tower. Agitation in the tower was carried

out at a very slow rate of 12 rpm. During that time, the



B

equipped with a stirrer was replaced with propylene, and |iquid propyl ene ?.f
(323 kg) and liquid butene-1 (19.1 kg) were added thereto. Thereafter, - .
di et hyl al um num chl oride (50 g), the titaniumtrichloride solid catalyst -

(By prepared in Preparation Exanple 1 (4 g) ap@ nethyl netha- crylate (89)
were added to the reactor and the contents of the reactor were heated to-
[eRr]. During polymerization, propylene was added so that the butene-1
concentration of the |liquid phase was constant. The total anount of

propyl ene added was 13 kg. After 4 hours' polynerization, the polyner

slurry was poured into

mxt ur,e of isobujangl, and. n:heptane.,[er and
treated for 30FRATES %‘ﬁl& glk?é‘?ﬁr lz‘ﬁ’rﬂ g{"hqnﬁgt"dﬁp?,gﬁgy%| ﬁgmrﬂ’ﬁagq'ﬁm?
separ at ed fronwhiiehsldepositdd at dhe Mptisha DRothd vepotelrryapotyntinuas
obt ai ned, and r I L{0e, at gd
ol vent . The byraal’ find B A Mt AR Y5SuBb AL £OaRIAE SERALTH S
The bul k densi dptemdoskedwitdy acdiavedy |cantrollar d@osnrdon binendil.

copol ymer and the characteristics of a filmthereof (30 [err] thick,

produced by a T-die extruder) are shown in Table 1. 17
Form the top 10 of the tower was withdrawm liquid

propylene and butene-=1 (1,500 kg/hr) containing the
aluminum component of the ca'(:alyst and the atactic polymer
(12 xg/hr), and it was introduced into an atactic polymer
recovery unit, Loss of fine powdery polymer contained
therein was 1% or less, The slurry withdrawn from the
bottom of the tower was separated in a flash tank 13, and

a beautiful powd_ery' copolymer was obtained from the bottom
of the tank, ' _ - '

The produced powdery copolymer was tested for polymer
characteristics such as butene~1 content, content of cold
xylene-soluble portion and residual ash, and film
characteristics such as film blocking (the film was 30 »
thick and produced by extruding a blend of the copolymer
and a common additive through a 40 mm ¢ T-die), These
characteristics are shown in Table 2 together with the
results of the below=described Preparation Examples,

The specifications of the counter-current washing
tower used in this Preparation Example were as follows:

Diameter of tower : 600 mm ¢

Height of tower ¢ 8,200 mm

Rotating axis t Has 10 conical plates
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ARATI ON EXAMPLE 3 Copol yneri zati on was carried out in the same nanner
as ‘yn Preparation Exanple 2 except that the butene-1 content of the B
ol yner- was changed to 20.5% by wei ght, The results are shown in Table 1. -~
PREPARATI ON EXAMPLE 4 Copol ynmeri zation was carri8d out in the same manner
as in Preparation Exanple 2 except that the butene-1 and ethylene contents
of- the copol ymer were changed to 10% by wei ght and 3% by wei ght, ;»
respectively. The results are shown in Table 1. 18 19 PREPARATION = ™
EXAMPLE 5 Liquid propylene (900 kg/hr), liquid butene-1 (650 Preparation
kg/hr), the solid catalyst (B) prepared in/Exanple I (50 g/hr),
di et hyl al um num chl oride (600 g/hr) and nmethyl nethacrylate (60 g/hr) were
continuously supplied to aTBe ceppiymercpfter washing had excellent properties

as is apparent from the following: Ash content was very
small, total ash: 60 ppm, TiO,: 34 ppm, Al, 05t 15 ppm;
content of cold xylene-soluble portion: 3 5% by weight;

5 film characteristics==blocking: 34 g/cm y haze: 2,5%,
heat sealing temperature: 109°C, fish eyes were not present

PREPARATION EXAMPLE 6

Copolymerization was carried out in the same mammer
as in Example 5 except that the feed rates of liquid
10 propylene and liquid butene=1 were 1,200 kg/hr and 400
‘kg/hr, respectively., The results are siowx -u “sble 2
together with the film characteristics, |
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polynerlzatlon reactor in the presence of hydrogen, and propyl ene was
pohyﬁ%rlzed at [err] according to the flow nethod. Durlng that tine, the
pressure in the reactor was 18 to 18.8 kg/[err], and the produced polyne
slurry was withdrawn fromthe bottomof the reactor so that the level in -
the. reactor was kept constant. The pol ymer slurry withdrawn under this

coqdi tion conprised a propyl ene/ butene-1 solid copol ymer (450 kg/hr), a
so-cal l ed atactic polymer (12 kg/hr) by-product soluble in [iquid

propyl ene, and unreacted |iquid propyl enepand butene-1 (1,100 kg/ hr)
cont ai ning-nost of -the al um num conpound supplied. This polyner slurry was
continuously withdrawmn fromthe bottom of the reactor and supplied to the
top 8 of a counter-current nulti-stage washing tower 7 (Figure 1).

| sobutanol (370 g/hr), a deactivator, was supplied under pressure to the

m ddl e part 17 of the washing tower. On the other hand, purified liquid
propyl ene (50 to [err]) was continuously supplied at a rate of 1,100 kg/hr
to the bottom9 of the tower. Agitation in the tower was carried out at a

very slowrate of 12 rpm During that tinme, the 20 pressure in the tower
was 14.1 to 15.0 kg/cnRG  The pol yner
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A deposited at the bottom of the reactor was continu- ously sent to a
tank 13 through a reducing valve 12 interlocked with a |evel #
oller LC and a line 11. Formthe top3l0 of the tower was w thdrawn
liquid propyl ene and butene-1 (1,500 kg/hr) containing the alum num -’
conpanent of the catalyst and the atactic polymer (12 kg/hr)y, and it -was
introduted into an atactic polyner recovery unit. Loss of fine powdery

pol ymer .contai ned therein was 1% or |ess. The slurry withdrawn fromthe
bottom of the tower was separated in a flash tank 13, and a beauti f ul
powdery copol yner was obtained fromthe bottom of the tank. The produced
powdery copol yner was tested for polyner characteristics such an butene-1
content, content of cold xylene-soluble portion and residual ash, and film
characteristics such as fidmblocking (the filmwas 30 u thick and produced
by extruding a blend of the copolynmer and a common additive through a.40 nm.
[err] T-die). These characteristics are shown in Table 2 together with the
results of the bel owdescri bed Preparati on Exanpl es. The specifications of
the counter-current washing tower used in this Preparation Exanple were as
follows: Dianeter of tower : 600 mm[err] Height of tower : 8,200 nm

Rot ati ng axi s Has 10 conical plates

kg

PREPARATTON EXAMPLE 7 .

Copdlymeriiation was carried out in the same manner
as in Example 5 except that the feed rates of liquid propylene,
liquid butene-1 and ethylene were 1,300 kg/hr, 450 kg}hr and

5 40 kg/hr, fespectively. The characteristics of the resulting.

coﬁolymer.are shown in Table 3.

PREPARATION EXAMPLE 8

Coyblymerizatiqn was carried out in the same manner
as in Exémple 5 except that the feed rates of liquid propylene,
10 1liquid butene-1 and hexene-1 were 1,200 kg/hr, 450 kg/ar and
S0 kg/hr, respectively. The characte:iﬁtics of the resulting
copolymer.afe shown in Table 3.

PREPARATTON EXAMPLE 9

Copolymerization was carried out in the same manner |

15 as in Example 5 except that the feed rates of liquid propylené

and liquid butene-1 were 700 kg/hr énd 800 kg/hr, respectively.
The characteristics of_the'resulting copolymer are shown in

Table 3.



21 The copol ynmer after washing had excel l ent properties as is apparent f/omf§
thg ol lowi ng: Ash content was very snmall, total ash: 60 ppm [err]:
34ppm [err]: *15 ppm content of cold xyl ene-sol uble portion: 3.5% by
weight; 25 filmcharacteristics--blocking: 34 g/cm, haze: 2,5% heat
sealing tenperature: 109 C, fish eyes were not present PREPARATI ON. EXAMPLE
G'QQpOIynerization was carried out in tag same manner as in Exanple 5
except that the feed rates of liquid 10~ propylene and |iquid butene-1 were
1,200 kg/ hr and 400 kg/br, respectively. The results are shown in Table 2

together, wwth the filmcharacteristics 22 ul E
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PARATI ON EXAVPLE 7 Copol yneri zation was carried out in the sane

as in Exanple 5 except that the feed rates of |iquid propylene,
l'iquid butene-1 and ethylene were 1,300 kg/hr, 450 kg/hr and 5 40 kg/ hr, '
respectively. The characteristics of the resulting copolynmer are shown in
Tabl g. 3. PREPARATI ON EXAMPLE Copol yneri zation was carried out i-n the sane
manner ;as in Exanple 5 except that the feed rates of liquid propylene, 10 -
i quid butene-1 and hexene-1 were 1,200 kg/ himg 450 kg/ hr and SO kg/ hr, !
respectively. The characteristics of the.resulting copolynmer are shown in
Tabl e 3. PREPARATI ON EXAMPLE 9 Copol ynerization was carried out in the sane
manner 15 as in Exanple 5 except that the feed rates of |iquid. propylene

and |iquid butehe-1 were 708RY?HrofaffilBHERYeg/ ROLYRFOSHLERS Féfte greTding
characteristics of theortisalinvagtiopehsintemrarativoiiramplaaidl 3now beco
described.

EXAMPLE 1 °
Isotactic polypropylene sheet (melt index, 2.0) was
stretched to f;ve times as long as its originél length in the
lengthwise direction to obtain uniaxially stretched sheet of
18 u in thickness. The propylene/buten;-l copolymer shown in
‘Table &4 was extruded into a sheet of 60 k thick from a T-die
extruder and lamiﬁated on ocne side of the stretched sheet.
. The two-layer laminated sheet thus-obtained was
stretched in the widthwise direction so that stretd‘xing. ratio
was 6, and heat-treated under tension at 150°C for 5 seconds
| ﬁo‘obtain a two-laygr laminated film. The characteristics of
this two-layer film arve shown_ih Table ?’

EXAMPLES :2- ~ _ AND
COMPARATIVE EXAMPLES 1 AND Jg

Laminated film was produced in thé same.manner as
in Example 1 except that the propylene copolymers shown in
Table 4 were each laminated on the‘unia;ially stretched
polypropylene'shéet. The characteristics of the two-layér
laminated films are shown in Table 4.

' EXAMPLE 3

The same isctactic polypropylene and propylene/
butene-1 copolymer as used in Example 1  were extruded through
separate éktrudérs and laminated into a two-layer sheet by the
co-extrusion technique using a die having two manifolds and

one land. The laminated sheet was then subjected to five-fold



B

25 Exanples of multilayer polypropylene filnms according to the invention
and Conpar ati ve Exanples will now be described. EXAMPLE 1 |sotactic >
pol ypropyl ene ‘'sheet (nel-t index, 2.0) was stretched to five tines as |ong
asits original length in the lengthwi se direction to obtain uniaxially
stretched sheet of 18 [err]. in thickness. The pr.opyl ene/ butene-| copol yner
shQyn in Table 4 was extruded into a sheet of 60 u thick froma T-die

extruder and | aninated on one side of the st2étched sheet. The two-I|ayer

| am nat ed sheet thus-obtained was stretched in the widthw se direction so

that stretching ratio was 6, and heat-treated under tension at [err] for 5
seconds to obtain a two-layer lamnated film The characteristics of this
two-layer filmare shown in Table A EXAMPLES 2- _AND COVPARATI VE
EXAMPLES 1 AND 2 Laminated filmwas produced in the sane manner as in

Exanpl e 1 except that the pr | ene copol yners shown-in Table 4 were each
| ani nat ed on tfB8Y aiéﬁi é’ﬁ‘{}cg%%t%ﬁh?}bls}ﬁrﬁm uhdtpise stretrhing

E?(ZR/?’EE egi sti G SfedifiCal MRs-13ySF 413N SGRAsEhl P pBiFp AP Nl NalRR © 4

of 30 u thick and propylene/butene-1 copolymer layer of 10 u
thick. The characteristics of this two-layer film are shown
"in Table 5. )

Attention is drawn to our copending British Patent _
Application No. 7920608 (20277204) from which the present
Application is divided. :



The;spne isotactic pol ypropyl ene and propyl ene/ butene 1 copolynmer as used
anpl e 1 were extruded through separate extruders and |amnated into a
‘ayer sheet by the co-extrusion technique using a die having two s
ffolds and one | and.- The |.am nated sheet was then subjected to five- fol d

26 | engthwi se stretching and then six-fold wdthwise stretching to obtain a
two-layer film conprising a polypropylene |layer of 30 u thick and -
propyl ene/ but ene-1 copol yner | ayer of 10 afthick. The characteristics of St
this two-layer filmare shown in Table 5. Attention is drawn to our

copendi ng British Patent Application No. 7920608 (2027720A) fromwhich the-

present Application is divided. 27 CLAI V5
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i. A hultilayer pol ypr opyl ene f|In1conpr|S|ng a crystalllne pol ypr opyl ene
(asedefined herein) layer and a crystalline

| efin or

trystalllne 5 propyl enei [érr] - ol ef B¥ et hyl yer
containing 8 to 30% wei ght of at |east one [eﬂ nﬂ lﬂj 'n to 5% by
melght of ethylene and al so contai.ning 10% by wel gh Lorul

V\/?%;ene sol ubl e polyner. 2. The multil ayer polypropylene film of cIa|n11

said [err] -olefinis butene-I. 3. The multilayer ﬁq

pol ypropyl ene filmof claim1 or 2, wherein the content. of [em% -0 ' is
10 to 25% by weight. 4. The nultllayer pol ypropyl ene filmof claim1,
wherein the content of ethylene is 0 to 3% by weight. 15 5. The

rein 10

mul til ayer polypropylene filmof claim1, 2, 3 or 4, wherein the contenf of
the [err] xylene soluble polynmer is 5% by weight or less. 6. A nultilayer

pol ypropylene filmas clainmed in claim1, substantially as hereinbefore
described with reference to 20 any one of Exanples 1 to 3. The text of
t he specification has been reprodugiglgg¥ phot ocopyi ng the applicants

original typescript. It may cont

to read.

I nspected onythe,pr g §¢3a9br! "pol9peBpyPelle"® film comprising a

crystalline polypropylene (as defined herein) layer and a

crystalline propylene/ - -olefin or crystalline
propylene/ @ -olefin/ethylene copolymer layer containing

8 to 30% weight of at least ome C4 - C1g & -olefin and 0

10

15

20

to 5% by weight of ethylene and also comtaining 10% by
weight or less of a 20°C xylene-soluble polymer.

2. The multilayer polypropylene film of claim 1, wherein
said X -olefin is butene-l.

3. The multilayer polypropylene film of claim 1 or 2,
wherein the content of € -olefin is 10 to 25% by weight.

4. The multilayer polypropyleme film of claim 1, wherein
the content of ethylene is 0 to 3% by weight.

5. The multilayer polypropylene film of claim 1, 2, 3 or
4, wherein the content of the 20°C xylene soluble polymer
is 5% by weight or less.

6. A multilayer polypropylene film as claimed in claim 1,
substantially as hereinbefore described with reference to
any one of Examples 1 to 3.

The text of the specii‘:l.cation has been reproduced by photocopying the applicants original
typescript. It may contain a few amendments which axe difficult to read. The original
typescript containing these amendments may be inspected on the premises of the Patent Office

ew anendnents which are difficult
The original typescript containing these anmendnments may be

(=



