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POLYMER COMPOSITONS (71)    We, IMPERIAL  CHEMICAL               its
molecule, the second polymer constitut- INDUSTRIES LIMITED, Imperial (hem-
ing from 25 to 90% by weight of the   50 ical House, Miilbank, London SWIP
3JF, a     composition. British Company, do hereby declare the inven-    By
a "self-supporting" film is meant a film 5   tion, for which we pray that a
patent may be  capable of independent existence in the absence granted to
us, and the method by which it is  of a supporting substrate. to he
performed, to be particularly described  The invention further provides a
multiple-  55 in and by the following statement:-        layer film
comprising a substrate layer of a This invention relates to a
thermoplastic,  homo- or copolymer of an alpha-olefin the 10  film-forming
composition, to a self-supporting   molecule of which contains from 2 to 6
carbon film  formed from  the composition, and in  atoms, and, on at least
one surface of the sub- particular to a multiple-layer film at least one
strate, a layer formed from a composition corn-  60 layer of which is
formed from said composition.  prising a blend of. Accordingly, the
invention  provides  a   (a) a copolymer of propylene with an alpha- 15
thermoplastic, film-forming composition corn-    olefin containing from 4
to 10 carbon prising a blend of                             atoms in its
molecule, the propylene con- (a) a copolymer of propylene with an alpha-
tent of the copolymer being from 80 to  65 olefin containing from 4 to 10
carbon      95% by weight of the copolymer, and atoms in its molecule, the
propylene con-  (b) a second polymer comprising a homo- 20       tent of
the copolymer being from 80 to      polymer of an alpha-olefin containing
95% by weight of the copolymer, and        from 4 to 10 carbon atoms in its
molecule (b) a second polymer comprising a homo-        or a further
copolymer in which said  70 polymer of an alpha-olelin containing
alpha-olefin is copolymerised with up to from 4 to 10 carbon atoms in its
molecule  10%, by weight, based on the weight of 25       or a further
copolymer in which said      the further copolymer, of an alpha-olefin 



alpha-olelin is copolymerised with up to  containing from 2 to 10 carbon
atoms in 10 by weight, based on the weight of     its molecule, the second
polymer constitut-  75 the further copolymer, of an alpha-olefin  ing from
25 to 90%  by weight of the containing from 2 to 10 carbon atoms in
composition. 30       is moleciule the second polymer constitut-    The
invention  still further provides a [err] by  weight of the   method of
producing a multiple-layer film [err]
comprising forming a substrate of the hercin-  80 The invention also
provides a self-support-  before defined  alpha-olefin  polymer, and ing
film formed from a thermoplastic composi-  applying to at least one surface
of the sub- 35  tion comprising a blend of                  strate a
composition, as hereinbefore defined. (a) a copolymer of propylene with an
alpha-    Suitablc substrate materials are homo- and olefin containing from
4 to 10 carbon   co-polymers of alpha-olefins/such as ethylene,  85 atoms
in its molecule, the propylene con-  propylene, butenc-1,
4-methylpentene-1, and tent of the copolymer being from 80 to  hexene-1.
High density polyethylene, i.e. poly- 40       95% by weight of the
copolymer, and   ethylene of density in excess of 0.949 [err] (b) a second
polymer comprising a homo-  and preferably less than 0.99 [err] is a
polymer of an alpha-oletin containing  suitable  substrate  material,
although  for  90 from 4 to 10 carbon atoms in its molecule  packaging
applications a preferred substrate is or a further copolymer in which said
a propylenc homo- or block co-polymer, the 45       alpha-olefin is
copolymerised with up to  latter containing, for example, up to 15% by 10%
by weight, based on the weight of  Weight of the copolymer of another
copoly- the further copolymer, of an alpha-olefin   merisable alpha-olefin
containing 2 or from   95 containing from 2 to 10 carbon atoms in  4 to 6
carbon atoms in its molecule. The con- -8 JAN1981    2
1,495,776 tent of the other alpha-olefin is suitably from   cularly
preferably between 60 and 80 g/10 0.25 to 15% , preferably from 0.5 to 10%,
by   minutes, Suitablc copolymers, therefore, have weight of the copolymer.
a molecular weight (weight average) of from Suitable monomers for
copolymerising with  about 350,000 to about 120,000, and prefer- 5
propylene to form  the propylene copolymer  ably from about 350,000 to
about 140,000.     70 component [component (a)] of our cornposi-
Suitably, the second polymer, component tions include pentene-1, hexene-1,
heptene-1  (b), in granular form prior to incorporation and decenc-1,
although butene-1 has proved  into the film-forming composition, has a Melt
to be a particularly suitable comonomer.    Flow  Index, measured by the
hercinbefore 10     The [err] to [err] alpha-olefins from which the
specified technique, of less than 50 g/10   75 second polymer component of
our compositions  minutes, and preferably, to ensure acceptable [component
(b)] is suitably formed include  heat-scaling characteristics in films
formed pentenc-1, hexene-1, heptenc-1, and decene-1,  from the composition,
between 5 and 40 g/10 although butene-1 is preferred. When the  minutes,
particularly preferably between 10 15   second component is a copolymer,
the content  and 25 g/10 minutes.                        80 of the [err] to
[err] alpha-olefin is suitably from  Although the propylene copolymers em-
0.25 to 10%, preferably from 0.5 to 6%  by   ployed in the film-forming
compositions may weight of the copolyrner.                    be described
as random copolymers, we believe The contents of the alpha-olefin monomer
in  that the copolymerisation may not be random 20   the propylene
copolymer material of compon-  in an exact statistical sense. Thus,
although in  85 ent (a) should not be less than 5% by weight  the
production of our copolymers the respective of the weight of the copolymer,
because below   comonomers are usually fed simultaneously to that content
the softening temperatre of the  a polymcrisation reactor for at least a
sub- copolymer is so high as to produce a film with  stantial part of the
reaction time, it is probably 25   a ver high threshold sealing
temperature, i.e.  easier for either the propylene or other alpha-  90 the
lowest heat-sealing temperature at which   olefin monomer units to link up
to the growing seals of acceptable strength are obtained. Like-  polymer
chain immediately adjacent to an wise, to prevent undue disruption of the
identical monomer unit, so that there may be a 



crystalline structure of the propylene copoly-  tendency for short
sequences of identical mono- 30   mer, the content of the other
alpha-olefin   mer units to form preferentially in the polymer  95 monomer
should be maintained at a level not  chain. exceeding 20%, by weight of the
copolymer. In  Formation of our copolymers is conveniently the case of a
propylene/butene-1 copolymer, a  effected in the presence of a
"stereospecific" butene-1 content of from about 10 to 20% by   catalyst by
which is meant a catalyst which will 35   weight of the copolymer has
proved especially  under equivalent conditions polymerise pro- 100
suitable, and for application to a polypropylene   pylene in the absence of
other monomers, to substrate, we particularly prefer to employ a
polypropylene which is at least 70% insolube copolymer in which the content
of butene-1 is  in boiling heptene. Catalysts capable of doing from  10 to
15%, preferably from  11.5 to  this comprise a transition metal compound
and 40   13.5%, by weight of the copolymer.         an organometallic
activator; they are well 105 To ensure the production of heat-sealable
known in the art-see for example, "Linear films  which  exhibit  acceptable
heat-seal  and Stercoregular Addition Polymcrs" by Gay- strengths, the
content of the second alpha-olefin  lord and Mark, published by
Interscience in polymer [component (b) ] should be within a   1959.
Particularly useful compounds of this 45   range of from  25 to 90%  by
weight of the  type  are  trivalent  titanium   compounds 110 composition,
preferably within a range of from   activated with aluminium alkyl
compounds. We 30 to 80%   by weight of the composition. How-  prefer to use
titanium trichloride obtained by ever, to ensure the production of films
exhibit-  reduction of titanium tetrachloride either with ing acceptable
optical characteristics, such as  an aluminium alkyl compound or with
alumin- 50   wide angle haze and gloss, and particularly  ium metal, with
an aluminium alkyl halide as 115 when the second polymer component is a
activator. A particularly useful and highly butene- I homo- or co-polymer,
we prefer that  stereo-specific catalyst is obtained by reducing the
content of the second polymer should be  titanium tetrachloride in an inert
hydrocarbon within a range of from 35 to 65%/, by weight  diluent at a
temperature of from. -20[err] to 55   of the composition. Desirable
heat-sealing char-   + 20[err]. with an aluminium  alkyl sesqui- 120
acteristics are achieved when the butene-1  chloride, preferably by adding
the sesqui- boro- or co-polymer content is from  40 to  chloride gradually
to the titanium tetrachloride 50% by weight of the composition.
dissolved in the hydrocarbon, the titanium tri- Suitably, the propylent
copolymer, compon-  chloride material so obtained being recovered, 60   ent
(a), in granular form prior to incorpora-  optionally washed or heated one
or more times 125 tion into the film-forming composition, has a  between
40- 150 C., or both, and used as a Melt Flow Index, measured in accordance
with  catalyst in the presence of an aluminium di- ASTM/D1238-65T
(condition N), of be-  alkyl chloride, such  as  diethylaluminium tween 10
and 400 g/10 minutes, preferably  chloride, as activator. 65   between 10
and 200 g/10 minutes, and parti-     Catalyst components may be introduced
into  130    1,495,776                                         3 the
polymerisation zone as solutions or suspen-  and the base line is equated
to the intensity of sions in hydrocarbon diluent. Polymerisation is
amorphous scattering (A). The percentage normally carried out at
temperatures of from   degree of crystallinity is then  defined as 20 to
75[err]. and may be effected in the pre-  100[err]/(C+A), with no
corrections. 5   sence of a diluent such as an inert hydrocarbon,    The
thermal history  of the copolymer  70 propylenc itself, or a mixture of
propylene with  samples prior to detcrmination of crystallinity an inert
hydrocarbon,                      is of importance, and to achieve
consistent re- A range of polymerisation pressures may be  sults within
the aforementioned  definition used, but it is necessary to control the
ratio of  samples are prepared by pressing, at 210 C., 10   the partial
pressures of propylene and other  thin plates from  the copolymer powder as
75 alpha-olefin in the reaction vessel so as to pro-   originally made, and
cooling the plate at a duce copolymer of the required composition.
moderate rate. A specimen (10 mg) is cut Polymerisation is carried out in
the absence of  from the plate, and placed in a standard alum- substantial
quantities of air and water as these  iniurn pan (6.35 mm diameter) the
latter then 15   materials inhibit the catalysts used, but a chain   being
placed in a cavity in a brass block sealed   80 



transfer agent, such as hydrogen, may be pre-  by a thick brass lid, the
sealed block together sent to control the molecular weight of the   with
the  lid   measuring   approximately copolymer. When polymerisation is
complete,  15XlOOX120 mm, and heated by immersion the reaction may be
stopped, for example, by   of the scaled block in an oil bath of approxi-
20   adding an alcohol, such as isopropanol, and the   mately 5 litres
capacity maintained at a ten-  85 catalyst residues removed by washing with
a   perature of 160[err]. suitable reagent, e.g. water or more iso-
Introduction of the brass block reduces the propanol, or mixtures of
acetylacetone and   temperature of the bath, and slow heating of lower
alcohols.                              the boath is therefore continued
until a tempera- 25     The production of these copolymers may be   ture of
160 C. is recorded on a thermocouple  90 effected by a technique similar to
that dis-  positioned within the brass block. This final closed in our
British Patent No. 1,084,953 for   heating process occupies some 15
minutes, the the production of propylene copolymers rich   desired
temperature of 160 C. being reached in butene-1.
asymptotically and the increase from 150[err]. 30     Propylene copolymers
for use in the film-  to 160[err]; occupying a period of about 10   95
forming compositions of the present invention   minutes. Cooling is then
started immediately, are substantially  crystalline, and  suitably  and
continued at a controlled rate of 6 C. per exhibit a degree of
crystallinity, as hereinafter  hour until the sample attains ambient
tempera- defined, of from 35 to 65%. In the case of  ture. The cooled
sample is then finely chopped, 35   propylene/butenc-1 copolymers we prefer
that  and placed in a thin-walled PANTAK glass 100 the degree of
crystallinity should be within a   tube of 2 mm diameter for X-ray
examination. range of from 40 to 60%, and particularly pre-  As
hereinbefore described, the propylene co- ferably within a range of from 45
to 55%.    polymers employed in the compositions of the The degree of
copolymer crystallinity re-  present invention when examined by the afore-
40   ferred to herein is determined by a technique   mentioned technique,
before the copolymers  105 basically similar to that described by Naua,
have been incorporated into the composition, Corradini, and Cesari, Rend.
Accad Naz.  exhibit a degree of crystallinity of from 35 to Lincei. 1957,
22, 11. Thus, an X-ray diffrac-   65% . By way of comparison, a typical
com- tion sean of a copolymer sample, thermally   mercially available
propylene homopolymer ex, 45   cycled as hereinafter described, is obtained
hibits a degree of crystallinity, determined by  110 using a Philips PW
1010 diffractometer, work-  the same technique, of the order of 70%. ing in
transmission, with Cu-Ka radiation and  Commercially available propylene
homo- pulse height [err]rimination. A straight back-  polynier normally
crystallises in the alpha or ground base line is drawn in on the resultant
monoclinic form when slowly cooled, e.g. at a 50   "crystalline"
diffraction spectrum between [err] of  rate of about 6 C. per hour, from
its melting  115 4 and 16[err], where [err] is the Bragg angle, and
temperature in the absence of added nucleating the diffraction spectrum of
a 100 /. amorphous   agents. Under certain extreme conditions, for
polypropylene sample is congruently super-  example tinder the application
of exceedingly imposed on the "crystalline" spectrum in this  high
pressures, it has been observed that a 55   region of [err] so that the
amorphous spectrum   proportion of the gamma or triclinic crystalline 120
grazes the minimum of the "crystalline" s ec-  modification  becomes
associated  with  the trum occurring at [err] of aproximately 7.75[err], a
normal alpha or monoclinic modification, but minimum at this point being
indicative of the  that on orienting the product, for example by absence of
crystalline modifications other than   cold drawing or by drawing from  the
melt, 60   the alpha or monoclinic crystalline modifica-  the gamma
modification reverts to the alpha- 125 tion of polypropylene. The total
area between  form  so that the crystalline content of the the
"crystalline" spectrum and the amorphous  oriented polypropylene consists
substantially spectrum in the specified range of [err] is equated
entirely of the alpha or monoclinic crystalline to the intensity of
crystalline scattering (C),  modification. It is propylene homopolymers of
65   and the area between the amorphous spectrum   this kind, having a
crystalline content sub- 130    4
1,495,776 stantially entirely of the alpha or monoclinic  tures.
Alternatively, the composition may be modification, which are preferred for
use in the   applied to the substrate as a solution or disper- 



substrate layer of the multiple-layer films of  sion  in a suitable,
preferably hot, liquid the present invention.                       medium,
such as toluene, o, m or p-xylene, 5     We have also observed that random
copoly-  monochlorobenzene, cyclohexane, or trichloro-  70 mers of
propylene with small proportions, e.g.  ethylene, which may subsequently be
recovered up to about 20% by weight of the copolymer,  and recycled for
further use. Preferably, how- of ethylene, butene-1, and  higher mono-
ever, the composition is applied to the substrate olefins, develop a
relatively high proportion of   by means of a melt- or extrusion-coating
tech- 10  the gamma crystalline form mixed with the   nique in which either
a molten layer of the   75 alpha-form on slow cooling from a melt. For
composition is extruded directly onto the sur- example, a series of
propylene/butene-1 co-  face of a prefonned substrate, or the polymeric
polymers, in which the content of butene-1 by   components of the substrate
and composition weight of the copolymer ranged from about 4   layer are
coextruded under conditions such that 15  to 20%, exhibited a degree of
crystallinity, as  the component layers come into contact with  80
hereinbefore defined, of from about 60 to 40%,  each other while each is
still molten. the crystalline content of the copolymers con-  When the
composition is applied to a pre- sisting essentially of a mixture of the
alpha and   formed substrate, the adhesion of the applied [err]
modifications, the latter constituting   layer to the substrate may be
improved by 20  from about 20 to 50% of the total crystalline   orienting
the substrate after application of the  85 content. No trace of the beta or
hexagonal   composition. crystal modification was observed.
Adhesion of the heat-sealable composition X-ray diffraction examination of
oriented   layer to the substrate may also be improved, multiple-laycr
films formed in accordance with  if desired, by use of an intermediate
anchor 25  the present invention, and containing one or   coating applied
to the substrate prior to appli-  90 more layers of a copolymer of the kind
referred   cation  of the composition  layer. Suitable to in the
immediately preceding paragraph, re-   anchor coating materials include
ethylene-vinyl vealed no trace  of the gamma crystalline   acetate
copolymers, or ethylene-alkyl (meth)- modification, indicating that the
latter had re-   acrylate copolymers. 30  verted to the alpha modification
which con-      However, as hereinbeforc described, we pre-   95 stituted
the entire crystalline content of the   fer to employ a coextrusion
technique, and examined copolymer layers. Preferably, there-   when two or
more molten polymeric layers are fore, the crystalline content of the
substrate  coextrudcd and contacted with each other while layer, and of
the, or each, surface layer of  still in the molten state, the need to
employ 35  multiple-layer films according to the present  intermediate
anchor coatings is obviated. Suit-  100 invention is of the same
crystalline form.   ably, the coextrusion is effected from a multi-
Formation of the compositions of the present   channel die so designed that
the molten poly- invention is conveniently achieved by dry   meric
components  constituting  individual blending, for example in a tumbler
blender, the  layers of the composite film merge at their 40   appropriate
quantities of the propylene copoly-   boundaries within the die to form  a
single  105 mer component (a) and the second alpha-   composite web which
is then extruded from olefin polymer component (b). However, we   a common
die orifice. It will therefore be prefer to employ a melt blending
technique   understood that any reference in this specifica- to ensure the
production of a homogeneous  tion to the composition layer being "applied
45   blend so that films formed therefrom may ex-  to", "provided on", or
otherwise deposited on  110 hibit improved optical characteristics.
the substrate layer includes the formation of a Self-supporting films are
suitably formed   multiple-layer film structure by the simultane- from the
composition  of the present invention   ous coextrusion of the substrate
layer and a in any conventional manner-for example, by   composition layer
on one or each surface of 50   extrusion, pressing, or solvent- or
melt-cast-  the substrate layer.                      115 ing techniques.
However, the compositions are  Preferably, films made in accordance with
particularly suitable  for incorporation  into  this invention are
stretched to orient them. multiple-layer films, the composition constitut-
Orientation may be effected uniaxially, by ing at least one layer adhered
to a substrate  stretching the film  in one direction, or bi- 55   layer.
axially, by stretching the film in each of two  120 Application of the
heat-sealable composition   mutually perpendicular directions in the plane
layer onto the substrate is conveniently effected   of the film, and the
biaxial orientation may be by any of the laminated or coating techniques
balanced or unbalanced, for example with the 



conveniently employed in the production of  higher degree of orientation of
an unbalanced 60   composite films. Thus preformed sheets of the  film  in
a preferred  direction-usually  the  125 substrate material and of the
composition may  longitudinal or machine direction. Conveni- be laminated
together, preferably with the use  ently, the polyolefin substrate material
and the of adhesives-for example, by passing the com-   heat-sealable
composition are coextruded in the ponents of the laminate together between
pres-  form of a composite tube which is subsequently 65   sure rollers
maintained at suitable tenpera-  quenched, reheated, and then expanded by
in-  130    1,495,776                                           5 ternal
gas pressure to induce transverse orienta-  range extending from  about
0.05 micron to tion, and withdrawn at a rate greater than that  greater
than 0.6 micron. Close control of the at which it is extruded to  stretch
and orient   surface layer thickness thereby becomes a much it in the
longitudinal direction. Alternatively,  less significant problem. 5   a
flat composition-coated film may be oriented   A  further  advantage  of
replacing  the   70 by simultaneous or sequential stretching in each
propylene/butene-1 copolymer surface layer of two mutually perpendicular
directions by   with a layer of a composition according to the means of a
stenter, or by a combination of   present invention is that the thickness
of the draw rolls and a stenter. When a composite,  surface layer required
to  yield acceptable 10   heat-sealable film is found by bonding together
"cold" heat-seal strengths is reduced from at  75 two preformed films, only
the substrate film   least about 0.2 micron to 0.1 micron, or less, need
be  oriented  prior  to  the  bonding   Additionally, the threshold sealing
tempera- operation.                                     ture can  be
reduced  by  several degrees The degree to which the film  is stretched
Centigrade. 1   depends to some extent on the ultimate use for   If
desired, a multiple-layer film  may be   80 which the film  is intended,
but for a poly-   formed by providing both surfaces of the sub-
propylene-based packaging film we find that   strate with a heat-sealable
layer of a composi- satisfactory tensile and other properties are   tion
according to the present invention, and the developed when the film  is
stretched to be-   thicknesses of the two composition layers may 20  tween
three and ten, preferably, seven, times   be the same or different. For
example a sub-  85 its original dimensions in each of the trans-   strate
film of 25 microns thickness is conveni- verse and longitudinal directions.
ently provided with a composition layer of After stretching, the polymeric
film is nor-   0.75 micron thickness on one surface and with mally
"heat-set", while  restrained  against   a composition layer of 0.25 micron
thickness, 25   shrinkage, at a temperature above the glass   or less, on
the other surface. Alternatively, one  90 below its melting point. The
optimum  heat-  surface of the. substrate may be uncoated, or setting
temperature can really be established by   may be coated with a layer of a
different com- simple  experimentation, and  for a  poly-   position
depending on the properties required propylene qubstrate, "heat-setting" is
conveni-   of the film for a particular application. 30   ently effected at
temperatures in the range of   If desire d, for example to improve print
95 from  115[err] to 160[err]. Heat-setting may be   receptivity, the
non-seal-forming surface of a effected by conventional techniquesfor ex-
multiple-layer film having a heat-sealable layer ample by means of a
stenter system, or by a   of a composition according to the present in-
system of one or more heated rollers as dis-   vention may be subjected to
a chemical treat- 35   closed,  for  example, in  British  Patent   melt,
or to a physical treatment which oxidises 100 1,124,886.
the surface of the film. For example, the sur- Composite multiple-layer
films in accord-   face may be treated with chromic acid in sul- ance with
the present invention may be pre-   phuric acid, with hot nitric acid, or
with ozone. pared  in a range of thicknesses governed   Alternatively, the
film surface may be exposed 40   primarily by the ultimate application for
which   to ionising radiation, or to a thermal flame for 105 a particular
film is to be employed. Films, hav-   a sufficient time to effect
superficial oxidation ing a total thickness in a range extending from
without distortion of the surface. A preferred 2.5 to 100 microns are of
general utility, but  treatment, because of its simplicity and cffec- for
packaging applications we prefer to employ   tiveness, is to subject the
film surface to a high 45   film of from about 10 to 50 microns in total
voltage electric stress accompanied by corona  110 



thickness.                                    discharge, but we have
observed that such The ratio of substrate to composition layer  treatment
tends to adversely affect the attain- thickness may avry within a wide
range, al-  able hot and cold seal strengths. though we prefer that the
thickness of the corn-  If desired, the "cold" heat-seal strength 50
position layer should not be less than 0.2%    and/or the hot seal strength
of multiple-layer 115 (preferably 0.5%), nor greater than 50%  of  films
having a surface layer of a composition that of the substrate.      -
according to the present invention may be im- Hitherto, in multiple-layer
films having an   proved by incorporating into the substrate layer external
layer comprising a propylene/butene-1   a portion of scrap polymeric
material, both 55   copolyrncr layer it has been observed that a
substrate and composition layer(s) reclaimed  120 desirably high hot seal
strength is achieved   from  a previously produced  multiple-layer only
when the thickness of the propylene co-  film. Conveniently, the reclaimed
material con- polymer layer is maintained within a narrow   stitutes from
25 to 50%, preferably from 30 range extending from  about 0.25 to 0.45   to
45%, by weight of the substrate layer, but 60   micron. However, use of the
compositions of  reclaim levels within an extensive range on  125 the
present invention comprising a blend of a   either side of these values can
be tolerated. propylcne copolymer and a second alpha-olefin   Significantly
improved seal strengths have, in polymer enables acceptably  high hot seal
fact, been observed when the substrate layer strengths to be achieved when
the thickness of  is formed entirely from reclaimed material. 65  the
composition layer is within a much wider     The compositions of the
present invention  130    1,495,776 and and or more of the layers of the
films   form of weights positioned on the uppermost  60 formed therfromrn
may conveniently contain  limb adjacent the free end thereof until the free
any of the additives conventionally employed   ends of the spring just make
contact with each in the manufacture of thermoplastic films.  other. The
required loading of the selected 5   Thus, additives such as dyes,
pigments, lubri-  spring was 100 grammes, and the spring is cants,
anti-static agents, anti-oxidants, anti-  therefore rated as a "100 gramme
spring".  65 blocking agents, surface-active agents, slip aids,  A strip of
a multiple-layer film  having a stiffening aids, gloss-improvers,
prodegradants,  width of 25 mm and a length of about 150 and ultra-violet
light stabilisers may be em-   mm, is folded over upon itself for testing
so 10   ployed. Films are conveniently rendered anti-  that portions of the
surface layer formed from static by the incorporation therein of from 0.1
a composition of the present invention are in   70 to 1.0% by weight of the
film of one or more  contact with each other, and the free ends of
substances of formula                        the film  strip  are secured
by  a suitable adhesive to the outermost surface of the free [err]
ends of the previously calibrated spring strip.       t The latter is
maintained under manual corn-   75 pression so that the free ends of thc
spring [err]                            strip remain in contact until the
opposed sur- faces of the film strip are sealed together be- tween the
heated jaws of a Sentinel Heat Scaler 15   wherein x + y is from 2 to 5 and
R is a mono-  (Model No. 12AS), (the word Sentinel is a   80 valent
aliphatic radical containing from 12 to  registered Trade Mark), the free
ends of the 22 carbon atoms, and from 0.01 to 0.5%, based   spring being
positioned outside but immedi- on the weight of the film of a fatty acid
amide   ately adjacent the edges of the sealing jaws. derived from a fatty
acid containing from  10   The depth "y" of the jaws, aligned parallel to
20   to 22 carbon atoms, as disclosed in our British  the longitudinal axis
of the film strip, is 25   85 Patent 1,034,337.
mm, so that a square heat-seal of side 25 mm Composite films formed with a
surface layer  is formed between the opposed surfaces of the of a
composition in accordance with the present  film strip. invention are
heat-sealable at comparatively   Upon closure of the sealing jaws the
manual 25   low temperatures, for example at temperatures  compression
force is removed from the steel   90 of the order of 120[err] and lower, to
provide  strip so that immediately upon retraction of 



a strong, hemmetic scal. In addition, the heat-  the scaling jaws to the
open position after sealable composition layer adheres securely to
formation of the heat-seal, the free ends of the  substrate  material,
exhibits  desirable  the steel strip are allowed to spring apart 30
scratch- and scruff-resistance, and is resistant  thereby tending to
rupture the newly created   95 to sticking to the jaws of the heat-sealing
heat-seal. The depth "x" of the opening equipment.
induced in the seal, parallel to the length of the The elimination of
jaw-sticking is of con-  film strip, provides a measure of the strength
siderable importance to the packaging industry  of the seal, the degree of
seal opening being 35   where the intermittent sticking of a packaging
expressed in the form  x 100/y%. The test  100 film to the jaws of
heat-scaling equipment em-  procedure is then repeated on other samples of
ployed to form individual packages by sealing  film. the film to itself,
can impede or halt the uni-    In contrast to the hot seal strength which
is form passage of film through the equipment,  determined before the
thermal energy em- 40   thereby disrupting the packaging operation.  ployed
to form the heat-seal has dissipated, the  105 The problem is of particular
concern in rela-  "cold" heat-seal strength of the film is deter- tion to
packaging machines of the so-called   mined after the seal has cooled to
ambient vertical "form and fill" type.              temperature, and the
full potential strength of Films formed from the compositions of the  the
seal has developed. 45   present invention are suitable for use in the   To
determine the "cold" heat-seal strength,  110 packaging industry,
particularly for the forma-  two strips of a multiple-layer film having at
tion of flexible packages for foodstuffs and the  least one surface layer
formed from a com- like. They may however, be employed in any   position of
the present invention were placed other application for which a
heat-scalable   with the composition surfaces in contact with 50
polyolefin film is required.                  each other, and the ends of
the strips sealed  115 The hot seal strength rating of a film formed
together between the jaws of a Sentinel Heat from a composition of the
present invention is  Sealer, Model No. 12AS, only one jaw  of detennined
by means of a calibrated strip of  the unit being heated. The strength of
the scat spring steel of approximately 25 mm width   was measured by
cutting from  the saled- 55   and 400 mm length. Calibration of the spring
together strips of film, which had been allowed  120 steel strip is
cffected by folding the strip over  to cool to ambient temperature, a strip
25 mm upon itself about its mid-point, somewhat in   wide and some 100 mm
long, the heat-seal the form of a "C" with elongated limbs, and   extending
across the entire width of the strip gradually applying an increasing load
in the  and having an area of some 25X25 mm. The    1,495,776
7 unsealed ends of the strip were then attached  from this reaction, the
butene-1 content of the  65 respectively to a dynamometer and a gripping
copolymer being 12% by weight. surface, a load was applied to the gripping
sur-    The resultant dry, frec-flowing powder had face, and the minimum
load required to   a Melt Flow Index, as hercinbefore defined, of 5
separate the strips in the sealed area was re-  approximately 32 g/10
minutes. The powder corded by the dynamometer, and expressed as  was then
stabilized by the addition of 0.01%   70 a seal strength of x g/25 mm,
where x was  by weight, based on the weight of the copoly- the load in
grammes.                        mer,  of  1,3,5 - tri(3,5 -ditertiarybutyl
-4- The invention is illustrated by reference to  hydroxybenzyl)2,4,6 -
trimethylbenzene,  and 10   the drawings accompanying the provisional
0.15% by weight of calcium stearate, and con- specification in which:
verted into granules of cylindrical shape by   75 Figure 1 depicts a side
elevation of a por-  extrusion from an extruder with a barrel dia- tion of
a propylene homopolymer base film 1  meter of 83 mm maintained at a
temperature having a thin layer 2, formed from a blend of  of 250[err]. The
Melt Flow Index (MFI) of 15   a  propylenc/butene-1  copolymer  and  a
the resultant granules was  approximately butene-1 polymer, on one surface
thereof, and   65 g/10 minutes.                         80 Figure 2 depicts
a side elevation of a      The degree of crystallinity of the copolymer,
similar substrate film 1 having a thin layer of  as hereinbefore defined,
was approximately the blend 2,3 on each surface thereof.     50%, the
crystalline  content comprising 



20      The invention is further illustrated by refer-  approximately 52%
of the alpha modification ence to the following Examples.             and
48% of the gamma modification.          85 Two film-forming compositions
were pre- EXAMPLE 1.                    pared by dry, tumble blending
quantities of the This example illustrates the production of a  copolymer
granules with sufficient of a com- propylene/butene-1 copolymer for use as
a  mercially  available. butene-1  homopolymer 25   component of a
composition for providing a   (MFI approximately 50 g/10  minutes) to  90
heat-scalable layer on a multiple-layer film.  yield compositions
containing respectively 25 A stirred pressure vessel was charged with  to
50%  of polybutene-1 by weight of the 280 gallons of dry hydrocarbon
diluent (boil-  composition. ing point 150-180[err].), and all traces of 30
oxygen were removed by evacuation and purg-            EXAMPLES 2 TO 8. ing
with nitrogen. Then 23.7 mols of [err]    These are comparative Examples.
95 (as a solution on 20 litres of diluent), and  From a triple channel
annular die were co- 13.2 mols of [err] (as a slurry in 20 litres of
extruded a propylene homopolymer, and a diluent) were added. This [err] was
prepared   propylene/butene-1 random  copolymer con- 35   by reducing [err]
with ethyl aluminium   taining 12% by weight of butene-1 and made
sesquichloride as described in the Complete  according to Example 1, so as
to form a poly-  100 Specification  of our British  Patent No.  propylene
tube the internal and external sur- 1,014,944, with an aluminium diethyl
chloride:  faces of which were coated with a layer of the titanium
tetrachloride molar ratio of 0.9.  propylenc/butene-1 copolymer. The
propylene 40      The autoclave was heated to 600[err]. and   homopolymer
contained, as anti-oxidant, 0.1% 213 lb. of propylene containing 0.16 mole
%   by weight of 1,3,5-tri(3,-ditertiarybutyl-4-  105 of hydrogen added
over a period of 10 minutes.  hydroxybenzyl)2,4,6 - trimethylbenzene, and
When the pressure had fallen to 32 psig (the   33% by weight of recycled
polymer (homo- pressure of inert gas in the reactor being 4.6  polymer plus
propylene/butene-I copolymer) 45   psig), 45 litres of butene were quickly
intro-  reclaimed from a previously produced triple- duced. Propylene,
containing hydrogen, and  layer film of the same composition.        110
butene were tererld in together in a constant    The coated polypropylene
tube was cooled ratio so that a further 812 lb of propylene and   by
passage over a mandrel within the tube, and 131 litres of liquid butene-l
were added over a  externally quenched by passage through a water 50
period of 106 minutes. At this point the pro-  bath  surrounding  the
mandrel, heated  to pylene feed rate was reduced to 74 lb/hour,  stretching
temperature, expanded by internal  115 and continued for a further hour,
without any  gas pressure, and withdrawn from the expan- additional butene
being charged, to allow the  sion zone at a rate greater than that at which
pressure to fall to 8.0 psig.              it was fed thereto, so that the
tube was 55      Catalyst residues were removed by injecting  stretched to
seven times its original dimensions 55 litres of isopropanol and heating
for 4 hours  in both the direction of extrusion and in a  120 at 65 C. The
resultant slurry, after washing  direction transverse thereto. with three
successive,120 gallon lots of water,    The stretched tubular film was then
opened was altered  to remove most of the diluent.  out to form flat film
which was subsequently 60    Steam  distillation  removed  the remaining
heat-set at a temperature of 125 C. on a diluent to leave polymer particles
which were  matt-surfaced roller heat-setter of the kind de-  125 filtered
and dried in a rotary drier.      scribed in British Patent 1,124,886. The
thick- Approximately  1003  lb.  of  a  solid  ness of the copolymer layer
on each surface of propylene/butene-1 copolymer was isolated  the resultant
film was 0.11 micron, the sub-    8                          1,495,776
strate having a thickness of about 25 microns.   jaw pressure of 15 psi,
and jaw closure time of This procedure was repeated several times  2
seconds. The hot seal strength of the re- with appropriate adjustment of
the rate of  sultant seals was determined, as hereinbefore copolymer flow
to produce a series of films in  described, using a steel strip spring
rated at 5   which the thickness of the copolymer layer on   100 graunmes.
20 each surface of the substrate was respectively  The "cold" heat-seal
strength (at ambient 



0.19, 0.27, 0.36, 0.47, 0.54, and 0.59 micron.  temperature) of the films
was assessed by the X-ray examination of layers peeled from the
dynamometer technique, as hereinbefore de- film indicated that the
crystalline structure of  scribed, on four samples of each film sealed 10
both the substrate and surface layers was sub-  respectively at 90[err].,
100 C., 110[err]. and  25 stantially  of  the  alpha  or  monoclinic  1200
C. on a Sentinel Heat Sealer, Model No. modification.
12AS, operating at a jaw pressure of 15 psi A sample of each film was
heat-sealed on a  and jaw closure time of 2 seconds. Sentinel Heat Sealer,
Model No. 12AS,    The results are recorded in the accompany- 15
operating at a jaw temperature of 130 C.,  ing Table.
30 TABLE Cold seal strength Surface layer        Hot Seal
(g/25 mm) Example        thickness           strength No.
([err])                opening       (a)      (b)     (c)      (d) 2
0.11               100            0        0        0        0 3
0.19                77            0        0        0        0 4
0.27                 6            0        0       50      510 5
0.36                27            0      150      465      560 6
0.47                580                  425      440      585 7
0.54                77     -      0      185      450      570 8
0.59                85           45      150      505      535 (a) seal
formed at 900C                 (c) seal formed at 1100C (b) seal formed at
100[err]                (d) seal formed at 120[err] EXAMPLES 9 TO  IS.
the propylene/butene-1 copolymer and 25 The procedure of Examples 2 to 8
was re-  parts by weight of polybutene-1. peated except that in each case
the propylene/  Results of seal strength measurements are 35   butene-1
copolymer was replaced by a blended  recorded in the accompanying Table.
40 composition  comprising 75 parts by weight of    TABLE Cold seal
strength Surface layer                        (g/25 mm) Example
thickness       Hot seal strength No.         [err]            % opening
(c)     (d) 9          0.11             .100              0        0 10
0.19               27              5       70 11          0.27
8            485     510 12          0.36               58            515
560 13          0.47               50            490     595 14
0.54               65            485     575 15         0.59
71            500     590 (c) seal formed at 110[err] (d) seal formed at
1200C The above results show that incorporation of    EXAMPLES 16 TO 22.
polybutene-1 into the composition formiing the    The procedure of Examples
2 to 8 was re- surface layer of the film reduces the thickness  peated
except that in each case the propylene/ 5  of the surface layer required to
yield a seal of  butene-1 copolymer was replaced by a blended measurable
"cold" strength frorn.about 0.27  composition comprising 50 parts by weight
of  15 [err] (copolymer alone) to about 0.19 JAm.  the propylene/butene-1
copolymer and 50 Similarly, the hot seal strength is improved  parts by
weight of polybutene-1. (lower %  opening) by the incrporation of
Results of seal strength measurments are 10  polybutene-1.
recorded in the accompanying Table. TABLE 



Cold seal strength Surface layer      Hot seal                (g/25 mm)
Example       thickness          strength No.           [err]          %
opening       (a)     (b)     (c)      (d) 16            0.11
23            O      15      180     565 17           0.19               6
0      75     265      505 18            0.27              35           45
115     330      550 19            0.36              40           80
150     340      560 20            0.47              31           90
180     370     585 21            0.54              17          130     340
475     545 22            0.59              23          160     275
535     580 (a) seal formed at 90C              (c) seal formed at 110C (b)
seal formed at 1000C             (d) seal formed at 1200C    10
1,495,776 The increase in polybutene-1 content from        EXAMPLES 23 TO
29. 25 to 50% by weight of the surface layer com-    These are comparative
Examples in which position further extends the range of surface  the
procedure of Examples 2 to 8 was repeated  10 layer thickness at which
seals of acceptable hot  using a butene-1 homopolymer in each case in- 5
and cold strength are achieved.            stead of the propylene/butene-I
copolymer. The films also- exhibit excellent optical    Results of seal
strength measurements are characteristics, being clear and glossy.
recorded in the accompanying Table. TABLE Cold seal strength Surface layer
Hot Seal                 (g/25 mm) Example        thickness
strength No.            [err] opening                   (a)     (b)
(c)     (d) 23            0.11               52            0       0
175      240 24            0.19               40           0        0
150      240 25            0.27               35           0        0
125      250 26            0.36               19           0        0
155      330 27            0.47               10           0        0
180      395 28            0.54                6           0       0
185      440 29            0.59                4            0       0
205      480 (a) seal formed at 900C               (c) seal formed at 1100C
(b) seal formed at 100[err]              (d) seal formed at 1200C The cold
seal strengths obtained are gener-  granulation of a previously produced
triple- ally less than those obtained with the 50:50  layer film having a
propylene homopolymer  30 blend of copolymer and butene-1 homopolymer
substrate and a propylene/butene-1 layer (Examples 16 to 22), and the
optical pro-  (88:12) layer on each surface thereof. This 20  perties of
the films are also inferior.    material was re-extruded from a triple
channel die as the core layer between two layers of a EXAMPLES 30 TO 32.
propylene/butene-1 copolymer (88:12), and   35 These  arc  comparative
Examples, not  processed in identical manner to the composi- according to
the invention, and illustrate the  tions of Examples 2, 5 and 8. The core
layer influence of the content of reclaimed polymer  therefore  consisted
entirely  of reclaimed 25  in the substrate layer of the triple-layer film.
material. The procedure of Examples 2, 5 and 8 was    Results are recorded
in the accompanying   40 repeated using as the substrate-forming poly-
Table.. mer a material reclaimed by re-extrusion and TABLE Cold seal
strength Surface layer                         (g/25 mm) 



Example    thickness        Hot seal strength No.          [err]
% opening        (c)      (d) 30          0.11               100
0       0 31          0.36                21            405      485 32
0.59                76             505     540 (c) seal formed at 110[err]
(d) seal formed at 120[err]    1,495,776 EXAMPLES 33 TO 35.
of a 50:50 blend by weight of the propylene/    5 The procedure of Examples
30 to 32 was  butene-1 copolymer (88:12) and polybutene-1. repeated except
that in each case, the surface  Results are recorded in the accompanying
layers formed on the reclaimed core layer were   Table TABLE Cold seal
strength Surface layer                          (g/25 mm) Example
thickness         Hot seal strength No.          [err]           % opening
(c)      (d) 33          0.11                 15            235     555 34
0.36                 25            610     600 35          0.59
14            620      635 (c) formed at 110"C (d) seal formed at 1200C 10
Both hot and cold seal strengths show a   weight of a propylene homopolymer
and 50 considerable improvement over those of Ex-  parts by weight of a
reclaimed triple-layer film amples 30 to 32, as a result of incorporating
having a propylene homopolymer substrate and polybutene-1 into the surface
layer of the   a propylene/butene-1 (88:12) copolymer layer triple-layer
film. In addition the films ex-  on each surface thereof, and (b) the co-
30 15   hibited excellent optical characteristics,  extruded layer on cach
surface of the blended substrate consisted of a blend containing 50
EXAMPLES 36 TO 39.                parts by weight of a propylene
homopolymer These  are  comparative  Examples, not  and 50 parts by weight
of a butene-l copoly- according to the invention, and illustrate the   mer
containing approximately 10% by weight  35 effect of changing the
composition of the sur-  of ethylene. 20   face layer associated with a
substrate layer    The average cold seal strengths determined containing a
substantial amount of reclaimed   on samples of the coextruded film  having
polymeric material.                        different surface layer
thicknesses and sealed at The procedure of Examples 30 to 32 was  1200 C.
arc recorded in the accompanying  40 repeated except that (a) the substrate
material  Table. 25   consisted of a blend containing 50 parts by TABLE
Surface layer   Cold seal Example    thickness        strength No.
[err]          (g/25 mm) 36         0.07            152 37         0.13
189 38         0.22            222 39         0.31            250 EXAMPLES
40 TO 43. The procedure of Examples 36 to 39 was  1/ethylene copolymer
containing  approxi- 45  repeated except that. in each case the surface
mately 10% by weight of ethylene.         50 layers fonned on the blended
core layer were    Results from  samples of film  sealed at of a 50:50
blend by weight of a propylene/  120[err]. are recorded in the accompanyig 



butene-1 copolymer (88:12) and of a butene-  Table.    12  .
1,495,776 TABLE                       8.  A composition according to any
one of  50 the preceding claims wherein the second alpha- olefin polymer
comprises from 35 to 65% Surface layer   Cold seal by weight of the
composition. Example    thickness      - strength        9. A composition
according to any one of No.         [err]        (g/25 mm)       the
preceding claims wherein the second alpha-  55 olefin polymer is a
polybutene- I homopolymer. 40         0.07.           649           10. A
self-supporting film formed from a composition according to any one of the
pre- 41      0.13            498         ceding claims. 11. A
multiple-layer film comprising a sub-  60 42         0.22            359
strate layer of a homo- or co-polymer of an alpha-olefin the -molecule of
which contains 43         0.31            419         from 2 to 6 carbon
atoms, and, on at least one surface of the substrate, a layer formed from
The   improvement in cold seal strength   a composition according to any
one of claims  65 obtained by replacing the propylene homo-   1 to 9.
polymer component of the surface layer by a  12. A multiple-layer film
according to claim 5   propylene/butene-1 copolymer is evident by   11
wherein the substrate layer comprises a composition of these results with
the values  homopolymer of propylene, or a block copoly- obtained in
Examples 36 to 39.             mer thereof with up to 15% by weight of the
70 copolymer of an alpha-olefin containing 2, 4, WHAT WE CLAIM  IS:-
5 or 6 carbon atoms in its molecule. 1. A thermoplastic, film-forming
composi-    13. A multiple-layer film according to either 10  tion
comprising a blend of                  of claims 11 and 12 wherein the
crystalline (a) a copolymer of propylene with an alpha-  content of the
substrate layer, and of the, or  75 olefin containing from 4 to 10 carbon
each, surface layer is of the same crystalline atoms in its molecule, the
propylene con-  form. tent of the copolymer being from 80 to    14. A
multiple-layer film according to claim 15       95% by weight of the
copolymer, and    13 wherein the crystalline content of the sub- (b) a
second polymer comprising a hono-  strate layer, and of the, or each,
surface layer  80 polymer of an alpha-olefin containing  is of monoclinic
crystalline form. from 4 to 10 carbon atoms in its molecule    15. A
multiple-layer film according to any or a further copolymer in which said
onc of claims 11 to 14 wherein the thickness of 20       alpha-oletin is
copolymerised with up to  the, or each, composition layer is from 0.2 to
10% by weight, based on the weight of  50% of that of the substrate.
85 the further copolymer, of an alpha-olefin  16. A multiple-layer film
according to claim containing from 2 to 10 carbon atoms in  15 wherein the
thickness of the, or each, corn- its molecule, the second polymer
constitut-  position layer is from 0.05 to 0.6 micron. 25       ing from 25
to 90% by weight of the      17. A multiplc-layer film according to any
composition.                           one of claims 11 to 16 wherein the
substrate   90 2. A composition according to claim  1  layer contains a
portion of scrap polymeric wherein the propylene copolymer in granular
material reclaimed from a previously produced form has a Melt Flow Index,
as herembefore  multiple-layer film according to claim 11. 30   defined, of
from 10 to 400 g/10 minutes.     18. A biaxially oriented multiple-layer
filn 3. A composition according to either of  comprising a substrate layer
of a propylene   95 claims I and 2 wherein the propylene copoly-
homopolymer or a copolymer of propylene mer exhibits a degree of
crystallinity, as here-  with from 0.5 to 10% of ethylene by weight of
inbefore defined, of from 35 to 65%.       the copolymer, and, on at least
one surface 35    4. A composition according to any one of  of the
substrate, a coextruded layer formed the preceding claims wherein the
crystalline  from a blend comprising from 65 to 35% by  100 



content of the propylene copolymer is of mono-  weight of a
propylene/butene-1 random co- clinic crystalline form.
polymer containing from  10 to 15 %  of 5. A composition according to any
one of  butene-1 by weight of said random copolymer, 40   the preceding
claims wherein the alpha-olefin  and from 35 to 65% by weight of a butene-1
component of the propylene copolymer is  homopolymer.
105 butene-1.                                    19. A multiple-layer film
substantially as 6. A  composition according to claim  5  herein described
with reference to any one of wherein the butene-1 content is from  10 to
Examples 9 to 22, 33 to 35, and 40 to 43. 45   15% by weight of the
propylene copolymer.    20. A method of producing a multiple-layer 7. A
composition according to any one of  film comprising forming a substrate
layer of 110 the preceding claims wherein the second alpha-  a polymer or
copolymer of an alpha-olefin, the olefin polymer has a Melt Flow Index, as
hem-  molecule of which contains from 2 to 6 carbon inbefore defined, of
from 5 to 40 g/10 minuts.  atoms, and applying to at least one surface of
12                                         1,495,776 TABLE
8. A composition according to any one of   50 the preceding claims wherein
the second alpha- olefin polymer comprises from 35 to 65% Surface layer
Cold seal      by weight of the composition. Example    thickness
strength        9. A composition according to any one of No .        [err]
(g/25 mm)      the preceding claims wherein the second alpha.   55 olefin
polymer is a polybutene-1 homopolymer. 40          0.07            649
10. A self-supporting film formed from a composition according to any one
of the pre- 41          0.13            498         ceding claims. 11. A
multiple-layer film comprising a sub-   60 42          0.22            359
strate layer of a homo- or co-polymer of an alpha-oletin the molecule of
which contains 43          0.31            419         from 2 to 6 carbon
atoms, and, on at least one surface of the substrate, a layer formed from
The improvernent in cold  seal strength   a composition according to any
one of claims  65 obtained by replacing the propylene homo-   1 to 9.
polymer component of the surface layer by a    12. A multiple-layer film
according to claim 5   propylene/butene- 1 copolymer is evident by   11
wherein the substrate layer comprises a comparison of these results with
te value   homopolymer of propylene, or a block copoly- mer thereof with
tip to 157Z by weight of the   70 obtained in examples 36 to 39.
copolymer of an alpha-olefin containing 2, 4, WHAT WE CLAIM  IS:-
5 or 6 carbon atoms in its molecule. 1. A thermoplastic, film-forming
composi-    13. A multiple-lavcr film according to either 10  tion
comprising a blend of                  of claims 11 and 12 wherein the
crystalline (a) a copolymer of propylene with an alpha-   content of the
substrate layer, and of the, or   75 olefin containing from 4 to 10 carbon
each, surface layer is of the same crystalline atoms in its molecule, the
propylene con-  form. tent of the copolymer being from 80 to    14. A
multiple-layer film according to claim 15       95% , by weight of the
copolymer, and    13 wherein the crystalline content of the sub- (b) a
second polymer comprising a homo-  strate layer, and of the, or each,
surface layer   80 polymer of an alpha-olefin containing   is of monoclinic
crystalline form. from 4 to 10 carbon atoms in its molecule  15. A
multiple-laver film according to any or a further copolymer in which said
one of claims 11 to 14 wherein the thickness of 20       alpha-olelin is
copolymerised with up to  the, or each, composition layer is from 0.2 to
10% by weight, based on the weight of   50% of that of the substrate.
85 the further copolymer, of an alpha-olefin  16. A multiple-laycr film
according to claim containing from 2 to 10 carbon atoms in   15 wherein the
thickness of the, or each, com- its molecule, the second polymer constitut-
position layer is from 0.05 to 0.6 micron. 



25       ing from 25 to 90%   by weight of the      17. A multiplc-laycr
tilm according to any composition.                            one of claims
11 to 16 wherein the substrate   90 2. A composition according  to claim  I
layer contains a portion of scrap polymeric wherein the propylene copolymer
in granular  material reclaimed from a previously produced [err] has a Mclt
Flow Index, as hereinbefore   multiplc-layer film according to claim 11. 30
defined, of from 10 to 400 g/l0 minutes.       18. A biaxially oriented
multiplc-layer film 3. A composition according to either of  comprising a
substrate layer of a propylene   95 claims I and 2 wherein the propylene
copoly-  homopolymer or a copolymer of propylene mer exhibits a degree of
crystallinity, as here-   with from 0.5 to 10%  of ethylene by weight of
inbefore defined, of from 35 to 65% .       the copolvmer, and, on at least
one surface 4. A [err] according to any one of
any one of  of the substrate a  coextrudcd layer formed tne preceding
claims wherein the crystalline   from a blend comprising from 65 to 35% by
100 cpmment of the propylene copolymer is of mono-  weight of a
propylene/butene-1 random  co- cunic crystaline form.
polymer containing from  10 to 15 % of 5. A composition according to any
one of  butene-1 by weight of said random copolymer, 40   the preceding
claims wherein the alpha-olefin   and from 35 to 65%   by weight of a
butene-1 component of the propylene copolymer is  homopolymer.
105 butene-1.                                      19. A multiple-layer
film  substantially as 6. A  composition according to daim  5   herein
described with reference to any one of wherein the butene-1 content is from
10 to   Examples 9 to 22, 33 to 35, and 40 to 43. 45   15% by weight of the
propylene copolymer.      20. A method of producing a multiple-layer 7. A
composition according to any one of  film comprising forming a substrate
layer of  110 the preceding claims wherein the second alpha-  a polymer or
copolymer of an alpha-olefin, the olefin polymer has a Melt Flow Index, as
here-   molecule of which contains from 2 to 6 carbon inbefore defined, of
from 5 to 40 g/ 10 minutes.  atoms, and applying to at least one surface of
1,495,776                                      13 the substrate a layer of
a composition accord-  24. A method according to claim 20 sub-  10 ing to
any one of claims 1 to 9.           stantially as herein described with
reference to 21. A method according to claim 20 com-   any one of Examples
9 to 22, 33 to 35, and 40 prising coextruding the substrate layer and the
to 43. 5  composition layer or layers.                  25. A
multiple-layer film  made by the 22. A method according to either of claims
method of -any one of claims 20 to 24.  15 20 and 21 comprising orienting
the substrate. 23. A method according to claim 22 com -. L. RHIND, prising
heat-setting the oriented film.             Agent for the Applicants.
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