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(57) ABSTRACT 
A gas-barrier multilayer film comprising at least an outer 
heat-Sealable polyolefin layer, a core gas-barrier layer com 
prising one or more of EVOH and/or polyamides, and an 
outer bonding layer comprising one or more Styrene-based 
polymers, characterized in that 

a) at least 35 percent by weight, preferably at least 38 
percent by weight and even more preferably at least 
40 percent by weight of the overall film is of styrene 
based polymers, 

b) at least part of these “styrene-based polymers' are in 
the form of modified Styrene-based polymers, and 

c) said modified Styrene-based polymers are present in 
a ratio, with respect to the weight of the gas-barrier 
resin of the core layer, of at least 0.1:1, preferably at 
least 0.3:1, and even more preferably at least 0.5:1. 

The use of the new gas-barrier film as liner in the manu 
facture of a polystyrene/film composite allows to reclaim the 
entire Scrap obtained in the Overall process in the polySty 
rene Substrate Still obtaining composites with mechanical 
properties and packaging performances comparable to those 
of the original composites. 
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GAS-BARRIER THERMOPLASTIC FILM AND 
SUBSTRATE/FILM COMPOSITE MATERIAL 

0001. The present invention relates to a new multilayer 
gas-barrier thermoplastic film particularly Suitable for use as 
a gas-barrier heat-Sealable liner for polystyrene based sheets 
and to the composite material comprising a polystyrene 
based sheet lined with the new multilayer gas-barrier film. 
0002 The present invention is also directed to the use of 
Said composite material for the manufacture of gas-barrier 
receptacles or Supports, Such as gas-barrier foamed polySty 
rene trays or gas-barrier foamed polystyrene backings, for 
use in food packaging processes and to the trays and 
backings obtained thereby. 

BACKGROUND OF THE INVENTION 

0.003 Styrene based polymers are widely used in food 
packaging applications. In particular, foamed polystyrene 
backings and trays are widely employed World-wide to 
contain and display any type of food products, from fresh 
red meat, to poultry, processed meat, cheese, and the like 
products. 
0004 Polystyrene foam trays are typically manufactured 
in a two-stage proceSS involving a foam extrusion Step and 
a thermoforming Step. A considerable amount of Scrap, 
particularly in terms of Volume but also in terms of weight, 
is generated in this process, mainly in the thermoforming 
Step. Extrusion scrap is typically in foam sheet form and 
results essentially from machine Start-ups. Thermoforming 
Scrap is primarily trim Scrap, the skeleton remaining after the 
trays are cut from the foam sheet, and trays rejected for 
quality control criteria. When the Scrap generated is of 
polystyrene only (i.e. in the case of Simple, non heat 
Sealable, non gas-barrier, material), reprocessing of Said 
Scrap is easily accomplished by grinding, pelletizing and 
recycling it in the foam extrusion process. 
0005. On the other hand gas-barrier properties for a 
packaging material have become extremely important. By 
using gas-barrier packaging material, it is in fact possible to 
package the food product either under Vacuum, Such as in a 
VSP (Vacuum Skin Packaging) package or under a modified 
atmosphere especially designed to increase the shelf life of 
the packaged product. It is thus possible for instance to 
prepare Suitable food packages, e.g. fresh or processed meat 
packages, at a central unit and then distribute them to 
Supermarkets and Small ShopS. 
0006. It has therefore become common to combine the 
foam polystyrene sheet with a multilayer thermoplastic film 
comprising a gas-barrier layer in order to provide the end 
composite material, and the receptacles obtained therefrom, 
with the desired gas-barrier properties. The gas-barrier ther 
moplastic film will typically comprise at least an outer 
heat-sealing layer (that will be the layer in contact with the 
product to be packaged and that needs to be heat-Sealable to 
allow Sealing of a gas-barrier cover film to the receptacle 
outer layer), a core gas-barrier layer comprising EVOH 
and/or a polyamide, and an outer bonding layer (that will be 
the layer closer to the polystyrene Substrate). 
0007. The Substrate/film composite material is typically 
obtained by lamination of the polystyrene substrate with the 
multilayer gas-barrier film or by extrusion-coating of the 
polystyrene Substrate with the multilayer gas-barrier film. 
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The obtained substrate/film composite can then be converted 
into the desired trays or backings of the desired size and 
shape by conventional thermoforming and/or cutting proce 
dures. 

0008 Alternatively, this could also be obtained using less 
common technique, Such as by co-extruding the polystyrene 
material with the resins of the multilayer gas-barrier film and 
foaming only the Selected layer(s) or by coating/laminating 
the pre-formed trays or backings of foamed polystyrene with 
the gas-barrier multilayer film. 

0009. In any case the scrap obtained from these gas 
barrier substrate/film composites is extremely difficult to 
recycle because the different thermoplastic materials are 
often incompatible with each other (e.g., the high level of 
polyolefins typically present in the conventional gas-barrier 
liners, or the low level of EVOH or polyamides optionally 
present as the barrier layer in Said liners, are incompatible 
with the polystyrene matrix). This incompatibility leads to 
mixtures of resins with poor mechanical properties, Such as 
impact Strength, tensile Strength, and elongation at break, 
what may create real problems when too high percentages of 
Scrap are recycled. 

0010. In U.S. Pat. No. 5,118,561 the process of recycling 
reclaim material of a laminate of a foamed polymer sheet 
with a PVDC-free gas-barrier layer is described. As there 
reported, the amount of material that could be recycled was 
comprised between 0.001 percent by weight and a maximum 
of 50 percent by weight. Actually however, with the con 
ventional gas-barrier film compositions, using a percentage 
of reclaim in the foamed polystyrene over 40 percent 
Sometimes leads to a modification of the internal foam 
structure with Some sort of cell deformation. Furthermore in 
most of the processes actually employed for the manufacture 
of trays or backings of foamed polystyrene/gas-barrier film 
composite material, the amount of Scrap that is generated is 
above 50 percent by weight, and typically is up to about 
60-65 percent by weight with respect to the weight of the 
Substrate. This means that with the conventional gas-barrier 
liners not all the Scrap generated in the process could be 
directly recycled and that at least part of it should be 
collected, transported and either disposed of or recycled in 
Some other production line. 

0011. Several approaches have been described in the 
literature to avoid the incompatibility problem and allow to 
directly recycle all the Scrap that is generated in a close-loop 
proceSS. 

0012. In one possible approach the barrier film is sepa 
rated from the foamed polystyrene Substrate by delamination 
and then the Substrate and the film are recycled Separately, 
wherein the film is recycled in a separate bulk layer of the 
gas-barrier film or in a separate layer bonding the Substrate 
to the film. This approach has the evident disadvantage of 
the additional work-up required to delaminate the Scrap that 
would not be acceptable on industrial Scale. Furthermore if, 
in order to ease delamination of the Scrap, the film is 
designed to have a poor bond to the polystyrene Substrate, 
problems of Spontaneous delamination during further pro 
cessing or use of the composite material do occur. 
0013 In another approach the scrap is divided and 
recycled in different Sections of the composite, i.e. part in the 
Substrate, part in the liner and possibly part in a layer 
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bonding the two. While this is a viable option, the overall 
proceSS becomes more complicated and furthermore more 
expensive as the manufacture of the Substrate will anyway 
require a large proportion of Virgin resin. 
0.014 Instill another possible approach “compatibilizers” 
are employed. CompatibilizerS Such as Styrene-ethylene-co 
butylene-styrene block copolymers (e.g., KratonTM by Shell 
or StyroluxTM by BASF) have been suggested. It appears 
however that these compatibilizers do not work with all the 
resins and that in particular they do not work to compatibi 
lize polystyrene with EVOH or polyamides. 
0.015 Foam polystyrene/gas-barrier film composites with 
a bonding layer of Styrene-butadiene or Styrene-acrylonitrile 
copolymer are described EP-A-707,955. In this document 
the Styrene containing bonding layer is used to reduce blister 
formation at the foam/film interface. It has been found 
however that an increase in the overall amount of Styrene 
containing material, as provided by this bonding layer, helps 
compatibilizing polyolefins, Such polyethylenes and EVA, 
with the polystyrene matrix but does not compatibilize 
EVOH with polystyrene and that therefore it does not allow 
to increase the reclaim level in the foamed polystyrene 
Substrate. 

SUMMARY OF THE INVENTION 

0016. It has now been found that when a gas-barrier film 
is used which contains an amount of Styrene-based polymer 
of at least 35 percent by weight, where at least part of Said 
Styrene-based polymer is in the form of a modified Styrene 
based resin, it is possible to manufacture a polystyrene/gas 
barrier film composite with gas-barrier and heat-Sealability 
properties comparable to the composites described in the 
literature and actually on the market, and where the poly 
Styrene Substrate may contain up to 100 percent of reclaim 
material of the composite itself. 
0.017. It has also been found that when gas-barrier liners 
are employed that, according to the present invention, con 
tain an amount of Styrene-based polymer of at least 35 
percent by weight, where at least part of Said Styrene-based 
polymer is in the form of a modified Styrene-based resin, it 
is also possible to avoid any blistering effect throughout the 
overall Structure, even with low thickness liners. 
0.018. In a first aspect the present invention is therefore 
directed to a gas-barrier multilayer film comprising at least 
an Outer heat-Sealable polyolefin layer, a core gas-barrier 
layer comprising one or more of EVOH and/or polyamides, 
and an outer bonding layer comprising one or more Styrene 
based polymers, Said film being characterized in that (a) at 
least 35 percent by weight, preferably at least 38 percent by 
weight and even more preferably at least 40 percent by 
weight of the overall film is of styrene-based polymers, (b) 
at least part of these “styrene-based polymers' are in the 
form of modified Styrene-based polymers, and (c) said 
modified Styrene-based polymers are present in a ratio, with 
respect to the weight of the gas-barrier resin of the core 
layer, of at least 0.1:1, preferably at least 0.3:1, and even 
more preferably at least 0.5:1. 
0019. In a second aspect, the present invention is directed 
to a Substrate/film composite comprising a Substrate com 
prising Styrene-based polymers and a gas-barrier multilayer 
film as defined above, bonded together. In a preferred 
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embodiment of the invention in the composite aspect, the 
Substrate comprises foamed polystyrene. 

0020. In another preferred embodiment of the invention 
in the composite aspect, the Substrate contains from about 
0.001 percent up to about 100 percent by weight of reclaim 
of the composite of the invention. 

0021. In further specific aspects, the present invention 
refers to the use of Said composite material in the manufac 
ture of gas-barrier receptacles or Supports for use in food 
packaging processes and to the trays and backings obtained 
thereby. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022 FIG. 1, FIG. 2, and FIG. 3 are cross-sectional 
views of three different embodiments of a multilayer gas 
barrier film according to the present invention. 

0023 FIG. 4 is the cross-sectional view of a substrate/ 
film composite of the present invention using the film of the 
embodiment of FIG. 2. 

0024 FIG.5 and FIG. 6 are cross-sectional views of two 
different embodiments of the Substrate/film composites of 
the present invention using the film of the preferred embodi 
ment of FIG. 3. 

0025 FIG. 7 is a cross-sectional view of a part of a tray 
obtained from the composite of FIG. 5 according to the 
present invention. 

0026 FIG. 8 shows a cross-sectional reduced view of a 
package obtained using a backing of the composite of FIG. 
4 according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0027 AS used herein, the term “core”, and the phrase 
“core layer', as applied to the multilayer gas-barrier film 
refers to any internal film layer which has a primary function 
other than Serving as an adhesive for adhering two layers to 
one another. 

0028. As used herein, the phrase “outer layer” in con 
nection with the multilayer film refers to a layer having only 
one of its principal Surfaces directly adhered to another layer 
of the film. 

0029. As used herein the term “directly adhered” as 
applied to a composite comprising a Substrate and at least 
one film, and as applied to the layers of a multilayer film, 
refers to the adhesion of a first element to a Second element, 
without an adhesive, a tie layer or any other layer therebe 
tween. In contrast, as used herein, the word “adhered” when 
used without the adverb “directly’, broadly refers to the 
adhesion of a first element to a Second element either with 
or without an adhesive, a tie layer or any other layer 
therebetween. 

0030 AS used herein the term “liner” in connection with 
the Substrate/film composite of the present invention is used 
to refer to the gas-barrier film that is laminated or otherwise 
conformably bonded to the upper surface of the substrate 
and that will be in contact with the food packaged using the 
composite of the invention. 
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0.031 AS used herein the term “polystyrene' is intended 
to include both homopolymers of styrene or alkyl-substi 
tuted Styrene, Such as polystyrene, poly(alpha-methylsty 
rene), and poly(p-methylstyrene), high impact polystyrene 
(HIPS), and co-polymers containing Styrene or alkyl-substi 
tuted Styrene units in an amount of at least 75 percent by 
weight, based on the weight of the copolymer. 
0032. As used herein the term “high impact polystyrene’ 
or “HIPS' refers to a polystyrene resin which contains up to 
20 percent of an impact modifier. Impact modifiers are 
known and include rubber or elastomeric compounds. These 
compounds are typically dispersed in the base polystyrene 
matrix as Small particles. The impact modifiers include 
homopolymerS or copolymers of butadiene, isoprene, and 
ethylene-propylene diene copolymers. Polybutadiene is 
often the preferred modifier and is Somewhat cross-linked. 
HIPS resins and HIPS sheets, including oriented and heat 
set sheets of monolayer HIPS, are commercially available 
from many different Suppliers. 
0.033 AS used herein the term “styrene-based polymer” is 
intended to refer to any type of homopolymer or co-polymer 
containing a major proportion of Styrene units. This term 
thus includes e.g., polystyrene, poly(alpha-methylstyrene), 
poly(p-methylstyrene), high impact polystyrene, ethylene 
Styrene copolymers, Styrene-acrylonitrile copolymers, Sty 
rene-acrylic acid copolymers, Styrene-methacrylic acid 
copolymers, the block co-polymers of Styrene with a con 
jugated diene, the partially hydrogenated derivatives 
thereof, any blend thereof and the modified derivatives 
thereof. 

0034. As used herein the term “modified styrene-based 
polymers', is intended to refer to those Styrene-based poly 
mers which are modified by the presence of a polar group 
that may be grafted onto the polymer backbone or co 
polymerized there with. Suitable polar groups are the unsat 
urated carboxylic acids (e.g., maleic acid, fumaric acid), and 
the functional derivatives thereof, Such as the corresponding 
anhydrides, esters, or Salts. 
0035. As used herein the term “polyolefin” refers to any 
polymerized or co-polymerized olefin that can be linear, 
branched, or cyclic, Substituted or unsubstituted, and possi 
bly modified. Resins Such as polyethylene, ethylene-O-(C- 
Cs)olefin copolymers, polypropylene, ethylene-propylene 
copolymers, ethylene-propylene-C-(C-C)olefin ter-poly 
mers, propylene-butene copolymer, polybutene, poly(4-me 
thyl-pentene-1), ethylene-propylene rubber, butyl rubber, as 
well as copolymers in which the olefin monomer predomi 
nates Such as ethylene-Vinyl acetate copolymers, ethylene 
acrylic acid copolymers, ethylene-alkyl acrylate copoly 
mers, ethylene-methacrylic acid copolymers, ethylene-alkyl 
methacrylate copolymers, ethylene-alkyl acrylate-maleic 
anhydride copolymers, ionomers, as well the blends thereof 
in any proportions are all included. Also included are the 
modified polyolefins, where the term modified is intended to 
refer to the presence of polar groups in the polymer back 
bone. The above polyolefin resins can be “heterogeneous” or 
“homogeneous”, wherein these terms refer to the catalysis 
conditions employed and as a consequence thereof to the 
particular distribution of the molecular weight, branched 
chain size and distribution along the polymer backbone, as 
widely known in the art. 
0036) As used herein the term “ethylene-C-(C-C)olefin 
copolymers' is intended to refer to both heterogeneous or 
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homogeneous (e.g., "single site', or “metallocene') materi 
als with densities of from about 0.87 to about 0.940 g/cm. 
0037. As used herein the term “EVOH” refers to ethyl 
ene-Vinyl alcohol copolymers, that are generally obtained as 
the Saponification products of ethylene-Vinyl acetate copoly 
mers, wherein the ethylene content is typically comprised 
between 20 and 60 percent by mole, preferably between 25 
and 55 percent by mole, and the degree of Saponification is 
generally higher than 85 percent, preferably higher than 95 
percent. 

0038. As used herein the term “polyamide” refers to high 
molecular weight polymers having amide linkages along the 
molecular chain, and referS more Specifically to Synthetic 
polyamides Such as nylons. Such term encompasses both 
homo-polyamides and co-(or ter-) polyamides. It also spe 
cifically includes aliphatic polyamides or co-polyamides, 
aromatic polyamides or co-polyamides, and partially aro 
matic polyamides or co-polyamides, modifications thereof 
and blends thereof. The homo-polyamides are derived from 
the polymerization of a Single type of monomer comprising 
both the chemical functions which are typical of polya 
mides, i.e. amino and acid groups, Such monomers being 
typically lactams or aminoacids, or from the polycondensa 
tion of two types of polyfunctional monomers, i.e. 
polyamines with polybasic acids. The co-, ter-, and multi 
polyamides are derived from the copolymerization of pre 
cursor monomers of at least two (three or more) different 
polyamides. As an example in the preparation of the co 
polyamides, two different lactams may be employed, or two 
types of polyamines and polyacids, or a lactam on one side 
and a polyamine and a polyacid on the other Side. 
0039. With reference to FIG. 1 the gas-barrier multilayer 
film 10 according to the present invention comprises at least 
three layers: an Outer heat-Sealable polyolefin layer 1, a core 
gas-barrier layer 2 comprising one or more of EVOH and/or 
polyamides, and an outer bonding layer 3 comprising one or 
more Styrene-based polymers. 

0040. The heat-sealable layer 1 of the multilayer film is 
the layer that in the end substrate/film composite will serve 
as a food contact layer. Typical examples of materials 
Suitable for Said heat-Sealable polyolefin layer are preferably 
ethylene homopolymers, homogeneous and heterogeneous 
ethylene-C-olefin copolymers, ethylene-Vinyl acetate 
copolymers, ionomers, etc., as well as blends of these 
polymers in any proportions. Suitable blends may also 
include peelable blends as known in the art to provide the 
end package formed with the composite with an easy-to 
open feature. 

0041. The thickness of the polyolefin heat-sealable layer 
1 will not be more that 50 percent, preferably not more than 
45 percent, and even more preferably not more than 40 
percent of the thickness of the overall film. It will preferably 
be at least about 4 um, more preferably at least about 6 um, 
and even more preferably at least about 8 um thick. 
0042. The gas-barrier layer 2, as indicated, may comprise 
one or more EVOH and/or one or more polyamide compo 
nents, as known in the art. AS the oxygen permeability of 
polyamides is generally higher than that of EVOH, the 
barrier layer will comprise only polyamides or polyamides 
blended with a minor amount of EVOH whenever medium 
gas-barrier properties are required, while when high gas 
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barrier properties are required, EVOH, possibly blended 
with up to 20 percent, preferably up to 10 percent, of 
polyamides, will preferably be employed. The thickness of 
Said barrier layer will depend on the barrier properties 
desired for the end film and composite. More particularly its 
thickness will be set in order to provide the overall multi 
layer film and the end substrate/film composite with the 
desired Oxygen Transmission Rate (OTR) (evaluated by 
following the method described in ASTM D-3985 and using 
an OX-TRAN instrument by Mocon). For high gas barrier 
films an OTR lower than 50, preferably lower than 10, and 
even more preferably lower than 5 cm/m.day.atm, when 
measured at 23° C. and 0 percent of relative humidity is 
generally required. Typically, when EVOH is employed as 
the gas-barrier material, optionally blended with up to 20 
percent by weight of a polyamide, this is achieved with 
barrier layers from about 2 to about 12 Om thick. 
0043. While in most of the embodiments a tie layer 
improving the adhesion between the gas-barrier layer 2 and 
the heat-sealable layer 1 is required (as discussed in detail 
below with reference to the embodiment of FIG. 2), in some 
instances this is not necessary and the two layers can adhere 
with a Sufficient bond even in the absence of an intermediate 
tie layer. As an example when the heat-Sealable layer 1 
comprises ethylene-Vinyl acetate, optionally blended with 
modified ethylene Vinyl acetate, or when the heat-Sealable 
layer 1 comprises an ionomer and the gas-barrier layer 2 
comprises EVOH, it is not necessary to provide for a tie 
layer between the two. 
0044) The third layer of film 10 indicated in FIG. 1 is an 
outer bonding layer 3 of one or more Styrene-based poly 
merS as defined above. 

0.045 Preferred styrene-based polymers suitable for this 
bonding layer would be the Styrene copolymers and the 
modified derivatives thereof. More preferred would be the 
Styrene block copolymers and the modified derivatives 
thereof. The block copolymers may be diblock, triblock, or 
multiblock polymers. Throughout this specification and 
claims these terms are to be given their normal meaning as 
defined in the literature such as in the Polymer Science 
Dictionary, Ed. Mark Alger, second edition 1997, Chapman 
& Hall, pp.50-51. Such block copolymers may contain 
various ratio of the conjugated diene to the Styrene units. 
Accordingly multi-block polymerS may be utilized which 
are linear or radial Symmetric or asymmetric and which have 
structures represented by the formulae A-B, A-B-A, A-B- 
A-B, B-A-B, etc. wherein A is a polymer block of styrene 
monomer and B is a polymer block of a conjugated diene. 
Conjugated dienes which may be employed in the manu 
facture of Said block copolymers include those containing 
from about 4 to about 10 carbon atoms, and preferably those 
including from 4 to 6 carbon atoms. Examples are 1,3- 
butadiene, 2-methyl-1,3-butadiene (isoprene), 2,3-dimethyl 
1,3-butadiene, 1,3-pentadiene, 1,3-hexadiene, or their mix 
tures. The preferred ones are however 1,3-butadiene and 
isoprene. Specific examples of diblock copolymers include 
Styrene-butadiene, Styrene-isoprene and the hydrogenated 
derivatives thereof. Examples of triblock copolymers 
include Styrene-butadiene-styrene, Styrene-isoprene-styrene, 
C.-methyl-Styrene-butadiene-O-methyl-Styrene, C.-methyl 
Styrene-isoprene-O-methyl-Styrene, and their partially 
hydrogenated derivatives. It is also possible to use blends of 
diblock with triblock copolymers, such as blends of SB and 
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SBS copolymers. Radial or starblock copolymers can also 
be employed. All these copolymers are commercially avail 
able from a number of sources including Shell (under the 
trademark KratonTM), Phillips, Atofina, BASF, etc. These 
block copolymers may be partially or Selectively hydroge 
nated, wherein the diene portion or part of it is hydrogenated 
while the Styrene portion is not significantly hydrogenated 
(SEBS copolymers). 
0046) The styrene copolymers, including the styrene 
block copolymers, can be modified by either grafting or 
copolymerizing therein a carboxylic acid unit (e.g., maleic 
or fumaric acid) or a functional derivative thereof. In a 
preferred embodiment the modified Styrene-based polymers 
are the anhydride-modified Styrene-based polymers charac 
terized by the presence of anhydride functionalities, even 
more preferably of maleic anhydride functionalities, intro 
duced by copolymerisation or, more preferably, by grafting. 
These modified Styrene-based polymers will typically con 
tain from about 0.05 to about 20 percent, preferably from 
about 0.1 to about 10 percent by weight, and more preferably 
from about 0.2 to about 8 percent by weight, based on the 
total weight of the modified resin, of the grafted modifying 
agent. Preferred modified Styrene-based polymers are modi 
fied polystyrene, modified HIPS, and modified styrene block 
copolymers, whereas these last ones are mostly preferred. 

0047. In the multilayer film of the embodiment of FIG. 
1, the bonding layer 3 will amount to at least 35 percent by 
weight, preferably at least 38 percent by weight and even 
more preferably at least 40 percent by weight, of the overall 
amount of the gas-barrier film 10. At least part of the 
styrene-based polymers of said layer 3 will be modified 
Styrene-based polymers and Said modified Styrene-based 
polymers will be contained in Said layer in Such an amount 
that the ratio between the amount of said modified styrene 
based resins and the amount of the gas-barrier resin of the 
core layer is of at least 0.1:1, preferably at least 0.3:1, and 
even more preferably at least 0.5:1. 

0048. In the embodiment of FIG. 2 a tie layer 4 is 
positioned between the gas-barrier layer 2 and the heat 
sealable layer 1. Said tie layer can be of any of the conven 
tional polyolefin based tie resins, Such as for instance 
modified polyethylene, modified linear polyethylene, modi 
fied EVA, or blends thereof. However, in order to control the 
overall amount of Styrene-based polymers in the Structure 
and the ratio of modified styrene-based polymers with 
respect to the barrier resin, in a preferred embodiment Said 
tie layer 4 comprises modified Styrene-based polymers. In 
this preferred embodiment the modified styrene polymers 
may be admixed with modified polyolefins and/or be diluted 
with one or more Styrene-based polymers. Thickness of Said 
tie layer 4 will generally be of the order of few microns, e.g., 
1 to 6 um, preferably 2 to 5 um, wherein the upper limit will 
mainly be dictated by the high costs of these materials. 

0049. In the embodiment represented in FIG. 2, still 
Some amount of modified Styrene-based resin needs to be 
present in bonding layer 3 to provide for a good adhesion of 
Said layer to the gas-barrier layer 2 and, if necessary, also to 
reach the required ratio between the Overall amount of 
modified Styrene-based polymer and the amount of gas 
barrier resin. The thickness of bonding layer 3 in the 
embodiment of FIG. 2 will be set in such a way that the 
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overall amount of Styrene-based polymers (thus including 
the amount contained in the tie layer 4) reaches at least 35 
percent. 

0050. The embodiment of FIG.3 represents a preferred 
embodiment of the present invention in the gas-barrier film 
aspect. It includes a tie layer 4 positioned between the 
gas-barrier layer 2 and the heat-Sealable layer 1 and another 
tie layer 4" positioned between the gas-barrier layer 2 and the 
bonding layer 3. In Said preferred embodiment, at least tie 
layer 4" but preferably also tie layer 4, comprise modified 
Styrene-based polymers. In a most preferred embodiment at 
least tie layer 4, but preferably also tie layer 4, will be of 
modified styrene-based polymers optionally diluted with 
one or more Styrene-based polymers. While the composition 
of the tie layerS 4 and 4 does not need to be the Same, in a 
further preferred embodiment these two tie layers 4 and 4 
have the same composition. 
0051). In the preferred embodiment represented in FIG.3, 
the bonding layer 3 does not need to contain modified 
Styrene-based resins unless the amount contained in tie 
layers 4 and 4 is not sufficient to reach the desired ratio with 
respect to the amount of gas-barrier resin of layer 2. Also in 
this case the thickness of the bonding layer 3 will be set to 
reach a total amount of Styrene-based resin in the overall 
film of at least 35 percent. 
0.052 In line of principle other layers might be present in 
the gas-barrier film if desired. 
0.053 As an example a “seal-assisting layer may be 
present as a core layer directly adhered to the heat-Sealable 
layer to improve the Seal performance of the end Substrate/ 
film composite; or, alternatively, a cohesive failure layer can 
be present as a core layer directly adhered to the heat 
Sealable layer to give an easy opening feature to the end 
package; or, Still alternatively, a Sticky layer can be present 
as a core layer directly adhered to the heat-Sealable layer to 
give a reclosable package. In all these cases the thickness of 
the heat-Sealing layer is reduced but to have the desired high 
level of recyclability of the end composite the conditions 
indicated before are still to be satisfied. 

0.054 The overall thickness of the gas-barrier film of the 
invention is preferably comprised between about 10 and 
about 100 um, more preferably between about 15 and about 
80 um, and even more preferably between about 20 and 
about 60 lum. In particular when the film is laminated to a 
polystyrene Substrate and the end composite will not be 
thermoformed but just cut to form flat backings, low thick 
neSSes of the gas-barrier liner are preferred, while when the 
substrate/film composite will be thermoformed, then thicker 
gas-barrier liners are preferred. More particularly it has been 
found that multilayer gas-barrier films with a thickness in 
the range comprised between about 20 and about 30 are 
Suitable for most of the current applications. 
0.055 One or more of any of the layers of the gas-barrier 
film of the present invention may include appropriate 
amounts of additives typically included in food packaging 
films for the desired effect, as is known to those of skill in 
the art. For example, a layer may include additives Such as 
Slip agents, antiblock agents, antioxidants, fillers, pigments 
and dyes, radiation Stabilizers, antistatic agents, croSS-link 
ing inhibitors or croSS-linking enhancers, anti-fog agents, 
and the like. 

Jul. 1, 2004 

0056. The gas-barrier film of the present invention is 
preferably obtained by any Suitable co-extrusion process, 
either through a flat or a round extrusion die. 
0057 Alternatively the gas-barrier film of the invention 
can be obtained through extrusion coating, where one or 
more layers are simultaneously or Sequentially extruded on 
a pre-formed sheet of the other film layer(s). 
0058 Still alternatively lamination, such as heat lamina 
tion or glue lamination, could be employed for the manu 
facture of the gas-barrier film 10 Starting from Separate 
pre-formed film layers. 

0059. The gas-barrier film of the present invention, or 
only one or more of the thermoplastic layers thereof, may be 
croSS-linked to e.g. improve the Strength of the film and/or 
help to avoid burn through during heat Seal operations. 
Cross-linking may be achieved by using chemical additives 
or by Subjecting the film layers to an energetic radiation 
treatment, Such as a high energy electron beam treatment, to 
induce croSS-linking between molecules of the irradiated 
material. 

0060. While the gas-barrier film of the present invention 
may be mono- or bi-axially oriented, i.e. oriented in either 
the machine or transverse direction, or both, to give heat 
Shrinkable films, or oriented and then heat-Set to give 
heat-stable oriented film with improved Strength and dura 
bility, preferably, for use in the manufacture of a Substrate/ 
film composite as described in the present invention, the 
gas-barrier film 10 is substantially non oriented. 
0061 Preferably therefore the gas-barrier films of the first 
object of the present invention are manufactured by cast 
coextrusion or by hot blown. 
0062 For the manufacture of the substrate/film compos 

ite that represents the Second object of the present invention, 
the gas-barrier film 10 can be directly laminated to a 
polystyrene Substrate 5. Any Solid sheet of any Styrene 
based polymer can be a Suitable polystyrene Substrate. A 
highly preferred polystyrene Substrate is however repre 
Sented by a foamed polystyrene sheet. Said polystyrene 
Substrate may be of Virgin polymer but in a preferred 
embodiment it will comprise reclaim material from the 
composite. Preferably it will comprise at least 20 percent by 
weight, more preferably at least 30 percent, even more 
preferably at least 40 percent, yet even more preferably at 
least 50 percent, and still even more preferably at least 60 
percent by weight of reclaim from the Substrate/film com 
posite itself. 

0063. The thickness of the polystyrene substrate 5 should 
be Suitably Selected depending on the type of material 
employed for the Substrate, the end use of the composite and 
its requirement in terms of rigidity and formability. 

0064. In particular if the substrate 5 is a solid polystyrene 
layer and the final use of the composite involves a thermo 
forming Step, typical thicknesses of the Substrate will be 
from about 150 to about 2,000 Om, preferably from about 
200 to about 1,500 Om, and more preferably from about 250 
to about 1,000 Om; if foam material is employed and the 
final use of the composite involves a thermoforming Step, 
the Substrate thickneSS is preferably comprised between 
about 1,000 and about 6,000 Om. Thicker layers however 
can be employed, if needed to get the required Stiffness, 
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provided that the end multilayer sheet can still be formed 
into a receptacle of the desired shape. If no thermoforming 
Step is devised, thicker Structures can be employed. 
0065. The substrate/film composite illustrated in FIG. 4 
represents the composite of a polystyrene Substrate 5 
directly laminated with the film 10 of the embodiment 
illustrated in FIG. 2. 

0.066. It is also possible to laminate the polystyrene 
substrate 5 to the gas-barrier film 10 with the intermediate of 
an additional layer used to improve the bond between the 
Substrate and the film and/or to improve the impact resis 
tance properties of the overall Structure. Said additional 
intermediate layer is indicated in the preferred embodiment 
of FIG. 5 as layer 6. It can comprise a styrene-based 
polymer or/and a modified Styrene-based polymer. 
Examples of preferred resins that can Suitably be employed 
for said intermediate layer 6 are polystyrene, oriented poly 
Styrene, high impact polystyrene, oriented high impact poly 
Styrene, Styrene block copolymers, modified polystyrene, 
modified high impact polystyrene, modified Styrene block 
copolymers, and blends thereof in any proportion. The 
thickness of Said intermediate layer 6 can vary widely 
depending also on its composition and its Scope; more 
particularly, if layer 6 is used only to improve the bond 
between the Substrate and the liner, it will comprise a 
modified Styrene-based resin and its thickneSS will generally 
be not more than 10-15 um, preferably comprised between 
1 and 10 um, while if it used to improve the mechanical 
properties of the overall structure, it will mainly comprise 
styrene-based resins, such as HIPS, and styrene block 
copolymers, and its thickness can be e.g., up to 40, 60, 80 um 
O CWC OC. 

0067 Lamination of the gas-barrier film 10 to the Sub 
strate 5, with or without the presence of the intermediate 
layer 6, is preferably obtained by heat lamination. Heat 
lamination involves passing the sheets of the end composite, 
wherein at least part of them is preferably pre-heated, 
between heated Steel rolls pressing them together. Typically 
the temperature of the steel rolls is between about 70 and 
about 130° C., preferably between about 80 and about 120° 
C., and even more preferably between about 90 and about 
110° C. The amount of pressure suitable to manufacture the 
composite should be enough to create a bond between the 
pressed sheets that would not fail after conventional ther 
moforming conditions. Lower temperatures and/or lower 
preSSure values might be employed if the Surfaces of the 
sheets to be bound together in the composite are Submitted 
to a corona treatment before the lamination Step. 
0068 While a single lamination step is convenient, it is 
also possible to laminate the Substrate 5, or the gas-barrier 
film 10, to the intermediate layer 6 and successively lami 
nate the thus obtained intermediate to the gas-barrier film 10, 
or to the substrate 5, respectively. The conditions for each of 
the Separate lamination Steps are essentially as described 
above. 

0069 Particularly when the substrate 5 is of foam poly 
Styrene, it may be advantageous to laminate, on its outer 
Surface opposite to the Surface where the gas-barrier liner is 
laminated, a layer of Solid Styrene-based polymer or, even 
more preferably, a layer of HIPS or of oriented polystyrene 
or Oriented HIPS. 

0070 This embodiment is illustrated in FIG. 6 where 
said outermost layer is indicated with the numeral 7. Also in 
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this embodiment the outermost layer 7 and the gas-barrier 
liner 10 (with or without the presence of the intermediate 
layer 6) can be heat-laminated to the Substrate 5 in a single 
Step or in a Series of Subsequent lamination Steps. The 
general conditions for the heat-lamination are indicated 
above and can anyway be easily adjusted by the perSon 
skilled in the art of lamination. Glue lamination is also 
possible. 

0071 AS indicated above, in a preferred embodiment the 
Substrate 5 compriseS reclaim material from the manufacture 
of the composite. To obtain the reclaim containing Substrate, 
Scrap generated during manufacture of the composite is 
gathered, ground, and pelletized to create reclaim pellets. 
0072 Said reclaim pellets are then placed in a hopper, 
optionally admixed with Virgin resin pellets of the Substrate 
material, and recycled. 
0073. When, according to a most preferred embodiment 
the substrate 5 is of foamed polystyrene, the reclaim pellets 
possibly admixed with the Virgin polystyrene pellets are 
suitably compounded with the additives conventionally 
employed in the extrusion foaming processes (e.g. nucleat 
ing agents, foam cell control agents, etc.) and the resulting 
mixture is finally fed to an extruder and foam extruded by 
means of the Suitably Selected blowing agent. 
0074. Not all the reclaim is necessarily recycled in the 
Substrate. Actually part of the reclaim can be put into a layer 
of the gas-barrier film other than the gas-barrier layer and/or 
in the intermediate layer 6, if any, and/or in outer coating 
layer 7 possibly present. Said layers can be made of a 
mixture of reclaim material and virgin resin or of 100 
percent reclaim. 
0075. In a preferred embodiment however all the scrap 
will be recycled in the substrate. 
0076. In a preferred embodiment the overall process is a 
close-loop proceSS where all the Scrap generated is recycled 
into the Structure. AS the amount of Scrap generated in this 
process is about 60-65 percent by weight with respect to the 
weight of the substrate, about 35-40 percent by weight of the 
resin used in the extrusion foaming will be Virgin resin. 
0077. The substrate/gas-barrier film composite according 
to the present invention is then generally thermoformed, to 
give gas-barrier foam trays or backings of the desired shape 
and size. 

0078. Further specific objects of the present invention are 
therefore the receptacles for food packaging obtained from 
the substrate/film composition of the invention. 
0079. In a preferred embodiment said receptacle has the 
shape of a tray, comprising a bottom portion and Side walls 
integral with Said bottom and with each other defining a 
Storage compartment, and the flange extends outwardly from 
the top edges of the Side walls, typically in a plane Substan 
tially parallel to that of the bottom portion, wherein the 
heat-sealable layer 1 is the layer in contact with the food to 
be packaged. Said embodiment is illustrated in FIG. 7 
0080. In another embodiment of the present invention, 
the receptacle is an almost flat or slightly shallow Support, 
i.e. a dish-shape receptacle, that may have e.g. a rectangular, 
round, Oval or Squared Surface wherein the outward edge of 
Said flat Support can be used as the receptacle flange. A 
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package obtained by following the method described in 
EP-B-964,822 and using a composite of the invention as the 
backing, is illustrated in FIG. 8. In this Figure the product 
to be packaged is indicated with the numeral 11 and the 
heat-shrinkable film that is Sealed along the edges of the 
backing (along the flange) and that is tensioned over the 
product thus keeping it in place, is indicated by the numeral 
12. 

0081. The gas-barrier films 10 according to the present 
invention proved to have good heat-Sealability and barrier 
properties, when laminated to polystyrene Substrates con 
taining high percentages by weight of reclaim from the 
manufacture of the composites. Furthermore the Substrate/ 
film composite of the present invention containing reclaim 
material from the composite itself, have shown to maintain 
the same mechanical properties and packaging perfor 
mances of the corresponding composites made with no 
reclaim material. 

0082 The following Examples further illustrates the 
invention in Some representative embodiments thereof. 

EXAMPLES 1 TO 7 

0.083. The gas-barrier films of the following general 
Structure 

0084 A/B/C/D/E 
0085 have been obtained by co-extrusion in a hot blown 
line. In Table 1 of next page the resins used for the various 
layers are indicated by a code which is explained at the 
bottom of the table itself and, between parentheses, the 
thickness of each layer is reported. 
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0089 LDPE is a low density polyethylene-Lacqtene 
1008FH24 by Atofina. 
0090 EVA is an ethylene-vinyl acetate copolymer with 
5% VA-Evatane 1020 VB2 by Atofina. 
0091 PB is a polybutylene-Polybutylen 1600 SA by 
Shell. 

0092 MOD-SBP1 styrene-butadiene block copolymer 
grafted with maleic anhydride-Orevac 16910 by Atofina. 
0093 MOD-SBP2 polystyrene grafted with maleic anhy 
dride-Dylark D232-80 by Nova Chemicals. 
0094 EVOH is an ethylene-vinyl alcohol copolymer 
Soarinol AT4403 by Nipon Goshei. 
0095 SBS is a styrene-butadiene-styrene block copoly 
mer with Tg 98 C-Styrolux 684 D by BASF. 
0096 SBE1 is a styrene-butadiene elastomer-Stereon 
841. A by Firestone. 
0097 SBE2 is a styrene-butadiene elastomer-Finaprene 
602D by Fina. 
0098. The above films are heat laminated on a standard 
polystyrene foam sheet of 3,000 um of thickness. The 
obtained laminates are then thermoformed using conven 
tional conditions. 

0099. The mechanical properties and the packaging per 
formances of the trays containing up to 65% of reclaim are 
evaluated and no significant differences are found with the 
corresponding structures where Virgin polystyrene is used 
for the Substrate. 

TABLE 1. 

Ex. No 

1. 2 3 4 5 6 7 

A 80% LLDPE - 40% LLDPE - 40% 80% LLDPE - 20% 80% LLDPE - 20%, 40% LDPE - 45%. 80% LLDPE - 20% 80% LLDPE - 20% 
20% MB MOD-PE - 20% MB MB EVA + 15% MB MB 
(10 um) MB (10 um) (10 um) PB (10 um) (10 um) 

(10 um) (10 um) 
B MOD-SBP1 MOD-SBP1 MOD-SBP1 MOD-SBP1 MOD-SBP1 MOD-SEBP2 MOD-SEBP1 

(4 um) (4 um) (3 um) (4 um) (3 um) (4 um) (4 um) 
C EVOH EVOH EVOH EVOH EVOH EVOH EVOH 

(4 um) (4 um) (3 um) (4 um) (3 um) (4 um) (4 um) 
D MOD-SBP1 MOD-SBP1 MOD-SBP1 MOD-SBP1 MOD-SBP1 MOD-SEBP2 MOD-SEBP1 

(4 um) (4 um) (3 um) (4 um) (3 um) (4 um) (4 um) 
E SES SBS SBS 80% SBS -- 20% SBS -- 20% 80% SBS 80% SBS -- 20% 

(5 um) (6 um) (5 um) SBE SBE1 (5 um) SBE2 
(5 um) (5 um) (5 um) 

0086) LLDPE is a linear low density polyethylene with 
d=0.915 g/cm, MI=3.3 g/10 min (evaluated by ASTM 
D-1238, at 190° C. and 2.16 kg)-DowlexTM SC2101 by 
Dow. 

0.087 MB is a matt masterbatch based on low density 
polyethylene containing about 60% of CaCO with particle 
size in the range 3-11 um-Remafin Bianco AELFO6 by 
Clariant. 

0088 MOD-PE is an anhydride and rubber modified 
linear low density polyethylene with d=0.915 g/cm Ty 
morTM 1203 by Morton. 

What is claimed is: 
1. A multilayer film comprising an outer heat-Sealable 

polyolefin layer, a core gas-barrier layer comprising at least 
one gas barrier resin Selected from the group consisting of 
EVOH and polyamide, and an outer bonding layer compris 
ing Styrene-based polymer which makes up at least 35 
weight percent of the film, based on total film weight, the 
Styrene-based polymer comprising modified Styrene-based 
polymer, with the modified Styrene-based polymer being 
present in the outer bonding layer in a ratio, with respect to 
the weight of the gas-barrier resin, of at least 0.1:1. 

2. The multilayer film according to claim 1, wherein the 
Styrene-based polymer makes up at least 38 weight percent 
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of the film, based on total film weight, and the modified 
Styrene-based polymer being present in the outer bonding 
layer in a ratio, with respect to the weight of the gas-barrier 
resin, of at least 0.3:1. 

3. The multilayer film according to claim 1, wherein the 
Styrene-based polymer makes up at least 40 weight percent 
of the film, based on total film weight, and the modified 
Styrene-based polymer being present in the outer bonding 
layer in a ratio, with respect to the weight of the gas-barrier 
resin, of at least 0.5:1. 

4. The multilayer film according to claim 1, wherein the 
modified Styrene-based polymer comprises anhydride 
grafted Styrene-based polymer. 

5. The multilayer film according to claim 4, wherein the 
modified Styrene-based polymer are maleic anhydride modi 
fied Styrene block copolymers. 4. A Substrate/film composite 
comprising a Substrate comprising Styrene-based polymers 
and a gas-barrier multilayer film of claim 1. 

6. A Substrate/film composite comprising a foam Substrate 
and a multilayer film comprising an outer heat-Sealable 
polyolefin layer, a core gas-barrier layer comprising at least 
one gas barrier resin Selected from the group consisting of 
EVOH and polyamide, and an outer bonding layer compris 
ing Styrene-based polymer which makes up at least 35 
weight percent of the film, based on total film weight, the 
Styrene-based polymer comprising modified Styrene-based 
polymer, with the modified Styrene-based polymer being 
present in the Outer bonding layer in a ratio, with respect to 
the weight of the gas-barrier resin, of at least 0.1:1. 

7. The Substrate/film composite according to claim 6, 
wherein the foam Substrate comprises polystyrene. 

8. The Substrate/film composite according to claim 6, 
wherein the foam Substrate comprises Substrate/film com 
posite reclaim in an amount of from about 0.001 percent up 
to about 100 percent, based on foam Substrate weight. 

9. The substrate/film composite according to claim 7, 
wherein the foam Substrate comprises Substrate/film com 
posite reclaim in an amount of from about 0.001 percent up 
to about 100 percent, based on foam Substrate weight. 

10. The Substrate/film composite according to claim 8, 
wherein the foam Substrate comprises Substrate/film com 
posite reclaim in an amount of at least 20 percent, based on 
weight of foam Substrate. 

11. The Substrate/film composite according to claim 10, 
wherein the foam Substrate comprises Substrate/film com 
posite reclaim in an amount of at least 30 percent, based on 
weight of foam Substrate. 

12. The Substrate/film composite according to claim 11, 
wherein the foam Substrate comprises Substrate/film com 
posite reclaim in an amount of at least 40 percent, based on 
weight of foam Substrate. 
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13. The Substrate/film composite according to claim 12, 
wherein the foam Substrate comprises Substrate/film com 
posite reclaim in an amount of at least 50 percent, based on 
weight of foam Substrate. 

14. The Substrate/film composite according to claim 13, 
wherein the foam Substrate comprises Substrate/film com 
posite reclaim in an amount of at least 60 percent, based on 
weight of foam Substrate. 

15. The substrate/film composite according to claim 9, 
wherein the foam Substrate comprises Substrate/film com 
posite reclaim in an amount of at least 20 percent, based on 
weight of foam Substrate. 

16. A tray comprising a Substrate/film composite com 
prising a foam Substrate and a liner which comprising a 
multilayer film having an outer heat-Sealable polyolefin 
layer, a core gas-barrier layer comprising at least one gas 
barrier resin selected from the group consisting of EVOH 
and polyamide, and an outer bonding layer comprising 
Styrene-based polymer which makes up at least 35 weight 
percent of the film, based on total film weight, the Styrene 
based polymer comprising modified Styrene-based polymer, 
with the modified Styrene-based polymer being present in 
the outer bonding layer in a ratio, with respect to the weight 
of the gas-barrier resin, of at least 0.1:1. 

17. The tray according to claim 16, further comprising a 
bottom portion and side walls integral with the bottom 
portion, and a flange extending outwardly from top edges of 
the side walls. 

18. The tray according to claim 17, wherein the flange 
extends outwardly in a plane parallel to the bottom portion. 

19. A food package comprising: 
(A) a tray comprising a Substrate/film composite com 

prising a foam Substrate and a liner comprising a 
multilayer film having an outer heat-Sealable polyolefin 
layer, a core gas-barrier layer comprising at least one 
gas barrier resin Selected from the group consisting of 
EVOH and polyamide, and an outer bonding layer 
comprising Styrene-based polymer which makes up at 
least 35 weight percent of the film, based on total film 
weight, the Styrene-based polymer comprising modi 
fied Styrene-based polymer, with the modified Styrene 
based polymer being present in the Outer bonding layer 
in a ratio, with respect to the weight of the gas-barrier 
resin, of at least 0.1:1, the tray having a flange around 
a perimeter thereof; 

(B) a food product on an upper Surface of the tray; and 
(C) a film over the food product, the film being sealed 

along the flange of the tray. 
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