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A laminated film with a starchy matrix and low

permeability and methods for its production

The present invention relates in general to biodegradable
films based on starchy materials and in particular to a
film which is substantially insoluble. in water and
suitable for forming an effective barrier against liquids,
gases and vapours, at least for a certain period of time,
and which at the same time is rapidly biodegradable after

use.

Patent application No. EP-A-0 327 505 describes polymeric
materials based on destructured starch and a synthetic
thermoplastic polymeric material, which are wuseful, in
particular, for the production of moulded articles having
better dimensional stability after exposure to moisture

than corresponding articles made of starch alone.

More specifically, as regards the production of films,
self-supporting and biodegradable flexible films formed
from compositions including starchy substances and an
ethylene-acrylic acid copolymer are known from
EP-A-0 032 802.

The Applicant’s European patent No. 90011070.1 describes
biodegradable films formed from compositions including
starchy substances and an ethylene-vinyl alcohol

copolymer.

These films have good resistance to tearing and to
dissolving in the presence of water and can thus be wused
to replace conventional, non-biodegradable synthetic
plastics materials for a wide range of applications. 1In
the presence of water, however, the films tend to swell so
that their properties as barriers against the diffusion of

gases and vapours are seriously compromised, precluding
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their use in some applications for which this property is

important.

It has been found that films with starchy matrices of the
type mentioned above can be coated with a hydrophobic
material which forms an effective barrier and that the
layers of starch-based and hydrophobic materials show good
mutual adhesion. It is thus possible to produce a
laminated film which is suitable for applications in which
an effective barrier against gases and liquids is of

critical importance.

A first subject of the invention 1is a laminated £ilm,
characterised in that it includes at least one first layer
of a polymeric material which has a starchy matrix and is
substantially insoluble in water or at most expands in
water, and a second layer of a hydrophobic material

adhering to the first.

A polymeric material which has a starchy matrix and is
substantially insoluble in water but which at most expands
in water, is intended to mean a material which can absorb
quantities of water of no more than 40g per 100g of the
material itself at ambient temperature without dissolving.

Materials suitable for wuse as the first layer with a
starchy matrix include polymeric blendé which are
obtainable by the fusion of a starch and - a synthetic
thermoplastic polymer in the presence of water or a
plasticiser with a high boiling point under temperature
and pressure conditions suitable for producing a

homogeneous melt which can be processed as a thermoplastic

material.

The synthetic polymeric component includes polymers and
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copolymers of at least one ethylenically insaturated
monomer, the polymer or copolymer having repeating units
provided with at least a polar group such as hydrozxy,

alkoxy, carboxy, carboxyalkyl, alkyl carboxy and acetal.

Preferred polymeric components include polyvinyl alcohol
and copolymers of an olephin selected from ethylene,
propylene, isobutene and styrene with acrylic acid, vinyl

alcohol and/or vinyl acetate and mixtures thereof.

The preferred synthetic polymers are ethylene copolymers
selected from the group consisting of ethylene-vinyl
alcohol, ethylene-acrylic acid, ethylene-vinyl acetate,
terpolymers of ethylene-vinyl acetate and vinyl alcohol
which can be produced, for example, by the partial
hydrolysis of ethylene-vinyl acetate and ethylene-vinyl
alcohol copolymers modified by the partial replacement of
the functional alcohol groups by oxo or alkylcarbonyl

groups.

Preferred ethylene-vinyl alcochol copolymers have ethylene
contents of from 10 to 90% by weight, preferably from 10
to 40% by weight (15-50% 1in moles) and most preferably
from 30 to 45% in moles, with a melt flow index between 2
and 50 and preferably between 6 and 20 (210°C, 2.16 Kg).
Further preferred characteristics of the polymers are:

- intrinsic viscosity (in DMSO at 30°C) 0.50-09
and preferably 0.65-0.80

- molecular weight distribution Mw/Mn 1.3-4

- molecular weight distribution (GPC in
tetrahydrofuran)

- melting point <180°C
and preferably 160-170°C

- degree of hydrolysis¥ 90-99.9%
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* basic hydrolysis and titration of the residual base

with acid.

In order to improve their biodegradability, the copolymers
may be modified by the replacement of some, preferably
from 0.1 to 5% in moles, of their functional alcohol
groups by oxo groups or alkylcarbonyl groups in which the
alkyl groups contain from 1 to 4 carbon atoms. These
modified polymers can be produced from the corresponding

ethylene-vinyl alcohol copolymers by known methods.

The ethylene-vinyl acetate polymers used within the scope
of the present invention preferably have molar contents of
vinyl acetate of from 5 to 90%, preferably from 12 to 80%
and the corresponding copolymers modified by the
hydrolysis of the acetate group preferably have from 5 to
90% of acetate and hydrolysed groups.

The ethylene-acrylic acid copolymers used may be those

described in patent No. EP-A-0 032 802.

Tt is intended that mixtures of the copolymers indicated

above may be used as the polymeric material of the first

layer.

The film constituting the first layer of the laminate
preferably has a water content due to the intrinsic water
content of the starch or to water added during the
destructuring stage, of less than 6% and preferably less
than 2% by weight (as extruded, before conditioning).

If water has been added in order to facilitate the
formation of a fused material which can be processed in an
extruder it is necessary, therefore, to reduce the water

content by degassing in an intermediate stage of the
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extrusion, upstream of the filming.

The film constituting the first layer may contain
destructured starch and the synthetic polymer in a ratio
of from 1:9 to 9:1, preferably from 1:4 to 4:1, but the
use of compositions with higher starch contents, in which
the synthetic polymer constitutes from about 20 to 40% by
weight of the sum of the synthetic polymer and starch is

preferred.

The films may include a plasticiser with a high boiling
point (boiling point above 150°C), such as polyethylene
glycol, -ethylene glycol, propylene glycol, glycerine,
polyglicerol, polyethylene glycol sorbitol, mannitol,
their acetate, ethoxilate or propoxylate derivatives and
mixtures thereof in quantities £from 0.05 to 100% and
preferably from 0.5 to 30% of the weight of the starch.
The presence of the plasticiser is useful both during the
destructuring of the starch, particularly with the use of
ethylene-vinyl alcohol copolymers, and as regards specific

characteristics of the film constituting the first layer.

The nature of the starch used in the material constituting
the first layer is not particularly critical and either
native starches or physically or chemically modified
starches such as starch ethoxylates, starch acetates,
cationic starches, oxidised starches and cross-linked

starches may be used.

The method of preparing the films constituting the first
layer are described in Italian applications
Nos. IT 67691-A/89, 67692-A/89, 67413-A/89 and 67666-A/89,
the contents of which are intended to be incorporated in

the presént description by reference.
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In a preferred embodiment of the invention, the
hydrophobic material constituting the second layer
consists essentially of a polymeric coating of
polyparaxylylene and/or substitution derivatives thereof,
deposited on the film constifuting the first layer by the
chemical deposition of the vapour phase. The thickness of
the second layer may vary within wide limits ang,
according to the desired barrier properties to be
obtained, thicknesses of about 0.0l pm to about 40 pm are

preferred, preferably from 0.1 to 10 pm.

The technology of the application of polymeric
polyparaxylylene coatings is known and is described, for
example, in patent application VWo. EP-A-0 302 457, but

with reference to substrates of a definitely hydrophobic

nature.

The paraxylylene radical used corresponds to the formula:

[
- e, -y - oy - (1)

in which:

- X is a Cl—C6 alkyl group, a CS—ClO aryl group, a C7_C16
arylalkyl group, a haloalkyl or haloaryla;kyl group, an
acetoxy group, an aminoalkyl group, an arylamino group, &
cyrano group, &n alkoxy group, a hydroxy group, a nitro
group, a halogen atom, a sulphonic radical, a sulphonic
ester radical, a phosphorus-based substituent, a sulphide

group, an alkylsulphoxide group or a hydrogen atom, and
— n is 0 or a whole number from 1 to 4.

gince their reactivity causes great difficulties in their
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storage and handling, for practical applications, the
preferred starting compounds are the dimers of
paraxylylene or (2,2)-paracyclophane and of their
derivates conforming to the possible substitutions

indicated above.

The dimers of paraxylylene are in fact stable crystalline
solids at ambient temperature and can easily be stored and
handled. The dimers can be prepared by conventional
methods, for example, by the pyrolysis of paraxylylene or
from the corresponding paramethylbenzyl trimethylammonium
hydroxide by Hofmann degradation.

During the application of the polymeric coating by vapour
deposition under vacuum, the paraxylylene dimers are
subjected to pyrolytic cracking under vacuum at
temperature higher than 400°C to give reactive radicals of
formula (I) which are made to condense on the surface of
the substrate producing homopolymers or copolymers of
paraxylylene according to the dimer used.

Small quantities of other monomers such as maleic
anhydride or chloroprene which polymerise on the surface
of the f£ilm of material with a starchy matrix may be used
with (2,2)-paracyclophane and 1its derivatives. The
bivalent paraxylylene radicals condense aqd polymerise
almost instantaneously on the surface of the first layer

forming a compact polymer.

The structural principles of devices for the deposition of
vapours of bivalent reactive paraxylylene radicals are
known and are described, £for example, in Kirk-Othmer
Encyclopaedia of Chemical Technology, Third E4d., Volume
24, pages 746-747. sSuch a device includes an

evaporation-cracking furnace in which the
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(2,2)-paracyclophane or a derivative thereof is inserted,
and which is in communication with a deposition chamber
which is kept a temperature lower than the condensation

temperature of the specific paraxylylene derivative.

The deposition chamber may conveniently be modified £fo~
the purposes of the present application to enable ti..

continuous or semi-continuous deposition of the polymeric

coating.

The application of a paraxylylene monomer is compatible
with the optional use of agents such as, for example,
siloxane compounds or derivatives of phosphorus usually

used in the deposition under vacuum technique for

promoting adhesion.

By way of example, preferred paraxylylene monomers are

chloroparaxylylene, dichloroparaxylylene, cyanopara-
xylylene, iodoparaxylylene, fluoroparaxylylene,
hydroximethylparaxylylene, ethylparaxylylene,
methylparaxylylene, carbomethoxyparaxylylene and mixtures
thereof.

In alternative embodiment of the invention, the

hydrophobic material used for the second layer is a
polymer containing free acid groups, preferably an
ethylene-acrylic acid, or an ethylene-acrylic acid-alkyl

acrylate copolymer.

For its application to the first layer with a starchy
matrix, the polymer is salified by a Dbase, preferably
ammonium hydroxide, and is thus made soluble in water.
surfactants, emulsified waxes, silica, polyoxyethylene,
polyacryiic acids, polyvinylpyrrolidone, polyvinyl

alcohol, etc. may be added to the solution to increase its
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ability to wet the starchy film and to reduce the
stickiness of the coating. The solution thus obtained is
spread on the first layer by a tecnique similar to
varnishing or spray-coating and undergoes heat treatment
at a temperature and for a period of time sufficient to
remove the aqueous solvent and eliminate the salifying
groups thus producing a polymeric coating which is

insoluble in water.

In a further embodiment of the invention, the hydrophobic
material used for the second layer is constituted by a
polyhydroxyalkanoate polymer, particularly PHB
(polyhydroxybutyrate), PHB/V (polyhydroxybutyrate/
/valerate) lactic acid homopolymers and lactic acids
copolymerised with glycolic acids or with I-caprolactone,
polyethylene-vinyl alcohol, or polyethylene-vinyl acetate.

The coating can be achieved by coextrusion by blowing or

casting technology.

These embodiments also produced hydrophobic coatings with

good barrier properties and good adhesion to the starchy

substrate.

In a further embodiment of the invention the second layer
consists of a copolymer of polyvinylpyrrolidone (PVP) or
PVP ester with butylacrylate, butyl 'amylate/methyl
methacrylate (85:15 - 15:85% wt/wt) diethylamminomethyl
methacrylate, vinylacetate, vinylacrylate, acrylic acid or
acrylic acid polymer, inorganic or organic esters,
particularly ammonium salts of acrylic acid or acrylic

acid polymer.

Preferabiy the molar ratio of PVP with respect to the

comonomer is from 5 to 60% molar.
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The coating is obtained from an aqueous solution or
emulsion of the copolymer which is dried to provide a
water insoluble film which exhibits good adhesion to the

starchy based first layer.

The laminated film according to  the invention is
particularly suitable for producing containers for faeces,
for example, of the type used for colostomy care, in which
case, the layer of hydrophobic material prevents
unpleasant smells from escaping for at least several
hours, and for the packaging of foods with high water

contents in general.

The laminated film according to the invention will be

described further with reference to the following

examples.
_Example 1l: Preparation of the first starchy layer.

A composition having the following composition was

prepared:

-_42% by weight of Globe 03401 Cerestar (registered trade
mark) starch which had not been dried and had an intrinsic

water content of 11% by weight,

- 39% by weight of an ethylene-vinyl alcohol copolymer
with a molar ethylene content of 42%, intrinsic viscosity
(DMSO, 30°C) 0.39, Mw/Mn 3.6, melting point 164°C, degree
of hydrolysis 99.3, melt flow index (230°C, 2.16 kg) 20;

- 12.8% by weight of glycerine,

- 3.2% bf weight of water,
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11
- 3% by weight of EAA 5981 copolymer (Dow Chemical).

The components were supplied by a gravimetric batching
plant to a Baker Perkins MPC/V-30 extruder with a
double-screw unit divided into two regions with a screw
diameter of 30 mm and a screw-length/diameter ratio (L/D)
of 10:1 connected to a single-screw diameter of 30 mm and
an L/D ratio of 8:1, divided into three regions. The
capillary nozzle had a diameter of 4.5 mm. The extrusion
temperature was kept within the range from 120-180°C 1in
the double-screw region of the extruder and within the
range from 170 to 140°C in the single-screw region.

The extrusion produced was transformed into pellets and
processed by blow extrusion at about 160°C to produce a

film.

Example 2-3

A piece of the film produced according to Example 1 having
dimensions of 30 cm x 30 cm was inserted in the deposition
chamber of a commercially-available laboratory deposition
plant. 0.4 grams of dichloro-di-p-xylylene were loaded
into the evaporation section. The dichloro-di-p-xylylene
was evaporated under vacuum at a pressure of 0.05 mm Hg at
220°cC.

The divalent chloro-p-xylylene radical was kept at 680°C
and then allowed to polymerise on the cold surface of the
film for two different periods, producing the thicknesses

given in the Table:
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Example Thickness of the Permeability¥* to
coating (pm) © water vapour t
1 0 1800 §
2 1.5 ' 102
3 2 43
* Permeability expressed in g per 30 u.m/m2 per 24 h,

determined at 30°C and 90% relative humidity.

Example 4

A 10% aqueous solution of ethylene-acrylic acid (20%
acrylic acid) was prepared and its pH was brought to 10 in

the presence of ammonia.

A sample of the film of Example 1 with dimensions of 10 cm
x 20 cm x 60 pm was immersed in the solution for 10’ and
then dried at ambient temperature for 2 hours. The
permeability of this £ilm at 38°C and 90% relative
humidity was 390 g per 30 um/m2 per 24 h against 1800 g
per 3 p,m/m2 per 24 h for the untreated film.

This treatment also makes the film more transparent.

s
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CLAIMS

1. A laminated film, characterised in that it includes
at least one first layer of polymeric material which has a
starchy matrix and 1is insoluble in water or at most
expands in water and a second layer of hydrophobic
material adhering to the first.

2. A laminated £film according to claim 1 wherein the
polymeric material «consists of a composition including
destructured starch and a synthetic thermoplastic polymer
wherein said synthetic thermoplastic polymer is a
copolymer of at least one thylenically insaturated
monomer, said polymer having repeating units provided with
at least a polar group, selected from the group consisting
of hydroxy, alkoxy, carboxy, carboxyalkyl, alkyl carboxy
and acetal.

3. A polymeric blend according to claim 2, wherein said
polymer is selected from the group consisting of
polyvinylalcohol and copolymers of an olephin selected
from the group consisting of ethylene, propylene,
isobutene and styrene with acrylic acid, vinyl alcohol or

vinyl acetate.

4. A laminated film according to claim 1, wherein the
polymeric material with a starchy matrix is constituted by
a composition including destructured starch and an
ethylene copolymer selected from the group consisting of
ethylene-vinyl alcohol, ethylene-vinyl alcohol modified by
the replacement of some of the hydroxyl groups by oxo or

alkyl carbonyl groups, ethylene-acrylic acid,
ethylene-vinyl acetate, termopolymers of ethylene-vinyl
alcohol—vinyl acetate and mixtures thereof.
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5. A laminated film according to claim 4, wherein the
ethylene copolymer is ethylene-vinyl alcohol with an
ethylene content of from 15 to 50% in moles, preferably

from 30 to 45% in moles.

6. A laminated film according to claim 2, characterised
in that the ethylene copolymer comprises ethylene-vinyl

acetate having a molar content of vinyl acetate of from 12

to 80%.

7. A laminated film according to claim 1, in which the
first layer comprises starch and an ethylene copolymer in

a ratio by weight of from 1:4 to 4:1.

8. A laminated film according to claim 7, in which the

polymeric material constituting the first layer includes a

high boiling plasticiser and has a water content of mo
more than 6% by weight (as extruder before conditioning).

9. A laminated film according to claim 1, wherein the
second layer is formed by a polymer or a copolymer of a

paraxylylene monomer having the formula:

- (X)n
I e -
- CH, _\_/ CH, (1)

in which:

- X represents a Cl-—C6 alkyl group, a 06-010 aryl group, a

C7—C16 arylalkyl group, & haloalkyl or haloarylaklyl
grc ;-, an acetoxy group, an aminoalkyl group, an arylamino
group, a cyrano group, an alkoxy group, a hydroxy group, &
nitro group, @& halogen atom, & sulphonic radical, a
sulphonié ester radical, a phosphorus-based substituent, a

sulphide group, an alkylsulphoxide group or a hydrogen
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atom, and

- n is 0 or a whole number from 1 to 4.

10. A laminated film according to claim 9, wherein the

paraxylylene monomer is selected from the group consisting

of chloroparaxylylene, dichloroparaxylylene,
cyanoparaxylylene, iodoparaxylylene, fluoroparaxylylene,
hydroximethylparaxylylene, ethylparaxylylene,
methylparaxylylene, aminomethylparaxylene,

carbomethoxyparaxylylene and mixtures thereof.

11. A laminated film according to claim 1 wherein the
hydrophobic material of the second layer is a polymer

containing free acid groups.

12. A laminated film according to claim 9 wherein the
polymer including free acid groups is an ethylene-acrylic
acid or an ethylene-acrylic acid-alkylacrylate copolymer.

13. A laminated film according to claim 1 wherein the
hydrophobic material of the second layer is a
polyhidroxyalkanoate polymer, a lactic acid homopolymer, a
copolymer of lactic acids copolymerised with glycolic
acids or with I-caprolactone, polyethylene-vinyl alcohol,

or polyethylene-vinyl acetate.

14. A laminated film according to claim 1 wherein the
second layer comprises a copolymer of polyvinylpyrrolidone
(PVP) or PVP ester with butylacrylate, butylacrylate/
/methylmethacrylate, diethylamminomethyl methacrylate,
vinylacetate, acrylic acid or acrylic acid polymer, esters
of acrylic acid or esters of acrylic acid polymer.

15. A container for faeces produced from a laminated f£ilm
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according to claim 1.

16. Packaging for food products including a laminated

film according to claim 1.

17. A method of producing a laminated f£film according to
claim 1 wherein the layer of hydrophobic material is
applied to the substrate with a starchy matrix by the
deposition of the reactive vapours of a monomer of
paraxylylene or derivatives thereof in the vapour state
under vacuum and the condensation of the vapours on the
substrate constituted by the film of starchy material.

18. A method of producing a laminated film according to

claim 11 comprising the steps of:

- salifying the polymer containing free acid groups
_with a base, preferably ammonium hydroxide, to produce an

aqueous solution of the polymer,

- depositing the solution in a thin layer on at least

one surface of the starch-based layer, and

- applying external heat to a temperature and-for a

period of time such as to evaporate the solvent and remove
the basic groups £from the polymer so as to make it

insoluble in water.

19. A method according to claim 18, in which additives
selerted from surfactants, emulsified waxes, silica,
polt xzyethylene, polyacrylic acids, polyvinylpyrrolidone,
polyvinyl alcohol and mixtures thereof are added to the

aqueous solution of the polymer.
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