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The present invention relates to structures with 

multiple polymeric layers comprising a layer of vinyli­

dene fluoride polymer bonded to a layer of plasticised 

vinyl chloride polymer, in which the vinylidene fluoride 

polymer is bonded to the plasticised vinyl chloride 

polymer by means of polymeric adhesives, and to the use· 

of these structures for the manufacture of flexible 

packaging. 
It is known to combine different polymers, each 

10 contributing its specific properties and advantages, 

.wi~hin a structure with multiple polymeric layers (multi­

layer composite). 

15 

Patent Application FR-A-84/06,372 (SOLVAY & Cie) 

describes structures in which a layer of vinylidene 

fluoride polymer is combined with a layer of plasticised 

vinyl chloride polymer by means of a polymeric adhesive 

consisting of a copolymer of vinyl acetate and of ethy­

lene containing from 60 to 90 % by weight of vinyl 

acetate. Although the polymeric adhesives in question 

20 form good adhesives at ambient temperature, their delami­

nation resistance decreases greatly with an increase in 

temperature, and this limits their outlets in fields 

where a high delamination resistance when heated is not 

required. 

25 The present invention is aimed at providing 

structures with multiple polymeric layers comprising a 

layer of vinylidene fluoride polymer bonded to a layer of 

plasticised vinyl chloride polymer which have a markedly 

improved delamination resistance when heated. 

30 To this end, the invention provides structures 

with multiple polymeric layers comprising a layer of 

vinylidene fluoride polymer bonded to a layer· of plas­

ticised vinyl chloride polymer by means of a mixture of 

polymeric adhesives consisting of a copolymer of vinyl 

35 acetate and of ethylene and of a copolymer of vinyl 

chloride and of vinyl acetate, the said mixture con­

taining from 36 to 95 % by weight of vinyl acetate and 

exhibiting a dynamic viscosity equal to at least 55 kPa s 
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at 100°C and 1 s-1
• 

It has been found that, in contrast to the 

copolymers of vinyl acetate and of ethylene recommended 

in the prior art, mixtures of such copolymers with 

copolymers of vinyl chloride and acetate adhere perfectly 

at elevated temperature to vinylidene fluoride polymers 

and to plasticised vinyl chloride polymers, provided that 

the vinyl acetate content of the said mixtures is between 

36 and 95 % by weight and that their dynamic viscosity is 

10 .equal to at least 55 kPa s at 100°C and 1 s-1
• 

15 

The invention lies, therefore,· essentially in 

resorting to a mixture of a vinyl acetate copolymer and 

a vinyl chloride copolymer such as defined above in order 

to bond and cause the adhesion of a lyer of vinylidene 

fluoride polymer to a layer of plasticised vinyl chloride 

polymer in the production of structures with multiple 

polymeric layers. 

Structures with multiple polymeric layers com­

prising a layer of vinylidene fluoride polymer bonded to 

20 a layer of plasticised vinyl chloride polymer are in­

tended, therefore, to denote the multilayer structures 

containing at least one layer of vinylidene fluoride 

polymer bonded to at least one layer of plasticised vinyl 

chloride polymer. The structures with multiple polymeric 

25 layers according to the invention may therefore contain 

one or more layers of vinylidene fluoride polymer bonded 

to one or more layers of plasticised vinyl chloride 

polymer, it being possible for these layers themselves to 

be bonded to layers of other polymers. 

30 A copolymer of vinyl acetate and of ethylene is 

intended to denote the copolymers of vinyl acetate and of 

ethylene containing at least 50 % by weight of vinyl 

acetate. The best results are obtained with binary 

copolymers of vinyl acetate and of ethylene containing 

35 from 60 to 99 % by weight of vinyl acetate and, still 

more particularly, with those containing from 70 to 95 % 

by weight of vinyl acetate, which are consequently given 

preference. 
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The copolymers of vinyl acetate and ethylene such 

as defined above are· polymers which are more or less 

tacky and, as a result of this, difficult to use. In 

order to overcome this disadvantage it is particularly 

advantageous to employ a copolymer of vinyl acetate and 

of ethylene, coated with a thermoplastic polymer. Accord­

ing to a preferred embodiment of the invention, a copoly­

mer of vinyl acetate and of ethylene coated with a 

thermoplastic polymer is therefore employed. By way of 

10 examples of such thermoplastic polymers, there may be 

15 

_me~tioned vinylidene fluoride polymers and vinyl chloride 

polymers. A thermoplastic coating polymer which is very 

particularly preferred is polyvinyl chloride. The thermo­

plastic coating polymer is generally present in a propor-

tion not exceeding approximately 10 % by weight of the 

coated acetate polymer. 

The coating of the copolymer of vinyl acetate and 

of ethylene with a thermoplastic polymer may be carried 

out, for example, by adding a thermoplastic polymer latex 

20 to a vinyl acetate copolymer latex and coagulating the 

whole, for example by adding an electrolyte. 

A copolymer of vinyl chloride and of vinyl 

acetate is intended to denote the copolymers of vinyl 

chloride and vinyl acetate containing at least 50 % by 

25 weight of vinyl chloride. The best results are obtained 

with the binary copolymers of vinyl chloride and acetate 

containing from 60 to 98 % by weight of vinyl chloride 

and, still more particularly, with those containing from 

80 to 95 % by weight of vinyl chloride. 

30 The relative proportions of vinyl acetate copoly­

mer and of vinyl chloride copolymer in the mixture of 

polymeric adhesives may vary within wide limits, provided 

that the vinyl acetate content of the mixture is between 

36 and 95 % by weight and that its dynamic viscosity at 

35 l00°C and 1 9-1 is at least 55 kPa s. 

Nevertheless, preference is given to mixtures in 

which the vinyl acetate content is between 36 and 90 % by 

weight and whose dynamic viscosity at 100°C and 1 s-1 is 

------~-----==----·--·-·-- -···· 
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at least 60 kPa s. 

According to a particularly preferred embodiment, 

mixtures of polymeric adhesives according to the inven­

tion are employed, in which the product of the weight 

content of vinyl acetate, expressed in per cent, multi­

plied by the dynamic viscosity at 100 °C and 1 s-1
, ex­

pressed in kPa s, is greater than 3 x 103 and still more 

particularly greater than 3. 5 x 103
• 

Where adhesion is concerned, there is no dis-

10 advantage in employing mixtures of polymeric adhesives 

.whpse dynamic viscosity may be very high. Nevertheless, 

in practice the dynamic viscosity of the mixtures of 

polymeric adhesives at 100°C and 1 s-1 is generally 

'1,,.__,,,. limited to 300 kPa s, particularly for reasons of ease of 

15 use. 
A vinylidene fluoride polymer is intended to 

denote all the polymers containing at least 85 mol% and 

preferably at least 90 mol% of monomer units derived from 

vinylidene fluoride. The vinylidene fluoride polymers 

20 which are suitable for the production of the multilayer 

structures according to the invention include, therefore, 

both v~nylidene fluoride homopolymers and vinylidene 

fluoride copolymers containing monomeric units derived 

from one or more comonomers. Preference is given to 

25 polymers containing at least 90 mol% of monomeric units 

derived from vinylidene fluoride, any remainder 

preferably consisting of monomeric units derived from 

other fluoroolefins such as vinyl fluoride, trifluoro­

ethylene, chlorotrifluoroethylene, tetrafluoroethylene 

30 and hexafluoropropylene. 

A vinyl chloride polymer is intended in this case 

to denote the polymers containing at least 70 % by weight 

of monomeric units derived from vinyl chloride. The vinyl 

chloride polymers which can be employed for producing 

35 multilayer composites according to the invention com­

prise, therefore, both vinyl chloride homopolymers and 

its copoloymers containing monomeric units derived from 

one or more comonomers and their mixtures. By way of 
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examples of such vinyl chloride comonomers there may be 

mentioned, without any limitation being employed, olefins 

such as ethylene, propylene and styrene, and esters such 

as vinyl acetate and alkyl acrylates and methacrylates. 

Preference is given to vinyl chloride homopolymers. 

A plasticised vinyl chloride polymer is intended 

to denote vinyl chloride polymers as defined above whose 

Shore A hardness, measured according to ASTM standard 

D2240, does not exceed 95, and preferably 90. The Shore 

A hardness is usually equal to at least 60. By way of 

ex~ples of such plasticised polymers there may be 

mentioned those containing approximately 35 to 75 parts 

by weight of plasticiser, and, preferably, at least 40 

parts by weight of plasticiser per 100 parts by weight of 

15 vinyl chloride polymer. The plasticisers which can be 

employed may be chosen equally well from the usual 

monomeric or polymeric plasticisers for vinyl chloride 

polymers. Without any limitation being employed, examples 

of such plasticisers which may be mentioned are 

20 phthalates, sebacates, adipates, trimellitates, citrates, 

phosphates and polyesters such as poly~e-caprolactone and 

mixtures thereof. 

25 

It is also possible to use so-called internally 

plasticised vinyl chloride polymers obtained by copoly­

merisation of vinyl chloride with plasticising comono­

mers, such as, for example, ethylhexyl acrylate. 

It is obvious that each of the constituent poly­

mers of the multilayer structures according to the 

invention may comprise the usual additives employed in 

30 the applications of this polymer, such as, for example, 

lubricants, plasticisers, heat stabilisers, light sta­

bilisers, particulate or fibrous fillers, pigments, and 

the like. It is particularly advantageous to incorporate 

a stabiliser against ultraviolet rays in the vinylidene 

35 fluoride polymer or else in the adhesive polymers, with 

a view to protecting the plasticised vinyl chloride 

polymer. Similarly, it may be advantageous to incorporate 

a small quantity, for example up to approximately 10 % by 
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weight, of adhesive polymers in the constituent polymers 

of the multilayer structures. 

The method by which the multilayer structures 

according to the invention are obtained is not critical. 
All the usual techniques for assembling polymeric layers 

may therefore be employed to produce the multilayer 

structures according to the invention. As an example of 

such a method there may be mentioned thermal bonding by 

means of a solution of the mixture of polymeric adhesives 

10 in a suitable solvent or solvent mixture. Solvents which 

15 

-are suitable for this assembly method are, for example, 
chlorinated hydrocarbons such as methylene chloride, 
ketones such as acetone and methyl ethyl ketone, ethers 
such as tetrahydrofuran and esters such as ethyl acetate, 

and mixtures thereof. Nevertheless, preference is given 
to tetrahydrofuran. In practice, thermal bonding by means 
of a solution of the mixture of polymeric adhesives is 
carried out by cold coating, for example by mens of a 

doctor blade, a film, a sheet or a plaque of vinylidene 
20 fluoride polymer (or of plasticised vinyl chloride 

polymer) with a solution of the mixture of adhesives, 

25 

drying the coat and pressing the coated (adhesive-pre­

coated) film, sheet or plaque, with heating, onto a film, 
a sheet or a plaque of plasticised vinyl chloride polymer 
(or of vinylidene fluoride polymer). 

The optimum temperature and time of thermal 
bonding will be evaluated experimentally in each par­
ticular case. They depend, in particular, on the nature 
of the vinylidene fluoride and vinyl chloride polymers, 

30 the thickness of the assembled polymeric layers and the 

processing additives which may be incorporated in the 

various polymers. 
Other usual methods of assembling polymeric 

layers which are suitable for producing the multilayer 
35 structures according to the invention are those in which 

the constituent polymers are employed at a temperature 
which is at least equal to their softening temperature, 

such as thermal lamination (hot pressing of polymeric 
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layers preformed, for example, by extrusion), coextrusion 

and coextrusion-lining. 

Structures with multiple polymeric layers which 

are given preference are those resulting from an assembly 

by thermal bonding or by thermal lamination, by coextru­

sion or by coextrusion-lining, and which comprise three 

layers, a layer of vinylidene fluoride polymer, a layer 

consisting of the mixture of adhesive polymers according 

to the invention and a layer of plasticised vinyl chlo-

10 ride polymer in this case and in this order. 

15 

The thickness of the polymeric· layers forming 

part of the structures with polymeric layers according to 

the invention and the total thickness of the said struc­

tures are not critical and depend, understandably, on the 

application for which they are intended. The multilayer 

structures according to the invention may therefore be in 

the form of films, sheets, tubes, beverage packs and 

flexible pouches. They may be employed advantageously in 

fields of application where a high adhesion when heated, 

20 combined with high chemical inertness or resistance to 

ultraviolet rays are required. By way of practical 

examples of use of multilayer composites according to the 

invention, there may be mentioned, without any limitation 

being employed, the manufacture of waterproof awnings and 

25 sheets liable to be exposed to sunlight and seat covers 

30 

and trim for motor cars. 

The structures with multiple polymeric layers 

according to the invention are particularly suitable for 

the manufacture of flexible packaging for alimentary, 

pharmaceutical and cosmetological products and, still 

more particularly, for the manufacture of sterilisable 

pouches and packs for packaging nutrient and physiologi­

cal liquids and, in particular,pouches for blood, for 

solution or for dialysis. 

3 5 The examples which follow are intended to il-

lustrate the invention. 

Examples 1 and 2, according to the invention, 

relate to three-layer structures obtained by coextrusion. 

-----..;...;;;;======""-----:....:.;;;__;~_;__-___:_:_ __ ~====--_:_~=..:::.~_:_::_----- -----···-···--



• 

\ ... ../ 

8 

Examples 3 to 10, according to the invention, and 
examples 11 to 16, for comparison, relate to three layer 
structures obtained by thermal bonding. 

In all the examples the vinylidene fluoride 
5 polymer is a vinylidene fluoride homopolymer marketed by 

Solvay & Cie under the registered trademark Solef, type 

1008. 
In all the examples, the plasticised vinyl 

chloride polymer is a vinyl chloride homopolymer. 
10 In examples 1 and 2 a composition based on 

. po,lyvinyl chloride with a K value of 71 ( 100 parts by 
weight) containing diethylhexyl phthalate ( 44 parts) , 
epoxidised soya oil (4.2 parts) and a calcium-zinc 
stabiliser (0.4 parts) was employed for the coextrusion. 

15 In examples 3 to 16, a sheet made of plasticised poly-
vinyl chloride marketed by Alkor GmbH Kunststof f e under 
the registered trademark Alkorplan, type 35070 was 
employed for thermal bonding. 

The composition of the polymeric adhesives 
20 employed in examples 1 to 16, namely that of the copoly­

mers of vinyl chloride and of vinyl acetate (VC-VAC COP) 
(adhesives I) and of the copolymers of vinyl acetate and 
of ethylene (VAC-E COP) (adhesives II) is set out in the 
appended table. Also shown in this table are, the com-

25 

30 

position of the mixtures of polymeric adhesives employed 
and, in particular, the weight proportion of the ad­
hesives I and II, the weight content of vinyl acetate in 
the mixtures, expressed in per cent [VAC], their dynamic 
viscosity at 100°C and 1 s-1

,,,, expressed in kPa s and, 
finally, the product [VAC] x ,,. 

The dynamic viscosity of the mixtures of poly­
meric adhesives is evaluated in a rheometer which makes 
it possible to measure the dynamic mechanical properties 
of the polymers from the vitreous or crystalline state to 

35 the molten state. The measurements are performed on discs 
from 1 to 2 mm in tbickness and 2.5 cm in diameter, taken 
from samples prepared from solutions at a concentration 
of 15-20 % by weight of the mixtures of polymeric 
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adhesives in tetrahydrofuran. After evaporation of tetra­

hydrofuran during 48 hours at ambient temperature, the 

polymeric residue is heated to 100°C for 2 minutes and is 

then pressed for·2 minutes at 100°C under a pressure of 

80 bars. The pressed sample is then cooled under a 

pressure of 80 bars, to ambient temperature, after which 

it is cut into discs. 

The measurement consists in determining the 

moduli G' and G" at a frequency of 0 .16 cycles per 

10 second, that is to say for a velocity gradient of 1 s-1 

.an~ at a temperature of 100°C. The dynainic viscosity at 

100°C and 1 s-1 is then calculated by means of the 

15 

following formula: 
'I = G'2 + G"2 

2 11'V 

Examples 1 and 2 relate to a three-layer coextru­

ded tubular structure comprising, in this order, a layer 

(A) of vinylidene fluoride homopolymer (thickness: 

20 74 µm), a layer (B) of a mixture of a copolymer of vinyl 

acetate and of ethylene and of a copolymer of vinyl 

chloride and acetate (thickness: 128 µm) (cf. appended 

table) and a layer ( C) of flexible polyvinyl chloride 

(thickness: 38 µm). Three extruders (A) (B) and (C) 

25 feeding a coextrusion head are arranged to manufacture 

the three layer coextruded structures of examples 1 and 

2. The heating temperatures displayed from the feed zone 

to the pumping zone respectively are: 

30 
200°C - 210°c in extruder A 

143°C - 151°C 

115°C - 143°C - 160°C 

in extruder B 
in extruder C. 

The extruders A, B and C supply the layers A, B 

and C of the coextruded structure respectively. 

Examples 3 to 16 relate to the thermal bonding of 

35 a layer of vinylidene fluoride homopolymer (film with a 

thickness of 70 µm) onto a sheet of plasticised polyvinyl 

chloride (thickness: 1.5 mm) by means of the polymeric 

adhesives shown in detail in the appended table. 

The polyvinylidene fluoride film is coated with 
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a solution of polymeric adhesive(s) at a concentration of 

15-20 % by weight in tetrahydrofuran using a 200 µm wire 
spreader, the coat is dried directly after the coating 
for 3 minutes in a ventilated drying oven heated to 80°C. 

The total thickness of the dry coat is 30-40 µm, depen­

ding on the concentration of polymeric adhesive(s). The 

precoated polyvinylidene fluoride film is pressed with 

heating onto a plasticised polyvinyl chloride sheet for 

1 minute 30 seconds and under a pressure of 30 bar in a 
10 press maintained at 140°C, and the composite is then 

15 

20 

· transferred to a cold press and is kept therein at 

ambient temperature for 8 minutes under the same pres-
sure. 

The results of the evaluation of the adhesion, 
measured as the peel strength of the multilayer struc­
tures according to examples 1 to 16 are set out in the 

appended table. The peel strength is measured in a 

tensometer according to a method derived from ASTM 
standard D 1876-72. Before the measurement, the samples 
are conditioned in a constant temperature room at 23°C 
for 24 hours (adhesion at 23°C), or in a ventilated oven 

at 80°C. for 20 minutes (adhesion at 80°C). 
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Polymeric adhesives Mixtures of polymeric adhesives 

VC-VAC COP VAC-E COP Proportion f VAC) 11. kPa a 

<adhesives I> <adhesives II> by weight 
I : II 

Acetate 
K Acetate HI* 

content % 
value content % 

by weight by weight 

l IS so 85 '~ 95 25 : JS 67. 5 60 
2 15 50 85 l .. 95 50 : 50 50 100 
l 10 60 91 2. 59 50 : 50 51. 5 81.1 
4 to 60 65. 5 2~21 25 : 15 51.1 106 
5 10 60 91 2.59 10 : 90 85.75 65 
6 10 60 82 1 .. 65 so : 50 46 lll 
1 10 60 93 2. 59 25 : 75 12 .. 25 91 
8 10 60 65.5 2. 21 10 : 90 60 61 
9 10 60 82 1 .. 65 25 : 75 64 117 

10 10 60 65.5 2. 21 50 : 50 17 .. 75 111 
11 - - 56 101 0 : 100 56 12 
12 - - 68 89 0 : 100 68 10 
ll 10 60 70 401 25 : 75 55 10 
14 10 60 56 101 10 : 90 51- 9 49 I 15 I 10 I 60 I 56 1 •01 

50 : 50 35. 5 80 
16 10 60 68 89 10 : 90 62. 7 15 

• MI : Melt index measured at 170°c under a 10 kg load 

( VAC lx '' 

j 
4 )( 103 
5 )( 1~3 

4.3 )( 103 
5.4 x 103 
5.5 )( 103 
6.0 )( 103 
6. 7 )( 103 
3 .6 )( 103 
7.4 )( 103 
4 .2 )( 103 

0.67 )( 103 
0.68 )( 103 
0.55 )( 103 

2.5 )( 103 
2.8 )( 10 

0.94 )( 10 3 

(_. 

Adhesion, 
newton/cm 

at 21°C at 80°C 

ll 1~2 
12. 5 l. l 
12 .. 1 1!'5 
12,.9 ) 

12. 15 ) .. 4 
11 ).5 
11 4 
12 .. 9 1.5 
ll l 
11. l ). I 
4.9 0 .. 11 
4.,.2 0.10 
5.2 0-40 
6.5 0,50 
4,.9 0 .. 90 
4 ~9 0 .to 

·9 
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CLAIMS 
U 1. Structures with multiple polymeric layers com-

prising a layer of vinylidene fluoride polymer bonded to 
a layer of plasticised vinyl chloride polymer, which are 

5 characterised in that the layer of vinylidene fluoride 
polymer is bonded to the layer of plasticised vinyl 
chloride polymer by means of a mixture of polymeric 
adhesives consisting of a copolymer of vinyl acetate and 
of ethylene and of a copolymer of vinyl chloride and of 

10 vinyl acetate, the said mixture containing from 36 to 
· 95 % by weight of vinyl acetate and exhibiting a dynamic 
viscosity equal to at least 55 kPa s at 100°C and 1 s-1

• 

\..._,i 2. Structures with multiple polymeric layers accord­
ing to Claim 1, characterised in that the mixture of 

15 polymeric adhesives contains from 36 to 90 % by weight of 
vinyl acetate and exhibits a dynamic viscosity equal to 
at least 60 kPa s at l00°C and 1 s-1

• 

3. Structures with multiple polymeric layers accord­
ing to Claim 1, characterised in that the product of the 

20 weight content of vinyl acetate, expressed in per cent, 
multiplied by the dynamic viscosity at 100°C and 1 s-1

, 

expressed in kPa s, is greater than 3x103
• 

25 

4. Structures with multiple polymeric layers accord­
ing to Claim 3 characterised in that the product is 
greater than 3.5x103 • 

5 • Structures with multiple polymeric layers accord­
ing to any one of Claims 1 to 4, characterised in that 
the copolymer of vinyl acetate and of ethylene is a 
binary copolymer of vinyl acetate and of ethylene con-

30 taining from 60 to 99 % by weight of vinyl acetate. 
6 • Structures with multiple. polymeric layers accord­
ing to any one of Claims 1 to 4, characterised in that 
the copolymer of vinyl chloride and of vinyl acetate is 
a binary copolymer of vinyl chloride and of vinyl acetate 

35 containing from 60 to 98 % by weight of vinyl chloride. 
7 • Structures with multiple polymeric layers accord­
ing to any one of Claims 1 to 6, characterised in that 
the vinylidene fluoride polymer contains at least 90 mol% 



.. ., 

• 
0 

"' 

5 

- 13 - 11111111111111 11111 1111111 1111 
* C L M S * 

of monomeric units derived from vinylidene fluoride. 

a. Structures with multiple po1Y"meric layers accord-

ing to any one of Claims 1 to 6, characterised in that 

the plasticised vinyl chloride polymer is a plasticised 

vinyl chloride homopolymer. 

9. Use of the structures with multiple polymeric 

layers according to any one of Claims 1 to 8 for the 

manufacture of flexible packaging for alimentary, pharma­

ceutical and cosmetological products. 

10 10. Use of the structures with multiple polymeric 

. la;yers according to Claim 9 for the manufacture of 

sterilisable pouches and packs intended for packaging 

nutritional or physiological liquids. 


