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Method of preparing a barrier film for blister packs

[DESCRIPTION]

FIELD OF THE INVENTION

The present invention relates to a method of making a barrier film

and to its use in blister packs.

BACKGROUND OF THE INVENTION

A blister pack is a term for several types of pre-formed plastic
packaging used for consumer goods, food and pharmaceuticals. The
primary component of a blister pack is a cavity, often referred to
as “pocket” or ‘“blister”, holding the product. The blister is
typically obtained by thermoforming a flat, preferably transparant,
plastic film. The blisters holding the product are then sealed by a
lidding foil.

When used for pharmaceuticals, blister packs are designed to protect
the product from the environment (moisture, O, light) to guarantee

physical and chemical stability of the product. The type of
thermoformable plastic film and lidding foil used to prepare the
blister pack determines its “barrier” properties against water vapor

and oxygen. The lidding foil is typically made of aluminium.

This invention relates to the preparation of a barrier film used as
thermoformable plastic film in the preparation of a blister pack for
pharmaceuticals. Such barrier films typically comprise a
thermoformable polymeric substrate on which one or more barrier

layers may be provided to increase the barrier properties.

Typical barrier films used are for example a polyvinylchloride (PVC)
substrate having a thickness of 250 um, a PVC substrate on which a

coating of polyvinylidenechloride copolymers (PVDC) is provided,
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and a PVC substrate onto which a polychlorotrifluoroethylene (PCTFE)

film is laminated.

A barrier film comprising a PVDC coating has the advantage that it
exhibits good barrier properties not only with respect to oxygen but

also with respect to water vapor.

The coating weight of a PVDC coating on a substrate is usually from
40 up to 180 g/m2 pPVDC, depending on the barrier properties strived
for. Such PVDC coatings are typically coated from aqueous latex
dispersions and dried at high temperatures (70-130°C) and low
relative humidities (RH < 5%). Under such drying conditions, the

maximum dry coating weight in one single pass is limited to

+ 17 g/m2 PVDC. To achieve a final dry layer thickness of for

example 180 g/m2 PVDC, 10 or more repetitive coating/drying steps

are necessary. This implies several passes through an industrial

coating alley.

The coating weight is limited to 17 g/nﬁ PVDC because higher coating

weights results in the formation of so-called “mud cracks” upon
drying of the coating. Mud cracks in the top surface of the coating
are due to skinning of the surface layer(s) of the coating while the
sub layers still contain large amounts of water which needs to be
evaporated. These mobile sublayers create cracks in the tensed
skinned toplayer. Such mud cracks may decrease the barrier

properties of the PVDC coating.

EP-A 1148084 discloses a process for preparing a barrier film
wherein a homogeneus layer of at least 20 g/m2 PVDC is coated on a
thermoplastic base. The process comprises a thermal pretreatment at
a temperature ranging from 60 to 100°C of the coated layer followed

by drying the coated layer at a temperature ranging from 70 to

120 °C and cooling at a temperature ranging from 30 to 50°C.
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It would be advantageous to have a method of preparing a barrier
film comprising a PVDC coating on a substrate, wherein the dry
coating weight after a single coating and drying step is at least 20
g/m2 and wherein the PVDC coating is free from mud cracks. Such a
method results in a substantial cost price reduction as less coating

and drying steps have to be performed to produce the film.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a method of preparing a
barrier film characterized by a substantial cost price reduction

while the barrier properties of the obtained barrier film are

maintained.

A method for preparing a barrier film comprising the steps of:

(1) providing a substrate;

(ii) applying in a single coating step a polymer latex having on the
substrate to form a single layer of the polymer on the substrate;
(iii) drying the single layer;

characterized in that the single layer has a dry coating weight
(DCW) of at least 20 g/m2 of the polymer and is dried at a dry
temperature (Td) of at least the film formation temperature (Tf) of
the polymer latex at a relative humidity (RH) according to the

following formula:

RH = 15 + 1.25 * DCW.

Further objects of the invention will become apparent from the

description hereinafter and the dependent claims.
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DETAILED DESCRIPTION OF THE INVENTION

The method for preparing a barrier film according to the present
invention comprises the steps of:

(i) providing a substrate;

(ii) applying in a single coating step a polymer latex having on the
substrate to form a single layer of the polymer on the substrate;
(iii) drying the single layer;

characterized in that the single layer has a dry coating weight

(DCW) of at least 20 g/m2 of the polymer and is dried at a dry

temperature (Td) of at least the film formation temperature (Tf) of
the polymer latex at a relative humidity (RH) according to the

following formula:

RH = 15 + 1.25 * DCW.

Substrate

The substrate of the barrier film is preferably a transparent
thermoformable polymeric film. The polymeric film may be selected
from the group consisting of polyvinyl chloride (PVC), copolymers
made of vinyl chloride units and of one or more other monomers

(VC copolymers), polyesters, polyolefins, polyacrylonitrile,
copolymers made of acrylonitrile units and one or more other
moniomers, and mixtures made of PVC and VC copolymers.

Substrates based on polylactic acid may also be of interest in view
of their biodegradability. Polyethylenefuranocate (PEF) substrates

)

may also be of interest as they are 100 % biobased and recyclable.

The most widely used substrate is PVC. The main advantages of PVC

are the low cost and the ease of thermoforming. The main
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disadvantages are the poor barrier properties and a negative

environmental connotation due to its chlorine content.

The polyesters preferably comprise polyethylene terephthalate (PET),
in particular amorphous PET, and copolymers made of ethylene
terephthalate units and one or more other monomers. A particular
preferred copolymer is PETG, which is composed of ethylene

terephthalate units and cyclohexanedimethanol units.

The polyolefins are preferably polypropylene (PP), polyethylene
(PE), cyclo-olefin copolymers (COCs), and cyclo-olefin polymers
(COP) .

The thickness of the substrate may be between 10 and 1000 um, more

preferably between 50 and 500 um.

The polymeric support may be surface treated, typically to enhance

the adhesion between the support and layers provided thereon.

Examples of such a surface treatment include a corona discharge
treatment, a flame treatment, a UV treatment, a low pressure plasma
treatment, and an atmospheric plasma treatment. A preferred

treatment is a corona discharge treatment.

Polymer latex

Any latex, capable of forming a film having sufficient barrier

properties may be used in the method of the present invention.

A latex selected from a polyurethane latex, a poly(meth)acrylate

latex and fluoro-polymer latex is preferred.

A particularly preferred latex is a a polyvinylidenechloride

copolymer (PVDC) latex.
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PVDC

PVDC is a vinylidene polymer selected from the group consisting of
polyvinylidene chloride, copolymers made of vinylidene chloride
units and other monomers (VCD copolymers). A preferred PVDC is a

vinylidene chloride - methyl acrylate copolymer.

The PVDC is coated from aqueous latex dispersions. Such latex
dispersions are commercially available, for example from Solvay
Plastics (Diofan® A736, Diofan® 193D and Diofan® Super B), from
Asahi Kasei Chemicals (L8011, L8033, L803C, L817B), and from Dow

Chemical (Serfene® 195).

The dry coating weight of the single PVDC coating is at least 20

g/m2, more preferably at least 30 g/m2, most preferably at least 35

2

g/m”. It has been observed that it is difficult to obtain mud crack

free coatings of PVDC when the dry coating weight is more than

50 g/mz.

When the dry coating weight of PVDC has to be, for example more than
100 g/mz, to achieve high barrier properties, it may be difficult to

achieve such high dry coating weight in a single coating step.
To achieve such high dry coating weights multiple coating steps may

be used.

Therefore, another embodiment of the invention provides a method for
preparing a barrier film comprising the steps of:

(i) providing a substrate;

(ii) applying in multiple coating steps a polymer latex on the
substrate to form multiple layers of the polymer on the substrate;
(iii) drying the applied polymer layers after each coating step;
characterized in that in at least one coating step a single layer of
polymer is applied having a dry coating weight (DCW) of at least 20
g/m* of the polymer and wherein said single layer is dried at a dry

temperature (Td) of at least the film formation temperature (Tf) of
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the polymer latex at a relative humidity (RH) according to the

following formula:

RH = 15 + 1.25 * DCW.

Preferably the polymer latex is a polyvinylidenechloride copolymer
(PVDC) latex in all coating steps.

In a preferred method of this embodiment in all coating steps a
single layer of polymer is applied having a dry coating weight (DCW)
of at least 20 g/m2 of the polymer and wherein said single layer is
dried at a dry temperature (Td) of at least the film formation
temperature (Tf) of the polymer latex at a relative humidity (RH)

according to the following formula:

RH = 15 + 1.25 * DCW.

For example, a dry coating weight of 120 g/m2 PVDC can be obtained
with the method of the present invention by subsequently coating
three layers of PDVC having a dry coating weight of 40 g/m2 on top
of each other or by coating four layers of PVDC having a dry coating
weight of 30 g/mZ. With the methods known from the prior art, at

least six subsequent coatings would be necessary to obtain such a

high dry coating weight.

After each coating and drying step the obtained intermediate barrier
film may be stored on roll. After unwinding the roll of film, a

subsequent coating step may be carried out.

The drying step after each coating step may be characterized by the

game or different drying conditions.

The PVDC coating solution preferably consists of the PVDC latex,

i.e. no other ingredients are added to the coating solution.



10

15

20

25

30

35

WO 2014/095723 PCT/EP2013/076706

However, to optimize the properties of the barrier film, additives,

such as for example surfactants, may be added to the PVDC coating.

When more than one PVDC layer is coated, it may be advantageous to
add such additives, for example antiblocking agents, only to the
outermost PVDC layer.

Other lavers

The barrier film may, besides PVDC layers, also comprise additonal

layers to further optimize its properties.

For example, an “anchor coating” or primer may be applied on the
substrate to improve the adhesion between the PVDC coating and the
substrate. Such a primer is preferably ccated from an agueous
coating solution. Such primers typically comprise one or more
binders, such as for example polyurethanes, polyacrylics, and

polyesters. A preferred primer is a polyurethane based primer.

A barrier film comprising a substrate, a PVDC layer and a PCTFE
layer, as disclosed in US2011/0210037, may also be prepared by the
method according to the present invention. The PCTFE layer is
laminated to the PVC/PVDC film. The PCTFE layer has typically a
thickness of 15 um to 152 um, is typically applied to a PVC/PE
laminate Using both PVDC and PCTFE may further improve the barrier

properties of the barrier film.

A widely used multilayer barrier film comprises in this order
PVC/PE/PVDC. The PVDC layer in such a multilayer can be applied

using the method of the present invention.

Coating

The PVDC latex is coated on the substrate using well known coating
techniques such as air knife coating, dip coating, spray coating,

reverse gravure roll coating, cascade coating, and curtain coating.
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A preferred coating technique is cascade coating. The coating speed
is determined by the coating weight and the drying conditions. For

example, the coating speed may be up te 180 - 200 m/min for a

coating weight of 20 g/m2 and up to 100 - 120 m/min for a coating
weight of 40 g/mz.

Drying

In the drying process, heat is supplied to evaporate the water from
the coated latex layer. Also, when the drying temperature is above
the film forming temperature of the latex, the coated latex

particles will coalesce to form a continuous film.

The main drying parameters are drying temperature (Ty), wet bulb
temperature (Tyet pulb) . relative humidity (RH) and air speed of
drying (a). The wet bulb temperature is the temperature of the
drying layer. Due to the evaporation of the water, this temperature
is lower than the drying temperature. When the layer becomes dry,

the T et pulp and the drying temperature (Tg) are equal.

Tg, T wet bulb and RH are correlated with each other according to the

well known Mollier diagram.

The drying conditions of the coated layers are set to meet the

conditions of claim 1.

Drying of a coating is typically carried out in so called drying
tunnels. The length of the drying tunnel will determine the speed at
which the coating may pass through the tunnel: the speed may be

increased when the length of the drying tunnel increases.

The heat for drying is usually supplied by convection from air that
has been heated indirectly by a steam heat exchanger or by electric
heaters of directly from hot flue gases from the combustion of

natural gas.

The heat may also be supplied by conduction from heated rolls in

drum dryers of from heated plates in a gap dryer.
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The heat may also be supplied by infra-red or microwave radiation.

Preferably, the heat is supplied by convention. Infra-red heaters

may be used in addition to convection heaters to increase the drying

capacity.

In the convention units, the drying air impinges on the coating. The

temperature and the RH of the air are controlled.

Several drying zones (units) may be used, having the same or

different drying conditions.

To monitor the drying process, the temperature of the coated layer
(wet bulb temperature, Ty pulp) May be monitored, for example with an
IR pyrometer. As long as the coated layer is not dry, the wet bulb
temperature will be lower then the drying temperature (Td) . When the
coating becomes dry, the layer temperature (Tn) evolves towards the

drying temperature (Td).

The drying temperature (Td) is determined by measuring the
temperature of the drying air with conventional thermometers. The
Relative Humidity of the drying air is determined by conventional RH

measurement instruments.
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EXAMPLES

Materials

All materials used in the examples were readily available from
standard sources such as Aldrich Chemical Co. (Belgium) and Acros

(Belgium) unless otherwise specified.

e Diofan A736, a PVDC latex commercially available from Solvay,
characterized by a viscosity of 20 mPoise and a film formation

temperature of 17°C.

e Diofan Super B, a PVDC latex commercially available from

Solvay.

Example 1

For tree different coating weights, i.e. 20, 30 and 40 g/m? PVDC,

the drying conditions were varied in order to find conditions

wherein mud free coatings could be realized.

Prior to coating, the Diofan A736 latex is cooled (5-8°C),
magnetically stirred and then filtered, using a 50 um bag filter,
and a 1 um porvailr filter. Cooling of the latex is mandatory to
prevent coagulation and film formation on the equipment. As the

latex is shear sensitive, intense stirring is not recommended.

All coatings were performed using a cascade coating installation,
based on meniscus formation. In order to form a good meniscus, the
wet layer thickness had to be > 38 um for low viscosity latices (15-
25 mPoise). This implied dilution of the latex for the lowest
coating weight application (20 g/m? dry weight). To see whether or

not dilution of the PVDC latex had an influence on the obtained
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results, the effect of dilution has been looked at for the coating

weight of 30 g/m? (see Table 1).

Table 1
Coated Weight Wet Layer Thickness PVDC Latex
(g/m?) (pm)
20 38 50% diluted
30 38 not diluted
30 58 50% diluted
40 51 not diluted

For each coating weight, different drying conditions were used. The
main drying parameters are drying temperature (Tg), wet bulb
temperature (Tyet bulb), relative humidity (RH) and air speed of
drying («). The first three are correlated with each other according

to the Mollier diagram.

As the latex film formation temperature (Tf) of Diofan A736 is

+ 17°C, the drying temperature has to be at least this temperature
to ensure good film formation. The pilot drying installation used in
these experiments imposed some limitations on the operating window
that could be investigated: the maximum drying temperature was 55°C,
the maximum relative humidity was 85 %. The air speed of drying was

set at 6-8 m/s.

The quality of the coatings was evaluated by the number of mud
cracks visually identified on multiple A4 samples of each coating.

The following scores were used:

mud crack free
less than 50 mud cracks per A4

50 - 80 mud cracks per A4

w N = O

more than 80 mud cracks per A4
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As the coatings are used as barrier coatings, only mud crack free

coatings are considered to fulfil the barrier properties.

The results for all samples are given in Table 2.

Table
[PVDC] | Wet layer PVDC latex Td RE n Mud
(g/mz) thickness (o) (%) (oC) Cracking
(pm)

COMP-01 20 38 50 % diluted 50 < 5 20.3 3
COMP-02 20 38 50 % diluted 50 15.0 26.6 3
COMP-03 20 38 50 % diluted 50 23.3 30.0 3
COMP-04 20 38 50 % diluted 40 < 5 17.0 3
COMP-05 20 38 50 % diluted 40 15.0 20.7 3
COMP-06 20 38 50 % diluted 40 23.9 23.5 3
COMP-07 20 38 50 % diluted 40 30.0 25.3 1
COMP-08 20 38 50 % diluted 35 < 5 14.5 2
COMP-09 20 38 50 % diluted 35 20.0 12.1 3
COMP-10 20 38 50 % diluted 35 30.0 21.7 3
INV-01 20 38 50 % diluted 35 40.0 24.1 0
COMP-11 20 38 50 % diluted 25 35.0 15.5 2
INV-02 20 38 50 % diluted 25 50.0 18.0 0
INV-03 20 38 50 % diluted 25 65.0 21.0 0
INV-04 20 38 50 % diluted 20 80.0 18.8 0
COMP-12 30 38 not diluted 40 < 5 17.0 3
COMP-13 30 38 not diluted 40 15.0 20.7 3
COMP-14 30 38 not diluted 40 23.9 23.5 3
COMP-15 30 38 not diluted 40 30.0 25.3 2
COMP-16 30 38 not diluted 35 < 5 14.5 3
COMP-17 30 38 not diluted 35 20.0 19.1 3
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COMP-18 30 38 not diluted 35 30.0 21.7
COMP-19 30 38 not diluted 35 40.0 24.1
COMP-20 30 38 not diluted 25 35.0 15.5
COMP-21 30 38 not diluted 25 50.0 18.0
INV-~-05 30 38 not diluted 25 65.0 21.0
INV-06 30 38 not diluted 20 80.0 18.8
COMP~-22 30 58 50 % diluted 40 < 5 17.0
COMP-23 30 58 50 % diluted 40 15.0 20.7
COMP-24 30 58 50 % diluted 40 23.9 23.5
COMP-25 30 58 50 % diluted 40 30.0 25.3
COMP-26 30 58 50 % diluted 35 < 5 14.5
COMP-27 30 58 50 % diluted 35 20.0 19.1
COMP-28 30 58 50 % diluted 35 30.0 21.7
COMP-29 30 58 50 % diluted 35 40.0 24 .1
COMP-30 30 58 50 % diluted 25 35.0 15.5
INV-07 30 58 50 % diluted 25 50.0 18.0
INV-08 30 58 50 % diluted 25 65.0 21.0
INV-09 30 58 50 % diluted | 20 80.0 18.8
COMP-31 40 51 not diluted 35 < 5 14.5
COMP-32 40 51 not diluted 35 20.0 19.1
COMP-33 40 51 not diluted 35 30.0 21.7
COMP-34 40 51 not diluted 35 40.0 24.1
COMP-35 40 51 not diluted 25 35.0 15.5
COMP-36 40 51 not diluted 25 50.0 18.0
INV-10 40 51 not diluted 25 65.0 21.0
INV-11 40 51 not diluted 20 80.0 18.8
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clearly indicate that the RH has to be

increased for the higher coating weight to obtain mud cracks free

it could be concluded that the

coatings.

relation between RH and the

Based on

these results

dry

repregsented by the following formula:

As already stated above,

RH = 15 + 1.25 * DCW

skin formation of the surface layer(s)

still mobile.

coating weight

An increase of the humidity during drying up to 65 %

(DCW)

can be

the appearance of mud cracks is related to

while the sublayer(s) are

[

RH is able to slow down skin formation and prevent subsequent mud

cracks formation up to coating weights of 40 g/m? PVDC.

From Table 1 it is also clear that the effect of dilution of the

latex (to obtain a higher wet coating thickness) on the results is

minimal.

Example 2

In this example, multiple coating steps have been carried out to

obtain a barrier film on PVC having high dry coating weights of

PVDC.

The drying conditions in all coating steps were Td = 25°C, RH =

65 %, and Tn = 21°C. The dry coating weight of PVDC in each coating

step is given in Table 3.

Table 3
Coating Coating Coating Coating Total coating
step 1 step 2 step 3 step 4
[PVDC] [PVDC] [PVDC] [PVDC] Total [PVDC]
g/m* g/m* g/m” g/m’ g/m’
INV-12 20 20 - - 40
INV-13 30 30 - - 60
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INV-14 30 30 20 - 80

INV-15 25 25 20 20 90

The barrier properties, more specifically the vapor transmission

rate (WVTR)

determined. Standard WVTR measurements were carried out in the

of the mud crack free inventive PVDC coatings have been

“Xios

Hogeschool Limburg” and in “Permlabs” in Wiesbaden in accordance

with ASTM F 1249.

The results are shown in Table 3.

In Table 4,

the

WVTR values of commercially available barrier films (PVC/PVDC films

from Bilcare)

are shown

(taken from the datasheets of these films).

Table 4
Substrate PVDC latex | pypC (g/m°) WVTR
INV-12 PVC Diofan A736 40 0.70
INV-13 PVC Diofan A736 60 0.48
INV-14 pvC Diofan A736 80 0.34
INV-15 pVvC Super B 90 0.13
Table 5
Substrate PVDC (g/m>) WVTR
pvC 40 0.75
PVC 60 0.55
PVC 90 0.35

It is clear from Table 4 and 5 that the values obtained with the

inventive barrier films are at least comparable with the state of

the art PVDC coatings on PVC.
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[CLATIMS]

1. A method for preparing a barrier film comprising the steps of:
(i) providing a substrate;
(ii) applying in a single coating step a polymer latex on the
substrate to form a single layer of the polymer on the substrate;
(iii) drying the single layer;
characterized in that the single layer has a dry coating weight
(DCW) of at least 20 g/m2 of the polymer and is dried at a dry
temperature (Td) of at least the film formation temperature (Tf)
of the polymer latex at a relative humidity (RH) according to the

following formula:

RH = 15 + 1.25 * DCW.

2. The method according to claim 1 wherein the polymer latex is a

polyvinylidenechloride copolymer (PVDC) latex.

3. The method according to claim 2 wherein the single layer contains

at least 40 g/m2 of PVDC.

4. The methed according to any of the preceding claims wherein the

RH is at least 65 %.

5. The method according to any of the preceding claims wherein the
substrate is made from polyvinylchloride (PVC), polyethylene-
terephthalate (PET), polypropylene (PP), polyethylene (PE), or
cyclic olefin copolymer (COC).

6. The method according to any of the preceding claims wherein a
primer is provided on the substrate before applying the polymer

latex.

7. A method for preparing a barrier film comprising the steps of:
(i) providing a substrate;
(i1) applying in multiple coating steps a polymer latex on the
substrate tc form multiple layers of the polymer on the
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substrate;

(iii) drying the applied polymer layers after each coating step;
characterized in that in at least one coating step a single layer
of polymer is applied having a dry coating weight (DCW) of at
least 20 g/m2 of the polymer and wherein said single layer is
dried at a dry temperature (Td) of at least the film formation
temperature (Tf) of the polymer latex at a relative humidity (RH)

according to the following formula:

RH = 15 + 1.25 * DCW.

The method according to claim 7 wherein the polymer latex is a
polyvinylidenechloride copolymer (PVDC) latex in all coating

steps.

The method according to any of the claims 7 or 8 wherein the
multiple coating and drying steps results in a coating on the
substrate having a dry coating weight of at least 60 g/m2 of

polymer.

The method according to any of the preceding claims wherein the
barrier film obtained has a Water Vapor Transmission Rate (WVTR)
measured in accordance with ASTM F 1249 of less than 0.80

g/mz.d.b.
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