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Multilayered polyurethane film and the use thereof as

packaging material for photosensitive material

A bs t ract

The present invention relates to a multilayered
polyurethane film and the utilisation thereof as packaging

material for photosensitive, in particular photographic

material.
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Multilayered polyurethane film and the use thereof as
packaging material for photosensitive material
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The present invention relates to a multilayered
polyurethane film and the utilisation thereof as a
packaging material for photosensitive, in particular

photographic, material.

Packagings for X-ray film protect the photographic
material in particular from light ingress, moisture and
mechanical damage, as well as - in the case of dental X-ray
films - contact with the saliva of the patient.

A packaging material for X-ray films must meet these
functional requirements while being as economical as
possible to process into the packaging units. These are
generally constructed as envelopes or bags 1 (Fig. 1) made
by joining three film strips 2, 3 and 5 (Fig. 2) and
bonding them at the edges by welding, glueing or sealing.
They enclose the material 4, the total film package
comprising the actual film and any further inserts, such as
for example cardboard or lead foil inserts.

GB-PS 1 098 950 relates to the construction of such a bag,
and in particular names as a packaging material soft PVC
film which as a result of appropriate selection of
thickness and coloration offers the necessary light-
shielding, and as a result of its being able to be
thermally-welded also offers a simple way of bonding the
components of the bag.

In addition to polyethylene (PE), GB-PS 020 183 also names
in particular PVC as a suitable packaging material for X-
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ray films which are, however, in this case particularly

utilised for the non-destructive testing of pipe welds.

Soft PVC films for the manufacture of dental X-ray film
packages are widely distributed commercially and as a rule
possess two layers of the same thickness, one of which is
white and the other of which is black or coloured. The
white layer forms the exterior of the pack and
predominantly signals that the product belongs to the
"white", or medical, sector. As a subordinate function it
contributes to the light-shielding properties of the film.
This function is fulfilled in the main by the black or
coloured layer.

Since these PVC films modified for softness exhibit
comparatively low mechanical strength, they are used in
relatively great thicknesses of 170 to 200 ym. Only in
this way is it possible to protect the film material
adequately from mechanical damage from external sources.
This great thickness is furthermore necessary in order to
protect the film itself from being damaged by the sharp-
edged photographic film material or other package
components which are frequently used such as, for example,
lead foil and cardboard inserts.

EP~-PS 0 316 520 relates to a dental X-ray film package and
explains that insertion of the package into the oral cavity
of the patient is often felt to be unpleasant, i1f the X-ray
film package is too rigid. Hard edges of the package add
to the discomfort.

EP-PS 0 316 520 therefore recommends a soft or flexible
material, such as for example polystyrene (PS), for
manufacturing of the dental X-ray film package therein
described, and in particular draws attention to the fact
that selection of a packaging film which is markedly softer

WW 5365 2
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or more flexible than the contents of the package, that 1is

to say photographic film material and inserts, can
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appreciably reduce the patient's discomfort.

For this reason, therefore, a packaging film should be

sought which is of a material of great softness. The

material should simultaneously possess a high degree of

strength, including resistance to puncture, so that the
film has a high degree of flexibility (may be as thin as

possible).

EP-A 0 363 092 relates to a dental X-ray film package the
structure of which minimises the risk of contact between

‘the saliva of the patient and the photographic film

material, and furthermore to a method which reduces the
probability of transmission of pathogenic bacteria
contained in the saliva between the patient and the
operator taking the X-rays.

The first step in this method comprises sealing the
photographic film material in a bag of a material which is
transparent to X-rays but impermeable to saliva and
microorganisms. These are further important properties of
a film for packaging X-ray films.

EP-A 0 363 092 relates furthermore to the construction of
an X-ray film package having the aforementioned purpose,
wherein the package itself is of a thermoplastic,
thermally-weldable material.

Packages of polyethylene (PE), polypropylene (PP),
polycarbonate (PC), cellulose propionate and cellulose
acetate are explicitly protected.

35 Films out of these plastics admittedly meet the

requirements of impermeability to saliva and
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microorganisms, but they are already harder or more rigid
than conventional commercial soft PVC films, and thus they
do not achieve the required user-friendliness for the
patient. Some, furthermore, exhibit deficiencies as

regards resistance to abrasion and mechanical damage.

In order to increase the strength of the packaging material
and increase its resistance to puncture, JP-PS 199 393, JP-

PS 098 805, JP-PS 267 775 and EP-A 0 276 018 propose
multilayered film structures.

Thus, for example, JP-PS 199 393 relates to a laminate
having at least four layers comprising a porous layer, for
example a mesh out of a thermoplastic polymer, a flexible

layer, a layer of foamed plastics and a thermoplastic
sealing layer.

In addition to the relatively high cost of production, a
deficit of this structure lies in its poor material
recyclability. For as a result of efforts to return used
packaging materials and put them to new uses, the
mechanical recyclability of a material is a very important

additional requirement alongside its technological
properties.

JP-PS (098 B805 relates to a packaging material for films the
manufacture of which involves bonding a flexible
thermoplastic layer to both sides of a mesh of a
thermoplastic. The raw materials named for the mesh are
HDPE, LLDPE or PET, and PE, PP or PA for the flexible
layers. Besides the fact that this structure is relatively
rigid, it is only when, exceptionally, both the mesh and
the flexible layers utilised are of PE that it can be
reused without problems as material of the same kind.

WW_ 5365 4




10

15

2111904

JP-PS 276 775 describes the construction of a package for
photosensitive photographic material and the packaging
material itself. It comprises a multilayered co-extruded
film of which one outer layer consists of an ethylene
copolymer and the other of a polyolefin. As polyolefins
PE, PE/PP copolymers, PE/PB copolymers, PP/PB copolymers,
PB, PS, PMMA or PP may be used. Under some circumstances a

central layer may also be co-extruded between the two
covering layers.

EP-A 0 276 018 also relates to a multilayered packaging
material for photosensitivematerials, wherein once again
one of the layers comprises an ethylene copolymer. The
second layer is composed of a thermoplastic, has a modulus
of elasticity greater than 40 kg/mm® and is less hygroscopic
than the ethylene copolymer layer. A flexible layer, which

20

25

30

35

may comprise a plastic, including a metallised plastic,
paper, metal foil or for example also a non-woven fabric,
is laminated on to the second layer.

The latter two patents therefore describe packaging
materials which, because different materials like
plastics, paper and metal and.compositematerials thereof
are utilised , do not meet the requirements of mechanical
recycling. As a rule they also fail to meet the
requirements for softness and flexibility.

A further critical disadvantage of such packaging
structures is that ethylene copolymers which are modified
with vinyl acetate, acrylates, such as for example ethyl
acrylate or methyl acrylate or acrylic acid, are not
neutral in odour. The typical, acidic odour of such

plastics is felt by the majority of people to be
unpleasant.
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A two-layer coextruded film of LDPE and HDPE, as
degcribed in JP-PS 229 500 as a packaging material for
photosensitive material, 1s well suited to material
recycling but i1s 1nadegquate as regards softness and

flexibility.

The packaging film for photographic films in
accordance with JP-PS 021 614, a biaxially oriented PP film

with PVDC coating, also exhibits a high degree of rigidity.

DE-PS 632 041 and GB-PS 056 848 in each case
relate to a packaging for a stack of film material, which
facilitates the insertion of the stack into a supply
cassette which 1s part of the X-ray apparatus. For this
application the softness and flexibility of the packaging
film are of less importance. The three-layer packaging
material structures described therein - PE sealing
layer/opaque core layer/high-strength layer, preferably
polyester or paper/aluminium foil/PE - are accordingly also
of a rigidity which i1s too great for a dental X-ray film

package.

The present 1invention provides a packaging film of
the greatest possible softness and flexibility for
photosensitive material, in particular dental X-ray films
which, however, simultaneously excels in good mechanical
strength, low abrasion and good resistance to mechanical
damage. The film additionally exhibits light-shielding
properties, but 1s transparent to X-rays, i1mpermeable to
saliva and microorganisms and is neutral in odour and taste.
Further, the packaging material 1s economical in processing
when forming the packaging units on packaging machinery and
1s able to be welded under the influence of pressure and
heat or of a high frequence field. The packaging material
exhibits i1mproved mechanical properties which enables a

reduction in the regquired film thickness, and hence also a
6
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reduction in the proportion of the product comprising

packaging, and 1s recoverable by mechanical recycling after

use.

Surprisingly, it was possible to achieve this by
manufacturing a multilayered film based on thermoplastic

polyurethane (TPU).

The present 1nvention provides consequently a TPU
film having at least two layers and the use thereof for
manufacture of packaging units for photosensitive material,

in particular dental X-ray films, characterised in that

the TPUs utilised for the respective layer have a

hardness of less than 95 Shore A,

the difference 1n hardness between all TPUs used

within a layer and among the layers i1s less than 15 Shore A,

at least one of the layers contains at least one

light-shielding material,

the sum of the proportions by weight of all light-
shielding materials 1n the film 1is at least 3%, calculated

on the weight of the film, and

the layers are bonded to one another by gluing,

coextrustion or under the influence of heat and pressure.

The essential inventive thinking comprises
taliloring a TPU film which combines in ideal manner a high
degree of softness, light-shielding and welding properties,
strength and puncture resistance for use as described and
with a view to being mechanically recyclable simply and with

the greatest possible versatility.
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Suitable structural components for the TPUs are described
in detail in EP-PS 0 129 193, but are also to be found in
the relevant polyurethane literature (for example
Polyurethane Elastomers, by C. Hepburn, Applied Science
Publisher Ltd., Barking, Essex, England, 1982). Aromatic
TPUs are preferably utilised, wherein the TPUs used for the
individual layers may differ in chemical structure. The
preparation of at least one layer from a blend of TPU types
is also conceivable. Use of TPUs having a hardness of less
than 95 Shore A ensures a high degree of softness in the

 film.

At least one layer of the TPU film according to the
invention contains at least one light-shielding material.
This includes all substances which impede the passage of
light of wavelengths'causing'unwelcome exposure of the
photosensitive material through the layer, and are
dispersible in the thermoplastic melt. Examples of these
are colouring pigments such as carbon black, iron oxide or
titanium dioxide, fillers such as talcum, calcium carbonate

or metal particles and dyes such as phthalocyanine or
cobalt blue.

A preferred embodiment provides for the use of carbon black
having an average particle size of less than 20 nm. In

this way a uniformly good dispersion of the particles in
the thermoplastic matrix is achieved, and hence also a
reproducibly high degree of light-shielding in the layer.

The light-shielding material content within a layer is
between 0.5 and 15 wt.%, preferably between 2 and 10 %.
This may be mixed into the TPU directly in the form of

powder, liquid or paste, or be added, already incorporated
into a plastics matrix, in the form of a master batch.

WW 5365 8
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In order further to improve the light-shielding properties
of the film it is expedient to provide at least one further
TPU layer containing light-shielding material, which 1is

also incorporated in the manner described above.

The latter should furthermore colour the layer, preferably
in a colour or in a shade of grey which is clearly distinct
from the first layer, in order when designing the packaging
unit to offer a simple way of characterising the face and
the reverse side and giving greater freedom of design in

terms of coiour.

A white pigment, such as for example titanium dioxide, 1s
preferably utilised for the purpose in a proportion by
weight which ranges from 0.5 to 15%, preferably from 2 to
10%, based on the layer.

According to the invention the sum of the proportions by
weight of all light-shielding materials in the film is at
least 3%, calculated on the weight of the film, and 1is
therefore greater than the proportion in which these
substances are conventionally incorporated - if at all - in
thermoplastic polyurethane films.

For, depending on the thickness of the film, the addition
of 0.5 to 2% of carbon black would, for example, impart to
the f£ilm an obscuring black coloration.

As a result of the increased proportion of light-shielding
material, the film meets in particularly large measure the
requirement that a packaging material for f£ilms be opaque.

In addition to the light-shielding material additives may
also be incorporated in conventional quantities in the TPU
of the respective layer. This may take place during TPU

production and during manufacturing of the film. Examples
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of conventional additives which may be mentioned are
lubricants, anti-blocking agents, inhibitors, stabilisers

against hydrolysis, light or heat, and inorganic and/or
organic fillers.

The literature contains more detailed information regarding
the above-mentioned additives, for example "High Polymers"”,
Vol. XVI, Polyurethanes, parts 1 and 2, by J.H. Saunders

and X.C. Frisch, Interscience Publisher, New York, 1962 and

- 1964 respectively, or the "Kunststoff-Taschenbuch®™ [Pocket

manual of plastics] by Hansjurgen Saechtling, Hanser,
Munich, Vienna, 1989, pp. 53 to 6l.

The TPU layers may be manufactured by melt extrusion,
optionally by addition of light-shielding material and
further additives. Suitable processes are cast film
extrusion, but preferably also blown film extrusion.

TPU processing by extrusion is discussed in the specialist
literature, for example "Kunststoff-Handbuch" [Manual of
plastics], Vol. VII, Polyurethanes, by Becker and Braun,
Hanser, Munich, Vienna, 1983, pp 433/434.

The individual layers may, after extrusion, be bonded to
one another to form a composite film by the action of
pressure and heat or by glueing. However, simultaneous
coextrusion of at least two layers is preferred utilising
equipment known as multi-layer extrusion tools.

The film according to the invention may be pre-treated on
one or both sides in the conventional manner, in particular
by a corona, fluorine or plasma pre-treatment. If a film
is manufactured by subsequent bonding of individual films,
the pre-treatment step is also possible in respect of the
individual film. It is then particularly advantageous if
the individual films are to be laminated using adhesives

WW 5365 10
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because, as is known, pre-treatment of the film surface

increases its receptiveness to adhesives.

The total thickness of the film according to the invention
is between 30 and 300 um, preferably, however, between 80

and 200 pnm. The thickness of the individual layers 1is from
15 to 285 um, preferably from 30 to 170 pm.

A preferred embodiment of the film according to the
invention provides for a layer of a TPU having a hardness
of between 90 and 95 Shore A and another of a TPU having a
hardness of between 70 and 90 Shore A, the light-shielding
material being preferably incorporated into the harder TPU
and the softer TPU forming the outer layer of the pack.
The harder TPU thus contributes increased resistance to

tearing and puncture, and the softer one to improved user
appeal.

Since thermoplastically processable polyurethanes are

utilised for its manufacture, mechanical recycling of the
packaging film is possible in simple manner: the film is
shredded and under some circumstances regranulated, and the
regranulate is then once again extruded.

With a view to providing versatile mechanical recyclabi-
lity, the TPU types of the individual layers should be as
similar in chemistry as possible, i.e. be composed of the:
same components (isocyanate, long-chain and short-chain
polyol) and should differ from one another in terms of
hardness by less than 15 Shore A. When differences in
hardness are greater, there is increased incidence of
incompatibility between the TPUs, which may be manifested,

for example, by formation of harder inclusions in a softer
matrix.

WW 5365 11
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Because the film is as a rule adjusted to be multi-

coloured, and because of the increase in the number of gel
particles which is frequently observed in multiple TPU
extrusion, when the material is recycled to the film

5 packaging application it may require enclosure in layers of

new material.

The composite TPU film according to the invention 1is
suitable for manufacture of packaging units for
10 photosensitive material, in particular dental X-ray films.
' The package may be constructed in conventional manner as
any one of a number of embodiments of bag. Examples of
this are given in GB-PS 020 183, DE-PS 632 041 or EP-PS 0

316 520.

15
The individual film parts may be bonded to form a packaging
unit by the methods which are known for plastics films,
preferably, however, by welding under the influence of
pressure and heat or of a high-frequency field.

20

In addition to the photosensititive material, further
inserts of, for example, cardboard or lead foil may be

inserted into the package.

25 The subject of the invention will be further elucidated
with the aid of the Examples which follow.
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Examples 1 to 4, Comparative examples 1 and 2

Example 1

A two-layer TPU blown film was manufactured by coextrusion.
The basic raw material of both layers was the same aromatic
PU ester type having a hardness of 93 Shore A, an MFI (melt
flow index) of 18 g/10 min measured at 190 °C and a bearing
weight of 8.7 kg. 1.5% silica and 0.5% wax were admixed to
both layets as additives via a polyurethane-based anti-
blocking batch. One layer was provided with 5% carbon
black having an average particle size of 10 nm, and the
other with 6% titanium dioxide as a colouring pigment.

These were in each case introduced via a polyurethane-based
master batch.

The thickness of the layers was in each case 90 um.

Tear resistance, percentage elongation at break, light-

shielding properties and Shore A hardness of the film are
shown in Table 1.

Example 2

A two-layer TPU blown film was manufactured by coextrusion.
The basic raw material of both layers was the same aromatic
PU ester type having a hardness of 86 Shore A, a melt flow

index of 22 g/10 min measured at 200 °C and a bearing weight
of 10 kg. |

Additives, carbon black and titanium.dioxide were added as

in Example 1 in terms of type, quantity and method of
incorporation.

The thickness of the layers was in each case 70 um.

WW 5365 13
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Tear strength, percentage elongation at break, light-

shielding properties and Shore A hardness of the film are
shown in Table 1.

Example 3

A two-layer TPU blown film was manufactured analagously to

Example 2, with both layers being, however, only 50 um
thick.

The proportion of silica and wax in the two layers was
increased to 2.0% and 0.6%.

The carbon black concentration of the black layer was now

5.5%, with the titanium dioxide content unchanged at 6% in
the white layer.

Tear resistance, percentage elongation at break, light-

shielding properties and Shore A hardness of the film are
shown in Table 1.

Example 4

A two-layer TPU blown film was manufactured by coextrusion.
The basic raw material of the first layer was the harder
TPU described in Example 1, and that of the second layer
the softer TPU described in Example 2.

2.0% silica and 0.6% wax were admixed to both layers
analagously to Example 3.

The harder TPU layer was provided with 5.5% carbon black,
and the softer with 6% titanium dioxide.

WW_ 5365 14
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The thickness of both layers was in each case 50 pm.

Tear resistance, percentage elongation at break, light-

shielding properties and Shore A hardness of the film are
shown in Table 1.

mparative E le 1

The packaging film of a conventional commercial dental X-
ray film package was examined.

It was a two-layer soft PVC film of 190 pm total thickness.

- One layer was coloured black and the other white. The

structure was symmetrical in terms of thickness.

Tear resistance, percentage elongation at break, light-

shielding properties, and Shore A hardness of the film are
shown in Table 1.

Comparative Example 2

The packaging film of a conventional commercial dental X-
ray film package was examined.

It was once again a two-layer, black/white soft PVC film

which, however, had a markedly softer feel relative to the
film in Comparative Example 1.

The total thickness of the f£ilm was 175 um, with
symmetrical distribution of layer thickness.

Tear resistance, percentage elongation at break, light-

shielding properties and Shore A hardness of the film are
shown in Table 1.

WW 5365 15
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Comparative Example 3

A two-layer TPU blown film was manufactured analogously to
Example 2, with one layer containing, however, 2,5 %
instead of 5 % carbon black.

Tear resistance, percentage elongation at break, light-

shielding properties and Shore A hardness of the film are
shown in Table 1.

Evaluation of the results according to Table 1

It is clearly entirely possible to manufacture soft PVC
films of a high degree of softness when the composition is
appropriately selected (see Shore A hardness of Comparative
Example 2).

The films based on TPU according to the invention, however,
excel in high strength and extensibility at the same shore
hardness, with simultaneously markedly reduced film
thickness.

Therefore, they reduce the proportion of the packaging
material, but still offer an at least equal protection of
the photographic material against damage. Thus, in
combination with their softness and light-shielding
properties, they are most eminently suitable in particular
for packaging dental X-ray films.

WW 5365 16
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CLAIMS:

1. A thermoplastic polyurethane (TPU) film having at

least two layers, wherein:

the TPUs utilised for respective layers have a

5 hardness of less than 95 Shore A;

the difference in hardness between all TPUs used

within a layer and among the layers is less than 15 Shore A;

at least one of the layers comprises at least one

light-shielding material;

10 the sum of the proportions by weight of all light-

shielding materials in the film is at least 3%, calculated

on the weight of the film; and

the layers are bonded to one another by adhesives,

coextrusion or under the influence of heat and pressure.

15 2. A TPU film having at least two layers according to

claim 1, comprising an aromatic TPU(s) .

3. A TPU film having at least two layers according to
claim 1 or 2, wherein the TPU(s) utilised for at least one
layer have a hardness between 90 and 95 Shore A and the

20 TPU(s) used for at least one further layer exhibit a

hardness between 75 and 90 Shore A.

4 . A TPU film having at least two layers according to
claim 1, 2 or 3, wherein a colouring pigment, dye, filler,

or mixture thereof is utilised as the light-shielding

25 material.

5. A TPU film having at least two layers according to

claim 4, wherein carbon black is utilised as the light-

shielding material.

18
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6. A TPU film having at least two layers according to
claim 5, wherein the carbon black has an average particle

size of less than 20 nm.

7. A TPU film having at least two layers according to
any one of claims 1 to 6, wherein the light-shielding
material content of any one laver i1s between 0.5 and 15

wt.%, calculated on the weight of the layer.

8. A TPU film having at least two layvers according to
claim 7, wherein the light-shielding material content of any
one layer 1s between 2z and 10 wt.%, calculated on the weight

of the layer.

S. A TPU film having at least two layers according to

any one of claims 1 to &, further comprising at least one

additional TPU layer comprising a light-shielding material.

10. A TPU film having at least two layers according to
claim 9, wherein the one additicnal laver 1s coloured by the
light-shielding material or the third layer 1s rendered a

shade of grey by the light-shielding materaal.

11. A TPU film having at least two layers according to
claim 10, wherein the one additional laver 1s clearly
distinct from any other layer comprisging the light-shielding

material by virtue of the colour or shade of grey of the one

additional layer.

12. A TPU film having at least two layers according to
claim 10 or 11, wherexn the shade of grey 1s produced by a

white pigment.

13. A TPU film having at least tw¢ layers according to
claim 12, wherelin the white plgment comprises 0.5 to 15% of

the third laver.
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14 . A TPU film having at least two layers according to
claim 13, wherein the white pigment comprises 2 to 10% of

the third laver.

15. A TPU film having at least two layers according to
at least one of claims 1 to 14, wherein at least one layer
of the film comprises recycled material from the TPU film

according to any one of claims 1 to 14.

16. A TPU film having at least two layers according to
claim 15, wherein any layer of the film which comprises said
recycled material is covered by layers which comprises no

recycled material from the TPU film.

17. A TPU film having at least two layers according to
any one of claims 1 to 16, wherein all TPUs utilised for the
manufacture thereof exhibit the same chemical composition 1n
respect of the three components thereof, i1isocyanate and

long-chain and short-chain polyol.

18. A TPU film having at least two layers according to
any one of claims 1 to 17, wherein the film or at least one
of the layers thereof is subjected to a corona, fluorine or

plasma pre-treatment.

19. A TPU film having at least two layers according to
any one of claims 1 to 18, wherein the thickness of the film

igs between 30 um and 300 um.

20. A TPU film having at least two layers according to
claim 19, wherein the thickness of the film i1s between 80 um

and 200 um.

21. A TPU film having at least two layers according to
any one of the claims 1 to 20, wherein the thickness of each

layer is between 15 um and 285 um.

20
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22. A TPU film having at least two layers according to
claim 21, wherein the thickness of each layer 1s between

30 um to 170 um.

23. Use of a TPU film having at least two layers
according to any one of claims 1 to 22, as packaging

material for a photosensitive material.

24 . Use according to claim 23 for X-ray films.

FETHERSTONHAUGH & CO.

PATENT AGENTS

OTTAWA, CANADA
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