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(57) Abstract

A film laminate (10) for flexible containers (22)
capable of containing a product to be maintained and
accessed under sterile conditions. The laminate hav-
ing an outside layer (12) of linear low density pol-
yethylene, a core layer (18) of nylon, an inside layer
(20) of linear low density polyethylene and two layers
of a polyurethane adhesive (14, 16) for bonding the
layers.
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FILM LAMINATE FOR STERILE FLEXIBLE CONTAINERS
BACKGROUND OF THE INVENTION
5 This invention relates to a film laminate structure for
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flexible containers. In particular, this invention relates to a
multilayer laminate film structure for flexible containers
capable of containing a liquid to be maintained and removed
under sterile conditions.

Flexible containers are utilized in the medical industry for
containing, inter alia, parenteral solutions, dialysis
solutions, frozen drugs, nutrition products, respiratory therapy
products, and plasma. Because these containers are utilized to
contain fluids or solids that are introduced into a patient's
body, it is necessary for the containers to be: essentially
transparent; flexible; essentially free of extractables; and
capable of maintaining the product contained therein under
sterile conditions until the product is accessed or removed from
the flexible container,

It is also important that the film used in constructing
these containers is sufficiently strong so that containers
constructed from the film have sufficient strength. Moreover,
if the laminate film is to be constructed into a commercially
viable flexible container, it is necessary that the flexible
film can be run on some type of commercial production machine,
One such machine is a form, fi11 and seal packaging machine. A
form, fill and seal packaging machine seals the film to create a
container having at least two sides. The side seals are
typically effectuated by sealing the inside layer of the film to
itself,

It may also be desirable to attach a fitment on the film
structure to create a flexible container with a fitment, The
fitment is typically heat sealed to the film, Accordingly, it
may also be necessary that the film structure is heat sealable
on its outside layer so that the fitment may be sealed thereto.

e
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Because the film laminate is to be utilized for flexible

‘containers that house a medical product that is to be introduced

into a patient's body, it is necessary that the film structure
does not contain chemicals that will be extracted by the medical
product, This is an especially critical consideration when
choosing an adhesive for bonding the laminate layers together,
If a fitment is sealed to the outside wall of the container it
is possible that there will be fluid communication between the
product and the inner layers of the laminate, Thus, if the
adhesive contains possible hazardous components that may be
extractable, the film may not include a fitment sealed to the
outside wall,

A further consideration in choosing the proper film for
creating a flexible container is the product to be housed. In
applications of the film as a frozen drug bég one must be
concerned with the glass transition state of the film. Frozen
drug bags are stored at approximately -25°C which falls below
the glass transition state of certain film structures, e.d.
polyvinyl chlorides. Accordingly, if these films are used for
frozen drug bags they will be very brittle and may easily
break.

Thus, there is a need for a film laminate structure for
creating a sterile flexible container that overcomes the
disadvantages of the prior art,

SUMMARY OF THE INVENTION

The present invention provides a film laminate for flexible
containers capable of containing a product to be maintained and
accessed under sterile conditions. The film laminate comprises
an outside layer of linear low density polyethylene, a core
layer of nylon, an inside layer of linear Tow density
polyethylene, and two layers of a polyurethane adhesive that
bonds the outside and inside layers to different sides of the
core layer,
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Preferably the inside and outside layers have a thickness of
approximately 40 to about 100 microns and the core layer has a
thickness of approximately 10 to about 40 microns. The
polyurethane adhesive layers preferably have a thickness of
approximately 1 to about 10 microns. The preferred thickness of
the film laminate is approximately 130 to about 200 microns.
Preferably the inside and outside layers have a density of
approximately .91 to .94 grams/cubic centimeters.

In a preferred embodiment the film laminate can be formed
into, and function as a frozen drug bag.

The outside and inside layers of the film laminate
preferably include an antioxidant, stabilizer, antiblocking
agent, and slip agent,

Accordingly, it is an advantage of the present invention to
provide a muitilayer laminate structure that may be utilized to
create a sterile flexible container.

- Another advantage of the present invention is to provide a
film structure that can be utilized to produce a container that
has heat sealable surfaces both inside and outside.

A still further advantage of the present invention is that
it can be utilized to produce a container with a fitment heat
sealed to its outside surface.

An additional advantage of the present invention is to
provide a film Taminate structure that includes an adhesive that
may be utilized to house medical products.

Moreover, an advantage of the present invention is to
provide a film laminate structure that can be utilized to
produce a flexible bag that may house parenteral products
including intravenous solutions, frozen drugs, nutrition
products, respiratory therapy products, and plasma.

A further advantage of the present invention is to create a
film Taminate structure that can be utilized in a form, fill and
seal packaging machine to create a flexible container,
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A still further advantage of the present invention is to
create a film laminate structure that has sufficient strength to
create flexible containers for housing medical products.

Another advantage of the present invention is that the
outside film laminate structure has a sufficiently Tow glass
transition state so that it can function as a frozen drug bag
without becoming too brittle or subject to puncture and pinhole
formation.

A further advantage of the present invention is that it
provides a three layer laminate film with two adhesive layers
that may be utilized to create a sterile flexible container,

Moreover, an advantage of the present invention is that the
film laminate has a thickness of approximately.130 to about 150
microns.

A still further advantage of the present invention is that
it provides an outside layer and inside layer constructed from a
Tinear low density polyethylene -containing a minor amount of a
copolymerizing olefin such as l-hexene, and including a
stabilizer, an antiblock agent, an antioxidant, and a slip agent.

Additional features and advantages are described in, and
will be apparent from, the Detailed Description of the Presently
Preferred Embodiments and from the drawings.

BRIEF DESCRIPTION OF THE DRANINGS

Figure 1 illustrates a schematic cross-sectional view of an
embodiment of the film laminate structure of this invention.

Figure 2 illustrates a perspective view of a flexible
container constructed from the film laminate of this invention.

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS

The film structure of the present invention is utilized to
produce flexible containers capable of containing a fluid or
solid to be maintained and extracted under sterile conditions.

W
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These containers typically consist of a liquid containment body
defined by thermally sealed walls. The containers are utilized
to package, inter alia, parenteral products including
intravenous solutions, dialysis solutions, frozen drugs,
nutrition products, respiratory therapy products, and plasma.
The preferred film structure of this invention is a multilayer
Taminate structure designed to package parenteral products
including intravenous solutions, dialysis solutions, frozen
drugs, nutrition products, respiratory therapy products, and
plasma.

Referring to Figure 1, a presently preferred embodiment of
the film Taminate structure 10 of the present invention is
illustrated. The film laminate structure 10 includes an outside
layer 12, a first adhesive layer 14, a core layer 18, a second
adhesive layer 16, and an inside Tayer 20. As will be described
in more detail below, the adhesive Tayers 14 and 16 bond the
outside and inside Tayers 12 and 20 respectively, to the core
layer 18. As also discussed in more detail below, as
illustrated in Figure 2, the film Taminate structure 10 may be
utilized to create a flexible container 22.

The outside and inside layers 12 and 20 are constructed from
polyethylene. Preferably, the outside and inside layers 12 and
20 are a linear low density polyethylene, As used herein,
linear low density means that the polyethylene is made by Tow
pressure polymerization and has a density of between
approximately .91 to about .94 grams/cubic centimeter, The
preferred density of the linear density polyethylene is between
approximately .915 to about .930,

The preferred linear low density polyethylene contains
approximately 2% to about 10% by weight 1-hexene. In a most
preferred embodiment, the polyethylene contains approximately 5%
by weight 1-hexene. Other olefinic comonomers with 4 to 18
carbon atoms also function satisfactorily., Examples of these
olefins are 1-octene, l-butene, 1l-pentene, and
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4-methyl-l-pentene which may be present aS approximately 5% to

‘about 11% by weight of the linear low density polyethylene.

Because the film Taminate 10 is to be utilized to produce‘
flexible containers through a commercial packaging machine, it
is important that the outside layer 12 has a sufficiently low
coefficient of friction. The outside layer 12 must have a Tow
coefficient of friction to ensure that it flows smoothly through
the processing machine, e.g., a form, fill and seal packaging
machine, Preferably the outside layer 12 has a coefficient of
friction of approximately .2 to about .4 as measured by ASTM
test D-1894 between the outside layer and a stainless steel
surface. The preferred coefficient of friction of the outside
layer 12 is approximately .25.

To provide the linear low density polyethylene with a 7
sufficiently Tow coefficient of friction the polyethylene is
slip modified by adding a fatty acid amide additive that acts
Tike a lubricant and lowers the coefficient of friction of the
film. The preferred fatty acid amides have 8 to 22 carbon
atoms. Oleic amide has been found to modify the Tinear Tow
density polyethylene sufficiently to produce the required
coefficient of friction., Preferably approximately .03% to about
.15% by weight of oleic amide is added to the linear low density
polyethylene,

An important consideration for the outside layer 12 and
inside layer 20 is their thickness. In order to create a
flexible container 22 the inside layer 20 must be sealed to
itself to create at least two walls 24 and 26, Moreover, if a
fitment 26 is to be attached to the flexible container 22 it may
be desirable that the fitment 26 is attached to the outside
layer 12. Preferably, the outside layer 12 and inside layer 20
have a thickness of between approximately 40 to about 100
microns. The preferred thickness of the outside and inside
layers 12 and 20 is between approximately 50 and about 70
microns. This thickness affords: a good seal; good clarity;
pinhole resistance; a good tensile strength; sufficient impact
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strength; and provides good flexibility for the film laminate 10.
It is not necessary that the outside layer 12 and inside
Tayer 20 have the same thickness. However, if the outside layer
12 and inside layer 20 have the same thickness, and the layers

have approximately the same coefficient of friction, this
provides a film structure that resists curl and is a more
versatile film laminate 10 in that it may be fed into the
packaging machine with either side facing in either direction.

. The linear low density polyethylene layers 12 and 20 provide
properties to the fiim laminate structure 10 that allows the
Taminate to be utilized to produce a frozen drug bag. The low
temperature properties, as well as the excellent heat
sealability of linear low density polyethylene makes it suitable
for use in producing a frozen drug bag. These properties are
important in view of the fact that the temperature of the frozen
drug bag when it is shipped is -25°C. For typical prior art
flexible containers, e.g., those made from polyvinyl chloride,
at this temperature the containers fall below the glass
transition stéte, and therefore the materials of which the
containers are made are very brittle, Thus, the flexible bags
will easily break. In contrast, linear low density
polyethylene's glass transition state is below -100°C, and
accordingly, when used as a frozen drug bag it will not fall
below its glass transition state.

Preferably, the outside layer and inside layer 12 and 20
contain an antioxidant. The antioxidant functions to provide
needed properties when the resin pellets are produced. Four
antioxidants have been found to provide satisfactory results:
tetrakis[methy]ene-S-(3',5'-di-tert-buty1-4'-hydroxy pheny1)
propionate] methane (manufactured by Ciba-Geigy under the name
Irganox 1010); n-octadecyl-beta-(4'-hydroxy-3', 5'-di-tert-buty]
phenyl) propionate (manufactured by Ciba-Geigy under the name
Irganox 1076); butylated hydroxytoluene; 1,3,5-trimethyl1-2,4,6-
tris(3,5-di-tert-butyl-4-hydroxbenzyl] ("Ethy1" antioxidant 330
manufactured by Ethyl Corporation); and tetrakis(2,4-di-tert-
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butylphenyl)-4-4'- biphenylene diphosphate (manufactured by
Sandoz under the name Sandostab P-EPQ). The preferred
antioxidants are Irganox 1010 and P-EPQ. Preferably
approximately .03% to about .15% by weight of the antioxidants
are added to the linear low density polyethylene.

The linear low density polyethylene preferably also contains
a stabilizer and an antiblocking agent. The stabilizer provides
needed properties during the product%on of the film from the
resin pellets, Preferably the stabilizer is calcium stearate
and comprises approximately .02% to about .06% by weight of the
polyethylene copolymer. The antiblocking agent prevents the
film from sticking together, Preferéb]y the antiblocking agent
is magnesium silicate and comprises approximately ,11% to about
.15% by weight. Other antiblocking agents that have been found
to produce satisfactory results are aluminum hydroxide and
magnesium hydroxide,

The core layer 18 of the present invention is a polyamide,
preferably nylon. The preferred nylon for the core layer 18 is
a biaxially oriented nylon. A biaxially oriented nylon 6, such
as the one manufactured by Unitika Ltd. of Osaka, Japan has been
found to produce satisfactory results. Other nylons may also be
utilized - preferably Tow extractable nylons; examples of such
nylon and cast nylon, nylon 6-6, nylon 11, and nylon 12; all of
these nylons may be either oriented or cast nylons.

As used herein, biaxially oriented nylon means that the
nylon film has been extruded and stretched in both directions.
This ensures that the molecules of nylon are biaxially
oriented, This provides the film laminate structure 10 with
increased mechanical qualities, i.e. pinhole resistance; tear
resistance, (resistance to the start of a tear); and stretch
resistance.

Preferably, the core layer 18 has a thickness of between
approximately 10 to about 40 microns. The preferred thickness
of the core layer 18 is approximately 15 to about 20 microns.
Preferably, the biaxially oriented nylon includes a slip agent.
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The preferred slip agent is silicon dioxide,

The first adhesive layer 14 bonds the outside layer 12 to
the core layer 18; and the second adhesive layer 16 bonds the
inside layer 20 and core layer 18 to each other, Preferably the

5 adhesive is an aliphatic polyurethane. The preferred aliphatic
polyurethane is a polyester-urethanediol resin manufactured by
Takeda Chemical Industries Co., Ltd. under the name Takelac A-38
or Takelac A-520,
The adhesive layers 14 and 16 create a strong bond between
10 the polyethylene layers 12 and 20 and the core layer 18,
Preferably the bond strength is at least 500 gms/inch of force.
Most preferably, the bond strength is at least 700 gms/inch of
force. The aliphatic polyurethane adhesive layers 14 and 16
also provide the following desirable properties to the laminate
15 film structure 10: transparency; flexibility; Tow temperature
resistance; processability; and initial tackiness,

The preferred thickness of each of the adhesive layers 14
and 16 is approximately 1 to about 10 microns. The most
preferred thickness of each of the adhesive layers 14 and 16 is

20 approximately 3 to about 5 microns.

It has been found that the adhesive layers 14 and 16 may be
utilized even if a fitment 28 is attached to the outside layer
12. If the fitment 26 is attached to the outside layer 12, the
product within the container 22 will be in fluid communication

25 with the adhesive layers 14 and 16. It has been found the
adhesive layers 14 and 16 of the film laminate 10 are
nonleaching and nontoxic.

The total thickness of the film laminate 10 is preferably
approximately 130 to about 200 microns. This provides a film

30 laminate that: is flexible; has good strength; has good heat
seals; good clarity; pinhole resistance; and sufficient impact
strength,

The film laminate 10 of this invention is preferably
produced by dry Tamination. Preferably, the dry Tamination

35 process utilizes a two-component curing system, The adhesive is
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tacky at the time of combination, and is cured at room
temperature.

Referring now to Figure 2, the flexible container 22
constructed from the film laminate 10 of this invention is
illustrated. As illustrated, the inside layer 20 is heat sealed
together on itself at walls 24, 26 and 30. Due to the
construction of the inside polyethylene layer 20, a strong heat
seal is created.

Also, as illustrated, a fitment 28 may be sealed to the
outside layer 12 of the container 26. Preferably, the fitment
32 is heat sealed to the outside layer 12. Due to the

- construction of the outside layer 12, a strong heat seal is

created, Thus, the present invention creates a film laminate
structure 10 that can run through a form, fill and seal
packaging machine to create flexible containers including a
fitment that can house a medical product to be maintained and
extracted under sterile conditions,

By way of example, and not Timitation, three examples of
the film laminate 10 will now be set-forth:

EXAMPLE 1

Step 1

Laminate a 60 micron blown film of 1inear low density
polyethylene (the polyethylene has 5% by weight 1-hexene as its
copolymer component and the following additives:
antioxidants-Irganox 1010 and P-EPQ, stabilizer-calcium
stearate, antiblock-magnesium silicate and slip agent-oleic
amide) to a 15 micron film of oriented nylon 6 polymer (the
nylon 6 includes a silicon dioxide slip agent) using 3 to 4
microns of an aliphatic urethane adhesive by way of a
dry-bonding process.

Step 2

Take the two layer laminate made in Step 1 and using the
same dry bonding lamination process, laminate another 60 micron



WO.86/02041 PCT/US85/01688

10

15

20

25

30

- 11 -

layer of the same polyethylene mentioned above to the other side
of the oriented nylon film. In each step, the adhesive is
applied to the nylon film and “dried" before combining with the
polyethylene.

Step 3

The three Tayer laminate is then cured in a controlled
temperature environment such as an oven to completely cure the
adhesive Tayers and allow full bonding of the layers.

EXAMPLE 2

Step 1

Laminate a 60 micron cast film of linear low density
polyethylene (the polyethylene has 10% by weight
4-methyl-1l-pentene as its copolymer component and the following
additives: antioxidants-Irganox 1010 and Irganox 1076,
stabilizer-calcium stearate, antiblock-magnesium hydroxide and
aluminum hydroxide, and slip agents-C8 to C22 higher fatty
acid amides) to a 15 micron film of oriented nylon 6 polymer
(the nylon 6 polymer includes a silicon dioxide slip agent)
using 3 to 4 microns of an aliphatic urethane adhesive by way of
a dry-bonding process.

Step 2

Take the two layer Taminate made in Step 1 and using the
same dry bonding lamination process, laminate another layer of
60 microns of the same polyethylene mentioned above to the other
side of the oriented nylon film. In each step, the adhesive is
applied to the nylon film and "dried" before combining with the
polyethylene,

Step 3

The three 1ayer'1aminate is then cured in a controlled
temperature environment such as an oven to completely cure the
adhesive layers and allow full bonding of the layers.
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EXAMPLE 3
Step 1
Laminate a 60 micron cast film of linear low density
polyethylene (the polyethylene has 10% by weight
5 4-methyl-l-pentene as its copolymer component and the following
additives: antioxidants-Irganox 1010 and Irganox 1076,
stabilizer-calcium stearate, antiblock-magnesium hydroxide and
aluminum hydroxide, and slip agents-c8 to C22 higher fatty
acid amides) to a 30 micron film of cast nylon 6 polymer using
10 an aliphatic urethane adhesive by way of the dry lamination
process.
Step 2
Take the two layer laminate made in Step 1 and using the
same dry Tamination process, laminate another layer of 60
15 microns of the same po]yethy]ene mentioned above to the other
side of the cast nylon film. In each step, the adhesive is
applied to the nylon film and "dried" before combining with the
polyethylene,
Step 3
20 The three layer laminate is then cured in a controlled
temperature environment such as an oven to completely cure the
adhesive layers and allow full bonding of the layers.

It should be understood that various changes and
modifications to the preferred embodiments described herein will
25 - be apparent to those skilled in the art. Such changes and
modifications can be made without departing from the spirit and
scope of the present invention and without diminishing its
attendant advantages. It is therefore intended that such
changes and modifications be covered by the appended claims.
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CLAIMS

l. A film structure for a flexible container comprising:
two polyethylene layers;
a core layer of polyamide; and
a urethane adhesive for bonding each of the
polyethylene layers to a different side of the core layer of
polyamide.

2. The film structure of Claim 1 wherein the polyethylene
is a linear low density polyethylene,

3. The film structure of Claim 2 wherein the polyethylene
contains approximately 2% to 10% by weight 1-hexene.

4. The film structure of Claim 1 wherein the polyurethane
adhesive is an aliphatic polyurethane adhesive.

5. The film structure of Claim 2 wherein the density of
the linear low density polyethylene copolymer layers is
approximately .91 to about .94 g/cm3.

6. The film structure of Claim 2 wherein the linear Tow
density polyethylene copolymer layers include the following
additives:

an antioxidant;

a. stabilizer;

a slip agent; and

an antiblocking agent,

7. The film structure of Claim 4 wherein the aliphatic

polyurethane adhesive has a thickness of between approximately 1
to about 10 microns,
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8. The film structure of Claim 7 wherein the bond strength
of the polyethylene layers to the core layer is at least 500
gms/inch of force to delaminate.

9, The film structure of Claim 1 wherein the thickness of
the film structure is approximately 130 to about 200 microns.

10. A film structure capable of being formed into a

flexible container comprising:

a layer of a linear low density polyethylene for
forming an outside layer of the flexible container;

a layer of biaxially oriented nylon for forming a core
layer of the flexible container;

a layer of a linear low density polyethylene for
forming an inside layer of the flexible container; and

the outside layer and inside layer being bonded to the
core layer by separate layers of polyurethane adhesive,

11. The film structure of Claim 10 wherein the outside and
inside polyethylene layers have a density of between
approximately .91 to about .94 g/cm3.

12. The film structure of Claim 10 wherein the outside
layer includes approximately .05% to about .15% by weight of a
fatty acid amide containing 8 to 22 carbon atoms.

13. The film structure of Claim 12 wherein the fatty acid
amide is an oleic amide.

14, The film structure of Claim 10 wherein the outside
layer has a coefficient of friction of between .2 to .4.

15, The film structure of Claim 10 wherein the polyurethane
adhesive comprises a polyester-urethanediol resin,
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16. The film structure of Claim 15 wherein the inside and
outside layers are bonded to the core layer with at least 500
gms/inch of force as delamination strength,

5 17. The film structure of Claim 10 wherein the outside and
inside linear low density polyethylene includes:
an antioxidant;
a stabilizer; and
an antiblocking agent,
10
18. The film structure of Claim 17 wherein:
the antioxidant is selected from the group consisting
of tetrakis[methylene-3-(3'5'-di-tert-butyl-4'-hydroxy phenyl)
propionate] methane, n-octadecyl-beta-(4'-hydroxy-3',5"'-di-

15 tert-butylphenyl) propionate, butylated hydroxytoluene, Ethyl
antioxidant 330, and tetrakis (2,4-di-tert-buty1pheny1)-
4,4'-biphenylene disphosphonite;

the stabilizer is calcium stearate; and
the antiblocking agent is selected from the group

20 consisting of magnesium hydroxide, aluminum hydroxide, and

magnesium silicate,

19. The film structure of Claim 10 wherein:
the outside layer has a thickness of approximately 40
25 to about 100 microns;
the inside layer has a thickness of approximately 40 to
about 100 microns; and
the core layer has a thickness of approximately 10 to
about 40 microns,
30
20. The film structure of Claim 19 wherein the thickness of
the film structure is approximately 130 to about 200 microns.
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21, A flexible container capable of containing a fluid or
solid under sterile conditions having a body portion with

- opposed, peripherally sealed walls forming the container the

walls being constructed from a five layer laminate comprising:

an outside layer constructed from linear low density
polyethylene;

a core layer constructed from a polyamide;

an inside layer constructed from linear low density
polyethylene; and

two Tayers of a urethane adhesive bonding the inside
and outside layers to the core layer on bpposed sides thereof.

22. The flexible container of Claim 21 wherein the outside
layer and inside layer have a density of approximately .91 to
about .94 g/cm3.

23. The flexible container of Claim 21 wherein the film
laminate has a thickness of approximately 130 to about 200
microns.

24, The flexible container of Claim 21 wherein the outside
layer contains a slip agent.

25, The flexible container of Claim 21 wherein the outside
layer has a coefficient of friction of approximately .2 to about
O4l

26. The flexible container of Claim 21 wherein:
the outside Tayer has a thickness of approximately 40
to about 100 microns;
the inside layer has a-thickness of approximately 40 to
about 100 microns; and
the core layer has a thickness of approximately 10 to
40 microns.



WO 86/02041 PCT/US85/01688

10

15

20

-17 -

27. The flexible container of Claim 26 wherein the outside
and inside layer have approximately the same thickness..

28. The flexible container of Claim 26 wherein each of the
layers of urethane adhesive have a thickness of approximately 1
to about 10 microns.

29. The flexible container of Claim 28 wherein the inside
and outside layers are bonded to the core layer with at least
500 gms/inch of force as the delamination strength.

30. The flexible container of Claim 21 including a fitment
sealed to the outside layer.

3l. The flexible container of Claim 21 wherein a portion of
the inside layer is heat sealed together to create the walls of
the flexible container.

32. The flexible container of Claim 21 wherein the
polyamide of the core layer is nylon.

33. The flexible container of Claim 32 wherein the nylon is
biaxially oriented nylon.
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