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PEELABLE SEAL FILMS WITH ENHANCED MOISTURE BARRIER PROPERTIES
FOR FLEXIBLE PACKAGING APPLICATIONS
Dan Falla, NOVA Chemicals, Sarnia, Ontario, Canada

Abstract

Most cereal and cracker packages are designed to
have the seal layer peel apart while being opened.
Unfortunately, opening these packages often results
in catastrophic failure of the film and spillage of the
contents. In this study, various types of peelable
seal layers were investigated. In addition, a new
high moisture barrier sHDPE was evaluated.

2.0 Background

Peelable Seals

Many consumer foods require the package to be
easy-open in order to access the contents.
Unfortunately, consumer experience has shown that
many products sold in “easy-open” packages are
actually difficult to open and often result in the
catastrophic destruction of the bag. Consumer
Reports magazine (1) rated cereal bags as one of the
five worst consumer packages due to problems with
opening. The article showed that 75% of the bags
tested tore while their examiner attempted to peel
the bags open.

The need for an easy-open, peelable seal package
has been studied previously. Various polymer
technologies have been reported in the literature
2)(3)(4)(5)(6)(7). There are three generally
accepted easy open, peelable seal failure modes:
interfacial separation, delamination, and cohesive
failure (4) (Figure 1-4).

e Interfacial Separation: The separation
occurs at the seal interface. The seal
strength is dependent on the sealing
temperature

o Delamination: The seal separates at an
internal interface (between internal layers
or between the inside layers). Sealing
temperature is one of the significant
variables in determining seal strengths;
however, the thickness of the internal layer
and adhesion between the internal layers
also play major roles.

o Cohesive Failure: The structure separates
within the seal layer. The peel seal
material’s inherent strength determines the
strength of the seal.

Heat
seal
bars

Interfacial Separation Delamination Cohesive Failure

Figure 1: Fundamentals of Peelable Sealing (4)
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Figure 3: Delamination
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Figure 4: Cohesive Failure

Is this study films having peelable seal properties
were studied along with an SHDPE having excellent
moisture resistant properties. As previously stated,
cohesive peel seal systems peel within the film
layer while delamination fails at the internal
interface. The cohesive seal results in a smooth,
clean peel surface and offers “whitening” of the seal
with added built in tamper evidence (5)(8) (Figure
5).

Peel mechanism: Cohesive Failure

Desire is to have system that peels within the film structure.
This even applies to sealing to a PE or PP layer.

- Desires
« Tamper evident

] -_“Smooth clean
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24 Continuous
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Figure 5: PB-1 Peel mechanism: Cohesive
Failure

Three types of polymeric resin systems were used
for peelable seal applications in this paper:
polybutene-1  (PB-1), commercial ethylene
propylene peel polymers (EP) and an ionomer
specific to peel seal applications. The following is
a brief background describing the performance of
each of these resins.

Polybutene-1

PB-1 is a semi-crystalline, highly isotactic
thermoplastic made from the polymerization of
butene-1 using a Ziegler-Natta type catalyst. It
works by being incompatible with polyethylene. In
the seal layer, it creates a layer with PB-1 islands in
the PE matrix as per Figure 5 & 6 and results in
cohesive failure of the seal.

PB-1 is typically blended with 55% LDPE and 30%
low seal initiation LLDPE. The PB-1 has more
incompatibility with the LDPE than the LLDPE,
hence the LLDPE should be chosen based on
economics and seal initiation temperature desired.
Slip and antiblock may are also required.

PB-1 makes flexible packaging “easy-open”

The Peelable concept is based up on the incompatibility
hetween PB-1 and PE which causes a fracture intralayer
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Flexible or rigid structure

Figure 6: PB1 -How it works (5)
Ethylene Propylene Peel Polymers

The ethylene propylene peel polymer (EP) is a fully
formulated copolymer (EP) that is commercially
available. Seal failure may occur in a few ways: At
lower temperatures, interfacial separation occurs at
the seal / seal interface. At higher temperatures, the
two seal layers “lock up” and failure occurs when
the seal delaminates from the core layers. The
strength of the bond at the HDPE / seal interface is
significantly high enough that care must be taken on
the packaging line to use enough heat to “just seal”
the package.

Ionomer

lonomers, are partially crosslinked acid copolymer
resins. lonomers can be formulated with PB-1 to
fail cohesively or used alone in a delamination style
peel seal where failure occurs between the ionomer
sealant and the HDPE layer (8). Much like the EP
peel polymer, care must be taken to not seal at too



high of temperature as seal lock-up is expected to
occur.

Low Moisture Vapour Transmission
Rate (MVTR) Film

A film that has low MVTR is a requirement for dry
good packages, such as cereal and crackers, in order
to maximize the shelf life of the product. Most
cereal and cracker films are three-layer coextruded
blown films that are comprised of a peelable seal
layer and an HDPE core layer. The thickness of the
HDPE typically determines the MVTR of the film.
In this study, the MVTR properties of a high
moisture barrier sSHDPE (sHDPE) are compared to
a conventional HDPE.

This study was done to:

1. Evaluate a number of different peelable seal
formulations

2. Evaluate high moisture barrier sHDPE vs
standard HDPE for moisture resistance

3.0 EXPERIMENTAL METHODS

Previous studies have limited the qualitative
measurement of peelability to the laboratory cold
seal strength test. Traditionally, 25.4mm (1) wide
samples were cut from the film and heat sealed in
the transverse (TD) direction. The sealed samples
were then pulled using a tensile tester to determine
the seal strength vs. seal temperature. In this study,
we used a combination of heat sealed film, hottack
strength, and performance in a vertical form fill and
seal (VFFS) machine.

Film Fabrication

Table 1 shows the resins used to make the 12 film
structures shown in Table 2 (in Appendix). The
films were fabricated using the 3 layer Brampton
Coex line at NOVA Chemicals Centre for
Performance Applications. The extrusion conditions
were: 2.5:1 BUR, 10 cm (4”) die, 35-mil die gap, 45
kg/h (100 Ibs/h) output rate, standard temperature
profile, barrier screw with Maddock mixing head.

Melt Index | Density
Name Type dg/min g/cc
PB-1 Polybutene-1 28 0.906
LDPE LDPE 0.75 0.920
LLDPE C8-LLDPE 1.00 0.920
SLLDPE | C-8 Single Site LLDPE 0.65 0.916
EP EP copolymer 3.80 0.895
lonomer| Zn - lonomer 4.00 0.940
sHDPE barrier HDPE 1.20 0.966
HDPE HDPE 0.95 0.958

Table 1: Resins Used

All physical properties were tested at NOVA
Chemicals Centre for Performance Applications.
Test results were converted into absolute values for
the purpose of comparing films of different
thicknesses.

The films were subjected to the following physical
tests to determine their various properties:
e MVTR, using Mocon test unit 100% RH
e Dart Impact, using ASTM D1709, Method
A;
e Film Tear, using ASTM D1922;
e Puncture, using NOVA Chemicals Method
e 1% and 2% Secant Modulus, using ASTM
D882;
e Tensiles, using ASTM D882;
e Hot Tack Strength; using method described
below;
e Heat Seal Strength, using method described
below;
e Vertical Form Fill and Seal (VFFS)
described below;

Hot Tack Strength Test Method

The hot tack strength of the sample films were
measured using the “J&B Hot Tack test method”
which measures the force required to separate a heat
seal before the seal has had a chance to fully cool.
This simulates the filling of material into a pouch or
bag before the seal has had a chance to cool.

The “J&B Hot Tack test method” used the
following conditions:

Specimen Width: 25.4 mm
Sealing Time: 0.5 seconds
Sealing Pressure: 0.27 /mm/mm
Delay Time: 0.5 seconds

Peel Speed:

200 mm/seconds



Number of Samples/Temperature 5
Temperature Increments: 5°C
Temperature Range: 75°C - 150°C

Film Heat Seal Strength Test Method

The heat seal strength of the sample films measures
the force required to separate a seal after the
material has cooled to 23°C. In this study, the
sealed samples were allowed to age for two weeks
prior to testing. Again is a significant issue with
with some peel seal technologies, especially PB-1
blends.

Samples were tested using the following conditions:

Specimen Width: 25.4 mm
Sealing Time: 0.5 seconds
Sealing Pressure: 0.27 /Imm/mm
Number of Samples/Temperature 5
Temperature Increments: 5°C
Temperature Range: 75°C - 150°C

The seal strengths were then determined using a
Tensile Tester model according to the following test
conditions:

Direction of Pull: 90° to seal
Crosshead Speed: 300 mm/minute
Full Scale Load: 5 kg

Vertical Film Form and Seal (VFFS)

The Rovema VFFS machine used in this study was
a model VPI 260 with a Bozn DCS-3BC Auger
Filler. It had a 165 mm forming set and Teflon®
tape on both the vertical and cross sealing bars
(Figure 7).

Figure 7: Rovema Vertical Form Fill and Seal
Machine

19 cm x 16.5 cm pouches (seal to seal) were
produced with no gusseting. The pouches were
filled with 500 g of HDPE pellets to simulate the
packaging of product in commercial applications.
The 500 g of pellets only half filled the pouches so
that they could be tested in the leak detector test.

A temperature window was selected using the hand
squeeze method described below. All films were
run from low temperature (where the seal easily
opens) to a temperature where burn through
occurred. Pellet filled pouches were submitted for
leak testing while other pouches were emptied of
the pellets aged for two weeks. Sample strips 24.5
mm (1”) were cut from the seal area and tested
using a tensile tester.

Haug Pack-Vac Leak Detector Test

The purpose of this test is to evaluate the seal
strength and general packaging integrity of pouches
produced on the VFFS. A pouch was placed
underwater in the leak detector tank and a vacuum
was applied. If the seals fail then air from inside the
pouch escapes through the failure and bubbles are
noticed in the tank. Results from this test can be
used to compare and rank different film structures
at different equipment seal bar settings. Testing
conditions were:

Pouch volume filled 50% with pellets

Line speed 20 bags / minute

Replicates per temperature — 5

Once good seals were achieved temperature
increments were adjusted by 10°C
increments

e Vacuum setting 20 inHg

e Hold for 30 seconds once targeted vacuum
setting is reached

The Figure 8 & 9 illustrates pouches that have seal
failure and burn through.



Figure 8: Seal Failure
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Figure 9: Burn Through

Drop Test

10 pellet-filled pouches were made at each
temperature and then dropped from a height of
1.8m (6) to simulate the packaging operation.

Compression Test

Five air-filled pouches were made at each
temperature then tested under compression using a
tensile tester to determine the load that the end seal
failed at.

Pouch End Seal Strength

Five pellet-filled pouch samples were made at each
temperature. The pellets were emptied and 25.4mm
(1) wide samples were cut from the same seal
region on each pouch and pulled using an Instru-
Met 5-Head tensile tester.

40 RESULTS AND DISCUSSION

1) Commercial Film
Prior to the start of the project, samples of a
commercial cereal liner were purchased at a local
grocery store and tested to determine typical film
properties. The analysis (Figure 10-12) indicates

that the film was a three layer co-ex with EP peel
polymer in the seal layer and two HDPE layers.
Physical properties of the film have been added to
analysis of this study (Table 3). No VFFS work was
done with the competitive due to the small sample
size.

The heat seal curve of the film shows the classic
curve expected for EP peel polymers. Note the
dramatic increase in seal strength at the higher
temperatures as the seal “locks up” into cohesive
failure (Figure 13).

2) Fabricated Film Physical Properties

Table 3 and Figures 14 to 34 show the film physical
properties, all of which can be found in the
appendix.

Film Properties

1) MVTR (Figure 14)
The use of SHDPE was found to dramatically lower
the MVTR of the films. As expected, thicker films
were also found to have lower MVTR. The
commercial film had MVTR properties similar to
the films having conventional HDPE in the core.

2) Dart Impact (Figure 15)
Not enough sample was available to determine the
dart impact properties of the commercial film.

The films with sHDPE in the core had slightly
lower dart impact properties than films made with
HDPE. Overall, films with the ionomer had the
highest impact resistance.

3) Film Tear

3.1) TD Tear (Figure 16)
The films with EP peel polymer and ionomer had
TD tear values that were less than half of the
commercial film and films with PB-1. TD tear is
not expected to play a significant role in this
application.

The use of sHDPE resin did not appear to have an
effect on the TD tear properties.

3.2) MD Tear (Figure 17)
In cereal bag applications, high machine direction
(MD) tear resistance is a very desirable attribute



once the bag is opened. Figure 17 shows the MD
tear for the films tested. All of the films tested had
higher MD tear resistance than the commercial film.
The ionomer films had the highest tear resistance,
about double the commercial film.

4) Puncture (Figures 18 & 19)
There was not enough commercial film available to
test puncture resistance. Overall, the films had
similar puncture resistance when comparing
normalized results

5) 1% and 2% Secant Modulus (Figures
20 & 21)

High film stiffness is a desirable attribute for these
films for faster packaging speeds. Figures 20 and 21
show that films made with sHDPE in the core had
higher 1% and 2% secant modulus. This was
expected since the HDPE had a density of 0.958
g/cc vs. 0.966 g/cc for the SHDPE. The results were
almost 20% higher than the commercial film.
Higher stiffness could allow the film to be
downgauged while still maintaining stiffness
relative to the competitive film. It may also allow
the packaging line to run at a faster rate.

6) Tensile (Figure 22 to 24)
No significant differences were seen with the
tensile properties except the 2.3 mil commercial
film had lower elongation than the other films
tested.

7) Hot Tack (Figure 25)

Three distinct groupings were seen in the testing.
The inomer films had the lowest hot tack initiation
temperature along with a broad, flat profile. EP
films initiation temperature was only slightly higher
than the lonomer but rose quickly to the highest hot
tack strength and the narrowest profile. PB-1 hot
tack initiation temperature was approximately 25°C
— 30°C higher than the other two types of sealant.

8) Film Heat Seal Strength (Figure 26)
Three distinct groupings were also seen with the
films tested. The ionomer films had a sharp rise in
seal strength in the interfacial separation phase
followed by a drop in strength in the delamination
phase. The maximum strength at higher
temperatures was lower than the commercial films
which appeared to “lock-up” beyond 130°C. EP

film had a wide, flat sealing profile. Testing was
stopped at 155°C.

PB-1 had the highest sealing initiation temperature
of the films tested and the narrowest sealing
window. The seal strength continued to increase as
the sealing temperatures increased. Unlike the other
films, no plateau was observed.

As expected, the PB-1 films made with higher
levels of LDPE had lower overall seal strengths. As
previously stated, LDPE is more incompatible with
the PB-1 than LLDPE.

VEES

1) Hand Squeeze Test

In this study, the VFFS processing window was
determine by hand squeezing the pouches. The seal
initiation temperature (SIT) was defined first by the
dry fill staying in the pouch once the seal bars
opened, then the pouches were lightly squeezed by
hand. The SIT was defined when the pouches
retained internal pressure (no sign of leaks). The
end processing temperature was determined by
hand squeezing of the pouches again but this time,
failure occurred when burn thru of the end seal was
observed.

2) Haug Leak Tester

All pouches produced that retained the dry fill
(pellets) passed at 10 in.Hg, but leaked at 13 to 15
in.Hg. This off-line test did not differentiate the
different film structures and temperature profile
(same results from initial seal to burn thru seal).
The commercial cereal packages all failed at 5
in.Hg. A small individual sized cereal package
failed @ 1 in.Hg.

Based on these results, the Haug test does not
appear to be a reliable test for this application.

3) 6’ Drop Test
The 6' drop test also did not provide any conclusive
data to differentiate between film structures and
temperature profile. Dry fill (pellets) were found to
cause pin-holes failures on the side on the pouch
when dropped giving a false positive.



4) Pouch End Seal Strength (Figures 27 to
32)
25.4mm (1) wide samples were cut from the end
seals and allowed to age two weeks before testing.
Similar to the film heat seal strength test, three
groupings were also seen (Figure 27).

4.1) PB-1

Figure 28 depicts two different groupings of seal
curves. The difference between the two groups is
the amount of LDPE used in the blend. The higher
heat seal strength grouping contained 30% LDPE vs
55% LDPE for the stronger seal group. The PB-1
producer reports that the amount LDPE plays a
critical role the peel seal strength (5).

The PB-1 films all had higher heat seal initiation
temperatures and lower, overall seal strength of the
films tested.

4.2) lonomer
Three distinct phases of sealing can be seen in
Figure 29. At lower temperatures, interfacial
separation occurred wherein the seal simply peeled
apart. From about 95°C to about 130°C
delamination occurred where the seal pulled away
from the HDPE layer. Cohesive failure occurred
from 130°C to 150°C.

4.3) EP Peel Polymer
The samples were tested after two weeks. The resin
manufacturer claimed that with time, the seal
strength decreases when the EP peel polymer is
used in the seal layer (9). Figure 30 shows a classic
seal curve with the 2.25 mil film having higher heat
seal strength.

4.4) Comparison of Film Heat Seal
Strength to VFFS Pouch Heat Seal Strength
Figures 31 & 32 compare the measured film heat
seal strength to the measured strength of the pouch
end seal. The figures show a significant correlation
between the two. Heat seal initiation and burn
through were almost identical. This indicates that
the film heat seal strength test should be a suitable
laboratory test method to predict performance in a
VFFS unit.

5) Compression Test (Figure 33 to 36)
Five pouch samples from each temperature were
tested under compression using a tensile tester.

Overall, the pouch seal performance under
compression correlated with the pouch end seal
testing.

5.1) PB-1 (Figure 34)
PB-1 seal initiation temperature was significantly
higher than either the ionomer or EP peel polymers.
Seal strength also continued to increase until
cohesive failure was observed.

Lower compression strength was also observed with
LDPE blends.

5.2) EP Peel Polymer (Figure 35)
The end seal strength with the EP peel polymer
increased with temperature until cohesive failure
occurred. In the cohesive failure region, the film
was observed to fail vs. the seal peeling apart.

5.3) lonomer (Figure 36)

Like the pouch end seal strength, the ionomer films
showed three distinct regions; interfacial separation,
delamination and cohesive failure (Figure 32). It
was noted that during cohesive failure, the film
failed vs. the seal peeling. The ionomer films had a
very low and flat strength curve until cohesive
failure.

5.0 CONCLUSIONS

1) The sHDPE significantly decreased the MVTR
versus a conventional HDPE. It also resulted in
films with the highest 1% and 2% secant
modulus (20% higher than a commercial film).

2) Films made with ionomer in the seal layer had
the best overall physical properties.

3) lonomer was also found to have broadest peel
seal window along with the lowest peel force.

4) EP peel polymers produced films with the
highest hot tack strength.

5) Seal layer thickness did not appear to have a
significant impact on the properties of the films
tested.

6) The amount of LDPE blended with the PB-1
was found to affect the end seal strength of the
films. Higher amount of LDPE resulted in
lower seal strengths.

Overall, films made with either the lonomer or EP
Peel Polymer in the seal layer and a barrier HDPE



would produce an effective peelable seal film with
enhanced barrier properties. Also, the higher film
stiffness with a barrier sHDPE would allow
downgauging of the film.
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Figure 10: Commercial Cereal Film Micrograph
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Figure 25: Hot Tack Strength
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Figure 26: Film Heat Seal Strength - All after two weeks
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Figure 27: Pouch End Seal Strength - All after two weeks
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Figure 29: Pouch End Seal Strength — EP Peel Seal Polymer
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Figure 31: Pouch End Seal Vs Laboratory Heat Sealed Film
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Figure 32: Pouch End Seal Vs Laboratory Heat Sealed Film
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Figure 33: VFFS Pouch Compression Test
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Figure 34: VFFS Pouch Compression Test — PB-1
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Figure 35: VFFS Pouch Compression Test - EP Peel Polymer
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LASER IMGAEABLE POLYMERIC FILM
Patrick Thomas, PRThomas Technologies, LLC

Abstract

It has been found that polymeric film formulated with
a photochromatic pigment offers a substantial advantage
over prior art methods of laser imaging film. Polymeric
film formulated with a photochromatic pigment which
undergoes a white to black color change upon exposed to
laser irradiation are durable and abrasion-resistant since
the photochromatic pigment is within the body of the
plastic film.

Introduction

Product labeling is becoming increasingly important
in almost every branch of the industry. Markings such as
production dates, expiration dates, bar codes, and serial
numbers are applied using conventional methods of
printing and labeling. Marking photochromatic film using
lasers permits contactless and high-speed application of
graphics.

Previously, two traditional methods of laser marking
systems include the use of tapes or sprays [2]. Tape coated
with a laser-Imageable ink composition can be applied
using adhesives. A laser-imageable spray coating can also
be applied using a spray application system. Laser image
markings applied using either of these coating processes
are susceptible to smearing and fading upon sterilization.

Furthermore, the heat of reaction generated upon
exposure to the laser irradiation can distort the marking
and deform the film. Consequently, the legibility of the
marking is adversely affected.

Thus, the industry needs a marking solution that
allows for smaller production runs with customized
labeling included on individual packages. Traditional
printing methods such as flexography and rotogravure are
relatively expensive and labor intensive considering the
need for printing plates and frequent material changes.

Consequently, the application of laser marking
provides an economical method of converting and allows
the end user to reduce waste and printing material
inventory. Moreover, this laser marking system provides a
means of specific unit traceability of various products.

The purpose of this paper is to describe a method of
producing a laser-imageable polymeric film formulated
with photochromatic pigment that provides high-contrast

marking while retaining a smooth undistorted film surface

(11
Materials
Marking Layer

The marking layer can be fabricated using polyolefin
material, photochromatic pigment, and an additive (See
TABLE 1). The photochromatic pigment such as Datalase
Pigment A is an ammonium octamolybdate (AOM). AOM
forms a monochromatic grey/black marking when
exposed to a CO2 laser. The addition of an additive such
as talc will help to prevent film distortion by diffusing the
heat of reaction generated upon expose of the pigment to

the energy source.

Table 1 Material
Materlal |Source Trade Name |Type MI Density
(g/10 min) | (g/cc)
A LyondellBasell | Alathon L5885 [HDPE 0.85 0.958
B Ampacet 110313-B White Conc 2-6 | 202
C ExxonMobile EXCEED VLDPE 0.912
_[1012cA .
D Datalase, Ltd Datalase Photochromatic
Pigment A Pigment
E Ampacet 100622 LDPE/SLIP
F Polyfil Corp ABC-5000PB |LDPE/Talc
G LyondellBasell |Petrothenc NA |LDPE 18 | 0921
345-013 .
H LyondellBasell |Polybutylene-1 [PB 1 0.908
|PB 8640M
I LyondeliBasell | Alathon L5045 [HDPE 045 095
i3 Ampacet 11853 White 20 1513
) _|Conc/LLDPE
K Nova Chemicals |SURPASS HDPE 12 0.966
o HPs-167-AB S
M Polyfil Corp PHC-0001HD |Nucleating agent
N Polyfil Corp PAC-0154LL |[LLDPEPA 2 0.92
o LyandeliBasell | Alathon 16012 [HDPE 12 | 09
P PMC Biogenia |Kenamide Amide Wax 0.995
W-40 Prill
Method of Making Film

Film can be manufactured by such processes as
blown film, cast film, lamination, or extrusion coating.
The pigment and additive components of the marking
layer can be mixed together in any conventional manner.
Pigment and additive can be mixed with the polymer

components of the marking layer by dry blending or

compounding in an extruder. Masterbatching technology
can also be employed.



Methods of Using Film

While it has been difficult to laser image films, the
addition of a photochromatic pigment and additive
facilitates the laser imaging process. Film formulated with
the photochromatic pigment undergoes an irreversible
color change when exposed to the laser beam. Since the
lasers are controlled by computers, graphic images are
programmable.

The shade and depth of color obtained are determined
by the laser parameters, such as radiation time and output.
Consequently, low energy density lead to light markings
in the film, while high-energy densities lead to dark
markings. Film formulated with AOM can be marked by a
laser with a wavelength ranging from 300 to 10,000 nm.

The optical density of film markings preferably
ranges from about 0.65 to about 0.90, based on a 0.0
(white) 1.25 (black) ODB scale. The text is clearly legible
and is distinguished by a high degree of resolution.

Furthermore, upon sterilization, it has been shown the
markings do not fade as is common with labels coated
with ink formulations containing a photochromatic
pigment and applied via pressure sensitive adhesives.
Spray coated labels with inks containing photochromatic
pigment also have a tendency to fade upon sterilization.

Advantages of Laser-imageable Film

This laser imaging system (film formulated with a
photochromatic pigment and method of laser imaging) can
replace conventional thermal transfer, inkjet, digital, or
gravure-base printing processes. This laser imagining
process reduces printing time, improves efficiency,
reduces the costs associated with inks, and provides
greater flexibility compared to current imaging methods.
In addition, this marking system does not require
formulating, cleaning, and provides for reduced scrap with
no changeover required. Further, transitions between films
are automatic and the lasers are capable of changing
images instantly. Moreover, customers using this marking
system method can customize packaging for specific lot
traceability as required for many pharmaceutical products
that require every unit to be controlled and traceable.
These markings on packaging film are wipe-resistant,
scratch-resistant, and stable during subsequent
sterilization processes.

Preparation of Pigment Masterbatch

The pigment masterbatch was formulated with 64%
0, 35% D, and 1% P (see Table 1). The mixture was
compounded on a WP twin screw extruder at 100

g/minute. The 35% pigment MB was then incorporate into
films 1-17 (see Table 2 and 3).

Preparation of Films

Films 1-8, with the compositions and construction
shown in Table 2, were prepared on a conventional blown
film line.

Table 2 Films 1-8 Structure/Formulation

Films Layer 1 Layer 2
1 62%A | 88%A
10%B | 10%D

28%C 2%E

2 62 % A 78% A
10%B | 20%D

28%C 2%E

E 62%A 68% A
10%B | 30%D

28%C 2%E

4 62%A | S8%A
 10%B 40%D

28% C 2% E

5 | 62%A | 48%A
10%B | 50%D

28%C 2%E

6 62 %A 38%A
10% B 20% D

28%C 2%E

| 40%F

7 62%A 28% A
10%B 30%D

28%C | 2%E

40%F

8 | e2%A | 1s%aA

10%B | 40%D
28%C | 2%E

40%F

Layer Ratio (%) 90 10
Thickness (mils) 515 0.35

1 cm x 1 cm square samples were prepared. Each
sample was imagined using a Videojet 3320 laser with
127 mm lens to produce square block images. Such lasers
generate high power light via excitation of the CO? within
a sealed chamber. The light is focused to a small, intense
beam that is used for writing or marking. The whole



process, from excitation to writing or marketing, is
controlled by computer software supplied with the laser
system.

Observations of imaged films are given below in
table 4. Observation of “best” refers to film with minimal
film distortion and very dark, legible images. An
observation of “good” refers film with slight to minimal
distortion and dark, legible images. An observation of
“fair” refers to a film with slight distortion and light
images. An observation of “poor” refer to film with some
film distortion and very faint images.

After imaging, it was observed that films 4 and 5 with
40% and 50% pigment and no filler were legible. It was
also observed that films 7 and 8 with 30% and 40%
pigment and filler were legible. Films with 40% pigment
and filler" want legibility to the film samples with 50%
pigment and no filler. It appears that the filler reduces the
film distortion due to the heat from the chemical reaction
of the pigment.

Table 4 Observations of Imaged Films 1-8
Film | Poor | Fair | Good Best
1 X
2 X
3 X
4 X
5 X
6 X
7 X
8 X

Preparation of Films 9-17

Films 9-17 with compositions and construction
shown in Table 3 below, were prepared on a conventional
blown film line.

Optical Density Testing of Films 9-17

Label-sized samples of films 9-17 were prepared
using a Videojet 3320 laser with 127 mm lens to produce
a label with square blocks, text and single line graphics,
but 2D data matrix code, and an EAN-13 barcode.

The black optical density (ODB) value for each
sample was measured with SpectroEye
spectrophotometer. The ODB values for each sample are
given below in table 5, with a 0.0= white and a
1.25=equal black.

Table 5 Optical Density Values for Films 9-7

Film# oDB
9 0.65
10 0.79
11 0.78
12 0.83
13 0.88
14 0.85
15 0.85
16 0.88
17 0.81
Conclusions

A polyethylene film formulated with a photochromatic
pigment MB and additive provides a laser-imageable
substrate capable of high resolution markings with an
undistorted film surface.

The optimal marking layer formulation as determined by
ODB measurements and film distortion comprises:
s 40% pigment MB

e 45% talc MB
o 9.5% HDPE
e 3% nucleating agent
® 1% Process Aid
e 1.5Slip/AB
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Table 3 Films 9-17 Structure/Formulations Figure 1 Laser-Imageable Polymer Film

Film Layerl | Layer2 | Layer3 | Layerd
8 | 57%G | 48%C | 88%K | 40%F

| 20%H | a0%1 | 12%) | 35%D

- 23%C | 12%K | | 195%K
o ) | 3%m
| 15%E

1% N

10 | 57%G | 48%C | 88%K | 45%F

| 20%H | a0%1 | 12%) | 3s%p
8%C | 12%K | | 1a5%K

) - 3%M

) | L5%E

1% N
11 | 57%G | 48%C | 88%K | S0%F
20%H | 40%! | 12%) | 3s%p
23KC | 12%K | | a5%K
| 3%Mm
| 1s%E
1% N
12 | 57%G | 48%C | 88%K | 40%F
| 20%H | 40%1 | 12%J) | 45%D
| 23%c | a2%k | | as%k
i - 3%M,,
L5%E
1% N
13 | 57%G | 48%C | 88%K | 45%F
] 20%H | 40%! | 12%) | 40%D
| 23%C | 12%K | | 95%K
3% M |
L5%E
1% N
14 | S7%G | 48%C | 88%K | 50%F
20%H | 40%1 | 12%) | 40%D
23%C 12% K __4.5_?67K7
23%C | 12%K o
L5%E
1% N
15 | S7%G | 48%C | 88%K | 40%D
| 20%H | 40%1 | 12%) | s4smk
| B%C | 2%k | | 3%M
15%E
| %N

16 | 57%G | 48%C | ss%K | 4o%F
20%H | 40%1 | 12%1 | a0%D
3%e | 1%k | | msuk
| amm
| 1s%E
1% N
17| 57%G | 48%C | ssuK | 40%D
| 2000 | a0%i | 12%) | s7.s%k
2%c | 1%k || 1sxe

Layer Ratio (%)| 25 45.3 19.7 10
Thickness (mils})| 0.87 1.59 0.69 0.35




