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ABSTRACT: The second part of this series shows that the
incorporation of EVA in the tie layer of extrusion blow-
molded three-layer (PE/binder/PA) improves the adhesion
properties, while reducing the film cost by 6% and preserv-
ing the performances previously (Part I) obtained by addi-
tion of EVA in the PE layer only, such as optimal improved
seal ability, optical properties, and satisfactory mechanical
properties. The improvement of adhesion between the

binder and the PA layers could be related to a modification
of the type and the density of the intermolecular interactions
between binder, PA, and EVA. © 2006 Wiley Periodicals, Inc.
J Appl Polym Sci 101: 118-127, 2006
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INTRODUCTION

Developing multilayer PE/PA films is industrially in-
teresting but also challenging as it consists in combin-
ing the specific properties of each polymer. The major
concern is actually the combination of use properties,
such as food preservation, recyclability, or imperme-
ability to water steam and oxygen, with high mechan-
ical, optical, adhesion, and sealing properties, at the
best performance/cost ratio.

Except for some particular cases, of often limited
interest, the association of polymers with very differ-
ent properties generally requires the use of adhesive
materials. Their function is to assure the binding be-
tween naturally incompatible polymers. Depending
on the case, different adhesion mechanisms'™ may be
involved.

Most of the time, more than one mechanism con-
tributes to adhesion (mechanical anchoring, electrical,
wetting, diffusion or interdiffusion, chemical bonds,
low cohesion layer models).>” Good adhesion is
reached when the compatible polymer molecules dif-
fuse through the interface to create entanglements.'
However, a mutual interdiffusion of incompatible
polymers, such as polyethylene and polyamide, is lim-
ited and the binding forces are generally weak.
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Therefore, manufacturing of PE/PA film structures
requires the use of a reactive compatibilizer, or func-
tionalized polymer. Either a functionalized PE or a
functionalized PA can be chosen. In the first case,
there would be interactions with PA; in the other,
interactions with PE. Considering PE and PA chemical
structures, functionalized PE will be preferred. It is
indeed relatively difficult to operate a chemical reac-
tion on a PE without bringing other reactive elements.
On the other hand, amine functions remain in the PA
and react easily with acids or anhydrides. This prop-
erty is exploited to choose a grafted copolymer acting
as a reactive compatibilizer agent.”*'*'2 The copoly-
mer is a polyolefin chain grafted with functional
groups (butyl acrylate or maleic anhydride), which
reacts with the PA amine groups.'®'* This justifies the
choice of a grafted maleic anhydride PE (PEgMAH) as
binder for the coextrusion blow molding of a PE/
binder/PA multilayer film. In this case, the PE part of
the copolymer is supposed to diffuse in the PE phase,
whereas the maleic anhydride functions react with the
NH, end groups of the PA chains (Fig. 1).

Part I of this series'>'® showed that the addition of
EVA in the PE layer resulted in the improvement of
the seal ability and the optical properties of PE/PEg-
MAH/PA films while preserving satisfactory mechan-
ical performances. In addition, the price of EVA is
lower than that of PEgMAH and presents a compati-
bilizing character for the pair PE/PA.">2° Conse-
quently, the incorporation of EVA both in PE and tie
layers should theoretically improve the adhesion
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Figure 1 Interaction between PEgMAH and polyamide."!

properties of PE/PA films and reduce the total cost of
such sealed and transparent packages.

However, so far no research program has been con-
ducted on the theme of joint modification of the PE
and PEgMAH layers of three-layer PE/PEgMAH/PA
films through EVA addition in these two layers. Thus,
the objective of the present study is to quantify the
incidence of variable EVA contents in both the PE and
the binder layers on the peel strength of a PE/PEg-
MAH/PA structure. We will focus in particular on the
identification of the phenomena and the mechanisms
involved in these modifications.

EXPERIMENTAL
Materials and manufactured structures

Table I shows the main characteristics of polymers
used in this study. PE/binder/PA (internal/central/
external layer) film structures with EVA contents
varying from 0 to 50% in weight in both the PE and
binder layers have been manufactured (Table II). The
PE and PA layer thicknesses are set to 50 and 30 um,
respectively. The optimal tie layer thickness has been
determined by varying this thickness (pure PEgMAH)
from 5 to 20 um.

119

Manufacturing equipment and conditions

The 470 mm wide films (blow up ratio 1.5) are man-
ufactured on a three-layer coextrusion line made of
three extruders (see main characteristics in Table III), a
take up equipment (speed 11.5 m/min), and a radiant
channels three-layer die (diameter 200 mm, gap 0.8
mm), set at 235°C. The extrusion temperatures of the
various layers (internal, central, external) are main-
tained constant for all experiments (Table I).

Equipment and processing conditions for heat
sealing

The sealing between two PE internal layers is carried
out perpendicular to the extrusion direction by heat-
ing jaws using a THIMONIER thermal sealing ma-
chine (type SI5-63 CA). The experimental seal
strength characterization procedures as well as the
failure modes (separation, peeling and tearing) have
been previously described in detail.'®

Characterization equipment and conditions

The experimental details of the procedures for the
measurement of the optical and mechanical proper-
ties, and the seal and slip ability have been described
in the first part of this article series."”

Mechanical behavior in tension

The mechanical tests have been carried out following
the ISO 527.3 standard using a ZWICK tensile ma-
chine (dimensions of the samples 150 mm X 15 mm).
The same equipment is also used for the peel and tear
performance evaluation as well as for the slip and seal
ability tests.

Peel strength

The characterization of the adhesion between the var-
ious layers is carried out by peel tests at 180° and 100
mm/min. The peeling of samples (150 mm X 15 mm)

TABLE 1
Materials Characteristics
Melt flow Melting
index Density temp.
Material Supplier Reference (g/10 min) (g/cm®) (°C)
LDPE ENICHEM R FF20 0.65 0.92 112
PA 6/6,6 BASF UC35 8.01% 1.13 195
PEgMAH DP B 4288 47 0.923 104
EVA 9% vinyl acetate ENICHEM GFF35 0.8 0.931 102

@ Measured at 215°C, 2.16kg.
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TABLE 1I
Composition of the Studied PE/PEgMAH/PA Films
Internal layer Central layer External layer
wt% EVA wt % LDPE in wt % EVAin wt % PEgMAH in wt % EVA in wt % PA in the
content the support the support the tie layer the tie layer  external layer
Reference 0 100 0 100 0 100
EVA in PE and binder layers 10 90 10 90 10 100
20 80 20 80 20 100
30 70 30 70 30 100
40 60 40 60 40 100
50 50 50 50 50 100

is carried out following the procedure previously de-
scribed'® (Fig. 2).

Tear strength

The tear strength is measured following the NF T
54-108 standard, in the extrusion and transverse di-
rections (dimensions of the samples 30 mm X 50 mm,
crosshead speed 100 mm/min).

Slip ability

The slip ability is estimated from the static (Ks) and
dynamic (Kd) friction coefficients (internal face/inter-
nal face, i.e., PE/PE) measured following the NF T
54-112 standard.

Optical properties

The gloss of the films is measured by means of a
Gardner Micro Gloss 45 reflectometer (ASTM D 2457),
haze and clearness by means of a Haze Gard Plus
equipment (ASTM D 1003).

IR analysis

The analysis is carried out by Fourier transform infra-
red spectroscopy in reflexion ATR mode, using a Per-
kin-Elmer 1720X equipment, and by infrared micros-
copy in specular transmission mode, using a Spectrat-
ech Avantage equipment coupled to a Nicolet 460 ESP
Protégé FTIR spectrometer.

To measure the maleic anhydride and vinyl acetate
content on the surface and in the thickness, transmit-
tances at 1792 cm ™!, 1735 cm ™!, and 1465 cm ™! were,
respectively, taken as references for C=0 groups of
the PEgMAH, C=0 groups of the EVA, and CH,
groups of the PE chains.

Influence of the tie layer thickness

There is a relationship between the tie layer thickness
and the adhesion perf01rm.a1nc:e.4'7'8 Therefore, the first
goal is the reduction in the cost and the thickness of
the film while maintaining satisfactory adhesion prop-
erties. Taking into account the manufacturing con-
straints, the tie layer thickness has to be higher than or
equal to 5 um.

Influence on film cost

Dividing by 4 the tie layer thickness obviously de-
creases the material cost (by 75% for that layer and
25% for the whole film) (Fig. 3). However, it is neces-
sary to choose the lowest possible thickness preserv-
ing the other properties, mainly the adhesion perfor-
mance.

Influence on adhesion properties

In the range of the tested structures, the adhesion
performance strongly increases with the tie layer
thickness (Fig. 4) for the low thicknesses. Then it sta-
bilizes beyond a thickness of 8 um.

TABLE III
Main Characteristics of the Coextrusion Line and Manufacturing Conditions

Screw Extrusion conditions
Extruder Diameter D Thickness Flow rate Extrusion
Layer Reference (mm) Length (um) (kg/h) temperature (°C)
Internal DOLCI* 45 22 D 50 30 210
Central REIFENHAUSER®® 35 314D 5 to 20 6 235
External DOLCI* 40 32D 30 22 240
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Figure2 Measurement of the adhesion strength.'>'® [Color
figure can be viewed in the online issue, which is available
at www.interscience.wiley.com.]

Various causes can explain the results observed for
the lowest thicknesses (<8um).*” First, the tie layer
stiffness is not sufficient to absorb the strain difference
of the two adjacent layers. Moreover, the tie layer
thickness becomes too small to fill the surface micro-
defects existing at the interface. Finally, the total quan-
tity of polar groups in the binder, likely to be directed
towards the interface, is too low because of the limited
amount of end groups.

The plateau observed for thickness higher than 8
pm corresponds to a saturation of the substrate (PA)
polar groups by their corresponding groups coming
from the binder (maleic anhydride).

In conclusion, there is a minimal tie layer thickness
that guarantees a maximum peel strength. The further
investigations have thus been carried out with a cen-
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Figure 4 Influence of the tie layer thickness on the peel
strength of the complex film (PE/PEgMAH/PA).

tral layer thickness set at 10 um (corresponding to a
15% film cost reduction).

EVA Incorporation in the tie layer

A previous study'>'® showed that EVA incorporation

in the PE layer appreciably improves the film seal
ability, but leads to an increase in the film cost that has
to be taken into account in the final assessment. This
expense can be attenuated or suppressed by addition
of EVA to the PEgMAH layer. However, such modi-
fication should not penalize the properties (especially
adhesion) previously obtained by addition of EVA in
the PE layer only.

Effect on film cost

Considering the price and the required amount of the
different components, the addition of EVA in the tie
layer appreciably reduces the film cost. The cheapest
solution (Fig. 5) corresponds to the maximum EVA
content in the PE and tie layers (with about 6% reduc-
tion in the film cost compared to the reference struc-
ture) in spite of an internal layer cost increase of
almost 1%.

F 100 =
E 85
=
570 -
m
> 55
g 40
§ ., _/ —+—Tie layer cost
iL b —=— Film global cost
10 T T
10 15 20
Tie layer thickness (pm)

Figure 3 Effect of the tie layer thickness on the complex
film (PE/PEgMAH/PA) cost. [Color figure can be viewed in
the online issue, which is available at www.interscience.
wiley.com.]
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Figure 5 Effect of the EVA incorporation in the PE and tie
layers on the whole complex film cost (PE/PEgMAH/PA).
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Figure 6 Failure mode of PE/PEgMAH/PA films after incorporation of EVA in the PE and tie layers.

Effect on adhesion properties

Considering the failure mode obtained on the initial
structure (failure at the binder/PA interface), a mod-
ification of the tie layer composition may potentially
enhance the adhesion properties of the multilayer
structure.

In practice, whatever the EVA content is, EVA in-
corporation in the tie layer does not affect the failure
mode, which always occurs at the binder/PA interface
(Fig. 6). Nevertheless, the effect of EVA incorporation
in the tie layer on the peel force is highly significant.
This means that the peel strength can be multiplied by
4.5 by changing the EVA contents (Fig. 7 and Table
V).

Effect on optical properties

The haze, clearness, and gloss of films containing 0 to
50 wt % of EVA in the PE and tie layers are listed in
Table IV and reported in Figure 8 according to the
EVA content, in base 100 (value 100 corresponding to
the internal and tie layers made of pure PE and PEg-
MAH).
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Figure 7 Influence of the EVA incorporation in the PE and
tie layers on the peel strength of the complex film (PE/
PEgMAH/PA).

A significant improvement of these optical proper-
ties is noticed in proportions similar to those obtained
when the PE layer only is modified by blending with
EVA." Thus, the modification of the central tie layer
alone has no or very little influence on these proper-
ties. This is not surprising as the tie layer is very thin.

Effect on mechanical properties in tension and on
tear strength

Table IV presents the mechanical characteristics and
the tear strength of films according to the EVA content
in the PE and tie layers. Considering data scattering,
the differences between the various materials are not
significant. Thus, the mechanical properties in tension
(modulus, stress, and elongation at break) and the tear
strength of the three-layer structure are not affected by
these composition modifications of the coextruded
films.

Knowing that the EVA incorporated in the PE layer
only has no effect on the mechanical properties of the
films,'> we can deduce that, added solely in the tie
layer, it does not affect these performances either.

Effect on seal ability

Films containing 0 to 50 wt % of EVA in the PE and tie
layers were sealed, under the conditions described in
a previous article.'® Figure 9 presents, in base 100, the
effect of the sealing temperature (from 130 to 190°C)
on the seal strength for the various tested composi-
tions (value 100 corresponds, for each film, to the
maximum seal strength obtained over the considered
sealing temperature range).

Whatever the amount of EVA incorporated in the
PE and tie layers is, three sealing temperature zones
leading to different failure modes can be distin-
guished: separation for sealing carried out at temper-
atures lower than 140°C, peeling between 140 and
160°C, and tearing above 160°C. This result is not
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TABLE IV
Influence of the EVA Incorporation in the PE and Tie Layers on the Tensile, Mechanical, and Optical Properties, on
the Slip Ability, and on the Peel and Tear Strengths for Complex PE/PEgMAH/PA Structures
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EVA content in
PE and tie

Friction coefficients

Optical properties

Tear strength (N)

layers (wt %) Static Dynamic Haze Clearness Gloss Long. dir. Trans. dir.
0 092 +769%  072+056%  142+*51%  846*+09%  621+26% 1979 +59% 2557 +59%
10 0.82 = 11.7% 0.82 = 3.25% 11.6 = 4.3% 89.3 £ 1% 66.0 = 6.3% 21.12 = 5.2% 25.81 £ 2.2%
20 1.32 + 25% 098 =231% 104 +44% 91.1+11% 712+1%
30 117 = 1.7% 1.02+0.68%  105*+45%  921+32% 71.3*11%  21.60 =55%  26.03 = 3.6%
40 1.30 * 32% 1.09 = 9.48% 9.5+ 4.5% 932 +1.7% 722 =1.9%
50 2.13 + 8.5% 1.29 = 2.75% 96*37% 91.9*+07%  755*21% 2008 £24%  24.85*3.6%

EVA content in

Young’s modulus (MPa)
PE and tie

Tensile strength (MPa) Tensile strain at break (%)

Peeling force

layers (wt %) (N) Long. dir. Trans. dir. Long. dir. Trans. dir. Long. dir. Trans. dir.
0 1.87 £ 4.51% 239 £ 6.1% 270 * 3.7% 35 £ 6.9% 25 *+ 6.4% 330 £ 6.1% 320 = 3.4%

10 2.02 = 6.1% 243 + 10.6% 271 = 6.3% 35 +=72% 35 +4.0% 349 =55% 384 = 6.0%

20 4.6 = 3.7% 262 *+ 4.0% 275 * 1.5% 30 * 18.6% 23 *17% 306 = 11.1% 302 +7.3%

30 6.23 = 0.6% 259 £ 2.7% 229 + 5.9% 27 £10.5% 33 = 4.6% 291 + 5.7% 370 = 1.6%

40 6.73 = 9.3% 234 + 1.6% 241 = 5.6% 36 = 7.6% 32 £34% 347 =72% 368 = 2.7%

50 8.27 = 13% 230 * 2.7% 248 * 3.5% 35 *7.6% 30 + 12% 349 + 11.2% 358 + 5.3%

surprising as the composition of the internal sealing
layers is identical to that of the films studied previ-
ously.'

The seal strength passes by a maximum for sealing
temperatures higher than 160°C, but tends to stabilize
at its maximum value. In addition, as soon as the
sealing temperature is higher than 160°C, the seal
resistance becomes higher than 94% of the maximum
accessible strength.

Consequently, whatever the composition of the
structure is, the sealing temperature window is as
broad as that observed when EVA is incorporated
only in the PE layer15 (about 30°C). Thus, the addi-
tional EVA incorporation in the tie layer does not
degrade the better film seal ability obtained by its
blending solely in the PE layer.

As a consequence, blending EVA in both the PE and
binder layers still allows significantly reducing the
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Figure 8 Effect of the EVA incorporation in the PE and tie
layers on the optical properties of the complex film (PE/
PEgMAH/PA). [Color figure can be viewed in the online
issue, which is available at www.interscience.wiley.com.]

sealing time (40%), at equivalent seal quality and op-
timized pressure (3 bar), and appreciably increasing
the seal strength (5%), at constant sealing time.

In these conditions, the optimal sealing temperature
has been estimated at 170°C. This value is higher than
the lowest temperature guaranteeing a maximal seal
strength, but does not require a too constraining ther-
mal regulation of the process.

Effect on slip ability

The static (Ks) and dynamic (Kd) friction coefficients
of structures containing 0 to 50 wt % EVA in the PE
and tie layers are presented in Table IV in absolute
values and in Figure 10 in relative values.

| Separation | [ Peeling | i Tearing failure|
100%
- 0E%
£
ﬁ 92%
B8%
£
B B4%
g Bl
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Sealing temperature (°C)
[ ~e—0wto EVA (reference) = 10wt% EVA & 20w1% EVA
| = 30wt EVA ——40wt% EVA ——50wi% EVA

Figure 9 Influence of the sealing temperature and the EVA
content in the PE and tie layers on the seal strength. [Color
figure can be viewed in the online issue, which is available
at www.interscience.wiley.com.]
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Figure 10 Influence of the EVA incorporation in the PE and
tie layers on the static and dynamic friction coefficients
(internal face/internal face). [Color figure can be viewed in
the online issue, which is available at www.interscience.
wiley.com.]

As previously noted in the case of EVA/PE blend-
ing,"® Ks and Kd linearly increase with the EVA con-
tent with the same orders of magnitude.'® Considering
the high data scattering, it is assumed that blending
EVA in the tie layer does not have any additional
effect on the film slip ability. Thus, the aforementioned
penalizing effect of EVA (blocking during the blown
film opening operation) is still present, and it requires
further investigations to find a suitable solution (use
of slipping agents, for example).

EVA incorporation in the PEgMAH tie layer signif-
icantly affects (in a positive way) the binder/PA in-
terface strength (in a ratio of approximately 4.5) and
the film cost only.

Considering its thickness, the tie layer (modified or
not) takes very little part in the multilayer structure
global properties. The EVA/PEgMAH blend used in
the tie layer has no complementary effect on the op-
tical and mechanical properties nor on the slip ability.
These performances remain at the level imposed by
the addition of EVA in the PE layer. In particular, the
seal ability increases, in similar proportions.'

DISCUSSION

Adhesion essentially results from interatomic and in-
termolecular interactions occurring at the layer inter-
faces. Chemical bonds between PA- NH, end groups
and PEgMAH maleic anhydride groups are created at
the binder/PA interface (Figs. 11 and 12). This ex-
plains the high MAH reactive groups concentration
observed by FTIR at the binder/PA interface (Fig.
13-1). Thus, at the PE/binder interface, the PE chains
diffuse and cocrystallize (Figs. 12 and 13-2).

Insofar as blending EVA in the tie layer reduces the
reactive end groups amount, it should also reduce the
covalent bonds (highly energetical) number between
PA NH, end groups and PEgMAH maleic anhydride
groups (Figs. 11 and 12). As a result, the binder/PA
adhesion performances should be reduced as well.

POISSON ET AL.

However, experience shows that the addition of
EVA in the tie layer appreciably increases (by a factor
of 4.5) the peel force. This unexpected trend can be
related, on the one hand, to the migration of maleic
anhydride groups to the binder/PA interface, and, on
the other hand, to the creation of hydrogen bonds
between EVA and PA (Fig. 14).

Complementary tests were carried out to evaluate
the joint variations of MAH content on the tie layer
surface and the total MAH contained in the tie layer
after dilution by PE over a range from 0 to 100%. The
choice of the dilution of the binder by PE is due to the
fact that the PEgMAH and EVA characteristic peaks
are superimposed and do not allow a direct analysis
(Fig. 15).

The dilution of PEgMAH by LDPE up to approxi-
mately 50 wt % does not affect the potential chemical
interactions between PA and the binder, as the MAH
grafting ratio on the tie layer surface remains identical
(Fig. 15). Considering the very close nature of PE and
EVA, we can suppose that MAH migration takes place
and compensates for the potential reduction in the
number of covalent bonds between the PA and MAH
groups.

However, this mechanism cannot explain by itself
the evolutions of adhesion properties. The peel
strength variations can then be related to the hydro-
gen bonds creation between the NH of PA and the
vinyl acetate groups of EVA (Fig. 14). These bonds are
not very energetical but they are much more numer-
ous than the PA chain ends.

Figure 16 presents the (PEgMAH+EVA/PA) peel
force, the vinyl acetate content at the (PEgMAH-+EVA/
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Figure 11 PEgMAH/PA interactions.
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Figure 12 PEgMAH, PA, and PE layers interactions. [Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com.]
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Figure 14 Bonds between (PEgMAH/EVA) and PA layers. [Color figure can be viewed in the online issue, which is available

at www.interscience.wiley.com.]

plaining the increase in adhesion with increasing
EVA content.

However, for higher EVA contents, the secondary
bonds (between EVA and PA) cannot counteract the
molecular slip between the two layers any more,
because of a lack of stabilizing chemical bonds. If
interfacial adhesion mainly involves dispersion
forces between the EVA and the PA, a molecular
slip at the interface can occur during the failure
process, resulting in a low peel resistance. The dis-
persion forces between polymers are too weak (1-5
kcal/mol), compared to the chemical bonds of
higher energies (50-250 kcal /mol), to counteract the
molecular slip at the interface.

Thus, the formation of chemical bonds between
the (PEgMAH) tie layer and the PA layer contrib-
utes more to the stability of the assembly than to
their intrinsic energy. The addition of EVA in PEg-
MAH, up to 50 wt %, increases this energy due to

addition of less energetic but much more numerous
hydrogen bonds. Above this value, the lack of chemical
bonds involves a significant reduction in adhesion.

The other properties variations (optical and me-
chanical properties, and seal and slip ability) have
already been explained by modifications of the melt-
ing temperature, the morphology, and the surface to-
pOlOgy.15'16

CONCLUSIONS

The results presented here show that the incorpora-
tion of EVA in both the PE layer and tie layer of
PE/PEgMAH/PA films improved the adhesion and
the optical properties, without adversely affecting the
mechanical properties or the seal ability, compared to
incorporation in only the PE layer.

The adhesion between binder and PA reached a
maximum for an EVA content around 50 wt %. At

@
2

250

! E

5 = Surface content E E' 400 - 1 350 ‘E
c 120 3 - 1 5 1
% g — — § £ 4 150 g %
§E 80 . 3 E- - -
g ! AN Tl i e B A <.
éi Total content _\"\ \ % * 100 4+~ = "~ Lso B §

= 0t k| * &

E .E -\\' E [i] I ' I | L \-\ a E

0 T T T T 1] 20 40 60 80 100
0 20 40 60 B0 100 EVA content in the tie layer (wit3%)
LDPE content in the tie layer (wit%) S pE———

{ * Surface MAH content = Total MAH content

Figure 15 Influence of the LDPE content added in the tie
layer on the total and surface maleic anhydride content.
[Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]
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Figure 16 Influence of the EVA content in the tie layer on
the anhydride maleic content, vinyl acetate content, and peel
force. [Color figure can be viewed in the online issue, which
is available at www.interscience.wiley.com.]
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low EVA contents, the decrease in the density of
chemical bonds between the NH, end groups of PA
and the maleic anhydride groups of the binder can
be compensated by creation of hydrogen bonds
between the vinyl acetate and the PA. The high
number of these bonds makes up for their low en-
ergy, leading to an improvement of the adhesion.
Beyond this critical dilution level, the total energy of
these secondary bonds becomes too weak to com-
pensate for the energy of the stabilizing primary
bonds, resulting in a decrease in the adhesion prop-
erties.

The improvement of the optical properties can be
connected to a decrease in the crystallinity and in the
size of the crystallites in the central layer.

Thus, with similar or even higher performance,
the addition of EVA in both the PE and PEgMAH
layers brings a 6% reduction in the film cost (most
favorable case and optimized binder thickness),
while notably increasing the adhesion between the
PA and the PEgMAH binder (+450%). The sealing
time can also be sensibly reduced (—40%). This de-
creases the production costs related to this step,
while maintaining a wide flexibility in the settings.

Parts I and II of this study clearly point out the
industrial interest of using EVA based blends in
PE/binder/PA films to optimize the production
costs (linked to both raw materials costs and cycle
time), the adhesion properties, and the seal ability,
while preserving satisfactory mechanical and opti-
cal performances. Only the slip ability remains
slightly impaired compared to a standard PE/bind-
er/PA multilayer film.

The authors thank Dr. C. Gondard and T. Fahler from the
Institut Supérieur de Plasturgie d’Alengon (France) for
their contributions to FT-IR analyses, and J. M. Coillot for
his contribution to the film manufacturing and character-
ization.
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