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ABSTRACT: In this study, biaxially oriented film process was used to improve barrier proper-
ty of polypropylene (PP’)/ethylene-vinyl alcohol copolymer (EVOH) blends by inducing a lam-
inar morphology of the dispersed phase in the matrix phase. In order to examine the extent of
deformation during melt extrusion process, the rheological properties of the resins were mea-
sured and the viscosity ratio of the dispersed phase to the continuous phase was determined.
The effects of compatibilizer content, draw ratio, and draw temperature on the oxygen
permeability and morphology of biaxially drawn blend films were studied. The laminar mor-
phology of the EVOH phase with a larger area of thinner layer induced by biaxial orientation
was found to result in a significant increase in oxygen barrier property of PP/EVOH (85/15)
blends by about 10 times relative to the pure PP. When both PP-g-MAH and ionomer were
used as the compatibilizers, there existed an optimum level of compatibilizer content for ob-
taining improved barrier properties with a well developed laminar structure. In addition,
higher draw ratio and draw temperature were found to be more favorable processing condi-
tions in obtaining higher barrier blends.

Keywords: PP/EVOH blends, biaxially oriented film, laminar morphology, oxygen barrier
property.
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Figure 1. Schematic diagram of experimental proce-
dure for obtaining biaxially oriented PP/EVOH blend
films.
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Figure 2. Schematic of the experimental set-up for
measuring oxygen permeability of the film. Com-
ponents of the system: (a) permeant gas, (b) upstream
cylinder, (c) permeation cell, (d) pressure transducer 1,
(e) pressure transducer 2, (f) downstream cylinder, (g)
vacuum pump, (h) A/D converter, (i) PC.
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Figure 3. Shear viscosity and viscosity ratio of PP
and EVOH as a function of shear rate at (a) 200 °C and
(b) 220 °C.
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Table 1. Parameters in Carreau-Yosuda Model
Describing Shear Viscosity Behavior of PP and
EVOH

temperature , ° 7 A a
P {(pa's) (pa-s) (sec)
PP 200 C 10000 0 1379 0381 1.25
EVOH 950 0 0.021 0513 1.25
PP 920 °C 8300 0 1.225 0403 1.25
EVOH 570 0 0.027 0.064 125
—O— 0.1sec”
8000+ —{— 0.6 sec™
——  4.0sec™
—— 25.1 sec™
6000 - ~O— 63.1 sec™
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Figure 4. Complex viscosity of PP/EVOH blends as

a function of PP-g-MAH content with various fre-
quencies.
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Figure 5. Oxygen permeability of PP/EVOH/PP-g-
MAH and PP/EVOH/Ionomer blend films as a func-
tion of the amount of compatibilizer.
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Figure 6. SEM micrographs of biaxially drawn PP/
EVOH blends films with various PP-g-MAH contents.
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Figure 7. SEM micrographs of biaxially drawn PP/
EVOH blends films with various ionomer contents.
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Figure 8. Oxygen permeability of PP/EVOH/PP-g-
MAH (85/15/4) and PP/EVOH/Ionomer (85/15/4)
film as a function of draw ratio.
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Figure 10. Oxygen permeability of biaxially drawn
PP/EVOH/PP-¢MAH (85/15/4) blend film as a
function draw temperature.
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