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ABSTRACT: The phase morphology and the mechanism
of the compatibilization in ternary blends of PET/EBM (eth-
ylene buten rubber)/ionomer (partially neutralized ethylene
and methyl methacrylic acid copolymer, EMAA) are exam-
ined. Applying the repulsion idea in random copolymer, the
ionomer was selected as an encapsulating agent to compati-
bilize PET/EBM blend. As anticipated, the ionomer can
encapsulate EBM in PET matrix and effectively compatibi-
lize PET and EBM. The results of droplet sandwich experi-
ments verified that the actual driving force for the encapsu-
lation is wettability. In addition, this wettablility was found
to be realized by the contribution of the polar and nonpolar
units in the ionomer: The polar units decrease the interfacial
tension between PET and the ionomer, and the nonpolar

units decrease that between EBM and the ionomer. The
metal ions in the ionomer have little influence on the wet-
tability, and consequently EMAA can encapsulate EBM even
when unneutralized. The efficiency of the compatibilization,
on the other hand, is not determined by the wettability only,
and the metal ions play an important role. EMAA can effec-
tively compatibilize EBM and PET only when neutralized.
This compatibilization effectiveness of the ionomer is sup-
posedly due to the strong interaction between PET and the
metal ions. © 2004 Wiley Periodicals, Inc. J Appl Polym Sci 93:
1567–1576, 2004
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INTRODUCTION

Polymer blending is a simple and efficient method for
designing and controlling performance of polymeric
materials using easily available polymers. The proce-
dure makes it possible to develop a new polymeric
material of synergetic performance of each polymer,
to reduce the cost of engineering plastics by diluting
them with lower cost polymers, or to enhance recy-
cling of used plastics. These advantages of polymer
blending on performance, economy, and ecology have
accelerated research and development activities in the
field of polymer blends and alloys in terms of both
academic and industrial interests.1–5

We have carried out research and development of
polymer blends mainly based on polyethylene tereph-
thalate (PET) as a part of an effort in developing a new
high performance polymer for metal coating. PET is
an important engineering polymer used in a wide
variety of applications, such as packaging, electronics,
and coating for metal because of its excellent balance
of properties, including transparency, barrier proper-
ties, and thermal and chemical stability. However,

PET has some deficient characteristics that deter its
use in some areas. When applied for metal surface
coating, the PET film is often laminated on the metal
plate surface directly at a higher temperature than the
melting point.6–8 Afterward, the metal plate under-
goes severe molding processes such as draw and iron-
ing to form the desired shape.6–8 If small delaminating
or cluck arises on the laminated film during these
processes, the metal plate will easily crust in practical
use. When an orientated PET film is utilized, the re-
tained orientation stress often causes the delaminat-
ing, although it satisfies the toughness required for
these severe processes. While without any orientation,
fragility in the amorphous phases of PET film often
causes defects during the molding process. Hence,
coexistence of toughness and good adhesion to the
metal has been extensively studied in applying PET
films to metal coating.

In this research, we have attempted to apply a ter-
nary blend system of PET, ethylene–buten—rubber
(EBM), and ionomer (partially neutralized ethylene
and methyl methacrylic acid copolymer, EMAA) to
the metal coating. By blending PET with EBM, the PET
film should be applicable without any orientation,
because the dispersed EBM phase should reinforce the
fragility in the amorphous phase. However, because
PET and EBM are completely immiscible, an adequate
compatibilization is necessary.9–13 Furthermore, be-
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cause EBM is nonpolar, the dispersed EBM phase
should be avoided to contact directly with the metal
from an adhesion viewpoint. To solve these problems,
an ionomer was selected as a compatibilizer. Accord-
ing to the molecular design concept mentioned later,
the ionomer has a potential to encapsulate EBM in PET
matrix. By encapsulating the EBM phase with the
ionomer, the interface between the EBM and PET
should be stabilized, leading to finer dispersed do-
mains. In addition, the polar units in the encapsulating
ionomer should compensate the adhesion of the film,
because the ionomer should directly contact with the
metal surface in place of the dispersed EBM phase.

In this article, we introduce the molecular design
concept for an encapsulating agent and then examine
the phase morphology of a ternary blend system of
PET, EBM, and the ionomer. Furthermore, to verify
the molecular design concept, the mechanism for en-
capsulation and compatibilization in this blend is ex-
perimentally examined in detail.

MOLECULAR DESIGN CONCEPT FOR THE
ENCAPSULATING AGENT

An encapsulating agent for the PET and EBM blend
system was designed by combing the following three
concepts:

1. driving force for encapsulation is wettabil-
ity.14–18

2. interfacial tension between two polymers can be
controlled by the (Flory–Huggins) interaction
parameter, �.19,20

3. � parameter can be controlled by an adequate
random copolymerization.21–24

Driving force for encapsulation

In a ternary polymer blend system where two minor
phases are dispersed in a continuous matrix, there are
three possible kinds of formation.15–18 They are shown
schematically in Figure 1:

1. “stack formation” of 1 and 2 stuck together,
2. “capsule formation” of 2 encapsulated by 1, and
3. “isolation formation” of 1 and 2 dispersed sep-

arately.

Most of ternary immiscible polymer systems form
the stack formation.15–18 Only when polymer 1 is wet-
table between polymer 2 and polymer 3, the encapsu-
lation of Figure 1(b) occurs. The wettability can be
evaluated by the spreading coefficient, �1/2 in 3, in eq.
(1) at a first approximation. Equation (1) was obtained
by rewriting the Harkin’s equation by Hobbs:14

�1/2 in 3 � �2/3 � �1/2 � �1/3 (1)

where �2/3, �1/2, and �1/3 are the interfacial tensions
between polymers 1, 2, and 3 indicated in Figure 1.
When�

1/2 in3
is positive, 1 is wettable between polymer

2 and polymer 3, and consequently the capsule forma-
tion of Figure 1(b) could be developed.14

Control of interfacial tensions

The interfacial tensions,�i/j, in eq. (1) are determined
by the force balance between the self-aggregation in
each polymer and the affinity to the other polymer,
leading to the following expression:19,20

�i/j � kT/a2��i/j/6�1/2�1 � �2/�12�i/j��1/Ni

� 1/Nj�� (2)

� kT/a2��i/j/6�1/2 (3)

where k is Boltzmann coefficient;�i/j is the interaction
parameter between polymers i and j; a is the statistical
segment (monomer) length; Ni is polymerization de-
gree of polymer i. Because Ni in most polymers is
large, the second and third terms in eq. (2) could be
neglected compared to the first term. As a result, �i/j is
evaluated to be proportional to the square root of �i/j

as in eq. (3). By substituting eq. (3) into eq. (1), �1/2 in 3 is
approximated by eq. (4):

Figure 1 Possible morphology formation in ternary polymer blends. (a) Stacked formation; (b) capsule formation; (c) isolated
formation.
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�6a2/kT�1/2 in 3 � �2/3
1/2 � �1/2

1/2 � �1/3
1/2

� �EBM/PET
1/2 � �1/PET

1/2 � �1/EBM
1/2 (4)

where polymers 2 and 3 are EBM and PET, respec-
tively. Because PET and EBM are polar and nonpolar,
respectively, �PET/EBM should be large. Therefore, if
polymer 1 is designed to have small � to both PET and
EBM, �1/EBM in PET should become positive.

Control of � by random copolymerization

The � of polymer 1 to both PET and EBM can be
controlled by an adequate random copolymeriza-
tion.21–25 This concept is interpreted by recent idea of
“repulsion” in random copolymers in relation to “mis-
cibility window.”21–25 According to the repulsion idea,
� between polymer i and the random copolymer con-
sisting of monomeric units, a/b, is formulated by eq.
(5):22–24

�ab/i � �a�a/i � �1 � �b��b/i � �a�1 � �a��a/b (5)

where 	a is volume fraction of unit a in the random
copolymer. Because the last term is subtracted in eq.
(5), it contributes favorably to a decreased �ab/i

when�a/b is large. The larger �a/b is, the smaller �ab/i.
This signifies the larger the internal repulsion in ran-
dom copolymer is, the more favorably a quasiattrac-
tive force will work between the random copolymer
and polymer i. By attracting polymer i into the ran-
dom copolymer phase, the repulsive field within the
random copolymer will be stabilized.

Applying this concept to the molecular design and
selecting a random copolymer consisting of nonpolar
and polar units as polymer 1, both �1/PET and �1/EBM
can be controlled small from the following reasons.
Because the units a and b are polar and nonpolar,
respectively,�a/b should be large. In addition, because
PET is a polar polymer, �a/PET should be small. Con-
sequently, �ab/PET could become small because of large
�a/b and small�a/PET in eq. (5). While, because EBM is
nonpolar, �b/EBM should be also small. As a result,
�a/EBM also becomes small because of large�a/b and
small�b/EBM.

On the basis of the combination of these three con-
cepts, the ionomer was selected as the encapsulating
agent for EBM in PET matrix. The ionomer is a ran-
dom copolymer whose nonpolar and polar units are
ethylene and partially neutralized methacrylic acid,
respectively.

EXPERIMENTAL

Materials

All of the materials were supplied from commercial
sources. Copolymer PET in pellet form (I. V. � 1.09,

isophthalic acid mol % � 8) was obtained from Uni-
tika Co. Japan (SA-1346P). EBM was supplied from
JSR Japan (EBM 2041P), whose buten content was
about 20 wt %. EMAA (a special grade) and the iono-
mers were obtained from Dupont-Mitsui Polychem.
Co. Ltd. Japan. They consist of ethylene and
methacrylic acid and supposedly have almost the
same composition. The composition is roughly 90 vol
% of ethylene and 10 vol % of methacrylic acid. The
ionomers were partially neutralized with zinc (I-Zn:
Himilan 1706), sodium (I-Na: Himilan 1707), and mag-
nesium (I-Mg: a special grade), respectively, with the
neutralization ratio approximately 60%. However the
exact MAA composition and its neutralization ratio in
these polymers are unknown. Very-low-density poly-
ethylene (VLDPE: SP0540) was obtained from Mitsui
Chem. Co., Ltd., Japan.

Melt mixing and morphology observation

All of the polymer blends were intensively melt mixed
by a corotating twin-screw extruder (Japan Steel
Works Corp., Japan, TEX30SS, 30-mm diameter, L/D
� 50, 120 rpm) at a feed rate of 15 kg/h under 270°C
of barrel temperature, and then pelletized. Before each
processing experiment, all the polymeric materials
were dried for at least 24 h at 80°C in a vacuum oven
to ensure complete removal of sorbed water.

The blend morphologies were examined by a scan-
ning electron microscope (SEM) and a transmission
electron microscope (TEM). For SEM observation, the
pelletized specimens were fractured in liquid nitro-
gen, followed by meta-xylene etching at 130°C for 30
min to extract the polyolefin-rich phases. The etched
specimens were washed several times by distilled wa-
ter, followed by drying. The etched surface was coated
with gold (30 nm in thickness). Only when the phase
morphologies in the EBM/ionomer and the EBM/
VLDPE blend systems were analyzed, the fractured
face was observed without any etching process. In the
SEM micrographs, the darker portions were assigned
to the polyolefin-rich phases that were eliminated by
the etch ant, while the brighter portions were assigned
to the PET-rich phases.

For TEM observation microtomed films were ob-
tained from the pelletized specimens. They were
stained with osmium tetra-oxide vapor for 1 day at
room temperature. The TEM observation was carried
out using a Hitachi TEM, H-7100FA at an accelerating
voltage of 100 kV. In the TEM micrographs, each
phase was distinguished by contrast in the strained
color, because the stained color should fade in the
order of VLDPE, the inomomer, EBM, and PET-rich
phase, corresponding to the decrease in ethylene res-
idue content. The darkest, gray, and brighter potions
were attributed to VLDPE or the ionomer, EBM, and
PET-rich phases, respectively.
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Droplet sandwich experiment15,18

Small specimens (about 0.5 � 0.5 mm) were sand-
wiched with the flat sheets of the other two polymers.
The sheets were then annealed at 270°C for 30 min on
the hot stage, Limkam TH-600RH, under nitrogen at-
mosphere. Afterward, the sheets were quickly cooled
with liquid nitrogen, and then the cross sections were
observed under the microscope to evaluate the shape
and location of the sandwiched pieces between the
two polymers.

RESULTS AND DISCUSSION

Phase morphology in PET/EBM/I-Zn blends

Figure 2 shows the SEM micrographs, binary images,
and size distributions of PET/EBM (80/20) and PET/
EBM/I-Zn (80/10/10) blends. In the PET/EBM blend,
EBM-rich phases dispersed in PET matrix larger than
3 
m. In addition, the size seems relatively monodis-
persed. While, in the ternary blend of the PET/EBM/
I-Zn, the size of the EBM or the I-Zn rich phases is
reduced below 1 
m. This signifies that I-Zn effec-
tively compatibilizes PET and EBM blend systems.
Furthermore, there seem to be two size distributions
of the dispersed phases. One is around 0.2 
m, and the
other around 0.8 
m. However, further analysis of

phase molophology is impossible, because in the SEM
micrographs both the EBM and the I-Zn rich phases
were eliminated by m-xylene.

To distinguish each of the three phases and to ana-
lyze the morphology formation more clearly, Figure 3
shows the TEM micrographs of the PET/EBM/I-Zn
blend. In the TEM micrographs, there are two kinds of
dispersed domains. One is a gray domain encapsu-
lated with darker portion. From the contrast of the
stained color, these domains can be attributed to the
EBM-rich phase encapsulated with the I-Zn-rich
phase. The size of these domains is about 0.8 
m,
which corresponds to the larger size peak in the SEM
micrograph. The other consists of the darker portion
only and can be attributed to the phase of the I-Zn
added in excess for the encapsulation. The size of
these domains is about 0.2 
m. These domains corre-
spond to the smaller size peak in the SEM micro-
graphs.

From these results, we can conclude as follows:

1. I-Zn is effective to compatibilize EBM and PET
blends.

2. I-Zn encapsulates EBM in PET matrix. This re-
sult agreed well with the anticipation based on
the above-mentioned concept.

Figure 2 SEM micrographs, binary images, and size distribution of the dispersed domains in (a) PET/EBM (80/20) and (b)
PET/EBM/I-Zn (80/10/10) blends. Numbers in parentheses indicate blend composition by weight.
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Morphologies in binary blends of the constituent
polymers

To verify the driving force for the encapsulation ex-
perimentally, Figure 4 shows the dispersed domains
in the binary blends consisting of the two constituent
polymers. In binary polymer blend systems, morphol-
ogy generation is usually discussed in terms of a bal-
ance between fluid drop burst and coagulation. By
expanding the Taylor theory 26,27 for aqueous colloid
to the viscoelastic field in polymer blends, the equiv-
alent droplet size, d, is given by eq. (6):28,29

�mGd/�d/m � F��d/�m� (6)

where �d/m is the interfacial tension between the dis-
persed domains and matrix polymer; G is the shear
rate; �m and �d are the viscosity of the matrix and the
dispersed domains, respectively. Because all of these

binary blends were melt mixed at the same conditions,
G should be almost the same for these blends. In
addition, when the effect of viscosity at a first approx-
imation is ignored, the particle size, d, will be directly
proportional to the interfacial tension:

d � �d/m (7)

Equation (7) implies that �i/j can be evaluated by the
domain size in Figure 4. The large domains in the
PET/EBM blend signify large �PET/EBM, while the
small domains in the blends of EBM/I-Zn and PET/
I-Zn indicate small �EBM/I-Zn and �PET/I-Zn, respec-
tively. By substituting these evaluated �s into eq. (1),
the left formula portion of eq. (1) becomes (large)
– (small) – (small). These results suggest the spreading
parameter,�I-Zn/EBM in PET, actually becomes positive.

Results of droplet sandwich experiments

To clarify the driving force of encapsulation more
pointedly, the droplet sandwich experiments were
carried out, following the analysis proposed by Naka-
mura and Inoue15 According to their analysis, when a
liquid droplet of polymer 1 floats between the two
liquid polymers of 2 and 3, the location and surface
shape of 1 are determined by the balance of the inter-
facial tensions. As illustrated in Figure 5, there are
three possible locations and shapes of a floating poly-
mer depending upon the interfacial tension balance:
15,18 (a) thin phase of 1 spread between 2 and 3; (b)
droplet of 1 buried in 2; and (c) droplet of 1 locating
between 2 and 3.

In the case (a), the thin phase of 1 spreads between
2 and 3, because the contact of 2 and 3 is the most
unstable among the possible connections between
these polymers. This connection should be avoided in
the actual ternary blend systems of 1, 2, and 3. Con-
sequently, the capsule formation of Figure 1(b) will be
developed, when the thin phase of 1 spreads between
2 and 3 as in Figure 5(a). Similarly, in the case (b) 1

Figure 3 TEM micrographs of PET/EBM/I-Zn (80/10/10)
blend. (a) Low and (b) high magnifications.

Figure 4 Phase morphology in the binary polymer blends of the constituent polymers.
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buries in 2, because the contact between 1 and 3 is the
most unstable. Thus, the capsule formation of 1 en-
capsulated by 2 will be developed when the matrix of
the blend consists of 3. The situation is quite different
in case (c). Because there is no large difference in
stability among the possible contacts of these poly-
mers, they can directly contact with each other. Thus,
at case (c), the stack formation of Figure 1(a) will be
predicted.

Figure 6 shows the cross sections of the droplet after
the droplet-sandwich experiments. When small pieces
of I-Zn were sandwiched between PET and EBM, a

thin layer of the I-Zn widely spread between these
polymers [Fig. 6(a)]. When the EBM droplets were
sandwiched between PET and I-Zn, the EBM droplet
is buried in the I-Zn [Fig. 6(b)]. These results indicate
that the capsule formation where I-Zn encapsulates
EBM in PET matrix should be developed. This perdi-
tion well agreed with the results of the TEM analysis.

From the results of the sandwich experiments and
the spreading parameter evaluation, we can confirm
experimentally the driving force for the encapsulation
in the PET/EBM/I-Zn blend is wettability.

Role of polar units in I-Zn on encapsulation

To verify the design concept of chemistry for the en-
capsulating agent, the phase morphology in the PET/
EBM/VLDPE blend was examined. Because VLDPE
consists of nonpolar units only, the role of the polar
units in I-Zn can be evaluated by comparison. Figure
7 shows the phase morphology in the binary blends of
the constituent two polymers. The large domains are
dispersed in both PET/EBM and PET/VLDPE blends.
In addition, the size of the dispersed domains seems
almost the same for these blends. Comparing the
phase morphologies between the PET/VLDPE and the
PET/I-Zn [Fig. 5(c)] blends, it was found that the polar
units in I-Zn contribute to decrease �PET/I-Zn, while in
the EBM/I-Zn blend fine domains are dispersed with
a little smaller size than in the EBM/I-Zn blend [Fig.
5(b)]. This result indicates that the nonpolar units
prevent the�EBM/I-Zn from becoming too large, al-
though the polar units in I-Zn increase �EBM/I-Zn a
little. By substituting the evaluated �s into eq. (1), the
left formula portion should serve (large) � (small)
� (large). Furthermore, the first and third term,�PET/
LLDPE and �PET/EBM, are evaluated almost the same.
Consequently, the spreading parameter, �VLDPE/EBM in
PET, should become minus and the stack formation is
predicted. As actually shown in Figure 8, “stack for-
mation,” where EBM and VLDPE are stuck to each
other, is developed in the PET/EBM/VLDPE blend.

Figure 6 Cross sections of the droplet after annealing. (a)
I-Zn droplet between PET and EBM; (b) EBM droplet be-
tween PET and I-Zn.

Figure 5 Possible location and shapes of the floating polymer. (a) Thin phase of polymer 1 spread between polymers 2 and
3; (b) droplet of 1 buried in 2; (c) droplet of 1 locating between 2 and 3.
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From these results it the following can be conclud-
ed: I-Zn can encapsulate EBM in PET matrix by the
contribution of the polar and nonpolar units to
decrease�PET/I-Zn and �EBM/I-Zn, respectively. These re-
sults agreed well with the anticipation based on the
repulsion idea in random copolymers. This agreement
suggests that the repulsion idea is applicable for mo-
lecular design for an encapsulating agent.

Effects of neutralizing metal ions on
compatibilization and encapsulation

To examine how metal ions affect the mechanisms of
compatibilization and encapsulation, Figure 9 shows
the SEM micrographs in the blends of PET, EBM, and
ionomers, which are neutralized by different metal
ions: I-Zn, I-Na, I-Mg, and unneutralized (EMAA).

When compatibilized by the ionomers [Figs. 9(a–c)],
the domain size seems almost the same, although
there is a small difference. The dispersed domains
seem a little larger in the PET/EBM/I-Mg blend.
However, the size is almost below 1 
m. These results
signify that all of these ionomers can effectively com-
patibilize EBM and PET blends, regardless the kind of
the neutralizing metal ions.

In the PET/EBM/EMAA blend, the size of the dis-
persed domains is much larger (about 2 
m), indicat-
ing that the unneutralized EMAA cannot effectively
compatibilize EBM and PET blends. To examine the
morphology formation, Figure 10 shows the TEM mi-
crographs of the PET/EBM/EMAA blend. The “cap-
sule formation” of EBM encapsulated by EMAA is
developed, although the size of the dispersed phase is
much larger than that in the PET/EBM/ionomer
blends.

Combining the results of the previous section, we
can conclude the following: Because the EMAA con-
sists of both polar and nonpolar units, the EMAA can
encapsulate the EBM in the PET matrix, indepen-
dently of whether the EMAA is neutralized by metal
ions. However, the neutralization of the EMAA has a
great influence on the compatibilization. Only when
neutralized can the EMAA effectively compatibilize
EBM and PET blends, in addition, regardless of the
kinds of neutralizing metal ions.

Compatibilization mechanism by ionomer

The compatibilization effectiveness of the ionomers
could be traced to their strong adhesion to PET–a
result of the interaction between PET and ionomers
occurring at their interface when blended at high tem-
peratures. The possible interactions are:

1. hydrogen bonding between –COOH in the iono-
mers and carbonyls in PET30,31

Figure 7 Phase morphology in the binary blends of the constituent polymers of PET, EBM, and LLDPE. (a) PET/EBM
(80/20); (b) EBM/VLPDE (20/80); (c) PET/LLDPE (80/20).

Figure 8 TEM micrographs of PET/EBM/VLDPE (80/10/
10) blend. (a) Low and (b) high magnification.
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2. transetherification between free carboxyls in the
ionomers and ester units in PET10,32,33

3. transetherification between carboxyl salts in the
ionomers and ester units in PET10,32,33

4. ionic interactions between the metal ions in the
ionomers and –COOH in PET terminals

5. coordination of PET-carbonyls to the metal ions
in the ionomers.

The former two interactions can occur between the
free acid in the ionomers and PET, while the latter
three are caused by the metal ions in the ionomers.
Considering the results showing that the neutralized
EMMA can more effectively compatibilize EBM and
PET, the latter three seem more plausible. However, it
is not clear which interaction actually occurs during
the melt mixing process.

Once strong interaction between the ionomers and
PET is obtained at the interface, the corona of the
grafting PET will be developed34 as shown in Figure
11. This corona will produce two driving forces to
reduce the core shell domains consisting of EBM and

Figure 9 Phase morphology in PET and EBM blends compatibilized with ionomers, which are neutralized by different metal
ions: (a) Zn2�, (b) Na�, (c) Mg2�, and (d) unneutralized (EMAA).

Figure 10 TEM micrographs of PET/EBM/EMAA (80/10/
10) blend. (a) Low and (b) high magnification.
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ionomers. One is stabilization of the interface between
the ionomer and PET.35 The other is coagulation de-
pression of the core-shell droplets during the melt
mixing process. Without any corona, the equivalent
size of the core-shell droplets is determined by the
kinetic balance between burst, coagulation, and aggre-
gation during the melt mixing as shown in Figure
11(b).26 Because the interactions between EMAA and
PET are weak, the equivalent size of the core-shell
droplets should be governed by these factors in the
PET/EBM/EMAA blend. In the PET/EBM/ionomer
blend, the coagulation of the core-shell droplets
should be depressed by the grafting PET corona, and
consequently the size of the dispersed domains will
shift smaller.36

The ionomers are supposed to effectively compati-
bilize PET and EBM because of the grafting PET co-
rona, which is developed via the strong interaction
between PET and the ionomers.

CONCLUSION

The phase morphology and mechanism for compati-
bilization in ternary blends of PET/EBM/ionomer are
examined. Applying the repulsion idea in a random
copolymer, the ionomer was selected as an encapsu-
lating agent to compatibilize PET and EBM blends.
The main results and discussions are enumerated be-
low:

1. I-Zn can encapsulate EBM in PET matrix and
effectively compatibilize PET and EBM.

2. The results of the phase morphology analysis in
the binary blends of the constituent polymers
suggest the spreading parameter�I-Zn/EBM in PET
actually becomes positive. In addition, the drop-
let sandwich experiment results predict that the
“capsule formation” of EBM encapsulated by
I-Zn is developed in the ternary blend of PET/
EBM/I-Zn. From these results, the actual driv-
ing force for the encapsulation is experimentally
confirmed wettability.

3. From the comparison with the phase morphol-
ogy in the PET/EBM/VLDPE blend, the polar
and nonpolar units in I-Zn were found to con-
tribute to decreased �PET/I-Zn and �EBM/I-Zn, re-
spectively, and make the encapsulation possi-
ble. These results agreed well with the anticipa-
tion based on the repulsion idea in random
copolymers. This agreement suggests that the
repulsion idea is adjustable to the molecular
design for an encapsulating agent.

4. The metal ions in the ionomer, on the other
hand, have little influence on the encapsulation.
EMAA can encapsulate EBM even when unneu-
tralized. However, the compatibilization effi-
ciency is not determined by the encapsulation
only. The metal ions have a great influence on
the compatibilization efficiency. Only when
neutralized can EMAA effectively compatibilize
EBM and PET, in addition, regardless of the
kind of metal ions.

5. The compatibilization effectiveness of conclu-
sion 4 is supposedly due to the strong interac-
tion between PET and the metal ions.
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