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ABSTRACT: Poly(styrene-co-methacrylic acid) (PSMA)
and poly(styrene-co-4-vinylpyridine) (PS4VP) of different
compositions were prepared and characterized. The phase
behavior of these copolymers as binary PSMA/PS4VP mix-
tures or with poly(2,6-dimethyl-1,4-phenylene oxide) (PPO)
as PPO/PSMA or PPO/PS4VP and PPO/PSMA/PS4VP
ternary blends was investigated by differential scanning
calorimetry (DSC). This study showed that PPO was misci-
ble with PS4VP containing up to 15 mol % 4-vinylpyridine
(4VP) but immiscible with PS4VP-30 (where the number
following the hyphen refers to the percentage 4VP in the
polymer) and PSMA-20 (where the number following
the hyphen refers to the percentage methacrylic acid in the
polymer) over the entire composition range. To examine
the morphology of the immiscible blends, scanning elec-
tron microscopy was used. Because of the hydrogen-bond-
ing specific interactions that occurred between the carbox-
ylic groups of PSMA and the pyridine groups of PS4VP,

chloroform solutions of PSMA-20 and PS4VP-15 formed
interpolymer complexes. The obtained glass-transition tem-
peratures (Tg’s) of the PSMA-20/PS4VP-15 complexes were
found to be higher than those calculated from the additiv-
ity rule. Although, depending on the content of 4VP, the
shape of the Tg of the PPO/PS4VP blends changed from
concave to S-shaped in the case of the miscible blends, two
Tg were observed with each PPO/PS4VP-30 and PPO/
PS4VP-40 blend. The thermal stability of the PSMA-20/
PS4VP-15 interpolymer complexes was studied by ther-
mogravimetry. On the basis of the obtained results, the
phase behavior of the ternary PPO/PSMA-20/PS4VP-15
blends was investigated by DSC. � 2007 Wiley Periodicals,
Inc. J Appl Polym Sci 108: 220–227, 2008
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INTRODUCTION

Polymer blending is an economical way to elaborate
new polymeric materials with tailored properties at
a relatively low cost. Because the physical properties
of the blends depend on the mixing scale, it is, there-
fore, of great interest to investigate the miscibility
and phase behavior of polymer blends. It is now
well established that two dissimilar polymers pos-
sessing complementary functional groups can form
miscible blends if sufficient favorable interpolymer
interactions act between them.1–4 It has also been
reported that blends of a homopolymer and a ran-
dom copolymer can be miscible even in the absence
of specific interactions, provided that strong intra-
molecular repulsions exist between the comonomers.

Poly(2,6-dimethyl-1,4-phenylene oxide) (PPO)/poly-
styrene (PS) mixtures are one of the best known
miscible blends in the whole composition range.5–7

Several studies have been carried out to elucidate
the origin of the interactions responsible for the mis-
cibility of these blends. It has been concluded8–10

that specific interactions occur between PPO and PS
chains through the formation of p-cation complexes
between the methyl groups of PPO and the aromatic
rings of PS. Kuo et al.11 showed that similar and
stronger specific interactions occurred with PPO-b-PS
copolymers. Because of the presence of stronger spe-
cific polymer–polymer interactions evidenced within
miscible polymer blends and complexes, these latter
have higher glass-transition temperatures (Tg’s) than
those predicted by the additivity rule. In any case,
the Tg–composition of PS/PPO is predicted by the
Fox rule.

Several authors have reported that the miscibility
of PPO with styrene copolymers depends not only
on the nature of the second comonomer but also on
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the composition of the copolymer.12–16 Styrene-ran-t-
butyl acrylate copolymers containing less than 23
mol % t-butyl acrylate were found to be miscible
with PPO in the whole composition range, whereas
PPO is miscible with potassium salts of poly(sty-
rene-ran-acrylic acid) containing less than 3% ionic
content.17

In previous studies,18,19 we reported that PPO is
totally miscible with poly(styrene-co-methacrylic acid)
(PSMA) containing 7.8 mol % methacrylic acid (PSMA-
7.8, where the number following the hyphen refers
to the percentage methacrylic acid in the polymer)
and with blends of PSMA-12 containing less than
67 wt % PPO. As we have also confirmed qualita-
tively and quantitatively by Fourier transform
infrared (FTIR) spectroscopy,20 the miscibility of
PSMA-12/poly(styrene-co-4-vinylpyridine) (PS4VP)
containing 22% 4-vinylpyridine (PS4VP-22, where
the number following the hyphen refers to the per-
centage 4VP in the polymer) is due to the presence
of hydrogen-bonding interactions.

By continuing our studies on miscibility enhance-
ment by specific interactions in binary or ternary
polymer blends, in the first part of this contribution,
we report the results of the effect of introducing
increasing amounts of specific groups, such as 4VP
or methacrylic acid, in styrene copolymers on its
miscibility with PPO and on the Tg–composition re-
lationships of these blend systems. Moreover, the
thermal stability of the PSMA-15/PS4VP-20 complexes
was determined by thermogravimetric analysis (TGA),
and the morphology of the PPO/PSMA-20 blends
was examined by scanning electron microscopy
(SEM). On the basis of the results obtained with
the binary mixtures, the phase behavior of the ter-
nary PPO/PS4VP-15/PSMA-20 blends was then
investigated by differential scanning calorimetry
(DSC).

EXPERIMENTAL

Materials

Poly(2,6-dimethyl1,4-phenylene oxide) (PPO) pur-
chased from Aldrich (France) was purified by solu-
tion in chloroform and precipitation in methanol.
The viscosimetry-average molecular weight of PPO
was determined after purification and was 20,000 g/
mol. PS4VP containing 5, 15, 30, and 40 mol % 4VP
(PS4VP-05, PS4VP-15, PS4VP-30, and PS4VP-40,
respectively) and PSMA containing 15 and 20 mol %
methacrylic acid (PSMA-15 and PSMA-20, respec-
tively) were prepared by solution free-radical poly-
merization at 608C with chloroform as the solvent
and azobisisobutyronitrile as the initiator. These
copolymers were purified by repeated solution/pre-
cipitation from chloroform into heptane and were
dried in vacuo at 608C for several days.

Material characterization

The styrene and 4VP contents in the PSMA and
PS4VP copolymers were determined by elemental
analysis and UV and 1H-NMR spectroscopy. The
molecular weights of these copolymers were deter-
mined by gel permeation chromatography relative to
a PS standard. The polydispersities were in the
range 1.6–1.8. Before DSC analysis, TGA measure-
ments were carried out under nitrogen from 50 to
6008C on a TGA-Q500 instrument (New Castle, DE)
at a heating rate of 108C/min. The Tg values of the
pure polymers and their binary or ternary blends
were measured with a PerkinElmer DSC PYRIS 1
instrument (Waltham, MA) equipped with an intra-
cooler. All Tg measurements were carried out at a
heating rate of 208C/min under nitrogen, and the Tg

value was taken as the midpoint of the transition.
The 30/70, 50/50, and 70/30 PPO/PSMA blends
were fractured cryogenically, and their scanning
electron micrograms were taken with a Hitachi
S2700 scanning electron microscope (Tokyo, Japan).
The main characteristics of the polymers are given in
Table I.

RESULTS AND DISCUSSION

As shown in Figure 1, the TGA analysis (TGA) and
derivative thermogravimetry (DTG) curves of the
different polymers confirmed their relative stability
in the temperature range; this permitted the determi-
nation of their Tg values before the degradation step
took place. In these curves, two stages were
observed. The first-stage weight loss of these copoly-
mers was less than 3% that which occurred in the
100–1808C temperature range; this was attributed to
the release of water adsorbed by the hydrophilic
groups of these copolymers. On the other hand, it is
interesting to note that the percentage mass loss of
the PS4VP copolymers increased slightly with
increasing 4VP in the copolymer. Moreover, the
main degradation of these polymers occurred in a
second stage with temperatures of maximum weight
loss between 380 and 4308C (see Table II).

TABLE I
Characteristics of the Polymers

Polymer Mw Mw/Mn Tg (8C)

PS4VP-05 103,000 1.80 105
PS4VP-15 134,000 1.60 109.5
PS4VP-30 98,500 1.54 114
PS4VP-40 143,000 1.77 116.5
PSMA-15 112,000 1.73 132.5
PSMA-20 150,000 1.84 135.8

Mw 5 weight-average molecular weight; Mn 5 number-
average molecular weight.
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PPO/PS4VP blends

The thermograms corresponding to PPO, PS4VP-05,
and their blends of different compositions are dis-
played in Figure 2. The single Tg observed with each
blend, as shown in Figure 3, which illustrates the
Tg–composition, is an indication of the miscibility.
As shown in this figure, a change in the shape of
these curves was glimpsed with an increase in 4VP
within PS4VP. It was reported11 that the Tg–composi-
tion of PPO/PS was predicted by the Fox equation.
In that study, the authors also showed an increase in
Tg in PPO-b-PS copolymers compared to their corre-
sponding PPO/PS blends. Their Tg–composition
analysis with the well-known Kwei equation21

revealed, from the positive value of the Kwei q con-
stant, the presence of stronger specific interactions in
PPO-b-PS copolymers. In our case, at low 4VP con-
tents, as with PS4VP-05, the PPO/PS4VP-05 blends
containing an excess of PPO had lower Tg values
than those calculated from the additivity rule. Fur-
thermore, slightly higher Tg values than those calcu-
lated from the weight-average line were observed
with blends containing an excess of PS4VP-05. As
the 4VP content increased in the copolymer, a differ-

ent behavior in the Tg–composition was observed.
Thereby, in the PPO/PS4VP-15 blends containing an
excess of the PS4VP-15, even though a single Tg was
obtained with all the blends, broader transitions
were observed, particularly with the 1 : 1 and 1 : 2
PS4VP-15/PPO blends. These results indicate that
the blends were miscible on different molecular
scales. The Tg width–composition for these blends is
shown in Figure 4. An increase in the 4VP content
within PS4VP led to immiscible blends, as shown
with PPO/PS4VP-30 illustrated in Figure 5. Two Tg’s
were obtained with each blend. However, the analy-
sis of the change in specific heat (DCp) versus the
weight fraction of PPO, as displayed in Figure 6,
showed two phases. The first one decreased with
increasing PPO in the blends, whereas the second
phase increased with decreasing PS4VP-30 in blends.
On the basis of these results, we can state that
the first phase contained mostly PS4VP, whereas the

TABLE II
TGA Parameters of PSMA-20, PS4VP-15, and Their

Blends

Sample Stage I Stage II

PSMA-20/
PS4VP-15 T1 (8C)

% weight
loss T2

% weight
loss

PSMA-20 98 1.25 420 60
80/20 136 2.13 417 65
50/50 134 3.08 413 66.37
20/80 124 2.34 403 58.56

PS4VP-15 138 2.26 409 61.75

T1, temperature of maximum degradation of first stage;
T2, temperature of maximum degradation of second stage.

Figure 1 TGA and DTG curves for PS4VP-05, PS4VP-15,
PS4VP-30, PS4VP-40, PSMA-15, PSMA-20, and PPO.

Figure 2 DSC thermograms of the PS4VP-05, PPO, and
PPO/PS4VP-05 blends with different ratios.

Figure 3 Tg–composition variation versus the PPO weight
fraction of PS4VP-05/PPO and PS4VP-15/PPO.
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second was a PPO-rich phase. In addition, equilib-
rium between the two phases was achieved at a
blend composition of approximately 1 : 1. On the
other hand, it is interesting to note the similar
behavior that was also observed with the PS4VP-40/
PPO blends.

To measure interaction intensities between the dif-
ferent comonomers in PS4VP/PPO blends, we
applied the mean-field theory. Here, we are inter-
ested in the case of a random copolymer P(Sx-co-
4VP12x) with a homopolymer PPO. The Gibbs free
energy of mixing per segment (DGm), with monodis-
perse polymers assumed, is given by the following
equation:22

DGm

kT
¼ u

N1
lnuþ ð1� uÞ

N2
lnð1� uÞ þ veffuð1� uÞ (1)

where k is the Boltzmann constant, T is the tempera-
ture, N1 and N2 are the chain lengths of the copoly-

mer (PS4VP) and the homopolymer PPO, respec-
tively; f is the volume fraction of PS4VP; and weff is
the net interaction parameter. The net interaction pa-
rameter for the PPO/PS4VP blend is given in the
mean-field approximation by the following equation:

veff � vPPO=PS4VP

¼ xvPPO=S þ ð1� xÞvPPO=4VP � xð1� xÞvS=4VP (2)

where x is the copolymer composition (in volume
fraction of the 4VP segments), S is the styrene and
wij represents the respective segmental interaction
parameters.

ten Brinke et al.22 reported that the interaction
between PS and P4VP (wS/4VP) was on the order of
0.3–0.35. On the basis of this value and an interac-
tion parameter (wPPO/S)

17 of 20.52, the deduced
wPPO/4VP was greater than 0.55. This value was in
agreement with the results of ten Brinke et al.;23 in a
very recent study, they concluded that the interac-
tion between PS4VP and PPO was more unfavorable
than that between PS and PS4VP.

PPO/PSMA blends

Figure 7 shows the thermograms corresponding to
PPO, PSMA-20, and PPO/PSMA-20 blends at differ-
ent ratios. As reported in the Introduction, the misci-
bility of PPO with PSMA decreased progressively as
the content of methacrylic acid within the PS matrix
increased.

A single Tg was observed with PSMA-15/PPO
blends up to 33% PPO, whereas two Tg’s were
shown with the other compositions. As we previ-
ously reported,19 the PSMA-15 copolymer achieved
its PPO saturation concentration below 33%. Katime
et al.24 reported that poly(vinyl phenyl ketone
hydrogenated) was miscible with PPO in the whole

Figure 4 Tg width–composition variation versus the PPO
weight fraction of PS4VP-05/PPO and PS4VP-15/PPO.

Figure 5 Tg–composition variation versus the PPO weight
fraction of PS4VP-30/PPO.

Figure 6 DCp variation of the two phases versus the PPO
weight fraction of the PS4VP-30/PPO blends.
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range of composition with the exception of the
50 wt % PPO.

Two Tg’s, each characterizing one phase, were,
however, observed when the carboxylic group con-
tent increased to 20 mol %, as with the PSMA-20/
PPO blends. The lower Tg values of these blends
were relatively higher than that of PSMA-20, which
indicated the presence of a small fraction of PPO in
the acidic, copolymer-rich phase. The Tg values of
the second phases, practically similar to that of PPO,
confirmed that these phases contained essentially
pure PPO. This study showed that 20 mol % metha-
crylic acid introduced within the PS matrix induced
its immiscibility with PPO.

According to the mean-field approximation given
by eq. (2), because of the styrene/methacrylic acid
repulsive interactions and the specific hydrogen-
bonding interactions that may occur between the
carboxylic groups of PSMA and the ether groups of
PPO, these blends were expected to be miscible. The
results obtained by DSC show, however, that these
last blends were immiscible as the density of carbox-
ylic groups in the PSMA copolymer increased. In
previous studies, we confirmed by FTIR the presence
of acid–acid dimers, and we calculated self-associa-
tion constants for styrene/methacrylic acid20 and
styrene/acrylic acid25 copolymers containing increas-
ing amounts of carboxylic groups. From a qualitative
point of view, the PPO/PSMA blends were miscible
only when the self-association contribution was rela-
tively low (due to the high PS dilution), which was
overcome by the styrene/methacrylic acid repulsive
interactions within the PSMA copolymers.

The morphology of the three PPO/PSMA-20
blends (75/25, 50/50, and 25/75) was examined by
SEM. In agreement with the DSC results presented
earlier, the scanning electron micrographs of the
fractured surfaces shown in Figure 8 confirmed the

immiscibility of these blends. An improved PPO dis-
solution in the PSMA-20 phase was, however,
observed when this one was in excess.

PSVP-15/PSMA-20 blends

Separate solutions of the copolymers were prepared
in chloroform and mixed by dropwise addition of
the PS4VP-15 solution to the PSMA-20 solution with
stirring. The blends were recovered by precipitation

Figure 7 DSC thermograms of PSMA-20, PPO, and their
blends with different ratios.

Figure 8 SEM photomicrographs of the PSMA-20/PPO
blends with three different ratios (75/25, 50/50, and 25/
75).

224 BENABDELGHANI ET AL.

Journal of Applied Polymer Science DOI 10.1002/app



in heptane. Precipitates that occurred with mixtures
containing an excess of PSMA-20 were isolated. All
of the samples were dried to constant weight in a
vacuum oven at 608C for several days. These blends,
miscible in the whole composition range, as evi-
denced from the single Tg observed with each blend,
had higher Tg values than those calculated from the
weight-average values of the pure copolymers. The
Tg–composition curve of this system, as displayed in
Figure 9, could be described by the Kwei equation:21

Tg;blend ¼ w1Tg1þ kw2Tg2

w1 þ kw2
þ qw1w2 (3)

where Tg;blend is the glass transition temperature on
the blend, w1, w2, Tg1, and Tg2 are the weight frac-
tions and glass-transition temperatures, respectively,
of the corresponding constituents. The q constant
measures the extent of the specific interactions that
occur between the two copolymers. A previous FTIR
spectroscopy study20 in similar systems confirmed
that hydrogen-bonding-type interactions occurred
between the carboxylic groups of PSMA and the pyr-
idine groups of PS4VP. Moreover, the positive devia-
tion of the Tg’s from the weight-average values was
an indication of intermolecular interactions. The
obtained q value of 71 indicated that these interac-
tions were certainly strong.

Figure 10 shows the TGA and DTG curves of
PSMA-20, PS4VP-15, and their blends at different
ratios. The copolymers and their blends degraded in
a two-stage process. The first step of degradation,
with a very small weight-loss amount in the 100–
1508C temperature range, was attributed to a loss of
adsorbed water from the hydrophilic groups of the
copolymers. The second step of degradation corre-
sponded to the main degradation of the polymers.
Table II summarizes the TGA parameters of the

studied copolymers and their blends at different
ratios. The thermal stability improvement noticed
with the resulting miscible blends containing an ex-
cess of the acidic copolymer PSMA-20 was ascribed
to the hydrogen-bonding interactions that occurred
between these two copolymers, which acted as phys-
ical crosslinks. The onset temperature and Tmax of
the first degradation stage, observed with all of these
blends, shifted toward a higher temperature com-
pared to that of the copolymers. However, when
PS4VP-15 was in excess, the thermal stability im-
provement was not observed.

PPO/PS4VP-15/PSMA-20 blends

On the basis of the results presented earlier, PS4VP-
15 was found to be miscible over the entire composi-
tion range with both PPO and PSMA-20, whereas
these two were immiscible with each other. In addi-
tion and due to the strong specific interactions that
occurred between the carboxyl and pyridine groups
incorporated within the PS matrix, interpolymer
complexes were formed when PSMA-20 and PS4VP-
15 were mixed together. We, therefore, expected that
PS4VP-15 may have acted as a compatibilizer and
enhanced the miscibility of the ternary PSMA/PPO/
PS4VP blends. Several ternary blends with different
compositions of PPO/PSMA-20/PS4VP-15 were pre-
pared, and their phase behavior was analyzed by
DSC. Some thermograms of these blends are dis-
played in Figure 11.

For the ternary PSMA-20/PPO/PS4VP-15 system,
in the first part, we studied blends containing the
same amounts of PPO and PSMA-20 with an
increasing proportion of PS4VP-15 (47/47/6, 45/45/
10, 40/40/20, 35/35/30, 30/30/40, and 25/25/50).
Two Tg’s characterizing two phases were observed
with the first three blends; see the data correspond-

Figure 9 Tg–composition variation versus the PSMA-20
weight fraction of PS4VP-15/PSMA-20.

Figure 10 TGA and DTG curves for PS4VP-15, PSMA-15,
and their blends with different ratios.

PHASE BEHAVIOR OF BINARY AND TERNARY BLENDS 225

Journal of Applied Polymer Science DOI 10.1002/app



ing to series A in Table III. The Tg of the lowest tran-
sition (1368C) seemed to correspond to a phase con-
taining the PSMA-20/PS4VP-15 (1 : 1 ratio) pair as
an interpolymer complex, whereas the Tg of the
highest transition (2128C) was characteristic of a
phase that mainly contained PPO. In such mixtures,
the preferential interpolymer interactions between
the two complementary copolymers formed com-
plexes of compact structures. On the other hand,
when the acidic PSMA-20 was in excess, the PPO
dissolution in the ternary phases was considerably
affected by the preferential interaction between
PSMA-20 and PS4VP-15, respectively. This was con-
firmed by the earlier results that showed that,
indeed, the 1 : 1 ratio PSMA-20/PPO blend separated
into two phases with a Tg of a lower phase of 1418C,
which was characteristic of a better PPO dissolution
in the PSMA-20 matrix. As the fraction of PS4VP-15
increased within the ternary blend (the last three
blends), a main transition (with a greater DCp) that
decreased slightly was observed around 1328C. In
addition, two very small transitions were also
depicted at 156 and 2028C with the 35/35/30 and 30/
30/40 blends. Such observations indicated a progres-
sive dissolution of PPO within the main phase as the
fraction of PS4VP-15 increased in the mixture. A sin-
gle phase characterized by a Tg of 1348C was, how-
ever, observed with the 25/25/50 blend.

In the second part of this series, ternary blends
containing an excess of PS4VP-15 at a constant 3 : 1
PS4VP-15/PPO ratio were considered (PS4VP-15/
PPO/PSMA-20 5 60/20/20, 67.5/22.5/10, and 71.5/
23.5/5). A major phase with a Tg of 1238C and a
very small transition around 1558C were observed
with these ternary blends. When PS4VP-15 was in
excess compared to the other components in these
ternary mixtures, the interactions between PSMA-20
and PS4VP-15 were not as intense as before and did

not form compact interpolymer complexes that
would exclude the PPO in its own domain. A better
dispersion of the three components was expected in
such mixtures. On the contrary, ternary PSMA-20/
PPO/PS4VP-15 blends (71.5/23.5/5, 67.5/22.5/10,
60/20/20, 23.5/71.5/5, and 22.5.5/67.5/10) showed
two Tg’s that varied from blend to blend and that
indicated that the polymers were immiscible at these
compositions where the PPO was in excess com-
pared to both PSMA-20 and PS4VP-15. When the
PSMA-20 was in excess compared to PS4VP-15, a
similar behavior as presented earlier was observed,
the tendency toward complexation acted in favor of
the PPO exclusion in its own phase. Ternary blends
containing an excess of PSMA-20 (23.5/71.5/5, 22.5/
67.5/10, and 20/60/20) behaved similarly. The
obtained Tg’s for the ternary blends considered are
summarized in Table III.

CONCLUSIONS

The phase behavior of binary PSMA/PS4VP, PPO/
PSMA, and PPO/PS4VP blends and ternary PPO/
PSMA/PS4VP blends was investigated by DSC. This
study showed that PPO was miscible with PS4VP
containing up to 15 mol % 4VP but immiscible with
PS4VP-30 and PSMA-20 over the entire composition
range. Because of specific hydrogen-bonding type
interactions that occurred between the carboxylic
groups of PSMA and the pyridine groups of PS4VP,
interpolymer complexes were formed. The thermal
stability of these interpolymer complexes was stud-
ied by TGA and confirmed from the values of their

Figure 11 DSC thermograms of some PSMA-20/PPO/
PS4VP-15 ternary blends.

TABLE III
Summarized DSC Data of Some
PSMA-20/PPO/PS4VP-15 Blends

Designation Tg

A PSMA-20/PPO/PS4VP-15
1 47/47/06 136.7–212.4
2 45/45/10 135.1–209.4
3 40/40/20 138.7–214
4 35/35/30 136.1–207.4
5 30/30/40 134.1–203.1
6 25/25/50 136

B PS4VP-15/PPO/PSMA-20
13 (3/1) 71.5/23.5/05 123.7–163.7
14 (3/1) 67.5/22.5/10 123.7–160,7
15 (3/1) 60/20/20 123.7–166.4
16 (1/3) 23.5/71.5/05 130.4–199.4
17 (1/3) 22.5/67.5/10 130.4–199.7

C PSMA-20/PPO/PS4VP-15
7 (3/1) 71.5/23.5/05 139.4–214
8 (3/1) 67.5/22.5/10 138.7–214
9 (3/1) 60/20/20 136.1–210.7
10 (1/3) 23.5/71.5/05 139.4–212.1
11 (1/3) 22.5/67.5/10 137.1–213.1
12 (1/3) 20/60/20 136.1–214
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Tg’s, which were higher than those calculated from
the additivity rule. On the basis of the miscibility of
PS4VP-15 over the entire composition range with
both PPO and PSMA-20, several ternary PPO/
PSMA-20/PS4VP-15 blends were studied by DSC.
The preferential interpolymer interactions between
the two complementary PSMA-20 and PS4VP-15
copolymers formed complexes of compact structures.
Moreover, when the acidic PSMA-20 was in excess,
the dissolution of PPO in the ternary phases was
considerably affected.

When PS4VP-15 was in excess compared to the
other components in these ternary mixtures, the
interactions between PSMA-20 and PS4VP-15 were
not dense, and compact interpolymer complexes that
excluded the PPO in their own domains were not
formed. A better dispersion of the three components
resulted. A single phase characterized by a Tg of
1348C was, however, observed with the 25/25/50
blend.

One of the authors (Z.B.) expresses special thanks to the
staff of the Polymer Science and Technology Department
and Institute of Polymer Materials, University of the Bas-
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