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Abstract

The state of miscibility and possible molecular aggregation in blends of semicrystalline syndiotactic polystyrene (s-PS) with poly(vinyl
methyl ether) (PVME) were investigated by using differential scanning calorimetry (DSC), optical microscopy (OM) and scanning electron
microscopy (SEM). The results are then directly compared to the classical amorphous PS/PVME blend prepared using exactly the same
solvent and procedures. Similar to the classical amorphous a-PS/PVME, the semicrystalline s-PS/PVME exhibit the same scales of various
molecular aggregation depending on composition leading to a so-called borderline miscibility, which is thoroughly discussed using the
results of Tg-composition relationship and morphology evidence. The behavior of s-PS/PVME agrees mostly with that of a-PS/PVME,
indicating that tacticity or crystallinity in s-PS does not affect the phase behaviour of s-PS/PVME in the amorphous@d®@Elsevier
Science Ltd. All rights reserved.
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1. Introduction Syndiotactic polystyrene (s-PS) is a relatively new poly-
mer resulting from stereo specific polymerization [8—10]
Amorphous atactic polystyrene (a-PS) is one of the most that offers goodTy and T,, or other physical properties.
widely used commodity thermoplastics. Interestingly, Polymers of different tacticity and effects of tacticity on
although the structure of PS does not possess any functionapolymers physical behaviour were interesting subjects of
groups capable of apparent specific interactions, it wasstudies. In contrast to the straightforward cases of
found to be miscible with two ether-containing polymers: PS/PPO, the equilibrium phase behaviour of s-PS/PVME,
poly(vinyl methyl ether) (PVME) and poly(1,4-dimethgp}- however, is quite complex. The complexity has even been
phenylene oxide) (PPO), respectively. However, among compounded by the fact that direct melt blending for pre-
thousands of different homopolymers, they are the only paring sSPS/PVME is prohibited as a result of apparent gross
two polymers that were known to be miscible with PS. phase separation at relatively low LCST (lower critical
Traditionally, a-PS/PVME miscibility was demonstrated solution temperature, at about £23-160C). Solution-
since an early time [1-3]. Reversible LCST exists in blending is the only way for preparation of this blend.
a-PS/PVME blends upon heating to temperatures aboveHowever, because of high crystallinity in s-PS, it is mostly
the blend’sT; and then slow cooling back to low temperatures. insoluble in common solvents. What is a good sovlent for
Similarly, a-PS/PPO were widely studied and its miscibility s-PS may be a poor one for PVME and vise versa. As a
was demonstrated in early time [4—6]. Miscible blends of result, solvent-induced changes of phase behaviour of
a-PS with PPO of various compositions have led to a useful solution-blended s-PS/PVME mixtures must be carefully
commercial product well known as Noryl. Isotactic PS has avoided.
also been demonstrated to be miscible with PPO [7]. This So far, reports in the literature regarding miscibility/
provides another example of miscibility of blends of poly- compatibility issues of s-PS/PVME system were scant and
styrene of different tacticity with ether-containing probably not convincing enough. Silvestre et al. [11]
polymers. reported that isotactic i-PS is immiscible with PVME
(toluene-casting at 6C). Additionally, they also reported
“* Corresponding author. Tel: +886-6-275-7575, Ext. 62670; Fax: +886-6- that phase separation was observed in s-PS/PVME blends
234-4496; E-mail: emwoo@mail.ncku.edu.tw (casting ino-dichlorobenzene at 130) [12,13]. Note that
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the cast temperature of 13Din the Silvestre et al. study is  blend. Note that heating at 1ZDmay be close to the LCST,
already near or at the LCST reported for the classical a-PS/but only for compositions near 50/50. For most other
PVME. The phase separation behaviour of s-PS/PVME (or compositions, 12T is quite safely away from LCST. The
i-PS/PVME) is in apparent contrast with the miscibility reason why we had to use IZ0but not lower temperatures
reported for the classical s-PS/PVME. However, curiosity was a compromise. Lowering the temperature would lead to
was raised. Why would tacticity influence miscibility or gelation of s-PS.
phase behaviour in polymer blends? Can the solvents or
temperatures used in blending and casting the mixtures2.2. Apparatus and procedures
affect the outcome results of phase behaviour of sydiotactic
s-PS/PVME? This study was intended to probe these issues2.2.1. Optical microscopy
A polarized-light microscope (Nikon Optiphot-2, POL)
equipped with UFX-DX automatic exposure was used for

2. Experimental following microscopic phase structure and for monitoring
LCST of blend upon heating. Blend samples were cast as
2.1. Materials and preparation thin films (solvent casting at controlled temperatures and

vacuum drying) and placed on a microscope heating stage

Semicrystalline syndiotactic polystyrene (s-PS) was (Linkam THMS-600 with TP-92 temperature programmer)
obtained as a courtesy research material from Idemitsufor OM examination.
Petrochemical Co., Ltd. (Japan) withM,, =
241,000 g mott and PI M,/M,) = 2.41. Atactic polystyr- 2.2.2. Scanning electron microscopy
enes (a-PM,, = 1.92 X 10°) were purchased from Poly- The morphological homogeneity of the fracture surfaces
sciences, Inc. Syndiotactic polystyrene (s-PS) and of the solvent-cast blends were examined using a scanning
amorphous polystyrene (a-PS) were used without purifica- electron microscope (SEM) (JEOL, Model JXA-840).
tion. Poly (vinyl methyl ether) (PVME) (Scientific Polymer  Thicker blend films (ca. 0.3—0.5 mm in thickness) were
Products) was obtained as 50% solution in water. It was prepared. They were then fractured across the thickness
purified three times by dissolution in water and isolation (after dipping into liquid nitrogen), subsequently, the
by warming the solution. It was then dried under vacuum fractured surfaces were sputter-coated with gold for SEM
at 80C for 72 h. The average molecular weight of PYME, examination.
M, = 9 X 10* (GPC). The solvents, 1-chloronaphthalene
ca. 90%/2-chloronaphthalene, 10% (Aldrich) andeptane 2.2.3. Differential scanning calorimetry

(Fisher Scientific), were used as received. The thermal transitions of PS/PVME blends were char-
acterized with a differential scanning calorimeter (DSC-7,
2.1.1. Preparation of blends Perkin-Elmer) equipped with an intracooler for quenching

Blends were prepared using solvent-mixing followed and cooling. Wherever extremely fast quenching was
with film casting or precipitation. Direct melt blending needed, blend samples after melting treatment were dipped
would require that the polymers be heated abdye(ca. in liquid nitrogen rather than quenching in DSC cells. Prior
280°C) of s-PS, but this could not be used because of ato DSC runs, the temperature and heat of transition of the
relatively low temperature of gross phase separation instrument were calibrated with indium and zinc standards.
(LCST), which is located at below the melting temperature For determining the transition temperatures, a heating rate
of s-PS. The blends s-PS and PVME were prepared by twoof 20°C min~* was used. A continuous nitrogen flow in the
different methods based on solution blending. In the first DSC sample cell was maintained to ensure minimal sample
method, the blends were prepared by casting into films degradation.
from 1%—-2% (w/v) solution of the two components in
1-chloronaphthalene ca. 90%/2-chloronaphthalene at about
12C0°C. Solvent after blending was allowed to evaporate at 3. Results and discussion
the same temperature. The resulting films were dried further
in vacuum at 120C for 72 h. In another method, blend 3.1. Blend morphology
samples were prepared by dissolving the two polymers in
the same solvent at 120, followed by precipitation into The blends of all compositions were preliminarily exam-
n-heptane. The precipitated blends were then dried &20 ined using an optical microscope. The blend films were first
for 72 h in a vacuum oven. For direct comparison of possi- examined at ambient temperature, then the temperature was
ble solvent effects, blends of atactic polystyrene with raised gradually up to where a cloud-point transition
PVME were also prepared using exactly the same proce-occurred. The optical results (not shown) indicated that
dures as those for s-PS/PVME. The a-PS/PVME blends the blends of as-cast films of all compositions were homo-
were also prepared by casting from the same solvent andgeneous, but displayed some textures associated with
same temperature as in the case of s-PS/PVME solvent caspresence of crystallinity. At above LCST, distinct phase
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within the resolution limits of 4000—500Q For brevity, the
micrographs are not shown. A brief discussion is provided
here. The morphology of s-PS/PVME (70/30, 50/50) was
found to be as homogeneous as a-PS/PVME of the same
compositions (70/30, 50/50) prepared with exactly the
same solvent-cast procedures. The microscopic results
showed that no grossly separated phase domains could be
identified in the as-cast s-PS/PVME blend in the s.e.m.
resolution of about 0.xm or better.

s-PS/PVME

3.2. Thermal transition behaviour

Fig. 1a—g shows the calorimetric evidence of sirigjén
each of the DSC thermograms for the solution-cast s-PS/
PVME blends of various compositions, as indicated in the
plotted curves. The as-cast blend samples might contain
some solvent-induced crystallinity as the s-PS component
in the blends is semicrystalline. The blends could be brought
to amorphous by quenching from above the melt state. How-
ever, because of phase separation phenomenon at lower
' ' '0 ' 2' ' critical solution temperature, quenching into an amorphous
0 T;moperamre ©) o0 300 state could not be used in this system without inducing
phase separation in the blends. Note that the DSC thermo-

grams for certain s-PS/PVME compositions (e.g. 50/50,
70/30) show significant broadening of tfig transition.
separation could be easily observed in an optical micro-  To further confirm theT; behaviour of this blend system
scope. Exact determination of initiation of LCST in the s- and to examine possible influence of slow phase change
PS/PVME blend was difficult as a result of presence of s-PS during solvent evaporation, blend samples were prepared
crystalllinity. In addition, the morphology of the as-cast by an alternate method. The same solvent was used in mix-
blend films (fractured across thickness) were examined ing these two components, but, instead of casting into films
using s.e.m. to provide further evidence of phase homogeneityby evaporation, the mixtures were fast precipitated out from
solution by adding methanol. The blend samples after pre-
cipitation and filtering were properly dried and th&ywas
characterized. Fig. 2a—e shows again sifigle each of the
s-PSIPVME DSC thermograms for the precipitated s-PS/PVME blends
of five compositions. Again, the precipitated blend samples
might contain some crystallinity as solvents are known to
induce crystallization in s-PS. THg behaviour of the blend
sample in this figure is generally similar to that of the solu-
tion-cast blend samples, suggesting that the phase stability
was not influenced by the different methods of blend pre-
paration (i.e. slow evaporation/casting versus fast precipita-
tion). In this figure, two s-PS/PVME compositions (50/50,
70/30) show significant broadening Bf transition, which is
similar to theTy broadening phenomenon observed in the
previous figure shown earlier. THg broadening phenom-
enon may raise concerns of uncertainty of miscibility in the
s-PS/PVME. However, experiments were performed in this
study to demonstrate, to be shown in following sections, that
the broadening scales in the s-PS/PVME blends are roughly
the same as those observed in classical a-PS/PVME misci-
I T T T T T ble blend systems prepared using the same solvent and same
0 100 200 300 solution casting method.

Temperature (C) For direct comparison between the phase behaviour of
Fig. 2. DSC thermograms for precipitated s-PS/PVME blends of five com- S-PS/PVME with classical a-PS/PVME, blends of a-PS/
positions (a—e). PVME were prepared using exactly the same solvent and

Endothermic heat flow (offset scale)

Fig. 1. DSC thermograms for solution-cast s-PS/PVME blends of various
compositions as indicated.

Endothermic heat flow (offset scale)
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observed in the s-PS/PVME shown in previous figures.
Bank et al. [2] suggested that apparent sifigj¢but broad-
ened) in classical a-PS/PVME (toluene cast) blend systems
does not necessarily imply uniform molecular-scale
miscibility and that a possibility can not be precluded that
molecular aggregation is small and beyond the detection
limit of the thermal transition technique. This may be the
same case in the present s-PS/PVME blend.

Table 1 lists the numerical values of glass transition tem-
perature and the transition breadth for s-PS/PVME blend in
comparison with those for the a-PS/PVME blend. Appar-
ently the results for these two systems are reasonably
comparable, indicating the phase behaviour of these two
blend systems are similar. Thus, the tacticity does not
seem to be a factor influencing the miscibility state of the
blend systems.

a-PS/PVME
100/0

70/30

Endothermic heat flow (offset scale)

I f I T I T [ T
40 0 40 80 120
Temperature(C)

3.3. Effects of solvents

For the classical blends of a-PS with PVME, it was
reported that the phase behaviour of this blend is strongly
influenced by solvent. Bank et al. [2] found that clear films
blending methods. Although the phase behaviour of classi- of PS-PVME are obtained upon casting from toluene or
cal a-PS/PVME was extensively reported, none of the benzene, but, the blends appeared visually incompatible
results were obtained using the solvent that we used here(phase separation) upon casting from methylene chloride,
for s-PS/PVME. Thus, it was worthwhile for side-by-side trichloroethylene or chloroform. Note that toluene or ben-
comparison to perform the same experiments on this classi-zene could not be used in preparing s-PS/PVME mixture as
cal a-PS/PVME pair prepared using the same solventthe semicrystalline s-PS was not soluble. The results in this
(1-chloronaphthalene). As it was for comparison purposes, study also indicated that the different blending solvent (or
only three compositions of a-PS/PVME were prepared and temperature) influenced the phase behaviour. A high-
characterized. Fig. 3a—-c shows singlgy for the boiling solvent of 1-chloronaphthalene (2) was used
a-PS/PVME blends (solution-cast) of three compositions in this study. Using this solvent, the results indicated that
(30770, 50/50 and 70/30). Th&y behaviour of the the behaviour of s-PS/PVME was similar to that in
a-PS/PVME blend sample in this figure is generally similar a-PS/PVME. Thus, this study proceeded by performing
to that of the s-PS/PVME blend samples of corresponding experiments on samples prepared using this method. For
compositions. Again, two a-PS/PVME compositions (50/50, close comparison, blend samples of s-PS/PVME were pre-
70/30) show significant broadening &, transition. This pared and another set of a-PS/PVME samples were also
phenomenon is similar to th&; broadening phenomenon prepared using exactly the same procedures. Both sets of

Fig. 3. Glass transition for a-PS/PVME blends of three compositions (30/
70, 50/50 and 70/30) in comparison with neat a-PS and PVME.

Table 1

Glass transition temperature and the transition breadth of s-PS/PVME blends

% s-PS T4 (°C) Transition breadth°C)
s-PS/PVME blend

0/100 — 29 8.0
30/70 — 226 7.9
50/50 -9 35
60/40 10.5 37
70/30 30 32
80/20 56 25
100/0 97 7.0

a-PS/PVME blends

0/100 - 29 8
30/70 - 22 8.1
50/50 - 15 32
70/30 35 36

100/0 90 9.1
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was found to transform into a more cloudy appearance,
indicating gross phase separation.

To investigate the transition and phase behaviour of s-PS/
S-PSIPVME PVME after being heated to above LCST, samples were
thermally treated at 30C prior to DSC scanning. Note
that there might be some degradation of PVME at°800
but the thermal exposure at 3@Wwas kept short (rapidly
heated the samples to 3@) then quenched immediately).
The slight extent of degradation of PVYME would not be
regarded to interfere with our interpretation. Fig. 4a—e
shows the DSC thermograms of s-PS/PVME blends (5 com-
positions) after being quenched from 3@Qwhich is above
the melting temperature of s-PS. Note that this temperature
of 300°C is also well above the LCST temperatures of the
s-PS/PVME blend of all compositions. Apparently in this
figure, twoTgs (at — 25°C to — 30°C and 80C, respec-
tively) are seen in each of these five compositions
(s-PS/PVME = 30/70, 50/50, 60/40, 70/30 and 80/20).
Expectedly, if phase separation took place at above LCST
and the chain mobility was frozen, the phase-separated
I , I , : : structure can be preserved as a result of fast quenching to
0 100 200 300 temperatures below LCST (also below the blefigls Thus,

Temperature(C) two Tgs representing these two phases should be observed.
The fact that theTgs of these two separated phases
are slightly different from those of two neat components
(—30°C for PVME and 98C for s-PS) indicates that each
samples were characterized and analysed and comparedf the separated phases (PVME-rich and s-PS rich, respec-
directly to avoid possible sensitive effects of solvents, tem- tively) retains part of the other component. At above LCST,

Endothermic heat flow (offset scale)

Fig. 4. DSC thermograms of s-PS/PVME blends (five compositions) show-
ing two distinct phases after being quenched from°G0® — 50°C.

peratures or other preparation procedures. phase separation took place and led to two partially miscible
phases, with one phase being PVME-rich and the other
3.4. Temperature dependence of phase behaviour being s-PS rich. In this discussion, the crystalline phase of

s-PS is excluded as the miscibility issue is generally con-
The LCST phenomena were extensively reported for fined to amorphous domains.

classical blends of a-PS/PVME [14,15]. Nishi et al. [15] Again, for direct comparison of this s-PS/PVME blend
suggested that there may exist an unstable region wherewith the classical a-PS/PVME system, quenched samples of
phase separation can take place by a spinodal mechanisna-PS/PVME of three compositions were prepared and
rather than by nucleation and growth. For the classical a-PS/characterized. Fig. 5a—c shows the DSC thermograms of
PVME system, a lower critical solution temperature (LCST) a-PS/PVME blends after being quenched from °800
of approximately 128C-160C (depending on composi- Two Tgs (at — 25°C to — 30°C and 75C to 80°C, respec-
tion) was reported for most compositions except for two tively) are seen in each of the thermograms (a-PS/P\AME
extreme compositions. The cloud point (lower critical 30/70, 50/50, 70/30). This phenomenon of ‘frozen’ phase
solution temperature) transition for the s-PS/PVME blend separation in quenched samples for the classical a-PS/
samples could not be conveniently observed because ofPVME blend is strikingly similar to that observed in the
presence of crystallinity. Nevertheless, dependence of phases-PS/PVME blend discussed in the previous figure. Again
stability on temperature of these blends of various composi- this comparison demonstrates that the phase behaviour of
tions was tentatively examined using an optical microscope. the s-PS/PVME and a-PS/PVME system is similar.
The blend samples were microscopically inspected on a Table 2 lists the numerical values of glass transition tem-
microscope heating stage at slowly elevating temperaturesperature of two separated phases in quenched s-PS/PVME
up to 300C to monitor whether or not a cloud-point transi- blend samples in comparison with those for the a-PS/PVME
tion could be observed. For this s-PS/PVME, the presence ofblend of same compositions. Since the transition breadth for
crystallinity would somewhat obscure observation of pre- the separated phases is significantly reduced and becomes
cise temperature location of LCST. However, solution-cast approximately the same for most glass transition, thus, the
films of s-PS/PVME would appear semi-transparent if the transition breadth is not listed in this table for comparison.
films were made thin enough. At temperatures of about Apparently, within some experimental deviation, tfig
120°C and above, the originally transparent/translucent results for separated phases in these two systems are reason-
thin film (with some crystallinity) of s-PS/PVME blend ably comparable, indicating the LCST behaviour and phase
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Endothermic heat flow (offset scale)

a-PSIPVME

100/0

70/30

50/50

30/70

0/100

40
Temperature(C)

Endothermic heat flow (offset scale)

T l T | T I T
-50 0 50 100
Temperature (C)

150

Fig. 6. DSC thermograms of s-PS/PVME (70/30): (a) virgin solution-cast
sample; (b) quenched sample; and (c) heated t6@@Mhd slow-cooled

sample.

s-PS/PVME (70/30) in comparison to DSC Cumef a
virgin solution-cast sample of the same composition

Fig. 5. DSC thermograms showing two phases in a-PS/PVME blends after (70/30). Curveb (quenched s_ample) S_hOV\_/S clearly two
being quenched from 300. Tys ( — 30 and 80C, respectively), indicating two sepa-

rated phases being ‘frozen’ as a result of quick cooling from

structure following LCST-induced phase separation in the above LCST. Curve-(slow-cooled sample) is similar to the
s-PS/PVME blend system are similar to those in the classi- virgin cast-sample and shows only one brdgd(onset at
cal a-PS/PVME. about 28C). Apparently, two phases are ‘frozen’ as a result

To investigate reversibility of the LCST phase separation, of quick cooling and remain to be in a state of phase separa-
two s-PS/PVME samples (70/30) were prepared. One tion as the temperature is quickly lowered below LCST.
sample was prepared by heating a virgin cast blend of s-Kinetically, this two-phase morphology is preserved at
PS/PVME (70/30) to above LCST at 3@ then fast below LCST upon fast cooling because the chain mobility
quenched (32 min™) to — 50°C. The other sample is not quick enough to respond to thermodynamic driving
was prepared by heating the same blend of s-PS/PVMEforce induced by lowering the temperature. On the other
(70/30) to above LCST at 30Q, but, then slowly cooled  hand, upon cooling at slow rates, the polymer chains can
(at °C min™") down to — 50°C. These two samples (fast gradually re-organize and eventually return to the original
guenched and slowly cooled) were then scanned, respecphase structure below LCST. Thus, at slow cooling, the
tively, at 20C min~! from — 50°C to 300C to reveal phase-separated morphology can be reversed to an original
their glass transition behaviour. Fig. 6 (Curvesand c) molecular state of aggregation that is represented by a

shows the DSC thermograms of these two samples ofsingle, but broad,.

Table 2

Temperature (onset) of glass transition of separated phases in s-PS/PVME mixtures after quenching from above LCST in comparison with classical a-P¢

PVME mixtures

Composition Tg1(°C) Tg2(°C)
s-PS/IPVME

0/100 - 29 —
30/70 — 237 79
50/50 —24 69
60/40 - 26 75
70/30 - 25 73
80/20 —24 76
100/0 — 97
a-PS/PVME

0/100 -29 —
30/70 - 23 71
50/50 —24.4 72
70/30 —245 79
100/0 — 90
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120 limiting case of linear relationship of mixturg, versus
. composition, indicating systems with excellent or perfect
—— Fox equation . . .
. ) , intermolecular interactions. The parametés) (n the
-=-- Experimental fit line . X
‘ Gordon—Taylor equation was suggested to correlate with
- Gordon Taylorequaton («04) “ the intensity of interaction forces between the constituent
— = GordonTaylorequation (k=03) /7 molecular segments [20]. The best fitlegtalue was about
0.4 for the PS-rich compositions, while an even lower value
of k (0.1-0.2) was roughly acceptable for describing the
lower portion (PVME-rich) of theTg -composition data.
Thus, the PS/PVME blend of entire composition range
might be miscible, but the intermolecular forces between
the PVME-PS pair in the PVME-rich compositions are
generally lower than those between the same pair within
the PS-rich compositions. Another possibility is that the
molecular aggregation phenomenon is more significant for
the PVME-rich compositions, leading to borderline misci-
40 — T 77— bility for the polymer mixtures within these compositions.
0 20 0 60 80 100 Hsu et al. [21] conducted a detailed spectroscopy study on
Weight (%) of s-PS classical a-PS/PVME blends in compatible or non-compa-
tible state and concluded that the vibrations most sensitive
to change in molecular environments of compatibility are
3.5. Interactions and Fcomposition relationship the CH out-of-plane bending (700 ¢ in PS and C-O—
CHj stretching (1100 crt) of PVME. The change, either in
Fig. 7 shows thd, data of the s-PS/PVME blend plotted terms of wavenumber for the 700 chrpeak or intensity for
as a function of composition (weight % of s-PS in blend). the 1100 cm® peak, is relatively minor. All this suggests
The asymmetry in the relationship suggests a probablethat interactions, if any, between the PS and PVME
uneven contribution of the individual polymer components molecular segments are rather weak. Regardless of the
to blend’sT,. The upper portion of the curve (s-PS-rich difference in tacticity in s-PS and a-PS, similar weak inter-
compositions) represents characteristics of approachingactions may be expected to occur between s-PS and PVME,
molecular-scale miscibility, while the lower portion (com- leading to similar phase behaviour for s-PS/PVME and
positions of PVME-rich) probably indicates a larger scale of a-PS/PVME alike.
homopolymer molecular aggregation leading to a borderline
miscibility. A few other miscible blend systems containing
one crystalline polymer can also exhibit such behaviour of 4. Conclusion
asymmetricT,-composition relationships [16,17]. Note that
the classical a-PS/PVME (completely amorphous) also Solvent-blended samples of s-PS/PVME were investi-
exhibits such characteristics [2], therefore, initial crystalli- gated using thermal analysisTg, optical microscopy
nity in this s-PS/PVME is not a factor leading to an asym- (LCST) and scanning electron microscopy (phase structure).
metry relationship offy versus composition. This study provides comprehensive information to suggest
Apparently, the Fox equation [18] does not fit tiig that the miscibility and phase behaviour in the syndiotactic
relationship. Additionally, because of the asymmetry, even s-PS/PVME mixtures are similar to those in classical a-PS/
the Gordon—Taylor equation [19] with a best-fitte gara- PVME. The miscibility state in s-PS/PVME is equivalent to
meter will not describe the entire composition range, but that in a-PS/PVME. In this study on s-PS/PVME, the dif-
over-predict the lower portion (PVME-rich) while under- ference in tacticity of the polymer chains was not a factor
predict the upper portion (s-PS rich). Nevertheless, if influencing the phase behaviour. Polymer miscibility is gen-
the lower portion (PVME-rich) is ignored and a best fit is erally in the amorphous domain of polymer mixtures. In the
performed on the portion of data of s-PS rich blend compo- amorphous domains, polymer chains of a particular tacticity
sitions (upper portion) with the Gordon—Taylor equation are not likely to display a fixed spatial order to affect
[19]: molecular interactions.

80 —

Glass transition temperature (onset) (C)

Fig. 7. Assymetric dependenceBf of s-PS/PVME blend on composition.

_ Similar to the behaviour already reported in the literature
T = (@1Tg1+ K Tea)/(wr + K wp) (3) regarding the classical amorphous a-PS/PVME, this semi-
wherew; is the mass fraction of componérdndk = ACp,/ crystalline s-PS/PVME system exhibits similar scales of
AC,,, i.e. ratio of heat capacity change of PVME polymer molecular aggregation depending on composition. The
(the low-Ty component,Tq; = — 30°C) to the change of  changing intermolecular mixing versus homopolymer
s-PS (the highty component Ty, = 95°C) atT,. aggregation lead to a singlg but with asymmetric compo-

Note thatk = 1.0 in the Gordon—Taylor model leads to a sition dependence and with various extents of broadening
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that reflect corresponding homopolymer aggregation scales.National Science Council (NSC). Dr. T. K. Mandal is pres-
At intermediate compositions, more significant homopoly- ently a postdoc fellow under the sponsorship of NSC of
mer aggregation of either polymer (s-PS or PVME) results Taiwan. The authors would like to thank Mr. M. Kuramoto

in still a singleT, but with distinct broadening. In addition  of Idemitsu Petrochemical Co. Ltd (Japan), who supplied
to the broadening, another peculiar behaviour is the asym-the s-PS material for this study.

metry dependence dfy on composition. The s-PS/PVME

blends of compositions richer in s-PS exhibit a miscibility

state closer to prediction by the Fox equation or Gordon—
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