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Molecular orientation and mechanical properties of miscible poly(styrene)/poly(vinyl methyl ether) (PS/ 
PVME) blends were compared with those of heterogeneous PS/PVME blends prepared above their tem- 
perature of phase separation. The second moment of the orientation function and the Young's modulus of 
the heterogeneous systems were found to be higher than those of the corresponding miscible compositions. 
Furthermore, it was observed that the orientation behaviour of this blend is closely related to the spinodal 
mechanism of phase separation, in the range of temperatures and compositions investigated. The role of the 
annealing time and temperature in this process is discussed. Copyright @ 1996 Elsevier Science Ltd. 
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INTRODUCTION 

Several studies on miscible polymer blends 14 have 
shown that the orientation behaviour of these systems 
can be interpreted in terms of specific interactions, dens- 
ity of entanglements, interchain friction and chain relaxa- 
tion. In comparison, immiscible blends have received 
little attention. However, studies by White et al. 7-1°, for 
instance, on poly(propylene)/poly(ethylene) (PP/PE) and 
poly(propylene)/nylon 6 blends have revealed that the 
orientation of the PP and PE crystalline phases in these 
systems is independent of the blend composition and 
remains practically equal to that of the pure polymers. In 
contrast, in poly(ethylene)/poly(styrene) and poly(ethy- 
lene)/poly(carbonate) blends, the orientation of the 
crystalline phase of PE is significantly reduced by the 
addition of the second polymer 9'1°. 

Heterogeneous systems induced by phase separation 
of initially miscible blends have also been investigated 
by several authors 11 13. Hsu et al. 11 have analysed two 
poly(styrene)/poly(vinyl methyl ether) (PS/PVME) com- 
positions, containing 55 and 50% of PS, and found that 
the orientation of PS chains as well as the Young mod- 
ulus are smaller in the heterophase than in the homo- 
geneous state. In contrast, our preliminary results 13 with 
a PS/PVME blend containing 60% PS showed that these 
two parameters are, comparatively, higher in the hetero- 
geneous blend, in good agreement with the mechanical 
results reported by Kim et aL la for the same mixture. 
From these studies, it can be concluded that further 
investigations, emphasizing the role of parameters such 
as the nature, size and morphology of the phase domains, 
are needed in order to develop phenomenological models 
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describing the mechanisms of orientation and deforma- 
tion in heterophase systems. 

In the present study, the PS/PVME blend was selected 
because it is completely amorphous and exhibits a lower 
critical solution temperature, which offer the opportu- 
nity to compare its orientation behaviour in the miscible 
and heterogeneous states (Figure 1). The phase separa- 
tion process of this blend has been extensively investi- 
gated by several authors and its phase diagram is well 

15 20 established - . In the two-phase region, the system may 
phase separate either by nucleation and growth or by 
spinodal decomposition, depending on the annealing 
temperature: the resulting morphology depends upon the 
mechanism of phase separation. At the same time, the 
early stage of spinodal decomposition can be followed by 
time-resolved light scattering, as pointed out by Hashi- 
moto et al. 18 20. The scattered intensity then increases 
exponentially with time, in agreement with the linear 
theory originally proposed by Cahn 21 and extended to 
polymers by de Gennes 22. In the intermediate and late 
stages, however, the intensity increase deviates from this 
exponential behaviour. 

In the present study, tensile mechanical properties and 
molecular orientation of PS/PVME blends have been 
analysed in the two-phase region and compared to those 
of the corresponding miscible blends. 

THEORY 

For a simple uniaxial mode of deformation and at small 
deformations, the second moment of the orientation 
function (P2(cos 0)) is adequate for describing the state 
of orientation 23. Different techniques can be used to 
measure (P2(cos0)). Among them, birefringence and 
Fourier transform infrared (FTi.r.) dichroism are 
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complementary methods to analyse the molecular orien- 
tation of multicomponent blends. In the case of a binary 
mixture, the measured birefringence, A, can be expressed 
as 24 

A = OlA1 (P2(cos01)) + ~2/kz(P2(cos 02)) - J -Af  (1) 

where (P2(cos Oi)), Ai and 0i are the second moment of 
the orientation function, the intrinsic birefringence and 
the volume fraction of the ith component, respectively. 
A f  is the form birefringence related to the difference of 
refractive index between the two polymers. 

The second moment of the orientation function can also 
be calculated from FTi.r. measurements. The dichroic ratio 
D of any infrared absorption band is related to 
(P2(cos 0)) by 25 

(Pz(cos0)) = ( D -  1)(O 0 + 2) / (D + 2)(D0 - 1) (2) 

where D, which is equal to the ratio of the absorbance for 
the electric vector of the incident radiation polarized 
parallel and perpendicular to the stretching direction, 
respectively, and Do = 2 cot 2 c~, ~ being the angle between 
the transition moment vector of the considered vibration 
and the local chain axis. For polymer blends, the 
orientation of each component can be determined 
provided that specific bands, corresponding to vibration 
modes with well-defined transition moment vectors, are 
observed for the two polymers. 

EXPERIMENTAL 

Materials 
Atactic poly(styrene) (PS, Pressure Chemicals, USA) 

having a Mw of 300 000 and a polydispersity index of 
1.06, and poly(vinyl methyl ether) (PVME, Polysciences, 
USA) with a Mw of 44 000 and a polydispersity index of 
2.3, were used in this study. These values were 
determined by size exclusion chromatography in tetra- 
hydrofuran, at 298 K, using PS standards. 

Films of PS, PVME and their blends were cast from 
benzene solutions on a glass plate. They were first air- 
dried for one day, and the last traces of solvent were 
removed under vacuum at T g + 3 0  for 36h. Some 
samples were then analysed immediately at the chosen 
temperature (miscible blends); others were annealed 
above their cloud points for a certain period of time 

before being quenched to room temperature and ana- 
lysed (heterogeneous blends). 

Birefringence and mechanical property measurements 
Birefringence and mechanical property measurements 

were conducted using an Instron tensile tester, model 
1130, with a controlled temperature sample compartment 
constructed in our laboratory. For the birefringence 
measurements, a He/Ne laser source was placed at the 
back of the sample compartment and a Soleil Babinet 
compensator in the front. Therefore, it was possible to 
measure the birefringence and the stress-strain curves 
simultaneously, at a fixed temperature. The samples, 
having an initial thickness of 200 #m, a width of 3.5 mm 
and a length of 45 ram, were stretched at a strain rate of 
5 cmmin -1 . The birefringence measurements required a 
pause time which, however, did not exceed 100 s. 

Infrared dichroism measurements 
FTi.r. measurements were carried out using a Mattson 

Sirius 100 spectrophotometer with a rotating wire-grid 
polarizer (Specac, Newmarket, UK). An infrared cell, 
constructed in our laboratory and adapted to the sample 
compartment of the spectrophotometer, allowed the 
sample to be heated up to a given temperature and to 
be stretched at a constant strain rate of  5.0cmmin -~. 
The sample was stretched up to the desired draw ratio 
and the stretching process was then interrupted for a 
period of time of about 100s while the two polarized 
spectra were recorded. For  each polarization, the phase 
correction was executed separately, and thirty scans were 
co-added with a maximum optical retardation of 
0.52cm, and triangulary apodized to yield a resolution 
of 4cm 1. Infrared dichroism was calculated from the 
peak height intensity measured in absorbance. All 
spectral manipulations were executed with software 
provided by Mattson. The samples had an initial width 
of 5.0 mm and initial length of 20 mm. The thickness was 
adjusted between 40 and 100#m, depending on blend 
composition, in order to maintain the infrared absor- 
bance below unit and to avoid deviations from the Beer-  
Lambert law. 

For both birefringence and i.r. experiments, values of 
the orientation function reported in this paper are 
averages of at least three measurements on different 
samples with a reproducibility estimated to about 10%. 

Small-angle light scattering measurements 
Small angle light scattering (SALS) was used to moni- 

tor the phase separation process. SALS measurements 
were carried out using an automated SALS system 
equipped with a CCD camera and a He/Ne laser 

26 source . The samples were approximately 0.1 mm thick. 

Tg and T~. measurements 
To construct the PS/PVME phase diagram, the glass 

transition temperature (Tg) was determined with a Perkin- 
Elmer DSC-4 differential scanning calorimeter, equipped 
with a thermal analysis data station and calibrated with 

1 indium, at a heating rate of 20 K min . The temperature 
of phase separation (To) was determined using a Zeiss 
optical microscope, a Zeiss photometer and a Mettler hot 
stage. The samples were heated up from room tempera- 
ture to the phase separated state, at a heating rate of 
2 K rain -~ . Tc was then taken as the temperature where 
the intensity begins to increase (cloud point). 
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As can be seen in Figure 1, a single Tg intermediate 
between those of the pure components is observed at 
each composition, indicating the miscibility of the system 
in the full range of composition. The variation of Tc with 
composition is monotonic and almost linear in a broad 
range of composition, with a minimum at a critical 
PVME weight fraction of about 0.75 and at a tempera- 
ture of 370K, in good agreement with the data of 
Hashimoto et al.19. Furthermore, the miscibility window, 
i.e. the interval between Tg and Tc, increases from 60 K, 
at low PVME content, to about 120K, at high PVME 
concentration. 

RESULTS AND DISCUSSION 

Influence of annealing temperature 
The influence of the annealing temperature, Ta, on 

structure and orientation was first analysed with the 60% 
PS blend. The sample was let to demix for 15 min at 
different temperatures above the cloud point, and sub- 
sequently stretched at 304K, which corresponds to 
Tg + 10 for the miscible blend. 

The variation of the birefringence with strain, for 
samples with different annealing temperatures, is depicted 
in Figure 2. It can be noticed that the birefringence 
increases linearly with A (A = draw ratio defined by the 
ratio of the sample length over its initial length) but that 
the ultimate strain, AMAX, decreases as the temperature 
of annealing is increased; for example, AMAX goes from 
about 1.7 at Tc + 5 to about 1.23 at Tc + 15. The slope 
of these curves, -dA/dA, when plotted as a function of 
the distance to Tc (Figure 3), indicates that the phase 
separation leads to an increase of the overall bire- 
fringence, as compared to that of the miscible system. At 
Tc + 30, the birefringence increase is maximum, and 
about 2.5 times larger than that of the miscible one; 
however, a decrease is observed at Tc + 40. Beyond this 
temperature, the mechanical integrity of the sample was 
too poor to allow stretching. Young's modulus, E, 
calculated from the initial slope of the strain-stress 
curves, exhibits the same kind of variation with anneal- 
ing temperature as the birefringence (Figure 3), illustrat- 
ing the close relationship between these two parameters, 
as has been observed previously for the miscible sys- 
tem 27'28. At Tc + 30, the modulus is maximum and more 
than two times larger than that of the miscible blend. 

A priori, this increase of birefringence may reflect an 
overall increase of the orientation of the two blend com- 
ponents or a preferential increase in orientation of one of 
them. It may be related, also, to an increasing contribu- 
tion of the form birefringence due to the deformation of 
the phase domains of the heterogeneous system. In order 
to verify this point, FTi.r. measurements were carried 
out. The PS orientation was analysed using the well- 
isolated 1028 cm 1 band, corresponding to the//18a vibra- 
tion of the in-plane stretching mode of the C-H groups 
of the aromatic cycle. This vibration is conformationally 
insensitive with a transition moment vector perpendicu- 
lar to the chain axis 2. Figure 4 shows the variation of the 
slope, d (P2 (cos 0))/dA, of PS as a function of the distance 
to Tc. Original (Pz(cos0)) curves are given in Abtal's 
thesis 29 and, for the miscible state, in ref. 28. The PS 
orientation of the heterogeneous blend also exhibits an 
increase with the annealing temperature; at Tc + 30, it is 
close to two times larger than that of the miscible system. 
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Figure 2 Birefringence A as a function of the draw ratio A for the 60/ 
40 PS/PVME blend annealed for 15min at different annealing 
temperatures. The lines were drawn by a least-squares fit using a 
forced return to the origin 

800 400 

~ u s  
600 

~40o 
gence 

0 

I 0  

2 ~  

I 
0 IO 

I I I 0 
20 30 40 50 
Ta-Te (K) 

300 

4 "  
Q 

200 ,~ 

100 

Figure 3 Initial slope of  the A-A curves (Figure 2) and Young's  
modulus  E as a function of  Ta - To, for the 60/40 PS/PVME blend 
(To = 396 K). The slopes were obtained from the least-squares fit 

As far as PVME is concerned, a quantitative FTi.r. 
determination of its orientation is not possible since the 
only two isolated PVME bands in the PS/PVME infrared 
spectrum, at 1100 and 2820cm -1, are both related to 
the side chain group O-CH3 whose exact conformation 
in the blend is not known 3°. In addition, the coupling of 
birefringence and FTi.r. measurements does not allow 
the characterization of the orientation of this polymer, 
as has been done for the miscible blends 27'28, since the 
contribution of the form birefringence, in comparison to 
the relatively modest birefringence of PVME, cannot be 
neglected in the heterogeneous state. However, in the 
range of temperatures investigated, the dichroic ratio of 
the 1100 and 2820 cm -1 bands was almost equal to unity, 
indicating that PVME remains practically unoriented. 
Therefore, the increase in the overall orientation and 
modulus of the heterogeneous blends can be mainly 
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attributed to an increase of the PS chain orientation. This 
behaviour differs slightly from that observed in the mis- 
cible blends, at Tg + 10, where PVME chains also exhibit 
a significant orientation as a consequence of their hindered 
relaxation motions due to specific interactions with PS 28. 
In the heterogeneous state, since the samples are stretched 
at about 60 K above the Tg of PVME, this polymer is 
expected to experience a very fast relaxation as compared 
to PS. 

An analysis of the phases expected to be formed at 
equilibrium as a result of the phase separation process 
gives useful information about the influence of the 
annealing temperature on the orientation behaviour of 
PS/PVME blends in the immiscible region. Such data can 
be derived from the phase diagram (Figure 1). They are 
summarized in Table 1 which reports the composition W, 
the PS content and the Tg of the two phases. From these 
data, it can be noted that the miscible blend is stretched 
10K above its Tg (T - Tgmisc =- +10), i.e. in the rubbery 
state, while the major phase of the heterogeneous blends 
is always stretched in the glassy state, below its Tg 
(T - TgM is negative). As the temperature of annealing 
increases, the major phase becomes richer in PS and the 
difference ( T -  TgM) becomes more negative. In other 
words, the major phase, which provides the main con- 
tribution to the resistance to deformation and to molec- 
ular orientation in the phase-separated blends, is stretched 
at lower temperatures as compared to its Tg, and the 
relaxation motions are expected to be slower. This situa- 
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Figure 4 Initial slope of the [(P2(cos0)) - A] curves as a function of 
7~ - To, for the 60/40 PS/PVME blend (To = 396K) 

Table 1 Weight fraction, PS percentage, and Tg of the major (M) and 
minor (m) phases, calculated for equilibrium conditions, for the 60/40 
PS/PVME blend annealed at different annealing temperatures 

Major phase Minor phase 
Y.-Y~ T-Yg~ 
(K) WM %PS Yg M (K) W M %PS Tg M (K) (K) 

Miscible 1.00 60 294 - -  - -  10 
5 0.89 47 314 0,11 3.5 245 - 1 0  

10 0.80 72 326 0,20 2.5 245 - 2 2  
15 0.79 76 334 0,21 1.5 245 - 3 0  
30 0.66 90 359 0,34 1.0 245 - 5 5  
40 0.62 97 376 0.38 1.0 245 - 7 2  

tion leads to the observed increase in modulus and 
orientation (Figures 3 and 4), provided that the two 
phases are well connected, as will be discussed later. It must 
be noted that, in all cases, the temperature of measure- 
ment, i.e. Tg + 10, is below the Tg of the major phase, 
thus excluding any possibility for the system to evolve in 
the direction of a miscible state during the measurements. 

Influence of the annealing time 
The influence of the annealing time has also been 

analysed using the blend containing 60% PS. In this 
series of experiments, the samples were left to demix at 
5 K above Tc (401 K), for different periods of time, and 
then stretched at 304 K which corresponds to Tg + 10 of 
the miscible blend. 

Figure 5 shows the Young modulus and the slope 
of the birefringence curve, -dA/dA,  as a function of 
annealing time. These two parameters increase steadily, 
as compared to the values for the miscible blend, and go 
through a maximum after about 60 min of annealing. 
The same trend is observed for the PS orientation which 
is 1.5 times larger than that of the miscible blend, after 
about 60 min of annealing, as illustrated in Figure 6. 
However, in the three cases, a significant decrease is 
observed at longer annealing times; after 200 min, the PS 
orientation and birefringence, but not the modulus, 
become again practically equal to the corresponding 
values for the homogeneous mixture. 

This behaviour can be related to the spinodal mechan- 
ism and kinetics of the demixing process. According 
to this mechanism 31'32, the phase separation occurs by 
the growth with time of small concentration fluctuations. 
In the early stage, these fluctuations are relatively small 
and the amplitude of the predominant mode grows 
exponentially with time whereas its wavelength, corre- 
sponding to a developing spatially periodic structure, 
remains constant. In the intermediate stage, both the 
amplitude and the wavelength of the predominant mode 
vary with time, while in the late stage of decomposition, 
the phases have reached their equilibrium concentration, 
and wavelength variations only are expected. A priori, 
these different steps may be estimated by plotting the 
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3808 POLYMER Volume 37 Number 17 1996 



Orientation in miscible and heterogeneous PS/PVME blends: E. Abtal and R. E. Prud'homme 

logarithm of the maximum scattered intensity, /max, 
versus annealing time 18-2°. 

In this study, a SALS pattern was obtained in the form 
of a circular halo increasing in intensity as the phase 
separation progresses. Figure 7 shows the variation of 
ln(Imax) as a function of the annealing time at T c + 5. 
From this plot, the early stage, which corresponds to the 
linear branch of the curve, can be estimated at about 
35 min and, after a period of time of about 110 min, the 
scattered intensity remains practically constant indicat- 
ing that the late stage of decomposition is reached. As a 
point of comparison, Kumaki and Hashimoto 2° reported, 
for a 70/30 PS/PVME mixture, having molecular weights 
comparable to those used in this study and annealed at 
3 K above its cloud point, that the early stage extends for 
a period of about 30min. Hashimoto et al. 19'33 also 
reported, for the 20/80 critical composition demixed at 
2.4 K above its cloud point, that the late stage occurs in 
the time scale of 60-300 min. 

These results suggest a correlation between the 
decomposition process and the observed variation of 
orientation and modulus with annealing time. In the 
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Figure 6 Initial slope of the [(P2 (cos 0)) - A] curves for the 60/40 PS/ 
PVME blend, as a function of annealing time 
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Figure 7 Maximum scattered intensity /max as a function of time 
during the phase separation of the 60/40 PS/PVME blend at 401 K 
(T~ + 5) 

early and intermediate stages, i.e. at relatively short 
times, the morphology of the blend is dominated by 
the growth with time of a very regular intertwined struc- 
ture where the boundaries between the phases are dif- 
fuse and the domains that grow are co-continuous and 
well connected 1s'31'34. This morphology gives rise to 
long-range order and leads to enhanced mechanical 
properties 35. Furthermore, since the major phase 
becomes progressively richer in PS, the distance between 
its Tg and the stretching temperature increases leading 
to a progressive increase of the heterogeneous blend 
modulus and orientation. As the phase separation 
approaches the late stage, i.e. for long annealing times, 
the interconnected structure breaks up to form discrete 
phase domains that grow subsequently by coalescence 
and the interface between the separate phases becomes 
relatively sharp 36'37. This phase separation at large scale 
and the weak phase bonding are probably responsible for 
the decrease of modulus and PS orientation (Figures 5 
and 6) observed at long times, since the stress is inef- 
ficiently transmitted through the interphase. 

In this context, the influence of annealing temperature, 
illustrated in Figures 3 and 4, can be more satisfactorily 
explained, in particular at high annealing temperatures. 
Indeed, on the basis of the difference T - TgM only, one 
would expect a higher orientation and modulus at 
Tc + 40 than at Tc + 30 since, at this former temperature, 
this difference T - TgM is about 20 K larger (see Table 1). 
In fact, the higher the annealing temperature, the faster 
the kinetics of phase separation. Therefore, after 15 min 
of annealing at Tc + 40, the late stage may have been 
already reached, resulting in lower modulus and orien- 
tation than those observed at Tc + 30. 

Analysis of different blend compositions 
The orientation of PS/PVME blends has been pre- 

viously investigated in the miscible region, at a reference 
temperature of Tg + 10 28. The synergestic effect observed 
in orientation and modulus, above a critical PVME 
weight fraction of 0.3, has been attributed to a change in 
the strength of specific interactions between PS and 
PVME which induces a cooperative process of orienta- 
tion of the two dissimilar chains. Supposedly, up to this 
critical weight fraction, specific interactions are weak, 
the local environment of the two dissimilar chains is 
slightly perturbed, and the two polymers orient indepen- 
dently, with an orientation which differs slightly from 
that of the pure components. In contrast, in the inter- 
mediate range of compositions, these interactions are 
strong. They increase the interchain friction and the 
relaxation of the dissimilar chains is mutually hindered, 
leading to a significant increase of the orientation of the 
two polymers. 

In order to compare the orientation behaviour of 
miscible and heterogeneous blends, in a broad range of 
compositions, samples of different PS contents have been 
demixed at T~ + 5, for a period of time 15 min, and then 
stretched at Tg + 10 (relative to the miscible blends). The 
variation of modulus and PS orientation as a function of 
the bulk composition is illustrated in Figures 8 and 9. It is 
observed that these two parameters follow the same 
trend in both cases, i.e. they go through a maximum at a 
50% composition and they are, in the heterogeneous 
blends, larger than those of the miscible blends, over the 
full range of compositions. 
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As has been pointed out in previous sections, this 
result can be related to the phase separation process 
which controls both the morphology and the composi- 
tion of the heterogeneous blends. First, since the samples 
were annealed just 5 K above their Tc for a short period 
of time, it is expected that the phase separation process 
may stop at the early or intermediate stages. Conse- 
quently, the morphology of the heterogeneous blends is 
likely dominated by an intertwined structure where the 
phase domains are well connected, leading to enhanced 
mechanical properties. On the other hand, the composi- 
tion of the phases, after phase separation at Tc + 5, 
depends on the initial composition of the miscible system. 

Table 2 reports the weight fraction, the PS content and 
the Tg of the major phase expected for equilibrium 
conditions at T c + 5; these values were estimated from 
the PS/PVME phase diagram (Figure 1). It can be seen 

Table 2 Weight fraction, PS percentage, and Tg of the major phase, 
calculated for equilbrium conditions, for different PS/PVME miscible 
blends annealed 5 K above their cloud points 

Miscible blend Major phase 
T -  Tg M T -  Tgm 

%PS Tgmisc (K) W M %PS rgM (K) (K) (K) 

90 359 0.96 94 368 l l0 
80 343 0.94 85 350 3 10 
70 325 0.93 75 331 4 l0 
65 310 0.93 71 325 -5  l0 
60 294 0.89 67 314 -10 l0 
50 275 0.78 62 300 -15 l0 
40 267 0.87 44 269 8 10 

that the major phase is always richer in PS than the initial 
mixture and, therefore, its T~ is always above that of the 
miscible blend. Hence, for a given bulk composition, the 
difference ( T - TgM) between the stretching temperature 
and the Tg of the major phase is always smaller than 
10 K. For example, the 65/45 miscible system is stretched 
10 K above its Tg, i.e. in the rubbery state, while the 
major phase of the corresponding heterogeneous blend is 
stretched in the glassy state, 5 K below its Tg (Table 2). 
This leads to higher modulus and orientation in the 
heterogeneous state than in the homogeneous one since 
the chain relaxation in the demixed blend is compara- 
tively slower and the resistance to deformation higher. 

Kim et al. 14 also investigated the effect of the phase 
separation temperature and time on the tensile and 
dynamic mechanical properties of PS/PVME blends. At 
room temperature, they found that the tensile modulus 
of blends containing 60 and 70% PS is higher in the 
heterogeneous state, and increases with the time and 
temperature of heat treatment, in agreement with this 
work. However, they pointed out that this trend is very 
sensitive to the stretching temperature and may even be 
reversed. In our opinion, this modulus inversion with the 
stretching temperature must be attributed to the con- 
tribution of the minor phase to the average mechanical 
properties of the heterogeneous blends and not to the 
fact that the miscible blend is stretched below its Tg. This 
is clearly illustrated by the dynamic mechanical results 
reported for the 60/40 blend; in the transition region of 
the minor phase, the storage modulus of the miscible 
blend is higher than that of the heterogeneous one, while 
it becomes lower in the transition region of the major 
phase (Fig. 11 of ref. 14). Similarly, for a blend con- 
taining 80% PS, at a stretching temperature of 50°C, 
the tensile modulus is lower in the miscible blend even if 
it is stretched in the glassy state, 30°C below its Tg (see 
Fig. 9 of ref. 14; the Tg value can be easily estimated 
from Fig. 10 of ref. 14). From another point of view, 
since modulus and orientation are closely related, as is 
illustrated from the present work, it is expected that the 
orientation behaviour will exhibit a similar dependence 
with the stretching temperature. 

In contrast, the results reported by Lu et al.~l'12, for a 
50/50 PS/PVME blend, are in disagreement with those 
reported here and in ref. 14. Both modulus and 
orientation were found to be higher in the miscible 
than in the heterogeneous state even if the homogeneous 
sample was stretched 8 K above its Tg. It must be noted, 
however, that the heterogeneous sample was directly cast 
from a chloroform solution, and not obtained by heating 
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up the homogeneous  mixture above its cloud point; this 
procedure may  lead to macrophase  separation and large 
phase domains  with weak interracial bonding,  resulting 
in poor  mechanical  properties and relatively lower 
modulus  and orientat ion values. 

C O N C L U S I O N  

For  immiscible polymer  blends, the mechanisms o f  
deformat ion  and molecular  orientat ion are intimately 
related to their microstructure,  i.e. the composi t ion o f  
the phase domains,  their size, and the nature o f  the 
interface. In the case o f  heterogeneous P S / P V M E  sys- 
tems produced by temperature- induced phase separa- 
tion, these parameters  are governed by the spinodal 
decomposition process. In contrast to intrinsically immis- 
cible systems, the resulting morpho logy  is highly inter- 
connected because the two phases are not  made of  pure 
polymer  A and pure polymer  B, as in the immiscible 
system, but  are composed  of  a polymer  A-rich phase and 
a polymer  B-rich phase. Therefore,  the two phases 
should exhibit adhesion and interpenetrat ion o f  the dis- 
similar chains at the interphase. These factors can lead to 
enhanced mechanical  properties and enable the hetero- 
geneous blend to exhibit a high degree o f  orientation. 

In this context,  the annealing temperature and time, 
which control  bo th  the composi t ion and morpho logy  of  
the blend, play a crucial role. In this study, the miscible 
blend was always stretched in the rubbery  state, 10K 
above its Tg whereas, after phase separation, the major  
phase o f  the heterogeneous blend was stretched in the 
glassy state, at temperatures lower than its Tg. This 
situation has lead to higher values of  modulus  and 
orientat ion in the heterogeneous system. This increase 
was, however,  a t tentuated by the progressive change o f  
the blend morpho logy  with annealing time. 
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