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ABSTRACT: Isotactic, atactic, and syndiotactic poly(methyl methacrylates) (i, a, and s
PMMAs) were mixed with poly(vinylidene chloride-co-acrylonitrile) (Saran F) sepa-
rately in tetrahydrofuran to make three polymer blend systems. Differential scanning
calorimetry (DSC) was used mainly to study the miscibility of these blends. iPMMA and
aPMMA were found to be miscible with Saran F based on the transparency and a single
glass transition temperature (Tg) of the films. However, sPMMA was immiscible with
Saran F because of the observation of two Tgs and opacity in most compositions of the
blend. aPMMA is known to be miscible with sPMMA. Therefore aPMMA is both
miscible with Saran F and sPMMA but Saran F and sPMMA are immiscible. Prelim-
inary results of the effect of adding of aPMMA to immiscible sPMMA and Saran F
mixtures were also reported. First, binary mixtures of atactic and syndiotactic PMMAs
were also prepared and confirmed to be miscible. Elevation of Tg of the aPMMA/
sPMMA blend above weight average was observed probably due to stereocomplexation
occurred between aPMMA and sPMMA. Then ternary blends of atactic and syndiotactic
PMMAs and Saran F in the weight ratios of about 3/1/4, 2/2/4, and 1/3/4 were also
measured calorimetrically. A single Tg was observed for these three compositions
different from two Tgs detected in the sPMMA/Saran F (50.0/50.0, i.e., 4/4) blend.
Obviously, the composition of Saran was fixed in the ternary blends. When the other
half of the blends was changing from pure sPMMA to sPMMA and aPMMA mixture, the
blends became miscible because of the addition of aPMMA. © 2000 John Wiley & Sons, Inc.
J Appl Polym Sci 75: 1313–1321, 2000
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INTRODUCTION

It has been known for years that the stereoregu-
larity of polymer chains influences polymer–poly-
mer miscibility. Due to its availability in both
syndiotactic and isotactic forms, poly(methyl
methacrylate) (PMMA) has been used frequently
in the investigation of the effect of tacticity on

miscibility. Several papers1–8 have shown that
the tacticity of PMMA influences blend compati-
bility, when PMMA is blended with a chemically
different polymer. However, because of differ-
ences in the molecular weights and the prepara-
tion methods of samples, results sometimes are
not consistent.

Most of the previous studies were concentrated
on few blends such as poly(vinylidene fluoride)
(PVDF),1–3 poly(ethylene oxide) (PEO),4–6 and
poly(vinyl chloride) (PVC)7,8 with stereoregular
PMMA. For the PVDF/PMMA system, isotactic
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PMMA was found to be more miscible than syn-
diotactic one. PVC forms miscible blends with
syndiotactic PMMA up to a monomer unit ratio of
about 1 : 1, whereas it does not form miscible
blends with isotactic PMMA over the entire com-
position range. For the PEO/PMMA system, the
results are not consistent. Because atactic PMMA
is mainly syndiotactic, the result of atactic one is
often similar to syndiotactic one.

Sarans are random copolymers of vinylidene
chloride (VCl2) and acrylonitrile (Saran F), vinyl
chloride (Saran B), or vinyl acetate (Saran C),
containing at least 80% VCl2. Sarans were found
to be miscible with polyesters such as polycapro-
lactone, polyvalerolactone, poly(butylene adipate)
and poly(hexamethylene sebacate) because a sin-
gle glass transition temperature (Tg) was ob-
served at each composition.9 Tremblay et al.10

reported Saran B (containing 88% VCl2) is misci-
ble with atactic poly(methyl, poly(ethyl, poly(n-
propyl, poly(n-butyl, poly(n-amyl and poly(n-
hexyl methacrylate)s. From Tremblay,10 Saran B
is miscible with atactic PMMA. The reason for
Saran B to be miscible with PMMA is likely due to
the following two interactions (similar to polyca-
prolactone/Saran F blend11):

1. a hydrogen-bonding interaction between
the carbonyl groups of PMMA and the
b-hydrogens of the chlorinated polymer,

2. a dipole-dipole interaction between the car-
bonyl groups of PMMA and the C-Cl groups
of Saran.

Because there are no formal and detailed re-
ports of the tacticity effect of PMMA on its misci-
bility with Saran F, attempts were pursued in
this laboratory to clarify this effect. For preparing
the PMMA/Saran F blend, thermal stability and
history of the sample are very important because
Saran F, like PVC, is easy to undergo thermal
decomposition mainly via dehydrochlorination.
According to Gerrard et al.’s discovery,12 mass
polymerized PVC subjected to annealing treat-
ment between 85 and 140°C under air, nitrogen,
vacuum, and hydrogen chloride environment was
found to undergo slight decomposition. In our
trial runs, we found that Saran F and its blend
started to decompose at around 104–116°C under
vacuum. Therefore precaution was taken in film
preparation to avoid thermal degradation.

In this article, isotactic, atactic, and syndiotac-
tic PMMAs were mixed with Saran F, respec-
tively, to make three polymer blend systems. Mis-

cibility was investigated based on the transpar-
ency and glass transition temperatures of the
films. After the discovery of immiscibility between
syndiotactic PMMA and Saran F and miscibility
between isotactic (or atactic) PMMA and Saran F,
the study was diverted to determine the miscibil-
ity of the ternary blends of atactic and syndiotac-
tic PMMAs and Saran F. The preliminary results
indicated that adding of atactic PMMA to immis-
cible pairs, syndiotactic PMMA and Saran F,
caused the ternary blends to be miscible.

EXPERIMENTAL

Materials

Isotactic, atactic, and syndiotactic PMMAs (des-
ignated as i, a, and s PMMAs in this study) were
purchased from Polysciences, Inc, Warrington,
PA. According to the supplier information, the
molecular weights (Mws) of iPMMA, aPMMA,
and sPMMA are the same about 100 000. The
poly(vinylidene chloride-co-acrylonitrile) (Saran
F) used for this study contained 20 wt % of acry-
lonitrile units was also obtained from Poly-
sciences. The Mw value for Saran F is approxi-
mately 260 000. Each tactic PMMA was mixed
with Saran F to form a binary blend in the ap-
proximate weight ratios of 1/3, 1/1, and 3/1. A
blend of aPMMA and sPMMA and ternary mix-
tures of aPMMA, sPMMA, and Saran F were also
prepared. The reason for preparing the aPMMA/
sPMMA and ternary blends was already stated in
the previous section and thus not mentioned here.
The actual compositions of the binary and ternary
blends are shown in Tables I and III, respectively.

Film Preparation

Thin films of the binary and ternary blends were
made by solution casting onto glass plates. Tetra-
hydrofuran (THF) was used as solvent for most
compositions, but for PMMA toluene was used
instead. THF and toluene are A.C.S. reagent pur-
chased from Fisher Scientific, Fair Lawn, New
Jersey. Because Saran F and its blend start to
decompose at around 104–116°C, therefore the
final drying step for all the films took place in a
vacuum oven at 75°C for 15–23 h to avoid film
degradation. Then the films were cooled down to
room temperature slowly by air to make as-cast
samples. The as-cast samples were then used for
differential scanning calorimetry (DSC) studies.
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DSC

The glass transition temperatures (Tgs) of the
polymer blends were determined by using a Du-
Pont 2000 thermal analyzer. Saran F had a
higher thermal stability in nitrogen environment
than in vacuum. In repetitive test runs, we found
that Saran F still maintained its thermal stability
when the temperature was as high as 200°C.
Therefore the experiments were performed in two
consecutive scans from 30 to 200°C in the ambi-
ent environment of nitrogen gas at a flowing rate
of 100–110 mL/min. In the end of the first ther-
mal scan, the samples stayed at 200°C for 1 min.
Then the samples were quenched to 0°C immedi-
ately using an ice-water bath and were scanned
the second time. A heating rate of 20°C/min was
used in each scan. The samples were quenched
quickly enough to prevent any crystallization as
detected by DSC. There was also no trace of sol-
vent in the films detectable by DSC. The inflection
point of the specific heat jump of a thermal scan
was taken as the glass transition temperature.
The glass transition temperatures determined
from the first and second thermal scans are des-
ignated as Tgsc and Tgq, respectively. Therefore,
Tgsc is the Tg of the slowly cooled (as-cast) films
and Tgq that of the quenched films.

Fourier Transform Infrared Spectroscopy

For detecting possible interactions between
PMMA and Saran F, the following experiments
were carried out. The polymer blends of PMMA

and Saran F were cast on KBr windows using ca.
1 wt % solution (the same solvent as in film prep-
aration). Then the samples were dried in a vac-
uum oven at 75°C for 21–24 h and stored for
Fourier transform infrared spectroscopy (FTIR)
studies. Spectra were obtained at room tempera-
ture with 64 scans at a resolution of 4 cm21. The
wavelength range was from 400 to 4000 cm21.

RESULTS AND DISCUSSION

Most of the prepared films, including the PMMA/
Saran F, aPMMA/sPMMA, and aPMMA/sPMMA/
Saran F blends, appeared to be transparent, in-
dicating possible miscibility.

PMMA/Saran F Blends

The second thermal scans from 30°C to 180°C of
the PMMA/Saran F blends are presented in Fig-
ures 1–3 in the order of isotactic, atactic, and
syndiotactic PMMAs, respectively. The first scans
are not shown for brevity. The estimated Tgsc and
Tgq values of the PMMA/Saran F blends are given
in Table I. There are differences between most of
the Tgsc and Tgq values except in one composition.
Most of the as-cast samples had two Tgs except
the aPMMA/Saran F (74.7/25.3) blend had one
Tg. Because the Tgq values are considered to be
free of thermal effects, therefore they are used to
determine miscibility. For the iPMMA/Saran F
and aPMMA/Saran F blends, each composition of

Table I The Glass Transition Temperatures of the PMMA/Saran F Blend

Tgsc (°C) Tgq (°C) DTgq (°C)

iPMMA/Saran F
100/0 72 75 20
75.1/24.9 66, 105 69 14
50.0/50.0 69, 98 71 16
25.1/74.9 68, 99 68 13

aPMMA/Saran F
100/0 103 103 12
74.7/25.3 92 88 13
50.0/50.0 73, 104 81 15
25.0/75.0 65, 105 77 20

sPMMA/Saran F
100/0 121 122 13
75.0/25.0 84, 128 103, 124 15, 10
50.0/50.0 — 98, 135 13, 8
25.0/75.0 64, 105 85 10
0/100 57 59 10
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the blends showed a single Tg value, so these two
blends are determined to be miscible. Observation
of two Tgs and opacity in most of the composition
of the sPMMA/Saran F blend rendered it immis-
cible. The Tgq values of the PMMA/Saran F
blends taken from Table I were plotted in Figure
4. For the miscible iPMMA/Saran F and aPMMA/

Saran F blends, the Tg values are not very far
from weight average. However, when these data
points are connected by a smooth curve then the
curve becomes more like an asymmetric curve for
each blend. Recently Woo and Yau13 observed
miscibility and an asymmetric Tg-composition re-
lationship in the binary blends composed of amor-

Figure 1 DSC thermograms of the iPMMA/Saran F blend.

Figure 2 DSC thermograms of the aPMMA/Saran F blend.
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phous poly(ether imide) and semicrystalline poly-
(butylene terephthalate). In most of the studied
blends13 and a few other miscible systems con-
taining one crystalline polymer,14,15 the blend Tg
values are below weight average. Our case is
somehow different because of the closeness of the
Tg value to weight average. The Tgq values of the
sPMMA/Saran F blend are also presented in Fig-
ure 4. Only one blend with 75.0% Saran F showed
one Tg; the other two compositions had two Tgs.
An unusual thing worth noticing is that the high
Tg of the blend with 50.0% Saran F is even higher

than that of sPMMA. In the literature Jong et
al.16 found that two of the compositions in the
blend of poly(styrene-co-vinylphenol) and iPMMA
showed triple transitions. The higher Tg of the
three transitions is much higher than that of each
component polymer. But they did not give a defi-
nite explanation for the observation. Because
Hatada et al.17 reported that the Tg of 100%
sPMMA with infinite molecular weight can be as
high as 141°C, we conclude that the Tg observa-
tion of 134.9°C can be probably assigned to a
highly pure sPMMA phase. The glass transition

Figure 3 DSC thermograms of the sPMMA/Saran F blend.

Figure 4 The glass transition temperatures of the PMMA/Saran F blend. 3, iPMMA;
‚, aPMMA; E, sPMMA.

BLENDS OF PMMA WITH SARAN F 1317



temperature regions (DTgq) were calculated as
differences between the onset and the end points
of Tgq and are also listed in Table I. The DTgq
values of the two miscible blends were plotted in
Figure 5. For the iPMMA/Saran F blend, the DTgq
are close to and below weight average and this
can be taken as a sign of good miscibility observed
in this blend. For the aPMMA/Saran blend, a
broader glass transition temperature region is

observed with increasing Saran F composition.
Because the Tg difference between aPMMA and
Saran F is larger, broadening can be caused by
the presence of density or composition fluctua-
tion.18

FTIR Spectra of the PMMA/Saran F Blends

The spectra of the PMMA/Saran F blends were
experimentally obtained in the region of 400–

Figure 6 FTIR spectra of the iPMMA/Saran F blend.

Figure 5 The glass transition regions of the PMMA/Saran F blends. 3, iPMMA; ‚,
aPMMA.
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4000 cm21. However, our focus in this study is in
the carbonyl absorption region, therefore only the
region from 1650 to 1800 cm21 is reported. The
spectra of the iPMMA/Saran F blend are given in
Figure 6 for representation because the results of
the other two blends are similar. The free car-
bonyl groups of iPMMA absorb at 1733 cm21.
Because the overtone of acrylonitrile has its ab-
sorption at 1728 cm21 and the resolution of mea-
surements is 4 cm21, therefore the seemingly ob-
served peak shift cannot be taken as a definite
proof that there are interactions between iPMMA
and Saran F. In a similar blend of polycaprolac-
tone and Saran F, Garton et al.11 observed a peak
shift of about 7 cm21 in the carbonyl region be-
tween polycaprolactone and a blend with 80%
Saran F at 100°C. However, they are still not sure
of the nature of the interaction being hydrogen-
bonding or dipole-dipole interaction.

aPMMA/sPMMA and Ternary Blends

We have already shown that iPMMA and aPMMA
are miscible but sPMMA is immiscible with Saran
F. Are ternary mixtures of aPMMA, sPMMA, and
Saran F miscible or immiscible? To answer this
question, we undertook an investigation on the
miscibility of the previously mentioned ternary
blends. First, we had to make sure that aPMMA
and sPMMA are miscible. The thermal scans of
the aPMMA/sPMMA blend are not given for brev-
ity. But the estimated Tgsc and Tgq values of the
same blend are tabulated in Table II. It is obvious
that there is essentially no difference between the
values of Tgsc and Tgq. Each composition of the
blend had a single Tg indicating miscibility. The

Tgq values of the blend were plotted in Figure 7
and found to be higher than those predicted by
weight average. The elevation is probably caused
by stereocomplexation occurred between aPMMA
and sPMMA. The formation of a stereocomplex
between iPMMA and sPMMA was known to occur
in the bulk or in the dilute solution.19 But to our
knowledge, stereocomplexation between aPMMA
and sPMMA has never been reported before. The
evidence for stereocomplexation between aPMMA
and sPMMA is still thin in the current stage.
More works need to be done to clarify this aspect.
The DTgq values of the aPMMA/sPMMA blend
are also listed in Table II. A broadening of the
glass transition temperature regions (DTgq) was
observed in two compositions and can be possibly
caused by a distribution of complexed and non-
complexed polymer segments. It is obvious that
complexed and noncomplexed polymers do not ex-
hibit the same chain motion thus resulting in
slightly different Tgs.

Three compositions of the ternary blends were
measured calorimetrically and the second ther-

Figure 7 The glass transition temperatures of the aPMMA/sPMMA blends.

Table II The Glass Transition Temperatures of
the aPMMA/sPMMA Blend

Tgsc (°C) Tgq (°C) DTgq (°C)

aPMMA/sPMMA
100/0 103 103 12
75.0/25.0 112 112 9
50.0/50.0 116 116 18
25.0/75.0 123 124 17
0/100 121 122 13
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mal scans of them are shown in Figure 8. The
estimated Tgsc and Tgq values of the ternary
blends are tabulated in Table III. All the as-cast
samples had two Tgs. However, the quenched
samples all had a single Tg. Therefore the ternary
blends are determined to be miscible for the stud-
ied compositions. The glass transition tempera-
ture regions (DTgq) (also listed in Table III) of the
same blends had broadened when compared with
those of component polymers. According to liter-
ature, broadening is normal for multicomponent
system.

For polymer blends with weak or no interac-
tion, the Fox equation20 seems to predict the glass
transition temperature well. The Fox equation
extended for a ternary mixture is shown below as
in eq. (1):

1/Tg 5 w1/Tg1 1 w2/Tg2 1 w3/Tg3 (1)

where Tg is the glass transition temperature of a
blend, w1, w2, and w3 are the weight fractions of
polymers 1, 2, and 3, respectively. The estimated
Tg values from the Fox equation (designated
as Tg

a) are also given in Table III for reference.
However, the agreement between the Fox predic-
tions and experimental Tgs is not good.

Kwei et al.21 reported the results of similar
ternary mixtures of PMMA, poly(ethyl methary-
late) (PEMA), and PVDF. PMMA and PVDF were
found to form miscible mixture through melting
point depression and kinetic studies.22 The binary
interaction parameter between PEMA and PVDF
was determined to be negative.23 Therefore
PEMA is also miscible with PVDF. However, for
PMMA and PEMA mixtures, phase separation
has been observed24 and so they are immiscible.
Based on the observation of a single Tg in most of
the PMMA/PEMA/PVDF blends, they concluded

Figure 8 DSC thermograms of the aPMMA/sPMMA/Saran F blend.

Table III The Glass Transition Temperatures of the Ternary Blends

Tgsc (°C) Tgq (°C) Tg
a (°C) DTgq (°C)

aPMMA/sPMMA/Saran F
37.5/12.5/50.0 70,94 73 81 24
25.2/24.9/49.9 67,92 90 84 27
12.5/37.4/50.1 71,94 90 86 19

a Estimated from the Fox equation.
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that two immiscible polymers, PMMA and PEMA
are brought together by PVDF to form miscible
mixtures.21 The situation in our study is similar
but somehow different from Kwei’s studies, al-
though Saran F contains vinylidene chloride seg-
ments similar to vinylidene fluoride units in
PVDF. However aPMMA is the one that is both
miscible with the immiscible pair, Saran F and
sPMMA. Our results indicate that the ternary
blends of aPMMA, sPMMA, and Saran F are mis-
cible for the studied compositions (ca. 3/1/4, 2/2/4,
and 1/3/4), but the aPMMA/sPMMA/Saran F (0/
4/4) blend is immiscible. Therefore adding
aPMMA to a mixture of sPMMA and Saran F by
fixing the fraction of Saran F really causes the
blends to be miscible. The investigation of the
cosolvent effect of aPMMA by keeping the
sPMMA/Saran F ratio constant and increasing
the aPMMA concentration is currently in progress
and will be reported in a forthcoming article.

CONCLUSIONS

iPMMA and aPMMA are determined to be misci-
ble with Saran F. The results are corroborated by
observed transparency and a single transition
temperature for each composition of the blends.
However, immiscibility was found between
sPMMA and Saran F because of the observed
opacity and double glass transition temperatures
in most compositions of the blend. Therefore, it
can be concluded that the tacticity of PMMA has
an definite impact on its miscibility with Saran F.
Although a direct proof of interaction between
PMMA and Saran F was not obtained experimen-
tally, the miscibility is still believed to be driven
by hydrogen-bonding and/or dipole-dipole interac-
tion. aPMMA and sPMMA are confirmed to be
miscible and a Tg elevation is observed in their
blends. Although sPMMA is immiscible with Sa-
ran F, the ternary blends of aPMMA, sPMMA,
and Saran F for the studied compositions are
determined to be miscible. Increasing the compo-
sition of aPMMA and also decreasing the compo-
sition of sPMMA cause the ternary blends to be
miscible.
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