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ABSTRACT 

The miscibility of poly( e-methyl styrene-co-acrylonitrile) (MSAN)/poly(methyl 
methacrylate) (PMMA)/poly(ethyl methacrylate) (PEMA) ternary blends was studied by 
DSC. PMMA is immiscible with PEMA, but the addition of MSAN helps make PMMA and 
PEMA more compatible. The formation of a miscible ternary blend is favored when there is a 
high MSAN and/or PMMA content in the blend. 

INTRODUCTION 

The study of polymer blends has received considerable attention in recent 
years [l-5]. When two polymers are mixed, the resulting blend can be a 
homogeneous miscible blend or a phase-separated immiscible blend depend- 
ing on the thermodynamics of polymer-polymer interaction. Measurement 
of the glass transition temperature (Ts) by DSC provides a simple means of 
ascertaining the miscibility of the blend. A miscible blend Shows a composi- 
tion-dependent value for Tg intermediate to the values of the Tg for the 
component polymers, while an immiscible blend shows two unperturbed Tg 
values for the component polymers. The application and practical limita- 
tions of thermal analysis in the study of polymer blends were reviewed by 
Fried [6]. 

The study of the miscibility of ternary polymer blends is scarce. Several 
ternary polymer blends which have been studied in recent years include 
poly(vinylidene fluoride)/poly(methyl methacrylate) (PMMA)/poly(ethyf 
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methacrylate) (PEMA) blends [7], poly(viny1 chloride) (PVC)/poly(vinyli- 
dene chloride-co-vinyl chloride)/poly(acrylonitrile-co-butadiene) blends [8] 
and poly( a-methyl styrene-co-acrylonitrile) (MSAN)/PVC/styrene-acrylo- 
nitrile grafted butadiene rubber blends [9]. In this communication, we report 
the miscibility of MSAN/PMMA/PEMA ternary blends as studied by 
DSC. The miscibility of MSAN/PMMA and MSAN/PEMA binary blends 
has been reported earlier [lo]. We have also reported the miscibility of 
MSAN with MMA/EMA copolymers [ll] and with PMMA containing 
sterically hindered amine groups [12]. 

EXPERIMENTAL 

Materials 

The MSAN used was Luran KR 2556U manufactured by BASF. It 
contains 30% by weight of acrylonitrile and it has a molecular weight M, of 
160000. PMMA (Elvacite 2010) and PEMA (Elvacite 2042) were obtained 
from Du Pont. The M, values of PMMA and PEMA are 120000 and 
310 000, respectively, as determined by intrinsic viscosity measurements. 

Preparation of blends 

The blends were prepared by solution casting using tetrahydrofuran 
(THF) as the solvent; 0.5 g of polymer mixture was dissolved in 25 cm3 of 
THF. The solution was then poured into an aluminium dish and the solvent 
was allowed to evaporate slowly at room temperature. The blend was then 
dried in a vacuum oven at 383 K for 48 h. 

Calorimetric measurements 

The Tg values of the blends were measured with a Perkin-Elmer DSC-4 
differential scanning calorimeter using a heating rate of 20 K min-‘. The Tg 
was taken at the initial onset of the slope in the DSC curve. Each sample 
was scanned between 303 and 413 K for at least three times to check the 
consistency of the Tg values. 

Detection of lower critical solution temperature (LCST) 

All the blends were examined for the existence of LCST. A polymer film 
was sandwiched between two microscopic cover glasses and heated in a 
Fisher-Johns melting apparatus with a heating rate of about 20 K mm-‘. 
The optical appearance of the film was observed with a magnifying glass 
attached to the apparatus. A transparent sample which turned cloudy on 



heating indicated the existence of LCST. The temperature at 
sample first showed cloudiness was recorded as the cloud point. 
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RESULTS AND DISCUSSION 

The DSC curves of several MSAN/PMMA/PEMA blends are shown in 
Fig. 1. The values for the Tg of all the blends are given in Table 1. It has 
been shown that MSAN is miscible with PMMA and with PEMA [lo], but 
PMMA is im~scible with PEMA 17,135 The im~scibility of PMMA with 
PEMA is also confirmed in the present study as each PMMA/PEMA blend 
shows two Tg corresponding to the Tg values of PMMA and PEMA. 

The addition of MSAN helps make PMMA and PEMA more compatible. 
As shown in Fig. 1, for ternary blends containing 10% by weight of MSAN, 
a blend with a high PMMA content (sample 3) shows only one Tg, indicating 
the single-phase nature of the blend while a blend with a low PMMA 
content (samples 1 and 2) shows two Tg, indicating the heterogeneous nature 
of the blend. 

A three-component phase diagram for MSAN/PMMA/PEMA system is 
shown in Fig. 2. Open circles denote blends showing only one Tg and closed 
circles denote blends showing two Tg. A curve can be drawn on the diagram 
to separate two regions. Blends in the region under the curve are immiscible 
and blends in the region above the curve are miscible. It is apparent from 
the phase diagram that the formation of a miscible ternary blend is favored 
when there is a high content of MSAN and/or PMMA in the blend. 
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Fig. 1. DSC curves of several MSAN/PMMA/PEMA ternary blends; each number refers to 
the sample number in Table 1. 
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TABLE 1 

Tg values and cloud points of ternary blends 

Sample Composition a 
(MSAN/PMMA/PEMA) 

Ts (K) b Cloud point (K) 

1 10/45/45 337,375 450 
2 10/20/70 343,383 463 
3 10/70/20 364 463 
4 20/40/40 343,378 450 
5 20/20/60 343,378 463 
6 20/60/20 369 458 
7 30/35/35 341,375 448 
8 30/20/50 341,371 465 
9 30/50/20 358 453 

10 40/30/30 343,365 453 
11 40/15/45 367 450 
12 40/45/15 374 465 
13 50/25/25 368 453 
14 60/20/20 369 458 
15 70/15/15 376 443 
16 80/10/10 379 453 

a Composition by weight 5%. 
b Tg of MSAN = 388 K, PMMA = 373 K and PEMA = 333 K. 

The lower Tg of an immiscible blend is 5-10 K higher than the Tg of 
PEMA, indicating this phase is predominantly PEMA containing some 
MSAN and a small amount of PMMA. The higher Tg of an immiscible blend 
ranges between 365 and 383 K. This phase is predominantly PMMA 
containing some MSAN and PEMA. The presence of PEMA in this phase is 
apparent as some of the Tg values are lower than the Tg of PMMA (samples 
8 and 10). 

MSAN 

Fig. 2. Phase diagram of MSAN/PMMA/PEMA blends. 
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Many miscible binary blends undergo phase separation when heated to 
higher temperature, showing LCST behavior [14,15]. The phase separation 
can be observed visually since a transparent blend develops cloudiness when 
heated above the LCST. Both MSAN/PM~ and MSAN/PE~ binary 
blends show LCST behavior ]lO]. Depending on the molecular weights of the 
polymers and the composition of the blend, the cloud points of 
MSAN/PMMA blends range between 458 and 503 K and those of 
MSAN/PEMA blends range between 443 and 478 K [lo]. 

All the miscible MSAN/PM~/PE~ ternary blends are transparent 
and they develop cloudiness around 448-463 K. The cloud points of these 
miscible blends are given in Table 1. The immiscible blends are not as clear 
as those miscible blends. Nonetheless, the immiscible blends also develop 
cloudiness upon heating and the cloud points of these blends are also given 
in Table 1. The question arises of why an immiscible blend undergoes 
further phase separation. As mentioned earlier, in an im~scible blend, there 
is a PEMA-rich phase and a PMMA-rich phase. Each of these phases in the 
blend will also undergo phase separation at a higher temperature resulting in 
the appearance of cloudiness. 
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