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Miscibility Studies of Polycarbonate/
Poly(methyl methacrylate) and
Polycarbonate/Polystyrene Blends as
Measured by Viscosity, Ultrasonic, and
Refractive Index Methods
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The ultrasonic velocity, viscosity, refractive index and density of polycarbonate/poly-
(methyl methacrylate) (PC/PMMA) and polycarbonate/polystyrene (PC/PS) blends in
solution have been measured at 30°C. Using the viscosity data, the interaction param-
eters have been computed which indicate that the PC/PMMA blend is miscible,
whereas the PC/PS is immiscible. This is confirmed by ultrasonic and refractive index
measurements.
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Polystyrene; Ultrasonic velocity; Viscosity; Density; Refractive index; Miscibility

INTRODUCTION

The blending of polymers is one of the simplest means to obtain a
variety of physical and chemical properties from the constituent poly-
mers.!") The gain in newer properties depends on the degree of compat-
ibility or miscibility of the polymer at a molecular level. There have been
various techniques of studying miscibility of polymer blends.””! Some
of these techniques may be complicated, costly and time consuming.

* Corresponding author.
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Hence it is desirable to identify simple, low cost and rapid techniques
to study the miscibility of the polymer blends. Chee® and Sun ez a1
have suggested viscometry for the study of polymer—polymer misci-
bility. Hourston and Hughes™™ and Kuleznev ez ol have suggested
the use of sonic and viscosity measurements for miscibility determina-
tion. Singh and Singh!”"®* and Singh et al."”) have pointed out that ultra-
sonic velocity and viscosity measurements can be used to determine
polymer—polymer miscibility. In the present investigation, miscibility
studies are reported for polycarbonate/poly(methyl methacrylate)
(PC/PMMA) and polycarbonate/polystyrane (PC/PS) blends by vis-
cosity, ultrasonic velocity, density and refractive index methods.

EXPERIMENTAL

The blends of PC/PMMA and PC/PS of different compositions
were prepared by mixing solutions of the polymers in chloroform.
PMMA (Gujarath State Fertilizer Corporation, Vadodara, India,
M, =98,000), PS (Gujarath State Fertilizer Corporation, Vadodara,
India, M, =90,000) and PC (Viral Rasayan, Mumbai, M, = 25,000)
were employed in the present study. The total weight of the two com-
ponents in solution always was maintained at 1g/dL.. The uitrasonic
velocities of the blend solutions were measured by an ultrasonic inter-
ferometric technique.l'” The temperature was maintained at 30°C by
circulating water from a thermostat with a thermal stability of
40.05°C through a double-wall jacket of the ultrasonic experimental
cell. The densities of the solutions were measured at 30°C by specific
gravity bottle. The refractive indices of blend solutions were measured
with an Abbe refractometer, thermostated with a water circulation
system at 30°C, as described elsewhere.[''! The relative viscosities of
blend solutions were measured at 30°C using a Ubbelohde suspended-
level viscometer.

RESULTS AND DISCUSSION

The measured values of ultrasonic velocity, density and refractive
index of blend solutions have been presented in Table I. Figure 1
shows the Huggins plots for blends of PC/PMMA and PC/PS in which
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TABLE I Ultrasonic velocity, density and refractive index of PC/PMMA and PC/PS
blend solutions in chloroform at 30°C

PC in blend (%) Ulrrasonic velocity (m/s)  Density (g/cc)  Refractive index
(A) PC/PMMA blend
0 967.7 1453 1.440
20 968.0 1.453 1.440
40 967.4 1.453 1.440
50 967.4 1.453 1.440
60 967.4 1.453 1.440
80 967.6 1.453 1.440
100 967.4 1.453 1.440
(B) PC/PS blend
0 974.4 1.461 1.442
20 973.8 1.470 1.443
40 977.8 1.462 1.446
50 973.8 1.452 1.450
60 968.0 1.450 1.442
80 978.6 1.458 1.444
100 967.4 1.453 1.440

the weight fraction of both the components was maintained at 0.5.
Chee!” has given the expression for the interaction parameter when
the polymers are mixed in weight fractions wy and w, as

b-b

AB=
2W1 wa ’

(M

where b = wby; + waby, b1y and b,y are the slopes of the viscosity
curves for the components and b is related to Huggins coefficient kg as

b = kuln)’. 2)
For ternary system it is also given by
b = wibyy + wiby + 2wywabia, 3)
where by, is slope for the blend solution.
Using these values, Chee' has defined a more effective parameter:
_ AB
NI NE

where [n]; and [n}, are the intrinsic viscosities for the pure component
solutions.

The blend is miscible if x>0 and immiscible when p<0.
In the present study for PC/PMMA,  is 140 indicating that the

(4)
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FIGURE 1 The variation of reduced viscosity with composition in PC/PMMA and
PC/PS (equal weight fraction) blends in chloroform at 30°C.

PC/PMMA blend is miscible. In the case of PC/PS system, however,
1 1s —0.54 indicating that the PC/PS blend is immiscible.

Recently Sun er al.™ have suggested a new equation for the deter-
mination of miscibility of polymers:

kafliw? + kalmlaw3 + 2VEiEa[n) [l wiwe

a=rky— 5
{[mlyw1 + [n),w2}

; (5)

where ki, k, and k,, are the Huggins constants for individual
components 1, 2 and blend, respectively. While deriving this equation,
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the long-range hydrodynamic interactions are taken into account.
Sun er al have suggested that a blend will be miscible if & >0 and
immiscible when a < 0. In the present study for the PC/PMMA sys-
tem, the o value was found to be 0.15 indicating that it is miscible, and
for the PC/PS system, the a value was found to be —0.13 indicating
that this blend is immiscible.

In order to evaluate simplified technigues to investigate the miscibil-
ity of polymer blends under study, the variation of ultrasonic velocity,
density and refractive index of the polymer blend solutions with com-
position have been depicted in Figures 2—4 respectively. From these
figures it is clearly evident that the variation is linear for the PC/
PMMA system showing a single phase in the blend, however, for the
PC/PS system the variation is nonlinear showing a double phase in
the blend.

Varada Rajulu et al.'? have used these techniques for the miscibility
study of cellulose acetate/PMMA blend, where nonlinear variation of
the ultrasonic velocity and refractive index with blend composition
was attributed to the immiscible behavior of the blend. Similarly the
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FIGURE 2 The variation of ultrasonic velocity with composition, with PC/PMMA
and PC/PS blends in chloroform at 30°C.
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FIGURE 3 The variation of density with composition, with PC/PMMA and PC/PS
blends in chloroform at 30°C.
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FIGURE 4 The variation of refractive index with composition, with PC/PMMA
and PC/PS blends in chloroform at 30°C.
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linear variation of ultrasonic velocity with blend composition in the
case of PMMA /poly(vinly acetate)!”! has been attributed to the misci-
ble nature of the blend. These observations support the validity of
Equation (5) and confirm that the PC/PMMA blend is miscible and
PC/PS is immiscible. Furthermore, it is also observed that the ultra-
sonic velocity, density and refractive index of the PC/PS blend vary
more than those of the pure components. This observation further
indicates that the blend is immiscible. The ultrasonic velocity, density
and refractive index of PC/PMMA blend do not vary much from those
of the pure components, indicating that the blend is miscible.!'?
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