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The rheological behaviour of miscible blends of poly(methyl methacrylate) (PMMA) with poly(styrene-co-
acrylonitrile) (PSAN) and with poly(vinylidene fluoride) (PVDF), in the molten state, was investigated. For
this study, both steady and oscillatory shear flow measurements were made for PMMA/PVDF and
PMMA/PSAN blends, which were prepared by melt blending in a twin-screw compounding machine. The
following observations were made from the experimental results obtained: (1) plots of the logarithm of the
zero-shear viscosity (logn,,) versus blend composition show positive deviations from linearity for the
PMMA/PSAN blend system, but negative deviations from linearity for the corresponding PMMA/PVDF
system, under isothermal conditions; (2) plots of log#,, versus blend composition for the PMMA/PVDF
blend system show minimum values at certain blend compositions as the viscosity ratio of the constituent
components becomes smaller than a certain critical value and; (3) logarithmic plots of the dynamic storage
modulus (G') versus the dynamic loss modulus (G”) for all of the blend compositions lie between those
obtained for the constituent components in both of the PMMA/PSAN and PMMA/PVDF blend systems.
The experimental results are interpreted by using a molecular viscoelasticity theory recently developed by

Han and Kim.
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INTRODUCTION

Over the past two decades a number of polymer pairs
have been found to be miscible. As there are far too many
to cite here, interested readers are therefore referred
to the relevant literature!2, During the past decade
measurements of the rheological properties of these
miscible polymer blends have been reported®'°. Recently,
Han and Kim?2%2?! developed a molecular viscoelasticity
theory, which enables one to predict the linear viscoelastic
properties of miscible polymer blends, and showed that
plots of the logarithm of zero-shear viscosity versus blend
composition under isothermal conditions exhibit negative
deviations from linearity for binary blends having large,
negative values of the interaction parameter y, and
positive deviations from linearity for blends having
extremely small, positive values of y.

In this paper we shall report on our recent experimental
study of both the steady and oscillatory shear flow
properties of miscible blends of poly(methyl methacrylate)
(PMMA) with both poly(styrene-co-acrylonitrile) (PSAN)
and poly(vinylidene fluoride) (PVDF), and then interpret
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the experimental results using the molecular theory of
Han and Kim?%2!, Earlier, Wu®''® had reported experi-
mental results of only the oscillatory shear flow properties
of PMMA/PSAN and PMMA/PVDF biend systems. It
should be mentioned here that various other research
groups have also investigated the miscibility of PMMA/
PSAN?2727 and PMMA/PVDF blends?8-3%,

EXPERIMENTAL

Materials

The materials used in this study were commercial
grades of PMMA, PSAN and PVDF. Table I gives a
summary of the molecular weights of the polymers that
were employed. The molecular weight and molecular
weight distribution of PMMA were determined via gel
permeation chromatography (g.p.c.) using tetrahydro-
furan as the solvent, and with a monodisperse PMMA,
obtained from the American Standards Company, being
used as a standard. The amount of acrylonitrile (AN} in
PSAN, which was determined by elemental analysis, was
found to be 25.3 wt%. The molecular weight of PSAN
was also determined by g.p.c., using various mono-
disperse polystyrenes as standards. Information con-
cerning the molecular weight of PVDF was supplied by
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Table 1 Molecular characteristics of the polymers investigated

M M

Polymer/copolymer Abbreviation (x107%  (x10™%  Source

Poly(methyl PMMA 1.05 482 Rohm
methacrylate) and Haas

Poly(vinylidene PVDF 1.46 6.30 Pennwalt
fluoride)

Poly(styrene-co-  PSAN® 1.50 7.20 Dow
acrylonitrile) Chemical

¢ Copolymer contains 25.3 wt% acrylonitrile

the manufacturer. Each grade of PMMA was melt-
blended, using a twin-screw compounding machine, with
PSAN and PVDF yielding the (a) PMMA/PVDF and
(b) PMMA/PSAN blend systems, respectively. For each
blend system, four blend compositions, namely 20/80,
40/60, 60/40, and 80/20 (by weight) were prepared.

Rheological measurements

A cone-and-plate theometer (Weissenberg Rheogonio-
meter, Model R16) was used to measure (1) the steady
shear flow properties, namely, the shear viscosity (#), the
shear stress (o), and the first normal stress difference (N,),
as functions of the shear rate (), and (2) the oscillatory
shearing flow properties, namely the dynamic storage
modulus (G} and the dynamic loss modulus (G”) as
functions of the angular frequency (w). Rheological
measurements were made at various temperatures, in
order to investigate the temperature dependence of the
rheological properties. So as to ensure that the measured
viscoelastic properties would be in the linear region, a
strain sweep was first made. Based on this measurement,
a strain of ~0.005 was used for all of the measurements
of G’ and G".

RESULTS

Figure 1 gives plots of log#n and log N, versus logy, plus
plots of logn’ and log G’ versus log w, at three different
temperatures for PMMA. It can be seen from the figure
that at low values of ¥ and w, 1’ is very close to #, while
the values of G’ are about one half of the value of N,.
Figure 2 gives plots of log n,, versus log y, and log #y, versus
log w, for the PMMA/PSAN blend system at 200°C, while
similar plots for the PMMA/PVDF blend system at
200°C are given in Figure 3. It can be seen in Figures 2
and 3 that values of #, and #, for the blend system lie
between those of the constituent components. However,
when we plot logn, versus the blend composition using
the data given in Figure 3, we obtain plots for the
PMMA/PSAN blend system having positive deviations
from the linear relationship and plots for the PMMA/
PVDF blend system having negative deviations from the
linear relationship. These observations will be discussed
in greater detail below.

Figure 4 gives plots of log G}, versus log Gy for the
PMMA/PVDF blend system at 210°C. For the sake of
clarity, we chose not to include in Figure 4 data points
which were obtained at other temperatures. It should be
noted that such plots are virtually independent of
temperature33~3°, It can be seen in Figure 4 that plots of
log Gy, versus log Gy, for all of the blend compositions lie
between those of the constituent components, PMMA
and PVDF, and that the melt elasticity of the PMMA/
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PVDF blends decreases monotonically with increasing
amounts of the less-elastic component, PMMA.
Recently, Han®” reported that for binary blends
consisting of nearly monodisperse homopolymers with
identical chemical structures, the log G} versus log G;
plots at certain blend compositions lic above those
obtained for the constituent components. However, as
the polydispersity of the constituent components in-
creases, thus leading to a considerable overlapping of
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Figure 1 Plots of logn and log N, versus log 7 (open symbols), and
plots of logy’ and log G’ versus log w (filled symbols), for PMMA at
different temperatures: (O, @) 200; (A, A) 210; and (7, W) 230°C
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Figure 2  Plots of log i, versus log 7 (open symbols), and plots of logn;,
versus logw (filled symbols), for the PMMA/PSAN blend system at
200°C: (A, A) PMMA; (O, @) PSAN; (O, @) 80/20 PMMA/PSAN
blend; (¢, @) 60/40 PMMA/PSAN blend; (7, W) 40/60 PMMA/PSAN
blend; and ([-], ) 20/80 PMMA/PSAN blend
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Figure 3 Plots of log n,, versus log (open symbols), and plots of log »;,
versus logw (filled symbols), for the PMMA/PVDF blend system at
200°C: (A, A) PMMA; (O, @) PVDF; (0, @) 80/20 PMMA/PVDF
blend; (&, ) 60/40 PMMA/PVDF blend; (7, V) 40/60 PMMA/
PVDF blend; and ({1, H) 20/80 PMMA/PVDF blend
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Figure 4 Plots of log G}, versus log G}, for the PMMA/PVDF blend
system at 210°C: (A) PMMA; (©) PVDF; (@) 80/20 PMMA/PVDF
blend; (¢&) 60/40 PMMA/PVDF blend; (V) 40/60 PMMA/PVDF
blend; and (J) 20/80 PMMA/PVDF blend

molecular weight values between the two, the dependence
of the log G}, versus log Gy, plot on the blend composition
is suppressed. This observation is relevant to the
interpretation of the results given in Figure 4, because
when dealing with binary blends consisting of com-
ponents having dissimilar chemical structures, one usually
finds two distinct curves in the log G, versus log Gy, plot,
1.e. one for each constituent component. The extent of the
spread of the two curves in the log G, versus log Gy, plots
for a given polymer pair would depend on, among other
factors, the extent of miscibility, polydispersities and
plateau moduli of the constituent components. Therefore,
the plots of logG, versus logG; for binary blends
consisting of components having dissimilar chemical
structures lie between those of the constituent com-
ponents. However, it is possible that for certain polymer
pairs consisting of monodisperse components with
dissimilar chemical structures, the plots of log G}, versus
log Gy, at certain blend compositions may lie above those
of the constituent components.

Let us now examine the dependence of the melt
elasticity on the blend composition for binary blends of
PMMA and PVDF under steady shear flow conditions.
For this, plots of logN,, versus loga, are given in
Figure 5 for the PMMA/PVDF blend system. Previous
studies®® 4! show that plots of log N, versus loga for
homopolymers are virtually independent of temperature.
We conclude from Figure 5 that the melt elasticity of
PMMA/PVDF blends decreases monotonically with in-
creasing amounts of the less-elastic component, PMMA.
This conclusion is consistent with that made above using
the plots of log G, versus log Gy, (see Figure 4).

Figure 6 gives plots of log G}, versus log Gy for the
PMMA/PSAN blend system at 210°C. It can be seen in

this figure that some of the plots obtained for certain
blend compositions are not distinguishable from those
of the pure PSAN component, and that the general spread
of the plots for PSAN and PMMA is much smaller than
that obtained for PVDF and PMMA (sec Figure 4).
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Figure § Plots of log N, versus loga, for the PMMA/PVDF blend
system at 210°C: (A) PMMA; (©) PVDF; (©) 80/20 PMMA/PVDF
blend; (¢) 60/40 PMMA/PVDF blend; (V) 40/60 PMMA/PVDF
blend; and ({]) 20/80 PMMA/PVDF blend
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Figure 6 Plots of log G}, versus log Gy, for the PMMA/PSAN blend
system at 210°C: (A) PMMA; (®) PSAN; (©) 80/20 PMMA/PSAN
blend; (&) 60/40 PMMA/PSAN blend; (V) 40/60 PMMA/PSAN blend:
and ([J) 20/80 PMMA/PSAN blend
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THEORY

In dealing with the viscoelastic properties of two
polydisperse polymers, which are relevant to the PMMA/
PVDF and PMMA/PSAN blend systems used in our
experimental study, Han and Kim?! assumed that the
relaxation modulus G(t) of the blend is given by

Gy(t)= Z { > [Gi’v1 4:”1 wiiF (R ,(2)

i=1(j=1

2

+ O~ wa z,(t)RzJ(t)]} 1

where the upper limit »n (or m) in the summation notation
denotes the number of fractions, chosen for computational
purposes, in the constituent component 1 (or 2), with
each having the molecular weight M,; (or M,;) and
weight fraction w,; (or w, ), and ¢, and ¢, are the volume
fractions of the constituent components. It should be
noted that F,; and R,, in equation (1) are given by the
following?!

4 =

Fi(t) ——2 Z CXP( p’t/ty » (2)
1 Zy

Rkt(t)—z_ Z exp(— A ut/21,) (3)

(k=1, 1=1,2,...,n)
k=2, 1=1,2,...,m)

where 1, ,, Hy,; ,, and A, (with k=1,2 in all three cases)
are defined by:

Tt,p = Td,kl/[l + (t%)er 4
pr

_ I=(=DPcosh[(—x)¢{Zu] 5)
1+ [ 0o Zu/pn ]
and
As=4 sin?[ns/2(Z, +1)] (6)
¢F is given by
oF = ¢2W2j/|:¢’1w1i 4 ¢2W2j:| %)
P2 Pi P2
d);‘l =1- d”fz (8)

where p; is the density of component i. t,, in equation (3)
is given by*2

Tw=fw[¢1 i wiF )+ é, i WZszj(t):lzdl 9

0 i=1 i=1

z is a constraint release parameter which governs the
strength of the constraint release contribution. It should
be noted that for z=3, 1,, is given by equation (37) of
ref. 21.

Using the expression for G,(t) given by equation (1),
we can calculate the values of 7, Gi(w), agd Gy(w) from

4 » m . d) © H i 1 Zyi
Hov=— Z Z{ NIT;WU[ > 12p_ > Tli,s]

p=1 P° Zyis=1
10
Z2] Szl :I} ( )
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X W, 2 5 Tt@n, ) .
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where

| 2 .
LI ST (13

Tkis  Thirp 2z,

In order to minimize the computational time required
for calculating the values of t,, which is defined
by equation (37) in ref. 21, we use the following
approximation:

1,(x =0;poly) ) 14

7% poly)=1,(x; mon0)<
7,.(x =0;mono)

where ‘poly’ and ‘mono’ denote polydisperse and mono-
disperse components, respectively.

It should be noted that 7,(y =0; poly) in equation (14)
for z=3 can be obtained from equation (41) of ref. 21:

(X =0; poly)= ( ) 5 Z Z ¢¢¢k{z Z Z

i=1j=1k=1 I=1u=1v=1

0 0 0 1 1 1
XWquukaI:Z D) ‘2—‘/

2.2
p=lg=1r=1DP"q° T
odd odd odd

2 2 2
(p— + 4y r—)]} (15)
Taia  Tdju  Tarw

where
N,={n for i=1; N,,={n for j=1;
m for i=2 m for j=2
for k=1
N’”:{” o (16)
m for k=2
and 1, ; in equation (15) is given by
M ; 3.4
Tdk,i(Mk,i)=Tdk(Mw,k)< k’) (17)
Mw,k
where
12 nok
TaM,, )= = == 18
(M, 1) (n2> G, (18)
k=1, i=1,2,...,n)
k=2, i=1,2,...,m)

in which M, and #,, are the weight-average molecular
weight and zero-shear viscosity, respectively, of com-
ponent k. Equation (17) implies that we used an empirical
relationship, ie. #~t,~M3*, rather than the tube
model*® which predicts 7~ M?3.
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In addition, 7,(y=0; mono) in equation (14} for z=3
can easily be obtained from equation (15) by setting
N'=N"=N"=1and wy=w;,=w,,=1. Finally, 7,(y=0;
mono) in equation (14) for z=3 can be obtained from
equation (12) of ref. 21:

4 3 2 2 2 © W ®
wo(5)15 % £ 00035s
p q r

i=1j=1k=1

(o)

2 2 2
<p Qi,p n q Qj’q + r Qk.r)} (19)

Tai Taj Tk

COMPARISON OF THEORY WITH EXPERIMENT

In order to offer a theoretical interpretation of the
experimental results presented above, we calculated,
using equations (10)12), values of 7., G, and G} by
dividing each component into seven fractions (i.e.
n=m="7), for which the log-normal distribution function
was assumed to represent the molecular weight distri-
bution of the pure components. It should be borne in
mind that the PMMA, PVDF and PSAN materials
employed in this study are polydisperse (see Table I). We
were well aware of the fact that the larger the number
of fractions for each component, the more accurate the
predicted values. However, we found that the compu-
tational time increased very rapidly with increase in the
number of fractions for each component and thus we had
to balance the accuracy of prediction against the
computational time that was required.

In the computations, we used the following numerical
values for the plateau modulus G%: 6.0x 10°Pa for
PMMA, 4.0x 10° PA for PVDF, and 2.28 x 10° Pa for
PSAN*4. We also used (i) z=3 for both PMMA/PSAN
and PMMA/PVDF blend systems, (i) y=-—0.3 for
PMMA/PVDF blends?®33, and (i) y= —0.01 for
PMMA/PSAN blends*>. It should be noted that z may
be regarded as an adjustable parameter*?. However, in
this present study we chose not to vary the value of z. It
has been reported in the literature*®*’ that the value of
z varies from 3 to 20, depending on the blend system that
is being studied.

We found that the predicted values of #, for the
polydisperse and pure components, when using equations
(10) and (14)19), did not agree with the experimental
results. Therefore, in order to match the predicted values
of n,, with the measured ones we employed the following
procedures. First, the values of 5, were calculated using
equation (10) with the aid of equation (17) and secondly,
the calculated values of #,, were compared with the
experimental results. Where there was discrepancy be-
tween the two, an iterative procedure was employed to
improve the values of t,{(M,, ) using

M0 = r&fz(Mw_k)< Tok ) (20)
nok,c
where y. is the calculated value of the zero-shear
viscosity at the jth iteration. In the final stage the first
two steps were repeated until convergence was obtained
with the tolerance, [y — oxl/Mox <1077
Using the values of t4(M, ;) (k=1,2) that were
calculated with the procedures described above, we

predicted the values of #,,, Gy(w), and Gi(w) for the
PMMA/PVDF and PMMA/PSAN blends, where each
consisted of polydisperse constituent components. Figure
7 gives plots of log Gi(w) versus log w, and Figure 8 gives
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Figure 7 Comparison of predicted (continuous curves) with experi-
mentally determined log Gy, versus log w plots for the PMMA/PVDF
blend system at 210°C: () PMMA; (©) PVDF; (A) 80/20 PMMA/
PVDF blend; (7]) 60/40 PMMA/PVDF blend; (V) 40/60 PMMA/
PVDF blend; and (&) 20/80 PMMA/PVDF blend. y= —03 and z=3
were used in the calculations of the predicted curves
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Figure 8 Comparison of predicted (continuous curves) with experi-
mentally determined log Gy, versus log @ plots for the PMMA/PVDF
blend system at 210°C: (©) PMMA; (©) PVDF; (A) 80/20 PMMA/
PVDF blend; ([3) 60/40 PMMA/PVDF biend; (%) 40/60 PMMA/
PVDF blend; and (<) 20/80 PMMA/PVDF blend. y= —0.3 and z=
were used in the calculations of the predicted curves
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Figure 9 Comparison of predicted (continuous curves) with experi-
mentally determined log G}, versus logw plots for the PMMA/PSAN
blend system at 210°C: (©) PMMA; (©) PSAN; (A) 80/20 PMMA/
PSAN blend; ([J) 60/40 PMMA/PSAN blend; (V) 40/60 PMMA/
PSAN blend; and (©) 20/80 PMMA/PSAN blend. y=—0.01 and z=3
were used in the calculations of the predicted curves
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Figure 10 Comparison of predicted (continuous curves) with experi-
mentally determined log G}, versus logw plots for the PMMA/PSAN
blend system at 210°C: (®) PMMA; (©) PVDF; (A) 80/20 PMMA/
PVDF blend; ([J) 60/40 PMMA/PVDF blend; (/) 40/60 PMMA/
PVDF blend; and (©) 20/80 PMMA/PVDF blend. y= —0.01 and z=3
were used in the calculations of the predicted curves

plots of log Gy(w) versus log w, for the PMMA/PVDF
blends at 210°C, in which the continuous curves represent
the predictions. Similar plots are given in Figures 9 and
10 for the PMMA/PSAN blends at 210°C. It can be seen
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from Figures 7-10 that the predictions are in good
agreement with the experimental results at small values
of w (i.e. in the terminal region), but they deviate
appreciably from the experimental results at large values
of w.

Recently, in investigating the effect of polydispersity
on the linear viscoelastic properties of entangled homo-
polymers, Wasserman and Graessley*® used a quadratic
blending law*® for the stress relaxation modulus G,(t):

Gb(r)=67v{§ wi[Fi(r)J”Z}z e)
where
8 = 1 ,
F(t)=— > — exp(—p°t/14) (22)
" p D

odd

in which t,; is the tube disengagement time for fraction
i. In doing so, Wasserman and Graessley modified F(¢)
using the approach of des Cloizeaux>°, which neglects
the contribution of constraint release, and calculated the
values of G'(w) and G"(w), which agreed reasonably well
with the experimental results, for a polydisperse homo-
polymer. It should be mentioned that due to the
non-linear nature of equation (21), a numerical method
must be used to calculate the values of #,, G'(w) and
G"(w), while in the present study we used analytical
expressions, i.e. equations (10}(12).

Figure 11 gives a comparison of prediction with
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Figure 11 Comparison of predicted with experimentally determined
log Gi, versus log G plots for PMMA and PVDF: (A) data for
PMMA at 200°C; (A) data for PMMA at 210°C; (©) data for PVDF
at 200°C; and (@) data for PVDF at 210°C. Continuous curves represent
the predicted values for the polydisperse components, while the broken
curves represent the predicted values for the monodisperse components;
¥ = —0.3and z = 3 were used in the calculations of the predicted curves
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Figure 12 Comparison of predicted with experimentally determined
log G, versus log Gy plots for PMMA and PSAN: (A) data for
PMMA at 200°C; (A) data for PMMA at 210°C; (©) data for PSAN
at 200°C; and (@) data for PSAN at 210°C. Continuous curves represent
the predicted values for the polydisperse components, while the broken
curves represent the predicted values for the monodisperse components;
¥= —0.01 and z =3 were used in the calculations of the predicted curves

experiment for plots of log G’ versus log G” for PMMA
and PVDF. Similar plots are given in Figure 12 for
PMMA and PSAN. For clarity, neither the experimental
data nor the predictions for the blends are given in Figures
11 and 12 because we have found that they lie between
the values of the constituent components. According to
Han and coworkers® 71718 the effect of blend composi-
tion on the melt elasticity in polymer blends can best be
examined by using plots of log G, versus log Gy. The
following observations are worth noting concerning the
theoretical predictions given in Figures 11 and 12.

(1) Plots of log G’ versus logG” for the polydisperse
PVDF lie slightly above those for the polydisperse
PMMA, whereas plots of log G’ versus log G” for the
monodisperse PVDF lie significantly above those of
the monodisperse PMMA. In other words, the
polydispersity of PMMA and PVDF smears out
the difference existing in the melt elasticity between
the two components. We can now understand why the
experimentally determined plots of logG, versus
log G, for various blend compositions in the PMMA/
PVDF blend system (see Figure 4) and in the
PMMA/PSAN blend system (see Figure 6) lie very
close to each other.

(2) Plots of log G’ versus logG” for the polydisperse
components lie above those of the monodisperse
components, as shown previously??.

A comparison of the predictions of the composition-
dependent #,, with the experimental results is given in
Figure 13 for PMMA/PSAN blends, and in Figure 14 for

PMMA/PVDF blends, at temperatures of 200 and 210°C.
It can be seen in Figure 13 that agreement between
prediction and experiment is very good for the PMMA/
PSAN blends, in which the value of y= —0.01 was used
in the prediction. We find, however, (see Figure 14) that
the extent of agreement between theory and experiment
for PMMA/PVDF blends depends on the value of y, ie.
the use of y=-—0.5 gives a better agreement with
experiment than the use of y= —0.3. It should be
mentioned that in obtaining the predictions given in
Figure 14 we used a single value of y for all blend
compositions. There is, however, experimental evidence
to suggest that the value of y for the PMMA/PVDF
blend system may vary with blend composition®”.

For blends, such as the PMMA/PVDF blend system,
exhibiting a lower critical solution temperature (LCST)
behaviour, the value of — y will increase with decreasing
temperature. In view of the fact that theoretical predic-
tions of #,, are very sensitive to y, the discrepancies in
1o between the predictions and the experimental results,
observed in Figure 14, may be attributable, at least in
part, to the use of constant values of y in the predictions.
We conclude, therefore, that there is an urgent need for
an accurate determination of y for miscible polymer
blends, especially for those blends that have strong
interactions between the constituent components.

As discussed elsewhere?!, the Han-Kim theory gives
only a poor prediction of the composition dependence
of zero-shear viscosity for the PMMA/PVDF blend
system, even if we include a polydispersity effect. For the
PMMA/PVDF blends, we found that there are large
differences in the temperature dependence of viscosity
between PMMA and PVDF (see Figure 15). It should be
noted that for the PMMA/PSAN blends, there is little

"70b (Pas)

T

T M O N Y SN NN S S A |
0.0 0.2 0.4 0.6 0.8 1.0

PSAN (wt fraction)

Figure 13 Comparison of predicted (continuous curves) with experi-
mentally determined log 5, versus blend composition plots for the
PMMA/PSAN blend system: () data at 200°C and (A) data at 210°C.
Curve 1 represents the predicted values at 200°C while curve 2 represents
the predicted values at 210°C; y= —0.01 and z=3 were used in the
calculations of the predicted curves
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Figure 14 Comparison of predicted with experimentally determined
log #, versus blend composition plots for the PMMA/PVDF blend
system: (©) data at 200°C and (A) data at 210°C. Continuous curve
1 represents the predicted values at 200°C, with y=—0.3 and z=3;
broken curve 2 represents the predicted values at 200°C, with y= —0.5
and z=3; continuous curve 3 represents the predicted values at 210°C,
with y= —0.3 and z=3; broken curve 4 represents the predicted values
at 210°C, with y=—0.5and z=3

difference in the values of the shift factor a; between
PMMA and PSAN (as shown in Figure 16).

It has been suggested®!#!6 that the effect of blend
composition on the viscosity of miscible polymer blends,
which consist of two amorphous polymers, should be
investigated under iso-free-volume conditions, or at
temperatures which are at an equal distance from the T s
of the respective blend compositions. Specifically, Aoki fo
reported that for miscible blends of poly[styrene-co-(N-
phenylmaleimide)] (PSPM) and PSAN, plots of log#,,
versus blend composition exhibited negative deviations
from linearity under isothermal conditions, but positive
deviations from linearity under iso-free-volume condi-
tions. Aoki'® demonstrated for the PSPM/PSAN blend
system that plots of log a; versus temperature became
independent of blend composition when the 7, of each
blend composition was used as the reference temperature,
whereas plots of logay versus temperature varied with
blend composition when 200°C was used as the reference
temperature for all blend compositions. The concept of
the iso-free volume is very useful for blend systems where
the constituent components are amorphous and particu-
larly when the temperature dependence of log a; on blend
composition is very small, which is the case for the
PMMA/PSAN blends. However, when one of the
constituent components in a miscible blend is crystalline,
as is the case for PMMA/PVDF blends, the use of the
iso-free volume conditions is not straightforward. In such
a situation, we believe that the melting point of a
crystalline component plays a more important role than
the glass transition temperature in determining the
viscoelastic properties of miscible polymer blends in the
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Figure 15 Plots of loga; versus temperature for the PMMA/PVDF
blend system using a reference temperature of 190°C: (A) PMMA,; (©)
PVDF; (©) 80/20 PMMA/PVDF blend; (¢®) 60/40 PMMA/PVDF
blend; (/) 40/60 PMMA/PVDF; and ([1) 20/80 PMMA/PVDF blend
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Figure 16 Plots of loga; versus temperature for the PMMA/PSAN
blend system using a reference temperature of 190°C: (A) PMMA; (®)
PSAN; (©) 80/20 PMMA/PSAN blend; (¢) 60/40 PMMA/PSAN
blend; (V) 40/60 PMMA/PSAN blend; and ([]) 20/80 PMMA/PSAN
blend
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molten state. For a blend where the dependence of log
ar on blend composition is very large, which is the case
for PMMA/PVDF blends, the relative temperature
dependence of the dynamics may play a greater role than
the thermodynamics of mixing, the topology of the blend
system, or the polydispersity effect.

CONCLUSIONS

In this study we have shown experimentally that piots
of logyn,, versus blend composition at a constant
temperature show negative deviations from linearity for
the miscible PMMA/PVDF blend system, but positive
deviations from linearity for the miscible PMMA/PSAN
system. We have explained the experimental results using
the molecular viscoelasticity theory of Han and Kim?%-2".
Specifically, according to this theory, the negative
deviation observed in the plots of #,, versus blend
composition for the PMMA/PVDF blend system is
attributed to a sufficiently large value of the interaction
parameter |y| for the PMMA/PVDF pair, and the positive
deviation observed in the plot of log#,, versus blend
composition for the PMMA/PSAN blend system is
attributed to the very small value of |y| for the
PMMA/PSAN pair.

As described in ref. 20, the good agreement between
theory and experiment observed above does not neces-
sarily warrant the use of the position-independent
potential function. Rigorously speaking, the potential
function must be obtained by using a self-consistent
method and it may turn out to be position-dependent.

In this present study we used a linear blending law for
the stress relaxation modulus, given by equation (1).
Recently, Composto et al.>' used a similar expression to
investigate mutual diffusion in a blend of polystyrene and
poly(2,6-dimethyl-1,4-phenylene ether). They reported
that the friction coefficient of the blend could not be
described by a weighted average of the friction coefficients
of the constituent components®2. More recently, Zawada
et al.>? also reported similar results for blends of PMMA
and poly(ethylene oxide). On the basis of these studies we
are of the opinion that the constraint release mechanism
between two chains having dissimilar chemical structures
may not be the same as that between two chains which
have an identical chemical structure.

Finally, in order to critically test a molecular theory
predicting the rheological properties of miscible polymer
blends, it is very important to select a miscible pair of
polymers which have the following features: (a) the T;s of
the constituent components are not too far apart, giving
rise to a iso-free-volume state; (b} the molecular-weight
distribution of the constituent components is as narrow
as possible, making the polydispersity effect insignificant;
(c) both constituent components are amorphous; and (d)
the dependencies of the interaction parameter on both
blend composition and temperature are known.
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