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ABSTRACT: Solution blending of polystyrene (PS) and natural rubber (NR) was carried
out in toluene and chloroform to determine the compatibility. Experimental evidence
for the compatibility of these blends was derived from viscometric and phase-separation
studies. The viscometric method was based on the intrinsic viscosities of transfer of
polymer in pure and “mixed” solvents. The compatibility of these blends based on the
heat of mixing was also examined theoretically. All the experimental and theoretical
evidence show that the blends are incompatible at the compositions studied. © 2000 John
Wiley & Sons, Inc. J Appl Polym Sci 77: 880–889, 2000
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INTRODUCTION

Polymeric blends are dominating various applica-
tion areas because of their tailor-made properties.
However, their performance depends on the com-
patibility of the blend components. Therefore, de-
termination of the compatibility of polymer
blends is of considerable importance. Superior
properties of blends are determined by compati-
bility or miscibility of the constituent homopoly-
mers at a molecular level. Many experimental
and theoretical methods have been used to inves-
tigate polymer compatibility.1 The determination
of the heat of mixing, glass transition tempera-
ture, morphology by electron microscopy, and dy-
namic mechanical response are some of the meth-
ods extensively reported in the literature.1 But it
is still needed to find simpler and quicker meth-

ods for determining compatibility.2 Homogeneous
mixing at a molecular scale is a prerequisite for
polymer compatibility. Several blending methods
are available such as melt, dry, and solution
blending. Blending the polymers in solution en-
sures effective attainment of equilibrium between
the different polymer components in solution.
Furthermore, viscosity can be measured effec-
tively. A large number of investigations have been
carried out on polymer blend miscibility using
viscosity measurements of the corresponding
ternary (polymer–polymer–solvent) systems.3–11

This method, based on dilute solution viscometry
(DSV), relies on the assumption that repulsive
interaction may cause shrinkage of the macromo-
lar coils, giving a negative deviation of viscosity
from additivity. Thakore et al.9 applied the vis-
cosity method to the poly(vinyl chloride)/starch
acetate (PVC/STAc) polyblend system to study
the compatibility. They have found that the plots
of relative viscosity versus composition are not
linear, indicating incompatibility of the two poly-
mers. The miscibility of two stiff polymers (cellu-
lose and alginate) has been characterized by the
DSV technique and a modified treatment based
on Chee’s method10 by Zhang et al.11 Cellulose
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and alginate formed either a miscible or an im-
miscible blend depending on the blend ratio.

In phase-separation techniques, Molau12,13

presented the mechanism of the action of graft
and block copolymers at the interface of the two
polymer components in a dilute solution. A solu-
tion of an immiscible polymer pair A and B in a
mutual solvent separated into two phases and
demixes to form two layers. When a small amount
of a suitable graft or block copolymer is added as
an emulsifier, a stable polymeric oil in oil emul-
sion results and the emulsifier locates at the in-
terface.

Blends of polystyrene (PS) and natural rubber
(NR) form a new class of thermoplastic elas-
tomers (TPEs) of much importance. PS exhibits
superior processing characteristics. However, it is
extremely brittle. On the other hand, NR is char-
acterized by good elastomeric properties, good re-
silience, and damping behavior but poor chemical
resistance and processability. TPEs from PS and
NR blends are expected to exhibit good process-
ability, impact strength, good flexibility, and a
rubbery nature. The properties of the resulting
blend depend on the compatibility of the individ-
ual blend components. The solid-state compatibil-
ity of PS/NR blend components was recently an-
alyzed by scanning electron microscopy (SEM),
differential scanning calorimetry (DSC), and
FTIR in this laboratory.14

In this article, the compatibility of PS and NR
blends in solution was investigated using visco-
metric and phase-separation studies. In latter
method, compatibility of these blends by the ad-
dition of a block copolymer of styrene and iso-
prene [poly(styrene-b-isoprene)] was studied as
function of the phase-separated NR layer and
time for phase separation. The influence of the
molecular weight of the block and homopolymer,
concentration of the block copolymer, effect of sol-
vent, and mode of addition of the block copolymer
on phase separation were studied.

EXPERIMENTAL

Materials

Commercial PS (SC-206E) was supplied by Su-
preme Plastics (Bombay, India). NR (ISNR-5) was
supplied by the Rubber Research Institute
(Kerala, India). Linear diblock copolymers of sty-
rene and isoprene (PS-b-PI) were synthesized in
the laboratory by living anionic polymerization

methods. The synthesis and characterization of
copolymers were described elsewhere.14 The char-
acteristics of the materials used are given in Ta-
ble I.

Dilute Solution Viscometry (DSV) Measurements

Solutions, 0.2% (w/v), of each polymer in toluene
were prepared. The various blends of PS and NR
were made by mixing solutions of the polymer in
toluene in the required proportions. The total con-
centration of the blend was kept constant for all
the blend systems. Similarly “mixed solvents”
containing a constant concentration of 0.2 g/dL of
polymer B (either PS or NR) in toluene were pre-
pared.

A suspended-level Ubbelohde viscometer was
fabricated. All viscosity measurements were
made using a Schott Gerate AVS 440 automatic
viscosity measuring system. The temperature
was maintained constant at 25°C. The intrinsic
viscosity ([h]) and slopes were determined from
the plots of reduced viscosity versus concentra-
tion. Intrinsic viscosities of polymers in pure and
“mixed solvent,” [h]0 and [h]*, respectively, and
their difference, D[h], were estimated. Chee’s pa-
rameters DB and m were also calculated.

Phase-separation experiments were carried
out by preparing the solution of 50/50 wt % PS/NR
blends in chloroform with and without the addi-
tion of the block copolymer. The blend solution
was stirred for 24 h and kept standing.

Table I Characteristics of the Materials Used

Materials
[h]a

(dL/g)

Solubility
Parameter
(cal/cc)1/2 Mv 3 1025

NR0 5.38 7.75 11.0
NR20 2.20 7.75 2.94
PS 0.79 8.56 2.30

Diblock
Copolymer

(B) M# n
c 3 1025

MWDd of
PS-b-PI

Wt %
Composition

(S : I)e

B1 2.58 1.09 50 : 50
B2 0.96 1.26 50 : 50

a Determined in toluene at 25°C.
b NR suffix indicates time of mastication in minutes.
c,d Determined by GPC, in THF at 30°C.
e Determined by 1H-NMR.
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RESULTS AND DISCUSSION

Theory

Chee10 proposed a simple method to predict the
miscibility of PVC/PMMA, PVC/PiBMA, and
PMMA/PiBMA blends using DSV. The results
were confirmed by DSC studies of these blends.
Basically, DSV is based on the classical Huggins
equation,15 which expresses the specific viscosity
(hsp) of a single-solute solution as a function of the
concentration C. For a nonelectrolyte dilute solu-
tion, a plot of hsp/C versus C should yield a
straight line with an intercept and slope equal to
[h] and b, respectively. For a ternary system,
where the solvent is component 1 and two poly-
mers are components 2 and 3, [h] and b in the
Huggins equation assumes the form

@h# 5 w2@h#2 1 w3@h#3 (1)

and

b 5 w2
2b22 1 w3

2b33 1 2w2w3b23 (2)

b23 5
~b 2 w2

2b22 2 w3
2b33!

2w2w3
(3)

where [h]2 and [h]3 are the intrinsic viscosities of
polymers 2 and 3 in a pure solvent, respectively.

Chee10 proposed a differential parameter DB
as a measure of intermolecular interactions
which can be written as

DB 5 b23 2
~b22 1 b33!

2 (4)

Here, b22 and b33 are the specific interaction co-
efficients of polymers 2 and 3 in single polymer
solutions, respectively; b, the specific interaction
coefficient between the two polymers; and w2 and
w3, the weight fractions of the two polymers in
the blend.

Accordingly, DB $ 0 signifies miscibility and
DB , 0 indicates phase separation. However, if
[h]2 and [h]3 are sufficiently far apart, a more
effective parameter m has been suggested, which
is given as

m 5
DB

~@h#3 2 @h#2!
2 (5)

Equation (5) is valid for [h]2 Þ [h]3.
The dimensionless quantity m can be conven-

tionally determined using eq. (5). However, Chee
considered DB and m to be equal to zero for the
pure components of the blend.

Hugelin and Dondos16 studied the influence of
the nature of the solvent on the miscibility of a
polymer. They observed that the [h] of polymer A,
measured in a solution of polymer B in solvent S,
was lower than that of the same polymer A mea-
sured in the pure solvent S. Danait and Desh-
pande4,5 proposed a simple method which is a
slight modification of that proposed by Hugelin
and Dondos. In their approach, the [h] of a poly-
mer is measured when transferred from a pure

Figure 1 Plot of Chee’s factor DB versus weight fraction of polymer B (NR) for PS/NR
(polymer A/polymer B) blends in toluene at 25°C.
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solvent to a “mixed solvent,” that is, the intrinsic
viscosity of polymer 2 is determined separately in
a pure solvent ([h]0) and also in a solvent contain-
ing a constant concentration (C*) of polymer 3
([h]*). In the latter case, the “solvent” is now a
solution of concentration C* of polymer 3 in sol-
vent S and the flow time of this “mixed solvent” is
determined and taken as the reference. A plot of
reduced viscosity (hsp/C2) versus the concentra-
tion of polymer 2 (C2) is made. On extrapolating
to zero concentration, one can get [h]0, the intrin-
sic viscosity of polymer 2 in solvent S, and [h]*,
the intrinsic viscosity of polymer 2 in a mixed
solvent (3 1 S). Thus, the difference ([h]* 2 [h]0)

5 D[h] gives a measure of the interaction between
polymers 2 and 3 in a solvent S, which is called
the intrinsic viscosity of transfer. Depending on
the strength of the interaction, the magnitude of
D[h] varies. D[h] , 0.1 dL/g suggests very little or
no interaction and, hence, immiscible blends. A
high positive value of D[h], that is, $ 0.1 dL/g,
indicates an increase in the hydrodynamic vol-
ume due to strong associative interactions and,
hence, miscible blends.

Chee’s method was applied to blends of PS and
NR. Plots of DB and m versus the weight fraction
of one of the blend components (NR) are shown in
Figures 1 and 2, respectively. Over the entire

Figure 2 Plot of Chee’s factor m versus weight fraction of polymer NR (polymer B) for
PS/NR (polymer A/polymer B) blends in toluene at 25°C.

Figure 3 hsp/C versus C for PS/NR blend solution of different compositions in toluene
at 25°C. Solid lines drawn through the experimental data points are for (■) PS, (F) NR,
(Œ) PS/NR 20/80, (�) PS/NR 30/70, (}) PS/NR 40/60, and ✳ PS/NR 50/50.
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composition range, DB and m have negative val-
ues, indicating that this blend exhibits phase sep-
aration and, hence, is immiscible.

Intrinsic Viscosity of Transfer

Plots of the reduced viscosities of polymers in
pure solvent are found to be linearly increased
with respect to concentration (Fig. 3). The plots of
the change in the viscosity in a “mixed solvent”
show very interesting results. The values of [h]0,
[h]*, and D[h] for the blend system are given in
Table II. The change in the reduced viscosity of
PS in a “mixed solvent” for PS/NR is shown in
Figure 4. Similarly, the change in the reduced
viscosity of NR in a “mixed solvent” for PS/NR is
shown in Figure 5. In the (NR 1 toluene) solvent,
the reduced viscosity of PS is found to increase
slowly with increase in the PS concentration.
Also, as the concentration reaches a certain limit,
above 0.11 g/dL, the reduced viscosity decreases
very sharply. But over the concentration range of
PS, the viscosity of the solution is lower as com-
pared with that in the pure solvent (Fig. 4). It can

therefore be concluded that at the higher concen-
tration of PS in the blend the PS/NR blend be-
comes more and more immiscible.

The behavior of NR in a “mixed solvent” (PS
1 toluene) is different compared to PS in NR
1 toluene. In both cases, D[h] is found to be neg-
ative. At a low concentration of NR, there is an
initial decrease in the viscosity of the solution as
compared with that in the pure solvent, but a
slight increase at a higher concentration of NR
(Fig. 5). As the concentration reaches a certain
limit up to 0.1 g/dL, the viscosity remains almost
the same and a further increase in concentration
does not show any change in the viscosity. Based
on the negative D[h] value, the PS/NR blend can
be considered as an immiscible blend system.
From the study of the solid-state compatibility of
the binary polymer blends of PS and NR by
DSC,14 it is found that they are immiscible over
the entire composition range. Two distinct glass
transition temperatures (Tg’s) are observed at
around 104 and 263°C. The higher Tg is attrib-
uted to the PS phase and the lower one to the NR
phase. That at higher concentration of NR the
Tg’s are shifted to 98 and 257°C, correspondingly,
indicates there may be a tendency toward partial
miscibility at a very low extent. A viscometry
study pointed in this direction as well.

Heat of Mixing and Compatibility

Schneier17 calculated the heat of mixing (DHm)
for a number of compatible and incompatible
polymer blends. The heat of mixing is an approx-

Table II Intrinsic Viscosity of Transfer for
Different Blend Systems

Blend System
[h]0

(dL/g)
[h]*

(dL/g)
D[h]

(dL/g)

PS in (NR 1 toluene) 0.79 0.72 20.07
NR in (PS 1 toluene) 2.20 1.40 20.80

Figure 4 Plots of hsp/C versus C of PS for PS/NR blends in (■) pure and (Œ) “mixed”
solvents at 25°C. (■) and (Œ) correspond to the solvent toluene and NR 1 toluene,
respectively.
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imate measure of the free energy of mixing18,19

and, thus, may indicate the degree of compatibil-
ity. Schneier suggested the following equation for
two-component polymer blends from the formula-
tion of Gee20:

DHm 5 Fx1M1r1~d1

2 d2!
2H x2

~1 2 x2!M2r2 1 ~1 2 x1!M1r1
J 2G 1/2

(6)

where x is the weight fraction of the polymer; r,
the polymer density; M, the molecular weight of
the monomer unit; and d1 and d2, the solubility
parameters of polymers A and B, respectively.

The above method was successfully used for
predicting the miscibility of a blend of PVC/STAc
by Thakore et al.9 and for an NR/PMMA blend by
Oommen and Thomas.3 Figure 6 shows the vari-
ation of the calculated heat of mixing with the
blend composition. The calculated values of DHm
of PS/NR blends are found to be above the com-
patibility limit (10 3 1023 cal/mol) for all compo-
sitions, confirming that the PS/NR blends are in-
compatible in all compositions.

Phase-Separation Behavior

Effect of Block Copolymer Concentration

The PS/NR forms a heterogeneous system and a
solution of these two in chloroform separates into
two phases with a sharp interface after an inter-

val of 12 h. This clearly shows that PS and NR
have no chemical interaction, and they are incom-
patible even after stirring the solution for 24 h in
a common solvent. But in the presence of a 1 wt %
linear diblock copolymer (PS-b-PI), phase separa-
tion took place after a period of 55 h compared to
12 h in the system without the block copolymer.
Again, the extent of the volume fraction of NR
separated at equilibrium is found to be smaller
than the system with no compatibilizer. The in-
fluence of copolymer concentration on the phase-
separation process visible to the naked eye is
shown in Figure 7. The volume of the NR phase-
separated layer decreases from left to right as the
amount of the copolymer increases from 0 to 5 wt

Figure 5 Plots of hsp/C versus C of NR for PS/NR blends in (F) pure and (■) “mixed”
solvents at 25°C. (F) and (■) correspond to the solvent toluene and PS 1 toluene,
respectively.

Figure 6 Heat of mixing (DHm) versus weight per-
cent of PS (polymer A) in PS/NR blends.
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%. When the copolymer content reaches 5 wt %,
no phase separation can be observed. As the
amount of the block copolymer increases, the time
required for phase separation increases sharply.

The time required for phase separation and the
volume fraction of the phase-separated NR layer
for the PS/NR blend containing up to 7.5 wt % of
the block copolymer are given in Tables III and
IV. The times required for phase separation are

108, 252, and 290 h for a 2, 3.5, and 5 wt % block
copolymer concentration, respectively, using chlo-
roform as a solvent. On further addition of the
block copolymer (7.5 wt %), no phase separation
was observed even for a period of 6 weeks. This
happens when the copolymer content reaches
above the equilibrium concentration, which can
be considered as the “critical micelle concentra-
tion” (CMC). The same trend can be obtained by
observing the volume fraction of the phase-sepa-
rated NR layer with the block copolymer concen-
tration. In chloroform, the volume fraction of the
phase-separated NR layer decreases with the
block copolymer concentration and no phase sep-
aration occurs after 5 wt % of the block copolymer,
indicating interfacial saturation.

These experimental observations are in quan-
titative agreement with the theory of Noolandi
and Hong.21–23 As the copolymer content in-
creases, the time of phase separation increases
and the volume fraction of the phase-separated
NR layer decreases. Finally, the system reaches
interfacial saturation. At this point, no phase sep-
aration could be observed. The long time required
for phase separation is due to the decrease in the
interfacial tension between the homopolymers by
the localization of the block copolymer in the in-
terfacial area. The interfacial activity of the co-
polymer, in fact, decreases the interaction energy
and, hence, the polymer–polymer solution does
not undergo any phase separation.

Effect of Nature of Solvent on Phase Separation

Phase separation was studied by changing the
solvent from chloroform to toluene. In both cases,
phase-separation behavior is similar and the sat-

Figure 7 Optical photograph of the influence of block
copolymer on phase separation of 50/50 PS/NR blends.

Table III Phase-separation Times for Various PS/NR Blends (Time in Hours)

% of PS-b-PI
(Compatibilizer)

System Ia

PS/NR20
d/B1

System IIb

PS/NR0/B1
e

System IIIb

PS/NR20/B1

System IVb

PS/NR20/B2

System Vc

PS/NR20/B1

0 12 7 12 12 14
1.0 64 40 55 53 58
2.0 118 73 108 82 114
3.5 294 146 252 240 278
5.0 ** 230 290 272 **
7.5 ** ** ** ** **

**: No phase separation.
a Chloroform as solvent and two-step mixing.
b Chloroform as solvent and one-step mixing.
c Toluene as solvent and one-step mixing.
d The suffix of NR indicates the time of mastication in minutes.
e The M# n of B1 (PS-b-PI) 5 2.58 3 105 and M# n of B2 5 0.96 3 105.
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uration point is attained at a copolymer content
3.5 wt %, which is lower in toluene compared to a
value of 5 wt % in chloroform (Table III). The
demixing time of the polymer blend in toluene is
also correspondingly higher. The volume fraction
of the NR layer separated in toluene is small
compared to the chloroform system (Table IV).
Toluene solvates the polymer species more effec-
tively compared to chloroform because the solu-
bility parameter difference between PS and tolu-
ene (Dd 5 0.34) is less than that between PS and
chloroform (Dd 5 0.74). Again, the difference in
the solubility parameter between NR and toluene
is 1.15 (Dd) and that between NR and chloroform
is 1.55 (Dd). So, in both the cases, toluene is a
better solvent compared to chloroform. Therefore,
the polymer-blend solution made in toluene takes
a longer time for demixing.

Effect of Mode of Addition on Phase Separation

While studying the morphology of nylon/rubber
blends, Cimmino et al.24 observed an additional
size reduction when the blends were prepared in
two steps in comparison to one-step mixing. The
same conclusion was drawn by Asaletha et al.25

for the NR/PS blend system using NR-g-PS as the
compatibilizer.

Two-step mixing was carried out by blending
the dispersed phase with the compatibilizer first
and then blending it with the matrix polymer. By
preblending the modifier with the dispersed
phase, it was possible to increase the interaction
between the copolymer and the dispersed phase.
Preblending with the dispersed phase helps to
locate the copolymer at the interface.26,27 A sim-
ilar observation was reported by Oommen and
Thomas.3

The effect of the mode of addition of the block
copolymer on phase separation of the blends was

studied. It was found that in two-step mixing the
time required for phase separation is relatively
higher and the amount of the block copolymer
required for interfacial saturation is less com-
pared to one-step mixing (Table III). It is also
seen in two-step mixing that the volume fraction
of the phase-separated layer is less than that of
one-step mixing (Table IV). By preblending the
block copolymer with a minor phase, the amount
of the copolymer that can defuse into the interface
can be increased.

Effect of Block Copolymer/Homopolymer
Molecular Weight on Phase Separation

The influence of the block copolymer and the ho-
mopolymer molecular weight on the phase-sepa-
ration behavior of the blends was studied using
block copolymers of molecular weights 2.58 3 105

and 0.96 3 105 and NR of molecular weights 11
3 105 and 2.94 3 105. As the molecular weight of
the block copolymer decreases, the time taken for
phase separation decreases and the volume frac-
tion of the phase-separated NR layer increases
(Tables III and IV). According to Riess and Jol-
ivet,28 the emulsification efficiency of the copoly-
mer can be compared by the ratio of the molecular
weight of the homopolymer and the block copoly-
mer. If

a 5
Molecular weight of PS homopolymer

Molecular weight of PS component
in the block copolymer

b 5
Molecular weight of NR homopolymer

Molecular weight of NR component
in the block copolymer

then the copolymer is less efficient as an emulsi-
fier for a . 1 and b . 1. The emulsifying property

Table IV Volume Fraction of the Phase-Separated NR Layer

% of PS-b-PI
(Compatibilizer)

System Ia

PS/NR20
d/B1

System IIb

PS/NR0/B1
e

System IIIb

PS/NR20/B1

System IVb

PS/NR20/B2

System Vc

PS/NR20/B1

0 0.5273 0.5502 0.5273 0.5273 0.5805
1.0 0.3182 0.4262 0.3206 0.3612 0.3086
2.0 0.2072 0.3463 0.2208 0.2362 0.2174
3.5 0.1636 0.2180 0.1697 0.1780 0.1647
5.0 ** 0.1960 0.1040 0.1280 **
7.5 ** ** ** ** **

a–e See footnotes a–e to Table III.
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of the copolymer is optimum when a , 1 and b
, 1. In an ideal case, when a 5 b , 1, the
copolymer has no preferential solubility.

For system III, the values of a and b are less
compared to system IV as the block copolymer
molecular weight decreases from 2.58 3 105 to
0.96 3 105, keeping the homopolymers’ (PS and
NR) molecular weight constant. As a result, effi-
cient emulsification is obtained. In fact, this is
reflected by the demixing time as well as by the
volume fraction of the phase-separated layer (Ta-
bles III and IV).

The value of b is higher for system II compared
to system III as the homopolymer’s (NR) molecu-
lar weight decreases from 11 3 105 to 2.94 3 105,
keeping the PS and the copolymer molecular
weights constant. So, the demixing time is less
and the volume fraction of the phase-separated
layer is more in the case of system II than that of
system III (Tables III and IV). Noolandi and
Hong21–23 pointed out that the molecular weight
of the copolymer is important in reducing the
interfacial tension of immiscible polymer blends.
Our result is in accordance with Noolandi and
Hong’s theory. The reduction in interfacial ten-
sion is clear from the higher time for phase sep-
aration and the low amount of the phase-sepa-
rated NR layer.

Effect of Block Copolymer Composition on Phase
Separation

The effect of block copolymer composition on the
phase separation of the blend was studied. It was
found that by using a symmetrical diblock copol-
ymer as a compatibilizer the time required for
phase separation is relatively higher and the
amount of the block copolymer required for inter-
facial saturation is less. Therefore, block copoly-
mers with an equal segment length (50/50 wt %)
show a superior compatibilizing action compared
to other block copolymers of unequal segment
length (e.g., 30/70, 70/30, 15/85, and 85/15). A
symmetrical diblock copolymer is more or less
located at the interface and leads to a large re-
duction in interfacial tension.29 In contrast,
asymmetric block copolymers are not able to im-
prove the interfacial properties even at higher
concentration. Therefore, phase-separation ex-
periment data using symmetrical diblock copoly-
mers (B1 and B2) as a compatibilizer are only
presented in Tables III and IV.

CONCLUSIONS

Polymer–polymer interactions in blends were
studied by viscometry, heat of mixing, and phase-
separation techniques. PS/NR blends are found to
be incompatible from the results obtained for
Chee’s parameters DB and m. The negative values
of DB and m is an indication of the incompatibility
of PS/NR blends in all compositions. The heat of
mixing values (DHm) of the PS/NR blends further
support the incompatibility of the blends. The
“intrinsic viscosities of transfer” approach pro-
vides a qualitative picture of the interaction
among the polymers and, hence, the miscibility.
The incompatibility causes the phenomenon of
phase separation of the polymer-blend solutions.
A block copolymer compatibilizer acts as the
emulsifier which locates at the interface and ex-
tends into the homopolymer phases with which it
is compatible.

The time required for the phase separation is
an indication of the extent of compatibilization.
The presence of small amounts of the block copol-
ymer increases the time for phase separation sub-
stantially. No phase separation is observed once
the critical micelle concentration has been at-
tained. Two-step mixing helps the preferential
location of the block copolymer at the interface
during mixing and promotes better interfacial in-
teractions. The extent of localization of the block
copolymer at the interface and, hence, the effi-
ciency of the compatibilizer at the interface can be
enhanced by the selection of block copolymers of
suitable molecular weight.

The author would like to thank the Council of Scientific
and Industrial Research (CSIR), India, for the award of
SRF. The author also thanks Dr. S. Sivaram for many
useful discussions.

REFERENCES

1. Krause, S. Polymer–Polymer Compatibility in
Polymer Blends; Paul, D. R.; Newman, S., Eds.;
Academic: New York, 1978; Vol. 1.

2. Williamson, G. R.; Wright, B. J. J Polym Sci 1968,
1, 260.

3. Oommen, Z.; Thomas, S. J Mater Sci 1997, 32,
6085.

4. Danait, A.; Deshpande, D. D. Eur Polym J 1995, 31,
1221.

5. Danait, A.; Deshpande, D. D. Polym Int 1997, 42,
257.

888 CHATTOPADHYAY



6. Garcia, R.; Melad, O.; Gomez, C. M.; Figueruelo,
J. E.; Campos, A. Eur Polym J 1999, 35, 47.

7. Jiang, W. H.; Han, S. J. Eur Polym J 1998, 34,
1579.

8. Haiyang, Y.; Pingping, Z.; Guofeng, L.; Peng, W.;
Feng, R. Eur Polym J 1999, 35, 345.

9. Thakore, M.; Desai, S.; Sarwade, B. D.; Devi, S.
J Appl Polym Sci 1999, 71, 1851.

10. Chee, K. K. Eur Polym J 1990, 26, 423.
11. Zhang, L.; Zhou, D.; Cheng, S. Eur Polym J 1998,

34, 381.
12. Molau, G. E. J Polym Sci A 1965, 3, 1267.
13. Molau, G. E. J Polym Sci A 1965, 3, 4235.
14. Chattopadhyay, S.; Sivaram, S. submitted for pub-

lication in Polym Int.
15. Huggins, M. L. J Am Chem Soc 1942, 64, 2716.
16. Hugelin, C.; Dondos, A. Makromol Chem 1969, 126,

206.
17. Schneier, B. O. J Appl Polym Sci 1973, 17, 3175.
18. Krause, S. J Macromol Sci C 1972, 7, 251.

19. Flory, P. J. Principle of Polymer Chemistry: Cor-
nell University: New York, 1953.

20. Gee, G. Trans Faraday Soc 1942, 38, 418.
21. Noolandi, J. Polym Eng Sci 1984, 24, 70.
22. Noolandi, J.; Hong, K. M. Macromolecules 1982,

15, 482.
23. Noolandi, J.; Hong, K. M. Macromolecules 1984,

17, 1531.
24. Cimmino, S.; Coppola, F.; D’orazio, L.; Greco, R.;

Maglio, G.; Malinconico, M.; Mancarella, C.; Mar-
tusceli, E.; Ragosta, G. Polymer 1986, 27, 1874.

25. Asaletha, R.; Thomas, S.; Kumaran, M. G. Rubb
Chem Tech 1995, 68, 671.

26. Willis, J. M.; Favis, B. D. Polym Eng Sci 1975, 142,
243.

27. Favis, B. D.; Chalifoux, J. P. Polymer 1988, 29,
1761.

28. Riess, G.; Jolivet, Y. Adv Chem Ser 1975, 142, 243.
29. Leibler, L. Makromol Chem Macromol Symp 1988,

16, 1.

COMPATIBILITY OF SOLUTION OF POLYMER BLENDS 889


