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ABSTRACT: The refractive index (RI) and Fourier trans-
form infrared (FTIR) spectrum of a poly(vinyl chloride)
(PVC)/polystyrene (PS) mixture were measured. The vari-
ation of RI with the mixture composition was found to be
nonlinear, which indicated the immiscibility of the PVC/
PS mixture. This result agrees with results obtained by the
FTIR technique, which indicated negligible intermolecular
interactions between the PVC/PS components, and the
miscibility of the polymer mixture was limited for the
compositions studied. The results obtained by RI and FTIR
were compared with the results obtained by the viscosity
method with criteria based on interaction parameters pro-
posed by Krigbaum and Wall, Chee, Zhu, and Garcia et al.
and the thermodynamic parameter proposed by Jiang and

Han. A criterion based on a simple cluster theory pro-
posed by Pan et al. was also applied to the PVC/PS mix-
ture solutions to study the polymer–polymer interactions.
The conclusions about PVC/PS immiscibility made by Pan
et al. and Jiang and Han agreed with our conclusions
obtained by FTIR and RI measurements. On the other
hand, the results obtained by Chee, Zhu, and Krigbaum
and Wall showed partial miscibility of the PVC/PS mix-
ture, whereas the polymer mixture was miscible according
to the Garcia et al. criterion. VC 2010 Wiley Periodicals, Inc.
J Appl Polym Sci 119: 2770–2777, 2011
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INTRODUCTION

Polymer mixture is an attractive route to the forma-
tion of novel materials whose properties may be a
useful combination of those of the polymers com-
ponents. However, most polymers are immiscible
and form discrete phases, often with high interfa-
cial tension, which results in a sharp interface
between two phases and leads to poor properties
of the mixture.1

The properties of a polymer mixture are deter-
mined mainly by the miscibility of the components
and the structure.1–3 This condition is fulfilled when
strong specific intermolecular interactions exist
between the components of a mixture. In the case of
moderate or weak interactions, the miscibility of
polymers pairs is limited; it depends on the temper-
ature, composition of the mixture, and so on.4

Polymer–polymer miscibility can be detected by a
number of techniques. Fourier transform infrared

(FTIR) spectroscopy has been used extensively to
detect and identify the presence of intermolecular
interactions occurring between different polymer
components in many miscible mixtures.5 This is
because the absorption bands are very sensitive to
changes, and some regions of the spectrum can be
used to determine the existence of specific interac-
tions. On the other hand, refractometric techniques
have been used to study the miscibility of poly-
mers.6 It was already established that the variation
of the refractive index (RI) as function of the mixture
composition is linear for a miscible mixture and non-
linear for immiscible systems.
It is well known that determination of the visc-

ometry of a dilute solution is a simple and quick
method for determining polymer–polymer miscibil-
ity.7,8 The investigation of the viscometry behavior
of a ternary system (polymer–polymer–solvent) also
gives useful information about the interactions.9

The principle of using dilute solution viscosity to
measure the miscibility is based on the fact that
molecules of both component polymers undergo
mutual attraction or repulsion, which influences the
solution viscosity. Attraction between two compo-
nent molecules may cause swelling in macromolec-
ular coils and result in a increase in the viscosity;
otherwise, repulsion may cause shrinkage in the
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macromolecular coils and cause a decrease in the
viscosity of the solution.7

Many criteria have been proposed by researchers
to determine the miscibility of a polymer mixture by
the viscometric method.8–17 The viscometric evalua-
tion of miscibility in ternary systems composed of a
common low-molecular-weight solvent for the poly-
mer–polymer rely on a comparison of the experi-
mental interaction parameters (bexp’s) or equivalent
parameters with ideal values. On the bases of many
experimental and theoretical studies, the literature
data suggest that a positive deviation between the
experimental and ideal values indicates a miscible
system, whereas a negative deviation indicates an
immiscible system.

The purpose of this study was to apply and com-
pare the results of research methods to estimate the
polymer–polymer miscibility in a dilute solution. In
this study, the system analyzed was a poly(vinyl chlo-
ride) (PVC)/polystyrene (PS) mixture, and the viscos-
ity measurements of the polymer system were per-
formed with six viscometry methods: the Krigbaum–
Wall10 method of classical dilution; Garcia et al.’s11

method of treating the viscosity interaction parame-
ter; Chee’s15 and Zhu’s16 methods, which are based
on the arithmetic and geometric differential intermo-
lecular interactions, respectively; Jiang and Han’s17

method, which is based of the cross-Huggins parame-
ter of the mixture; and Pan et al.’s12 method, which is
based on simple cluster theory. The results obtained
by viscometry method were compared with the RI
and FTIR spectroscopy measurements.

Theoretical background

Huggins proposed the following expression for the
viscosity of a solution of macromolecules:18

gred ¼ ½g� þ K½g�2C (1)

where gred is the reduced viscosity of the solution, C is
the concentration of the solution, [g] is the intrinsic vis-
cosity of the solution, and K is the Huggins coefficient.
In ternary system (polymer A–polymer B–solvent), an
analogue of eq. (1), as proposed by Krigbaum and
Wall,10 can be obtained in the following form:

gredm ¼ ½g�m þ K½g�2mC (2)

where gredm is the reduced viscosity of the mixture
and [g]m is the intrinsic viscosity of the mixture, and
at infinite dilution, the molecules have no influence
over each other. The [g]m value obtained for an ideal
polymer mixture is represented by eq. (3):19

½g�m ¼ wA½g�A þ wB½g�B (3)

where wA and wB are the weight fractions of poly-
mers A and B, respectively, and [g]A and [g]B are
the intrinsic viscosities of polymers A and B, respec-
tively. The viscosity of a dilute solution containing a
mixture of two polymers defines the value of the
interaction parameter (bm) by the expression:10,13

bm ¼ bAw
2
A þ bBw

2
b þ 2bABwAwB (4)

When eqs. (2)–(4) are combined, we have the fol-
lowing expression:

gredm ¼ ½g�AwA þ ½g�BwB

þ ðbAw2
A þ bBw

2
B þ 2bABwAwBÞC (5)

where bA, bB, and bAB are the viscosity interaction
parameters of polymers A and B and the mixture of
polymers A and B, respectively. The values of bA
and bB are determined from the plot of the reduced
viscosity versus C (Huggins plot). The slope of the
curve gives the corresponding bexp value:18

bA ¼ KA½g�2A (6)

bB ¼ KB½g�2B (7)

The value of bAB is determined by eq. (8):

bAB ¼ KAB½g�A½g�B (8)

where KA, KB, and KAB are the Huggins coefficients
of polymers A and B and the polymer mixture,
respectively.
The theoretical foundations of the applied meth-

ods are based on considerations from Krigbaum and
Wall10 and Cragg and Bigelow.13 Krigbaum and
Wall10 defined the ideal value of the interaction pa-
rameter (bidm ) with the following expression:

bidm ¼ bAw
2
A þ bBw

2
B þ 2bidABwAwB (9)

It is usually difficult to obtain the parameter bidAB.
Thus, for simplification, the concept ideal mixed poly-
mer solution was suggested. It is assumed that in an
ideal mixed polymer solution, no interaction besides
hydrodynamic interaction exists and the interaction
coefficient between unlike polymer chains may be
defined as bidAB. b

id
AB may be obtained by eq. (10) or

(11):20

bidAB ¼
ffiffiffiffiffiffiffiffiffiffi
bAbB

p
(10)

bidAB ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
bA þ bB

2

r
(11)

The evaluation of the experimental interaction pa-
rameter of the mixture (b

exp
m ) is done on the basis of
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the classical Huggins equation [eq. (1)] with the plot
of gredm versus C (Huggins plot of the mixture).

The Krigbaum–Wall viscosity interaction parame-
ter (DbKW) of the mixture is obtained from the differ-
ence between the experimental and ideal values. The
polymer mixture is miscible if DbKW ¼ b

exp
m � bidm � 0

and immiscible if DbKW ¼ b
exp
m � bidm < 0.

Garcia et al.11 ascertained that there is an arbitrary
assumption with respect to the definition of the bidAB
value proposed by Krigbaum and Wall,10 which con-
sists of its calculation by means of the geometric
means value, as shown in eq. (10). The authors pro-
posed another miscibility criterion, where another
ideal parameter (bid

0
m ) is calculated. According to Gar-

cia et al.,11 the expression is as follows:

bid0m ¼ bAw
2
A þ bBw

2
b (12)

The Garcia et al.11 interaction parameter (DbG) of
the mixture is obtained from difference between b

exp
m

and bid
0

m . If DbG � 0, the system is miscible, and if
DbG < 0, the system is immiscible. Shanfeng et al.14

reported that the arbitrary assumption proposed by
Krigbaum and Wall10 in eq. (9) and described in
Garcia et al.’s11 report does not exist, and the
authors discussed KAB.

Pan et al.12 proposed that an ideal mixed polymer
solution should be defined as one in which there is
not any yet attractive interaction between unlike
polymers that could result in an interchain associa-
tion between unlike polymers. The new viscometry
criterion proposed by Pan et al.12 is based on simple
cluster theory21 and involves two basic assumptions:
(1) the Einstein viscosity law is valid for individual
polymer chains in dilute solution with total C, and
(2) any deviation is due to interchain association or
cluster formation.

With the viscometry criterion proposed by Pan et
al.,12 the apparent association constant (Km) is calcu-
lated by eq. (13):

Km ¼ b
exp
m

6½g�expm

(13)

With the polymer mixture regarded as a simple
solute, the viscosity data of an ideal mixed polymer
solution presents an ideal association constant
(hKmiid) calculated by the following expression:

hKmiid ¼ ðbAwA þ bBwBÞ2
6ð½g�A wA þ ½g�B wBÞ (14)

Here, both Km and hKmiid are related to the viscosity
interaction parameters for simplification. For a
mixed polymer solution, the positive deviation of its
experimental overall Km from its hKmiid due to eq.

(14) can be regarded as an indication of attractive
interaction between unlike polymers; that is, the
mixture is miscible. On the other hand, the negative
deviation of Km from its ideal value indicates that re-
pulsive interactions exist between the polymers, and
that means immiscibility of the system.
Chee15 proposed a criterion using the parameter

DB [eq. (15)] to determine the polymer–polymer mis-
cibility, whereas Zhu16 proposed a study method of
polymer–polymer miscibility using the parameter Db
[eq. (16)]:

DB ¼ bAB � ðbA þ bBÞ
2

(15)

Db ¼ bAB �
ffiffiffiffiffiffiffiffiffiffi
bAbB

p
(16)

When DB � 0 or Db � 0, it indicates there are
attractive interactions between different polymers
(miscibility); otherwise, there are repulsive interac-
tions (immiscibility).
Sun et al.22 proposed the a criterion, which is a

thermodynamic parameter and is the function of the
cross-Huggins parameter of the polymer mixture,
mixture composition, and [g] of the constituent
polymer. The thermodynamic parameter proposed
by Jiang and Han17 (b) was a revision of the a crite-
rion proposed by Sun et al.22 We rewrote the b pa-
rameter [eq. (17)] as a function of the viscosity inter-
action parameters:

b ¼
2 bAB

½g�2AB
�

ffiffiffiffiffiffiffiffiffiffiffi
bA
½g�2A

�
q ffiffiffiffiffiffi

bB
½g�2B

q
½g�A½g�BwAwB

� �

ðwA½g�A þ wB½g�BÞ2
(17)

When b � 0, the mixture is miscible, and when b
< 0, the mixture is immiscible.

EXPERIMENTAL

Material and preparation of the films

In this study, PVC (5 � 104 g/mol) and PS (1.4 �
105 g/mol) samples were supplied by Tiletron S. A.
(Brazil) and Compania Brasileira de Estireno S. A
(Brazil), respectively. The polymers were dispersed
in methanol and refluxed at 50�C for 24 h for purifi-
cation. The PVC, PS, and PVC/PS mixture films
(� 0.1 mm) were prepared by solvent casting from
methyl ethyl ketone (MEK) solvent by slow evapora-
tion in air at room temperature. The MEK was dried
with Na2SO4 and purified by distillation. Any
remaining MEK was removed by the drying of the
films at 80�C for about 10 h. All of the samples were
stored in a desiccator for 72 h before use in the
experiments. The PVC/PS mixtures were prepared
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at different weight compositions: 95/5, 90/10, 50/50,
and 30/70.

Viscosimetry measurements

The viscosity of the samples was calculated from the
relative viscosity (grel ¼ m/m0 � t/t0), where m and m0
are the cinematic viscosities of the polymer solution
and the solvent, respectively, and t and t0 are the solu-
tion and solvent tetrahydrofuran (THF) flow times,
respectively, which result in the cinematic viscosity
measure. These measures were carried out with an Ost-
wald-type capillary (75 mm) viscometer immersed in a
thermal bath at a temperature of 25.0 6 0.1�C, and the
flow times were measured with an accuracy of60.01 s.
After the grel values were obtained, the specific viscos-
ity (gsp ¼ grel � 1) and gred (gred ¼ grel/C), where C is
0.1 g/dL, were calculated. [g] was determined by
extrapolation to infinitive dilution (zero-solute C) by
Huggins plots, that is, gred versus C.

In addition, MEK and THF are good solvents for
PVC and PS; however, cast films from MEK pre-
sented better quality than those cast from THF.
Thus, MEK was used to make the films, and THF
was used in the viscosity measurements.

Spectroscopy

The infrared spectra of PVC, PS, and PVC/PS mix-
tures were obtained by FTIR spectroscopy. The anal-
ysis were done in a Bruker IFS66 instrument at a re-
solution of 2 cm�1 in transmittance mode. PVC/PS
mixtures were granulated with dehydrated KBr
powder in a mortar press molded to prepare disk
specimens. In all of the FTIR measurements, a mini-
mum of 50 scans were signal-averaged.

RI

RI was evaluated by an Abbe’s refractometer at 25�C
with a-bromonaphthalene as a contact liquid.

RESULTS AND DISCUSSION

RI and FTIR measurements of the PVC/PS mixture

We used a simple technique to investigate the misci-
bility of the PVC/PS mixtures, and the variation of
RI of the polymer mixture is shown in Figure 1. If
the polymer mixture was miscible, the system was a
single-phase mixture and exhibited RI values inter-
mediate to those of the components. The linear vari-
ation of RI as function of the mixture components
was expected.6 As shown in Figure 1, it was evident
that the variation of RI as a function of mixture com-
position was nonlinear. This result was attributed to
the immiscible behavior of the PVC/PS mixture. If a
polymer mixture is immiscible, the system is phase-
separated with differing RIs in each one, and this
results in a mismatch in the RIs of the phases. Thus,
the PVC/PS mixture did not exhibit RI values inter-
mediate between the PVC and PS in the composi-
tions studied.
Figure 2 shows the FTIR spectra of the PVC, PS,

and PVC/PS mixtures films in the 1600–400-cm�1

region. The main vibrational bands of PVC and PS
(1600–400 cm�1) were identified and are shown in
Table I. The PS addition to PVC influenced its spec-
trum, and the signals originating from the aromatic
bond appeared (see the arrow in Fig. 2). The 700–
600-cm�1 frequency could be used to determine the
existence of interactions between the chlorine group
of PVC and the hydrogen groups of the backbone of
PS in the PVC/PS mixture. The frequency region
was attributed to CACl stretching vibration in the

Figure 1 Variation of RI of the PVC/PS mixture with the
PVC weight fraction.

Figure 2 FTIR spectra of PVC, PS, and the PVC/PS
mixture.
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PVC molecule.23 The PVC frequency region did not
shift with PS addition in the system. This result indi-
cates negligible intermolecular interactions between
the components of the PVC/PS mixture, and the
miscibility of the polymer pair was limited for the
compositions studied. The results obtained by FTIR
spectroscopy were in agreement with the results
obtained by RI measurements.

Measurements of the PVC/PS mixture in
the dilute solution

The reduced viscosity values showed a good linear
nature with C of all compositions of the PVC/PS
mixture studied. The R values (Table II) were the
correction factors in the linear regression analysis;
the values were almost equal to unity, which
showed a good fit. From linear regression analysis,
we obtained the values of experimental intrinsic vis-
cosity ([g]exp) and bexp of PVC, PS, and the PVC/PS
mixture. The values of [g]exp, bexp and other parame-
ters calculated from the equations mentioned in the
theoretical section are summarized in Table II.

The changes in [g]m in the PVC/PS mixture in
solution were attributed to polymer–polymer inter-
actions, especially the thermodynamic interactions.
As pointed out by Tewari and Srivastava,24 thermo-
dynamic interactions include the intramolecular
excluded effect, which results in an expansion of the
coil in solution, and the intermolecular excluded vol-
ume effect, which results in the contraction of the
coil. [g]exp of PVC ([g]expPVC) was compared with
[g]exp of the 95/5 PVC/PS mixture ([g]exp95=5), 90/10
PVC/PS mixture ([g]exp90=10), 50/50 PVC/PS mixture
([g]exp50=50), and 30/70 PVC/PS mixture ([g]exp30=70). As
shown in Table II, although the [g]expPVC value was
less than the [g]exp95=5 value, the [g]expPVC value was
larger than the [g]exp values of other mixture com-
positions ([g]exp90=10, [g]

exp
50=50, and [g]exp30=70). The reasona-

ble interpretation may be that the attractive interac-
tion between PVC and PS may have caused the
expansion of the PVC coils in solution with a small
number of PS molecules, whereas the intermolecular
excluded volume effect may have caused the con-
traction of PVC coils in solution with a greater

amount of PS. At a lower weight fraction of PS
(95/5 composition), the attractive interaction
between PVC and PS was believed to be dominant;
this resulted in an increase in [g]exp95=5. On the con-
trary, with increasing PS fraction (in the 90/10, 50/
50, and 30/70 compositions), the intermolecular
excluded volume effect was believed to be domi-
nant; this resulted in decreases in [g]exp90=10, [g]exp50=50,
and [g]exp30=70. Thus, our results show that both the
polymer–polymer interactions and intermolecular
excluded volume effects were PS weight-fraction-
dependent.
The criteria proposed by Krigbaum and Wall10

(DbKW) were negative for the 90/10, 50/50, and 30/
70 compositions and exceeded the range of experi-
mental error. The DbKW value obtained for the 95/5
composition was equal zero in the range of the ex-
perimental error, as shown Figure 3. On the other
hand, the PVC/PS mixture with all compositions
satisfied the miscibility criteria proposed by Garcia
et al.11 for DbG � 0. The results obtained with the
Krigbaum and Wall10 and Garcia et al.11 criteria only
agreed for the 95/5 composition (see Fig. 4). The
cause of equivocal conclusion from the criteria of
Krigbaum and Wall10 and Garcia et al.11 was a dif-
ferent definition of the bidPVC=PS value.
The bidPVC=PS (bidAB) value was calculated by a geo-

metric mean value [eq. (10)], as pointed out in the
Krigbaum–Wall method.10 Other authors25 prefer to
define bidAB as an arithmetic mean value [eq. (11)],
especially for those systems in which the interaction
parameter values are negative because then the geo-
metric mean has no mathematical sense. The Garcia
et al.11 criteria proposed lies in the fact that it is not
necessary to arbitrarily define the bidPVC=PS parameter
(either as a geometric or arithmetic mean value)
obtained with the respective binary polymer solvent
systems, that is, bPVC and bPS. However, the value of
the parameter bPVC/PS

id is a complex interaction pa-
rameter including the thermodynamic and hydrody-
namic interactions and associations existing in the
system to estimate miscibility; it would be very help-
ful to know these particular contributions. The
bidPVC=PS parameter also is used to calculate DB by an
arithmetic mean value [eq. (15)] and Db by a

TABLE I
Main Vibrational Bands of PVC and PS

Main bands in the
PVC spectrum (cm�1) Assignment

Main bands in the
PS spectrum (cm�1) Assignment

1429 CH2 1600 and 1505 C¼¼C (in-plane aromatic ring)
1330 and 1255 CAH (of CHCl) 1440 and 1431 CH2

1095 CAC 1000 and 994 CAH (aromatic out-of-plane)
961 CH2 (rocking) 829 and 765 C¼¼C (out-of-plane aromatic ring)
689, 636, and 613 CACl 699 and 694 CAH (out-of-plane)

620 and 557 C¼¼CAH (twisting vibration)

2774 AQUINO, SILVA, AND ARAÚJO

Journal of Applied Polymer Science DOI 10.1002/app



geometric mean value [eq. (16)], as proposed by
Chee15 and Zhu,16 respectively. The conclusions
obtained by DB were the same from the results
obtained by the Db criteria, as shown Table II. The
DB and Db values found were positive for the 95/5
and 90/10 compositions and satisfied the miscibility
criteria proposed by the authors for DB � 0 and Db
� 0. The other compositions studied (50/50 and 30/
70) satisfied the immiscibility criteria for DB and Db
values of less than zero. These results were also in
conflict with the conclusions obtained with the Krig-
baum–Wall10 and Garcia et al.11 methods, and we
must not ignore that the complex interaction param-
eter bidPVC=PS includes all kinds of physical interac-
tions in solution, which may oppose one another. In
both the DB and Db criteria, bAB (or bPVC/PS) is
defined with eq. (5), which means that bPVC and bPS
in ternary system are the same as those in binary
systems. However, there are facts that limit the effec-
tiveness of these criteria:

1. bPVC/PS is not a thermodynamic parameter
itself; it arises from the polymer–polymer inter-
actions of finite C.10 Because bPVC/PS is not
determined by the thermodynamic interactions
alone, these criteria cannot be referred to as
based on theoretical considerations.

2. In ternary systems, polymer–polymer interac-
tions (attractive or repulsion) lead to changes in
the effective hydrodynamic volume of polymers,
which well influence the parameter bPVC/PS.

So, bPVC and bPS obtained in a binary system are
not the same as those obtained in ternary systems,
as proposed by eqs. (15) and (16), except in the case
of an ideal mixture.
We compared Km of the PVC/PS mixture with

their hKmiid, as shown in Figure 4. The Km and hKmiid
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Figure 3 Variation of Db of the PVC/PS mixture with the
PVC weight fraction.
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values are shown in Table II. The 95/5, 90/10, and
50/50 compositions did not exhibit obvious devia-
tion. This means that no evident attractive interac-
tion existed between PVC and PS, and the mixture
could be regarded as an ideal or immiscible mixture.
That is, only hydrodynamic interactions existed. On
the other hand, the hKmiid value of the 30/70 compo-
sition had a slightly positive deviation. According to
the Pan et al.12 method, PVC and PS in this weight
composition had certain attractive interactions, but
the interactions were very weak. Thus, we also con-
sidered the polymer mixture immiscible at the 30/70
composition. If there were interactions between the
PVC and PS polymers that resulted in intermolecu-
lar association between the PVC and PS chains, the
extraneous terms to account for its contribution need
to be added to eq. (14) to calculate the hKmiid
parameter.

The values of b were found to be negative for all
PVC/PS compositions; this indicated the immiscibil-
ity of the pairs in the mixture. These results rein-
forced the conclusions obtained by analyses done by
the Pan et al. method. Table III summarizes the
results obtained by all of the techniques and criteria
used in this study. The PVC/PS mixture analyzed
with the Krigbaum and Wall10 (partially miscible),

Garcia et al.11 (miscible), Chee15 (partially miscible),
and Zhu16 (partially miscible) showed conflicting
results with the results obtained by the Pan et al.12

and Jiang and Han17 criteria and the RI and FTIR
measurements, where the PVC/PS mixture was con-
sidered to be a immiscible mixture. PVC/PS was
previously determined to be an immiscible mixture
on the basis of its repulsive and attractive polymer–
polymer interactions in dilute solutions.7,26 How-
ever, this study showed that the interactions
between PVC, PS, and the solvent and considera-
tions about the ideal parameters of the mixture in
dilute solutions played an important role in the con-
flicting results presented by the criteria analyzed in
this study.
In addition, in our previous study,27 we investi-

gated the effect of c irradiation on a PVC/PS system.
When the films of a PVC/PS mixture were irradi-
ated to 50 kGy, certain intermolecular interactions
were observed by comparison of irradiated and non-
irradiated data with the Pan et al.12 method.

CONCLUSIONS

Studies of the hydrodynamic properties of the solu-
tions for PVC/PS mixtures measured by the method
of classical dilution indicated that the satisfaction of
the miscibility criterion depended on the definition
of the ideal parameter bidm . If the bidm parameter value
was defined according to Krigbaum and Wall, the
investigated mixture satisfied the immiscibility crite-
rion for all compositions, except that with a ratio of
95/5. On the other hand, the results obtained from
the Garcia et al.11 criterion showed that all of the
PVC/PS compositions studied satisfied the miscibil-
ity conditions. The conclusions obtained with the
Chee15 and Zhu16 methods agreed between them-
selves (partially miscible) but were in conflict with
the conclusions obtained by the other criteria used
in this study. The PVC/PS immiscibility conclusions
obtained by the Jiang and Han17 criterion were in
agreement with the conclusions obtained with the
Pan et al.12 criterion and RI and FTIR measurements.
Considerations of the ideal parameters of the mix-
ture in dilute solutions played an important role in
the conflicting results presented in the criteria ana-
lyzed in this study. In addition, our results show
that both polymer–polymer interactions and inter-
molecular interactions excluded volume effects and
were PS weight-fraction-dependent when the values
of [g] of PVC and PVC/PS mixture obtained experi-
mentally were analyzed.

The authors thank the Brazilian manufacturers Tiletron S. A.
for the PVC samples and Compania Brasileira de Estireno S.
A. for the PS samples.

Figure 4 Variation of Km of the PVC/PS mixture with the
PVC weight fraction.

TABLE III
Summary of the Results Obtained in this Study

by Different Techniques

PVC/PS DbKW DbG DB Db hKmiid b FTIR RI

95/05 M M M M I I I
90/10 I M M M I I I I
50/50 I M I I I I I
30/70 I M I I I I I

I ¼ immiscible; M ¼ miscible.
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Journal of Applied Polymer Science DOI 10.1002/app



References

1. Prahsarn, C.; Jamieson, M. Polymer 1997, 38, 1273.
2. Stephan, A. M.; Kumar, T. P.; Renganathan, N. G.; Pitchu-

mani, S.; Thirunakaran, R.; Muniyandi, N. J. Power Sour 2000,
89, 80.

3. Wattanabe, N.; Akiba, I.; Akiyama, S. Eur Polym J 2001, 37,
1837.
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