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Differential scanning calorimetry, (DSC) and inverse gas chromatography, (IGC) were used to analyze the
miscibility and interactions in the poly(4-hydroxystyrene)/poly(vinyl methyl ether) (PAHS/PVME) system. The
miscibility was assessed by the measurement of a single glass transition temperature, T,, for each blend
composition. The T,—composition curve was analyzed in terms of Fox, Gordon-Taylor and Kovacs theories. The
influence of molecular weight of P4HS in the presence of a cusp in the T,—composition curve was discussed by
comparison with previous T, data. The IGC retention behaviour of the homopolymers and three blends (0.25, 0.5
and 0.75 P4HS volume fractions) was realized at 190°C using selected probes. The polymer—polymer interaction
parameters X3 calculated from the Scott-Flory—Huggins formalism showed an apparent dependence on the
probes. This dependence was analyzed using Horta’s method based on the equation-of-state theory and a more
simplified method proposed by Desphande. Negative values of x,; confirmed the miscibility of the system. A
blend composition dependence of x,3 was found, mainly determined by differences in the molecular surface-to-

volume ratio of the polymers. © 1997 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

Miscible polymer blends have become important techno-
logically because they represent an easy way to optimize
properties and cost. Owing to the low values of combina-
torial entropy of mixing, miscibility in polymer—polymer
systems requires the existence of strong specific interactions
between the components, such as hydrogen bonding' .
There is an intensive interest in identifying the nature and
strength of intermolecular interactions in miscible polymer
blends, in this sense IR spectroscopy is very useful, thus the
presence of strong hydrogen bond interactions between
poly(4-hydroxystyrene), P4HS, and other polymers contain-
: ca o 15-12
ing carboxyl or ether groups has been clearly identified®™ “.

On the other hand, the thermodynamic characterization
of the interactions has been the subject of extensive
studies'*'3~?’. Based on the Flory—Huggins theory the
polymer (2)-polymer (3) interaction parameter, X3, has
been chosen to describe the interaction between the two
components, which takes into account the enthalpic and
non-combinatorial entropy of mixing contributions. Inverse
gas chromatography (IGC) has been widely used to obtain
the x,; parameter; it requires the determination of the
interaction of several probes or solvents (1) with each
polymer, x; and x,3 and with the blend, x,. With these
parameters and applying the Scott—Flory—Huggins treat-
ment to ternary systems, which assumes that the Gibbs
mixing function is additive with respect to the binary
contributions, x»3 is obtained. However, it has been recog-
nized that x,; could depend on the chemical nature of the
probe'*~*". This solvent dependence has been attributed to

* To whom correspondence should be addressed

the inability of the Scott—Flory—Huggins treatment to
account for all the interactions present in the polymer—
polymer—solvent ternary systems'*182%24 The variation of
X23 with the probe arises from the different interactions
between the probe and each polymer. The easiest way to
avoid this problem is to choose probes that give similar
interactions with each polymer {x;, = x13). In the cases in
which this is not possible, other methods can be used to
obtain non-probe-dependent interaction parameters. The
method proposed by Horta et al 2% based on the equation-of-
state theory and the more simplified Desphande’s** method
which can be derived from Horta’s method, have been
applied to several systems>*2*=2%; they give x.; values in
which the solvent dependence has been eliminated.
Particularly, we have studied the systems formed by P4HS
+ poly(vinyl acetate)** and P4HS + poly(e-caprolactone)®.
A good concordance was found between the interaction
parameters calculated by the two methods, and in the P4AHS/
PCL blends with those obtained from the melting point
depression of PCL.

The present study aimed to analyse the miscibility of the
system P4HS + poly(vinyl methyl ether) (PVME) by IGC.
For this system, the presence of hydrogen bond interaction
involving the phenolic hydroxyl group of PAHS with the
ether group of PVME from is known from Fourier transform
IR spectroscopy (FTIR)’. The IGC retention behaviour was
realized for three blend compositions (0.25, 0.50 and 0.75
P4HS volume fractions) at 190°C using selected probes. The
dependence of xz; on the nature of the probes was analysed
using Horta’s and Desphande’s methods. In addition the
glass transition temperature was determined by differential
scanning calorimetry (DSC). The compositional variation of
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the glass transition temperature was analysed in terms
of Fox*®, Gordon— —Taylor®® and Kovacs’ theories
The results obtained were compared with those prev1ously
reported using polymer samples of different molecular
weight.

EXPERIMENTAL DETAILS

Materials

The PVME and P4HS samples were purchased from
Polysciences (UK). The PVME was purified by precipita-
tion into heptane from its toluene solutions and vacuum
dr1ed The average molecular weight of PVME, M, = 9.8 X
10*, and the polydispersity index, M, /M, = 2, were
obtamed from GPC. The P4HS was used without further
purification as in previous papers. The average molecular
weight of P4HS was M, = 1.5 X 10° determined by vapour
pressure osmometry, and M,/M, = 2 determined by GPC.

Glass transition temperature measurements

The polymer blends were prepared by mixing 3% (w/v)
solutions in acetone and slowly casting films. They were
kept at room temperature for 3 weeks and finally dried under
vacuum for 24 h at a temperature 30°C higher than the
glass transition temperatures T,

The T, values were determined using a Perkin-Elmer
DSC-4 differential scanning calorimeter calibrated with
indium. The heating rate was 20°C min~' and the sample
weight ranged from 5-10mg. The T, was taken at the
midpoint of the heat capacity transition. At least three scans
were performed for each sample. Second and subsequent
scans were identical indicating an accuracy in the T, data of
+ 1K.

Chromatographic measurements

Chromatographic columns were prepared for each of the
pure components and their mixtures with the following
compositions w3 = 0.25, 0.50 and 0.75, w; being the weight
percent of P4HS in the mixture. The stationary phases were
coated onto Chromosorb W by dissolution in acetone.

All details about the apparatus, materials, column
preparation and procedure were described elsewhere®>%S,
The measurement temperature was 463 K, well above the
glass transition of the homopolymers and blends. This
temperature ensured that the system exhibited ideal
chromatographic behaviour over the entire composition
range. The characteristics of the columns are given in
Table 1.

The net retention time of each probe ¢, was measured at
463 K and the specific retention values V, were calculated
from the expression

Vs F<3) (PUPy)’ —1 (PO—PW) 27315
£ nW 2 (Pl/P0)3—l PO Tr

where w is the mass of the polymer in the column P; and P,
are the inlet and outlet pressures, F is the carrier gas flow
rate at room temperature 7, and atmospheric pressure Py,
and P, is the water vapour pressure at 7. The retention
volumes were mdependent of the gas flow rate within the
range 15-30 ml min~". Values of V, were in the range 1-
10mlg™!

Throughout this paper, subscript 1 will be used to denote
the probe or solvent, while the polymer will be denoted by 2
or 3, corresponding to PVME and P4HS respectively. From
the Flory—Huggins treatment of solution thermodynamics,
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Table 1 Polymer mixtures and polymer loading in the columns

Column w3 T, (°C) Polymer loading
(%)

1 0 —222 6.7

2 0.25 45 13.5

3 0.50 420 5.3

4 0.75 85.1 8.9

5 1 138.2 7.7

the reduced residual chemical potential of the solvent in the
mixture (solvent + polymer) is defined as the solvent—
polymer interaction parameter x; (j = 2, 3), which can be
calculated from IGC experiments with the relationship’*:

273.15Ry; 1% P (B, - V)
=1 J ] — Lyt Ty
Xi n( VOR, ) ( V»> RT @

J

where »; and V; refer to the spec1ﬁc volume and molar
volume of the polymer V, and P{ represent the probe
molar volume in the liquid phase and its saturated vapour
pressure respectively, and B is the second virial coefficient
of the probe in the gas phase. All other symbols have their
usual meaning.

For solvent (1) + polymer (2) + polymer (3) ternary
systems, it has been shown'® that the overall interaction
parameter between the volatile probe (1) and the binary
stationary phase (2-3) is given by

273.15R \%
oo Teenl) (%)

VOP,V,

Vi PY(By, - V)
- (1 - Vg)‘” - RT

where wj, w3 and ¢,, ¢; refer to the weight fractions and
volume fractions of PVME and P4HS in the blend.

The vapour pressures P, were calculated from the
Antoine equation, taking the Antoine constants from the
Reid—Prausnitz—Sherwood ~ compilation®®; the molar
volumes of the probes, V|, were calculated using Bensons’s
method®®. Second virial coefficients were calculated from
the Pltzer Curl-Tsonopoulos correlation®. The density,
thermal expansion coefficient and critical parameters for the
solvents were taken from references®>3®. Data for the
polymer were v, = 0.862 and 0.948 cm g"l for P4HS and
PVME respectively and thermal expansion coefficients
were a; = 8.95 X 10™* and 7.01 % 107* K™ for P4HS and
PVME respectively at 25°C'737-38,

RESULTS AND DISCUSSION

Glass transition temperatures

PVME + P4HS blends were found to be miscible over the
whole composition range. They exhibit a single T,
intermediate between values of the pure components. The
variation of T, with the blend composition displays a
downward curvature as can be seen in Figure 1. In a first
aproximation this T,—w curve could be considered to follow
a simple monotomc functlon that could be described by the
ideal rule of Fox?®

L@, e (@)

Tg TgZ Tg3

where T, T,3 and T, refer to the glass transition tempera-
tures of PVME, P4HS and the blend of composition w
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Figure 1 Composition dependence of T, for PVME (2)/P4HS (3) blends:
(O) experimental data, ( } Fox equation, (--) Gordon-Taylor
equation, (- * —) prediction from Kovacs’ theory

respectively. This behav1our is similar to that found in other
related systems'®'!, such as PAHS + poly(methyl acrylate),
P4HS + poly(ethyl acrgllate) and P4HS + poly(vinyl
acetate). Coleman et al.”” have studied several systeris
containing P4HS, indicating that those that are miscible
present T, that seem to follow the Fox rule. In the systems
before mentioned, strong hydrogen bond interactions
between components are present as has been proved
through the FTIR spectra . These interactions do
not produce an increase in stiffness as reflects the downward
curvature of the T,—w curve because the destruction of
the self- assocranon of P4HS'' by the other component
produces the opposite effect.

A more close description of the T,—w3 curve could be
obtained through the Gordon- Taylor”® equatron

Ty +K'w;T,
T, = (@2 2. ’w3 g3) )
wy + K'w,y

where K' = pi;Aai/prAas, Aa; = (a — ag); being the
difference of the coefficients of expansion at T, of the
glassy (G) and liquid (L) states, and p; the density of the i
component. equation (5) reduces to the Fox rule when
K = 2. Usually K’ is taken as an arbitrary adjustable para-
meter "The application of the Gordon-Taylor equation to
the system here studied gives the best prediction taking
K' = 0.7 as shown in Figure 1.

However, miscible blends with very large differences
between the T, values of the pure components frequently
show unusual non-monotonic 7;—w dependence. It appears
to be described by two well defined regions separated by a

singular pomt or cusp3 “49-42 This is the case reported by

Pedrosa et al.** for PAHS 4+ PVME blends, using a PVME
sample of similar T, to that we have used but a PAHS sample
of higher molecular weight which has a T, 17°C higher. In
addition, they cast the blends from tetrahydrofuran, THF,
solutions while we used acetone. They reported the presence
of a cusp in the T,—composition curve located at w3 = 0.5.
In the blends here studied, the presence of a cusp at w; = 0.4
can also be observed (see Figure I), although the non-
monotonic behaviour is less pronounced.

Often the equilibrium miscibility of a system is very
influenced by the method of blending; this is particularly
true in systems having strong interactions between com-
ponents, when the blends are prepared from casting. The
limit result is solvent induced phase separation when the
solvent interacts more strongly with one component of the
blend than with the other****. This effect has been detected
in some systems involving P4HS like P4HS + poly(methyl
methacrylate) P4HS + polyesters and P4HS +
polyphosphazenes , which showed tendenc1es to phase
separate when casting from THF, but appeared to be
miscible when acetone was used. The differences in the T,—
wj curves for PVME + P4HS reported here and by Pedrosa
et al.>* could be attributed to a solvent effect. Nevertheless
both kinds of blend (cast from THF or acetone) show clear
miscibility behaviour and since the interaction of THF and
acetone with P4HS is similar to the interaction with PVME
(see Figure 3), it seems more likely that those differences
will be caused by the different molecular weight and T, of
P4HS used.

In order to Clanfy this effect we have applied Kovacs’
theory20 ' which is based on the hypothesis that the
fractional free volume of the mixture f is given by the
weighted sum of the fractioned free volumes of pure
components f; plus an interaction term:

F=@aofr + e3fs — 8o 6)

where ¢; is the volume fraction of the component i and the
term, gy,ps, represents the fraction of excess volume in
the mixture

gprp3=V./V (N

In the original theory’', the excess volume is defined as
V. = Vo + Vi — V, with V,, V3, V the volumes of the
components (2) and (3) and the blend volume respectively.
According to this theory if the difference T3 — T, is large,
the free volume of polymer 3 becomes zero at a critical
temperature T

T. =Ty —f3lbag (8)

where the polymer with higher T, in the blend is denoted
with the number 3 and f, 3 is its fractional free volume at 7T, .
The composition dependence of T, above T, is given by

T,= 02T + Ko3T o3 + (8/Acy ) 0203 ©)
2+ Koy
with K = Aay/Aa, and Aa; the difference between the
volume expansion coefficient in the liquid and glassy states
of the i component.
Below T.. T, is given by

T, T, 1
e 8 (él) o (10)
®3 Aoy \Aay/ ¢y
Then for T < T, aplot of (T, — T,,)/¢3 vs. 1/, should give
a straight line of slope f,3/Ac; and intercept g/Aas.
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Figure 2 Representation of the T,—composition data according to Kovacs’ theory (

) and the additivity rule (- - -)

Table 2 Parameters of Kovacs’ theory for PVME (2) + P4HS (3) blends

System Aoy (K™ Aoy (K71 g T, (K) bc
PVME (T, = 251 K) + P4HS (T, = 411 K) 221 % 107* 1.8x 107" - 0.018 298 04
PVME (T, = 250 K) + P4HS (T, = 428 K)** 297 % 107° 202x107* - 0011 344 0.49

In Figure 2 it is shown that the data corresponding to
¢3 = 0.4 can be fitted to a straight line from which the
parameters g and Ac, are obtained taking f,; = 0.0025

1% In order to calculate T, from equation (8) it is
necessary to know A« which can be obtained from the
expression

AO{3 =KA012 (11)

where K is derived from equation (9) using the value of g/
Ac; previously determined. Values of Kovacs® parameters
are given in Table 2 together with those reported by
reference®® for comparative purposes.

Negative values of the Kovacs’ g parameter reflect an
increase in the free volume in the polymer mixture. The
lower g value here obtained can be explained taking into
account the lower molecular weight of the P4HS used. A
lower P4HS molecular weight in this case means a T, closer
to that corresponding to PVME, as a consequence the
difference of free volume between both polymers is
reduced. This is associated with a less unfavourable
contribution to the mixing entropy and consequently with
a higher free volume. The ¢ comparative values are also
different (see Table 2) because this parameter is highly
sensitive to the (T3 — T,) value; in our system the PAHS
molecular weight gives a (T3 — T,;) 18°C degrees lower, so
the appearance of the break in the T,—composition curve is
located at a smaller concentration.

Polymer—polymer interaction

Specific retention volumes of eleven probes were
obtained for homopolymers PVME, P4HS and three
blends of 0.25, 0.50 and 0.75 P4HS volume fractions. The
probes selected were acetone, butan-2-one, pentan-3-one,
ethyl acetate, n-propyl acetate, n-butyl acetate, ethanol,
propan-1-ol, propan-2-ol, tetrahydrofuran and chloro-
bencene. From V, values and following the procedure
given by equations (2) and (3), the x,, parameters,
characterizing the interactions of the vapour-phase probe
with each of the two polymers x, and x;3; and with their
mixture, X1p, Were obtained. These results are plotted as a
function of the blend composition in Figure 3. As apparent
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in this figure, all the curves, except that corresponding to
CIBz, exhibited the upward curvature which reflects
favourable interaction between the two polymers which
confirms the miscibility of PVME/P4HS blends inferred
from T, data.

The polymer—polymer interaction parameter, X3,
according to Flory-Huggins treatment applied to ternary
systems is determined using the relation

Xip = ®2X12 + P3X13 — P203X23 (12)

where x’; is defined in the form x',3 = x23(V/V)).

Values of x'; are presented in Table 3 for all the blend
compositions. As is usual in IGC experiments, x’,3 is probe
dependent; this cannot only be attributed to the difference
between molar volumes of the probes. As in other systems,
which we have studied previously, this dependence is not
due to the experimental artifacts. In a first approximation the
x' 23 mean value for each blend composition could be used
for comparative purposes and they are also included in
Table 3. These values show a blend composition depen-
dence; negative values of (x',3) reflect a favourable
interaction between polymers, the positive {x',3) value
obtained for ¢, = 0.75 means that the interaction becomes
unfavourable when the concentration of P4HS increases. It
should be noted that in this kind of system in which a
component has a very low molecular weight (P4HS), small
negative values of the polymer—polymer interaction para-
meter are compatible with miscibility because the com-
binatorial entropy ensures that the blend does not phase
separate.

In order to provide probe-independent interaction para-
meters we applied a theoretical method proposed by Horta
et al®® based on the equation-of-state ternary theory.
According to this method the solvent—blend interaction
parameter x 1, can be obtained as an additive combination of
binary interaction parameters, which in the case of IGC,
where ¢, — 0 is given by

‘7202+ ‘7393
Xip=X12 75 X138
P Vs Va3

s
—Xz3'TS¢2¢3‘SL+F (13)
3
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Figure 3 Dependence of x , on the PAHS volume fraction for each probe,
(- - -) hypothetical average x, for non-interacting (x»; = 0) blends

Where T is a free-volume term, ¢, and 6; are the segment
and molecular surface fractions, V; and V the reduced
volumes of the ith component and the blnary i~j system,
and s, the molecular surface-to-volume ratio of the ith com-
ponent. All the interaction parameters, x;;, in equatlon (13)
are deﬁned in terms of segments fractions, and x’ h=xnVi
Vz, V being the reduced molar volume of the ith
component, x23 is considered the polymer—polymer probe-
independent interaction parameter.

By comparing equation (13) with the additivity relation
equation (12), written in segment fraction that reads

1p =®2X12 + P3X13 — rth3xzs" " (14)

the following equation is obtained:

A T
X3tk X3
V;Sl V2*S3

§3— 8
(9252 + B383) Vs,

xi2—x13) (15

Table 3 Polymer-polymer interaction parameters, x' . for the system
PVME (2) + P4HS (3) at 463 K

Solvent x'n
03=025 ¢;=05 ¢3 =075

Acetone (ACE) —-0.71 —-2.14 0.12
Butan-2-one (MEK) —0.60 ~2.18 0.17
Pentan-3-one (DEK) -0.40 —1.36 0.40
Ethyl acetate (EAC) —-2.55 —-2.74 —0.44
n-Propyl acetate (PAC) -0.19 -1.52 0.66
n-Butyl acetate (BAC) —1.08 —-1.82 0.17
Ethanol (ETA) 0.29 —-1.40 -0.13
Propan-1-ol (1 POL) 0.13 —-1.04 ~0.02
Propan-2-ol (2 POL) 0.40 —-1.76 0.40
Tetrahydrofuran (THF) -1.53 —-2.22 —0.54
Chlorobenzene (C1Bz) 0.57 0.10 1.67
(X’z}) —-0.61 —-1.63 0.21
with

v, r v, )
= h— = 1
‘ (Vf) [<¢2¢3) +X12<V23
—1 Sy — 83 V3
_— ——1 1
% <¢3 * ¢2sz+¢353) +X13<Vz3 ) (10

-1 _ $3— 853
8 (¢2 $28: + ¢353)]

and
PVl P2V1 5192
I's ——|T —0 r'y,— —49
RT [ Ip— 7 2112 3 n] 203
(17)
where
o i (V-IjB—l)
L=V, =-V; =3Tiln>———+F (18)

)

P; and T are the reduced parameters of the components for
the pressure and temperature respectively.

In order to apply this method complete mformatlon on the
components is needed. The parameters Vi, P, T;, and
s; were calculated as is described in previous papers®>%6,
These values together with the molar volumes and reduced
volumes at 463 K for the probes and P4HS are included in
those papers. Table 4 shows the corresponding equation-of-
state parameters for PVME and P4HS

Fzgure 4 displays the (x5 + K)IV3s, versus (x12 — x13)/
Vs, for each blend compos1t10n As can be seen, an
acceptable linear correlation is obtained, the scattering of
the data being highest for ¢; = 0.23. The slopes of the lines
are almost independent of the blend composition, giving
values around —0.6. The corresponding theoretical values
calculated as (53 — 57)/(¢,5; + ¢353) are three times higher
(—0.17). These differences are not significant taking into
account the standard deviations of the linear correlation and
the uncertainty in the values of s, and s; calculated through
a geometrical model®.

The polymer— polymer interaction parameters, x13/V53
were obtained from the intercepts of the straight lines and
are given in Table 5; the negative values indicate miscibility
of the P4HS and PVME, the interaction becoming more
favourable for intermediate composmons Finally we
applied the more simple Desphande method which gives
a mean value of the interaction parameter, x5, by using the
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Table 4 Equation-of-state parameters for polymers, T = 463 K

Polymer v %cm® g") p(Tem™) T'(K) vi(cm?® g™ v s(10"cm™)
PVME 0.801 525 6450 1.081 1.349 0.64
P4HS 0.703 602 5570 (.989 1.406 0.54

v is the specific volume and v * the reduction parameter (per gram) for volume.

, P",and T" data calculated from thermal expansion isothermal compresibility coefficients and density at 298 K.

I T I
[._.
8,=0.23
J e 0‘0_"80‘0—\00:
o o
-l -
x 7
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£ o -
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E ok -
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Figure 4 Polymer polymer interaction parameter (x53 + «)/V3s, against
(x12 — xl;)/Vm for PVME/P4HS blends

Table 5 Interaction parameters of PVME (2) + P4HS (3) at 463 K

¢y =023 63 =047 é; = 0.74
xW/Vy(m™@mol) —02xX1072 —08x107% 0.1 x 1072
xHVaem™mol) —-01x10"2 —03x107% 00
equation:
X1p — X13 X12 — X13 X23
= - 19
v, 902( v, ) ( V2>S02§02 (19)

Figure 5 shows the corresponding plot for each blend com-
posmon and the polymer—polymer interaction parameters,
x4V, are listed in Table 5.

As was expected the values of x23/ V, are higher than x23/
V2 The reason is that equation (19) can be derived from
equation (15). Making K = 0, which means that the free
volume differences between polymers are neglected, and
assummg §, = §3, an equation similar to equation (15) but
written in segment fraction is obtained, in which x 135 /s, is
replaced by x5. Then taking into account that in general s/
s3~2 the differences found between x1; and x5 could be
explained.

The negative values of the interaction parameters
obtained for P4HS + PVME are the consequence of the
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Figure 5 (x,, — x13)/V, against (x,, — x13)/V, for PVME/P4HS blends

according to Desphande’s method

hydrogen bond interaction between the hydroxyl groups of
P4HS and the methoxy groups of PVME. This behaviour is
s1m11ar to that found in other related systems P4HS +
PVAZ® and P4HS + PCL, All these systems are formed by
a polymer highly autoassociated by hydrogen bonds
(P4HS), plus another non-associated polymer that has
chemical groups capable of establishing hydrogen bonds
with P4HS, which ensures the miscibility of the two
polymers. The corresponding polymer—polymer interaction
parameters that we obtained for the mentioned systems are
included in Table 6, for comparative purposes. In these
systems the free volume differences are not vel;y important,
then the concentration dependence of x,; ' is mainly
determined by the differences in the molecular surface-to-
volume ratio of the polymers. Thus in the P4AHS + PVA
system, for which si/s; is close to unity, almost no
variation of x,; with composition is obtained, but for
P4HS + PCL and P4HS + PVME the dependence of x,;
with composition is clear. Finally, it is interesting to notice
that in this kind of system the increase in P4HS content in
the blends provokes a rise in the polymer—polymer
interaction parameters which means that when the auto-
associated polymer is in majority, the blend becomes less
thermodynamically compatible.
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Table 6 Dependence of the interaction parameters, x5/V5, on the blend composition, ¢, for polymer (2) + polymer (3) systems, determined by IGC

System 5283 X3/V3 (cm ™ mol)
PVA (2) + P4HS (3) (443 K) ¢33 =025 ¢3 =037 ¢ =05 ¢:=0.75
1.04 -01x107% -02x107 - 0.1 x107? 0.1 x 1072
PCL (2) + P4HS (3) (463 K) ;=023 ¢ =047 ¢ =0.72
146 -09x 107 -05x107* -02x107"
PVME (2) + P4HS (3) (463 K) ¢ =023 b3 =047 ¢y =074
1.19 -02X%x107? -0.8x107° 0.1 x 1072
CONCLUSIONS 13. Deshpande, D. D., Patterson, D., Schreiber. H. P. and Su, C. S,
Macromolecules, 1974, 7, 530.
The miscibility behaviour between poly(4-hydroxystyrene) 14.  Olabisi, O., Macromolecules, 1975, 8, 316.
+ poly(vinyl methyl ether) was investigated. The measure- 15. il; SC Sh- a;dYPatte;s;;l, lin 11)‘4“;;0'"01“';185} 197179,810’1770%03
: 102 16. -Saigh, Z. Y. and Munk, P., Macromolecules, , 17, R
ment of a single glass transition temperature for each blend 7 L BN K o oo RE . Potym Sci. Polym. Phys., 1986,
composition confirmed the miscibility of the system. The 24, 2565.
presence of a cusp in the T -composition curve was 18.  El-Hibri, M. J., Cheng, W. and Munk, P., Macromolecules, 1988,
analysed in terms of the Kovacs’ theory, giving a Kovacs’ 21, 3458.
parameter g lower than that previously reported in the 19. Ma;](iél}{ B. f‘f/‘l-, 1';‘;*;“?6*‘{}‘)“; 7C5 and Bhattacharya, S. N., J. Macro-
. . . mol. Chem. A, , , 175.
hte'rature,, we attribute this fact to the lower P4AHS molecular 20.  Prolongo, M. .. Masegosa, R M. and Horta, A., Macromolecules,
weight used here. 1989, 22, 4346.
The negative values of the polymer—polymer interaction 21.  Munk, P, Hattam, P., Abdel-Azim, A. P. A. and Du, Q., Macromol.
parameters x'»; reflected the miscibility of the system by Chem., Macromol. Symp., 1990, 38, 205.
hydrogen—bond interactions. The probe dependence of X,23 22. Al-Saigh, Y. Z. and Chen, P., Macromolecules, 1991, 24, 3788.
. 1vi the th ical hods of Hort 23. Lezcano, E. G., Salom Coll, C. and Prolongo, M. G,
was eliminated applying the t eoretical methods of Horta Macromolecules, 1992, 25, 6849.
et al. and Desphande. A blend composition dependence of 24.  Farooque, A. M. and Deshpande, D. D., Polymer, 1992, 33, 5005.
x' 23 was found, which was explained taking into account 25.  Juana, R. Eixeberria, A., Cortazar, M. and Iruin, J. I,
the difference in the molecular surface-to-volume ratio of Macromolecules, 1994, 27, 1395.
26.  Lezcano, E. G., Prolongo, M. G. and Salom Coll, C., Polymer, 1995,
the polymers. 36. 565
Finally, the comparison with other systems containing 57 Lezcano, E. G.. Salom Coll, C. and Prolongo. M. G., Polymer, 1996,
P4HS such as P4HS + poly(vinyl acetate), P4HS + 37, 3603.
poly(vinyl methyl ether), confirms that in this kind of 28.  Fox, T. G., Proc. Am. Phys. Soc., 1956, 1, 123.
system the increase in the composition of the autoassociated 29 Gordon, M. and Taylor, J. 8., J. Appl. Chem., 1995. 2, 493.
1 P4HS worsens the miscibilit 30. Kovacs, A. J., Adv. Polym. Sci., 1963, 3, 394.
polymer Y- 31. Braun, G., Kovacs, A. J. Physics of Non-Crystalline Solids, North-
Holland, Amsterdam, 1965.
32.  Pedrosa, P., Pomposo, J. A., Calahorra, E. and Cortazar, M.,
Macromolecules, 1994, 27, 102.
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