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ABSTRACT: Poly(vinyl acetate) (PVAc)/poly(ethylene oxide) (PEO) blends were pre-
pared by casting from either benzene or chloroform. The solvent effects on the crystalli-
zation behavior and thermodynamic properties of the blends were studied by the differ-
ential scanning calorimeter (DSC). Two grades of PEO with different molecular weights
(PEO200 with M,, = 200,000 g/mol and PEO2 with M, = 2000 g/mol) were used in
this work. The thermal analysis revealed that the blends cast from either benzene or
chloroform were miscible in the molten state. The crystallization of PEO in the benzene-
cast blends was more easily suppressed than it was in the chloroform-cast blends.
Furthermore, the benzene-cast blends showed a greater negative value of Flory-Hug-
gins interaction parameter than those cast from chloroform in the PVAc/PEO200 poly-
blend system. It was supposed that the benzene-cast blends had more homogeneous
morphology. © 1997 John Wiley & Sons, Inc. J Appl Polym Sci 64: 411-421, 1997
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INTRODUCTION

Recently, the subject of miscibility of polymer—
polymer blend has gained much attention.'?
From the thermodynamic point of view, two com-
ponents will be miscible only if the Gibbs free en-
ergy of mixing is negative. If the combinatorial
entropy term is negligible for polymer blend,
then it requires the exothermic heat of mixing to
form a miscible blend. In other words, interact
with oxygen in the ether group.? Polymer blends
with this specific interaction include poly(methyl
methacrylate) (PMMA)/poly(ethylene oxide)
(PEO) and PVAc/PEO blends. The PMMA/PEO
blends have been proved to be miscible and their
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crystallization kinetics and thermodynamic prop-
erties have been extensively studied.*® The
PVAc/PEO blends have been studied by the fol-
lowing research groups. Kalfoglou et al.*'° studied
the miscibility of PVAc/PEO blends by means of
optical microscopy (OM), dynamic mechanic
analysis (DMA), and differential scanning calo-
rimeter (DSC). It was reported that the blends
were miscible at high PVAc compositions. Martus-
celli and Silvestre et al.'"'? studied the crystalli-
zation behavior, thermodynamic properties, and
morphology of these blends by using OM, DSC,
and small angle X-ray scattering (SAXS). They
found that the spherulite growth rate and the
overall kinetic rate constant of crystallization de-
creased with increasing the PVAc content. Addi-
tionally, the blends were granted to be miscible
from the observation of their single glass transi-
tion temperature (T,) behavior. From the SAXS

411



412 WU, CHIU, AND LIAU

analysis, it was revealed that the PVAc existed
not only in the interlamellar zone but also in the
interfibrillar zone. Munoz et al."® studied the rheo-
logical properties and thermodynamic properties
of these blends. It was reported that the viscosity
of the blend decreased with increasing the PEO
content. The polymer—polymer interaction pa-
rameter (x) was found to be —0.08 at 70°C from
the depression of melting point. Han, Chung, and
Kim!* studied the phase behavior of these blends.
They reported that the PVAc/PEO20 (M, of PEO
= 20,000) blends were miscible but two T, values
were found in the high PVAc compositions of
PVAc/PEO100 (M, of PEO = 100,000) blends.
The values of x were —0.211 and —0.069 for the
PVAc/PEO20 and PVAc¢/PEO100 blends, respec-
tively. In the above two articles, non-equilibrium
melting points were used to estimate the value of
x- Yin et al.? studied the miscibility of PVAc/PEO
blends from the heat-of-mixing data, which were
evaluated by measuring the heats of solution of
pure components and blends in a common solvent
and applying Hess’s law. It was reported that a
negative heat of mixing was found in blends of
PEO and low molecular weight PVAc. Using the
experimental data to fit the Patterson theory'®
of polymer—polymer miscibility led to the results
that the free-volume term had a much smaller
value than the interaction one.

Owning to the high viscosity of polymer, true
equilibrium is difficult to reach for polymer
blends. Therefore, the physical properties of poly-
mer blends are usually influenced by their history
(including the heat treatment and prepared
methods). Bank, Leffingwell, and Thies ‘6 investi-
gated the solvent effect on the miscibility of poly-
styrene (PS)/poly(vinyl methyl ether) (PVME)
blends. It was concluded that the compatible PS/
PVME blends were obtained upon casting from
toluene or benzene, while incompatible blends
upon casting from chloroform. In the literature,
many amorphous/crystalline polymer blends
have proven to be miscible in the molten state by
the thermal analysis, such as PEI/PEEK,"’
PAr/PBT,'®* PMMA/PVDF,'® and amorphous/
PEQ?348-1520-22 hlands. To our knowledge, limited
papers studying the prepared method or solvent
effect on the properties of amorphous/crystalline
polymer blends were published.?®** For the PVAc/
PEO blends, chloroform was the only solvent used
for preparing blends in all papers reviewed in the
above.” ' In this work, the non-polar solvent,
benzene, as well as the polar solvent, chloroform,
was used to study the casting solvent effect on

the crystallization behavior and thermodynamic
properties of PVAc/PEO blends.

There is a certain relationship between the
miscibility and Flory-Huggins interaction param-
eter of the polymer blend. The common methods
employed to evaluate the value of interaction pa-
rameter include melting-point depression, vapor
sorption, inverse-phase gas chromatography, neu-
tron scattering, and small-angle X-ray scattering.
Each method has some advantages and disadvan-
tages.? For a compatible amorphous/crystalline
polymer blend, the polymer—polymer interaction
parameter was usually estimated from the de-
pression of the melting point of crystalline poly-
mer by using the Nish-Wang equation.'® Although
there was some dispute about this method,?%* it
was still the favorite one. In this work, equilib-
rium melting points were used to estimate the
polymer—polymer interaction parameter of PVAc/
PEO blends.

EXPERIMENTAL

Materials and Blend Preparation

The materials used in this work and their charac-
teristics were given in Table I. All PEO molecules
were terminated with hydroxyl groups. Certain
amounts of PVAc and PEO were dissolved in ben-
zene (or chloroform) according to the desired com-
position. The total polymer concentration was 1 g/
p 100 mL solvent. The solution was continuously
stirred for 2 days at room temperature and then
poured onto the glass plate. The solvent was evap-
orated slowly under ambient condition at 30°C.
Finally, the blend film of ~ 0.08 mm in thickness
was obtained. The sample film or chip was dried
in the vacuum oven at 45°C for at least 1 week in
order to remove the residual solvent (more time
required for benzene-cast blends).

Glass Transition Temperature (T,) Measurement

Glass transition temperature (7,) measurements
were carried out by using a Du Pont differential
scanning calorimeter (model 9900). Indium
(melting point, T}, = 156.6°C) and n-heptane (T},
= —90.6°C) were used as standards for tempera-
ture calibration. Samples of ~9 mg loaded in alu-
minum cells were heated to 100°C for 10 min to
melt PEO crystals, followed by quenching to
—130°C and then scanned to 100°C with a heating
rate 20°C/min. T, was determined from the half-
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Table I Materials and Their Characteristics

Code Description Source
PVAc Poly(vinyl acetae), M,, = 260,000 Scientific Polymer Products, Inc.
PEO200 Poly(ethylene oxide), M,, = 200,000 Scientific Polymer Products, Inc.

PEO2

Polyethylene glycol, M, = 2000

Merck

height point of the step change in the thermogram
and the error was within 2°C. The second and
third runs were also analyzed and the results
were very similar to the first run.

Isothermal Crystallization Analysis and Melting
Temperature (T,,) Measurement

The isothermal crystallization experiments were
carried out by using a Perkin-Elmer differential
scanning calorimeter (model DSC-7). Indium (T,
= 156.6°C) and n-octadecane (T,, = 28.2°C) were
used for temperature calibration. About 6 mg of
sample was heated to 90°C to melt crystals, and
then cooled to a specified crystallization tempera-
ture (T,) at a cooling rate of 60°C/min under he-
lium purge and ice water surrounding condition.
After the completion of crystallization, the sample
was heated to 90°C with a scanning rate of 10°C/
min. The melting temperature was defined as the
maximum point of endothermic peak. When cer-
tain samples were repeatedly run, it seemed that
T,, was almost independent of number of cycles
at a certain T for any composition. The error was
within 0.15°C in this part of experiment.

RESULTS AND DISCUSSION

T, Measurement of PVAc/PEO200 Blend

DSC thermograms of the PVAc/PEO200 blends
cast from benzene were presented in Figure 1.
There was a sharp thermal transition at ~ 44°C
for the pure PVAc. This transition was the so-
called glass transition. The pure PEO was a
highly crystallized polymer, and showed a melting
temperature ~66°C. The blend with 90 wt %
PVAc, as well as the pure PVAc, was granted to
be completely amorphous because of no melting
peak in the thermograms. The thermograms of
blends with 50—80 wt % PVAc exhibited exother-
mic peaks following the glass transitions. This in-
dicates that recrystallization occurred in these
blends. The total recrystallization heat (AH..),
and fusion heat (AH ) of the PEO200 in the blend

was obtained by integrating the areas under the
recrystallization and melting peaks of DSC curve,
respectively. The results were listed in Table II.
The blends with 60—80 wt % PVAc showed that
the AH,, was almost equal to the AH ;. This indi-
cates that PVAc was sufficient to completely sup-
press the crystallization of PEO200 in the blend
during the quenching process. For the above
blends, a single T, decrease with increasing the
PEO content was found. This means that the
blends were miscible in the molten state. It was
difficult to quantitatively discuss the breadth of
the glass transition, because the recrystallization
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Figurel DSC thermograms of PVAc/PEO200 blends
cast from benzene.
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Figure2 DSC thermograms of PVAc/PEO200 blends
cast from chloroform.

occurred immediately after the glass transition.
However, the glass transitions of the blends were
much broader than that of pure PVAc. This indi-
cates that a wide distribution of molecular envi-
ronment existed in the blend, although the blends
were macroscopically homogeneous. The recrys-
tallization heat was slightly lower than the fusion
heat for the blend with 50 wt % PVAc (see Table
II). This indicates that some PEO200 crystallized
during the quenching process, but most PEO200
remained in the amorphous phase. The single T,
means that the amorphous phase was miscible
and it was corresponding to the amorphous phase
composition, not the overall composition. When
the PVAc content was less than 40 wt %, PVAc

Table II Fusion Heat (AHy) and
Recrystallization Heat (AH,.) or PVAc/PEO200
Blends Shown in Figure 1 and Figure 2

AH; AH,,
Casting (J/gram of (J/gram of
PVAc¢/PEO200 Solvent PEO200) PEO0200)

100/0 benzene —2 —
90/10 benzene — —

80/20 benzene 18 18

70/30 benzene 105 105

60/40 benzene 111 108

50/50 benzene 120 102
40/60 benzene 132 —
0/100 benzene 136 —
90/10 chloroform — —

80/20 chloroform 29 11
60/40 chloroform 114 —

# —, Very small or not obtained.

Glass Transition Temperature (°C)

—100|lv|lll|l|l||||]‘1*1‘r
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Wt Fraction of PVAc

Figure 3 Glass transition temperature versus weight
fraction of PVAc plot for the PVAc/PEO200 blends:
(---) Fox equation, assuming T, of PEO = —60°C;
(—) Fox equation, assuming T, of PEO = —75°C; (O),
experimental data for blends cast from benzene; (®),
experimental data for blends cast from chloroform.

could hardly suppress the crystallization of
PEO200 during the quenching process. For these
compositions, the amorphous phase was the mi-
nor phase, and the T, was ambiguous.

DSC thermograms for the PVAc/PEO200
blends cast from chloroform were presented in
Figure 2. The fusion and recrystallization heat of
these blends were also listed in Table II. The
blend with 90 wt % PVAc was still completely
amorphous with a single T. The recrystallization
heat was much less than the fusion heat for the
blend with 80 wt % of PVAc. (see Table II). This
indicates that the crystallization of PEO200 could
not be as completely suppressed as the blend cast
from benzene during the quenching process. Fur-
thermore, the fusion heat for the blend with 80
wt % PVAc was larger than that cast from ben-
zene. That is, the crystallinity of the blend was
larger than that cast from benzene. When the
PEO200 content was more than 40 wt %, most
PEO200 crystallized during the quenching pro-
cess. In comparison of Fig. 1 to Fig. 2, it was obvi-
ous that PVAc showed better ability to suppress
the crystallization of PEO200 in the blend cast
from benzene. This might result from the mor-
phology of benzene-cast blends, which was more
homogeneous than that of chloroform-cast blends.
When the PVAc was less than 40 wt %, the ther-



mograms and AH; of the blends cast from chloro-
form or benzene were similar.

Figure 3 showed the relationship between the
T, and composition of PVAc/PEO200 blends. For
the PEO-rich blends, completely amorphous mor-
phology was not achieved by the quenching pro-
cess. Therefore, the T, was corresponding to the
amorphous phase composition, not the overall
composition, and it became obscure when the
PVAc content was less than 50 wt %. Thus, their
T, values were not shown in this figure. The ex-
perimental value of T, of pure PEO was reported
to be in the range —45 to —60°C in the litera-
ture *"9-1114.2028.29 The dashed line in this figure
represented the theoretical values of T, calculated
from the Fox equation by assuming the 7T, of
amorphous PEO was —60°C. The Fox equation
was given as:*°

1 w, W,
e = (1)
Tg Tg,l Tg,2

where T,, T,; and T, were the glass transition
temperatures of the blend, pure component 1 and
2, respectively; W; and W, were the weight frac-
tions of component 1 and 2 in the blend. It was
found that the experimental value of T, of the
blend was lower than the theoretical one. Actu-
ally, PEO was very facile to crystallize, thus using
the experimental value of T, of PEO with high
crystallinity to represent the T, of amorphous
PEO was improper. The solid line in Figure 3 rep-
resents the fitting curve of the experimental T,
values of the blends with the Fox equation. The
T, of pure amorphous PEO was then estimated to
be —75°C, which was lower than that of PEO with
high crystallinity.

Isothermal Crystallization Behavior and Melting
Point Depression of PVAc/PEO200 Blend

The isothermal crystallization behavior of ben-
zene- or chloroform-cast PVAc/PEO200 blend was
analyzed by DSC. The time required to finish 50%
crystallization was called half-time of crystalliza-
tion and denoted as #;,2. Table III showed the ¢;,5
values of the pure PEO200 and its blends. As seen
in general miscible amorphous/crystalline blends,
the ¢,/ value increased with raising the amor-
phous content at any crystallization temperature.
It was noted that the blends cast from benzene
showed larger values of #,/,, than those cast from
chloroform. This confirmed to us that PVAc
showed a better ability to reduce the crystalliza-
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Table III ¢,, (min) at Various T, for PVAc/
PEO200 Blends Cast from Benzene or
Chloroform

T Composition

100 wt % PEO 90 wt % PEO 60 wt % PEO

53°C 3.2 3.3% 6.3
(6.5)° (=)

50°C 1.0 1.1 1.8
(1.9) (12.3)

48°C 0.5 0.5 1.0
(0.9) (6.2)

# Value not in parentheses corresponding to blend cast from
chloroform.

b Value in parentheses corresponding to blend cast from
benzene.

¢ Value not obtained.

tion rate of PEO200 in the benzene-cast blends.
Figure 4 (a) and 4 (b) showed the plots of melting
temperature (7),) versus crystallization tempera-
ture (T,) of benzene- and chloroform-cast PVAc/
PEO200 blends, respectively. It was found that
the T,, decreased with the increasing content of
PVAc. On the other hand, the blends cast from
benzene showed a more obvious depression of T',.
Hoffman and Weeks®' suggested the relation of
T, and T, as the following equation:

7o (1-1) L (2)
Y Y

where T, was the melting temperature of a sam-
ple crystallized at temperature 7., T,, was the
equilibrium melting temperature, y was the mor-
phological factor, and meant the ratio of the la-
mellar thickness to the thickness of the initial
nucleus. The T, versus T, curves in Figure 4 (a)
and 4 (b) were not linear at high undercoolings.
This might be ascribed to the crystal annealing,
and thus thickening during the heating process
to melt crystals.?”®*> The equilibrium melting
point for each blend could be obtained by the lin-
ear extrapolation of the low undercooling data to
the T,, = T, line. It seemed that the extrapolated
lines of the blends were parallel to that of plain
PEO200, that is, the morphological factor () ob-
tained from the reciprocal of slope was indepen-
dent of the blend composition with a value ~ 2.4.
Nish and Wang® have derived the equilibrium
melting point of a miscible blend as a function
of composition from thermodynamic consideration
as the following equation:
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Figure4 (a)The Hoffman-Weeks plots for the PVAc/
PEO200 blends cast from benzene with: (O), 100 wt %
PEO; (A), 90 wt % PEO; (0 ), 75 wt % PEO; (@) 60
wt % PEO; (A), 50 wt % PEO. (b) The Hoffman-Weeks
plots for the PVAc/PEO200 blends cast from chloroform
with: (O), 100 wt % PEO; (A), 90 wt % PEO; (¢ ), 75
wt % PEO; (@), 60 wt % PEO; (A), 50 wt % PEO.

1 1 RV, [ln(l ~ ¢1)
Tpo Twp, AHyVi,

+ <i - i) $1 + xdﬁ] (3)

mye my

msy

where R was the universal constant, T}, , was the
equilibrium melting temperature of pure crystal-
line polymer, T, , was the equilibrium melting
temperature of a blend; ¢; was the volume frac-
tions of amorphous polymer, H,, was the heat of
fusion per mole of repeated unit of perfect crystal-
line polymer, V;, and V;, were the molar volumes
of the repeated units of the amorphous and crys-
talline polymers, respectively; m; and m, were the
degrees of polymerization for the amorphous and
crystalline polymers, respectively. x was the poly-
mer—polymer interaction parameter and could be
written in the following form:?

_ Bvly

RT (4)

X

where B was the interaction energy density char-
acteristic of the polymer pair. Substituting eq. (4)
into eq. (3) gave:

_{AHZ# <1 ~ Tm,,,) , BT [1n<1 — 1)

Vl,u mo
+ <i — i)d)l]} = B¢? (5)
mo miq

For high molecular weight polymers, eq. (5) could
be simplified as:

0.00
[ )

-0.10 4
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|
2 -—0.204
2
Sl l
|

-0.30

-0.40
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Figure 5 Plot of eq. (6) to obtain interaction parame-
ter of PVAc/PEO200 blends: (O), cast from benzene;
(@), cast from chloroform.
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Figure 6 DSC thermograms of PVAc/PEO2 blends
cast from benzene.

AH,, T.» 2
= omb) B 6
V2,u < Tm,p) d)l ( )

B could be obtained from the slope of the left-
hand side terms of eq. (6) versus ¢ plot. In fact,
thermal equilibrium was difficult to reach for high
polymer blends. In the literature, many well-
known formulae had been used under non-equi-
librium, although they were derived from the con-
cept of equilibrium. This would lead to the result
that the B value obtained from using eq. (6) was
not a true equilibrium, but one depending on the
history of blending. For PVAc/PEO200 polyblend
system, V;, = 74.5 cm®/mol,* V,, = 40.5 cm?/
mol,® and AH,, = 2070 cal/mol,** the value of B
was estimated to be —1.20 for the blends cast from
benzene and —0.82 for those cast from chloroform,
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as shown in Figure 5. The corresponding value of
x was —0.13 for the benzene-cast blends and
—0.09 for the chloroform-cast blends at 70°C. The
negative value of x confirmed the miscibility of
PEO-rich blends in the molten state. It was found
that the intercepts were not zero for both blends,
perhaps resulting from the residual entropy ef-
fect.®*% The benzene-cast blend had a greater
negative interaction parameter, in other words,
more heat was released upon mixing. This was
also ascribed to the more homogeneous morphol-
ogy of blend cast from benzene.

T, Measurement of PVAc/PEO2 Blend

The molecular weights of PVAc and PEO dis-
cussed above were 260,000 g/mol and 200,000 g/
mol, respectively. Although the blends were main-
tained at a temperature higher than the T, of
PEO and T, of PVAc for a period of time before
any thermal test, the crystallization behavior and
interaction parameter of the blends were still in-
fluenced by their history (casting solvent). This
might result from the high viscosity and low diffu-
sivity of the blend. Therefore, we selected a low
molecular weight PEO (M,, = 2000 g/mol, PEO2)
replacing PEO200 to be blended with PVAc. Then
the crystallization behavior and thermodynamic
properties of these blends were analyzed.

DSC thermograms of PVAc/PEO2 blends cast
from benzene were presented in Figure 6. The
fusion heat and recrystallization heat of these
blends were listed in Table IV. The blends with
80-90 wt % PVAc were complete amorphous.
Thermograms of blends with 40—70 wt % PVAc
showed obvious recrystallization peaks following
the glass transition, but only those with 50—-70
wt % PVAc showed an almost equal amount of
recrystallization heat and fusion heat. In other
words, when the blends contained PVAc more
than 50 wt %, the crystallization of PEO2 was
completely suppressed by the quenching process.
For the above blends, a single T, decreased with
increasing PEO2 content was found. This indi-
cates that these PVAc/PEO2 blends were miscible
in their molten state. When the PVAc content was
less than 30 wt %, the PVAc could hardly suppress
the crystallization of PEO2, and most PEO2 crys-
tallized during the quenching process.

DSC thermograms of PVAc/PEO2 blends cast
from chloroform were presented in Figure 7. The
fusion heat and recrystallization heat of these
blends were also listed in Table IV. The thermo-
grams were similar to those cast from benzene
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except for the blends with 80 wt % and 70 wt
% PVAc. The blend with 80 wt % PVAc was not
completely amorphous and the recrystallization
heat was equal to the fusion heat. The blend with
70 wt % PVAc showed larger recrystallization
heat and fusion heat than those cast from ben-
zene. (AH; = AH,. = 87 J per gram PEO2 for
benzene-cast blend and AH; = AH,, = 113 J per
gram PEO2 for chloroform-cast blend.) This also
indicated that the crystallization of PEO2 was
more easily suppressed in the benzene-cast
blends, but the trend was not as obvious as the
PVAc/PEO200 system.

In comparison with the thermograms of PVAc/
PEO2 and PVAc¢/PEO200 blends cast from ben-
zene, it was found that the PVAc/PEO2 blend
with 80 wt % PVAc was completely amorphous
but the PVAc/PEO200 blend with 80 wt % PVAc
showed crystallization behavior. Furthermore,
the PVAc/PEO2 blend with 40 wt % PVAc showed
obvious recrystallization behavior. More directly,
the crystallization of PEO2 was partially sup-
pressed during the quenching process. However,
the corresponding composition of PVAc/PEO200
blends did not recrystallize. It seemed PVAc
showed better ability to suppress the crystalliza-
tion of PEO in the polyblend system with lower

molecular weight of PEO. This may be attributed
to the higher degree of mixing in the PVAc¢/PEO2
system. Similar results were also found in the
chloroform-cast blends.

Figure 8 showed the relation relationship be-
tween the T, and composition of PVAc/PEO2
blends. It seemed that the solvent effect on the
values of T, of the blends was not clear because
the difference was within the extent of error. The
T, of amorphous PEO2 was estimated to be —98°C
by using the Fox equation to fit the experimental
data. This value was 25°C lower than that of
PEO200. It seemed that the T, of amorphous PEO
was significantly molecular weight-dependent in
this molecular weight range.

Isothermal Crystallization Behavior and Melting
Point Depression of PVAc/PEO2 Blend

The isothermal crystallization behaviors of PVAc/
PEO2 blends were also analyzed. The half-time
of crystallization (¢;,5) of blends cast from either
benzene or chloroform were listed in Table V. For
all blends at a given crystallization temperature,
benzene-cast blends still showed more obvious re-
duction of overall crystallization rates. In compar-
ison of the data of blends with 60 wt % PEO in

Table IV Fusion Heat (AH;) and Recrystallization Heat (AH,.) of PVAc/
PEO2 Blend Shown in Figure 6 and Figure 7

AH, f AH, re
Casting (J/gram (J/gram
PVAc¢/PEO2 Solvent of PEO2) of PEO2

100/0 benzene —= —
90/10 benzene — —
80/20 benzene — —
70/30 benzene 87 87
60/40 benzene 140 138
50/50 benzene 140 133
40/60 benzene 153 40
30/70 benzene 158 —
0/100 benzene 160 —
100/0 chloroform — —
90/10 chloroform — —
80/20 chloroform 23 23
70/30 chloroform 113 113
60/40 chloroform 142 134
50/50 chloroform 140 122
40/60 chloroform 155 43
30/70 chloroform 154 —
0/100 chloroform 158 —

® —, Very small or not obtained.
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Figure 7 DSC thermograms of PVAc/PEO2 blends
cast from chloroform.

Tables III and V, it was found that the value of
t1/2 of benzene-cast blend was more than six times
as much as that cast from chloroform for the
PVAc/PEO200 system, but about two times for
the PVAc/PEO2 system. This also indicated that
the solvent effect was more obvious in the blend
with high molecular weight of PEO. Figure 9 (a)
and 9 (b) showed the T, versus T, plots of PVAc/
PEO2 blends cast from benzene and chloroform,
respectively. It was found that the melting tem-
peratures of PEO2 and its blends were indepen-
dent of T.. This indicated that the crystals were
extended chain crystals or crystals with the con-
stant number of folds.?” The equilibrium T, was
equal to the T,, at any T., because the slope of
extrapolating line was zero. The interaction pa-
rameter of these blends could also be obtained
from the Nish-Wang equation (eq. 5). Because
the molecular weight of PEO2 was only 2000, the
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Figure 8 Glass transition temperature versus weight
fraction of PVAc plot for the PVAc/PEO2 blends:
( ) Fox equation, assuming T, of PEO = —98°C; (O),
experimental data for blends cast from benzene; (®),
experimental data for blends cast from chloroform.

entropy contribution must be considered. The left-
hand side terms of eq. (5) versus ¢? plot was
shown in Figure 10. The value of B was calculated
from the slope of the fitting line to be —0.83 and
the value of x was —0.097 at 50°C. This also con-
firmed that the PEO-rich blends were miscible in
the molten state. The solvent effect on the value
of x was unobvious in this system.

The value of B was —0.83 for the PVAc¢/PEO2
blends and —1.2 for the PVAc/PEO200 blends
cast from benzene. It was unusual that the blend
with lower molecular weight component showed

Table V ¢, (min) at Various T, for PVAc/PEO2
Blends Cast from Benzene or Chloroform

Composition

T° 100 wt % PEO 90 wt % PEO 60 wt % PEO

38°C 1.6 1.8% 6.2
(3.6)° (12.0)

36°C 0.9 0.9 2.6
(1.6) (4.6)

33°C 0.4 0.4 1.1
(0.8) (2.3)

# Value not in parentheses corresponding to blend cast from
chloroform.

b Value in parentheses corresponding to blend cast from
benzene.
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a less negative value of B. Temperature and chain
length effects would not be able to explain this
result. One possible reason was the self-associa-
tion effect of PEO2 molecules by way of hydroxyl
end groups and the other was the error to find
equilibrium melting temperature. The chain
length and end group effect on the interaction pa-
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Figure9 (a)The Hoffman-Weeks plots for the PVAc/
PEO2 blends cast from benzene with: (O), 100 wt %
PEO; (A), 90 wt % PEO; (<), 80 wt % PEO; (@), 70
wt % PEO; (A), 60 wt % PEO. (b) The Hoffman-Weeks
plots for the PVAc/PEO2 blends cast from chloroform
with: (O) 100 wt % PEO; (A), 90 wt % PEO; (¢ ), 80
wt % PEO; (@), 70 wt % PEO; (A), 60 wt % PEO.
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Figure 10 Plot of eq. (5) to obtain interaction param-
eter of PVAc/PEO2 blends: (O), cast from benzene;
(@), cast from chloroform.

rameter of PVAc/PEO blends will be studied in
our future work.

CONCLUSIONS

From the depression of crystallization rate and
melting point of PEO in the PEO-rich blends and
the single T, in the PVAc-rich blends, it was sup-
posed that the PVAc/PEO blends were miscible
in the molten state. The crystallization of PEO
was more easily suppressed in the benzene-cast
blends than it was in the chloroform-cast blends.
Additionally, PVAc showed better ability to sup-
press the crystallization of PEO in the polyblend
system with lower molecular weight of PEO. For
the polyblend system with high molecular weight
PEO, the benzene-cast blends showed a more neg-
ative value of polymer—polymer interaction pa-
rameter than those cast from chloroform. To sum
up, it was supposed that the benzene cast blends
had more homogeneous morphology.

The authors acknowledge with gratitude financial sup-
port from the National Science Council, Taiwan,
R.0.C., through Grant No. NSC83-0405-E-002-132.
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