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ABSTRACT: The crystallization kinetics and morphology in miscible blends of poly(vinylidene fluoride)
(PVF,) and poly(1,4-butylene adipate) (PBA) have been investigated using optical microscopy and
differential scanning calorimetry. Blends of PVF,; and PBA are unique in the sense that both components
are capable of crystallization over a wide range of compositions. The Kinetics of crystallization of both
PVF, and PBA in these blends have been investigated. During the crystallization of the high-Tn
component (PVF;, T, &~ 175 °C), the low-T,, component (PBA, Tr, &~ 60 °C) acts as a noncrystalline diluent.
Addition of PBA depresses the radial spherulitic growth rate and overall crystallization rate of PVF, and
affects the texture of PVF, spherulites but does not significantly alter the nature of the nucleation and
growth processes of this polymer. During the crystallization of PBA, the PVF; phase is always partially
solidified and the presence of the spherulitic microstructure of PVF, profoundly influences the
crystallization behavior and morphology of PBA. The overall crystallization rate of PBA goes through a
maximum as a function of PVF; content, which is explained in terms of the combined effects of enhanced
heterogeneous nucleation and reduced linear growth rate. The mechanism of crystal growth is modified
in the presence of PVF,, as indicated by a change in the Avrami exponent. In the blends, spherulitic
crystallization of PBA is not observed, in contrast to the bulk crystallization behavior of this polymer.
Crystallization of PBA from the blends initially takes place at the boundaries of PVF; spherulites, but at
longer crystallization times, crystallization of PBA within PVF; spherulites is also observed. The observed
phenomena are unique to blends of two crystalline polymers.

Introduction

The miscibility and phase behavior of binary polymer
blends has been a subject of continuing interest for
researchers from both scientific and industrial fields.
Among the great variety of polymeric mixtures, those
involving semicrystalline polymers are particularly
interesting. This is not only because semicrystalline
polymers are of prime importance from the commercial
point of view but also because semicrystalline polymer
blends offer the possibility of studying crystallization
and crystalline morphologies in relation to miscibility
in high polymers. Studies of this kind have been mainly
focused on blend systems containing one semicrystalline
polymer.1=¢ Blends in which both components are
semicrystalline polymers, on the other hand, are more
complicated and thus open up new avenues for studying
the relations between phase behavior and structure
development in polymeric mixtures. Of particular
interest is the formation and morphology of the semi-
crystalline/semicrystalline state since it involves the
crystallization of two different polymers, each within its
specific temperature regime. The study of the crystal-
lization Kinetics in these blend systems is therefore not
only concerned with the effects of blend composition and
crystallization temperature but also addresses the ques-
tion of how the crystallinity of the one component affects
the crystallization behavior of the other. So far, these
issues have not been given much attention, except for
a recent series of papers by Stein and co-workers on
blends of polycarbonate and polycaprolactone.”~10

In a recent paper,'! we have described the miscibility
and phase behavior of mixtures of poly(vinylidene
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fluoride) (PVF;) and poly(1,4-butylene adipate) (PBA),
a blend system in which both constituents are semi-
crystalline polymers. Mixtures of PVF, and PBA exhibit
a complicated phase behavior and undergo multiple
phase transitions. On the basis of the observation of a
melting point depression and a single glass transition
temperature, it was concluded that PVF, and PBA are
thermodynamically miscible in the melt. Over a wide
range of compositions, both PVF, and PBA readily
crystallize from the mixtures, which leads to the forma-
tion of very rich and intriguing morphologies. At room
temperature, the blends exhibit a three-phase morphol-
ogy in which two different crystalline phases co-exist
with an intimately mixed amorphous phase.

In the present work, we have undertaken an inves-
tigation into the crystallization behavior and morphol-
ogy in semicrystalline/semicrystalline blends of PVF;
and PBA. The phase diagram of the PVF,/PBA system
exhibits two distinct melting transitions, one for the
PBA component, located around 60 °C, and one for the
PVF, component at about 175 °C. Above the melting
point of PVF,, the blends form a homogeneous, single-
phase melt. Lowering the temperature to T < T(PVF,)
results in the crystallization of the PVF, component,
which amounts to the transition from the fully amor-
phous to the amorphous/semicrystalline state. When
the temperature is further lowered to T < T(PBA), the
PBA component crystallizes as well, bringing the system
from the amorphous/semicrystalline into the semicrys-
talline/semicrystalline state. We have investigated the
kinetics of both of the above-mentioned phase transi-
tions through measurement of the overall crystallization
rates as well as radial spherulitic growth rates. In
addition, the morphologies of the blends, at various
points in the phase diagram, have been examined by
means of optical microscopy.

© 1996 American Chemical Society



Macromolecules, Vol. 29, No. 1, 1996

Experimental Section

The general procedures of blend preparation and charac-
terization of thermal behavior by means of differential scan-
ning calorimetry are described in detail in a previous publi-
cation.’ The blend compositions are indicated in ratios of
weight percent, the first numeral referring to PVF, throughout
this paper. Isothermal crystallization experiments were con-
ducted with approximately 2—5 mg samples which were
premelted at 200 °C for 10 min prior to each experiment. The
samples were then quenched to the appropriate crystallization
temperature at a rate of 200 °C/min. In the case of isothermal
crystallization of PBA from the blends, the samples were
annealed at 100 °C for 1 h in order to allow full crystallization
of the PVF, component prior to the actual crystallization
experiment. The melting points and heats of fusion of the
crystallized samples were measured at a scanning rate of 5
°C/min.

Samples for optical microscopy were prepared by filtering
a solution of the blend in N,N-dimethylformamide onto a clean
glass cover slip and drying in vacuum at room temperature
for 3 days. The resultant films were approximately 5 um in
thickness. Photomicrographs were obtained using a Nikon
Microphot FXA polarizing microscope equipped with a Mettler
FP82 hot-stage and a Nikon FX-35DX camera. Measurements
of spherulitic growth rates were performed using a Nikon
Optiphot polarizing microscope equipped with a Linkam
THMS 600 hot-stage. The samples were preheated at 200 °C
for 5 min and quenched to the desired crystallization temper-
ature at a cooling rate of 130 °C/min. Spherulitic growth was
monitored under crossed polars using a video camera mounted
on the microscope. The images were recorded on videotape
and the JAVA (Jandel Scientific) image analysis software was
used to determine the spherulite sizes at various crystalliza-
tion times. Growth rates were obtained from linear regression
of the spherulite radius as a function of time, which usually
yielded a correlation coefficient of 0.999 or better.

Wide angle X-ray scattering patterns of various blends were
recorded with a flat-film camera with the use of nickel-filtered
Cu Ko radiation, produced by a Philips X-ray generator
operating at 40 kV and 20 mA. The samples used in these
experiments were prepared by compression molding and
consisted of films of approximately 0.5 mm in thickness.
Calibration of the sample-to-detector distance was performed
using NaF powder.

Results and Discussion

Phase Behavior. In order to facilitate the under-
standing of the crystallization kinetics in PVF,/PBA
blends, we have summarized the thermal behavior of
these blends,!! as determined by means of differential
scanning calorimetry (DSC), in Figure 1. The melting
points reported here refer to the equilibrium melting
points that were obtained from Hoffman—Weeks analy-
sis. The glass transition temperatures (Tg) were deter-
mined at a heating rate of 20 °C/min from the midpoint
of the change in heat capacity. The “crystallization
temperature” Tmax cOrresponds to the maximum of the
crystallization exotherm that is observed in the DSC
trace when the blends are cooled from the melt at a
cooling rate of 20 °C/min. From the Tmax Curves, it is
evident that both PVF, and PBA readily crystallize from
the mixtures over a wide range of compositions (80/20—
20/80). Crystallization of PVF, takes place at temper-
atures well above the melting point of PBA, which
means that the two polymers crystallize in well-
separated temperature regimes and that the PVF;
component will always be partially solidified before
crystallization of PBA commences. It should be men-
tioned that due to the wide separation of crystallization
regimes, as well as the large differences in the unit cell
parameters of PVF, and PBA, cocrystallization is not
expected to occur between the two polymers. The
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Figure 1. Phase diagram of the PVF,/PBA blend system,
showing the equilibrium melting points (T’ and the crystal-
lization temperatures (Tmax) of both PVF, and PBA, as well
as a single glass transition temperature (Tg).

crystallization of each of the two blend components thus
represents a phase separation process in which the
polymers partially segregate from the mixture to form
a pure phase. As indicated in the phase diagram in
Figure 1, the blends can be classified as either com-
pletely amorphous (I), amorphous/semicrystalline (I1),
or semicrystalline/semicrystalline (I111), depending on
temperature and composition.

Spherulitic Morphologies. The crystallization of
PVF,, which amounts to the transition from the fully
amorphous to the amorphous/semicrystalline state,
proceeds through free growth of spherulites from the
homogeneous melt. Figure 2 shows the spherulitic
morphology of the PVF; phase, at various blend com-
positions, after complete crystallization from the melt
at 150 °C. The spherulites show the familiar maltese
cross birefringent pattern and exhibit concentric extinc-
tion bands. In the 100/0 and 80/20 blends, these
extinction bands are very tightly spaced and are not
resolved at the current magnification. However, with
increasing PBA content, the band spacing S becomes
progressively larger and the banded textures are quite
distinct in both 60/40 and 40/60 blends. Banded struc-
tures are commonly observed in polymeric spherulites
and are believed to arise from cooperative twisting of
radiating lamellar crystals about their axis of fastest
growth.’2 It is usually found that S increases with
crystallization temperature but decreases upon addition
of noncrystallizing diluents.’213 Thus, the observed
increase in S with PBA concentration is contrary to
common finding. The reason for this is not entirely
clear. Itappears that, in the case of PVF,/PBA blends,
the band spacing S is related directly to the spherulitic
growth rate: under all experimental conditions, S
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PBA after complete crystallization at 150 °C; (a) pure PVF,; (b) 80/20, (c) 60/40, and (d) 40/60 PVF,/PBA.

increases with decreasing crystal growth rate, i.e., with
crystallization temperature and with increasing con-
centration of noncrystallizing component.

It is observed in Figure 2 that the spherulites become
progressively larger with increasing PBA concentration,
indicative of a decrease in nucleation density due to
blending. Up to high PBA contents, the PVF, spheru-
lites remain more or less space-filling, although nonbi-
refringent regions develop at the spherulitic boundaries
in PBA-rich blends. The fact that the PVF, phase is
more or less space-filling even at high PBA content
indicates that the noncrystallizable PBA component,
which is rejected in the crystallization process,!*1°
resides primarily in the interfibrillar domains of the
PVF, spherulites.

The highly birefringent spherulites observed in pure
PVF, correspond to the o-modification, which is the
normal mode of crystallization for this polymer when
crystallized from the melt at temperatures below 160
°C.16 In the PBA-rich blends, spherulites of a second
form are observed, which are smaller, exhibit lower
birefringence, and appear to be more compact. These
smaller spherulites have been observed frequently in
PVF; crystallized at high temperatures (>160 °C) and
are generally believed to correspond to the y-modi-
fication.16-18 Wide angle X-ray scattering (WAXS)
experiments performed on a 50/50 blend that was
crystallized at 150 °C revealed a reflection correspond-
ing to d = 3.98 A. This reflection was not observed for
pure PVF; crystallized under the same conditions. The
reflection at d = 3.98 A is unique to the y-form unit

cell (111)*° and this result therefore indicates the
presence of the y-polymorph in the blended state. The
occurrence of the y-modification at crystallization tem-
peratures below 160 °C suggests that blending favors
crystallization with this unit cell. A similar phenom-
enon has been observed in blends of PVF, with poly-
(methyl methacrylate).52021 This effect may be due to
molecular interactions of PVF, with the PBA “solvent”.
It is well-known that PVF, favors the y-form when
crystallized from certain solvents.l”

When the blends are cooled from the amorphous/
semicrystalline state to a temperature below the melting
point of PBA, this component will also crystallize and
bring the system into the semicrystalline/semicrystal-
line state. This process is illustrated for a 40/60 blend
in Figure 3 in a series of optical micrographs. The
micrographs were obtained under crossed polars with
the use of a 530 nm retardation plate and are repro-
duced here in color in order to emphasize the observed
phenomena. Figure 3a represents the amorphous/
semicrystalline state at 150 °C and shows the spheru-
litic morphology of the PVF, phase after complete
crystallization at this temperature (cf. Figure 2d). Parts
b and c of Figure 3 represent a time sequence of the
crystallization of the PBA component that was induced
by cooling the sample from 150 to 40 °C. Itis seen that
the crystallization of PBA commences in the inter-
spherulitic domains of the pre-existing PVF, morphol-
ogy and continues to take place in these interspherulitic
regions, up to the point where they are more or less
filled with PBA crystallites. After longer times, crystal-
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Figure 3. Crystallization of PBA from a 40/60 blend as
observed by optical microscopy (same magnification, bar = 50
um); (a) initial PVF, morphology at 150 °C; (b) development
of PBA crystallites after 5 min at T, = 40 °C; (c) completion of
the crystallization of PBA after several hours at T, = 40 °C.
All micrographs correspond to the same section of the sample.

lization of PBA is observed within the spherulitic
domains of the PVF; phase, i.e. in the interfibrillar
channels of the PVF; spherulites. This is accompanied
by a change in the birefringent appearance of the PVF,
spherulites which are seen to become brighter and
exhibit a more pronounced banding structure.

Figure 3 demonstrates that the formation of the
semicrystalline/semicrystalline state is an intriguing
process that is much more complicated than polymer
crystallization from the homogeneous melt. It should
be emphasized that the bulk crystallization of PBA
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Figure 4. Radial spherulitic growth rate of PVF; as a function
of T, for various blend compositions.

proceeds through spherulitic growth with homogeneous
nucleation. In the blends, however, nucleation appears
to be heterogeneous and crystal growth according to a
spherulitic morphology is not observed. The observation
of extensive crystallization in the interspherulitic re-
gions is of interest from the point of view of solid-state
properties of semicrystalline polymers. Spherulitic
boundaries are known to represent weak domains where
crack propagation occurs with relative ease®? and,
therefore, modification of these grain boundaries using
a second, crystalline polymer may lead to improvement
of the mechanical behavior of the material.

Spherulitic Growth Rates of PVF,. The radial
growth rates (G) of PVF; spherulites in various blends
containing up to 80 wt % PBA were determined by
monitoring the spherulite radius R as a function of time
during isothermal crystallization in the hot-stage of a
polarizing microscope. For blends containing less than
60 wt % PBA, R was found to increase linearly in time
up to the point of impingement, indicating a constant
growth rate throughout the crystallization process. The
linearity of R implies that PBA molecules, which are
rejected from the growing PVF, crystals, do not migrate
away from the spherulitic growth front, but rather
become trapped within the interfibrillar regions of the
growing spherulites.’® In blends containing 60 wt %
PBA or more, on the other hand, nonlinear growth of
the spherulites was observed at the advanced stages of
crystallization, indicating that in this case the noncrys-
talline material accumulates, to a certain extent, in the
interspherulitic domains. These conclusions are con-
sistent with microscopic observation, as shown in Fig-
ures 2 and 3.

Plots of the radial growth rate of PVF;, spherulites
as a function of the crystallization temperature (T;) are
shown in Figure 4 for different blend compositions.
Measurement of growth rates is restricted to a certain
temperature window limited by (a) a very high primary
nucleation density at low temperatures and (b) very
slow crystal growth and the formation of different
crystal modifications at high temperatures. Since the
available temperature windows are relatively small, no
attempt is made to analyze the growth rate data in
terms of the Hoffman—Lauritzen theory2 of bulk poly-
mer crystallization. In general, the Hoffman—Lauritzen
model can be utilized to determine the kinetic param-
eters of the crystallization process. In order to do so in
a meaningful way, growth rates must be known over a
substantial portion of the growth rate curve,32425 and
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Figure 5. Spherulitic growth rates of PVF; as a function of
the degree of undercooling for blends of various compositions.

this is clearly not the case in the present work. From
the data shown in Figure 4, however, it is evident that
the crystal growth rate of PVF; is depressed due to the
addition of PBA. The growth rate reduction at a given
T, amounts to a factor of ~2.5 in blends containing 40
wt % PBA, and to a factor of ~25 when the PBA content
reaches 80 wt %. It should be pointed out that this
growth rate reduction is not related to changes in
fluidity of the melt that may be of importance in blend
systems showing a wide variation of Ty with blend
composition.? In blends of PVF, and PBA, the variation
of Ty with composition is small, especially when com-
pared to the width of the T, — Ty interval (see Figure
1). The observed crystallization rate depression, there-
fore, arises from either (a) a reduction of the driving
force for crystallization due to changes in the equilib-
rium melting point2324 or (b) a dilution effect?® associ-
ated with a diminished concentration of crystallizable
elements at the crystal growth front. In order to assess
the effects of melting point depression on the crystal
growth rate, we have plotted G as a function of the
degree of supercooling AT for different blend composi-
tions in Figure 5. It is seen that the growth rate data
do not show a unique dependence on AT and that, at a
given AT, the crystal growth rate is lower for the blends
than it is for the pure polymer. Thus, the observed rate
reduction cannot be attributed to changes in the equi-
librium melting point alone. It is therefore reasonable
to assume that the observed reduction of the crystal
growth rate of PVF; in its blends with PBA is a result
of the combined effects of melting point depression and
dilution produced by the presence of the noncrystalliz-
able PBA component.

As shown in Figures 2 and 3, samples of PVF,/PBA
blends, in the amorphous/semicrystalline state, are
completely filled with more or less impinged spherulites,
as a result of which PBA is not capable of crystallization
with a spherulitic morphology. Thus, the kinetics of
PBA crystallization cannot be followed by measurement
of spherulitic growth rates. For this reason, we have
further characterized the crystallization Kinetics in
PVF,/PBA blends through determination of the overall
crystallization rates of both PVF, and PBA using
differential scanning calorimetry.

Overall Crystallization Rates. The overall crystal-
lization kinetics in blends of PVF, and PBA were
studied by following the change in crystallinity with
time during the isothermal crystallization of different
blends at either 155 °C (crystallization of PVF,) or 43
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Figure 6. Crystallization isotherms for PVF, (T, = 155 °C)
at various blend compositions.
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Figure 7. Crystallization isotherms for PBA (T, = 43 °C) at
various blend compositions.

°C (crystallization of PBA). The results of these experi-
ments are expressed in terms of the “normalized crys-
tallinity” X(t), which is defined as the ratio of the heat
of fusion after a certain crystallization time AH(t), to
the heat of fusion after complete crystallization AH.,,
i.e., X(t) = AH(t)/AH.. This quantity does not represent
the real crystallinity, since AH., does not correspond to
the heat of fusion of 100% crystalline material, but it is
a useful measure of how far the process of crystallization
has advanced.

Typical crystallization isotherms for PVF,, in the bulk
and in the 80/20 and 60/40 blends, are shown in Figure
6. The isotherms show a progressive shift toward longer
crystallization times as the amount of PBA in the blends
increases, indicating that the overall crystallization
kinetics of PVF; are slowed down as a result of blending.
This is in qualitative agreement with the reduction of
spherulitic growth rates of PVF, upon addition of PBA,
as assessed by microscopy (Figure 4). The crystalliza-
tion isotherms for PBA, in the bulk and in different
blends, are shown in Figure 7. Of immediate interest
is the fact that the isotherms for the blends are shifted
toward shorter crystallization times with respect to pure
PBA, implying that the overall crystallization of PBA
in the blends is faster than it is in the pure polymer. It
is seen that the overall crystallization is fastest in the
20/80 blend, which means that the crystallization rate
goes through a maximum when plotted as a function of
PVF; content. In order to illustrate this, the overall
crystallization rate, which is defined as the reciprocal
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Figure 8. Overall crystallization rate vs blend composition
for (O) PVF; at T, = 155 °C and (®) PBA at T. = 43 °C.

value of the time required to achieve 50% of the final
crystallinity of the sample, is plotted as a function of
blend composition in Figure 8. It can be seen that for
PVF,, the overall crystallization rate decreases mono-
tonically with blend composition, whereas in the case
of PBA, it exhibits a distinct maximum. In blends
containing 20 wt % PVF,, the overall crystallization is
approximately 5 times faster than it is for pure PBA. A
further increase of the PVF, concentration results in a
subsequent decrease of the overall crystallization rate.

It is conceivable that the remarkable dependence of
the overall crystallization rate of PBA on blend compo-
sition is associated with the fact that the PVF; phase
is always partially solidified at temperatures where
crystallization of PBA occurs. It was mentioned earlier
that the bulk crystallization of PBA proceeds with
homogeneous nucleation. In the blends, on the other
hand, the solid PVF, phase provides a foreign surface
where heterogeneous nucleation can take place, which
is expected to lead to much higher nucleation rates for
PBA. Such an increased nucleation rate was indeed
observed by microscopy (Figure 3) and offers a plausible
explanation for the initial increase in the overall
crystallization rate upon addition of PVF,. A similar
phenomenon has been observed in incompatible blends
of poly(ethylene terephthalate) (PET) and polyamide-
6,6 (PA), where heterogeneous nucleation due to the
presence of PA was found to prevent the possibility of
supercooling of PET into a fully amorphous state.2” The
addition of PVF;, will result not only in an increase of
nucleation rate but also in a decrease of the linear
growth rate of the PBA crystals due to a dilution effect
which reduces the number of crystallizable units at the
crystal growth front. This effect becomes more impor-
tant as the concentration of PVF; in the blends increases
and will reduce the overall crystallization rate of PBA
as the blends become richer in PVF,. Thus, the maxi-
mum in the overall crystallization rate of PBA vs blend
composition most likely arises from a combined effect
of enhanced nucleation and slower crystal growth rates.
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Figure 9. Avrami plots for PVF; at T, = 155 °C at various
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Figure 10. Avrami plots for PBA at T, = 43 °C at various
blend compositions.

The crystallization isotherms shown in Figures 6 and
7 exhibit the familiar sigmoidal shape and may be
analyzed in terms of the well-known Avrami equation?®

1 — X = exp(—kt" (1)

where X is the normalized crystallinity, k is a rate
constant and n is the Avrami exponent which denotes
the nature of the nucleation and growth process. Equa-
tion 1 may be rewritten as

log[—In(1 — X)] = log k + n log t (2)

A plot of the left-hand side of (2) vs log t should yield a
straight line from which the Avrami exponent can be
determined. This procedure is illustrated in Figures 9
and 10 for the isothermal crystallization data of PVF,
and PBA, respectively, and the results are summarized
in Table 1. From the Avrami analysis it emerges that
the crystallization of PVF,, in the pure state as well as
in the blends, is characterized by n = 3. Thus, although
the overall crystallization rate decreases, the nucleation

Table 1. Crystallization Data for PVF,/PBA Blends

crystallization of PVF; at 155 °C

crystallization of PBA at 43 °C

overall crystallization Avrami overall crystallization Avrami
blend rate (min—1) exponent, n blend rate (min~1) exponent, n
100/0 0.032 33 0/100 0.051 3.0
80/20 0.023 31 20/80 0.240 21
60/40 0.011 2.8 40/60 0.089 21

60/40 0.040 2.2
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mechanism and geometry of crystal growth of the PVF;
phase is not affected by the presence of PBA. The value
of n = 3 suggests that the crystallization of PVF,
proceeds via three-dimensional growth with athermal
nucleation,?® which is consistent with microscopic ob-
servation of the crystallization process.

Similar to the case of PVF,, the free crystallization
of pure PBA is characterized by a value of the Avrami
exponent of n = 3. However, the crystallization of PBA
in the blends appears to be governed by n = 2, indicating
that, in the blended state, the crystallization of PBA
adheres to a different mechanism of nucleation and/or
growth. This finding is supported by microscopic ob-
servation (Figure 3) which has shown that crystalliza-
tion of PBA in the blends is substantially different from
the simple spherulitic growth mechanism in the undi-
luted polymer. Although the exact meaning of n is not
entirely clear in the present case, the decrease in n upon
the addition of PVF, reflects a decrease in the number
of dimensions in which crystal growth can take place.?®
This is consistent with the fact that crystallization of
PBA is physically constrained by the spherulitic micro-
structure of the PVF, phase.

These results emphasize that the crystallization of
PBA is profoundly influenced by the presence of PVF,.
The most important effects are a drastic change in
crystalline morphology, a pronounced increase in the
overall crystallization rate with small amounts of PVF,,
and a change in the Avrami exponent. These effects
appear to be inter-related and can all be attributed to
the fact that the PVF, phase is partially solidified at
the temperatures where PBA crystallization takes place
and, in this way, affects the nucleation, growth, and
morphology of this low-T,, component.

Conclusions

In miscible blends of PVF; and PBA, both components
are capable of crystallization over a wide range of
compositions. Since the two polymers crystallize in
well-separated temperature regimes, and are structur-
ally dissimilar, cocrystallization does not occur. Thus,
the crystallization of each of the two blend components
represents a phase separation process in which the
polymers partially segregate from the mixture to form
a pure phase. The present investigation of the kinetics
of these crystallization processes and of the resultant
crystalline morphologies has revealed that each com-
ponent affects the crystallization behavior of the other
in a variety of ways. During the crystallization of the
high-T, component (PVF,), the second component acts
as a noncrystalline diluent which reduces the spherulitic
growth rate as well as the overall crystallization rate
of the PVF, phase. Furthermore, the addition of PBA
affects the spherulitic texture of the PVF, phase and
facilitates formation of the PVF, y-polymorph. Since
PBA is noncrystalline at the temperatures at which
PVF; crystallizes, these effects are not strictly pertinent
to the semicrystalline/semicrystalline nature of this
blend system and have been observed in blends of PVF;
with amorphous polymers. On the other hand, crystal-
lization of the low-T, component (PBA) represents the
transition from the amorphous/semicrystalline to the
semicrystalline/semicrystalline state and is in this sense
unique to blends composed of two crystalline polymers.
The crystallization of PBA appears to be strongly
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influenced by the presence of PVF,, which can be
attributed to the fact that the PVF, phase is partially
solidified at the temperatures where PBA crystallization
takes place. The overall crystallization rate of PBA goes
through a maximum when plotted as a function of PVF;
content, due to the combined effects of enhanced nucle-
ation and slower crystal growth rates. The mechanisms
of nucleation and crystal growth of the PBA phase are
profoundly modified in the presence of PVF,, as ob-
served by optical microscopy and reflected in a change
of the Avrami exponent. Crystallization of the PBA
phase initially takes place in the interspherulitic do-
mains of the PVF, microstructure, while at the ad-
vanced stages, crystallization of PBA in the interfibrillar
pockets of the PVF; spherulites is also evident. The
extensive crystallization of the low-T, component at the
spherulite boundaries could be of importance with
respect to the improvement of mechanical properties of
semicrystalline polymers in general.
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