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ABSTRACT: Spherulitic morphologies and overall crystallization kinetics of miscible poly(vinylidene fluoride)
(PVDF)/poly(butylene succinates-butylene adipate) (PBSA) blends were studied by polarizing optical microscopy
(POM), differential scanning calorimetry (DSC), and wide-angle X-ray diffraction (WAXD). PVDF and PBSA
crystallize separately in the blends. For the higheomponent PVDF, the crystallization mechanism does not
change, while both the spherulitic growth rate and the overall crystallization rate of PVDF decrease with increasing
crystallization temperature and the PBSA content in the blends. Much more attention has been directed to the
spherulitic morphologies and overall crystallization kinetics of the Tomeomponent PBSA, which are affected

not only by blend composition and crystallization temperature but also strongly by the preexisting crystals of the
high-T,, component PVDF in the blends. PBSA spherulites nucleate in the matrix of the PVDF spherulites and
continue to grow until impinging on other PBSA spherulites. The overall crystallization rate of PBSA is accelerated
in the blends compared with that of neat PBSA, which reduces with increasing crystallization temperature despite
blend composition for the PBSA-rich blends. The presence of the preexisting PVDF crystals shows two opposite
effects on the overall crystallization of PBSA, i.e., enhanced nucleation ability and slower crystal growth rates.

Introduction It should be noted that the crystallization and morphology of
Miscibility and crystallization of polymer blends have been Pinary miscible crystalline polymer blends are far away from
studied extensively. However, blends in which both components P€ing really understood. Much more attention has been paid to

are crystalline polymers have received much less attention thanth€ crystallization and morphology of the highrcomponent

fully amorphous or amorphous/crystalline systems. It is more N miscible crystalline/crystalline polymer blends until now;
complicated and interesting to investigate this special kind of however, crystalline/crystalline polymer blends actually become

blend of two crystalline polymers since both components are crystalline/amorphous polymer blends when the Highsom-
able to crystallize. Up to now, only a small number of works ponent crystallizes at crystalllzatlon_ temperature ab'ﬁ_na(&)f
have been reported on miscible polymer blends of two crystal- the 1ow-Tm component. Less attention has been paid to the
line polymers with different chemical structurkg® However, crystallization and morphology of the lof, component, which
they may provide various conditions to study the crystallization are actually affected not only by blend composition and
behavior and morphology of polymer blends. The difference in crystallization temperature but also strongly by the preexisting
the melting poinfT,, of the two components plays a significant  Crystals of highf, component in the blends.

role of determining the crystallization and morphology when  In this work we chose PVDF and PBSA as the model system
binary miscible crystalline/crystalline polymer blends crystallize of miscible crystalline/crystalline polymer blends. The miscibil-
from the homogeneous melt. When the differencg.ia is large, ity of PVDF/PBSA blends was evidenced by the depression of
the two components cannot crystallize simultaneously but crystallization peak temperature and melting point temperature
separately:® However, the two components can crystallize of each component with increasing the content of the other
simultaneously when th&, difference is smal: ¢ Further- component and the homogeneous réfhe two polymers are
more, interpenetrated spherulites are occasionally formed in aboth crystalline in their neat state, which undergo crystallization
few miscible pairs of two crystalline polymers when the two over a wide range of temperatures. Since the difference in the
components crystallize simultaneou8ty® Spherulites of one  melting points between PVDF (ca. 186) and PBSA (ca. 95
component continue to grow in the spherulites of the other °C) is large, the simultaneous crystallization of the two
component after they contact with each other. The interpen- components is impossible. The crystallization of PVDF corre-
etrated spherulites formation processes have been found in polysponds to the transition from the fully amorphous to the
(3-hydroxybutyrate)/poly(lactide) (PLLA)? poly(butylene  amorphous/semicrystalline state. PBSA is still in the melt as
succinate) (PBSU)/poly(vinylidene chlorige-vinyl chloride) an amorphous diluent throughout the crystallization of PVDF.

(PVDCVC)"12 poly(ester carbonate) (PEC)/PLLApoly- On further lowering crystallization temperature, the crystalliza-

(ethylene succinate) (PES)/poly(ethylene oxide) (PEGd tion of PBSA corresponds to the transition from the amorphous/

PBSA/PEO blend4 semicrystalline to semicrystalline/semicrystalline state. PVDF
always crystallizes during the quenching process befgref
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64413161. the preexisting PVDF crystals. In the present work spherulitic
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composition and crystallization temperature. Moreover, much
more attention has been directed to the crystallization and
morphology of the lowF,, component PBSA by considering
the effect of the presence of preexisting crystals of the fAigh-
component PVDF.

Experimental Section

PVDF (M, = 140 000) and PBSAM,, = 14 400), a copolymer
with 20 mol % butylene adipate, were purchased from Polysciences,
Inc., and Aldrich Chemical Co., respectively. PVDF/PBSA blends
were prepared with mutual solvehiN-dimethylformamide (DMF).

The solution of both polymers (0.02 g/mL) was cast on glass plate

at an elevated temperature. The solvent continued to evaporate in

a controlled air stream for 1 day. The resulting films were further
dried in vacuum at 50C for 3 days to remove DMF completely.
PVDF/PBSA blends were prepared with various compositions
ranging from 100/0, 80/20, 65/35, 50/50, 35/65, 20/80 to 0/100 in
weight ratio, the first number referring to PVDF.

Thermal analysis was performed using a TA Instruments
differential scanning calorimetry (DSC) Q100 with a Universal
Analysis 2000. The samples were first annealed at T®@or 3
min to erase any thermal history and cooled-té0 °C at 10°C/
min. The crystallization peak temperatuiig)(was obtained from
the DSC cooling traces. The isothermal crystallization of PVDF/
PBSA blends was studied using the following processes. For the
high-T,, component PVDF, the sample was annealed at*Cofor
3 min, cooled at 40C/min to the crystallization temperaturé.()
betweenT,s of PVDF and PBSA, and then maintainedlgtuntil
the crystallization of PVDF completed. For the IG-component
PBSA, the sample was first crystallized at 12D (T,) for 5 min
for PVDF to finish crystallization and then cooled at 4T/min to
the second crystallization temperatufigyf below T, of PBSA to
for PBSA to finish isothermal crystallization. The aforementioned
isothermal crystallization condition consists of the following two
steps, namely, the isothermal crystallization of the PVDF phase at
T.1 from the homogeneous melt and the isothermal crystallization
of the PBSA afl., from the liquid phase in the presence of PVDF
crystals previously formed at 12C.

A polarizing microscope (Olympus BX51) equipped with a first-
order retardation plate and a temperature controller (Linkam THMS
600) was used to investigate the spherulitic morphology and growth
of PVDF/PBSA blends. The spherulitic growth r&ewvas studied
by following the variation of radiu® against crystallization time
t, i.e., G = dR/dt.

Wide-angle X-ray diffraction experiments were performed on a
Rigaku D/Max 2500 VBZ/PC X-ray diffractometer at 40 kV and
200 mA. The PVDF/PBSA blends samples were first pressed into
films with thickness of around 1 mm on a hot stage at 18dor
3 min, transferred into one oven preset at 12Gs soon as possible
and held for 5 min for PVDF to finish crystallization, and then
transferred into the other oven preset at’@as soon as possible
and held fo 1 h for PBSA to finish crystallization. For neat
components, PVDF only crystallized at 12G for 5 mim while
PBSA only crystallized at 70C for 1 h from the melt, respectively.
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Figure 1. DSC traces of PVDF/PBSA blends cooled from the
homogeneous melt at 1/min.
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Figure 2. WAXD patterns of PVDF/PBSA blends.

blends.T, of PVDF in the 20/80 blend is only around 112.7
°C, which is lower than that of neat PVDF by over 20. On
the other handT, of PBSA is at around 54C and almost
unchanged despite blend composition with increasing the PVDF
content up to 50 wt %. Howevef, of PBSA decreases to 45.6
°C in the 65/35 blend with further increasing the PVDF content.
Therefore, it is obvious that PVDF and PBSA do not crystallize
simultaneously but crystallize separately in different temperature
range.

In order to investigate the effect of blending another crystal-
line component on the crystal structure of one component,

It should be noted that the samples prepared for the WAXD WAXD experiments of PVDF/PBSA blends were performed.
measurements experienced the similar thermal history as those forFigure 2 demonstrates the WAXD patterns of PVDF/PBSA
the overall crystallization kinetics and spherulitic morphology blends with various blend compositions. Neat PVDF shows two
studies by DSC and POM mentioned in the above section. strong diffraction peaks at around 18&hd 19.8 corresponding

to (020) and (110) planes, respectivélyOn the other hand,
neat PBSA displays three strong diffraction peaks at around
19.3, 21.5, and 22.4 corresponding to (020), (021), and (110)
planes, respectiveli?:20 The WAXD patterns involve all the
diffraction peaks corresponding to neat components in the
blends, and the intensity of the diffraction peaks of each
component decreases with increasing the other component
content. The WAXD results indicate again that PVDF and PBSA
has aT, at 53.4°C. The difference ifTps between neat PVDF  crystallize separately in the blends. Blending with another
and PBSA is over 80C. Furthermore T,of PVDF shifts to semicrystalline polymer does not modify the crystal structure
low-temperature range with increasing the PBSA content in the in the blends but only reduces the intensity of diffraction peak.

Results and Discussion

Separate Crystallization of PVDF/PBSA BlendsPVDF has
aTy, of 165°C, while PBSA has d,, of 95 °C. Because of the
large difference ifmys, it is impossible for the two components
to crystallize simultaneously. Figure 1 shows the DSC cooling
traces of PVDF/PBSA blends at 2€/min from the homoge-
neous melt. Neat PVDF showsTgat 136.6°C, and neat PBSA
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Figure 3. PVDF spherulites at 142C in the PVDF-rich blends (same magnification with bab0xm): (a) 100/0 for 5 min, (b) 80/20 for 15 min,
(c) 65/35 for 16 min, and (d) 50/50 for 30 min.

Therefore, it can be concluded that PVDF and PBSA crystallize 287
separately in the blends on the basis of the DSC and WAXD

results. 24 1 PVDF/PBSA blends
Crystallization of High-T, Component PVDF. PVDF/ —~ 204 o 10000
PBSA blends are miscible crystalline/crystalline polymer blends é o 8020
with PVDF being highT,, component and PBSA being low- Z; 16 A 6535
Tm component. PBSA is still in the melt when PVDF crystallizes 3 v 5050
at T¢1. Therefore, the crystallization of PVDF &t; from the © 12+
+

homogeneous melt corresponds to the transition from the § 1 ° gggg
amorphous/amorphous to the amorphous/crystalline state. The2 8+

spherulitic morphology and growth rate of the PVDF phase were ©

studied with OM at different crystallization temperature for 47 ° 4 Q

various blend compositions. Figure 3 presents the blend ] o

composition effect on the PVDF spherulitic morphologies at T

144°C. It is obvious that the PVDF spherulites become larger 128 182 136 140 144 148 152

with increasing the PBSA content, indicative of the decrease Temperature(°C)

of nucleation. Furthermore, banded PVDF spherulites are found igyre 4. Temperature dependence of spherulitic growth rates of PVDF
for the PVDF/PBSA 50/50 blend (Figure 3d). for the PVDF/PBSA blends.

The spherulitic growth rate of PVDF was measured by crystallization temperature than at high crystallization temper-
following the variation of radius of spherulites against crystal- ature, indicating that the supercooling plays a dominant role of
lization time. It was found that the spherulites grew linearly determining the spherulitic morphology and growth rates. The
with time for both neat and blended PVDF in the investigated decrease of the spherulitic growth rates may be related to the
crystallization temperature range. Figure 4 summarizes the following two factors. One is the depression of of PVDF
crystallization temperature and blend composition effects on the after blending with PBSA, which reduces the driving force for
spherulitic growth rates of PVDF. The spherulitic growth rates the crystallization process from the homogeneous melt. For
decrease with increasing crystallization temperature despiteexample, Ty, decreased from 165C for neat PVDF to 146.7
blend compositions. On the other hand, the spherulitic growth °C for the 20/80 blend. The other is that PBSA is still in the
rates decrease with increasing the PBSA content in the blendsmelt during the crystallization of PVDF and plays a diluent role
for a given crystallization temperature. The decrease in the during the growth process of PVDF spherulites. Therefore, it
spherulitic growth rates becomes more significant at low can be concluded that increasing the crystallization temperature
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Table 1. Crystallization Kinetic Parameters of PVDF in the PVDF-Rich Blends

PVDF/PBSA blends Tc (°C) n k (min~") to.s (Min) 1hos(min~1)
100/0 144 2.6 2.36c 10t 151 6.62x 1071
146 2.7 5.64x 1072 2.53 3.95x 1071
148 2.6 1.29« 102 4,52 2.21x 10t
150 2.6 2.16x 10°3 9.20 1.09x 10!
152 2.6 457« 104 16.7 5.98x 1072
80/20 140 24 7.76¢10°t 9.53x 10! 1.05
142 25 219« 10! 1.59 6.29x 10!
144 2.4 5.99< 1072 2.85 3.51x 1071
146 2.6 9.84x 1073 5.07 1.97x 107t
148 25 2.80x 1073 9.15 1.09x 10!
65/35 136 25 1.84 6.88 10! 1.46
138 25 4.06x 107t 1.24 8.06x 107t
140 2.4 1.50x 10t 1.90 5.26x 107t
142 25 3.01x 10°? 3.45 2.90x 10!
144 2.4 9.74x 1073 5.83 1.72x 101
50/50 134 25 1.26 7.89 1071 1.27
136 2.3 4.94x 107t 1.16 8.62x 107t
138 2.4 162 10t 1.86 5.38x 1071
140 2.5 6.12 1072 2.66 3.76x 1071
142 25 2.09% 1072 4.18 2.39x 10t

and the PBSA content have the similar effects on the spherulitic  The average values of the Avrami exponematre around 2.5
morphology and growth of the PVDF phase in its miscible for the isothermal crystallization of PVDF despite crystallization
blends with PBSA. temperature and blend composition, indicating that the crystal-
The overall crystallization kinetics of PVDF was studied by lization of PVDF might correspond to the spherulitic growth
DSC at various crystallization temperatures in the PVDF-rich with heterogeneous nucleation. The almost unchamgadhe
blends. The well-known Avrami equation is used to analyze PVDF-rich blends indicates that the crystallization mechanism
the isothermal crystallization kinetics; it assumes the develop- of PVDF does not change in the crystallization temperature
ment of the relative degree of crystalliniywith crystallization range investigated in the present work irrespective of blend
timet as composition.
Crystallization of Low- T, Component PBSA.The spheru-
1— X, = exp(—kt" (1) litic morphologies and crystallization kinetics of the |G-
component PBSA were also studied in its miscible blends with
wheren is the Avrami exponent depending on the nature of PVDF. Prior to the crystallization of PBSA, it is actually in the
nucleation and growth geometry of the crystals, & a melt and miscible with the amorphous part of PVDF; therefore,
composite rate constant involving both nucleation and growth PVDF/PBSA blends are miscible amorphous/crystalline polymer
rate paramete®.In the case of the DSC experiment, the relative blends. PVDF/PBSA blends become crystalline/crystalline
degree of crystallinity; at crystallization time is defined as polymer blends after the crystallization of PBSA. Therefore,
the ratio of the area under the exothermic curve between thethe crystallization of PBSA corresponds to the phase transition

onset crystallization time and the crystallization timt® the from amorphous/crystalline to crystalline/crystalline state ac-
whole area under the exothermic curve from the onset crystal- cording to the feature of the phase behavior of miscible
lization time to the end crystallization time. crystalline/crystalline polymer blends.

The half-life crystallization timetps, the time required to Figure 5 shows the spherulitic morphologies of neat and

achieve 50% of the final crystallinity of the samples, is an blended PBSA crystallized at 7. The spherulites in neat
important parameter for the discussion of crystallization kinetics. PBSA are compact, and the bundles of lamellae are few but
Usually, the crystallization rate is easily described as the thick (Figure 5a). In the case of the 20/80 blend, PVDF
reciprocal oftp 5. The value oty sis calculated by the following crystallizes first and fills the whole space after crystallization

equation: at 120°C for 5 min; however, the birefringence of the PVDF
crystals is weak (Figure 5b). On lowering the crystallization

tos=(In 2/Kk)H (2) temperature to 70C, bright PBSA spherulites nucleate in the

matrix of the PVDF spherulites and continue to grow until
wheren andk are the same as in the Avrami equation. impinging on other PBSA spherulites. Compared with Figure

Table 1 summarizes all the related crystallization kinetics 5a the presence of the PVDF crystals enhances the nucleation
parameters for the isothermal crystallization of PVDF in the of PBSA as shown in Figure 5b. In the case of the crystallization
PVDF-rich blends at various crystallization temperatures. The of neat PBSA, the supercooling is so low that the nucleation is
crystallization of PVDF is affected not only by crystallization difficult at crystallization temperature 7GC. For the crystal-
temperature but also by blend composition in the blends. For alization of PBSA in a 20/80 blend at 78 followed by the
given crystallization temperature the valuesgfin the blends crystallization of PVDF at 120C for 5 min, the tiny PVDF
are larger than that of neat PVDF and become larger with crystals formed first during the cooling process and the
increasing the PBSA content. On the other hand, the values ofcrystallization at 120C. The preexisting PVDF crystals may
k and 1fy5in the blends are smaller than those of neat PVDF favor the nucleation of PBSA, therefore, the nucleation of PBSA
and become smaller with increasing the PBSA content. The is enhanced in the blends.
variation trends in the values &fs, k, and 1fp s demonstrate The overall crystallization kinetics of PBSA was studied by
that blending with PBSA retards the isothermal crystallization DSC for the PBSA-rich blends including 35/65, 20/80, and
of PVDF since the former is actually in the melt during the 0/100. In order to show the effect of blend composition on the
crystallization of the latter and acts as a diluent. crystallization of PBSA simply and directly, Figure 6 demon-
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Figure 5. Spherulitic morphologies of PBSA (same magnification with ~ Figure 6. Effect of blend composition on the crystallization of PBSA

bar=50um): (a) neat PBSA at 76C for 20 min and (b) 20/80 blend at 70°C: (a) development of relative crystallinity with crystallization
at 70°C for 6 min after crystallization of PVDF at 12 for 5 min. time and (b) the Avrami plots.

However, the crystallization time becomes shorter for the
strates the plots of relative crystallinity against crystallization blended PBSA at a given crystallization temperature, indicating
time and the related Avrami plots for 0/100, 20/80, and 35/65 that blending with PVDF accelerates the crystallization of PBSA
samples at 70C. The time for PBSA to finish crystallization  in the blends. For a given crystallization temperature the values
in the blends is shorter than in neat PBSA (Figure 6a); of tosin the blends are smaller than that of neat PBSA. On the
furthermore, the crystallization time in the 20/80 blend is the other hand, the values &fand 1fys in the blends are larger
shortest among the three samples. They show almost the parallethan those of neat PBSA. The aforementioned results clearly
Avrami plots in Figure 6b, indicating the values of the Avrami show that the crystallization of PBSA is accelerated by the
exponentn are almost the same. All the related crystallization presence of the PVDF crystals in the blends. It should also be
kinetics parameters are summarized in Table 2. The averagenoted that the crystallization rate in 20/80 blend is the fastest
values ofn are around 2.6 for 0/100 and 20/80 blend, while at a given crystallization temperature. Figure 7 summarizes the
they increase to around 2.8 for 35/65 blend. Roughly speaking, effect of blend composition and crystallization temperature on
the Avrami exponenh of PBSA is not affected significantly  the overall crystallization rate of PBSA for the PBSA-rich
by blending with PVDF. The average valuesroére close to blends. The overall crystallization rate decreases with increasing
3in the PBSA-rich blends, indicating that the crystallization of crystallization temperature despite blend composition, indicating
PBSA may correspond to the spherulitic growth with hetero- that crystallization temperature plays a dominant role of
geneous nucleation. Moreover, in the above section PBSA is determining the overall crystallization rate for a given blend
found to crystallize according to the spherulitic growth with composition. However, the effect of blend composition on the
heterogeneous nucleation as shown in the POM micrograph inoverall crystallization rate of PBSA is somewhat complicated.
Figure 5b. Therefore, it can be concluded that the DSC results The overall crystallization rate of the blends is larger than that
are consistent with the POM morphology studies of PBSA in of neat PBSA; furthermore, with further increasing the PVDF
the previous section. The crystallization time becomes longer content the overall crystallization rate decreases. This kind of
with increasing crystallization temperature despite blend com- crystallization behavior must be related to the fact the crystal-
position. For a given blend composition, the valuestgof lization of PVDF occurred befor&., of PBSA was reached
increase with increasing crystallization temperature, and the and PBSA must crystallize in the presence of the PVDF crystals.
values ofk and 11, s decrease with the increase of crystallization The overall crystallization of PBSA is affected by the
temperature. The slowdown of the overall crystallization rate following factors. First, the presence of the PVDF crystals may
with increasing crystallization temperature may be attributed have a positive effect on the nucleation of PBSAhus, the
to the fact that nucleation becomes more difficult at high overall crystallization rate may be increased due to the enhanced
temperature for the PBSA-rich blends. nucleation effect. The OM experiments confirmed the nucleation
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Table 2. Crystallization Kinetic Parameters of PBSA for the PBSA-Rich Blends

PVDF/PBSA blends Tc (°C) n k (min=") to.5 (Min) 1hos (mMin~?)
0/100 62 2.7 3.0% 10t 1.36 7.34x 107t
64 25 8.66x 1072 2.28 4.38x 107t
66 2.6 2.40x 1072 3.68 2.72x 10t
68 2.7 6.06x 1073 5.71 1.75x 10t
70 2.6 3.49x< 1073 7.42 1.35x 101
20/80 62 2.6 8.3 107! 9.31x 10t 1.07
64 2.6 257x 10t 1.47 6.80x 10t
66 25 1.02x 107t 2.15 4.65x 107t
68 2.6 3.52x 1072 3.12 3.21x 1071
70 25 1.13x 1072 5.12 1.95x 10t
35/65 62 2.8 5.6% 101 1.08 9.28x 10t
64 2.7 1.90x 10t 1.62 6.17x 107t
66 3.1 4.24x 1072 2.46 4.07x 107t
68 3.0 1.21x 102 3.91 2.56x 107t
70 2.6 5.32x 1078 6.33 1.58x 1071

effect of the PVDF crystals. Second, the addition of PVDF to Such decrease may be mainly due to the dilution effect, i.e.,
PBSA lowers the growth rate of the PBSA crystals due to a the addition of PVDF to PBSA reduced the number of
dilution effect which reduced the number of crystallizable units crystallizable units at the crystal growth front. The physical
at the crystal growth frorft8 Third, the growth rate of the PBSA  constraints imposed by the previously crystallized PVDF might
crystals reduces with increasing the PVDF content in the blendsalso contribute the decrease in PBSA crystallization kinetics
due to the physical restriction in the matrix of the PVDF crystals. for PVDF contents above 20%.

The first factor accelerates the overall crystallization rate of

PBSA, while the last two factors reduce the overall crystalliza- Conclusions

tion rate. Therefore, the overall crystallization rate of PBSAis  pyDE/PBSA blends are miscible crystalline/crystalline poly-

a competitive result of enhanced nucleation and slower crystal mer blends. PVDF and PBSA crystallize separately not simul-
growth rates in the PBSA-rich blends. The enhanced nucleationgneously in the blends. Spherulitic morphologies and overall
rate arisen from the presence of the PVDF crystals provides acyystallization kinetics of PVDF/PBSA blends were studied by
reasonable explanation for the increase in the overall crystal-\,arying blend composition and crystallization conditions. The
lization rate; therefore, the overall crystallization rates of 20/ crystallization of PVDF corresponds to the phase transition from
80 and 35/65 blends are larger than that of neat PBSA. amorphous/amorphous to amorphous/crystalline state. Both the
Furthermore, the degree of crystallinity of PVDF formed at 120 gpherulitic growth rate and the overall crystallization rate of
°C would be a very important factor affecting the overall pypF decrease with increasing crystallization temperature and
crystallization kinetics of PBSA. On the basis of the heat of the PBSA content in the blends; however, the crystallization
fusion of 100% crystalline PVDF (93.2 J/g)the degree of  mechanism does not change. PBSA actually acts as a diluent
crystallinity of PVDF crystallized isothermally at 12C for 5 during the crystallization of PVDF. On the other hand, the
min was calculated from the crystallization exotherms and crystallization of PBSA corresponds to the phase transition from
normalized with respect to the composition in the blend. The amorphous/crystalline to crystalline/crystalline state, which is
average values of degree of crystallinity of PVDF are around zffected not only by blend composition and crystallization
47.3% for the 20/80 blend and 25.8% for the 35/65 blend. The temperature but also strongly by the presence of the preexisting
degree of crystallinity in the 20/80 blend is as almost twice pypF crystals. PBSA spherulites nucleate in the matrix of the
high as that in the 35/65 blend, which may have a significant pypF spherulites and continue to grow until impinging on other
positive effect on the nucleation of the later crystallization of pgga spherulites. The overall crystallization rate of PBSA is
PBSA at low crystallization temperatures. However, the further accelerated in the blends. The presence of the preexisting PVDF
increase of PVDF also results in the decrease of the OVera"crystaIs shows two opposite effects on the crystallization of
crystallization rate of PBSA, therefore, the overall crystallization pgsa. The presence of the preexisting PVDF crystals shows
rate of the 35/65 blend is smaller than that of the 20/80 blend. 0 opposite effects on the overall crystallization of PBSA, i.e.,

enhanced nucleation ability and slower crystal growth rates.
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