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Abstract:

Polymer blends based on poly(vinylidene fluoride), PVDF and poly(ethylene oxide),
PEO, with varying compositions have been prepared by solvent casting, the polymer
blend films being obtained from solutions in dimethyl formamide at 70°C. Under these
conditions PVDF crystallizes from solution while PEO remains in the molten state.
Then, PEO crystallizes from the melt confined by PVDF crystalls during cooling to
room temperature. PVDF crystallized from DMF solutions adopt predominantly the
electroactive B-phase (85%). Nevertheless when PEO is introduced in the polymer
blend the B-phase content decreases slightly to 70%. The piezoelectric coefficient (dss)
in pristine PVDF is -5 pC/N and decreases with increasing PEO content in the
PVDF/PEO blends. Blend morphology, observed by electron and atomic force
microscopy, shows the confinement of PEO between the already formed PVDF crystals.
On the other hand the sample contraction when PEO is extracted from the blend with
water (which is not a solvent for PVDF) allows proving the co-continuity of both phases
in the blend. PEO crystallization kinetics have been characterized by DSC both in
isothermal and cooling scans experiments showing important differences in crystalline

fraction and crystallization rate with sample composition.
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1. Introduction

In recent years there has been a growing interest in the field of membrane technology,
more specifically, in polymer porous membranes with the objective to promote or
improve its performance in applications such as water purification [1], reverse osmosis
[2], biomedical [3] and energy applications [4-6], etc. Polymer porous membranes show
many advantages in comparison of other membrane types, such as metal and liquid
membranes. In particular: they can show a high variety of the pore sizes and degree of
porosity, various membrane shapes (flat sheet, tubular, etc) and can be chemically
resistant, among others [7-9].

Different methods have been developed to generate a well-controlled pore structure and
pore interconnectivity. Solvent casting with phase inversions is one of the most used

methods [9-12] but many other have been proposed.

The most used polymer materials for porous membrane development for different
applications are polycarbonate (PC) [13], poly(vinylidene fluoride) (PVDF) [14],
polytetrafluoroethylene (PTFE) [15], polypropylene (PP) [16], polyamide [17] and
cellulose-ester [18]. Taking into account the excellent properties (high mechanical
strength and chemical stability) of the fluoropolymers, PVDF has been used in porous
membranes fabrication. PVDF is known for its electroactive properties (piezo, pyro and
ferroelectric properties) [19, 20]. On the other hand, PVDF is a hydrophobous

biocompatible and non-biodegradable material, suitable for cell culture applications.

We propose in this work the combination of PVDF with PEO in a non-porous
membrane in which a hydrophobous and a hdrophilic phases are co-continuous. This
structure will allow water sorption and diffussion when the membrane is used as a cell
culture support allowing cell attachment to PVDF domains but at the same time
allowing the diffusion of water soluble proteins or growth factors through the substrate
for cell signalling [21-23]. The ability of absorbing polar solvents is crucial in the use of

these membranes as litium ion battery separator [24, 25], or in microfiltration [26, 27]



PVDEF is a semi-crystalline polymer that can crystallize in four crystalline phases known
as: a, B, v and 6 and depending on the temperature and processing conditions [20, 28-
30]. The most important phase of PVDF for technological applications is the B-phase, as
it exhibits piezoelectric, pyroelectric and ferroelectric, properties. The a-phase is the
most stable one from a thermodynamic point of view when the material is directly
obtained from the melt [26-28]. Porous p-PVDF samples can be obtained directly from
solution crystallization at temperatures below 70°C [31]. Mechanical stretching applied
to an a-phase PVDF film at temperatures below 100 °© C and with stretch ratio higher
than or equal to 3 transforms it to a non-porous B-phase film. Different morphologies
and microstructures were obtained for PVDF microporous membranes by crystallizing
at different temperatures (thermal induced phase separation, TIPS) [31, 32]. TIPS
allows controlling both porosity and pore size [32, 33]. The crystalline phase, dielectric
and thermal properties of PVDF membranes depend of the solvent evaporation
temperature that influences the solvent evaporation rate below of the melting
temperature [34, 35]. For biomedical applications, the influence of the polarization state
of non-porous electroactive poly(vinylidene fluoride), PVDF, on the biological response
of cells cultured under static and dynamic conditions has been addressed [36, 37]. It was
observed that positively charged B-PVDF films promote higher osteoblast adhesion and
proliferation, which is higher under dynamic conditions on poled samples, showing that
the surface charge under mechanical stimulation improves the osteoblast growth.
Poly(ethylene oxide), PEO is a hydrophilic, biocompatible polymer that has been
intensively used in biomedical application [38]. Polymer blends of PVDF and PEO
have been developed to improve the pore configuration, such as pore size, porosity and
pore connectivity of PVDF-based microporous membranes [39, 40]. This polymer blend
has been proven to be suitable for polymer electrolyte applications [40].

Taking into account the properties of both PVDF and PEO, the main goal of this work is
the preparation of new polymer blends based on these polymers in order to properly
tune morphological features, with suitable piezoelectric and thermal properties for
biomedical and energy applications. The correlation between the phase morphology and
electroactive phase of PVDF is extremely important for these applications. A new
membrane preparation method has been developed in which PVDF crystallizes from the
solution in DMF while PEO polymer crystallizes from the melt confined between
PVDF crystals.



2. Experimental details
2.1 Blend preparation

PVDF (Mw 700000 g/mol) and PEO (M 100000 g/mol) were acquired from Solvay
and Polysciences, respectively. PVDF/PEO blends were prepared with compositions of
100/0, 70/30, 50/50 weight ratio. Blends were prepared by dissolving the adequate
amounts of both polymers in N,N-dimethylformamide (DMF) at a 15/85 w/v polymer/
solvent ratio. The polymers were dissolved at 80 °C during 48 h with the help of a
magnetic stirrer in glass vessel with outer jacket for circulation of water until a
homogeneous and transparent solution could be observed. The solutions were deposited
in Petri’s capsules and the solvent was allowed to evaporate at 70°C for two hours.
Finally, complete removal of the solvent was achieved in vacuum for another 3 hours at
70 °C.

2.2 Removal of PEO

As PEO is a hydrophilic polymer, it can be removed by immersing in water. The
membranes were cut into cylinders of 5 mm in diameter. The cylinders were immersed
in water and stirred during up to 7 days, while the water was changed every day. After 7
days, the samples were dried in open air and subsequently dried in vacuum at 40 °C for
one day. The mass, thickness and diameter of the samples were measured before and
after washing in water.

The percentage of removal of PEO was measured at various times and calculated

through the following equation 1:

W, —W

%PEO renoval =( ijxlOO (1)

0

where W, and W, denote the weight of blend membrane and the weight of membrane

after PEO extraction by soaking in water, respectively.



2.3 Sample Characterization:

The microstructure of the blend films were examined in a field emission scanning
electron microscope (FESEM), ZEISS Ultra-55, after deposition of a conductive layer
of sputtered platinum. AFM experiments were performed in tapping mode in air,
immediately after sample preparation, using a Multimode AFM equipped with
NanoScope Illa controller from Veeco (Manchester, UK), at ambient conditions. Si-
cantilevers with a constant force of 2.8 N/m and a resonance frequency of 75 kHz were
used. All the samples were characterized using a set-point amplitude ratio of around 0.7
The NanoScope 5.30r2 software version was used for the simultaneous recording of the
height, phase, and amplitude magnitudes of the images.

The PVDF crystalline phase was identified by Fourier Transformed Infrared

spectroscopy (FTIR) at room temperature with a Jasco FTIR-4100 set-up. FTIR spectra
were collected in attenuated total reflectance mode (ATR) from 4000 to 600 cm™ after

32 scans with a resolution of 4 cm .

For determination of the piezoelectric coefficient, the PVDF/PEO blends were first
poled by corona discharge at a controlled temperature inside a home-made corona
chamber with the following parameters, obtained after an optimization process: applied
voltage of 10 KV at a constant current of 20 uA; constant distance of 1.5 cm between the
sample and the tip; poling time 60 min, poling temperature of 60°C and then cooled to
room temperature under the applied electric field.

Differential scanning calorimetry (DSC) analysis was carried out with a Perkin-Elmer
DSC 8000 instrument under a flowing nitrogen atmosphere between 25 and 200 °C at a
heating rate of 20 °C min for cooling and heating. All samples were measured in 30 pL

aluminum pans with perforated lids to allow the release and removal of volatiles.



3. Results and Discussion
3.1. Phase Morphology

PVDF/PEO blend films were casted from the solution in a good solvent for both
components. Solvent casting was performed at 70°C to ensure that during the whole
process PEO is amorphous. PVDF crystallizes from the solution during solvent
evaporation and, it is expected that PEO chains are pushed by the growing PVDF
crystals, being finally confined in spaces between PVDF spherulites or in interlamelar
spaces mixed with amorphous PVDF chains. Then when the already dry film is cooled
to room temperature, PEO crystallizes from the melt since no solvent rests in the
sample. As we will see below PEO crystallization rate is highly affected by the presence
of PVDF. It is worth note that simultaneous growth of PEO and PVDF spherulites
during solvent casting at room temperature yields a brittle and inhomogeneous film with

poor adhesion between the tow crystalline phases (results not shown).

In order to characterize the phase morphology in the blend thus obtained, PEO was
extracted from the blend film by washing in water, which is a non-solvent for PVDF.
Soluble fraction of PEO when immersing the film in water will characterize the amount
of PEO which dispersed in isolated domains, while the morphology of the remaining
PVDF and contraction will speak about connectivity of PVDF phase in the blend.

After washing the samples for 7 days, the mass loss of the membrane is, as
expected, approximately 50% for the membrane with a PVDF/PEO ratio of 50/50. Thus,
it can be said that PEO phase is continuous in the membrane. Nevertheless only around
25% mass is lost by the 70/30 blend indicating that in this case some PEO is confined
within the structure of the PVDF, where water cannot penetrate. These results are
shown in figure 1a. Figures 1b and 1c show the thickness, width and volume decrease in
the membrane as a function of immersion time. The volume decrease is due to the
collapse of the membrane after removal of PEO, forming a more compact material.
Taking into account the densities of pure PEO and PVDF 1,130 and 1,789 cm
respectively the volume occupied by PEO in 50/50 blend should be 61%. The volume

contraction when extracting PEO is 70% so the collapse of the membrane is confirmed.
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However, in the case of the 70/30 sample, the volume fraction occupied by PEO should
be 32% but volume loss when extracting it is only 25% supporting again that part of
PEO is still in the blend but also that continuity of PVDF crystalline structures hinders
sample contraction leaving a proportionally more porous membrane. Interestingly,
sample contraction is not isotropous. Samples were in the form of cylinders and
thickness reduction in 50/50 sample is 35% while diameter reduction was 30% (results
not shown), in sample 70/30 thickness reduction was 15% while diameter one was
around 8% (results not shown). This means that the sample surface contracts less than
thickness. On the other hand it is interesting to observe that while PEO rapidly leaves
the sample, sample contraction takes longer. In fact after one hour washing in water,
90% of the PEO that the blend contains initially has been extracted, as shown by the
evolution of the sample mass (Figure 1a). Nevertheless, volume only stabilizes after 3

hours showing that the collapse of PVDF structure is governed by a relaxation process
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Figure 1 — a) Mass loss, b) thickness decrease and c) volume decrease as a function of

PEO extraction for all PVDF-PEO blends as a function of washing time in water.

These results can be understood observing blend morphology before and after PEO
extraction. Surface and cross-section FESEM images are shown in figures 2 and 3 for
PVDF/PEO 50/50 and 70/30, respectively. Figures 2a and 2b represent the morphology
for the pure 70/30 PVDF/PEO blend through the surface and cross-section FESEM
images, respectively.
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Figure 2- Surface and cross-section FESEM images: a-b) PVDF/PEO (70/30) blends
and c-d) after PEO extraction for 7 days. Dimension bar correspond to 10 um in (a) (b)
(d)yand 1 pm in (¢)

Phase separation can be observed already in the image of the surface of 70/30 blend
(Figure 2a). Structures that seem polymer spherulites are apparent and we will see that
they correspond to PVDF when observing the picture after PEO extraction (Figure 2c).
The topography shown in the polymer blend must be the result of PEO crystallization
on cooling from 70°C to room temperature. The formation of PEO crystalline lamellae
produces some texture at the surface. In the case of 50/50 sample the blend shows some
PVDF circular regions separated by rough regions of semicrystalline PEO (Figure 3a).

It is interesting to observe the huge difference of the cryogenic cross section of the
50/50 and 70/30 blends (Figures 2b and 3b respectively). While in 70/30 blend
cryogenic fracture seems to disaggregate PVDF domains, in 50/50 sample cross section

is perfectly smooth with no sign of phase separation between PVDF and PEO.

After PEO extraction, the surface in both blends shows circular PVDF aggregates, with
quite rough surfaces in the case of 50/50 sample. It seems like if when PVDF



spherulites grow during DMF evaporation at 70°C, some PEO is retained within the
semicrystalline PVDF domains. On the other hand, in the cross section, after extracting
PEO, PVDF structures appear as 1 um spheres quite well separated from each other.
Nevertheless, in 50/50 sample the structure seems to collapse in more extent and, in
fact, PVDF domains clearly shown at the surface can be hardly distinguished in the
cross-section. These features, which agree with the data of sample contraction, can be
explained by the formation of PVDF bridges between the spherulites during
crystallization when the amount of PEO is small. Growing crystals adhere to each other
stabilizing the PVDF architecture that is kept when PEO is extracted. On the contrary,
when the amount of PEO is higher, PVDF crystals grow without contact with each

other, dispersed in the PEO matrix and when PEO disappears collapse in larger extent.

Figure 3 - Surface and cross-section FESEM images: a-b) PVDF/PEO (50/50) blends
and c-d) after PEO extraction for 7 days. . Dimension bar correspond to 10 um in (a)
(b) (d) and 1 pm in (c)



Surface topography can be observed with more detail with AFM (Figure 4). Tapping
mode AFM shows the presence of the two phases at the surface of the sample but
without significant height differences between them (Figures 4a and 4c). PEO
extraction emphasizes PVDF regions (Figures 4b and 4d)

Figure 4: AFM height images of PVDF/PEO blends a) PVDF/PEO (50/50) blends, b)
(50/50) after PEO extraction, c) PVDF/PEO (70/30) blends and d) (70/30) after PEO

extraction.

3.2. Infrared spectroscopy and piezoelectric response

FTIR spectroscopy was used to characterize crystalline phase of PVDF and PEO
polymers [30]. The two most relevant crystalline phases of PVDF are the a-phase and
B-phase, the specific bands characteristics for a-phase being 765, 796, 855 and 976 cm*
while B-phase is identified by 840 and 1232 ¢cm™, bands [30]. On the other hand, the
most important specific bands characteristics of PEO are 845-948, 1280, 1343 and 1468
cm? corresponding of CH. rocking, twisting, wagging and scissoring, respectively [41].
FTIR-ATR spectra for PVDF/PEO blends and pristine PEO are shown in figure 5.

For the PVDF pristine sample, the small vibration bands at 760 cm'l, that correspond to

a phase crystals and the specific band at 838 cm” characteristics of the B-phase are

detected.
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The crystalline phase of PVDF is essentially affected by the evaporation rate [34, 35].
Low evaporation temperature until 90°C where crystallization is slow due to lower

polymer-chain mobility, leads to preferential nucleation in the $-phase.
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Figure 5 - FTIR-ATR spectra of the PVDF/PEOQ blends

In relation to PEO, the vibration bands at 948, 1280, 1343 and 1468 cm™ are observed,
corresponding of CH. rocking, twisting, wagging and scissoring, respectively. These
specific bands of PEO are also detected in the PVDF/PEO blends and their intensity
depends on the amount of PEO in the polymer blends.

The presence of PEO in the polymer blend modifies the intensity of the bands
corresponding to PVDF, i.e, the vibration band of the a-phase increase and the vibration
band of B-phase decrease with increasing PEO content in the polymer blend.

The phase content of PVDF was calculated from the FTIR spectra through the method
explained in [30]. The relative fraction of the B-phase in a sample containing a and f-
PVDF is:

P = @
Sz

where F(B), represents the B-phase content; A, and Ag the absorbance at 766 and 840
cmt; Ky and Kg are the absorption coefficients at the respective wavenumber, which

values are 6.1 x 10% and 7.7 x 10* cm? mol ™2, respectively.
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The quantification of B-phase of PVDF of the different polymer blends is shown in the
table 1.

Table 1 — Thickness, B-phase content and piezoelectric coefficient of the PVDF/PEO
polymer blends

Samples Thickness/ um F(B)/£2% |dss| / =1 pC/N
PVDF 81 85 5
PVDF/PEO (70/30) 97 68 3
PVDF/PEO (50/50) 120 74 2
PEO 180 | e ] emeee

Table 1 shows that the B-phase content decreases with the introduction of PEO, i.e, 85%
of B-phase content is obtained for the PVVDF pristine polymer in comparison with 74%
of B-phase content for PVDF/PEO (50/50) or 68% for PVDF/PEO (70/30). The
difference of B-phase content between PVDF/PEO polymer blends is thus quite small
and those variations does not have influence in the piezoelectric response [42]. A small
peak indicating the presence of the y-phase of PVDF has been detected also in the
sample with 50% PEO content, as indicated by the small band at 810 cm [30].

The membranes thickness depends on the PEO polymer amount due to the difference in
PVDF and PEO densities, its value varies between 81-180 um as shown in table 1.

As the application of the membranes in tissue engineering shows the relevance of the
piezoelectricity, that improves osteoblasts adhesion and proliferation [43], the
piezoelectric response has been measured. Table 1 shows the overall piezoelectric
coefficient ds3 of the samples. It is to notice that this value has to be interpreted taken
into account that it represent the overall piezoelectric response of the sample, and not
just the piezoelectric response of PVDF, i.e. variations due to blending are included.
The modulus of the dss response of the PVDF/PEO polymer blend, fully ascribed to
piezoelectric PVDF, is influenced by the relative PEO content, decreasing with
increasing PEO content from 5 pC/N for pristine PVDF to 3 or 2 pC/N for the polymer
blends with increasing PEO content from 30 to 50. Though the latter values are within
experimental error, the sample with the largest PEO contents always provides the lower
piezoelectric response. Independently of the polymer/blend type, the ds3 is negative and
stable along the time. Comparing the dss obtained of PVDF polymer in this work (|ds3|=
5 pC/N) and the dss values typically obtained for PVDF films (|dss|= 20 pC/N) [42, 44],

12



the observed difference is attributed to the mechanical variations and the presence of
some microporosity of the pristine PVDF obtained in this work. PVDF was obtained by
evaporation at 70°C in order to follow the same protocol used for the blends with PEO
and it has been shown that at this temperature pores appear in the sample due to solid-
liquid phase separation during solvent casting [31]. Porosity strongly affects
microstructure and phase content of PVDF [31] and co-polymers [45], allowing
tailoring those parameters for specific applications. It is to notice the relevance of
obtaining piezoelectric response in the porous PVDF sample, scarcely addressed in the
literature, and PVDF-PEO polymer blends, allowing implementation into technological
applications, such as scaffolds and membranes, which involve the use of porous
microstructures allied to piezoelectric sensing and actuation. Further, despite this
decrease of the piezoelectric signal to respect to polymer films, the obtained
electroactive response is still among the largest for piezoelectric polymers [28, 30],

being within the range for applicability.

3.3. Thermal properties

In this section we analyze the behavior of PEO confined between PVDF domains. Since
PVDF/PEO polymer blend films are obtained by solvent casting at 70°C, PVDF crystals
are formed while PEO is in the molten state so, its conformational mobility is high
enough to reorganize while PVDF crystals grow and thus after solvent evaporation PEO
occupies regions between the PVDF domains, and, as deduced from electron
microscopy, within those domains as well. The study of the effect of the amount of PEO
in the blend, and thus the size of the PEO regions after solvent evaporation, on its
crystallization and melting processes and on the glass transition of amorphous regions
informs about the degree of confinement of the PEO chains in the blend.

Figure 6 shows the DSC scans of neat PEO and PVDF/PEO blends for the cast samples
at a heating rate of 20°C/min. Note that after film formation temperature did not
overpass 70°C, thus it is expected that PVDF domains remain unaltered in all thermal
histories to what the sample is subjected. The first heating scan is representative of the
melting of the crystal formed during cooling from 70°C to room temperature during
blend formation process. The second scan was performed after cooling at 20°C after
first scan in which PEO molten chains can rearrange in some extent. Heat flow has been

normalized with the mass of PEO in the blend. It is worth note the important sift of the
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melting peak in 70/30 blend towards lower temperatures with respect to pure PEO. On
the other hand the crystallization exothermal on cooling is also shifted to lower
temperatures (Figure 7). It seems that crystallization kinetics is slower in the blend and
thus, crystals are formed on cooling at lower temperatures. As a consequence, they are
smaller and melt at lower temperatures as well. The behavior of 50/50 blend is in
between neat PEO and 70/30 blend as can be seen clearly in the second scan. However,
in the first scan it looks like in pure PEO, this means that PEO in 50/50 blend is
susceptible to reorganize by melting and crystallization. It is worth note in support of
this interpretation that there is nearly no difference between first and second heating
scan in pure PEO but in the blends the melting peak in the second scan shifts to lower
temperatures. These features could be confirmed by isothermal crystallization and

further melting experiments

F|| T T T T T T T T T
X ] =— PEO 7
‘o | |10/gk = PVDF-PEO (50/50) 1
~ = PVDF-PEO (70/30)
~~
=
O
[r—
Fa)
(v}
3]
c T -
©
= i
O
o Second scan .
m T -
! T T T T T T T T T T
20 30 40 50 60 70 80

Temperature / °C

Figure 6 - Specific heat flow per gram of PEO vs temperature in DSC first and second
scan for PEO polymer and PVDF-PEO blends.

Melting enthalpy for neat PEO, PVDF/PEO (50/50) and PVDF/PEO (70/30) are 170
J/g, 90J/g (52% of neat PEO) and 32J/g (20% of neat PEO), respectively, When
calculating per gram of PEO, one finds that melting enthalpy in PVDF/PEO (50/50)
sample is similar to that of neat PEO. It seems that PEO domains are large enough to
allow PEO chains to diffuse and incorporate to growing crystals as in pure PEO.
Nevertheless in PVDF/PEO (70/30) sample, the crystallinity attained in PEO phase is
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significantly smaller, so a fraction of PEO chains are dispersed in very small domains,
perhaps between PVDF lamellae and are not able to crystallize. This fraction of
dispersed PEO chains must be related with the fraction of PEO that is not dissolved

when the sample is immersed in water.
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Figure 7 - Specific heat flow per gram of PEO vs temperature in DSC cool scan for
PEO polymer and PVDF-PEO blends.

The differences found between the first and the second heating scans proves the ability
of reorganizing PEO phase by successive melting and crystallization. This feature can
be due to the miscibility of PVDF and PEO in amorphous phase. Crystallization kinetics
can be influenced by the fact that PEO chains must separate from the homogeneous
amorphous blend with PVDF chains and once they form the crystals and these crystals
melts in the first scan, the homogeneous blend is not formed again because of the lack
of time for spontaneous diffusion. To test this possibility the glass transition region was

analyzed as shown in figure 8 for the two heating scans.
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Figure 8 - Specific heat flow vs temperature in DSC first and second heating scan PEO
polymer and PVDF-PEO blends.

Figure 8 shows the presence of the PEO glass transition region in the polymer blends at
the same temperatures than for pure PEO, both in the first and in the second scan. Glass
transition temperature was determined as the mid point of the rise of Cyin the transition.
The heat capacity increment at Ty, ACp, was determined per gram of PEO in the blend.
The values of both parameters for all samples in the two heating scans are shown in
table 2.

Table 2 — Tqand AC, referred to PEO content for all samples in the two heating scans.

T4 (°C) ACp (J/gK) Tg(°C) | ACp (J/gK)

1%t scan 1% scan 2" scan 2" scan
Neat PEO -51+1 0.10+0.02 -50+1 0.12+0.02
PVDF/PEO (50/50) -48+1 0.07+0.04 -49+1 0.11+0.04
PVDF/PEO (70/30) -48+1 0.20+0.06 -50+1 0.12+0.06

The shape of the glass transition in the first scan is quite different in the blends than in
pure PEO but no clear trend with sample composition is shown. Nevertheless in the
second scan both the glass transition temperature and the heat capacity increment in the

transition is the same in all samples. It seems that the amorphous chains are constrained
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in blend during sample formation but melting during the first heating scan and re-
crystallization of PEO during cooling reorganize the amorphous phase that seems to
behave similarly in the blends and the pure PEO

The different techniques applied to the characterization of PVDF/PEO blends show that
the formation of PVDF phase by crystallization from the PVDF/PEO solution in DMF
at 70°C depends on the amount of PEO in the solution. PVDF crystals are able to grow
freely since PEO is molten in the whole process, but if the amount of PEO is large
enough, it seems to create discontinuities in PVDF. In this work we have produced
blends with 30 or 50% by weight of PEO but with intermediate compositions it seems
that blend morphology could be modulated between the two different behaviors shown
in this work. It seems that starting from a homogeneous solution of both components in
the solvent, PVDF crystallization segregates an amorphous phase in which PEO and
PVDF chains remain mixed. Then, on cooling, already without any solvent, PEO
crystals are formed while confined by the previously formed PVDF crystals. This
implies a further separation between PVDF and PEO chains. Reorganization of PEO
phase by melting and crystallization is detected by the evolution of the glass transition
and the melting process. The spatial continuity and close interaction in PEO-PVDF
interphase is probed by the dependence of melting and crystallization kinetics of PEO
with blend composition. The thermal treatment in the production of the blend film
separates the crystallization processes of each component allowing a precise control of
crystal growth. This technique could be extended to the manufacture of other polymer

membranes.

Conclusions

PVDF/PEO blends were prepared with a procedure that allows confinement of PEO
phase between quite homogeneous PVDF domains. This is done by crystallizing PVDF
in a first stage, by casting from solution at a temperature at which PEO is molten. In a
second stage PEO crystallizes on cooling, from the melt. The presence of PEO in the
PVDF/PEO blends affects the crystallization process of PVDF. The vibration mode
characteristics of PVDF are not influenced by the presence of PEO in the polymer blend
but the B-phase content decreases with increasing the amount of the PEO polymer in the
PVDF/PEO blends. Also the piezoelectric coefficient dsz of the PVDF/PEO blends
depends on the amount of the PEO polymer in the PVDF/PEO blends. On the other
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hand large amounts of PEO in the solution makes that on solvent evaporation PVDF
form non interconnected spherical aggregates. This fact is demonstrated by the collapse
of PVDF phase when PEO is extracted from the blend film. On the contrary, when the
amount of PEO is smaller, interconnexion between PVDF aggregates hinders in some
extent membrane collapse on PEO extraction. PEO crystallization Kkinetics is largely
affected by confinement between PVDF domains. Differences between first and second
heating scans shows that some rearrangement of PEO domains takes place on
crystallization and further melting, what together with the differences in glass transition
temperature indicates a certain degree of miscibility between the amorphous phases of
PEO and PVDF.
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