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ABSTRACT: In this work, solution electrospinning technique was used to produce biodegradable fibers using a
commercially available polyester (Ecoflex F Blend C1200). These materials (mats) could be of potential interest
in tissue engineering. The effect of polymer concentration and the solvent nature on the obtained morphology
was related to the wettability of the mat, characterized by water contact angle measurements. According to the
results, the electrospun mats presented water contact angles characteristic of hydrophobic surfaces.
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1 INTRODUCTION

Biodegradable materials are a group of products
whose worldwide consumption has increased 15
times in the last ten years. The dynamic production
growth of these materials results from concerns about
the natural environment, the economy, the exploita-
tion of energetic raw materials which are nearing an
end and, last but not least, legislature. Synthetic poly-
mers and biologically derived (or natural) polymers
have been extensively investigated as biodegradable
biomaterials. This work deals with the synthetic pol-
ymer Ecoflex F Blend C1200, an aliphatic-aromatic
copolyester which is compostable and fully biode-
gradable [1,2]. Ecoflex can be used alone or in com-
bination with renewable raw materials like starch for
producing high quality biodegradable and biobased
plastic films.

There are many applications that require the use
of biodegradable materials. For example, tissue engi-
neering uses a biodegradable scaffold as the basic
element. This scaffold must present a highly porous
microstructure with interconnected pores and a large
surface area. These types of structures can be obtained
using the process called electrospinning [3,4]. This
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process creates ultrafine fibers through an electrically
charged jet of polymer solution [5,6]. Depending on
the solution concentration, the obtained mats may
exhibit fiber or fiber-bead morphologies [7].

In this work, the electrospinning technique was
used to produce biodegradable fibers with hydropho-
bic properties from a Ecoflex solution. The effect of the
polymer concentration on the obtained morphology
was related to the wettability of the mat.

2 EXPERIMENTAL

2.1 Materials

Ecoflex F Blend C1200 is an aliphatic-aromatic copoly-
ester based on the monomers 1,4-butanediol, adipic
and terephthalic acids supplied by BASE.

Tetrahydrofurane, chloroform (HPLC grade) and
deuterated chloroform were purchased from the
Aldrich Chemical Company. All materials were used
as received. Water was doubly distilled and deionized
(Millipore, Milli-Q).

2.2 Electrospinning

For the electrospinning process, polymer solutions in
chloroform and tetrahydrofurane (THF) (concentra-
tion 5-20 wt%) were placed into a syringe mounted
in a pump (Cole-Parmer). The THF solutions were
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prepared by heating them at 60°C. Randomly oriented
nanofibers were electrospun by applying a voltage of
4-7 kV to the needle using a Spellman CZE1000R high
voltage supply (0-30 kV CZE1000R; Spellman High
Voltage Electronics Corp.), with a low current out-
put (limited to a few A). The ground plate (stainless
steel sheet on a screen) was placed at 15 cm from the
needle tip. The syringe pump delivered the polymer
solutions at a controlled flow rate, which ranged from
0.7 to 1 mL/h. All the experiments were performed at
least twice. The resulting fibers were collected on the
screen in order to produce a sheet of nonwoven fabric.

2.3 Characterization Techniques

Ecoflex was chemically characterized by 'H-NMR
(Bruker 300 MHz spectrometer, model Advance 300
DPX). Deuterated chloroform was used as solvent.

The molecular weight of Ecoflex was calculated by
gel permeation chromatography (Thermo Scientific,
Ultimate 300) and referred to polystyrene standards.
Tetrahydrofurane was used as solvent at a flow rate of
1 mL min™ (injected volume: 20 mL; sample concentra-
tion: 2 % wt/v).

Static and dynamic water contact angle (CA) mea-
surements were carried out using the sessile drop
method on an OCA20 contact angle goniometer at
25°C and 55% relative humidity. The angles reported
were the average of 30 measurements.

Fiber morphology was characterized by Scanning
Electron Microscopy (SEM). The measurements were
performed on a Hitachi S-2700 microscope; the sam-
ples were put on a SEM disk and sputter-coated with
an 8 nm Pt/ Au layer.

3 RESULTS AND DISCUSSION

3.1 Polymer Characterization

Ecoflex is an aliphatic-aromatic copolyester based on
the monomers 1,4-butanediol, adipic and terephthalic
acids. The composition and sequence distribution
analysis [8] was performed by proton NMR (Figure 1).

The area of signals of protons 1 and 2 was used
to determine the mol fractions of the two acids.
According to this, the adipate (AD) and terephthalate
(TF) fractions were 0.52 and 0.48 respectively.

Protons of the butadiene named as 4 in Figure 1 were
sensitive to the diad effect and gave rise to 4 signals
assigned to the TF-TF (4.45 ppm), TF-AD (4.40 ppm),
AD-TF (4.17 ppm) and AD-AD (4.11 ppm) diads. From
the area of these signals a degree of randomness of
1.03 was obtained, which means that Ecoflex is a ran-
dom copolymer.
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Figure 1 'H-NMR spectrum of Ecoflex.

The molecular weight of Ecoflex was calculated by
GPC and values of 37000 and 2 were obtained for the
number-average molecular weight (Mn) and polydis-
persity index respectively.

3.2 Electrospinning

A series of polymer solutions with different con-
centrations of Ecoflex dissolved in Chloroform and
Tetrahydrofurane were electrospun. At each concen-
tration a stable jet was obtained using the parameters
shown in Table 1.

As observed, for the same solvent, the electrical
field needed to obtain a stable jet increased with the
concentration, even using lower flow rates. The high
viscosity of the more concentrated samples prevents
the flow of the solution and therefore higher voltages
had to be applied.

The electrical field applied to obtain a stable jet in
THF was lower than that applied in chloroform solu-
tions. This fact can be due to other variables such as
surface tension or conductivity of the solution that
were not measured in this work.

The SEM images of the samples obtained in chlo-
roform are shown in Figure 2. As can be observed,
the resulting mats presented different morphologies.
As is well-known, for obtaining fibers by electrospin-
ning a critical concentration of the polymer solution is
required as extensive chain entanglements are neces-
sary [5,6]. In our case, this critical concentration was
15%, since images of the mats obtained from the lower
concentration solutions (A and B) showed a bead-like
morphology. As expected, the bead diameter increased
with the polymer concentration. However, the diam-
eter of the fibers obtained from the 20% solution was
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Table 1 Electrospinning parameters for the studied solutions.

Solvent Concentration Flow rate (mL/h) Voltage (kV) Collection time
wt/v (hours)

Chloroform 5 0.85 5.0 2

Chloroform 10 1.0 5.0 2

Chloroform 15 1.0 53 2

Chloroform 20 0.7 7.0 2

THF 5 0.9 3.9 2

THF 10 1.0 4.0 2

THF 15 1.0 4.3 2

THF 20 0.9 5.0 0.5

Figure 2 SEM images of the mats obtained from chloroform
using a concentration of 5 wt% (A), 10 wt% (B), 15 wt% (C)
and 20 wt% (D).

lower than the diameter obtained using a concentra-
tion of 15%. The higher electrical field that had to be
applied in the most concentrated solution (Table 1)
was responsible for the lower diameter of these fibers.

Figure 3 shows the morphology of the mats obtained
from THE. Using this solvent, the minimum concen-
tration to obtain only fibers was 20% higher than the
one necessary using chloroform. This fact is probably
due to the bad solvent character of THF that prevents
the chain entanglements necessary to obtain fibers. In
addition, the mats obtained using THF showed nano-
meter scale pores. Figure 4 shows an enlarged image
of the mats obtained using a concentration of 10% in
Chloroform and in THE.

Porous structures previously described in literature
[7,9,10] have been related to the high volatility of the
solvent and to the relative humidity of the air during
the electrospinning process. As the volatility of the sol-
vents used in our work was similar, it can be argued
that the formation of the porous structure in THF was
due to its hygroscopic character.
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Figure 3 SEM images of the mats obtained from THF using
a concentration of 5 wt% (A), 10 wt% (B), 15 wt% (C) and 20
wt% (D).

Figure 4 SEM images of the mats obtained from 10% of
Chloroform (left) and THF (right).

3.3 Wettability of the Mats

It is well known that the wettability of a surface is
governed by the surface energy and roughness. Even
when using high surface energy materials, the mats
obtained using electrospinning show hydrophobic
properties because the fibrous structure provides sur-
face roughness [10,7].
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Table 2 Water contact angle and hysteresis of the mats.

Solvent Properties 5 wt. % 10 wt. % 15 wt. % 20 wt. %

Chloroform Contact angle (°) 94 100 118 139
Hysteresis (°) 6 3 3 2

THF Contact angle (°) 64 82 134 /
Hysteresis (°) 5 3 3 /

The wettability of the mats was characterized by
water contact angle measurements (Table 2).

As can be observed in Table 2, in the majority of the
samples the contact angle values were higher than 90°,
which means that the samples were hydrophobic. In
addition, in all the samples, the obtained hysteresis
values (difference between the advancing and reced-
ing angles) were lower than 10°. Low hysteresis values
are governed by the Cassie state in which water drop-
lets are in contact with peaks of the rugged surface
as well as the “air pockets” trapped between surface
grooves. In the Cassie state, the liquid water droplets
slide off easily (and take contaminants with them)
even if the film is only slightly tilted. This behavior is
very interesting, as the surfaces are kept clean.

Hysteresis values were low and very similar for all
the samples. Moreover, for both systems, the water
contact angle increased with the polymer concentra-
tion. This result revealed that a bead-predominant
morphology generated lower contact angles than
those generated in a morphology mainly consisting of
fibers. Some literature studies conclude that, contrary
to our results, the beaded morphologies give rise to
higher contact angles [7]. However, references about
systems with a similar behavior to that exhibited by
our samples can also be found [11]. This discrepancy
in the results can be due to the complex morphology
of the electrospun mats that makes the comparison
between different systems difficult.

Comparing the contact angle values obtained in
both solvents, at low concentrations lower values were
obtained using THF, while higher values were obtained
when the concentration was increased. It might seem
that the lower contact angle values could be related to
the porosity of the mats (water is introduced into the
pores). However, the hysteresis values are also low,
suggesting that water droplets are in contact with the
peaks of the rugged surface. Unfortunately, it was not
possible to obtain fibers without pores and, therefore,
the effect of the pores in the hydrophobicity could not
be stated.

Finally it should be noted that although the com-
plex morphology of the electrospun mats makes it dif-
ficult to reach general conclusions, the higher contact
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angles were obtained using mats that presented fiber-
like morphology, regardless of the employed solvent.

4 CONCLUSIONS

The results of this work showed that biodegradable
polyester mats can be obtained by solution electrospin-
ning. In relation to the employed solvent, Chloroform
is more adequate than Tetrahydrofurane since lower
polymer concentrations could be used in the electro-
spinning process. Hydrophobic surfaces characterized
by high contact angles and low hysteresis values were
obtained when the electrospun mats presented fiber-
like morphologies. These mats present potential appli-
cations in tissue engineering.
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