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a b s t r a c t

In this work, composite polystyrene/titanium dioxide (PS/TiO2) electrospun fibers were
used as a reinforcement for a poly(butylene succinate-co-adipate) (PBSA) matrix. The
structure, morphology, mechanical properties and degradation behavior of such materials
were investigated, finding that, as a function of their TiO2 content, the fibers exerted differ-
ent effects. The main mechanism through which the fibers modified the structure and mor-
phology of the polymer matrix is by altering its crystallization kinetics. The presence of
TiO2 modified the roughness of the fibers and therefore affected the interfacial adhesion
between the filler and the matrix. The modulus of PBSA was improved, even though the
brittleness of the materials was increased by the presence of the fibers. Different amounts
of TiO2 within the fibers allowed to tune the hydrolytic degradation rate of the composites.
This paper shows the potential of using composite electrospun fibers as effective fillers for
the preparation of polymer-based composites.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

In the last few years, both the academic and industrial
scientific community made considerable efforts in

exploiting the potential of nanocomposites and nano-
scaled materials. Even though in some cases the materials
developed reached commercialization, the promise of
ground-breaking improvements in properties has not yet
been attained. This calls for the ideation of alternative
strategies for the manufacturing of nanocomposites. One
of these novel approaches consists in the reinforcement
of polymeric matrices by electrospun nanofibers.

Among nano-scaled materials, nanofibers (especially
polymeric nanofibers) are promising for diverse applica-
tions, such as drug delivery, tissue engineering and wound
healing [1–3] due to their very large surface-area-to-volume
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ratio, flexibility in surface functionalities and superior
mechanical performances.

Although they possess most of the ideal features re-
quired for a good nanofiller (i.e. good mechanical perfor-
mances, tunable chemical and physical properties, low
cost and low density), the use of electrospun fibers as fill-
ers in composites is still surprisingly underrepresented in
the literature. After the pioneering works of Kim and Rene-
ker [4] and Bergshoef and Vancso [5], very few works were
published on the use of such fibers as fillers in polymer-
based composites [6–10]. However, it has been shown in
a variety of systems that the addition of electrospun fibers
increases the mechanical performances of the matrix and
allows to tune its degradability, as it was observed in the
case of polycaprolactone (PCL) [8] and poly(lactic acid)
(PLA) [7].

Functional composite nanofibers, can be processed by
electrospinning polymer solutions containing nanoparti-
cles, carbon nanotubes, catalysts, enzymes, ceramics and
so on [11–14]. Nanofibers can therefore be electrospun
ad hoc for a given purpose and used for various applica-
tions, ranging from biotechnology to advanced
microelectronics.

Poly(butylene succinate)-co-adipate] (PBSA) is an ali-
phatic polyester synthesized by the polycondensation of
butane-1,4-diol in the presence of succinic and adipic acids
with a relatively low production cost and mechanical prop-
erties equivalent to those of polyolefins [15–20]. As com-
pared to poly(butylene succinate), PBSA is more
susceptible to biodegradation by virtue of its lower crystal-
linity and higher flexibility of the polymer chains [21,22].
Moreover, it benefits from an excellent processability; it
can be processed into any form of yarns (melt blown, mul-
tifilament or monofilament, tape or split) for textile pur-
poses, in addition to the fabrication of the more common
injection molded items. However the mechanical, barrier
and thermal properties of neat PBSA are still not sufficient
for a wide-range of end-use applications.

So far, PBSA has been mostly reinforced with fillers such
as layered silicates (mostly montmorillonite) and carbon
nanotubes [21,23–28]. In few cases, traditional fibers were
used as reinforcing agents in PBSA [29,30]; as for electro-
spun fibers, nothing has yet been reported in the literature.
The advantage of electrospun nanofibers over traditional
fibers is their diameter (reduced of at least one order of
magnitude); with respect to other fibrillar fillers (e.g. car-
bon nanotubes), electrospun nanofibers are much cheaper
and, most of all, can be obtained with different chemical
compositions and morphologies by adjusting the process-
ing steps of their fabrication.

The main aim of this paper was to prove that composite
electrospun nanofibers can actually be used to fill PBSA
matrices with the purpose of improving their properties.
The first part of the study focused on the possibility of con-
sidering composite electrospun nanofibers as effective fill-
ers for polymer matrices; in fact, the potential of
electrospun fibers themselves has already been adequately
shown, but their behavior as a filler has not yet. Polysty-
rene nanofibers containing different amounts of TiO2 nano-
particles were therefore electrospun and characterized.
The second part of the study aimed to investigate the

structure and the mechanical, thermal and functional
properties of the composite materials obtained by embed-
ding the previously electrospun PS–TiO2 nanofibers into a
PBSA matrix.

2. Experimental

2.1. Materials

Poly(butylene succinate-co-adipate) (PBSA) with com-
mercial designation BIONOLLE #3001 (Mw = 190 kg/mol,
density 1.24 g/cm3) was purchased from Showa Denko (Ja-
pan). PBSA was dried under vacuum at 50 �C for 36 h prior
to use. Polystyrene (PS) (Mw = 280 kg/mol) and anatase
nanopowder (titanium(IV) oxide, size <25 nm, 99.70%, me-
tal basis) were purchased from Sigma–Aldrich. Dimethyl
formamide (DMF) was purchased from Merck Ltd. (Mum-
bai). Aqueous solutions were prepared with de-ionized
water. All the chemicals were used as received without fur-
ther purification.

2.2. Electrospinning of PS/TiO2 nanofibers

PS was dissolved in DMF (10% (w/w) solution) by mag-
netic stirring. After complete dissolution, a weighed
amount of TiO2 powder was added to the PS solution at
room temperature. The mixture was stirred for 2 h and
then used for electrospinning. Electrospun nanofibers with
different chemical compositions could be processed by
varying the atanase-to-polystyrene mass ratio in the
DMF/PS/TiO2 solutions; mass ratios of 0, 5, 15 and 25%
TiO2/PS were used.

8 ml of each DMF/PS/TiO2 solution were introduced in a
10 ml syringe equipped with a stainless steel hypodermic
needle; the inner surface of the needle (pore diameter
0.8 mm) acted as the electrode for the subsequent electros-
pinning process. The syringe needle was connected to a
high voltage generator [GAMMA High RR40 3.75/DDPM,
voltage regulated DC power supply; Ormond Beach, USA]
operated in positive DC mode with an applied voltage of
15 kV. The syringe filled with the solution was then loaded
in a syringe pump [Model 351, SAGE Instruments, Division
of Orion Research Development] capable of accurately con-
trolling the injection flow rate as compared to the spinning
rate; the flow rate was set at 0.015 ml/min for the size of
the droplet at the tip of the needle to stay constant during
the process. An aluminum plate placed in a closed chamber
was used as the grounded collector for the fibers; the nee-
dle-to-collector distance was fixed at 15 cm. Electrospin-
ning was performed at room temperature.

2.3. Preparation of PBSA–PS/TiO2 composites

Composites with 1.5% (w/w) of each type of electrospun
PS/TiO2 nanofibers were prepared as in our previous work
[8,9]. The mat of nanofibers was interposed between two
PBSA films and then pressure and heat were applied (Car-
ver press). The temperatures of the top and bottom plates
of the press were set at 120 �C and 80 �C respectively, high
enough to melt the PBSA matrix without melting the PS

M
A

CR
O

M
O

LE
CU

LA
R

N
A

N
O

TE
CH

N
O

LO
G

Y

R. Neppalli et al. / European Polymer Journal 50 (2014) 78–86 79



Download English Version:

https://daneshyari.com/en/article/1401863

Download Persian Version:

https://daneshyari.com/article/1401863

Daneshyari.com

https://daneshyari.com/en/article/1401863
https://daneshyari.com/article/1401863
https://daneshyari.com

