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Mechanically robust alginate-based nano�brous sca	olds were successfully fabricated by electrospinning method to mimic the
natural extracellular matrix structure which bene�ts development and regeneration of tissues. Alginate-based nano�bres were
electrospun from an alginate/poly(vinyl alcohol) (PVA) polyelectrolyte complex. SEM images revealed the spinnability of the
complex composite nano�brous sca	olds, showing randomly oriented, ultra�ne, and virtually defects-free alginate-based/MgO
nano�brous sca	olds. Here, it is shown that an alginate/PVA complex sca	old, blended with near-spherical MgO nanoparticles (⌀
45 nm) at a predetermined concentration (10% (w/w)), is electrospinnable to produce a complex composite nano�brous sca	old
with enhanced mechanical stability. For the comparison purpose, chemically cross-linked electrospun alginate-based sca	olds
were also fabricated. Tensile test to rupture revealed the signi�cant di	erences in the tensile strength and elastic modulus among
the alginate sca	olds, alginate/MgO sca	olds, and cross-linked alginate sca	olds (� < 0.05). In contrast to cross-linked alginate
sca	olds, alginate/MgO sca	olds yielded the highest tensile strength and elastic modulus while preserving the inter�bre porosity
of the sca	olds. According to the thermogravimetric analysis, MgO reinforced alginate nano�brous sca	olds exhibited improved
thermal stability. �ese novel alginate-based/MgO sca	olds are economical and versatile and may be further optimised for use as
extracellular matrix substitutes for repair and regeneration of tissues.

1. Introduction

Polymeric nano�bres have gained enormous attention in
the recent past due to those of particular interest in tissue
engineering applications [1]. Typically, the arti�cial sca	olds
which are being used in tissue engineering applications
should mimic the spatial-porous-structured morphology of
extracellular matrices (ECM) which can be found in native
tissues and organs of human body to facilitate the cell growth
and proliferation. Arti�cial ECM sca	olds which are used
for tissue engineering applications can be fabricated using

di	erent techniques such as freeze-drying [2, 3], template-
based solution casting [4], 3D printing [5], wet-spinning
[6], and electrospinning [1, 3]. Among these techniques,
electrospinning is one of the most feasible methods to
produce sca	olds due to its versatility and robustness.

Electrospinning enables the production of three-dimen-
sional porous-structured �brousmat whichmimics the natu-
ral structure of ECM and helps to promote cell adhesion and
permit sucient gases to exchange [1]. Recently, biopolymer
based electrospun sca	olds have been extensively studied
for tissue engineering applications. To date, a number of
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biopolymers, notably chitosan [7], alginate [8], poly(lactic
acid) (PLA) [9], and poly(ethylene oxide) (PEO) [10], have
been used in fabricating nano�brous sca	olds by electro-
spinning. In particular, alginate takes a predominant place
due to its biocompatibility, biodegradability, and relatively
low cost for mass production [11]. �ese unique properties
have enabled alginate to be used in many biomedical appli-
cations such as drug delivery and skin/bone sca	olds [11, 12].
Alginate is a linear polysaccharide copolymer composed of
two sterically di	erent repeating units of �-d-mannuronate
(M unit) and � -L-glucuronate (G unit) in various M/G
ratios. Although a few aspects of alginate-based electrospun
sca	olds related to ECM tissues such as cell adhesion [13],
alterations in sca	old �bre dimensions [14] and sca	old
degradation [15] have been extensively studied, and only a
limited number of studies have been carried out on reinforced
alginate nano�brous mats to ensure the required mechanical
strength and structural properties.

Typically the mechanical properties of biopolymer scaf-
folds are enhanced by either cross-linking or incorporat-
ing micro-/nano�llers. Although cross-linking biopolymer
sca	olds is a promising method, it reduces the in vivo
degradation rate of the biopolymeric sca	old and changes
the host tissue responses [16]. On the other hand, incor-
porating micro-/nano�llers into polymeric �bres enables
the production of multifunctional sca	olds with enhanced
mechanical properties and other vital characteristics such
as antimicrobial and anti-in�ammatory characteristics of
ECM sca	olds. To date, di	erent types of micro-/nano�llers
such as hydroxyapatite (HA) [12, 17], chitin whiskers [18],
ZnO [19], and Ag nanoparticles [20] have been used to
reinforce electrospun alginate nano�brous sca	olds.With the
aforementioned requirements in reinforcing alginate nano�-
brous sca	olds, it is essential to widen the research scope
by evaluating di	erent types of nano�llers to enhance the
mechanical strength of alginate sca	olds. In this study MgO
nanoparticles have been utilized for the �rst time to reinforce
electrospun alginate �brous sca	olds and their performances
were evaluated.

MgO nanoparticles have gained much interest in recent
years due to their attractive properties including large sur-
face area-to-volume ratio, thermal and electrical insulation,
strong adsorption ability of dye wastes and toxic gases,
antimicrobial activity, nontoxicity, and biocompatibility [21–
25]. With these outstanding features, MgO nanoparticles
have been vastly used in applications such as a catalyst,
ceramic material, thermal and electrical insulator, bacte-
ricide, material to treat toxic liquid and gaseous wastes,
multifunctional composites, and a refractory material [21–
25]. MgO nanoparticles are conveniently synthesised with
economical routes using low-cost raw materials including
magnesium salts, brines, and naturally occurring minerals
such as dolomite and magnesite [23]. MgO nanoparticles are
mainly synthesised by calcination of nanometre scale mag-
nesium carbonates, magnesium hydroxide, and their com-
posites. In the calcination method, precursor nanoparticles
are basically kept in the nanometre scale using polymers and
surfactants [22, 23, 25, 26]. Recently MgO nanoparticles have
been used to reinforce a number of biopolymers. Zhao et al.

fabricated MgO nanowhiskers reinforced PLA nanocompos-
ites �lms for bone repair and �xation [27]. In another study,
chitosanwas reinforcedwith sphericalMgOnanoparticles for
high performance packaging applications [21]. For instance,
tensile stress and elastic modulus signi�cantly improved by
86% and 38%, respectively, with the addition of 5% (w/w) of
MgO into chitosan matrix.

In this study, MgO nanoparticles reinforced alginate
nano�brous sca	olds were fabricated by electrospinning
method for the �rst time and their mechanical and struc-
tural properties were systematically investigated. Spheri-
cal MgO nanoparticles were synthesised using a polymer
template-based ex situmethod. Herein, the in�uence ofMgO
nanoparticles on the mechanical, morphological, chemical,
and thermal properties of alginate nano�brous sca	olds was
investigated. Furthermore, tensile and structural properties
of MgO reinforced alginate sca	olds were compared with
those of the glutaraldehyde cross-linked alginate sca	olds.
�e fabricatedMgO reinforced alginate nano�brous sca	olds
exhibited a great potential to be used as an arti�cial sca	old
to substitute extracellular matrices.

2. Materials and Methods

2.1. Materials. Sodium alginate powder and poly(vinyl alco-
hol) (PVA) (with a �� of 89,000), acrylic acid (AA) (99%
purity), potassium persulfate (99% purity), magnesium chlo-
ride hexahydrate (99% purity), and sodium hydroxide (99%
purity) were used in this study and purchased from SRL Ltd.

2.2. Synthesis ofMgONanoparticles. MgOnanoparticles used
in this study were synthesised using a method reported by
Mantilaka et al. [23] with some modi�cations. In the current
method, poly(acrylic acid) (PAA) was prepared by polymer-
ization of 25mL of 0.5M AA using 1 g of K2S2O8 initiator in
an aqueous medium. PAAwas added to 100mL of 1MNaOH
solution. 25mL of 0.5M MgCl2 was added dropwise to the
PAA/NaOHmixture while stirring to produce PA− stabilized
Mg(OH)2 precursor nanoparticles. Finally, the precursor was
heat-treated at 600∘C for 3 h to produce MgO nanoparticles.

2.3. Fabrication of Alginate/MgO Nano	brous Sca
olds by
Electrospinning. Electrospun alginate �brous mats were pre-
pared using an alginate solutionwhich comprises a secondary
polymer, PVA. 2% (w/v) alginate solution was prepared
by dissolving alginate in distilled water and corresponding
amount of MgO was incorporated under vigorous stirring to
prepare 10% (w/w) MgO composition (MgO amount is with
respect to the weight of alginate). PVA solution of 10% (w/v)
was prepared by dissolving PVA in distilled water at 80∘C
with continuous stirring for 3-4 h. �ese alginate/MgO and
PVA solutions were mixed together in 3 : 2 weight ratio for
4 h under vigorous stirring and followed by an ultrasound
treatment (at an amplitude of 80Hz for 30min) to achieve
a homogeneous MgO dispersion. �e resultant solution was
electrospun in a horizontal electrospinning setup. All samples
were electrospun with a solution �ow rate of 8–10 �L/min,
having needle to collector distance of 10 cm, needle diameter
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Table 1:�e optimised values of the operating parameters for spinnability and brief highlights of themorphology of the �bres in the sca	olds.

Fibre composition Viscosity (P), �ow rate (�L/min), and voltage (kV) Observed morphology

Alginate 68.4 p ± 0.08, 8–10, and 26
Diameter of 62–180 nm; randomly
oriented and continuous; ultra�ne, wavy,
and smooth surface; beads-free

Alginate/MgO 10% (w/w) 72.2 p ± 0.0, 8–10, and 26
Diameter of 83–230 nm; randomly
oriented and continuous; ultra�ne, wavy,
and smooth surface; beads-free

of 0.5mm, and voltage of 26–28 kV (electrospinning param-
eters are given in Table 1). Alginate/PVA (3 : 2 weight ratio)
nano�bres (henceforth, the electrospun alginate/PVA (3 : 2
weight ratio) nano�bres are referred to as alginate nano�bres)
without MgO nanoparticles were also fabricated by electro-
spinning for the comparison purposes. Section S2 (prediction
parameters are given in Table S2 in Supplementary Mate-
rial available online at https://doi.org/10.1155/2017/1391298)
describes a numerical method to determine the required
MgO loading to reinforce alginate �bres (predetermined
amount of 10% (w/w) was selected based on that (Fig. S3)).

Additionally, to compare the e	ects of particle rein-
forcement with chemical cross-linking, electrospun alginate
�brous mats were cross-linked by immersing those in 20ml
of 2% (v/v) glutaraldehyde solution for 2 h and samples were
dried in vacuumoven at 40∘C for 24 h. Over-cross-linking led
to disrupted �bre structure (Fig. S2).

2.4. Characterization of MgO Nanoparticles and

Alginate/MgO Sca
olds

2.4.1. Morphological Analysis. �e morphologies of the elec-
trospun alginate nano�brous sca	olds as well as the syn-
thesised MgO nanoparticles were examined using a �eld-
emission scanning electron microscope (FE-SEM) (Hitachi
SU6600). To prevent electrostatic charging during observa-
tion, the samples were coated with a thin layer of gold. �e
extent of the impregnation of MgO nanoparticles within the
nano�bres was determined by carrying out energy-dispersive
X-ray (EDX) spectroscopy with a scanning rate of 192000
CPS for 4.5min. Surface roughness of the �bres was deter-
mined by an atomic force microscope (AFM) (Park Systems,
XE-100) using the cantilever mode (10 nm tip radius) at
0.5Hz frequency. Crystallographic structure of synthesised
MgO nanoparticles was analysed using X-ray di	ractometer
(Bruker, Focus D8).�e CuK� radiation source was operated
at a 40 kVpower and 40mAcurrent and data collectedwithin
20–70∘ of di	raction angle (2�).

2.4.2. Fourier Transform Infrared (FTIR) Analysis. FTIR
spectroscopy (Bruker Vertex 80) was conducted to identify
the presence of polymer phases, �ller-matrix interfacial inter-
action, and chemical homogeneity of the electrospun alginate
nanocomposites. �e results were also compared with those
derived from raw PVA and MgO. All spectra were obtained

within 500–4000 cm−1 with 32 scans per measurement at
0.4 cm−1 resolution.

2.4.3. Tensile Test. Mechanical properties such as tensile
strength (	), elastic modulus (
), and elongation at break
(�) of alginate/MgO nanocomposites were evaluated using an
Instron Tensile test rig, following a procedure in accordance
with the ASTM D882-02. A strain rate of 5mm/min was
used in this test. �e force-displacement data was evaluated
to determine the stress-strain data; here stress and strain are
de�ned as the nominal stress and strain. In particular, to
determine the nominal cross-sectional area of the specimen,
the width and thickness of each sca	old specimen were
measured using a digital micrometer screw-gauge (Mitutoyo,
0.001mm resolution) prior to testing.

One-way analysis of variance (ANOVA) was imple-
mented, complemented by the Tukey Post Hoc test, using
commercial so�ware (OriginPro 8) to investigate for signi�-
cant di	erence in the respective 	, 
, and � among the three
di	erent groups, namely, alginate sca	olds, alginate/MgO
sca	olds, and cross-linked alginate sca	olds.

2.4.4. �ermal Properties. �e thermal decomposition tem-
perature of electrospun alginate nanocomposites was deter-
mined by thermogravimetric analysis (TGA) (STD Q600)
from 25 to 800∘C at a heating rate of 10∘C/min in nitrogen
medium.

3. Results and Discussion

3.1. Characteristics of Synthesised MgO Nanoparticles. Fig-
ure 1(a) shows the graph of intensity versus angular position
to describe the XRD pattern of synthesised MgO nanoparti-
cles. Of note, the peak positions at 2� = 31.34∘, 36.78∘, 42.73∘,
45.08∘, and 62.17∘ are attributed to the periclase crystalline
form of MgO (JCPDS Card Number 75-1525). Any other
crystalline phase is not identi�ed in XRD pattern of synthe-
sised MgO nanoparticles. �e mean crystallite size of MgO
nanoparticles is approximately 23 nm as calculated using
the Debye-Scherrer formula. SEM image (Figure 1(b)) of
synthesised MgO nanoparticles reveals that the particles are
in spherical morphology with an average particle diameter of
45 nm.

3.2. Physicochemical Properties of Electrospun Alginate/MgO

Nanocomposite Sca
olds

3.2.1. Morphological Properties. Figures 2(a)–2(d) show SEM
images of the electrospun alginate nano�brous sca	olds,
revealing uniform, ultra�ne, and randomly oriented alginate
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Figure 1: Structural analysis of MgO nanoparticles: (a) a graph of intensity versus angular position derived from XRD analysis and (b) a SEM
image of MgO nanoparticles.

nano�bres. Of note, the electrospun alginate nano�brous
sca	old appears white (Fig. S1 in supplementary data); all
meshes were fabricated to a thickness ranging from 20 to
50 �m. We can estimate the size of the inter�bre spacing by
examining these SEM images. It is predicted that, to order
of magnitude, the pore size ranges from 2 to 50�m, in
good order of magnitude agreement with the results of other
types of electrospun sca	old, for example, collagen/PCL/TCP
mesh [28]. Insets in Figures 2(b) and 2(d) show the graphs
of the number of counts versus energy derived from EDX
spectroscopy analysis of the respective alginate sca	olds and
alginate/MgO sca	olds. �ese graphs reveal the presence of
Na and Mg peaks corresponding to the alginate and MgO
nanoparticles, respectively.

Figures 2(e) and 2(f) showhistograms of frequency versus
�bre diameters (thickness) derived from a simple image
analysis of the electron micrographs of alginate sca	olds
and alginate/MgO sca	olds, respectively.�is analysis reveals
that the alginate-based �bres possess diameters ranging from
62 to 180 nm while alginate/MgO �bres possess diameters
of 83–230 nm. Noting that the ranges overlap somewhat,
numerically, this suggests that the alginate-based �bres and
alginate/MgO �bres do not di	er appreciably, valid to order
of magnitude (Figure 2(f)). Additionally, it can also be seen
that the incorporation of MgO yields no appreciable change
in the overall structure of the �brous sca	olds. �e diameter
of collagen �brils ranges from 50 to 350 nm in tendon [29],
20–160 nm in ligament [30], and 30–400 nm in collagen �bril
extracts from peristomial membrane of sea urchin (Paracen-
trotus lividus) [31]. �us, it is seen that the range of values for
�bril diameters of the alginate-based/MgO sca	olds overlaps
considerably with those in biological tissues. In acellular
dermal matrix (ADM) for application as ECM sca	olds, it
is found that the diameter of the collagen �brils ranges from
56.0±8.2 to 60.8±1.9 nm (mean± SD) frombovine of varying
age groups [32]. �us, it is seen that the lower limit of the
�bres diameter of the alginate-based/MgOmeshes is in good

order of magnitude agreement with those of acellular dermal
matrices.

On the other hand, the cross-linked alginate-based
nano�bres are densely packed, fused, and appreciably en-
larged (Figures 2(g) and 2(h)). Altogether, these contribute
to an appreciable reduction in the inter�bre porosity of the
mesh. To order of magnitude, the pore size is estimated at
around 10�m or lower. Cross-linking with glutaraldehyde
results in acetal bridges, which refer to intramolecular and
intermolecular interactions of the hydroxyl groups of PVA
with the carbonyl groups of glutaraldehyde [33, 34]. Inter�bre
porosity is a vital factor in arti�cial sca	olds; high porosity
can facilitate cell adhesion and increase cell proliferation.
Hence, the cross-linked alginate sca	old may not be as
useful as the alginate/MgO sca	olds for tissue engineering
applications.

In all cases, SEM images (Figures 2(a)–2(d)) and AFM
images (Figure 3) reveal that the surfaces of the electrospun
alginate-based �bres and alginate/MgO �bres are smooth
(surface roughness (Ra) is 48 nm) and free of unusual
artifacts that might suggest defects. On the other hand, some
�llers, such as halloysite and ZnO, have been reported to
a	ect themorphology of electrospunnano�bres—these �bres
result in bead formation along the nano�bres [19, 35].

3.2.2. FTIR Analysis. Figure 4 shows the graphs of intensity
versus wavenumber derived from FTIR analysis of alginate
composite sca	olds. �e results from raw alginate and MgO
are also presented here for the purpose of comparison.
�e hydroxyl groups at 3300 cm−1, asymmetric carboxyl at

1600 cm−1, symmetric carboxyl at 1400 cm−1, and carbonyl

functional groups at 1015 cm−1 [19] that appear in the FTIR
spectra are attributed to the major functional groups of
sodium alginate of the alginate sca	old (sca	olds contain
alginate to PVA weight ratio of 3 : 2). Functional groups of

PVA such as O-H stretching at 3300 cm−1, C-H stretching of



International Journal of Biomaterials 5

(a) (b)

(c) (d)

Diameter (nm)

7006005004003002001000
0

1

2

3

4

F
re

q
u

en
cy 5

6

7

8

(e)

Diameter (nm)

7006005004003002001000

0

2

4

F
re

q
u

en
cy

6

8

10

12

(f)

(g) (h)

Figure 2: Morphology of electrospun alginate-based sca	olds. (a, b) show SEM images of the alginate-based sca	olds. (c, d) show SEM
images of the alginate/MgO sca	olds (with 10% (w/w) MgO). Histograms of frequency versus �bre diameter for the (e) alginate-based �bres
and (f) alginate/MgO �bres. (g, h) show SEM images of the cross-linked alginate sca	olds. Insets in (b) and (d) are the graphs of the number
of counts versus energy derived from EDX analysis.
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Figure 3: 3D and 2D AFM images of alginate nanocomposite sca	olds.
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Figure 4: FTIR spectrum of raw alginate, raw PVA, and electrospun
alginate-based sca	olds and alginate/MgO sca	olds.

alkyl groups at 2933 cm−1, C=O and C-O stretching of acetate

groups at 1730 cm−1, andC-C stretching at 1090 cm−1 [34] can
also be seen in the alginate-based sca	olds although many
of these peaks overlap somewhat with the functional groups
of alginate. �e functional groups of MgO such as Mg-O

stretching vibrational band at 540 cm−1 could not be isolated
in the spectrum of nanocomposite sca	olds since those
peaks overlap appreciably with the intense peaks of alginate
and PVA. However, the presence of functional groups of
alginate and PVA in the electrospun nanocomposite sca	olds
con�rms that the addition of MgO nanoparticles did not
a	ect the structural integrity of the polymer blend.

3.2.3. Tensile Properties. Figure 5(a) shows the graph of
tensile strength (	�) and elastic modulus (
) of the respec-
tive alginate-based, alginate/MgO, and cross-linked alginate
nano�brous sca	olds. Statistical analysis (ANOVA) reveals
that the means of 	� of the respective sca	olds are signif-
icantly di	erent (� < 0.05); the Tukey Post Hoc analysis
reveals that this occurs between the alginate and alginate/
MgO meshes. Similar conclusions have also been observed
for 
. �us the addition of MgO nanoparticles results in
enhanced mechanical properties. In particular, 	� of the
alginate/MgO mesh (mean 	� = 4.33MPa) is approximately
three times greater than that of the alginate sca	old (mean 	�
= 1.55MPa). Similarly, 
 of the alginate/MgO sca	old (mean

 = 0.17GPa) is three times greater than that of the alginate
sca	old (mean 
 = 0.05GPa).�e increase in 	� is attributed
to the ability to transfer stress from the matrix phase to
�llers, facilitated an ecient interaction at the �ller-matrix
interface, and is directed by hydrogen bonding between the
abundant hydroxyl groups of alginate/PVA complex and
MgO nanoparticles. Furthermore, these enhanced interfacial
interactions between the �llers and matrix also contribute to
high structural rigidity (i.e., 
), as a result of restriction to the
mobility of the polymer chains, when the sca	old deforms
under an applied load. Of note, as expected 	� of cross-
linked alginate sca	old is higher than that of the untreated
alginate sca	old. However, the cross-linked alginate sca	old
is onlymarginally higher (i.e., 18%) than that of alginate/MgO
sca	old. �is could be due to the presence of covalent
bonds associated with intramolecular and intermolecular
interactions of PVA monomers [33]. Although cross-linked
alginate sca	olds exhibit better tensile properties than MgO
reinforced alginate nanocomposite sca	olds, cross-linking
reduces the inter�bre porosity of the sca	olds (Section 3.2.1).
Consequently, this is unfavourable for promoting cell growth
and proliferation as pointed out earlier.�erefore, nano�llers
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Figure 5: Plots of (a) tensile strength and elastic modulus and (b) elongation at break of electrospun alginate-based, alginate/MgO, and
cross-linked alginate sca	olds.

reinforced alginate/PVA sca	olds could be more advanta-
geous than cross-linked alginate/PVA sca	olds for tissue
engineering applications.

Figure 5(b) shows a plot of elongation at break (��) ver-
sus the respective alginate, alginate/MgO, and cross-linked
alginate sca	olds. It is observed that �� of alginate/MgO
sca	old is smaller than that of alginate sca	old (statistically
signi�cant, � < 0.05). �is suggests that the addition of MgO
nanoparticles to alginate-based matrix could contribute to a
decrease in �� from 9.05% to 6.73%. �is could be attributed
to the increased rigidity of polymer chains as pointed out
in previous paragraphs. However, �� of cross-linked alginate
sca	old is slightly higher than that of the untreated alginate
sca	old. �is could be attributed to the formation of plasti-
cizers from the le�-over solvent in the sca	old (entrapped
solvent in the �bres) a�er those were cross-linked with 0.5M
glutaraldehyde solution [21].

In order for an implanted sca	old to be able to provide the
mechanical (as well as shape, see Section 3.2) stability to the
tissue [36], the desiredmechanical properties of the structure,
that is, the processed sca	old, should be comparable to that
of the host tissue. �us, for the sca	old to be able to take
up stress and not fail, that is, rupture, when an external load
is acting on the tissue, the mechanical stability is regulated
by the strength and extensibility of the sca	old. Table S2 (in
supplementary data) lists the mechanical properties, namely,

, 	�, and ��, of some so� connective tissues. With regard
to strength, most tissues such as tendons, ligaments, and
percardia possess fracture strengths that are at least one order
of magnitude higher than what the alginate-based/MgO
sca	olds could take, with the exception of the heart valve
such as aorta and mitral lea�ets. �us, it would appear that
the alginate-based/MgO sca	old is mechanically compatible,
from the strength perspective, with the mitral heart valve
lea�et as well as the aorta valve. However, it is noted that the
extensitivity of these valves is about one order of magnitude

higher than that of the alginate-based/MgOmesh. Neverthe-
less, as the meshes were tested in dry condition, it may be
reasonable to anticipate that the extensibility of the alginate-
based/MgO mesh could be appreciably higher when these
are tested in wet condition. Of course, the alginate-based
sca	olds (albeit a lower strength)may be a possible candidate
for ECM-substitute sca	old as its extensibility could match
those possessed by the valves.

3.2.4. �ermal Properties. Figure 6 shows plots of mass
of the sca	old versus temperature derived from TGA for
the respective alginate and alginate/MgO sca	olds. In all
cases, initially the mass of the mesh decreases steadily with
increasing temperature until at around 50∘C. Between 50∘C
and 250∘C, the mass shows no appreciable change with
increasing temperature; beyond 250∘C the mass decreases
drastically. �e drastic decrease in mass appears to follow
a two-stage process: the �rst stage corresponds to a rapid
decrease in mass while the second stage reveals a less rapid
decrease in mass. �erea�er, at about 500∘C, the mass
of the alginate sca	old is almost zero, implying that the
mesh is completely burnt o	. On the other hand, the mass
of the alginate/MgO sca	old is observed to be equal to
12%, suggesting that some residues including MgO are le�
behind.

�e initial mass loss of about 10–12 wt% (at around 100∘C)
could be attributed to the removal of entrappedmoisture and
le�-over solvent.�e secondmass loss at 200–300∘C could be
due to the thermal decomposition of polymer chains of algi-
nate and PVA. Backbone structure of alginate decomposes
at around 250∘C due to the degradation of C-H bonds and
C-O-C glycoside bonds in the main polysaccharide chain
as a result of dehydration of saccharide chains [37]. More
interestingly, the temperature of decomposition at 30% mass
loss of the alginate/MgO occurs at around 272∘C while that
of alginate-based sca	old occurs at around 255∘C. �us, the
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Figure 6: �ermogravimetric curves of electrospun alginate and
alginate/MgO sca	olds.

thermal stability of the alginate/MgO sca	old is higher than
that of alginate-based sca	old, that is, at 30% mass loss.
�ese marginal improvements in thermal stability could be
attributed to the high thermal stability of MgO nanoparticles
which thermally decompose at around 2800∘C.

4. Conclusion

An electrospinning method has been developed to fabricate
alginate-based nano�brous sca	olds, reinforced by MgO
nanoparticles (10% (w/w)). �e MgO nanoparticles were
separately synthesised using a polymer template-based ex
situ technique to achieve a near-spherical shape with an
average diameter of 45 nm. For the purpose of comparison,
the alginate sca	old, as well as glutaraldehyde cross-linked
alginate sca	old, was fabricated.�emechanical properties of
the alginate/MgO sca	old exhibit the highest tensile strength
(	�) and elastic modulus (
) among the three di	erent
types of sca	olds while retaining the inter�bre porosity. �e
alginate/MgO sca	old yielded randomly oriented, ultra�ne,
virtually defect-free alginate nano�bres with a diameter
ranging from 60 to 250 nm, similar to alginate sca	olds,
and pore size is estimated to be 2–50 �m. On the other
hand, the cross-linked alginate sca	olds result in densely
packed and extensively fused �bres; the resultant sca	olds
also exhibit low inter�bre porosity (compared with untreated
alginate sca	olds). Altogether these suggest that the alginate-
based/MgO sca	old is a suitable candidate for further investi-
gation to be utilized as an arti�cial substitute for extracellular
matrix in tissue engineering applications.
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