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Abstract

In this paper, electrospun chitosan (CS)/poly(vinyl alcohol) (PVA)/graphene oxide (GO) nanofibers were fabricated. Prepared
nanofibers have been characterized and investigated for their morphological, structural, and thermal stability, and mechanical and
hydrophilic properties. The uniform and defect-free nanofibers were obtained and GO, shaping spindle and spherical, was
partially embedded into nanofibers, as shown in SEM. The hydrogen bonds between CS molecules and PVA molecules were
easily formed due to the great compatibility of CS and PVA. The addition of GO interrupted the hydrogen bonds between CS
molecules and PVA molecules, and the new interaction was formed among CS, PVA, and GO. Thermogravimetric analysis
indicated that as the increasing of content of GO, the thermal stability of nanofibers decreased. More interestingly, the static
mechanical properties tests and dynamic mechanical analysis all showed that the modulus of nanofibrous mats increased firstly
and decreased subsequently with the increasing of content of GO, which could be concerned with the looser arrangement of
nanofibers. The water contact angle of nanofibrous mats increased with the increasing of content of GO. Nevertheless, when the

content of GO was up to 2.5 wt%, the water contact angle decreased significantly.

Keywords Electrospun nanofibers - Chitosan - Graphene oxide - Thermal property - Mechanical performance

1 Introduction

Electrospun nanofibers have high surface area and highly po-
rous structure. Besides, design flexibility and components
controllability are great advantages of electrospun nanofibers.
Because of the excellent properties resulted from these
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structural advantages, electrospun nanofibers have the poten-
tial to be used widely in the range of protective textiles, filtra-
tion, composite reinforcement, and biomedical field such as
tissue engineering scaffolds, wound dressings, and drug deliv-
ery [1]. Nevertheless, the great mechanical enhancement of
electrospun fibers remains a fundamental challenge [2]. At
present, there are various methods to improve the mechanical
properties of nanofibrous mats, such as cross-linking, blend-
ing, and adding of reinforcing fillers [3]. The addition of
nanofillers has been proved as an effective approach for
achieving significant enhancement of the strength and fracture
toughness of nanofibrous materials, showing combined ad-
vantages of the polymeric materials and fillers properties [4].
Over the past several years, natural and synthesis polymer
nanocomposites with enhanced mechanical properties have
been prepared successfully.

Chitosan (CS), derived from the chitin, is constituted of
[3-(1, 4)-linked glucosamino and N-acetyl glucosamino res-
idues [5]. And itis one of the rare alkaline polysaccharides in
nature with various physicochemical properties [6]. CS has
been an attractive biopolymer for research in technology and
biomedical fields, due to its abundance, low cost, and excel-
lent biological properties. CS has been reported as an
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excellent candidate in filtration and ion absorption and as a
biomaterial for enantioseparation, tissue engineering, drug
delivery, and wound dressing [7]. Nevertheless, CS due to
the existence of amino groups on the chains is not
electrospinnable [8]. A common approach to improve the
electrospinnability of CS is to blend it with other easily
electrospinnable polymers such as poly(vinyl alcohol)
(PVA), polyethylene oxide (PEO), and poly(lactic acid)
(PLA) [9]. Due to the great compatibility between CS and
PVA, PVA is commonly chosen to blend with CS for improv-
ing the electrospinnability, mechanical properties, and sta-
bility [10]. PVA has excellent biocompatibility, hydrophilic
properties, and biomechanical characteristics [11] and it has
been widely used in various biomedical applications such as
wound dressing, tissue scaffold, and drug delivery [12].

The mechanical properties of CS nanofibers could be im-
proved via the addition of reinforcing nanofillers [13].
Graphene oxide (GO) possesses amounts of oxygen-
containing functional groups (such as epoxy, hydroxyl, car-
bonyl, and carboxyl functional groups [14]) on basal plates
and edges, which could be cross-linked by polymers contain-
ing amino groups [15] for improving the mechanical stiffness
and strength of composite materials [16]. It is worth noting
that it is within the limits of reasonable concentration where
GO is utilized for high strength nanofibers [17]. The integra-
tion and incorporation of GO into electrospun nanofibers will
exert an influence on the physical and chemical properties.
Meanwhile, the content of GO could be a significant element
which determines the properties of nanofibers.

In this paper, electrospun CS/PVA nanofibers with different
contents of GO have been fabricated and the effect of GO on
morphology, chemical structure, crystallinity, thermal stabili-
ty, and mechanical properties was investigated. Scanning elec-
tron microscopy (SEM) was used to characterize the morphol-
ogy of nanofibers. The chemical structure, crystallinity, and
thermal stability of nanofibers were measured using attenuat-
ed total refraction Fourier transform infrared spectroscopy
(ATR-FTIR), X-ray diffraction (XRD), and thermogravimet-
ric analysis (TGA). The static mechanical properties of
nanofibrous mats were determined via a tensile strength tester
and the dynamic mechanical properties were measured by
dynamic mechanical analysis (DMA). Moreover, the hydro-
philicity of nanofibrous mats was characterized by water con-
tact angle test.

2 Experimental
2.1 Materials
CS (90-91%, deacetylation degree) was obtained from

Zhejiang Golden-Shell Pharmaceutical Co., Ltd. PVA (degree
of hydrolysis, 87-89%) was obtained from Aladdin Industrial,

Inc. Acetic acid was purchased from Tianjin Zhiyuan Reagent
Co., Ltd. Natural graphite powder (5000 mesh) was commer-
cially available from Qingdao Tianyuan Graphite Co., Ltd.
H,SO4 (98 wt%) was purchased from Beijing Chemical
Works. NaNO; was supplied by Tianjin Kermel Co., Ltd.
KMnO,4 was purchased from Tianjin Chemical Reagent
Factory and H,0, (30 wt%) were obtained from Xilong
Chemical Co., Ltd. Unless otherwise stated, all of the mate-
rials were of analytical grade and all of the materials were used
as received without further treatment.

2.2 Preparation of GO dispersion

The GO was prepared using natural graphite as described
elsewhere [18]. First, natural graphite powder was dried at
110 °C for 24 h. NaNO; was added and after, the graphite
powder was cooled and placed in cold (0 °C) H,SOy4
(98 wt%). Then KMnO,4 was gradually added with stirring,
and the temperature of mixture was controlled in the range of
12—-14 °C. The mixture was stirred for 4 h and an additional
30 min at 35+3 °C. Distilled water was slowly added to
mixture and the temperature was maintained in the range of
45-50 °C. Afterwards, the mixture was stirred at 90 °C for
30 min. The reaction was terminated by the addition of dis-
tilled water and H,O» (30 wt%). The mixture was filtered and
washed with distilled water for several times until the pH
value of solution reached 6—7. Then the mixture was centri-
fuged at 5000 rpm for 5 min and the solid content of sediment
was determined. GO dispersion (1 wt%), formed by adding
appropriate amount of distilled water, was treated with ultra-
sonic to become uniform and homogeneous.

2.3 Preparation of CS/PVA/GO electrospun precursor
solutions

CS powder was dissolved into distilled water with acetic acid
(1% v/v) and stirred to obtain CS solution (2 wt%). PVA so-
lution (5 wt%) was prepared by dissolving PVA powder into
distilled water, then heated and stirred to obtain a homoge-
neous solution. The prepared CS solution, PVA solution, and
GO dispersion were mixed according to the certain propor-
tion. The solution mass ratio of CS and PVA was 1:3, and the
content of GO was 0 wt%, 0.5 wt%, 1 wt%, 1.5 wt%, 2 wt%,
and 2.5 wt%, respectively. The CS/PVA/GO electrospun pre-
cursor solutions were adequately stirred to obtain homoge-
neous mixing solutions.

2.4 Electrospinning process
The prepared electrospun precursor solution was filled in a
10 mL syringe connected to a flat-end metal needle with inner

diameter of 0.9 mm. The applied voltage was 27 kV and the
distance between needle tip and collector was 15 cm. The
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needle, displayed with a horizontal plane of 15°, was perpen-
dicular to the collecting plate. The electrospinning process
was carried out by the pushing from gravity of electrospun
precursor solution. The temperature was 25 °C and relative
humidity was less than 45%. After 20 h of electrospinning
process, the prepared electrospun nanofibers were dried at
40 °C for 24 h in a vacuum oven (— 0.1 MPa). The schematic
diagram of electrospinning process and structural representa-
tion of CS/PVA/GO nanofibers is shown in Fig. 1.

2.5 Morphology of prepared nanofibers

The morphology of prepared nanofibers was observed by field
emission scanning electron microscopy (JSM-7500F, Jeol).
Prior to the analysis, the samples were sputter-coated with
gold for better conductivity during imaging. To determine
the mean diameters and diameter distributions of prepared
nanofibers, 80 different fibers were randomly selected, and
the diameters were measured via Digimizer software.

2.6 Fourier transform infrared spectroscopy
The chemical structures of prepared nanofibers were investi-
gated by attenuated total refraction Fourier transform infrared

spectroscopy (Tensor I FTIR, Bruker). The spectral range
was 4000—400 cm™ ' with a resolution of 4 cm™ .

2.7 X-ray diffraction analysis

XRD analysis was used to determine the crystallinity of pre-
pared nanofibers. The XRD patterns were obtained on a XRD

Fig. 1 The preparation process

analyzer (D/max-2200VPC, Rigaku) and a scanning rate was
of 5°/min over a 20 range of 5°-55°.

2.8 Thermogravimetric analysis

The thermal stability of prepared nanofibers was investigated
using TGA (209 F3, Netzsch) under nitrogen atmosphere. The
test temperature was at the range of 40-600 °C and heating
rate was 10 °C/min.

2.9 Mechanical properties

Mechanical properties of the nanofibrous mats were measured
via a tensile strength tester (DSA 502A, Sans). The
nanofibrous mats were cut into rectangle with sizes of 35 x
10 mm, and the sample gauge length was 20 mm. The thick-
ness of each strip was measured. A tensile test was performed
at a loading speed of 4 mm/min at 25 °C and 45% relative
humidity. Five samples were used to characterize each
nanofibrous mat.

2.10 Dynamic mechanical analysis

Dynamic mechanical tests were performed on a dynamic me-
chanical analyzer (Q800, TA Instruments). The measurements
were carried out in the tensile mode at constant frequency of
1 Hz and strain amplitude of 0.03%. The temperature was at
the range of 40—150 °C using a heating rate of 5 °C/min.
Rectangular samples were cut from the nanofibrous mats at
sizes of 5% 30 mm and the thickness of each sample was
measured. The gap between jaws was 10 mm.

and structural representation of GO dispersion
electrospun CS/PVA/GO (1 wt%)
nanofibers

solution (2 wt%)

@ Springer

o

@ Stirring Ej

PVA aqueous Electrospun precursor
solution (5 wt%)  solution
-3 "~ " E‘“. CS/PVA
F-Mip e —C—on— —m—C—) panofiber 7N
GO sheet



Adv Compos Hybrid Mater (2018) 1:722-730

725

2.11 Water contact angle

Static water contact angle (WCA) measurements of
nanofibrous mats were recorded with a contact angle system
(OCA 20, Dataphysics). The drop shape was recorded by a
digital camera.

3 Results and discussion

3.1 Morphology of the prepared nanofibers

Figure 2 shows SEM images of electrospun CS/PVA nanofibers
with different contents of GO and statistical representation of
mean diameter of nanofibers (a), GO nanoparticles embedded
in nanofibers (b). It could be observed that the homogeneous
and uniform electrospun nanofibers without the occurrence of
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Fig. 2 SEM images and statistical representation show the effect of GO

addition on the electrospun CS/PVA nanofibers morphology and diame-
ter. The content of GO is 0 wt%, 0.5 wt%, 1 wt%, 1.5 wt%, 2 wt%, and

bead defects were fabricated. As the increasing of content of
GO, some bulges could be detected which were concerned with
the GO sheets partially embedded into nanofibers, showing the
shape of spindle and spherical. The mean diameter of nanofibers
was determined by measuring 80 different fibers selected ran-
domly via Digimizer software. The diameter distribution of
nanofibers was in a narrow range of approximate 55+ 7 nm.
Moreover, there was a slight reduction in fiber diameter upon
the addition of GO which could be ascribed by the modulation in
electrospun solution parameters [19]. The addition of GO in-
duced to the higher electrical conductivity and higher viscosity
of electrospun precursor solutions [17], which provided
eletrospinning solution higher tensile force when exposed to an
applied voltage. As a result, the diameter of nanofibers became
thinner. Meanwhile, as the increasing of content of GO, the di-
ameter distribution of nanofibers became narrow, as illustrated in
Fig. 2a. As the increasing of content of GO, the better distribution
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of GO in nanofibers reduced the effect of inhomogeneous fibers
arrangement on fibers diameter. In Fig. 2b, it could be observed
that the diameter of GO nanoparticles embedded in nanofibers
increased with the increasing of content of GO. It could be at-
tributed to that the higher viscosity of electrospun precursor so-
lutions, induced by the addition of GO, hindered the effect of
self-constriction of GO nanosheets when the solvent volatilized
during electrospinning process. Incompletely contracted GO
nanoparticles shaped spindle and spherical, possessing larger
sizes.

3.2 FTIR

FTIR spectra of CS powder, pure PVA nanofiber, electrospun
CS/PVA nanofiber, and electrospun CS/PVA nanofiber with
2.5 wt% GO are shown in Fig. 3. The peak at 3640-
2978 cm ' could be attributed to the vibrational stretching of
O-H [20] and N-H [21] bonds which became broad due to the
existence of hydrogen bonds between CS and PVA. From the
FTIR spectrum of CS, the peak at 2862 cm ™' was assigned to C-
H stretching [22]. Feature peaks of amide I and amide II groups
were observed at 1651 cm ' and 1587 cm ' [23], respectively. In
the FTIR spectrum of PVA, the peak at 1725 cm ' was con-
cerned with C=0 bond of residual ester groups, and the vibra-
tional bending of C-H bond of PVA was observed at 1252 cm ™'
[24]. The peak at 2918 cm ' was assigned to C-H stretching,
which shifted to a slightly lower wavenumber in CS. Comparing
with the spectra of CS/PVA nanofiber with and without GO,
there was no obvious difference between two curves. In fact,
the epoxy groups on GO molecules could react with the amino
groups on CS chains, which transformed primary -NH, groups
into secondary -NH- groups. The peak of primary -NH, groups
was so close to secondary -NH- groups that there were not ob-
vious changes between two curves. Moreover, the carboxyl
groups on GO sheets could react with the amino groups, and
the peak of formed secondary -NH- groups was also not obvious
in FTIR spectra [25]. In the dissolution test of prepared nanofi-
bers, CS/PVA nanofiber was dissolved in the 90 °C acidic

3640-2978

172 1252

Transmittance (%)

aqueous solution (pH value 3-4), but CS/PVA nanofiber with
2.5 wt% GO was not. It could indicate that the cross-linking
actions occurred between amino groups on CS chains and epoxy
and carboxyl groups on GO sheets in nanofibers.

3.3 XRD

XRD patterns of CS powder, pure PVA nanofiber, and CS/
PVA nanofibers with different contents of GO are performed
in Fig. 4. In the curve of pure PVA nanofiber, there were two
sharp diffraction peaks at 20 = 16.0° and 22.4°, respectively.
The pure CS showed the characteristic diffraction peak at
20 =19.8°, which shifted slightly to 18.9° in CS/PVA nanofi-
ber. As the increasing of content of GO, the peaks of CS/PVA
nanofibers became broad, which indicated that the addition of
GO decreased the crystallinity of CS/PVA nanofibers.

34TGA

Figure 5 shows TGA curves of CS powder, pure PVA nano-
fiber, and electrospun CS/PVA nanofibers with different con-
tents of GO. For CS powder, the TGA curve showed that at
about 100 °C, the mass loss was about 2.9% which could be
concerned with the loss of free water in CS molecules. A
significant mass loss occurred at about 235 °C, indicating
the beginning of degradation, which was concerned with the
loss of amino and hydroxyl groups on CS chains. At about
355 °C, the mass loss was about 45.2% and the rate of degra-
dation decreased due to the rigid and regular ring structure of
CS chains. The residual mass of CS was about 43.5% when
the temperature was up to 600 °C. The degradation of pure
PVA nanofiber started at 247 °C and the mass loss was about
86.0% at 600 °C. In the curves of CS/PVA/GO nanofibers, the
mass loss could be obtained at about 100 °C, which could be
concerned with the free water and residual acid absorbed in
nanofibers. There were two periods where the degradation rate
was comparatively fast, at the range of 260-320 °C and 410—
450 °C. At about 370 °C, the degradation rate decreased

: 0

Nanofibrous mats
a: without GO

—— CS —— PVA — CS/PVA —— CS/PVA/GO
4000 3500 3000 2500 2000 1500 1000 500

b: with 2.5 wt% GO

From 90 °C to 20 °C, | From 90 °C to 20 °C,

In 20 °C, acidic In 90 °C, acidic i -
aqueous solution aqueous solution after.Gih; ac'd.lc after 24 h, acu_:hc
H=3-4 H=3-4 aqueous solution aqueous solution
P P pH=3-4 pH=3-4

Wavenumber (cm™")

Fig. 3 FTIR spectra of the CS powder, pure PVA nanofiber, CS/PVA nanofiber, and CS/PVA nanofiber with 2.5 wt% GO and the dissolution test of
prepared nanofibers, sample a: CS/PVA nanofiber; sample b: CS/PVA nanofiber with 2.5 wt% GO
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Fig.4 XRD patterns of CS powder, pure PVA nanofiber, and electrospun
CS/PVA nanofibers with different contents of GO (0 wt%, 0.5 wt%,
1 wt%, 1.5 wt%, 2 wt%, and 2.5 wt%)

significantly, shaping of smooth slope in the curves, which
could be attributed to the occurrence of cross-linking reaction
between amino groups on CS chains and epoxy and carboxyl
groups on GO sheets during the heating and degradation
process.

The temperatures of 5%, 10% degradation, and maximum
degradation rate were chosen as the key temperature points to
analyze the thermal stability of samples. Meanwhile, the mass
fraction of samples at temperature of 600 °C was also recorded
in Table 1. From Table 1, Tsq, T1¢%, and T,.x of CS/PVA/GO
nanofibers increased firstly and then decreased. Indicatively,
the addition of GO increased the degradation temperature.
Nevertheless, when the content of GO increased constantly,
the crystallinity of nanofibers decreased, and the degradation
temperature decreased. Meanwhile, the good thermal conduc-
tivity of GO sheets accelerated the degradation of nanofibers
[26]. The mass loss of nanofibers was up to 85% at 600 °C
when the content of GO was 2.5%. As the increasing of con-
tent of GO, the mass loss increased which was concerned with
the degradation of oxygen-containing functional groups on
GO sheets [27].

—o— 2.5 Wt%

100 200_ 300 400 _ 500 600
Temperature (°C)

Fig.5 TGA analysis of CS powder, pure PVA nanofiber, and electrospun

CS/PVA nanofibers with different contents of GO (0 wt%, 0.5 wt%,

1 wt%, 1.5 wt%, 2 wt% and 2.5 wt%)

Table 1  Characteristic degradation temperatures and mass fraction for
CS powder, pure PVA nanofiber, and electrospun CS/PVA nanofibers
with different contents of GO (0 wt%, 0.5 wt%, 1 wt%, 1.5 wt%,
2 wt%, and 2.5 wt%). Obtained from TGA measurements in nitrogen
atmosphere

Sample Tsq (°C) Tio% (°C) Tinax (°C) Wy (%)
CS 244.7 267.2 284.7 435
PVA 259.7 269.7 294.7 14.0
0 wt% 2422 254.7 289.7 23.5
0.5 wt% 224.7 2572 309.7 17.1
1 wt% 244.7 262.2 309.7 17.0
1.5 wt% 2322 2522 307.2 16.5
2 wt% 159.7 229.7 304.7 15.6
2.5 wt% 234.7 2522 299.7 14.4

Tsq, = initial degradation temperature obtained at 5% mass loss; Tjgq, =
temperature corresponding to 10% mass loss; Ty« = temperature of max-
imum degradation rate; w,,, = mass fractions at temperature of 600 °C

3.5 Mechanical properties of CS/PVA/GO nanofibrous
mats

Tensile test results of electrospun CS/PVA nanofibrous mats
with different contents of GO are shown in Fig. 6. In Fig. 6a,
the tensile strength of nanofibrous mats decreased with the
increasing of content of GO. As the increasing of content of
GO, the arrangement of nanofibers became looser due to the
increasing of the distance between fibers. During the
electrospinning process, the disordered arrangement of fibers
formed and the fibers overlapped with each other. Therefore,
in the stretching process, stress could not pass on along the
radial direction of nanofibers. The loose alignment of nanofi-
bers hindered the continuous transmission of stress and the
internal structure of nanofibrous mats was prone to be
destroyed. The effect of stress concentration accelerated the
fracture of nanofibrous mats. Besides, the loss in structural
integrity of nanofibers with the higher content of GO might
contribute to the phenomenon to some degree, because the
nanofibers were “interrupted” along their length by large ag-
gregates of GO. In Fig. 6b, the addition of GO significantly
decreased the elongation at break of nanofibrous mats, which
could be attributed to the effect of stress concentration caused
by loose arrangement of nanofibers. The values of elongation
at break of nanofibrous mats were so low that it could ascribe
the fracture of nanofibrous mats as brittle fracture, as shown in
Fig. 6e. In Fig. 6¢, as the increasing of content of GO, Young’s
modulus of nanofibrous mats increased firstly and decreased
subsequently. The maximum occurred at 0.5 wt% GO, in-
creased by 10.8 MPa due to the enhanced stiffness of
nanofibrous mats. Nevertheless, the looser arrangement of
nanofibers was harmful to the Young’s modulus and as a re-
sult, the Young’s modulus of nanofibrous mats decreased
when the content of GO increased continually. Figure 6d
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Fig. 6 Tensile test results of electrospun CS/PVA nanofibrous mats with different contents of GO (0 wt%, 0.5 wt%, 1 wt%, 1.5 wt%, 2 wt%, and
2.5 wt%): a tensile strength; b elongation at break, ¢ Young’s modulus, d typical stress-strain curves; e photo image of nanofibrous mats fracture

shows typical stress-strain curves of nanofibrous mats. It
could be observed obviously that the fracture mode of
nanofibrous mats was brittle fracture and Young’s modulus
increased firstly, decreased subsequently, as the increasing of
content of GO.

3.6 DMA

In Fig. 7, the dynamic mechanical properties of electrospun
CS/PVA nanofibrous mats with different contents of GO were
measured by DMA. The curves of storage modulus as a func-
tion of temperature were plotted in (a) and tan § in (b). In
Fig. 7a, the storage modulus of nanofibrous mats increased
firstly, decreased subsequently with the increasing of content
of GO. The maximum occurred at 1 wt% GO, increased by
75 MPa comparing with nanofibrous mat with 0 wt% GO. In

addition, the storage modulus of nanofibrous mats decreased
with the higher content of GO, even to lower than which of
nanofibrous mat with 0 wt% GO. It could be attributed to the
looser arrangement of nanofibers with the increasing of con-
tent of GO. Figure 7b shows that the height of tan & of
nanofibrous mats decreased constantly with the increasing of
content of GO. It could be related to the addition of GO that
enhanced the stiffness of nanofibers. Besides, the strong hin-
drance to chain mobility resulted from the strong interaction
between functional groups on GO sheets, CS chains, and PVA
molecules, which might contribute to the decreased tan &
values. In addition, the epoxy and carboxyl groups on GO
sheets could react with the amino groups on CS chains, en-
gendering the cross-linking structures. Meanwhile, the in-
creased cross-linking degree would also contribute to the glass
transition temperature (T,) of nanofibers shifted higher

Fig. 7 DMA analysis of CS/PVA 8.5 0.40
nanofibrous mats with different
contents of GO (0 wt%, 0.5 wt%, 8.
1 wt%, 1.5 wt%, 2 wt%, and
2.5wt%): alog E’; b Tan 6 curves §7'
=
Yoo
)] 0 wt%
S —— 0.5wt%
—— 1 Wi%
65— 15w%
—— 2wWt%
6ol T 25w%
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Fig. 8 Contact angle curves for electrospun CS/PVA nanofibrous mats

with different contents of GO (0 wt%, 0.5 wt%, 1 wt%, 1.5 wt%, 2 wt%,
and 2.5 wt%). Inset: water drop images for each mat surface

Ll M U
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slightly (from 98.0 °C to 98.3 °C, 98.8 °C, and 99.5 °C, which
corresponded to CS/PVA nanofibers with 0 wt%, 0.5 wt%,
2 wt%, and 2.5 wt% GO).

3.7 WCA

The hydrophilicity of electrospun CS/PVA nanofibrous mats
with different contents of GO was estimated by water contact
angle measurement, showed in Fig. 8. The water contact angle
0f35.5° of nanofibrous mat with 0 wt% GO was observed and
the contact angle slightly increased with the increasing of
content of GO, from 36.2° to 40.9°, 42.7° and 46.3°, corre-
sponding to the content of GO of 0.5, 1, 1.5, and 2 wt%,
respectively. As the increasing of content of GO, the contact
angle of nanofibrous mats increased due to the inhomoge-
neous of mat surface. Nevertheless, when the content of GO
was up to 2.5 wt%, the contact angle decreased significantly,
was 39.5°. When the content of GO increased continually, it
would distribute homogeneous on mat surface. Besides,
higher content of GO would increase the distance between
fibers, conducive to the permeation of water, resulting in the
decreased water contact angle.

4 Conclusion

CS/PVA nanofibers with different contents of GO were fabri-
cated through electrospinning. The prepared nanofibers, pos-
sessed uniform, and smooth morphology, were obtained with
a narrow diameter distribution of approximate 55+ 7 nm. As
the increasing of content of GO, the diameter distribution of
nanofibers became narrow and the diameter of GO nanopar-
ticles increased. The XRD patterns indicated that the addition
of GO decreased the crystallinity of CS/PVA nanofibers. From
TGA analysis, as the increasing of content of GO, the thermal

stability of nanofibers decreased. In the tensile test, the tensile
strength and elongation at break of nanofibrous mats de-
creased with the increasing of content of GO. Nevertheless,
the Young’s modulus increased firstly and decreased subse-
quently, and the maximum occurred at 0.5 wt% GO. In DMA
curves, the storage modulus of nanofibrous mats increased
firstly and decreased subsequently, and the maximum oc-
curred at 1 wt% GO. Meanwhile, with the increasing of GO,
the tan 6 values decreased and the T, shifted slightly higher. In
water contact angle tests, as the increasing of content of GO,
the water contact angle of nanofibrous mats increased. When
the content of GO was up to 2.5%, the contact angle decreased
significantly to 39.5°. These properties would provide
electrospun CS/PVA/GO nanofibers potential applications in
biomedical fields wanted mechanical performance such as
wound dressing, tissue engineering, and artificial scaffold.
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