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Preparation and properties of PVA/SS/AgNPs composite nanofibres
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Polyvinyl alcohol (PVA), PVA/silk sericin (SS) and PVA/SS/AgNPs (nano-silver) solutions have been prepared, and
the nanofibres are produced by electrospinning technology. The nanofibres are then tested using scanning electron
microscopy (SEM), Fourier transform infrared spectroscopy (FTIR) and X-ray diffraction (XRD). The results show that the
morphology of 7-11 wt% PVA nanofibres is fine and smooth. With the increase in SS and AgNPs contents, the average
diameter of PVA/SS and PVA/SS/AgNPs composite nanofibres is increased. The FTIR spectra and XRD patterns of
PVA/SS/AgNPs composite nanofibres with different mass ratios have the similar regular curves. The intensity of the
infrared peak of PVA/SS/AgNPs composite nanofibres weakens at 837, 1087, 1648 and 2914 cm™ with the increase in
AgNPs; the intensity of the diffraction peak gradually increases at 13.1° and weakens at 19.09 °. This may be due to the
reason that Ag interacts with PVA and SS molecules. The findings are of great significance for the development of nano-

scale antibacterial fibres.
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1 Introduction

Electrospinning is a technique for preparing
nanofibres by moving and deflecting the charged
solution which is ejected onto the aluminum foil
receiver under the electric field force™”. A certain
amount of solution is sucked using a syringe. As the
voltage continuously increases and the spinning pump
is pushed, the solution in the syringe is bound away
from the surface tension, and nanofibres are formed
on the aluminum foil receiver through the spinneret
due to the evaporation of the solution®°. Nanofibres
have a controlled fibre thickness, a large specific
surface area, and interconnected porous structures’®.

Polyvinyl alcohol (PVA) is non-toxic and
biodegradable®™, which has good stability and can
improve the spinnability. It does not volatilize
harmful substances during the electrospinning process
using water as the solvent'®*®. Silk sericin (SS) is a
silk protein secreted by silkworm®, which contains a
large number of hydrophilic amino acids™™, and is
widely used in the field of cosmetics'®®. However,
the membrane prepared directly from pure SS is
easily soluble in water and has poor mechanical
properties. In order to make full use of the functional
properties, SS and other polymers are typically mixed
or crosslinked”** to form new materials for use.
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AgNPs refer to tiny silver particles with the size
between 1 nm and 100 nm. It has the characteristics of
large specific surface area, small size effect, quantum
effect and so on. It is known for its unique optical,
electrical, thermal and magnetic properties®?’.
Compared to conventional size silver particles, its
chemical and biological activities are significantly
enhanced”®®, AgNPs have high catalytic activity,
strong adsorption capacity, controllable diameter and
high antibacterial activity®*®. Generally, the strong
antibacterial property is determined by small particle
size, high valence state, large specific surface area
and low solution concentration. It is widely used in
cosmetics, medicine, food packaging materials and
other fields®**". At present, the preparation of
functional composites based on AgNPs has become a
research hotspot.

In this study, PVA, PVA/SS and PVA/SS/AgNPs
solutions have been prepared using deionized water
(H,O) as the solvent, and nanofibre materials are
fabricated by electrospinning technology. In order to
select the optimal mass ratio of the PVA/SS/AgNPs
composite nanofibres, the effect of different content
of AgNPs on the conformation of composite
nanofibres is investigated, which is beneficial to
develop nano-antibacterial products in the future. The
properties of the nanofibre materials are then
investigated using SEM, FTIR and XRD.
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2 Materials and Methods

2.1 Materials

Sericin  (SS) was procured from Favorsun
Pharmaceutical Co., Ltd, Shanghai; PVA1797
(Alcoholysis  degree  96.0-98.0%) from Aladdin

Industrial Corporation; deionized water from Zhengzhou
Erqi District Changhe Distilled Water Sales Department;

and AgNPs(60-120 nm) from Aladdin Industrial
Corporation.
2.2 Experimental Instruments

UX620H  electronic  balance  (SYU3-100D

ultrasonic), constant temperature water bath with
magnetic stirrer (DF-101S), LSPO1-1A Lange syringe
pump and D-ES50PN-10W/DDPM electrostatic high-
voltage generator were used.

2.3 Preparation of Electrospinning Solution

2.3.1 PVA Solution

Different amount of PVA (3, 5, 7, 8, 9 and 119)
and deionized water (97, 95, 93, 92, 91 and 89¢g) were
separately added into the blue cap bottle, and allowed
to swell for 1 h at room temperature (25°C). A
uniform transparent PVA solution was obtained after
stirring at 95 °C for 4 h.

2.3.2 PVAJSS Solution

Four parts of 8g PVA (as in section 2.3.1) were
weighed, and added into 91,90,89 and 87g of deionized
water individually, to which 1,2,3 and 5g of SS was
added respectively. The PVA/SS blend solution was
prepared at 60°C for 2h in the water bath.

2.3.3 PVA/SS/AgNPs Solution

Deionized water (89.98, 89.97, 89.96, 89.95 and
89.94 g) was added to AgNPs (0.02, 0.03, 0.04, 0.05
and 0.06 g), which is then dispersed using ultrasound
for 45 min and stirred in the constant temperature water
bath with magnetic stirrer for 30 min. To prepare
PVA/SS/AgNPs solution, five parts of 8g PVA
and 2g SS (as in section 2.3.2) were weighed and
poured into AgNPs solutions respectively.

2.4 Preparation of Nanofibre Membrane

The 5 mL spinning solution was taken in the syringe
which was installed on the syringe pump and air was
expelled while filling the syringe. An aluminum foil
paper was attached on the receiving device. The
conditions used for spinning were distance 12cm,
voltage 16kV and spinning speed 0.35mL/h for PVA
solution, 1.2mL/h for PVA/SS solution and 1.5mL/h
for PVA/SS/AgNPs solution respectively.

2.5 Electron Microscopy

The nanofibre samples were placed on the sample
stage and sprayed with gold for 30 s in the vacuum
coating machine and scanned using the ZEISS Sigma
500 (Germany) scanning electron  microscope.
Diameters of 100 fibres were measured using Image J in
the electron micrograph, then the average diameter and
the standard deviation were calculated.

2.6 Infrared Spectroscopy

The total reflection infrared spectra  of
PVA/SS/AgNPs nanofibres was measured using thermo
Fisher Nicolet 6700 Fourier transform infrared
spectroscopy (FTIR)with wavenumber range of 250-
4500 cm™ and resolution of 0.09 cm™.

2.7 X-Ray Diffraction

The X-ray diffraction was measured by the D8
ADVANCE X-ray diffractometer with a CuKa source
(A =1.5418) and the operating voltage is 40 kV and the
current was 30 mA. The scanning speed was 2 °/min
and the angle range is 10-80 °.

3 Results and Discussion
3.1 Electron Microscope Photograph of PVA Nanofibres
Figure 1(a) shows that 3 wt% PV A nanofibres have
curvature, irregular triangular structure, bead string
structure, a small amount of spindle structure and a
small amount of irregular polygonal structure with
large area. The morphology of the fibres varies
greatly and the thickness of the fibres is uneven. It can
be seen from Fig. 1(b) that when the PVA is 5 wt%,
there are a few thin nanofibres, a large number of
spindle structures and a small number of beads. The
unevenness between the fibres is high. Figure 1(c)
shows that when PVA is 7 wt%, there are very few
spindle structure and many fibres bonding in
nanofibres. The diameter of 7 wt% PVA nanofibres is
more uniform than those of 3 wt% and 5 wt% PVA
nanofibres. Figures 1(d), (e) and (f) show that 8wt%
PVA nanofibres is the thinnest. The diameters of 9
wt% and 11 wt% PVA nanofibres are relatively
uniform. There are no obvious irregular structure or
bonding phenomenon and the spinning effect is good.
In order to study the difference of PVA nanofibres
with different concentration deeply, the diameter of
nanofibres is measured by Image J and the average
diameter and standard deviation of 100 nanofibres are
calculated using Excel. The average diameters
(standard deviation) for 7, 8, 9 and 11 wt PVA nanofibres
are 146.7nm (30.4), 135.3nm (35.3), 349.1nm (57.2) and
315.6nm (64.9) respectively.
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Fig. 1—Electron micrograph of PVA nanofibres (a) 3 wt%; (b) 5 wt%; (c) 7 wt%; (d)8 wt%; (¢)9 wt% and (f)11 wt%

It can be seen that the average and standard
deviation of the fibre diameters of 7 wt%, and 8 wt%
PVA nanofibres are not significantly different, but
their average diameters are obviously smaller than
that of 9 and 11 wt% PV A nanofibres. The uniformity
and morphology of the fibres are significantly better
than those of 9 wt% and 11 wt% PVA nanofibres.
When the experimental materials and conditions are
the same, the diameter of 8 wt% PVA nanofibres is
the smallest and the morphology is relatively good.

3.2 Electron Microscope Photograph of PVA/SS Composite
Nanofibres

Figure 2(a) shows that the nanofibres have the
bonding phenomenon andthe surface of the
nanofibresis rough, concave and convex when the
PVA/SS is 8:1. The thickness of the nanofibres is not
uniform. The PVA/SS (8:2, 8:3 and 8:5) composite
nanofibres have adhesions in varying degrees [Figs
2(b)-(d)]. In a further study of the PVA/SS composite
nanofibres, the average diameters (standard deviation)
for 8:1, 8:2, 8:3 and 8:5 PVA/SS mass ratios are 433.6nm
(62.8), 450.6nm (98.5), 454.7nm (78.9), and 491.3 nm
(86.6) respectively.

The average diameter of the nanofibres with
different mass ratios increases with the increase of SS
content. The diameter standard deviation could be
used to judge that the uniformity of PVA/SS (8:1) is
the best and PVA/SS (8:2) is the worst. However,
PVA/SS (8:1) nanofibres have an obvious fibre
bonding phenomenon. Under the same experimental
conditions, PVA/SS (8:3) composite nanofibres is the
best mass ratio.

3.3 Electron Microscope Photograph of PVA/SS/AgNPs
Composite Nanofibres

In order to study the effect of different content of

AgNPs on the appearance of PVA/SS/AgNPs

Fig. 2—Electron microscope photographs of PVA/SS composite
nanofibres with different mass ratios (a) 8:1, (b) 8:2, (¢) 8:3 and
(d) 8:5
composite nanofibres, the surface morphology of
PVA/SS/AgNPs composite nanofibres is studied by
electron microscopy. The results are shown in Fig. 3.

It can be seen from Fig. 3(a) that PVA/SS/AgNPs
(8:2:0.02) composite nanofibres have smooth surface,
no bead phenomenon and uniform diameter
distribution. With the increase of the mass fraction of
AgNPs [Figs 3(b)-(e)], the diameter of the fibres
increases, and the adhesion between the nanofibres
also occurs. In order to further study the influence of
AgNPs content on the diameter of composite
nanofibres (PVA/SS/AgNPs), the average diameter
(standard deviation) of 100 nanofibres for 8:2:0.02,
8:2:0.03, 8:2:0.04, 8:2:0.05 and 8:2:0.06 PVA:SS:
AgNPs mass ratios are 149.7nm (5.9), 308.4nm (9.5),
368.1Inm (11.5), 378.7nm (13.0) and 389.2nm (12.7)
respectively.

The average diameter of PVA/SS/AgNPs
composite nanofibres increases from 149.7 nm to
389.2 nm with the increase in AgNPs, when other
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Fig. 4—Infrared spectra of PVA/SS/AgNPs composite nanofibres
with different mass ratios (a)8:2:0.02, (b) 8:2:0.03, (c) 8:2:0.04,
(d) 8:2:0.05 and (e) 8:2:0.06

conditions are fixed in the process of preparing
nanofibres. The standard deviation of fibre diameter
gradually increases and it tends to be stable after
increasing to a certain extent. This maybe because
that the conductivity of the PVA/SS/AgNPs solution
increases because of the increasing content of AgNPs.
Under these experimental conditions, the average
diameter and  diameter standard  deviation
PVA/SS/AgNPs (8:2:0.02) are smallest.

3.4 Infrared Spectra of PVA/SS/AgNPs Composite Nanofibres
The infrared spectra of PVA/SS/AgNPs composite
nanofibres are analyzed by FTIR (Fig. 4).
The curves of the infrared absorption spectra of
PVA/SS/AgNPs composite nanofibres with different
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Fig. 5—X-ray diffraction patterns of PVA/SS/AgNPs composite
nanofibres with different mass ratios (a) 8:2:0.02, (b) 8:2:0.03, (c)
8:2:0.04, (d) 8:2:0.05 and (e) 8:2:0.06

0

mass ratios are similar and the peak values are 837,
1087, 1322, 1424, 1648, 2914 and 3291 cm™ (Fig. 4).
The intensity of the peak decreases with the increase
of AgNPs at 837, 1087, 1648 and 2914 cm’, which
may be due to the interaction of Ag with PVA or SS
molecules.

3.5 X-ray Diffraction of
Nanofibres

The changes in the crystalline structures of
PVA/SS/AgNPs composite nanofibres, were analysed
using X-ray diffraction. The results are shown in Fig. 5.

The X-ray diffraction patterns of PVA/SS/AgNPs
composite nanofibres with different mass ratios are
found to be similar (Fig. 5). The peaks of the X-ray

PVA/SS/AgNPs  Composite
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diffraction are 13.1, 19.1, 29.8 and 42.3 °. With the
increase of AgNPs, the intensity of the diffraction
peaks of PVA/SS/AgNPs composite nanofibres
increases gradually at 13.1 ° and weakens at 19.09 °.
The reason may be that Ag interacts with PVA and SS
molecules.

4 Conclusion

The PVA, PVA/SS and PVA/SS/AgNPs nanofibres
have been fabricated by electrospinning using
deionized water as solvent. Under these experimental
conditions, 8 wt% PVA nanofibres have the best
morphology; with the increase of SS content, the
average diameter of PVA/SS composite nanofibres
increases. With the increase of AgNPs content, the
average diameter of PVA/SS/AgNPs composite
nanofibres increases. The infrared absorption spectra
and X-ray diffraction patterns of PVA/SS/AgNPs
composite nanofibres with different mass ratios are
found to be similar. The infrared peaks are 837, 1087,
1322, 1424, 1648, 2914 and 3291 cm™ and the
intensity of the peaks decreases with the increase of
AgNPs at 837, 1087, 1648 and 2914 cm™.The peaks
of the diffraction patterns are 13.1, 19.1, 29.8 and
42.3° respectively. With the increasing content of
AgNPs, the intensity of the diffraction peaks of
PVA/SS/AgNPs composite nanofibres increases
gradually at 13.1°, and weakens at 19.09°. The reason
may be that Ag interacts with PVA and SS molecules.
The results are of great significance for the
development of antibacterial nanofibres.
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