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Abstract

Various concentrations of AgNO; added polymer solutions were electrospun using needleless
electrospinning system. Silver nanoparticles were prepared by reducing silver salt using ascorbic
acid which is a mild reducing agent. Antibacterial activity of samples tested. Results showed that
with the same amount of Silver NPs, higher concentration of PVB polymer solution has better effi-
ciency against to E. coli owing to higher productivity.
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1. Introduction

Rapid worldwide population growth, climate change and industrialization is going to lead to an extensive envi-
ronmental pollution. Increasing pollution reduces clean water resources and demand of clean water increasing
day by day. Production of stable, cost and energy efficient material is the need of the water industry.

Nanomaterials may provide solutions to environmental problems in the fields of water treatment. Nanofibers
surface/volume ratio and morphology of nanoparticles (NPs) endow contribute them with unique physical and
chemical properties compared to macroscopic size materials. Application of nanofiber with NPs has attracted
extensive research as memory device [1], drug delivery and tissue engineering [2], membrane separators for li-
thium ion batteries [3], solar cells [4] [5], waste water treatment [6], biosensors [7].

Polyvinylbutyral (PVB) polymers have been extensively used for many applications, since PVB is a low-cost
alternative that offers strong binding ability, flexibility, optical clarity, and adhesion to many surfaces [8].
Strong fiber structure and low-cost alternative makes PVB nanofibers good candidate for wastewater treatment.
Silver nitrate NPs were used to enhance efficiency of nanofibers.

Silver nitrate (AgNO3) is a colorless (white) inorganic compound to produce silver nanoparticles. Many re-
searchers have been evaluating the ability of the silver ion at inactivating Escherichia coli, a microorganism
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commonly used as an indicator for fecal contamination and as a surrogate for pathogens in drinking water treat-
ment [9]. AgNO; dissolves in many solvents include acetic acid and water (1).
AgNO; (solid) + H,O (liquid) > AgNO; (aqua) @

A combination of PVB nanofibers and Ag NPs were obtained by electrospinning polymer solutions contain-
ing AgNOs salts, which were then reduced into particles in electrospun polymer nanofibers. Figure 1 is a sche-
matic representing the procedure for the electrospinning of Ag NPs-polymer nanofiber composites.

In this study, PVB nanofibers with Ag NPs were fabricated. PVB solution was mixed with AgNO; salt and
then spun to form nanofiber web. The nanofiber web was immersed into ascorbic acid for reduction of Ag.

Nanofibers and NPs might be used in future at industrial scale water purification. In future, combination of
both might be the best option for waste water treatment.

2. Material and Methods
2.1. Preparation of Nanofiber Web

PVB was purchased from Kuraray (grade Mowital B 60 H; Germany) with a molecular weight of 60.000 g/mol.
Acetic acid 99.8% (Pentas.r.o., Czech Republic) and distilled water was used as solvent. Silver nitrate salt was
purchased from Lach-Ners.r.o. (Czech Republic) and ascorbic acid (Pentas.r.o., Czech Republic) was used for
reduction of Ag.

6 and 10 wt% of PVB solution were prepared in the mixture of acetic acid and distilled water. 4 wt% distilled
water was used for both solution system. It was observed that adding water into acetic acid increase the conduc-
tivity of solvent. The same solutions were prepared by adding 2 wt% AgNOs.

All the solutions were spun at the same conditions using rod electrospinning system as shown in Figure 2. In
the rod electrospinning system, a metal rod 10 mm in diameter linked with a high voltage supply is the spinning
electrode. The collector is grounded. A droplet of polymer solution is placed at the upper end of the rod. Jets
develop on the surface of the droplet, mainly close to its periphery.

Images of the microstructure of the nanofiber membrane were taken by scanning electron microscope (SEM;
Tescan Vega3 SB). Image-J software was used to determine the fibre diameter and diameter distribution.

2.2. Synthesis of Ag-NPs by Ascorbic Acid

Silver nanoparticles can be prepared by milder reducing agent like ascorbic acid. This is the slower growth
process. Reduction of Ag+ occurs on silver seeds [10]. Fabricated nanofibers were immersed into ascorbic ac-
id/water solution with the 1/3wt% ratio. Samples were kept 5 minutes in reduction agent and then dried at room
temperature. The color change was observed. Resultant silver lustre and brown color nanofibers were prepared
for the antibacterial test.

2.3. Antibacterial Test

Bacteria Escherichia coli (E. coli) were purchased from Czech Collection of Microorganisms, Masaryk Univer-
sity. Incubation of bacteria was performed on a sterile agar with broth agar medium from OxoidCz Company.
Antimicrobial activities of complexes were determined according to ASTM E 2149-01 and AATCC test method
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Figure 1. Schematic of fabricating Ag NPs-polymer nanofiber composites via rod electrospinning.
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Figure 2. Schematic of rod electrospinning.

100 (Standard test method for determining the antimicrobial activity of immobilized antimicrobial agents under
dynamic contact conditions).

Samples were cut into 4.8 x 4.8 cm?. The samples were sterilized in an oven at 70°C for 60 min. 6 and 10 wt%
PVB solution without AgNO; were prepared as blank samples. The antimicrobial test against Gram-negative (E.
coli) was performed. The microorganisms were cultivated in sterilized LB broth medium and then incubated
overnight at 37°C within a shaking incubator. Colony forming units (CFU) was arranged as 10° for this test.

Sterilized nanofiber webs were placed into a sterilized test tube and inoculated with 30ml of E. coli bacterial
suspension. In “0” contact time and after 1, 2, 3 and 4 hours, 600 mL of bacterial suspension was extracted and
quickly spread on Tryptic Soy agar plates. The number of viable E. coli was determined by plating the extracted
solution onto the Tryptic Soy agar plates and counting colonies after 24 hours of incubation at 37°C.

The percentage reduction of test microorganisms in test tubes with nanofiber membranes after 24 hours was
calculated using the “Equation (2)”.

R % = (Ag — A1)/Aq * 100(2)
where R is the reduction of test microorganism in percentage; A; is the number of bacteria recovered from the
inoculated nanofiber membrane with the nanoparticles in the test tube after specified contact time, and A, is the

number of bacteria recovered from the inoculated nanofiber membrane without the nanoparticles in the test tube
at “0” contact time.

3. Result and Discussion
3.1. Surface Morphology

The SEM images of PVB nanofibers by adding Ag-NPs was taken and shown as in Figure 3.

Figure 3 shows that 6% wt PVB has beads structure on the surface due to lower concentration and viscosity.
It is well known from literature that increasing concentration of solution eliminate bead structure and increase
fiber diameter.

3.2. Antibacterial Efficiency

The antibacterial property of silver has been known very well. Bacteria needs and uses enzymes to metabolize
oxygen, however, Ag ions damage the enzyme and block the oxygen take up. Antibacterial properties of PVB
nanofiber membranes with nanoparticles were analyzed. Gram negative (E. coli) bacteria was chosen. Figure 4
shows kinetic effects of the silver NPs on E. coli growth curves.

Figure 4 shows the reduction of test microorganisms R caused by adding AgNO; salt entrapped in PVB na-
nofiber membranes. Within less than 4 h, Ag nanoparticles with 10 wt% PVB completely eradicated bacteria in
cultures, whereas 6 wt% PVB with Ag-NPs reduced viability of E. coli by 87, respectively, after 4 h of treat-

ment.
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Figure 3. SEM image of (a) 6% PVB+Ag-NPs; (b) 10% PVB +

Ag-NPs.
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Figure 4. Antibacterial activity of Ag-entrapped PVB nanofibers.

In both cases of tested microorganisms, number of bacteria recovered from the inoculated nanofiber mem-
brane with the nanoparticles in the test tube after 4 hours was reduced. However, the reductions of tested micro-
organisms R were different and depended on the amount of nanoparticles in nanofiber membranes. It was ob-
served that productivity of 10 wt% PVB solution is higher than 6 which causes higher amount of material. It
seems that by using 10 wt% PVB, productivity improved and amount of NPs per cm? was increased. It is visible
from SEM image that the surface fiber structure of 10 wt% PVB is smoother than 6 wt% PVB nanofibers. We
may, therefore, suggest that antibacterial activity of Ag-NPs against E. coli is related to different membrane
layer thickness and structure.

These results confirmed that nanofiber membranes with incorporated Ag-NPs enhanced antimicrobial activity
against bacteria E. coli compared to the pure PVB nanofibers without any nanoparticles.

4. Conclusions

The present study demonstrates an economical and environmentally affable approach for the antibacterial silver
NPs entrapped in nanofibers were prepared by reduction of silver salt. The PVB nanofibers containing Ag NPs
were prepared by rod electrospinning. The nano webs were characterized by SEM and antibacterial efficiency
was evaluated. SEM images showed that 6 wt% PVB + Ag-NPs has beads structure, whereas 10 wt% has beads
free and smooth fibers. It was observed that 10 wt% PVB solution has higher productivity than 6 wt% solution.
Antibacterial test demonstrated that 10 wt%PVB + Ag-NPs solution has very good antibacterial efficiency. After
4 hours of contact time, it was observed that 10 wt% PVB + Ag-NPs has almost 100% reduction of bacteria.
Nanofibers itself are good candidate for water filtration due to high specific surface area and small pore size.
Ag-NPs entrapped nanofibers produced by needleless electrospinning might be good candidate for wastewater

treatment.
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