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ABSTRACT

Abstract

Silver-based antimicrobial agents are dominant among various antimicrobial
materials on the market due to its safety, highly efficient and less likely to produce drug
resistance. Nanosilver, based on nanotechnology, exhibits excellent antibacterial ability
on account of the quantum and size effect. Plant-mediated synthesis is a novel green
method for preparing metal nanoparticles developed in recent years. Hence in this study,
silver nanoparticles (AgNPs) were prepared by plant-mediated bio-reduction and the
laws of regulation on particle size were explored, also, their performances as an
antibacterial agent applied in textile finishing and modification of polyether sulfone
ultrafiltration membrane were mainly studied.

At first, nano silver sol was obtained by reduction of silver nitrate with Scutellaria
baicalensis (SB) extract under 90 <C. The as-synthesized AgNPs were characterized by
UV-Vis, TEM and XRD techniques. The resuits indicated that the obtained AgNPs
tended to be smaller with the increase of biomass concentration or adding amounts of
NaOH, also applicable for Syzygium aromaticum, Syzygium samarangense and
Cinnamomum camphora exiracts. Then AgNPs produced by SB was loaded onto cotton
fabric through impregnation, and the optimal conditions were: impregnation time of 30
h, temperature of 55 <C and liquor ratio of 1:25. Furthermore, the effects of plant species
and AgNPs size on the silver content loaded on fabrics and antibacterial ability were
investigated. The Ag content loaded on antibacterial fabric was related with plant
species rather than AgNPs size based on the four extracts studied. However, the
antibacterial effect was closely relevent to AgNPs size, the Ag-coated fabrics with
smaller size of AgNPs loaded displayed superior antibacterial activity against
Escherichia coli. Moreover, employing AgNPs prepared by SB and Syzygium
aromaticum extracts with own antibacterial ability would enhance the overall
antibacterial properties of the Ag-coated fabrics.

Further, the broad-spectrum antimicrobial property, washing endurance and
tensile property of as-prepared fabric by the extract of SB, which exhibited the best

antibacterial ability, were tested. The antibacterial rate of this Ag-coated fabric against



ABSTRACT

Escherichia coli, Bacillus subtilis, Bacillus licheniformis and Staphylococcus aureus
all reached up to 99%, and it also had inhibition on mold. Washing endurance tests
showed that silver content on fabric reduced a lot after washing the antibacterial effect
was also significantly decreased. The introduction of an appropriate amount of acrylic
emulsion successfully improved the washing endurance of the fabric, and the
antibacterial effect was not affected. The results of tensile tests showed that breaking
strength retention of antibacterial fabric maintained more than 80% after adding AgNPs
and adhesive, meeting the requirements in practical application.

Finally, AgNPs with mean size of 6 nm prepared by SB extract were used to
modify polyether sulfone ultrafiltration membrane (PES) by wet phase inversion
method. SEM images of membrane surface and sectional structure indicated that the
pore size of ultrafiltration membrane did not change significantly after modification,
and the existence of silver on the modified membrane was confirmed by EDS analysis.
The water contact angle tests showed that the hydrophilicity of modified membrane is
better than the unmodified one, and the hydrophilicity enhanced with the amount of
loaded silver. The flux and rejection rate of PES ultrafiltration membrane before and
after modification were measured, the flux of the membrane would increase as
hydrophilicity improved, and the introduction of AgNPs almost had no effect on
rejection rate of PES membrane. Stability tests of AQNPs on PES membrane showed
that the loss ratio of silver in the first filtration of which silver lost most is less than 1%,
indicating satisfied stability for the AgNPs on the membrane. The antibacterial and
antibiofouling properties of PES ultrafiltration membranes were evaluated by using E.
coli as test bacteria. The antibacterial rate of the modified membrane were nearly 100%,.
The growth of bacterial after culturing on the membrane surface for 24 h was observed
by SEM, it turned out that there were much bacteria adhered on the unmodified
membrane surface while little on the modified one.

Key Words: Plant-mediated; Silver nanoparticles; Antibacterial fabric; Polyether

sulfone ultrafiltration membrane; Biofouling
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