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Abstract

Nanostructured materials are capable of giving unique
physicochemical properties and therefore they have been attracting
increasing attention. Biosorption and bioreduction of metal ions have
been receiving growing attention due to its potential applications in
the fields of environment protection, nanomaterial synthesis, etc.
Several strains were used to investigate the silver bioreduction in this
study, including Aeromonas sp. SH10. Corynebacterium sp. SH09. Bacillus
licheniformis RO8, which were mainly isolated from the soil or sewage
outfall of the metal mine. It had been proven by our group that the
abundant organic groups on the cells could slowly reduce [Ag(NH;).]" and
formed stable biomass—silver sol at 60 ‘C. This study aims at a rapid
silver bioreduction, a probable reduction mechanism, a method of
nanosilver powder collection and its applications. The research is
expected to be helpful to the better understanding of biosorption and
bioreduction processes, and could provide with a novel and relatively
green approach to the preparation of silver nanoparticles. In addition,
it may offer a new way to take use of the industrial waste biomass.

The [Ag(NH;).]" bioreduction was well promoted by the introduction
of more OH to the system, by which the reduction time was shortened from
more than one month to a couple of hours. Increasing [OH] was more
effective on the acceleration of the reaction than raising the
temperature and [OH ] was much dependent on the biomass content. The
biomass played multiple roles such as reductant and protectant, thus its
content was related to the initial silver content. A reasonable
biomass—to-metal ratio, Ra, was in the range of 1~2 (w/w) while [OH ]
should be controlled to achieve a rapid reduction, for instance,
hydroxyl-to-silver ratio at 2 (mol/mol) when Ra is 1. All the strains
investigated could well reduce [Ag(NH;).]" and their reductive capacity
deviated little. Serving AgNO; or Ag,0 as the silver source, a similar
reduction took place. As the silver bioreduction presented the
characteristic of autocatalysis, the reduction mechanism probably

followed the course of Ag.0—Ag.0-Ag’—Ag,0-Ag.’—Ag.. The amide, amino
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ABSTRACT

acid residues, hydroxyl groups, etc. might play important roles during
the reduction process.

The bio—silver sol prepared by the bioreduction had the property of
macromolecular solution. Therefore, a kind of watersoluble
bio—nanosilver powder could be prepared by precipitating the bio—silver
sol with water soluble organic solvent as precipitator, such as ethanol
and acetone, followed by a simple treatment of vacuum drying at room
temperature. The silver particles in the bio—silver powder could keep
their original size before precipitation, and the silver mass content
of the bio—silver powder was higher than 50%. The water solubility and
dispersibility of the bio—silver powder were extremely good. The thermal
and chemical stabilities of the bio—silver sol which was prepared by
dissolving the bio—silver powder into the deionized water were superior
to that of the silver sol prepared by the method of sodium citrate
reduction. The effects of the acids and the electrolytes with cations
of high valence on the stability were relatively significant.

Since the silver catalyst for the ethylene oxide production requires
high silver loading and low specific surface area carrier, it 1is
difficult to prepare the catalyst with good performance on the ethylene
epoxidation by the impregnation method with bio—silver sol as
impregnation liquid and followed by simple calcinations. A novel
treatment after impregnation should be invented. Silver catalyst with
low silver loading and high specific surface area carrier requirements
might be successfully prepared by this bio—silver sol impregnation
method. Both the free bio—silver sol and immobilized silver particles
presented good antibacterial performance on staphylococcus aureus and
E. coli, especially on the latter. A kind of polyporous silver and silver
nanoparticle/amorphous carbon composite could be prepared by a heat
treatment of the bio—silver powder at high temperature under the
atmosphere of air and nitrogen, respectively, which may potentially have

broad applications in future.

Key Words: Microorganism Bioreduction; Nanosilver Powder; Application.
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