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Abstract

Antimony (Sb) is a long-distance transported hazardous metalloid. In aqueous
settings, Sb primarily exists in the form of Sb(V). Mitigation of Sb in water has become
a significant research in environmental sciences. In order to assess the Sb adsorption
capacity of ferromagnetic materials, two different kinds of nano-magnetite either
purchased from Sigma company or synthesized with the aid of microorganisms, were
selected to adsorb Sb(V) from solutions. Specifically, the commercial magnetite was

synthesized abiotically using a hydrothermal method in industry. The biogenic



magnetite was made though bioreduction of ferrihydrite using a typical iron-reducing

bacteria, Shewanella oneidensis MR-1.






Multiple approaches were employed to characterize the nano-magnetites,
inculding X-ray powder diffraction (XRD), transmission electron microscopy (TEM)
and X-ray photoelectron spectroscopy (XPS). XRD results showed that two magnetites
well crystallized and highly pure. Based on the calculation using MDI Jade (version
6.0), it could be found that the crystallinity of commercial one purchased was close to
100% calculated by MDI Jade6 software. Furthermore, the biogenic one had less
crystallinity, as evidenced by it lower value ranging from (88% to 90%). These results
are were further validated by TEM observations. TEM images also revealed that the
crystal size between these two magnetites were significantly different. The average
crystal size of commercial magnetite was 122.9 nm, while biogenic magnetite was
approx 16.8 nm. The two energy values of Fe 2p measured by the photoelectron
spectroscopy of the two materials are very close to the binding energy of Fe 2p in Fe;04
given in the database NIST XPS database, which further confirms that both materials
are made of Fe;04. In addition, both materials have abundant surface-bound hydroxyl

groups on their surfaces.

Batch adsorption experiments were performed to study the effects of adsorption
kinetics, equilibrium isothermal adsorption and pH on the Sb adsorption of nano-
magnetites. Potassium pyroantimonate (K,H,Sb,07-4H,0) was used as Sb(V) source.
Five different concentrations of Sb(V) in the range of 0.5-50 mg/L were prepared,and
a certain amounts of adsorbent magnetite were used as adsorbent. The adsorption
experiments indicated that Pseudo-second-order equation could better fit the adsorption
data of Sb (V) solution by measuring the adsorption data of 0.5 and 1 mg/L Sb solution
within 12 hours. It indicated that the adsorption occurring on the surface of magnetite
was mainly chemical adsorption. The maximum adsorption capacity of microorganism
to synthesize magnetite was 9.88 mg/g, which is about 4.1 times than that of industrial
magnetite. The effect of pH on adsorption was studied under the condition of PH 3-10.
The adsorption capacity of two magnetites decreased gradually with the increase of
pH. , However, the adsorption capacity of biogenic magnetite was significantly higher

than that of commercial magnetite.

Comparing the synthesis methods, material characteristics and adsorption

properties of two kinds of magnetite, we conclude that biogenic magnetite is a kind of
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